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Background and purpose  The outcome of clubfoot
treatment is the result of several factors such as severity,
type of treatment, and measurement instruments. We
compared two intervention groups with two assessment
procedures.

Patients and methods 16 children were treated con-
secutively with intensive stretching according to the
Copenhagen method and 16 children consecutively with
casting according to the Ponseti technique, during their
first 2 months of age. The need for surgery was then
assessed. At 4 months of age, all children used a dynamic
Knee Ankle Foot Orthosis. The Clubfoot Assessment
Protocol (CAP) and the Dimeglio Classification System
(DCS) were used and compared during treatment and
at 2 years of age.

Results According to the CAP (but not the DCS) the
casting technique was superior in clubfoot correction,
apparent as better mobility and better quality of motion
at 2 years of age. These children also required less sur-
gery. The orthotics management functioned well in both
groups, with high compliance and maintenance or slight
improvement of the clinical status except for morphol-
ogy. DCS score changed over time but not between the
groups. Because of its multidimensional and narrower
scoring interval construct, the CAP enabled us to eluci-
date and evaluate different clinical functions.

Interpretation The casting technique according to
Ponseti seems to be the better of the two for clubfoot cor-
rection, regarding mobility and quality of motion. The
Clubfoot Assessment Protocol (but not the Dimeglio Clas-
sification System) was able to reveal differences between
the Copenhagen and Ponseti treatment methods.

Treatment of clubfoot is not only a question of
initial correction of the deformity; correct surgical
decision and orthotic management are important
parts of the treatment concept.

A prerequisite for comparison of different treat-
ment protocols is that certain factors such as the
initial severity of the deformity and compliance
with orthosis treatment are controlled (Dimeglio et
al. 1995, Ippolito et al. 2003, Lehman et al. 2003,
Dobbs et al. 2004, Morcuende et al. 2004, Scher et
al. 2004, Thacker et al. 2005). Furthermore, assess-
ment instruments used in clinical studies should
have documented reliability and validity, ensuring
that these instruments have acceptable method-
ological quality. Our own literature search on club-
foot instruments using Medline showed that there
have been very few studies focusing on reliability
and validation (Maffulli et al. 1997, Flynn et al.
1998, Roye et al. 2001, Wainwright et al. 2002,
Andriesse et al. 2005, Celebi et al. 2006, Munshi et
al. 2006, Andriesse et al. 2006). This is still an area
in need of further development.

The present study is the first part of a longitu-
dinal follow-up of clubfoot treatment with the
use of the Clubfoot Assessment Protocol (CAP)
(Andriesse et al. 2005). The first objective was to
compare the 2-year outcome for the Copenhagen
stretching method with that for casting techniques
according to Ponseti, the treatment period being
the first 2 months after birth. The second objective
was to evaluate the effects of surgery and orthotic
management. The third objective was to compare
CAP measurement with the Dimeglio Classifica-
tion System (DCS).
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Figure 1. Summary of treatment interventions and assessment points.

Patients and methods
Design, subjects, and treatment program

At our department, we had previously treated chil-
dren with clubfoot according to a modified Copen-
hagen method (Reimann 1962). In January 2001,
we started using the casting technique according to
Ponseti (1996). To keep research conditions stable,
only the first 2-month period of our treatment pro-
cedure was changed, which we refer to as phase I:
initial correction. Thereafter phase II, maintenance
of correction, was started with orthosis treatment.
Figure 1 shows a summary of the research design.

32 children were included in the study; the last
16 children (6 girls) were treated with the modified
Copenhagen method (CPH, 22 feet, 6 bilateral)
and the first 16 (4 girls) were treated with the cast-
ing technique according to Ponseti (PCT, 23 feet,
7 bilateral). The inclusion criterion was idiopathic
congenital clubfoot.

Modified Copenhagen group (CPH-G): During
weekdays, daily mobilization (stretching of all
shortened soft tissue and manipulation of contract
joints) was done by an experienced physiothera-
pist. This was done by starting with the contract
forefoot and systematically working backwards
to the hind foot varus, and lastly mobilization of
the equinus. Weakened muscles were stimulated
manually by triggering spontaneous movement.
Parents were trained in a home stretching pro-
gram to be performed twice a day. The correction
obtained was maintained with the use of a splint
made of Plexidur (Figure 2). Total hospital treat-
ment time—excluding travel—was approximately
10 hours a week and the home treatment program
was 10 hours a week.

Ponseti casting technique group (PCT-G):
During the first 2 weeks of treatment, casts were
changed every 5 days, and thereafter once a week
until the age of 2 months. The guidelines described
by Morcuende et al. (2005) were followed. Total
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Figure 2. Splint made of Plexidur, which can be remolded
as the foot is successively corrected by the stretching and
manipulation treatment.

hospital treatment time was 2—4 hours a week.

All children started their treatment within 8 days
after birth. In both groups, operation (if necessary)
was performed at the age of 2 months, followed by
over-the-knee castings for 3—5 weeks.

Criteria for surgery and types of intervention
were as follows. (1) A remaining isolated equinus
position of less than 5° dorsiflexion was treated
with percutaneous Achilles tendon lengthening, if
necessary in combination with posterior capsulot-
omy. (2) A varus-adductus (inversion) component
less than 15° mobile into valgus-abduction (ever-
sion) was treated with tibialis posterior lengthen-
ing and capsulotomy of the talo-navicular joint. (3)
Remaining toe-flexion was treated with lengthen-
ing of flexor hallucis longus and/or flexor digito-
rum tendon.

The treatment goal for phase [ was a foot with at
least 15° dorsiflexion and more than 15° eversion.

Postoperatively, or at 2 months of age if no
operation was needed, the children continued their
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Figure 3. The dynamic Knee Ankle Foot Orthosis (KAFO,
with permission from Scandinavian Orthopaedic Technical
Laboratory).

treatment with an individually made dynamic Knee
Ankle Foot Orthosis (KAFO) (Figure 3). The foot
part was positioned in outward rotation, related to
the eversion of the foot obtained. The flexed knee
part inhibited rotation at the knee and hip level,
and fixed the foot in the orthosis. The dynamic
construction (hinged ankle joint and elastic band)
of the KAFO (and later on the Ankle Foot Ortho-
sis (AFO)) makes it possible to keep the Achilles
tendon lightly stretched during the night. The elas-
tic band was kept loose during the day, enabling the
foot to move freely in plantar and dorsal flexion.
This orthosis was used according to a standardized
schedule during the first 2 months of phase II (at
least 18 hours a day: the whole night and no more
than 2 hours free in the morning and in the after-
noon and before bedtime). Regular follow-ups were
done by an experienced physiotherapist, to ensure
that the parents felt comfortable with using the
orthosis and making adjustments. A home program
was initiated to keep plantar flexion and toe flexors
mobile and to stimulate muscle function and mobil-
ity through playful activities. Gradually, based on
the muscle function and mobility status of the club-
foot and the motor development of the child, use of
the orthosis during the day was cut down. By the
age of 8 months, all the children used the orthosis

for 12 hours at night and during their midday nap.
Once the child had achieved a stable independent
walk, the KAFO was changed to a dynamic Ankle
Foot Orthosis (AFO). Outward rotation of the foot
was normally maintained around 15°. Compliance
was set to a minimum of 10 hours a night. This was
continued until the age of 4 years. Generally, no
orthopedic shoes were prescribed.

All operating procedures were performed by
two experienced pediatric orthopedic surgeons.
Stretching and manipulation treatment was done by
an experienced physiotherapist. The castings were
done by the same pediatric orthopedic surgeons
and the physiotherapist. The orthoses were made
by two technicians who were well acquainted with
clubfoot dynamics.

Assessment instruments

All children in both groups were assessed consecu-
tively and prospectively by the same assessor (HA)
when they were newborn (before treatment started),
at 1 month, 2 months (preoperatively), 4 months
(postoperatively), and at the age of 2 years.

Clubfoot Assessment Protocol (CAP). In pre-
vious studies, the CAP has been shown to have
moderate-to-good reliability and to be valid for
use in follow-up of clubfoot (Andriesse et al. 2005,
2006).

20 items divided into body/function structures (4
domains) and activity levels (two domains) accord-
ing to the International Classification of Function,
Disability and Health (ICF, World Health Organi-
zation 2000) form the CAP (Table 1). This protocol
is intended for use in clinical practice, in research,
and in short- and long-term follow-up. The focus
is on item and subgroup levels, and total scores are
not used.

Dimeglio classification system (DCS). This
instrument was originally developed for classifica-
tion (Dimeglio et al. 1995) but it is also often used
in follow-up studies (Lehman et al. 2003, Dobbs et
al. 2004, Souchet et al. 2004, Zeifang et al. 2005).
It mainly assesses the mobility of the clubfoot and
corresponds to the CAP Mobility I domain. Reli-
ability has been judged to be sufficient (Flynn et al.
1998). The DCS consists of 8 items (Table 2). One
item concerns general muscle function. It focuses
on total score and classification: mild, (0-5), mod-
erate (6-10), severe (11-15), and rigid (16-20).
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Table 1. A summary of the Clubfoot Assessment Protocol (CAP)

Subgroup ltems Scores
(Worst to best)
Mobility | Ankle dorsal extension Item level: 0, 1, 2, 3 and 4

Ankle plantar flexion

Heel varus/valgus
Eversion/inversion

(Total sub score: 0—20)

Forefoot adduction/abduction

Mobility 11

Length of toe flexors:
M. flexor digitorum longus

Item: 0, 2 and 4.
(Total sub score: 0—8)

M flexor hallucis longus

Muscle function
M. peronus longus

Strength of foot eversion:

Item: 0, 2 and 4.
(Totalsub score: 0-8)

M.extensor digiti longus

Tibial torsion
Heel position
Forefoot position
Cavus or planus
Motion quality | Walking
Running

Toe walking
Heel walking
One-leg balance
One-leg hop

Morphology

Motion quality Il

Item: 0, 2 and 4.
(Total sub score: 0—16)

Item: 0, 1, 2, 3 and 4.
(Total sub score: 0—16)

Item: 0, 1, 2, 3 and 4.
(Total sub score: 0-8)

0 = cannot or ++ poor, 1= very deviant or + poor, 2 = deviant or poor,
3 = slightly deviant or slightly poor and 4 = within normal.

Table 2. A summary of the Dimeglio classification scor-
ing system

Items Scores
(worst to best)

Equinus 4,3,2,1,and 0
Varus 4,3,2,1,and 0
Supination 4,3,2,1,and 0
Adductus 4,3,2,1,and 0
Posterior crease 1 and 0 (yes/no)
Medial crease 1 and 0 (yes/no)
Cavus 1 and 0 (yes/no)

)

Deviant muscle function 1 and 0 (yes/no

Total score: 0—-20

The raw scores from both instruments were
transformed into percentage score (0—100, worst to
best possible score).

Surgery and orthoses. Operation type and fre-
quency were registered. Compliance regarding
orthosis usage was checked through direct com-
munication with the parents and from the amount
of wear and tear on the orthosis.

Statistics

In children with bilateral clubfoot, each foot was
used as an independent observation in the statis-
tical analysis. Nonparametric methods were used
due to a skewed and asymmetric data distribution
(in general) and due to data being based on sum-
marizing ordinal scores. The Mann-Whitney U test
was used for between-group comparisons. The Wil-
coxon signed rank test was used for within-group
comparisons. Median and 95% confidence interval
are shown. A p-value of < 0.05 was regarded as
statistically significant.

Results

Missing data

In the PCT-G (23 feet), 2 assessments were miss-
ing in CAP Morphology and 2 in CAP Muscle
function at 2 months. In the CPH-G (22 feet), two
assessments were missing in CAP Mobility 2 and
four in CAP Muscle function at 2 months, and also
4 in CAP Morphology at 4 months. The item “M.
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soleus/gastrocnemius” in CAP Muscle function
could only be tested properly in 24 of 45 children.
This item was therefore excluded in this study.

Surgery

In the PCT-G, 5 feet were not operated, 4 were
operated with posteromedial release including
Achilles lengthening, and 14 were operated with
Achilles lengthening only. In the CPH-G, 2 feet
were not operated, 17 were operated with postero-
medial release including Achilles lengthening, and
3 had Achilles lengthening only.

Orthosis management

All children complied with the KAFO orthosis
treatment. During AFO orthosis treatment, 2 chil-
dren (1 unilateral and 1 bilateral) in the PCT-G and
1 child (bilateral) in the CPH-G were non-compli-
ant. For the PCT-G, the KAFO foot outward rota-
tion ranged from 25° to 35° and for the CPH-G it
ranged from 15° to 25°.

Clinical assessment

At baseline (i.e. shortly after birth), no statistically
significant differences were found for the CAP
domains Mobility I, Muscle function, Morphol-
ogy, or the DCS (Table 3). CAP Mobility II (length
of toe flexors) was worse (p = 0.03) in the PCT-G.
Using DCS, the PCT-G (23 feet) had 16 feet clas-
sified as moderate (median 9, range 8—10) and 7 as
severe (12, range 11-13). The CPH-G (22 feet) had
14 feet classified as moderate (9, range 7—10) and 8
as severe (12, range 12—-14). No statistically signif-
icant differences were found at baseline between
the two treatment groups and their severity clas-
sification.

At the beginning of the maintenance phase (4
months of age), no statistically significant differ-
ences were found between the CPH-G and PCT-G
in either the CAP or the DCS (Table 3).

Mobility

The CAP Mobility I (Table 3) showed higher scores
(p = 0.02) at 1 month for the PCT-G than for the
CPH-G, indicating a faster initial correction effect.
Between the first and second month, the CPH-G
caught up with the PCT-G and leveled out. The sur-
gical intervention at the age of 2 months had good
effect in both groups, shown as a steep incline of

scores (p < 0.01 for both groups) at the age of 4
months. Towards the age of 2 years and after the
initiation of orthosis treatment, the mobility seemed
stable for the CPH-G compared to the situation post-
operatively (p = 0.8), but improved for the PCT-G
(p =0.03), causing a difference in mobility between
the CPH-G and PCT-G (p = 0.008).

The DCS showed no statistically significant dif-
ferences in mobility for CPH-G or PCT-G during
the first 2 years of treatment (Table 3). Both groups
showed an increase in mobility after initiation of
orthosis (p = 0.001 for both groups).

CAP Mobility II (toe flexors) had a lower score
(p =0.03) at baseline for the PCT-G, which changed
during treatment into a better score for this group at
the age of 2 months (p = 0.02) (Table 3). Improve-
ment was also seen after surgical intervention in
the CPH-G at the age of 4 months (p = 0.05) (Table
3). During orthosis treatment, no change was seen
up to 2 years of age.

Muscle function

Muscle function (evertor muscles) in the PCT-
G improved faster during the first 2 months, and
showed a better status than the children in the
CPH-G at the age of two months (p = 0.05). After
surgical intervention at the age of 4 months, the
muscle function in the CPH-G had leveled out (p =
0.5). After beginning orthosis, improvement was
seen for the CPH-G towards the age of two years,
thus leveling out the difference between the two
groups.

Morphology

After 1 and 2 months of treatment, the PCT-G
showed higher scores (p = 0.001 and 0.05, respec-
tively) than the CPH-G. After surgical interven-
tion and at the age of 4 months, the CPH-G status
increased almost significantly (p = 0.05), leveling
out with the PCT-G. During orthosis treatment,
a decrease of the scores was noticeable in both
groups (p = 0.05 for PCT-G, p = 0.02 for CPH-
G) and no difference was found between these two
groups at the age of 2 years (p = 0.4).

Quality of motion

Assessment of motion quality is not appropriate
before the age of 2 years. At this age, a better qual-
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Table 3. The median and 95 % confidence interval (Cl ) at five different assessment occasions for the Ponseti casting
technique group (PCT) and Copenhagen stretchning treatment group (CPH)

Newborn 1 month 2months, p-value® 4 months, p-value® 2years p-valueP®
baseline preopera- newborn  postop- 2 months 4 months
tive Vs erative Vs VS
2 months 4 months 2 years
CAP Mobility |
PCT 40 80 85 <0.01 95 <0.01 95 0.03
(35-45)  (75-85) (80-90) (95-95) (95-100)
CPH 45 67.5 77.5 <0.01 95 <0.01 92.5 0.8
(35-45)  (60-80) (70-90) (90-95) (90 —95)
p-value @ 0.7 0.02 0.1 0.4 0.008
CAP Mobility Il
PCT 50 100 100 <0.01 100 0.56 100 0.2
(50-75) (75—100) (100-100) (100-100) (100 -100)
CPH 100 100 100 0.2 100 0.05 100 0.2
(50-100)  (75—100) (75—100) (100-100) (100-100)
p-value @ 0.03 0.6 0.02 1 0.28
CAP Muscle function
PCT 50 75 100 <0.01 100 0.41 100 0.5
(50-75)  (75-100) (100-100) (100-100) (100-100)
CPH 50 75 93.8 <0.01 100 0.25 100 0.04
(50-75) (75-100) (62.5-100) (75—100) (100-100)
p-value @ 0.9 0.1 0.05 0.5 1
CAP Morphology
PCT 62.5 100 100 <0.01 100 0.73 100 0.05
(62.5-75) (87.5-100) (100—100) (100-100) (87.5-100)
CPH 62.5 75 87.5 <0.01 100 0.05 87.5 0.02
(50-75)  (75-87.5)  (75-100) (100-100) (87.5-100)
p-value 2 0.7 0.001 0.05 0.8 0.4
CAP Motion-quality
PCT n.a. n.a. n.a. n.a. 100 n.a
(87.5-100)
CPH 75 n.a
(62.5-87.5)
p-value @ 0.03
DCS
PCT 50 75 75 <0.01 85 <0.01 90 <0.01
(50-55) (65-75) (70-80) (80-85) (90-90)
CPH 50 70 75 <0.01 85 <0.01 90 <0.01
(50-55) (60-75) (65—-80) (80-85) (90-90)
p-value @ 0.8 0.2 0.7 0.9 0.2
2 Mann-Whitney U test.
b Wilcoxon Signed Rank test.
n.a = not applicable.
ity of motion (running and walking) was seen in ] ]
Y ( g & Discussion

the PCT-G relative to the CPH-G (p = 0.03). This
implies fewer problems with intoeing, initial con-
tact in stance, lateral loading, and toe-off.

The serial casting according to the Ponseti tech-
nique showed better results than the intensive
stretching according to the Copenhagen method,
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as measured with the CAP. There were better out-
comes in 3 of 4 CAP domains preoperatively and
at 2 months of age, and less invasive surgery was
needed. At the age of 2 years, the scores for mobil-
ity and quality of motion assessed by the CAP were
in favor of the PCT-G.

The DCS showed change over time for both
groups, but was not sensitive enough to reveal dif-
ferences between the groups.

It seems confusing that preoperatively there was
no significant difference in CAP Mobility I (Table
3) and at the same time more surgery was needed
in the CPH-G. Analysis of the individual scores
showed that the items dorsal flexion, hindfoot varus/
valgus, and foot abduction differed systematically
between the groups. In contrast to the PCT-G, the
CPH-G had higher scores on dorsal flexion and
lower scores on abduction and varus/valgus. This
explains the similar scores in CAP Mobility 1, con-
comitant with the more extensive surgery required
in the CPH-G. These mobility results are mainly
caused by the fact that the Copenhagen stretching
treatment concentrates more on the dorsal flexion
compared to the Ponseti casting technique, and less
on overcorrection of foot eversion.

In spite of the intensive manual stimulation of
muscles in the CPH-G, this did not result in better
function. It seems that increased mobility had
a greater effect on muscle function. At 2 years,
quality of motion (running and walking) was sig-
nificantly better for the PCT-treated children. Two
possible explanations may be that the motion
difference is caused by better mobility or by the
fact that the proprioceptive nerve system is intact
because of less disturbance from surgery.

Several recent studies have shown that the
Ponseti treatment gives a faster treatment effect
and less surgical interventions (Herzenberg et al.
2002, Ippolito et al. 2003, Lehman at al. 2003,
Morcuende et al. 2004, 2005, Segev et al. 2005).
Our study confirms these observations. Less pain,
better mobility, and higher function are seen in
the long-term outcome (Cooper and Dietz 1995,
Ippolito et al. 2003, Dobbs et al. 2006) as com-
pared to extensive soft tissue release (Aronson and
Puskarich 1990). In the future, we hope to evalu-
ate these two groups in an extended prospective
study in which external factors such as severity
at baseline, surgery, and orthotic management are

controlled and performed with properly tested
assessment tools.

The orthotics management functioned well in
both groups, with high compliance and mainte-
nance of—or slight improvement in—the clini-
cal status except for CAP Morphology. Problems
have been reported concerning acceptance of the
Foot Abduction Orthosis (FAO) used in the Ponseti
method (Lehman et al. 2003, Dobbs et al. 2004,
Thacker et al. 2005, Abdelgawad et al. 2007). Non-
compliance with orthotics management increases
the risk of recurrences (Lehman et al. 2003, Dobbs
et al. 2004, Morcuende et al. 2004, Thacker et al.
2005, Abdelgawad et al. 2007).

Our KAFO/AFO management maintained or
improved most of the mobility function items at
the age of 2 years in both treatment groups. The
difference found at 2 years for CAP Mobility I was
caused by a decrease in plantar flexion in the CPH-
G. Herzenberg et al. (2002) showed the same ten-
dency in clubfeet operated with extensive surgery.
Dorsiflexion increased in both groups, however,
improving the scoring for the PCT-G. The DCS
does not contain plantar flexion, which resulted in
improvement in both groups. Thacker et al. (2005)
showed the same tendency for improvement of
mobility after initiation of the FAO in their com-
pliant group. Miura et al. (2005), who included a
control group, also showed that hinged ankle-foot
orthoses had a positive effect on ankle function
without loss of correction.

The CAP Morphology domain had deteriorated
close to the age of 2 years in both groups. Analysis
of this domain at the item level showed that this
decrease was mainly caused by an increase in the
tibial rotation score. Earlier studies have shown
that there is a variation in leg torsion in children
with clubfoot (Cuevas de Alba et al. 1998, Reik-
eras et al. 2001), which is important in order to be
able to distinguish from other causes of in-toeing.
Ponseti’s FAO is set to a recommended 70° of out-
ward rotation, in contrast to our KAFO’s 25° in the
PCT-G. It should, however, be pointed out that in
the FAO, part of the rotation might be compensated
for at the level of the hip and knee joint—which
is not the case in the KAFO. Whether the amount
of outward rotation of the orthosis influences tibial
rotation and increases out-toeing is still an unan-
swered question.
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The CAP appears to be more sensitive to differ-
ences than the DCS. This is partly caused by the
scaling construct of the instruments, with wider
intervals in the DCS. This enhances reliability but
reduces sensitivity to change. The interval con-
struct of the CAP is weighted and based on its clin-
ical relevance. Thus, the findings are also clinically
valid. The minimal detectable change related to
subjective, patient-rated change is another step to
be made in the development of the CAP. Further-
more, the CAP’s multidimensional construct and
the use of domain scores rather then a total score
provides us with more detailed clinical informa-
tion. An instrument that is more sensitive to change
means that less numbers are needed in studies and
more subtle but relevant details for treatment eval-
uation can be extracted.

Our study has some limitations. The children
included in the PCT-G were the first cohort to be
treated at our department. The results of the PCT-
G could perhaps have been even better than shown
with this material if we had had more experience.

The main argument against the validity of the
study is that the assessor was not blinded and even
took active part in treatment. However, the assess-
ment procedure was standardized and there was no
particular interest in achieving any specific result.

Randomized controlled trial studies in chil-
dren born with clubfoot are difficult to perform.
A thorough database of our own with standard-
ized assessment procedures had been started years
before we changed our clubfoot treatment in 2001.
This made it possible for us to check baseline status
between the two study groups. The referral process
and catchment areas were not changed during the
study. Together with keeping external conditions
stable and follow-ups at the same standard age, we
kept research conditions as stable as possible.

The feet of children with bilateral clubfeet were
used as independent observations in the statistical
analysis. There is a risk that there may be some
correlation between the results from different feet
of the same patient, causing overestimation or
underestimation of the treatment effect. As both
treatment groups had almost equal distribution of
unilateral and bilateral clubfeet (6 and 7, respec-
tively) and orthosis compliance, we consider that
this statistical problem would have had a minor
effect on the outcome. Lastly, the risk of type II

error exists due to low numbers, and this must be
taken into account.

In conclusion, the casting technique according to
Ponseti appears to be the method of choice in club-
foot correction, in terms of mobility and quality of
motion. The Clubfoot Assessment Protocol (but
not the Dimeglio classification system instrument)
made it possible to evaluate and compare interven-
tions. Future studies should focus on the orthosis
construct, its clinical effects, and factors influenc-
ing compliance.
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