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Abstract

This article describes how, methodologically, the genes
which can be linked to idiopathic toe walking have been
identified. Additionally, the article gives an overview of the
relevant genes which have been identified and classifies
them according to the Types of Toe Walking scheme by
Pomarino. It explains, why this new research gives reason to
the claim that idiopathic toe walking does not in fact exist.
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Introduction

The research presented in this article can for the first time
identify the medical causes of Idiopathic Toe Walking (ITW). The
term Toe Walking (TW) describes a gait anomaly, which causes
patients to walk on their forefoot, rather than applying pressure
to the entire sole of the foot. The roll over motion which is
present in normal subjects cannot always be found in toe
walkers. The causes for this can be of a neurological or
Orthopaedic nature. Therefore, the patient will be examined for
any neurological or Orthopaedic problems which might cause
him/ her to walk on their toes.

If no medical cause for toe walking can be found in children
over the age of two, who continue to walk on their forefoot for
more than 50% of the time, the diagnosis of idiopathic or
habitual toe walking is secured [1]. This diagnosis is only agreed
on, if all alternative reason for the abnormal gait pattern can be
excluded [2]. The existing literature describes toe walking as
having a possible hereditary cause, and further research into
possible genetic causes is recommended in order to further
extent the existing research into the condition [3].

The results of the analysis of possible genetic causes for
idiopathic toe walking have led to the identification of a number
of genes, which can be linked to patients who are predominantly
walking on their forefoot.

A significant statement which can be made on the basis of the
research at hand is that idiopathic toe walking as a condition
with no medical cause does not in fact exist.

The genes which the research has linked to toe walking can be
classified according to the Types of Toe Walking scheme by
Pomarino.

It defines toe walkers of Type | as having a late onset of the
gait anomaly and normal reflexes up until the age of 14. Patients
display a hypotrophy of the calf muscle, a pes cavus (high-arched
foot) and delayed language development. Additionally, some
children suffer from a tremor of the upper extremities. This
cluster of symptoms has now been linked to changes in the area
of the genes PMP22, EGR2 & AIFM [4,5].

In contrast, toe walkers of Type Il display early onset toe
walking and a hypertrophy of the calf muscle. Patients with Type
Il toe walking have at least one other family member who
displays symptoms in 90% of all cases [6]. Furthermore, the
children have motoric difficulties and, in a few cases, suffer from
limited mobility in their upper ankle. The cluster of symptoms
for Type Il toe walking has been observed in patients with
changes to the genes MORC2, DHTKD1, GDAP1, KIF1B, FGD4,
SBF2, SH3TC2, NAGLU, NEFL & PRX [5].

Whole Exome Sequencing and the
Identification of Genes which can be
Linked to ITW

The method of whole exome sequencing is used to genetically
test the 1-2% of the human genome that accommodates
approximately 85% of all mutations that cause illnesses [5,7].
This small section is known as the exome and can be sequenced
using genetic tests 1. Even gene variants which are known to
cause rare genetic disorders can be found during the sequencing
process [5,8]. Mutations on the genes can lead to the wrong
proteins being produced or halt the production of individual
proteins altogether [8,9].

Geneticists using this method are able to identify the cause of
unspecific and complex symptoms [5]. Even if doctors have
spent years trying to secure a diagnosis for a patient the method
can aid in establishing the cause of the symptoms at hand [9].
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In order to receive the segregation information of the gene
variant the genetic information of the parents is analysed as
well.

This genome-wide segregation analysis has led to the results
being interpreted more successfully and the causes of the
condition being determined more clearly. Furthermore, the
method is capable of detecting new, so-called de novo
mutations [5].

Idiopathic toe walking constitutes a condition, which has thus
far been understood as a medical condition without a clear
cause. The method of whole exome sequencing can establish
clarity about the origin of toe walking in patients diagnosed with
ITW, whose neurological and clinical orthopedic characteristics
have been classified as normal.

The genetic testing of patients with a diagnosis of ITW has led
to the identification of a number of genes which can be
associated with toe walking of Type | and Type II.

Changes to the genes AIFM1, EGR2 & PMP22 have been
identified as a probable cause for ITW Type .

Changes to the genes MORC2, DHTKD1, GDAP1, KIF1B, FGD4,
SBF2, SH3TC2, NAGLU, NEFL & PRX have been associated with
the symptoms of toe walking Type II.

Toe Walking Type | According to Pomarino

Toe walking type | with a clear medical cause

David Pomarino has created a scheme which distributes his
patients with toe walking into three types. Depending on a
patient’s individual symptoms she is classified as belonging to
one of the three categories.

Approximately 36% of children with TW display TW Type .
The characteristic symptoms include a late onset bilateral
symmetrical gait on the forefoot, which is often discovered from
the age of four to seven. The children have normal reflexes until
the age of 14 and can exhibit a slight tremor in the upper
extremities. TW leads to the children developing a broadened
forefoot and a narrow heel and in some cases a hyper lordosis of
the lower spine. Patients with toe walking Type | also display
characteristic wrinkling above the heel and tend to be weak
compared to other children their age [5,6,10].

Furthermore, the patients exhibit a hypotrophy of the calf
muscle and a positive T-sign, a specific formation of the
adductors. Toe walkers often have difficulties speaking and slow
language development. If the toe walking persists it can lead to
the development of a pes cavus [5].

Genetic Causes of Toe Walking Type |

Children displaying symptoms of TW Type | who have
previously been classified as idiopathic toe walkers can be
shown to have changes on the AIFM1, EGR2 & PMP22 gene
according to the result of whole exome sequencing diagnostics.

The literature describes the genes in relation to typical
symptoms of TW Type | and can thus support the findings of this
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research. One article describes hypotrophy of the musculature
and an abnormal gait pattern and relates it to anomalies of the
PMP22 and EGR2 gene [11], as well as deformities of the feet
and weakness of the muscles related to the PMP22 gene [12].
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Figure 1: (a) Wrinkling above the heel; (b) Broadened forefoot
with a narrow heel; (c) Pes Cavus.
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Figure 2: Feet of a toe walker, no pressure has been applied
to the heel.
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Symptoms of late onset toe walking are associated with
changes in the genes PMP22, EGR2 & AIFM1 [13]. The literature
describes patients who have developed a pes cavus, a bilateral
drop foot and general gait anomalies [14-16].

Martin-Casas et al. and Sala et al. describe a slow language
development and general speaking difficulties in patients with
idiopathic toe walking, both of which are symptoms that
coincide with the risk of vocal cord paralysis identified by Bird in
relation to the relevant gene defects [2,13,17].

Similarly, problems in the reflexes of the lower extremities
can be linked to the gene EGR2, which can be associated with
toe walkers identified as belonging to Type | [18].
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Luigetti describes a mild tremor in one of his patients, who
also displays other symptoms associated with TW Type |, such as
a pes cavus and a bilateral drop foot. The author describes these
symptoms in a patient who has been diagnosed with Charcot-
Marie-Tooth (CMT) disease, a genetic neuropathy, which can be
caused by the genetic defects described in this article [15].

Finally, Parman et al. describe patients suffering from a pes
cavus, skeletal deformities and muscle weakness, who have
been diagnosed with a defect on the EGR2 gene [19].

Toe Walking Type Il According to

Pomarino

Toe walking type Il with a clear medical cause

Toe walkers with TW Type Il commonly have early onset toe
walking and have some family history of toe walking in approx.
90% of cases. Around 52% of children with toe walking have TW
Type 1l and spend approximately 70% of the time walking on
their forefoot [6].

These patients often exhibit a hypertrophy of the calf muscle,
limited motoric abilities and are weaker than their peers [5].

There is a characteristic V-sign at the start of the Achilles
tendon, and the flexibility of the upper ankle joint can be limited
[6]. The stasis of the spine is altered, and the toe walking can
cause a pes cavus to develop. In some patients TW can persist
into adulthood [6]. Like patients with TW Type |, children with
TW Type Il develop a broadened forefoot.
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Figure 3: Patient with hypertrophy of the calf muscle.
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Genetic Causes of Toe Walking Type Il

Toe Walkers which had previously been diagnosed as having
idiopathic toe walking have been identified to have changes in
the region of the genes MORC2, DHTKD1, GDAP1, KIF1B, FGD4,
SBF2, SH3TC2, NAGLU, NEFL & PRX display symptoms which are
associated with TW Type Il according to Pomarino. The literature
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supports the connection between the respective genes and
symptoms.

Baets et al. link defects around the genes NEFL and PRX to a
general hypotony in their patients as a symptom of a hereditary
neuropathy [11]. In the case of such a neuropathy Lonnqvist and
Pihko describe a patient, who displays a hypertrophy of the calf
muscle [20].
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Figure 4: V-sign at the Achilles tendon.
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Figure 5: Patient with a clear deformity of the foot, including
a pes cavus.
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Symptoms of early onset toe walking are linked to the genes
associated with toe walking Type Il in many articles. For
example, Baets et al. link the genes FGDA, PRX, SBF2, SH3TC2 &
GDAP1 to foot deformities, with problems arising from early
childhood [11]. Furthermore, a different text describes a gene
defect of the GDAP1 gene in an aunt and her eight-year-old
nephew. The gene defect causes toe walking in the aunt and
delayed progress in learning how to walk in the boy [21]. Further
symptoms of early onset toe walking which are described in the
literature include a bilateral drop foot and a mild pes cavus
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related to a mutation of the FGD4 gene [22], gait anomalies and
deformities of the feet linked to the SBF2 gene [23], and finally a
history of language problems in the family, malformation of the
spine and muscle weakness, all linked to mutations of the
SH3TC2 gene [24-26].

Bird discovered a positive family history for changes to the
genes GDAP1, SH3TC2, DHTKD1, MORC2, NAGLU, NEFL, PRX &
SBF2, which resulted in symptoms such as drop foot and gait
problems [13,27]. Additionally, the literature describes muscle
weakness, missing reflexes and partially missing reflexes from
early childhood and skeletal deformities such as for example a
pes cavus, as being linked to changes in the genes GDAP1, PRX &
SBF2 [19].

Motoric problems have been related to defects on the genes
FGDA, PRX, SBF2, SH3TC2, GDAP1, NEFL & DHTKD1 and can
manifest themselves in gait problems [11,15,28]. Luigetti
describes symptoms for a defect on the NEFL gene in particular
and mentions symptoms including a bilateral foot drop, a slowly
developing pes cavus, muscle weakness and reduced muscle
reflexes [15].

Finally, the literature identifies a patient with a hereditary
neuropathy, who displays toe walking, a limited dorsiflexion and
general stiffness of the ankle [23]. The patient presents with a
defect on the GDAP1 gene [29].

Toe Walking Type Il
Pomarino

according to

Toe Walking Type Il is present in approximately 12% of
patients with toe walking and constitutes the mildest form of
TW. This category of toe walkers has not yet been tested for
possible genetic causes of their condition [6].

The calf muscle in these children is normal and toe walking in
them is provoked by specific situations. Tiredness, stress or
excitement can cause these children to walk on their toes, with
them returning to a normal gait pattern for the remainder of the
time. Their ankle flexibility, stasis of the spine and balance are
normal [5,6]. The children can perform a normal roll over using
their entire foot and can often be cured of toe walking
completely [6].

Discussion

The fact that the symptoms of toe walking are mentioned in
relation to the genes which have been identified in the research
supports the assumption that our team was able to, for the first
time, successfully identify a medical cause for idiopathic toe
walking.

The possibility for individual clinical examinations and genetic
testing enables clarity and a quick initiation of therapy for each
patient.

This makes it possible to improve treatment for idiopathic toe
walking in the future and to identify its medical cause with
certainty.
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The diagnosis idiopathic toe walking does not need to remain
in use, because the method of whole exome sequencing
diagnostics can identify the cause of the abnormal gait pattern
in the patient and enable the consequential derivation of an
informed treatment strategy.
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