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Background The occurrence of club foot (CF) varies
between countries and populations, and may be related
to endogenous and exogenous factors. We analyzed the
occurrence of CF in a whole country over a long period
of time (16 years).

Methods  Patients born in Denmark with a foot
deformity 1978-93 were identified from the National
Patient Register and the Register of Inborn Malforma-
tions. The records for each patient were studied in the
hospital departments to establish the diagnoses and to
obtain additional information. Demographic data were
obtained from the Danish National Demographical
Institute and from the Danish Population Register.

Results The incidence of isolated CF was 1.2/1,000
live births. It increased significantly during the study
period, and the incidence of CF and the standardized
morbidity ratio for CF were significantly positively cor-
related to population densities in the counties and the
districts. There was no significant increase in the relative
proportion of children with CF born to non-Scandina-
vian parents during the period.

Interpretation The increasing incidence of isolated
CF with higher population density indicates that there
may be exogenous factors that are pathogenic.

The regular occurrence of inborn foot deformi-
ties has been recognized since ancient times. They
appear as isolated foot deformities or as part of
syndromes, e.g. multiple arthrogryposis, chromo-
somal abnormalities, aplasia of fibula, spina bifida
etc.

The incidence of club foot (CF) varies between
countries, e.g. CFis 4-6 times as common in the Far
East than in Europe (Hanify et al. 1980, Boo and
Ong 1990). This has been suggested to be caused
to some extent by differences in genetic disposition
(Lochmiller et al. 1998), and therefore immigration
may lead to changes in the incidence over time. At
the same time, environmental and other exogenous
factors may lead to geographic clustering of inborn
foot deformities, e.g. deformities related to medi-
cation (Gonzalez et al. 1998), occupational expo-
sure (Kristensen et al. 1997), altitude (Castilla et al.
1999), and socioeconomic inequalities (Vrijheid et
al. 2000). Thus, it is essential to map the incidences
of the different foot deformities to monitor changes
over time. Geographic variation in a whole country
has not been studied before.

In Denmark, healthcare is public, and all admis-
sions to hospitals are reported to one register
(Andersen et al. 1999) covering the whole country.
In addition, inborn malformations were reported to
a national register between 1983 and 1994 (Chris-
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tensen and Knudsen 1998). By identifying patients
with inborn foot deformities from the two national
registers and examining the hospital records on
location, including all clinical information for each
person, it was possible to minimize the number
of unrecognized cases and erroneous diagnoses.
In addition, detailed statistical information about
the population is available, making calculations of
geographical variations possible.

We analyzed the incidence of CF in Denmark,
including geographical variations, over a long
period of time, and related it to other inborn mal-
formations in the children.

Subjects and methods
The person and patient registers in Denmark

Everyone living in Denmark (not counting Green-
land and the Faeroe Islands) has a personal ID
number (birth date (6 digits) and a unique suffix
(4 digits)). The number is exclusive to an indi-
vidual and is not changed during a person’s life.
All inhabitants are listed in the Danish Population
Register (DPR), which includes information about
gender, marital status, address, birthplace, present
and any previous citizenship, and the personal ID
numbers of parents and children.

Since January 1, 1978, all hospitals in Denmark
have reported well-defined patient information to
the Danish National Patient Register (NPR), includ-
ing personal ID number, admission period, hospi-
tal, department, diagnoses and treatments (accord-
ing to the WHO classification codes), address of
the patient, death, and so on. This register mainly
contains information about all diseases diagnosed
and treated during admission to a particular hospi-
tal in Denmark.

The Danish Register of Inborn Malformations
(RIM) was established by the Danish Board of
Health in 1983. The aim was to register all inborn
malformations in children in Denmark, no matter
whether they were diagnosed: during admission to
hospital or in an outpatient clinic. All doctors had
an obligation to report to this register. The reports
contain information about ID number of the child,
mother and father, address and employment his-
tory of mother and father, the sort of malformation
(described in writing), length of pregnancy, birth

weight and length, and so on. The malformations
were coded by the Danish Board of Health accord-
ing to an internal coding system and all information
was stored electronically. The register was closed
at the end of 1994, as it was felt that the occurrence
of inborn malformations could be monitored suf-
ficiently by the NPR.

Between 1965 and 1993, the eighth revision of
the WHO classification system for diseases was
used in Denmark. The 9th revision was never used
in Denmark, but the 10th revision—which was
basically a new classification system—was intro-
duced January 1, 1994. Thus, the same system for
coding diagnoses in the NPR was used during the
period 1978-1993.

Methods

Information about children with inborn foot defor-
mities was obtained from the NPR and the RIM.
As a new revision of the WHO classification codes
was introduced in 1994, the period 1978-1993 was
chosen for obtaining information from the NPR.
Information from the RIM was obtained for the
period 1983-1993. The extent to which inborn foot
deformities were coded correctly in the two regis-
ters was not known; thus, we studied a broad choice
of diagnoses covering inborn foot deformities.

From the NPR, we identified individuals with
the following WHO diagnoses: pes equino-varus-
adductus (75,400), pes calcaneo-valgus (75,402),
pes metatarso-varus (75,401), malformatio con-
genita extremitas, alia et non specificata (75,599),
malformatio congenita ossium et articulorum
extremitas inferioris alia (75,579), arthrogryposis
multiplex congenita (75,589), malformatio con-
genita ossium et musculorum, tendinis et fascia alia
specificata (75,699), talipes congenitus (75,409),
talipes congenitus alius definitus (75,408), aplasia,
hypoplasia fibulae (75,533), reductio congenita
extremitas inferioris alia definata (75,538), aplasia,
hypoplasia tibia (75,534). For the persons identi-
fied, the following information was obtained: per-
sonal ID number, admission period, hospital and
department for the admission(s) with the diagnoses
and all following admissions for the patient (irre-
spective of diagnosis), all diagnoses and treatments
(according to the WHO classification codes) for
all admissions, address of the patient (district and
county), and deaths.



Acta Orthopaedica 2006; 77 (6): 839—-846

841

From the RIM, we identified individuals with
the following diagnoses (according to the internal
coding manual of the Danish Board of Health): pes
equinovarus, pes varus, pes metatarsus varus, pes
calcaneovalgus, pes calcaneus, pes valgus, hypo-
plasia/aplasia fibulae, arthrogryposis multiplex,
other malformations of the feet, other malforma-
tions of the arms/legs. Information about personal
ID number was obtained, and for all these people,
information (as described above) was obtained
from the NPR.

The personal ID numbers and present and pre-
vious citizenships of the parents of the children
identified as described above were obtained from
the DPR.

We studied the patient records (hospital paper
reports, imaging investigations etc.) for each admis-
sion. A database was developed in MS-Access by
author PKJ, and relevant data (see below) were
transferred directly to the database. 5 of the authors
registered the data. A coding manual was used after
consensus had been established regarding interpre-
tation of more difficult or “unclear” text or data
in the journals. In cases of doubtful diagnoses, or
mismatch of text, data, and/or diagnosis, the first
author (MRK) decided how to deal with that par-
ticular case to ensure a high degree of consistency
in the coding procedure.

For each patient, information was registered in
the database concerning chromosomal abnormali-
ties, multiple malformations (defined as additional
malformations except in bones and joints), whether
the child was alive or dead at birth, the personal ID
number of the mother, and the mother’s address at
the time of birth.

Based on the information from the hospital
records (including the clinicians’ description of the
foot), the diagnosis for each patient was established.
CF was defined as irreduceable equinus, varus of
the hindfoot and adduction of the forefoot and an
“empty” heel pad (soft heel because of a high calca-
neus). Most patients were seen by several clinicians,
and in some cases an unspecific diagnosis of “foot
deformity” was made by the first clinician (often a
junior doctor) and later corrected by the orthopedic
surgeon. In all cases the most specific diagnosis was
used in the study, and the authors specifically made
sure that the diagnosis was in accordance with the
clinical description of the foot.

When radiographs had been taken (which was
the case for 470 of the 1,126 feet with isolated
CF), the description was studied and they were
used to confirm the diagnosis: the TC-angle (the
angle between the axis of calcaneus and talus) in
lateral and anterior-posterior views were reduced
(the sum < 35 degrees).

From the Danish National Demographical Insti-
tute, we obtained demographic information for each
sex about the number of births in each community
and county. Denmark is divided into 15 counties,
which are further divided into 276 districts.

For each child, we obtained information about
the parents’ birthplace and citizenship from the
DPR to establish whether a parent was of Scandi-
navian or non-Scandinavian origin.

The study protocol was approved by the Danish
Board of Health, the Danish Data Register, and the
local ethics committee. The patients were not con-
tacted. Each ward was asked for permission to go
through the hospital records.

Statistics

We used the Poisson model to investigate the
development of the incidence of club foot over
time for girls and boys. The dependence of the
incidence on time was assumed to be log-linear,
i.e. the percentwise change of incidence between
2 consecutive years was assumed to be constant.
The model was investigated using a goodness-of-
fit statistic for overdispersion.

The Poisson model was also used to investigate
whether the incidence of club foot in children born
to parents living in densely populated neighbor-
hoods was higher than the incidence in sparsely
populated areas. The neighborhoods were split
into 4 groups corresponding to the quartiles of the
density of the neighborhoods, and the hypothesis
of equal incidences across the 4 groups was tested
in the Poisson model, including also sex.

The Chi-square-distributed deviance was used
as the test criterion, and p-values below 5% were
considered significant.

The expected numbers (E) of CF in the 15 coun-
ties of Denmark and in areas with different popu-
lation densities were calculated as the number of
births in each region multiplied by the incidences
of CF in Denmark (calculated for boys and girls
separately and then summed). The standardized
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Table 1. The total numbers and incidences (n/1000 live
births) of inborn club foot in Denmark during 1978-1993
among 936,525 births. Isolated cases were defined as
foot deformities in children with no chromosomal abnor-
malities, syndromes, multiple malformations, multiple
arthrogryposis or aplasia of the tibia or fibula. Combined
cases were foot deformities in children with one or more
of these conditions

Total Boys/girls Incidence Incidence
(n) (n) per 1.000 boys/girls
live births and (ratio)

Isolated 1,126 786/340 1.20 1.64/0.74 (2.2)
Combined 209  123/86 0.22  0.26/0.19 (1.4)
Total 1,335

morbidity ratio (SMR) for each region was calcu-
lated as the observed number of cases (n) divided
by the expected number of cases. The 95% confi-
dence limits for SMR were calculated as follows:

lower limit = SMR / exp (1.96/¥n ) and upper
limit = SMR exp (1.96/Vn)

Results

6,530 individuals born in Denmark with CF
(13,621 admissions) were identified from the NPR
and RIM.

The patient files for 12,924 admissions were
available (corresponding to 96% of all admissions).
62 subjects were stillbirths. For 96 individuals (rep-
resenting 1.5% of all), the diagnoses could not be
established from the patient files. Excluding these
cases and stillbirths, 6,372 patients remained for
the study. During the 16-year period, the number
of births was 936,525, of which 478,508 were boys
and 457,017 were girls. We found 1,126 children
with isolated CF (Table 1). Of these, 10 were regis-
tered in the RIM only and not in the NPR.

We found no overdispersion in the model allow-
ing for different development of the incidence of
club foot over time (p = 0.074). Thus, the log-linear
effect of time is reasonable, and the model provides
a good description of the data. The percentwise
change over time was no different between the two
sexes (p = 0.07), i.e. the ratio between boys and
girls remained constant over time. The incidence
for the boys was 2.190 (CI 1.93-2.49, p < 0.001)
times that of girls. The increase of the incidence
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Figure 1. The yearly incidence (n/1,000 live births) of
isolated club foot (CF) in Denmark 1978-1993 among
936,525 births. The smooth curve is the model-based
(estimated) incidence in the model with constant boy-girl
ratio. There was a significant increase in incidence during
the period for both sexes, and also for boys and girls sepa-
rately (p < 0.001).

was 1.024 (CI 1.011-1.04, p < 0.001) per year, or
1.43 over the 15-year period, corresponding to an
increase of 43% from 1978 to 1993 (Figure 1).

We found a significant difference in the incidence
across neighborhoods with different densities (p =
0.005). Comparing with the 25% most sparsely
populated areas, the incidence was 1.17, 1.46, and
1.35 times greater for the areas in the relative den-
sity range 25%-50%, 50-75% and above 75%.

The incidence of CF changed over time (Figure
2). The changes in the incidence mainly occurred
among cases with isolated CF.

There was no change in the annual incidences
of chromosomal abnormalities, multiple malfor-
mations, aplasia of the tibia or fibula, or multiple
arthrogryposis over time (Figure 3).

We found no statistical difference in the stan-
dardized morbidity ratio for isolated CF between
the 15 counties (Table 2).

The incidences of isolated and combined CF in
the 30 districts of Denmark with the highest popu-
lation density (more than 500 inhabitants/km?) was
1.35, respective 0.19 per 1,000 live births. The cal-
culated standardized morbidity ratio was signifi-
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Figure 2. The yearly incidence (n/100,000 live births) of
club foot (CF) in Denmark 1978-1993 among 936,525
births, divided into cases of isolated CF and cases of CF
combined with chromosomal defects, multiple malforma-
tions, aplasia of the tibia/fibula, or multiple arthrogryposis.

Table 2. The numbers and (in parentheses) incidences
(n/1000 live births) of isolated club foot in each county
in Denmark 1978-1993, among 936,525 births. The stan-
dard morbidity ratio (SMR) in each county for clubfoot is
listed followed by 95% CI

County Occurrence of isolated clubfoot
n (incidence) SMR (95% ClI)

Copenhagen and

Frederiksberg districts 127 (1.33) 1.10 (0.92-1.30)
Copenhagen county 140 (1.34) 1.11 (0.94-1.30)
Frederiksborg 72 (1.21) 1.00 (0.89-1.13)
Roskilde 55 (1.48) 1.23 (0.94-1.60)
Western Sealand 63 (1.27) 1.05 (0.82-1.34)
Storstrom 54 (1.30) 1.08 (0.83-1.41)
Bornholm 13 (1.57) 1.30 (0.75-2.24)
Fuen 111 (1.36) 1.13 (0.94-1.36)
Southern Jutland 55 (1.14) 0.95 (0.73-1.24)
Ribe 48 (1.08) 0.90 (0.68-1.19)
Vejle 70 (1.13) 0.94 (0.74-1.19)
Ringkebing 54 (0.99) 0.82 (0.63-1.07)
Aarhus 128 (1.13) 0.94 (0.79-1.12)
Viborg 45 (1.01) 0.83 (0.62-1.11)
Northern Jutland 91 (1.01) 0.84 (0.68-1.03)

cantly increased to 1.12 (CI 1.02—1.23) for isolated
CF, and reduced to 0.84 (CI 0.65-1.08) for com-
bined CF in these communities (not significant).
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Figure 3. The yearly incidences (n/1,000 live births) among
936,525 births in Denmark 1978-1993 of children with
chromosomal abnormalities (dark blue), multiple malfor-
mations (red), aplasia of the tibia or fibula (yellow), and
multiple arthrogryposis (light blue). There were no signifi-
cant changes over time.

There was a significant increase in population den-
sity with increasing incidence of CF in both sexes
(p <0.001) (Table 3).

Over the whole period we found a small, sta-
tistically insignificant increase in the annual per-
centage of children with parents (either one or
both) of non-Scandinavian origin among the cases
of isolated CF.

Discussion

This is the first study to examine the epidemiology
of CF in a whole country over a long period of
time.

The validity of patient registers depends on
several factors. For severe diseases, particularly
if they require admissions to hospital, the regis-
trations are usually quite complete (e. g. 90-94%
in Crohn’s disease when compared with a register
of pathological specimens) (Fonager et al. 1997),
whereas often less than 50% of the cases are reg-
istered for diseases with a less severe course, or
chronic diseases that can be treated in outpatient
clinics (e.g. 8% of patients with arterial hyperten-
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Table 3. The incidences of isolated clubfoot (n/1000 live births) in Denmark ~ ent surveys have revealed inci-
1978-1993 among 936,525 births, related to population density (hnumber dences of 0.64/1.000 (Wynne—

of inhabitants/km? divided into 10 groups). SMR = standard morbidity

ratio (observed number/expected number)

Davies et al. 1982) and 0.89/1,000
live births (Barker and Macnicol

2002), whereas 1.26/1,000 was

Number of Number Incidence of clubfoot and (SMR) . .
inhabitants/km?  of births both sexes boys girls found in southern England in the
1978-1993 1960s (Wynne-Davies 1964). In a
study of routine ultrasound exami-
10,413-5,672 95,756 1.33 (1.11) 1.86 (1.13) 0.76 (1.02) . s .
3.019-792 93,306  1.46(1.21) 207(1.26) 081(1.09)  hation at 18-23 weeks’ gestation
766-603 105,710 1.28 (1.06) 1.63(0.99) 0.91 (1.23) in 103,228 mothers, Bakalis et al.
586-330 94,392 1.14 (0.95) 1.63 (0.99) 0.63 (0.85) (2002) found 107 cases of fetal
318236 92,983 1.17 (0.97) 1.56 (0.95) 0.77 (1.04) .
207-117 94476  1.08(0.90) 1.47(090) 068(092) CF (an incidence of 1.0/1,000),
116-80 92,478 1.51(1.26) 2.06 (1.26)  0.94 (1.26) of which only 51% were isolated
78-58 93207  1.10(0.92) 137(0.83) 0.82(110)  Geformities. Even though most of
58-43 92,719 0.93 (0.77) 1.12 (0.68) 0.70 (0.94) . . .
43-19 80,384  1.00(0.83) 1.22(0.74) 076(1.03  the pregnancies with combined

sion, relative to a primary healthcare registration)
(Allebeck and Lindberg 1984). CF is generally
regarded as a severe condition that can result in
substantial disability if not treated. All children in
Denmark are examined after birth by a doctor who
is usually not an orthopedic specialist, and who
might tend to suspect CF in some cases of meta-
tarsus varus foot or calcaneo-valgus foot (to be on
the safe side). So when the registration is filled in,
inordinately many cases of CF may be registered,
or the doctors may use more unspecific diagnoses.
This is why it was necessary in this study to go
through all patient files to establish the diagnoses,
and to identify persons with a broader spectrum of
diagnoses (e.g. “malformatio congenita extremitas,
alia et non specificata”). On the other hand, CF will
require treatment—traditionally often surgery—
and as we identified all individuals born 1978-93
with a diagnosis of an inborn foot deformity at any
time during childhood, the risk that a CF was not
registered in the NPR at least once must be very
small. Between 1983 and 1993, we only identified
10 children with CF in the RIM who had not been
registered in the NPR.

The incidence of CF in this study (1.2 per thou-
sand) is a little higher than seen in other studies of
European or North American children. In Malmo,
Sweden, an overall incidence of 0.93/1,000 was
found among all births in the city in the period
1946-1990, but with a slight tendency toward
increase (Danielsson 1992). In Scotland, differ-

deformities terminated in abor-
tion, bringing the proportion of
combined CF down to about 20%
in live births, the incidence of isolated CF was only
0.53/1,000 (Bakalis et al. 2002). In North and South
America, incidences of about 1/1,000 have been
reported (Castilla et al. 1999). So among western
countries, there appears to be a 2-fold variation in
the reported incidence of CF, with our series at the
high end. In India, a CF prevalence of 0.9/1,000
was seen among 50,055 individuals in a population
survey (Mittal et al. 1993). An up to 5-fold higher
incidence has been found in Maori and Polynesian
people (Hanify et al. 1980, Boo and Ong 1990).
There are geographic variations in the incidence
of CF, being higher in the Far East (about 4.5/1,000)
(Boo and Ong 1990) and among the black popula-
tion of South Africa (about 3.5/1,000) (Pompe van
Meerdervoort 1976). Genetic disposition has been
suggested as an explanation of these differences,
but the geographic variation within a country has
not been studied before. We found the incidence
and risk of CF to be positively related to popula-
tion density in the counties and in the districts.
The cause of this could be endogenous as well as
exogenous. Generally, in areas with a high popula-
tion density, exposure to environmental stress (traf-
fic, pollution, noise) as well as the stress of urban
living (including misuse of alcohol, tobacco and
drugs) is more intense than in areas of low popula-
tion density. The number of daily person-to-person
contacts is higher, leading to a higher exposure to
infections. Exposure of the father to toxic agents in
paint or from the printing business has been sus-
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pected to increase the risk of CF in the offspring
(Olsen 1982, Olshan et al. 1991), but it has not been
possible to reproduce this finding in other studies
(Irgens et al. 2000). Because of a seasonal varia-
tion in the number of children born with CF, it has
been suggested that infection with enterovirus may
be responsible for some cases of CF (Robertson
and Corbett 1997), but even though some variation
with time has been demonstrated in other studies,
the results are not uniform and they are based on
quite small numbers (Barker and Macnicol 2002).
In a large series from South America and Italy, no
seasonal variation could be found for CF (Castilla
et al. 1990). Many other differences between high
and low population density areas (e.g. eating habits
and type of work) can theoretically be exogenous
factors influencing the risk of giving birth to a child
with CF. The increase in the population density in
Danish cities during the 16-year period, and its
consequences for individuals, could be a reason for
the increasing incidence of CF. Alderman demon-
strated that the odds ratio for CF in boys was 2.6
in mothers who smoked, compared to non-smokers
(Alderman et al. 1991), and this also supports the
possibility that exogenous factors are related to the
risk of being born with CF.

CF defined after strict criteria, that exclude soft,
fully reduceable club-foot-like feet, were found in
isolation in 84% of cases, and found in connection
with other malformations in 16% of cases. The
risk of having CF is higher in boys than in girls
(Wynne-Davies 1964, Wynne Davies et al. 1982,
Alderman et al. 1991, Danielsson 1992, Loch-
miller et al. 1998, Bakalis et al. 2002, Barker and
Macnicol 2002). In our series, the incidence of CF
in isolation was 2.2 times higher in boys than in
girls, but in CF combined with other malforma-
tions the ratio was only 1.4. This suggests that CF
is a multigenetic disease, partly related to genetic
information on the sex chromosomes, and partly to
information on other chromosomes and exogenous
factors.

The significant increase in incidence of CF
during the 16-year period may have been caused
by both exogenous and endogenous (genetic) fac-
tors. That the increase is mainly seen in isolated
CF—and not in CF combined with other malforma-
tions—makes it most likely that exogenous factors
play an important role. There was a small, insig-

nificant increase in the relative number of parents
from countries outside Scandinavia during the last
years of the study period among the children with
CF, but this shift in the genetic pool was not large
enough in itself to explain the steady increase in
incidence during most of the study period.
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