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ABSTRACT
Introduction: Idiopathic clubfoot (IC) is one of the most common congenital musculoskeletal
deformities and can affect one or both feet of the child. However, knowledge beyond the
structural deformity is still limited. This thesis aimed to evaluate unexplored fields by including
measures that might affect the children’s overall health. This included evaluation of gait, gross
motor skills, neurodevelopmental difficulties (NDD), and health-related quality of life
(HRQoL).
Methods and participants: An explorative cross-sectional research approach of four studies
divided into two parts was used. In part one, gait and gross motor skills were evaluated in 59
and 47 children with IC, respectively, born in 2005–2008 and treated in Stockholm County
(mean age 5.4 ± 0.5 years). Gait was evaluated using three-dimensional gait analysis, and gross
motor skills were evaluated using the Clubfoot Assessment Protocol. For comparison, 28
typically developing (TD) children were recruited (mean age 5.5 ± 0.6 years). In part two, NDD
and HRQoL were surveyed in children with IC born in 2004–2007 in Stockholm and Skåne
counties. Parents to 106 children with IC (mean age 9.4 ± 0.6 years) answered the Five to
Fifteen questionnaire and Roye´s Disease-specific instrument to operationalise NDD and
satisfaction of the clubfoot treatment outcome, respectively. The children answered the generic
HRQoL questionnaire EQ-5D-Y. A general population sample of 109 community
schoolchildren (mean age 9.5 ± 0.6 years) was used for comparison.
Results: Children with IC were found to have significant gait deviations, gross motor deficits
and asymmetries at five years of age. No differences were found in bilateral and unilateral IC
with the main concerns regarding decreased dorsi-plantar flexion range and ankle power
generation in gait in both groups, compared with the TD children. In terms of gross motor
skills, one-leg hop and stand deviated in 85 and 87% of the children, respectively. Associations
between gross motor skills and passive range of motion of the foot, gait, and initial clubfoot
severity were generally poor. The contralateral leg in children with unilateral IC showed no
discrete gait or gross motor deficits; however, global gait measures revealed gait modifications.
In nine-year-old children with IC, significantly more NDD were found in comparison with the
general population, and group differences were evident in the domains of motor skills,
perception, and language and in the subdomains of gross and fine motor skills, relation in space,
comprehensive, and expressive language skills. Thirty-one per cent of the children in the IC
sample were defined as experiencing NDD of clinical relevance. In this subgroup, parents
reported significantly lower satisfaction of the clubfoot treatment outcome. In the overall IC
sample of nine-year-old children, the children reported a satisfying overall health status despite
more HRQoL problems, mainly regarding pain and discomfort. Neither being born with one or
two affected feet nor sex affected NDD or HRQoL, however NDD negatively affected HRQoL.
Conclusions: Children with bilateral and unilateral IC have similar marked gait and gross
motor deficits on the affected side, thus indicating similar clubfoot severity and development.
Nonetheless, awareness of foot involvement is important because of pronounced asymmetries
in children with unilateral IC. Gross motor skills are not related to several foot measures and
should be considered a different outcome entity in the evaluation of IC. Therefore, gross motor
assessment as well as pain management should be emphasised in the follow-up of children with
IC. Finally, health care providers should be attentive to NDD in children with IC appearing
more often than would be expected by chance, especially since NDD negatively affect clubfoot
treatment outcome and HRQoL.
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THESIS AT A GLANCE
Study

Aim

Methods

Results

Conclusions

I

To evaluate gait in
children with IC
with extra focus on
foot involvement
(bi- and unilateral
IC) and the
contralateral leg, in
comparison with
TD children.

Gait was evaluated in
59 children with IC
and 28 TD children
using 3DGA,
including discrete
gait parameters, GDI,
and GDI-Kinetic.

Similar gait deviations were found
in bi- and unilateral IC in
comparison with TD legs, with
decreased foot motions and lack of
ankle power as the main concerns.
The contralateral leg showed no
deviations in discrete gait
parameter compared with TD legs,
but global gait modifications to the
affected clubfoot side were found
in GDI/GDI-Kinetic.

Bi- and unilateral IC
show the same gait
deviations and can be
clustered as one uniform
group when evaluating
gait. However, in
children with unilateral
IC gait deviations might
be perceived as poorer
due to asymmetries. The
contralateral leg should
not be used as a
reference in gait.

II

To evaluate gross
motor skills in
children with IC
compared with TD
children.
Additionally, to
explore the impact
of foot involvement
and associations
between gross
motor skills, gait,
passive foot
motion, and initial
clubfoot severity.

Gross motor skills
were evaluated using
the MQ-domains
from CAP in 47
children with IC and
in 28 TD children.
GDI and GDI-Kinetic
were calculated from
3DGA. The Dimeglio
classification scale
defined initial
clubfoot status before
treatment.

Poorer gross motor skills, gait, and
passive foot motion as well as
gross motor asymmetries were
found in children with IC
compared with TD children. Oneleg stand and one-leg hop deviated
in the majority of the children with
IC regardless of foot involvement.
Contralateral legs showed similar
gross motor skills as legs of TD
children. Gross motor skills
correlated poorly to moderately
with GDI, GDI-Kinetic, passive
foot motion, and initial clubfoot
status.

Gross motor deficits and
asymmetries are present
in children with both biand unilateral IC. Gross
motor skills seem to
represent a different
outcome entity in regards
to traditional outcome
measures such as passive
foot motion and should
be evaluated in the
follow-up of IC.

III

To examine NDD
in a cohort of
children with IC
compared with the
general population.

NDD were evaluated
in 106 children with
IC and 109 age-, sex, and residential
parallelised
community
schoolchildren using
the FTF
questionnaire.

Group differences were found with
more difficulties in the IC sample
in the total FTF and the domains of
motor skills, perception, and
language; and the subdomains of
gross and fine motor skills, relation
in space, comprehensive, and
expressive language skills. Thirtyone per cent of the children with
IC showed clinically significant
NDD. In this subgroup parents
reported lower satisfaction of the
clubfoot treatment outcome.

Increased prevalence of
NDD in children with IC
together with less
satisfaction of the
clubfoot treatment
showed that NDD should
be considered in the
clinical practice of IC.

IV

To survey HRQoL
in a cohort of
children with IC in
comparison with a
general population
sample, and the
influence of sex,
foot involvement,
and NDD on
HRQoL.

HRQoL was
evaluated in the same
participants as in
Study III using the
questionnaire EQ5D-Y. FTF was
collected to
operationalise NDD.

Children with IC reported similar
overall health status despite more
problems in the domains of
mobility, doing usual activities,
and having pain/discomfort
compared with the general
population sample. Foot
involvement and sex did not affect
HRQoL, but NDD affected
HRQoL negatively.

Children with IC
experience satisfying
overall health status
despite higher reports of
mainly pain/discomfort.
HRQoL seems to be
substantially affected by
coexisting NDD in
children with IC, thus
health care providers
should be attentive to
both HRQoL and NDD
in children with IC.

PREFACE
Clubfoot, and the management of clubfoot, has been known since the first documents of
clubfoot from the 12th century B.C. in Egypt.1 Idiopathic clubfoot has gone from a fairly severe
condition causing disability and social unacceptance1 to a condition hardly noticed in today’s
society if treated correctly. Still, there remains a lack of knowledge regarding several aspects
of the condition beyond the structural deformity.
In the clinic, parents with an infant with idiopathic clubfoot often inquire if the child will
experience pain, be able to walk, run, play with friends, and have “a normal life”. Some parents
also wonder if it matters whether the child was born with one or two clubfoot deformities.
Some questions can be answered from clinical knowledge and previous research, but there is
still insufficient evidence to answer all of these questions. Furthermore, in clinical work a
suspicion of additional difficulties in children with idiopathic clubfoot, apart from the
musculoskeletal deformity, has been raised. Difficulties such as problems with attention and
language, which cannot be explained by the status of the foot, question the notion of idiopathic
clubfoot being an isolated musculoskeletal deformity. This thesis aimed to explore some of
these questions, to broaden our understanding, and to fill the gaps of knowledge regarding
children with idiopathic clubfoot. Finally, by studying these questions, the thesis aimed to look
at idiopathic clubfoot from a wider perspective – to see the child, not just a foot.
The foundation of the thesis is four studies concerning different aspects of children with
idiopathic clubfoot, and these are presented and discussed both individually and joint together
with the intention to give an explicit understanding of the findings. Hopefully, at the end, this
thesis will have taken us one step further and stretched the boundaries in the research and
knowledge of children with idiopathic clubfoot.

Stockholm, 8 January 2019

Elin Lööf

1 INTRODUCTION
To date, most research in children with idiopathic clubfoot (IC), one of the largest patient
groups in paediatric orthopaedics, has focused specifically on the structural deformity. This has
given us valuable knowledge about the deformity itself as well as about important treatment
factors. Thus significant improvements in the treatment of IC have emerged in recent decades,
for example, the worldwide recognition of the Ponseti treatment method.2-4 However,
knowledge beyond the structural deformity is still limited. The intention with this thesis was to
stretch our knowledge beyond the musculoskeletal structure of the deformity. The International
Classification of Functioning, Disability and Health (ICF) model inspired the conceptual
framework of the thesis that included several measures beyond those of structural
impairments/outcome measures. With the inspiration of the ICF, the intention was to study
unexplored fields within IC that might affect the children’s health status. Consequently, the
studies within the thesis start with exploring the essentials of gait and gross motor skills in
children with IC. Thereafter, exploratory studies follow regarding concerns about
neurodevelopmental difficulties (NDD) and the effects on health-related quality of life
(HRQoL) when being born with IC.
1.1

CLUBFOOT

Clubfoot, sometimes referred to as talipes equinovarus, is a complex deformity of the foot and
lower leg (Figure 1) that can be detected already in utero.5-7 Clubfoot can be divided into two
subtypes with various names:
Idiopathic/isolated/non-syndromic clubfoot, indicating that the deformity is an isolated
deformity without other known abnormalities or causalities.
Syndromal/syndromic clubfoot, indicating that the clubfoot occurs together with other
abnormalities, such as a part of genetic syndromes, neurological disorders, or with additional
malformations, which is the case in about one quarter of children with clubfoot.8-10
Finally, congenital is often used as a prefix to stress that the child is born with the deformity.
This thesis discusses the first subtype of clubfoot, and the term idiopathic clubfoot (IC) will be
used in conjunction with the overall term clubfoot when the subtype is not specified.

Figure 1. Baby with bilateral clubfoot before treatment.
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1.1.1 Incidence
Clubfoot is one of the most common musculoskeletal deformities and the most common foot
deformity at birth.9,11 The reported incidence of clubfoot varies between 0.6 and 6.8 of every
1,000 new-borns10-14 depending on ethnic group and different inclusion criteria of the clubfoot
subgroups. In the Scandinavian countries, the incidence of clubfoot has been reported to be
1.1-1.4 of every 1,000 live births.15-17
1.1.2 Aetiology
The aetiology of clubfoot is still unknown, but it is believed to be multifactorial with a
combination of environmental and genetic factors.10,18 For environmental factors, maternal
smoking has been identified as the most robust and consistent risk factor.9,10,14,17-20 Other
environmental factors such as parental age and education level, parity, maternal anxiety and
depression, body mass index, alcohol, coffee drinking, selective serotonin-reuptake inhibitor
consumption, season of birth, and population density are inconclusive.10,11,15-18,20-23
Genetic factors are probably of great significance in clubfoot, with approximately one quarter
of the cases being familial.9,18,24 Moreover, the genetic contribution is also reinforced by the
sex discrepancy found in clubfoot.25 Not only are males affected about two to three times more
often by clubfoot,10,11,15,16,21 affected females seem to carry a higher genetic load and will
transmit the deformity to their offspring to a greater extent than males.25 The fact that clubfoot
has an innate heterogeneity, with children being born with bi- or unilateral clubfoot in half of
the cases, respectively, underpins the genetic factor. Although variants in different gene clusters
have been shown to be associated with the deformity, the mechanism of the genetic variations
and how their interactions contribute to clubfoot remain to be defined.10,18,26
1.1.3 Pathology
The development of the foot begins with the lower limb bud that is first seen in gestational
week four, and at week eight the lower limbs have rotated 90 degrees medially.27 At the same
time, the feet can be observed in an equino-varus-adductus position.28 This position decreases
gradually, and at the end of week 11 the feet have reached an almost neutral position regarding
those components.28 In clubfoot, the earliest reported prenatal ultra-sonographic findings have
been reported from week 12 of gestation, and today clubfoot is generally detected prenatally.5,29
The pathology of clubfoot is complex and is characterised by several components. The main
components are equinus, hindfoot varus, forefoot adductus, cavus, and supination of the foot.30
Structural abnormalities include a medial tilt and shift of the calcaneus, a somewhat abnormally
shaped talus, and a medial displacement of the navicular.31-34 Commonly reported abnormal
soft tissue structures include an increase of collagen fibres, contractures of the medial and
posterior musculature, muscle hypoplasia and atrophy, and abnormal muscle activity.26,32,35-39
Abnormalities such as shortness of the foot and leg length discrepancy,40,41 as well as increased
joint laxity and peroneal nerve dysfunction have been described.42-47
2

1.1.4 Clubfoot severity
Clubfoot presents with different levels of severity at birth depending on factors such as the
mobility and morphology of the foot. In order to establish severity, a classification system is
most often used.48-50 Some evidence has been presented of a link between initial severity and
treatment factors such as number of casts, the need for extensive surgery, and the risk for
relapse.51-55 However, some studies have opposed these results, and the relation between initial
severity, treatment, and outcome factors is still debated.56-61
Analogously, possible relations between clubfoot severity, number of affected feet, and sex are
still controversial with some studies suggesting that bilateral clubfoot and females might
represent a more severe clubfoot phenotype and thus be harder to treat.25,62-64 However, several
studies have found contrasting results.52,59-61,65 Nonetheless, females with clubfoot have stated
lower HRQoL,66,67 and parents to girls with clubfoot have reported subjectively worse
treatment outcomes in comparison with males.68,69 Because of the notion of differences in
clubfoot severity due to foot involvement (defined as being born with one or two affected feet)
and sex (referring to biological sex70), extra emphasis was put on these factors throughout this
thesis. It is worth noting that bilaterally affected feet and clubfoot in plural are both referred to
as IC/clubfoot in the thesis because the word “clubfeet” would be a misrepresentation of the
name of the diagnosis.
1.2

MANAGEMENT OF CLUBFOOT

Several treatment methods to manage clubfoot have been described in the literature, from
gentle serial manipulation and strong bandaging to maintain the correction as described in 400
B.C. by Hippocrates (and which is notably similar to today’s conservative treatment methods)
to drastic surgeries and “clubfoot machines”.1,71,72 With the introduction of anaesthesia and
aseptic techniques in the 19th century, clubfoot treatment became radical with surgery aiming
to obtain a “perfect” foot.71 However, long-term outcomes were poor, and today conservative
treatment is recognised to be superior to surgery.73-76
1.2.1 Conservative treatment and the Ponseti method
Different conservative treatment methods include the Kite technique, the French physiotherapy
method, the Copenhagen method, and the Ponseti method.7,30,77-82 Today the Ponseti method is
probably the most practised treatment method worldwide and could be considered the gold
standard.2-4,83-90 The Ponseti method can be described in two phases –the initial correction
phase and the maintenance phase (Figure 2). In the initial correction phase, the clubfoot is
manipulated with weekly serial castings for the first weeks of life. To fully correct the foot, an
Achilles tenotomy is most often required (a minor procedure thus not being referred to as a
surgical method). In the maintenance phase, the corrected clubfoot is kept in a foot-abduction
brace to prevent relapse, first for 23 hours a day for three months and then during the night and
naps until the age of four to five years.30,87,90

3

Figure 2. The two phases in the Ponseti method. In the initial correction phase, long
leg casts are weekly applied to correct the clubfoot. In the maintenance phase, the
foot-abduction brace is used during night and naps until four to five years of age to
hold the corrected clubfoot and prevent relapse. Both feet are braced, i.e. also the
contralateral foot in children with unilateral clubfoot.

1.2.2 Relapse
Relapses, i.e. a regression of one or several components of the deformity,90 are still common
with reports varying from 7% to as many as 68% of the patients treated with the Ponseti
method.2,38,55,90-94 The great disparity of relapse rates is probably due to different definition
criteria, follow-up periods, and inconsistency to the Ponseti protocol.95-97
In cases of relapse, casting and bracing is most often introduced again, sometimes followed by
soft tissue surgery such as tibialis anterior tendon transfer as a part of the Ponseti protocol.55,94,98
Noncompliance with the bracing regime is the major and consistent risk factor reported for
experiencing relapse.55,59,60 Other factors such as sex, number of affected feet, parental material
status and educational level, cultural origin, and family income seem not to affect the relapse
rate,55,59 although the role of the parents’ educational level has been inconclusive.60
Because adherence to the brace is the single most important factor to prevent relapses, emphasis
has been on increasing compliance through different brace designs, protocols, and educational
interventions.99-109 Nevertheless, adherence to the brace regime can be perceived to be difficult,
and one study using wireless sensors showed that the braces were only being used for 62% of
the recommended time.110 Furthermore, questions about wearing the braces might feel
judgemental and therefore be answered vaguely or incorrectly by the families.109 At the same
time, clinicians are sometimes poorly equipped to handle non-compliance.111

4

1.2.3 Clubfoot treatment in Sweden
In Sweden, children with clubfoot are treated free of charge in centralised public hospitals as a
part of the Swedish national health insurance. A conservative treatment approach in line with
the Ponseti method was gradually introduced mainly in the early 2000s. However, considerable
regionally modifications existed, for example, in Stockholm and Skåne counties with the use
of synthetic soft casts and knee-ankle-foot orthoses (Figure 3). From the 2010s, a strict Ponseti
treatment protocol has been adopted in several counties in Sweden.

Figure 3. An example of a knee-ankle-foot orthosis typically used in Stockholm
and Skåne counties before the introduction of a strict Ponseti protocol using the
foot-abduction brace (orthosis of TeamOlmed AB).

1.2.4 Evaluation of treatment outcomes
Untreated clubfoot might cause decreased mobility, pain, and threaten potential
productivity.112,113 The goal with the treatment of clubfoot has been described as to correct the
foot to a “functional, pain free, plantigrade foot with good mobility and without calluses, and
that the patient does not need to wear modified shoes” (Ponseti 1992).30
In the evaluation of treatment outcomes, several concerns have been raised.2,68,84,114,115 First,
research on the treatment outcomes in patients with clubfoot has historically mainly focused
on radiological and morphological outcomes assessed by the orthopaedic surgeon.68,114
However, it has been emphasised that outcome measures should also include functional status
and patient-reported outcome measures (PROMs) to best reflect the patients’
perspective.68,84,114 Second, traditional outcome measures might not be the main concern for
the patients. As an example, radiographic data have failed to correlate significantly with
PROMs such as reported satisfaction and function.68,116 Third, although the Ponseti method can
be considered the gold standard treatment method88 there is still a lack of well-designed
randomised controlled trials to assess the best treatment option.84 Finally, despite the fact that
clubfoot can be either bi- or unilateral, with concerns about different disease severity
burden,62,64 most previous studies have clustered all affected feet as one homogenous group.
5

Moreover, several studies have included both the right and left foot in individuals with bilateral
involvement.115,117 By including both feet as independent measures, without making statistical
compensation, the results might be misleading.118 Not only are the right and left feet related in
all individuals, in other words, they are not independent of each other, it has been shown that
in bilateral clubfoot both feet are highly correlated with each other in regards to several
parameters.115
1.3

GAIT

Measuring gait, i.e. the quality of the walking pattern, has been stated to be useful in obtaining
data on the level of limitations due to pathology in both patient follow-ups and in the evaluation
of interventions.119 Gait can be measured with technical instruments such as three-dimensional
gait analysis (3DGA) systems that provide information on gait kinematics (joint and segment
angles), kinetics (joint moments and power), and spatiotemporal parameters.120,121 In the
progress of expanding outcome measures from static to dynamic outcome measurements in IC,
gait analysis has been found to be useful in patients with clubfoot.114,122
To date, most studies of gait in individuals with IC have mainly focused on gait in the
evaluation of different treatment methods. Thus, the Ponseti method has been found to be
superior to surgical treatment,123-129 whereas the findings in comparison with the French
physiotherapy method have been inconclusive.58,124,128,130
Despite the progress made in conservative treatment methods, gait alterations are common in
individuals with IC. Frequently reported kinematic gait deviations in children with IC are
decreased dorsiflexion of the foot, internal foot progression (internally rotated foot in relation
to the gait direction), and hyperextension of the knee in comparison with control
subjects.58,100,122,124-126,130-132 In terms of kinetic parameters, the main findings have been
decreased ankle moments and decreased power generation in the ankle.100,124-126,131,132
Because large quantities of data can be obtained from 3DGA, summary measures can be useful
tools to objectively quantify the degree of gait deviations in comparison to a control sample.119
Several summary measures exist, among them is the Gait Deviation Index (GDI), a generic
multivariate measure developed to provide a global measure of gait pathology.133 Although gait
summery measures should be used in conjunction with discrete gait parameters, the ease of
interpretation and the generic nature of GDI have yield great attention of the index since it was
developed ten years ago.119,133 Thus, the index has been widely adopted and used in both
children and adults with various disorders.119,134 In children with IC, the GDI had been used in
one publication prior to the conduction of the gait study in this thesis. In this, Duffy et al.
showed that children with Ponseti-treated clubfoot had a global gait pattern closer to those born
without the deformity compared to a surgically treated group, although gait in both groups still
deviated from the control group.126
Noteworthy in prior studies of gait in IC is that only the affected legs have been included, i.e.
only half of the child (one leg) in cases of unilateral IC.58,122,124-126,130-132 Accordingly, the
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contralateral leg is rarely included, although it has been shown that the contralateral foot should
not be referred to as normal or used as a reference regarding step initiative, foot pressure, and
force when analysing gait.135-137 Additionally, the contralateral foot has been shown to have
significant flatfoot deformities and adaptations in tiptoe raising,138,139 possibly affecting the gait
pattern. Moreover, in previous gait studies bi- and unilateral clubfoot have been clustered as
one uniform group without knowledge of whether they experience the same gait pattern or
not.58,122,124-126,130-132 With the notion that bilateral clubfoot might represent a more severe
clubfoot phenotype, this questions the accuracy of these findings. Finally, most studies have
included both legs in bilateral cases as independent measures.58,122,124-126,130-132 Consequently,
when considering these limitations the validity of previous gait findings in children with IC can
be questioned. Thus, gait in children with IC including the impact of having one or two affected
feet seems to be an unexplored field.
1.4

GROSS MOTOR SKILLS

Gross motor skills are coordinated body movements, including locomotor and balance skills,
that are described as the building blocks for overall fundamental motor skills.140 According to
Shumway-Cook and Woollacott,141 body movements emerge from an interaction of the
individual, the task, and the environment (Figure 4). Individual factors include
sensory/perceptual, cognitive, and motor/action systems,141 and the structural deformity of IC,
as a part of the biomechanical system, may be primary placed in the latter. Factors associated
with the task are mobility, postural control, and upper extremity function, referring to different
demands of the task. Finally, regulatory and non-regulatory features of the environment include
attributes such as the flat floor in a laboratory milieu and background noise, respectively
(Figure 4). Subsequently, according to the model an interaction between the above-mentioned
factors are essential to create body movements and thus are necessary in the performance of
gross motor tasks.
Development of locomotor rhythms starts already in utero.141 After birth, development
continues as the child reaches gross motor milestones such as crawling, standing, walking, and
jumping.141,142 Further development of gross motor skills enables the child to perform and
participate in everyday functions such as putting on clothes (standing on one leg), playing with
friends on the playground (e.g. skipping), and moving around in society (e.g. standing up and
maintaining balance on the bus). Thus, experiencing gross motor deficits has been connected
to reduced physical activity, increased body weight, reduced self-esteem, and negative
psychosocial outcomes and school performance.143-146
Several instruments have been used to measure gross motor skills, movement, and function in
children.140 As noted, different terms have been used due to inconsistent definition and
terminology within the field. In this thesis, the term gross motor skills refers to locomotor and
balance skills. Furthermore, if not exclusively specified of cited authors, the term fundamental
motor skills140 is used when considering both gross motor and objective/manipulation skills.
Finally, the term motor skills is used as an umbrella term.
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Figure 4. Body movement (M) as an interaction between the individual, the task
and the environment. Within the individual, the structural deformity of idiopathic
clubfoot may be primary placed within the motor/action system. Adapted from
Shumway-Cook and Woollacott.141
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1.4.1 Gross motor aspects in children with idiopathic clubfoot
Studies of gross motor development in babies and toddlers with IC have revealed delays in
achieving gross motor milestones, mainly regarding later debut of independent walking.142,147
Consequently, children with IC start to walk independently at a mean age of 14 months, which
is approximately two months later than children born without the deformity.142,147,148 Rates of
attained gross motor milestones have been found not to relate to foot involvement, sex,
treatment method (Ponseti or French treatment methods), brace compliance, number of casts,
the need for tenotomy, or family history of clubfoot.147,148 However, the relation between initial
severity of the clubfoot and independent walking is inconclusive.147,148 Still, children
experiencing an early relapse of the deformity seem to achieve a significantly later walking
debut.148 Because of the early gross motor delay with weak associations to clubfoot factors, it
has been suggested that clubfoot might be a marker of an underlying mild motor developmental
dysfunction or other inherent associated factors.147
Fundamental motor skills have been assessed in a couple of prior studies in children with IC
aged five to seven years. Karol et al. concluded that the vast majority of children with IC at the
age of five years had an average gross motor function using the Peabody Developmental Gross
Motor Scale (PDMS).149 Despite this, 14% of the children had rankings interpreted as below
average or poor. Furthermore, the gait disturbances found in the same sample of children with
IC did not to interfere with gross motor function.149 In contrast, Andriesse et al. concluded that
children at age seven with IC had an increased prevalence of motor impairment, with no clear
correlation to the clinical status of the IC, compared to normal references using the Movement
Assessment Battery for Children (MABC).150 Both studies included areas apart from the feet
and legs such as aiming, catching, and object manipulation.140,149,150 Similar to the findings in
toddlers, no relationships were found between the motor findings and the status of the clubfoot,
foot involvement, the extent of foot surgery, or the treatment method used.149,150
At the age of nine to ten years, children with IC have been found to have fewer total daily steps
and 79% of the walking capacity compared with norm references.131,151 Nonetheless, similar
athletic ability as healthy peers have been reported in the same age group of children with IC.152
Neither walking capacity nor athletic ability were influenced by the child being born with one
or two affected feet.151,152
In summary, studies of gross motor aspects of children with IC have yielded diverse
conclusions. Still, there seems to be some consistency in that motor deficit might not be directly
related to the structural abnormalities (e.g. status of the clubfoot or number of affected feet)
and/or treatment method. This is in line with our observation at the physiotherapy clinic that
children with well-corrected feet also sometimes struggle with gross motor tasks such as
keeping balance and skipping. Notwithstanding these studies, gross motor skills in children
with IC have been remarkably unexplored.

9

1.5

NEURODEVELOPMENTAL DIFFICULTIES

Neurodevelopmental disorders include a range of conditions with onset in the developmental
period, usually manifesting before the child enters school, and they are typically
persistent.153,154 The developmental challenges can vary from specific limitations to global
impairments affecting personal, social, academic, or occupational functioning.153 Examples of
neurodevelopmental disorders are attention-deficit/hyper-activity disorder (ADHD, including
difficulties such as impulsivity, disorganisation, inattention, and hyperactivity), autism
spectrum disorder (ASD, including difficulties regarding social interaction, communication,
and restricted repetitive behaviours), and developmental coordination disorder (DCD,
concerning difficulties in performing and coordinating motor skills).153,154 The aetiologies of
neurodevelopmental disorders are better known in some disorders, while others are less known,
but there is commonly a multifactorial underpinning in which strong genetic as well as
environmental factors seem to contribute.153-155 Just as in clubfoot, several neurodevelopmental
disorders have been reported with a skewed sex ratio towards males as well as an apparent
heritability.154-156 The reported prevalence of ASD, ADHD, and DCD varies between roughly
1% and 6% of children in the general population.153,157,158
When assessing neurodevelopmental disorders, multiple domains are evaluated with the
consideration of atypical behaviour or developmental delays in areas such as behaviour,
cognition, language, and motor skills.154 A summary assessment from a multidisciplinary team
based on patient history, clinical assessment, and test results from screening instruments makes
up the foundation for the child to be diagnosed with a neurodevelopmental disorder.159
Numerous of instruments have been developed for this purpose such as the Five to Fifteen
(FTF), the Child Behavior Checklist, and the Developmental Coordination Disorder
Questionnaire’07.159-162
In this thesis, neurodevelopmental difficulties (NDD) are defined as symptoms and traits
indicative of neurodevelopmental disorders.
1.5.1 Neurodevelopmental difficulties and idiopathic clubfoot
To the best of our knowledge, neurodevelopmental disorders or NDD have never been studied
exclusively in individuals with IC. However, in a sub analysis of children at an orthopaedic
ward used as a control group in a study of childhood stroke, seven out of thirteen (54%) patients
with clubfoot were found to have ADHD or ADHD traits.163 In children with idiopathic toe
walking, i.e. toe walking without any other known pathology, an increased incidence of NDD
has been reported with respect to a normative reference material of children.164 Moreover,
children with ASD and language disorders have a well-known association with increased
prevalence of toe walking.165-168 However, the aetiology of the association remains
unknown.165,166 Prior studies of toe walking and the high incidence of ADHD in children with
IC found by chance163 indicate a possibly higher prevalence of NDD in children with
musculoskeletal foot deficits.
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In addition, at the physiotherapy clinic when working with children with IC, an observation
has been that advanced difficulties such as hyperactivity, problems with concentration, body
control and language are common. Such difficulties are hardly explained by the structural
musculoskeletal deformity of clubfoot. In the same manner, in the aforementioned studies of
gross motor aspects in children with IC, other explanations beyond the clubfoot deformity such
as focusing problems or an underlying mild motor development dysfunction have sometimes
been proposed.147,150
Altogether, there seem to be indications of a possible link between NDD and distal
musculoskeletal deficits, including IC. Early diagnosis of neurodevelopmental disorders is
essential to provide treatment and support for the child and family.154 In children with IC, it is
necessary to explore a possible connection to NDD, to identify NDD, and to provide early
treatment and support. Not least because the latter might affect the treatment of the clubfoot.
1.6

HEALTH-RELATED QUALITY OF LIFE

Quality of life is a broad term involving the sense of well-being, happiness, and satisfaction of
life.169 In order to stress the physical and mental aspects in relation to quality of life, the term
health-related quality of life (HRQoL) is often used.169 As such, HRQoL can be defined as
“perceived physical and mental health”.170 HRQoL is commonly assessed with self-reported
disease-specific or generic questionnaires such as the EQ-5D instrument and the 36-Item Short
Form Health Survey (SF-36).169,171,172 In children, proxy versions are sometimes used, i.e.
answered by a parent or someone else close to the child. However, the validity of proxy reports
of HRQoL have been questioned in both studies of children with congenital musculoskeletal
deficits and children with mental and behavioural disorders.173
HRQoL has been found to be negatively affected in children with chronic conditions such as
neurodevelopmental disorders,173-175 thus highlighting the importance of assessing and
targeting treatments in relation to HRQoL in paediatric patients.174,175 Moreover, physical
measures alone seem insufficient to evaluate the impact of a specific health condition on an
individual’s life.176 Correspondingly, it has been emphasised that HRQoL measures should be
included in the evaluation of clubfoot.84,114 Still, only a few studies of small cohorts evaluating
HRQoL exist within the field of clubfoot research, mainly in individuals treated with surgical
management and as a secondary outcome measure. In children with IC, two studies including
HRQoL measures have been identified in the literature, both evaluating HRQoL using proxyreports and evaluated as secondary outcome measures. In those studies, both yielded similar
high HRQoL in comparison with norm material at the age of four to five years of age.68,177
However, a serious ceiling effect was also noted, thus questioning the validity of the findings.68
A third study including “happiness” found that parents of children treated with the Ponseti
method reported lower happiness in their children compared with reports of parents to children
treated with the French physiotherapy method or surgery.149 The authors considered the
prolonged use and struggles of night-time bracing to be a reason for their findings.149
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In adolescents with clubfoot, comparable HRQoL results have been found using the Child
Heath Questionnaire compared with an age-matched control group.116 However, one exception
was found in the domain General Health with significantly lower scores for the clubfoot
population.116 In adults with clubfoot, HRQoL has been inconclusive when using the SF-36 in
comparison with norm material. Dobbs et al. and Smith et al. reported lower SF-36 scores,127,178
while Hsu et al. reported higher scores in adults with clubfoot compared with the norm
material.179 Moreover, two Nordic studies have suggested that female patients with clubfoot
have lower HRQoL than their male counterparts and norm materials, respectively.66,67
Finally, in the evaluation of children with IC, HRQoL might not just be a measure of the
clubfoot treatment outcome. HRQoL measures might also create a platform for communication
with the child and family and thus help to identify areas of interest and to facilitate futures
studies and interventions where appropriate.176
1.7

RATIONALE

In the evaluation of IC, we ought to consider the deformity from a wider perspective, not just
the foot. Even so, knowledge beyond the structural musculoskeletal deformity of IC is still
limited. The outline of this thesis was to study previously unexplored fields by including
measures that might affect the children’s overall health condition. Not only will this provide
new knowledge and understanding of children born with IC, it could possibly provide a
foundation for further treatment development and support within the field of IC. The obtained
knowledge might eventually not only benefit the child, but also the affected family and the
community as a whole.
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2 AIMS OF THE THESIS
The overall aim with the thesis was to evaluate gait, gross motor skills, NDD, and HRQoL in
children with IC.
The specific aims of the studies were as follows:
Study I
To evaluate gait in children with IC with particular focus on foot involvement (bi- and unilateral
IC) and the contralateral leg (in children with unilateral IC) in comparison with TD children.
Study II
To evaluate gross motor skills in children with IC compared with TD children. In addition, to
explore the impact of foot involvement on gross motor skills and to examine the associations
between gross motor skills, gait, passive foot motion, and initial severity of the clubfoot.
Study III
To examine NDD in a cohort of children with IC compared with the general population.
Study IV
To survey HRQoL in a cohort of children with IC in comparison with the general population
and the influence of sex, foot involvement, and NDD on HRQoL in children with IC.
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3 RESEARCH APPROACH
To answer the research aims, an exploratory quantitative research approach of four individual
studies was conducted, divided into two parts (Figure 5):
- Part one evaluated gait and gross motor skills (Studies I and II), comprising motion data and
linking to the end of the primary treatment period.
- Part two explored NDD and HRQoL (Studies III and IV), comprising survey data in the
follow-up period.

Figure 5. Schematic timeline of the studies within the thesis in relation to the
children’s ages and treatment. NDD neurodevelopmental difficulties; HRQoL
health-related quality of life.

3.1

STUDY DESIGN

An explorative cross-sectional study design was used in all four studies, two based on motor
assessments of the children and two on survey data.
3.2

SAMPLE SIZE AND STATISTICAL POWER

Regarding gait data (Studies I and II), a difference of five GDI points was considered to indicate
a clinically relevant difference based on prior pilot data and research on the index.180 Thus,
prior power calculation revealed that a sample size of 25 participants in each group was
required to reach a statistical power of 0.8, with an alpha level of 0.05, to detect group
differences.
In the survey-based studies (Studies III and IV), no prior power calculations were done.
However, post-hoc power analysis (based on sample size and an alpha level of 0.05 using
parametric statistics) revealed a statistical power for between-group effects of 0.55 for small,
0.90 for medium, and 0.96 for large effects.
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3.3

PARTICIPANTS

A total sample of 302 children participated in the four studies, of whom 165 were children with
IC. An overview of the participants can be found in Table 1. Details of the sample
characteristics can be found in the individual papers. Furthermore, details of sociodemographic
parameters for the participants in Studies III and IV can be found in the appendix.

Table 1. Participants included in Studies I-IV.
Data
collection
period

Mean
(SD) age

Boys
% (n)

Bilateral
IC
% (n)

Study

Participants

County
catchment-area

I+II

59* children with IC

Stockholm

2009-2013

5.4 (0.5)

69 (41)

51 (30)

28 TD children

Stockholm

2013-2014

5.5 (0.6)

64 (18)

NA

106 children with IC

Stockholm & Skåne

2014-2016

9.4 (0.6)

73 (77)

49 (49)

109 schoolchildren

Stockholm & Skåne

2015-2016

9.5 (0.6)

73 (79)

NA

III+IV

*12

children with IC were excluded in Study II from the original 59 children participating in Study I.
IC idiopathic clubfoot; TD typically developing; NA not applicable.

3.3.1 Studies I and II
Studies I and II included children with IC from Stockholm County born between the years 2005
and 2008. The inclusion criterion, except for these basic prerequisites, was an age of 4.5 to 6.5
years at the time of the data collection. In total 122 children were identified as being born with
IC in the medical records during the included time span. Of those, 44 children were excluded
due to missing gait analysis data (n = 29) or no written consent (n = 15). Moreover, 19 children
were excluded due to the following reasons: clubfoot treatment performed by other
professionals then orthopaedic surgeons (n = 7), suspicion of IC not being the primary
diagnosis (n = 5), outside the age range (n = 5), and developmental dysplasia of the hip (n = 2).
For Study II, another 12 children were excluded due to missing gross motor data. Thus 59 and
47 children with IC were included in Studies I and II, respectively (Figure 6).
For comparison material, 28 TD children in the same age span were included in Studies I and
II. TD children were defined as children from the general population without any known
disorder or diagnosis that would affect gait. The TD children were recruited through advertising
posters at preschools in Stockholm as well as at Karolinska Institutet and Karolinska University
Hospital.
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Figure 6. Flowchart of the children with idiopathic clubfoot in Studies I and II
including divisions of the legs within the studies. Cont. contralateral; Sup.
superior; Inf. inferior.

3.3.2 Studies III and IV
Studies III and IV consisted of four annual cohorts of children with IC from Stockholm and
Skåne counties born in the years 2004 to 2007. For these studies, 182 children with IC were
identified from the medical records from the two counties, which gave an incidence of 1.1/1000
of the 160,114 live births during these years.181 Seven children were excluded because they had
moved abroad or had protected personal data. Consequently, 175 children with IC and their
parents were invited to participate. Of those, 116 returned the questionnaires, which gave a
response rate of 66%. However, ten children had to be excluded due to incomplete responses
or because IC was found not to be their primary diagnosis. Thus, for Studies III and IV 106
children with IC were included (Figure 7).
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Figure 7. Flowchart of the children with idiopathic clubfoot and the community
schoolchildren for the general population sample in Studies III and IV.

For comparison material, a general population sample was recruited from randomly selected
schools within the same county areas. In total 23 schools were approached and 12 schools
(eight from Stockholm and four from Skåne) chose to participate. In total 160 children in the
same school grades as the children from the IC sample and their parents returned completed
questionnaires. However, due to the uneven sex distribution in the IC sample, a greater portion
of the girls were randomly excluded. Consequently, the general population sample comprised
109 community children, parallelised for residential area, age, and sex (Figure 7).
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3.4

DATA COLLECTION

3.4.1 Motion data
Data regarding gait and gross motor skills in Studies I and II were collected at the Motion
Laboratory at Karolinska University Hospital, Solna, Sweden. In children with IC, data were
collected in a clinical setting as a part of the clubfoot follow-up programme at the hospital,
while data for the TD children were collected solely for research.
In order to collect reliable data, every effort was made to make the child and family comfortable
and to follow standardised procedures at the laboratory. To do so, the child and family were
first introduced to the laboratory and the procedure in order to become familiar with the
environment and the equipment. Thereafter, a physical examination was generally performed
followed by placement of the motion markers. Next, the child was instructed to walk barefoot
approximately 10–20 times on a 10-metre pathway at a self-selected speed. Soft toys were used
at the ends of the pathway to encourage, attract attention, and guide direction (Figure 8). The
parents were placed alongside the pathway, and all children walked by themselves. However,
in some cases the parents had to encourage the child by walking next to the pathway. Finally,
the children were instructed to perform the tasks of running, walking, toe and heel walking,
one-leg stand, and one-leg hop, all of which are items included in the Clubfoot Assessment
Protocol (CAP).182 One-leg stand and hop were performed for both legs. In a few cases, the
parents supported the child by performing the same task by the side of the pathway. If the child
did not understand or had trouble performing the task, he or she was encouraged to try again.
The visit normally lasted for one to two hours.

Figure 8. Walking on the pathway at the Motion Laboratory with motion
markers placed on the pelvis and legs.
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3.4.1.1 Physical examination
A goniometer was used to obtain information on passive range of motion of the joints of the
lower extremities. All measurements were collected with the child in a supine position, except
for hip rotations and tibia torsion that were assessed in a prone position. Anthropometric
measures were additionally noted as a part of the standardised gait analysis procedure.
3.4.1.2 Three-dimensional gait analysis
Gait data were collected using a 3DGA system consisting of eight motion cameras (Vicon
Motion Systems Ltd, Oxford, UK) and two force plates (Kistler, Winterthur, Switzerland).
The system makes it possible to obtain detailed information from the child’s gait pattern
regarding kinematics and kinetics in the sagittal, frontal, and transversal planes as well as
spatiotemporal parameters.120,121 To collect data from the lower extremities and pelvis, 16
passive reflective motion markers were placed on pre-defined anatomical landmarks on the
child.120 Seven segments were defined according to the Vicon’s Plug-In Gait model consisting
of the pelvis, two thighs, two shanks and two feet. The pelvis segment and the foot progression
angle were defined in a global mathematical reference system, whereas the rest were defined
from the proximal segments, e.g. the ankle angles were defined relative to the position of the
shank segment.
To acquire data from the individual child’s gait, three representative gait trials including gait
kinematics and spatiotemporal parameters were subjectively selected by the author. Due to
difficulties in obtaining clean force strikes for the children, only two representative trials of gait
kinetics were selected. Thereafter, custom-made templates in the software program
MATLAB R2014a (The MathWorks Inc., Natick, MA, USA) were used to extract data from
the trials and to calculate the GDI/GDI-Kinetic scores. Finally, an average of the trials was
calculated to obtain one single value for each leg for every child.
3.4.1.3 Gross motor data
Gross motor data were obtained from the videotapes recorded in the frontal plane of the
children when performing the gross motor tasks. To quantify the motion quality of the gross
motor tasks, five assessors individually rated the tasks from the videotapes using the CAP
instrument. Children with IC were randomised together with the TD children. The assessors
had information on the child’s age, but no other information was provided, i.e. they were
blinded to whether the child had IC or not. The assessors were instructed to view the videotapes
three times at most without stopping or slowing down the tape. Finally, the median scores of
the ratings were used to operationalise the children’s gross motor skills.
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3.4.2 Survey data
The survey data for Studies III and IV were collected during the spring terms when the children
were supposed to attend their second or third school grade according to the Swedish school
system, i.e. eight to ten years of age. Information about participation, including the
questionnaires, was sent to the home addresses of the children and addressed to the parents. In
the general population, some schools chose to give the letters directly at school or to send the
information only by emails or newsletters. The parents were instructed that the questionnaire
EQ-5D-Y was to be answered by the child and the rest by the parents. The families were
informed that they could answer the questionnaires either on paper with a pre-paid return
envelope or online on the Internet. To answer online, the families were provided with an
individual passkey. The homepage was exclusively designed for Studies III and IV, and the
forms were constructed to visually look like and to be answered in the same manner as the
paper and pencil versions. Before answering the questionnaires on the Internet, the parents had
to approve participation by reading the provided information and giving consent. One reminder
was sent including the questionnaires, and another was sent later with only information on the
homepage. No reminders were sent to the general population.
3.5

OUTCOME MEASURES

An overview of outcome measures and data sources used in each study is provided in Table 2.
Table 2. Summary of outcome measures and data sources used in Studies I-IV.
Outcome measures

Data source

Study I Study II Study III Study IV

Gait parameters
3DGA
x
GDI
3DGA
x
x
GDI-Kinetic
3DGA
x
x
Passive range of motion
Physical examination
x
x
Dimeglio classification scale
Medical records
x
x
MQ-CAP
Videotapes
x
Sociodemographic parameters
Survey data
x
x
FTF
Survey data
x
x
Roye’s DSI
Survey data
x
x
EQ-5D-Y
Survey data
x
GDI Gait Deviation Index; MQ-CAP Motion quality domains from the Clubfoot Assessment Protocol; FTF
Five to Fifteen; DSI Disease specific Instrument; 3DGA three-dimensional gait analysis.
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3.5.1 Gait parameters
The included discrete gait parameters in Study I were subjectively chosen with the
consideration of clinical importance and previous research.58,124-126 The standardised
terminology of the gait cycle was used, consisting of the stance phase (typically the first 60%)
and the swing phase (the remaining 40%) with further subdivisions (Figure 9).121

STANCES

SWING

Figure 9. The gait cycle (reprinted with permission),183 with the stance and swing
phases.

The kinematic parameters were as follows (the percentage refers to the defined data collecting
sections of the gait cycle):







At initial contact: foot flexion and hip rotation (0-2%)
At mid-stance: maximal dorsiflexion and mean hip rotation (12-31%)
In stance: mean foot progression (10-50%) and maximal knee extension (25-60%)
At pre-swing: maximal plantarflexion (50-70%)
At mid-terminal swing: mean flexion of the foot (75-100%)
Complete gait cycle: dorsi-plantar flexion range (0-100%)

Internal moments were accordingly selected:




Maximal dorsi- and plantarflexion moments (0-100%)
Maximal knee flexion moment in stance (25-60%)
Maximal hip abduction moment in early stance (0-32%)

Finally, power generation parameters were chosen to reflect the concentric muscle actions:183



Maximal ankle power generation (0-100%)
Maximal ankle to hip power generation ratio (0-100%)

Furthermore, because walking speed might affect gait parameters184,185 both walking and nondimensional speed were evaluated to rule out potential speed differences between the groups.
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3.5.1.1 Gait Deviation Index
The GDI and the GDI-Kinetic were used in Studies I and II to quantify the overall global gait
pattern. GDI comprises kinematic gait curves from the pelvis and hip in all three planes, the
knee and ankle in the sagittal plane, and the foot progression in the transversal plane (Figure
10).133 The kinetic equivalent, GDI-Kinetic, consists of kinetic gait curves including internal
moments from the hip, knee, and ankle in the sagittal and frontal plane and the total joint power
from the hip, knee, and ankle (Figure 10).186 Both indices are designed to quantify how far the
nine kinematic/kinetic gait curves are from a representative control sample in order to provide
an overall score for each leg. In this thesis, the 28 TD children from Studies I and II were used
to embody the GDI/GDI-Kinetic reference norms (Figures 10). GDI/GDI-Kinetic scores of 100
or more represent a gait without pathology, and every ten-point reduction equals one standard
deviation (SD) from the typical gait, indicating gait pathology.133,186 Several clinical studies of
both healthy children and in individuals with gait pathology, including children with IC,
support the validity of the GDI.100,119,126,187 However, studies using the GDI-Kinetic are still
rare.119
3.5.2 Passive range of motion
Passive range of motion of the foot, knee, and hip were obtained from the physical examination
at the Motion Laboratory in Studies I and II.
3.5.3 Clubfoot Assessment Protocol
For Study II the Motion quality (MQ) domains from the CAP were used to evaluate gross motor
skills. The CAP is an assessment instrument developed for use in a clinical setting to
standardise the follow-up procedure in children with clubfoot.182 The instrument consists of 19
items divided into five domains: Passive mobility (seven items), Muscle function (two items),
Morphology (four items), and MQ I (four items) and MQ II (two items). For Study II only the
MQ domains were used wherein the assessor rates the quality of running, walking, toe and heel
walking, and one-leg stand and hop. An ordinal scale is used from 0 (cannot) to 4 (within
normal) with standardised pre-defined criteria for every level. As an example, the item one-leg
stand is rated as very deviant if “the child needs help to find the balance position; no alignment
of upper body; needs to work a lot with arms and legs to keep standing on one leg”.188 The
child is assessed in the frontal plane, and each leg is rated separately. The CAP has been found
to be a valid instrument to use in daily clinical practice in children with clubfoot, with good
reliability and responsiveness in methodological studies of the instrument.182,189
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Figure 10. Gait kinematics of the pelvis, hip, knee, and ankle included in the GDI and gait kinetics of the hip, knee, and ankle included in
the GDI-Kinetic. Every blue line represents one gait cycle of one leg from the typically developing children that embodied the reference norm
values of the GDI and GDI-Kinetic.

3.5.4 Dimeglio classification scale
In Studies I and II, the initial severity of the clubfoot was obtained from the medical records.
In all cases except for one child with missing data, the Dimeglio classification scale had been
used to quantify clubfoot severity prior to treatment. In accordance with the instrument, the
clubfoot was scored on a four-point scale concerning mobility of the following four parameters:
equinus in the sagittal plane, varus in the frontal plane, derotation of the calcaneo-forefoot, and
adductus of the forefoot relative to the hindfoot in the horizontal plane.48 Additional points
might be given for medial or posterior crease, cavus, and poor muscle condition. Consequently,
the clubfoot can be classified as mild, moderate, severe, or very severe with higher scores
indicating a more severe deformity.48 The instrument has been found to be reliable, easy to
apply,190-192 and valid to be use for the follow-up of clubfoot.193 Thus, the Dimeglio
classification scale is recommended to be used before any treatment in clubfoot,83,87 and is
widely used both in clinic practise and in research.192-194
3.5.5 Patient-reported outcome measures
3.5.5.1 Sociodemographic questionnaire
The parents answered a checklist with information regarding several sociodemographic
parameters such as age, sex, siblings, special teaching/pedagogical support, school grade,
cohabiting parents, residential area, and leisure/sports activities of the children. Moreover,
parents answered an open question if the child had any disorders or disabilities. Finally, the
parents were asked about their educational level, profession, birth country, and relationship to
the child. In addition, parents to children with IC were inquired about number of affected feet.
3.5.5.2 Five to Fifteen questionnaire
The FTF Nordic questionnaire for evaluation of development and behaviour in children and
adolescents was used to explore NDD. The instrument has been developed to be used in
children aged 5 to 15 years in both clinical settings and in research to screen for developmental
and behavioural difficulties such as NDD.161,195,196 The parent-based questionnaire comprises
181 items within eight domains (motor skills, executive functions, perception, memory,
language, learning, social skills, and emotional/behavioural problems) and 20 subdomains.161
The items are scored in three levels; ‘does not apply’ (0), ‘applies sometimes or to some extent’
(1), or ‘definitely applies’ (2). No single value can be obtained from the whole FTF, however
mean item scores can be calculated for each domain and subdomain.161 Moreover, domain
scores can be used to obtain a profile of strength and difficulties across the eight domains.196
To identify children at risk, a cut-off level of scores above the 90th percentile in any domain is
considered an indication of concern for developmental disorders.195 Studies of psychometric
properties of the instrument have demonstrated good reliability and reproducibility.161,197
Clinical and population-based studies have supported the validity of the
instrument.161,164,195,196,198-201
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3.5.5.3 Roye’s Disease-specific instrument
Roye’s Disease-specific instrument (DSI) was used as a measure of clubfoot treatment
outcome, as perceived by the caregivers. The parent-reporting instrument was designed to
measure treatment outcome regarding satisfaction and function.68 Ten items, also including
appearance, pain, and physical limitations, are rated on a four-point ordinal scale. Each item
can be presented individually, and an overall score can be calculated ranging from 0 (low) to
100 (high satisfaction/function).68,202 Previous reports on the instrument have shown high
internal consistency and sensitivity to change.202 Moreover, Roye’s DSI has been found to
correlate with objective treatment outcome measures such as passive range of motion of the
foot.68 The instrument has been found to be useful in the follow-up of patients with clubfoot
and has been used in several clinical studies.2,85,98,101,114,116
3.5.5.4 EQ-5D-Youth
To measure HRQoL, the generic EQ-5D-Y (youth) questionnaire was used. The EQ-5D-Y was
developed in 2009 from the EQ-5D designed for adults by the EuroQol Group.203-207 In the
child-friendly version, children aged eight or older self-report their HRQoL regarding the five
dimensions of ‘mobility (walking about)’, ‘looking after myself’, ‘doing usual activities’,
‘having pain or discomfort’, and ‘feeling worried, sad or unhappy’ without the need of a
proxy.204 The dimensions are scored on a three-point scale of severity as no problems (1), some
problems (2), or a lot of problems (3).204 From the answers, a five-digit EQ-5D-Y health profile
can be derived. As an example, the profile 11111 would represent full health with no problems,
whereas 11123 would represent some problems in the dimension ‘having pain or discomfort’
and a lot of problems in ‘feeling worried, sad or unhappy’. In addition, the child is asked to rate
their current overall health status on a Visual Analogue Scale (VAS) ranging from 0 (worst) to
100 (best).204 The EQ-5D-Y has demonstrated sufficient feasibility, reliability, and validity in
studies of the instrument’s psychometric properties.204,205,207 Several clinical studies have
supported the EQ-5D-Y’s validity, and population-based studies have used the instrument to
screen for population health.208-213 In Sweden, the instrument has been validated in children
and adolescents with motor, orthopaedic (including clubfoot), and medical disabilities in
comparison with children from the general population.214 Moreover, the feasibility and validity
of using the EQ-5D-Y as a web-based questionnaire have been confirmed.215
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3.6

STATISTICAL METHODS

An overview of statistical methods used in the thesis is provided in Table 3, and detailed
information can be found in the individual papers. All statistical analyses were performed in
IBM SPSS software (IBM Corporation, Armonk, NY, USA). An alpha level of <0.05 was
applied for all analyses.

Table 3. Overview of statistical methods used in Studies I-IV.
Study I Study II
x
x
x
x
x

Study III
x
x

ANOVA
Chi-square test
Confidence interval (95%)
Descriptive statistics
x
Eta-squared
x
Fisher’s exact test
Independent t-test
x
2,1
Intraclass Correlation Coefficient
x
Kruskal–Wallis test
x
x
Linear mixed-model
x
Mann–Whitney U-test
x
x
x
MANOVA
x
Sign test
x
Spearman’s rho
x
ANOVA analysis of variance; MANOVA multivariate analysis of variance

Study IV
x
x
x

x

3.6.1 Ensuring statistical independency between the legs
In Studies I and II, an effort was made to ensure the statistical accuracy of the legs because the
right and left leg are dependent on each other. Moreover, because one of the research aims was
to consider foot involvement, both studies were designed to include both feet/legs. To be able
to do so, the children were divided into groups (Bilateral IC, Unilateral IC, and Control) and
legs into side/units (right/left, superior/inferior, or unilateral IC/contralateral). Figure 6 shows
a schematic overview of the divisions.
In Study I, a linear mixed-model was used. In the model, the within-subject factor was side
with covariance structure (compound symmetry), and the between-subject factor represented
group. The Kruskal–Wallis test was used for a few parameters not displaying normal
distribution. In these analyses, the means for the left and right legs were calculated in the
Bilateral and the Control groups. In Study II, consisting of ordinal data, superior and inferior
legs were defined depending on the total MQ-CAP scores. The Sign test was used to compare
the units (superior vs. inferior) within each group of children. Thereafter, the units were
compared between the groups using the Mann–Whitney U-test.
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3.6.2 Analysis of survey data
In Study III, a parametric statistical approach was adapted because mean item scores were
calculated for the FTF domains and subdomains in accordance with the FTF manual. By doing
this, group differences on the FTF, including mean domain and subdomain scores, could be
compared using simultaneous multivariate and univariate analysis of variance ((M)ANOVA).
Sample membership (IC vs. general population) was set as the factor and the FTF
domains/subdomains as the dependent variables. Effect sizes were calculated using eta-squared
and interpreted as small = 0.01–0.05, medium = 0.06–0.013, and large > 0.014.216 However,
for single FTF items the non-parametric Mann–Whitney U-test was used to compare the results
between the samples. Finally, cases of possible clinical relevance were defined as having scores
above the 90th percentile in at least two domains as an alternative of only one domain as
proposed by the developer of FTF.195 This decision was based on the impression that the
domain of motor skills might be affected by the clubfoot. The cut-off level of the 90th percentile
was defined using the general population sample from Studies III and IV (Table 4).

Table 4. Percentile cut-off levels used when defining clinically relevant cases
from the Five to Fifteen (FTF) questionnaire calculated from the general
population sample. The cut-off levels from the FTF manual are provided as
comparison.
FTF domains
Motor skills
Executive functions
Perception
Memory
Language
Learning
Social skills
Emotional/behavioural problems

General population sample
Age 8.4–10.5 years
0.35
0.88
0.33
0.46
0.24
0.66
0.26
0.33

FTF manual
Age 9–12 years
0.41
0.92
0.33
0.54
0.33
0.81
0.35
0.30

For the EQ-5D-Y in Study IV, a binary outcome was generated by combining the severity
levels of ‘some’ and ‘a lot’ of problems into one outcome called ‘any problems’. The Chisquare test was used to compare group differences. However, in cases of less than five cell
counts, the Fisher’s exact test was used instead. Finally, the Mann–Whitney U-test was used to
compare outcomes between the samples on the EQ VAS.
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3.7

ETHICAL CONSIDERATIONS

Ethical approval for the included studies was obtained from the Regional Ethical Review Board
in Stockholm (no 2012/659-31/3), and the studies were conducted in accordance with the
Declaration of Helsinki. The families were given written (as well as verbal in Studies I and II)
information, including information about the aim of the studies, data handling, and privacy
disclaimer. Moreover, the participants were informed that their decision to participate would
not affect further contact or treatment at the hospital and that they could withdraw their decision
to participate at any time. Informed consent for the children to participate and for their data to
be used for research purposes was obtained from the parents.
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4 RESULTS AND DISCUSSION
In this section, the main findings of the four studies are summarised and discussed. With the
intention to combine and to provide a coherent result in a wider perspective, the findings are
presented in two parts. Part one comprises gait and gross motor skills (Studies I and II), and
part two comprises NDD and HRQoL (Studies III and IV). Moreover, some additional findings
not included in the papers will be presented as well as some finalising comments. Detailed
outcomes from each study are provided in the individual papers.
4.1

GAIT AND GROSS MOTOR SKILLS

4.1.1 Gait pattern in affected legs with idiopathic clubfoot
The main findings from Study I revealed that children with IC exhibited gait deviations both
in discrete gait parameters and in the global gait indices GDI and GDI-Kinetic on a group level.
Moreover, no significant differences were detected between bi- and unilaterally affected legs.
For that reason, gait findings are summarised as one uniform group regarding legs with IC in
this section, whereas detailed information can be found in the paper. The impact of foot
involvement and the contralateral leg on gait when considering the whole child will be further
discussed in the coming sections.
In the legs with IC, GDI and GDI-Kinetic were found to be 90.5 (SD 9.0) and 91.2 (SD 9.2),
respectively, i.e. approximately 0.9–1 SD below the global gait pattern of the TD children and
thus indicating global gait deviations/pathology (p < 0.05). The finding of the GDI was
consistent with the foregoing publication of Duffy et al. of children age five to eight years
treated with the Ponseti method.126 Similar GDI scores were also found by Manousaki et al. in
children with IC age seven100 and Litrenta et al. in children with clubfoot age ten years187
(Figure 11). Thus, there seem to be a consistency of global gait deviations with GDI scores
nearby 90 in children with IC that have been treated conservatively. However, it has been
proposed that GDI scores over 80 should be considered as mild gait impairment in paediatric
populations.187 Besides, in comparison with other publications also using the GDI in children
with various disorders, children with IC were found to have generally superior GDI scores
(Figure 11). Thus, the GDI score of 90.5 might still be considered a reasonable acceptable
global gait outcome on a group level. Unfortunately, GDI-Kinetic is still not commonly used,
and no other publications regarding IC and GDI-Kinetic have been found.
In discrete gait parameters, central findings in IC were decreased dorsi-plantar flexion range,
foot moments and ankle power generation compared with TD children. Correspondingly,
decreased passive range of motion was evident in IC compared with TD feet (Table 5). This is
consistent with several other studies of gait in individuals with IC.124-126,128,132 Problems
concerning equinus and decreased dorsiflexion are in line with the pathology of the deformity
and have been one of the main outcome variables in IC in general and in gait studies of IC in
particular.114,128,217 However, decreased plantarflexion seems to be less commonly reported as
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a main outcome variable in IC. Still, this was one of the main findings in Study I, with decreased
plantarflexion confirmed in both passive range of motion and gait in the affected legs with IC
compared with the TD children.

Figure 11. Gait Deviation Index (GDI) scores in children with idiopathic clubfoot
and the typically developing children in Study I, and in comparison with other studies
of children using the GDI.
*Modified Ponseti treatment method with the use of custom-made dynamic orthoses
in the maintenance phase. ¤Arthrogryposis Multiplex Congenita (walking with
shoes). ns not specified; GMFCS Gross Motor Function Classification System.
References in the figure: Duffy et al.,126 Litrenta et al.,187 Manousaki et al.,100
idiopathic toe walking,134 juvenile idiopathic arthritis,218 Arthrogryposis Multiplex
Congenita,219 Cerebral Palsy.220

The decreased dorsi-plantar flexion range is probably one substantial reason for the reduced
ankle power generation found in the IC group of 2.8 W/kg in comparison with 3.6 W/kg in the
TD group (p <0.001). A finding that was confirmed in a recently published meta-analysis of
gait kinetics in children with clubfoot (Figure 12).117 In addition, a power shift was noted in the
ankle/hip ratio in IC, indicating weak ankle plantar flexor muscles and compensatory hip
extensor muscles. This is a compensatory mechanism previously observed in children with
affected feet due to juvenile idiopathic arthritis.218 Weakness of the ankle plantar flexor muscles
has previous been described to affect gait initiation in children with IC in a study of Wicart et
al.135 In their study, the authors furthermore concluded that disturbance of sensory information
due to IC might contribute to the impaired propulsion.135 Somewhat similar, Jeans et al.
suggested an inherent ankle weakness because both children treated with the Ponseti and the
French physiotherapy method were found with diminished ankle power in gait and isokinetic
ankle strength.131
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Table 5. Passive range of motion and gait parameters in affected legs of children with idiopathic clubfoot and legs of the typically developing (TD)
children from Study I. Note that IC are presented as one group, data divided into bi- and unilateral IC and the contralateral leg can be found in the paper.
Idiopathic clubfoot
TD
Mean (SD)
n
Mean (SD)
n
FOOT, degrees
Dorsiflexion, knee extended*
9 (7)
87
20 (4)
56
Dorsiflexion, knee flexed*
13 (8)
89
29 (4)
56
Plantarflexion*
44 (12)
78
59 (7)
56
PASSIVE RANGE OF
MOTION
KNEE, degrees
Extension*
11 (6)
87
7 (2)
56
HIP, degrees
Internal rotation*
52 (11)
56
58 (9)
56
External rotation
42 (9)
56
46 (5)
56
FOOT, degrees
Max dorsiflexion
11.6 (4.6)
89
11.6 (3.1)
56
Max plantarflexion*
12.2 (7.2)
89
17.7 (4.8)
56
Dorsi-plantar flexion range*
23.8 (4.9)
89
29.4 (4.8)
56
Plantarflexion at initial contact
0.6 (5.1)
89
0.6 (3.6)
56
KINEMATICS
Mean dorsiflexion in terminal swing
3.2 (5.3)
89
3.8 (3.1)
56
Mean foot progression in stance*
0.3 (7.6) int
89
4.6 (5.7) ext
56
KNEE, degrees
Max extension in stance
1.4 (6.8)
89
1.7 (4.7)
56
HIP, degrees
External rotation at initial contact
9.3 (7.8)
89
11.2 (5.8)
56
Mean external rotation in stance
1.7 (5.8)
89
1.0 (4.9)
56
MOMENTS, Nm/kg Foot max dorsal moment*
0.12 (0.1)
76
0.17 (0.06)
46
Foot max plantar moment*
0.88 (0.17)
76
1.10 (0.13)
46
Knee max flexion in stance
0.20 (0.13)
76
0.25 (0.10)
46
KINETICS
Hip max abduction in early stance*
0.55 (0.13)
76
0.63 (0.14)
46
POWER, W/kg
Ankle max generation*
2.75 (0.76)
76
3.61 (0.75)
46
Ratio ankle/hip generation*
1.88 (0.64)
76
2.76 (0.98)
46
SPEED, m/s
Walking Speed
1.12 (0.16)
89
1.19 (0.17)
46
Non-dimensional speed
0.47 (0.07)
89
0.51 (0.07)
46
* Indicates significant differences (p < 0.05), further statistical details can be found in the paper. Moments refer to internal moments. Nm/kg Newton-meter per kilogram;
W/kg Watts per kilogram; m/s meter per second; int internal; ext external.

Figure 12. Meta-analyses by Tuinsma et al. comparing children that have been
conservatively treated for IC with healthy controls (reprinted with permission).117
References in the figure refer to 100,124,126,132 in this thesis.

Thus, IC might be predisposed for ankle plantar flexor weakness and reduced ankle power
generation. However, if this can be counteracted for with further attention on not only
dorsiflexion but also plantarflexion motion and interventions to strengthen the calf muscles
need to be studied. Nevertheless, the finding of 24% less ankle power generation might explain
the 21% lower walking capacity151 and fewer total daily steps131 found in children with clubfoot
compared to norm materials.
Not included in the paper but an interesting finding from Study I was that initial severity of the
clubfoot did not relate to the gait deviations using the Dimeglio classification scale and GDI
(rs = 0.104) (Figure 13). This is consistent with Gottschalk et al.’s findings of no correlations
between initial Dimeglio score and ankle motion during gait.58 Consequently, even children
born with mild IC might exhibit later significant gait deviations.

1 SD
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Figure 13. Initial clubfoot severity
before treatment measured with the
Dimeglio classification scale (higher
number indicating a more severe
deformity) and gait deviations measured
with the Gait Deviation Index with
scores below 100 indicating gait
deviations.

4.1.2 Gross motor skills in children with idiopathic clubfoot
In Study II, children with IC at age five were found with gross motor deficits and asymmetries,
regardless of foot involvement, in comparison with TD children. Moreover, gross motor skills
correlated poorly to moderately with initial severity of the clubfoot, passive range of motion of
the foot, and global gait measures, indicating a different outcome entity.
To give an overview of the gross motor findings, the sum of the inferior performing leg for
each child can be used as an overall comparison, presenting a total score of 13 and 14
(depending on foot involvement) in children with IC out of the maximal score of 24. This was
significantly worse than the total score of 22 in the TD children (p < 0.05).
In the single tasks, an MQ-CAP score of ≤2 was defined as deviant. Accordingly, more than
half of the children with IC had deviations in toe and heel walking compared with almost none
of the TD children. Even worse, a majority of the children with IC showed deviations in the
tasks one-leg stand and hop compared with 32 and 43% of the TD children, respectively (Table
6). Furthermore, seven children (15%) with IC were unable to perform the one-leg hop at all
on the inferior performing leg, in comparison with two (7%) in the group of TD children.
Finally, one child with unilateral IC was unable to stand only on the affected leg at all in the
task one-leg stand.
Table 6. Legs with gross motor deviations according to the MQ-CAP
on the inferior performing leg in children from the idiopathic clubfoot
(IC) and typically developing (TD) groups.

Running
Walking
Toe walking
Heel walking
One-leg stand
One-leg hop

Idiopathic clubfoot
Bilateral IC
Unilateral IC
n = 22
n = 25
% (n)
% (n)
23 (5)
28 (7)
18 (4)
36 (8)
64 (14)
52 (13)
64 (14)
64 (16)
91 (20)
84 (21)
86 (19)
84 (21)

TD
n=28
% (n)
0 (0)
0 (0)
0 (0)
4 (1)
32 (9)
43 (12)

4.1.3 The contralateral leg
In the contralateral legs, no deviations were established in the discrete gait parameters or gross
motor skills compared with the TD children. Nonetheless, global gait modifications were
shown in GDI and GDI-Kinetic. This could be perceived as being contradictory; however,
because GDI and GDI-Kinetic provide global measures of gait pathology having one leg
experiencing gait deviations, and the other not, in the same child would be almost impossible.
Nonetheless, GDI/GDI-Kinetic are designed to measure the legs independently with the ability
to quantify differences and asymmetries.133,186 Thus, GDI-Kinetic of the contralateral leg was
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found to have a lower mean score (93) than the unilateral clubfoot side (94) in Study I. Similar
findings of lower GDI-Kinetic scores on the unaffected side have been shown in children with
unilateral cerebral palsy.186 Somewhat comparable are the findings of alterations of the
contralateral side in children with IC to preserve global symmetry and equilibrium of the body
in tiptoe raising and steps.138,221
Nonetheless, previous findings of abnormality of the contralateral foot in discrete
parameters135-137 were not replicated in our studies. Nor did it seem that the global gait
modifications of the contralateral leg transmitted to gross motor skills. On the contrary, our
findings suggest that the contralateral leg developed gross motor skills similar to TD legs. At
the same time, because of possible gait modifications on the contralateral side, the leg should
not be used as the reference in gait measurements.
4.1.4 The impact of foot involvement on gait and gross motor skills
Studies I and II both evaluated bi- and unilateral clubfoot independently of each other as well
as the contralateral leg in children with unilateral clubfoot. To our knowledge, this has never
been done before to this extent, thus the studies present novel findings of the impact of foot
involvement on gait and gross motor skills.
In gait, mean differences of the gait parameters deviating from the group of TD children were
surprisingly similar in the bi- and unilateral clubfoot groups (details in the paper). Furthermore,
no differences were detected between the left and right leg in bilateral cases. Figure 14
demonstrate these findings in the parameter maximal ankle power generation in gait.

Figure 14. The 95% confidence intervals (CI) of the maximal ankle power
generation (w/kg) with subdivision of the legs in children with bilateral idiopathic
clubfoot (IC), unilateral IC and the typically developing (TD) children.
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In Study II, also gross motor skills were found similar between bi- and unilateral IC, deviating
almost equally from the results from TD children (Figure 15). These gross motor similarities
are in line with research both in toddlers147,148 and in children five years and older.150-152,222,223
However, gross motor asymmetries could be detected between the inferior and superior
performing legs within all groups. Not surprisingly, this was most apparent in the group of
unilaterally affected children who performed significantly poorer on the clubfoot side in all
items compared to the contralateral side. Somewhat more notable was that children with
bilateral clubfoot also showed significant side differences in the items toe and heel walking as
well as one-leg stand and hop on a group level (details in the paper). This is consistent with our
clinical impression that not only children with unilateral IC, but also children with bilateral IC
favour one side when performing difficult gross motor tasks. In TD children, the only
asymmetry found was in the item one-leg hop (Figure 15).

Figure 15. Median scores of the gross motor tasks divided into inferior and superior
legs within the different idiopathic clubfoot (IC) and typically developing (TD)
groups using the Clubfoot Assessment Protocol (CAP). In children with unilateral IC
the inferior leg was always the leg with IC and the superior leg the contralateral leg.

The findings from Studies I and II dispute the theory of differences in severity between bi- and
unilateral IC in relation to gait and gross motor skills. Contrary, our findings were remarkably
similar between the two groups indicating both similar severities and development. For this
reason, legs with bi- and unilateral IC might be combined into one uniform group in future
studies of gait and gross motor skills if only the clubfoot side is assessed. If only one leg is to
be selected from bilateral cases to be clustered with unilateral IC, the inferior performing leg
should be the general preference. At the same time, awareness of foot involvement is important
when assessing gait and gross motor skills in a clinical setting or when the whole child is
considered due to the pronounced asymmetries between the legs found especially in children
with unilateral IC.
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4.1.5 Motor skills and development
Gross motor skills correlated poorly to global gait measures, passive range of motion in the
foot, and initial severity of the clubfoot in children with IC, even if some moderate correlations
were found with passive dorsiflexion and the initial severity in some MQ-CAP items (Table
7).
Table 7. Correlations between the gross motor tasks and the
Gait Deviation Index, passive range of motion of the foot, and
initial clubfoot severity using the Dimeglio classification scale.
Dorsi- Plantar- Initial
flexion flexion severity
MQ-CAP
n=69
n=69
n=64
n=68
Running
0.28
0.40
0.16
-0.22
Walking
0.31
0.43
0.22
-0.32
Toe walking
0.11
0.06
0.28
-0.31
Heel walking
-0.02
0.49
-0.05
-0.45
One leg stand
0.13
0.13
0.12
-0.24
One leg hop
0.06
0.13
0.13
-0.11
Total MQ-CAP
0.21
0.41
0.20
-0.39
GDI Gait Deviation Index; MQ-CAP Motion quality
domains from the Clubfoot Assessment Protocol
GDI

Similar results have previously been presented in attaining early gross motor skills and in
fundamental motor skills with no or weak relations to initial clubfoot severity, clinical foot
status, or gait variables.147,149,150 In the same manner, a sub analysis from Study II (unpublished
data) revealed only a poor correlation (rs = 0.156) between gross motor skills and the
satisfaction rate of the clubfoot treatment outcome as perceived by the parents. Indeed, it seems
that gross motor skills might represent a different outcome entity that is separate from, or with
a low interrelationship to, traditional outcome parameters in IC.
Since the publication of Study II, motor skills and development appear to have had an increased
interest as an outcome variable in the treatment of IC with three papers published in the last
year. Zapata et al. found that gross motor development in five-year-olds with IC using the
PDMS 2nd edition did not differ from the norm material.222 Still, 19% of the children with IC
were found with below average or poor scores. In addition, initial clubfoot severity, foot
involvement, and treatment method did not affect the gross motor development significantly.
The same authors followed up their results with a study of ten-year-old children with IC, this
time using the Bruininks-Oseretsky Test of Motor Proficiency (BOT) 2nd edition.217 Again, the
children with IC were found to have average scores on a group level that did not differ from
the norm material. However, this time 31% of the children had scores below or well-below
average for the domain Body Coordination. Once more, initial clubfoot severity did not affect
the result, but surgical treatment was found to impair balance. Finally, Aulie et al. used the
MABC 2nd edition to assess seven to ten-year-old children who had been treated with either
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surgery or the Ponseti treatment methods.223 Even though no differences were detected between
the treatment methods, or between bi- and unilateral clubfoot, 24% of the children were found
not to have motor abilities within the defined normal range. The authors stated that they were
somewhat surprised because they had suspected superior results in the Ponseti group with fewer
children requiring major surgery. Consequently, they discussed how other factors might play a
role, and they provided the example of how the one-leg stand requires a combination of motor
control, sensory, and cognitive processes. Thus, Aulie et al. conclude that children with
clubfoot should have more thorough and early neuromotor assessments.223
All three above-mentioned studies used instruments that assess fundamental motor skills,140
contrary to our study assessing gross motor skills, and this makes it hard to make comparisons
with Study II. For example, most children in our sample managed to stand on one foot/leg to
some extent but had deviations in the performance of the task (e.g. with great body sway and
compensating arm movements). In the PDMS, BOT, and MABC instruments, it is not the
quality of the skills that is primarily rated, i.e. it does not matter if the child performs the task
with a great body sway. Moreover, object-manipulation skills (e.g. throwing a ball) and tasks
not including the feet (e.g. doing sit-ups) are included. Nonetheless, several similarities can be
noted. First, motor skills seem to be affected in a greater proportion of children with IC
compared with children without the deformity. Second, initial clubfoot severity seems not to
affect motor skills significantly. Third, bi- and unilateral clubfoot appear to develop noticeably
similarly. Finally, and maybe most outstanding, are the findings that treatment method or other
outcome variables such as passive range of motion of the foot do not seem to affect motor skills
substantially.
It has been theorised that motor development is dependent on genetic and environmental
factors.224,225 Consequently, delays in attaining motor milestones and motor deficits might
originate from genetic abnormalities as well as pre- and postnatal factors.224,226 For example,
maternal fever and smoking during pregnancy has been associated with DCD227 and
developmental (including motor) delay,228 respectively. Furthermore, in the model of body
movement the motor/action system (including the biomechanical system) is just one factor
within the individual.141 Thus other aspects, beyond the structural deformity of IC, such as
genetics, prenatal, cognitive, and sensory/perceptual factors might be considered in relation to
the motor deficits found in children with IC. Moreover, it is yet to be explored if additional
treatment such as physiotherapy (e.g. muscle strengthening and motor training) might be
beneficial in the development of gait and gross motor skills in children with IC.
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4.2

NEURODEVELOPMENTAL DIFFICULTIES AND HEALTH-RELATED
QUALITY OF LIFE

4.2.1 Neurodevelopmental difficulties in children with idiopathic clubfoot
To the best of our knowledge, Study III is the first study to explore NDD in individuals with
IC. The major finding in this study was that children with IC, at the age of nine years,
experienced more NDD compared to an age, sex, and residential area parallelised sample from
the general population. This result supports our hypothesis about other difficulties in children
with IC beyond the musculoskeletal deformity itself. Findings from the study have been
proposed to be a novel and possibly valuable contribution to the long-term success of IC
treatment.111
By using the FTF questionnaire, significantly more difficulties were found in the domains of
motor skills, perception, and language and the subdomains of gross and fine motor skills,
relation in space, comprehensive, and expressive language skills (Table 8). Moreover, 26 items
within all domains in the FTF except the emotional/behavioural problems domain were found
with significantly more difficulties in the IC sample. For example, the items Often has difficulty
sustaining attention in tasks or play activities and Difficulty remembering long or multiple-step
instructions were reported to a significantly greater extent by parents to children with IC with
respect to the general population sample. A full list of the 26 items is presented in the paper.
These findings support not only our hypothesis and previous indications found in the literature
about IC and NDD, but also other musculoskeletal deficiencies such as idiopathic toe walking
(ITW). Engström et al. surveyed 51 children with ITW with a mean age of nine years also using
the FTF.164 In comparison with the FTF norm material, the authors showed an increased
prevalence of NDD among all domains in children with ITW with almost 25% of the children
experiencing difficulties throughout the FTF. Because toe walking also has a known connection
to ASD and language disorders, the authors speculate that their findings can be taken as an
indicator of a common pathology.164,165 In comparison with the findings of Engström et al.,164
the mean domain scores were found to be lower in children with IC (Figure 16). However,
because the children with ITW included in the study were seeking medical advice and were
referred to the orthopaedic clinic, a selection bias can be considered.164,229 Moreover, different
methodological approaches were used in the analysis of FTF, and thus comparisons between
children with IC and ITW can only be speculative. Nonetheless, looking at similarities, both
studies indicate some kind of connection between distal musculoskeletal deficits and NDD in
children.
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Figure 16. Mean profiles on the Five to Fifteen (FTF) questionnaire for children
with idiopathic clubfoot (IC), the general population sample, the norm material from
the developer of FTF age 9 to 12 years,161 and the result of Engström et al. study of
children with idiopathic toe walking.164

Because our study is the first of its kind, non-significant results might also be of interest in the
generation of new knowledge and hypotheses. By exploring subdomains from the nonsignificant domains and raising the alpha level to <0.1, this could give us an indication of other
potential areas of interest. By doing this (unpublished data), indications of possible areas of
interest were shown in the domain of memory (p = 0.063) and the subdomains of attention (p
= 0.074) and hypoactivity (p = 0.008) from the executive functions domain, body (p = 0.084)
and visual (p = 0.054) perception from the perception domain, and reading/writing (p = 0.070)
from the learning domain (Table 8).
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Table 8. Domains and subdomains from the Five to Fifteen questionnaire in children with idiopathic clubfoot (IC) and the general population sample.

Motor skills
Gross motor skills
Fine motor skills
Executive functions
Attention
Hyperactive/impulsive
Hypoactive
Planning and organising
Perception
Relation in space
Time concepts
Body perception
Visual perception
Memory
Language
Comprehension
Expressive language skills
Communication
Learning
Reading/writing
Math
General learning
Coping in learning
Social skills
Emotional/behavioural problems
Internalising
Externalising
Obsessive-compulsive
Complete Five to Fifteen questionnaire

Idiopathic clubfoot n = 106
Mean
SD
Median
0.18
0.28
0.37
0.38
0.48
0.21
0.35
0.24
0.40
0.44
0.48
0.54
0.33
0.43
0.36
0.50
0.43
0.56
0.06
0.18
0.30
0.17
0.35
0.31
0.48
0.17
0.32
0.08
0.26
0.09
0.23
0.34
0.05
0.16
0.29
0.24
0.43
0.12
0.26
0.21
0.43
0.17
0.34
0.39
0.35
0.51
0.25
0.47
0.16
0.36
0.36
0.46
0.00
0.15
0.31
0.05
0.12
0.19
0.12
0.22
0.15
0.25
0.08
0.19

* Indicates significant differences p < 0.05, and bold numbers indicate p < 0.1

General population n = 109
Mean
SD
Median
0.06
0.12
0.16
0.12
0.21
0.13
0.18
0.20
0.31
0.35
0.36
0.43
0.31
0.38
0.20
0.32
0.33
0.48
0.06
0.11
0.19
0.08
0.21
0.25
0.39
0.10
0.22
0.03
0.11
0.09
0.16
0.22
0.00
0.09
0.16
0.12
0.27
0.06
0.13
0.14
0.32
0.17
0.27
0.30
0.24
0.36
0.20
0.39
0.12
0.29
0.28
0.38
0.00
0.10
0.22
0.03
0.12
0.21
0.11
0.23
0.13
0.28
0.10
0.21

Mean difference
0.16
0.27
0.08
0.09
0.12
0.02
0.15
0.10
0.07
0.09
0.06
0.07
0.05
0.07
0.07
0.12
0.06
0.07
0.07
0.11
0.05
0.05
0.08
0.05
0.00
0.00
0.02
−0.02

p
0.000*
0.000*
0.038*
0.115
0.074
0.767
0.008*
0.186
0.043*
0.019*
0.296
0.084
0.054
0.063
0.021*
0.014*
0.041*
0.177
0.138
0.072
0.410
0.284
0.198
0.193
0.891
0.958
0.588
0.482
0.004*

Eta-squared
0.07
0.12
0.02
0.01
0.01
0.00
0.03
0.01
0.02
0.03
0.01
0.01
0.02
0.02
0.03
0.03
0.02
0.01
0.01
0.02
0.00
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.10

4.2.1.1 Neurodevelopmental disorders in children with idiopathic clubfoot
Findings from Study III yield concerns of reported neurodevelopmental difficulties, however
also a notion of increased neurodevelopmental disorders could be observed within the IC
sample.
When analysing the FTF data, frequencies of the more severe difficulties reported by parents
are also of interest, i.e. parents reporting ‘definitely applies’. For example, reporting ‘definitely
applies’ in six out of the nine items in the attention and/or hyperactivity/impulsivity
subdomains has been suggested to fulfil the DSM-IV criteria of ADHD.201 In our sample of
children with IC, 7.9% of the children (n = 8) fulfilled that criterion (unpublished data). This
could be compared with the findings of Airaksinen et al. with 2.3% of six to eight-year-old
community children fulfilling the criterion using the same method.201 Even though this
comparison is broad and without statistical power, it indicates a possibly increased occurrence
of ADHD in children with IC. Moreover, these observations are in line with the increased
ADHD/ADHD traits found by chance in patients with clubfoot by Max et al.163 Lastly, the
findings that 6% of the children in the IC sample were reported of the parents with, or
suspected, ADHD on the sociodemographic questionnaire compared with 2% in the general
population sample and 3.3% in children seven to twelve years from Stockholm County230
further support our hypothesis.
Another neurodevelopmental disorder, ASD, was found to be notably increased in our sample
of children with IC, with 4% of the children reported to have the disorder by their parents. This
can be compared with 1% in the general population sample and 1.7% found in children age six
to twelve years in a population-based study from Stockholm County.158 Finally, 3% of the
children were reported to have language difficulties and 1% to have developmental delays in
the IC sample, compared with 1% of the children reported to have language difficulties in the
general population sample. The full list of disorders and disabilities reported of the parents can
be found in the appendix.
Taken together, not only did we found increased reported neurodevelopmental difficulties in
the IC sample, but also indications of an increased incidence of clinically diagnosed
neurodevelopmental disorders. However, it is important to keep in mind that the FTF is a broad
screening instrument and is not by itself a diagnostic tool. Furthermore, the study was not
designed to evaluate neurodevelopmental disorders.
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4.2.1.2 Clinically relevant cases
Our findings suggest based on the FTF questionnaire that around one third of the children with
IC could have clinically significant NDD (31% in our IC sample), with a concern of
developmental disorders. The estimated number was determined from having at least two
domains over the 90th percentile cut-off level instead of one as defined by the developer of the
FTF.161,195 Consequently, the result of one third of the children with IC having clinically
significant NDD should not be an overestimation. There were no significant differences
regarding sociodemographic parameters, foot involvement, or sex between children with IC
and NDD combined and those with solely IC.
By adjusting the mean scores to the 90th percentile so that positive numbers imply mean scores
above the 90th percentile cut-off level, developmental profiles of strength and difficulties can
be obtained.196 As seen in Figure 17, a majority of the children with IC had similar
developmental profiles below the cut-off level, while children above the cut-off had greater
variability.

Cut-off

Figure 17. Adjusted mean scores according to the 90th percentile cut-off level on
the Five to Fifteen questionnaire of each individual child in the idiopathic clubfoot
sample. Thus, positive numbers indicate concern for developmental disorders.
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4.2.1.3 Causality
Because of the cross-sectional design used in Study III, no conclusion can be drawn about the
causality between IC and NDD. In conceptual models of the interrelationship of coexisting
disorders, the disorders can be directly related (one disorder leading to another), coincidental
(appearing independently of each other), or indirectly related (having a similar cause).157,231 In
children with both IC and NDD, causality can only be speculated. Even so, the directly related
model seems highly unlikely because that would mean that IC would cause the NDD (or the
other way around). However, theories of a possible relationship between motor and language
development exist, indicating a connection between motor and language impairments.232
Theoretically, the two month’s delay of independent walking in toddlers with IC142,147,148 might
affect language development. However, the effects of attaining motor milestones, such as
independent walking, on language development become smaller over time and eventually
disappear as most children learn how to walk.233 Thus, it seems unlikely that IC by itself would
cause language deficits and NDD.
Might it be possible that IC and NDD appear by chance, independently of each other, in the
same sample of children? This possibility cannot be ruled out. However, given the method
applied, this chance is probably low. Moreover, mothers who do not respond to follow-up are
believed to exhibit factors associated with negative neurodevelopmental outcomes such as
lower socioeconomic status.234 Therefore, non-responders in the cohort of children with IC in
Study III are suspected to exhibit at least similar, or higher, levels of NDD.
Consequently, an indirect causality between IC and NDD might be a justified model with
underlying environmental and/or genetic factors. As an example, maternal smoking is one
environmental factor found to be associated with both IC and NDD.235-238 Moreover, genetic
factors seem to contribute to the development of both IC and NDD.18,154,155,236,239,240 The
increased prevalence of joint hypermobility found both in individuals with IC and those with
NDD43,44,241-243 support that that a common/indirect causality may exist. However, because the
cause of IC is unknown, more research is warranted within the field before any conclusions
can be made.
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4.2.2 Health-related quality of life in children with idiopathic clubfoot
In the final study, Study IV, HRQoL was evaluated using the EQ-5D-Y. The results showed
that 51% (n = 53) of the children with IC stated full health (EQ-5D-Y health profile 11111)
compared with 71% (n = 77) in the general population sample. The findings furthermore
suggested more problems in children with IC regarding the dimensions ‘mobility (walking
about)’ (p = 0.039), ‘doing usual activities’ (p = 0.003), and ‘having pain or discomfort’
(p ≤ 0.000, Figure 18).

Figure 18. Percentage of the children with idiopathic clubfoot (IC) and the general
population sample reporting any problems (‘some problems’ or ‘a lot of problems’)
on the EQ-5D-Y dimensions. * significant differences (p < 0.05)

Despite this, the overall health status (VAS) was similar between the samples with a median of
95 in the IC sample and 93 in the general population sample (p=0.817). Furthermore, foot
involvement and sex did not affect HRQoL significantly (p ≥ 0.122), contradicting previous
research in IC of inferior HRQoL in females,66,67 but in line with previous studies of similarities
between the sexes in paediatric populations.174,208,212,214
The findings implied that increased problems reported in the EQ-5D-Y dimensions do not
translate to lower overall health status in children with IC. Similar findings were found in
Jelsma et al.’s study of children with disabilities attending special schools in comparison with
children attending regular schools.244 In children with special needs, more problems were
reported in the dimensions ‘mobility (walking about)’ and ‘looking after myself’. However,
overall health status was similar to children in the regular schools.244 Similar patterns have been
described in children with arthrogryposis and adolescents with celiac disease in Sweden.209,213
It seems that children are aware of their limitations, but this does not seem to affect perceived
overall health status.
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Children with IC in our sample were furthermore found to exhibit an overall comparable
overall health status to other population-based samples of children and adolescents in
Sweden.207,211,214 Moreover, children with IC reported better overall health status compared
with children with asthma, ASD, intellectual disabilities, hearing disabilities, juvenile
idiopathic arthritis, arthrogryposis, and cerebral palsy also using the EQ-5D-Y.208,209,212,214 As
a final point, even though significantly more problems were found on a group level, the
majority of the children with IC did not report problems within the dimensions ‘mobility
(walking about)’ or ‘doing usual activities’. This observation was supported by the main
leisure/sport activities of the children reported by the parents (appendix). Hence, it could be
argued that HRQoL seems not to be substantially affected by the diagnosis of IC in most
children, with the exception of pain and discomfort.
4.2.2.1 Pain
In our sample, 41% of the children with IC reported problems concerning pain or discomfort
compared with 18% in the general population sample. In the parent-reported Roye’s DSI, 58%
of the parents reported that their child sometimes complained about pain in the affected foot,
60% complained when doing heavy exercise, and 26% complained when doing moderate
exercise (unpublished data). Our result can be compared with the findings of Zionts et al. using
the same instrument in parents to 101 children with IC with a mean age of seven years.2 In their
study, parents reported complaints of pain in the affected foot in 42% of the children, 48%
reported pain during heavy exercise, and 35% reported pain during moderate exercise.2 In
another study, Hayes et al. reported that 50% of ten-year-old children with overcorrected
clubfoot reported pain, while this was the case in 32% of those with corrected plantigrade
clubfoot.245
Because we lack data on the clubfoot treatment outcome and the location of the reported pain
from the children in our sample, the reason for the increased pain and discomfort can only be
speculated on. However, even though treatment outcomes, including pain, have improved after
the introduction of conservative treatment, pain still seems to be a major concern within the
diagnosis of IC.75,127,129
Chronic musculoskeletal pain can have a negative impact on physical and academic
performance, sleep, and social functioning,246,247 and physical inactivity and overweight might
also follow.248 At the same time, chronic musculoskeletal pain has high costs for the health care
system.247 Therefore, pain management such as appropriate shoes and preventive education
about training and overload risks should be included in the regular follow-up programs of
children with IC.
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4.2.2.2 The impact of neurodevelopmental difficulties on health-related quality of life in
children with idiopathic clubfoot
A central finding in Study IV was that neurodevelopmental difficulties negatively affected
HRQoL in children with IC. For example, 70% (n = 23) of the children with IC and NDD
combined reported a profile of ‘any problems’ compared to 41% of those with IC and without
NDD and to 29% in the general population sample.
Moreover, 25% of the children with both IC and NDD reported feeling worried, sad, or
unhappy compared with 10% of the children with IC and without NDD (p = 0.038). In addition,
the dimensions ‘looking after myself’ and ‘doing usual activities’ as well as overall health
status were significantly diminished in children with IC and NDD combined (p ≤ 0.032, Table
9). These findings are consistent with Jonsson et al.’s review of quality of life in children with
mental and behavioural disorders.173 In their review of 41 eligible studies, the authors
concluded that self-reported quality of life was significantly reduced in children with
neurodevelopmental disorders compared with healthy controls.173 These findings further
support the importance of awareness of NDD in children with IC.
As a final remark, the domain ‘pain and discomfort’ did not differ significantly between those
with and without NDD in the IC sample despite research suggesting that neurodevelopmental
disorders such as ASD/ADHD might be connected to chronic pain in children.249 Thus, the
increased prevalence of pain and discomfort reported in children with IC is probably more
related to the IC than to NDD.

Table 9. Percentages and numbers of reported problems on the EQ-5D-Y
dimensions and overall health status (VAS) in children with idiopathic clubfoot
with and without neurodevelopmental difficulties (NDD).
EQ-5D-Y
Mobility (walking about)
No problems
Any problems
Looking after myself
No problems
Any problems
Doing usual activities
No problems
Any problems
Having pain or discomfort
No problems
Any problems
Feeling worried, sad or unhappy*
No problems
Any problems
VAS median (range)
VAS mean (SD)
C Chi-square test, F Fisher’s Exact test,
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NDD, n = 33
% (n)

No NDD, n = 73
% (n)

81.8 (27)
18.2 (6)

91.8 (67)
8.2 (6)

0.134C

87.9 (29)
12.1 (4)

98.6 (72)
1.4 (1)

0.032F

75.8 (25)
24.2 (8)

93.2 (68)
6.8 (5)

0.011C

54.5 (18)
45.5 (15)

61.6 (45)
38.4 (28)

0.491C

p

75.0 (24)
90.4 (66)
0.038C
25.0 (8)
9.6 (7)
90 (40-100)
95 (50-100)
0.025M
83.4 (16.8)
91.5 (11.1)
M Mann-Whitney U-test, *one missing answer

4.2.3 Clubfoot treatment outcome in relation to neurodevelopmental
difficulties and health-related quality of life
Parents to children with IC and NDD combined were found to be less satisfied with the clubfoot
treatment outcome measured with Roye’s DSI, compared with those with IC alone (Median 80
vs. 87, p = 0.03). Similarly, parents to children with IC reporting ‘any problems’ on the EQ5D-Y dimensions were found to be less satisfied compared to those with full health (Median
83 vs. 90, p < 0.001). These observations imply a negative relation between clubfoot treatment
outcome as perceived by the parents and both NDD and HRQoL concerns (Figure 19).

Figure 19. The parents reported satisfaction of the children’s clubfoot treatment
outcome using Roye’s Disease specific instrument with a division of children with
and without neurodevelopmental difficulties (NDD), and those reporting full
health or any problems on the EQ-5D-Y.
In regards to HRQoL the result is quite straightforward because children with pain or problems
with mobility are probably also those with poorer clubfoot treatment outcome according to the
parents. However, several explanations could be suggested for the findings in relation to NDD.
First, the group of children with both IC and NDD might have a more severe clubfoot deformity
and/or be a separate subgroup in the context of clubfoot. Second, children with IC and NDD
combined might be more difficult to treat for different reasons, not necessarily being of
different initial severity. For example, the child might have more trouble sleeping with the
brace because sleep problems and variabilities have been reported to a significant degree in
children with NDD.250,251 Moreover, sensations related to the skin (e.g. itching or sensitivity to
touch) have been related to ADHD and ASD153,252,253 possibly threating brace adherence. Third,
parents to children with IC and NDD combined might be harder to satisfy. If the child has
NDD, and especially if these difficulties have not been revealed or properly treated/supported,
the parent might connect NDD such as clumsiness with the clubfoot. Finally, because
hereditary is high in neurodevelopmental disorders154,155 the parents might experience NDD
themselves resulting in potential difficulties in handling the long and demanding treatment of
clubfoot.
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4.3

THE IMPACT OF FOOT INVOLVEMENT AND SEX

The impact of foot involvement and sex have been explored in all four studies of this thesis.
The findings have been consistent throughout, concluding that it does not matter significantly
if one is born with one or two affected feet or born a boy or girl regarding gait, gross motor
skills, NDD, and HRQoL. The only exceptions were the findings of more gait and gross motor
asymmetries within children with unilateral clubfoot. Taken together, these results contradict
the theory of different subgroups of severity due to foot involvement or sex.
4.4

DEVELOPMENTAL CHALLENGES IN CHILDREN WITH IDIOPATHIC
CLUBFOOT

In this thesis, novel developmental challenges in children with IC have been considered.
Because previous research in IC has mainly been focused on traditional clubfoot treatment
outcomes, the level of evidence for our findings can be considered modest because we have
limited studies to compare our findings with. Nevertheless, the novel knowledge that children
with IC experienced extended difficulties in areas such as language, fine motor skills, and
attention together with the findings that these difficulties negatively affected treatment outcome
satisfaction and HRQoL are striking. Moreover, in the work with the thesis some additional
interesting observations have been made.
In an unpublished study from Sydney, Australia (A. Chivers and K. Gray, personal
communication, February 15, 2018) parents of 12-month-old toddlers, 31 of whom had been
born with IC and 17 without the deformity, answered the Ages and Stages Questionnaire, which
is designed to screen for developmental delays. No significant group differences were observed
in four of the five areas; however, significantly greater difficulties were found regarding the
problem-solving domain. In this area, 32% of the toddlers with IC were reported by their
parents to have increased problems compared with none of the toddlers born without the
deformity.
When assessing fundamental motor skills in children with IC, Aulie et al. found that 24% of
the children displayed indications of clumsiness or motor problems.223 Zapata et al. observed
that 31% of the children were found to have below or well-below average levels of body
coordination.217 Similar findings were shown in Andriesse et al.’s study in which 35% of the
children with IC were identified with motor impairment.150
In the above-mentioned studies, as well as in Study III in this thesis, despite different features
being studied there seems to be some consistency of additional challenges in about one third
of the children with IC. Moreover, these challenges seem not to relate substantially to the status
of the clubfoot (in line with Study II) or to the treatment method used. Indeed, it seems that the
possible developmental challenges in about one third of the children with IC go beyond the
musculoskeletal deformity itself.
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In the treatment of IC, these challenges need to be considered. To begin with, developmental
challenges might threaten the clubfoot treatment outcome. The most apparent risk is probably
non-adherence to the brace protocol, e.g. due to sleep disturbances and skin-related problems
in case of additional NDD. Knowledge of additional difficulties might make clinicians more
empathetic and understanding of families who have trouble adhering to bracing.111 Moreover,
developmental challenges might be a threat to the results of extensive surgery due to relapse.
For instance, if a tibialis anterior tendon transfer is performed on a child with additional
challenges, it might be difficult for the child to develop a new motor strategy for the affected
foot and leg thus threatening the success of the surgery.
Furthermore, when considering children with IC, the more apparent clinical problem of the
clubfoot might overshadow additional difficulties and challenges. First, delays in attaining
motor milestones and atypical gross motor coordination have been described as early signs of
several neurodevelopmental disorders.254 In children with IC, those early signs might be
mistakenly interpreted as part of the clubfoot diagnosis. Second, motor difficulties might be
overlooked as problems due to the structural deformity when in fact they might be due to
cognitive and/or sensory/perceptual factors. For example, the child might have
neurodevelopmental concerns such as DCD, i.e. marked impairments in the performance of
coordinated motor skills below expectations for the child’s chronological age, negatively
affecting academic achievements or daily activities.153,157 Similarly, both ASD and ADHD are
associated with motor skills and coordination deficits.255,256 Thus by not identifying
developmental challenges such as NDD, the children and families might miss out on adequate
treatment and support. Third, in cases of child and/or proxy-reported lower HRQoL this might
be due to NDD rather than the IC itself.173,175 Fourth, better motor skills have been related to
health benefits,257 and children with suspected motor problems and low preference for active
play seem to have a higher risk of physical inactivity in adolescence.258 Hence, additional
support such as physiotherapy, including motor and achievement goal interventions,259,260 in
children with IC might be beneficial, especially in cases of additional developmental
challenges.
Finally, having a child with clubfoot has been found to negatively impact mothers’
psychological well-being and to increase stress in the affected families.261,262 Therefore,
supplementary support for the families might be required.261,262 In the cases of combined IC
and NDD, this is probably even more vital.
For these reasons, a broad multidisciplinary approach is required to identify and care for gait,
gross motor, neurodevelopmental, and HRQoL challenges within IC. Consequently, a
combination of health professionals such as paediatric orthopaedic surgeons, psychologists,
neurologists, and physio- and occupational therapists is warranted in the management of IC.
To put it brief, there is more than a foot to consider in the treatment and follow-ups of children
born with idiopathic clubfoot.
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4.5

WHAT CHARACTERISES A GOOD TREATMENT OUTCOME IN
CLUBFOOT?

As a final comment, in the interpretation and discussion of the findings in the thesis, no attempt
has been made to determine if the children with IC indeed had a good treatment outcome. Even
though several traditional treatment outcome parameters are included and several comparisons
have been made to the literature, the aim of the thesis has not been to judge treatment method
or outcome per se. Nevertheless, the notion that the majority of children had no problems
walking or running and reported no pain and full health must be considered satisfying when
being born with a complex deformity.
However, in the evaluation of clubfoot, it could still be argued about what characterises a good
outcome. No consensus exists for defining a successful clubfoot treatment.87,263 As an example,
if the child has good range of motion of the clubfoot but is not able to hop with the foot, would
that be considered a good outcome? Alternatively, what if the child reports both pain and a
high overall health status (Figure 20). At the same time, NDD, and to some extent maybe even
HRQoL, do not represent traditional clubfoot treatment outcomes, but rather represent a
broader description of the group of children born with IC. Even gross motor skills might be
part of that description. If so, the findings in this thesis might represent a cross-sectional
description of children with IC and not a description of clubfoot treatment outcome.

Figure 20. Child with idiopathic clubfoot reporting problems on the
‘having pain or discomfort’ dimension on the EQ-5D-Y, and an overall
health status of 95 on the visual analogue scale (VAS).
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4.6

METHODOLOGICAL CONSIDERATIONS

When evaluating the generalisability of findings from cross-sectional studies, as in this thesis,
it is crucial to consider both internal and external validity. Because cross-sectional studies can
be described as taking a “snapshot” of a group of individuals,264 there will always be a risk of
detecting a finding by chance in that particular snapshot. Moreover, a cross-sectional design is
useful to evaluate a patient group and to generate hypotheses, but it does not answer questions
about causality.229,264 Furthermore, statistical considerations need to be weighed before
conclusions can be drawn.
4.6.1 Internal validity
First, the internal validity ought to be considered because this forms the foundation for
exploring external validity.
4.6.1.1 Sample
In Studies I and II, data were collected in a clinical setting because the children with IC were
referred to the Motion Laboratory as a part of the follow-up programme at the hospital. In the
programme, all children with IC should be referred to undergo a 3DGA. Even so, less than half
of the eligible children with IC in Stockholm County were included in the studies, thus
presenting a threat of selection bias. However, the main reason for this was due to one
orthopaedic surgeon at the hospital not being aware of the referral process. For that reason, the
greater portion of missing children is believed to represent a cross section of the totality because
no division of severity was made between the orthopaedic surgeons. Participants in the TD
control group in Studies I and II were recruited by advertising. There will always be a chance
that parents answering the advertisement had children with exceptionally good or bad gross
motor skills and therefore were more willing to take part in the studies. However, none of these
concerns were noted.
In Studies III and IV, a great effort was made to include all children in the four annual cohorts
of children with IC in the contributing counties. With the advantage of the unique personal
identification numbers and the national health system in Sweden, virtually all children with IC
should be included. This is supported by the identified incidence of 1.1/1,000, which
corresponds to previous research.15 Nonetheless, we had no control of the non-responders in
the samples, thus sampling bias cannot be ruled out. However, misclassification bias was
prevented in the IC sample by validation questions regarding the child’s clubfoot and possible
disabilities and diagnoses. In the general population sample, internal validity was reinforced
by including families from the same county areas, during the same school terms and season,
and with equivalent distribution of the sexes. Moreover, a comparison of sociodemographic
variables showed no differences between the two samples. Lastly, by collecting a general
population sample exclusively for the studies, internal validity was protected because the use
of norm material would have introduced threats such as collection procedure, history, and age,
sex, and residential area distribution.
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4.6.1.2 Study design and procedure
In Studies I and II, some data were retrospectively collected. Because of this, some children
had missing data and other measures of interest such as muscle strength were not included.
Moreover, data from children with IC had been collected by several physiotherapists at the
Motion Laboratory, while only a single physiotherapist (the author) collected data from the TD
children. Furthermore, only the author subjectively chose the representative gait trials. This
could be a threat, including measurement and selection bias and a risk of a learning curve. This
threat was managed in three steps. First, a standardised procedure was used in the laboratory
to collect data and to ensure consistency between the assessors. Second, in cases of
uncertainties of representative gait trials, a senior physiotherapist was consulted (EB). Third,
the clinical data collected by the author (about half of the IC sample) was compared with data
collected by the other physiotherapists revealing no significant group differences. Two
additional limitations from the 3DGA are the use of the Plug-In-Gait model with the foot as
one rigid-body segment and the variability of gait in small children.183,265-267 However, several
gait parameters such as joint angle measurements stabilises and appear adult-like at
approximately four years of age.267 Still, not all children had sufficient kinetic data due to
difficulties in making clean strikes on the force plates.
In Study II, three assessors were new to the CAP instrument, one had some experience, and
one was the developer of the instrument. To rule out possible learning curves, the assessors
were provided with several videotapes of children not included in the study in order to practice
the procedure before assessing the children in the study. Finally, the median scores were kept
in the final analysis in order to ensure a high internal validity.
In Studies III and IV, the participants answered the questionnaires at home either on paper or
online. The reason for also offering online questionnaires was to improve the response rate,
sample representation, and to reduce non-response bias.234 Nonetheless, by answering the
questionnaires at home, we had no control of possible influences from the parents when the
children were answering the EQ-5D-Y. Nor can we be entirely sure that the parents did not
answer the questionnaire all by themselves. Still, psychometric analyses of the EQ-5D-Y has
shown this approach to be valid.205 Moreover, the use of proxy reports would probably not have
been representative of the child’s own sense of their current HRQoL because parents might
take into account aspects such as the future.176 The handwriting and quite often-occurring
smiley faces speak for the legitimacy of the children answering the questionnaire, even if this
threat cannot be ruled out. Moreover, by using a generic questionnaire we cannot be sure the
responses are related to the clubfoot. Thus, we cannot be sure that the increased reports of, for
example, pain and discomfort found in the IC sample were related to the IC itself.
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4.6.2 External validity
4.6.2.1 Setting
The reproducibility of a study is central in the consideration of external validity. Because
Studies I and II were executed in a laboratory setting, using instruments that have been found
to be valid and reliable support the reproducibility. However, the laboratory milieu and the
clinical testing procedure could possibly challenge the external validity because the children
might feel insecure, watched over, and uncomfortable when walking and performing the motor
tasks. To reduce this threat, great effort was made to make the child comfortable at the
laboratory and to encourage the child to perform their best. Moreover, the parents were
sometimes consulted to inquire if they believed that the child performed differently than
normally in an everyday setting. Finally, because gait trials were selected from a greater
number of trials, an effort was made to select representative gait trials for each child.
4.6.2.2 Population
The children with IC in the thesis had been treated with a conservative treatment method in
line with the Ponseti method. However, the modifications that were made challenge the
generalisability of our findings to other populations treated with a strict Ponseti protocol. As
an example, the knee-ankle-foot orthosis most often used of the children in our IC samples
generally limited plantarflexion and did not brace the contralateral leg in cases of unilateral IC.
This can be compared with the more flexible foot-abduction brace that also include the
contralateral foot. Moreover, we had little or no information regarding traditional outcome
measures such as foot mobility or the relapse rate making it hard to fully compare and explore
our findings in relation to other cohorts.
The ethnicity of the included children was not considered even though some studies have
proposed that ethnicity might be related to factors such as clubfoot incidence and early relapse
due to communication difficulties.9,235,268 The only exception was questions regarding birth
countries of the children and parents in Studies III and IV, which revealed no differences
between the IC and the general population samples. Consequently, possible differences
between different ethnic groups cannot be dismissed.
As a final remark, all studies in the thesis were conducted in a high-income country with easy
and free access to treatment. Nonetheless, about 90% of all expected clubfoot cases are born in
low-income and middle-income countries (LMIC). Of those, it is estimated that fewer than
15% of all children with clubfoot had access to the Ponseti treatment in the year 2015.269 Thus
the generalisability of our findings to children with IC in LMIC is yet to be studied.
Despite these threats to external validity, the generalisability of our findings was supported by
the distribution of foot involvement and sex, which corresponded with previous literature on
children with IC.10,15
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4.6.3 Statistical considerations
In statistical hypothesis testing, there will always be a risk of making type I or type II errors. In
the studies for this thesis, an alpha level of <0.05 was set in the statistical analyses, thus giving
a 5% chance of discovering a false positive result. Moreover, in Study II multiple comparisons
increased the risk of a type I error. Worth noticing, though, is the fact that all tests were twotailed even though the hypotheses were that children with IC experience more problems in the
included measures. Because of this, the risk of type I errors decreased. Even though the risks
of type I errors could be considered the most serious, the risk of type II errors might be more
predominant in this thesis because prior power calculation was conducted only for Studies I
and II. However, because group differences were evident within all studies, and because a posthoc power analysis was conducted on the survey data and revealed sufficient power, the risk
of type II errors can be considered low.
In Study III, a parametric statistical approach was applied on an ordinal scale with variance
heterogeneity and skewed distribution (because most parents answered ‘does not apply’ on the
FTF), thus violating the assumption of parametric testing. Using a parametric approach with
the use of M/ANOVA was motivated as follows. First, analyses of variance are considered
robust against violations of parametric statistical assumptions in larger and equally sized
samples, especially if the data are positively skewed as in Study III.216,270 As an example,
violation of the normality assumption when using ANOVA should be of little concern if the
sample size is 25 or more. Similarly, skewness and heterogeneous variances have been found
to have little effect on the level of significance or power.270 Second, by using MANOVA the
whole FTF could be compared between the samples in one single analysis. Thus, we could
avoid multiple comparisons that would have increased the risk for type I errors. Third, the
option of transforming the data would probably not have increased the statistical validity and
would have been difficult to interpret.270 Fourth, most preceding studies using FTF and other
clinical studies with similar designs as in Study III have used a parametric statistical approach,
making it easier to compare our findings to other research within the area. Finally, to ensure
the statistical validity of our findings in Study III a post-hoc non-parametric analysis was
performed. In this analysis, the same statistical method as in Study IV was used after generating
a binary outcome. Findings revealed the same significant differentiating domains as in the
parametric approach.
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4.7

CLINICAL IMPLICATIONS

Children with IC exhibit gait deviations and gross motor deficits at five years of age. Both
children with bi- and unilateral IC favour one foot/leg when performing gross motor skills but
no significant differences were evident between bi- and unilateral affected legs. However, gait
and gross motor outcomes in children with unilateral IC might be perceived as worse due to
pronounced asymmetries in comparison with the contralateral leg. One-leg stand and hop are
two gross motor tasks that can be used in clinical practice to assess gross motor skills.
Nonetheless, some children would probably benefit from a more thorough gross motor
assessment as well as additional physiotherapy.
In children with unilateral IC, the contralateral leg develop discrete gait parameters and gross
motor skills similar to legs of children born without the deformity. However, due to
modifications to the clubfoot side in global gait measures, the contralateral leg should not be
used as a reference in gait.
Initial clubfoot severity does not seem to be a strong predictor of later gait deviations or gross
motor deficits. Nor can gross motor deficits be explained by the passive range of motion of the
clubfoot. Thus, it appears that gross motor skills represent a different outcome entity, and other
explanations such as sensory/perceptual and cognitive factors should be considered in clinical
practise.
Pain and discomfort are reported by a considerable proportion of children with IC at nine years
of age, and by their parents. Therefore, pain management strategies should be emphasised in
the treatment and follow-ups of children with IC.
It does not seem to be substantial whether the child is born with one or two affected feet or if
the child is a girl or a boy in regards to gait, gross motor skills, NDD, or HRQoL when being
born with IC.
Finally, clinicians need to consider the increased prevalence of NDD found in children with
IC, affecting both parent reports of clubfoot treatment outcome and HRQoL. In the presence
of coexisting NDD, it might be vital to broaden and adjust the clubfoot treatment as well as
adopt a multidisciplinary approach to improve support for both the children and their families.
Thus, findings from the thesis should impact future follow-up programs for children born with
IC in order to possible improve outcome not only with regards to gait and motor skills, but also
other developmental aspects and perceived physical and mental health. The 26 items from the
FTF with more difficulties within the IC sample may act as a rough shortlist to guide the
clinician’s attention to NDD within IC.
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4.8

FUTURE RESEARCH

Future studies ought to explore if the gait and gross motor deficits persist when the children
grow older and might experience more competition, higher demands, and greater awareness.
Moreover, how the deficits translate to the children’s everyday life, e.g. in relation to
participation and self-esteem, is yet to be studied.
In future studies of gait in individuals with IC, it would be interesting to include measures such
as electromyography and three-dimensional foot models such as the Oxford foot model in order
to provide an explicit analysis of the gait characteristic in IC.
Future studies should explore other aspects that might possibly contribute to the gross motor
deficits found in children with IC such as cognitive and sensory/perceptual factors. Moreover,
because perception and relation in space were found to be associated with greater difficulties
in the IC sample on the FTF, areas such as proprioception, i.e. sensing the body’s position,
would be interesting to explore.
The novel findings of NDD in children with IC need to be replicated in other cohorts of
individuals with IC. Furthermore, future studies are needed to explore causality between IC
and NDD, as well as the impact of NDD in the treatment of clubfoot. For example, one study
of interest would be to investigate the connection between NDD, sleep, brace adherence, and
clubfoot relapse. Moreover, exploring infant-parent attachment and the impact of the partial
immobilisation during the first five years of life, would be of interest both in general when a
child is born with IC and in specific cases of combined NDD.
Longitudinal studies are required to explore if it is possible to identify children early who are
at risk of later gait and gross motor deficits, NDD, and HRQoL problems, i.e. identify
predictive factors of later developmental challenges. Longitudinal studies would also be able
to explore if multidisciplinary approaches would be advantageous in the treatment and care of
children with IC.
The findings from this thesis might act as a platform of knowledge for designing interventions.
An example of a possible intervention is a designed physiotherapy-training programme to study
training capacity in children with IC.
To get a better understanding and deeper knowledge from the children with IC and their
families’ perspective, a qualitative research approach would be of interest. For example, focus
groups or individual in-depth interviews with the families concerning questions such as how
they handle the bracing regime or talk about the IC at home could provide valuable insights.
Finally, future research of children with IC should preferably include both objective and
subjective measures of both structural and global contexts in order to include aspects of the
children’s overall health condition. Moreover, future research ought to identify what
characterises a good treatment outcome from the patient perspective, including individuals
from low, middle, and high-income countries.
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5 CONCLUSIONS


Similar gait deviations were found in the legs with bi- and unilateral clubfoot in children
with IC at five years of age in comparison with legs from TD children. Main concerns
in gait were decreased dorsi-plantar flexion range, possible weak ankle plantar flexor
muscles, and a 24% decrease in ankle power generation.



Children with IC at age five were found to have gross motor deficits and asymmetries
compared with TD children. Most deficits were found in the tasks one-leg stand and
hop. Gross motor skills were not directly related to passive range of motion of the
clubfoot, global gait measures, or initial clubfoot severity. Thus, gross motor skills
might represent a different outcome entity and should be assessed in the evaluation of
children with IC.



The contralateral leg in children with unilateral IC mirrored legs of TD children in
discrete gait parameters and gross motor skills, but modified to the clubfoot side in
global gait measures. Subsequently, the contralateral leg should not be used as a
reference when assessing gait.



Results indicate similar clubfoot severity and development in bi- and unilateral IC in
regards to gait and gross motor skills. Therefore, bi- and unilateral IC might be clustered
as one uniform group in future studies using 3DGA or when assessing gross motor
skills in affected legs. However, knowledge of foot involvement might be vital in a
clinical setting and when the whole child is assessed due to pronounced asymmetries
in children with unilateral IC.



Nine-year-old children with IC were found to have increased prevalence of
neurodevelopmental difficulties (NDD), especially in the domains of motor skills,
perception, and language and the subdomains of gross and fine motor skills, relation in
space, comprehensive, and expressive language skills compared to the general
population sample. About one third of the children in the IC sample were defined with
clinically significant NDD, with a risk of developmental disorders. Sociodemographic
parameters, foot involvement, and sex did not differ between children with IC with or
without NDD. However, parents to children with IC and NDD combined reported less
satisfaction with the clubfoot treatment outcome.



Children at age nine with IC reported satisfying overall health status despite more
problems mainly regarding pain or discomfort, but also mobility and doing usual
activities, compared with the general population. Foot involvement or sex did not affect
the HRQoL; however, the coexistence of NDD affected HRQoL negatively.
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Health care providers should be attentive to the increased prevalence of NDD in
children with IC, which probably affects both the clubfoot treatment outcome and
HRQoL. This requires a broad multidisciplinary approach to improve and maximise
support to children with IC and their families.

6 POPULÄRVETENSKAPLIG SAMMANFATTNING
Klumpfot (på svenska ibland även benämnd PEVA) är en deformitet av fot och underben som
drabbar ca 1/1000 nyfödda barn. Man vet ännu inte vad som orsakar klumpfot men troligen är
orsaken en blandning av genetiska och miljöfaktorer. När deformiteten är isolerad, dvs barnet
är född med klumpfot utan annan känd skada eller syndrom, benämns detta som idiopatisk
klumpfot.
Behandlingen av barn med idiopatisk klumpfot har utvecklats från krävande operationer till
konservativ behandling med gipsning och skena vilket påvisat goda behandlingsresultat. Trots
detta är kunskapen utöver den strukturella deformiteten begränsad. Föräldrar med ett nyfött
barn med idiopatisk klumpfot ställer ofta frågor så som; spelar det någon roll om mitt barn är
född med en eller två drabbade fötter, kommer mitt barn kunna gå och springa som sina
kompisar och hur kommer mitt barn må av att vara född med den här deformiteten? Frågor
som går att besvara till viss del utifrån klinisk erfarenhet men som det finns mycket lite
forskning på. Ytterligare frågor som har väckts i det kliniska arbetet med barn med idiopatisk
klumpfot är om det finns ökade svårigheter så som problem med koncentration och språk,
svårigheter som inte kan anses kopplade direkt till klumpfoten. Syftet med avhandlingen var
således att forska på tidigare outforskade områden som kan hjälpa till att besvara de här
frågorna. Områden som skulle kunna fördjupa förståelsen för barn med idiopatisk klumpfot
och barnens hälsotillstånd.
För att besvara forskningsfrågorna genomfördes fyra studier uppdelat i två delar. I den första
delen undersöktes gångmönster och motorisk färdighet hos barn i femårsåldern med idiopatisk
klumpfot. I den andra delen besvarade föräldrar till barn med idiopatisk klumpfot i nioårsåldern
frågeformulär gällande neuropsykiatriska svårigheter och hur nöjda de var gällande resultat av
barnens klumpfotsbehandling gällande funktion, smärta och utseende. Barnen fick själva skatta
deras livskvalitet. Allt material jämfördes med material från barn utan idiopatisk klumpfot från
den allmänna populationen.
Studierna från del ett påvisade att barn med idiopatisk klumpfot hade avvikande gångmönster
samt motoriska avvikelser och asymmetrier i jämförelse med barn födda utan deformiteten.
Samma typ av avvikelser sågs i de påverkade benen oavsett om barnen var födda med en eller
två drabbade fötter. De huvudsakliga fynden var nedsatt fotledsrörlighet och förmåga att
utveckla kraft i foten under gång. Dessutom hade åtta till nio barn utav tio avvikelser när de
skulle stå eller hoppa på ett ben. De motoriska svårigheterna relaterade inte direkt till
rörligheten av foten eller svårighetsgraden av deformiteten vid födseln. Det motsatta benet, hos
barn med ensidig klumpfot, uppvisade inga motoriska avvikelser. Däremot anpassade sig det
motsatta benet till benet med den idiopatiska klumpfoten under gång.
Studierna från del två visade att hos nioåriga barn med idiopatisk klumpfot rapporterade
föräldrarna ökad förekomst av neuropsykiatriska svårigheter jämfört med barn från den
allmänna populationen. Detta var tydligast inom områdena motorik, perception
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(uppfattningsförmåga/varsebildning) och språk, men även områden som uppmärksamhet och
minne. Ett exempel är påståendet Har svårt att hålla kvar uppmärksamheten på uppgifter eller
aktiviteter som rapporterades till större andel hos barn med idiopatisk klumpfot jämfört med
barn från den allmänna populationen. Hos ungefär en tredjedel av barnen rapporterade
föräldrarna betydelsefulla svårigheter med en risk för utvecklings- eller beteendeproblem som
skulle kunna kräva ytterligare utredning. Hos dessa barn var även föräldrarna mindre nöjda
med resultatet av barnens klumpfotsbehandling. I den totala gruppen av nioåriga barn med
idiopatisk klumpfot rapporterade barnen en generellt god upplevd hälsa idag, trots att de även
rapporterade mer problem. Framförallt gällde det smärta och obehag. Det spelade ingen roll
om barnen var födda med en eller två drabbade fötter, eller om de var flickor eller pojkar
gällande skattad livskvalitet. Däremot påverkade den ökade förekomsten av neuropsykiatriska
svårigheter hos barn med idiopatisk klumpfot livskvalitén väsentligt negativt.
Sammanfattningsvis påvisar avhandlingen att barn med idiopatisk klumpfot bör följas upp inte
enbart gällande fotens rörlighet utan även gällande gångmönster och motorisk färdighet. Två
enkla test för att undersöka motorisk färdighet är förmågan att stå eller hoppa på ett ben.
Eftersom motoriska svårigheter inte verkade relatera direkt till deformitetens svårighetsgrad
vid födseln eller fotens rörlighet skulle troligen en del barn behöva ytterligare motorisk
utredning. Detta tyder även på att svårigheterna inte alltid är direkt relaterade till den
strukturella fotdeformiteten, utan att andra aspekter till de motoriska svårigheterna bör
övervägas. Det motsatta benet, hos barn med ensidig klumpfot verkar utvecklas inom det
normala utvecklingsspannet. Därför finns en risk att ensidig klumpfot kan upplevas som sämre
än barn med två påverkade fötter. Detta trots att det inte verkar föreligga någon skillnad
gällande gång och motorisk färdighet mellan enkel och dubbelsidig klumpfot. I övrigt verkar
det inte spela någon större roll om barnen är födda med en eller två påverkade fötter, eller födda
som pojkar eller flickor gällande de undersökta frågeställningarna. Barn med idiopatisk
klumpfot och deras föräldrar bör utbildas i smärthantering eftersom problem med smärta verkar
förekomma hos en stor andel av barnen. Slutligen behöver vårdpersonal som träffar barn med
idiopatisk klumpfot vara uppmärksamma och medvetna om den ökade förekomsten av
neuropsykiatriska svårigheter inom gruppen eftersom det tycks påverka både resultatet av
klumpfotsbehandlingen och barnens skattade livskvalitet. Det kan kräva att flera olika
yrkeskategorier involveras inom vården av idiopatisk klumpfot. Fynd från avhandlingen bör
därför påverka framtida uppföljningsprogram för barn födda med idiopatisk klumpfot för att
möjliggöra bästa möjliga vård och stöd för barn med idiopatisk klumpfot och deras familjer.
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The work of the thesis was supported by grants from the Doctoral School in Health Care
Science at Karolinska Institutet, Stiftelsen Frimurare Barnahuset i Stockholm, Gåvofonden för
Damp-forskning vid Karolinska Universitetssjukhuset, Stiftelsen Promobilia, Sällskapet
Barnavård, Sunnerdahls Handikappfond, and Stiftelsen Skobranschens utvecklingsfond.

64

8 REFERENCES
1.

Sanzarello I, Nanni M, Faldini C. The clubfoot over the centuries. J Pediatr Orthop B.
2017;26(2):143-51.

2.

Zionts LE, Ebramzadeh E, Morgan RD, Sangiorgio SN. Sixty Years On: Ponseti Method
for Clubfoot Treatment Produces High Satisfaction Despite Inherent Tendency to
Relapse. J Bone Joint Surg Am. 2018;100(9):721-8.

3.

O'Shea RM, Sabatini CS. What is new in idiopathic clubfoot? Curr Rev Musculoskelet
Med. 2016;9(4):470-7.

4.

van Bosse HJ. Ponseti treatment for clubfeet: an international perspective. Curr Opin
Pediatr. 2011;23(1):41-5.

5.

Keret D, Ezra E, Lokiec F, Hayek S, Segev E, Wientroub S. Efficacy of prenatal
ultrasonography in confirmed club foot. J Bone Joint Surg Br. 2002;84(7):1015-9.

6.

Siapkara A, Duncan R. Congenital talipes equinovarus: a review of current management.
J Bone Joint Surg Br. 2007;89(8):995-1000.

7.

Ponseti IV, Campos J. The classic: observations on pathogenesis and treatment of
congenital clubfoot. 1972. Clin Orthop Relat Res. 2009;467(5):1124-32.

8.

Gurnett CA, Boehm S, Connolly A, Reimschisel T, Dobbs MB. Impact of congenital
talipes equinovarus etiology on treatment outcomes. Dev Med Child Neurol.
2008;50(7):498-502.

9.

Dobbs MB, Gurnett CA. Update on clubfoot: etiology and treatment. Clin Orthop Relat
Res. 2009;467(5):1146-53.

10.

Bacino CA, Hecht JT. Etiopathogenesis of equinovarus foot malformations. Eur J Med
Genet. 2014;57(8):473-9.

11.

Pavone V, Bianca S, Grosso G, Pavone P, Mistretta A, Longo MR, Marino S, Sessa G.
Congenital talipes equinovarus: an epidemiological study in Sicily. Acta Orthop.
2012;83(3):294-8.

12.

Ching GH, Chung CS, Nemechek RW. Genetic and epidemiological studies of clubfoot
in Hawaii: ascertainment and incidence. Am J Hum Genet. 1969;21(6):566-80.

13.

Moorthi RN, Hashmi SS, Langois P, Canfield M, Waller DK, Hecht JT. Idiopathic talipes
equinovarus (ITEV) (clubfeet) in Texas. Am J Med Genet A. 2005;132A(4):376-80.

14.

Parker SE, Mai CT, Strickland MJ, Olney RS, Rickard R, Marengo L, Wang Y, Hashmi
SS, Meyer RE, National Birth Defects Prevention N. Multistate study of the
epidemiology of clubfoot. Birth Defects Res A Clin Mol Teratol. 2009;85(11):897-904.

15.

Wallander H, Hovelius L, Michaelsson K. Incidence of congenital clubfoot in Sweden.
Acta Orthop. 2006;77(6):847-52.

16.

Krogsgaard MR, Jensen PK, Kjaer I, Husted H, Lorentzen J, Hvass-Christensen B,
Christensen SB, Larsen K, Sonne-Holm S. Increasing incidence of club foot with higher
population density: incidence and geographical variation in Denmark over a 16-year
period--an epidemiological study of 936,525 births. Acta Orthop. 2006;77(6):839-46.

17.

Dodwell E, Risoe P, Wright J. Factors Associated With Increased Risk of Clubfoot: A
Norwegian National Cohort Analysis. J Pediatr Orthop. 2015;35(8):e104-9.
65

18.

Basit S, Khoshhal KI. Genetics of clubfoot; recent progress and future perspectives. Eur
J Med Genet. 2018;61(2):107-13.

19.

Honein MA, Paulozzi LJ, Moore CA. Family history, maternal smoking, and clubfoot:
an indication of a gene-environment interaction. Am J Epidemiol. 2000;152(7):658-65.

20.

Werler MM, Yazdy MM, Kasser JR, Mahan ST, Meyer RE, Anderka M, Druschel CM,
Mitchell AA. Maternal cigarette, alcohol, and coffee consumption in relation to risk of
clubfoot. Paediatr Perinat Epidemiol. 2015;29(1):3-10.

21.

Werler MM, Yazdy MM, Mitchell AA, Meyer RE, Druschel CM, Anderka M, Kasser
JR, Mahan ST. Descriptive epidemiology of idiopathic clubfoot. Am J Med Genet A.
2013;161A(7):1569-78.

22.

Yazdy MM, Mitchell AA, Louik C, Werler MM. Use of selective serotonin-reuptake
inhibitors during pregnancy and the risk of clubfoot. Epidemiology. 2014;25(6):859-65.

23.

Zhao DH, Rao WW, Zhao L, Yang X, Liu JL, Wu ZK, Du Q, Yang XY. Are incidence
and severity of clubfoot related to the season of birth? World J Pediatr. 2016;12(3):3603.

24.

Lochmiller C, Johnston D, Scott A, Risman M, Hecht JT. Genetic epidemiology study
of idiopathic talipes equinovarus. Am J Med Genet. 1998;79(2):90-6.

25.

Kruse LM, Dobbs MB, Gurnett CA. Polygenic threshold model with sex dimorphism in
clubfoot inheritance: the Carter effect. J Bone Joint Surg Am. 2008;90(12):2688-94.

26.

Dobbs MB, Gurnett CA. The 2017 ABJS Nicolas Andry Award: Advancing
Personalized Medicine for Clubfoot Through Translational Research. Clin Orthop Relat
Res. 2017;475(6):1716-25.

27.

Sadler TW. Langman's Medical Embryology. 12th ed. Philadelphia, PA: Lippincott
Williams & Wilkins; 2006.

28.

Kawashima T, Uhthoff HK. Development of the foot in prenatal life in relation to
idiopathic club foot. J Pediatr Orthop. 1990;10(2):232-7.

29.

Bar-On E, Mashiach R, Inbar O, Weigl D, Katz K, Meizner I. Prenatal ultrasound
diagnosis of club foot: outcome and recommendations for counselling and follow-up. J
Bone Joint Surg Br. 2005;87(7):990-3.

30.

Ponseti IV. Treatment of congenital club foot. J Bone Joint Surg Am. 1992;74(3):44854.

31.

Howard CB, Benson MK. Clubfoot: its pathological anatomy. J Pediatr Orthop.
1993;13(5):654-9.

32.

Ippolito E. Update on pathologic anatomy of clubfoot. J Pediatr Orthop B. 1995;4(1):1724.

33.

Kamegaya M, Shinohara Y, Kokuji Y, Moriya H. Evaluation of pathologic abnormalities
of clubfoot by magnetic resonance imaging. Clin Orthop Relat Res. 2000(379):218-23.

34.

Epeldegui T. Deformity of talus and calcaneous in congenital clubfoot: an anatomical
study. J Pediatr Orthop B. 2012;21(1):10-5.

35.

Ippolito E, De Maio F, Mancini F, Bellini D, Orefice A. Leg muscle atrophy in idiopathic
congenital clubfoot: is it primitive or acquired? J Child Orthop. 2009;3(3):171-8.

66

36.

Duce SL, D'Alessandro M, Du Y, Jagpal B, Gilbert FJ, Crichton L, Barker S, Collinson
JM, Miedzybrodzka Z. 3D MRI analysis of the lower legs of treated idiopathic congenital
talipes equinovarus (clubfoot). PLoS One. 2013;8(1):e54100.

37.

Ippolito E, Dragoni M, Antonicoli M, Farsetti P, Simonetti G, Masala S. An MRI
volumetric study for leg muscles in congenital clubfoot. J Child Orthop. 2012;6(5):4338.

38.

Gelfer Y, Dunkley M, Jackson D, Armstrong J, Rafter C, Parnell E, Eastwood DM.
Evertor muscle activity as a predictor of the mid-term outcome following treatment of
the idiopathic and non-idiopathic clubfoot. Bone Joint J. 2014;96-B(9):1264-8.

39.

Moon DK, Gurnett CA, Aferol H, Siegel MJ, Commean PK, Dobbs MB. Soft-Tissue
Abnormalities Associated with Treatment-Resistant and Treatment-Responsive
Clubfoot: Findings of MRI Analysis. J Bone Joint Surg Am. 2014;96(15):1249-56.

40.

Agarwal A, Rastogi A. Anthropometric measurements in Ponseti treated clubfeet.
SICOT J. 2018;4:19.

41.

Noonan KJ, Meyers AM, Kayes K. Leg length discrepancy in unilateral congenital
clubfoot following surgical treatment. Iowa Orthop J. 2004;24:60-4.

42.

Cosma DI, Corbu A, Nistor DV, Todor A, Valeanu M, Morcuende J, Man S. Joint
hyperlaxity prevents relapses in clubfeet treated by Ponseti method-preliminary results.
Int Orthop. 2018;42(10):2437-42.

43.

Olshan AF, Schroeder JC, Alderman BW, Mosca VS. Joint laxity and the risk of
clubfoot. Birth Defects Res A Clin Mol Teratol. 2003;67(8):585-90.

44.

Haslam PG, Goddard M, Flowers MJ, Fernandes JA. Overcorrection and generalized
joint laxity in surgically treated congenital talipes equino-varus. J Pediatr Orthop B.
2006;15(4):273-7.

45.

Matar HE, Garg NK. Congenital talipes equinovarus associated with hereditary
congenital common peroneal nerve neuropathy: a literature review. J Pediatr Orthop B.
2016;25(2):108-11.

46.

Edmonds EW, Frick SL. The drop toe sign: an indicator of neurologic impairment in
congenital clubfoot. Clin Orthop Relat Res. 2009;467(5):1238-42.

47.

Yoshioka S, Huisman NJ, Morcuende JA. Peroneal nerve dysfunction in patients with
complex clubfeet. Iowa Orthop J. 2010;30:24-8.

48.

Dimeglio A, Bensahel H, Souchet P, Mazeau P, Bonnet F. Classification of clubfoot. J
Pediatr Orthop B. 1995;4(2):129-36.

49.

Pirani S HD, Sekeramyi F. A reliable and valid method of assessing the amount of
deformity in the congenital clubfoot deformity. J Bone Joint Surg Br. 2008;90 (suppl):53.

50.

Dyer PJ, Davis N. The role of the Pirani scoring system in the management of club foot
by the Ponseti method. J Bone Joint Surg Br. 2006;88(8):1082-4.

51.

El Batti S, Solla F, Clement JL, Rosello O, Oborocianu I, Chau E, Rampal V. Initial
treatment of congenital idiopathic clubfoot: Prognostic factors. Orthop Traumatol Surg
Res. 2016;102(8):1081-5.

52.

Aydin BK, Senaran H, Yilmaz G, Acar MA, Kirac Y. The need for Achilles tenotomy in
the Ponseti method: Is it predictable at the initiation or during the treatment? J Pediatr
Orthop B. 2015;24(4):341-4.
67

53.

Scher DM, Feldman DS, van Bosse HJ, Sala DA, Lehman WB. Predicting the need for
tenotomy in the Ponseti method for correction of clubfeet. J Pediatr Orthop.
2004;24(4):349-52.

54.

Goriainov V, Judd J, Uglow M. Does the Pirani score predict relapse in clubfoot? J Child
Orthop. 2010;4(5):439-44.

55.

Sangiorgio SN, Ebramzadeh E, Morgan RD, Zionts LE. The Timing and Relevance of
Relapsed Deformity in Patients With Idiopathic Clubfoot. J Am Acad Orthop Surg.
2017;25(7):536-45.

56.

Chu A, Labar AS, Sala DA, van Bosse HJ, Lehman WB. Clubfoot classification:
correlation with Ponseti cast treatment. J Pediatr Orthop. 2010;30(7):695-9.

57.

Agarwal A, Gupta N. Does initial Pirani score and age influence number of Ponseti casts
in children? Int Orthop. 2014;38(3):569-72.

58.

Gottschalk HP, Karol LA, Jeans KA. Gait analysis of children treated for moderate
clubfoot with physical therapy versus the Ponseti cast technique. J Pediatr Orthop.
2010;30(3):235-9.

59.

Ramirez N, Flynn JM, Fernandez S, Seda W, Macchiavelli RE. Orthosis noncompliance
after the Ponseti method for the treatment of idiopathic clubfeet: a relevant problem that
needs reevaluation. J Pediatr Orthop. 2011;31(6):710-5.

60.

Dobbs MB, Rudzki JR, Purcell DB, Walton T, Porter KR, Gurnett CA. Factors predictive
of outcome after use of the Ponseti method for the treatment of idiopathic clubfeet. J
Bone Joint Surg Am. 2004;86-A(1):22-7.

61.

Stouten JH, Besselaar AT, Van Der Steen MCM. Identification and treatment of residual
and relapsed idiopathic clubfoot in 88 children. Acta Orthop. 2018;89(4):448-53.

62.

Gray K, Barnes E, Gibbons P, Little D, Burns J. Unilateral versus bilateral clubfoot: an
analysis of severity and correlation. J Pediatr Orthop B. 2014;23(5):397-9.

63.

Goldstein RY, Seehausen DA, Chu A, Sala DA, Lehman WB. Predicting the need for
surgical intervention in patients with idiopathic clubfoot. J Pediatr Orthop.
2015;35(4):395-402.

64.

Agarwal A, Agrawal N, Barik S, Gupta N. Are bilateral idiopathic clubfeet more severe
than unilateral feet? A severity and treatment analysis. J Orthop Surg (Hong Kong).
2018;26(2):2309499018772364.

65.

Zionts LE, Jew MH, Ebramzadeh E, Sangiorgio SN. The Influence of Sex and Laterality
on Clubfoot Severity. J Pediatr Orthop. 2017;37(2):e129-e33.

66.

Wallander H, Larsson S, Bjonness T, Hansson G. Patient-reported outcome at 62 to 67
years of age in 83 patients treated for congenital clubfoot. J Bone Joint Surg Br.
2009;91(10):1316-21.

67.

Engell V, Damborg F, Anderssen M, Kyvik K, Thomsen K, Overgaard S. Health-related
quality of life in twins with clubfoot. Prog Orthop Sci. 2015;1(1):11-4.

68.

Roye BD, Vitale MG, Gelijns AC, Roye DP, Jr. Patient-based outcomes after clubfoot
surgery. J Pediatr Orthop. 2001;21(1):42-9.

69.

Chesney D, Barker S, Maffulli N. Subjective and objective outcome in congenital
clubfoot; a comparative study of 204 children. BMC Musculoskelet Disord. 2007;8:53.

68

70.

Clayton JA, Tannenbaum C. Reporting Sex, Gender, or Both in Clinical Research?
JAMA. 2016;316(18):1863-4.

71.

Dobbs MB, Morcuende JA, Gurnett CA, Ponseti IV. Treatment of idiopathic clubfoot:
an historical review. Iowa Orthop J. 2000;20:59-64.

72.

Hernigou P. History of clubfoot treatment; part III (twentieth century): back to the future.
Int Orthop. 2017;41(11):2407-14.

73.

Ippolito E, Farsetti P, Caterini R, Tudisco C. Long-term comparative results in patients
with congenital clubfoot treated with two different protocols. J Bone Joint Surg Am.
2003;85-A(7):1286-94.

74.

Halanski MA, Davison JE, Huang JC, Walker CG, Walsh SJ, Crawford HA. Ponseti
method compared with surgical treatment of clubfoot: a prospective comparison. J Bone
Joint Surg Am. 2010;92(2):270-8.

75.

Saetersdal C, Fevang JM, Bjorlykke JA, Engesaeter LB. Ponseti method compared to
previous treatment of clubfoot in Norway. A multicenter study of 205 children followed
for 8-11 years. J Child Orthop. 2016;10(5):445-52.

76.

Fulton Z, Briggs D, Silva S, Szalay EA. Calf circumference discrepancies in patients
with unilateral clubfoot: Ponseti versus surgical release. J Pediatr Orthop.
2015;35(4):403-6.

77.

Kite JH. Nonoperative treatment of congenital clubfoot. Clin Orthop Relat Res.
1972;84:29-38.

78.

Souchet P, Bensahel H, Themar-Noel C, Pennecot G, Csukonyi Z. Functional treatment
of clubfoot: a new series of 350 idiopathic clubfeet with long-term follow-up. J Pediatr
Orthop B. 2004;13(3):189-96.

79.

Chotel F, Parot R, Seringe R, Berard J, Wicart P. Comparative study: Ponseti method
versus French physiotherapy for initial treatment of idiopathic clubfoot deformity. J
Pediatr Orthop. 2011;31(3):320-5.

80.

Reimann I, Lyquist E. Dynamic splint used in the treatment of club foot. Acta Orthop
Scand. 1969;40(6):817-24.

81.

Andriesse H, Hagglund G. Comparison of serial casting and stretching technique in
children with congenital idiopathic clubfoot: evaluation of a new assessment system.
Acta Orthop. 2008;79(1):53-61.

82.

Ponseti IV, Zhivkov M, Davis N, Sinclair M, Dobbs MB, Morcuende JA. Treatment of
the complex idiopathic clubfoot. Clin Orthop Relat Res. 2006;451:171-6.

83.

Besselaar AT, Sakkers RJB, Schuppers HA, Witbreuk M, Zeegers E, Visser JD,
Boekestijn RA, Marges SD, Van der Steen MCM, Burger KNJ. Guideline on the
diagnosis and treatment of primary idiopathic clubfoot. Acta Orthop. 2017;88(3):305-9.

84.

Gray K, Pacey V, Gibbons P, Little D, Burns J. Interventions for congenital talipes
equinovarus (clubfoot). Cochrane Database Syst Rev. 2014;8(8):CD008602.

85.

Radler C, Mindler GT, Riedl K, Lipkowski C, Kranzl A. Midterm results of the Ponseti
method in the treatment of congenital clubfoot. Int Orthop. 2013;37(9):1827-31.

86.

Radler C. The Ponseti method for the treatment of congenital club foot: review of the
current literature and treatment recommendations. Int Orthop. 2013;37(9):1747-53.
69

87.

Böhm S, Sinclair M. Report of the 1st European consensus meeting on Ponseti clubfoot
treatment. J Child Orthop. 2013;7(3):251-4.

88.

Zionts LE, Sangiorgio SN, Ebramzadeh E, Morcuende JA. The current management of
idiopathic clubfoot revisited: results of a survey of the POSNA membership. J Pediatr
Orthop. 2012;32(5):515-20.

89.

Jowett CR, Morcuende JA, Ramachandran M. Management of congenital talipes
equinovarus using the Ponseti method: a systematic review. J Bone Joint Surg Br.
2011;93(9):1160-4.

90.

Morcuende JA, Dolan LA, Dietz FR, Ponseti IV. Radical reduction in the rate of
extensive corrective surgery for clubfoot using the Ponseti method. Pediatrics.
2004;113(2):376-80.

91.

Zionts LE, Dietz FR. Bracing following correction of idiopathic clubfoot using the
Ponseti method. J Am Acad Orthop Surg. 2010;18(8):486-93.

92.

Laaveg SJ, Ponseti IV. Long-term results of treatment of congenital club foot. J Bone
Joint Surg Am. 1980;62(1):23-31.

93.

Cooper DM, Dietz FR. Treatment of idiopathic clubfoot. A thirty-year follow-up note. J
Bone Joint Surg Am. 1995;77(10):1477-89.

94.

Dobbs MB, Corley CL, Morcuende JA, Ponseti IV. Late recurrence of clubfoot
deformity: a 45-year followup. Clin Orthop Relat Res. 2003(411):188-92.

95.

Zhao D, Li H, Zhao L, Liu J, Wu Z, Jin F. Results of clubfoot management using the
Ponseti method: do the details matter? A systematic review. Clin Orthop Relat Res.
2014;472(4):1329-36.

96.

Mayne AI, Bidwai AS, Beirne P, Garg NK, Bruce CE. The effect of a dedicated Ponseti
service on the outcome of idiopathic clubfoot treatment. Bone Joint J. 2014;96B(10):1424-6.

97.

Miller NH, Carry PM, Mark BJ, Engelman GH, Georgopoulos G, Graham S, Dobbs MB.
Does Strict Adherence to the Ponseti Method Improve Isolated Clubfoot Treatment
Outcomes? A Two-institution Review. Clin Orthop Relat Res. 2016;474(1):237-43.

98.

van Praag VM, Lysenko M, Harvey B, Yankanah R, Wright JG. Casting Is Effective for
Recurrence Following Ponseti Treatment of Clubfoot. J Bone Joint Surg Am.
2018;100(12):1001-8.

99.

Desai L, Oprescu F, DiMeo A, Morcuende JA. Bracing in the treatment of children with
clubfoot: past, present, and future. Iowa Orthop J. 2010;30:15-23.

100. Manousaki E, Czuba T, Hagglund G, Mattsson L, Andriesse H. Evaluation of gait,
relapse and compliance in clubfoot treatment with custom-made orthoses. Gait Posture.
2016;50:8-13.
101. Saetersdal C, Fevang JM, Engesaeter LB. Inferior results with unilateral compared with
bilateral brace in Ponseti-treated clubfeet. J Child Orthop. 2017;11(3):216-22.
102. Seegmiller L, Burmeister R, Paulsen-Miller M, Morcuende J. Bracing in Ponseti
Clubfoot Treatment: Improving Parental Adherence Through an Innovative Health
Education Intervention. Orthop Nurs. 2016;35(2):92-7.

70

103. Chong DY, Finberg NS, Conklin MJ, Doyle JS, Khoury JG, Gilbert SR. Prospective
evaluation of the use of Mitchell shoes and dynamic abduction brace for idiopathic
clubfeet. J Pediatr Orthop B. 2014;23(6):501-4.
104. Zionts LE, Frost N, Kim R, Ebramzadeh E, Sangiorgio SN. Treatment of idiopathic
clubfoot: experience with the Mitchell-Ponseti brace. J Pediatr Orthop. 2012;32(7):70613.
105. Janicki JA, Wright JG, Weir S, Narayanan UG. A comparison of ankle foot orthoses with
foot abduction orthoses to prevent recurrence following correction of idiopathic clubfoot
by the Ponseti method. J Bone Joint Surg Br. 2011;93(5):700-4.
106. Hemo Y, Segev E, Yavor A, Ovadia D, Wientroub S, Hayek S. The influence of brace
type on the success rate of the Ponseti treatment protocol for idiopathic clubfoot. J Child
Orthop. 2011;5(2):115-9.
107. George HL, Unnikrishnan PN, Garg NK, Sampath J, Bruce CE. Unilateral foot abduction
orthosis: is it a substitute for Denis Browne boots following Ponseti technique? J Pediatr
Orthop B. 2011;20(1):22-5.
108. Chen RC, Gordon JE, Luhmann SJ, Schoenecker PL, Dobbs MB. A new dynamic foot
abduction orthosis for clubfoot treatment. J Pediatr Orthop. 2007;27(5):522-8.
109. Morin ML, Hoopes DM, Szalay EA. Positive communication paradigm decreases early
recurrence in clubfoot treatment. J Pediatr Orthop. 2014;34(2):219-22.
110. Sangiorgio SN, Ho NC, Morgan RD, Ebramzadeh E, Zionts LE. The Objective
Measurement of Brace-Use Adherence in the Treatment of Idiopathic Clubfoot. J Bone
Joint Surg Am. 2016;98(19):1598-605.
111. Chu A. Non-motor difficulties in children with idiopathic clubfoot: can this impact brace
adherence? Dev Med Child Neurol. 2019;61(1):11-2.
112. Morcuende JA. Congenital idiopathic clubfoot: prevention of late deformity and
disability by conservative treatment with the Ponseti technique. Pediatr Ann.
2006;35(2):128-30, 32-6.
113. Pirani S, Naddumba E, Mathias R, Konde-Lule J, Penny JN, Beyeza T, Mbonye B,
Amone J, Franceschi F. Towards effective Ponseti clubfoot care: the Uganda Sustainable
Clubfoot Care Project. Clin Orthop Relat Res. 2009;467(5):1154-63.
114. Graf A, Wu KW, Smith PA, Kuo KN, Krzak J, Harris G. Comprehensive review of the
functional outcome evaluation of clubfoot treatment: a preferred methodology. J Pediatr
Orthop B. 2012;21(1):20-7.
115. Gray K, Gibbons P, Little D, Burns J. Bilateral clubfeet are highly correlated: a
cautionary tale for researchers. Clin Orthop Relat Res. 2014;472(11):3517-22.
116. Vitale MG, Choe JC, Vitale MA, Lee FY, Hyman JE, Roye DP, Jr. Patient-based
outcomes following clubfoot surgery: a 16-year follow-up study. J Pediatr Orthop.
2005;25(4):533-8.
117. Tuinsma ABM, Vanwanseele B, van Oorschot L, Kars HJJ, Grin L, Reijman M,
Besselaar AT, van der Steen MC. Gait kinetics in children with clubfeet treated surgically
or with the Ponseti method: A meta-analysis. Gait Posture. 2018;66:94-100.
118. Park MS, Kim SJ, Chung CY, Choi IH, Lee SH, Lee KM. Statistical consideration for
bilateral cases in orthopaedic research. J Bone Joint Surg Am. 2010;92(8):1732-7.
71

119. Cimolin V, Galli M. Summary measures for clinical gait analysis: a literature review.
Gait Posture. 2014;39(4):1005-10.
120. Davis RB, Õunpuu S, Tyburski D, Gage JR. A gait analysis data collection and reduction
technique. Human Movement Science. 1991;10(5):575-87.
121. Perry J, Burnfield J. Gait analysis: normal and pathological function. 2nd ed. Thorofare,
NJ: SLACK Incorporated; 2010.
122. Sankar WN, Rethlefsen SA, Weiss J, Kay RM. The recurrent clubfoot: can gait analysis
help us make better preoperative decisions? Clin Orthop Relat Res. 2009;467(5):121422.
123. Karol LA, O'Brien SE, Wilson H, Johnston CE, Richards BS. Gait analysis in children
with severe clubfeet: early results of physiotherapy versus surgical release. J Pediatr
Orthop. 2005;25(2):236-40.
124. Karol LA, Jeans K, ElHawary R. Gait analysis after initial nonoperative treatment for
clubfeet: intermediate term followup at age 5. Clin Orthop Relat Res. 2009;467(5):120613.
125. Church C, Coplan JA, Poljak D, Thabet AM, Kowtharapu D, Lennon N, Marchesi S,
Henley J, Starr R, Mason D, Belthur MV, Herzenberg JE, Miller F. A comprehensive
outcome comparison of surgical and Ponseti clubfoot treatments with reference to
pediatric norms. J Child Orthop. 2012;6(1):51-9.
126. Duffy CM, Salazar JJ, Humphreys L, McDowell BC. Surgical versus Ponseti approach
for the management of CTEV: a comparative study. J Pediatr Orthop. 2013;33(3):32632.
127. Smith PA, Kuo KN, Graf AN, Krzak J, Flanagan A, Hassani S, Caudill AK, Dietz FR,
Morcuende J, Harris GF. Long-term results of comprehensive clubfoot release versus the
Ponseti method: which is better? Clin Orthop Relat Res. 2014;472(4):1281-90.
128. Jeans KA, Erdman AL, Jo CH, Karol LA. A Longitudinal Review of Gait Following
Treatment for Idiopathic Clubfoot: Gait Analysis at 2 and 5 Years of Age. J Pediatr
Orthop. 2016;36(6):565-71.
129. Svehlik M, Floh U, Steinwender G, Sperl M, Novak M, Kraus T. Ponseti method is
superior to surgical treatment in clubfoot - Long-term, randomized, prospective trial. Gait
Posture. 2017;58:346-51.
130. El-Hawary R, Karol LA, Jeans KA, Richards BS. Gait analysis of children treated for
clubfoot with physical therapy or the Ponseti cast technique. J Bone Joint Surg Am.
2008;90(7):1508-16.
131. Jeans KA, Karol LA, Erdman AL, Stevens WR, Jr. Functional Outcomes Following
Treatment for Clubfoot: Ten-Year Follow-up. J Bone Joint Surg Am.
2018;100(23):2015-23.
132. Mindler GT, Kranzl A, Lipkowski CA, Ganger R, Radler C. Results of gait analysis
including the Oxford foot model in children with clubfoot treated with the Ponseti
method. J Bone Joint Surg Am. 2014;96(19):1593-9.
133. Schwartz MH, Rozumalski A. The Gait Deviation Index: a new comprehensive index of
gait pathology. Gait Posture. 2008;28(3):351-7.

72

134. McMulkin ML, MacWilliams BA. Application of the Gillette Gait Index, Gait Deviation
Index and Gait Profile Score to multiple clinical pediatric populations. Gait Posture.
2015;41(2):608-12.
135. Wicart P, Richardson J, Maton B. Adaptation of gait initiation in children with unilateral
idiopathic clubfoot following conservative treatment. J Electromyogr Kinesiol.
2006;16(6):650-60.
136. Favre P, Exner GU, Drerup B, Schmid D, Wetz HH, Jacob HA. The contralateral foot in
children with unilateral clubfoot: a study of pressures and forces involved in gait. J
Pediatr Orthop. 2007;27(1):54-9.
137. Cooper A, Chhina H, Howren A, Alvarez C. The contralateral foot in children with
unilateral clubfoot, is the unaffected side normal? Gait Posture. 2014;40(3):375-80.
138. Maton B, Wicart P. Centrally adaptations in unilateral idiopathic clubfoot children
following conservative treatment. J Electromyogr Kinesiol. 2005;15(1):72-82.
139. Shirai Y, Wakabayashi K, Wada I, Tsuboi Y, Ha M, Otsuka T. Flatfoot in the
contralateral foot in patients with unilateral idiopathic clubfoot treated using the foot
abduction brace. Medicine (Baltimore). 2017;96(35):e7937.
140. Logan SW, Ross SM, Chee K, Stodden DF, Robinson LE. Fundamental motor skills: A
systematic review of terminology. J Sports Sci. 2018;36(7):781-96.
141. Shumway-Cook A, Woollacott M. Motor control : translating research into clinical
practice. 5th ed. Philadelphia, PA: Wolters Kluwer; 2017.
142. Sala DA, Chu A, Lehman WB, van Bosse HJ. Achievement of gross motor milestones
in children with idiopathic clubfoot treated with the Ponseti method. J Pediatr Orthop.
2013;33(1):55-8.
143. Barnett LM, Lai SK, Veldman SLC, Hardy LL, Cliff DP, Morgan PJ, Zask A, Lubans
DR, Shultz SP, Ridgers ND, Rush E, Brown HL, Okely AD. Correlates of Gross Motor
Competence in Children and Adolescents: A Systematic Review and Meta-Analysis.
Sports Med. 2016;46(11):1663-88.
144. Piek JP, Baynam GB, Barrett NC. The relationship between fine and gross motor ability,
self-perceptions and self-worth in children and adolescents. Hum Mov Sci.
2006;25(1):65-75.
145. Mancini VO, Rigoli D, Heritage B, Roberts LD, Piek JP. The Relationship between
Motor Skills, Perceived Social Support, and Internalizing Problems in a Community
Adolescent Sample. Front Psychol. 2016;7:543.
146. Lucas BR, Elliott EJ, Coggan S, Pinto RZ, Jirikowic T, McCoy SW, Latimer J.
Interventions to improve gross motor performance in children with neurodevelopmental
disorders: a meta-analysis. BMC Pediatr. 2016;16(1):193.
147. Garcia NL, McMulkin ML, Tompkins BJ, Caskey PM, Mader SL, Baird GO. Gross
motor development in babies with treated idiopathic clubfoot. Pediatr Phys Ther.
2011;23(4):347-52.
148. Zionts LE, Packer DF, Cooper S, Ebramzadeh E, Sangiorgio S. Walking age of infants
with idiopathic clubfoot treated using the ponseti method. J Bone Joint Surg Am.
2014;96(19):e164.

73

149. Karol LA, Jeans KA, Kaipus KA. The Relationship Between Gait, Gross Motor
Function, and Parental Perceived Outcome in Children With Clubfeet. J Pediatr Orthop.
2016;36(2):145-51.
150. Andriesse H, Westbom L, Hagglund G. Motor ability in children treated for idiopathic
clubfoot. A controlled pilot study. BMC Pediatr. 2009;9:78.
151. Lohle-Akkersdijk JJ, Rameckers EA, Andriesse H, de Reus I, van Erve RH. Walking
capacity of children with clubfeet in primary school: something to worry about? J Pediatr
Orthop B. 2015;24(1):18-23.
152. Kenmoku T, Kamegaya M, Saisu T, Ochiai N, Iwakura N, Iwase D, Takahashi K, Takaso
M. Athletic ability of school-age children after satisfactory treatment of congenital
clubfoot. J Pediatr Orthop. 2013;33(3):321-5.
153. Diagnostic and Statistical Manual of Mental Disorders (DSM-5®). 5th ed. Arlington.
Washington, D.C.: American Psychiatric Association; 2013.
154. Abbeduto L, Ozonoff S, Thurman AJ, McDuffie A, Schweitzer J. Neurodevelopmental
Disorders. The American Psychiatric Publishing Textbook of Psychiatry. 6th ed.
Washington, D.C.: American Psychiatric Publishing; 2014.
155. Tick B, Bolton P, Happe F, Rutter M, Rijsdijk F. Heritability of autism spectrum
disorders: a meta-analysis of twin studies. J Child Psychol Psychiatry. 2016;57(5):58595.
156. Ramtekkar UP, Reiersen AM, Todorov AA, Todd RD. Sex and age differences in
attention-deficit/hyperactivity disorder symptoms and diagnoses: implications for DSMV and ICD-11. J Am Acad Child Adolesc Psychiatry. 2010;49(3):217-28 e1-3.
157. Gomez A, Sirigu A. Developmental coordination disorder: core sensori-motor deficits,
neurobiology and etiology. Neuropsychologia. 2015;79(Pt B):272-87.
158. Idring S, Lundberg M, Sturm H, Dalman C, Gumpert C, Rai D, Lee BK, Magnusson C.
Changes in prevalence of autism spectrum disorders in 2001-2011: findings from the
Stockholm youth cohort. J Autism Dev Disord. 2015;45(6):1766-73.
159. Riktlinjer till stöd för bedömning och behandling. Karlskrona. Barn- och
ungdomspsykiatri, Stockholms Läns Landsting; 2015.
160. Achenbach TM, Ruffle TM. The Child Behavior Checklist and related forms for
assessing behavioral/emotional problems and competencies. Pediatr Rev.
2000;21(8):265-71.
161. Kadesjo B, Janols LO, Korkman M, Mickelsson K, Strand G, Trillingsgaard A, Gillberg
C. The FTF (Five to Fifteen): the development of a parent questionnaire for the
assessment of ADHD and comorbid conditions. Eur Child Adolesc Psychiatry. 2004;13
Suppl 3:3-13.
162. Wilson BN, Crawford SG, Green D, Roberts G, Aylott A, Kaplan BJ. Psychometric
properties of the revised Developmental Coordination Disorder Questionnaire. Phys
Occup Ther Pediatr. 2009;29(2):182-202.
163. Max JE, Mathews K, Manes FF, Robertson BA, Fox PT, Lancaster JL, Lansing AE,
Schatz A, Collings N. Attention deficit hyperactivity disorder and neurocognitive
correlates after childhood stroke. J Int Neuropsychol Soc. 2003;9(6):815-29.

74

164. Engstrom P, Van't Hooft I, Tedroff K. Neuropsychiatric symptoms and problems among
children with idiopathic toe-walking. J Pediatr Orthop. 2012;32(8):848-52.
165. Barrow WJ, Jaworski M, Accardo PJ. Persistent toe walking in autism. J Child Neurol.
2011;26(5):619-21.
166. Accardo PJ, Barrow W. Toe walking in autism: further observations. J Child Neurol.
2015;30(5):606-9.
167. Valagussa G, Trentin L, Balatti V, Grossi E. Assessment of presentation patterns, clinical
severity, and sensorial mechanism of tip-toe behavior in severe ASD subjects with
intellectual disability: A cohort observational study. Autism Res. 2017;10(9):1547-57.
168. Valagussa G, Trentin L, Signori A, Grossi E. Toe Walking Assessment in Autism
Spectrum Disorder Subjects: A Systematic Review. Autism Res. 2018;11(10):1404-15.
169. Taylor RV, Weis K. Measuring Healthy Days. Population Assessment of Health-Related
Quality of Life. Atlanta, Georgia: Centers for Disease Control and Prevention; 2000.
170. Moriarty DG, Zack MM, Kobau R. The Centers for Disease Control and Prevention's
Healthy Days Measures - population tracking of perceived physical and mental health
over time. Health Qual Life Outcomes. 2003;1:37.
171. Rabin R, de Charro F. EQ-5D: a measure of health status from the EuroQol Group. Ann
Med. 2001;33(5):337-43.
172. Ware JE, Jr., Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I.
Conceptual framework and item selection. Med Care. 1992;30(6):473-83.
173. Jonsson U, Alaie I, Lofgren Wilteus A, Zander E, Marschik PB, Coghill D, Bolte S.
Annual Research Review: Quality of life and childhood mental and behavioural disorders
- a critical review of the research. J Child Psychol Psychiatry. 2017;58(4):439-69.
174. Varni JW, Limbers CA, Burwinkle TM. Impaired health-related quality of life in children
and adolescents with chronic conditions: a comparative analysis of 10 disease clusters
and 33 disease categories/severities utilizing the PedsQL 4.0 Generic Core Scales. Health
Qual Life Outcomes. 2007;5:43.
175. Lee YC, Yang HJ, Chen VC, Lee WT, Teng MJ, Lin CH, Gossop M. Meta-analysis of
quality of life in children and adolescents with ADHD: By both parent proxy-report and
child self-report using PedsQL. Res Dev Disabil. 2016;51-52:160-72.
176. Haverman L, Limperg PF, Young NL, Grootenhuis MA, Klaassen RJ. Paediatric healthrelated quality of life: what is it and why should we measure it? Arch Dis Child.
2017;102(5):393-400.
177. Gray K, Burns J, Little D, Bellemore M, Gibbons P. Is tibialis anterior tendon transfer
effective for recurrent clubfoot? Clin Orthop Relat Res. 2014;472(2):750-8.
178. Dobbs MB, Nunley R, Schoenecker PL. Long-term follow-up of patients with clubfeet
treated with extensive soft-tissue release. J Bone Joint Surg Am. 2006;88(5):986-96.
179. Hsu LP, Dias LS, Swaroop VT. Long-term retrospective study of patients with idiopathic
clubfoot treated with posterior medial-lateral release. J Bone Joint Surg Am.
2013;95(5):e27.
180. Esbjornsson AC, Rozumalski A, Iversen MD, Schwartz MH, Wretenberg P, Brostrom
EW. Quantifying gait deviations in individuals with rheumatoid arthritis using the Gait
Deviation Index. Scand J Rheumatol. 2014;43(2):124-31.
75

181. Statistics Sweden. Official Statistics of Sweden. Retrieved 2018 Jan 16 from
http://www.scb.se/en
182. Andriesse H, Hagglund G, Jarnlo GB. The clubfoot assessment protocol (CAP);
description and reliability of a structured multi-level instrument for follow-up. BMC
Musculoskelet Disord. 2005;6:40.
183. Õunpuu S, Gage JR, Davis RB. Three-dimensional lower extremity joint kinetics in
normal pediatric gait. J Pediatr Orthop. 1991;11(3):341-9.
184. Hof AL. Scaling gait data to body size. Gait & Posture. 1996;4(3):222-3.
185. Schwartz MH, Rozumalski A, Trost JP. The effect of walking speed on the gait of
typically developing children. J Biomech. 2008;41(8):1639-50.
186. Rozumalski A, Schwartz MH. The GDI-Kinetic: a new index for quantifying kinetic
deviations from normal gait. Gait Posture. 2011;33(4):730-2.
187. Litrenta J, Gorton G, Ahuja B, Masso P, Drvaric D. An Analysis of Relative Gait
Impairment in Commonly Diagnosed Pediatric Conditions. J Pediatr Orthop.
2018;38(6):337-42.
188. Andriesse H. Follow-up of children with congenital clubfoot. Development of a new
evaluation instrument. Doctoral thesis, Lund University; 2007.
189. Andriesse H, Roos EM, Hagglund G, Jarnlo GB. Validity and responsiveness of the
Clubfoot Assessment Protocol (CAP). A methodological study. BMC Musculoskelet
Disord. 2006;7:28.
190. Flynn JM, Donohoe M, Mackenzie WG. An independent assessment of two clubfootclassification systems. J Pediatr Orthop. 1998;18(3):323-7.
191. Wainwright AM, Auld T, Benson MK, Theologis TN. The classification of congenital
talipes equinovarus. J Bone Joint Surg Br. 2002;84(7):1020-4.
192. Cosma D, Vasilescu DE. A Clinical Evaluation of the Pirani and Dimeglio Idiopathic
Clubfoot Classifications. J Foot Ankle Surg. 2015;54(4):582-5.
193. van Mulken JM, Bulstra SK, Hoefnagels NH. Evaluation of the treatment of clubfeet
with the Dimeglio score. J Pediatr Orthop. 2001;21(5):642-7.
194. Lampasi M, Abati CN, Bettuzzi C, Stilli S, Trisolino G. Comparison of Dimeglio and
Pirani score in predicting number of casts and need for tenotomy in clubfoot correction
using the Ponseti method. Int Orthop. 2018;42(10):2429-36.
195. Korkman M, Jaakkola M, Ahlroth A, Pesonen AE, Turunen MM. Screening of
developmental disorders in five-year-olds using the FTF (Five to Fifteen) questionnaire:
a validation study. Eur Child Adolesc Psychiatry. 2004;13 Suppl 3:31-8.
196. Trillingsgaard A, Damm D, Sommer S, Jepsen JR, Ostergaard O, Frydenberg M,
Thomsen PH. Developmental profiles on the basis of the FTF (Five to Fifteen)
questionnaire-clinical validity and utility of the FTF in a child psychiatric sample. Eur
Child Adolesc Psychiatry. 2004;13 Suppl 3:39-63.
197. Illum NO, Gradel KO. The Nordic Five to Fifteen questionnaire could provide the basis
for a common neurological disability variable. Acta Paediatr. 2014;103(8):879-85.

76

198. Lambek R, Trillingsgaard A. Elaboration, validation and standardization of the five to
fifteen (FTF) questionnaire in a Danish population sample. Res Dev Disabil.
2015;38:161-70.
199. Bohlin G, Janols LO. Behavioural problems and psychiatric symptoms in 5-13 year-old
Swedish children-a comparison of parent ratings on the FTF (Five to Fifteen) with the
ratings on CBCL (Child Behavior Checklist). Eur Child Adolesc Psychiatry. 2004;13
Suppl 3:14-22.
200. Farooqi A, Hagglof B, Serenius F. Behaviours related to executive functions and learning
skills at 11 years of age after extremely preterm birth: a Swedish national prospective
follow-up study. Acta Paediatr. 2013;102(6):625-34.
201. Airaksinen EM, Michelsson K, Jokela V. The occurrence of inattention, hyperactivity,
impulsivity and coexisting symptoms in a population study of 471 6-8-year old children
based on the FTF (Five to Fifteen) questionnaire. Eur Child Adolesc Psychiatry. 2004;13
Suppl 3:23-30.
202. Dietz FR, Tyler MC, Leary KS, Damiano PC. Evaluation of a disease-specific instrument
for idiopathic clubfoot outcome. Clin Orthop Relat Res. 2009;467(5):1256-62.
203. EuroQol G. EuroQol--a new facility for the measurement of health-related quality of life.
Health Policy. 1990;16(3):199-208.
204. Wille N, Badia X, Bonsel G, Burstrom K, Cavrini G, Devlin N, Egmar AC, Greiner W,
Gusi N, Herdman M, Jelsma J, Kind P, Scalone L, Ravens-Sieberer U. Development of
the EQ-5D-Y: a child-friendly version of the EQ-5D. Qual Life Res. 2010;19(6):875-86.
205. Ravens-Sieberer U, Wille N, Badia X, Bonsel G, Burstrom K, Cavrini G, Devlin N,
Egmar AC, Gusi N, Herdman M, Jelsma J, Kind P, Olivares PR, Scalone L, Greiner W.
Feasibility, reliability, and validity of the EQ-5D-Y: results from a multinational study.
Qual Life Res. 2010;19(6):887-97.
206. Burstrom K, Egmar AC, Lugner A, Eriksson M, Svartengren M. A Swedish childfriendly pilot version of the EQ-5D instrument--the development process. Eur J Public
Health. 2011;21(2):171-7.
207. Burstrom K, Svartengren M, Egmar AC. Testing a Swedish child-friendly pilot version
of the EQ-5D instrument--initial results. Eur J Public Health. 2011;21(2):178-83.
208. Bergfors S, Astrom M, Burstrom K, Egmar AC. Measuring health-related quality of life
with the EQ-5D-Y instrument in children and adolescents with asthma. Acta Paediatr.
2015;104(2):167-73.
209. Eriksson M, Jylli L, Villard L, Kroksmark AK, Bartonek A. Health-related quality of life
and orthosis use in a Swedish population with arthrogryposis. Prosthet Orthot Int.
2018;42(4):402-9.
210. Wu XY, Ohinmaa A, Johnson JA, Veugelers PJ. Assessment of children's own health
status using visual analogue scale and descriptive system of the EQ-5D-Y: linkage
between two systems. Qual Life Res. 2014;23(2):393-402.
211. Astrom M, Persson C, Linden-Bostrom M, Rolfson O, Burstrom K. Population health
status based on the EQ-5D-Y-3L among adolescents in Sweden: Results by
sociodemographic factors and self-reported comorbidity. Qual Life Res.
2018;27(11):2859-71.

77

212. Domellof E, Hedlund L, Odman P. Health-related quality of life of children and
adolescents with functional disabilities in a northern Swedish county. Qual Life Res.
2014;23(6):1877-82.
213. Nordyke K, Norstrom F, Lindholm L, Stenlund H, Rosen A, Ivarsson A. Health-related
quality of life in adolescents with screening-detected celiac disease, before and one year
after diagnosis and initiation of gluten-free diet, a prospective nested case-referent study.
BMC Public Health. 2013;13:142.
214. Burstrom K, Bartonek A, Brostrom EW, Sun S, Egmar AC. EQ-5D-Y as a health-related
quality of life measure in children and adolescents with functional disability in Sweden:
testing feasibility and validity. Acta Paediatr. 2014;103(4):426-35.
215. Robles N, Rajmil L, Rodriguez-Arjona D, Azuara M, Codina F, Raat H, Ravens-Sieberer
U, Herdman M. Development of the web-based Spanish and Catalan versions of the
Euroqol 5D-Y (EQ-5D-Y) and comparison of results with the paper version. Health Qual
Life Outcomes. 2015;13:72.
216. Norman GR, Streiner DL. Biostatistics: The Bare Essentials. 4th ed. Shelton,
Connecticut: People's Medical Publishing House-USA; 2014.
217. Zapata KA, Karol LA, Jeans KA, Jo CH. Gross Motor Function at 10 Years of Age in
Children With Clubfoot Following the French Physical Therapy Method and the Ponseti
Technique. J Pediatr Orthop. 2018;38(9):e519-e23.
218. Esbjornsson AC, Iversen MD, Andre M, Hagelberg S, Schwartz MH, Brostrom EW.
Effect of Intraarticular Corticosteroid Foot Injections on Walking Function in Children
With Juvenile Idiopathic Arthritis. Arthritis Care Res (Hoboken). 2015;67(12):1693-701.
219. Eriksson M, Bartonek A, Ponten E, Gutierrez-Farewik EM. Gait dynamics in the wide
spectrum of children with arthrogryposis: a descriptive study. BMC Musculoskelet
Disord. 2015;16:384.
220. Malt MA, Aarli A, Bogen B, Fevang JM. Correlation between the Gait Deviation Index
and gross motor function (GMFCS level) in children with cerebral palsy. J Child Orthop.
2016;10(3):261-6.
221. Wicart P, Maton B. Body equilibrium at the end of gait initiation: importance of ankle
muscular force as evidenced in clubfoot children. Neurosci Lett. 2003;351(2):67-70.
222. Zapata KA, Karol LA, Jeans KA, Jo CH. Clubfoot Does Not Impair Gross Motor
Development in 5-Year-Olds. Pediatr Phys Ther. 2018;30(2):101-4.
223. Aulie VS, Halvorsen VB, Brox JI. Motor abilities in 182 children treated for idiopathic
clubfoot. J Child Orthop. 2018;12(4):383-9.
224. Hadders-Algra M. Variation and variability: key words in human motor development.
Phys Ther. 2010;90(12):1823-37.
225. Smith L, van Jaarsveld CHM, Llewellyn CH, Fildes A, Lopez Sanchez GF, Wardle J,
Fisher A. Genetic and Environmental Influences on Developmental Milestones and
Movement: Results From the Gemini Cohort Study. Res Q Exerc Sport. 2017;88(4):4017.
226. Flensborg-Madsen T, Mortensen EL. Predictors of motor developmental milestones
during the first year of life. Eur J Pediatr. 2017;176(1):109-19.

78

227. Holst C, Jorgensen SE, Wohlfahrt J, Nybo Andersen AM, Melbye M. Fever during
pregnancy and motor development in children: a study within the Danish National Birth
Cohort. Dev Med Child Neurol. 2015;57(8):725-32.
228. Slykerman RF, Thompson JM, Clark PM, Becroft DM, Robinson E, Pryor JE, Wild CJ,
Mitchell EA. Determinants of developmental delay in infants aged 12 months. Paediatr
Perinat Epidemiol. 2007;21(2):121-8.
229. Kazdin AE. Research design in clinical psychology. 4th ed. Boston, MA: Allyon &
Bacon; 2003.
230. Dal H, Kaosidou K, Dalman C. Neuropsykiatri bland barn och unga vuxna i Stockholms
län. Centrum för epidemiologi och samhällsmedicin. Stockholm, 2013.
231. Kaplan B, Crawford S, Cantell M, Kooistra L, Dewey D. Comorbidity, co-occurrence,
continuum: What's in a name? Child Care Health Dev. 2006;32(6):723-31.
232. Iverson JM. Developing language in a developing body: the relationship between motor
development and language development. J Child Lang. 2010;37(2):229-61.
233. Oudgenoeg-Paz O, Volman MC, Leseman PP. First Steps into Language? Examining the
Specific Longitudinal Relations between Walking, Exploration and Linguistic Skills.
Front Psychol. 2016;7:1458.
234. Johnson S, Seaton SE, Manktelow BN, Smith LK, Field D, Draper ES, Marlow N, Boyle
EM. Telephone interviews and online questionnaires can be used to improve
neurodevelopmental follow-up rates. BMC Res Notes. 2014;7:219.
235. Chen C, Kaushal N, Scher DM, Doyle SM, Blanco JS, Dodwell ER. Clubfoot Etiology:
A Meta-Analysis and Systematic Review of Observational and Randomized Trials. J
Pediatr Orthop. 2018;38(8):e462-e9.
236. Pavone V, Chisari E, Vescio A, Lucenti L, Sessa G, Testa G. The etiology of idiopathic
congenital talipes equinovarus: a systematic review. J Orthop Surg Res. 2018;13(1):206.
237. Clifford A, Lang L, Chen R. Effects of maternal cigarette smoking during pregnancy on
cognitive parameters of children and young adults: a literature review. Neurotoxicol
Teratol. 2012;34(6):560-70.
238. Huang L, Wang Y, Zhang L, Zheng Z, Zhu T, Qu Y, Mu D. Maternal Smoking and
Attention-Deficit/Hyperactivity Disorder in Offspring: A Meta-analysis. Pediatrics.
2018;141(1).
239. Dobbs MB, Gurnett CA. Genetics of clubfoot. J Pediatr Orthop B. 2012;21(1):7-9.
240. Zhang TX, Haller G, Lin P, Alvarado DM, Hecht JT, Blanton SH, Stephens Richards B,
Rice JP, Dobbs MB, Gurnett CA. Genome-wide association study identifies new disease
loci for isolated clubfoot. J Med Genet. 2014;51(5):334-9.
241. Baeza-Velasco C, Sinibaldi L, Castori M. Attention-deficit/hyperactivity disorder, joint
hypermobility-related disorders and pain: expanding body-mind connections to the
developmental age. Atten Defic Hyperact Disord. 2018;10(3):163-75.
242. Baeza-Velasco C, Grahame R, Bravo JF. A connective tissue disorder may underlie
ESSENCE problems in childhood. Res Dev Disabil. 2017;60:232-42.
243. Myers L, Anderlid BM, Nordgren A, Willfors C, Kuja-Halkola R, Tammimies K, Bolte
S. Minor physical anomalies in neurodevelopmental disorders: a twin study. Child
Adolesc Psychiatry Ment Health. 2017;11:57.
79

244. Jelsma J, Ramma L. How do children at special schools and their parents perceive their
HRQoL compared to children at open schools? Health Qual Life Outcomes. 2010;8:72.
245. Hayes CB, Murr KA, Muchow RD, Iwinski HJ, Talwalkar VR, Walker JL, Milbrandt
TA, Hosseinzadeh P. Pain and overcorrection in clubfeet treated by Ponseti method. J
Pediatr Orthop B. 2018;27(1):52-5.
246. Stinson J, Connelly M, Kamper SJ, Herlin T, Toupin April K. Models of Care for
addressing chronic musculoskeletal pain and health in children and adolescents. Best
Pract Res Clin Rheumatol. 2016;30(3):468-82.
247. Weiss JE, Stinson JN. Pediatric Pain Syndromes and Noninflammatory Musculoskeletal
Pain. Pediatr Clin North Am. 2018;65(4):801-26.
248. Smith SM, Sumar B, Dixon KA. Musculoskeletal pain in overweight and obese children.
Int J Obes (Lond). 2014;38(1):11-5.
249. Lipsker CW, Bolte S, Hirvikoski T, Lekander M, Holmstrom L, Wicksell RK.
Prevalence of autism traits and attention-deficit hyperactivity disorder symptoms in a
clinical sample of children and adolescents with chronic pain. J Pain Res. 2018;11:282736.
250. Stores G. Multifactorial Influences, Including Comorbidities, Contributing to Sleep
Disturbance in Children with a Neurodevelopmental Disorder. CNS Neurosci Ther.
2016;22(11):875-9.
251. Becker SP, Sidol CA, Van Dyk TR, Epstein JN, Beebe DW. Intraindividual variability
of sleep/wake patterns in relation to child and adolescent functioning: A systematic
review. Sleep Med Rev. 2017;34:94-121.
252. de Schipper E, Lundequist A, Wilteus AL, Coghill D, de Vries PJ, Granlund M,
Holtmann M, Jonsson U, Karande S, Levy F, Al-Modayfer O, Rohde L, Tannock R,
Tonge B, Bolte S. A comprehensive scoping review of ability and disability in ADHD
using the International Classification of Functioning, Disability and Health-Children and
Youth Version (ICF-CY). Eur Child Adolesc Psychiatry. 2015;24(8):859-72.
253. Klintwall L, Holm A, Eriksson M, Carlsson LH, Olsson MB, Hedvall A, Gillberg C,
Fernell E. Sensory abnormalities in autism. A brief report. Res Dev Disabil.
2011;32(2):795-800.
254. Johnson MH, Gliga T, Jones E, Charman T. Annual research review: Infant development,
autism, and ADHD--early pathways to emerging disorders. J Child Psychol Psychiatry.
2015;56(3):228-47.
255. Kaiser ML, Schoemaker MM, Albaret JM, Geuze RH. What is the evidence of impaired
motor skills and motor control among children with attention deficit hyperactivity
disorder (ADHD)? Systematic review of the literature. Res Dev Disabil. 2015;36C:33857.
256. Fournier KA, Hass CJ, Naik SK, Lodha N, Cauraugh JH. Motor coordination in autism
spectrum disorders: a synthesis and meta-analysis. J Autism Dev Disord.
2010;40(10):1227-40.
257. Lubans DR, Morgan PJ, Cliff DP, Barnett LM, Okely AD. Fundamental movement skills
in children and adolescents: review of associated health benefits. Sports Med.
2010;40(12):1019-35.

80

258. Kantomaa MT, Purtsi J, Taanila AM, Remes J, Viholainen H, Rintala P, Ahonen T,
Tammelin TH. Suspected motor problems and low preference for active play in
childhood are associated with physical inactivity and low fitness in adolescence. PLoS
One. 2011;6(1):e14554.
259. Palmer KK, Chinn KM, Robinson LE. Using Achievement Goal Theory in Motor Skill
Instruction: A Systematic Review. Sports Med. 2017;47(12):2569-83.
260. Smits-Engelsman B, Vincon S, Blank R, Quadrado VH, Polatajko H, Wilson PH.
Evaluating the evidence for motor-based interventions in developmental coordination
disorder: A systematic review and meta-analysis. Res Dev Disabil. 2018;74:72-102.
261. Coppola G, Costantini A, Tedone R, Pasquale S, Elia L, Barbaro MF, d'Addetta I. The
impact of the baby's congenital malformation on the mother's psychological well-being:
an empirical contribution on the clubfoot. J Pediatr Orthop. 2012;32(5):521-6.
262. Malagelada F, Mayet S, Firth G, Ramachandran M. The impact of the Ponseti treatment
method on parents and caregivers of children with clubfoot: a comparison of two urban
populations in Europe and Africa. J Child Orthop. 2016;10(2):101-7.
263. Smythe T, Wainwright A, Foster A, Lavy C. What is a good result after clubfoot
treatment? A Delphi-based consensus on success by regional clubfoot trainers from
across Africa. PLoS One. 2017;12(12):e0190056.
264. Carlson MD, Morrison RS. Study design, precision, and validity in observational studies.
J Palliat Med. 2009;12(1):77-82.
265. Zelik KE, Honert EC. Ankle and foot power in gait analysis: Implications for science,
technology and clinical assessment. J Biomech. 2018;75:1-12.
266. McCahill J, Stebbins J, Koning B, Harlaar J, Theologis T. Repeatability of the Oxford
Foot Model in children with foot deformity. Gait Posture. 2018;61:86-9.
267. Sutherland D. The development of mature gait. Gait and Posture. 1997;6(2):163–70.
268. Avilucea FR, Szalay EA, Bosch PP, Sweet KR, Schwend RM. Effect of cultural factors
on outcome of Ponseti treatment of clubfeet in rural America. J Bone Joint Surg Am.
2009;91(3):530-40.
269. Owen RM, Capper B, Lavy C. Clubfoot treatment in 2015: a global perspective. BMJ
Glob Health. 2018;3(4):e000852.
270. Glass G, Peckham P, Sanders J. Consequences of failure to meet assumptions underlying
the fixed effects analysis of variance and covariance. Rev Educ Res. 1972;42:237-88.
271. Löfgren N. Gait and balance in Parkinson's disease : psychometric properties and effects
of training. Doctoral thesis, Karolinska Institutet; 2016.

81

9 APPENDIX
Sample characteristics including sociodemographic parameters for the participants in Studies
III and IV as reported of the parents.

Mean age (SD)
Boys, n (%)
Bilateral idiopathic clubfoot,a n (%)
Unilateral idiopathic clubfoot,a n (%)
Roye's Disease Specific Instrument (DSI), mean (SD)
Children born in Sweden, n (%)
Mothers born in Sweden, n (%)
Fathers born in Sweden, n (%)
Living in Stockholm County, n (%)
Living in urban cities,b n (%)
Living in medium-sized cities,b n (%)
Living in rural county areas,b n (%)
Parent’s education in years,c mean (SD)
Mothers unemployed or on sick leave, n (%)
Fathers unemployed or on sick leave, n (%)
Cohabiting parents, n (%)
No. of siblings, mean (SD)
Main sport/leisure activities of the child,d (%)

Children with
idiopathic clubfoot
n = 106

General
population
n = 109

9.4 (0.6)
77 (73)
49 (49)
51 (51)
83 (16)
106 (100)
82 (77)
80 (76)
79 (75)
52 (49)
43 (41)
10 (9)
15.3 (2.9)
5 (5)
1 (1)
91 (86)
1.7 (1.5)
Soccer (44)
Floorball/bandy (13)
5 (5)
1 (1)
20 (19)

9.5 (0.6)
79 (73)
NA
NA
NA
105 (96)
87 (80)
85 (78)
82 (75)
67 (62)
37 (34)
5 (5)
15.2 (2.8)
1 (1)
0 (0)
90 (83)
1.6 (0.9)
Soccer (50)
Music/choir (17)
2 (2)
1 (1)
13 (12)

Special teaching/pedagogical support, n (%)
One additional year in school, n (%)
Children reported with disorders/disabilities,e n (%)
Disorders/disabilitiesd
Allergy
5 (5)
3 (3)
Asthma
3 (3)
5 (5)
ADHD/suspected ADHD, n (%)
6 (6)
2 (2)
ADD, n (%)
1 (1)
ASD, n (%)^
4 (4)
1 (1)
Dyslexia/language difficulties, n (%)
3 (3)
1 (1)
Not specified, n (%)
2 (2)
Hearing or vision difficulties, n (%)
2 (2)
Developmental delay, n (%)
1 (1)
Musculoskeletal problems with the lower limbs
2 (2)
Ear problems, n (%)
1 (1)
Hypothyroidism, n (%)
1(1)
Molar-Incisor-Hypomineralization, n (%)
1(1)
a foot involvement unknown in six children, b some missing answers in both samples, c for the parents
answering the questionnaires, d open question with multiple answers possible, e except clubfoot.
ADHD attention deficit/hyperactivity disorder; ASD autism spectrum disorder; ADD attention deficit
disorder; NA not applicable.
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