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a  b  s  t  r  a  c  t

Idiopathic  toe-walkers  (ITWs)  pedobarographic  analysis  has  not  been  described  yet nor  its  possible  rela-
tionship  with  orthopedical  and  developmental  characteristics.  The  objective  of  this  research  is  to  develop
a dynamic  pedobarographic  classification  of  ITWs  to propose  a specific  therapeutical  approach.  Through
an  observational  study,  56 ITWs  aged  3-6  years  were  classified  by their  initial  foot  contact;  differences
between  idiopatic  toe-walking  (ITW)  types and with  respect  to 40  control  children  were  calculated  by
means  of ANOVA  and  Student  t-tests.  The  results  show  that  the  three  ITW  types  displayed  different  step
models  for  pressure  and impulse  distribution  and  also  for temporal  development  (p <  .05).  They  also
showed  different  orthopedic  and  developmental  characteristics  (p <  .05).  As  a whole,  they  demonstrated
different  severity  levels,  which  suggest  different  therapeutical  indications.  This  study  confirms  the  con-
venience  of a  specific  orthopedic,  developmental,  and  gait  assessment  in  ITW  to  clarify  therapeutical
indication.

©  2016  Colegio  Oficial  de  Psicólogos  de  Madrid.  Published  by Elsevier  España,  S.L.U.  This is  an  open
access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Clasificación  baropodométrica  dinámica  de  los  andadores  de  puntillas  para  la
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r  e  s  u  m  e  n

El  análisis  baropodométrico  de  la  marcha  de  los  andadores  de  puntillas  (AP)  no  ha  sido  aún  descrito  en  la
literatura,  ni  tampoco  su  posible  relación  con  sus  características  ortopédicas  y  neuromadurativas.  El  obje-
tivo  de  este  trabajo  es  desarrollar  una  clasificación  baropodométrica  dinámica  de  los  AP para  proponer
un  abordaje  terapéutico  específico.  En  un  estudio  observacional,  56 AP  de 3  a 6 años  han  sido  clasificados
por  su contacto  inicial  del pie,  calculándose  las diferencias  entre  los  diferentes  tipos  de  AP y  con  respecto
a  40  niños  que  conformaron  el  grupo  control,  mediante  los  tests  ANOVA  y t de  Student.  Los resultados
demostraron  que  los  tres  tipos  de  AP  tenían  diferentes  modelos  de  paso  en  cuanto  a la distribución  de
presiones  e  impulsos  y también  en  su desarrollo  temporal  (p  < .05).  También  se  encontraron  diferencias
significativas  en  sus  características  ortopédicas  y neuromadurativas  (p < .05).  En  conjunto,  los  tres  grupos

de AP  demostraron  diferentes  niveles  de  severidad  que sugieren  la  indicación  de  abordajes  terapéuti-
cos  diversos.  Este  estudio  confirma  la necesidad  de  una  valoración  específica  de  la marcha  ortopédica  y
neuromadurativa  en  los AP  para  clarificar  la indicación  terapéutica.

© 2016  Colegio  Oficial  de  Psicólogos  de  Madrid.  Publicado  por  Elsevier  España,  S.L.U.  Este  es  un
artı́culo  Open  Access  bajo  la  licencia  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-nc-nd/

∗ Corresponding author. Department of Physical Medicine and Rehabilitation. Medical H
f  Madrid. Av. Complutense s/n. 28040 Madrid, Spain.

E-mail address: pmcasas@enf.ucm.es (P. Martín-Casas).

http://dx.doi.org/10.1016/j.clysa.2016.07.003
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Idiopathic toe-walkers (ITWs) are children with a usual tiptoe
ait (Fox, Deakin, Pettigrew, & Paton, 2006), but they are capable
f heel-striking when they are asked to or when their attention
s drawn to it, with an absence of gastrosoleus retraction (Brunt
t al., 2004; Stricker, 2006; Westberry, Davids, Davis, & de Morais,
008). Idiopathic tip-toe gait is considered as an exclusion diag-
osis in children older than 3 years (Engelbert, Gorter, Uiterwaal,
an de Putte, & Helders, 2011; Williams, Tinley, Curtin, Wakefield,

 Nielsen, 2013; Williams, Tinley, & Rawicki, 2014), once prin-
ipal orthopedic and neurological conditions are discarded (Fox
t al., 2006; Stricker, 2006). However, some authors have specu-
ated that idiopathic tiptoe gait is a motor expression of a minimal
erebral dysfunction, as this kind of gait has been related to difficul-
ies in psychomotricity, learning, behavior, speech, language, and
ensory integration (Fox et al., 2006; Shulman, Sala, Chu, McCaul, &
andler, 1997; Stricker, 2006; Williams, Tinley, Curtin, Wakefield
t al., 2013; Williams et al., 2014). So, developmental evaluation is
trongly recommended in ITW and a specific treatment could be
mplemented if necessary (Williams et al., 2014).

As biomechanical aspects, toghether with a progressive secon-
ary triceps surae retraction in older children (Engelbert et al.,
011; Shulman et al., 1997; Williams, Tinley, Curtin, & Nielsen,
013), compensations for long term tiptoe gait include valgus
earfoot, external tibial torsion, and an abducted gait pattern
McMulkin, Baird, Caskey, & Ferguson, 2006). For this reason,
rthopedic evaluation is highly recommended (Williams, Tinley,
urtin, & Nielsen, 2013) and therapeutical approaches are focused
n these alterations once stablished (van Kuijk, Kosters, Vugts, &
eurts, 2014). Some authors have studied kinetic and kinematic

diopatic toe-walking (ITW) gait characteristics to quantify them
nd Alvarez, Vera, Beauchamp, Ward, & Black (2007) have designed

 specifical classification for ITW. They classified ITW in three pro-
ressive severity types by the presence of a first ankle rocker,
n early third ankle rocker, and a predominant first ankle flexor
oment. This classification has showed its usefulness to select

he best treatment option and evaluate its effectiveness (Engström
t al., 2010), but it has not been related with orthopedic or deve-
opmental ITW characteristics.

A dynamic pedobarographic analysis has been suggested for
hildren gait evaluation because of its sensitivity to detect light
hanges (Alvarez, Vera, Chhina, & Black, 2008; Bertsch, Unger,

inkelmann, & Rosenbaum, 2004; Bosch, Gerss, & Rosenbaum,
010; Hallemans, De Clercq, Van Dongen, & Aerts, 2006), but there

s a lack of studies about ITW. It could be a valid instrument to
eveal differential patterns of plantar pressure distribution in ITW,
o indicate a therapeutical option (Bosch et al., 2010; Eiff, Steiner,

 Zegar, 2006; Hallemans et al., 2006).
The aim of this work is to develop a dynamic pedobarographic

lassification in ITW, linking these models with orthopedic and
evelopmental characteristics, to propose a specific therapeutical
pproach depending on them.

ethod

One hundred and fifty-one children (3-6 years old) were
ecruited for this prospective research via specific advertising.
wo experienced physiotherapists conducted a developmental,
rthopedic, and dynamic pedobadographic analysis. The inclusion
riteria of ITW were being currently toe-walkers and starting since
ait began (Engström & Tedroff, 2012; Williams, Tinley, Curtin, &
ielsen, 2013; Williams, Tinley, Curtin, Wakefield et al., 2013). The

xclusion criteria for ITW and control type (CG) included trauma
isorders, neurological or developmental ones, unilaterally tiptoe
ait, and previous treatment for tiptoe gait. According to these cri-
eria, 96 children (56 ITWs and 40 in the CG) were selected out
 Salud 28 (2017) 17–24

of those who fulfilled the inclusion criteria and whose parents
had signed the informed consent. Excluded children were mostly
affected by flatfeet, in-toeing gait, neurodevelopmental disorders,
and inability to complete valuation. This observational study was
previously approved by the Clinical Investigation Ethics Committee
of the Faculty.

Dynamic Pedobarographic Analysis

Children’s age, sex, height, and weight were firstly collected.
Pedobarographic gait analysis was  performed using Footscan USB
Gait Clinical System® (2 m x 0.4 m x 0.02 m,  16,384 sensors, 500 Hz,
and 3 sensors per cm2), embedded in a 9-meter walkway. Chil-
dren were asked to walk onto the gait track at a comfortable speed
and looking at the front, after they had been freely barefoot wal-
king for a minute. At least 10 whole fingerprints of both feet were
recorded and their average was  considered for the analysis. The
variables analyzed were calculated directly by the system by means
of the automatic division in foot zones (Alvarez et al., 2008; Bertsch
et al., 2004; Bosch et al., 2010; Crenna, Fedrizzi, Andreucci, Frigo, &
Bono, 2005; Hallemans et al., 2006; Liu, Thometz, Tassone, Barker,
& Lyon, 2004). The variables studied were peak pressure, percent-
age of impulse, total foot impulse, percentage of contact time, and
step duration.

Low Extremity Orthopedic Assessment

Physical evaluation included the measure of the popliteal angle,
the passive ankle dorsiflexion, both with extended and flexed knee,
the relaxed calcaneal stance position, and the pronation angle.
Angular measurements were obtained using a handheld goniome-
ter, with modalities which have demonstrated to range from
moderate to high reliability (Evans, Cooper, Scharfbillig, Scutter,
& Williams, 2003; Van Gheluwe, Kirby, Roosen, & Phillips, 2002).

Developmental Evaluation

Developmental evaluation was  performed by the Cuestionario
de Madurez Neuropsicológica Infantil [Child’s Neuropsychological
Development Questionnaire] (CUMANIN), a very complete test
validated in Spain that evaluates all aspects of children develop-
ment and enables us to compare them with reference values for
the chronological age (Portellano, Mateos, Martínez-Arias, Tapia, &
Granados, 2000). Global and specific scales results can be expressed
as farthings with respect to the reference population and all of them
have been considered for this study, and also the global indicator
known as Development Quotient. CUMANIN has been described
as an useful tool for developmental evaluation of different Spa-
nish children samples, both with and without disorders (Portellano,
2004; Portellano et al., 2000).

ITW Types Configuration
ITWs were classified through an analysis of their initial foot con-

tact and the step development during dynamic pedobarographic
analysis by means of the initial contact time for each foot zone
(Figure 1). Type 1 (n = 23) included children who showed a clear
inicial hindfoot strike progressively followed by midfoot and fore-
foot in a roller from heel to toes. Type 2 (n = 27) demonstrated an
initial contact with the hindfoot together with other foot zones in

a flatfoot contact, or a variable initial contact by the alternation of
heel strike with the flatfoot contact. Type 3 (n = 6) included chil-
dren who demonstrated an initial forefoot contact followed by a
retrograde hindfoot contact.
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Figure 1. Different idiopathic toe walkers (ITW

tatistical Analysis
Statistical differences between ITW types and with respect to CG

ere calculated by means of an ANOVA analysis and Student t-test
hrough SPSS v.19.0 Software for Windows. A statistical significance
or p value < .05 (IC 95%) was taken into consideration.

esults

ITWs and CG showed similar anthropometric characteristics:
ge (CG = 56.55 ± 14.23 months; ITWs = 54.70 ± 12.17 months; p >

05), weight (CG = 18.56 ± 3.32 kg; ITWs = 19.56 ± 3.49 kg; p > .05)
eight (CG = 1.07 ± 0.09 m;  ITW = 1.09 ± 0.08 m;  p > .05) and body
ass index (CG = 15.94 ± 1.25; ITWs = 16.46 ± 1.9; p > .05).
Significant differences were not found in demographic and

nthropometric characteristics between ITW types except for
eight (p = .03). Type 3 ITWs were the older children (58.17 ± 20.72
onths); they were the heaviest (22.88 ± 3.36 kg) and the tallest

1.15 ± 0.1 m)  with significant differences with CG (p = .022 and
 = .023, respectively). The pedobarographic analysis is not biased
y these results, as body mass did not significantly influence plan-
ar pressure data in children in this age range (Phethean & Nester,
012).

The right extremity was considered for the study, as the absence
f significant differences between both feet has been demonstrated
y another dynamic pedobarographic analysis in similar samples
Alvarez et al., 2008; Bosch et al., 2010; Phethean & Nester, 2012).
ynamic pedobarographic analysis demonstrated many significant
ifferences between ITW types and with respect to the CG, to con-
gurate three different ITW models of step development (Figure 1).

Peak pressure analysis demostrated significant differences
etween the three ITW types in the peak pressure exerted by the
rst metatarsal (p = .000) and the medial and lateral hindfoot zones
p = .013 and p = .01, respectively). Type 3 ITWs demonstrated a

igher peak pressure exerted by the first metatarsal and lowest
ith the hindfoot, whereas Type 1 showed more similar values to
G in all zones except for the hallux and the midfoot (p < .05). In
ype 2 the midfoot and the hindfoot exerted lower peak pressures
els of step development: Type 1, 2 and 3 ITW.

than the CG and also medial and lateral hindfoot zones of Type
3 children (p < .05), but their first metatarsal causes higher peak
pressures (Table 1).

Significant differences were found between three ITW types
forefoot (p = .005) and hindfoot (p = .012) percentage of impulse.
For these zones, all ITW types showed differences (p < .05) with CG
in relation with higher impulses exerted by the forefoot and lower
by the hindfoot. In addition, total foot impulse was significantly
different between the three ITW types (p = .003), with maximum
impulse for Type 3 (Table 2).

Significant differences were found between the three ITW types
in contact time percentage of the hallux (p = .001), the second
metatarsal (p = .027), and medial and lateral hindfoot (p = .016 and
p = .011, respectively). Type 3 ITWs showed a longer forefoot con-
tact together with a shorther hindfoot contact. The analysis of the
differences between each ITW type and the CG revealed a spe-
cific behavior of the ITW functional unit configured by midfoot and
hindfoot, whose contact duration is significative shorther than in
CG (p < .05). Conversely, forefoot has a longer contact in all ITW
types. Second to fifth toes and first, second, and third metatarsal
have a similar behavior in all ITW types (p < .05), but first toe and
fourth and fifth metatarsal contact time showed a different behav-
ior between Type 1 and 3 ITW (Table 3). Total step duration was
different between types (p = .029), with a progressive longer step
from Type 1 to Type 3 ITW and a Type 1 step duration significatively
shorter than CG (p = .012).

Orthopedic assessment revealed significant differences
between ITW types in ankle dorsiflexion with flexed knee
(p = .03), with the lowest passive movement range in Type 3 ITW
and differences with the CG in all ITW types (p < .05) (Table 4). With
respect to the CG, Type 3 and Type 2 ITW showed a higher prona-
tion angle (p = .049 and p = .031) and Type 2 ITW also demonstrated
a higher popliteal angle (p = .021).
Neurodevelopmental evaluation by means of CUMANIN
revealed significant differences between the three ITW types
only for Psychomotricity (p = .047), with Type 2 ITWs showing
the lowest development of three types and also in relation with
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Table 1
Peak Pressure Registered under the Different Right Foot Zones.

Peak pressure (N/cm2) ITW Type Mean ± SD CG Mean ± SD Comparison ITWs/CG

Hallux
1 11.07 ± 4.89

13.55 ± 6.38
0.026**

2 11.05 ± 3.84 0.218
3  13.12 ± 3.5 0.903

Toes  2-5
1 4.47 ± 1.77

4.50 ± 1.85
0.719

2  4.05 ± 2.07 0.959
3  4.38 ± 1 0.635

1st  metatarsal*
1 8.36 ± 3.14

8.40 ± 2.67
0.584

2  8.08 ± 3.18 0.363
3  14.55 ± 3.62 0.000**

2nd metatarsal
1 9.46 ± 2.8

9.87 ± 2.86
0.437

2  9.62 ± 4.16 0.367
3  12.31 ± 5.43 0.663

3rd  metatarsal
1 9.64 ± 3.39

9.72 ± 2.88
0.787

2  9.33 ± 2.73 0.308
3  11.23 ± 4.37 0.927

4th  metatarsal
1 7.95 ± 2.99

8.17 ± 2.86
0.757

2  7.79 ± 2.57 0.352
3  8.69 ± 1.81 0.648

5th metatarsal
1 5.42 ± 2.15

5.18 ± 1.93
0.54

2  5.12 ± 2.3 0.665
3  6.62 ± 2.8 0.17

Midfoot
1  8.12 ± 2.97

10.47 ± 3.8
0.017**

2 7.29 ± 2.39 0.001**

3 5.83 ± 3.64 0.538

Medial  hindfoot*
1 16.7 ± 7.45

18.02 ± 7.45
0.5

2  13.26 ± 3.75 0.001**

3 9.29 ± 1.85 0.027**

Lateral hindfoot*
1 14.45 ± 5.44

15.24 ± 4.68
0.405

2  10.7 ± 3.17 0.000**

3 7.58 ± 2.41 0.003**

Note. ITWs = idiopathic toe-walkers, CG = control group, SD = standard deviation, N = Newtons.
* p < .05, ANOVA test., differences between ITW types.

** p < .05, Student-t test, differences compared to control group.

Table 2
Impulse Percentage Exerted by the Different Right Foot Zones and Total Right Foot Impulse.

Impulse (%) ITW Type Mean ± SD CG Mean ± SD Comparison ITWs/CG

Forefoot*
1 75.43 ± 5.35

71.4 ± 4.6
0.001**

2 76.13 ± 5.67 0.001**

3 83.84 ± 5.86 0.03**

Midfoot
1 7.11 ± 3.83

6.78 ± 2.18
0.919

2  7.15 ± 3.96 0.349
3  5.98 ± 5.19 0.992

Hindfoot*
1 17.57 ± 4.31

21.82 ± 4.29
0.000**

2 16.70 ± 4.66 0.000**

3 11.10 ± 6.27 0.021**

total foot
(N.s/cm2)*

1 6.52 ± 1.78
6.54 ± 1.72

0.799
2  6.25 ± 1.8 0.664
3  9.73 ± 4.16 0.210

N ewto

t
I
(
(
R
f
e

D

w
H
S
c

ote. ITWs = idiopatic toe-walkers, CG = control group, SD = standard deviation, N = n
* p < .05, ANOVA test, differences between ITW types.

** p < .05, Student t-test, differences compared to control group.

he CG (p = .049) (Table 5). In comparison with the CG, Type 3
TWs obtained significantly lower farthings in the Memory scale
p = .019), Verbal Development (p = .001), Overall Development
p = .011), and Development Quotient (p = .035). Psychomotricity,
hytm, and Attention scales and Verbal and Overall Development

arthings were the aspects in which ITW children showed the low-
st punctuations.

iscussion

All orthopedic and developmental variables in the GC were

ithin normal range for similar population (Engelbert et al., 2011;
irsch & Wagner, 2004; Portellano, 2004; Portellano et al., 2000;
hulman et al., 1997; Stricker, 2006). Pedobarographical values
ould not be shared with studies with the same analysis system, but
ns, s = seconds, cm = centimetres.

appear to be similar to other studies (Alvarez et al., 2008; Bertsch
et al., 2004; Bosch et al., 2010; Liu et al., 2004).

This study demonstrated that the ITW pedobarographic pat-
tern includes a great variability, as some authors have described by
means of other gait analysis systems (Alvarez et al., 2007; Crenna
et al., 2005). Variability in first foot contact, objetivated through
the different zones foot contact beginning, conducted to defining
three types of ITW (Figure 1). Similar three pedobarographics mod-
els of step development have also been found by some authors in
toddlers (Bertsch et al., 2004; Hallemans, D’Aôut, Clercq, & Aerts,
2003; Hallemans et al., 2006). These inicial contact models were
related to the functional and morphological foot development,

which includes load displacement from the midfoot to the hindfoot
and the forefoot and the progressive longitudinal arch development
until 6 years of age (Bosch et al., 2010). These three step mod-
els have demonstrated to be transitory and evolutionary to the
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Table  3
Percentage of Time Contact of the Different Right Foot Zones and Total Step Duration.

Percentage of contact time (%) ITW Type MEAN ± SD CG Mean ± SD Comparison ITWs/CG

Hallux
1 54.73 ± 9.06

49.2 ± 11.03
0.335

2  59.24 ± 14.26 0.001**

3 74.15 ± 11.07 0.000**

Toes 2-5
1 47.66 ± 10.23

38.53 ± 12.42
0.030**

2 50.64 ± 12.78 0.001**

3 59.86 ± 12.58 0.001**

1st metatarsal*
1 76.06 ± 8.5

69.70 ± 8.17
0.000**

2 77.03 ± 9.44 0.000**

3 85.17 ± 3.89 0.000**

2nd metatarsal
1 81.25 ± 4.92

75.69 ± 6.47
0.000**

2 82.82 ± 5.52 0.000**

3 87.43 ± 3.36 0.000**

3rd metatarsal
1 82.48 ± 4.59

77.32 ± 6.86
0.000**

2 83.53 ± 4.12 0.000**

3 87.03 ± 4.27 0.000**

4th metatarsal
1 80.14 ± 5.37

75.67 ± 7.20
0.007**

2 81.17 ± 4.93 0.000**

3 78.53 ± 6.91 0.059

5th metatarsal
1 65.51 ± 10.45

60.34 ± 8.58
0.143

2  66.71 ± 8.66 0.002**

3 59.87 ± 13.24 0.611

Midfoot
1  50.08 ± 10.93

57.06 ± 7.86
0.012**

2 50.94 ± 10.13 0.000**

3 40.43 ± 10.07 0.000**

Medial hindfoot*
1 43.14 ± 6.98

50.61 ± 6.66
0.000**

2 42.25 ± 8.42 0.001**

3 32.33 ± 12.54 0.03**

Lateral hindfoot*
1 41.84 ± 7.08

49.02 ± 6.71
0.000**

2 40.99 ± 7.89 0.001**

3 30.74 ± 12.42 0.04**

Total step duration
(ms)*

1 490.84 ± 57.84
523.41 ± 74.88

0.012**

2 513.1 ± 46.17 0.274
3  556.25 ± 69.33 0.933

N  = mill

m
o
a
a
t
S
2
2

s
I

T
O

N

ote. ITWs = idiopathic toe-walkers, CG = control group, SD = standard deviation, ms
* p < .05, ANOVA test, differences between ITW types.

** p < .05, Student t-test, differences compared to control group.

aturation pattern, that some authors situate around the 3-year
ld age, although gait continues in evolution until the 8 years of
ge (Fox et al., 2006). Some studies have shown the presence of

 first hindfoot roller from the first stages of independent gait, but
his does not become a consistent pattern if stability is not acquired.
o, heel strike appears when child balance improves (Bertsch et al.,
004; Bosch et al., 2010; Hallemans et al., 2003; Hallemans et al.,

006).

Although we have not found pedobarographic studies in ITW,
imilar initial contact models have been demonstrated in older
TWs by means of kinetic and kinematic gait analysis by Alvarez

able 4
rthopedic Assessment of the Right Low Extremity.

Measure (◦) ITW Type Mean ± SD 

Popliteal angle
1 151.30 ± 13.9
2 151.42 ± 13.9
3 153.17 ± 19.7

Ankle  dorsal
flexion
extended knee

1 98.22 ± 7.66
2  101.05 ± 8.94
3  94.67 ± 6.41

Ankle  dorsal
flexion flexed
knee*

1 113.78 ± 8.25
2 116.84 ± 9.04
3 105.83 ± 8.45

Relaxed
calcaneal
stance position

1 5.87 ± 4.1
2  6.1 ± 3.19
3 7.17 ± 4.22

Pronation
angle

1  8.27 ± 3.28
2  9.2 ± 3.56
3 10.33 ± 3.45

ote. ITWs = Idiopathic toe-walkers, CG = control group, SD = standard deviation,◦ = degree
* p < .05, ANOVA test., differences between ITW types.

** p < .05, Student-t test, differences compared to control group.
iseconds.

et al. (2007). They proposed a gait pattern classification to estabilish
its severity and the therapeutical indication, which has been used
by other authors to select the most appropriate treatment option
and to evaluate its effectiveness (Alvarez et al., 2007; Engström
et al., 2010). The similarity of these models with our model and
also with inmature ones, as described above, supports the hypote-
sis about tiptoe gait being considered a specific gait pattern or a

sign of neuromotor immaturity, resulting from primitive muscular
synergies (Crenna et al., 2005). Tiptoe gait could be considered as
physiological in precocious gait stages, in relation with a forward
centre of gravity displacement, but this can doubtly be considered

CG Mean ± SD Comparison ITWs/CG

2
147.73 ± 9.63

0.723
3 0.021**

8 0.96

99.33 ± 8.3
0.345

 0.289
 0.074

120.13 ± 7.55
0.016**

 0.024**

 0.000**

4.08 ± 2.66
0.323

 0.001**

 0.126

7.45 ± 3.6
0.785

 0.031**

 0.049**

s.
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Table 5
CUMANIN Specific Scales and Global Farthings and Development Quotient.

Developmental Scales (Farthigs) ITW Type Mean ± SD CG Mean ± SD Comparison ITWs/CG

Psychomotricity*
1 36.37 ± 26.01

71.5 ± 15.77
0.85

2  18.63 ± 17.19 0.049**

3 33 ± 32.9 0.057

Articulatory
Language

1  44.33 ± 23.74
60 ± 13.58

0.356
2  48.16 ± 22.5 0.493
3  49 ± 27.25 0.576

Expressive
Language

1  54.34 ± 28.6
67.35 ± 14.76

0.387
2  69.16 ± 29.23 0.883
3  70.80 ± 32.84 0.973

Comprehensive
Language

1 61.11 ± 26.41
65 ± 13.15

0.918
2  60.95 ± 26.54 0.422
3  40 ± 20 0.577

Spatial
Structuration

1  60 ± 28.76
52.78 ± 10.06

0.381
2  67.05 ± 29.04 0.143
3  52.8 ± 36.36 0.721

Visual
Perception

1  53.82 ± 26.52
70.75 ± 16.19

0.428
2  55.84 ± 26.21 0.328
3  58.80 ± 27.79 0.43

Memory
1 69.39 ± 22.77

91.25 ± 8.30
0.08

2  70.53 ± 24.18 0.069
3  52.8 ± 28.67 0.019**

Rhythm
1 41.11 ± 31.4

49.75 ± 6.87
0.447

2  46.42 ± 23.82 0.629
3  35 ± 17.32 0.091

Verbal  Fluidity
1 74.18 ± 29.5

97 ± 20.44
0.41

2  86.78 ± 19.17 0.129
3  67.8 ± 23.27 0.357

Attention
1  33.39 ± 18.86

52.67 ± 18.66
0.098

2  42.05 ± 23.38 0.554
3  40 + 22.64 0.591

Verbal
Development

1 38.93 + 22.54
79.54 ± 15

0.05
2  48.16 ± 21.1 0.075
3  31 ± 15.17 0.001**

Non Verbal
Development

1 53.57 ± 28.64
81.7 ± 16.19

0.089
2  51.84 ± 27.29 0.07
3  43 ± 37.35 0.084

Total
Development

1  41 ± 2345
77.44 ± 19.58

0.051
2  48.95 ± 26.65 0.06
3  33 ± 23.35 0.011**

Development
Quotient

1 97.54 ± 10.42
124 ± 21.35

0.057
2 98.05 ± 12.85 0.068
3  91.20 ± 16.32 0.035**

N hic toe
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ote. CUMANIN = Cuestionario de Madurez Neuropsicológica Infantil. ITW = idiopat
* p < .05, ANOVA test, differences between ITW types.

** p < .05, Student t test, differences compared to control group.

nd tiptoe gait must always dissapear before being 3 years old
Fox et al., 2006). For this reason, ITW is mostly considered as
n abnormal pattern in children older than 3 and its evaluation is
trongly reccomended (Alvarez et al., 2007). Pedobarographic ana-
ysis appears to be a good clinical and research resource to assess
tep development in these children.

Pedobarographic gait analysis of three ITW models of step deve-
opment revealed statistically significant differences between the
hree ITW types for several variables corresponding with plantar
ressure distribution and temporal step development, for all foot
ones (Figure 1). Specific pedobarographic, orthopedic and devel-
pmental characteristics of each ITW type were also more evident
hrough comparison with the CG (Tables 1–5).

Type 1 ITW, who always heel strikes, showed a plantar pres-
ure distribution model similar to GC one but with midfoot peak
ressure significantly lower (Table 1), demonstrating the age-
dequated longitudinal arch configuration (Hallemans et al., 2003;
allemans et al., 2006). Their step development was significantly

aster with a forefoot impulse displacement (Tables 2 and 3), in
ossible relationship with a higher longitudinal axis instability

Hallemans et al., 2003) that causes a fast center of gravity forward
isplacement (Hallemans et al., 2006), not studied in the present
ork. These children showed a lower percentage of hindfoot con-

act time (Table 3), referred in literature as an expression of balance
-walkers, CG = control group, SD = standard deviation.

problems in toddlers, and associated with a higher forefoot contact
time. Forefoot seems to be able to compensate by muscular con-
trol the instabilities from midfoot and hindfoot, more rigid areas
(Hallemans et al., 2003; Hallemans et al., 2006). A similar initial
contact model was  shown by Type 1 ITW from Alvarez et al.’s work,
qualified as light ITW (Alvarez et al., 2007).

Type 2 ITW showed a pedobarografic pattern caracterized by
significantly lower hindfoot peak pressure and similar in other
zones (Table 1). It demonstrated occasional heel strikes but a pre-
ferently flatfoot contact, similar to Type 2 defined by Alvarez et al.
(2007). This allows a more uniform plantar pressure distribution,
that could be considered as a strategy to maintain balance in an
instability situation, as described in toddlers (Bosch et al., 2010;
Hallemans et al., 2003). In this type the step duration was  not sig-
nificantly faster than CG’s one (Table 3).

Type 3 ITW of the present sample, with a retrogradous hind-
foot contact, showed significantly higher forefoot peak pressure
(Table 1), with a plantar pressure distribution model similar to
that found in cerebral palsy children (Femery, Moretto, Renaut,
Thévenon, & Lensel, 2002). These ITW generated the maximum

forefoot peak pressure of all types, also higher than their hind-
foot peak pressures, demonstrating an anteroposterior inversion of
plantar pressure distribution with respect to CG and the literature
(Alvarez et al., 2008; Bertsch et al., 2004; Bosch et al., 2010; Liu et al.,
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004). Forefoot exerted relative impulses higher than 80% (Table 2)
nd it could be considered as a zone mainly related with gait patern
lteration, in a similar way that occurs in cerebral palsy (Femery
t al., 2002). Although step duration was not significantly higher
han CG’s, metatarsals showed a long contact time, longer than 89%
f the step duration (Table 3). Alvarez et al. (2008) considered Type

 ITWs as severe ones, but they did not describe in these children the
etrogradous hindfoot contact that we have found (Alvarez et al.,
007), not referred in literature to our knowledge.

As a whole, the comparison between three ITW types and
G revealed that Type 1 ITWs showed a fast step with a for-
ard/anterior load displacement, Type 2 ITWs demonstrated a
inor hindfoot use, and Type 3 ITWs did a preferently forefoot

ait. From a biomechanical perspective, these gait patterns could
epresent progressive degrees of the pedobarographic pattern that
esults from the premature and maintained triceps surae activity
uring the first half of the support phase. This activity is character-

stic of ITW and it is even maintained when they do a spontaneous
eel strike gait (Brunt et al., 2004; Crenna et al., 2005). This fact

mplies a fast center of gravity transition from heel to metatarsal,
hich appears as gait “by jumping”, usually referred by some
arents. It also generates a fast center of gravity forward displace-
ent with a low member movement coordination and muscular
odulation alteration that requires precise postural adjustments

ontrolled by the central nervous system. Coordination alteration,
ith its consequent energetic waste increment and balance main-

aining difficulties, could explain frequent falls suffered by ITWs. In
hese children, clumsiness and exaggerate fatigue caused by phys-
cal activities are current problems (Alvarez et al., 2007; Fox et al.,
006).

Orthopedic and developmental assessment of the three ITW
ypes described in this study are strongly related with pedobaro-
raphic findings, also showing different severity levels in ITW types
lassified by their model of step development. Type 1 ITWs only
howed a significantly lower ankle dorsiflexion knee-flexed with
espect to the CG, whereas Types 2 and 3 ITWs demonstrated a
igher foot pronation. Pronation has been referred as a sign of bal-
nce difficulties as seen in toddlers with a flatfoot contact at the
egining of independent walking (Bertsch et al., 2004; Hallemans
t al., 2003; Hallemans et al., 2006) and has been related to triceps-
urae length limitation (McMulkin et al., 2006). In ITW, a direct
elationship between passive ankle dorsiflexion and ankle move-
ent during gait has not been found (Alvarez et al., 2007; Crenna

t al., 2005; Engström et al., 2010; Stott, Walt, Lobb, Reynolds, &
icol, 2004). However, in our sample, Type 3 ITWs showed dorsi-
exion values within normality ranges but significantly lower than
ther ITW types in the knee-flexed position and also lower than CG
n the extended-knee position. This implies the soleus and also the
astrocnemious relation with gait pattern (Table 4) (Crenna et al.,
005). Alvarez et al. (2007) found a dorsiflexion lower than 90◦ in
heir Type 3 ITW, lower than in another ITW types and outside nor-

ality ranges. This could be an fundamental factor for the lack of
eel strike in these children. Nevertheless, in Type 3 ITWs of the
resent sample a pathological retraction was not found, possibly
elated to their younger age (Engelbert et al., 2011; Engström &
edroff, 2012). In this way, gastrosoleus elasticity, together with a
igher weight of these children, could have conducted to a retro-
radous heel strike before foot switch off (Engelbert et al., 2011).
ut the minimal number of ITW classified in this type does not let
s draw definitive conclusions.

Developmental assessment only demonstrated significant dif-
erences between the three ITW types in Psycomotricity (Table 5),

ut the comparison with CG showed progressive developmental
ifficulties in relation to the pedobarographic model of step deve-

opment. Type 1 ITWs did not show differences with respect to
G, but Type 2 ITWs obtained a significantly lower farthing in
 Salud 28 (2017) 17–24 23

Pyscomotricity, that could explain the balance difficulties found
during gait in these children. Type 3 reached lower farthings in Psy-
chomotricity, Memory, Verbal Development, Overall Development,
and Developmental Quotient, demonstrating an inferior neurode-
velopment with difficulties also found by other authors in ITW
(Shulman et al., 1997; Williams, Tinley, Curtin, Wakefield et al.,
2013). These results support the hypotesis about the consideration
of tiptoe gait as a sign of a global neurodevelopmental alteration
(Shulman et al., 1997; Williams, Tinley, Curtin, Wakefield et al.,
2013; Williams et al., 2014).

The gait pattern of the ITWs of the present study is compati-
ble with immature models of step development with a transitory
character, expression of a psychomotor delay, or with a perma-
nent character, because of a gait pattern organization alteration
(Shulman et al., 1997; Williams et al., 2014). This pattern has
some characteristics similar, though lighter, to the cerebral palsy’s
(Femery et al., 2002), what has been considered as a expression of a
minimal cerebral dysfunction (Shulman et al., 1997; Stricker, 2006),
also in relation with multisensory integration problems (Williams,
Tinley, Curtin, Wakefield et al., 2013; Williams et al., 2014). Its con-
sideration as an inmature pattern is supported by the findings in the
ITWs of this study of an initial foot contact similar to that found in
toddlers but with a plantar pressure distribution compatible with a
structural foot development appropriate for the chronological age,
with a progressive configuration of the longitudinal arch (Alvarez
et al., 2008; Bertsch et al., 2004; Bosch et al., 2010; Hallemans et al.,
2006).

Treatmens are always referred to improve ankle dorsiflexion,
usually once retraction has been stablished and there is preliminary
evidence for the beneficial effects of serial casting and surgery, but
normalization does not seem to occur (van Kuijk, Kosters, Vugts,
& Geurts, 2014). However, early treatments that prevent dorsi-
flexion and gait limitations by dealing with global difficulties of
these children have been rarely proposed and their effectiveness
have not been yet proved (van Kuijk et al., 2014; Williams et al.,
2014).

Pedobarographic classification by ITW models of step deve-
lopment appears to indicate progressive severity levels, in con-
cordance with literature (Alvarez et al., 2007). As these models
are linked with specific orthopedic and developmental character-
istics, they allow us to propose a specifical therapeutic approach
for each ITW type. Type 1 ITW characteristics conduct to indicate
for these children a follow-up program with periodical evaluations
every 3-6 months, as literature reccomends for ITWs of this age
range (Alvarez et al., 2007; Eiff et al., 2006). From an early inter-
vention perspective, this follow-up program could let us evaluate
the possible transitory or permanent character of the gait pattern
and the development of alterations or compensations with ortho-
pedic risks, aiming at an early treatment to avoid their evolution
and structuration (Engelbert et al., 2011; Engström & Tedroff, 2012).
Pychomotor difficulties of Type 2 indicate for these children, in
addition to the follow-up program, the requirement of a specific
therapeutical intervention aimed to enhance their psychomotor
development (Alvarez et al., 2007; Eiff et al., 2006). Type 3 ITW
requires an inmediate conservative treatment (Alvarez et al., 2007;
van Kuijk et al., 2014) because of their mandatory step development
pattern with probable effects on foot configuration, ankle range
of motion, and upper segments (Engelbert et al., 2011; McMulkin
et al., 2006; Shulman et al., 1997; Stott et al., 2004). Moreover,
developmental difficulties of this type suggest the possible use-
fulness of a global and interdisciplinary therapeutical approach
considering all the compromised aspects, including the senso-

rial and the cognitive ones (Shulman et al., 1997; Williams et al.,
2014). The Neurocognitive Therapeutic Exercise could be an ade-
quate approach for these children (Martín, Ballestero, & Atín, 2009),
but so far this treatment modality has demonstrated scientific
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progressed in our knowledge of the causality and treatment of this gait type?
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vidence only in adults (Cappellino et al., 2012; Marzetti et al.,
014; Zangrando et al., 2014).

Among the limitations of this study, we need to emphasize
he restricted age range of the sample, from the age when tiptoe-
alking evaluation is recommended to the age when the main foot

tructural changes have been completed (Alvarez et al., 2007; Bosch
t al., 2010). This age range was motivated by the aim of preco-
iously ITW classification and possible alterations prevention. In
he baropodometric evaluation, the Hawthorne effect could have
nfluenced the results because of the assessor presence and the
reat variability of the ITW gait (Eiff et al., 2006; Hirsch & Wagner,
004; Stott et al., 2004). In addition to that, we have not found
hildren normal values of the studied variables measured up with
ootscan® nor their reliability. To minimize the possible influence
f these factors, we have analyzed a wide sample, using 10 aver-
ge records and the foot automatic division in zones (Bertsch et al.,
004). A verification of these models and the estimation of their
ransitory or permanent character in relation with orthopedic and
evelopmental problems should be confirmed by a prospective
tudy in a wider sample.

onclusions

Three different models of step development have been
escribed in ITW based on their initial foot contact in a pedobaro-
raphic gait analysis. These models have allowed us to classify
TW in three types with progressive severity levels and differ-
nt orthopedic and developmental characteristics, which suggest
he indication of a different therapeutical approach for each of
hem. The present study confirms that pedobarographic gait analy-
is facilitates the objective assessing of ITW to clarify therapeutical
ndications and could also facilitate the evaluation of the effective-
ess of different modalities of treatment.
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