Study Protocol
THREE DIMENSIONAL (3D) ASSESMENT OF CLUBFOOT

Abstract

Background: The congenital talipes equinovarus (CTEV) or clubfoot is one of the most common and
complex congenital deformities and is a completely reversible condition with timely and appropriate
treatment. The aim of this study is to perform three dimensional assessments for clubfoot to evaluate
the initial severity of the clubfoot and to monitor the structural changes in clubfoot after each casting
intervention.

Methods: A Comparative Experimental Prospective Study conducted from october 2019 to october
2021 for a period of 2 year in the Department of Orthopaedics, INMC & AVBRH. With institutional
ethics committee approval, children with unilateral clubfoot are recruited consecutively by convenient
sampling till the sample size is reached. The 3D scanning using Kinect 3D scanner is performed
weekly before each casting. Pirani Score and 3D assessment at different time periods are considered
as primary outcome variables.

Results: In this study we will get to know the severity of club foot after each casting interval and the
structural changes can the evaluated in foot of patient to quantify the extent of disease and the
improvement after treatment protocol

Conclusion: Our study primarily tries to evaluate clubfoot by using 3D scanner and get the
quantification of the disease

Keywords: Congenital talipes equinovarus, CTEV, clubfoot, Pirani score, Kinect 3D scanner, cross
section angle.

INTRODUCTION:

One of the most frequent and difficult congenital malformations is congenital talipes equinovarus
(CTEV), sometimes known as clubfoot. Idiopathic clubfoot is predicted to affect 1 to 2 out of every
1,000 live births." Ankle equinus, hindfoot varus, forefoot adductus, and midfoot cavus are the four
components of the deformity. 2 Although clubfoot is frequently mistaken for an equinovarus
deformity, other deformities such as calcaneovalgus, equinovalgus, and calcaneovarus can also be
involved. ® There are two types of equinovarus deformities: congenital and acquired. Equinus, varus,
adductus, and cavus are all characteristics of a real clubfoot. The equinus deformity affects the ankle,
talocalcaneonavicular (TCN), and forefoot joints. The hind foot is rotated inwards in the varus
component, which occurs largely at the TCN joint. Except for the talus, the entire tarsus is turned
inward in relation to the lower leg. The medial edge of the forefoot faces upward because it follows
the hind foot. The talonavicular and anterior subtalar joints are involved in the adductus deformity.
The forefoot plantar flexion component of the cavus contributes to the composite equinus.* The goal
of any therapy to correct CTEV is to at least minimize the all aspects involved in causing the clubfoot
deformity, if not completely remove, such that the treatment results in a functional, pain-free foot that
is norsmal—looking plantigrade with mobility and free of calluses and be able to be accommodated in a
shoe.

Clubfoot is the fifth most common congenital birth abnormality and the most frequent in the
musculoskeletal system, affecting around 150.000 babies worldwide each year.® ” ® Epidemiological
studies published in the previous 55 years suggest a birth prevalence of 0.5 to 2.0 cases per 1000 live



births, resulting in 7-43 clubfoot cases per million per year, depending on the birth rate.® Clubfoot is
expected to affect 1.2 out of every 1000 live births in India.’

Treatment usually consists of foot manipulation, serial casting, bracing, and, on rare occasions,
Achilles tenotomies and surgery; nevertheless, surgical methods were more popular in the past. *° It's
critical to be able to explain the treatment and likely outcome to the parents of a CTEV infant.
Because the condition's clinical course and severity are unpredictable, it's impossible to determine the
severity at first presentation or compare treatment outcomes. To overcome this issue, a variety of
classification schemes have been developed.™ The most widely used clinical grading systems are
Harrold and Walker'?, Catterall’®*, Diméglio et al**, and the Pirani scoring system™ . However,
because ttl16ere is no direct evaluation of anatomical links, clinical assessment remains subjective and
incorrect.

Imaging modalities provide objective details of the severities of CTEV but there are some
disadvantages with them. Radiographs can be used to confirm a clinical diagnosis and rule out
associated abnormalities, but they have some limitations like inability to see cartilaginous tarsal
bones, delayed appearance and eccentric location of ossification centres resulting in inaccurate
angular measurements on radiographs, and the dangers of radiation exposure.!” The pliability of
distinct compartments of the clubfoot and their correctability on manipulation can be determined
using sonography.** With no threat of radiation exposure, sonography can be used repeatedly to
monitor treatment response. Any erroneous corrections or non-responding feet can be detected early
and treated surgically.™ but ultrasound is limited by intra observer and inter-observer variability.*
The CT procedure emits radioactive waves, which may have adverse effects on humans. %
Volumetric magnetic resonance imaging revealed variations in the volume and length of three muscle
compartments in the lower limb with a clubfoot deformity (anterior, lateral, and postero-medial
muscular compartments). ** In patients with clubfoot, a noninvasive noncontrast-enhanced 3-D MRA
and MRI can be used to identify soft tissue and vascular irregularities. ? MRI and CT are expensive
procedures to be repeatedly undertaken to assess the progress of casting and infants require sedation
to make them calm or relax during the MRI procedures. Commercially available 3D scanners are
being used to evaluate the structure and shapes of the normal foot in foot orthosis industry and shoe
industry. The length and width of the foot, the width of the heel, the height of the lateral malleolus,
the circumference of the foot, the arch height index, and the height of the lateral malleolus are all
taken into account.?® #* Burhan et al reported that the Kinect® XBOX 360 gaming sensor is capable of
producing 3D reconstructed geometry in designing orthotic with good functionality. > Only one
study investigated changes in clubfoot structure and thermo-physiological functioning status during
each casting step of clubfoot treatments using a Kinect 3D scanner and an infrared camera. ® The
purpose of this study is to employ a Kinect 3D scanner to do a three-dimensional assessment of
clubfoot in order to establish the severity of the problem at the outset and to track structural changes
in the clubfoot after each casting intervention.

Need of the study

Clubfoot, also known as Congenital Talipes Equinovarus (CTEV), is a complex, congenital deformity
of the foot with inward and downward rotation of the foot. It is one of the most common pediatric
foot deformity that is completely treatable with early intervention. The first mode of treatment is a
non-surgical one with casting of the foot periodically, monitoring the progress. It is necessary to
ascertain the severity of the deformities associated with clubfoot for appropriate treatment.
Radiographs of the foot are ineffective during the first few months after birth because many of the
tarsal bones have not yet begun to ossify. As CTEV is a three-dimensional deformity, it benefits to
have 3D images of the foot. Kinect 3D scanner is a cost-effective means for monitoring clubfoot
deformity, which can be used even at remote places where appropriate radiographic equipment is not
available. There is also no hazard of radiation to the newborn. There are no studies except for one in



this context. The current study is carried out to validate the efficacy of Kinect 3D scanner in
measuring clubfoot deformity by correlating it with Pirani scoring system.

AIM

To perform and develop three dimensional assessment method for clubfoot.

Objectives:
1) we will measure the severity of clubfoot
2) To evaluate the three dimensional changes in clubfoot after every casting

Methodology:

A combined total of 30 feet in clubfoot patients having age less than 2 years old coming to the out
patients department of AVBRH would be taken in this study. So that the parents should take wise
decision about there child , an invitation letter from the department of orthopaedic would be given. An
enrollement form would be filled by the parents in local language. In short they will be explained
about the complications of participating in the study . If the parents are ready to take part consents
will be taken and basic details will be collected

The child will be held in whichever position the child in comfortable. The 3D Kinect camera will be
taken to click 3 dimensional images of the foot starting from medial malleolus to lateral malleolus or
vice versa and the collected images will be then taken for analysis

Inclusion criteria:
(a) congenital club foot without cause
(b) both male and female
(c) bilateral clubfoot

(d) less than two years clubfoot without treatment

Exclusion criteria:
a) already treated clubfoot
(b) clubfoot in association with other disorders

(c) children more than 2 years of age

Sample size:



After the approval from the institutional ethics committee, the study will be conducted on 30
clubfeet who are less than 2 years old visiting the out-patient’s department of AVBRH would be
recruited.

Expected Outcomes/Results:

In this study we will get to know the severity of club foot after each casting interval and the structural
changes can the evaluated in foot of patient to quantify the extent of disease and the improvement
after treatment protocol

Discussion: Clubfoot treatment can be challenging at times so we need a set device or treatment
protocol which can be followed. Our study aims at using 3D scanner to assess the severity of this
disease without any trouble to the child which can be experienced in several imaging studies(14). Our
treatment and diagnostic tool can be used as a ideal way to treat this deformity in children

COMPETING INTERESTS DISCLAIMER:

Authors have declared that no competing interests exist. The products used for this research
are commonly and predominantly use products in our area of research and country. There is
absolutely no conflict of interest between the authors and producers of the products because
we do not intend to use these products as an avenue for any litigation but for the
advancement of knowledge. Also, the research was not funded by the producing company
rather it was funded by personal efforts of the authors.

References:

1. Arif M, Inam M, Sattar A, Shabir M. Usefulness of Ponseti technique in management of
congenital telipes equino-varus. J Pak Orthop Assoc. 2011;23:62—4.

2. Ponseti I. Clubfoot management. 2000 [cited 2021 Jun 14]; Available from:
https://journals.lww.com/pedorthopaedics/Fulltext/2000/11000/Clubfoot_Management.1.aspx

3. B VT-J of PO, 1994 undefined. Present management of idiopathic clubfoot. journals.lww.com
[Internet]. [cited 2021 Jun 14]; Available from: https://journals.lww.com/jpo-
b/Abstract/1994/03020/Present_Management_of Idiopathic_Clubfoot.5.aspx

4. Anand A, Sala DA. Clubfoot: Etiology and treatment. Indian J Orthop [Internet]. 2008 Jan 1
[cited 2021 Jun 14];42(1):22-8. Available from: /pmc/articles/PMC2759597/

5. orthopedics KI-J of pediatric, 1992 undefined. Conservative treatment of idiopathic clubfoot.
europepmc.org [Internet]. [cited 2021 Jun 14]; Available from:
https://europepmec.org/article/med/1552025

6. Palma M, Cook T, Segura J, ... AP-TI orthopaedic, 2013 undefined. Descriptive
epidemiology of clubfoot in Peru: a clinic-based study. nchi.nlm.nih.gov [Internet]. [cited 2021
Jun 14]; Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3748874/

7. Cardy AH, Barker S, Chesney D, Sharp L, Maffulli N, Miedzybrodzka Z. Pedigree analysis
and epidemiological features of idiopathic congenital talipes equinovarus in the United
Kingdom: A case-control study. BMC Musculoskelet Disord. 2007;8.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Werler MM, Yazdy MM, Mitchell AA, Meyer RE, Druschel CM, Anderka M, et al.
Descriptive epidemiology of idiopathic clubfoot. Am J Med Genet Part A. 2013
Jul;161(7):1569-78.

Smythe T, Kuper H, Macleod D, Foster A, Lavy C. Birth prevalence of congenital talipes

equinovarus in low-and middle-income countries: a systematic review and meta-analysis. Trop
Med Int Heal. 2017;22(3):269-85.

Miedzybrodzka Z. Congenital talipes equinovarus (clubfoot): A disorder of the foot but not the
hand [Internet]. Vol. 202, Journal of Anatomy. J Anat; 2003 [cited 2021 Jun 14]. p. 37-42.
Available from: https://pubmed.ncbi.nlm.nih.gov/12587918/

Wainwright AM, Auld T, Benson MK, Theologis TN. The classification of congenital talipes
equinovarus. J Bone Joint Surg Br. 2002 Sep;84-B(7):1020-4.

Harrold AJ, Walker CJ. Treatment and prognosis in congenital club foot. J Bone Jt Surg - Ser
B. 1983;65(1):8-11.

Catterall A. A method of assessment of the clubfoot deformity. Clinical Orthopaedics and
Related Research. 1991. p. 48-53.

Dimeglio A, Bensahel H, ... PS-... pediatric orthopedics, 1995 undefined. Classification of
clubfoot. europepmec.org [Internet]. [cited 2021 Jun 14]; Available from:
https://europepmc.org/article/med/7670979

Pirani S, Outerbridge HK, Sawatzky B, Stothers K... - Google Scholar [Internet]. [cited 2021
Jun 14]. Available from:
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pirani+S%2C+Quterbridge+HK
%2C+Sawatzky+B%2C+Stothers+K+%281999%29+A+reliable+method+of+clinically+evalu
ating+a+virgin+clubfoot+evaluation.+In%3A+Proceedings+of+the+21st+triennial+world+con
gress+of+the+Société+Internationale+de+Chirurgie+Orthopédique+et+de+Traumatologie+%2
8SICOT%29%2C+Sydney%2C+Australia%2C+April+2009&btnG=

Bajaj' V, Anshuman® R, Verma' N, ... MS-1J of, 2017 undefined. Correlation of Pirani Score
and Ultrasound in Assessing the Severity of Clubfoot in Neonates Treated by Ponseti Method
[Internet]. ijpoonline.com. 2017 [cited 2021 Jun 14]. Available from: www.ijpoonline.com

Bhargava S, Tandon A, Prakash M, Arora S, Bhatt S, Bhargava S. Radiography and
sonography of clubfoot: A comparative study. Indian J Orthop [Internet]. 2012 Mar [cited
2021 Jun 14];46(2):229-35. Available from: /pmc/articles/PMC3308667/

Desai S, Aroojis A, Mehta R. Ultrasound evaluation of clubfoot correction during Ponseti
treatment: A preliminary report. J Pediatr Orthop [Internet]. 2008 Jan [cited 2021 Jun
141;28(1):53-9. Available from: https://pubmed.ncbi.nlm.nih.gov/18157047/

Radiological Assessment of Idiopathic Club Foot Treated with Ponseti Technique. [cited 2021
Jun 14]; Available from: www.jcdr.net

Richards B, Orthopaedics MD-J of P, 2007 undefined. Magnetic resonance imaging of the
congenital clubfoot treated with the French functional (physical therapy) method.
journals.lww.com [Internet]. [cited 2021 Jun 15]; Available from:
https://journals.lww.com/pedorthopaedics/Fulltext/2007/03000/Current_Management_of_Idio
pathic_Clubfoot.18.aspx

Ippolito E, Dragoni M, Antonicoli M, Farsetti P, Simonetti G, Masala S. An MRI volumetric
study for leg muscles in congenital clubfoot. J Child Orthop. 2012 Oct 1;6(5):433-8.

Merrill LJ, Gurnett CA, Siegel M, Sonavane S, Dobbs MB. Vascular abnormalities correlate
with decreased soft tissue volumes in idiopathic clubfoot. Clin Orthop Relat Res [Internet].
2011 [cited 2021 Jun 15];469(5):1442-9. Available from: /pmc/articlessPMC3069258/



23.

24.

25.

26.

Ma X, Luximon A. 3D foot prediction method for low cost scanning. Int J Ind Ergon
[Internet]. 2014 [cited 2021 Jun 15]; Available from:
http://dx.doi.org/10.1016/j.ergon.2014.08.006

Dombroski CE, Balsdon MER, Froats A. The use of a low cost 3D scanning and printing tool
in the manufacture of custom-made foot orthoses: A preliminary study. BMC Res Notes
[Internet]. 2014 Jul 10 [cited 2021 Jun 15];7(1):1-4. Available from:
http://www.biomedcentral.com/1756-0500/7/443

Hafiz Burhan M, Hisyamudin Muhd Nor N, Yarwindran M, Ibrahim M, Fahrul Hassan M,
Azwir Azlan M, et al. Designing an Orthotic Insole by Using Kinect ® XBOX Gaming Sensor
Scanner and Computer Aided Engineering Software Related content Designing an Orthotic
Insole by Using Kinect ® XBOX Gaming Sensor Scanner and Computer Aided Engineering
Software. iopscience.iop.org [Internet]. [cited 2021 Jun 15]; Available from:
https://iopscience.iop.org/article/10.1088/1757-899X/226/1/012026/meta

Ganesan B, Luximon A, Al-Jumaily AA, Yip J, Gibbons PJ, Chivers A. Developing a three-
dimensional (3D) assessment method for clubfoot-A study protocol. Front Physiol [Internet].
2018 Jan 4 [cited 2021 Jun 15];8(JAN):1098. Available from: www.frontiersin.org



