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Abstract

Background: In congenital clubfoot, the lower leg is very thin and the calf muscles are hypoplasic. However, there are few
studies reporting real muscle volume.

Purpose: The purpose of this study is to assay the muscle volume in congenital clubfoot using 3DCT and to quantify the
degree of the hypoplasia.

Material and methods: From January 2015 to December 2016, nine consecutive patients, seven male and two female,
with unilateral congenital clubfeet were recruited for CT scans. Axial transverse sectional CT scans were acquired from the
delineation of the fibular head to the tibial plafond. From the data, we rendered the entire muscle in 3D for muscle volume
assay, and further segmented the posterior musculature for comparison between the normal and affected sides.

Results: The whole muscle volume on the normal side was 291.23 cm3 (181.23–593.49) and that on the affected side was
225.08 cm3 (120.71–429.08), for an affected side to normal side ratio of 0.79 (0.72–0.9), which was significantly smaller (p <
.01). Posterior muscle volume on the normal side was 175.81 cm3 (103.72–376.32) and that on the affected side was
106.52 cm3 (58.3–188.39). The ratio of posterior muscle to whole muscle on the normal side was 0.62 (0.46–0.75), and that
on the affected side was 0.48 (0.4–0.55), such that the affected side was significantly smaller (p < .01)

Conclusion: This study contributes quantitative data supporting the longstanding observations that the posterior calf
muscles are significantly smaller on the affected side compared to the normal side in congenital clubfoot, and further
underscores the importance of the extending the excursion of these muscles.
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Introduction

In congenital clubfoot, the lower leg is very thin and the calf
muscles are hypoplasic. This was described by Ponseti, but
the cause is not well understood.1 In unilateral cases, growth
on the affected side is poor compared to the normal side and
the hypoplasia pathology seems to affect the gastrocnemius,
soleus, peroneal, tibialis posterior, flexor hallucis longus and
flexor digitorum longus muscles.2–5 However, there are few
studies reporting real muscle volume. The purpose of this
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study is to assay the muscle volume in congenital clubfoot
using 3DCT and to quantify the degree of the hypoplasia.

Material and methods

From January 2015 to December 2016, nine consecutive
patients, seven male and two female, with unilateral con-
genital clubfeet were recruited for CT scans. Six patients
were affected on the right side and three on the left. None
had neuromuscular disease, paralysis or other underlying
conditions. All patients had received Ponseti method
treatment within 3 months of birth. Three of the cases were
relapse cases after initially successful treatment. Average
age was 4 years old (1–8 years). This study was approved by
our institution’s ethics review board and informed consent
for use of anonymized data in medical research was ob-
tained from parents of all patients.

Axial transverse sectional CT scans were acquired from
the delineation of the fibular head to the tibial plafond. From
the data, we rendered the entire muscle in 3D for muscle
volume assay, and further segmented the posterior muscu-
lature for comparison between the normal and affected sides.
The posterior musculature was defined as all muscle mass
posterior to a coronal plane intersecting the posterior edges of
the tibia and fibula on each CT image (Figure 1(a)–(c)). The
CT scans were acquired using the Aquilion One 320 mul-
tislice CT (TOSHIBA medicals), and the analysis was per-
formed with Aze Virtual Place Workstation (Canon). For the
delineation ofmuscle tissue, theworkstation thresholdwas set
at 0-100 HU. A paired t-test was utilized to identify changes
between the time points, with significance set at p & .01.

Results

The whole muscle volume on the normal side was 291.23 cm3

(181.23–593.49) and that on the affected side was 225.08 cm3

(120.71–429.08), for an affected side to normal side ratio of
0.79 (0.72–0.9), which was significantly smaller (p < .01).
Posterior muscle volume on the normal side was 175.81 cm3

(103.72–376.32) and that on the affected side was 106.52 cm3

(58.3–188.39). The ratio of posterior muscle to whole muscle
on the normal side was 0.62 (0.46–0.75), and that on the
affected side was 0.48 (0.4–0.55) such that the affected side
was significantly smaller (p < .01) (Table 1). Posterior to
whole muscle ratios for relapse and non-relapse cases were
0.63 (0.5–0.82) and 0.6 (0.43–0.73), respectively, such that no
significant difference was found.

Discussion

Much remains unknown regarding the causes of idiopathic
congenital clubfoot. In recent years, considerable investi-
gation has been conducted regarding the genetic factors but

Figure 1. (a) Area of measurement/from the delineation of the
fibular head to the tibial plafond. (b) 3DCT/3D reconstruction
of delineated muscles. (c) Definition of the posterior muscle/
posterior muscle group defined as all-muscle mass posterior to a
coronal plane intersecting the posterior edges of the tibia and
fibula on each CT.
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many questions remain.6–9 However, thin hypoplastic lower
leg muscles are consistently observed.1

Shimode et al.10 measured tibia length and calf girth in a
congenital clubfoot cohort and reported that tibia length and
calf circumference were smaller in patients that had received
surgery.

A number of studies have effectively used MRI in the
investigation of congenital clubfoot pathology.2–5,11–17 Moon
et al. used MRI for their investigation of treatment-resistant
clubfoot and found muscle atrophy of the lower leg. Their
investigation also revealed that extensive soft-tissue abnor-
malities were more prevalent in patients with treatment-
resistant clubfoot, and particularly, a significantly greater
difference was seen in intra-compartment fat area between the
affected and unaffected limbs, compared with treatment-
responsive clubfoot.5 However, the use of MRI with small
children frequently requires sedation. In this study, we used
CT for our evaluation of muscle. We could not find any
literature reporting clubfoot muscle quantification using CT.
We were able to measure muscle volume by extrapolating the
data to 3D and found lower leg muscle volume as a whole to
be 20% less, and posterior muscle volume to be 40% less in
the affected side when compared to the normal side. These
findings confirmed underdevelopment in the muscles of the
affected lower extremities in congenital clubfoot and that
hypoplasia is particularly marked in the posterior flexors of
the lower leg. Where hypoplasia is present in the soleus or
gastrocnemius, not only is muscle volume decreased but the
muscle excursion also decreases. In effect, this also shortens
the excursion of the Achilles tendon. This would support
the consensus that the underdevelopment and atrophy of the
calf muscles contribute significantly to hindfoot varus and
equinus in congenital clubfoot. This would also help explain

the efficacy of Achilles tendon elongation often used in the
Ponseti method of conservative clubfoot treatment.

In this study, no significant difference was found in the
comparison between relapse cases to non-relapse cases, but
there were very few cases so this needs to be revisited in a
larger study.

In this study, we used CT scans which can be acquired
more quickly than MRI scans and with no need for sedation,
but radiation exposure is a drawback. Optimization of
technical parameters for CT scan acquisition, and tracking
metrics for dose management are important ongoing ef-
forts.18 In addition to the above-mentioned, the small number
of subjects and the need for advances in radiation exposure
reduction, study limitations include the inability to divide and
measure each muscle individually due to the small size of
these muscles in children with congenital clubfoot.Wewould
also like to measure the strength of these muscles. In the
future, more dynamic biomechanical analysis is needed.

In conclusion, this study contributes quantitative data
supporting the longstanding observations that the posterior
calf muscles are significantly smaller on the affected side
compared to the normal side in congenital clubfoot, and
further underscores the importance of the extending the
excursion of these muscles.
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Table 1. Patient demographics and muscle volume.

Patient
number Sex Side Age Relapse

The whole
muscle
volume
(cm3) on the
normal side

The whole
muscle
volume (cm3)
on the
affected side

The posterior
muscle volume
(cm3) on the
normal side

The posterior
muscle volume
(cm3) on the
affected side

The ratio of
posterior muscle
to the whole
muscle on the
normal side

The ratio of
posterior muscle
to the whole
muscle on the
affected side

1 M Lt 5 s 389.11 317.79 213.64 175.44 0.55 0.55
2 F Lt 4 s 159.16 120.71 103.72 60.4 0.65 0.5
3 M Rt 3 248.26 188.26 147.94 88.66 0.6 0.49
4 M Rt 2 s 192.96 139.65 122.37 73.72 0.63 0.52
5 M Rt 1 181.23 137.05 134.64 58.3 0.75 0.43
6 M Rt 8 593.49 429.08 376.32 188.39 0.63 0.44
7 M Rt 4 s 239.8 195.29 162.89 91.46 0.68 0.47
8 M Rt 4 s 206.85 186.88 131.67 96.73 0.64 0.52
9 M Rt 6 410.24 311 189.12 125.56 0.46 0.4
Mean *291.23 *225.08 **175.81 **106.52 ***0.62 ***0.46

* ** *** statistically significant (p < .01).
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