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Additional challenges in children with idiopathic 
clubfoot: is it just the foot?

E. Lööf1,2

Abstract

Purpose Treatment of idiopathic clubfoot (IC) has improved 
since the introduction of the Ponseti method. However, re-
lapses are still common and primarily related to non-adher-
ence to the brace regime. Our hypothesis was that IC might 
be more than just a structural deformity. Based on three stud-
ies, the aim of this paper was to provide an overview of find-
ings regarding additional challenges within IC.

Methods In total, 153 children with IC and 137 control chil-
dren participated in the studies. The first study assessed gross 
motor skills in six motor tasks using the Clubfoot Assessment 
Protocol. The second and third studies surveyed neurodevel-
opmental difficulties (NDDs) using the Five to Fifteen (FTF) 
questionnaire and health-related quality of life (HRQoL) using 
the EuroQol-5D youth.

Results A high percentage of gross motor deviations were 
found in children with IC compared with controls, and those 
correlated poorly with clubfoot severity and foot movement. 
Children with IC had a higher prevalence of NDDs on the FTF 
compared with the control group, including the domains: 
motor skills, perception and language. One-third of children 
with IC were defined as at risk of developmental disorders. 
In this subgroup, parents were less satisfied with the out-
come of clubfoot treatment and the children reported worse 
HRQoL than those without NDDs.

Conclusion The findings suggest additional challenges in 
children with IC, such as NDDs, apparently affecting both 
clubfoot treatment outcome and HRQoL. Thus, awareness of 
these challenges could be vital to further optimize treatment 
and support, for example, with regards to brace adherence.

Level of evidence II - Prognostic study
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Introduction
The treatment of idiopathic clubfoot (IC) has progressed 
since the global recognition of the Ponseti treatment 
method, now considered the benchmark treatment.1,2 
Examples of successful factors include a high initial cor-
rection rate and improved foot morphology, gait and 
patient-reported outcomes compared with surgical 
management.2-4 Despite this, relapses of the deformity 
are still common and have been reported in up to 68% 
of cases.5 Non-adherence to the brace regime is the con-
stant and most prominent risk factor reported.6 Because 
of this, many attempts have been made to increase brace 
compliance. Such attempts have included educational 
interventions, different brace designs and protocols.7,8 
Nevertheless, adherence to the brace regime can still be 
a challenge for families and an objectively measured daily 
brace use has revealed a median use of only 62% of the 
recommended time.9

Now that the Ponseti treatment method is considered 
the first-hand option, it is time to take the next step in 
the research and understanding of clubfoot. Although 
the pathogenesis of clubfoot is still unknown, progress 
has been made in understanding some of the genetic 
and environmental factors related to the deformity.10-13 
By identifying factors related to clubfoot as well as gener-
ating knowledge of the group of children with clubfoot, 
treatment and care can advance even further.

At Karolinska Institutet and Lund University, Sweden, 
our research team has been working on expanding the 
knowledge of children born with IC beyond the muscu-
loskeletal deformity of the foot and lower leg itself. This 
work was based on the hypothesis that IC is more than 
just a structural problem. From the literature, we noted 
a finding made by chance where half the sample of boys 
with clubfoot, acting as reference material, were identified 
with attention-deficit/hyperactivity disorder (ADHD).14 
Moreover, another study found delays in  attaining gross 
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motor milestones in infants with IC compared with 
typically developing infants, primarily with regards to 
independent walking.15 Delays were not related to the 
treatment method used or initial severity of the clubfoot 
deformity. Interestingly, the authors suggested that one 
explanation could be that the clubfoot disorder might 
be a marker for an underlying mild motor development 
dysfunction. Similarly, Andriesse et al16 found that low 
motor ability in children with IC at age seven years was 
not directly related to the status of the clubfoot, indicating 
additional difficulties besides the structural abnormality. 
Finally, in a study of children with idiopathic toe walking 
at an orthopaedic clinic, a higher prevalence of neurode-
velopmental difficulties (NDDs) were reported,17 implying 
a possible connection between NDDs and distal musculo-
skeletal deficits. In addition, our own clinical experiences 
have indicated underlying problems such as hyperactivity, 
language and attention in children with IC. Therefore, the 
combination of research findings aligned with indications 
from clinical practice led us to the hypothesis that addi-
tional challenges may occur within the group of children 
born with IC. The aim of the current paper was to present 
an overview of the findings based on the following studies 
conducted by our research team:

–  Study 1: Lööf et al (2017),18 Gross Motor Skills in Child ren 
with Idiopathic Clubfoot and the Association between 
Gross Motor Skills, Foot Involvement, Gait and Foot 
Movement.

–  Study 2: Lööf et al (2019),19 Neurodevelopment Difficul-
ties in Children with Idiopathic Clubfoot.

–  Study 3: Lööf et al (2018),20 Neurodevelopmental Dif-
ficulties Negatively Affect Health-related Quality of Life 
(HRQoL) in Children with Idiopathic Clubfoot

Patients and methods

Below is an overview of the methods used in the stud-
ies. Detailed information can be found in the individual 
papers. The Regional Ethics Committee in Stockholm 
approved all studies and the parents gave their informed 
consent for participation.

Study 1

In study 1, gross motor skills were assessed in 47 chil-
dren with IC and 28 children without the deformity were 
recruited as controls (Table 1). The children performed 
the following motor tasks: running, walking, toe and heel 
walking, one-leg stance and hopping. The tasks were 
evaluated using the Clubfoot Assessment Protocol (CAP). 
In addition, initial clubfoot severity was assessed before 
treatment with the Dimeglio classification scale21 and the 
passive range of movement of the foot at the time of the 
assessment were documented. On the CAP, each leg is 
rated individually for each task on a five-point scale from 
0 (cannot/unable) to 4 (within normal).22 We defined a 
score of 2 or below as deviant. Five blinded assessors rated 
the children individually from videotapes and the median 
scores were included in the statistical analysis. 

Studies 2 and 3

In studies 2 and 3, NDDs and HRQoL were evaluated in 
four annual cohorts of children with IC from the counties of 
Stockholm and Skåne, Sweden. A total of 106 children with 
IC and 109 schoolchildren (control) in the same county 
areas were included (Table 1). In study 2, the children’s par-
ents answered the Five to Fifteen (FTF) questionnaire and 
Roye’s Disease-Specific Instrument (DSI). The FTF has been 
developed to assess developmental and behavioural diffi-
culties related to NDDs. The instrument entails 181 items 
representing eight domains (motor skills, executive func-
tions, perception, memory, language, learning, social skills 
and emotional/behavioural problems) to be answered on a 
three-level score.23 The DSI evaluates the parent’s perspec-
tive of the clubfoot treatment outcome regarding function 
and satisfaction.24 On the DSI, ten items are rated, also 
including questions about pain and appearance, and a 
total score can be calculated. In study 3, the children them-
selves answered the generic HRQoL questionnaire Euro-
Qol-5D-youth (EQ-5D-Y) comprising of five dimensions 
(‘mobility (walking about)’, ‘looking after myself’, ‘doing 
usual activities’, ‘having pain or discomfort’ and ‘feeling 
worried, sad or unhappy’) as well as their perceived overall 
health status on a visual analogue scale (VAS).25

Table 1 Group characteristics of the participants within the studies

n Mean age, yrs (sd) Boys % (n) Bilateral IC % (n)

Study 1

IC 47 5.4 (0.5) 74 (35) 47 (22)
Control 28 5.5 (0.6) 64 (18) NA
Studies 2 and 3
IC 106 9.4 (0.6) 73 (77) 46 (49)
Control 109 9.5 (0.6) 73 (79) NA

IC, idiopathic clubfoot; NA, not applicable
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Results

Gross motor skills

In study 1, significant lower CAP scores and a high per-
centage of gross motor deviations were found in children 
with IC compared with the control group (p < 0.05). This 
was especially prominent in the items ‘one-leg stance’ and 
‘hop’ in which 87% and 85%, respectively, of the children 
with IC showed deficits (Table 2). Conversely, the controls 
demonstrated deviations of 32% and 43%, respectively, 
for the same items. In accordance with the CAP instru-
ment, most children were still able to perform the motor 
tasks but did this with an impaired movement quality. For 
example, in the item ‘one-leg hop’ the child might have 
problems getting started, maintaining balance, keeping a 
straight line or with unregulated hopping strides.

A key finding in the study was that gross motor devia-
tions were generally poorly correlated (rs  ≤ 0.4) with the 
initial clubfoot severity and the passive range of move-
ment of the foot at the time of the assessment (Table 2). 
This indicated that other reasons than musculoskeletal 
deficits alone, such as cognition and perception factors, 
may explain the high occurrence of gross motor devia-
tions in this population. 

NDDs

The results from study 2 showed that children with IC were 
reported with more NDDs on the FTF compared with the 
control group (Fig. 1). This was evident on a group level 
on the total FTF questionnaire, as well as in the follow-
ing specific domains: ‘motor skills’, ‘perception’ and ‘lan-
guage’ (p ≤ 0.04; Fig. 1). In single items, 26 of the items 

Table 2 Percentage of gross motor deviations in the study groups as well as the correlations between the motor tasks and the initial clubfoot severity 
(Dimeglio score) and passive foot movement at the time of the assessment of the idiopathic clubfoot group

Percentage IC (n), (n = 47)* Percentage control (n), (n = 28) Correlations related to the gross motor tasks in the IC group†

Dimeglio score  
(n = 68)

DF (n = 69) PF (n = 64)

Running 26 (12) 0 (0) -0.22 0.40 0.16
Walking 26 (12) 0 (0) -0.32 0.43 0.22
Toe walking 57 (27) 0 (0) -0.31 0.06 0.28
Heel walking 64 (30) 4 (1) -0.45 0.49 -0.05
One-leg stance 87 (41) 32 (9) -0.24 0.13 0.12
One-leg hop 85 (40) 43 (12) -0.11 0.13 0.13

*In this paper the inferior/worse performing legs in bilateral cases are presented, whereas the original paper presents all legs, including also the contralateral leg 
in unilateral IC18

†Correlations using the Spearman’s rho; poor correlations defined as ≤ 0.04

IC, idiopathic clubfoot; DF, dorsal flexion; PF, plantar flexion  

Fig. 1 Mean profiles of children with idiopathic clubfoot and the control group on the Five to Fifteen (FTF) questionnaire. Higher 
numbers indicate greater difficulties. Significant differences were found between the two groups on the total FTF as well as the 
domains with * (p < 0.05). The figure has been slightly modified from the original figure.19
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were reported with more difficulties in the IC group. Inter-
estingly, most of these items did not include musculoskel-
etal issues or the feet. On the contrary, the items consisted 
of concerns regarding areas such as social skills, difficulties 
handling small objects, writing and memory. Examples of 
this include the items ‘difficulty behaving as expected by 
peers’ and ‘difficulty following and comprehending sto-
ries read aloud’ that were reported to a greater extent in 
the IC group. The full list is detailed in Lööf et al.19

To define clinically relevant cases, children reported 
above the 90th percentile (with regards to the control 
group) of at least two domains on the FTF were identi-
fied in the IC group. This definition was in contrast to the 
guidelines of the FTF developer, who suggested that chil-
dren above the 90th percentile in only one domain might 
be at risk of developmental disorders.26 However, because 
the domain of ‘motor skills’ may be significantly affected 
due to the clubfoot diagnosis, we required two domains 
above the 90th percentile to consider a child at a clinically 
relevant risk. With this definition, 31% (n = 33) of children 
in the IC group were defined as clinically relevant cases 
with NDDs, i.e. at risk of developmental disorders. In this 
subgroup, the level of parental satisfaction of the clubfoot 
treatment outcome was found to be lower (p = 0.04) on 
Royes DSI (mean = 78 sd 19) than in those with only IC 
(mean = 86 sd 13). 

HRQoL

In study 3, the findings revealed a similar high rating of 
overall health status in the IC (mean = 89 sd 14) and the 

control groups (mean = 90 sd 12) despite more problems 
being reported, primarily regarding pain and discomfort 
of children with IC. However, when considering the high 
prevalence of NDDs in the group of children with IC, we 
found interesting results. The subgroup of children with 
IC and clinically relevant cases of NDDs reported a lower 
overall health status (mean = 83 sd 17). In addition, only 
30% of these children reported full health (no problems 
on the EQ-5D-Y dimensions), which can be compared 
with 59% of the children with IC only and 71% of the 
controls. Moreover, four of the five dimensions on the 
EQ-5D-Y showed significant differences between the two 
subgroups of children with IC (with and without NDDs) 
and the control group (Fig. 2). Thus, the coexistence of 
NDDs appears to be related to HRQoL problems in IC. 

Discussion
The findings from the three studies suggest that IC may 
be more than an isolated structural deformity of the foot 
and lower leg in a considerable proportion of the children. 
Indeed, we found indications of additional challenges 
such as NDDs in this population. Although similar indica-
tions have been noted in previous publications, it has not 
been investigated to this extent before. Thus, the current 
findings are novel within the field of clubfoot and warrant 
further research in order to optimize treatment outcomes 
for children with IC.

In a study about childhood stroke, Max et al14 found 
that 54% of boys with clubfoot demonstrated ADHD or 

Fig. 2 The percentage of reported problems (some or a lot of problems) on the EuroQol-5D-youth of the children with idiopathic 
clubfoot (IC) with and without neurodevelopmental difficulties (NDDs) and the control group; * indicates significant differences 
between the three groups (p < 0.05). The figure has been modified from the original figure.20
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traits of ADHD; astonishing findings that were never fol-
lowed-up by the clubfoot research community. Our 
findings suggested that nine-year old children with IC 
demonstrated extended difficulties in areas such as lan-
guage, attention and perception. Moreover, one-third 
of the children with IC were defined as being at risk of 
developmental disorders. This may also be an explanation 
of the lower movement quality found in children with IC, 
and that those motor deviations were poorly associated 
with passive range of movement of the clubfoot and ini-
tial severity. In line with this, in a large multicentre clinical 
study, Aulie et al27 observed that no significant differences 
existed in motor abilities between children who had been 
treated with the Ponseti method or surgical management 
at nine years of age. The similarities between the groups 
were somewhat surprising to the authors since fewer chil-
dren in the Ponseti-treated group had received major sur-
gery. Therefore, the authors proposed that other factors 
could play a role in this, giving the example of a one-leg 
stand that also includes sensory and cognitive processes. 
Taken all together, there appears to be growing evidence 
of additional challenges should be considered in children 
with IC. 

Clinical implications

In the treatment of IC, these additional challenges could 
considerably affect the treatment outcome. A notion 
supported by the finding that parents of children with 
both IC and NDDs reported a lower level of function and 
satisfaction on the Royes DSI (study 2). Several explana-
tions for this can be considered. First, it might be pos-
sible that children with both IC and NDDs represent a 
different subgroup and/or a more severe clubfoot defor-
mity. Secondly, children with this combination could be 
more difficult to treat for various reasons. For example, 
sleeping problems and sensations related to the skin 
(e.g. itching) have been reported to a higher extent in 
children with NDDs,28,29 which may interfere with brace 
adherence and treatment outcome. Thirdly, parents of 
children with both clubfoot and NDDs may be harder 
to please. The potentially more prominent deformity of 
clubfoot could overshadow problems such as clumsiness 
and perception deficits, problems that might, in reality, 
be more associated with NDDs. Thus, NDDs might not be 
properly identified and the child and family could be left 
without treatment and support in such matters. Finally, 
parents themselves might experience difficulties, consid-
ering the heredity of neurodevelopmental disorders,30 
thereby introducing potential complications in managing 
the long and demanding bracing period in the treatment 
of clubfoot.

In a clinical setting, these additional challenges should 
also be considered with regard to pain management and 

in cases of surgery due to relapse. Pain was reported to 
a high extent in children with IC in our third study, both 
those with and without NDDs, highlighting the impor-
tance of pain management such as education about 
exercising and wearing proper shoes. Regarding the 
occurrence of additional NDDs, pain might also be related 
to those difficulties that require knowledge of such chal-
lenges. In cases of surgery, such as tibialis anterior tendon 
transfer, knowledge of this could be even more essential. 
First, as previously mentioned, in cases of motor deficits, 
a thorough motor assessment needs to be performed to 
determine whether it really is primarily a musculoskeletal 
problem for the individual child. It is possible that par-
ents will seek medical advice if they are dissatisfied with 
the clubfoot treatment when the problem may in fact be 
more related to NDDs. Secondly, clinicians should con-
sider whether the child and family will be able to han-
dle the surgery, casting and bracing period. In cases of 
combined IC and NDDs, families may need additional 
support in order to be able to handle such an interven-
tion. In some cases, it might be better to wait until the 
child and the family have the capacity and the support to 
undergo surgery. Finally, when a child with combined IC 
and NDDs has undergone surgery, he or she might need 
additional training in order to handle the new function 
of the muscle. To address such matters, a broad multidis-
ciplinary approach that also includes health profession-
als such as psychologists, neurologists and physio- and 
occupational therapists in the treatment and follow-up of 
clubfoot would be beneficial. 

The future 

Our findings, combined with the indications in the afore-
mentioned studies, may well have an impact in the search 
for possible shared genetic and/or environmental mark-
ers. In the search for a genetic aetiology of clubfoot, 
genetic data in NDDs may be of relevance also in club-
foot research. In the future, knowledge of clubfoot genet-
ics could help clinicians inform individuals with clubfoot 
and their families about genetic aspects, as well as tailored 
treatment strategies and early identification of associated 
challenges. Moreover, future research ought to consider 
such challenges in longitudinal studies, for example by 
investigating predictive factors.

Conclusion
Our findings suggest the occurrence of additional chal-
lenges, such as NDDs, in a substantial proportion of 
children with IC that are beyond the structural muscu-
loskeletal deformity, which may affect gross motor skills, 
clubfoot treatment outcome and HRQoL. Thus, clinicians 
working with this patient group should be aware of these 
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challenges and ought to consider thorough motor assess-
ments and screening for NDDs. Furthermore, because 
of such difficulties, a multidisciplinary approach would 
possibly advance the care of children with IC – and their 
families.  
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