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Abstract: Background: Being aware of possible gait impairments in Ponseti-treated clubfoot children
might be useful for optimizing initial and additional treatment. Therefore, this systematic review
and meta-analysis aimed to identify kinematic gait abnormalities in children with clubfoot treated
with the Ponseti method (with and without relapse). Methods: A systematic search was conducted.
Studies comparing kinematic gait parameters of Ponseti-treated clubfoot children to healthy controls
were included. Meta-analyses and qualitative analyses were conducted on the extracted data. Results:
Twenty studies were identified. Twelve of the 153 reported kinematic outcome measures could
be included in the meta-analysis. Plantarflexion at push-off, maximum ankle dorsiflexion during
the swing, maximal plantarflexion, and ankle range of motion was significantly lower in Ponseti-
treated clubfoot children. Ponseti-treated clubfoot children showed more internal foot progression.
Qualitative analysis revealed 51 parameters in which pre-treatment relapse clubfeet deviated from
healthy controls. Conclusions: Ponseti-treated clubfoot children showed several kinematic gait
differences from healthy controls. In future studies, homogeneity in measured variables and study
population and implementation of multi-segmental foot models will aid in comparing studies and
understanding clubfoot complexity and treatment outcomes. The question remains as to what
functional problems gait impairments lead to and whether additional treatment could address
these problems.

Keywords: congenital talipes equinovarus; gait analysis; functional evaluation; relapse;

multi-segment foot model

1. Introduction

Worldwide approximately 100,000 children are born with unilateral or bilateral club-
foot (talipes equinovarus) yearly [1-3]. This deformity of the foot involves the equinus, varus,
cavus, and adductus [4]. Left untreated, clubfoot leads to deformity, functional disability, and
pain [5]. The treatment of this condition aims to achieve a normal-appearing, functional,
and painless foot [6]. Nowadays, the Ponseti method is the gold standard for the initial
treatment [5,7]. The Ponseti method consists of serial manipulations and casting combined
with an Achilles tenotomy. The casting phase is followed by a brace period up to the age of
4 years to prevent relapses during early life [4,5].

Despite the effects of good initial treatment, reported relapse percentages following
treatment with the Ponseti method range from 1.9% up to 67.3% [8-10]. The prevention
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and treatment of a relapse clubfoot are one of the great challenges in clubfoot care. Strict
adherence to the Ponseti method, good brace compliance, and frequent clinical follow-up
visits are important aspects of preventing relapse [11]. Although a clear definition is lacking,
the common consensus is that a relapsed clubfoot requires additional treatment following
initial correction [8]. This treatment may vary from repeated Ponseti casting to Tibialis
Anterior Tendon Transfer (TATT) and a la carte salvage procedures such as anterior distal
tibial epiphysiodesis [11,12].

Besides the occurrence of relapse also, the functional status of the patient is of interest.
Functioning in children can be captured using the International Classification of Function-
ing, Disability, and Health for Children and Youth (ICF-CY) [13]. The ICF-CY contains
three main aspects which affect a child’s functioning: (1) body structures and function,
(2) activities, and (3) participation. Although these aspects together are considered to give a
complete overview of the functioning of children, most research on outcomes of treatment
in clubfoot patients focuses on body structures and function [13,14]. Extensive 3D gait
analysis is a frequently applied tool to evaluate body structures and function, as part of the
ICE, in the treatment outcomes [15] and to detect early signs of relapse [11].

With 3D gait analyses, objective kinematic and kinetic parameters of clubfoot patients
can be derived [16-18]. Ponseti-treated clubfoot patients previously showed impairments
in kinetic outcome measures, such as ankle plantar flexor moment and ankle power [19].
These kinetic outcomes depend on a child’s movement pattern, including joint angles.
Hence, in order to establish whether a fully functional foot is achieved after initial treat-
ment with the Ponseti method, kinematic parameters are also of interest. In the past
few years, an increasing number of studies regarding gait kinematics in children with
Ponseti-treated clubfeet have been published. A systematic overview of the reported gait
deviations in various clubfoot populations provides insights into the functional outcome
of the Ponseti method. Being aware of possible gait impairment is potentially useful for
optimizing the Ponseti method, the detection of relapse clubfoot, and developing addi-
tional (physio)therapy or surgical treatment [20]. Therefore, this systematic review and
meta-analysis aimed to identify kinematic gait abnormalities in children with clubfoot
treated with the Ponseti method (with and without relapse).

2. Materials and Methods
2.1. Protocol and Registration

The protocol for this review was registered in the prospective international register of
systematic reviews: PROSPERO number CRD42022375837. The Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRIMA) guidelines 2020 were applied while
conducting and reporting this systematic review [21-23].

2.2. Eligibility Criteria

Articles should be published in peer-reviewed journals in English, Dutch, or German.
Studies comparing kinematic gait parameters of children with clubfoot treated with Ponseti
to healthy controls were included. Studies describing the result of 3D gait analyses as an
outcome of the Ponseti treatment as well as 3D gait analyses pre-relapse treatment, were
considered. A minimum of 5 participants per group was set, and a 3D recording system
for gait analysis was required. Cross-sectional, retrospective, and prospective follow-up
studies were eligible, and book chapters, conference abstracts, and reviews were excluded.
Furthermore, studies using only pedobarography or electromyography to determine gait
parameters were excluded.

2.3. Literature Search

A literature search was conducted in the Embase, Medline Ovid, Web of Science, Sco-
pus, Cochrane, Cinahl Ebsco, and Google Scholar databases by an experienced information
specialist on 3 October 2022. Search terms included synonyms of clubfoot, gait analysis, and
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specific clubfoot treatments, such as Ponseti (Appendix A). Duplicates were removed. In
addition, reference lists of related articles were checked for additional relevant references.

2.4. Study Selection Procedure

A systematical selection of articles was made independently by two of the three
researchers involved in this phase (MS, LO, and LG). Titles and abstracts of the obtained
articles were screened on relevance with a focus on gait analysis in children with club
feet. After this first selection, full texts were examined on content and relevance by two
researchers (MS, LO, and LG). The absence of consensus on eligibility was resolved by a
discussion between the researchers.

2.5. Data Extraction

Data were extracted by one researcher (LO or LG) with the use of a data extraction form.
The accuracy of the data extraction was verified by a second researcher (LG or MS). Study
characteristics and kinematic outcome measures were extracted with respect to the segment
(foot, ankle, etc.), the moment during the gait cycle (stance, gait, terminal stance, etc.), the
actual outcome, and whether there was a significant difference between clubfoot patients
and healthy controls and the type of clubfoot population (clubfoot without relapse, clubfoot
with relapse for which additional treatment was planned or overcorrected clubfoot). In
case of lack of clarity, authors were contacted via email for additional information.

2.6. Risk of Bias Assessment

Individual examination of the risk of bias was performed for each study separately
and performed by two researchers (MR and BV or MS and LG). The Dutch checklist for
prognosis (Cochrane Netherlands) was applied with modifications to the items set to the
relevance of the current study objectives (Appendix B). Items focused on the selection of
participants, comparability of groups, description of groups, and a validated and blinded
measurement of outcome. Items could be scored with ‘low risk” (+), ‘high risk” (=), or
‘unclear’ (?). The individual forms were compared and discussed for final consensus.

2.7. Data Synthesis and Analysis

Meta-analyses were performed for outcome measures that were reported with mean
and standard deviation by at least three studies and gathered in the same clubfoot pop-
ulation (clubfoot without relapse, pre-treatment relapse, or overcorrected clubfoot). All
meta-analyses were performed using Review Manager (RevMan 5.4.1) (Copenhagen, The
Cochrane Collaboration, 2020). Kinematic outcome measures, which were presented sep-
arately for unilateral clubfoot and bilateral clubfoot, were merged using the RevMan
Calculator and were considered as one group in this review and meta-analyses. The con-
sistency of results was estimated with 12 statistics. In cases of no significant statistical
heterogeneity, the fixed effects model was used. The random effects model was used in
statistical heterogeneity cases (I> > 50% and p < 0.05). If outcome measures were discussed
in two or fewer studies, they were compared in a descriptive manner.

3. Results
3.1. Study Selection and Characteristics

Initially, the search strategy provided 1194 unique articles. After screening articles for
inclusion and exclusion criteria, 20 studies met the criteria [24-43]. Articles were mainly
excluded since the described clubfoot cohort was not treated with the Ponseti method, and
no kinematic outcomes were reported (Figure 1).
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Records identified through

Figure 1. Flowchart selection procedure.

Embase 789
‘5 database searching Medline ovid 485
s (n=2788) Web of science 399
E Scopus 776
§ Cochrane 30
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Google scholar 100
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&
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¢ - No kinematic outcomes (25)
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3 52 Studies included in qualitative synthesis - Language (1)
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=
v
3, 2 o . .
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Fifteen studies focused on kinematic outcomes after treatment with the Ponseti
method [24,25,27,30,32-34,36—43], seven studies presented data from clubfoot patients
prior to additional treatment for relapse [28-31,33-35], and one study described 3D gait
analysis performed on overcorrected clubfoot [26]. Since the overcorrected clubfoot is a
single specific group, the results of this study are presented in the Appendix C (Table A2).
In 16 studies, children walked at a self-selected speed [24,26-31,33-36,38,40-43]. In the
other four included studies, no information on walking speed was provided [25,32,37,39].
An overview of the study and participant characteristics of the included studies is shown

in Table 1.
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Table 1. Study characteristics for each included study (only characteristics concerning Ponseti vs. controls are provided).

N
Mean Age in Years N i - . . 1
Study Treatment N (feet) Gender (Range) or + SD TATT Additional Marker Position Dimeglio Scale
Treatment
Karol Ponseti - (34 feet) - 5 ) B a
2009 [24] Control -(17) - 5 128 (10-15)
. 3 n 1-

Church Ponseti 22 (35 feet) M 6.3 £ 1.4 (5.0-10.0) 1 subject Mu.ltl segment foot model and £0(3.0)°
2012 [25] Control 34 - - (4.0-17.0) single-segment marker set
Duffy Ponseti 29 (42 feet) 20M 6.5 (5.0-8.0) 14 foet 4 subjects B }
2012 [36] Control 26 (50 feet) 17M 7.9 (5.2-10.8)
Smith Ponseti 18 (29 feet) IM 292 +5.6 .

10 f f Mil kee f 1 -
2014 [37] Control 48 20M 232424 0 feet 6 feet ilwaukee foot mode
Mindler Ponseti 32 (50 feet) 22M 6.0 (3.0-8.0) 5 feot Cleveland model and Oxford _
2014 [38] Control 15 (30 feet) M 6.0 (3.0-9.0) foot model
Manousaki Ponseti 20 (30 feet) 17M 7+£34 montzls 3 feet 3 feet Plug in gait model including 11 (9-13) ©
2016 [39] Control 16 8.5 (6.1-12) seven markers on the torso
Lo6f Ponseti 59 (89 feet) 41M 54405 3 feot Plug in gait model 16 moderated, 48 se\gered,
2016 [40] Control 28 (56 feet) 18M 55+ 0.6 24 very severed
Jeans Ponseti 50 (75 feet) - 10 Plug in gait model 134419
2018 [41] Control 20 (40 feet) - 10
Manousaki Ponseti 20 (20 feet) 17M 7 + 3.4 months 3 feet Plug in gait model _
2019 [42] Control 16 (32 feet) 8.5 (6.1-12.0) ¢
Loof Ponseti 47 (69 feet) 35M 5.4 (0.5) 3 feot Plug in gait model 15 moderated, 36 se\cflered
2019 [43] Control 28 (56 feet) 18M 5.5 (0.6) 17 very severed
Dussa Ponseti overcorrected 14 - 9.9 (1.5) Plug in gait model and Oxford .
2020 [26] Control 25 - 99 (2.7) foot model
Ferrando Ponseti 22 (34 feet) 14M 8§+1 _ _
2020 [27] Control 25 (50 feet) 18M 942 11 feet 5 feet
McCahill Ponseti relapse 31 24M 8.3 (5-16) 10 .

subjects -
2020 [28] Control 30 21M 10.7 (5-16) ) Oxford foot model
Mindler Ponseti relapse 17 (25 feet) 1M 6.8 (5.1-9.1) Cleveland model and Oxford )
2020 [29] Control 18 (36 feet) 6M 6 (4-9) foot model
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Table 1. Cont.

N
Mean Age in Years N - - . . 1
Study Treatment N (feet) Gender (Range) or + SD TATT Additional Marker Position Dimeglio Scale
Treatment
P t 11 M 56 +1.6
Grin or}se ' Extended Helen Hayes and _
2021 [30] Ponseti relapse 11 M 57+15 Oxford foot model
Control 15 8M 57+14
Li Ponseti relapse 17 (24 feet) 12M 6.34 £ 1.65 (4.47-10.2) Helen Hayes model _
2021 [31] Control 16 M:F =1.14:1 712 £223
Recordon Ponseti 16 (23 feet) - 15 (13-17) 5 5 _ 5.8 4 1.7
2021 [32] Control 39 (78 feet) - Age-matched ' '
Brierty Ponseti relapse 16 (23 feet) 13M 5.58 (327—857) Plug in gait model and Oxford _
2022 [35] Control 9 - 6.31 (4.47-7.96) foot model
P t 18 18M 5.39 + 1.46
Grin or‘15e ! Extended Helen Hayes and _
Ponseti relapse 13 8M 546 +£1.51
2022 [33] Oxford foot model
Control 21 12M 6+ 157
Witnand Ponseti 15 12M 5.13 £ 1.25 Extended Helen H d
20‘2’;“[‘;‘415 Ponseti relapse 10 6M 5.70 4 1.57 O Oford foot oo &1 -
g Control 19 1M 5.79 + 1.40

1 Dimeglio scale: classification on a scale of 0-20 based on eight items, divided into four grades (benign, moderate, severe, very severe) [44], 2 included children with a tibialis anterior
tendon transfer (TATT) as part of the Ponseti method but did not report the number of feet included. 3 multi-segment foot model data are only available for 23 of 35 involved feet.
4 median instead of mean. ° included eight subjects with additional treatment but did not report which treatment. * mean (range). b median (interquartile distance). ¢ medial (range).
d number of feet with a moderate (5-10), severe (11-15), or very severe (16-20) score on the Dimeglio scale, a total of 88 feet has been scaled in Lo6f 2016 and 68 feet in Lo6f 2019. - no
information was provided.
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A large diversity of outcome measures was presented in the different studies (ad-
dressed in Sections 3.3-3.5). Twelve parameters described in eleven studies could be
included in the meta-analyses. Lo6f et al. (2016) made a clear distinction between uni-
lateral clubfoot and bilateral clubfoot and compared them to the same group of healthy
controls. This violates the assumptions of independence of observation that underpin the
meta-analyses. Therefore, kinematic outcomes presented in L66f et al. (2016) for uni- and
bilateral clubfoot were merged using the RevMan Calculator and were considered as one
group in this review and meta-analyses.

3.2. Risk of Bias Assessment

The risk of bias assessment for each study separately showed the unclear or high risk
of bias for one or more items (Appendix B, Table A1). This was mostly due to a lack of
information or no information at all presented in the included articles

3.3. Meta-Analysis Clubfoot Treated with the Ponseti Method versus Controls

A total of twelve outcome measures could be included in the meta-analyses. Eight of
these measures involved the movements of the ankle and knee joints in the sagittal plane
during different phases of the gait cycle. Results showed no overall significant differences
between children with Ponseti-treated clubfeet and healthy controls at initial contact and
during the stance phase (Figure 2A-C).

(A) Ankle dorsiflexion/plantarflexion at initial contact.

Clubfoot Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
Grin 2021 0z 36 11 o4 27 18 187% -020[F273 233 —
Karol 2008 -T2 4.1 34 -B8 35 17 2 B% -0.30[-2.46 1.86] —
Laaf2016 -0.5843 51472 89 -06 36 86 495% 002 [1.41 1.44] ——
Manousaki 2016 -r.or 482 30 -516 434 16 132% -1.91[4.67 0.858] —
Total (95% Cl) 164 104 100.0% -0.34 [-1.34, 0.66] *

Heterogeneity, Chi=1.49, df=3 (P = 0.68); "= 0% T
Testfor overall effect: Z= 0.67 (P = 0.51)

10 5 0 5 10
Plantarflexion Dorsiflexion

(B) Ankle maximum dorsiflexion during stance

Clubfoot Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Church 2012 127 3.8 3l 142 3 34 21.3% -1.80[F3.11,011] —
Duffy 2013 124 a4 42 125 36 50 1481%  0.00[F1.91,1.91] B —
Grin 2021 153 4.1 11 154 27 15 T2% -010[-2.88 268 . E—
L&af 2016 11.3483 4.571 a9 12 341 56 35.5% -0.69[1.90, 0.60] —-
Recardan 2021 102 34 23 104 38 78 210% -020[1.83,1.43] I
Total (95% CI) 200 233 100.0% -0.60[-1.34,0.14] &
Heterogeneity: Chi*=1.84 df=4 (P=075), F=0% I 1 } {
Tastf Il effect Z=1.58 (P =0.11 10 & v 5 10

estfor overall effect Z=1.38 (P = 0.11) Decreased Increased
(C) Maximum knee extension during stance

Clubfoot Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Grin 2021 171 6.5 11 194 a1 15 10.4% -230[6.93 233
Laaf 2016 -1.3817 B.FA7A 89 1.7 47 a6 B3.2% 035 [1.83 227
Recardon 2021 1.7 B.G 23 45 48 T8 264% -2B0[AT0, 010
Total (95% CI) 123 149 100.0% -0.76 [-2.25,0.73]

ity: Chif= = = 2= I t 1 t

Heterogeneity: Chi®=3.67, df=2 (F=016);, I?= 46% oo = b : 10

Test for averall effect: Z=1.00 (F=0.32)

Extension Flexion

Figure 2. Cont.
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(D) Ankle plantarflexion at push-off

Clubfoot Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Duffy 2013 122 6.2 42 168 458 50 27.9% -4F0[7A7,-2.23] e —
Grin 2021 116 59 11 13 44 15 10.0% -1.40[5.54, 2.74] —
Jeans 2018 74 A8 Ta 104 6B 40 2BE% -3.00[5.44, -0.56] —
karol 2009 154 &7 34 1841 g 17 B7%  -2T70[F712,1.72] e —
Manousaki 2016 18.85 797 30 1746 5499 16 10.2%  1.39[2.70,5.48] S e —
Recordon 2021 gs T.7 23 135 48 T8 14.7% -5.00[8.41,-1.59] —_—
Total (95% CI) 215 216 100.0% -3.14 [-4.44, -1.83] L
Heterogeneity, Chi*=8.11,df=5 (P=0158), F= 38% =-1D =5 3 é 1E|=
Testfor overall effect: Z=4.71 (P = 0.00001) Decreased Increased

(E) Ankle maximum dorsiflexion during swing

Clubfoot Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Church 2012 32 41 35 57 3 34 2B5% -250[4.19,-0.81] — =
Duffy 2013 1.7 38 42 38 36 50 3.8% -2.20[3.74, -0.66] —
Grin 2021 62 38 11 TH 32 15 9589% -1.70[4.47 1.07] e —
Mindler 2014 4 4 50 3 30 3M1.8% -200[3.54, -0.46] ——
Total (95% CI) 138 129 100.0% -2.17 [-3.04, -1.30] <P
Heterageneity: Chi®=0.20, df= 3 (P = 0.96) F= 0% 5_1 0 ES 7 :55 10:
Testfor overall effect: Z= 4.88 (F = 0.00001) Decreased Increased

(F) Ankle range of motion

Clubfoot Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean 5D Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Church 2012 24.2 2.8 35 283 44 34 289% -4.10[-5.76,-2.44] ——
Grin 2021 7T 36 11 284 44 15  84% -1.70[-4.78 139 —
Jeans 2018 303 56 75 35 BA 40 154% -4 F0[-6.98,-2.47] EE—
Karol 2009 304 5.9 34 327 64 17 559% -260[6.27,1.07] ——
Laaf 2016 24 49042 29 29 48 56 30.5% -5.00[-6.62,-3.38] —
Mindler 2014 29 B a0 32 6 30 10.8% -3.00[-5.72,-0.29] e —
Total (95% CI) 294 192 100.0% -4.06 [-4.95,-3.16] o
Heterogeneity; Chit= 5.05, df=5 (P = 0.41%; F= 1% :—10 55 3 % 10:
Testfor overall effect: £=8.90(F = 0.00001) Decreased Increased

(G) Ankle maximum plantarflexion during the gait cycle

Clubfoot Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Church 2012 118 48 35 144 45 34 424% -260[-4.79,-0.41] ——
Grin 2021 124 58 11 14 43 15 12.4% -1.60[-5.66, 2.46] e
Jeans 2018 166 BB 5 217 TH 40 248% -510[7.897,-2.23 e E—
tindler 2014 14 7 50 18 7 0 204% -4.00[717,-0.83] I —
Total (95% CI) 171 119 100.0% -3.38 [4.81, 1.95] -
Heterogeneity: Chi*= 2.75, df= 3 (P =0.43); F= 0% 5_10 55 3 % wl
Test for overall effect: Z= 4.64 (P = 0.00001) Decreased Increased

(H) Ankle maximum dorsiflexion during gait cycle

Clubfoot Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Jeans 2018 13.7 a1 75 132 38 40 43.6% 0680[-1.15 2.15]
Mindler 2014 15 4 a0 14 4 30 40.9% 1.00[-0.81, 2.81]
Wiinands 2022 45 711 18 839 5.04 19 155%  -3.89[-8.14, 0.36]
Total (95% CI) 140 89 100.0% 0.03 [-1.89, 1.94]
Heterogeneity: Tau®=1.49; Chi*=4.34 dfi= 2 (P=0.11); F=54% =—1D 55 b % 1D=
Test for overall effect: Z=0.03 (F =0.98) Decreased Increased

Figure 2. Meta-analysis parameters sagittal plane comparing clubfoot treated with the Ponseti
method versus healthy controls [24,25,30,32,34,36,38—-41].
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At push-off, Ponseti-treated clubfeet showed a decreased plantarflexion [—3.14°
(95% CI, —4.44——1.83; p < 0. 001)] (Figure 2D). During the swing, maximum dorsiflex-
ion in the ankle for Ponseti-treated clubfoot was significantly lower compared to healthy
controls [—-2.17° (95% CI, —3.04——1.30; p < 0.001)] (Figure 2E). Over the whole gait cycle,
Ponseti-treated clubfeet had a decreased range of motion in the ankle compared to healthy
controls [—4.06° (95% CI, —4.95-—3.16; p < 0.001)] (Figure 2F) and a decreased maximal
plantarflexion [—3.38° (95% CI, —4.81-—1.95; p < 0.001)] (Figure 2G). No overall significant
difference was seen in maximum dorsiflexion (Figure 2H).

The four other included measures that could be included in the meta-analyses involved
movements in the transversal plane and the frontal plane (Figure 3).

(A) Shank-based foot rotation during stance

Clubfoot Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Church 2012 -45 B4 3| -T8 B2 34 25.9% 3.301[0.33,6.27] Il
Grin 2021 -14.3 6.8 11 -8.3 7.2 19 24.9% -5.00[10.42,0.42] ]
Karol 2009 -4 41 34 146 7.9 17 24.9% -18.60 [23.44,-13.76] —a
Manousaki 2016 1043 7.24 30 11.54 866 16 24.8% -1.11 [-6.08, 3.86] —a—
Total (95% CI) 110 82 100.0% -5.27 [-14.99, 4.45] ~atffi—
Heterogeneity: Tau®= 9283, Chi*=458.13, df=3 (P = 0.00001}); F=95% f f f |
Testm?uver:l effect Z=1.06 (P=0.28) ( ’ 50 28 0 5 50

Internal rotation  External rotation
(B) Hip rotation during stance
Clubfoot Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Church 2012 3z 9.5 35 11 64 34 16.6% 210[-1.71,5.91] T
Grin 2021 1.8 9.7 11 a7 9.4 14  B8.4% -380[11.38,3.59] —
Karol 2009 7.2 g 34 28 72 17 15.0% 10.00[5.65, 14.359] I —
Lgar 2016 16416 47743 g9 1 44 56 Z22.7% 0.64 [-1.12, 2.40] e
Manousaki 2016 265 .11 30 1.39 4.08 16 19.2% 1.26 [-1.70,4.22] I e
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Figure 3. Meta-analysis parameters transversal (A—C) and frontal (D) plane comparing clubfoot
treated with the Ponseti method versus healthy controls [24,25,27,30,36,38—41].
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No overall difference was seen in shank-based foot rotation (Figure 3A) and hip
rotation (Figure 3B) during stance. Compared to healthy controls, children with Ponseti-
treated clubfeet showed overall a more inward-oriented foot progression angle during
stance [—5.68° (95% CI, —7.74-—3.62; p < 0.001] (Figure 3C). Furthermore, no overall
difference was seen in the frontal plane range of motion of the hindfoot in relation to the
tibia (Figure 3D).

3.4. Qualitative Analysis Clubfoot Treated with the Ponseti Method versus Controls

An overview of outcome measures not eligible for inclusion (<3 articles or no standard
deviation presented [43]) in the meta-analysis but reported in the different articles is
displayed in Table 2 and Appendix D.

Table 2. Clubfoot versus controls—Outcome measures included the qualitative analysis presenting
significant differences. Parameters without significant differences are presented in Table A3.

Outcome Measure Moment in Gait Cycle Studies Significance

Foot Mean tibial torsion (EXT) Stance [25] Clubfoot < controls

Foot progression (EXT) Preswing [37] Clubfoot > controls
. ROM sagittal (DF/PF) Gait cycle [30,38] Conflicting outcome 2

Forefoot vs. hindfoot Plantarﬂ%:xion 20% ggit cycle 1 [37] Clubfoot <g controls
ROM sagittal (DF/PF) Gait cycle [30,38] Conflicting outcome 2
Forefoot vs. tibia ROM frontal (PRO/SUP) Gait cycle [30,38] Conflicting outcome 2
ROM transversal (AB/AD) Gait cycle [30,38] Conflicting outcome 2
Dorsiflexion Mid-stance [24,39] Conflicting outcome 2

Ankle Max. plantarflexion Terminal stance [40] Clubfoot < controls
Dorsiflexion Swing 1 [30,37] Conflicting outcome 2

Max. extension Mid-stance [36] Clubfoot < controls

Knee Max. extension 2nd half of stance [38] Clubfoot < controls
Max. flexion Swing [30,38] Conflicting outcome 2

Mean abduction Gait cycle [38] Clubfoot > controls
Hip Max. rotation (EXT) Gait cycle [30,38] Conflicting outcome 2

Mean rotation (EXT) Mid-stance [36] Clubfoot > controls

Total gait scores GDI Gait cycle [36,39,43] Clubfoot < controls

Abbreviations: ROM = range of motion/PF = plantarflexion/DF = dorsiflexion/INT = internal rotation/EXT = exter-
nal rotation/ AB = abduction/AD = adduction/PRO = pronation/SUP = supination Max. = maximum/GDI = gait
deviation index. ! information gained from figure. 2 in case of conflicting outcomes, additional information is
provided in the text.

When comparing children with clubfeet and healthy controls, no significant difference
was found for 67 outcomes (Appendix D). A significant difference was found for nine
outcome measures, and conflicting results were found for eight outcome measures (Table 2).
The outcome measures with a significant difference between the groups and variables with
contradicting results are described below.

3.4.1. Stance Phase

From initial contact to mid-stance, no significant differences were reported. At mid-
stance, one study mentioned a significantly smaller dorsiflexion in the ankle in Ponseti-
treated clubfeet compared to the healthy controls [39], which is in conflict with another
study where no significant difference was found [24]. Furthermore, Ponseti-treated clubfeet
showed less forefoot plantarflexion in relation to the hindfoot compared to healthy con-
trols [37]. During mid-stance, mean external hip rotation was increased in the clubfoot
group, whereas maximum knee extension was decreased in this group compared to healthy
controls [36]. Another study mentioned less maximum knee extension in children with
Ponseti-treated clubfeet compared to healthy controls during the second half of the stance
phase [38]. Subsequently, maximum plantarflexion in the ankle was decreased at a terminal
stance in children with Ponseti-treated clubfeet compared to the healthy controls [40].
Furthermore, less external tibial torsion during stance was found in children with Ponseti-
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treated clubfoot compared to the healthy controls [25]. The foot progression angle during
pre-swing was higher in the clubfoot group compared to healthy controls [37].

3.4.2. Swing phase

During the swing phase, decreased maximum knee flexion and decreased dorsiflexion
in the ankle were found in children with Ponseti-treated clubfeet compared to healthy
controls [37,38], which is in conflict with another study where, although similar trend, no
significant difference was found for both parameters [30].

3.4.3. Gait Cycle

When considering the entire gait cycle, mean hip abduction was increased in children
with Ponseti-treated clubfeet compared to controls [38], whereas a conflicting result was
found looking at maximum external hip rotation [30,38]. In one study, Ponseti-treated
clubfeet showed increased external hip rotation [38], whereas the other study showed
no significant differences [30]. Furthermore, using a multi-segment foot model, several
conflicting results regarding the range of motion (ROM) were observed in the different foot
segments [30,38]. One study showed a decreased sagittal range of motion for the forefoot
in relation to the hindfoot as well as in relation to the tibia, a decreased transversal range
of motion for the forefoot in relation to the tibia, and an increased range of motion in the
frontal plane for the forefoot in relation to the tibia in Ponseti treated clubfeet compared to
healthy controls [38]. Another study showed no significant differences for the previously
mentioned range of motions [30]. When looking at the total gait pattern using the Gait
Deviation Index (GDI), children with Ponseti-treated clubfoot showed a decreased GDI
score compared to healthy controls [36,39,43].

3.5. Qualitative Analysis Pre-Treatment Relapsed Clubfoot versus Controls

Despite a large number of kinematic outcome measures, there were no outcome
measures eligible for inclusion (<3 articles or no standard deviation presented [28]) in the
meta-analysis. An overview of all outcome measures that are reported in the different
articles is displayed in Table 3 and Appendix E.

Table 3. Pre-treatment relapsed clubfoot vs. Controls—Outcome measures included the qualitative
analysis presenting significant differences. Parameters without significant differences are presented
in Table A4.

Outcome Measure Studies

Moment in Gait Significance
Cycle &

Foot

Hindfoot vs. tibia

Shank-based foot rotation

(INT) Stance [30] Relapse > controls
Foot progression angle (EXT) ~ Stance [29] Relapse < controls
Foot progression angle (EXT) 70% gait cycle ! [35] Relapse < controls
Shank-based foot rotation Swing (30] Relapse > controls
(INT)

Mean adduction Gait cycle [28] Relapse > controls
ROM sagittal (DF/PF) Gait cycle [28-30] Conlflicting outcome 2
ROM transversal (INT/EXT)  Gait cycle [28-30] Conflicting outcome 2
Inversion Gait cycle 1 [35] Relapse > controls
Adduction Gait cycle 1 [35] Relapse > controls
Dorsiflexion Initial contact [29,30] Conflicting outcome 2
Max. dorsiflexion Stance [29,30] Conflicting outcome 2
Mean adduction Stance [29,30] Conlflicting outcome 2
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Table 3. Cont.

Moment in Gait

Outcome Measure Studies Significance
Cycle
ROM sagittal (DF/PF) Gait cycle [28-30] Conflicting outcome 2
ROM frontal (PRO/SUP) Gait cycle [28-30] Conflicting outcome 2
Max. plantarflexion Gait cycle [29,30] Conlflicting outcome 2
Adduction Gait cycle1 [35] Relapse > controls
Forefoot vs. hindfoot Dorsiflexion Initial contact [29,30] Conflicting outcome 2
’ Max. dorsiflexion Stance [29,30] Conlflicting outcome 2
Mean adduction Stance [29,30] Conflicting outcome 2
Adduction Toe-off [30] Relapse > controls
Max. dorsiflexion Swing [29,30] Conlflicting outcome 2
Supination 80% gait cycle [29] Relapse > controls
ROM sagittal (DF/PF) Gait cycle [29,30] Conflicting outcome 2
ROM transversal (AB/AD) Gait cycle [29,30] Conflicting outcome 2
Max. plantarflexion Gait cycle [29,30] Conflicting outcome 2
Mean adduction Gait cycle [28] Relapse > controls
Adduction Initial contact [29] Relapse > controls
. Supination Initial contact [29] Relapse > controls
Forefoot vs. tibia Meim adduction Stance [29,30] Relagse > controls
Plantarflexion Toe-off [30] Relapse < controls
Mean adduction Swing [29,30] Conflicting outcome 2
Mean supination/pronation ~ Swing [29,30] Conflicting outcome 2
Dorsiflexion 80% gait cycle [29] Relapse > controls
Adduction 80% gait cycle [29] Relapse > controls
ROM sagittal (PF/DF) Gait cycle [29,30] Relapse < controls
Ankle Max. dorsiflexion Gait cycle [29,34] Conflicting outcome 2
Plantarflexion Toe-off [30] Relapse < controls
Knee Mean rotation (EXT) Stance [29] Relapse < controls
Flexion End of swing 1 [35] Relapse > control
Mean rotation (INT) Stance [29,30] Conlflicting outcome 2
Hip External rotation 30-60% gait cycle 1 [35] Relapse > controls
Abduction 50-90% gait cycle 1 [35] Relapse > controls
GDI Gait cycle [31] Deviated from normal 3
GDI* Gait cycle [33] Deviated from normal 3
cFDI* Gait cycle [33] Deviated from normal 3
Foot profile score Gait cycle [28] Relapse > controls
Total gait scores FVS hindfoot sagittal Gait cycle [28] Relapse > controls
FVS hindfoot frontal Gait cycle [28] Relapse > controls
FVS hindfoot transversal Gait cycle [28] Relapse > controls
FVS forefoot sagittal Gait cycle [28] Relapse > controls
EVS forefoot transversal Gait cycle [28] Relapse > controls

Abbreviations: ROM = range of motion/PF = plantarflexion/DF = dorsiflexion/INT = internal rotation/EXT = exter-
nal rotation/AB = abduction/AD = adduction/PRO = pronation/SUP = supination Max. = maximum/GDI = gait
deviation index/GDI* = scaled gait deviation index/cFDI* = clubfoot deviation index/FVS = foot variable score.
! information gained from figure. 2 in case of conflicting outcomes, additional information is provided in the text.
3 a score below 90 means a deviated gait pattern compared to controls [42]. Only significant results are included in
this table.

Of the total of 106 outcome measures for 55 outcomes, no significant difference was
found (Appendix E); for 32 outcome measures, a significant difference was found between
children with pre-treatment relapsed clubfeet and healthy controls, and 19 outcome mea-
sures from different studies showed conflicting results (Table 3). The outcome measures
with a significant difference between the groups and variables with contradicting results
are described below.
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3.5.1. Multi-Segment Foot Model

Most significant differences between children with pre-treatment relapsed clubfeet
and healthy controls are found at foot level, analyzed using a multi-segment foot model.
These differences were present in all three planes and multiple phases of gait. In the sagittal
plane, children with a relapse showed a significantly decreased forefoot plantarflexion in
relation to the tibia at toe-off and increased forefoot dorsiflexion in relation to the tibia at 80%
of the gait cycle [29]. In the frontal plane, children with a relapse showed increased forefoot
supination in relation to the tibia at initial contact and in relation to the hindfoot at 80% of the
gait [29]. Furthermore, increased hindfoot inversion in relation to the tibia was seen during
the entire gait cycle [35]. In the transversal plane, children with a relapse walked with a
more internally shank-based foot rotation [30], a smaller foot progression angle [29,35], and
increased forefoot and hindfoot adduction during all phases of gait [28-30,35]. In relation
to the tibia, increased forefoot adduction was found during initial contact [29], during
stance [29,30], at 80% of the gait cycle [29], and over the full gait cycle [28]. Increased
forefoot adduction in relation to the tibia was found at the toe-off [30] and over the full gait
cycle [35]. For the hindfoot, increased adduction was found in relation to the tibia during
the full gait cycle [28,35].

3.5.2. Conventional Gait Model

When looking at the ankle, a decreased plantar flexion at the toe-off and a smaller
sagittal range of motion is seen in children with a relapse [29,30]. Furthermore, children
with a relapse showed less external knee rotation and more external hip rotation during
stance [29,35]. During the swing, increased knee flexion and increased hip abduction were
seen [35]. Additionally, when looking at the total gait pattern using several total gait
scores, children with a relapse showed a deviated walking pattern compared to healthy
controls [28,31,33].

3.5.3. Conflicting Results

A close look at the conflicting results revealed that one of the nineteen conflicts is
also a contradicting result. Two studies presented a decreased transversal range of motion
for the hindfoot in relation to the tibia [29,30], while one other study showed an increased
range of motion in children with relapsed clubfeet [28]. The eighteen remaining conflicting
outcomes showed a difference in significance. However, no difference in the direction of
deviation in joint angles was seen.

4. Discussion

This systematic review identified a total of 153 different kinematic outcome measures,
presented in 20 studies on gait analyses in clubfeet patients treated with the Ponseti method
with and without relapse compared to healthy controls. Twelve parameters could be
included in a meta-analysis. These meta-analyses comparing Ponseti-treated clubfoot
children without relapse to healthy controls showed overall significant differences in ankle
plantarflexion at push-off and maximal ankle plantarflexion during the gait cycle, maximum
ankle dorsiflexion during the swing, ankle range of motion, and the foot progression angle
during stance. Furthermore, on 17 and 51 different kinematic outcomes, one or more
studies reported deviating results in respectively clubfoot patients without relapse and
pre-treatment relapsed clubfeet compared to healthy controls.

Children with clubfoot have significantly decreased ankle plantar flexion angle at
push-off, which is probably caused by a weakness or insufficiency of the plantar flexor
muscles [36,45]. Smith et al. (2014), as well as Jeans et al. (2018), reported a decreased
plantar flexor strength in children with Ponseti-treated clubfoot compared to healthy
controls [37,41]. This finding is also in line with previous findings regarding decreased
ankle power in children with clubfeet [19].

Significantly less maximum dorsiflexion during swing was seen in the Ponseti group,
which can indicate a drop foot [38], and can consequently lead to insufficient floor clearance
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and forefoot landing [46]. Lack of dorsiflexion during the swing can lead to compensations
which are mostly seen in an increased hip flexion to lift the foot [46]. Brierty et al. (2022)
and Grin et al. (2021) found no significant difference in the hip flexion angle during the full
gait cycle using statistical parametric mapping (SPM) [30,35]. However, the results of the
meta-analysis on hip rotation did show, although not significant, a tendency for increased
external hip rotation. Additionally, one study presented increased hip abduction in children
with club feet [38]. Hip rotation and hip abduction are part of a circumduction movement
that could also be used to compensate for a decreased foot clearance due to a lack of
dorsiflexion. Furthermore, from a clinical point of view, more knee flexion during the initial
swing and mid-swing could also be expected to compensate for less dorsiflexion. However,
in the two studies that reported knee flexion during swing, a decreased maximum knee
flexion was found [30,38].

In addition, it should be noted that three out of the four studies included in the meta-
analysis that reported less maximum dorsiflexion during swing also included children with
a tibialis anterior tendon transfer (TATT) as part of the Ponseti protocol in their study popula-
tion [25,36,38]. This early TATT was previously associated postoperatively with impaired
passive dorsiflexion in a randomized controlled trial comparing the Ponseti method with
early TATT (without Ponseti casting) [47]. However, it needs to be questioned whether
this small (approximately 2 degrees) but significant difference in maximum dorsiflexion
during gait will lead to functional problems in the clubfoot group and, as such, should be
addressed in additional treatment.

As a result of a significantly decreased maximum ankle plantar flexion angle over the
full gait cycle and a tendency to a decreased maximum ankle dorsiflexion angle during
stance, children with a clubfoot showed a significantly decreased ankle range of motion in
the sagittal plane. A limited range of motion can negatively affect a child’s second ankle
rocker and the ability to push off, which are needed for a normal translation of the center
of mass during stance. From a clinical point of view, either decreased plantar flexion or
decreased dorsiflexion can be treated clinically; however, it requires differentiation in the
treatment approach.

A more internally rotated foot progression angle may lead to more compensatory
external hip rotation in the transversal plane [48]. Correspondingly, a significantly more
internally rotated foot progression and a tendency of increased external hip rotation during
stance were found in clubfoot children compared to healthy controls. Additionally, one
study reported an increased external hip rotation during mid-stance [36]. However, another
study looked specifically at external hip rotation at initial contact and did not find a signifi-
cant difference between clubfoot children and healthy control children [40]. Further, any
torsional or foot deformations contributing to in-toeing could be compensated by external
hip rotation during gait. These compensatory mechanisms highlight the importance of
considering the entire kinematic chain for the clinical evaluation of gait analysis [49].

The clubfoot deformity has multi-segmental and multiplane characteristics. However,
the majority of studies focused on the entire foot instead of separating the foot into dif-
ferent segments [24,27,31,32,35,36,39-43]. Notably, in recent studies, more frequently, a
multi-segment foot model, such as the Oxford Foot Model, was used during the 3D gait
analyses [25,26,28-30,33,34,37,38]. Although this resulted in an increased number of inves-
tigated kinematic parameters, combining a traditional model with a multi-segmental foot
model does aid in fully grasping the complexity of the clubfoot deformity and treatment
outcome [25,30,33,38,48]. A traditional single-segmental foot model is limited in represent-
ing foot motion in the frontal and transversal plane while considering the characteristics of
the clubfoot foot motions, such as supination and adduction, are clinically highly relevant.
Using a multi-segmental foot model allowed for a detailed analysis of hindfoot and forefoot
motion [50], which resulted in the large number of differences at the foot level shown in
the results.

In order to assist with the interpretation of the numerous gait- and foot-specific kine-
matic parameters that are included in the traditional and multi-segmental models, gait and
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foot indices are used. Although the numerous kinematic parameters give detailed infor-
mation regarding a child’s gait pattern, all these parameters can be difficult to interpret.
Therefore, it could be preferred to use gait or foot indices, in which multiple kinematic
parameters are combined into a single score, to assess the overall gait and foot quality in
clinical practice [51-53]. These gait indices were implemented in several studies and showed
that the overall gait and foot quality is different in clubfoot patients [28,31,33,36,39,43].

In ten of the twelve included studies that compare clubfoot without a relapse to
healthy controls, one or more patients had received additional surgical treatment besides
the initial casting and bracing phase of the Ponseti treatment, most likely because of a former
relapse [25,27,32,36,38-40,42,43]. This could affect the kinematic results due to an increased
variability among clubfoot patients within a study population since previous studies
showed that surgical treatment, for example, can affect the ankle range of motion [45,54].
To better understand the occurrence of relapse and to evaluate the effect of relapse treatment,
it is—from a clinical point of view—necessary to investigate successfully treated clubfeet
without a relapse or additional surgical treatment and relapsed clubfeet separately.

Seven studies, including data from relapse patients prior to additional treat-
ment [28-31,33-35], revealed multiple additional kinematic parameters on which
relapse clubfoot patients differ from healthy controls. As such, gait analyses might
play an important role in the early identification of relapse and determining the
necessity of additional treatment, which could prevent the need for major surgical
interventions [49,55-57]. In the future, the comparison of clubfoot with and without
relapse will be necessary in order to optimize the Ponseti treatment and the detec-
tion of relapsed clubfoot. Furthermore, gait analyses can be used to evaluate the
outcome of additional treatment for a relapse [11,45,58]. Recent studies investigat-
ing the effect of TATT and repeated Ponseti treatment already gave the first insight into
kinematic changes after treatment [29,31,59]. Future studies should continue investigating
the effect of treatment to aid in optimizing and developing additional (physio)therapy or
surgical treatment.

The lack of a clear definition for a relapsed clubfoot was also apparent in the literature
describing gait analyses [8]. Some authors used specific relapse treatment as an inclusion
criterion for the relapse group, while others based this on planned treatment or an aberrant
gait pattern [28-31,33-35]. Considering the heterogeneous nature of a relapse [52,55] and
different purposes for applying gait analyses, composing a homogeneous relapse group
will be challenging but is important for the comparison and interpretation of results.

Besides the lack of a clear definition for a relapsed clubfoot, this review has a few
other limitations. First of all, the quality of a systematic review depends highly on the
number and the quality of the included studies. Of the presented kinematic parameters,
only twelve could be included in a meta-analysis because of the diverse and numerous
reported outcome measures. More homogeneity in measured kinematic variables should be
taken into account in order to improve the comparison between separate studies. Secondly,
all included studies compared children treated with the Ponseti method and healthy control
children, but often the selection of participants and current status of the included patients
was unclear, which could have led to selection bias. Thirdly, it seems that data from the same
patients has been included in multiple studies. Furthermore, since bilateral club feet are
highly correlated [60], future studies should show analyses of both sides if bilateral affected
clubfoot patients are measured, especially if these are combined with data from unilateral
affected clubfoot patients. However, we do believe that, as a strength of this review, the
included studies describe a general population of clubfeet patients treated with the Ponseti
method, and as such, the presented results are informative for the clinic. Moreover, the
combination of meta-analyses and qualitative analyses led to a comprehensive overview of
all studied kinematic characteristics.
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5. Conclusions

In conclusion, this systematic review showed that there are several differences in
joint angles during gait in children with Ponseti-treated clubfoot with and without relapse
compared to healthy controls. When comparing Ponseti-treated clubfoot children without
relapse to healthy controls, deviations are mainly found in the sagittal and frontal plane
ankle joint kinematics. When comparing children with pre-treatment relapsed clubfeet
and healthy controls, deviations are found at foot level in all three planes and multiple
phases of gait. We, therefore, emphasize the importance of evaluating the gait pattern of
children with clubfoot during clinical follow-up. Being aware of gait impairments in treated
clubfoot patients is useful for optimizing the Ponseti method, the detection of relapsed
clubfoot, and developing additional (physio) therapy or surgery. However, the question
remains as to what functional and /or long-term problems these gait impairments lead to
and whether or not these problems could be addressed with additional treatment. Hence,
from a clinical point of view, future studies should shift their focus to comparing clubfoot
with and without relapse, evaluating the impact of gait impairments, for example, in terms
of participation with peers, and investigating the effect of (additional) treatment.
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Appendix A. Example Literature Search Embase.com

Embase.com

(clubfoot/de OR “pes equinovarus’/exp OR (clubfoot OR clubfeet OR club-foot OR
club-feet OR talipes OR equinovarus OR equino-varus ):ab,ti) AND (therapy/exp OR ‘treat-
ment 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 nonsurg* OR comprehensive* OR release* OR interven* OR
management* OR conservative* OR trial* OR random* OR correct* OR relaps* OR recur*
OR (follow* NEXT/1 up*) OR followup* OR evaluat* OR rehabilitat* 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
measurement’/de OR (gait OR ((force OR forces OR pressure*) NEAR/3 (distribut* OR
peak OR foot OR measur* OR plantar*)) OR EMG OR pedobarograph* OR electromyogr*
OR Biomechanic?)).
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Appendix B. Risk of Bias

Table Al. Risk of bias for each included study.

Study Selection Groups Measurement Blinded Prognostic Factors

Karol 2009 [24] - +
Church 2012 [25] + ?
Duffy 2012 [36] +
Smith 2014 [37]
Mindler 2014 [38]
Manousaki 2016 [39]
Loof 2016 [40]
Jeans 2018 [41] -
Manousaki 2019 [42]
Lo6of 2019 [43]
Dussa 2020 [26]
Ferrando 2020 [27]
McCahill 2020 [28]
Mindler 2020 [29]
Grin 2021 [30] -
Li 2021 [31]
Recordon 2021 [32]
Brierty 2022 [35]
Grin 2022 [33] —
Wijnands 2022 [34] —

Selection: if stated “all patients in period ... ” or “consecutive patients”; and thus no selection has been made +.
Groups: if the different groups are clearly defined and comparable with each other (e.g., based on age). Measure-
ment: if a valid measurement system/gait analysis system was used. Blinded: if outcome measurements were
independently /blindly determined. Prognostic factors: if clubfoot initial and current classification of clubfeet
patients have been described, and the description of the control group states healthy controls. + Low risk/— High
risk/? Unclear.
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Appendix C. Results Dussa et al. (Overcorrected Clubfoot vs. Controls)

Table A2. Results overcorrected Ponseti clubfoot vs. controls (Dussa et al) [24].

Outcome Measure Moment in Gait Cycle Significance
Peak dors1ﬂex1on Stance Overcorrect < controls
Peak eversion
. . Stance Overcorrect > controls
Peak internal rotation Stance No sienificance
ROM sagittal (DF/PF) Stance Overcgorrect < controls
Hindfoot vs. tibia ROM frontal (INV/EV)
Stance Overcorrect < controls
ROM transversal
Stance Overcorrect > controls
(INT/EXT) R
. Toe-off No significance
Plantar flexion
. Toe-off Overcorrect < controls
Inversion
Mean supination
Peak dorsiflexion Gait cycle Overcorrect > controls
Peak pronation Stance Overcorrect > controls
Peak adduction Stance Overcorrect > controls
Forefoot vs. hindfoot Sagittal ROM (PF/DF) Stance No significance
Frontal ROM Stance No significance
(PRO/SUP) Stance No significance
Transversal ROM Stance No significance
(AB/AD)
Sagittal ROM
(FLEX/EXT) Stance No significance
Hallux vs. forefoot Flexion Toe-off Overcorrect < controls
’ Mean flexion Swing Overcorrect < controls
Sagittal ROM Swing No significance

(FLEX/EXT)
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Appendix D. Ponseti vs. Controls—Additional Outcome Measures Presented in

Different Studies

Table A3. Outcome measures included the qualitative analysis with no significant differences.

Outcome Measure Moment in Gait Cycle Studies Significance
Foot Foot progression Mid-stance [32] No significant difference
Shank-based foot rotation (INT) ~ Swing [30] No significant difference
ROM sagittal (DF/PF) Gait cycle [30,38] No significant difference
ROM transversal (INT/EXT) Gait cycle [30,38] No significant difference
Max. plantar flexion Gait cycle [30] No significant difference
Dorsiflexion Initial contact [30] No significant difference
Max. dorsiflexion Stance [30] No significant difference
Mean dorsiflexion Stance [30] No significant difference
Hindfoot vs. tibia Mean adduction Stance [25,30] No s%gn%ficant d%fference
Mean inversion/eversion Stance [30] No significant difference
Plantar flexion Toe-off [30] No significant difference
Adduction Toe-off [30] No significant difference
Mean adduction Swing [30] No significant difference
Mean plantar /dorsiflexion Swing [30] No significant difference
Max. dorsiflexion Swing [30] No significant difference
Mean inversion/eversion Swing [30] No significant difference
ROM frontal (PRO/SUP) Gait cycle [30,38] No significant difference
ROM transversal (AB/AD) Gait cycle [30,38] No significant difference
Max. plantar flexion Gait cycle [30] No significant difference
Dorsiflexion Initial contact [30] No significant difference
Max. dorsiflexion Stance [30] No significant difference
Mean dorsiflexion Stance [30] No significant difference
Forefoot vs. hindfoot Mean adduction Stance [30] No significant difference
Mean supination /pronation Stance [25,30] No significant difference
Plantar flexion Toe-off [30] No significant difference
Adduction Toe-off [30] No significant difference
Mean adduction Swing [30] No significant difference
Mean plantar/dorsiflexion Swing [30] No significant difference
Max. dorsiflexion Swing [30] No significant difference
Mean supiation/pronation Swing [30] No significant difference
Peak plantar flexion Gait cycle [30] No significant difference
Dorsiflexion Initial contact [30] No significant difference
Max. dorsiflexion Stance [30] No significant difference
Mean dorsiflexion Stance [30] No significant difference
Mean adduction Stance [30] No significant difference
Forefoot vs. tibia Mean supination/pronation Stance [30] No significant difference
Plantar flexion Toe-off [30] No significant difference
Adduction Toe-off [30] No significant difference
Mean adduction Swing [30] No significant difference
Mean plantar/dorsiflexion Swing [30] No significant difference
Max. dorsiflexion Swing [30] No significant difference
Mean supination/pronation Swing [30] No significant difference
Mean dorsiflexion Stance [24,30] No significant difference
Ankle ROM PF/DF Stance [32] No significant difference
Dorsiflexion End of swing [24,39] No significant difference
Mean dorsiflexion Terminal swing [40] No significant difference
Knee Mean rotation Gait cycle [38] No significant difference
ROM sagittal Gait cycle [30] No significant difference
Hip External rotation Initial contact [40] No significant difference
Mean tilt Gait cycle [30] No significant difference
Pelvis ROM transversal Gait cycle [30] No significant difference
Max. rotation (EXT) Gait cycle [30] No significant difference
Max. rotation (INT) Gait cycle [30] No significant difference
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Table A3. Cont.
Outcome Measure Moment in Gait Cycle Studies Significance
GPS overall .
GPS affected side Gait cycle [42] -
. . . Gait cycle [42] -
GVS pelvis anterior/posterior .
. . Gait cycle [42] -
GVS pelvis int/ext rotation .
. Gait cycle [42] -
GVS pelvis up/down .
. . . Gait cycle [42] -
GVS hip flexion/extension Gait cvele [42] ]
GVS hip adduction/abduction LY
. o . Gait cycle [42] -
Total gait scores GVS hip int/ext rotation .
. . Gait cycle [42] -
GVS knee flexion/extension .
Gait cycle [42] -
GVS ankle dorsal/plantar .
flexi Gait cycle [42] -
oaon . Gait cycle [42] -
SE? fOOt int/ext rotation Gait cycle [33] No deviation !
FDI * Gait cycle [33] No deviation
EDI * Gait cycle [33] No deviation !

Abbreviations: ROM = range of motion/PF = plantarflexion/DF = dorsiflexion/INT = internal rotation/EXT = exter-
nal rotation/AB = abduction/AD = adduction/PRO = pronation/SUP = supination Max. = maximum/GDI = gait
deviation index/GDI * = scaled gait deviation index/ FDI* = scaled foot deviation index/cFDI * = clubfoot deviation
index/ ! a score below 90 means a deviated gait pattern compared to controls [42], -’ outcome compared with
controls, but no statistical information was provided. All parameters: Clubfoot > controls.

Appendix E. Relapsed Clubfoot Pre-Treatment vs. Controls—Additional Outcome
Measures Presented in Different Studies

Table A4. Outcome measures included qualitative analysis with no significant differences.

Outcome Measure Moment in Gait Cycle Studies Significance

Foot Foot progression angle Gait cycle [28] Foot progression angle
ROM frontal (INV/EV) Gait cycle [26-28] No significant difference
Max. plantarflexion Gait cycle [27,28] No significant difference
Mean dorsiflexion Gait cycle [26] No significant difference
Mean inversion Gait cycle [26] No significant difference
Inversion/eversion Initial contact [27] No significant difference
Adduction Initial contact [27] No significant difference
Mean dorsiflexion Stance [28] No significant difference

Hindfoot vs. tibia Mean inversion/eversion Stance [28] No significant difference
Plantarflexion Toe-off [28] No significant difference
Adduction Toe-off [28] No significant difference
Mean adduction Swing [27,28] No significant difference
Mean plantar/dorsiflexion Swing [28] No significant difference
Max. dorsiflexion Swing [28] No significant difference
Mean inversion/eversion Swing [28] No significant difference
Varus 80% gait cycle [27] No significant difference
ROM transversal (AB/AD) Gait cycle [26-28] No significant difference
Mean dorsiflexion Gait cycle [26] No significant difference
Mean supination Gait cycle [26] No significant difference
Mean adduction Gait cycle [26] No significant difference
Supination Initial contact [27] No significant difference
Adduction Initial contact [27] No significant difference

Forefoot vs. hindfoot Mean dorsiflexion Stance [28] No significant difference
Mean supination /pronation Stance [28] No significant difference
Plantarflexion Toe-off [28] No significant difference
Mean adduction Swing [27,28] No significant difference
Mean plantar/dorsiflexion Swing [28] No significant difference
Mean supination/pronation Swing [28] No significant difference
Supination 80% gait cycle [27] No significant difference
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Table A4. Cont.

Outcome Measure Moment in Gait Cycle Studies Significance

ROM frontal (PRO/SUP) Gait cycle [28] No significant difference
Mean dorsiflexion Gait cycle [26] No significant difference
Mean supination Gait cycle [26] No significant difference
Dorsiflexion Initial contact [27,28] No significant difference
Forefoot vs. fibia Max. dorsiflexion Stance [27,28] No significant difference
: Mean dorsiflexion Stance [28] No significant difference
Mean supination/pronation Stance [28] No significant difference
Adduction Toe-off [28] No significant difference
Mean plantar/dorsiflexion Swing [28] No significant difference
Max. dorsiflexion Swing [28] No significant difference
Max. plantarflexion Gait cycle [28] No significant difference
Dorsiflexion Initial contact [28] No significant difference
Ankle Mean dorsiflexion Stance [28] No significant difference
Max. dorsiflexion Stance [28] No significant difference
Max. dorsiflexion Swing [28] No significant difference
Mean plantar/dorsiﬂexion Swmg [28] No significant difference
ROM sagittal (PF/DF) Gait cycle [28] No significant difference
Knee Max. extension Stance [28] No significant difference
Max. flexion Swing [28] No significant difference

Hip Max. rotation (EXT) Gait cycle [28] Max. rotation (EXT)
Mean tilt Gait cycle [28] No significant difference
Pelvis ROM transversal Gait cycle [28] No significant difference
Max. rotation (EXT) Gait cycle [28] No significant difference
Max. rotation (INT) Gait cycle [28] No significant difference

. FDI * Gait cycle [31] No deviation !

Total gait scores FVS forefoot frontal Gait cgcle [26] No significant difference

Abbreviations: ROM = range of motion/PF = plantarflexion/DF = dorsiflexion/INT = internal rotation/EXT = exter-
nal rotation/AB = abduction/AD = adduction/PRO = pronation/SUP = supination/Max. = maximum/* = scaled
foot deviation index/FVS = foot variable score. ! a score below 90 means a deviated gait pattern compared to
controls [42].
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