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Abstract 

 

Recent advances in Three-dimensional (3D) printing have enabled the printing of 

biocompatible materials, cells, and supporting components into complex 3D functional living 

tissues. 3D bioprinting is being applied in Regenerative Medicine to address the need for tissues 

and organs suitable for transplantation. Compared with non-biological printing, 3D bioprinting 

involves additional complexities, including the choice of materials, cell types, growth and 

differentiation factors, sensitivities of living cells and the construction of tissues. Existing 

bioprinters restrict scientists to print tissues and organs using their own developed bioink. This 

limitation inspired us to customize our own 3D bio-printer compatible with Peptide bioink. The 

parts of the constructible 3D printer were redesigned according to our needs. A coaxial nozzle was 

substituted for the extruder to allow for dual inlet and a single outlet. The Peptide bioink was fed 

into the printer through programmable syringe pumps which allow variations of flow rates and 

other parameters. The following procedure was then tested with a robotic arm because of its 

compact structure. The project represents a synchronized robotic 3D printer and pump system 

which successfully prints 3D cell structures. Future modifications of the current system will involve 

a custom-designed and built Syringe Pump system which is autonomously synchronized with 

robotic arms for 3D Bioprinting. A triple extruder head will allow for extrusion of multiple 

solutions for the creation of the peptide bioink. This system will contribute to the growing 

advancements in 3D Bioprinting and allow the production of humanlike tissues and organs for skin 

replacement and transplants. 
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CHAPTER 1: Introduction 

 

3D printing is progressively allowing the direct digital manufacture of a wide variety of 

plastic and metal items. While this in itself may begin a manufacturing revolution, much more 

staggering is the recent development of bioprinters. With these bioprinters, living tissues are 

constructed artificially by yielding layer-upon-layer of living cells. Over a period of several hours, 

nature takes its course and allows an organic object to be built up in many very thin layers. In 

addition to outputting cells, most bioprinters also output a dissolvable gel to support and protect 

cells during printing. 

 Current bioprinters are all experimental as of now. Nonetheless, in the near future, 

bioprinters could revolutionize medical practice yet an additional element to the New Industrial 

Convergence. All bioprinters dispense cells from a print head that moves in three dimensions to be 

able to place the cells in the exact position required. The vertical movement being the z-axis and 

the horizontal being the x-axis. While the y-axis movement is towards and away. However, 

bioprinters may be constructed in various configurations. Orgonavo, for instance, is one of the top 

ten 3D bioprinters that is shaped like a robotic arm and performs most of the functions that a linear 

3D bioprinter can perform. Its compact size gives it the privilege to reach places easily that a linear 

printer would fail to do so. Overall, the field of bioprinting is advancing over the years and new 

methodologies are being tested for additional features and better print quality. 
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Scope 

 

This project idea seeks to close the gap between engineering and medicine, combining the 

design and problem solving skills of engineering with medical and biological sciences to advance 

health care treatment, including organ transplant, plastic and cosmetic surgery.  

Executive Summary 

 

The combination of technology advancement in biology, tissue engineering, chemistry, 

electrical engineering, mechanical engineering, medicine and other fields has resulted in a 

promising technology called bioprinting. Being part of this ongoing evolution in technology, 

KAUST’s Nanomedicine laboratory has developed their own bioink; however, they were not able 

to print using commercial bio-printers, as these printers are designed only to work with their own 

bioink. This limitation was the start of our capstone project, in which the objective is to assemble 

a 3D printer and modify the design to meet the requirements of printing biomaterials using KAUST 

Peptide bioink. Further, the same procedure was followed using a robotic arm to compete the only 

3D bioprinter, “Organovo”. Cost efficient is what signifies our project, as it is more affordable as 

compared to commercial bio-printers. Later, in this report, different printing methods are explained 

of some bio- printers, which were developed by other universities. This was discussed in order to 

gain solid knowledge in this area of research. The highlight of the project management is also 

mentioned in this report, clarifying how the tasks were divided amongst the team members, 

ensuring that each of us worked on what was close to her interest.  To sum up, the purpose of this 

project is to design, fabricate, simulate, test and demonstrate a customized 3D bioprinter, which 



 15 

can produce human tissue. Ideally, this printer will produce biological tissues in a good quality 

that’s combating with the current specialized bioprinters available commercially. 

Objective 

 

 The aim of this project is to first assemble a 3D printer and modify the design to meet the 

requirements of printing biomaterials using KAUST Peptide bioink. Once successful, the following 

procedure will be tested on the robotic arm with additional features. 

Problem Statement 

 

 Organ transplant and plastic surgery require the collection of tissue from dead bodies, other 

body parts of the patient or by transplanting organs from individuals (donors). Tissue engineering 

seeks to use biochemical and physiological properties of materials to engineer living cells but 

requires the help of engineering technology. 3D bioprinting is the use of 3D printing technologies 

to create biological structures (cells and tissues) where the cell remains viable and its function is 

preserved. Speeding up the process of obtaining organs will result in making them easily available 

for use to save the lives of people that need them. This will be achieved by having readily printed 

structures that will be printed by the so-called bioprinter being fabricated.  

 

Problem Formulation:  

 

 Nowadays, 3D bioprinting industries create their 3D bioprinters along with their bioinks. 

That way, when the printer is purchased, the bioink must also be purchased because the printing 

mechanism suits the properties of that bioink. 
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Each biomaterial has different biochemical properties and is required to be printed in a particular 

way. Hence, the settings and mechanism of one may not work for the other. The principle 

investigator of the Laboratory for Nanomedicine in KAUST, Professor Charlotte A. Hauser has 

fabricated a special material used in bioprinting. However, they have not been able to test it because 

it would not work with the commercially available 3D bioprinters. Therefore, there is the need for 

a bioprinter that will be suitable to test this bioink. 

  

 Consequently, the task was given to create a 3D bioprinter for this purpose. However, it 

would be difficult to do so because the team has never designed or built a printer before and are 

not familiar with the process of 3D printing. In addition, because 3D printers are already available 

in the market, it will not be ideal to build a 3D printer from scratch. Besides, that is not the main 

goal anyway. Hence, the idea to purchase a do it yourself kit with instructions to assemble the 

printer came up. Once the printer is ready, the main task i.e. designing a bioprinting system for 

peptide bioink is what is required to be done straight away. Building the printer provided an 

understanding of how the process works and gave the opportunity of acquiring the required 

knowledge and skills for designing the solution.  
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Definition of Terms  

 

-Alginate - a salt of alginic acid. 

-Auto-level sensor – A sensor that detects the metallic bottom plate of the 3D printer to assure the 

extruder prints on the right place. 

-Bioink – Bioinks are composed of cells suspended in a liquid, pre-gel solution that is then 

“printed” onto a surface or into a 3D scaffold using mechanical extrusion. 

-Bioprinting – 3D printing is a process of taking a digital 3D model and turning that file into the 

physical object. 

-Biotube - The Biotube is designed to provide a large protected surface area for the biofilm and 

optimal conditions for the bacteria culture when the media are suspended in water. A durable, 

rugged and highly efficient media for moving bed biological reactors (MBBR) and integrated 

fixed-film activated sludge (IFAS) systems. 

-Cura – A 3D slicing software that can send file to the 3D printer for printing 

-Dobot – A Robotic arm made in Shenzhen, China for the purpose of various functions like pick 

and place, 3D printing, laser engraving, leap motion etc. 

-Extracellular Matrix (ECM) - A substance containing collagen, elastin, proteoglycans, 

glycosaminoglycans, and fluid, produced by cells and in which the cells are embedded. The matrix 

secreted by chondroblasts, for example, is responsible for the properties of cartilage. 

-Gelation - solidification by freezing or the process of forming a gel. 

-KAUST – King Abdullah University of Science and Technology 

-Leap motion - The Leap Motion Controller captures the movement of your hands and fingers so 

you can interact with a connected output. 
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-Limit switch - Limit Switches are electro-mechanical devices that consist of an actuator 

mechanically linked to a set of contacts. When an object comes into contact with the actuator, the 

device operates the contacts to make or break an electrical connection. 

-Microfluidics - It is the science and technology of manipulating and controlling fluids, usually in 

the range of microliters (10-6) to picoliters (10-12), in networks of channels with lowest 

dimensions from tens to hundreds of micrometers.  

-Nephron- The structural and functional unit of the kidney, i.e. a structure comprised of a set of 

tubules and its chief functions are blood filtration, osmoregulation and waste elimination by 

urine formation 

-Peptide bioink – Printable scaffolds with adequate mechanical strength and stiffness are sought 

after to ensure the viability of printed cells and tissues. 

-SD card – An SD Card (Secure Digital Card) is an ultra-small flash memory card designed to 

provide high-capacity memory in a small size. SD cards are used in many portable devices such as 

digital cameras, handheld computers, mobile phones etc. In our case, it stored STL files that can 

be later printed from the 3D printer.  

-Sodium Alginate - It is a natural polysaccharide product extracted from brown seaweed that grows 

in cold water regions. It is soluble in cold and hot water with strong agitation and can thicken and 

bind. In presence of calcium, sodium alginate forms a gel without the need of heat. 

-Thermoreversible - It originates from the Greek word thermos meaning heat and the Latin word 

reverses meaning to turn back, thermoreversible is a property of certain substances to be reversed 

when exposed to heat. Such substances form a gel when cooled and return to a viscous fluid state 

when exposed to heat. 

-Three-dimensional printing – 3D printing is a method of making three-dimensional solid objects 

from a digital file. 
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-Vitro - It refers to the technique of performing a given procedure in a controlled environment 

outside of a living organism. Many experiments in cellular biology are conducted outside of 

organisms or cells. One of the abiding weaknesses of in vitro experiments is that they fail to 

replicate the precise cellular conditions of an organism, particularly a microbe. 

Significance of the project 

 

 When tissues or organs have been so severely diseased or lost by cancer, congenital 

anomaly, or trauma that conventional pharmaceutical treatments are no more applicable, artificial 

tissues/organs or organ transplantation are the first choice to reconstruct the devastated tissues or 

organs. However, these surgical treatments have been facing a number of challenges at moment. 

Even though artificial organs have been improved by remarkable advances in the biomedical 

engineering in the past decades, the field still needs better biocompatibility and functionality.  

     

 Later, the concept of tissue engineering emerged as an alternative approach to tissue and 

organ reconstruction. A distinctive feature of tissue engineering is to regenerate patient's own 

tissues and organs that are entirely free of poor biocompatibility as well as severe immune rejection. 

Owing to the outstanding advantages, tissue engineering is currently considered as an ultimate 

medical treatment. To regenerate new tissues, this biomedical engineering utilizes three basic tools; 

cell, scaffold and growth factor.  

     

 3D bioprinting is now commonly used by many organizations and research centers to 

produce tissues and cells with the help of bioinks. Generally, all 3D bioprinters are very expensive 

and are customized for specific bioinks. This means that if a research center wants to experiment 
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on self-produced bioink, it will not be able to do so and would be forced to use the bioink designed 

for the printer. Our 3D printer will be built using standard parts that will be easily replaceable based 

on our needs. Once this task is done, the procedure will be tested on robotic arm since it is more 

reachable to places, unlike a linear system. So being able to print tissues with minimum cost to 

diagnose problems would be a great achievement for the field. This project will be a significant 

endeavor in the field of bioengineering as it serves to promote the idea of tissue production rather 

than replacement of an existing one. Moreover, organ transplantation can be problematic 

sometimes due to the shortage of donated organs and immune rejection which makes it hard for 

the patient to recover soon.  

     

 The product mainly targets research centers that are working on the improvement of tissue 

engineering. Since the parts are standard and the structure can be easily altered, it will benefit the 

user to identify faults (if any occur). The software used with the printer is user-friendly on the 

contrary has limited options. Nonetheless, the printer is compatible with few other software that 

are used for bigger applications. If a product of this cost is sufficient for experiments, it is 

economically saving expenses for many institutes that spend a large amount of money on 

experimenting. On the other hand, it can affect the companies that sell 3D bioprinters and motivate 

people to build their own.  

     

 To deal with tissue engineering means regenerating the tissues restore, maintaining and 

improving damaged tissues or whole organs. On the other hand, Regenerative medicine is a broad 

field that includes tissue engineering but also incorporates research on self-healing – where the 

body uses its own systems, sometimes with help of foreign biological material to recreate cells and 

rebuild tissues and organs. Both of these procedures deal with live tissues to solve problems for the 



 21 

human body. This is a precarious process on its own and requires special setup to experiment on. 

Since the product indirectly deals with people, it is required to take all possible safety precautions 

to make sure things are going in the right direction. Since the product will be limited to researchers 

with a cheaper cost, there are chances of people misusing it.  

     

 In order to use the 3D printer as a tool to transform it to a 3D bioprinter, there are many 

environmental effects that must be considered. Different researchers reveal that 3D printers use 

large amounts of energy, larger than the amount used by milling and drilling machines which make 

it non-eco-friendly. However, when we consider the product life-cycle; extraction, assembly, 

refining, manufacturing, usage and maintenance, 3D printers exhibit to be winning in terms of 

carbon footprint. 3D printers eliminate the process of cutting, drilling and milling and reducing 

stages of the production cycle. Moreover, 3D printers open doors for employment as for the product 

to be made, designing phase is required which needs people with good designing and software 

skills. Overall, the technology has advanced and supports any product that cuts down steps and 

makes work easier for the people. 

 

Capabilities of the Students 

 

 

 As students of Electrical and Computer Engineering specializing in the field of Control and 

Robotics at Effat University the opportunity to work with different companies and institutes was 

procured. These enabled the students to apply the theory learned in classes in practice. Courses 

taken in Multimedia and Design and Electric Fields provided a base knowledge required for the 

implementing the project and delivering predicted results. This project mainly deals with 3D which 
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is not easy to visualize. However, students acquired good knowledge about coordinate geometry 

and solved problems in 3D which assisted in designing shapes with the required specifications. The 

project is a fusion of engineering and medicine where the task of the students is to construct a 

platform to use the bioinks that have been prepared. Motors, sensors, and microcontrollers are used 

for the construction and operation. The motive for good progress made in this capstone is the 

knowledge obtained about building robots which provided an idea about the technicalities of these 

components when they were used in the capstone project. However, the project covers both medical 

and engineering knowledge and since students are familiar with just the engineering part, it can 

become an obstacle for them. While building the printer, it is important to be aware of all the factors 

that can affect biomaterial as they are very complex and a slight mistake can turn out to be a major 

problem in future.  

  

 Since students were given the opportunity by King Abdullah University of Science and 

Technology, it was a great chance for them to utilize their skills and apply the gained knowledge 

practically. Students were provided with all the components and kits that were needed for the 

project to experiment and ensure. Having a variety of skills in a team is one of the leading factors 

for the students to accomplish goals faster. By taking good use of a group member that is very good 

in dealing with software while the other that has good experience in mechanics helped in the 

division of tasks done by the supervisor. Such a combination makes it easier for the team to 

accomplish the goals as work gets divided based on the skills each member has. The mentor at 

KAUST also made sure that students get different tasks at the same time to make sure there is 

always more output in less time. The project scheme was divided into phases with proper time 

scheduling to ensure that the team members complete the project on time. Due to time constraints, 
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students are working on the basic functions that the product should be able to do but if it is further 

improved and designed, it will be widely used for research purposes. 

 

CHAPTER 2: Literature Review 

 

Approach to 3D printing 

 

 

3D structures of tissues and cells are formed by several techniques used in 3D bioprinting. 

However, there are three central approaches that this process is based on, namely, biomimicry, 

autonomous self-assembly and mini-tissue building blocks. Biomimicry is a biologically inspired 

engineering that has been applied to many technological problems, including flight, materials 

research, cell-culture methods and nanotechnology. Its application to 3D bioprinting involves the 

manufacture of identical reproductions of the cellular and extracellular components of a tissue or 

organ15. This can be accomplished by replicating particular cell useful segments of tissues, for 

instance, emulating the branching patterns of the vascular tree or assembling physiologically 

precise biomaterial types.  For this technique to succeed, the replication of natural tissues on the 

micro scale is essential. Along these lines, a comprehension of the microenvironment, including 

the specific arrangement of functional and supporting cell types, the gradient of soluble or insoluble 

variables, an anatomy of the ECM as well as the nature of the biological forces in the 

microenvironment is needed. The development of this knowledge base will be vital to the 

accomplishment of this approach and can be drawn from basic research in fields of engineering, 

imaging, biomaterials, cell biology, biophysics, and medicine. 
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 Another approach to replicating biological tissues is autonomous self-assembly i.e. to use 

embryonic organ development as a guide. The early cellular components of a developing tissue 

produce their own ECM components, proper cell signaling and autonomous organization and 

designing to yield the desired biological micro-architecture and function. A 'scaffold-free' version 

of this approach utilizes self-assembling cellular spheroids that undergo fusion and cellular 

organization to mimic developing tissues. Autonomous self-assembly relies on the cell as the 

primary driver of histogenesis, directing the composition, localization, functional and structural 

properties of the tissue. It requires an intimate knowledge of the developmental mechanisms of 

embryonic tissue genesis and organogenesis as well as the ability to manipulate the environment 

to drive embryonic mechanisms in bioprinted tissues. 

 

 The concept of mini-tissues is relevant to both of the above strategies for 3D bioprinting. 

Organs and tissues comprise smaller, functional building blocks or mini-tissues. These can be 

defined as the smallest structural and functional component of a tissue, such as a kidney nephron. 

Mini-tissues can be fabricated and assembled into the larger construct by rational design, self-

assembly or a combination of both. There are two major strategies: first, self-assembling cell 

spheres (similar to mini-tissues) are assembled into a macro-tissue using special biological design 

and organization; second, accurate, high-resolution reproductions of a tissue unit are designed and 

then allowed to self-assemble into a functional macro-tissue. Examples of these approaches include 

the self-assembly of vascular building blocks to form branched vascular networks and the use of 

3D bioprinting to accurately reproduce functional tissue units to create 'organs-on-a-chip', which 

are maintained and connected by a microfluidic network for use in the screening of drugs and 

vaccines or as in in vitro models of disease. 
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 For the material used in this study and previous studies, sodium alginate (Na-Alg) solution 

was prepared by dissolving Na-Alg (SigmaeAldrich, Shanghai, China) into deionized water and 

placed on a magnetic stirrer for 24 h at 120 rpm at room temperature to make the final Na-Alg 

solution with a concentration of 2e5% (w/v). Similarly, calcium chloride (CaCl2) solution was 

prepared by dissolving CaCl2 (SigmaeAldrich, Shanghai, China) into deionized water to make the 

final CaCl2 solution with a concentration of 2e5% (w/v). Red and purple dye was added to the 

CaCl2 solution to distinguish the core section from the sheath section of hollow filaments and was 

also injected to the fabricated micro- channel for perfusion. Green fluorescence protein (EGFP, 

MW 27KD) (Miaoling Biological Technology Co., Ltd., WuHan, China) was perfused into the 

printed hydrogel structures as a model bio- macromolecule to perform a permeability test.  

 

Experimental setup  

 

 

 The experimental setup was composed of motorized XY stages attached with a coaxial 

nozzle, a motorized Z stage attached to a Z-shape platform where structures were printed, a 

container containing the calcium chloride solution, a four-channel syringe pump, and a computer 

which was used to control three-dimensional motion stages and the syringe pump. The high thrust 

syringe pump with four channels made in our laboratory was used to dispense sodium alginate 

and calcium chloride solution with different flow rates. The XY stages were precisely controlled 

to define the coaxial nozzle location for planar feature printing. The Z stage was controlled to 

match the printing speed for each layer to ensure fusion and gelation sequentially.  
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 In the bioprinting system, a coaxial nozzle was used to fabricate hollow alginate filaments. 

The coaxial nozzle had seven parts: an inner tube, an outer tube, two-way feed, a storage tube, a 

sealed cap, and a porous buckle. The feed tube 1 was used to feed the sodium alginate solution into 

the storage tube, and later the sodium alginate solution flowed through the porous buckle into the 

cavity formed be- tween the outer and inner tubes. The feed tube 2 was used to feed calcium 

chloride solution into the inner tube. The feed tube 1 was connected to the side of the storage tube 

by screw threading. The outer tube and the sealed cap were also assembled to the storage tube by 

a threaded connection. The feed tube 2 was assembled to the inner tube firmly by a cone connection. 

The porous buckle had one small hole centrally and four big holes on the edge and was located in 

the groove of the outer tube. The small hole was used to fix the inner tube for the coaxial purpose, 

while the sodium alginate solution could flow from the storage tube into the outer tube through the 

four big holes. The coaxial nozzle could realize inter- changeable inner and outer tubes. The coaxial 

assembly used had an outer needle with inner diameter (I.D.) of 1600 mm and outer diameter (O.D.) 

of 2000 mm, and three kinds of inner needle: 21gauge (510 mm I.D., 810 mm O.D.), 22 gauge (410 

mm I.D., 710 mm O.D.), 23 gauge (330 mm I.D., 630 mm O.D.).  

 

Fabrication of a 3D structure  

 

 The fabrication process for a 3D structure that was used was by dispensing sodium alginate 

solution through the outer tube of the coaxial nozzle, while the calcium chloride solution was 

dispensed through the inner of the coaxial. Once the two solution flows contacted, Ca2þ diffused 

into the sodium alginate solution and then crosslinking started. As a result, a calcium alginate 

filament with a hollow channel was formed. By controlling the concentration and flow rate of the 
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two solutions, partial crosslinking occurred and two sections of the filament wall were obtained: 

gelled alginate in the inner and ungelled in the outer. This allowed the formed hollow filament to 

coalesce with new filaments printed adjacent to it. A motorized XY stage was then used with the 

coaxial nozzle attached to control adjacent hollow filament deposition in the precise location for 

fusion. When planar printing with a layer alginate was completed, the second layer was printed 

upon the first layer without the Z-shape platform moving down vertically. Similar to the fusion of 

two adjacent filaments, the two layers of alginate structures could also fuse together. When the 

second layer was printed completely, the Z stage attached with a Z-shape platform moving down 

by a distance of the layer thickness for the sufficient gelatinization of the first layer, while the 

second layer still exposed the CaCl2 solution. So the printed third layer could fuse with the second 

layer. Sequentially, the printing process always kept the top two layers fusing and the below layers 

solidifying. When the entire structure was printed, the Z stage moved down to keep the structure 

immersed in the CaCl2 solution for complete crosslinking and a 3D alginate structure with built-in 

microchannels was fabricated. 

 

Bio-printers Developed by Universities   

 

 In the first millennium, Muelhaupt’s group at Freiburg Materials Research Center presented 

an AM fabrication technique using 3D plotting of thermo-reversible gels in a liquid medium. They 

were the first group to report the deposition of living cells using an extrusion approach. [15] 

Subsequently, in 2002, an evolution in bioprinting took place when Nakamura realized that the ink 

droplets in an inkjet printer were the same size as human cells [16]. Consequently, he decided to 

adopt the technology, and by 2008, he had created a functional bioprinter that could print out a bio 
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tube mimicking a blood vessel. According to Tao, the ideal bioprinter has specific system 

requirements, which include—but are not limited to—high resolution, high throughput, ability to 

dispense various biomaterials simultaneously, ease of use, nontoxicity, cell viability, affordability, 

and the ability to control dispensing of multiple bioinks with different viscosities [17]. Therefore, 

for the precise dispensation of a bioink, a bioprinter should include three essential elements: an x–

y–z robotic motion system, bioink dispensers, and computer-based software-enabled operational 

control to print bioink with the satisfactory resolution. In this regard, a bioprinter with three print 

heads was used to fabricate functional blood vessels and cardiac tissue constructs, this printer was 

developed by the Medical University of South Carolina and Clemson University.  Shim et al. 

developed a multi-head tissue/organ building system, possessing six dispensing heads to fabricate 

3D tissue constructs [19] (Fig. 1(b)). Almost all of the existing bioprinters in the literature only 

have one arm and use multiple heads to print bioinks one at a time. However, Ozbolat et al. recently 

developed a bioprinter with two independent arms, which may be able to speed up the process and 

brings higher flexibility (Fig. 1(c)) [11]. This bioprinter named the multi-arm bioprinter, can lay 

down multiple bioinks simultaneously. For example, one arm can print a vascular network while 

the other one lays down tissue strands between vascular conduits.  
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Organovo 3D Bio-printer   

 

The bioinks used in Organovo bioprinter are deposited in precise layers on top of each other 

and interspersed with a gel that forms a temporary mold around the cells. Depending on the choice 

of bioink and printing pattern, the result can be any number of the three-dimensional biological 

Figure 1 (a) South Carolina and Clemson University 3D bio-
printer 

Figure 1 (b) Shim’s bioprinter 

Figure 1 (c ) Ozbolat’s multi-arm bio-printer 
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structure. In this case, it is a strand of living lung tissue about 4cm in length and containing about 

50m cells.  

By the early 2000s, several research teams from different laboratories had begun to develop 

or modify printers to print cells in three dimensions. In Dr. Boland’s case, he simply added to an 

HP printer a platform that could move up and down. In 2003 he filed for his first cell-printing 

patent and collaborated with Dr. Forgacs and three other colleagues on a paper for Trends in 

Biotechnology in which they predicted that in this century “cell and organ printers will be as 

broadly used as biomedical research tools as was the electron microscope in the 20th century.” And 

in September 2004 the University of Manchester in Britain hosted the First International Workshop 

on Bioprinting and Biopatterning, with 22 speakers from ten countries. 

 

Around the same time, Dr. Forgacs began developing the technology that became the basis 

for Organovo. He devised a technique that could print a large number of cells at one time. Instead 

of an inkjet’s tiny nozzle that allows only droplets with individual cells to squeeze through, Dr. 

Forgacs invented an extrusion-based printing process that uses a syringe with a needle or 

micropipette with an orifice that may be as large as several hundred microns. That made it possible 

to deposit large cell aggregates, in spheroid or cylindrical form. The pressure was applied to push 

them out, typically using an automated plunger. 

Bioprinting is very different to standard tissue engineering, in which cells are cultured and 

then seeded onto individual biodegradable molds or scaffolds whose shapes resemble that of the 

organ or tissue they are replacing. Depending on the architectural needs of the organ and its 

function, a scaffold’s properties and structure need to vary as well, says Anthony Atala, a leader in 

this field and director of the Wake Forest Institute for Regenerative Medicine in North Carolina. 
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In the case of a blood vessel, the scaffold would have to be thin and elastic. “The scaffold 

really is acting like a prosthesis, like a device, until the cells are able to take over and lay down 

their own matrix,” Dr. Atala explains. The timing of the scaffold’s demise is critical, he adds. If it 

degrades too quickly, the transplant is going to fail. But if it degrades too late, after the cells have 

made their own structure, the patient may end up with scarring. 

Dr. Atala and his team used to create scaffolds by hand and seeded the cells with a hand-held 

pipette. 3D printing helped to scale up the process, automate it and make it more precise because 

the printers run under computer control. His institute now has half-a-dozen 3D printers at its 

disposal, and in most cases researchers print the scaffold and the cells together. That way says Dr. 

Atala, “we could not just create one organ at a time, but create many organs at the same time.” 

Organ and tissue structures vary in complexity, and some are much harder to make than others. 

From an architectural standpoint, flat structures, like skin or cartilage, are less complex than tubular 

ones, such as blood vessels or windpipes, says Dr. Atala. Hollow, non-tubular organs, like the 

bladder, stomach or uterus, are trickier. But the most complex is relatively solid organs, such as 

the heart, liver or kidneys, which consist of many more cells and an extensive vascular structure. 

 

Transplanted parts 

So far, surgeons have been able to implant a variety of engineered flat, tubular and hollow 

tissues into patients, including skin, cartilage, and muscle. Dr. Atala has also successfully 

implanted lab-grown bladders and urethras into young patients. But solid organs are another matter. 

“That”, he says, “is really the next frontier.” 

All tissue engineers have the same goal—to create human organs for transplant—but their 

approaches differ. In particular, they are divided on how much of a support structure or scaffold 

they need to provide for the cells, and what building materials are the most suitable. Dr. Forgacs 
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believes that any type of scaffold interferes with a cell’s natural biology. His approach relies on the 

cells’ intrinsic ability to develop an innate shape and structure, which is akin to the differentiation 

and developmental processes that occur inside an embryo. Instead of a scaffold, he uses what he 

calls “biopaper”, a water-based gel that is printed along with the bioink and surrounds the cell 

aggregates. Dr. Forgacs calls this process “scaffold-free” bioprinting. The gel is not going to be 

part of the biological tissue, but a structure that holds the printed material together until the cell 

clusters themselves begin to fuse. 

Because gels could interact with the cells, it is best to remove them quickly, usually, in less 

than 24 hours, concurs Mr. Murphy. “Our goal is to make something that’s 100% tissue as quickly 

as possible,” he says. In the case of Organovo, scientists do it by formulating the gel so they can 

dissolve it chemically or physically peel it off. 

 

Brian Derby of the University of Manchester and author of a review in Science on printing 

tissues and scaffolds, emphasizes that in some cases it is beneficial to use a scaffold. “People use 

scaffolds for a reason,” he says, “and that’s because gels have little or no structural integrity.” Rigid 

tissues, such as bone, require a structure that provides mechanical strength while the cells lay down 

their own matrix. 

One of the biggest challenges facing tissue engineers is creating the necessary blood flow 

and vascular structure to supply organs with nutrients and oxygen, so they can thrive and survive 

in the long term. The heart and other solid organs, in particular, require an entire vascular tree, 

which is comprised of large blood vessels that branch into smaller and smaller vessels. So far, 

researchers have been able to make simple blood-vessel structures but not more complex 

vasculatures that could nourish solid organs. 
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Bioprinters could potentially construct a series of channels into each layer of cells, and 

these channels might be used to supply blood to tissue, says Dr. Boland, who is working on the 

problem. His approach is to create hollow tubes from fibrin, a protein involved in blood clotting, 

surrounded by fat cells. On their inside, the tubes entrap endothelial cells, a type of cell that 

naturally forms blood vessels. The tubes serve as scaffolds for the cells, which—after being 

printed—go through a growing phase in an incubator. The structure is then implanted in mice and, 

if all goes well, connects up and integrates with surrounding tissues. If this approach works out, it 

could also prove useful for Dr. Boland’s company, TeVido BioDevices, which aims to develop 

custom bioprinted implants and grafts for breast-cancer patients made from their own fat cells. 

Organovo is licensing Dr. Boland’s original cell-printing patent and has incorporated inkjet 

technology into its current systems (though the company will not disclose whether it plans to use 

it to help manufacture liver tissues). While Dr. Forgacs’s extrusion process creates larger cell 

structures very quickly, one important feature of the inkjet-printing approach is its high resolution. 

It can be used to add detail and to apply thin layers of cells and patterns within layers, says Mr. 

Murphy. 

 Several laboratories are currently working on developing bioprinters that could print skin 

cells directly onto wounds and burn injuries. At Wake Forest, researchers use a printer in 

conjunction with a laser to scan the size and depth of an injury. It produces a topological 3D map 

of the wound, which is used to determine how much material to deposit at any one spot, explains 

John Jackson, a member of Wake Forest’s skin-printing team. 

Although the majority of bioprinters at Wake Forest are inkjet based, the researchers opted for a 

pressurized version. This is because of the difficulty of getting cells through the inkjet nozzle. “You 

get a lot of clogs,” says Dr. Jackson. With the system they have chosen the researchers can change 

nozzle sizes, and the machine can print up to eight different types of cell. Recent studies on animals 
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have shown that it is successful in printing precise layers of cells and cell types onto wounds. The 

process takes about 20-30 minutes for a wound that is around 10cm in length and width and up to 

1cm deep. 

 The current treatment for burn patients is to take skin grafts from other areas of their body 

and transplant them onto the wounds. But the supply of skin from the body is limited, and the graft 

has to be prepared for transplantation. The question was that why did he not save a step and print 

skin cells directly onto the patient? “The patient itself is the best incubator,” he believes. This 

process might also work for people with diabetes and for the elderly, whose wounds often do not 

heal well. Dr. Jackson hopes if things go according to plan, that the skin printer could be used in 

clinical trials within three or four years. 

 Dr. Forgacs’s latest project does not involve bioprinting for medical purposes, but a 

simplified printing process to create meat for people to eat. When Organovo went public in 2012, 

he decided to leave the board (though he is still a consultant for the company) and devote more 

time to being a chief scientific officer of Modern Meadow, a startup which he co-founded in 2011. 

As producing biomaterials for human consumption will probably involve lots of regulatory testing 

before any products can be brought to market, the company will initially concentrate on making 

leather (although not with a bioprinting process, but with some other form of fabrication, says Dr. 

Forgacs). Leather-goods manufacturers will be intrigued to see what he comes up with. 

Dr. Forgacs is hopeful that scientists will be able to build major organs eventually, although he 

does not believe they will ever be able to recreate a heart or kidney in the same minute detail as 

those organs exist inside the body. Instead, he suggests researchers should look at building 

biological structures that function the same way. These will not look like the organs people have, 

he says, but they will be able to perform some of the same functions. 
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Mini organs 

 

Organovo is conducting animal tests with structures that are not organs but smaller, patch-

sized tissues that it can build. These structures could work like miniature organs and assist damaged 

tissue to function as normally as possible. For example, a heart-muscle patch could help repair the 

heart after a myocardial infarction, or a patch could be used to bypass a blocked blood vessel. These 

are early-stage studies and no results have yet been disclosed. The company will evaluate a number 

of tissues which might be bioprinted as patches or mini organs, and then choose one or two with 

which it may proceed to clinical trials, possibly within the next five years, says Organovo’s Mr. 

Murphy. 

 Ibrahim Ozbolat from the University of Iowa co-wrote a review of bioprinting and organ 

fabrication last year. He believes miniature organs are an important step towards creating fully 

functional organs, as they may be able to perform the most vital functions, such as the secretion of 

insulin to help the pancreas regulate glucose levels. The mini organs or patches may not cure 

patients but could improve their quality of life. “The good news is the field is growing 

tremendously,” says Dr. Boland. The arrival of the first products on the market will encourage 

more people to start working on bioprinting, and thus further breakthroughs. 
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CHAPTER 3: Project Description and Modelling 

 

System Architecture  

 

Context Model 

 

 

Figure 2 :Activity Block Diagram of 3D printing System 
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Figure 3:Activity Block Diagram of 3D bioprinting System, detailed 

 

 

Figure 4:Activity Block Diagram of 3D bioprinting System including syringe pumps 
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Functionality  

The main components of the system are the 3D printer, syringe pumps, and the computer. 

The computer interacts with the control board of the printer to send STL files which are the files 

containing the design of the object to be printed. When the drawing is interpreted the printing starts 

by moving the motors of the x y and z-axis of the printer which move the extruder. At the same 

time the filament that will form the object is being dispensed from the extruder. This is controlled 

by the extruder motor which spins to push the filament in. The syringe pump is to replace this 

process when we are using the bioink for bioprinting. 

 

Project specifications and features 

Functional Requirements 

Hardware Requirements 

 3D printer 

 Syringe Pump: Control of the flow for bioink extrusion 

 Extruder 

 Computer 

 RS232 with female jack and phone Cable 

 

Software Requirements 
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 3D drafting software: Designing test structures that need to be printed 

 Slicing software: Convert design to a form interpretable by the printer 

 Dobot software: A platform for robotic arm(Dobot) 

 LabView: LabVIEW is an integrated development environment designed 

specifically for engineers and scientists building measurement and control systems. 

 

Input Requirements 

 Stl file: A file that contains 3D draft of the object to be printed are stored as .stl 

 Power: AC power required to move the motors and DC power to activate the control 

board and LCD. 

 SD card 

 

Output Requirements  

 Actuators: The motors which their movement position produces the structure of the 

object. 

 Printed 3D objects with the use of filament: When the printer is build it is going to 

be tested using plastic filament to print the objects. 

 Printed cells with the use of peptide and buffer solution: The bio system design will 

then be implemented to print living cells. 

 

Processing Requirements 

 Computer 
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 Microcontroller: The MC or control board is the center of communications. It 

interprets the design and then process necessary output to obtain result 

 Sensors: These include thermistors for measuring the temperature of the heated 

filament and the auto leveling sensor that will be used to detect the position of the 

printing bed.  

 

Non Functional Requirements 

 Sturdy mechanical structure: In order for the process to work accurately a firm structure is 

required because any movement in the structure will tamper with the desired results. 

 

Constraints 

The following are the expected features of the 3D printer to be built in order for it to be modified 

to a Bio printer. 

 Printing accuracy of at least 100 micrometers (0.1mm) 

 Modifiable according to experimental needs 

 High quality mechanism 

 Sturdy structure 

 Specifications and design information 

 Reasonable cost, $400 - $600 
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Limitation of Study  

Technical  

 

From an engineering point of view, it will require more than bio-printers to produce 

complex tissues and organs. Bioprinters alone will not be enough for producing the artificial 

organs. Steps such as fusion, assembling, remodeling, maturing are required. This will require high 

functionality and highly complex system. Hence the printer alone cannot produce the final output 

but other biological procedures are required as well. In addition, increasing the functionality of the 

system will result in using more motors for movement, temperature control systems, biosafety case, 

etc. The addition of these other components will lead to higher energy consumption and since it 

takes a long period of time to print an organ a lot of energy would have been consumed by the time 

the process is over.  

 

Economic  

 

Due to the high cost of resources and methods used in manufacturing bioprinters and 

acquiring biomaterials, the cost of 3D bioprinted organs is much higher than donated organs. Our 

aim is to produce an Engineering solution that will make life easier for people and not harder by 

increasing cost. Therefore, there is a need to create 3D printers using the most cost effective design. 

Hence, more people will be able to afford transplant using 3D bioprinted materials and so, the low-

cost supply meets the demand. 
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Figure 5  Graph showing the cost of kidney bioprinting vs. demand for kidney 

 

Over the years, however, the cost has indeed decreased considerably. 

 

The following are reasons for cost reduction in the United States: 

 

•    Continuous increase in demand. 

•    The increase in the number of Competitors. 

•    The continuous decrease in the cost of biomaterials. 

•    The continuous decrease in the price of bioprinters. 

•    Economies of scale. 

•    Local manufacturing and reduced inventory. 
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•    Cheaper and more accessible after the market parts and repair.  

 

Human  

  

3D bioprinting may be used to replaced damaged organs and tissues and for other medical 

and cosmetic purposes. However, these objects are natural and have highly complex and 

specialized structures and functions. Great effort can be made by researchers and specialist to 

mimic or produce them artificially but they can never replace the natural body parts and function 

that man has been created with. Hence the quality of printed organs will never be perfect enough. 

 

Health and Safety 

 

The main purpose of bioprinting is to apply the use of 3D printing technology to the health 

sector to improve treatment and meet the demands of people in need of help in life threatening 

situations. Using a person’s own cells to produce (print) them an organ reduces the risk of immune 

rejection and consumption of immunosuppressant. This procedure has not yet been perfected, but 

with time and development 3D printed materials will be perfect and most suitable for organ 

replacement since it cut-offs the major risk of transplant i.e. immune rejection. 

 Sterility in around 3D bioprinting environment is very crucial because of microorganisms 

and other particles in the air that may contact bioprinted products and cause infection of 

malfunction. However, these particles are everywhere and 100% getting rid of them is will not 

possible. Hence, the best will be done to avoid such but this threat will always stand. 

Ethical  
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Substituting animals in research by using alternative methods.The intolerance of the public 

towards the use of animals in research can be demonstrated by the incident where several animal-

rights activists released animals from the laboratories in the University of Milan, Italy, which 

caused data from decades’ worth of research to be lost. Of the 3R’s (Replace, Reduce, and Refine) 

guiding principles in animal research. Replace is probably the most relevant principle that can be 

solved by 3D bioprinting.  With the ability to print cells in a 3D system that mimic native tissue 

form, this goal is definitely feasible. Organovo, a prominent player in the 3D bioprinting business, 

has been partnering with L’Oreal to print human skin for research. Using Organovo’s NovoGen 

BioprintingTM platform, they are hoping to increase the speed and productivity of skin production 

process. This collaboration could symbolize an end to the recruitment of human volunteers or 

animal use for cosmetic testing. 

 

 In addition, bioprinters in the wrong hands may contribute to fake identity, increase in crime 

and illegal activities. Hence, care needs to be taken to ensure access is only made to authorized 

persons and industries.  
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CHAPTER 4: Methodology   

 

In this part of the project, the different techniques of bio-printing are discussed. 

Highlighting the advantage of each system in addition to the evolution of bio- printers from 1980’s 

till the current year. Types of bio-printing are listed in figure [6] 

 

 

 

 

 

 

 

 

Bioprinting Methods  

 

 

 In their paper, Mironovo and Derby defined bioprinting as a “computer-aided transfer 

processes for patterning and assembling living and nonliving materials with a prescribed layer-by-

layer stacking organization in order to produce bio-engineered structures serving in regenerative 

medicine and other biological studies” [1]. According to Cui, Gao, and Dai, The most promising 

technology through application of techniques based on either laser, inkjet or extrusion/deposition 

techniques, which is discussed in the flowing sections.   

 

 

 

Bioprinting 
Techniques 

InkJet-
Based

Thermal 

Piezoeletric

Extursion-
Based

Pneumatic

Mechanical 

Piston

Screw
Laser-
Based

Figure 6: Classification of bioprinting techniques 



 46 

Inkjet Method  

  

 Based on Wilson, and Boland’s paper inkjet printers, which were first used in offices and 

then with personal computers in the 1980s. In this technology, droplets of ink are deposited on a 

piece of paper using narrow orifices. Inkjet printers enable precise control over the locations of 

droplets and thus give great flexibility to users. In the early 2000s, a small leap was made in this 

technology, and cells replaced traditional ink in cartridges [2]. Stachowiak, Richmond, Li, 

Brochard, and Fletche have come to agree that among diverse kinds of inkjet printers, thermal or 

piezoelectric drop-on-demand means have been adapted in bioprinting. The thermal inkjet system 

consists of an ink chamber with a small number of nozzles and a heating element (Fig. 7(a)). In 

their paper, they have suggested in order to produce an ink droplet, a small current pulse is applied 

to the heating element. Consequently, the temperature of the ink around the heating element 

increases, forming a bubble that forces the ink out of the nozzle orifice [3]. On the other hand, Le 

Hue explained the piezoelectric inkjet printing which uses piezo crystals, these piezo-crystals are 

located at the back of the ink chamber (Fig. 7 (b)). An electric charge is applied to the crystals, 

causing them to vibrate. Inward vibration forces a small amount of the ink out of the nozzle. Many 

other studies have shown that heat and mechanical stresses generated in thermal-based inkjet 

bioprinters, especially in their orifices, affected cell viability. Furthermore, specific vibration 

frequencies and power levels used in piezoelectric-based bioprinters may disrupt cell membranes 

and cause cell death. [4,5,6,7] 
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Figure 7 Inkjet-based bioprinting: (a) a schematic of thermal-based inkjet bioprinting  (b) a schematic of piezoelectric-based inkjet 
bioprinting 

, 

 

Laser Method  

 

A laser-based system was first introduced in 1999 by Odde and Renn to process 2D cell 

patterning [8]. In this technology, laser energy was used to excite the cells and give precise patterns 

to control the cellular environment spatially. According to Wang, Li and Huang , Laser-based direct 

writing (LDW) is one of the leading methods in laser-based bioprinting techniques [9]. In LDW, a 

laser pulse guides an individual cell from a source to a substrate. The laser pulse is used to transfer 

the suspended cells in a solution from a donor slide to a collector slide. The laser pulse creates a 

bubble, and shock waves generated by the bubble formation eventually force cells to transfer 

toward the collector substrate (Fig. 3(a)). Barron stated that the nozzle-free nature of this method 

enables the usage of high-viscosity bioink, unlike inkjet and extrusion-based bioprinting 
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techniques. Moreover, given the high precision characteristic, lasers may offer the most benefit for 

bioprinting the smallest features of an organ. [10] On the other hand, Ozblot and Yu stated that this 

technology, as any other technology, has a number of limitations. The heat generated from laser 

energy and/or laser light may damage cells or affect the ability of cells to communicate and 

aggregate in the final tissue construct. In general, cell viability in laser-based bioprinting is lower 

than that of inkjet-based bioprinting. He also emphasized on the main advantage of using a 

pneumatically driven system is the various types and viscosities of bioinks that can be dispensed 

by adjusting the pressure and valve gating time. During bioprinting, bioink is dispensed by a 

deposited system, under the control of a computer, and then crosslinked by light, chemical or 

thermal transitions [11], resulting in precise deposition of cells encapsulated in cylindrical 

filaments of desired 3D custom-shaped structures. Therefore, this technique provides relatively 

better structural integrity due to continuous deposition of filaments. Moreover, this method can 

incorporate computer software such as CAD software, which enables users to load a CAD file to 

automatically print the structure [12]. Thus, it is considered as the most convenient technique in 

producing 3D porous cell-laden structures 
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Figure 8 Laser-based bioprinting:  (a) a schematic of laser-based bioprinting (LDW and LAB) 

Extrusion Method  

 

 Mironov mentioned in his paper that the pressure or extrusion-based, method has been used 

for quite a long time. However, this technology has also started to be investigated as a promising 

technique for creating living tissue constructs. He also stated that extrusion-based bioprinting is a 

combination of a fluid-dispensing system including a pneumatic or mechanical (piston or screw-

driven) one and an automated robotic system for extrusion and writing [1] Fig. 9. Based on Ozbolat, 

and YU’s paper, Piston-driven deposition generally provides more direct control over the flow of 

bioink through the nozzle. Screw-driven systems may give more spatial control and are beneficial 

for dispensing bioinks with higher viscosities. However, screw-driven extrusion can generate larger 

pressure drops along the nozzle, which can potentially be harmful to loaded cells. Thus, screw 

design needs to be carefully performed in order to be used in bioprinting setups.[11]. Moreover, 

according to many researchers, this method can incorporate computer software such as CAD 

software, which enables users to load a CAD file to automatically print the structure [12]. Thus, it 
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is considered as the most convenient technique for producing 3D porous cell-laden structures.  

Conversely, Tirella et all revealed that the bioprinting process could induce quantifiable cell death 

due to changes in dispensing pressure, nozzle geometry and bioink concentration. Moreover, she 

systematically investigated the effect of shear stress on the cell. Then again, Jos et all started using 

optimum process parameters such as bioink concentration, nozzle diameter, pressure and speed, 

one can overcome these limitations and challenges to some extent. 

 

Figure 9 Extrusion-based bioprinting 

 

In this project, Extrusion method was adopted by using a coaxial nozzle. The two axis of the nozzle 

were each connected to a tube where the fluids are pumped through a syringe with the use of a 

syringe pump. 

The figure below shows the coaxial nozzle and the solutions going through. 
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Figure 12: Design and concept of microfluidics based extruder for bioprinting of ultrashort peptides-based bioinks 

 

 

 After successfully completing the 3D printer and testing for printing plastic, the filament 

extruder was replaced by the syringe pump and coaxial nozzle system to for the bioprinting. The 

need for the coaxial nozzle is that for the gel to be formed, the two solutions need to combine at 

different proportions. Hence, rather than a single inlet, single outlet nozzle (fig.21) which is 

commonly used, this method was implemented.  The syringe pump is used to control the amount 

and speed at which the fluids combine together. This is determined by the relationship: 

𝑄 =  
𝑉

𝑡
 

  

 The printing process is controlled by the printer to design the structure and print according 

to the 3D design input while the syringe pump controls the extrusion of biomaterials. The printing 

speed needed to be equal to the speed of extrusion for the system to print properly which was 

successfully done. 
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Figure 12:Testing first filament printing with printer            Figure 13 : Result of 3D printing an ear before and after fixing settings 

 Once the printing was done successfully using the plastic filament, the extruder was 

replaced by the syringe. The syringe needed a holder for stabilization which was designed and 

printed using the same 3D printer. The printed holder was then placed on the extruder axis, fixed 

with the syringe on it. Changes were made in the software settings to allow it to print without the 

extruder. To consume energy and also for safety, it was ensured that the hot bed stays at room 

temperature and the extruder fan does not work during printing like it used to before. The results 

for such settings are explained in the next section. 

    The second phase of the project was to test the same using the 3D robotic arm. The robotic arm 

which is also known as “Dobot” works using its own software also named Dobot. It can perform 

various tasks like picking and placing, 3D printing, test and playback etc. As mentioned about the 

Organovo bioprinter which was able to produce scaffolds for cell growth to happen; this one was 

programmed to perform similarly. The test and playback function of the Dobot were used to record 

every movement made, by manually giving the starting and end position of the Dobot and then 



 53 

saving it in the software. In this way, different sized petri dishes that are generally used for cell 

growth were placed and corresponding movements were recorded. 

  Leap motion tool was also tested for moving the robot in the right position when needed. 

The Dobot was first used to print 3D structures using the filament and when the print was fine, it 

went through the same process like the linear printer mentioned above.  

 

 

 

 

 

 

 

 

 

 

 

     Figure 14: The 3D Robotic Arm Printer: Dobot 
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Figure 15: Screenshot of the program for the movements of the arm for scaffolds 

 

 

Figure 16  :Screenshot of the pro  options in teach and playback mechanism 
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Figure 17: Plate used for cell growth of the cells once injected by the robotic arm Figure 18: Syringe pump used with the 3D 
bioprinter to ensure that the right amounr of bioink is injected from the needle 

 

 

 

Figure 19: Snapvhot taken during the testing of the program to make sure the movement is accurate 
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Figure 20: Picture captured while testing with the other plates 

Bioprinting Results 

 

 The system worked successfully and the expected results were obtained. The 3D bioprinter 

has been made successfully within a reasonable budget and according to feedback from the 

biologist at KAUST and the Fluorescence confocal microscopy image, the cells have remained 

viable and preserved their function. Hence with these results we can assume that this method could 

be used for bioprinting of cells and tissues and end products could be successfully implanted into 

a patient since the tissue will remain alive and well functioning. 
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Figure 21: Single inlet, Single outlet nozzle                    Figure 22: First bioprinting from the linear printer - Printing with cells 

 

 

 

Figure 23: Fluorescence confocal microscopy of human skin fibroblast cells 3D bioprinted using peptide-based bioink. Printed using 
the Dobot 
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 Laser-based Inkjet-based Extrusion-based 

Resolution High Medium Medium-Low 

Droplet size >20   𝜇𝑚 50-300𝜇𝑚  100  𝜇𝑚 -1mm 

Accuracy High Medium Medium-Low 

Materials Cells in media Liquids, Hydrogels Hydrogels ,cell 

aggregates 

Commercial 

availability 

No Yes Yes 

Multicellular 

feasibility 

Yes Yes Yes 

Mechanical/structural 

integrity 

Low Low High 

Fabrication time Long Long-medium Short 

Cell viability Medium High Medium-High 

Processing modes Optical Thermal and 

mechanical 

Mechanical, Thermal 

and Chemical 

Throughput Low-medium High Medium 

Control of single 

printing 

High Low Medium 

Hydrogel viscosity Medium Low High 

Gelation speed High High Medium 
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Advantages 

 

 

 

Disadvantages  

High accuracy, single 

cell manipulation, 

high viscosity, 

material 

 

Cell-unfriendly, low 

scalability. low 

viscosity prevents 

build-up in 3D 

Affordable, versatile 

 

 

 

Low viscosity, 

prevents build-up in 

3D 

Multiple 

compositions, good 

mechanical 

properties 

 

Shear stress on nozzle 

tip wall, limited 

biomaterial used. 

Relatively low 

accuracy 

 

 

 

Table 1: Comparsion of techniques 
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CHAPTER 5: Project Management 

 

Cost Estimates 

Category Quantity Type Name Size Have Need price  

Printed 

parts 

1 …    1 $10 

Extruder 1 0.4 mm    1 $5 

Rods 2 Smooth 

Rod 

Ø8 320 mm  2 $12  

 2 Smooth 

rod 

Ø8 350 mm  2 $12  

 2 Smooth 

rod 

Ø8 370 mm  2 $12  

 2 Threaded 

rod 

M5 300 mm  2 $4  

 4 Threaded 

rod 

M10 210 mm  4 $15  

 2 Threaded 

rod 

M10 380 mm  2 $7  

Mechanical 

Parts 

11 Linear 

Bearing 

LM8UU   11 $11.50  

 1 Bearing 624   1 $1  

 4 Bearing 608   4 $2  
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 1 Belt GT2 760 mm  1 $2.00  

 1 Belt GT2 900 mm  1 $3.00  

 2 Coupling  5*5  2 $5.00  

 5 Motor Nema 17   5 $50  

 2 Pulley GT2   2 $4  

Heated bed 1 PCB 

Heated 

Bed 

   1 $20  

 1 Kapton 

Tape 

   1 $2  

 4 Binder 

Clip 

   4 $4  

 1 Thermistor    1 $10  

Electronics 1 3D printer 

control 

   1 $50  

 1 HICTOP 

DC 24V 

Connector  

   1 $10  

 1  LCD 

Control  

   1 $7  

 1 Auto-level     1 $2  
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 3 Mechnical 

limit 

switch  

   3 $3.00  

 1 Power 

supply w/ 

cables 

   1 $20  

Screws, 

Nuts, 

Washers 

41 Screw M3 14  41 $6  

 3 Screw M3 24  3 $4  

 4 Screw M3 30  4 $4  

 2 Screw M3 60  2 $4  

 6 Screw M4 20  6 $6  

 1 Screw M8 30  1 $1.00  

 53 Washer Ø3 mm   53 $20  

 6 Washer Ø8 mm   6 $8  

 34 Washer Ø10 mm   34 $14  

 1 Grub 

Screw 

M8 20  1 $1.00  

 5 Grub 

Screw 

M3 8  5 $5.50  

 33 Nut M3   33 $20  

 6 Nut M4   6 $6  
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 2 Nut M5   2 $2  

 1 Nut M8   1 $1  

 34 Nut M10   34 $14  

 1 Nylstop 

Nut 

M8   1 $1  

   

 

   Sub Total  

Shipping 

Total 

$390 

$300 

 $690 

Table 2: Cost Estimates  

 The cost for building a 3D printer and customizing it closer to a 3D bioprinter was $690. 

However, many features can be further added to the printer to make it function better. Commercial 

3D bioprinters are very expensive as they have many features and functions. They range from 

$9000-$200,000 based on the type of material and specifications. The printer that we are planning 

to design has few features as it is used for research purposes. The cost it took to build this one is a 

lot lesser than a basic 3D bioprinter. 

 

 

Timeline 

 

 

 This project commenced around the second week of February and ended successfully in 

May, where the main goal was achieved. However, the semester ended before other formalities 

were completed, therefore, it was continued and officially completed in September. 

The following figure shows major activities that took place in each month: 
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Major Task Distribution (Assignment of Responsibilities) 

 

 

Each member was in charge of particular tasks and is generally responsible for making sure 

all is going well in that aspect but generally we work together and assist each other in doing 

everything. 

The following table is a list of major responsibilities of each team member: 

Asiya  Kowther Sadaf General 

• Project plan and 

schedule. 

• Error fixing and 

searching for 

solutions online 

for cause of 

unexpected 

results. 

• Software and 

Firmware 

download and 

updates. 

• Design of 3D 

Structures 

using 3D 

drafting 

software. 

• Searching for 

suitable 

components 

online and 

comparing 

products. 

• Keeping 

components 

• Communicatin

g with the 

team, suppliers 

•  Getting 

updates about 

coursework 

and progress. 

• Determining 

origin of 

problems, 

checking and 

Fixing 

connections. 

• Choosing and 

assigning 

responsibilities 

to team 

members based 

on each 

person’s 

strength and 

specialization. 

• Financial 

budgeting 

• Construction 

phase 
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• System analysis 

and modelling 

using modelling 

software. 

• System 

Requirements and 

Specifications 

• Ensuring good 

visuals, diagrams 

and appearance of 

report and 

presentation  

• Final review of 

documents for 

submission 

and financial 

management 

(cost 

estimation and 

budget 

monitoring). 

• Previous work 

(Literature 

review) 

• Working on 

accurate 

printing 

settings 

• Communicatin

g with the 

troubleshootin

g team to help 

solve out errors 

• Working on 

troubleshoot 

issues of the 

printer 

• Working on 

accurate 

printing 

settings 

• Ordering 

components 

and checking 

shipping list. 

• Biweekly 

reports and 

minutes 

meeting 

• Working with 

adding new 

features  

• Materials and 

Methodology 

• Analysis of 

results from 

previous work 

• System Testing 

• Schedule group 

meetings. 

• Schedule 

meetings with 

supervisor for 

updates and 

inquiries. 

Table 3: Task Distribution 
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Project Phases and Milestones 
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Project Risk Assessment  

 

 The bioink commonly used by organizations is solidified by passing UV light through the 

solution that is extruded from the printer. Researchers have also worked on making their own 

bioinks through different ways and one of which is the one we have been working on. However, 

the bioink gel used in this research will be formed by mixing buffer solution with the bioink 

(peptide) right before it is extruded onto the printing bed. Hence, this is a new procedure and will 

require a different design approach for the printer and has only a predicted but unknown output. 

However, the design is simple and very similar to the previously done work hence, does not require 

a lot of effort to modify. It operates mainly based on fluid dynamics principles. Therefore, it is 

required mainly that the rate of flow of the fluids matches with the speed at which the extruder 

motors move. 

 

 

CHAPTER 6: Conclusion 

 

 

3D bioprinting is a new and powerful technology still being developed. The aim is to use 

the most cost and time effective engineering solutions to print artificial tissue an organ used for 

surgery. With great advancements in this technology, we do not have to wait for someone to die 

before using their hearts or any vital organ to transplant to other patients fighting to survive. 

 However, purchasing a 3D printed tissue may be costly because of the high cost of the 
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technology used to produce these items. Hence, an effort was made to engineer a 3D bioprinting 

system design that will produce desired output but at the lowest rate possible. The higher the cost 

of the technology used, the more expensive the end product. Since these end products are required 

for medical reasons to cure and help people, there is the need for it to be as reasonably priced as 

possible so that not only those who can afford an expensive surgery will have a chance of survival.  

 The use of syringe-based extrusion and coaxial nozzle techniques in this project to solve 

the problem has provided acceptable results both biologically by the cell structure and 

technologically by designing a suitable printer. Using syringe is cheaper than inkjet and laser-based 

techniques. In addition, the method of solidifying the structure by forming gel through the mixing 

of peptide and buffer solution and then allowing the cells to grow through autonomous self-

assembly which is executed by nature saves the cost of purchasing and using UV light to solidify 

the structure, like it is commonly used 3D bioprinting techniques.  

 Surgical treatments have been facing a number of challenges at moment. Artificial organs 

have been improved by remarkable advances in the biomedical engineering in the past decades, 

but still need better biocompatibility and bio-functionality. Problems in current organ 

transplantation include a shortage of donated organs and immune rejection, although 

immunosuppressive therapy has recently much advanced. The introduction of bioprinters into 

medical application enables the output for replacement of organs to be according to individual 

patient specification. As each item printed will be made from a culture of a patient's own cells, the 

risk of transplant organ rejection ought to be low indeed. Together with developments 

in technology and nanomedicine, bioprinting may likewise demonstrate an effective tool for those 

in need of life extension. 
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Project Discussion 

 

 

Overall, the course of doing this project was smooth because it was well planned, funded and other 

resources were readily available or accessible within our reach. Therefore, we are very happy with 

the progression and results. However, we did face challenges along the way. Challenges that were 

easily solvable by individual and others that had to be done as a team with both the students and 

support from supervisors. 

      

 When we started the project, the request from KAUST was for a 3D bioprinter to be built 

that would meet the requirements of their research.  This request became frightening to us because 

of the little knowledge we had about designing and assembly of a 3D printer and considering the 

time period for which the required task was to be completed. We thought of a way to go about 

achieving this goal, then we came up with the idea of purchasing a 3D printing KIT that would 

guide us towards understanding the whole mechanism and structure of 3D printing and printers. 

This would then allow us to be able to develop our own design in future or know how to modify or 

improve the current one if needed. That was done and it became successful. 

     

 Secondly, after the kit arrived we checked to ensure of all necessary components available 

and working, only to find out that auto level sensor was not working. This sensor was an important 

element because detecting the position of the bed indicates the starting point and layer where the 

object would be printed. This means that without it the process could hardly commence. However, 

from our experience with robotics, we decided to use a limit switch which was a contact sensor 

that would touch the bed and return its position and that enabled us to start testing printing. 
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Unfortunately, the use this limit switch worked but made the printing quality poor, especially the 

bottom layer which lies on the bed. However, with several trials and fixing setting problems and 

printing parameters, we were able to resolve this problem and our results turned out to be perfect. 

     

 Moving on to the 3D bioprinting, we worried about having very little or no knowledge 

about the biological aspect. This includes the materials used, their biochemical and physiological 

properties and the biological process itself. Understanding the processes and properties will enable 

us to choose more accurately the materials, measurements, and parameters to be used in 

engineering a solution for this printing because compatibility with these materials was the whole 

point of the experiment. Hence, we started slowly by getting to know the materials, using them by 

a lot of experimenting (trial and error) until we were able to start obtaining what we would want 

our results to look like. Gradually, we kept experimenting and learning with the help of our KAUST 

supervisor and by using online resources, doing a lot of reading on the internet, until we were able 

to have a sufficient idea of how our entire system would be built. This enabled us to finalize the 

design and in the end, the expected outcome was obtained which KAUST was very pleased with. 
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