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Abstract

Prosthetic foot mold making is a crucial stage in the production of prosthetic feet that are in accordance with the
anatomy and user needs. This research aims to develop a method for making prosthetic foot mold using a reverse
engineering approach with photogrammetry techniques. The process begins with scanning the sole of the foot using
photogrammetry methods to obtain a three dimensional model. The scanned model is then converted into a CAD
design which is used as the basis for mold making. The mold design was made by considering ergonomic aspects and
ease of manufacturing in the next stage. The results showed that the average deviation was within the range of £0.65
mm or 0.42%, with a maximum deviation of 1.42%. This method is capable of producing precise casts that match the
geometry of the original foot. With this approach, it is expected to improve the quality and customization of
prosthetic products in the future.
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Abstrak

Pembuatan cetakan telapak kaki prostetik merupakan tahapan krusial dalam produksi kaki palsu yang sesuai dengan
anatomi dan kebutuhan pengguna. Penelitian ini bertujuan untuk mengembangkan metode pembuatan cetakan
telapak kaki prostetik menggunakan pendekatan reverse engineering dengan teknik photogrammetry. Proses dimulai
dengan pemindaian telapak kaki menggunakan metode photogrammetry untuk memperoleh model tiga dimensi.
Model hasil pemindaian kemudian dikonversi menjadi desain CAD yang digunakan sebagai dasar dalam pembuatan
cetakan. Desain cetakan dibuat dengan mempertimbangkan aspek ergonomi dan kemudahan dalam proses
manufaktur di tahap selanjutnya. Hasil penelitian menunjukkan bahwa tingkat deviasi rata-rata berada dalam rentang
+0,65 mm atau 0,42 %, dan paling tinggi 1,42%. Metode ini mampu menghasilkan cetakan yang presisi dan sesuai
dengan geometri telapak kaki asli. Dengan pendekatan ini, diharapkan dapat meningkatkan kualitas dan kustomisasi
produk prostetik di masa depan.

Kata kunci: Desain CAD; Photogrammetry; Cetakan telapak kaki prostetik; Reverse engineering.

1. Introduction

Prosthetics is one of the fastest growing technologies in the field of biomedical engineering to improve the quality of
life of people with disabilities [1]. Prosthetic foot molds in prosthetic foot manufacturing have an important role in
determining comfort and fit for the user [2]. Conventional techniques in mold making often lack precision and take a
long time [3]. Therefore, a photogrammetry-based reverse engineering approach was introduced as a solution to
improve efficiency and accuracy in mold manufacturing [4].

Photogrammetry, as an image-based three dimensional modeling technique, enables the acquisition of foot geometry
data with a high degree of accuracy [5]. Through this technique, a digital model of the foot can be created more quickly
and precisely, ultimately improving prosthetic fit and comfort for the user [6][7]. Research shows that the use of
photogrammetry in prosthetic design can produce more accurate models and reduce reliance on manual molding
techniques that require specialized skills and long lead times [8][9]. In addition, another study showed that 3D scanning
can speed up the mold-making process, thereby reducing the time required to produce a suitable prosthetic [10].

The accuracy of a foot scan using photogrammetry can be evaluated through comparative analysis between the
resulting model and the physical size of the foot. Previous research has shown that 3D scanning can provide more
consistent and repeatable results than traditional methods, which are often affected by human factors [11]. In addition,
the development of CAD design models based on the scan results allows for better customization to the individual
needs of the user, thus improving the comfort and functionality of the prosthetic [12].
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Based on these problems, this research aims to develop a method for making prosthetic foot molds using a
photogrammetry based reverse engineering approach. The main objectives of this research are: (1) evaluate the
accuracy of the foot scan using photogrammetry techniques, (2) develop a CAD design model based on the scan results,
and (3) design a mold that is ready to be used in the prosthetic manufacturing stage. The result of this research is
expected to be a more efficient and accurate method in prosthetic mold making that can be widely applied in the
healthcare and biomedical engineering industries.

2. Material and Method
This research was carried out in several main stages as shown in the flowchart in figure 1.
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Figure 1. Research flowchart

2.1 Sole of the foot Scanning with Photogrammetry

The process begins with a scan of the sole of the foot using the photogrammetry method. This technique utilizes
images from various angles to build an accurate three-dimensional model. Specialized software was used to process the
images and generate a digital model of the sole. The foot that was scanned was a commercial foot prosthesis with the
brand Ottobock in Figure 2. And the scanning process used the Einstar 3D scanner in Figure 3.
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Figure 2. Ottobock Foot Prosthesis Figure 3. Einstar 3D scanner

2.2 CAD Modeling

Once the three-dimensional model is obtained, the next step is to convert the scan into a CAD design. This process
is carried out with CAD software to ensure that the resulting model matches the required design specifications.
Modification and refinement of the model is done to remove imperfections in the scans. The CAD modeling process is
schematically shown in Figure 4.
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Figure 4. Schematic CAD Modeling Process

2.3 Mold Design

Based on the CAD design of the foot, a mold was designed using Mastercam 2024 and Solidworks 2020 software.
The mold design considers factors such as ergonomics, ease of manufacture, and efficiency in the manufacturing
process at a later stage. The foot prosthesis mold design produced in this study is shown in Figure 5.
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Figure 5. Foot Prosthesis Mold Design

The dimensions of the prosthetic foot mold molding in this study are, Length 275 mm x Width 245 mm x Height

110 mm with the following parts.

1. Cavity which is the part of the mold that forms the outside of the product. There are two cavity in the mold shown in
number 1 and number 6.

2. Insert cut is the part that will perforate the core in the upper ankle of the leg during the product formation process.
Insert cut shown in number 2.

3. Core is the core part of the mold that forms the inner chamber or cavity of the final product. Core is the part that
makes up the prosthetic foot product, shown in number 3.

4. Heels block, This molding design serves to perforate the core at the bottom of the foot during the product formation
process. Shown in number 4.

5. Guide bushing is a hole-shaped bushing or sleeve that serves as an entry point for the guide pin, ensuring that the
two mold halves (top and bottom) remain aligned and precise when joined together. Shown at number 5. In this
mold there are 4 guide pin and guide bushing.

6. Guide pin is a component used to ensure that the two mold halves (top and bottom) remain precisely aligned during
the molding process. Guide pin help prevent shifting or misalignment between the two mold halves, so that the
resulting mold has precise dimensions according to the desired design. Shown in number 7.

3. Results and Discussion

The results show that the photogrammetry method can produce a three-dimensional model of the sole of the foot
with a high degree of accuracy. Scans were taken from various angles, resulting in a detailed model that matched the
original shape of the foot. Comparison between the digital model and the original foot geometry showed minimal
deviation, indicating that photogrammetry is a reliable method for foot geometry data acquisition.

3.1 3D Model Accuracy Evaluation

The accuracy evaluation of the 3D model of the foot prosthesis produced was performed by comparing the
dimensions of the digital model with those of the real object. Measurements were taken on several key parameters,
including foot length, foot width, and foot arch height. The analysis results showed that the average deviation rate was
within the range of £0.65 mm, indicating that the method has high accuracy.

Table 1. 3D Model Accuracy Evaluation

Original Foot Dimensions CAD Model Dimensions Deviation

No. Parameters (mm) (mm) (mm)
1. Foot length 240 239,20 0,80
2. Forefoot length 170,90 170,37 0,53
3. Foot length to little finger 208,80 205,86 2,97
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Original Foot Dimensions CAD Model Dimensions Deviation
No. Parameters

(mm) (mm) (mm)
4, Foot width 85,65 85,62 0,3
5. Foot stalk width 69,62 69,45 0,17
6. Ankle Height 59,49 59,37 0,12
7. Midfoot height 66,38 66,25 0,13
8. Horizontal distance of ankle stalk 52,48 52,33 0,15
6 5 4 3 2 1
D D
& C
B B
SKALA 4 a3 | DIGAMBAR : M. ARIFH KETERANGAN.
SATUAN MM NIM 121036010003
A TANGGAL:12-10-24 DIPERIKSA : WAHYU DWI L A
FT UPNVJT KAKI 001 A4
&) 5 4 3 2 1

Figure 6. Core Design of Foot Prosthesis
3.2 Advantages and Challenges of Photogrammetry Method

Photogrammetry has an important role in the manufacture of foot prosthesis with several aspects of advantages and
limitations that must be known. The advantage of photogrammetry is high accuracy for measurement, of course, it must
be accompanied by additional size indicators in taking photos [13]. Compared to conventional methods,
photogrammetry allows the body shape mapping process to be done faster, saving time in design and production.
Moreover, the resulting model can be easily modified and customized to enhance the comfort and performance of the
prosthetic according to individual needs. In addition, the advantage of photogrammetry is that the devices used are quite
easy to obtain and use, and easy to carry.

The first limitation of photogrammetry is that to produce a fast and good process, hardware such as cameras and
computers that have high specifications and are expensive are required. Cameras used for photogrammetry vary widely,
cameras priced below 10 million can still be used. Some researchers have innovated to use smartphones as a substitute
for cameras so that costs can be cheaper [14]. Software that is easy and quick to use is also quite expensive nowadays,
such as Agisoft. The good news is that technical learning of photogrammetry can be quite affordable and even free and
widespread on the internet [15]

4, Conclusion

This research shows that a photogrammetry based reverse engineering approach can be effectively used in the
design of prosthetic foot molds. The results of the analysis show that the average deviation rate is in the range of £0.65
mm or 0.42%, with a maximum of 1.42%. This method provides high accuracy and ease in making molds ready for the
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next manufacturing stage. The implementation of this technology is expected to contribute to the development of more
adaptive and affordable prosthetics for users.
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