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Abstract— Non-surgical rhinoplasty procedures which 

involves the use of injectable derma fillers are highly risky 

as patients are susceptible to side effects and complications 

that may cause unwanted changes in their appearance. This 

research explores an alternative method of non-surgical 

rhinoplasty for patients seeking augmentation of the nose 

with the use of three-dimensional (3D) printing. Most 

rhinoplasty procedures are conducted with the intention of 
enhancing the aesthetical features of the nose, a 3D model 

nose was designed based on the combination of the average 

and the ideal aesthetic parameters of the Northern European 

Caucasians and South Asia Chinese nose. The modelling of 

nose is done using the Catia CAD software. An initial 

design was sketched in a polygon mesh form and further 

improved on. Different printing materials and infill densities 

were compared to determine the suitable printing technique. 

The final nose model is then printed using the Ultimaker 3D 

printer using Polylactic acid (PLA) with an infill density of 

100% at a thickness of 1.4 mm. An inner layer to the 3D 
printed nose was developed for comfortable attachment of 

the nose model to human skin. The inner layer was 

fabricated using agar gelatine. Experiments were carried out 

to increase the strength and adhesiveness of the gelatine so 

that it could adhere to the human skin and the PLA surface. 

Tensile and adhesive strength tests were carried out to 

determine the suitable gel composition for the attachment of 

the nose to the user’s face. The key outcome from the 

experiments using natural gelatine was capability of gel to 

act as an inner layer for the temporary attachment of the 3D 

nose model to the human skin. 
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I. INTRODUCTION TO 3D PRINTING TECHNOLOGY 

The term additive manufacturing (AM) encompasses many 

technologies including subsets like 3-D printing, rapid 

prototyping (RP), direct digital manufacturing (DDM), 

layered manufacturing and additive fabrication Additive 

manufacturing, the industrial version of 3-D printing is 
already used to make some niche items in many industries. 

The terms 3-D printing and additive manufacturing have 

become interchange-able. The term additive manufacturing 

refers to the technology or additive process of depositing 

successive thin layers of material upon each other, 

producing a final three dimensional product. Each layer is 

approximately 0.001 to 0.1 inches in thickness. A wide 

variety of materials can be utilized, namely plastics, resins, 

rubbers, ceramics, glass, concretes, and metals. Rapid 

prototyping refers to the application of the technology. This 

was the first application for AM, which assisted in the 

increase of time-to-market and innovation. It can be referred 
to as the process of quickly creating a model/prototype of a 

part or finished good.  This part or finished good will be 

further tested and scrutinized before mass production 

occurs. Most commercial 3-D printers have similar 

functionality. The printer uses a computer-aided design 

(CAD) to translate the design into a three-dimensional 

object. The design is then sliced into several two-

dimensional plans, which instruct the 3-D printer where to 

deposit the layers of material. In the past few years, many 

companies have embraced AM technologies and are 

beginning to enjoy real business benefits from the 

investment 

A. History of 3D printing 

Three-dimensional printing, also known as additive 

manufacturing (AM) or rapid prototyping, has been around 

for decades. The first working 3-D printer was created in 

1984 by Charles W. Hull of 3-D Systems Corp. He named 

the machine sterolithgraphy apparatus. The technology was 
very expensive and not feasible for the general market in the 

early days. As we moved into the 21st century, however, 

costs drastically decreased, allowing 3-D printers to find 

their sterolithgraphy apparatus. The technology was very 

expensive and not feasible for the general market in the 

early days 

B. 3D Printing Applications 

A new technology or invention can be evaluated by 

considering its applications and positive influence on human 

life and society. Regarding this, “Maslow's hierarchy of 

needs” is a good foundation for evaluation. In this pyramid 

all of the human needs are defined and grouped based on 

their priority according to the basic necessities and quality 

of life. Maslow uses the terms Physiological, Safety, 

Belongingness and Love, Esteem, and Self-actualization to 

describe the needs that humans generally desire. Maslow's 

hierarchy of needs is often portrayed in the shape of a 
pyramid, with the largest and most fundamental levels of 

needs at the bottom and the need for self-actualization at the 

top as shown in Figure 1.6 

 
Fig. 1.6: A pyramid of needs by maslow 

II. LITERATURE REVIEW  

Yong Leng Chuan et. Al. The use of rapid prototyping 

techniques for the fabrication of a 3D model nose presents 

an alternative method of nonsurgical rhinoplasty for patients 
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seeking an aesthetic enhancement of the nose. This 

alternative method of nonsurgical rhinoplasty eliminates the 

risk of complications involving the injection of derma fillers 
that are commonly used in current nonsurgical rhinoplasty 

procedures. The 3D noses that were fabricated using CAD 

and 3D printing was designed based on the average 

dimensions of an ethnic group instead of individuals due to 

budget limitations. The concept of using 3D printing as the 

primary fabrication method of the noses was proven. 

Accuracy on the desired nose shapes may be improved in 

future work. 

M. E. Jasin et.al. Rhinoplasty can be defined as the 

surgical procedure of the reconstructing or reshaping of the 

human nose. This procedure is usually performed on 

individuals who have suffered nasal trauma and are in need 
of reconstruction of the nose. However, recent statistics 

suggest that rhinoplasty has been the procedure of choice for 

individuals seeking to aesthetically enhance their facial 

features by obtaining the ideal proportions of the facial 

structure. With the advancement of medical sciences, 

patients are given the option of a nonsurgical rhinoplasty 

procedure using injectable fillers for the augmentation of the 

nose. With a variety of types of fillers to choose from, 

cosmetic surgeons select the required material based on their 

properties and desired outcome of the patient  

O. N. Johnson and T. C. Kontis et. Al. Some of the 
more common fillers used by cosmetic surgeons include 

hyaluronic acid, polyacrylamide gel and calcium 

hydroxyapatite which is a temporary filler capable of lasting 

for 10 to 14 month. These fillers are selected based its 

elasticity, hydrophilicity, viscosity, durability and its ability 

to mould according to the desired shape after injection. The 

selection process of the filler by a cosmetic surgeon is 

highly risky as patients are susceptible to side effects and 

complications such as bleeding, bruising, asymmetry of the 

nose shape, and also serious complications that lead to 

blindness  

G. N. Levy, R. Schindel et.al. It is important that 
surgeons make the selection of the fillers and injection 

techniques based on the individual patient and that the 

procedure is performed slowly and carefully to minimise the 

risks of the occurrence of these complications. With such 

complications arising from this nonsurgical procedure, 

people that want to aesthetically enhance their facial 

features are left with a single choice of surgically reshaping 

of the nose. This indicates that a need for an alternative 

method of nonsurgical rhinoplasty is to be presented. The 

use of three-dimensional (3D) printing, a form of rapid 

prototyping technology, has been growing in many 
industries over the past decade. With capabilities of rapidly 

producing objects with complex geometrical designs, the 

use of this rapid prototyping technique has overtaken many 

conventional manufacturing processes  

Y. Chen, F. Niu, B. Yu, J. Liu, M. Wang et.al. 3D 

printing has also been making advances in the medical field 

with medical practitioners using bio-models to provide 

feedback and simulate complex anatomical movements that 

are otherwise difficult to replicate using 3D modelling 

software [4]. The ability of rapid prototyping technology to 

produce customised organ and implants to suit the needs of 

individuals opens a pathway for advancement in nonsurgical 

cosmetic procedures.  

Ciocca et al. [5] have successfully fabricated an 
eyeglasses-supported nasal prosthesis and expected to 

provide a temporary prosthesis to a gunshot victim who lost 

his entire nose to the injury. One of the methods used to 

achieve this outcome was to obtain a 3D model of the 

patient’s facial structure using a laser scanner. A CAD 

model of the prosthetic nose was generated based the digital 

model of the patient’s face that was scanned. The 3D model 

nose was digitally placed over the digital model of the 

patient’s facial structure. Adjustments were then made so 

that the prosthesis would fit comfortably over the defected 

area. A two-part mould was then fabricated using a 3D 

printer. The material used for the 3D printing of the mould 
was acrylonitrile butadiene styrene (ABS). The mould was 

then used to fabricate the silicone prosthesis using the 

silicone process procedures with 12 different silicone 

colours used to obtain a colour similar to the patient’s skin 

colour [5]. The final step of the fabrication of the prosthesis 

was to connect the nose model to the eyeglasses using a 

bolt.  

Y. He et al. [7] studied the use of rapid prototyping 

in the manufacturing of soft tissue prostheses. The use of a 

3D scanner was used to obtain data for the generation of a 

digital 3D model for design of a negative mould of the 
required body part. The prostheses that was fabricated by 

the author was a prostheses of a human ear. The mould was 

then printed using a 3D printer using ABS as the material of 

choice. Silicone is then poured into the mould to form the 

desire soft tissue prosthesis. The silicone prostheses were 

then removed from the mould to complete the fabrication 

process.  

A. A. Zaidi, B. C. Mattern, P. Claes, B. Mcecoy 

et.al. Unlike the research, this research aims to use 3D 

printing as the primary fabrication process for an alternative 

nonsurgical rhinoplasty procedure. Study of the relationship 

between the average nose and the perspective of the ideal 
nose for various ethnic groups was conducted. The result of 

this research can eventually contribute to the designing of 

the nose model using a Computer-Aided Design (CAD) 

software. Due to budget constraints the nose designs were 

limited to average dimensions taken from sample groups 

instead of individual patients. The designing of the nose 

model was based on a combination of the average nasal 

diameters of an ethnic group and the aesthetical ideal of the 

given ethnic group. The ethnic groups that were chosen in 

this research paper was the South Asian Chinese and the 

Northern European Caucasians. These specific groups were 
chosen to proof that this research is applicable to not only 

the local population but also the international population. 

The CAD design was then fabricated into a physical model 

using a 3D printer using the suitable printing techniques. 

The model is attached to the user through an adhesive inner 

layer that was made of synthesised natural gelatine instead 

of using a mechanical support. The inner layer was made 

using suitable ratios of agar, glycerol as plasticisers and 

crushed egg shell for an increase in adhesiveness and 

strength. The gel compositions underwent tensile and 

adhesive strength testing to determine its practicality. 
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Toljanic JA, Lee J et.al. Facial defects can result 

from trauma, surgical resections, congenital anomalies, 

acquired infections like leishmaniasis and burns.1The 
majority of nasal defects are secondary to treatment of 

neoplasm and defects due to trauma. Correction and 

rehabilitation of such defects are always challenging and 

prosthodontic results are limited by the materials used in the 

construction and fabrication of facial prostheses. Acrylic 

resins, acrylic copolymers, vinyl polymers, polyurethane 

elastomers and silicone elastomers can be used. But 

silicones are the most widely used materials for facial 

restorations because of their good surface texture and 

hardness. Long-term success of facial prosthesis mainly 

depends on retention. Retention of the facial prosthesis 

depends on providing a better edge integrity and conserving 
the position of the prosthesis during every movement of the 

head and mimic muscles. 
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