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Purpose: One of the main features of congenital idiopathic clubfoot is the increased
stiffness of soft tissues. With the growing popularity and availability of sonoelastography
as a method to assess the stiffness of different tissues, we considered applying it to
congenital clubfeet in order to to determine whether sonoelastography can be a useful
imaging method for the evaluation of clubfeet, to assess whether there are any differences
in stiffness of specific tendons between clubfeet and normal contralateral feet and to observe
which treatment methods have an impact on the aspect of these structures on the elastograms.
Patients and Methods: A case-control study was performed involving 10 adolescent
patients with unilateral idiopathic congenital clubfeet who were treated either with the
Ponseti method or surgically with posteromedial release (PMR) during early infancy.
Using compression sonoelastography, we obtained semi-quantitative data expressed as fat
to tendon ratios in treated clubfeet and normal contralateral feet. The tendons of the
following muscles were examined: tibialis anterior, tibialis posterior, flexor hallucis longus,
peroneus longus and Achilles tendon at three levels (calcaneal insertion, lengthened zone and
musculotendinous junction).

Results: The only statistically significant difference in the strain ratio (p = 0.023) between
clubfeet and normal feet was at the level of the calcaneal insertion of the Achilles tendon,
which was stiffer in clubfeet. Although other differences were not statistically significant,
they may reflect some of the pathological modifications of clubfeet.

Conclusion: Overall, sonoelastography may be a useful examination tool in the quantitative
and qualitative assessment of soft tissue stiffness in clubfeet, but further research is
necessary.

Keywords: soft tissue elasticity, stiffness, tendons, clubfoot, ultrasound, elastography,
Achilles tendon

Introduction

Congenital clubfoot is a common malformation with a reported incidence of 1 in
1000 live births." Clubfeet are characterized by the clinical presence of four
deformities: cavus, adductus, varus and equinus. These deformities are the result
of the underlying pathology, which is present mostly in the soft tissues. It has been
shown that there is increased re-tractile fibrosis of the muscles, tendons and
surrounding soft tissues localized distal to the knee joint in patients with clubfeet,
which are accompanied by dysplastic modifications of bones and disturbance of the
normal osteo-articular alignment.> To achieve a plantigrade and functional foot,
these contractures may be addressed either by performing surgery or by conducting
serial manipulations and immobilizations of the clubfoot. Depending on the exten-
siveness of the procedure, surgical treatment can include plantar release (PL),
posteromedial release (PMR) and complete subtalar release (CSTR). Regardless
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of the technique employed, the primary focus is on elon-
gating the contracted soft tissues (muscles, tendons, liga-
ments, joint capsules) and restoring the normal anatomical
relationships between the foot bones. The principle of
conservative treatment is based upon the viscoelastic prop-
erties of tendons and ligaments, which, when immobilized
in a lengthened position, undergo adaptive changes and
become less stiff.*

The gold standard of treatment is the Ponseti method due
to its capacity to achieve correction rates of up to 100%.>
Nevertheless, surgical treatment is still reserved for feet that
remain incompletely corrected and in some cases of relapse.
Despite the high initial correction rates, clubfeet are charac-
terised by an increased tendency toward recurrence, which
can reach a rate of 56% in some published reports, rendering
a maintenance phase necessary.** Relapse can be explained
by an excessive collagen synthesis leading to the develop-
ment of retracting fibrosis in the structures which are inner-
vated by the posterior tibial nerve.” Foot abduction orthoses
(FAOs) are used for the prevention of relapses because, by
maintaining the foot in external rotation and slight dorsiflex-
ion, the stiff medial and posterior structures are constantly
stretched. In general, evaluation of clubfeet is performed
clinically and, when considered necessary, with the use of
X-rays. Other imaging methods, such as computed tomogra-
phy (CT), magnetic resonance imaging (MRI) and conven-
tional ultrasound have been employed to study the
morphological characteristics of foot bones and their align-
ment, but they have been mostly utilized for research pur-
poses. As clubfoot represents a condition characterized by
stiffness and sonoelastography has emerged as a noninvasive
technique of tissue elasticity assessment, we consider that it
could be useful in the evaluation of this pathology. This
ultrasonographic imaging method assesses tissue stiffness,
which reflects underlying structural pathological modifica-
tions, and has already been used in breast, liver and muscu-
loskeletal pathology. The main techniques of elastography
are represented by compression elastography or real-time
elastography (RTE), shear wave elas-tography (SWE) and
has
become in-creasingly used for evaluating the elasticity of

transient elastography. Compression elastography

musculoskeletal structures, such as ligaments, tendons and
muscles.'™"" This method involves applying uniform com-
pression forces to the region of interest (ROI) and measuring
the strains, which represent the degree of deformation of
tissues and are determined by calculating the displacement
between two points. The compression force and the subse-
quently induced deformation should be within certain limits,

which can usually be monitored by an indicator on the screen
in order to obtain good quality elastograms. Tissues that
exhibit more deformation are softer and tissues that deform
less are stiffer. Elastograms can be interpreted semiquantita-
vely or qualitatively.

The purpose of this study was to determine whether
sonoelastography can be a useful imaging method for the
evaluation of clubfeet, to assess whether there are any
differences in stiffness of specific tendons between club-
feet and normal contralateral feet and to observe which
treatment methods have an impact on the aspect of these
structures on the elastograms.

Patients and Methods

Study Design

This analytical, case-control study was conducted in the
Rehabilitation
November 2019 to November 2020 in accordance with the

Clinical Hospital ~Cluj-Napoca from
Declaration of Helsinki after obtaining approval from the
local institutional ethics committee (approval no. 6/2019).
We identified the clinical records of patients diagnosed with
idiopathic congenital unilateral clubfoot who were treated at
our clinic. Invitations to participate in the study were mailed
to their families. Prior to participation, informed consent
forms were signed by the legal guardians of the participants
in the study. We included only patients with idiopathic uni-
lateral clubfoot who were older than 10 years of age (due to
cooperation related concerns) with plantigrade, normal look-
ing (defined as absence of cavus, varus, adductus and equinus
deformities) and functional (defined as ability to toe-walk,
heel-walk, absence of limping and dynamic supination) club-
feet at clinical examination. Patients with arthrogrypotic,
neuromuscular clubfeet were excluded. As joint hyperlaxity
can be a protective factor against relapse in clubfeet and we
considered that it might influence the stiffness of tendons on
elastograms, we also decided to exclude patients who exhib-
ited any sign of hyperlaxity from the study.'”> Further, we
opted to exclude patients who had report any type of foot or
ankle pain in the three months prior to the evaluation as this
could have been correlated with tendinopathy, which might
influence stiffness measurements. None of the patients
included in this study practised performance sports, which
can also influence results as athletes can have stiffer tendons
than the general population.'® Ten patients who agreed to
participate were finally included in the study, six of whom
were treated using the Ponseti method and four of whom
were treated surgically using the PMR technique described
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by Turco, followed by immobilisation in a long leg plaster
cast for eight weeks.'*'> A percutaneous Achilles tendon
tenotomy was performed in all patients treated with the
Ponseti method after achieving correction of cavus, adductus
and varus deformities. Following correction, both groups of
patients were prescribed FAOs; patients treated using the
Ponseti method were instructed to wear them according to
the Ponseti protocol - 23 hours/day in the first three months
and 16 hours/day afterwards for the following three years.
After cast removal, surgically treated patients were pre-
scribed customised FAOs and instructed to wear them at
nighttime and naptimes for the following two years.

Imaging Acquisitions

Clubfeet and normal contralateral feet were assessed using
a Hitachi Noblus (Hitachi Aloka Medical Corporation,
Tokyo, Japan) ultrasound system with a 5- to 13-MHz linear
transducer in all patients. Imaging acquisition was per-
formed using the RTE function of the device by the same
examiner (D. V.), who has more than 10 years of experience
in both conventional ultrasound and RTE. The compression
force and subsequently induced deformation were within
limits as displayed on the screen indicator. Our study proto-
col included RTE examination of the following tendons:
tibialis anterior (TA), tibialis posterior (TP), peroneus longus
(PL), flexor hallucis longus (FHL) and Achilles tendon (AT).
The latter was assessed at three levels: the calcaneal inser-
tion (AT-CI), lengthened region (AT-L) and myotendinous
junction (AT-MT). To avoid uneven tendon tensioning with

different degrees of plantar flexion, all feet were examined
while remaining aligned with the calf and positioned in 30°
of plantar flexion, with the angle being measured using
a goniometer. The tibialis anterior (Figure 1), tibialis poster-
ior (Figure 2) and peroneus longus tendons were assessed
with the patient supine, while the Achilles tendon
(Figures 3-5) and the flexor hallucis longus tendon
(Figure 6) were evaluated with the patient prone having
the feet hanging off the table Except for the PL, all tendons
were assessed using the longitudinal section. Before per-
forming the sonoelastographic assessment, the ROI of each
tendon was identified by B-mode ultrasound. For each ten-
don, measurements were initially performed in clubfeet.
After calculating the distance of the evaluated ROI from
the adjacent bony landmarks, the ROI was evaluated at the
same level in the contralateral tendon.

The TA tendon was examined just above the extensor
retinaculum on the lateral side the distal third of the tibia,
the TP tendon was assessed at the level of the medial
malleolus, and the FHL tendon on the plantar aspect of
the foot, in the area where it becomes visible after traver-
sing between the two heads of the flexor hallucis brevis
muscle. The longitudinal sections of each of the 3 ROI of
the Achilles tendon were obtained with the patient prone.
The lengthened zone of the Achilles tendon was recogniz-
able by the relatively relative difference in homogeneity in
comparison to the rest of the tendon. In the case of the PL
tendon (Figure 7), it was not possible to obtain an ade-
section in the

longitudinal elastographical

quate

Figure | Sonoelastogram (left side) and B-mode ultrasound image (right side) of the TA tendon. B = subcutaneous area of fat taken into consideration for measuring the fat
strain, A = area of the tendon which was taken into consideration for measuring the tendon strain. In this study, the fat tendon ratio = B/A.
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Figure 2 Sonoelastogram (left side) and B-mode ultrasound image (right side) of the TP tendon.

Figure 3 Sonoelastogram (left side of the images) of the Achilles tendon insertion and corresponding B-mode ultrasound images (right side of the images) of the same area.
In this ROI, the Kager fat pad was employed for the calculation of fat strain and the SR. B = fat tissue taken into consideration for the calculation of fat strain, A = area of

tissue taken into consideration for the calculation of tendon strain.

retromalleolar fibular groove in two feet, so we obtained
transverse elastographical sections instead in all patients.

Semi-Quantitative and Qualitative Data
Analysis

To be able to compare the tendons in clubfeet and con-
tralateral feet, RTE images were assessed using quantita-
tive measurement of the strains produced in the examined
tendons and in the adipose tissue adjacent to them. The

measured differences of the strains were expressed as the
strain ratio (SR). SR values for each of the seven evaluated
tendinous regions were obtained by dividing the adipose
strain (B) by the tendon strain (A). In most patients, the
local anatomy allowed us to use the subcutaneous fat
strain to calculate the SR. At the level of the calcaneal
insertion of the Achilles tendon, however, we could not
achieve good-quality elastograms and measurements using
the subcutaneous fat strain in some patients, so we used
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Figure 4 Sonoelastogram (left side of the images) of the lengthened region of the AT and corresponding B-mode ultrasound images (right side of the images) of the same

area.

Figure 5 Sonoelastogram (left side of the images) of the musculotendinous junction of the AT Achilles tendon and corresponding B-mode ultrasound images (right side of

the images) of the same area.

the pre-Achilles fat pad strain to calculate the SR in all
patients instead. An increased strain value of a certain
tissue implies a softer structure, while a decreased strain
value is characteristic of a stiffer structure. A smaller value
of the SR means that the tendon is softer and more com-
pressible in relation to fat tissue, whereas a higher value of
SR means that the tendon is stiffer and less compressible
in relation to the fat tissue. Qualitative tendon assessments
were also possible as the ultrasound system allows colour
codification of stiffness. On elastograms, blue indicates

a stiff structure, red indicates a soft structure and green
indicates a structure of intermediate stiffness. We used
these parameters only as a guide to appreciate the quality
of elastograms during compression, prior to choosing the
semi-quantitative measurements.

Statistical Analysis

Statistical analysis was performed using the SPSS
Statistics for Windows, version 26.0 software program
(IBM Corporation, Armonk, NY, USA). Data were
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Figure 7 Sonoelastogram (left side of the images) and corresponding B-mode ultrasound images (right side of the images) of the PL tendon. In this ROI, transversal sections

were acquired in all patients.

checked for normality of distribution using the Shapiro—
Wilk test and were expressed with medians and interquar-
tile range (IQR). Comparisons between groups were per-
formed using the Mann—Whitney U-test. A p value of less
than 0.05 was considered to be statistically significant.

Results
Ten patients with unilateral clubfoot were finally included in
this study. The Ponseti group consisted of six patients who

were treated conservatively using the Ponseti method at
amean age of 2.66 = 1.63 months. The remaining four patients
with clubfeet, which was corrected surgically with PMR at
a mean age of 10.5 £ 1.91 months, formed the surgical group.
RTE analysis was conducted at a mean age of 154 + 22.71
months in the Ponseti group and 176 + 21 months in the
surgical group. The overall stiffness as reflected by the sum
of median SR values was greater in clubfeet (12.64) as com-
pared with in normal feet (9.56). Excluding the PL and FHL
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Table | SR Values for Each Tendon in Clubfeet and Contralateral

Normal Feet

Table 3 SR Values for Each Tendon in Clubfeet and Contralateral
Normal Feet of Patients Treated Surgically

Tendon Normal foot Clubfoot Statistical
(Median, IQR) (Median, IQR) | Significance

TA 1.86 (0.91-3.05) 2.06 (1.81-3.33) p =043

TP 0.7 (0.53-2.4) 1.95 (1.07-5) p=0.123
FHL 0.91 (0.75-1.42) 0.66 (0.52—1.04) p = 0.089
PL 2.59 (1.39-3.55) 2.28 (0.64-8.24) p=0.9I12
AT-Cl 0.72 (0.46-1.17) 1.5 (1.02-3.96) p = 0.023
AT-L 1.53 (0.57-3.2) 2.05 (1.31-3.09) p=0.315
AT-MT 1.25 (0.9-2,44) 2.14 (0.84-6.34) p = 0.481

Abbreviation: IQR, interquartile range.

tendons, the rest of the tendons were characterised by greater
global SR in relation to the corresponding tendons of normal
feet (Table 1). The difference was statistically significant only
for the Achilles tendon at the level of its calcaneal insertion
(p =0.023).

In comparison with normal contralateral feet, clubfeet
treated conservatively showed increased median SR values
in the TA, TP and PL tendons and AT tendon at all three
levels (Table 2). Lower median SR values were observed
in the FHL tendon. There was not any statistical signifi-
cance regarding the SR values of tendons between clubfeet
and normal feet in the Ponseti group.

Patients included in the surgical group also demon-
strated higher median SR values for the TA, TP and
Achilles tendon at the calcaneal insertion. The lengthened
zone and the myotendinous junction of the AT were softer
and presented lower median SR values in comparison with
normal feet (Table 3).

A comparative analysis of clubfeet according to the
type of treatment received revealed higher SR values for
TA, TP, FHL and PL tendons in conservatively treated

Table 2 SR Values for Each Tendon in Clubfeet and Contralateral
Normal Feet of Patients Treated Using the Ponseti Method

Tendon Normal Foot Surgically Statistical
(Median, IQR) Treated Significance
Clubfeet
(Median, IQR)

TA 1.54 (0.5-2.48) 1.76 (1.07-3,67) p=I
TP 0.6 (0.43-2.12) 1.95 (1.19-2,31) p = 0.343
FHL 1.1 (0.82-1.9) 0.62 (0.45-0.95) p=0.114
PL 1.84 (0.93-3.1) 1.56 (0.33-9.73) p=I
AT-Cl 0.86 (0.54-1.29) 2.76 (1.33-7.51) p = 0.057
AT-L 3.83 (1.24-7.45) 2.07 (1.62-6.84) p=
AT-MT 2.56 (1.07-3.51) 2.47 (0.86-33.15) p = 0.886

Abbreviation:

IQR, interquartile range.

Table 4 SR Values for Each Tendon in Clubfeet of Patients

Treated Surgically and Using the Ponseti Method

Tendon Surgically Ponseti Clubfeet Statistical
Treated (Median, IQR) Significance
Clubfeet
(Median, IQR)
TA 1.76 (1.07-3,67) 2.17 (1.96-3.48) p = 0352
TP 1.95 (1.19-2,31) 2.58 (0.86-10,15) p =0.762
FHL 0.62 (0.45-0.95) 0.7 (0.52-1,99) p =206l
PL 1.56 (0.33-9.73) 3.67 (1.22-56,69) p =206l
AT-CI 2.76 (1.33-7.51) 1.21 (0.63-2,57) p = 0.257
AT-L 2.07 (1.62-6.84) 1.77 (1.08-3.09) p = 0.476
AT-MT 2.47 (0.86-33.15) 1.85 (0.82-6,34) p =0.762

Tendon Normal Foot Ponseti Statistical
(Median, IQR) Clubfeet Significance
(Median, IQR)

TA 1.86 (1.03-4.6) 2.17 (1.96-3.48) p = 0.394
TP 0.74 (0.64-3.74) 2.58 (0.86—10,15) p=0310
FHL 0.86 (0.71-1.24) 0.7 (0.52-1,99) p = 0.485
PL 2.94 (1.8-52.27) 3.67 (1.22-56,69) p=I

AT-CI 0.65 (0.26-1.17) 1.21 (0.63-2,57) p =0.180
AT-L 0.9 (0.37-2.08) 1.77 (1.08-3.09) p=0.132
AT-MT 1.18 (0.79-1.55) 1.85 (0.82-6,34) p = 0.394

Abbreviation:

IQR, interquartile range.

Abbreviation: IQR, interquartile range.

clubfeet (Table 4). AT presented higher values in surgi-
cally treated clubfeet in all examined regions; however,
there was not any statistically significant difference in this
regard between the two groups.

Discussion

Congenital clubfoot is a complex three-dimensional mal-
formation and, besides its typical four deviations, stiffness
represents a characteristic constant finding. Taking into
consideration the typical rigid medial and plantar flexion
deviation of the foot and ankle, it is appropriate to con-
sider that the posteromedial soft tissues are stiffer than the
lateral and dorsal soft tissues. Depending on the severity,
these capsular, ligamentous and tendinous structures
become involved to various degrees and their stiffness
might differ from one clubfoot to another. Importantly,
described
research studies are not constantly present. Given the

the pathological modifications in various

clinical evolution of clubfeet and the characteristic
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increased tendency to recur until the age of four or five
years, the theory of retracting, probably genetically
induced, fibrosis of soft tissues and muscle-tendon units
formulated by Ippolito seems plausible.’

The effects on soft tissue elasticity following correc-
tion using the Ponseti method or surgical release should
also be considered. Employing serial manipulation and
immobilization sessions, the Ponseti method exploits the
viscoelastic properties of tendons, which makes them more
deformable at low strain rates but less deformable at high
strain rates.'® Thus, by producing a constant strain in the
tendons on the posteromedial aspect of the foot and ankle,
a deformation and lengthening process is gradually
induced. This effect is known as stress relaxation and
Kadhum et al consider that it is controlled by two events
taking place in the soft tissues: rearrangement of the ten-
don microstructure, characterized by a proteoglycan-con-
trolled process of reorganisation, and interfiber and
interfibrillar sliding of collagen, which also appears to
promote a kind of secondary subtle tissue growth, further
enhancing the stress relaxation.!” With surgical treatment,
represented in our case by PMR, the TP and Achilles
tendons were lengthened with a Z-plasty technique, and
the necessary posteromedial capsulotomies and ligamen-
tous releases were performed until correction was
obtained. Correction was maintained using a Kirschner
wire inserted through the talonavicular joint and removed
at six weeks postoperatively. All patients were immobi-
lised in a long leg plaster cast for eight weeks. It is
a known fact that, irrespective of the surgical technique
(eg, PMR, complete subtalar release), healing occurs
through a scarring process, resulting in fibrous tissue
encasing the posteromedial aspect of the foot and ankle.
Despite the good short-term results after surgery, recur-
rence and stiffness in the foot and ankle are more frequent
after surgical treatment as the resulting connective scar
tissue presents an increased tendency to retract.'®!?
Thus, there is a fundamental difference concerning the
structural effects of the two treatment methods. Surgical
treatment addresses the posteromedial contractures by
releasing or lengthening them, without any remodelling
effect on an ultrastructural level, probably without any
significant changes related to the retracting soft tissue
fibrosis. With skeletal growth, the surgically lengthened
tendons tend to become shortened, scarred and more
adherent to adjacent tissues, and an overlapping retractile
effect produced by the postsurgical connective tissue scar
formation might be added. From this point of view, we

would expect to find increased stiffness of the posterome-
dial tendons in surgically treated clubfeet in comparison
with among patients treated using the Ponseti method.

The results of our observational study showed that the
overall stiffness was increased in clubfeet relative to in
normal feet. When comparing the measurements between
different groups of the study population (ie, normal feet
vs clubfeet, surgically treated feet vs normal contralateral
feet, Ponseti-treated clubfeet vs normal contralateral feet,
surgically treated clubfeet vs Ponseti-treated clubfeet), the
differences between each tendon were significant, with
the exception of the calcaneal insertion of the Achilles
tendon, which was stiffer in clubfeet than in normal con-
tralateral feet. Multiple reasons may account for the lack
of statistically significant differences. First, the study
population was small. Therefore, even though p values
were greater than 0.05, we do not know whether differ-
ences exist or not.**?' Second, pathological anatomical
modifications in tendons are variable and inconstantly
described in the literature; thus, stiffness values might
be influenced by the severity of clubfeet at presentation.
Third, by the time of follow-up, it can be assumed that
initial treatment reduced either partially or completely the
stiffness of clubfeet. It has also been demonstrated that
a four-week static stretching programme reduces passive
stiffness of gastrocnemius muscle—tendon units, so bra-
cing can influence the final measurements.** In addition,
the contractility of ligaments and tendons that are primar-
ily involved might decrease in time so that, once a static
equilibrium is reached, it is probable that the deformity
will not recur.”* Lastly, as a response to physical activity,
human tendons suffer adaptive changes, such as increases
in collagen synthesis, which can asymmetrically increase
tendon stiffness, depending upon the dominance of the
limb.***°

In clubfeet, the peroneal tendons are stretched and
lengthened due to the initial deviation.?®*” With treatment,
as the foot is brought in the corrected position, they may
become laxer than in normal feet. Functionally, the pero-
neal muscles appear weaker initially and their strength
improves after correction in some patients.?® Poor activity
in the evertor muscles has been demonstrated in both
idiopathic and non-idiopathic clubfeet after conservative
or surgical treatment and was associated with recurrence
of the deformity.”®>° Although we have not recorded any
experimental data (there was no statistical statistically
significant difference in the peroneal tendons of clubfeet
in comparison with normal feet; overall, SR suggested
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slightly stiffer peroneal tendons existed in clubfeet) to
verify this theory, we consider that both muscle weakness
(which can reduce tension in the tendons) and an increased
tendon length may result in a softer aspect on the elasto-
grams. We found the overall SR of the peroneus longus to
be minimally reduced in clubfeet, but we do not have
a plausible explanation for its variation according to the
initial treatment: the PL tendon was stiffer in Ponseti-
treated clubfeet in comparison with in surgically treated
clubfeet and normal contralateral feet, while surgically
treated clubfeet presented softer SR values as compared
with contralateral normal feet.

At the posteromedial aspect of the foot and ankle, the
tibialis posterior tendon has been considered one of the
most important anatomic elements involved in the clubfoot
deformity. Fried reported an important thickening of the
tendon, having a hard, fibrotic structure on the medial side
of the tarsus.’' Bensahel described the thickening of the
tendon and of its sheath, considering such to be the pri-
mary deforming force in clubfeet.>> A histological study
conducted by Ippolito also found increased connective
tissue in the muscle belly, thickening of its sheaths and
of the distal tendon.’
pathological structural modifications, it is logical to

Taking into consideration these

assume that the TP tendon would appear stiffer on elasto-
grams. In our study population, the TP tendon was stiffer
in clubfeet in comparison with in normal feet, irrespective
of the treatment method (Tables 1-3).

Reports of structural alterations in the tibialis anterior
tendon are scarce in the literature; more often, the tendon
is described as being displaced medially, thus changing its
acting direction. Nevertheless, Wicart et al describe the
TA tendon as being shortened, displaced medially and
having the consistency of a tense cord at the level of the
medial malleolus.*® Turco described an abnormal inser-
tion of the TA tendon, distal to the base of the first
metatarsal, in some patients with resistant clubfoot and
advocated its proximal reinsertion to decrease tension.'”
Forefoot adduction and dynamic supination are some of
the most frequent deformities of the foot after both surgi-
cal and conservative treatments and there is a consensus
that they are the result of an overactive tibialis anterior
tendon, whose pull is augmented in the presence of
weaker peroneal muscles.>® These particularities might
concur to produce a stiffer aspect on elastograms.
Similar to the TP tendon, the TA tendon was stiffer in
clubfeet in comparison with in normal feet, but the differ-
(Tables 1-3). Although not

ences were minimal

statistically significant, we cannot exclude that these dif-
ferences in stiffness may be related to the persistence of
stiffness in the TA and TP tendons in the long term.
Macroscopical and histological descriptions of pathologi-
cal modifications in the Achilles tendon have been well
described and are consistent across most reports. In club-
feet, the tendon is much thicker; has a wider, sometimes
more medial insertion in comparison to normal feet; and
may receive fibrous tissue bands from the posteromedial
ligaments in the ankle.>** Meanwhile, the triceps surae
muscle is shortened; fibrotic; and contains a variable
amount of intercellular connective tissue, which seems
to decrease with growth.” The fact that the tendon requires
surgical lengthening in most patients is also an argument
in favour of its increased stiffness. As indicated by the
overall SR value, the AT in clubfeet presented with
decreased elasticity; however, the difference was statisti-
cally significant only at the level of its calcaneal insertion:
this region was stiffer in both the surgical and Ponseti
groups in comparison with among normal contralateral
feet, but the differences in elasticity for each group were
not statistically significant. In the surgical group, the CI of
the Achilles tendon was stiffer in comparison to patients
treated with the Ponseti method, which could be linked to
the development of stiffer connective scar tissue that
forms after PMR secondary to posterior capsulotomy of
the ankle or surgical injury of the pre-Achilles fat pad or
AT paratenon.

Even though the lengthened area of the AT was gener-
ally stiffer in clubfeet in comparison to normal contralateral
feet, its characteristics were different depending upon treat-
ment. With respect to normal feet in each group, the AT-L
area was softer in surgically treated patients, while in
patients treated with the Ponseti method, it was stiffer.
Most elastographical studies have described that the normal
Achilles tendons have homogenous stiff patterns.*>>®
During the proliferative stage of healing, the scar tissue
contains more type III collagen instead of type I collagen
and the fibers are structurally disorganized.*® Several elas-
tographic studies have documented increased tendon stiff-
ness during healing in surgically repaired Achilles tendons,
which might be explained by the presence of fibrosis in the
tendon and surrounding tissues.**** Starting with the
reparative phase, the type and the total collagen content
change, and type I collagen fibers reorganize longitudinally,
increasing tendon strength and elasticity.*> Employing RTE,
Busilachi et al observed that after surgery, treated Achilles
tendons become progressively stiffer, with a tendency to
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reduce in 1 year, but without reaching “restitutio ad
integrum”.*? This finding could partly explain the increased
stiffness of the AT-L region in the Ponseti group. On the
other hand, Zhang et al examined ruptured Achilles tendons
treated with open surgery and demonstrated that functional
outcomes are positively correlated with elasticity, thus
lower elastic modulus values might predict poor mechanical
properties, functional outcomes, and healing of repaired
tendons.*” Taking into consideration this finding, poor heal-
ing of the AT-L region in surgically treated clubfeet might
be associated with a more disorganized structure and less
remodeling potential, which could be reflected by lower
elasticity modulus values. Interestingly, the overall SR in
the AT-MT region was increased in comparison to normal
feet, probably due to increased stiffness in clubfeet treated
with the Ponseti method, as the differences between surgi-
cally treated clubfeet and normal contralateral feet were
minimal. In this ROI, our initial assumption was that the
MT junction of Ponseti treated clubfeet would be softer in
comparison to the normal contralateral feet secondary to
lengthening of the muscle-tendon units in response to the
prolonged static stretch exerted by the FAO orthoses.*
Although the FHL tendon is initially tight, we found
that its retraction and stiffness after treatment is debatable.
The differences in stiffness were minimal in our study
group. McKay and Simons recommended performing
Z-plasty lengthening of both the FHL and the flexor digi-
torum longus (FDL) tendons, which are often found to be
under tension after completion of the release, thereby
causing clawing of the toes and possibly impeding

achievement of a ankle

44,45

satisfactory range of

dorsiflexion. This Z-plasty lengthening approach
results in more scarring, according to Atari, who proposed
performing fractional lengthening to avoid it.*® After con-
ducting anatomical dissection of idiopathic clubfeet of
aborted foetuses, Windisch et al found these tendons to
be shortened and taut only in grades III and IV clubfeet
classified using the Dimeglio score.”” However, Turco
considered that even if they were in tension at the time
of the surgical release, they will stretch eventually if the
foot is maintained in the corrected position after surgery,
so he avoided lengthening these tendons.*” None of the
surgically treated patients included in this study underwent
lengthening of the FHL tendon. Ponseti also considered
that maintaining the FHL and FDL stretched by prolong-
ing the plaster cast underneath the plantar aspect of the
toes was enough to correct their tightness.’

Our study has several limitations. The first limitation is
the small number of participants. Secondly, even though
the study groups were homogeneous, and all patients were
active, it is impossible to estimate exactly their level of
activity, which might influence the stiffness. Although it
would be impossible to tell which of the ligamentous,
capsular, tendinous or muscular contractures contributed
most significantly to the rigidity of clubfeet, the initial
severity at presentation was not recorded. The third limita-
tion is represented by the lack of correlation of elasto-
graphic findings with histological images. For instance, in
the case of surgically treated clubfeet, we think there is
a possibility of observing stiffer characteristics of the sub-
cutaneous fat secondary to resultant connective scar tissue
or to abnormal tensioning of the fat tissue by the adjacent
fibrous tissue. Finally, taking into consideration the fact
that the success of sonoelastography can depend on the
operator, only one examiner performed the examinations
even though we were all present during the evaluation of
patients and the elastographic sequence was examined
together.

Nevertheless, we consider there might be some useful
applications of sonoelastography in this particular pathol-
ogy and it is worth conducting future research in some
directions. While the Ponseti method constantly achieves
good correction rates and has been established as the
standard of treatment, the prevention of relapses can be
challenging and leaves room for improvements. Ponseti
considered them to be related to the retraction of the
posteromedial ligaments and musculotendinous units
determined by the initial persisting retracting fibrosis that
produced the initial deviation.” Sangiorgio et al estimated
that relapse probability is approximately 30%, 45% and
52% at the ages of two, four and six years, respectively.*®
After completion of the correction phase, bracing of the
clubfeet in FAOs is considered extremely important, and
this option is probably employed in most paediatric ortho-
paedics centres until children reach the age of four to five
years. When applied, these devices ensure continuous
stretching of the posteromedial soft tissue. Although
research is ongoing to improve these devices that do not
adapt perfectly to each patient’s feet, noncompliance with
the bracing protocol due to is a recognised problem that
can affect up to 32% to 61% of patients and which
increases the risk of relapse.*’ Skin lesions and acceptance
difficulties by the child manifesting as continuous crying
or sleeping problems at nighttime are associated with poor
adherence to bracing.’™' Besides bracing, other methods
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like physical therapy, dynamic outpatient taping, and neu-

romuscular electrical stimulation might be useful for

improving muscle balance and stretching the stiff poster-

omedial tissues.”>>* With respect to this idea, elastogra-

phical identification of differences in elasticity of stiff

ligaments, tendons and muscles can better direct the treat-

ment measures towards correcting the problems. The ideal

patient would have a unilateral clubfoot so elasticity in the

stiff structures could be compared with the normal foot but

taking into consideration that correction is usually

achieved before walking age and muscle—tendon elasticity

is probably minimally influenced by the child’s activity at

this age, a set of standard quantitative elasticity measure-

ments in the general population as a reference for bilateral

clubfoot involvement could be determined.

Conclusion
In conclusion, we observed a greater degree of stiffness in

tendons on the posteromedial aspect of treated clubfeet (TA,

TP and AT), but these differences were statistically signifi-

cant only at the calcaneal insertion of the Achilles tendon.

Nevertheless, they might be related to the pathological anat-

omy of clubfeet. It might be possible that stiffness of soft

tissues persists into adolescence even in case of corrected

clubfeet, but to which extent its presence affects the skeletal

development and relapse rates has not been elucidated. RTE

and SWE might have some applicability as methods of

evaluating clubfeet stiffness, but, as in other musculoskeletal

applications, further studies are necessary.
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