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1 | INTRODUCTION

The 22q11.2 Deletion Syndrome (22q11.2DS) occurs in ~1:3,000-6,000 individuals. Features
less typically associated with 22q11.2DS, such as orthopedic manifestations, may be overlooked
or may not lead to appropriate diagnostic testing. Club foot has a general population prevalence
of ~1:1,000 and has been occasionally described in association with 22q11.2DS. Our hypothesis
is that the prevalence of club foot is higher in patients with 22q11.2DS. We performed a retro-
spective review in two specialized 22q11.2DS centers to determine the prevalence of club foot.
“True club foot” requires treatment (either conservative or surgical), therefore we only included
those patients with proof of treatment. We investigated whether congenital heart disease
(CHD) and/or cleft palate were associated with the presence of club foot within 22q11.2DS.
The records of 1,466 patients were reviewed. Of these, 48 (3.3%) had confirmation of club foot
(95% Confidence Interval: 2.4-4.3): 22 (46%) had a bilateral, 12 (25%) left, and 14 (29%) right
club foot. Within our study, neither a CHD and/or a cleft palate were associated with a club
foot. The prevalence of club foot in 22g11.2DS is 30 times higher than that observed in the
general population. This suggests the diagnosis of club foot, especially in the face of other typi-
cally associated abnormalities of 22q11.2DS, should provoke consideration of 22q11.2DS as an

underlying diagnosis, particularly in the neonatal setting.
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et al., 2015) However, these are just a few of the large number of (con-

genital) clinical characteristics that can be part of the 22q11.2DS.

The 22q11.2 Deletion Syndrome (22q11.2DS) is the most common
microdeletion syndrome in humans, with a prevalence of one in
3,000-6,000 live births and one in 1,000 pregnancies (Botto et al., 2003;
Devriendt, Fryns, Mortier, van Thienen, & Keymolen, 1998; Goodship,
Cross, LiLing, & Wren, 1998; Grati et al., 2015; Oskarsdéttir, Vujic, &
Fasth, 2004; Du Montcel, Mendizabai, Ayme, Levy, & Philip, 1996)
Within a subset of the 22g11.2DS patients, congenital anomalies need
treatment in the neonatal period of their life. The most severe congenital
anomalies include congenital heart disease (CHD), for example, Tetralogy

of Fallot, and palatal deficiencies such as cleft palate.(McDonald-McGinn

(Bassett et al., 2011; McDonald-McGinn et al., 2015) Recently, 69 ortho-
pedic manifestations have been described as being part of the
22q11.2DS. One of these manifestations, (congenital) club foot, has
attained little attention so far (Homans et al., 2017).

Club foot (Figures 1 and 2), can be identifiable in utero (Figure 3)
and it contains four characteristic features which can be remembered
through the acronym CAVE: cavus (a high medial longitudinal arch),
forefoot adductus, hindfoot varus, and hindfoot equinus (Figure 1)
(Dobbs & Gurnett, 2009; Horn & Davidson, 2010; Werler et al.,

2013). The prevalence of congenital isolated club foot in the general
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FIGURE 1 An illustration of a left club foot. The four characteristics
of club foot can be seen: Cavus (a high medial longitudinal arch),
forefoot adductus, hindfoot varus, and hindfoot equinus

population differs among multiple ethnic populations, but is approxi-
mately 1.2-6 per 1,000 individuals. Within the group of patients with
isolated club foot the male:female ratio is 2:1 and half of the patients
have a bilateral club foot (Cartlidge, 1983; Krogsgaard et al., 2006;
Parker et al., 2009; Stone, Martis, & Crawford, 2017; Werler et al.,
2013). In studies on club foot within 22q11.2DS the prevalence
ranges from 1.1 to 13.3%, which seems to be higher as compared to
the general population (Homans et al., 2017). However, none of these
studies had club foot as their primary outcome nor was it explained
how the club foot was diagnosed (Homans et al., 2017). Currently, it is
unknown whether the club foot within 22q11.2DS is typically associ-
ated with other severe congenital anomalies, such as CHD and cleft
palate or whether the club foot can occur as a single entity. CHD
and/or cleft palate will lead to genetic testing and subsequently bring
the diagnosis of 22q11.2DS into light. However, if the prevalence of
club foot within 22q11.2DS is increased and it occurs without the
presence of these congenital malformations, a club foot in combina-
tion with other, subtle, 22q11.2DS phenotypic features might lead to
the suspicion of 22q11.2DS.

First, we wanted to investigate the prevalence of club foot within
22q11.2DS. Second, we investigated whether club foot within
22q11.2DS is associated with CHD and/or cleft palate. Our hypothe-
sis was that the prevalence of club foot is higher in 22q11.2DS as

compared to the general population. Moreover, since scoliosis within

T
o

FIGURE2 A 22q11.2DS patient with a bilateral club foot

22q11.2DS is not associated with CHD and the prevalence of club
foot is increased in other syndromes (e.g., Down Syndrome) we
hypothesized that the club foot within 22q11.2DS is not associated
with CHD and/or cleft palate (Homans et al., 2018; Stoll, Dott,
Alembik, & Roth, 2015).

2 | MATERIALS AND METHODS

After Institutional Review Board approval was obtained, a retrospec-
tive analysis based on longitudinal collected data was performed in
two specialized 22q11.2DS centers. The research was conducted
according to the STROBE criteria (von Elm et al., 2008). The patients
were evaluated by the multidisciplinary team at the “22q and You”
center at the Children's Hospital of Philadelphia (CHOP, inclusion:
January 1999-June 2018) or by the multidisciplinary 22q team at the
University Medical Center Utrecht (UMCU, inclusion: January 2014~
May 2018). All patients were diagnosed with a 22q11.2 deletion using
fluorescent in situ hybridization, array comparative genomic hybridiza-
tion, multiplex ligation probe amplification, or chromosomal microar-
ray. Patients with a known genetic disorder in addition to the 22q11.2
deletion were excluded.

“True club foot” needs treatment (either conservative or surgical)
and therefore, in order to prevent false positive cases (e.g., patients
with another (congenital) malformation of the foot), we only included
patients whom had proof of treatment of the club foot and thus the
clinical diagnosis of club foot (Dobbs & Gurnett, 2009; Horn & David-
son, 2010; Werler et al., 2013).

Baseline characteristics (age, gender, presence and type of CHD,
and the presence of a cleft palate) were collected. Cerebral palsy and
spina bifida are known to have a strong association with club foot and
therefore the 22q11.2DS cases were screened for these anomalies
(Dobbs & Gurnett, 2009; Werler et al., 2013). The 22g11.2DS patients
with a club foot were compared with the non-club foot 22q11.2DS
patients with respect to the presence of CHD and cleft palate. These
characteristics were chosen since these congenital anomalies would

definitely lead to hospital referral (and genetic testing) within the first

FIGURE 3 A 22q11.2DS patient with a prenatal ultrasound of a
club foot
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year and subsequently reveal the 22q11.2DS diagnosis. The CHDs
were graded according to the grading scale described by Billett and
colleagues: Simple, moderate, or complex and for further analyses
they were dichotomized (present or absent) (Billett, Cowie, Gatzoulis,
Vonder Muhll, & Majeed, 2008). Cleft palate was considered a dichot-

omous outcome; present or absent.

3 | STATISTICAL ANALYSIS

The 95% confidence intervals (Cl) for the prevalence estimates were
calculated. Baseline differences between the patients with and with-
out club foot were compared with the two-tailed Fisher's exact test.
All statistical analyses were conducted with the Statistical Package for
the Social Sciences (IBM Corp. Released 2012. IBM SPSS Statistics for
Windows, Version 21.0. Armonk, NY: IBM Corp). A p value of <.05
was considered statistically significant.

There was missing data on CHD and cleft palate within the group
of patients without a club foot and there was no missing data within
the group of patients with a club foot. In order to investigate whether
the missing data had influence on the statistical significance of the
findings on the possible association between CHD and/or cleft palate
and club foot we performed a sensitivity analysis: First, we imputed
the missing data as “event” (e.g., presence of CHD or cleft palate). Sec-
ond, we imputed the missing data as “no event” (e.g., no CHD/cleft
palate). Next, we performed the Fishers exact test multiple times in

which we either considered all the missing data as “event” or “no

event”.
4 | RESULTS
4.1 | Prevalence of club foot

At the time of analysis, the CHOP database consisted of 1,332
patients evaluated in the 22q and You Center (a multidisciplinary clinic
for patients with a chromosome 22q11.2 abnormality). All patients
were seen by a clinical geneticist and/or an orthopedic surgeon.
Seventy-four percent of the CHOP cohort was Caucasian. Within the
UMCU cohort 134 patients were seen by the pediatrician and ortho-
pedics (ethnicity unknown). The total cohort consisted of 1,466
patients of whom 51.0% were male. Out of the total cohort
48 patients (3.3%) had a confirmed club foot (95% Cl: 2.4-4.3). Out of
this group, two patients had cerebral palsy and one patient had spina
bifida. Thirty-seven patients were male (77%, 95% Cl: 63-87%,
p < .005) which corresponds to a male:female ratio of 3.4:1. Twenty-
two patients (46%, 95% Cl: 31-61%) had bilateral club feet (ratio:
1:0.8) and the remainder had either a left (n = 12) or right (n = 14)
club foot (left:right ratio of 1:1.2).

4.2 | Congenital anomalies and club foot

The presence of a CHD or a cleft palate was not associated with a
club foot (Table 1). Second, a separate category was made (the pres-
ence of either a CHD, a cleft palate, or both) and this category could
not be identified as a risk factor for club foot as well. Third, there was
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no association between CHD, cleft palate, and the multiple sub-

categories of club foot (bilateral, left, or right club foot).

4.3 | Missing data

In the group without club foot there was missing data on the presence
of CHD and cleft palate: 140 patients (9.5%) and 73 patients (5.0%),
respectively. First, the missing data were imputed as “event”: the
p values were .154, 1.00, .125 for CHD, cleft palate, and CHD and/or
cleft palate, respectively. Second, the missing data were imputed as
“no event”: the p values were 1.00, .446, and 1.00, respectively. Sub-
sequently, our sensitivity analysis revealed that the missing data had
no effect on the statistical significance as shown in Table 1.

5 | DISCUSSION

The 22g11.2DS is the most common microdeletion syndrome and is
characterized by broad phenotypic heterogeneity including multiple
congenital anomalies, such as tetralogy of Fallot and cleft palate
(Bassett et al., 2011; McDonald-McGinn et al., 2015). Due to these
conditions, often requiring urgent medical/surgical attention, possible
orthopedic features tend to be overshadowed, as shown by the fact
that there are no studies on the treatment of orthopedic manifesta-
tions within 22g11.2DS (Homans et al., 2017; Homans et al., 2018).
Club foot has occasionally been mentioned in previous research, but
no studies had club foot as their primary outcome of interest (Homans
et al., 2017). Our research has shown that club foot is definitely asso-
ciated with the 22q11.2DS with a prevalence of 3.3%. The majority
(74%) of the CHOP cohort is Caucasian and since the prevalence of
club foot within the general Caucasian population is ~1:1,000
patients, the prevalence of club foot occurs approximately 30 times
more often within 22q11.2DS as compared to the general Caucasian
population. Moreover, the bilateral:unilateral and male:female ratio
are comparable with the general population (Krogsgaard et al., 2006;
Parker et al., 2009; Stone et al., 2017; Werler et al., 2013). Last, we
did not find a relation between the presence of club foot and the pres-
ence of a CHD and/or a cleft palate. We choose CHD and cleft palate
since these major congenital anomalies would definitely lead to
genetic testing and subsequently reveal the diagnosis of 22q11.2DS.
However, it is important to note that 58.3% and 22.9% of the patients
with club foot had a CHD or cleft palate, respectively.

Within our cohorts, there were multiple patients that were diag-
nosed with 22q11.2DS at a later age; however, they could have been
diagnosed with 22g11.2DS in the neonatal period because of the
combination of a club foot at the prenatal ultrasound and other con-
genital malformations. One patient, whose father had a history of
repaired ventricular septal defect and cleft palate, was discharged to
home from an outside hospital neonatally, without genetic testing and
proper physical examination. Afterwards, this patient was transferred
emergently to our hospital, in cardiac extremis due to a previously
unrecognized diagnosis of an interrupted aortic arch type B
(a malformation associated with 22q11.2DS). Another patient was
found prenatally to have a club foot, but no other features. Postnatally

the child had stridor but no doctor considered the diagnosis (or any
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TABLE1 Congenital anomalies in association to club foot

Patients without  Patients with
club foot club foot p value
Presence of a CHD 837 (65.5%) 28 (58.3%) 354

Presence of a
cleft palate

257 (19.1%) 11 (22.9%) 462

Presence of either 903 (72.9%)

a CHD or a cleft palate

32 (66.7%) 327

Note. Categorical values are expressed as the number and the ratio in %.
CHD = congenital heart disease.

diagnosis for that matter). When the child was a toddler, he was finally
referred to the clinical geneticist and 22q11.2DS was confirmed.

In this study, we looked at a possible relationship between one of
the most extreme associated congenital clinical features of the
22g11.2DS (CHD and/or cleft palate) in relation to the club foot.
However, this is just a small portion of all the associated anomalies
within 22q11.2DS (Bassett et al., 2011; McDonald-McGinn et al,,
2015). Stone et al. performed a long-term study on the associated
anomalies found in patients with presumed idiopathic club foot (Stone
et al., 2017). These features include developmental and mild cardio-
vascular abnormalities, abnormalities that are also part of the
22g11.2DS. In other words, if a patient with a club foot is identified, it
could be important to identify whether the patient truly has an idio-
pathic club foot or other possible (mild) syndromic features as well.
For example, if a patient has associated anomalies such as develop-
mental delay, characteristic facial features, and/or a CHD, careful
examination should follow to determine whether the combination of
symptoms leads to the suspicion of the 22q11.2DS and/or another
syndrome (McDonald-McGinn et al., 2015).

In patients with idiopathic club foot the etiology is unknown
(Horn & Davidson, 2010). It has been related to the intra-uterine posi-
tion, environmental factors such as smoking, or abnormal muscle, soft
tissue, bone and vascular malformations (Dobbs & Gurnett, 2009;
Horn & Davidson, 2010). Moreover, there is definitely a genetic com-
ponent regarding the development of club foot within 22q11.2DS:
multiple genes (e.g., PITX1, TBX4) are associated with the develop-
ment of club foot and within identical twins there is 33% concordance
(Basit & Khoshhal, 2018; Horn & Davidson, 2010). Interestingly, TBX1
is one of the deleted genes within the 22q11.2 region.

Multiple (family) studies on club foot have provided (genetic)
insights in the development of idiopathic club foot (Basit & Khoshhal,
2018). Despite this valuable research, the etiology of club foot is still
largely unknown and therefore we propose an alternative possibility
in order to gain more knowledge on the development of idiopathic
club foot. Given the fact that the club foot male:female ratio and bilat-
eral:unilateral ratio in 22q11.2DS are comparable to the general popu-
lation and the fact that there was no relation with CHD and/or cleft
palate it seems to be that the 22q11.2 deletion itself is an risk factor
for developing an “idiopathic-like” club foot. Since the prevalence of
club foot within 22q11.2DS is increased, further research on the club
foot within 22g11.2DS could lead to more insight in the prenatal dif-
ferences and possible risk factors for developing a club foot. Subse-
quently, this might provide insights in the development of club foot in
the general population analogous to schizophrenia research within
22q11.2DS (McDonald-McGinn et al., 2015).

There are a number of limitations within our study. First, this
study was performed retrospectively and we only classified patients
as having a club foot if we could find proof of the treatment. As a
result, we excluded patients without a letter of orthopedic treatment.
However, patients could have received the treatment in an outside
hospital after referral to one of our specialized 22q11.2DS centers.
Therefore, the prevalence of 3.3% could be an underestimation of the
true prevalence of club foot within 22q11.2DS. Conversely, the study
was conducted in two tertiary expertise centers for 22q11.2DS.
Therefore, it is possible that patients with major conditions, such as
club foot, could have been referred to the CHOP or UMCU. However,
in none of the referral letters the club foot was the specific cause for
referral to one of the specialized centers. Moreover, we only looked
at the association between the major congenital phenotypic features
(CHD and cleft palate) and club foot. In order to further determine
whether other associated features within the first year, such as feed-
ing difficulties and seizures, are associated with club foot a
22q11.2DS prospective study should be performed. At last, we had
9.5% missing data regarding CHD and 5.0% missing regarding cleft
palate, for which we performed a sensitivity analysis, which showed

that our findings were robust.

6 | CONCLUSION

The 22q11.2DS is a challenging condition, characterized by a high
diversity in (congenital) phenotypic features. Club foot is definitely
one of these features, since the prevalence is approximately 30 times
higher as compared to the general population. Moreover, the major
congenital phenotypic features, CHD and cleft palate, which will lead
to referral to the hospital and the clinical geneticist, could not be iden-
tified as risk factors for club foot within the 22q11.2DS.
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