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Abstract

Purpose Epidemiological studies on idiopathic clubfeet have
shown a typical distribution consistent across ethnic groups:
bilaterality in about 50% of cases and a male to female ratio
of 2:1. Whether this corresponds also to differences in severity
according to laterality and sex has been poorly evaluated. As
well, the correlation between family history and severity has
not been previously investigated. The aim of this study was
to investigate how laterality, sex and family history influence
severity and treatment.

Methods In all, 97 infants with idiopathic clubfoot (81 male,
16 female; 55 unilateral, 42 bilateral; 19 with a first or sec-
ond-degree relative affected) consecutively treated with
Ponseti method were prospectively enrolled. Initial severi-
ty (according to Dimeglio and Pirani scores) and treatment
(number of casts and need for tenotomy) were analyzed in
the different subgroups.

Results Initial severity according to Pirani (p = 0.020) and Di-
meglio score (p = 0.006), number of casts (p = 0.000) and
tenotomy (p = 0.045) were significantly higher in bilateral
than in unilateral cases. In bilateral cases, a significant corre-
lation was found between the right and left foot of each pa-
tientin terms of initial severity, number of casts and tenotomy
performed. No statistically significant difference was found
according to sex and family history.

Conclusions This study has confirmed the different behaviour
of bilateral cases reported by previous studies; bilateral cas-
es are more severe and show similar features in their right
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and left foot. This could be the result of different pathogenic
mechanisms, likely on a genetic basis. Sex and family history
did not seem to influence severity.
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Introduction

Congenital talipes equinovarus or clubfoot is one of the
most common congenital birth defects, with a reported
incidence of one to two per 1000 newborns." It is charac-
terized by ankle equinus, heel varus, plantar arch cavus
and forefoot adduction, with a wide range of severity and
possible unilateral or bilateral involvement (about 50% of
cases respectively).?

In most cases the deformity is isolated and idiopathic,
whereas in about 20% of cases is associated with syn-
dromic conditions (distal arthrogryposis, congenital
myotonic dystrophy, myelomeningocele, amniotic band
sequence or other genetic syndromes such as trisomy 18
or chromosome 22q11 deletion syndrome).?

Despite modern advances, the complex aetiology and
pathogenesis of clubfoot is still unclear and the cause of
phenotypic variability in affected individuals is unknown.*

Epidemiological studies have provided support to
researchers’ hypothesis, showing different distribution
and phenotypes in different subgroups. For example, dif-
ferences in clubfoot prevalence across ethnic populations®
and the higher concordance rate for identical twins com-
pared with fraternal twins (33% versus 3%)** support a
genetic basis for isolated clubfoot.

Recently, different clinical features have been described
in bilateral cases (higher severity®” and larger distribution
of severity?) in comparison with unilateral patients which,
therefore, would represent different phenotypes due to
different pathogenic mechanisms or underlying genetics.?

On the other hand, when an analysis based on sex
distribution is performed, a male to female ratio of 2:1
is found in isolated clubfoot that is consistent across eth-
nic groups.** The reason for this sex discrepancy, in the
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absence of sex-linked inheritance, is currently unknown.*
Even though some previous investigators have postulated
that female sex may represent a more severe clubfoot
phenotype due to underlying genetic mechanisms,®° no
difference in initial severity with respect to sex has been
found.?

Another support to a genetic basis is the fact that about
24% to 50% of all patients with isolated clubfoot (depend-
ing on the populations studied) report a positive family
history for clubfoot.**'® No study, to our knowledge, has
evaluated if a positive family history also has an influence
on clubfoot severity.

The purpose of our study was to further investigate
how laterality, sex and family history influence initial
severity and treatment.

Materials and methods

A retrospective analysis of prospectively collected data
was carried out. Idiopathic congenital clubfeet consecu-
tively treated at our institution from February 2016 to June
2018 were enrolled in this study.

Postural deformities, non-idiopathic clubfeet and
patients older than four months at presentation or that
had undergone any previous intervention (surgery, phys-
iotherapy or casting) were excluded from the study.
Infants presenting feet with mild deformity (grade | Dime-
glio score (DimS)) were excluded.

Severity score was determined at presentation using
both DimS™ and Pirani score (PirS)."? For DimS, midfoot
rotation, hindfoot varus, forefoot adduction and equinus
are each given O to 4 points based on reducibility on the
relative plane; pejorative items (posterior crease, medial
crease, cavus and muscular abnormality) are each scored
as 1 if present and O if absent. The sum of these elements
constitutes a total on a 20-point scale, where a higher
score indicates a more severe deformity.

For PirS, six different features of clubfoot deformity
(posterior crease, emptiness of the heel, rigidity of equi-
nus, medial crease, curvature of the lateral border of the
foot and reducibility of the lateral part of the head of the
talus) are evaluated. Each item is given a score of O (no
abnormality), 0.5 (moderate abnormality) or 1.0 (severe
abnormality) and summed to produce a final score
between 0 and 6, where 6 is the most severe score.

In all cases, treatment was performed according to the
method described by Ponseti,” including weekly sessions
of manipulation and casting, percutaneous Achilles tenot-
omy if needed and foot abduction orthosis. Achilles tenot-
omy was performed if the foot could not be dorsiflexed to
15° once complete abduction was achieved. Evaluations
and treatment were performed by orthopaedic surgeons
experienced with the scores and Ponseti method.
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Sex, laterality (uni-/bilateral), family history, number
of casts required for correction (excluding post-tenotomy
cast) and need for tenotomy were analyzed.

Family history was considered positive (FH1) when a
first-degree relative was affected or had been treated for
clubfoot deformity, regardless of the severity or treatment
performed. An additional analysis was performed con-
sidering positive family history (FH2) if a first or second-
degree relative was affected, as reported by the family.

For infants with bilateral clubfoot, only the foot with
more severe deformity was included in the analysis for
that patient, to reduce the statistical error of considering
two feet of each patient as independent.?™

Statistical analysis

Correlations of laterality, sex and family history, respec-
tively, with severity scores (PirS and DimS), number of
casts and need for tenotomy were evaluated using para-
metric or non-parametric tests, as appropriate. In addition
to the analysis using the raw PirS and DimS, an additional
analysis was performed by dividing the feet into cate-
gories according to PirS (‘very severe’ if = 5 points, ‘less
severe’ if = 4.5 points) and DimS (‘moderate’, grade ll, 6 to
10 points; ‘severe’, grade lll, 11 to 15 points; ‘very severe’,
grade IV, 16 to 20 points) as previously described*¢” and
using the chi-squared analysis or the Fisher exact test, as
appropriate. A p-value < 0.05 was considered significant.

In bilateral feet, correlation between the right and left
foot in terms of initial severity scores (DimS and PirS),
number of casts and need for tenotomy was analyzed
using Pearson correlation coefficient.

Results

In all, 97 infants (81 male, 16 female) with idiopathic club-
foot met the criteria and were included in the study. The
deformity was bilateral in 42 cases, unilateral in 55 (28
right, 27 left). A positive family history (FH2) was reported
in 19 cases (19.6%) and in 11 cases a first-degree relative
was affected (FH1). Mean age of patients at presentation
was 26 days (7 to 119).

Mean severity score at presentation for all patients was
5.1 points (2.5 to 6; severity classification: 25 less severe,
72 very severe) using PirS and 12.4 points (7 to 16; 18
moderate, 68 severe, 11 very severe) using DimS. A mean
of 4.4 casts (2 to 8) were performed. Achilles tenotomy
was performed in 92 (94.8%) infants.

Laterality

Bilateral cases showed significantly higher PirS and DimS
(Fig. 1) at presentation, number of casts performed and
rate of tenotomy performed in comparison with unilateral
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Fig. 1 Box plots represent the distribution of Dimeglio scores
for bilateral versus unilateral cases. The median is shown by the
horizontal line in each of the boxes, the bottom and top of each
box represent the 25th and 75th percentiles, respectively.

cases. Data and p-values are reported in Table 1. Using
severity categories, the difference of distribution was sig-
nificant both for PirS (p = 0.006) and DimS (p = 0.024);
there were 1.2-times as many expected bilateral patients
diagnosed with ‘very severe’ deformity according to
PirS and there were 1.5-times as many expected bilateral
patients diagnosed with ‘very severe’ deformity according
to DimS.

Sex

Male and female patients did not show significantly dif-
ferent DimS, PirS and distribution according to severity
categories at presentation. Number of casts and rate of

tenotomy performed were not significantly different as
well. Data and p-values are reported in Table 2.

Family history

Both DimS and PirS were higher in patients with a posi-
tive history (Fig. 2) but this difference was not significant;
mean PirS was 5.3 (3 to 6) for patients with a positive
FH2 and 5.0 (2.5 to 6) for patients with no family history
for clubfoot (p = 0.185). When only FH1 was compared
with infants with no family history, the difference was
also not significant (p = 0.176). Mean DimS was 12.8 (7
to 16) for FH2 and 12.3 (7 to 16) for infants with no family
history, with a non-significant difference (p = 0.339). The
difference was also not significant for FH1 (p = 0.110). In
addition, the analysis of distribution of severity showed
a higher ratio of very severe deformity in patients with
positive family history (for example, 1.4-times as many as
expected patients according to DimS) but the difference
was not significant (p = 0.771). A mean of 4.7 casts (2 to
8) were performed on infants with a positive FH2 and a
mean of 4.3 (2 to 7) in cases of negative family history;
the difference was not significant (p = 0.226). In all, 18
out of 19 (94.7%) cases with a positive FH2 underwent
tenotomy, in comparison with 74 out of 78 (94.9%) cases
with no family history; the difference was not significant
(p = 0.981). The difference was not significant for FH1
(p =0.442) as well.

Right versus left foot in bilateral cases

Initial severity in the right and left foot of each patient was
highly correlated using DimS (Fig. 3), DimS grade and
PirS. Data and p-values are reported in Table 3.

Table 1 Influence of laterality (uni- versus bilateral) on clubfoot severity and treatment: results of our study and revision of the literature

Author, year Patients Mean age Item analyzed Results
(type of study) (uni-/bilateral)
Current study (P) 97 (55/42) 26 days (7 to DimS Bilateral (mean 13.1; 9 to 16) > unilateral (mean 11.8; 7
119) to 16) (p = 0.006)"
PirS Bilateral (mean 5.4; 4 to 6) > unilateral (mean 4.8; 2.5 to 6)
(p =0.020)
Casts required Bilateral (mean 4.9; 3 to 8) > unilateral (mean 4.0; 2 to 6)
(p = 0.000)
Tenotomy required Bilateral (42/42) > unilateral (50/55) (p = 0.045)"
Agarwal et al, 2018 (R)” 161 (95/66) 5.1 mths PirS* Higher in bilateral”
(0.26 to 60)
Casts required™ More casts in bilateral (p < 0.011)"
Pre-tenotomy PirS™; Difference NS
pre- and post-tenotomy
dorsiflexion™
Zionts et al, 2017 (P)> 240 (128/112) 6.7 wks (0.6 DimS™ Different distribution between unilateral (median 13,
to 31) variance 3.8) and bilateral (median 13, variance 6) (p =
0.16)
Gray et al, 2014 (R)® 141 (66/75) 12.9 days (0 PirS™ Odds of PirS = 5 were 2.6-times higher in bilateral (p = 0.007)"
to 52)

*statistically significant
**Independent samples t-test
***Mann-Whitney U test
****generalized estimation equation

P, prospective; DimS, Dimeglio score; PirS, Pirani score; R, retrospective; NS, not significant
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Table 2 Influence of sex on clubfoot severity and treatment: results of our study and revision of the literature

Author, year Patients (male/female)

Item analyzed

Results

Current study 97 (81/16) DimS

PirS

Cast required

Tenotomy required

NS (p = 0.489); male: mean 12.3 (7 to 16); female: mean 12.8
(8 to 16). Distribution of severity categories: NS (p = 0.519)
NS (p = 0.611); male: mean 5.0 (2.5 to 6); female: mean 5.2
(3.5 to 6). Distribution of severity categories: NS (p = 0.938)
NS (p = 0.270); male: mean 4.3 (2 to 8); female: mean 4.7
(410 8)

NS (p = 0.308): male (76/81); female (16/16)

Zionts et al, 20172 240 (177/63) DimS NS (p = 0.61)"; male: mean 13, variance 4.8; female mean 13,
variance 5.1
*Mann-Whitney U test
DimS, Dimeglio score; NS, not significant; PirS, Pirani score
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Fig. 2 Box plots represent the distribution of Dimeglio scores for
patients with positive versus negative family history. The median
is shown by the horizontal line in each of the boxes, the bottom
and top of each box represent the 25th and 75th percentiles,
respectively.

There were only two out of 42 infants in which a dif-
ferent number of casts was performed in left and right
foot; the deformity in these two feet was very different,
so the surgeon decided to start casting only in the more
severe foot and then continued simultaneously. All the
other cases (95.2%) underwent the same number of casts
on both sides. A total of 41 out of 42 (97.6%) underwent
bilateral Achilles tenotomy; only one infant tenotomy was
performed on one foot and not on the other.

Discussion

Patterns of inheritance and expressivity of idiopathic club-
foot are complex and still not completely clear; the con-
dition is unlikely due to mutations within a single gene
but instead is multifactorial and/or polygenic in nature.**
Subgroups with different phenotypes and clinical features
may reflect different pathogenic mechanisms.
Traditionally, unilateral/bilateral clubfeet and male/
female individuals have been considered to have similar
characteristics and have been included in the same group
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Fig. 3 Correlation between initial Dimeglio scores of right and
left feet in bilateral cases.

for scientific research.” In recent years, the use of more
reliable evaluation scores (DimS and Pirs) and the world-
wide diffusion of treatment by the Ponseti method with its
reproducible short-term results (full correction achieved in
most cases), have permitted a better understanding of dif-
ferences in initial presentation and response to treatment
of different subgroups.

Laterality

Clubfoot severity seems to be influenced by laterality.
Some authors have postulated an increased genetic load®
or a greater treatment-resistance in bilateral cases,?' but
these studies did not provide evaluation scores to support
their hypothesis.

Evidence on phenotypic discrepancy according to later-
ality was provided by recent studies (Table 1). Zionts et al?
found no differences in terms of severity but reported a
larger range of severity in bilateral cases; the ratio of bilat-
eral patients was higher among those with moderate
(DimS grade II) or very severe (DimS grade IV) deformities
compared with those with severe deformities (DimS grade
I (p < 0.01).

Gray et al® used the PirS and reported bilateral cases to
be more severe than unilateral feet; the odds of being very

J Child Orthop 2020;14:145-150
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Table 3 Correlation between right and left foot in bilateral cases: results of our study and revision of the literature

Author, year Bilateral patients Item analyzed

Results

Current study 42 DimS

High correlation (r = 0.71, p = 0.000)"; right foot: mean 12.4 (sD 2.4); left foot: mean

12.8 (sb 2.5); identical DimS in 47.6% of cases; grade: right foot mean 2.9 (sp 0.6);
left foot mean 3 (sp 0.6) (r=0.61, p = 0.001); identical grade: 76.2% of cases

PirS High (r = 0.49, p = 0.001)’; right foot: mean 5.2 (sD 1); left foot mean 5.3 (sp 0.8);
identical PirS in 73.8% of cases

Gray et al, 2014¢ 75 PirS™

Gray et al, 2014'¢ 33 PirS™
Casts required™
Tenotomy performed™

High (r = 0.68, p < 0.001)"; identical PirS in 75% of cases
High (r=0.76, p < 0.001); identical PirS in 85% of cases
High (r=0.89, p < 0.001)"
High (r=0.94, p < 0.001)"

*statistically significant

**generalized estimation equation
***Pearson correlation coefficient
DimS, Dimeglio score; PirS, Pirani score

severe (= 5 PirS points) were 2.6-times higher in bilateral
cases compared with unilateral cases (p = 0.007).

Agarwal et al” also reported that idiopathic bilateral
clubfeet were more severe at initial presentation using
PirS and that they required a greater number of corrective
casts; instead, the correction (pre-tenotomy PirS, pre- and
post-tenotomy dorsiflexion) was similar in the two sub-
groups.

We have found similar results both in terms of initial
severity, number of casts and tenotomy required. Some
discrepancies among studies can be explained by meth-
odological differences (prospective versus retrospective;
statistical models used for taking into account the poten-
tial correlations between feet in bilateral cases) but the
finding of different behaviour according to laterality is
consistent.

In addition, bilateral feet were found to have another
clinical feature: correlation between right and left foot,
both in terms of severity and treatment required, that can
be hypothesized to be related to genetic mechanisms of
regulation of expressivity. It should be stressed that these
findings could have been influenced by several areas of
bias,'® for example, without blinding of feet (which is not
feasible), assessment bias may influence the score assigned
to each foot in bilateral cases. The number of casts is also
influenced, since even in cases of different response to
casting on the two sides, casting is best not interrupted
on the less severe foot until tenotomy or brace applica-
tion; also the decision to perform or not tenotomy on the
less severe foot is likely influenced, in doubtful cases, if the
more severe foot is undergoing tenotomy. Similar findings
have been previously reported and also have important
statistical implications for trials in which data from bilat-
eral clubfoot cases are included. Researchers should be
cautioned against using data from the right or left foot as
independent data for statistical analysis.'®

Sex

Some authors®® have suggested that female patients
may represent a more severe clubfoot phenotype since a

J Child Orthop 2020;14:145-150

greater rate of posteromedial release was required,® but
did not reportinitial severity scores to support this hypoth-
esis. A prospective comparison of initial severity (using the
DimS) according to sex was recently performed by Zionts
et al?> on a population of 240 infants and no difference was
found (Table 2). Our results were similar, with no differ-
ence in terms of initial severity (using both PirS and DimS)
and treatment required.

The higher clubfoot prevalence in male cases has been
related to a postulated sex-related threshold effect, where
female cases would require a greater number of abnormal
genes to manifest the deformity and, if affected, would
be more likely transmit the condition to their offspring.?
According to our findings, this supposed higher genetic
load would not be associated with an increased severity.

Family history

Our study is the first, to our knowledge, evaluating family
history’s influence on severity. Higher initial severity scores
and a higher ratio of patients with very severe deformity
were found in patients with positive family history with
respect to patients with negative history, but these differ-
ences were not statistically significant. It is possible that
larger samples could have detected some significant dis-
crepancy.

The strength of this study is that data were collected
prospectively and consecutively. Mean age at presenta-
tion was low (26 days), similar to other reports (12.9 days®
and 6.7 weeks?). Agarwal et al” included older children
(up to 84 months) where initial severity could have been
influenced by unreported treatment or walking.

Both DimS and PirS were used for evaluation of ini-
tial severity, whereas previous authors used just one of
them.26” These scores have been reported to have high
reliability and to be correlated. Yet, Fan et al’ reported
poor score correlation in the case of mild and very severe
clubfoot deformity, so we considered it more appropriate
to use both; nevertheless, results were comparable.

The main limitations of our study are the small num-
ber of patients and the fact that our sample shows some
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differences of distribution with respect to the general pop-
ulation: in particular, the male to female ratio was 5.1:1
(proportion of bilateral cases and of positive family history
corresponded to the general population). Yet, our sample
included consecutive cases of a given period.

Analysis of the family history of clubfoot was more reli-
able when first-degree relatives were included; inclusion
of second-degree relatives based on a family report has
the potential bias of a false-positive included and missing
data. For this reason, separated analysis was performed
but results were comparable. Finally, longer follow-up
would be required to detect differences in prognosis or
relapse among subgroups.

In conclusion, this epidemiological study has confirmed
the different behaviour (initial severity, number of casts
and tenotomy required) of bilateral and unilateral cases
reported by previous studies. Bilateral cases are more
severe and show similar features in their right and left foot.
They could, therefore, represent different clubfoot entities®
or the result of different pathogenic mechanisms, likely on
a genetic basis. Conversely, no statistically significant dif-
ference was found with regard to sex and family history.

Received 5 December 2019; accepted after revision 18 March 2020.

COMPLIANCE WITH ETHICAL STANDARDS

FUNDING STATEMENT
No benefits in any form have been received or will be received from a commercial
party related directly or indirectly to the subject of this article.

OA LICENCE TEXT

This article is distributed under the terms of the Creative Commons Attribution-Non
Commercial 4.0 International (CC BY-NC 4.0) licence (https://creativecommons.org/
licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribu-
tion of the work without further permission provided the original work is attributed.

ETHICAL STATEMENT

Ethical statement: All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of the institutional and/or
national research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. This article does not contain any
studies with animals performed by any of the authors.

Informed consent: Not required for this work

ICMJE CONFLICT OF INTEREST STATEMENT
None declared.

ACKNOWLEDGEMENTS
The authors wish to thank Dr Salvatore De Masi (Clinical Trial Office, AOU Meyer, Flor-
ence) and Professor Giancarlo Bettuzzi for statistical analysis.

AUTHOR CONTRIBUTIONS
GS: Data acquisition, Analysis and interpretation of data, ldeation and writing of the
manuscript.

150

(B: Data acquisition, Analysis and interpretation of data, Ideation and writing of the
manuscript.

(CNA: Data acquisition, Critical revision of the manuscript.

GL: Data acquisition, Critical revision of the manuscript.

AZ: Data acquisition, Critical revision of the manuscript.

ML: Data acquisition, Analysis and interpretation of data, Ideation and writing of the
manuscript.

REFERENCES

1. Dobbs MB, Nunley R, Schoenecker PL. Long-term follow-up of
patients with clubfeet treated with extensive soft-tissue release. J Bone Joint Surg [Am]
2006;38-A:986-996.

2. Zionts LE, Jew MH, Ebramzadeh E, Sangiorgio SN. The
influence of sex and laterality on clubfoot severity. J Pediatr Orthop 2017,37:129-€133.

3.Dobbs MB, Gurnett CA. Genetics of clubfoot. J Pediatr Orthap B 2012;21:7-9.

4. Basit S, Khoshhal KI. Genetics of clubfoot; recent progress and future
perspectives. fur J Med Genet 2018;61:107-113.

5. Lochmiller C, Johnston D, Scott A, Risman M, Hecht JT.
Genetic epidemiology study of idiopathic talipes equinovarus. Am J Med Genet 1998;79:
90-96.

6. Gray K, Barnes E, Gibbons P, Little D, Burns J. Unilateral versus
bilateral clubfoot: an analysis of severity and correlation. J Pediatr Orthop B 2014;23:397-399.

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

8. Kruse LM, Dobbs MB, Gurnett CA. Polygenic threshold model with
sex dimorphism in clubfoot inheritance: the Carter effect. J Bone Joint Surg [Am] 2008;90-
A:2688-2694.

9. Goldstein RY, Seehausen DA, Chu A, Sala DA, Lehman
WAB. Predicting the need for surgical intervention in patients with idiopathic clubfoot.
1 Pediatr Orthop 2015;35:395-402.

10. Miedzybrodzka Z. Congenital talipes equinovarus (clubfoot): a disorder of the
foot but not the hand. J Anat 2003;202:37-42.

1. Diméglio A, Bensahel H, Souchet P, Mazeau P, Bonnet F.
(lassification of clubfoot. / Pediatr Orthop B1995;4:129-136.

122. Pirani S, Outerbridge HK, Sawatzki B, Stothers K. A reliable
method of clinically evaluating a virgin clubfoot evaluation [abstract]. 21st SICOT World
(ongress, 1999 (Sydney, Australia).

13. Ponseti IV, Smoley EN. The classic: congenital club foot: the results of
treatment. 1963. Clin Orthap Relat Res 2009;467:1133-1145.

14. Menz HB. Two feet, or one person? Problems associated with statistical analysis of
paired data in foot and ankle medicine. Foot 2004;14:2-5.

15. Turco VJ, Spinella AJ. Current management of clubfoot. /nstr Course Lect
1982,31:218-234.

16. Gray K, Gibbons P, Little D, Burns J. Bilateral clubfeet are highly
correlated: a cautionary tale for researchers. Clin Orthop Relat Res 2014;472:3517-3522.

17.Fan H, Liu Y, Zhao L, et al. The correlation of Pirani and Dimeglio scoring
systems for Ponseti management at different levels of deformity severity. SciRep 2017;7:14578.

J Child Orthop 2020;14:145-150



