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Abstract
Contributions of various engineering fundamentals in collaboration with 

medical science for making human life better are increasing exponentially in 
recent times. In this work, a collaborative team of professionals from engineering 
as well as medicine has jointly developed a prosthesis for microtia grade III using 
fundamentals of computer-aided manufacturing at a very affordable cost as well 
as within a considerably short duration. A young girl has a deficiency related 
to microtia grade III in her left ear. To develop a prosthesis related to her left 
ear, a quick-setting gypsum replica of her right ear has been initially developed. 
This gypsum mold is usually scanned using a CT scan to create 3D model for 
further processing by medical practitioners. This technique usually increases the 
cost of scanning. Here, a 3D structured light scanning technique is employed to 
create a 3D model from gypsum mold. The proposed technique has provided 
results with accuracy comparable with the CT scan at a very affordable cost. The 
three-dimensional model of the right ear was then mirrored to create a model of 
the left ear using a solid modeling tool. The mirrored three-dimensional model 
was then transformed into a format suitable for 3D printing. The 3D model 
of the right ear was then created using Fused Deposition Modeling based on 
3D printing and implanted followed by minor processing. Here, collaborative 
efforts of engineering with medicine increase the possibility of the development 
of prostheses related to microtia grade III within a very affordable cost and time 
frame.
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Introduction
In the field of medical science, 3D data image acquiring information 

technology like Computed Tomography (CT), Magnetic Resonance Imaging 
(MRI) but all techniques are costly solutions for general people. In the recent 
last decade, 3D scanning techniques (Structured light scanning and laser light 
scanning) enhanced the quality of image acquiring techniques at low cost. A 2D 
image is easy to capture but the image can’t capture all the details regarding the 
depth of the object. The current 3D Scanning technique resolves the issue of depth 
measurement. This technique is very much used for industrial purposes. In recent 
last few years, it is used in medical science as a cost-effective solution. We propose 
a 3D reconstruction technique for an image acquired and product development 
for hu-man prosthesis development. Industrial 3D structured light scanner 
develops correct 360° three dimensional models for further image processing 

https://doi.org/10.17756/nwj.2023-s1-017
mailto:jignesh.jani@marwadieducation.edu.in
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


S84NanoWorld Journal | Volume 9 Supplement 1, 2023

Extending Application of Computer-aided Manufacturing for Development of  
Microtia Grade III Prosthesis - A Case Study Jani et al.

implant, and (c) restoration of auricular with autologous tissue 
[10]. The patient, who is not going with surgery and want to 
take less risk of bacterial infection [3], follow silicone artificial 
ear, which involves medical skin adhesive but the prosthetic 
way for medical treatment is not a permanent solution for the 
patient [11]. The method for the development of ear prosthe-
sis is vulcanizing; the process is allowed at room temperature, 
which involves different mechanical characteristic testing like 
tensile, hardness, etc. [12]. Medical technicians have gone 
through the vulcanizing process for ear prostheses is develop-
ment, which gives a proper ear impression of the existing ear 
for mirroring the new prosthesis [4]. In the above listed all the 
methods have several challenges: time consuming, required 
more skilled doctors and paramedical staff for carving. To 
overcome such a constraint, doctors and paramedical staff had 
followed Computer-Aided Design/Manufacturing, 3D Scan-
ning, and 3D Printing (Additive Manufacturing) technology. 
In the literature on human prosthesis development, the listed 
steps are as follows [13-15].

(1)	Data collection from 3D Scanning (Structured scanning 
and laser scanning), CT scan, or other photogrammetry 
technique. 

(2)	3D modeling of the human prosthesis using CAD tools 
(i.e., by using 3D modeling software).

(3)	Import 3D modeling data into 3D printer for mold 
manufacturing. 

(4)	Refilling of the mold to achieve silicon base ear prosthesis.
(5)	Data collection of the patient for 3D Scanning.
(6)	Scan the 3D model and generate a 3D modeling database 

from the patient database. 
(7)	3D print (Additive Manufacturing) human prosthesis by 

using simulation in the 3D printing software.

From the doctor’s point of view, simulation is a very useful 
tool for medical clinical to identify detail and its evaluation for 
a case like an abnormality and prosthesis developing. Simu-
lation using CAD/CAM tool it is very easy to reproduce pa-
tient’s anatomy, such as 3D replica and allowed doctors to plan 
the interventional with apex level accuracy and low risk during 
surgery. In this way before surgery, the surgeon can learn and 
develop their strategy for operating on a patient. It is great to 
work for a physician to identify and observe the co-relation 
with planning and familiarize himself with anatomy and cre-
ate mental maps inside the operation theater. With this regard, 
3D modeling, printing, and scanning all are very priority pa-
rameters for learning, simulation, and fabrication of 3D print-
ing during surgery. During the last decades, all the technology 
has been widely used in the medical science field, and it gives 
revolutionizing results in the betterment of human life. Three 
main steps involved in the simulation and fabrication of the 
prosthesis. Image distinguishing methods and 3D Scanning 
methods [16] are very much used to capture the anatomy im-
age of a body part. So, the 3D Scanning technique opens the 
direct data acquisition of the 3D outer anatomical surface at 
a low cost [17]. In the medical science field, many scientific 
studies report the use of the 3D scanner to collect anatomical 
data for the construction of orthotists and prosthetists [18].

and three-dimensional printing process. Application of digital 
3D scanning, 3D modeling, 3D printing and computer-aided 
engineering in medical science are emerging tools. Developing 
and learning 3D anatomy helps during surgery. In recent years, 
this technology has started to be of global use in the medical 
science field. Diagnostic techniques like CT, MRI, and X-rays 
are mostly used for internal biological structure identification. 
On the other side, 3D scanning opens the direct image 
acquisition of three-dimensional data of the outer anatomical 
surface without using CT and MRI scan technology.

Background Information
Craniofacial microsomia (CFM) diseases mainly affect 

the 5th and 6th month of child development during pregnan-
cy. This disease is mainly the anatomical region of child de-
velopment [1]. Those people who have CFM normally have 
ear abnormalities in one or both ears. Microtia is identified 
as the underdevelopment of one or both ears externally. The 
abnormality of the external ear of a child is known as microtia. 
A global survey occurred in 2011 and found every 2.06 child 
from 10,000 children has microtia [2]. The disfigurement is 
one of the primes focuses of body shape, size, the orientation 
of external ear [3] that instead of dissolute of ear auricle. There 
are four types of defects occur on the external ear, the defect 
is identified as microtia severity grade I to IV. In grade I the 
size of the ears are a bit small and identify the physical defect. 
(Figure 1a). In grade II, the size of the ear is one-half or two-
thirds of the original size. (Figure 1b), grade III type of micro-
tia is the most frequent defect and it is identified by a “peanut” 
shape of the external ear (Figure 1c), last in grade IV type of 
microtia, it is generally identified as anotia, here external ear 
absolutely missing (Figure 1d) [4].

Generally, microtia defects are found in 80% of people, 
also they are lost their hearing ability [5]. Primarily study on 
Microtia/anotia was mostly found in children with speech and 
language delay [6], also trouble occurs during human-to-hu-
man communication [7]. A survey comes to occur with some 
surprising result on microtia malformation and absolute miss-
ing/some physical disorder in the aesthetic aspect of the ex-
ternal ear, there are some negative psychological effects on the 
patient mind and lack of self-confidence, almost 52% of peo-
ple compromising the quality of life due to microtia disorder 
[8]. The main target of doctors is to use prostheses and surgical 
processes to regenerate and reshape the ear disfigurement, so 
patients get confidence in life and improve leaving quality [9]. 
There are mainly three-techniques to resolve microtia: (a) Us-
ing fix Osseo integrated implant technique using silicon ear 
prostheses (b) restoration of auricular with synthetic material 

Figure 1: Grade of microtia: (a) grade I, (b) grade II, (c) grade III, and (d) 
grade IV [4].
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the auditory canal.

Transitory mold formation

Using quick-setting gypsum plaster of pairs show in 
figure 5 for physical impression of normal ear and also give 

In this work, the patient’s anatomical 3D Scanning data 
will be collected by using Industrial 3D Structured Light 
Scanner and imported into solid modelling software. Then the 
data is processed by eliminating artefacts, filling holes, etc. and 
creating 3D models in STL format, to be 3D printed directly 
in plastic material (e.g., ABS). Additive manufacturing creates 
a new opportunity for biomedical engineers and doctors for 
the production of the 3D model by using the fused deposition 
modeling technique, where deposition of material is layer by 
layer from CAD-based 3D model. 3D printing has lost of ad-
vantages compared with traditional silicon base molds devel-
opment technique, like reduction in time and cost, scale down 
the waste of material, also one of the best positive points is 
creating most complex shape in easy of way and strong use for 
facilitating patient life [19, 22].

Clinical Reports
The study was performed jointly with professionals from 

mechanical engineering and medical science. A study goes 
with a 14-year-old girl, who presented with left-sided microtia 
of grade III type. A joint decision was taken by the researcher 
in the present case to avoid any surgery and less bacterial in-
fection patient go with CAD/CAM and Additive Manufac-
turing technique for improving the aesthetical view.

Computer-Aided Methodology for Auricu-
lar Prosthesis Development
Identification of deficiency

During medical practices of Dr. Deepika came up with 
a 14-year-old girl who has microtia of grade III shown 
in figure 3 deficiency on left ear by birth. Parents of the 
patient do not go with any surgical procedure on-ear due to 
limitation of financial problem. After several discussions the 
way was selected is going with CAD/CAM and Additive 
Manufacturing tool with low cost and effective solution with 
minimum medical treatment on the body. 
Impression procedure

Examination of patient’s deficiency on left ear with scar 
formation and rudimentary tissue was found, and contralateral 
ear was normal [20, 21] before impression development shown 
in figure 4, need to take the dimension of a normal ear. There 
are mainly three directions of dimension for covering the full 
ear, first from the junction of the helix, second from the middle 
of the tragus, and last at the junction of the ear lobe with a side 
of the head. The same marking is performed on the defective 
side for proper mirroring. During the development of mold for 
normal ear, the external auditory canal was blocked by surgical 
cotton for protecting from imparting of foreign particles in 

Figure 2: Overall process flow for development of human prosthesis.

Figure 3: Microtia grade III level deficiency of the left ear of the patient.

Figure 4: Impression procedure.

Figure 5: Quick-setting gypsum right side ear model.
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quick resulting in the terms of good quality of mold making 
of a normal ear.

Pre-processing and image data acquisition

Prosthesis is a lifelong appearance for the patient, so it 
is very important for good quality output of work during 
pre-processing and needs to take utmost take care during 
generating of digital data from the physical model. After 
the development of quick-setting gypsum plaster of pairs 
model from the normal ear, it is very important to convert 
the same data into digital form. For the conversation of data 
in digital form here, we are using structured-light 3D scanner 
technology (hardware setup shown in figure 6 and figure 7) for 
converting physical model into digital data which is used for 
3D printing. Figure 8 shows scanning of gypsum right side ear 
model with high accuracy and precision.   

Sculpting and mirroring of physical model

Process flow from 3D scanning to 3D printing shown in 
figure 8, where mirroring and conversation of physical model 
into digital data and need some image process on digital 
data like cleaning, alignment of all image and shape fusion 
of all images. Image data acquisition and image mirroring are 
playing a major role in the development of 3D printed human 
prosthesis. 

Post-processing on 3D printed prosthesis 

Identify process flow of using Reversing Engineering, 
Rapid Prototyping, and Additive Manufacturing, we can 
obtain imaging data acquisition by using 3D scanner and 
generate 3D scanned image of quick-setting gypsum base 
right ear of the patient and after need to rendering available 
image from software. Mirror the same image using any 3D 
modeling software and execute stereolithography (STL) file. 
After we go through 3D printing of the mirror ear shown in 
figure 9.

Retention and care

With utmost care during fixing a 3D printed prosthesis, 
after 3D printing, it was fixed on left side ear on girl show in 
figure 10.

Conclusion

Figure 6: 3D scanner hardware setup.

Figure 7: Clock the round 3D scanning of quick-setting gypsum model 
using turntable.

Figure 8: Septs involve from 3D scanning to 3D printing.

Figure 9: Post-processing on 3D printed prosthesis.
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Although, challenging work was accepted and completing 
the task by the team of engineering and medical professionals 
was excellent and new work for all team members. This work 
is describing the development of a left ear prosthesis for a 
14-year-old girl, who is suffering deficiency related to microtia 
grade III in her left ear. The overall time is taken to completing 
all the steps within one month, starting from identification 
of deficiency to implement. In this case study advanced 
technology like 3D scanning and 3D printing is used for 
quick and efficient output. It is a quite smooth process for the 
development of human prostheses by using advanced CAD/
CAM technology which gives cost-effective prosthesis.
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