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Magnetic resonance imaging of severe idiopathic club foot treated with
one-week accelerated Ponseti (OWAP) technique
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A B S T R A C T

Purpose: This study aims to evaluate changes in tarsal bones relationship after the use of one week
accelerated Ponseti method in the treatment of severe idiopathic clubfoot using MRI. We hypothesize
that one-week accelerated Ponseti is at least as effective as standard techniques in achieving the
desirable MRI parameters.
Methods: This is a prospective study of 8 children with severe idiopathic clubfeet (Pirani 6) (4 unilateral
and 4 bilateral) treated before the age of three months with one-week accelerated Ponseti technique, as
described in a former study with minimum 2-year follow-up. The 8 corrected feet were compared with
the 4 unilateral normal feet at clinical and radiological levels using a Pirani scoring system and an MRI,
respectively.
Results: Clinical results showed that Pirani score was 1.1 in the last follow up in comparison to Pirani 6
pretreatment (p < 0.05). MRI results indicated that the malleocalcaneal angle, axial malleocalcaneal
index, coronal tibiocalcaneal angle, sagittal talocalcaneal angle, and talar head neck calcaneal rotation
showed statistical difference between the two groups (p < 0.05). Sagittal malleocalcaneal index, sagittal
tibiocalcaneal angle, talar head neck rotation related to talar body, and posterior calcaneal rotation
showed no statistical difference between normal feet and clubfeet after correction (p value >0.05).
Conclusion: One-week accelerated Ponseti technique showed to be as effective and safe as other
treatment methods through clinical and MRI follow up data. MRI role was to confirm the efficiency of this
innovative accelerated technique, but not used as a routine follow up.

© 2021 Published by Elsevier Ltd on behalf of European Foot and Ankle Society.

1. Introduction

Congenital talipes equinovarus (CTEV), commonly known as
clubfoot, is one of the most common birth defects affecting the
musculoskeletal system, occurring in one per 1000 live births per
year [1,2]. Arthrogryposis, dysplasias, myelomeningocele, and
other abnormalities can be associated with clubfoot; otherwise, it
is an isolated deformity [1]. Midfoot cavus, forefoot adductus,
hindfoot equinus, and varus are the major four components of

CTEV [3]. An easy scoring system designed by Pirani proved to be
an interobserver reliable and reproducible method to assess the
severity of clubfoot [4–6].

The Ponseti method is considered the standard treatment
method, which involves serial casting followed by percutane-
ous tenotomy in approximately 6 weeks duration [7]. Based on
the developing concept of accelerating the treatment course
[9–12], a one-week accelerated Ponseti technique was
published with 2 years follow up that would give advantage
to the child and the family with short term management [8]
aiming at the same time to achieve a flexible, plantigrade,
pain-free foot.

The main 2 clinical classifications for the clubfeet pre- and post-
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The radiological evaluation was mainly through plain X-ray,
ith the talocalcaneal angle as the main indication for the clubfoot
orrection. This evaluation was later dismissed in most publica-
ions since it was not correlated with the clubfoot correction [13],
hough still other publications support the plain X ray evaluation
14].

With a large number of the cartilaginous tarsal bones in these
hildren and the difficulty of doing 3-dimensional analysis of post-
lubfoot correction based on plain radiographs, we cannot have an
ppropriate assessment of the relationship between tarsal bones.
his assessment will affect the prognosis and long term follow up.
he literature has reported the value of MRI in the evaluation of the
elationship between tarsal bones for treated clubfeet [15,16].

The purpose of the study is using MRI to evaluate changes that
ccurred to tarsal bones relationships after the treatment of severe
diopathic clubfoot with the proposed one week accelerated
onseti method.

. Materials and methods

11 children with severe idiopathic clubfeet (Pirani 6) were
nrolled for treatment before the age of three months with one
eek accelerated Ponseti technique, as described by Ahmad et al.

n a previous study [8]. MRI scanning protocol for the children
reated with the one-week accelerated Ponseti method with more
han 2 years follow up was planned for enrolled patients. After
nstitutional board approval and detailed explanation to the
arents of the children for permission to enroll the children in the
RI study, 8 families approved to enroll their children in this study.
o, MRI scans were done 3 years after accelerated Ponseti method.
MRI studies were done using an Ingenia 1.5 T scanner (Philips,

apan) with ankle and foot coil, at the radiology department
etween September and October 2019. 3D_mFFE sequence with
.2 mm slice and T1W1 sequence with a 3 mm slice were obtained
n the standard anatomical sagittal, transverse, and coronal planes.
onsecutive steps were taken to take the correct plane images with
eference to both the bimalleolar and lower leg axes, as explained
y Saito et al. [17]. Generally, we chose the best slices that

malleocalcaneal angle, axial malleocalcaneal index, talar head
neck calcaneal rotation, talar head–neck rotation related to talar
body, posterior calcaneal rotation, coronal tibiocalcaneal angle,
sagittal malleocalcaneal index, sagittal tibiocalcaneal angle and
sagittal talocalcaneal angle. The differences between values were
statistically analyzed using the Mann–Whitney U test through
SPSS.

Cavus deformity related measure is dorsal talonavicular
subluxation, which can be detected using a sagittal plane
(Fig. 1). There is no subluxation (grade 0) if 0% of the navicular
dorsally dislocated. If 1–25% of navicular bone subluxated, we
considered it as grade 1. Grade 2 was determined if 26–50% of the
navicular bone is dislocated.

Adductus deformity related measures are malleocalcaneal
angle, axial malleocalcaneal index, talar head neck calcaneal
rotation, talar head neck rotation related to talar body and
posterior calcaneal rotation. The malleocalcaneal angle is defined
as the angle formed by a line vertical to the bimalleolar axis, and a
line connecting the most anterolateral and posterolateral corners
of the cartilaginous calcaneus (Fig. 2). The axial malleocalcaneal
index on the bimalleolar axis was defined as the percentage of the
distance between the lateral margin of the lateral malleolus and
the middle of the calcaneus to the bimalleolar distance. The
bimalleolar distance was defined as the distance between the
medial margin of the medial malleolus and the lateral margin of
the lateral malleolus (Fig. 3). At the transverse plane, talar head
neck was expressed by a line passing through the midpoint of the
talar cartilaginous head and the midpoint of the talar neck.
Another line was drawn through the longitudinal axis of calcaneus
at its longest length slice. Talar head neck calcaneal rotation can be
expressed by an angle between the talar head neck and the
calcaneus longitudinal axis (Fig. 4). The angle that was used to
reflect talar head neck internal rotation was formed between a line
perpendicular to the transmalleolar axis midpoint and talar head
neck line as mentioned above (Fig. 5). At the level of Achilles
tendon insertion, using a 3D feature, we drew a line connecting the
point of insertion with the midpoint of the transmalleolar axis
through superimposing images. This line with the talar body axis

Fig. 1. Dorsal talonavicular assessment in the normal (left), and corrected club foot (right) on sagittal view (both are grade 0).
emonstrate foot anatomy clearly. Safe sedation protocol was done
ith 0.05 mg/kg of midazolam with 0.5 mg/kg of ketamine was
sed for sedation, and 1.5% sevoflurane inhalation was used for
aintenance by an anesthesiologist [18].
Tarsal bones relationships were evaluated by measuring

he following parameters: dorsal talonavicular subluxation,
2

will form an angle used to determine the posterior calcaneal
external rotation (Fig. 6).

Varus deformity related measure is coronal tibiocalcaneal
angle. Through coronal plane, we went to the slice where posterior
margin of tibia appears. At that section, the coronal tibiocalcaneal
angle was measured between the lower leg axis and the line
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Fig. 3. Axial malleocalcaneal index measurement in the normal (left) and corrected club foot (right) on axial view.

Fig. 2. Malleocalcaneal angle measurement in the normal (left) and corrected club foot (right) on axial view.
connecting dorsolateral and plantolateral corners of the cartilagi-
nous part of the calcaneous (Fig. 7).

Equinus deformity related measures are sagittal malleocalca-
neal index, sagittal tibiocalcaneal angle and sagittal talocalcaneal
angle. The sagittal malleocalcaneal index was defined as the
percentage of the anterior segment to the whole calcaneal length
3

(Fig. 8). Sagittal tibiocalcaneal angle was measured as the angle
formed by the lower leg axis and a line passing to the lower border
of the calcaneus tangentially (Fig. 9). Sagittal talocalcaneal angle
was defined as an angle formed by the longest axes of the whole
talus and calcaneus bones; the angle could be taken on a single
slice or required a superimposing image (Fig. 10).
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Data are presented as means and ranges [min–max]. Differ-
nces in data sets were assessed using a Mann–Whitney U-test and
onsidered significant for p less than 0.05.

. Results

Our study included 8 patients (male = 7, female = 1) with 4
ilateral and 4 unilateral idiopathic CTEV deformity (12 treated
lubfeet and 4 normal feet). The age at the time of imaging is 38.4
onths [25.2–51.6], with a follow-up period of 38.3 months [24–
1.5]. The clinical Pirani stage at the last follow-up session for the
orrected clubfeet was 1.1 [0–2]. The difference in the Pirani score
efore starting the technique and after the last follow up was found
o be statistically significant (p < 0.005), because all patients had a
core of 6 before treatment (Table 1).
Malleocalcaneal angle, axial malleocalcaneal index, coronal

ibiocalcaneal angle, sagittal talocalcaneal angle, and talar head
eck calcaneal rotation showed a statistical difference between the
wo groups (p < 0.05). Sagittal malleocalcaneal index, sagittal
ibiocalcaneal angle, talar head neck rotation related to talar body,
nd posterior calcaneal rotation showed no significant difference
etween normal feet and clubfeet after correction (p > 0.05).
The dorsal talonavicular subluxation rate of the study was 25%

4. Discussion

There is a consensus on the efficiency of the Ponseti technique
serial casting for clubfeet deformity, with 74% good or excellent
results, as Ponseti reported after nearly 30 years of follow up [17].

The main parameters for success were mainly clinical with
exclusion of the radiological assessment with Ponseti suggestion of
fully functional, normal looking, pain-free, plantigrade foot is
considered successful regardless of the X-ray result [6,7]. With the
long-term follow-up of the treated clubfoot cases, there were
increased reports about the recurrence of the deformity with a
relapse rate between 1.9% and 45% [5]. The relapse was due to brace
non-compliance or premature abandonment which may lead to
inappropriate relationship between tarsal bones, which were not
diagnosed with the clinical or radiological examinations because of
delay or absence of ossification centers of the tarsal bones in early
childhood (talonavicular subluxation, lateral rotation of the talus
in ankle mortise, calcaneal inversion, etc.) [15].

Therefore, MRI was used as an imaging modality for evaluating
the tarsal bones relationship in the follow up of the treated
clubfoot. Though the studies are scarce because of the expenses in
doing the MRI and the need for sedation or general anesthesia, the
MRI gave a clearer view about the level of correction, and may

Fig. 4. Talar head neck calcaneal rotation angle measurement in the normal (left) and corrected club foot (right) on axial view.
n both normal and clubfeet groups. In the 4 unilateral patients, 3
eet (1 normal and 2 corrected) had grade I subluxation. While in
he bilateral group, only 1 foot had grade I subluxation.

Tables 2–5 reflect parameter values in normal and corrected
lubfeet based on the 4 major components of CTEV (cavus,
dductus, varus, and equinus).
4

reveal complications and relapses before skeletal maturity [23].
Accelerated Ponseti technique is evolving in the literature with

benefits in decreasing the time between serial casts, which is
convenient to the families, and with good clinical results [9–12].
The shortest period of casting published was one-week with 5
casts, all of the children were severe idiopathic clubfeet, with good



Fig. 5. Talar head neck rotation related to talar body angle measurement in the normal (left) and corrected club foot (right) on axial view.

Fig. 6. Posterior calcaneal rotation angle measurement in the normal (left) and corrected club foot (right) on axial view.
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linical results according to Pirani classification after 2 years follow
p [8]. We used clinical evaluation through the Pirani score to
atch the measurement tool used in the previous clinical
ssessment. The corrected 12 clubfeet had no relapse with a
ean Pirani score of 1.1 [0–2].
Radiographically, the navicular bone is noted to be absent until

–5 years of age [20]. However, cartilaginous anlage of navicular
one can be easily seen on sagittal images of MRI [21]. Carroll et al.
ssume that a dorsolateral extrusion of the navicular bone would

The mean value of the malleocalcaneal angle, axial malleo-
calcaneal angle, coronal tibiocalcaneal scores of the corrected and
normal feet are statistically significant that are comparable with
Saito et al. scores was 0.63� for normal foot and �12.27� for the
corrected one (p < 0,01). Saito et al. concluded malleocalcaneal
angle comparable values (n = 18) with a mean of 2� and �6� for
normal and corrected clubfeet, respectively (p < 0,01) [17].
Likewise, the axial malleocalcaneal index Laaveg and Ponseti
reported comparable values of 30% and 35% for normal and

Fig. 7. Coronal tibiocalcaneal angle measurement in the normal (left) and corrected club foot (right) on coronal view.

Fig. 8. Sagittal maleocalcaneal index measurement in the normal (left) and corrected club foot (right) on sagittal view.
ccur if a significant cavus deformity cannot be corrected by
engthening the plantar fascia [22]. In our study, 3 of 12 (25%) of the
orrected clubfeet had grade 1 dorsal talonavicular subluxation.
ekindil et al., Miller et al., Lau et al., and Schalfly et al. [23–26]
eported rates that are comparable with our results (15%–54%)
Table 6).
6

corrected clubfeet, respectively [19]. Similarly, Itohara et al.
reported statistically significant values of the tibiocalcaneal angle
of the normal and corrected clubfeet [16]. The results show
incomplete correction of varus deformity, as seen in other studies.

In our study, the sagittal tibioclcaneal angle scores for normal
feet and corrected club feet were statistically insignificant, in
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contrast to Saito et al. study (n = 18) values with a mean of 74� for
normal feet versus 106� for corrected clubfeet (p < 0,01) [17]. Our
results of sagittal malleocalcaneal index were for normal and
corrected feet were statistically insignificant, indicating good
results for equinus correction. On the other hand, the sagittal
malleocalcaneal index values were 47% for normal feet and 34% for
corrected clubfeet in Itohara et al. study (n = 18, p < 0,01) [16].
These previous scores suggest a better result for the correction of
equinus deformity using the one-week Ponseti method than the
results of other studies.

In our study, the posterior portion of calcanium is externally
rotated relative to the talar body axis with a mean value of 23.33� in
normal feet and 23.31� in the corrected clubfeet (p = 0.521). This is
consistent with the similarities between the two groups reported
by Peckindil et al. study which showed a mean of 11.6� for normal
feet and 11.0� for corrected feet [23].

Regarding the sagittal talocalcaneal angle, Downey et al. results
showed that talus and calcaneaus longitudinal axis of clubfoot are
running on manner approaches parallelism, which means a

Fig. 9. Sagittal tibiocalcaneal angle measurement in the normal (left) and corrected club foot (right) on sagittal view.

Fig. 10. Sagittal talocalcaneal angle measurement in the normal (left) and corrected club foot (right) on sagittal view.

Table 1
Baseline characteristics of the sample (n = 8).

Characteristic Total

Age in years (mean � standard deviation) 3.2 � 0.7
Sex:

Male 7 (87.5%)
Female 1 (12.5%)

Corrected foot:
Right 5 (41.67%)
Left 7

(58.33%)
Follow up time in months (mean � standard deviation) 38.3 � 8.4
The initial clinical Pirani score before treatment (mean � standard
deviation)

6.0 � 0.0

The clinical Pirani stage in the last follow up (mean � standard
deviation)

1.1 � 0.6

Table 2
1 parameter reflects cavus deformity and its grades in normal and corrected
clubfeet.
Parameter Foot Grade

Dorsal talonavicular subluxation Normal 3 feet grade 0
1 foot grade 1

Corrected 9 feet grade 0
3 feet grade 1

7

smaller talocalcaneal angle [27]. Ponseti et al. reported the mean
lateral talocalcaneal angle 23.1� in treated feet and 31.6� in normal
feet on lateral radiographs [28]. Laaveg and Ponseti (n = 70)
reported these values, but with plain X-rays, as 33� in normal feet,
22.4� in the corrected feet rated excellent, and 20.5� in those rated
good using radiographs [19].
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MRI lateral images reported by Pikindil et al. showed
mprovement to normal values on talocalcaneal angles with a
ost-casting and follow-up mean values of 18.4� and 34.5�,
espectively [23]. These measurements are comparable with our
esults of sagittal talocalcaneal angles for corrected and normal
eet (18.9� and 31.15� respectively), (p = 0.042). Considering that
he MRI is not standing and that our result was comparable to
tanding good X-ray score (18.9–20.5), we can say that the sagittal
alocalcaneal angle result was good in our study.

Clubfoot has an internal (medial) deviation of the anterior
portion of the calcaneus relative to the talar head and neck axis.
Talar head neck calcaneal rotation values for normal and corrected
feet of our sample were statistically significant. This is similar to
the Pekindil et al. study, which showed a significant difference in
these values with a mean of 29.3� for normal and 53� for corrected
feet [23].

In our study, the talar head–neck rotation for normal and
corrected feet, were statistically insignificant. This is consistent
with the findings described by Pekindil et al. and Guda et al. in
contrast to Itohara et al. and Kamegaya et al. [16,23,29,30], as
Table 7 shows. This discrepancy in the values can be related to the
different subjective methods used for measurement. We can
conclude that a one-week accelerated Ponseti method corrected
the adduction deformity through correction of the talar head–neck
rotation in relation to the talar body.

Although all of our study subjects had a Pirani score of 6 at the
time of treatment, this study has comparable results with the other
studies in which their subjects had a score of �6, which removes
the bias of clinical evaluation. The unsatisfactory MRI results of

able 3
 parameters reflect adductus deformity and their values in normal and corrected clubfeet.

Parameters Foot Mean value Range p-Value*

Malleocalcaneal angle Normal 0.63� �1.81� to 2.75� p < 0,01
Corrected �12.27� �27.48� to 4.53�

Axial maleocalcaneal index Normal 30% 22.27%–34.29% 0.013
Corrected 40% 29.79%–48.78%

Talar head neck calcaneal rotation Normal 15.17� 7.04�–23.13� p < 0,01
Corrected 20.50� 11.44�–29.30�

Talar head neck rotation related to talara body Normal 24.33� 16.24�–28.63� 0.316
Corrected 33.98� 26.98�–39.22�

Posterior calcaneal rotation Normal 23.33� 19.19�–26.85� 0.521
Corrected 23.31� 11.16�–48.94�

* Mann–Whitney U-test.

able 4
 parameter reflects varus deformity and its values in normal and corrected clubfeet.

Parameters Foot Mean value Range p-Value*

Coronal tibicalcaneal angle Normal 15.25� 11.34�–23.82� p < 0,01
Corrected �2.09� �15.59� to 11.23�

* Mann–Whitney U-test.

able 5
 parameters reflect adductus deformity and their values in normal and corrected clubfeet.

Parameters Foot Mean value Range p-Value*

Sagital malleocalcaneal index Normal 48% 37.5%–64.7% 0.316
Corrected 54% 42.22%–78.95%

Sagital tibiocalcaneal angle Normal 80.17� 66.69�–88.31� 0.078
Corrected 91.62� 75.7�–106.54�

Sagittal talocalcaneal angle Normal 31.15� 22.75�–35.14� 0.042
Corrected 18.90� 5.85�–33.7�

* Mann-Whitney U-test.

able 6
orsal talonavicular subluxation rate comparison.

Study name Reported dorsal talonavicular
subluxation rate

Our study (n = 8) 25%
Pekindil et al. (n = 7) 33.33%
Miller et al.(n = 16) 15%
Lau et al. (n = 103) 43%
Schalfly et al. (n = 46) 54%

able 7
alar head and neck rotation related to talara body comparison.
Study Mean of normal Mean of corrected p-Value significance

Our study (n = 8) 24.33� 33.98� 0.316 Non-significant
Pekindil et al. (n = 7) 49.6� 51.2� Non-significant
Guda et al. (n = 10) 26.3� 32.9� 0.160 Non-significant
Itohara et al. (n = 5) �9.1� 9.2� <0.05 Significant
Kamegaya et al. (n = 21) 31.6� 44.3� p < 0,01 Significant

8
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varus correction may be due to severity of the deformity (all of
them were Pirani 6), with a tightness of the subtalar interosseous
membrane that the calcaneum was not released enough under the
talus.

Our study’s limitations include a small study sample, which
could lead to a discrepancy in statistical results. Comparison with
post surgical results, different age groups due to the limited studies
about MRI results post traditional Ponseti club foot management.
Moreover, compliance of the child to the Dennis brown splint could
not be checked. Longer follow up time is needed to exclude the
possibility of relapse since clubfoot relapse is unpredictable even
after the age of 5–7 [5].

5. Conclusion

The one-week accelerated Ponseti technique showed that it is
as effective and safe as other treatment methods while acknowl-
edging this technique was done in patients with severe idiopathic
clubfeet. We believe this study added beneficial data regarding the
accelerated Ponseti method.
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