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Summary
Purpose: to assess the real time elastosonography
(RTE) as a primary diagnostic tool for the evaluation of
mechanical properties of Achilles tendons in patients
affected by not surgically treated monolateral clubfoot.
Materials and method: six patients were evaluated, four
males and two females, mean age 1.2 ± 1.3 months,
treated with Ponseti method, and afterward, they underwent RTE examination of the Achilles tendon in clubfoot. A following ROI (region of interest) was positioned
on the distal third of the tendon and the obtained data
was examined retrospectively.
Results: in the examined cohort of patients, the mean
value ROI 1/mean value ROI 2 ratio was 2.0 ± 0.18, with
an increased red area in the RTE evaluation of the affected tendon, while in the contralateral foot the mean
observed value was 2.50 ± 2.1.
Conclusion: RTE is a feasible and simple technique,
which allows the study of the mechanical properties of
Achilles tendons in children with clubfoot.

cavus (1, 2).
Many theories have tried to explain the etiopathogenesis of
idiopathic clubfoot, including vascular deficiencies, genetic
factors or multifactorial disease with subsequent muscle abnormalities and tendon insertions (3-7).
The Ponseti method, characterized by Achilles tendon tenotomy and foot abduction bracing, is more likely the preferred treatment for idiopathic clubfoot (8,9).
To our knowledge, there are no current studies investigating the mechanical stiffness properties of Achilles tendons
in patients with monolateral clubfoot disease treated with
Ponseti method.
Real Time Elastography (RTE), is a technique that can assess the differences of stiffness between diverse tissue and
it has recently been suggested to be a useful tool to estimate tissue distortion, muscle and tendons stiffness (10).
Our purpose was to assess the real time elastosonography
(RTE), as primary diagnostic tool, in order to evaluate the
mechanical properties of Achilles tendons with RTE in patients affected by not surgically treated monolateral clubfoot.

Materials and methods
Study population
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Six patients affected by monolateral clubfoot treated with
Ponseti method without median tenotomy, (4 males and 2
females; mean age 9.66 ± 2.42 months) were consecutively
evaluated. The experimental protocol was approved by the
Ethics Committee of our institution and written informed consent was obtained from all volunteers in accordance to the
Declaration of Helsinki. The first diagnostic step involved
the clinical evaluation in orthopedic department and were
excluded in presence of a systemic pathological condition.
Any patient affected by connective tissue disease, metabolic disease, tendon injury, surgery, or endocrine disease was
not considered in the present study. Once selected, patients
were referred to Diagnostic Imaging Department for ultrasound and sonoelastography (RTE) examination of bilateral
Achilles tendons. The B-mode scan, performed over the entire Achilles tendon from the distal to the proximal myotendinous junction, allowed us to examine the morphological parameters in order to assess any recent or previous traumatic
lesions. A subsequent sonoelastography evaluation on the
distal third of the tendon was executed.

Introduction

Examination protocol

Congenital clubfoot has an incidence of 1:1000 in childhood
and it is a common defect of the muscoskeletal system. It
consists on the isolated deformity of four components of the
foot, equines foot, hindfoot varus, forefoot adductus, and

The ultrasound scan and RTE were performed using the
same ultrasound system (IU22, Philips Medical Electronics
Systems N.V. Corporation) and the same ultrasound probe
(7.5 MHz). A radiologist with experience about muscle-
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Figure 1. (A) Longitudinal B-mode ultrasound scan and superimposed (B) sonoelastogram of a physiologic distal third of the
Achilles tendon. The elastography was evaluated positioning
two circular ROIs, of about 3 mm in diameter, respectively on
the Achilles tendon and on the bone tissue. (C) The Strain index
and the ratio was then calculated between the Achilles tendon
and the bone tissue.

scheletal diseases positioned a Region of Interest (ROI) on
the Achilles tendon, in axial and longitudinal plane.
An indicator in the screen provided the user with real-time
feedback on the appropriate amount of deformation for the
elastogram. The total amount of deformation used to compute the strain elastogram is the sum of inherent, or physiologic, patient motion plus the external compression of the
transducer. It displayed instantaneous or momentary tissue
deformation, not final deformation.

The elastosonogram analysis began when the strain indicator of the probe expressed the correct pressure of the operator. The colors in the ROI varied from blue to red to show
the relative hardness and softness of areas inside the ROI.
The probe was kept in position manually while patient was
in rest position. The same measurements were performed
respectively in the clubfoot and in the contralateral healthy
tendon, and was performed by both radiologists in two different consecutive period. The entire examination lasted
approximately 14 ± 2.8 minutes for each patient. The colorcoded images were analyzed on a personal computer using
the QLAB (developed by Philips Medical Systems), which
permitted us to selected a 30 frame images/cine-loop and
to position two same circle ROI, called 1 and 2, measuring
4 mm in diameter. The reference ROI 2 was positioned in
the bone tissue while the ROI 1 in the distal segment of the
tendon, measuring the strain index (SI=ROI1/ROI 2) (Fig.1;
Fig.2; Fig.3; Fig.4). For quantification, all pixel data in the
colored image were transformed into a histogram and RTE-
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Figure 3. (A) Conventional Axial B-mode ultrasound scan and
superimposed (B) sonoelastogram of a physiologic distal third
of the Achilles tendon. The elastography was evaluated positioning two circular ROIs, measuring about 3 mm in diameter,
respectively on the Achilles tendon and on the bone tissue. (C)
The Strain index and the ratio was then calculated between the
Achilles tendon and the bone tissue.
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Figure 2. (A) Longitudinal B-mode ultrasound scan and superimposed (B) sonoelastogram of the third distal of the Achilles
tendon in a clubfoot showed a diffuse hyperechoic pattern highlighted in gray scale associated with a low elasticity of the structure, evaluated by sonoelastography mode. The elastography
was evaluated positioning two circular ROIs, of about 3 mm in
diameter each, respectively on the Achilles tendon and on the
bone tissue. (C) The Strain index and the ratio was then calculated between the Achilles tendon and the bone tissue.
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Mean elasticity (RTE-Me) values were calculated. RTE-Me
was described in arbitrary units [a.u.] (Fig.1 C; Fig.2 C; Fig.3
C; Fig.4 C). Analyses were repeated in quadruplate (one for
each acquisition) and results were expressed as the average value of the different results.

Data analysis
The variation of the continuous parameters was calculated
using the T-student test and standard deviation (SD) achieving an average. Categorial data was evaluated using percentage values. The elastographic images with the concomitant histogram were inserted in a table and were reviewed
using the statistical software SPSS.
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Sonoelastography in clubfoot.

value ROI 1/mean value ROI 2 ratio resulted to be 1.98 ±
0.2 in clubfoot and presented a statistical difference with the
ratio in healthy tendon which resulted 2.41 ± 0.3 (p<0.05).
See table with patients characteristics (Tab. 1).

Discussion
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Figure 4. (A) Conventional Axial B-mode ultrasound scan and
superimposed (B) sonoelastogram of the distal third of the
Achilles tendon in a clubfoot showed a diffuse hyperechoic pattern highlighted in gray scale associated to a low elasticity of the
structure, evaluated by sonoelastography mode. The elastography was evaluated positioning two circular ROIs, the diameter
was about 3 mm each, respectively on the Achilles tendon and
on the bone tissue. (C) The Strain index and the ratio was then
calculated between the Achilles tendon and the bone tissue.

Patients. Correlation between RTE-Me of Achilles tendon in clubfoot and healthy Achilles tendon.
The Achilles tendons were identified in all patients from both
legs, therefore it was possible to classify the values and to
compare them. The color images was examined, however
they were not divided in class and they were used as a guide
to obtain the ratio value between ROI 1 and ROI 2. There
was not a statistically significant difference between the tendon characteristics and sex. A decrease in the elasticity of
the Achilles tendon was observed in clubfoot (Fig.1C; Fig.2
C; Fig.3 C; Fig.4 C). There was a statistically significant difference between results obtained in pathologic Achilles tendon compared to healthy findings. In all children, the mean

The clubfoot is one of the most common musculoskeletal
birth-associated pathologies, however, its etiopathogenesis
remains uncertain (11,12). Genetic factors are more likely to
be responsible for the development of this pathology (12). In
children, the pathologic condition creates several congenital deformities affecting the bone, ligaments and tendons
tissue (13). The treatment consists in a medical and surgical approach, named Ponseti, which is performed in infants with defective or absent muscles (12,13). The Ponseti
method is widely performed and it consists in stretching the
peronei and foot dorsiflexor muscles, in order to improve the
normal position of the foot or to maintain a correct posture
(13). In our study, through the sonoelastography evaluation,
a tensile test has been performed, highlighting, as results,
a chronic tendinopathy condition over the Achilles tendon
structures. The tendinopathy can soften and weaken the
collagen and elastin structure leading to possible rupture
(14). Although no signs of achillodynia were observed, a
decrease of Achilles tendons elasticity in clubfoot was noted. This data was probably due to a genomic alteration of
the structure. The B-mode ultrasound allowed us to study
features of Achilles tendons while the sonoelastography
showed low elasticity values along the tendon structure
compared to the healthy contralateral tendon (15). US alone
presents a high sensitivity and specificity in the detection of
intratendinous alterations, therefore the sonoelastography
can help for a better detection of Achilles tendinopathy and
characterization of physiologic and pathologic findings (16).
The main alterations were observed on the distal portion of
the tendons, which is represented by a weaker structure,
at rest position, without evaluation of the stiffer proximal
portion (17). In the evaluated tendons, a strongly inhomogeneous pattern was highlighted, probably related to the
different mechanical properties of the various tissue components within the normal and pathologic tendons (18). Previous magnetic resonance studies reported inhomogeneous
appearance, especially in the distal portion, with different
viscoelastic properties (18). These findings have been confirmed by US evaluation and sonoelastography, moreover
adding at rest behaviour. In the present study, a strong correlation was found between the age and the RTE appearances, while no influence of sex was noted. The main limit
of the study was the lack with histopathologic findings of
Achilles tendons alteration in clubfoot, the retrospective nature of the study, the small number of patients and the lack
of the double-blind nature of the study.

Conclusion
Table 1. Characteristics of the all cohort of patients associated
to the mean ROI 1/Mean value ROI 2.
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RTE is a feasible and simple technique which allows to study
the mechanical properties of Achilles tendons in children
with clubfoot, including the evaluation of inhomogeneous
or relatively homogeneous patterns. The strain index can be
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use as a comparative index between healthy tendons and
clubfoot tendons, and it represents a valid technique in the
clinical practice. This study reports preliminary results and
future long-term follow-up studies are required.
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