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Don’t ask what medicine can do for you 

   Ask what you can do for medicine  



 IV 

 



 V 

ABSTRACT 

Idiopathic toe-walking (ITW) is a term used to describe a state in which a child, in the 
absence of a known cause, walks on his or her toes, as compared to the normal heel-toe 
gait. The diagnosis is thus used when other defined causes are excluded. Problems that 
may develop with untreated ITW are shortened calf muscles with limited mobility in 
the ankle, pain, balance and foot problems. It has been shown that impaired ankle 
mobility is common in patients seeking orthopaedic help for foot problems. It is not 
uncommon for children with ITW to have problems playing sports or to be bullied. 
 
It has thus far been unknown how common it is for children to walk on toes. 
The first study in this thesis evaluates the prevalence of ITW in children evaluated at 
their final check-up (aged 5.5 years) at their local Child Welfare Centre (CWC). The 
result shows that out of 1,436 examined children, 2.09% were still toe-walking and 
2.79% had been toe-walking but stopped prior to the final check-up. 
 
Neuropsychiatric conditions include among others ADHD, tics and autism. It is known 
that toe-walking is a common phenomenon in children with autism. The general 
impression among clinicians working with children and young people with other 
neuropsychiatric conditions is that toe-walking is more common also among these 
children. This potential comorbidity had not previously been investigated. 
The second study in this thesis shows that out of 51 children referred to Astrid 
Lindgren Children’s Hospital for ITW and evaluated for neuropsychiatric symptoms 
with a validated screening tool, about 25% are likely to have some sort of 
neuropsychiatric problem. 
  
There are many treatment options for ITW ranging from observation and stretch 
exercises to cast treatment and surgical procedures. Treatment of ITW with botulinum 
toxin A (BTX) is increasingly being used in clinical practice despite little scientific 
evidence as to its effectiveness in children with ITW. 
Studies 3 & 4 examine whether BTX treatment can improve the walking pattern in 
children with ITW, wherein Study 3 cautiously suggests that it can. Study 4 is a 
randomised controlled study that compares two groups of children with one group 
being treated with casts for 4 weeks and the second group receiving the same type of 
cast treatment in addition to treatment with BTX injections in the calf muscles. 
However, the results show that BTX does not improve the treatment outcome 
compared to cast treatment only. 
 
Clinical implications: The prevalence and early spontaneous course of ITW in children 
aged 5.5 years has been established and will affect the accuracy of the information we 
can give parents and influence the choice of treatment strategy for these children. 
We have become aware that children with ITW can have a variety of neuropsychiatric 
problems and that ITW should not always be seen as an isolated phenomenon. 
It is furthermore advisable to stop BTX treatment for ITW, thus preventing children 
from being exposed to ineffective treatment.  
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1 INTRODUCTION AND BACKGROUND 

 
 
1.1  GENERAL 

 
The decision to start a thesis project on the subject of idiopathic toe-walking sprung from our 
everyday work at the outpatient clinic at Astrid Lindgren Children’s Hospital. Our clinic 
receives a considerable number of referrals relating to children walking on their toes. We, 
however, had felt that we have a limited knowledge of this condition. Why do the children walk 
on their toes? How common is it? Which children should be treated and what kind of treatment 
should we offer them? Is toe-walking an isolated feature or should we adopt a broader 
perspective? As the author of this thesis started to study what is known about ITW, he realised 
that the general knowledge on this subject matter was limited and that there was a lack of high-
quality studies that could guide the clinician in her/his clinical work. The decision was made to 
start a thesis project about idiopathic toe-walking (ITW). 
 
 
1.2  NOMENCLATURE AND DEFINITIONS 

   
Children with a seemingly typical development and who walked on their toes were first 
described by Hall in 1967.1 Hall's 20 patients with a mean age of 7.5 years all had a contracture 
of the Achilles tendon, the cause of which was thought to be congenital. Since Hall’s 
publication, many articles have been published on the different aspects of children who toe-
walk. We have learnt that many of the children who toe-walk only have a mild contracture of 
the Achilles tendon or no contracture at all.2 Thus, the term idiopathic toe-walking or the 
synonymous ‘habitual toe-walking’ is mostly used today. The focus of the diagnosis was to 
exclude other defined medical conditions responsible for the toe-walking gait.2 Consequently, 
when a clinical assessment of a child does not display a medical cause for toe-walking, it may 
be labelled as ITW. ITW is therefore a diagnosis of exclusion in which the cause is unknown. 
 
There is no unanimous definition of ITW and it is therefore important for each author to define 
what is meant by ITW. Some considerations to be specified are: 
 

- Duration of the toe-walk 
- Contracture of the Achilles tendon and calf muscles 
- Coexisting neuropsychiatric symptoms 

 
Duration of the toe-walk 
As no official definition of ITW exists, there is no unanimous definition of how long time a 
child must have been walking on her/his toes to be labelled an idiopathic toe-walker. An 
arbitrary definition not uncommonly used is three months.3  
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Contracture of the Achilles tendon and calf muscles 
Several authors have only included children without a contracture of the Achilles tendon under 
the heading ITW.2 Others have divided the toe walkers into two main groups based on the 
presence or absence of an Achilles tendon contracture.4 We agree with this view, there are two 
clinically distinguished subtypes of toe-walkers, i.e. those who are usually referred at an age of 
between one to three years with a contracture of the Achilles tendon and those who are 
generally referred later in life with no contracture. As suggested by Hall et.al.1, the first entity 
should probably be called congenital short tendo calcaneous/Achilles tendon and the second 
called ITW.  
 
One common problem is that many children are first seen by an orthopaedic surgeon when they 
are between five and ten years of age, when it is often impossible to establish if a contracture of 
the Achilles tendon is congenital or secondary to prolonged toe-walking. Therefore, we feel it is 
justified, for practical reasons, to label a child who toe-walks as having ITW even though the 
cause might be a congenital short Achilles tendon. 
 
Coexisting neuropsychiatric symptoms 
It is well-known that children with autism and language difficulties have a high prevalence of 
toe-walking.5-7 Whether a neuropsychiatric diagnose excludes the diagnose ITW is a matter of 
preference.  
 
 
1.3  EPIDEMIOLOGY 

 
Prior to this doctoral work, the prevalence of ITW in a large population based cohort was 
unknown. In previous studies, a family history was reported in 30 - 40% of children with ITW.8-

10 
 
 
1.4  NATURAL HISTORY 

 
The natural history is not well evaluated. No published study has prospectively followed a 
cohort of ITW children from early age to adulthood. Three retrospective studies report on the 
outcome of ITW in children who have only been observed or received conservative treatment 
such as special shoes, orthotics, stretch exercises or failed cast treatment. (Eastwood et al.11, 
Stricker and Angulo8, Hirsch and Wagner12) 
 
The study by Eastwood et al.11 report a rather negative outcome, based on simple observation of 
children with ITW. They followed up 49 idiopathic toe-walkers who had at first presentation 
spent 90 - 100% of their time toe-walking. The median age of the children was initially four 
years (ranging from 1 to 10 years) and the follow-up was carried out 3 (2-13) years later. At the 
follow-up, the children spent a median 60% of their walking time on toes. Half of the patients 
reported that their walking pattern had improved but a normal gait was rare. The established 
outcome by the physician showed that only 12% of the children had a normal heel-toe gait. 
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Contrary to the results of Eastwood and colleagues, Stricker and Angulo8 concluded that 
prolonged toe-walking did not result in significant functional disturbance after having followed-
up 48 children who had only been observed, received special shoes or instructed to do heel-cord 
exercises. (This group could therefore, based on strict criteria, not be labelled as ‘untreated’). 
The children’s median age at presentation was 3 years (range not stated) with 7 children 
walking 25% of the time on their toes, 19 children 50% of the time, 12 children 75% and 10 
children 100%. The median ankle dorsiflexion was 10 degrees at first presentation and 10 
degrees at the last follow-up, on average 36 months later. At final follow-up, 25% of the parents 
were satisfied with the outcome, 21% dissatisfied, and 54% neither satisfied nor dissatisfied. 
The amount of toe-walking was not stated at the follow-up. Apart from 11 children having 
abnormal shoe wear, 4 poor balance and 3 occasional foot pain, the authors regarded the 
outcome as good. Hirsch and Wagner12 also reported that the toe-walking often ceased 
spontaneously in their 14 patients, followed up over a period of 7 - 21 years after first 
presentation. At that time, 2 children had been operated with Achilles tendon lengthening and 
were excluded from the follow up, 3 patients still walked on their toes when oblivious to being 
observed, and the remaining children did not toe-walk or have any problems related to toe-
walking. 
 
Clearly, the retrospective design, the limited number of participants, the absence of standardised 
follow-up criteria and the variance in children with ITW receiving conservative treatments vs. 
simply being observed, makes it difficult to draw any firm conclusions about the natural history. 
Much work remains in this field. 
 
 
1.5  IS TOE-WALKING A PROBLEM? 

 
When discussing ITW with colleagues, in particular orthopaedic surgeons working with the 
adult population, they quite often comment, ‘Why bother? We never see adults who toe-walk. 
Leave the kids alone and they will be just fine!’ 
 
Is it so? 
 
To be able to answer this question, it is important to understand that dealing with children who 
toe-walk is not the same as dealing with just a peculiar way of walking. The toe-walking might 
have much wider implementations for the child in question, affecting his/her well being for a 
long time and from several perspectives. A good starting point for discussing potential problems 
caused by ITW is to look at the range of movement (ROM) of the ankle. 
 
Whether persistent toe-walking results in shortening of the calf muscles and Achilles tendon 
(commonly referred to as the triceps surae) has been extensively discussed. At present, no 
convincing high-quality study has been published which can conclusively answers that 
question; that would require a large cohort of children with follow-ups from birth to adulthood. 
Lacking such a study, one is left to draw as good conclusions as possible from what has been 
published so far. First of all, ankle dorsiflexion is not as easy to measure clinically as one might 
think. Gatt and Chockalingam13 reviewed different techniques used for measuring the 
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dorsiflexion of the ankle. They found 87 articles that presented a variety of different ways to 
measure ankle dorsiflexion. Table 1 summarises these different techniques and most readers, 
including the author, are probably only familiar with some of these techniques. It is also evident 
from their article that it is unclear what is to be measured. It is traditionally believed that we 
measure the movement in the joint between the talus and the tibia but calcaneal dorsiflexion 
occurs relative to both the talus and the tibia. In addition, there is motion of the first metatarsal 
relative to the talus.  
 
 

Table 1. The various techniques used to measure ankle joint 
complex dorsiflexion 

 
Device used 

No. of 
Trials found 

Conventional goniometer                                                       23 
Dynamometer, various (mostly used in neurologic conditions, 
thus excluded. Included in list for completeness) 

20 

Unsure                                                                                       12 
Lunge test with inclinometer attached to tibia                    5 
Lunge test with gravity goniometer                                       1 
Lunge test, measuring distance from wall to big toe 3 
Lunge test, with goniometer                                                    2 
Inclinometer/fluid-filled goniometer                                        3 
Two-dimensional video                                                            3 
Electrogoniometer                                                                      2 
Potentiometer                                                                             2 
Lateral radiographs                                                                   2 
Biplane goniometer                                                                   1 
Protractor-like scale set on the side of the foot resting on a plate 1 
Foot plate with axis of rotation of ankle aligned with shaft 1 
Torque range-of-motion device (uses potentiometer)  1 
Specifically designed 6 degree of freedom fixture 1 
Photograph                                                                                 1 
Spasticity measurement system                                             1 
Equinometer                                                                               1 
Lidcombe template                                                                    1 
Iowa ankle device  1 

Reprinted with permission from Journal of the American Podiatric Medical Association 
Gatt A, Chockalingam N. Clinical assessment of ankle joint dorsiflexion: a review of 
measurement techniques. Journal of the American Podiatric Medical Association 2011;101:59-
69. 
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There is no consensus as to what dorsiflexion limit defines a motion restriction. Some authors 
propose 5 degrees14, others 10 degrees15 or even 016 and 20 degrees17. The orthopaedic 
definition of ankle equinus is a foot in plantarflexion but the podiatric definition of equinus is 
less than 10 degrees of dorsiflexion13 (Podiatry or podiatric medicine is a branch of medicine 
devoted to the study, diagnosis and medical treatment of disorders of the foot, ankle and lower 
extremity). 
A cross-sectional study of 348 healthy children, adolescents and young adults by Engelbert et 
al.3 queried the presence of toe-walking in the past. The results showed that 9% of participants 
reported ITW and had a decreased dorsiflexion of the ankle. In 4% of participants, a decreased 
dorsiflexion was present without a history of ITW, and in 3%, ITW was present without 
decreased dorsiflexion. In 84% of participants, no dorsiflexion restriction or history of ITW was 
present. This means that participants with ITW had a 3 times greater chance of having a 
decreased ankle dorsiflexion. 
 
When reviewing other studies on children with ITW and restricted dorsiflexion, one can find 
many studies that describe their study population as having less than normal ankle dorsiflexion1 

,18-34. Even if the studies are numerous and varied, they all agree that children (seen as a group) 
commonly labelled as idiopathic toe-walkers have a restricted ankle dorsiflexion or equinus 
contracture. 
Having said that, many clinicians have met children with ITW who have a normal dorsiflexion 
of the ankle. There are also published studies in which a connection between ITW and restricted 
dorsiflexion has not been found8 ,27. Stricker et al8. reported that ‘in absence of treatment, mild 
progression of heel-cord contractures occurred about as frequently as did mild regression’. 
These conflicting findings are most likely the result of the toe-walking population being a 
heterogeneous group amassed under one diagnosis. 
 
After a thorough examination of 28 toe-walkers, Furrer and Deonna4 were able to divide the 
toe-walking children into three main diagnostic groups: (1) Children with pyramidal tract signs, 
with or without motor delay and a limited dorsiflexion of the ankle. This group comprised all 
children with minimal cerebral palsy. (2) No pyramidal tract signs, no motor delay and no 
limited ankle dorsiflexion. These children were labelled habitual toe-walkers, which can be 
confusing as habitual toe-walking is also used synonymous with ITW. These two groups of 
children were early walkers, walking intermittently on toes. Most of them were very active and 
exploring children who had a normal development. (3) The final group had no pyramidal tract 
signs, no motor retardation and always limited ankle dorsiflexion. These were the children that 
sometimes are labelled as having a ‘congenital short Achilles tendon’.  Some children in this 
group did not toe-walk at commencement of independent walking, indicating that the restricted 
dorsiflexion was not congenital but evolved later. 
From the author’s point of view, this grouping seems reasonable at present, until we know more 
about the different types of toe-walking. It is also a useful conceptual model to consider ITW 
and restricted ankle dorsiflexion. If this model reflects the clinical reality, then it is 
understandable why clinicians continue to argue about whether or not ITW leads to ankle 
contractures, as it would depend on which type of toe-walking one means. Further academic 
questions left to solve are whether Group 2 toe-walkers eventually develop contractures or not, 
and whether the contractures found in Group 3 toe-walkers are congenital or acquired. As 
mentioned above, further high-quality studies are needed to answer these questions.   
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If children with ITW, seen as a group, have a restricted ankle dorsiflexion, and a substantial 
number of these children also develop ankle contractures, what are the implications for the 
future? What is known about ankle contractures/equinus and its link to orthopaedic problems? 
 
A recently published article by DiGiovanni et al.35  in the American Journal of Bone and Joint 
Surgery stated that ‘except for a few still controversial examples of plantar fasciitis, forefoot 
ulceration in diabetics or progressive hallux valgus or flatfoot, the relationship between 
tightness of the superficial posterior compartment and progressive pathological changes in the 
foot in non-spastic individuals has been over-looked entirely by the orthopaedic community’.  
 
In contrast, the podiatric community has been more interested in these issues. Hill361995 
published a study about ankle equinus and its link to common foot pathology. Hill linked 
equinus deformity to a variety of foot problems, such as plantar fasciitis, Achilles tendonitis, 
retrocalcaneal exostosis, calcaneal apophysitis, posterior or anterior tibial tendonitis, painful 
bunions, hallux limitus, collapsing arches, medial ankle capsulitis, painful heloma dura or 
heloma molle, peroneal tendonitis and Mortons neuroma. In addition Subotnic37 stated that 
‘gastrocnemius or soleus equinus is the greatest symptom producer in the human foot’. These 
studies have been criticised for the methodology used but they indicate nonetheless that 
podiatrists showed an early interest in the effects of restricted dorsiflexion of the ankle.  
 
In later years, further articles have been published in orthopaedic literature about restricted 
ankle dorsiflexion and its relation to various pathological foot conditions, for example posterior 
tibial tendon dysfunction35, ankle sprains and fractures38, diabetic foot ulcers39, Charcot 
neuroarthropathy40 and metatarsalgia35.  DiGiovanni et al.35 made a prospective comparison of 
two groups: one group of 34 consecutive patients with the diagnosis of metatarsalgia and a 
second control group of 34 individuals without any foot or ankle symptoms. With the knee fully 
extended, the average maximal ankle dorsiflexion was about 5 degrees in the patient group and 
13 degrees in the control group. When the limit for gastrocnemius contracture was defined as 5 
degrees of ankle dorsiflexion, it was identified in 65% of the patients compared to 24% of the 
controls. The authors concluded that ‘the findings support the existence of isolated 
gastrocnemius contracture in the development of forefoot and/or midfoot pathology in 
otherwise healthy people. These data may have implications for preventive and therapeutic care 
of patients with chronic foot problems’.  
 
  
Aronow41 makes an interesting description of how a limited ankle dorsiflexion may lead to foot 
and ankle problems: 
 

 ‘An individual may compensate for limited ankle dorsiflexion caused by contracture of 
the gastrocnemius, soleus or Achilles tendon in several ways. One compensatory 
mechanism is an early heel off, which in its extreme would lead to a toe-walking gait. 
Alternatively, the centre of body mass can move forward relative to the foot by increased 
lumbar lordosis, hip flexion or knee recurvatum. Most commonly, however, increased 
dorsiflexion of the leg relative to the ground occurs through the joints of the hindfoot and 
midfoot. The subtalar joint goes into pronation, unlocking the talonavicular and 
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calcaneocuboid joints and allowing them to undergo increased dorsiflexion. Over time 
the spring ligament may stretch out, as well as the plantar ligaments of the 
naviculocuneiform and tarsometatarsal joints, leading to a progressive flatfoot 
deformity. The associated increased biomechanical strain on the posterior tibial tendon 
may lead to tendinitis, elongation or rupture. Increased Achilles tendon tension increases 
plantar fascia strain, likely secondary to the increased planovalgus deformity. In an 
attempt to overcome the triceps surae contracture, the relatively weaker anterior tibial 
may recruit the extensor digitorum longus and extensor hallucis longus muscles to help 
dorsiflex the ankle. This may lead to hyperextension of the metatarsophalangeal joints 
and resultant hammertoes. The triceps surae contracture may shift plantar 
weightbearing pressure from the hindfoot to the forefoot. This pressure shift, along with 
the distal plantar fat pad migration accompanying hammertoes, may lead to 
metatarsalgia and metatarsophalangeal joint synovitis.  

 
Referring back to the question at the beginning of this section. ‘Why bother?  We never see 
adults who toe-work.’ No, perhaps not, but the adult presentation of a childhood ITW may not 
manifest itself as toe-walking but instead as any of the problems described above. It is also 
important to remember that a decreased ankle dorsiflexion could be masked with compensatory 
mechanisms42 such as external rotation of the leg to shorten the lever arm of the foot, 
dorsiflexion through the talonavicular and calcanoeocuboid joints, shifting the centre of mass 
anterior in relation to the foot by hyperextension of knees, flexing the hip and increased lumbar 
lordosis or early heel off. A decreased ankle dorsiflexion could therefore easily be overlooked if 
not specifically checked for. 
 
 
1.6  NORMAL GAIT DEVELOPMENT 

 
Stepping-like movements can be seen in the fetus at 10‐12 weeks of gestation. These stepping 
movements can also be elicited in the neonate if he/she is held over a surface. These stepping 
like movements have been referred to as infant stepping. The child can usually walk with 
support at 7‐9 months of age and the movements are then voluntary and probably goal‐oriented 
and not as in infant stepping, induced by weight-bearing and stretching of the hips.43 
Unsupported walking typically develops between 9‐15 months of age and is probably closely 
correlated to the development of postural control. The first pattern of locomotion is immature 
with co-activation of flexor and extensor muscles. At the end of the swing phase (foot off the 
ground) the plantarflexors activate, resulting in a digitigrade (toes first) gait pattern. At two 
years of age, the majority of children have developed a prominent heel strike, which includes 
active dorsiflexion of the forefoot. The transformation of the digitigrade to plantigrade gait is 
dependent on supraspinal circuits. Experience and activity‐dependent neural plasticity achieved 
during the first year of walking probably contribute too. Up to the age of 12 years, energy 
expenditure for walking is higher in children than in adults, indicating that the fine tuning and 
final maturation of locomotion is a lengthy process.43 
 
Perry44 ,45 described the normal ankle kinematics (joint movement) pattern during walking. It 
can be divided into three rockers. The first rocker starts at heel strike with subsequent ankle 
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plantarflexion to lower the foot to the surface via eccentric contraction of the tibialis anterior 
muscle. At the second rocker, the ankle is relatively dorsiflexed as the tibia moves forward over 
the foot through eccentric contraction of the calf muscles. At the third rocker, the ankle 
plantarflexes as the gastrocnemius and soleus muscles contract concentrically. The third rocker 
is responsible for push-off at the end of the stance phase. During the swing phase, the 
dorsiflexion of the ankle is achieved through contraction of the tibialis anterior muscle.  It is 
now, however, more common to acknowledge 4 ankle rockers, wherein the first ankle rocker as 
described above is called the ‘heel rocker’, the third ankle rocker described above is called the 
‘toe rocker’, and the second ankle rocker is divided into the ‘ankle rocker’ (tibial advancement 
over the foot during stance) and the ‘forefoot rocker’, during which the ankle continues to 
dorsiflex, but the load is supported by the forefoot.46  
 
Sutherland et al.47 studied normal gait development in 186 children aged 1 to 7 years from 
which they concluded that the heel-strike, knee flexion pattern, reciprocal arm-swing and an 
adult pattern of joint angles throughout the walking cycle are all acquired at an early age, before 
the development of mature cadence, step length and walking velocity. Close to 100% of the 18-
month-old children walked with a heel-strike. The sagittal-plane angular rotations found in 
children from two years on are very similar to those of normal adults. Sutherland et al. also 
concluded that the five most typical determinants for a development to a mature gait are 
increased single-limb stance, increased walking velocity, decreased cadence, increased step 
length and an increased ratio of pelvic span to ankle spread. A mature gait pattern according to 
these determinants is usually well established at the age of three years. 
 
In their study carried out in 1971, Burnett and Johnson48 followed 28 children approximately 
every four weeks, filming their walking development. Seven children were followed and filmed 
for varying periods of up to 12 months and 21 children were followed from 12 to 22 months. 
Eighteen of the children were observed before they had developed an independent walk. Burnett 
and Johnson concluded that a consistent heel strike was present on an average of 22 weeks 
(range 3 - 50 weeks) after the commencement of independent walking. In all cases, the children 
initially made contact with the floor with their feet flat. Only two children were subsequently 
toe-walkers but progressed to a normal heel-toe walk in the follow-up periods. 
 
 
1.7  THE TOE-WALKING GAIT 

 
Several authors have examined children with ITW with electromyography (EMG),24-26 and a 
typical finding is a premature activation of the gastrocnemius muscle in the swing phase (the 
phase during which the foot is not in contact with the ground), indicating a premature 
plantarflexion of the ankle in swing. A gait cycle can be presented as percentage, wherein 0% 
represents the instance that one heel contacts the ground and 100%, the instance when the same 
heel contacts the ground again, i.e. completing a full gait cycle. Kalen et al.25 studied 18 
children with ITW, comparing them with ‘known normal values’ and concluding that normal 
timing of gastrocnemius activity during the stance phase (foot in contact with the ground) is 15 
- 50% of the gait cycle. The toe-walkers’ mean timing for the gastrocnemius activity was 92 - 
52% of the gait cycle (i.e., starting during one gait cycle and continuing on to the next). During 
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the swing phase, normal tibialis anterior activity is 55 to 15% of the gait cycle. The mean timing 
for toe-walkers was reported as 53 - 3% of the gait cycle. This strongly indicates that the 
activity of both the gastrocnemius muscle, which is an ankle plantarflexor, and the tibialis 
anterior muscle, which is an ankle dorsiflexor, is out of phase. In other words, if the child’s 
ankle is observed in the sagittal plane, it first moves toward dorsiflexion, followed by a sudden 
plantar flexion midway through the swing phase, prepositioning the foot to land in equinus. 
 
With the development of quantitative 3-dimensional (3D) gait analysis, the walking pattern of 
idiopathic toe-walkers can be more closely studied in all three planes. 
This has meant that the joint movements and power generation can be measured much more 
accurately, and that comparisons can be made before and after an intervention. This has also 
helped physicians and surgeons tremendously in the evaluation of gait deviations before 
deciding on a specific treatment.  
 
As mentioned above, ankle kinematics (joint or segment motion) are often described as 
different ‘rockers’45 ,49.  
Westberry el al.20 investigated 51 idiopathic toe-walkers (mean age 9 years, range 6-18 years) 
with gait analysis and the three ankle rocker definitions. When the toe-walkers walked at a self-
selected speed and in a self-selected fashion, the most striking ankle characteristics were: 
 

- Absence of first rocker 
- Inverted second rocker 
- Swing phase disruptions with increased plantar flexion 

This implies the absence of the normal plantarflexion of the ankle seen just after the 
foot contacts the ground, followed by a reversed movement of the ankle in relation to 
the tibia (plantarflexion) and an increased plantarflexion during the swing phase. 
	
  
Absence of dorsiflexor moment at initial contact 
This is a consequence of landing on the sole or forefoot instead of the heel. The gentle 
lowering down of the forefoot generally seen in normal gait is absent. 
	
  

- Elevated midstance plantarflexor moment 
This is a consequence of supporting the ground reaction force under the forefoot 
during the single support phase instead of the normal progression of support from 
under the heel to the midfoot to the forefoot as seen in normal gait. 
 

- Diminished plantarflexor moment in terminal stance 
The forefoot has supported the ground reaction force throughout the stance, causing 
high loading on the ankle plantarflexors. However, when these should be most active, 
i.e. during what is commonly known as 'push-off', the supported load under the 
forefoot and toes is abnormally small.  Both of these observations (early plantarflexor 
moment at midstance and diminished plantarflexor moment in terminal stance) will 
lead to a less efficient gait. 
 
 

Contrary to that in children with cerebral palsy, several authors have described a normal 
kinematic profile of the knee in ITW20 ,27 
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It is well-known that children with ITW can walk with a heel-toe pattern when asked to do so 
and that they have a varying walking pattern, sometimes walking quite normally.20 ,23-25 ,27 ,50 
Consequently, Westberry at al. investigated all 51 of the children in their study after they were 
asked to make every effort to walk as normally as possible. They found that the toe-walkers 
could only normalize all characteristic parameters of the gait analysis in in 17% of these trials. 
In 70% of the trials, the children with ITW normalise either stance or swing phase parameters, 
but not both. The ability to normalise the gait parameters was not related to the ages of the 
children or the passive range of movement (PROM) of the ankle.  
  
 
1.8  THREE-DIMENSIONAL GAIT ANALYSIS 

 
Before three-dimensional (3D) gait analysis was available one was left to carefully observe a 
patient’s gait pattern and try to make appropriate conclusions. 
Naturally, it is impossible, using only vision, to record the complex interaction of movements 
from various joints to make a reliable description of a person’s walking pattern. Instrumented 
gait analysis has made quantification and documentation of gait data much easier. 
 
As expressed by Jacquelin Perry in her classic book: Gait Analysis, Normal and Pathological 
Function:45    
 

The asynchronous series of changes occurring at each joint of the two limbs 
presents such a maze of data that few persons can assimilate it all. The result 
may be premature conclusions. An alternate approach is quantitated 
documentation of the person’s performance with reliable instrumentation that 
provides a permanent record of fact. The indecisions of subjective observation 
are avoided. A printed record of the patient’s motion pattern provides a 
reference base for interpreting EMG, stride and force data. 

 
In 3D gait analysis, the collection of movement data from various body segments is facilitated 
by placing reflective markers on various anatomical landmarks on the patient. The markers 
reflect light from infrared cameras to sensors mounted on the cameras. Information from 
multiple cameras reconstructs the position of the markers in three dimensions. Kinematics is the 
term used to describe joint or segment motion. 
 
Force plates are placed on the floor of the gait laboratory. These plates register the position of 
ground reaction forces as the patient walks. By combining segmental data from the kinematic 
analysis with ground reaction force, joint forces and moments can be calculated. The term 
kinetics is used to describe joint moments and forces. 
 
The gait cycle is divided into different phases. The stance phase starts when the foot contacts 
the ground, which is called initial contact or heel strike, as it in normal gait is the heel that first 
contacts the ground. When the foot leaves the ground, which is called toe-off, as the toes are the 
last part of the foot to lift off the ground, the swing phase begins. One gait cycle represents the 
movements performed from initial contact with for example the right foot to the next initial 



Idiopathic Toe-Walking	
  
5 

 11 

contact with the right foot. The gait cycle is converted into percentage were the stance phase 
makes up approximately 60%  (from initial contact to toe-off). The remaining 40% represented 
by the swing phase starts with toe-off and ends with initial contact. Double support occurs twice 
during the gait cycle when both feet have contact with the ground. This makes up about 20% of 
the gait cycle. 
 
In addition, data about walking velocity, cadence (steps per minute) and step length are 
collected.   
 
 
1.9  CLASSIFICATION 

 
No generally accepted classification of ITW exists but Alvarez et al.30 developed a useful 
classification based on gait analysis parameters and the three ankle rocker definition. The 
classification identifies three severity types of ITW (mild, moderate, severe) based on the 
presence of a first ankle rocker (heel vs. forefoot contact), an early third ankle rocker (early heel 
rise) and a predominant ankle plantarflexion moment during loading response (forefoot weight 
acceptance). The classification is outlined in Table 2 and graphical illustration of ankle 
kinematic curves of normal and ITW gait cycles are outlined in Figures 1a and1b. 
 
 
Table 2. Idiopathic toe walking severity classification 
Toe walking 
severity 
group 
 

Primary criteria and definitions 
 
Presence of 
first ankle 
rockera 
 

Presence of 
early third 
ankle rockerb 
 

Predominant 
first ankle 
momentc 
 

Type 1 Yes No No 
Type 2 Yes or No Yes or No No 
Type 3 No Yes Yes 

a Present if ankle angle at initial contact was greater than 5° of plantarflexion 
and there is a downgoing ankle excursion. 
b Present if third ankle rocker occur at or below 30% of the gait cycle. 
c Present if the ratio of the peak plantar-flexor moment at initial stance 
(AM1) to the peak plantar-flexor moment at late stance (AM2) is greater 
than 1 (Figure 1b). 
Reprinted with permission from Elsevier from Alvarez C, De Vera M, Beauchamp R, et al. 
Classification of idiopathic toe walking based on gait analysis: development and application of 
the ITW severity classification. Gait Posture 2007;26:428-35.  
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Figure 1a. Graphical illustration of first ankle rocker and early heel rise using ankle kinematics. 
The ankle kinematics for a normal gait cycle represented by the solid curve (-) is superimposed 
on ankle kinematics for toe walking represented by the dashed curve (- -). 
 

 
Figure 1b. Graphical illustration of early predominant first ankle moment (AM1) using ankle 
kinetics. The ankle kinetics for a normal gait cycle represented by the solid curve (-) is 
superimposed on ankle kinetics for toe walking represented by the dashed curve 
 (- -). 
Figure 1a & 1b reprinted with permission from Elsevier from Alvarez C, De Vera M, 
Beauchamp R, et al. Classification of idiopathic toe walking based on gait analysis: 
development and application of the ITW severity classification. Gait Posture 2007;26:428-35. 
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1.10  NEUROPSYCHIATRY 

 
‘Neuropsychiatry is a field of scientific medicine that concerns itself with the complex 
relationship between human behaviour and brain function and endeavours to understand 
abnormal behaviour and behavioural disorders on the basis of an interaction of neurobiological 
and psychological–social factors. It is rooted in clinical neuroscience and provides a bridge 
between the disciplines of Psychiatry, Neurology and Neuropsychology’.51 
 
Common neuropsychiatric diagnoses in children are attention deficit hyperactivity disorder 
(ADHD), autism spectrum disorders (ASD), developmental coordination disorder (DCD), 
language disorders, tics and obsessive-compulsive disorder (OCD). Reported prevalence for 
ADHD, DCD and language disorders are 5 - 7%.52-57 ADHD is three times more likely in boys 
than in girls and six to nine times more likely in boys in clinic-referred children.58 ,59 
 
ADHD, probably the most common diagnosis, has been extensively discussed and debated in 
the media in the last few years. ADHD is characterised by different levels of inattention, 
hyperactivity and impulsivity and gives rise to academic, social, and emotional problems.58-60 
Socially, ADHD children have more often poor relationships and emotionally, they often have 
poor self-esteem with an increased risk for depression and anxiety58-60. Individuals with ADHD 
present in childhood may continue to show symptoms in adolescence and adulthood.61 ,62. The 
extent of comorbidity is high, as ADHD symptoms often occur with e.g. learning disabilities, 
anxiety disorders and depression.63 
 
Among clinicians working with children with pediatric neuropsychiatric disorders, there is a 
general impression that children with ADHD are more often toe-walkers than children with age-
appropriate behaviours. However, to the best of our knowledge, there are no scientific studies 
exploring this correlation.  
 
The prevalence of ASD is about 1%64. Children with ASD can have various symptoms, which 
can be divided into the following three categories: Social impairment, communication 
impairment and repetitive behaviour.64 Comorbidity with other conditions is common, including 
intellectual disability, hyperactivity and anxiety.65 ,66 For children with an autism spectrum 
disorder or a communication/language disorder, the prevalence of ITW has been reported to be 
as high as 19 - 63%.5 ,6 ,67 
 
Children with ITW have been reported to have an increased prevalence of various 
developmental delays. Following a study on 13 children with ITW, Shulman et al. reported that 
10 out of 13 children had speech/language delays, 4 out of 12 fine motor delays, 4 out of 10 
‘visuomotor’ delays, and 3 out of 11 gross motor delays.6 In another study involving 163 
children seen at ‘well-child visits’ and in which ITW was defined as “toe-walking during at 
least one month or at the examination”, the observed prevalence of ITW was 24%.67 The 
children with ITW (n=39) had a consistently lower mean language quotient compared to 
children without toe-walking (n=127). The specificity of toe-walking for low language scores 
was 85% but the sensitivity only 32%.  
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At a tertiary-level clinic, 799 children with developmental delays were studied, 224 of whom 
were toe-walkers.5 In this group the prevalence of toe-walking was 63% in children with 
autism, 40% in children with a ‘communication disorder’, 36% in children with mental 
retardation and 20% in children with learning disabilities.5  
 
The development of a child’s abilities are often divided into domains such as motor skills, 
executive functions, perception, memory, language, learning, social skills and 
emotions/behaviours.68 
 
In conclusion, it is well documented that children with ASD and language impairment have an 
increased prevalence of ITW but the prevalence of ITW in other neuropsychiatric disorders 
such as ADHD is unclear. 
 
 
1.11  CHILD WELFARE CENTRES 

 
Child Welfare Centres (CWC, in Swedish Barnavårds Central) provide the primary health care 
for children in Sweden.69-74 Their purpose is to promote children’s health and development from 
infancy to six years of age. Specially trained nurses and doctors (general practitioners or 
paediatricians) provide this service and nearly 100% of children attend follow-up checks.13-15 
The instructions given to all CWCs in every county are set forth in a ‘method-book’ based on 
recommendations from the National Board of Health and Welfare. However, the details of these 
may differ from county to county but the same standardised CWC record is used all over the 
country69 
The ‘5.5 years follow-up’ is the last visit to the CWC before the responsibility of health 
monitoring is transferred to the school health services. At the ‘5.5 year visit’, several different 
aspects of the child’s development are assessed such as gross and fine motor development, 
perception, executive functions, hearing, language and general development. 
 
 
1.12  TREATMENT 

 
A wide variety of treatment recommendations have been suggested for ITW.  
 
 
Physiotherapy 
Physiotherapy is often recommended to children with ITW but there is almost nothing written 
about the effects of physiotherapy as the sole treatment for ITW. Physiotherapy is of course not 
a defined treatment; in order to evaluate treatment results, one must first of all define exactly 
what kind of physiotherapy treatment that has been given. As this is not the case in the 
literature, treatment results are difficult to assess. 
In articles about ITW treatment published by Stricker el al.8 and Hirsch and Wagner12 and 
referred to in the ‘natural history section (1.4)’, physiotherapy formed one part of the treatment. 
Stricker et al. mention heel-cord stretching exercises under the supervision of a parent or 
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physical therapist and Hirsch and Wagner stated that the children performed passive stretching 
exercises to increase the length of the calf muscles and some children performed exercises to 
increase the active dorsiflexion of the ankle. Both studies concluded that this treatment probably 
did not alter the natural history. 
 
Whether any type of physiotherapeutic treatment can alter the spontaneous course remains to be 
evaluated. 
 
 
Casting 
Several studies have reported on the use of cast treatment for ITW (see below). The cast 
treatment generally consists of a 2 to10 week period of below knee walking casts, even if the 
type of casts varies between studies. The effect of the cast has been postulated to result from 
elongation of non-contractile elements 28 ,75 and increasing numbers of sarcomeres in series in 
the calf muscles 76. It could also be hypothesized that the casts function as a constant remainder 
of the walking pattern and that this may alter the walk. The casts also make it difficult to walk 
on one’s toes, further helping the child to adopt a different walking pattern.  
 
The reported outcome varies from very positive to no effect at all. A positive outcome was 
reported by Griffin et al.24, Katz and Mubarak77, Brouwer et al.28, Fox et al.9 and Stott et al18. 
The designs of the studies differ but it is notable that no randomised controlled studies have 
been performed, which obviously weakens the argument for cast treatment. Four of five studies 
involved less than 15 patients9 ,24 ,28 ,77. EMG was used as a outcome measure in the study by 
Griffin el al.24, who treated six ITW children (age range 5 - 9 years) with below knee walking 
casts for 6 - 8 weeks. All children attained a normal walking pattern after cast treatment and the 
pathological electromyography present before treatment normalised. The PROM of the ankle 
improved substantially. Follow-up time is only stated as post treatment and seems only to have 
been for a short period of time.  
 
Gait analysis was used to evaluate the gait only in the study carried out by Stott et al18. They 
reported on thirteen patients that had been toe-walkers as children and who were followed-up 
for an average period of 11 years following treatment. All children had first received serial 
casting for six weeks. Six children needed no further intervention and seven children went on to 
Achilles tendon lengthening (n=5) or Baker’s gastroc-soleus lengthening (n=2). At follow-up, 
all 13 patients were satisfied with the treatment. Only one patient reported minor limitations in 
sporting activities. Two subjects stated that they still, occasionally, walked on their toes. One of 
these patients had been treated by casting only and one had undergone surgery. At final follow-
up, all but three patients had a visually normal gait. Equinus foot positioning was observed in 
one patient, at initial contact, who had only had cast treatment. Two patients had and early heel 
rise and they were both treated with surgery following their cast treatment. At 3D gait analysis, 
12 out of 13 patients had deviations from normal gait. The most common deviation was 
restriction in ankle dorsiflexion in stance. The authors concluded that patient satisfaction was 
high after either cast treatment only or cast treatment plus surgical intervention. Restriction of 
ankle dorsiflexion in gait was difficult to detect visually but was commonly seen at gait 
analysis. The study suffers from its retrospective design, which makes it difficult to interpret. 
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There was no speculation from the authors whether they considered the good results attributable 
to the treatment only or whether it was possibly also an effect of natural history.  
 
The studies by Katz and Mubarak77, Brouwer el al.28 and Fox are prospective, single 
intervention studies without randomisation. The eight children in the study by Katz and 
Mubarak77 were followed clinically. The children were diagnosed as having hereditary tendo 
Achilles contractures. Based on the article, it is understood that these children would today 
probably have been diagnosed as having ITW. The average pre-treatment passive ankle 
dorsiflexion with an extended knee ranged from -10 to +5 degrees. For six of the children, 
treatment consisted of serial casting with dorsiflexion cutout casts, permitting active 
dorsiflexion exercises, and for two of the children, it involved Achilles tendon exercises under a 
physiotherapist’s management. The casting period lasted on average 7 weeks (range 2 - 16 
weeks). After treatment, the average dorsiflexion of the ankle was 12 degrees (range 5 - 20 
degrees). At the final follow-up, around 25 months after treatment (range 16 - 38 months), five 
children walked without toe-walking and two walked predominantly with a heel-toe gait with 
only occasional episodes of toe-walk. One patient was lost to follow-up. 
 
The study by Brouwer el al.28 reports on eight idiopathic toe-walkers (mean age 8 years, range 5 
- 10 years) treated over a period of 3 - 6 weeks with a short-leg fibre glass walking cast. The 
mean dorsiflexion angle of the ankle increased substantially. The conclusion was that except for 
one child who preferred foot flat at initial contact, all the other children walked in a normal 
heel-toe fashion six weeks after treatment.   
The study by Fox et al.9 is the only study on cast treatment for ITW that involves more than 15 
patients. The study followed 44 ITW children treated with walking casts for 3 - 10 weeks. The 
age of the children was between 24 months and 14 years and 4 months with a median age of 60 
months. Also in this study, the dorsiflexion of the ankle evidently improved. The cast were set 
at neutral ankle position and changed every 2 weeks until there was a reduced resistance to 
passive ankle dorsiflexion. The mean follow-up was 14 months (range not stated). If parents 
were satisfied with the treatment and plantar grade walking was present, the child was 
discharged. However if problems returned, the children were recommended to return to the 
clinic. The outcome showed that 29 children (66%) either stopped toe-walking or improved to a 
extent that satisfied their parents. The authors also concluded that younger children appeared 
more likely to improve their gait. The results in different age groups are outlined in Table 4.  
 
A less favourable outcome was reported in the two retrospective studies carried out by Stricker 
el al.8 and Eastwood et al.11 Stricker el al.8 evaluated 80 children, of which 17 children (mean 
age 4 years, range 2 - 13 years) had been treated with short-leg casts (eight patients) or solid 
plastic ankle-foot orthoses (nine patients). Before treatment, seven of the children walked 100% 
of the time on their toes, eight children 75% of the time and two children 50% of the time. 
Median pre-treatment ankle dorsiflexion was 5 degrees. At follow-up 2-8 years later (mean 34 
months), the median ankle dorsiflexion was still 5 degrees. Among the parents, 24% were 
satisfied with the treatment, 65% were neither satisfied nor dissatisfied and 12% were 
dissatisfied. The authors concluded that cast and brace treatment appear to offer little long-term 
improvement compared with no treatment at all. 
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The study by Eastwood et al.11 involved 41 children treated with below-knee walking casts. Pre-
treatment status and severity of ITW are not described. For details, see Table 3. The cast treated 
ITW children showed a statistically significant improvement in the time spent on toes at the 
follow-up (mean follow-up time 3.7 years, range 2 - 22 years) but they still spent a median 70% 
of their time toe-walking. The patient determined outcomes showed that only around 50% of 
the patients had an improved walking pattern with a rarely normal gait. The physician-
determined outcomes showed that 22% of the children had a normal heel-toe gait at follow-up. 
There was no significant difference between the 49 children that had just been observed and the 
cast treated group. 
 
This study by Eastwood et al.11 is the study most often used in the context of natural history and 
outcome of different treatments in the long-term. It is worth noting that the children 
participating in the study were followed-up over a period of 2 - 22 years after various 
conservative and surgical treatments but nothing is stated in this retrospective study about the 
status of the children before treatment, nor is anything reported on the short-term outcome after 
treatment. There is therefore a risk that misleading conclusions can be drawn about different 
treatment outcomes as it is likely that children have been allocated to a specific treatment on 
account of the status before treatment. The outcome measures used in the study are based on the 
children’s/parents’ perception of toe-walking 2 - 22 years after treatment, inflicting a substantial 
risk of recall bias. The physician-measured outcome is based on a wet foot print analysis, an 
analysis that at its best give fairly little information about the walking pattern in general.  
 
In conclusion, there is no strong evidence for or against cast treatment of ITW as the studies are 
generally small, non-randomised and using an inferior methodology. 
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Table 3.  Patient details and results    
Patient details Observation Cast Surgery 
No. of patients 49 41 46 
Male-Female ratio 27:22 25:16 26:20 
Age at presentation: Median (range) (y) 4 (1.5-1 0) 3.3 (1.5-1 0) 6.5 (2.5-1 3)* 
Age at treatment  (y)  3.5 (1.5-1 0.3) 6.9 (2.5-14.5)* 
Duration of follow-up (y) 3.2 (2-12.8) 3.7 (2-21.5) 7.9 (2-22)* 
% Time toe-walking at presentation:  
Median  (Range) 

90 (90-100) 
 

100 (80-100)1 100 (75-100)1 

 
% Time toe-walking at review 60 (0-100)1 70 (0-100)1 25 (0-100)1 

Patient-determined outcome    
Normal gait, n (%) 3 (6) 4 (10)2 10 (22) 
Improved, n (%) 22 (45) 17 (41) 23 (50) 
Unchanged, n  (%) 24 (49) 20 (49) 12 (26) 
Worse, n (%) 0 0 1   (2) 
Physician-determined outcome    
Normal Gait, n (%) 6 (12) 9 (22)3 17 (37) 
Toe-walking, n (%) 43 (88) 32 (78) 29 (63) 
* The surgical group was significantly older at presentation and at treatment and had a longer follow-up. 
Kruskal-Wallis test, P = 0.0001. 
1 For each of the groups, there was a significant reduction in the time spent toe-walking at review. Mann- 
Whitney test, P = 0.0001. 
2 The differences between the observation and the cast groups were not significant when the normal and 
improved results were combined and compared to the unchanged results.  Fisher's exact test, P =1. 
3 The differences between the observation and cast groups were not significant.  Fisher's exact test, P = 
0.26.Reprinted from Eastwood DM, Menelaus MB, Dickens DR, et al. Idiopathic toe-walking: 
does treatment alter the natural history? Journal of Pediatric Orthopedics B 2000;9:47-9. With 
permission from Lippincott Williams & Wilkins 
 
 

Table 4.  Outcome following casting, results stratified by age 

Age at treatment n= Successful Unsuccess- 
 ful 

% 

All ages 
< 3 years 
3-5 years 
5-8 years 
8-12 years 
> 12 years 

44 
11 
9 
12 
10 
2 

29 
9 
6 
6 
6 
2 

15 
2 
3 
6 
4 
0 

66 
82 
67 
50 
60 
100 

Reprinted from Fox A, Deakin S, Pettigrew G, et al. Serial casting in the treatment of idiopathic 
toe-walkers and review of the literature. Acta Orthopaedica Belgica 2006;72:722-30.  With 
permission from Acta Orthopaedica Belgica.  
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Botulinum toxin A 
Botulinum toxin (BTX) has been known to cause lethal poisoning for centuries. In medieval 
times, guild regulations were used to control sausage production, which was a major source of 
BTX poisoning78-82. The word botulinum is sprung from the Latin word botulus, which means 
sausage. The molecular action of BTX includes extracellular binding to glycoprotein structures 
on cholinergic nerve terminals and intracellular blockade of the acetylcholine secretion, causing 
a chemical denervation83. When BTX is injected in striate muscles, a paresis occurs that lasts 
for 2 - 12 months in children with CP.84 ,85 The reason for termination of the effect is a 
restoration of the protein complex (SNARE) in the cholinergic nerve terminals, which was 
inactivated by BTX86. In vivo studies in mice have shown extensive nerve sprouting at the 
affected nerves but it is believed to be a transient phenomenon not responsible for the 
termination of the BTX effect.86 
 
There are seven different serotypes (A-G) of which type A has been most widely studied and 
used in medicine. There is a correlation between the amount of BTX injected and the extent of 
the paresis provoked87. BTX-A is quantified in units (U).  
Dr. Alan Scott, an American Ophthalmologist, was in 1980 the first to report on the therapeutic 
use of BTX in humans.88 Dr. Andrew Koman and colleagues published the first study using 
BTX to reduce increased muscle tone in children with cerebral palsy. Since then, the indications 
for BTX have expanded 89. Gradually its use became more commonplace, also in conditions 
were there was a lack of studies of its efficacy and safety. 
 
The first study (retrospective case series) of BTX for ITW was published in 2004, in which 10 
children (2 - 17 years) with ITW were treated with 10U/kg BTX in the calf muscles, 
immediately followed by 1 - 3 weeks in a below knee walking cast and thereafter bracing and 
physical therapy. All children had ceased toe-walking at the 3 month follow-up but two children 
received repeated injections at 3 and 12 month follow-ups 90. Another study by Brunt et al.91 
involving five children with ITW (mean age 4 years, range 3 - 6 years) and treated with 12U/kg 
BTX and physiotherapy also showed an improved walking pattern. Two of the children in that 
study, however, received repeated BTX injections and splints after 3 months. The ROM of the 
ankle before treatment is not stated but three of the children were reported to have a dorsiflexion 
‘within normal limits’ while two had resistance to passive dorsiflexion due to contracture. The 
authors speculated about BTX being a possible treatment for ITW before contractures had 
developed and that improvement of clinical results may be possible through cast treatment post-
BTX injection, particularly when an ankle plantarflexion contracture is present. 
 
Why would BTX affect the walking pattern in children with ITW? There are several reports24 ,25 

,91 about EMG changes in ITW with out-of-phase gastrocnemius activity during the swing 
phase. Brunt 91 showed that swing phase gastrocnemius activity and an early offset of tibialis 
anterior activity may lead to a toe-strike. BTX was reported to change the gastrocnemius 
activity, resulting in heel strike or nearly heel strike, enabling extended tibialis anterior activity 
to be present at terminal swing and possibly at loading response. Another hypothesised reason 
for the effect may be the induced weakness in the calf muscles, making it difficult for the child 
to walk on the toes and thus resulting in a new walking pattern. 
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Other non-surgical treatments 
One study by Conrad and Bleck31 reports on treatment with ‘augmented auditory feedback’. 
Eight children (6 with CP and 2 with ITW) with a dynamic equinus were treated with a 
pressure-sensitive device in the shoe that produced an auditory signal when the heel contacted 
ground. The children used the shoes in practice sessions while walking for one hour every day. 
The two ITW children used the device for three and six months respectively. As regards the 
eight children, the authors report that the passive ankle dorsiflexion improved 8 degrees with 
the knee extended and 4 degrees with the knee flexed. After treatment, with the device off, there 
was a 38% improvement in the total accumulated number of heel strikes in a three-minute 
period. 
A ‘motor control intervention programme’ was used for five children (age 30 - 72 months) in a 
study by Clark et al.33 The intervention emphasised ‘activities and habits to influence muscle 
activation and posture deficiencies, with the objective of expanding the child’s ability to 
manage the body centre of mass over the feet’. The intervention consisted of two one-hour 
sessions per week over a period of nine weeks. Each child was provided with an individual 
‘play’ programme, adapted to certain therapy objectives. The results did not show less toe-
walking at follow-up. 
 
   
Surgery 
The aim of surgery for ITW is to lengthen the triceps surae muscle-tendon complex when a 
decreased dorsiflexion of the ankle is present92-100. Many different surgical techniques have 
been described to lengthening the triceps surae. Figure 2 outlines the different levels of the 
muscle-tendon complex were these various techniques are performed.   
 
To identify where the contracture is present, the Silfverskiöld test can be utilised. This test 
measures the ankle dorsiflexion with the knee in both extension and flexion. The measurement 
of ankle dorsiflexion with knee in extension is mainly a test of the gastrocnemius muscles’ 
length as these muscles cross the knee joint. Measuring ankle dorsiflexion with the knee in 
flexion, which slackens the gastrocnemius muscles, mainly tests the soleus muscle length.  
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Figure 2. The posterior leg can be divided into five anatomical levels. Based on anatomical 
level and clinical assessment, specific surgical procedures are indicated. The location for 
superficial gastrocnemius soleus recession is highlighted. GT, gastrocnemius tenotomy; GSR, 
gastrocnemius soleus recession; TAL, tendo Achillis lengthening. 
Printed with permission from Journal of the American Podiatric Medical Association. 
Lamm BM, Paley D, Herzenberg JE. Gastrocnemius soleus recession: a simpler, more limited 
approach. Journal of the American Podiatric Medical Association 2005 Jan-Feb;95(1):18-25. 
 
 
Two studies have compared the outcome after Achilles tendon lengthening and the Valpius 
procedure (McMulkin et al.34, Jahn et al.32). 
In a retrospective study by McMulkin et al.34, 14 children with ITW were treated with either 
Achilles tendon lengthening (six percutaneously and one open z-lengthening) or a Valpius 
gastrocnemius recession (seven children). A 3D gait analysis was performed before and after 
surgery. The average age of the children at surgery was in the Achilles lengthening group 8.5 
years and was not statistically different from the Valpius group. The study was not randomised 
and the decision to perform an Achilles tendon lengthening was based on a limited ankle 
dorsiflexion with the knee in both extension and flexion. The Valpius procedure was used when 
there was only a limited ankle dorsiflexion with the knee in flexion. Post-operative gait analysis 
was performed at a mean of 13 months (range 10 - 17 months) after surgery. The Valpius group 
had a significantly greater dorsiflexion of the ankle before surgery compared with the Achilles 
tendon group. Postoperatively, all ITW children seen as one group showed an improvement in 
several gait parameters. The Achilles tendon group had a significantly better maximum knee 
extension in stance. The increased external foot progression noted pre-operatively in both 
groups had not changed following surgery. According to the authors, this was due to an external 
rotation of the lower leg and external rotation of the hips that was not corrected during surgery. 
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When examined physically after surgery, both groups showed significantly increased ankle 
dorsiflexion. The authors concluded that both surgical techniques produced a good outcome and 
they recommended the use of the Valpius technique for gastrocnemius tightness and Achilles 
tendon lengthening for a more severe contracture. 
 
Jahn et al. found a similar outcome in their study.32 These authors saw two main differences 
between the groups after surgery. Firstly, the gastrocnemius lengths in stance increased 
significantly after Achilles tendon lengthening but not after the Valpius procedure, whereas the 
soleus muscle lengths increased significantly after both procedures. Secondly, the muscle-
tendon lengths were shorter in the Achilles tendon group before surgery but ended up longer 
compared to the Valpius group. The authors did not see this difference in lengthening as mainly 
an effect of the different surgical procedures but rather felt it was more related to the muscle-
tendon length before surgery. The children with the most severe contractures gained much 
length while the children with minor contracture did not gain much in length. The kinematic 
outcome was good in both groups. No surgical procedure was recommended in favour of 
another. 
 
Let us now change focus from different types of surgery to what is known about the different 
results of surgery. The first description of surgery for children with a contracture of the triceps 
surae and a toe-walking gait was given by Hall et al.1 in 1967. Hall's 20 patients with a mean 
age of 8 years had all a contracture of the Achilles tendon and a dorsal extension of the ankle 
ranging from -30 to -60 degrees. The patients were first observed for 6 - 24 months but 
eventually all 20 patients underwent surgery for the lengthening of the Achilles tendon. Details 
of the surgeries are not stated. A cast was worn after surgery for six weeks without weight 
bearing and for three weeks with weight bearing. Follow-up after surgery ranged from 1.5 years 
to seven years (mean about three years). At follow-up, all children walked with a normal heel-
toe gait with some of the children occasionally walking on their toes. 
A favourable outcome has also been reported by Kogan and Smith101 who, in a retrospective 
study, contacted 10 out of 15 children in a telephone survey 3 months to 6 years after a 
percutaneous Achilles tendon lengthening. Age of the children is not stated, nor the ROM of the 
ankle before surgery but all children could put their feet flat on the ground when asked before 
surgery. After the surgery, the children were placed in a below-knee walking cast for one month 
and were allowed full weight bearing immediately. At follow-up, according to the parents, no 
child toe-walked and no parent/child reported any loss of strength. All parents were satisfied 
with the procedure.  
 
Likewise, in a retrospective review of 15 ITW children treated by open (n=12) or percutaneous 
(n=3) Achilles tendon lengthening, Hemo et al.19 reported an encouraging outcome. The mean 
clinical follow-up was 3 years. At final follow-up, 12 out of the 15 children were, according to 
their parents, walking with a heel-to gait all the time. Three children had a heel-to gait most of 
the time and occasionally walked on their toes.  
One interesting follow-up parameter in this study was the strength of ankle dorsiflexion. The 
study concluded that ankle ‘push-off’ power generation improved after surgery but did not 
reach the level of the reference values for norms. All children could do 10 heel rises, which is 
considered the threshold for normal strength. Three patients had a significantly decreased power 
generation. Two of these patients did not have a equinus contracture before treatment and the 
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authors warn about performing Achilles tendon lengthening surgery on children without a true 
contracture as there seems to be a risk of excessive lengthening. One patient had a recurrence of 
toe-walking three years after surgery that was successfully treated with casts. 
 
Under the ‘cast section’ above, a study by Stricker et al8 is mentioned. In that retrospective 
study comparing different treatments for ITW, a group of 15 surgically treated ITW children 
was included. The overall number of children studied was 80, divided into three groups based 
on treatment. Group 1 (n=48) had been observed or prescribed special shoes and/or stretching 
exercises. Group 2 (n=17) was treated with casts (see above under cast treatment) and group 3 
(n=15) was treated with open Achilles Z-plasty (n=11) or with bilateral, Baker-type, 
gastrocnemius recession  (n=4). The dorsiflexion of the ankle before treatment and at final 
follow-up, 34 months after initial presentation (range 2 - 8 years), are outlined in Table 5 
together with parental satisfaction with the outcome. All surgical treated children had an 
equinus contracture (0 to -20 degrees) of the ankle before surgery. Overall, only about one 
fourth of the parents were satisfied with the outcome in Groups 1 and 2. In contrast, two thirds 
of the parents were satisfied in the surgical group. Only one parent was dissatisfied. However, 
one third of the surgically-treated children were still, to some extent, walking on their toes. No 
cases of excessive lengthening, hypertrophic scars or other postoperative complications were 
noted. The authors concluded that surgical treatment showed significantly better results than 
conservative measures with respect to restoration of ankle dorsiflexion and parental satisfaction.  
 
 

Table 5. Idiopathic toe-walking treatment results 

 Group 1 Group 2 Group 3 

Median pre-treatment ankle DF 10° 5° -10° 
Median ankle DF at final 
follow-up 

10° 5° 10° 

Mean follow-up (mo) 36.0 34.6 32.0 

Outcome    

Satisfied  (%) 25.0 23.5 66.7 

Neutral (%) 54.2 64.7 26.6 

Dissatisfied (%) 20.8 11.8 6.7 

Reprinted from Stricker SJ, Angulo JC. Idiopathic toe walking: a comparison of treatment 
methods. Journal of Pediatric Orthopedics 1998;18:289-93. 
With permission from Wolters Kluwer Health 
 
 
Less convincing results were found in the other long term retrospective review by Eastwood et 
al.11, involving 136 children with ITW that had been treated by either observation (n=49), 
casting (n=46) or a Baker type of aponeurotic lengthening of the Achilles tendon, followed by 
six weeks in a below-knee walking cast. Patient details and results are shown in Table 3. The 
follow-up was done in a research clinic 2 to 22 years after first presentation. The results were 
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based on the parents’ perception of toe-walking frequency in addition to which the parents were 
asked to classify the severity of the toe-walking. The classification used three different grades 
of toe-walk. Walking on the tips of the toes (Grade 1), toe-walking on the metatarsal heads 
(Grade 2) or a toe-walking with the heel being off the ground during gait (Grade 3). Physician 
determined outcome to decide if a toe-walk was present was based on wet footprint analysis. It 
is worth noting in Table 3 that the parent/patient determined outcome revealed that only 22% 
considered their child to have a normal walk after surgery and that the physician determined 
outcome showed a normal walk in only 37% after surgery. Twenty-nine (63%) of the children 
were still, according to the physician, walking on their toes (extent not stated) at the follow-up. 
The authors concluded that direct comparisons between the different treatment groups cold not 
be made due to the differences in age at presentation and duration of follow-ups. It was likely 
that the outcome of a surgical intervention was an improvement in the natural history of ITW. 
 
To conclude, a favourable outcome was generally reported for ITW following lengthening of 
the Achilles tendon/calf muscles. No specific type of surgery can be recommended based on the 
current literature. Complications after surgery have generally been a minor problem but the risk 
of excessive lengthening, as described in one study, must be taken into account. No RCT 
studies comparing surgery to other types of treatment are available, nor are there large 
prospective studies, all in all reducing the scientific evidence for surgical treatment from the 
perspective of evidence-based medicine.  However, when equinus contracture is present, 
surgical treatment seems to be the best option available on the basis of current evidence.   
 
 
1.13  GENERAL REMARKS ON PUBLISHED LITERATURE    

 
Even though a number of articles have been published about ITW, there is a complete absence 
of studies trying to define the prevalence of ITW in a large and well-defined cohort of children. 
Unfortunately, the same applies to randomised controlled trials (RCT) for the treatment of ITW. 
 
Treatment studies generally involve a fairly low number of participants evaluated after one type 
of treatment with comparisons to other treatments usually set forth in the discussion section. 
When two or more treatments have been evaluated, it has been done without randomisation.  
 
To be able to more accurately conclude anything about the natural history of ITW, a large and 
well-defined cohort of children must be followed from birth to adulthood. Different treatments 
must be assessed in RCT studies. 



Idiopathic Toe-Walking	
  
5 

 25 

2  AIM OF THE THESIS 

 
The overall aim of the thesis is to better understand different aspects of idiopathic toe-walking, 
a common and yet largely unexplored condition in childhood. 
 
The specific aims of the thesis are to elucidate: 
 

 The prevalence and early course of ITW in children aged 5.5 years in a well-defined 
cohort.  
Study 1 
 

 The occurrence of neuropsychiatric problems and symptoms in children with ITW.  
Study 2 
 

 Whether BTX treatment can improve the walking pattern in children with ITW.  
Study 3 
 

 Whether a combination of BTX and casting is more effective than casting alone in 
reducing toe-walking in 5 to15-year-old children. 
Study 4 
 

 Whether treatment outcome is correlated to co-existing neuropsychiatric problems. 
Study 4 
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3  MATERIALS AND METHODS 

 
3.1  STUDY OUTLINES 

Study 1 
A cross-sectional prevalence study of children aged 5.5 years (n=1436) living in Blekinge 
County, Sweden, was performed during the regular ‘5.5 year visit’ at the local Child Welfare 
Centre (CWC). Children were assessed for a history of toe-walking or whether they still walked 
on their toes. Additionally, all children aged 5.5 years (n=35) admitted to the Clinic for 
Children with Special Needs in the county were assessed with regard to toe-walking.  
 
 
Study 2 
Fifty-one consecutive children (31 boys, 20 girls) with a mean age of 9 years and 1 month and 
referred to Astrid Lindgren Children’s Hospital for ITW were enrolled in the study. Evaluations 
included assessments by a pediatric orthopaedic surgeon and a pediatric neurologist, and the 
parents were asked to complete the 5-15 (Five to Fifteen) questionnaire, a validated screening 
tool for neuropsychiatric problems. The study cohort was compared with an age-matched 
normative group. 
 
 
Study 3 
A consecutive series of 15 children (aged 5 – 13 years) were enrolled in the study. The children 
underwent a 3-D gait analysis prior to treatment with a total of 6 units/kg bodyweight Botox® 
(BTX) in the calf muscles and an exercise programme. The gait analysis was repeated 3 weeks 
as well as 3, 6 and 12 months after treatment. A classification of toe-walking severity was made 
prior to treatment and after 12 months. The parents rated the perceived amount of toe-walking 
prior to treatment and 6 and 12 months after treatment. 
 
 
Study 4 
All ITW patients referred to the Pediatric Orthopedics Department at Astrid Lindgren 
Children’s Hospital between November 2005 and April 2010 were considered for inclusion. 
Forty-seven children constituted the study population. Children were randomized to a 4-week 
treatment with below knee circular casts, either as sole treatment or 1 - 2 weeks after 
undergoing injections with 12 units/kg bodyweight BTX (Botox®) in the calves. Before 
treatment and 3 and 12 months following cast removal, all children underwent 3-D gait 
analysis. Classification of ITW severity based on the gait analysis was performed and parents 
were asked to assess how much time their child spent on toes while walking barefoot. The 
passive range of motion in hip, knee and ankle joints was measured with a goniometer and 
ankle dorsiflexor strength was measured with a hand-held dynamometer. Prior to treatment, all 
children were evaluated with a screening questionnaire for neuropsychiatric problems. 
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3.2  SUBJECTS 

The thesis cover four studies (1, 2, 3 and 4) 
 
 

Table 6. Subjects 
Study n Age 

(Years) 
Category Main effect studied 

1 1436 5-6 General population Prevalence and early course 

2 51 5-14 Referred for ITW Neuropsychiatric symptoms 

3 15 4-13 Referred for ITW Effect of BTX treatment on 
walking pattern 

4 47 5-l4 Referred for ITW Treatment outcome after cast 
or cast + BTX treatment 

Overlapping subjects: All children included in Study 4 are also included in Study 2.  
 
 
Inclusion / Exclusion criteria 
Study 1: 
Inclusion of all children attending the regular ‘5.5 year visit’ at local CWCs in Blekinge County 
from 3 May 2010 to 15 June 2011 and all children of the same age, listed at the Clinic for 
Children with Special Needs in Blekinge County. There were no exclusion criteria. 
 
Studies 2 and 4: 
All children with ITW, consecutively referred to the Pediatric Orthopaedics Department at 
Astrid Lindgren Children’s Hospital between 15 November 2005 and 15 April 2010 were 
considered for inclusion. Each child should, as perceived by the parents, have walked at least 
25% of the time on his/her toes for a minimum period of three months. Other inclusion criteria 
were no other pathology that could explain the toe-walking and no known congenital Achilles 
tendon contracture. Exclusion criterions were previous ITW treatment such as Achilles tendon 
surgery, casting, orthotics or BTX treatment. 
 
Study 3: 
All children with ITW, consecutively referred to the Pediatric Orthopaedics Department at 
Astrid Lindgren Children’s Hospital between November 2003 and May 2005, were considered 
for inclusion. Otherwise, all inclusion and exclusion criteria were the same as in Studies 2 and 
4. 
 
 
3.3  METHODS 

Study 1 General 
Before starting the study, one of the authors (PE) visited all CWCs informing the staff about 
ITW and the study. The staff at the CWCs was instructed to classify a child as a toe-walker 
regardless of the amount or duration of toe-walking. One registered nurse at each CWC was 
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assigned as the local study contact. At the ‘5.5 year visit’, the staff at the CWC questioned all 
parents whether their child still, to any extent, walked on his or her toes (active toe-walking) or 
whether their child had a history of previous toe-walking (inactive toe-walking). Question forms 
were sent to one of the authors (PE) at the Orthopaedic Clinic in Blekinge County. 
 
The parent(s) of the inactive toe-walkers were interviewed over the telephone and asked to 
specify during which time in the child’s life the toe-walking had been evident and estimate the 
maximum percentage of time (25, 50, 75, or 100%) that the child had spent on his/her toes 
when walking barefoot. In addition, questions were asked about the child’s age when starting to 
walk independently, when toe walking was first noticed and whether there was any family 
history of toe-walking. Lastly, any medical conditions that could be considered as a cause of toe 
walking were elicited. 
 
All children classified as active toe-walkers at the time of the ‘5.5 year visit’ were clinically 
examined at the Orthopaedic Outpatient Clinic and parents were given the same questions as the 
inactive toe-walkers. The clinical assessment focused on detecting a possible cause of toe-
walking and included an orthopaedic examination with emphasis on the lower extremities as 
well as a neurological examination. The range of movement in the hip, knee and ankle joints 
was measured with a goniometer (ankle range of motion was assessed with the knee both flexed 
and extended). Gait, deep tendon reflexes, muscle tone and presence of possible Babinski signs 
were evaluated. The same paediatric orthopaedic surgeon (PE) conducted all assessments. 
 
Parents of children in the appropriate age range and listed at the Clinic for Children with Special 
Needs were interviewed over the telephone and questioned about their child’s 
medical/developmental diagnosis and toe-walking history. The same set of questions used for 
the other groups of children was asked. 
 
To check for method validity, 10% (n=140) of the parents of the 5 – 6-year-old children who 
were assessed at different CWCs were randomly chosen and contacted after the study. It was 
verified that the parents had understood the question about ITW at the ‘5.5 year visit’ and that 
no child with ITW had been missed. 
 
 
Outcomes 
 
The ‘Five to Fifteen’ questionnaire (Study 2) 
The parent questionnaire ‘Five to Fifteen’ (FTF) was developed in order to screen for 
neuropsychiatric symptoms in children five to fifteen years of age.102 The questionnaire was 
designed to tap into the problems and strengths most commonly encountered in children and 
young adolescents presented with ADHD, tics and/or high-functioning autism spectrum 
symptoms. The questionnaire has been validated in several studies.102-104  
 
The FTF is comprised of 181 statements related to behavioural or developmental problems that 
can be endorsed as ‘does not apply’ (0), ‘applies sometimes or to some extent’ (1) and 
‘definitely applies’ (2). The statements are arranged into eight different domains, which can be 
further split into 22 subdomains. For statement examples, see Table 1 in Study 2. For each 
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domain/subdomain, a mean score ranging from 0 - 2 can be calculated, with higher scores 
implying more problems. The studied child/children can be compared with normative data, 
based on a study of 769 five-year-old children 68 and on one study of 854 children aged 6 - 15 
years .102 The latter group was divided into three age groups, i.e. 6 - 8 years, 9 - 12 years and 13 
- 15 years. 
 
The mean, median, 90th percentile and 98th percentile for the domains/subdomains of the norm 
group are stated in the manual for the questionnaire. As it is much more common that the 
parents score 0 than 1 or 2 in the different domains, the results do not represent a normal 
distribution. Thus, it is more appropriate to compare medians than means in the statistical 
analysis. 
 
Gait analysis (Studies 3 & 4) 
An 8-camera system (Vicon® MX40, UK) with 15 retro-reflective markers placed on 
anatomical landmarks was used.105 Children walked barefoot at a self-selected speed and were 
instructed to walk in their usual manner. Twenty-seven discrete kinematic and kinetic values 
from each gait cycle were obtained. Three trials were analysed, each containing one right and 
left gait cycle. Average values were calculated for each side of every child. Walking speed and 
step length were normalized to leg length.  
Classification of ITW severity as per Alvarez et al. was performed, using the gait analysis data, 
before treatment and at 3 and 12months follow-ups 30.  
 
Parents’ perception of toe-walking frequency and side effects (Studies 3 & 4) 
The parents rated the time their child spent on his/her toes during barefoot walking to the 
nearest quartile (0%, 25%, 50%, 75% or 100%) before treatment and at 3 and 12 month follow-
ups. They were also asked whether they had noticed any side effects of the treatment.  
 
Joint range of motion measurements (Studies 3 & 4) 
An experienced physiotherapist used a goniometer to measure the PROM in hip, knee and ankle 
joints.106 Ankle PROM was measured with knees in both extended and 90° flexed positions.  
 
Strength of ankle dorsiflexors (Study 4) 
Ankle dorsiflexion strength was measured with a handheld dynamometer (MicroFET2®, 
Hoggan Health Industries, USA). Each child lay supine on an examination bed with calves 
overhanging the bed. The moment arm was measured from the lateral malleolus to mid-foot 
dorsally. The physiotherapist held the dynamometer to the child’s mid-foot dorsally (while 
stabilising the heel) and resisted motion while the child pressed the dynamometer for 5 seconds 
107. The highest force of three measurements was used for analysis. Strength measurements 
were normalized to the weight of each child108.  The same physiotherapist performed all 
measurements. 
 
 
 
 
 
 



Idiopathic Toe-Walking	
  
5 

 31 

Interventions 
 
Casting (Studies 3 &4)  
All children were casted with below-knee walking circular casts in Softcast®  reinforced with 
Scotchcast® (3M, Saint Paul, Minnesota, USA) posteriorly from toes to mid-calf. A nurse with 
special education in casting techniques applied all casts. The aim was to cast the ankle in a 
neutral position. Children wore the casts for four weeks.   Children in the CA+BX group (Study 
4) received their casts one to two weeks after BTX injections.  

 
 
Botulinum toxin A treatment  
Study 3 
The children underwent bilateral treatment with a total of 6 units/kg bodyweight Botox® 
(Allergan, California, USA) with a maximum of 400 units. One hour before the injection, all 
children were given oral paracetamol (40 mg/kg) and a topical anaesthetic cream (EMLA®, 
AstraZeneca, Sweden) was applied at the injection sites. For patients/parents who requested 
sedation, 0.3 - 0.5 mg/kg midazolam was given 15 minutes prior to injection. Four injection 
sites in each calf, two in the proximal third of the lateral and medial gastrocnemius bellies and 
two distally in the gastrocnemius-soleus complex were administered. All injections were given 
with electromyogram amplifier guidance to ensure intramuscular position. 
 
Study 4 
Children in the CA+BX group underwent bilateral treatment with 12 units/kg bodyweight 
Botox® (Allergan, California, USA). One hour before the injection, all children were given oral 
paracetamol (40 mg/kg) and a topical anaesthetic cream (EMLA®, AstraZeneca, Sweden) was 
applied at the injection sites. Just prior to and during injections, all children inhaled nitrous 
oxide for pain relief and sedation. 
Injection technique was the same as in Study 3. 
 
 
Stretching program 
After cast removal, all children/parents were given verbal and written instructions by a 
physiotherapist to perform calf muscle stretches five times a week and walk at least 50 steps on 
their heels every day. No ‘training diary’ was used. 
 

 
3.4  STATISTICS 

Study 1 
The effect of gender was analysed with χ2 test with one degree of freedom: p ≤ 0.05 for 
statistical significance. 
 
Study 2 
Medians of the domains and sub domains were computed. The approximate 90% and 98% 
confidence intervals for the median in the study group were calculated. A significant difference 



Pähr Engström 

 

 32 

of the median in the study and norm group was considered when the median for the norm group 
was not within the confidence interval of the median for the study group.  
 
 
Study 3 
All statistical analyses were based on the Intention To Treat principle (ITT), i.e. patients 
participating in the study being included in the statistical analysis even if they withdrew from 
the follow-up. Gait data were analysed with a mixed model using commercially available 
statistical software (SPSS, Chicago IL, USA). Measurements were performed before treatment 
at intervals of 3 weeks, 3 months, 6 months and 12 months prior to treatment. The within-
subject factors in the mixed model were Time (5 testing occasions) and Side (left and right). 
Patterns over time were evaluated by Helmert contrast 109, which compares the mean of the 
dependent variable at time j with the average of the subsequent means, thereby indicating the 
time point of the appearance of the treatment effect. P<0.05 was considered statistically 
significant. Passive joint ranges of movement, before treatment and after the follow-up at 12 
months, were analysed with Wilcoxon signed ranks test.  
 
Study 4 
Statistical analysis was based on the Intention To Treat (ITT) principle. Power analysis was 
performed to perceive a difference of 5° in ankle angle with SD=9.5° (based on pilot data), i.e. 
an effect size of 0.5 at the alpha=0.05 significance level. A study population of n=50 is equal to 
a sample power of 0.940 and with n=40, the sample power is 0.881. In this study; n=47.  
 
Gait data and ankle PROM were analysed with a mixed model. Measurements were performed 
before treatment and at intervals of 3 and 12 months after treatment. The within-subject factors 
in the mixed model were Time (3 testing occasions) and Side (left and right) and the between-
subject factor was Group (CA or CA+BX). In order to analyse hip and knee PROMs, a 
Generalized Estimating Equations (GEE) model was combined with the Genmod procedure 
(SAS®, System 9.1, USA), as the limited variability in measured angles is not suitable for a 
mixed model. Gender distribution between groups was analysed with a χ2 test. Age distribution 
between groups was analysed with the independent samples t-test. The within-group time effect 
of parents’ perception of toe-walking and classification of toe-walking severity was analysed 
using Friedman’s two-way analysis of variance by ranks. The difference between groups at all 
testing occasions was analysed with Mann-Whitney U-tests. 
 
In order to evaluate whether the presence of neuropsychiatric problems had any effect on the 
treatment results, three parameters were used to express the overall treatment effect: Ankle 
angle at initial contact, ITW classification and parents’ perception of toe-walking frequency. 
The difference between pre-treatment and 12-month post-treatment evaluations for these three 
parameters was computed. Correlations between the overall treatment effect and number of 
domains in which the child scored above the 90th percentile were computed using Spearman 
rank tests.   
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4  RESULTS 

 
Study 1 
Out of all 1,677 eligible children living in the County of Blekinge and reaching an age of 5.5 
years during the study period, 1,436 children or 86 % constituted the study population. 
Out of the participating 1,436 children, 35 were listed at the regional Clinic for Children with 
Special Needs. Eighteen of these children had a motor disorder such as cerebral palsy, spina 
bifida or tethered cord, excluding them as ITW children. 
However, these 35 children were included in the prevalence calculation for the whole study 
cohort (n=1,436). Calculation of prevalence was also performed on the 1,401 children without a 
motor or neuropsychiatric disability. These children are referred to as ‘healthy children’. 
 
Out of the 1,436 children (750 boys, 686 girls), 30 children (2.09%) still walked on their toes 
and were considered active toe-walkers. Forty children (2.79%) had previously walked on their 
toes but stopped before the ‘5.5 year visit’ and were considered inactive toe-walkers. At an age 
of 5.5 years, the total prevalence for children ever having been toe walkers was 70 out of 1,436 
= 4.87% (CI 95%: 3.76 - 5.99%). Details about the prevalence and different subgroups (active, 
inactive) are outlined in Table 1, Study 1.  
 
There was no statistical difference in the prevalence between boys and girls in the total study 
population, nor in the active or inactive subgroups. 
 
 
Study 2 
All parents completed the FTF form. The study population constituted nine 5-year-old, fifteen 6 
– 8-year-old, twenty-one 9 – 12-year-old and six 13 – 15-year-old children.  
In the study group, a higher percentage of children scored above the 90th percentile in all eight 
domains compared to the norm group, representing difficulties in the whole spectrum of 
abilities (motor skills, executive functions, perception, memory, language, learning, social skills 
and emotions/behaviours). A higher percentage of children in the study group than in the norm 
group scored above the 98th percentile, indicating considerable difficulties in five domains 
(motor skills, executive functions, memory, language and learning). The percentage and 
numbers of children scoring at or above the 90th and 98th percentile for each domain are outlined 
in Table 2, Study 2. 
 
 
Study 3 
Eleven of 15 children completed the 12-month study period. Three participants were evaluated 
for six months and one patient was evaluated for three months. 
All children had a normal range of motion in hip and knee joints before and after treatment. One 
patient had a 25º equinus contracture at baseline and three children achieved a neutral ankle 
joint position but no dorsiflexion range. There was no significant difference in passive range of 
motion of the ankle between the 12-month follow-up and baseline values before treatment. 
Maximal dorsiflexion of ankle and parents’ ratings of toe-walking is shown in Table 1, Study 3. 
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Gait analysis 
There were no significant differences in pelvis and hip parameters during the follow-up period. 
 
The results for the entire study group at the 12 month follow-up compared to pre-treatment 
indicate a decreased plantarflexion angle at initial contact (p<0.001) and during swing phase 
(p<0.001) and an increased dorsiflexion angle during stance (p<0.001). Maximum 
plantarflexion during the gait cycle decreased (p<0.001). The timing of maximum dorsiflexion 
and transition from dorsiflexion to plantarflexion ankle position occurred later in the gait cycle 
at the 12-month follow-up compared to pre-treatment (p<0.001, p<0.001 respectively). 
 
Analysis with Helmert contrast showed that the observed significant changes in gait analysis 
variables occurred between the pre-treatment gait evaluation and later follow-ups (p<0.001), i.e. 
between the pre-treatment value and the mean of all post-treatment values. There was no 
significant change between any post-treatment follow-up evaluations.  
 
According to the classification of ITW severity at the initial assessment and the 12-month 
follow-up (6-month follow-up for 4 children) in the 14 children for whom all relevant data was 
available, 9 out of 14 children displayed improvement.  Four children went from severe to 
moderate and 3 children from severe to mild.  
 
 
Study 4 
Fifty-two families agreed to participate in the study and 47 children were allocated to treatment 
with casts plus BTX (CA+BX group) or only casts (CA group). For flow of subjects through the 
study, see Figure 3. There were no differences between the groups in distribution of age and 
gender. 
 
There were no significant differences in any gait analysis parameters between the CA and 
CA+BX groups before treatment or at the 3 and 12-month follow-ups. In both groups, several 
gait analysis parameters had improved significantly at the 3 and 12-month follow-ups, see Table 
2, Study 4.   
 
Classification of ITW severity showed no difference between the groups at any time. Both 
groups improved significantly from before treatment to follow-ups with no change between the 
3 and 12-month follow-ups. Thus, the most significant improvement occurred between 
treatment and the follow-up at 3 months. 
 
Corresponding to parental perception, there was no difference between CA and CA+BX groups 
in toe-walking frequency before treatment. At the 3-month follow-up, parents in the CA+BX 
group perceived a significantly lower toe-walking frequency than parents in the CA group 
(p=0.033), though the improvement (i.e. change) seen between the pre-treatment and post-
treatment at 3 months was not quite significantly different from one group to another (p=0.053). 
No between-group difference was observed at the 12-month follow-up. 
Ankle dorsiflexion PROM with knees both flexed and extended was shown to have increased in 
both groups at the follow-ups. No difference was observed between groups at any testing 
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occasion. This also applied to differences between groups in ankle dorsiflexion strength before 
treatment or at follow-ups. 
	
  

Figure 3. 
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5  DISCUSSION 

 
Study 1 
The prevalence of ITW has previously only been conjectured. We are the first to report reliable 
figures of its prevalence.  
 
At 5.5 years of age, 2.09% of children are ITWs and an additional 2.79% of children have 
previously been toe-walkers but stopped at an age of 5.5 years.  
For children with an autism spectrum disorder or a communication/language disorder, the 
prevalence of ITW has been reported as much higher, i.e. 19 - 63% in several studies.16, 18, 19 
Thus, the prevalence of ITW appears to be lower among children with a typical development 
while it is a common symptom among children with a cognitive or neuropsychiatric disorder. 
Overall, most children who are idiopathic toe-walkers will not have any developmental 
problems or neuropsychiatric symptoms. 
 
Hopefully, it will help in the decision-making process of clinicians to know that 50% of 
children who start toe-walking early in life will have ceased toe-walking when they reach an 
age of 5.5 years. As long as no ankle contractures develop, it seams advisable to simply observe 
these young children and await the spontaneous course. On the other hand, for those children 
who continue toe-walking, continued follow-ups are advisable. As outlined in the introduction, 
ITW children have, as a group, a decreased dorsiflexion range of the ankle. As further outlined 
in the introduction, this may cause a variety of problems in the long term. From a social 
perspective, it is not uncommon to hear these children state that they have attracted nasty 
comments from peers and been the victim of bullying owing to their toe-walking.  
 
The size of this study gives it a high level of validity. In addition, the validity of the study is 
further enhanced by the interviews performed after the study completion with a randomly-
chosen 10% of parents. This was done to evaluate whether any toe-walkers had been missed 
and whether the parents had understood the question about ITW asked by the CWC.  
 
For some aspects of this study there is a risk of recall bias; it is sometimes difficult for parents 
to remember when the child started to walk independently, when the toe-walk was first noticed 
and when it ended. We believe this recall bias could be more frequent in inactive rather than 
active toe-walkers. Another area of this study where parental answers could be less precise is 
perhaps the perceived percentage of toe-walking frequency. 
 
Lastly, the family history of ITW might be underestimated, as parents do not usually question 
all their relatives about toe-walking. About 40% of the children had a first or second degree 
relative who had been a toe-walker. This is in line with previous studies, which have reported a 
family history in 30 - 40% of children with ITW.5, 8, 17 

 
The cohort of children with a neuropsychiatric disorder in this study is too small from which to 
draw any conclusions. Nevertheless, the prevalence of 41.2% ITW is in line with larger studies, 
which establishes this relationship. 16, 18, 19 
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Study 2 
The study population had more neuropsychiatric symptoms compared to a normative group of 
age-matched children. This is the most important finding of this study. 
Almost 25% of the children had problems in all aspects of behavioural or developmental issues, 
assessed through the FTF. Although boys were overrepresented in this study, with boys more 
often than girls having neuropsychiatric problems102, it may only marginally contribute to our 
results as no effect of gender on subdomain scores could be seen. 
 
It is important to stress that a neuropsychiatric diagnosis cannot be established after an 
evaluation based only on a questionnaire. A thorough step-by-step investigation carried out by a 
multi-professional team and which includes the assessments of a number of professionals such 
as a child psychologist, a pediatric neurologist or a child psychiatrist as well as a speech 
therapist, would be required. The FTF is merely a screening tool that could help to identify 
children at a higher risk for neuropsychiatric problems than the general population. 
 
Our clinical impression and hypothesis was that children with ITW are more likely to have 
neuropsychiatric problems than age-matched controls, a hypothesis supported by the results of 
this study. 
 
As the cause of ITW is unknown, one can only speculate about the reason for this. 
 
As Forssberg described108, the first pattern of locomotion is immature with coactivation of 
flexor and extensor muscles resulting in a digitigrade walking pattern. At two years of age, the 
majority of children have developed a prominent heel strike, which includes active dorsiflexion 
of the forefoot. The transformation of the digitigrade to plantigrade gait is dependent on 
supraspinal circuits. Experience and activity‐dependent neural plasticity achieved during the 
first year of walking is probably a contributing factor. A hypothesis is that this modulation of 
the immature walking pattern is affected due to a central nervous system dysfunction, possibly 
also causing or contributing to the neuropsychiatric symptoms. 
  
Another theory that has been put forward is that toe-walking is due to a sensory processing 
dysfunction. This complex conceptual model is explained as ‘the neurological process that 
organises sensation from one's own body and from the environment and makes it possible to use 
the body effectively within the environment’.110 Williams et al. recently examined the theory of 
sensory processing dysfunction as a cause for ITW in a review article.111 The review could not 
confirm a relationship between ITW and sensory processing dysfunction but concluded that no 
high-quality studies have been performed confirming or excluding such a relationship. The 
theory is interesting since in ASD, the neuropsychiatric disorder with the highest reported 
degree of toe-walking, it has been proposed that the varied symptoms expressed may partially 
be due to an atypical use of sensory input to generate movements and interact with others112 ,113. 
 
Overall, ITW has been reported in 19 - 63% of children with ASD 5 ,7 and in 40 - 77% of 
children with a communication/language disorder.5 ,6. We believe that this can be taken as an 
indicator of some common pathology, possibly affecting sensory input processing and motor 
feedback among children with ITW only or with ITW plus a neuropsychiatric disorder. 
 



Idiopathic Toe-Walking	
  
5 

 39 

In our opinion, parents of children with ASD seldom ask medical advice for their child’s toe-
walking unless the child displays severe problems or contractures. Thus, none of the children in 
this study had ASD, possibly resulting in an underreporting of the number of children with 
neuropsychiatric symptoms. 
 
The most important conclusion that can be drawn from this study is that with a validated 
screening protocol, children with ITW display an increased prevalence of neuropsychiatric 
problems over the whole spectrum of neuropsychiatric symptoms. These findings warrant larger 
studies in the future, which ideally ought to include a more thorough neuropsychiatric and 
cognitive assessment. 
 
Study 3 
As measured with 3-D gait analysis, several gait parameters improved after BTX treatment, e.g. 
decreased plantarflexion angle at initial contact and during swing, increased dorsiflexion angle 
during stance, decreased maximum plantarflexion, timing of maximum dorsiflexion and 
transition from dorsiflexion to plantarflexion. A possible explanation for this improved gait 
pattern could be a change in timing of muscle activity in the muscles affecting the ankle joint as 
described by Brunt 91  and outlined in the introduction. The improvement of reduced 
plantarflexion as seen in the present study may be attributed to a similar effect. 
 
The prolonged effect of BTX on the walking pattern after only one BTX injection is considered 
to be caused by a modified walking pattern adopted by some children under the influence of 
BTX. 
 
This study did not find any relationship between passive ankle dorsiflexion and the amount of 
toe-walking, which is in line with other studies 18 ,23. Passive range of motion of the ankle was 
unchanged after BTX treatment and thus, the treatment effect on the walking pattern cannot be 
attributed to an improved passive range of motion of the ankle. 
 
It is reported that idiopathic toe walkers can spontaneously adopt both a toe/forefoot and a heel 
contact pattern during the same gait analysis 23. This is very likely the reason why in this study 
less consistency between individual gait cycles was seen compared to other patient populations 
examined with 3-D gait analysis. Hence, it could be questioned whether a gait analysis 
represents the child’s most common gait pattern. It might be possible that a child with ITW 
walks less on his/her toes when being observed due to activation of higher cerebral functions to 
monitor the walking pattern, which is normally automatically regulated on spinal cord level 114. 
As the gait analyses were undertaken in the same environment with the same staff member 
giving identical instructions, these possible bias effects on the outcome both before and after 
treatment were hopefully minimized. 
 
Westberry et al20 have shown that when children with ITW are asked to concentrate on walking 
as normal as possible, only 17% of the children can normalise all gait analysis parameters while 
70% can normalise either stance or swing phase parameters but not both. This indicates that 
even if the children walk with ‘an observed gait’, they still walk with the characteristics of a 
toe-walker most of the time. 
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According to the parents’ perception of their children’s toe-walking frequency, 6 children 
reduced their toe-walking whereas only 3 out of 15 children ceased to toe-walk. Even if the 
parent questionnaire is not a validated tool, we still regard the parents’ opinion as very 
important, as it gives us a good indication of their child’s walking pattern in an unobserved 
environment. 
 
Nine out of 14 children improved their walking pattern according to Alvarez classification, 
meaning that either presence of first ankle rocker, early third ankle rocker and predominant 
ankle moment during loading response shifted towards normalisation at the gait analysis, even 
though this does not mean they stopped toe-walking. Comparing our result with BTX for ITW 
versus other treatment options would of course have been easier if a general accepted 
classification for ITW existed and had been used in previous studies. 
 
The children who responded to the treatment and ceased toe-walking also had a favourable 
outcome in the long-term as confirmed through telephone contacts 3 to 5 years following 
completion of the study. Overall, the 12-month follow-up was a good indicator of the outcome 
over a 3 – 5-year perspective. 
 
This study, being a pilot study before a main RCT study of BTX treatment for ITW, has several 
limitations. Even if it is the largest study exploring the effects of BTX on walking patterns in 
children with ITW, the number of children studied is still quite small and only 11 out of 15 
participating children could be followed for the entire study period of 12 months. One obvious 
limitation is the lack of a control group receiving no treatment. The reason for not having a 
control group was that this was a pilot study. We did not know if BTX would have any effect at 
all on the walking pattern or if our follow-up logistics would be manageable. 
 
The other reason for not having a control group is that the parents of the referred children who 
we met before the start of the study were generally tired of health workers telling them that toe-
walking was self-limiting. The parents ‘requested action’ as they had seen no change in the toe-
walking behaviour. Therefore, when planning this study, we found it difficult and possible 
unethical to include a group of children who were not to receive any treatment. 
 
Due to these limitations, the results should be interpreted with caution and seen as a basis for 
further studies. 
 
Study 4 
We have found that administering BTX injections prior to a four-week casting treatment for 
ITW does not improve the treatment outcome. No differences could be seen between the two 
treatment groups in improvement of gait parameters, gait classification, parents’ perceived 
frequency of toe-walking, passive joint range of movements or strength of ankle dorsal 
extensors at any evaluation instance. Both groups displayed a marked improvement in all these 
parameters after their respective treatments, both at 3 and 12-month follow-ups, though the 
majority of children still, to a varying extent, walked on their toes after treatment.  
 
As no other study has investigated this question previously, we cannot compare our findings 
with others. 
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There are reasons to believe that it is not uncommon among clinicians to treat ITW with BTX 
and perhaps this study will lead to a more critical reflection of its use in clinical practise. At 
present, there is insufficient evidence in favour of treating ITW with BTX. More RCTs are 
needed and prior to the results of such studies being published, BTX cannot be recommended 
for treating ITW. 
 
The primary research question in this study was to evaluate whether BTX adds a favourable 
effect to the treatment of ITW with below-knee walking casts. Another interesting question is if 
cast treatment for ITW is advisable or not. As outlined in the introduction, previous studies have 
produced contradicting results and the studies have generally been of a low quality. The design 
of this study was not meant to answer this question but some features may be of interest for 
discussion. As many follow-up parameters improved in the CA group (and the CA+BX), one 
can say that the treatment was successful. However, if the obvious objective is to cease toe-
walking completely then the results are rather disappointing as only three children in the CA 
group had achieved that objective at the 12-month follow-up. In clinical practice, this 
information may be used to provide parents with information about the mixed results of cast 
treatment together with information about other treatments such as surgery. It is our experience 
that some parents prefer to test cast treatment first despite its outcome being uncertain. If cast 
treatment fails then other treatment options, such as surgery, are still available.  
 
In a clinical setting, the fear that children with ITW and a neuropsychiatric diagnosis may have 
a less favourable outcome if treated for their toe-walking problem is often expressed. However, 
no previously published study comparing the effects of neuropsychiatric problems on treatment 
outcome for ITW has been found. 
We found that greater incidence of neuropsychiatric symptoms had no influence on the results 
of treatment. Even though our study population is too small to draw any firm conclusions on 
this question, the general belief of many clinicians that children with ITW and neuropsychiatric 
problems are more difficult to treat successfully could not be confirmed.  
 
A limitation of this study is that five of the children originally assigned to the CA+BX group 
withdrew from the study after randomisation but before treatment. There is, however, no reason 
to believe that these children would have changed the overall results, as their reasons for 
withdrawal were not related to their toe-walking severity or frequency.  
 
As discussed under Study 3, the inclusion of a group receiving no treatment would in this study 
have further facilitated the interpretation of the overall treatment results, not a comparison 
between the CA and CA+BX groups. 
 
In general, high-quality studies exploring a wider variety and combination of treatments are 
required to find an optimal treatment strategy. Until such evidence is obtained, we cannot 
recommend clinicians to complement casting treatment with botulinum toxin A injections in 
children with idiopathic toe-walking.  
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6  CONCLUSIONS 

 
Study 1 
This study establishes the prevalence of ITW in 5.5-year-old-children in Sweden. At 5.5 years 
of age, 2.09% are idiopathic toe-walkers and an additional 2.79% of the children have 
previously been toe-walkers but ceased to toe-walk at an age of around 5.5 years. 
 
Study 2 
Children with idiopathic toe-walking as a group display more neuropsychiatric problems than a 
normative group of age-matched children. These findings will merit larger studies in the future. 
Furthermore, when children with idiopathic toe-walking are referred for an orthopaedic or 
neurologic assessment, a structured neuropsychiatric history is advisable and additional 
neuropsychiatric investigations should be considered. 
 
Study 3 
A single injection of botulinum toxin A in combination with an exercise program can improve 
the walking pattern in children with idiopathic toe-walking, as seen in connection with gait 
analysis. However, the obvious objective of ceasing the toe-walking is only occasionally 
achieved. 
 
Study 4 
Adding botulinum toxin A injections prior to cast treatment of idiopathic toe-walking does not 
improve the treatment outcome of cast-only treatment. 
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7  SWEDISH SUMMARY 

 
Idiopatisk tågång (ITW) är en term som används för att beskriva ett tillstånd där barn går på tå-
tå istället för som normalt häl-tå, i frånvaro av känd orsak. Diagnosen används alltså när man 
kan utesluta andra definierade bakomliggande orsaker. Problem som kan utvecklas vid 
obehandlad tågång är förkortad vadmuskulatur med inskränkt rörlighet i fotleden, smärta, 
balansproblem och fotproblem. Det har visats att nedsatt rörelseförmåga är vanligt hos patienter 
som söker på en ortopedisk fotmottagning. Det är inte ovanligt att barn och unga som går på 
tårna har problem med att utöva sporter och att de blir retade.  
 
Det har hittills varit okänt hur vanligt det är att barn går på tå. 
Första studien i denna doktorsavhandling har undersökt hur vanligt det är att barn som kommer 
till sin sista kontroll, vid 5,5 år, på barnavårdscentralen fortfarande går på tå eller har gått på tå 
men slutat. Resultatet visar att hos 1436 undersökta barn är det 2,09 % av barnen som 
fortfarande är tågångare och 2,79 % som har varit tågångare men slutat gå på tå när de är 5,5 år. 
 
Neuropsykiatriska tillstånd inkluderar bl.a. ADHD, tics och autism.  Det är känt att tågång är ett 
vanligt fenomen hos barn med en autism. En allmän uppfattning bland de som utreder och 
arbetar med barn och unga med övriga neuropsykiatriska tillstånd är att tågång är vanligt också 
bland dessa. Ett sådan eventuellt samband har dock tidigare inte undersökts. 
Andra studien i avhandlingen visar att av de 51 barn som remitterats för ITW till Astrid 
Lindgrens Barnsjukhus så är det ca 25 % av barnen som kan misstänkas ha någon typ av 
neuropsykiatrisk problematik. 
  
Behandlingsalternativen vid ITW har historiskt varit många, från observation ev. i kombination 
med töjningsövningar, gipsbehandling under några veckor till kirurgisk hälseneförlängning. 
Behandling av ITW med botulinum toxin A (BTX) har spridits i klinisk praxis trots liten 
vetenskaplig dokumentation. 
Studie 3 & 4 undersöker om BTX behandling kan förbättra gångmönstret hos tågångare, vilket 
studie 3 tyder på att det kan. Studie 4 som jämför två grupper av barn, där den ena gruppen 
behandlades med 4 veckors gipsbehandling och där den andra gruppen fick samma typ av 
gipsbehandling men som tillägg även behandling med BTX, visar dock att BTX inte tillför 
något i behandlingen av ITW. 
 
Slutsatser/klinisk betydelse av avhandling: Att man nu har kunskap om hur vanligt det är med 
ITW och hur många barn som spontant slutat gå på tå vid 5,5 ålder innebär att vi kan ge säker 
information till föräldrar samt underlätta val av behandlingsstrategi för dessa barn. 
Man har blivit medveten om att barn med ITW kan ha en varierande neuropsykiatrisk 
problematik och att tågång inte bara ska ses som ett isolerat fenomen. 
Vi kan avråda från behandling med BTX vid ITW, vilket förhindrar att barn utsätts för 
overksam behandling. 
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8  FUTURE DIRECTIONS 

 
As always, answers create new questions. 
 
The fundamental question of the spontaneous course (natural history) of ITW is highest on the 
list of issues to be solved. No clinical handling of ITW patients can be trustworthy before we 
know the spontaneous course long-term. The studies currently available do not provide an 
answer. So far, Study 1 in this thesis provides the best information we have about the early 
spontaneous course. The plan is to follow these children well into adulthood to see if they 
continue to toe-walk or acquire any other problems related to toe-walking such as decreased 
ankle mobility, and to establish what implications these problems might have for the well-being 
of these persons. It would be desirable if other research groups interested in ITW could also 
prospectively follow a large cohort of children with ITW from early age to late adulthood. The 
cohort being monitored would then probably have to be passed on from one ‘generation’ of 
researchers to the next. However, this is a difficulty that must be overcome, as the alternative is 
to proceed by trial and error. 
 
An issue closely linked to the above relates to the implications of an equinus contracture or 
decreased dorsiflexion for the lower extremity problems outlined in the introduction. The 
orthopaedic community needs to show a greater interest in this issue than before. 
 
A diagnosis that contains the word idiopathic strongly suggests that more research about its 
cause is needed, as no condition is truly idiopathic. 
 
Why do these children seem to have more neuropsychiatric problems than other children? 
Perhaps the cause can be found within the central nervous system? Almost certainly and I for 
one believe that we must involve skilled neuroscientists in the research on ITW. Toe-walking 
may be a minor problem to humanity but its cause may unveil answers of a much greater 
significance than is generally believed at present.  
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