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Abstract

This paper presents the development of an innovative and cost-effective 3-D printed
Foot Abduction Orthosis (FAO) for the treatment of infant clubfoot, specifically address-
ing the challenges faced in resource-constrained regions such as Ethiopia. The Ponseti
technique of treating clubfoot, also known as congenital talipes equinovarus, necessi-
tates the use of FAOs, which are often prohibitively expensive in low-resource settings.

Our methodology involved selecting recycled PET for the FAO fabrication due to its
affordability and favorable material properties. We used SolidWorks, a dependable
Computer-Aided Design (CAD) programme, to create the brace with the objective of re-
ducing material consumption while maintaining both durability and precise dimensions.
The 3-D printing process was optimized for cost efficiency, with a detailed cost analysis
showing a production cost of approximately $5.254, which is expected to decrease with
economies of scale.

The results demonstrate that the 3-D printed FAO includes essential features such as
adjustable abduction angles, dorsiflexion capability, and adjustable foot width, enhanc-
ing both comfort and functionality. The brace design provides a significant static stretch
to prevent recurrence due to fibrosis and contracture.

Our discussion highlights the economic feasibility of the 3-D printed FAO compared
to commercial options, noting its potential for local manufacturing and customization.
This approach addresses the economic and logistical barriers to effective clubfoot treat-
ment in developing regions.

In conclusion, our study demonstrates that 3-D printing technology can create
low-cost, functional FAOs, matching commercial options at a fraction of the cost. This
technology holds promise for improving the accessibility and affordability of essential
medical devices, ultimately enhancing treatment outcomes for children with clubfoot in
resource-constrained settings. Future research will focus on testing these devices’ clini-
cal efficacy and outcomes.
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Introduction

Globally, around 1-2 out of every 1000 newborns are af-
fected with clubfoot, also known as congenital talipes equin-
ovarus [1]. Characterized by a fixed position of cavus, forefoot
adduction, and calcaneal equinovarus, clubfoot can be either
idiopathic or linked to various syndromes and diseases [2]. In
developed countries, prenatal ultrasonography and newborn
screening facilitate early detection and prompt intervention [3].

Current treatment methods: The Ponseti method, involving
sequential manipulation, casting, Achilles tenotomy, and brac-
ing, is widely recognized as the most effective treatment for id-
iopathic clubfoot [4,5]. This method requires the use of a Foot
Abduction Orthosis (FAO), commonly known as a “boots and
bar” brace, to be worn continuously for the first three months
and subsequently during naps and nighttime until the child
reaches four years old [6].

Challenges in developing regions: In developing regions
such as Ethiopia, managing clubfoot presents significant chal-
lenges. The incidence in some areas of East Africa is up to 8 per
1000 births, double that of affluent countries [7]. High costs and
limited access to treatment often result in permanent disabili-
ties if untreated [8]. While FAO braces are relatively affordable
in developed countries, their costs can be prohibitive in low-
resource settings, ranging from $60 in Africa to $200 in Latin
America [9,10]. Ethiopia faces significant challenges in terms of
the availability and affordability of effective treatment options
[11].

Innovative 3-D printing solutions: Recent advancements in
3-D printing technology offer promising solutions to these dis-
parities. Open-source 3-D printers have significantly reduced

production costs, making manufacturing more accessible [12].
These printers, which cost a few hundred dollars, can produce
most of their components and have been used to create es-
sential items in disaster relief situations [13]. The ability of 3-D
printing to produce medical and scientific equipment at a lower
cost makes it a viable option for creating affordable FAO braces
in resource-limited areas [14]. With the hope of giving patients
in Ethiopia and other underdeveloped areas a more affordable
and easily accessible alternative, this research investigates the
potential of 3D printing clubfoot braces. By leveraging distribut-
ed manufacturing, we aim to improve access to essential medi-
cal equipment, thereby enhancing the effectiveness of treat-
ment for children with clubfoot in resource-constrained areas.

Materials and methods

Material selection: Recycled PET from bottles was chosen
for the FAO fabrication due to its affordability and desirable
properties, such as high strength, modulus, and stiffness. Addi-
tives in the PET manufacturing process also provide UV blocking
and oxidation scavenging, enhancing the material’s durability
and reliability. With a melting point of around 250-260 degrees
Celsius, it is practical for 3-D printing and improves robustness
in daily use.

Design and development: A trustworthy and powerful CAD
programme, SolidWorks was used to create the clubfoot brace.
While keeping strength and dimensional correctness in mind,
the design minimised material use and overhangs. Key design
features included adjustable abduction angles, dorsiflexion
capability, and width adjustments between the feet, ensuring
comfort and proper positioning as the child grows. This was
supported by a literature review represented in Table 1 below.

Table 1: Design criteria for fabrication of an FAO derived from literature review.

Design criteria Description References
3 . A For feet that are afflicted, the ideal foot pad or boot rotation is 60-90 degrees, whereas for feet that are
Adjustability of Abduction Angle R [3,15]
unaffected, it should be 20-45 degrees.
Dorsiflexion Capability The brace should allow dorsiflexion of the feet to an angle between 0-20 degrees. [3,15]
) ) The brace should enable adjustment so that the heels are positioned at a distance equal to the width of the
Adjustable Foot Width X i [3,15]
infant’s shoulders.
Maintaining the required outward correction angle should be possible with independent movement of each
Independent Foot Movement [16]
foot.
Removable Footpads The footpads should be detachable for easy application and big enough to suit children's shoes. [3,15]

Table 2: Criteria for cost calculations [17].

Equation Description Formula Variables
. Aggregate expenditure for man- C: Overall expense ($), CE: Power cost ($), Cc: Consumption cost of filament in dollars, CL:
Equation 1 R C=CE+Cc+CL+Ch K X .
ufacturing the brace Wage expense ($), Ch: Price of non-printed hardware machined parts ($)
Equation 2 | Electricity expenses CE=ECu E: Total energy usage (kWh), Cu: Unit energy cost ($/kWh)
. . Pp: kW average power usage during printing; t: print time in hours; Ew: kWh energy con-
Equation 3 | Aggregate energy consumption E=Ppt+Ew . . .
sumption for printer warming
Equation 4 | Filament consumption cost Cc =mp Cf mp: Kilogrammes of filament utilised in the print, Cf: Cost per kilogramme of filament
Equation 5 | Cost of labor CL=wt Time of print (hr) and hourly compensation ($/hr)
Cost of non-printed hardware Ch Ch: Price of non-printed hardware machined parts (S)

3-D printing process: The brace components were fabricated
utilizing PrusaSlicer 2.7.4 software, a standard choice for creal-
ity Ender 3 v2 and Prusa Mk3 13 3D printers. The printing pro-
cess adhered to precise parameters: a 0.2 mm layer height, 1

mm shell thickness, 50% gyroid infill density, a print speed of
40 mm/s, and a bed temperature of 80°C. Notably, the print
temperature was adjusted to a higher setting of 260°C to ac-
commodate the material and optimize print quality.
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Cost analysis: A detailed cost analysis was conducted, con-
sidering labor, filament, and electricity costs. The total produc-
tion cost of the brace was calculated using modified method-
ologies from Laplume et al. (Equations 1-5), Table 2.

Results and discussions

Biomechanics and functional design: The final design of
the clubfoot brace included 13 printed components, with their
masses, printing times, and estimated material costs detailed
in the results and discussion section Tables 4,5. The pictures of
the CAD designs are presented in Figure 1, whilst those of the
3D printed FAO are depicted in Figures 2 and 3. The non-printed
components were individually itemised, as seen in Table 3. The
brace’s total material cost amounted to around $1.247.

Figure 1: CAD images of the FAO design.
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Figure 2: Components used in assembly.

The brace design incorporated customisable breadth, dor-
siflexion angles, and autonomous footpad motion, therefore
improving comfort and guaranteeing a suitable fit as the infant
develops. The design ensured that the feet were positioned at a
70° angle of hip abduction and a 15° angle of dorsiflexion. This
positioning created a static strain on the ligaments located on
the back and inner side of the hindfoot. Adherence to wearing
the brace is essential in order to avoid the reoccurrence caused
by the development of fibrosis and contracture in these tissues
[18].

Economic feasibility: The cost analysis compared the 3-D
printed brace with other existing FAOs, highlighting its afford-
ability and potential for local customization (Table 6). The open-
source 3-D printed orthosis matches the features of commercial
options at a significantly reduced cost.

Back view

Bottom view

Top view

Figure 3: Fully assembled device.

Table 3: Bill of quantities for non-printed hardware.

Component Quantity Cost
#8-32 1" bolt, medium carbon alloy steel 2 $0.18
#8-32 1.25" bolt, medium carbon alloy steel 1 $0.22
#8-32 0.75" bolt, medium carbon alloy steel 3 $0.17
#8-32 hex nut, 18-8 medium carbon alloy steel 6 $0.05
Total Cost $0.62
Table 4: Bill of quantities for 3D printed hardware.
Component Quantity | Print Time (hrs:min)  Mass (gm) = Cost
Knob (Flat) 5 0:08 5
Knob (Raised) 1 0:08 4.5
Closing Bracket 1 0:09 5
Angle Bracket 2 1:00 27
Bottom Slider 1 1:12 50
Top Slider 1 1:13 50
Foot Pad 2 2:10 63

Total 13 9:42 314.5 $0.63

Table 5: Cost estimation values adapted from [19].

Variable Lower = Upper

Fixed Inputs Value . 'pp'
Inputs limit limit

The total mass of the 0.315 | Costs per unit $0/kWh $0.006
PET filament consumed kg of energy /kWh
The calculated amount
of power consumed by SoW Cost per unit $0/k $1/k
the printer during the of filament, C, g g
print.
The total energy re-

. $0.00/ .
quired to warm the 3D 2 Wh Wages, w shift $4/shift
printer bed to 80°C, E |
Total ti ired t

ota : me required to 9.75h
3D print, t
Cost of additional hardware, C,
$0.62

Comparison with existing FAOs: The fabricated FAO was
compared to existing 3D printed brace as described by [19].
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Table 6: Comparative analysis of 3D printed fao with market offerings.

FAO Type 3-D Printed Brace Ponseti AFO [20] Steenbeek [21] Miraclefeet [22]

$5.254 with realistic labor, elec-
Cost . .

tric, and PET material costs.

Expected to range between $20

Selling Price P g s ~$370 >$300 $50
and $30
A modified Ponseti FAO
An affordable brace made using | The typical clubfoot commercial or- . An affordable orthotic designed
L . i that permits somewhat . .

Description open-source hardware and | thotic consists of two boots connected specifically for use in poor na-

intended for 3-D printing.

by a lateral bar that may be adjusted.

autonomous foot mobil- .
tions by the Stanford team.

ity.
Indeed, using diffused 3-D Yes, with regional resources and
Locally Manufactured e No No
printing craftspeople.
Indeed, that may be
Adjustable Abduction . Y
Angl Yes Yes Yes accomplished by manually
ngle
& modifying the shape of the bar.
Dorsiflexion Capability Yes Yes Yes Yes
Adjustable Foot Width Yes Yes Yes No
Independent Foot
Yes No Yes No
Movement
Removable Footpads Yes Yes Yes No

In Ethiopia and similar regions, the 3-D printed FAO presents
a viable and cost-effective solution for treating clubfoot. Its low
production cost, local manufacturing capability, and functional
advantages make it an ideal choice for overcoming the econom-
ic and logistical barriers that hinder access to effective clubfoot
treatment. By leveraging 3-D printing technology, healthcare
providers can enhance the availability and affordability of es-
sential medical devices, ultimately improving treatment out-
comes for children with clubfoot in resource-constrained set-
tings.

Conclusion

The study demonstrates that 3-D printing technology can be
utilized to create a low-cost Foot Abduction Orthosis (FAO) for
children with clubfoot. The 3-D printed orthosis matches the
physical features of commercial options but at a significantly
lower cost and allows for enhanced local customization. Fur-
ther investigation is required to evaluate the effectiveness and
results of these devices in clinical environments. With the con-
tinuous progress of 3-D printing technology and the increasing
availability of materials, it presents a hopeful and economically
efficient option for supplying FAOs and other orthotic devices in
underdeveloped areas.
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