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The value of computer modeling in the treatment of congenital clubfoot

Introduction
Congenital club foot is a relatively common pathology in the every-day clinical practice. Diagnosis is relatively easy, but it must happen as soon as possible – intrauterine if possible. Treatment is difficult and the results are often unsatisfactory. Because the human foot anatomy and biomechanics are very specific, experimental studies are difficult or inhumane, it is these cases that we able to use computer modelling.
Current state of knowledge
Congenital club foot can be defined by the varus position of the foot, equinus and adduction of forefoot compared to the hindfoot, present from birth with an estimated incidence as high as 1: 1000. Approximately 80% of cases are idiopathic – isolated malformation without knowing the cause. Classification methods are many in numbers, however the most commonly used is the Dimeglio score; other scoring systems include the Pirani score and the Clubfoot Assesment Protocol (CAP). Diagnosis accomplished in the intrauterine period using echography. After birth the clinical examination reveals the malformation, thus radiography, CT or MRI are rarely needed. Cases of clubfoot must be differentiated from metatarsus adductus, positional or secondary clubfoot. Treatment is of two kinds: conservative or surgical. Three types of conservative treatment can be differentiated: orthopedic (ex. Ponseti, Kite), functional-kinetic (eg. French method) and mixed (Robert-Jones). Currently the Ponseti method is most often used. Surgery may also be of three types: methods aimed at the soft tissues (ex. Turco V., Codivilla), methods aimed at bones and joints and mixed. We may also successfully use the Ilizarov external fixator in some cases. Treatment of relapses is the Ponseti method by choice; if this is not possible, then we shall choose surgery.
Advanced numerical computer analysis in medical research has been used only in recent years; beforehand it was only used in engineering. Today, with the advancements achieved in computing techniques, computer analysis can be of use in case of medical – orthopaedic – research. The most help in orthopaedic research comes in the form of finite element analysis. 
Personal contributions
Stage I: Mid-term evaluation of the results obtained by the treatment of congenital club foot patients in the Pediatric Surgery and Orthopedics Clinic of Targu Mures.
	Retrospective clinical trial performed in the above mentioned institution includes all patients with this diagnosis, treated between 2001 and 2010. Of the 153 patients, a total of 128 cases required hospitalization, 11 patients were operated and three patients required reoperation. In 36 cases we observed relapse, which were also surgically corrected. The main conclusions were that conservative treatment required change and the introduction of a quantifying system.
Stage II: Conservative treatment of idiopathic congenital club foot: Kite method vs. Ponseti method.
	Prospective comparative clinical trial, with the introduction of the Ponseti method and comparison with the Kite method, conducted between 2007 - 2013 at the Pediatric Surgery and Orthopedics Clinic of Targu Mures; comprising a total of 235 feet and proves the superiority of the Ponseti method.
Stage III: Congenital clubfoot in older children (> 1,5 years of age): treatment and evaluation of 41 feet using the Dimeglio score.
	Prospective clinical trial, targeting a particular group of children: those over 1.5 years of age at the initiation of treatment (i.e neglected cases), conducted during 2009-2012 in Pediatric Surgery and Orthopedics Clinic of Targu Mures; comprising a total of 31 patients (41 feet). The study shows that the well chosen orthopedic or surgical techniques can result in total healing, but these results always remain inferior to those cases where treatment is initiated within the first week of life. 
Stage IV – Value of computer modeling in the treatment of congenital clubfoot – Finite element analysis.
	Experimental study where the DICOM files from the patients 2D CT / MRI examinations were imported. Using the 3D Studio Max software a 3D image was built, which was imported into the Abaqus software, reconfigured and defined. This software built and defined the finite element model, including ligaments. Gait on pathological foot, surgical correction, plaster correction and gait on corrected foot was modeled. The model calculated needed corrections as well.
General conclusions
The Dimeglio measurement / classification system proved to be very useful as a method of objective quantification, categorizing and tracking of cases. The Ponseti method proves to be a good tool in the hands of an experienced clinician in the treatment of congenital club foot. The results are superior to other methods used, for example the Kite method. The Ponseti method is also helpful in neglected cases or relapses. The recommended surgical technique is in favor of the use of on soft tissue operations versus those targeting bones. Also surgical methods should be our last choice, used only in case of failure of the Ponseti method.
[bookmark: _GoBack]The advantage of finite element analysis in medical research is obvious, for many years it is used, for example, in the design and testing of bridges or structural engineering. The best example would be the Crash-test of automobiles that can be accomplished using finite element modeling and thus 1000 tests can be conducted without the need for 1.000 cars. Finite elements are used in medical research only in the last decade, but their role is well defined with the advantages mentioned above. In medicine where we cannot do experiments on people, shaping a digital human model allows us to accomplish any experiment we see fit. Finite element modeling in research of clubfoot has not been used so far. The design may be used for the development of new methods of treatment. Finite element modeling in the treatment of congenital club foot, being customizable, has great benefits: we can simulate our treatment or the desired surgical technique and in turn it can give us a quite accurate final look. 
Originality of the present thesis
Fully computerized leg-foot model using finite element modeling developed. Individualized method to perform finite element computer model of the foot, lower leg or club foot developed. Possibility to use patterns for simulation of surgical procedures, eg Achilles tendon lengthening , percutaneous tenotomy of the Achilles tendon, orthopedic correction and/or any other procedures regarding the leg and foot.
