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ARTICLE INFO ABSTRACT

Background: Currently, the Ponseti method is the gold standard for treatment of clubfeet. For long-term func-
tional evaluation of this method, gait analysis can be performed. Previous studies have assessed gait differences
between Ponseti treated clubfeet and healthy controls.

Research question/purpose: The aims of this systematic review were to compare the gait kinetics of Ponseti
treated clubfeet with healthy controls and to compare the gait kinetics between clubfoot patients treated with
the Ponseti method or surgically.

Methods: A systematic search was performed in Embase, Medline Ovid, Web of Science, Scopus, Cochrane,
Cinahl ebsco, and Google scholar, for studies reporting on gait kinetics in children with clubfeet treated with the
Ponseti method. Studies were excluded if they only used EMG or pedobarography. Data were extracted and a risk
of bias was assessed. Meta-analyses and qualitative analyses were performed.

Results: Nine studies were included, of which five were included in the meta-analyses. The meta-analyses
showed that ankle plantarflexor moment (95% CI -0.25 to -0.19) and ankle power (95% CI -0.89 to -0.60, were
significantly lower in the Ponseti treated clubfeet compared to the healthy controls. No significant difference was
found in ankle dorsiflexor and plantarflexor moment, and ankle power between clubfeet treated with surgery
compared to the Ponseti method.

Significance: Differences in gait kinetics are present when comparing Ponseti treated clubfeet with healthy
controls. However, there is no significant difference between surgically and Ponseti treated clubfeet. These
results give more insight in the possibilities of improving the gait pattern of patients treated for clubfeet.
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1. Introduction [6]. Gait kinetics give information about the contribution of the muscle

groups to a movement and is often reported as joint moment, power,

A clubfoot (talipes equinovarus) is a three dimensional congenital
deformity of the foot involving equinus, varus, adductus, and cavus [1].
The goal of treatment is to correct clubfeet and come to a functional,
pain-free foot with good mobility and no need to wear modified shoes
[2]. Initial severity and short-term treatment success is often evaluated
with the Pirani and/or Dimeglio score [3,4]. For long-term functional
evaluation of treatment gait analysis focusing on gait kinetics and ki-
nematics is frequently applied [5]. Gait kinematics describe the motion
of body segments during the stance and swing phase of the gait cycle
[6]. This includes the position and orientation of body segments, the
angles of the joints, and the corresponding velocities and accelerations

and work [6]. Joint moments determine the amount of force that is
produced by a muscle group around a joint and are defined as the force
multiplied by the moment arm of the muscle. Work in a joint is the
mechanical energy produced by the muscle during a movement. Joint
power is the rate at which this mechanical energy is produced. Differ-
ences in gait characteristics can lead to an impaired gait pattern, in-
cluding a lower walking speed, impaired push-off, and less balance
[7-9]. Information on impaired gait characteristics are important for
setting out targeted treatment for the patient, for example phy-
siotherapy or secondary surgery.

Previous studies show that clubfeet initially treated by extensive
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surgery — i.e., posteromedial release — show differences in gait kine-
matics and kinetics compared to healthy controls [10-12]. Differences
in gait kinetics include for example lower ankle plantarflexor moment
and lower ankle power [13-16]. Nowadays, the Ponseti method is the
gold standard for the treatment of clubfeet [17,18]. The Ponseti method
is a less-invasive method that uses several plaster casts, mostly com-
bined with an Achilles tenotomy, followed by a brace period until the
age of four to maintain the foot in the corrected position [12]. High
success rates based on clinical examinations and surveys, including a
functional foot with good mobility, are reported as the outcome of the
Ponseti treatment [19-22]. However, small but distinct differences in
gait kinematics and kinetics compared to healthy controls do exist [e.g.,
[23,24]. It is unclear what causes the differences in gait kinetics be-
tween treated clubfeet patients (surgical or with the Ponseti method)
and controls. Lower ankle power and ankle moment could be secondary
to triceps surae insufficiency as a result of surgical interventions
[12,25]. Furthermore, these kinetic differences could also be influenced
by a lower ankle range of motion, for example as a result of a flat top
talus [26].

A clear systematic overview of the effectiveness of the Ponseti
method in terms of long-term correction of clubfeet and resulting in a
functional, pain-free foot with good mobility and no need to wear
modified shoes, is not available yet. Several studies assessed differences
in gait characteristics, between children treated for clubfeet with the
various methods and between children treated for clubfeet and healthy
controls, as a measure of functional outcome of clubfoot treatment. This
systematic review aims to (1) determine the differences in gait kinetics
between children treated for clubfoot deformities with Ponseti and
healthy controls and (2) determine the differences in gait kinetics be-
tween clubfoot patients treated with the Ponseti method or by extensive
surgery, in an attempt to give more insight in the functional outcome of
the Ponseti method as primary treatment for clubfeet.

2. Methods
2.1. Protocol and registration

The systematic review was reported and conducted according to the
PRISMA (Preferred Reporting Items for Systematic reviews and Meta-
Analyses) guidelines [27,28]. Study protocol was registered with In-
ternational Prospective Register of Systematic Reviews (PROSPERO)
with registration number CRD42015029715.

2.2. Eligibility criteria

Randomized Controlled Trials, retrospective and prospective follow-
up studies, and cross-sectional studies comparing kinetic gait para-
meters of patients with clubfeet with healthy controls or comparing
kinetic gait parameters of clubfoot patients treated with different

Table 1
Risk of bias of the included studies.
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interventions were considered. Studies were only included if they stu-
died at least clubfeet treated with the Ponseti method. A minimum
number of five participants per group was set. Studies using only ped-
obarography or EMG and systematic reviews or conference abstracts
were excluded.

2.3. Information sources and search

An experienced information specialist performed the systematic
search, until June 8" 2018 in Embase, Medline ovid, Web of Science,
Scopus, Cochrane, Cinahl ebsco, and Google scholar (Appendix A shows
the full Embase search as an example). Language was restricted to
English, Dutch, and German. Search terms comprised of synonyms of
clubfeet, treatment, gait analysis, and children. Furthermore, references
of all included studies were manually searched. Duplicated articles
were removed prior to study selection.

2.4. Study selection

Titles and abstracts of the search results were assessed for eligibility
by two independent researchers (LO and MS). In a second step, full text
of selected articles were checked for in- and exclusion criteria. A third
reviewer (HK) was consulted in case of absence of consensus after
reading the full text articles.

2.5. Data collection process and data items

One data extraction form was created and used by two researchers
(MS and MT) to extract data of the included studies. Besides study
characteristics, all reported kinetic outcome measures of the included
studies were extracted. The main outcome measures were internal joint
moment, impulse, power and work at the ankle, knee, and hip. A third
researcher (LG) checked the extracted data for accuracy.

2.6. Risk of bias in individual studies

Two reviewers (MR and BV) independently assessed the individual
studies for risk of bias. The Dutch checklist form for prognosis
(Cochrane Netherlands) was used, applied with modifications to the
items set to relevance of the current study objectives. Table 1 represents
the risk of bias summary including checklist items. Items could be
scored with ‘low risk’ (+), ‘high risk’ (-), or ‘unclear’ (?). The forms
were then compared and discussed for final consensus.

2.7. Data syntheses and analysis
Qualitative synthesis in which outcomes were compared in a de-

scriptive manner was performed on outcome measures discussed in two
or less studies. Outcome measures reported in at least three studies

No participant selection Groups are comparable

Validated measuring

Independent (blind) determination  Clear description of groups

took place regarding age system used of outcomes available

Church 2012 [12] + + + ?
Duffy 2013 [29] ? - +
Jeans 2015 [24] ? + + — +
Karol 2009 [30] - + + ? +
Loof 2016 [33] ? + + ? ?
Loof 2017 [34] ? + + ? +
Manousaki 2016 [25] + ? + ? ?
Mindler 2014 [31] ? + + ? ?
Smith 2014 [32] - - + — —

+: low risk.

—: high risk.

?: unclear.
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Records identified through Embase 660
database searching Medline ovid 427
= (n=2233) Web of science 274
£ Scopus 620
é Cochrane 21
B Cinahl ebsco 131
S Google scholar 100
=
—
)
o Records after duplicates removed
E (n=980)
=
g
5
7]
Title and abstract screened Records excluded
— (n=980) (n=904)
'
v
£ Full-text articl d f
= uli-textariic s assessed 1or Full-text articles excluded (n = 67):
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o= _ q e No clubfoot patients (2)
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e No kinetics (34)
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— ¥ e Type of article (17)
= Studies included in e Cadaver study (1)
= qualitative synthesis e No walking (1)
= (n=9) e Intra/inter repeatability (1)
=

l

Studies included in meta-
analyses
(n=35)

Fig. 1. Study flow diagram.

were included in the meta-analyses performed with Review Manager
(RevMan) [Computer program Version 5.3. Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2014]. The consistency
of results was estimated with I? statistics. I* values of 0%-30% were
interpreted as no to low heterogeneity, 30%-50% as moderate het-
erogeneity, 50%-75% as substantial heterogeneity, and > 75% as
considerable heterogeneity. A p-value < 0.05 indicated high im-
portance of the I%.-value. When there was no significant statistical het-
erogeneity, the fixed effects model was used. The random effects model
was used when there was statistical heterogeneity (I> > 50% and
p < 0.05).

3. Results
3.1. Study selection and characteristics

The initial search resulted in 980 records, of which 9 studies
[12,24,25,29-34] were included for the qualitative synthesis and 5 in
the meta-analyses [25,29-31,33] (see Fig. 1). All included papers were
published in English. In two studies [33,34], data was presented sepa-
rately for uni- and bilateral affected clubfeet patients and both groups
were compared with the same control group. In the current analyses,
data of clubfeet patients was combined via RevMan Calculator and
considered as a single study (see also discussion). Table 2 displays the
study characteristics and relevant outcome parameters of the included
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studies. In all studies, Achilles tenotomy during the casting phase was
seen as part of the Ponseti treatment. Participants included in the sur-
gical treatment groups underwent a wide variety of surgical interven-
tions as treatment for their clubfoot (e.g. posteromedial releases,
tendon transfers and cuboid osteotomy). Selection of participants was
mostly unclear (see Table 1).

3.2. Risk of bias within studies

Table 1 represents the risk of bias summary including checklist
items and the final risk classification for each study. Although validated
measuring systems were used to acquire the data, all studies showed
unclear or high risk of bias on one or more items of the checklist.

3.3. Clubfeet treated with Ponseti versus healthy controls

Nine studies compared kinetic variables for clubfeet patients treated
with the Ponseti method to healthy controls [12,24,25,29-34]. Five of
these studies were used in the meta-analyses [25,29-31,33] comparing
peak ankle plantarflexor moment and peak ankle power between Pon-
seti and control. Fig. 2 shows the results of the meta-analyses. Ankle
plantarflexor moment and ankle power were significant lower in the
Ponseti treated clubfeet compared to controls. The study by Church
et al. [12] was excluded from the meta-analyses since the reported
values for ankle plantarflexor moment and ankle power were
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Table 2

Study characteristics and reported outcome measures of included studies.
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Study Treatment Number of Gender (Male,  Age in years, mean Outcome measures included ~ Outcome measures included
feet Female) + SD or mean in meta-analysis in qualitative analysis
(range)
Church 2012 [12] Ponseti 35 9M, 13 F 6.3+14 Ankle plantarflexor moment
Surgery (posteromedial release) 43 19M,7F 9.2+1.3 Ankle power
Control 34 X 4-17
Duffy 2013 [29] Ponseti” 42 20 M, 9 F 6.5 (5.0-8.0) Ankle plantarflexor moment  Ankle work
Surgery (several procedures) 31 20M, 3F 9.1 (7.5-10.3) Ankle power
Control 52 17 M, 9F 7.9 (5.2-10.8)
Jeans 2015 [24] Ponseti 102 X 5 Ankle power
Ponseti and surgery 30 X 5
(several procedures)
Physical therapy 83 X 5
Physical therapy and surgery 61 X 5
(several procedures)
Control 16 X 5
Karol 2009 [30] Ponseti 32 X 5 Ankle plantarflexor moment® Hip power
Control 17 X 5 Ankle power
Loof 2016" [33] Ponseti 89 41M, 18 F 5.37 = 0.43 Ankle plantarflexor moment  Knee flexor moment
Control 56 18 M, 20 F 5.5+ 0.6 Ankle power Ankle dorsiflexor moment
Hip abductor moment
Loof 2017" [34] Ponseti 69 35M, 12 F 5.31 = 0.45 Gait Deviation Index-Kinetic
Control 56 18 M, 10 F 55+ 0.6
Manousaki 2016 Ponseti® 30 26 M, 4 F 7 +0.3 Ankle plantarflexor moment
[25] Control 16 X 6.1-12 Ankle power
Mindler 2014 [31]  Ponseti 50 22 M, 10 F 6 (3-8) Ankle power Hip flexor moment
Control 28 9M, 6 F 6 (3-9) Hip abductor moment
Smith 2014 [32] Ponseti 29 9M,9F 29.2 + 5.6 Ankle power
Surgery (comprehensive release) 37 17M,7 F 21.8 =23 Hip power
Control 20 29M, 19F 23.2+24

2]

: not reported.

* Number of participants, not number of feet.
** Wording in the original papers for internal joint moments differed. For sake of clarity, throughout this review we refer to internal joint moments is —or.

1 The original papers presents data separately for uni- and bilateral affected feet. The mean age was calculated using the RevMan Calculator See also discussion.
2 Four patients of the Ponseti group also underwent additional surgery.
3 Three feet underwent a posteromedial release.

* In the original paper referred to as ankle dorsiflexor moment, but from the context it is clear that the internal ankle plantarflexor moment was reported.

approximately ten times higher than in the other studies. No explana-
tion was given for this by the authors in the paper or as a response to

significant lower ankle plantarflexor moment and a lower ankle power
was shown in Ponseti treated clubfeet compared to the healthy controls

our inquiry emails. In line with the results of the meta-analysis, a [12].
A Ankle plantarflexor moment
Ponseti Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Dufiy 2013 [29] 0.97 0.2 42 115 0.2 52 16.8% -0.18[-0.26,-0.10] ——
Karol 2009 [30] 0.74 0.11 32 0495 012 17 236% -0.21[-0.28,-0.14] —
Loo6f 2016 [33] 0.8798 0.1681 89 1.1 013 56 46.8% -0.22[-0.27,-0.17] -
Manousaki 2016 [25] 0.9565 0.1756 30 1.254 0.1409 16 12.8% -0.30[-0.39,-0.20] e —
Total (95% CI) 193 141 100.0% -0.22[-0.25,-0.19] &
Heterogeneity: Chi®= 3.66, df= 3 (P = 0.30); F=18% } t } t
Test for overall effect: Z=12.98 (P < 0.00001) 05 le)zescreased U[ncreasgdzs 05
B Ankle power
Ponseti Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Fixed, 95% Cl IV, Fixed, 95% CI
Duffy 2013 [29] 2.8 07 42 34 08 52 225% -0.60[-0.90,-0.30] ——
Karol 2008 [30] 2.36 0.71 32 283 064 17 13.5% -0.47[-0.86,-0.08]
Lo6f 2016 [33] 2.8 0.7569 89 36 075 56 32.7% -0.80[-1.05,-0.55] ——
Manousaki 2016 [25] 319 0.89 30 3.86 0.88 16 7.2% -0.67[-1.21,-0.13]
Mindler 2014 [31] 2 0.5 50 3 07 28 24.0% -1.00[-1.29,-0.71] —®&—
Total (95% Cl) 243 169 100.0% -0.75[-0.89, -0.60] 8
Heterogeneity: Chi®= 5.92, df=4 (P = 0.21); F= 32% 51 -D: 5 B U:S 15
Test for overall effect: Z=10.19 (P < 0.00001) Dec}eased [ncreas.ed

Fig. 2. Meta-analyses comparing Ponseti treated clubfoot patients with healthy controls.
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Table 3
Outcome measures comparing Ponseti treated clubfoot patients with healthy
controls included in the qualitative analysis.

Outcome Difference Ponseti / Mean and SD Study
measure control
Ankle work Ponseti < control P:0.15 * 0.5J Duffy 2013
C: 0.22 = 0.05J [29]
Ankle power No significant P Smith
(whole gait difference C: 2014 [32]
cycle)
Ankle dorsiflexor ~ Ponseti < control P: 0.11 = 0.07 Nm/kg Loof 2016
moment C: 0.17 = 0.06 Nm/kg  [33]
Gait Deviation Ponseti < control p: " Loof 2017
Index-Kinetic c " [34]
Knee flexor No significant P: 0.20 = 0.13 Nm/kg  Loof 2016
moment difference C: 0.25 * 0.10 Nm/kg  [33]
Hip power No significant P: 1.38 + 0.44 W/kg Karol 2009
difference C:1.04 = 0.38W/kg [30]
Hip flexor Ponseti < control P: -0.8 + 0.2 Nm/kg Mindler
moment C:-0.7 + 0.1 Nm/kg 2014 [31]
Hip abductor Ponseti < control P: 0.56 + 0.13 Nm/kg  Loof 2016
moment C: 0.63 = 0.14 Nm/kg  [33]
Ponseti < control P: 0.4 = 0.1 Nm/kg Mindler
C: 0.5 = 0.1 Nm/kg 2014 [31]
P = Ponseti.
C = Control.
* No exact values are presented in the original paper, data is presented by a
graph.

* Data in article reported for bilateral and unilateral clubfeet separately,
presented as median (range).

Table 3 presents the outcomes for other kinetic variables. Ankle
work and ankle dorsiflexor moment were significantly lower in the
Ponseti treated clubfeet compared to controls [29,33]. One study
compared Gait Deviation Index-Kinetic (GDI-Kinetic) and found a sig-
nificant lower GDI-Kinetic in the clubfeet group compared to the con-
trol group [34]. Two studies compared the hip power. One study found
no significant difference [30], whereas the other study found a higher
hip power in the Ponseti group compared to controls [32]. One study
compared knee flexor moment, but found no significant difference [33].
Ponseti treated clubfeet showed a significant lower hip flexor moment
than healthy controls [31]. Two studies found a significant lower ankle
abductor moment in Ponseti treated clubfeet compared to healthy
controls [31,33].

3.4. Ponseti versus surgical treated clubfeet

Three studies compared kinetic variables for Ponseti treated club-
feet with clubfeet patients treated by surgical interventions [12,24,29].
The studied variables were ankle power, ankle plantarflexor moment
and ankle work. The results are presented in Table 4. Only one study
found a significant larger ankle power in the surgery group compared to
the Ponseti group [12]. It should however be notated that there was a
difference in age between these two groups. The other two studies
found no significant difference in ankle power [24,29]. For ankle
plantarflexor moment and ankle work, none of the studies found a
significant difference between the two different treatment options
[12,24,29].

4. Discussion

As far as we are aware, this is the first systematic review on gait
kinetics in children with treated clubfeet. When comparing clubfeet
treated by the Ponseti method with healthy controls, all studies showed
a lower ankle plantarflexor moment, ankle power, and hip abductor
moment in the Ponseti treated clubfeet [25,29-31,33]. The present
study shows that there is no significant difference in ankle dorsiflexor
moment and ankle plantarflexor moment between clubfeet treated with
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Table 4
Outcomes Ponseti compared to surgery.
Outcome measure Difference Ponseti / Mean and SD Study
Surgery
Ankle plantarflexor ~ No significant P: 1.4 = 0.7 Nm/kg  Church
moment difference S: 1.4 = 0.5 Nm/kg 2012 [12]
No significant P: 0.97 = 0.2 Nm Duffy
difference S: 0.89 = 0.2 Nm 2013 [29]
Ankle power Ponseti < Surgery P: 18.2 + 5.8 W/kg Church
S:13.5 + 3.9W/kg 2012 [12]
No significant P:28 + 0.7 W Duffy
difference S:25 + 0.6 W 2013 [29]
No significant P: 293 + 0.97W/kg Jeans
difference S:2.70 = 0.62W/kg 2015 [24]
Ankle work No significant P:0.15 = 0.5J Duffy
difference S:0.15 + 0.4J 2013 [29]
P = Ponseti.
S = Surgery.

surgery compared to patients treated with the Ponseti method
[12,24,29]. The comparable results in gait kinetics between surgical
and Ponseti treated clubfoot patients, are in line with other findings
favouring the Ponseti method as preferred initial treatment for clubfeet
[18]. This is due to its less-invasive character, wide applicability of the
Ponseti method, the initial success rates, and lower relapse rates [12].
As such, even though differences between Ponseti treated clubfeet pa-
tients and healthy controls exist on several kinetic gait parameters, the
Ponseti method should be considered as the gold standard for the
treatment of clubfeet [18].

Most of the included studies in this review focused on the gait ki-
netics of the ankle. This is probably because the ankle is of main in-
terest, since a clubfoot is about deformities of the foot. The main factor
contributing to the impaired gait kinetics in children with clubfeet,
remains unknown. In clubfeet foetuses abnormalities were seen in
muscle fibers, connective tissue, tendons and the triceps surae [35].
Furthermore, other studies showed that children with clubfeet have
smaller lower leg muscles, but also a limited ankle range of motion has
been found [16,29,31,33]. Clubfeet patients who are treated with ex-
tensive surgery often show muscle weakness (especially in the gastro-
scoleus muscle) which can be linked to kinematic abnormalities [45]. In
order to improve gait, problems such as lower muscle force and lower
muscle power might be addressed with physiotherapy focusing on
power training of the plantar flexors [36-38]. Although due to mor-
phological differences training up to a complete normal level might not
be feasible.

The question remains what the functional implications of the im-
paired gait kinetics are. Two studies have studied the relationship be-
tween gait analysis and gross motor function, which can be explained as
movement and coordination of the large body parts, such as arms and
legs. One study found mild differences in gait kinematics and kinetics in
treated clubfeet compared to healthy controls, but differences in gross
motor function rarely existed [39]. The other study found deficits in
gross motor function and gait between the clubfoot and healthy control
group, but the relationship between 3D gait analysis and gross motor
skills was poor to moderate [34], indicating that impaired gait char-
acteristics do not necessarily affect the gross motor skills of clubfeet
patients. So overall functional implications are still unclear.

Other studies have looked at radiographic images to study the long-
term results of treatment for clubfeet. In both surgically and Ponseti
treated clubfeet osteoarthritis in their feet was found at age 16-34
[10,21,32,40], although the percentage of occurrence differs between
the studies. Osteoarthritis was found in several joints of the foot, in-
cluding the subtalar, talonavicular, calcaneocuboid, naviculocunei-
form, and tibiotalar joint [32,40]. This could imply that although no
functional differences compared to healthy controls could be seen di-
rectly after treatment, long-term effects as a result of an altered gait
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pattern could be present. However, the relationship between osteoar-
thritic changes in the different joints of the foot and the kinetic para-
meters is unclear. Moreover, it remains unclear whether the higher
grade of osteoarthritis in clubfeet is caused by the gait pattern or by
other causes, including stiffness and weakness of the foot [41]. A more
detailed 3D model of the foot will be necessary in combination with
long-term follow up of the effects of the Ponseti treatment for clubfeet
patients in terms of osteoarthritis.

The quality of a systematic review and meta-analysis is strongly
related to the quality of the included studies. Although research with
clubfeet patients is a fast growing research field, only nine studies could
be included in this review. Due to the high variation in the reported
variables, meta-analyses could only be performed for four variables,
mostly related to the ankle joint. A big advantage of 3D gait analysis is
that kinetics of the entire lower extremity can be evaluated and as such
also compensatory mechanisms in hip and knee could be detected [6].
Future studies should therefore also include knee and hip kinetics. In
order to facilitate comparison between studies, consistent presentation
of the results is recommended. Since kinetics are highly dependent on
velocity [6], walking speed should always be reported. Part of the ex-
planation why healthy controls show higher joint moment and power
than clubfeet patients could lie in the differences in speed. In a six-
minute walking test, the majority of clubfeet patients -mostly treated
with extensive surgery— showed a decreased walking speed compared
to the patients’ norm value [42]. In the included studies participants
were instructed to walk at a self-selected speed, unfortunately in-
formation on the reached walking velocity was not provided. Further-
more, attention should be paid to the methodological quality and
transparent description of the study design in order to limit the risk of
bias. Another remark that has to be placed here is that overcorrected
and recurrent feet may behave differently than feet that have been
corrected perfectly and only once. Unfortunately, the included studies
only provided limited information on the status of the included club-
feet.

An important issue in case of the analyses of bilateral data is the
correlation between observations of the left and right side of one pa-
tient [43]. This issue has also been shown with respect to baseline se-
verity in bilateral clubfeet patients, which was highly correlated be-
tween both sides [44]. Unfortunately, the majority of the included
studies that could be included in this systematic review analysed the
data based on the number of feet, combining data of both uni- and
bilaterally affected patients. L66f and colleagues presented separate
results for uni- and bilateral affected clubfeet [33,34]. However, since
the same set of controls was used, which violates the assumption of
independence of observation within the meta-analyses, data of both
clubfeet groups was combined and included in the meta-analyses as a
single study. Although, average values differed slightly for the com-
bined groups, overall results remained the same when addressing the
uni- and bilateral clubfeet patients as two groups (e.g. Ponseti treated
clubfeet patient showed lower peak ankle power, ankle abductor mo-
ment and GDI-Kinetics).

Overall, this review suggests that there are no significant differences
in gait kinetics between clubfeet treated by extensive surgery compared
to clubfeet treated with the Ponseti method. The Ponseti method is a
method without extensive surgery, whereas a posteromedial release is.
In general if two treatment modalities have the same outcome, the less
invasive one is preferable. When comparing the gait kinetics of Ponseti
treated clubfeet with healthy controls, the Ponseti treated clubfeet show
impaired gait kinetics. Until now it remains unclear how functional
limiting these differences are and if perhaps some of these issues could
be addressed in targeted therapy for the patient.
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Appendix A
Embase.com

(clubfoot/de OR 'pes equinovarus'/exp OR (clubfoot OR clubfeet OR
club-foot OR club-feet OR talipes OR equinovarus OR equino-var-
us):ab,ti) AND (therapy/exp OR 'treatment outcome'/exp OR surgery/
exp OR therapy:Ink OR surgery:Ink OR 'clinical trial'/exp OR relapse/
exp OR 'follow up'/exp OR 'evaluation study'/exp OR rehabilitation/exp
OR rehabilitation:Ink OR 'single blind procedure'/exp OR 'double blind
procedure'/exp OR 'triple blind procedure'/exp OR (surg* OR therap*
OR treat* OR ponseti OR cast* OR outcome* OR nonoperat* OR non-
surg* OR comprehensive* OR release* OR interven* OR management*
OR conservativ* OR trial* OR random* OR correct* OR relaps* OR
recur* OR (follow* NEXT/1 up*) OR followup* OR evaluat* OR re-
habilitat* OR ((double OR single OR triple) NEXT/1 (blind* OR mask*))
OR Physiotherap*):ab,ti) AND (gait/exp OR 'gait disorder'/exp OR
electromyogram/exp OR biomechanics/exp OR 'pressure measure-
ment'/de OR (gait OR ((force OR forces OR pressure*) NEAR/3 (dis-
tribut* OR peak OR foot OR measur* OR plantar*)) OR EMG OR ped-
obarograph* OR electromyogr* OR Biomechanic*))
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