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ABSTRACT 

This research paper details the engineering design process undertaken to 
develop an affordable alternative to commercially available orthotic moon boots. The 
project conceptualisation was conducted using an approach that aligns the design with 
the key focus of cost-effectiveness and fundamental functionality. Therefore, non-
essential, cost-adding, and superfluous factors that are present in the existing 
production of orthotic moon boots were identified and omitted from this design. 
Stringent engineering design processes were used to redesign and optimise the 
materials and methods that are currently employed in the manufacturing of 
commercially available moon boots. The total cost of production of the redesigned 
moon boot amounted to R175.90, which was approximately 88% lower than 
commercial products. Therefore, this research proves to be extremely invaluable as it 
would widen accessibility to orthotics for various demographics. 
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INTRODUCTION 

Moon boots, also known as orthopaedic walker boots, are orthotic devices 
which are commonly prescribed to assist in the treatment and recovery of patients with 
a range of leg and foot injuries or diseases. Moon boots target use for the treatment 
of several injuries such as severe ankle sprains, and fractures of the leg and foot in 
the fibular, tarsal, metatarsal, and tibial regions (Rizzone & Gregory, 2013). 



 

 
173 

These devices are also used to facilitate post-surgical management and 
rehabilitation of tendons and ligaments (Pollo, et al., 1999). They are also utilised by 
diabetic patients who are subjected to foot-related complications – these patients 
develop neuropathy or polyneuropathy as their condition progresses, resulting in the 
loss of sensation in the feet, leading up the lower leg, and ultimately leading to foot 
ulceration. Moon boots assist in fast healing of diabetes-induced foot ulcerations by 
decreasing pressure on the feet (Bledsoe & Bledsoe, 2008). In South Africa’s 
developing economy, most of the population relies heavily on public healthcare. 
Therefore, acquiring these devices at the current cost of approximately R1 500 is 
generally unaffordable (Dis-Chem, 2021). As such, the development of an affordable 
moon boot is vital since it would permit wider accessibility and allow for a larger 
population of patients to reap the associated health-aligned benefits offered by moon 
boots. A considerable amount of work has been done in the medical orthosis field to 
further develop and refine the functionality of moon boots, but there has been little to 
no tangible results that aim to lower the purchase price of these devices (Arvela, et. 
al, 2010). Research has indicated that the well as high profit margins that are put in 
place by producers and retailers. Therefore, by reducing manufacturing costs of moon 
boots and eliminating the need for third parties, the cost price of moon boots can be 
significantly lowered for purchase by the customer. This is achieved by constructing 
the moon boot from less specialised, and commonly accessible components, 
equipment, and methods; whilst simultaneously ensuring that the functionality, 
ergonomics, and reliability of the device is comparable to commercially available 
products. 
 
MATERIALS AND METHODS 

The materials and methods used in the design of the moon boot alternative are 
detailed in the subsections below. 
 

i. Materials 
The moon boot is constructed entirely from COTS. Therefore, no component 

requires specialised manufacturing. This aids in maintaining a low manufacturing cost, 
as the COTS themselves are widely accessible, affordable, and common. The moon 
boot can be classified into five sub-components, namely the firm L- shaped shell that 
is fitted along the calf and foot of the patient, reinforcements, lining, fasteners, and a 
sole. The firm shell structure was achieved through the utilisation of UPVC pipe 
elements, the padded inner lining was created through a mixture of foam types, i.e., 
closed cell foam and open cell foam, the non-slip sole was replicated using adhered 
rubber circles, and the adjustable fastener aspect was achieved by using Velcro 
straps. The utilisation of two diagonal bracings and a right-angled bracket, which are 
secured by eight pop rivets, ensures that the moon boot is structurally secure by 
adding resistance to the lateral load applied by the user, dispersing the load evenly. 
The bracing also prevents unwanted flexure in the moon boot, and reduces the strain 
experienced by the primary joint. Strategic placement of the open and closed cell foam 
layers allows for a comfortable orthotic, due to it being well-cushioned, and shock 
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resistant. Furthermore, the device is designed to be breathable and reduce the degree 
of discomfort experienced by the user, like commercial moon boots (Amaha, et al., 
2017). The use of   Velcro straps as the primary fasteners allows for the boot to be put 
on or removed easily, without requiring the assistance of a third party. This also aids 
the hygiene of the patient, as the orthotic can easily be removed for cleaning purposes. 
Additionally, Velcro permits a wide range of adjustability. Overall, the boot is made 
stronger using bracing, and the likelihood of failure through repetitive use is greatly 
reduced. The design does not include any component that is fast-diminishing and 
would require frequent replacement. 
 

ii. Methods 
The investigations, experimental testing, and data analysis of the moon boot 

consisted of two experiments, i.e., a usability test conducted on two user groups and 
a finite element analysis (FEA) conducted via Solidworks and Autodesk Inventor 
software. A usability test, as outlined in the International Electrotechnical Commission 
(IEC) standard IEC 62366-1: 2015 and IEC 62366-2: 2016 by the International 
Organization for Standardization (ISO), was used to establish a method for testing the 
effectiveness, efficiency, and user satisfaction of the medical device (ISO, 2015), (ISO, 
2016). The test was also used to determine any use errors associated with the device, 
such that risk management in accordance with ISO 14971: 2007, which was 
associated with medical devices (ISO, 2007). Experimental testing of the moon boot 
using FEA software provided a method for observing the structural behaviour and 
performance of the moon boot over the course of the product’s lifecycle without 
destructively testing the product (CaliberDesign, 2015). 
 
RESULTS AND DISCUSSION 

The results and discussions of Experiment 1 and Experimental 2 are detailed 
below. 
 

i. Experiment 1: Usability Test 
The aim of Experiment 1 was to determine the usability and use errors 

associated with the moon boot, as per ISO guidelines. For each usability test, there 
were three people involved, i.e., the test participant, test observer, and test moderator. 
The test moderator refers to the person who conducted the participant test training, 
post-test interviews and data analysis. The observer refers to a neutral unbiased 
person who recorded any comments and criticisms made by a participant during the 
usability test, and who conducted the usability test questionnaire to ensure that fair 
and accurate results were obtained. The test participants were split into two user 
groups, consisting of five participants each, to achieve data and commentary from, 
firstly, a group representing the general population of people who had no history of 
lower limb injuries or a professional medical background, and secondly, a group 
representing the intended users of the moon boot such as people with lower limb 
injuries or who had a professional medical background. The overall scores for each 
user group are illustrated in the graph shown in Figure 1. 
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Figure 1: A graph illustrating participant usability scores for each user group 

 
The overall scores were analysed using the scale shown in Figure 2 to 

determine the usability of the moon boot (Bangor, et al., 2008). 

 
Figure 2: Usability score scale 

 
Using the scale illustrated in Figure 2 and the graph shown in Figure 1, the 

usability of the device ranged from 72,5 to 100, with each rated out of 100, which 
translated to an adjective rating of 'good' to 'best imaginable'. Therefore, it can be 
concluded that the usability of the moon boot was ultimately successful. However, the 
validity of the data points was tested further using statistical analysis on both the 
combined user group scores as summarised in Table 1. 
 

Table 1: Statistical analysis of experimental data points 
Statistical Data Combined User Group 

Scores 
Average 89,75 

Standard Deviation 8,54 
Number of Outliers 2 
Values of Outliers 80 and 100 

Average without Outliers 89,69 
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Through the analysis of the statistical data obtained from Table 1, the following 
observations were made: 

• From the 10 data points, only two data points did not fall within the range 
of one standard deviation of the mean. 

• The outliers, 80 and 100, were the lowest and highest values of the data 
set, respectively. 

• Eliminating the outliers and subsequently recalculating the mean resulted 
in a value of 89,69. 

• Eliminating the outliers were unnecessary since the recalculated mean 
only had a percentage error of 0,07%. 

• Both the original mean with the outliers and the recalculated mean without 
the outliers are approximately 90, which when ranked on the scale shown 
in Figure 10, demonstrates that the product has an acceptable usability 
score between the adjective ratings of 'excellent' to 'best imaginable'. 

• Therefore, it can be concluded that the data points obtained are valid. 
 

ii. Experiment 2 
The aim of Experiment 2 was to obtain a low Von Mises stress value, low 

displacement value, and a high safety factor value using Solidworks Computer Aided 
Design (CAD) models which were input into Autodesk Inventor software to simulate 
the behaviour of the moon boot under simulated force values that were much greater 
than the parameters for which the moon boot was designed, i.e., the moon boot was 
designed for a patient with a weight of 500N. Therefore, a downward force load of 
800N was chosen to simulate the weight of a patient, and a horizontal force load of 
400N to simulate the force of a patient’s leg when walking. A constraint was also input 
on the sole of the moon boot. The results of the Von Mises stress, safety factor and 
displacement simulations are shown in Table 2. 
 

Table 2: FEA Simulation Results 
Von Mises Stress 
Simulation 

Safety Factor Simulation Displacement Simulation 
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Through the analysis of each simulation, the following observations were made: 
o Any deformation of the moon boot would theoretically occur at the upper edges 

and would bend inward. 
o The Von Mises stress simulation indicated 0MPa throughout the moon boot for 

an exaggerated applied force. Therefore, it can be concluded that the moon 
boot design is highly unlikely to deform. 

o The safety factor simulation and displacement simulation indicated higher 
safety factor values and lower displacement values in the lower foot, ankle and 
back of the calf areas of the boot. 

o From the safety factor simulation, a desirable large safety factor was observed 
for most of the moon boot structure with certain areas resulting in a safety factor 
of approximately two, which was an acceptable value for the exaggerated force 
applied to the moon boot. 

o Therefore, from all three FEA simulations, it can be concluded that the moon 
boot is safe for patient use, structurally sound and theoretically up to standard 
compared to commercially available products. 

 
CONCLUSION 

The importance of the redesigned affordable orthotic moon boot alternative is 
reiterated due its role in pain reduction and swelling, and assistance in minimising the 
period of recovery of intended use patients. The outcomes of the final design illustrate 
that the redesigned moon boot was ultimately successful and comparable to 
commercially available orthotics, at a fraction of the cost. 
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