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Summary 

Idiopathic pes equinovarus (clubfoot) is a congenital deformity of the foot and lower leg defined as a 

fixation of the foot in plantar flexion, adduction, supination and varus. The deformity does not affect 

only the foot position, which is usually investigated by radiography, CT, micro-CT, MRI or ultrasound 

but logically influence the whole gait biomechanics. It is supposed, that clubfoot belongs to a group of 

fibroproliferative disorders whose origin and multi-hierarchical effect remain unknown. It has been 

suggested that fibroblasts and growth factors may be involved. To gain a more global view, direct 

analysis of the protein composition of extracellular matrix, a proteomic approach was used. At present 

two principle methods are mostly used for the treatment of clubfoot: physiotherapy and the Ponseti 

method. The determination of the general biological and biomechanical parameters for various regions 

of the clubfoot can potentially help in the understanding of the mechanisms participating on this 

serious anomaly and thus contribute to the development of the more efficient therapeutic 

approach.  This review summarizes the present knowledge on the possible pathogenetic mechanisms 

participating in the development of the clubfoot and their possible relation to the new therapeutic 

approaches. 
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Introduction 

Idiopathic pes equinovarus (also referred to as clubfoot) is a congenital deformity of the foot and 

lower leg, defined as a fixation of the foot in plantar flexion, adduction, supination, and varus, with 

concomitant abnormalities present at birth. The incidence among Caucasians is around 1 per 1,000 live 

births, in Japan 0.56 per 1,000 and among natives of the South Pacific region nearly 7 per 1,000 live 



births. Data on the sex differences in the incidence of clubfoot are not concise. In general, we can find 

in the literature the ratio between boys and girls of 2:1, in our group of patients (Ošťádal et al. 2013) 

the male to female ratio was 3:1, Morcuende et al. (2004) indicated even the ratio of 4:1. Most clubfeet 

develop in otherwise normal children toward the middle of gravidity. Exceptionally, the first signs of 

this deformity can be observed on ultrasonography already by the end of the 16
th
 week of gravidity. 

The most severe deformities in a clubfoot occur in the hind part of the foot. The talus and calcaneus 

are generally deformed and in severe equinus, the calcaneus is in varus angulation and medially 

rotated, and the navicular is severely displaced medially and may be in contact with the medial 

malleolus. Pathogenetic mechanisms of the development of clubfeet are, unfortunately, not known. 

Many theories have been proposed to explain its etiology, including primary defect of the embryonic 

mesenchyme, induced by an unknown toxic effect before the seventh week of intrauterine 

development. Most cases of this malformation occur as an isolated birth defect and are considered 

idiopathic. 

This review summarizes the present knowledge on the possible pathogenetic mechanisms participating 

in the development of the clubfoot and their possible relation to the new therapeutic approaches, 

including our own experience (Ošťádal et al. 2013, 2015).  

 

Possible pathogenetic mechanisms 

The pathogenesis of clubfoot remains unclear (Ošťádal et al. 2015). Many theories have been 

proposed to explain its etiology, including vascular deficiencies in the talus (Irani and Sherman 1972), 

environmental factors, in utero poisoning (Dunn 1972,), abnormal muscle insertions (Bonnell and 

Cruess 1969), and genetic factors (Gurnett et al.2008). While it is becoming more obvious that 

clubfoot is multifactorial in origin, genetics clearly play a role, as indicated by the familial pattern of 

inheritance and a 32.5% concordance between monozygotic twins (Lochmiller et al. 1998).  Although 

the exact genetic mechanisms of clubfoot has yet to be elucidated, a multifactorial and, possibly, 

polygenic causation has been suggested. The search for possible “clubfoot susceptibility” genes is 



underway; two transcription factor genes, PITX1 and TBX4, have attracted attention. The PITX1-TBX4 

pathway is responsible for early limb development, with both playing a role in hind limb development 

but being minimally expressed in the forelimb, perhaps explaining why there is no equivalent of 

clubfoot in the upper limb (Gurnett et al. 2008). Recent studies assessed the functionality of potential 

regulatory variants, rs3801776/HOXA9, rs2025126/TPM2, rs2145925/TPM2, and rs4075583/TPM1, 

to be associated with clubfoot (Weymouth et al. 2011, Weymouth et al. in press). 

  

Classification methods and biomechanical indicators 

The initial classification of the deformity targets the bone positioning is conducted. by radiography 

(Pandey and Pandey 2003); the targeted bones are mainly os calcaneus and os talus.. According to 

Heywood (1964) the talo-calcaneal angle is often reduced in clubfoot compared to normal foot. 

Hosking and Scott´s (1982) biomechanical study on cadavers suggested much greater subtalar 

movement during dorsiflexion in clubfoot. In addition, this  talocalcaneal region contains the 

maximum contracted part of the fibrotic tissue; this tissue is similar to the intervertebral disc and 

therefore named "disc-like tissue" (Hersh 1967). Fukuhara (1994) studied this tissue using 

immunohistochemical staining and observed regular parallel collagen fibers in normal foot; on the 

other hand, a disrupted collagen pattern was revealed in clubfoot.  Foster and Davis (2007) used 

electron microscope to discover an increase in waviness and density of collagen fibers. Nowadays,  

modern methods such as micro-CT, CT, MRI and Doppler ultrasound (Cooke et al. 2008) tend  to 

study the tissue directly with in vivo potential. The results are either used  for 3D models, for instance 

for custom orthosis (Vijayaragavan et al. 2014), clubfoot surgical model (Windisch et al. 2007) or for 

comparison with foot pressure and gait biomechanical analysis at clubfoot (Herd et al. 2004). This 

combination of methods was able to  reveal some functional abnormalities even at corrected and well-

functioned clubfoot (Hee et al. 2001). 

 

 



Cell type  in clubfoot fibrous tissue 

The cells from the contracted “disc-like tissue” region express high levels of type III collagen 

(Fukuhara 1994, Gilbert 2001, Li 2001), however the consequent changes of morphology are 

unknown. Furthermore, cells from fibroproliferative disorders such as palmar fibromatosis and the 

contracted tissues in clubfoot express several growth factors including platelet-derived growth factor 

(PDGF) and the transforming growth factor beta (TGFβ). PDGF and TGFβ are well known inducers of 

tissue injury healing, but they also play role as factors involved in tissue fibrosis process. The 

blockade of PDGF and TGFβ led to decreased collagen expression, fibroblast proliferation and 

chemotaxis, which would alter the tissue properties (Li 2001). It has been suggested that the 

expression of these factors may not be the primary cause of contracture, but may instead be secondary 

to the activation of another signalling pathway, such as beta-catenin-mediated signalling, which may 

play a central role in regulating the contracture in clubfoot (Cheon 2004, Poon 2009).  

All of these studies support the hypothesis that fibroblast-like cells and growth factors are involved in 

the pathogenetic mechanisms which is responsible for the morphological and functional changes in 

clubfoot. However, there is no general agreement on the cell classification in the published papers; the 

cells in disc-like tissue might be connective tissue fibroblasts, fibrocytes of hematopoetic origin, with 

high cytokine production (Peng 2012), or myofibroblasts possessing fibroblast characteristics and 

expressing smooth muscle markers (Sano 1998, Poon 2009). 

 

The role of collagens and other extracellular matrix proteins 

We have observed during the surgery that the macroscopic structure of the connective tissue is 

different on the medial and lateral parts of the tarsus: the medial part is more rigid (Ošťádal et al. 

2015). This observation supports the hypothesis that connective tissue, particularly fibroblasts and 

growth factors are involved in the pathogenetic mechanisms responsible for the development of 

clubfoot. To obtain a more global understanding of the protein composition of the extracellular matrix, 

we performed the proteomic analysis of the connective tissue in patients with clubfoot. We 



hypothesized that identification of individual proteins may help to understand the mechanisms 

involved in this serious anomaly and, thus, contribute to the development of more efficacious 

therapeutic strategies (Ošťádal et al. 2015).  

Only one study tried to explore the etiology of idiopathic talipes equinovarus in all-trans retinoic acid 

(ATRA) induced clubfoot-like deformity in rat fetuses with two-dimensional gel electrophoresis and 

mass spectrometry. The results suggest that there are certain differently expressed proteins in ankle 

joint tissue, ankle joint bone and spinal cord of the ATRA-induced clubfoot-like deformity in rat 

fetuses, and X-linked inhibitor of apoptosis protein, troponin T type 1, and collagen type II alpha 1 

show a significant correlation with idiopathic talipes equinovarus (Li et al. 2007). 

Collagens represent a family of matrix molecules used by cells for structural integrity and function.  

The three α chains that form the triple helical part of the molecule are composed of repeating peptide 

triplets of glycine–X-Y. In this triplet, X is often proline and Y is frequently hydroxyproline.. From a 

total of 28 different collagen types described until now (Gordon and Hahn 2010), first five types are 

prevailing in human body. The major part of extracellular matrix in clubfoot is formed by collagen 

types I and III. Type I collagen is most abundant in skin, tendon, ligament, bone, cornea etc., where it 

comprises between 80% and 99% of the total collagen.  The proportion of type I collagen in a 

particular tissue can vary at different sites, during development and pathology. Type III collagen is a 

normal constituent of skin (10% - 20%) but it has been found in many other connective tissues.  It is 

present in variable amounts associated with type I collagen. Ratio of types I to III collagen changes 

significantly during ontogenetic development: in early fetal life type III collagen is more abundant 

than type I. Similarly, a preponderance of type III and later reversion in the III:I ratio towards normal 

has been observed in dermal wound repair (Nimni et al. 1983). In case of clubfeet biopsy of the 

capsule of the ankle joint, the number of hydroxylysine residues and the number of pyridinium 

crosslinks per collagen molecule were normal. This indicates normal processing of collagen molecules 

and normal alignment of collegen molecules within fibrils despite the variety of clubfeet, and even in 

scar tissue (Sluijs and Pruys 1999).   



It has been observed for the first time that extracellular matrix of clubfoot is composed also from 

collagens type V, VI and XII (Ošťádal et al. 2015). Type V collagen seems to be particularly abundant 

in vascular tissues, where it appears to be synthesized by smooth muscle cells. In differentiated 

cartilage, antibodies to type V collagen localize around the pericellular matrix within the chondrocyte 

lacunae (Gay et al. 1981, Chen et al. 2014). Microfibrillar collagen type VI is a unique member of the 

collagen family that is ubiquitously expressed throughout the extracellular matrix (Gordon and Hahn 

2010, Sabatelli et al. 2012a,b). Collagen VI is present in human connective tissues such as those of the 

joint capsule ligament, tendons, and skin. In fact, the major function proposed for collagen VI is an 

anchoring meshwork that connects collagen fibers to the surrounding matrix (Groulx et al. 2011).  

Type VI collagen has a crucial role in the function in muscle, since mutation causes Bethlem 

myopathy and Ulrich congenital muscular dystrophy (Lampe and Bushby 2005, Kim et al. 2012). 

Muscles lacking collagen VI are characterized by the presence of dilated sarcoplasmic reticulum and 

dysfunctional mitochondria (Grumati et al. 2011). Latent mitochondrial dysfunction is present both in 

muscle cells and in fibroblasts derived from muscles cultures of patients suffering from the above 

mentioned muscular dystrophies, suggesting the important role of mitochondria in the pathogenesis of 

these disorders (Sabatelli et al. 2012a). Collagen XII is a member of FACIT collagens (Fibril 

Associated Collagens with Interrupted Triple helices), it is overexpressed in permanent human and 

mouse corneal scars (Massoudi et al. 2012).  

The extracellular matrix in clubfoot is, except collagens, also composed at least of 13 proteins includes 

protein ABI3PB (capable binding collagen VI), small leucin-rich proteoglycan biglycan, leucin-rich 

proteoglycans asporin and prolargin, proteoglycan osteoglycin/mimecan, oxidative stress-sensitive 

proteoglycan fibromodulin, keratan sulfate proteoglycan lumican, membrane primary amine oxidase, 

large fibroblast proteoglycan versican, extracellular matrix glycoprotein tenascin-x exclusively 

expressed in fibroblasts, high-molecular weight glycoprotein fibronectin, TGFβ-inducible 

matricellular protein periostin, and TGFβ-induced protein IG-H3 (Ošťádal et al. 2015). Available 

information regarding the function of other proteins that were observed for the first time in the 

extracellular matrix in clubfoot (Tab.1) is, unfortunately, sparse. For instance, small leucine-rich 



proteoglycans, such as biglycan, are involved in collagen fibril assembly and its fragmentation is 

likely to be associated with collagen turnover during the pathogenesis of diseases that involve 

deregulated collagen matrix remodeling (Genovese et al. 2013).  

 

New therapeutic approach 

When untreated, children with clubfeet walk on the sides of their feet instead of the soles, resulting in 

infections, callus formation, arthritis and significant limitations in mobility and employment 

opportunities. The goal of treatment is to reduce or eliminate the deformities so that the patient has a 

functional, pain-free, plantigrade foot, with good mobility and without calluses, and does not need to 

wear modified shoes.  

At present two principle methods are mostly used for the treatment of clubfoot: physiotherapy and 

continuous motion without immobilization (Diméglio et al. 1996) and the Ponseti method, described 

more than 50 years ago (Ponseti and Smoley 1963). The essential principles of the original Ponseti 

method (serial manipulation, a specific technique of cast application and a possible percutaneous 

Achilles tenotomy) were recently summarized elsewhere (Dobbs et al. 2004, Ponseti et al. 2006). At 

our institution the following regimen is used (Dungl et al. 2014). Treatment starts as soon as possible 

after referral, preferably shortly after birth, and consists of gentle manipulation of the foot and the 

serial application of long leg plaster casts above the knee as described by Ponseti (2006). In all 

patients, the cavus is corrected first by supinating the forefoot and dorsiflexing the first metatarsal. 

Failure to supinate the forefoot as the first step ultimately leads to incomplete correction of the 

clubfoot. If residual equinus is observed after the abduction of the foot and the varus deformity of the 

heel has been corrected, a simple percutaneous tenotomy in the operating room with the patient under 

short general anesthesia is performed, which allows optimal analgesia for the infant. We use local 

anesthesia only in cases when general anesthesia is contraindicated for different medical reasons. After 

the tenotomy the additional cast is applied to prevent relapse of the deformity (Ošťádal et al. 2013).  



Three weeks later, an orthosis is applied to prevent relapse of the deformity.  The orthosis is worn full-

time (23 to 24 hrs a day) first three months nonstop, and 14 to 16 hrs for the next three years during 

the night and day sleeping. To help prevent a recurrent equinus contracture, we have introduced – in 

addition to the original Ponseti method – the exercise of patients with their parents (Ošťádal et al. 

2013). They are instructed about and given a handout on how to effectively perform range-of-motion 

exercises for the ankle when it is out of the brace.  These exercises have improved our ability to 

effectively maintain the ankle motion achieved at the time of the tenotomy. The orthosis is removed at 

the age of 3 to 6 years. The exercise continues until skeletal maturity is reached. If conservative 

treatment of the relapse is unsuccessful in this age group, we proceed to surgical treatment. In the 

relapsing patients older than 3 years, we prefer to use a surgical approach.  

We have observed significant difference between the evaluation of the short-term and long-term 

results of the Ponseti method in the treatment of idiopathic pes equinovarus (Ošťádal et al. 2013). The 

number of relapses during the last three years of the eight years treatment of our group of patients, 

indicated for surgical intervention, was markedly less (5%) as compared with patients where the 

treatment started 8-10 years ago (65%).  

Conservative management of intractable relapses by casting in patients older than three years is 

according to our experience very difficult because of maturation and decreased compliance of the 

fibrotic tissue (Ošťádal et al. 2013). Despite the knowledge of some rare complications (Dogan et al. 

2008), Achilles tenotomy should be taken as a more conservative method than trying to aggressively 

treat with casts (Iltar et al. 2010). We are convinced, therefore, that the complex treatment of this 

defect requires not only exact knowledge of the conservative approach but also the set of different 

surgical interventions.  

 

Conclusion 

Pathogeny of pes equinovarus is, unfortunately, still not clear. The determination of general proteomic 

parameters for various regions of the clubfoot may serve as a basis for future studies characterizing 



extracellular matrix proteomes to provide molecular insight into various disease states and potential 

therapeutic interventions. The subsequent analysis of the mechanisms that regulate extracellular matrix 

remodeling and formation of contracture will be important for understanding the biology of this 

pathological process and the implementation of  preventive or therapeutic strategies, like to use of 

enzymes for degradation of collagen VI in clubfoot. 
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Table 1 

 Protein Name  Detected peptides  Molecular Function  

 Collagen type I alpha-1 chain  104  Extracellular matrix structural constituent  

 Collagen type I alpha-2 chain  78  Extracellular matrix structural constituent  

 Collagen type III alpha-1 chain  51  Extracellular matrix structural constituent  

 Collagen type VI alpha-3 chain   39  Extracellular matrix structural constituent  

 Collagen type VI alpha-1 chain   19   Extracellular matrix structural constituent  

 Collagen type VI alpha-2 chain   17  Extracellular matrix structural constituent  

 Biglycan  10  Extracellular matrix structural constituent  

 Prolargin  9  Extracellular matrix structural constituent  

 Osteoglycin (Mimecan)  7  Extracellular matrix structural constituent  

 Fibromodulin  8  Extracellular matrix structural constituent  

 Transforming growth factor--

induced protein ig-h3 

 8  

Extracellular matrix structural constituent 

 

 Lumican  6  Extracellular matrix structural constituent  

 Collagen alpha-1(XII) chain  5  Cytoskeletal anchoring aktivity  

 Asporin  7  Growth factor aktivity  

 

Membrane primary amine 

oxidase  4  Extracellular matrix structural constituent  

 Versican  5  Receptor binding  

 Collagen alpha-1(V) chain  2  Extracellular matrix structural constituent  

 Tenascin  5  Extracellular matrix structural constituent  



 Fibronectin                                                                                           3                       Extracellular matrix structural constituent  

 Periostin  3  Cell adhesion molecule aktivity  

 

Table  1. 

  List of proteins detected by proteomic analysis.  Peptides = number of unique peptides detected in 

samples.   The molecular functions of proteins in biological processes were categorized according to 

the classification system used in the public database available at http://www.hprd.org. 
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