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Abstract 

Mitral Valve Repair is a difficult surgical procedure. Synthetic valves can help surgeons practice complex 

techniques and predict complications. The patient’s valve is used as a guide to recreate a synthetic valve 

for pre-operative simulation. MRI imaging of the heart is converted into 3D models (Turbosquid.com). 

The models are downloaded and opened using the program Meshmixer. Plane cut is a tool on 

Meshmixer that dissects the image across the horizontal plane of the heart and exposes the mitral valve 

in between the left atrium and left ventricle. The sliced image is then exported to Cura to be printed 

using a 3D printer. It was decided to print a brain for proof of concept. A CT scan of a brain from 

thingverse.com, which had been converted to an STL file, was downloaded onto the Cura program. From 

there we were able to print the brain shape, to develop a silicon mold, and to create a pourable cast. 

The mitral valve ended up being more difficult because of technical issues such as overhang. This makes 

3D printing more challenging. It is evident that the mitral project requires a larger team with a more 

diversified skill set to overcome various challenges 

 

 

 

 

 

 



Obafemi 2 
 

 

Introduction 

The mitral valve is located between the left atrium and the left ventricle of the heart. Its function is to 

control the direction of blood flow through the heart. Blood enters the left atrium through the 

pulmonary vein; when the pressure gradient reaches a sufficient level the mitral valve opens up and 

allows blood to flow from the left atrium to the left ventricle. When the ventricle is full and its pressure 

increases the valve closes preventing blood from flowing back into the left atrium.   

  There are two main pathologies that affect the mitral valve: stenosis and regurgitation. High 

blood pressure can lead to stenosis of the valve. Stenosis is a heart valve condition in which the 

diameter of the opening is narrowed or the valve leaflets are thickened. The altered valve shape leads to 

reduction in the flow of blood flow through to the left ventricle. Prolapse of the mitral valve causes 

regurgitation. Regurgitation occurs when the mitral valve does not fully close and blood is allowed to 

leak back into the left atrium.  

When the degree of regurgitation or stenosis is significant surgery is usually necessary to correct 

the abnormality; so as to prevent subsequent significant adverse health effects. Surgeons have the 

choice of either replacing the valve or choosing to repair it. Valve repair is usually the best option for the 
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patient. Repair provides better heart function than a replacement; it ensures better long-term survival 

chances and lowers the risk of complications. In addition the patient does not need to take blood 

anticoagulants. 

Repairing the valve is difficult because the patient is on bypass during surgery and it is 

problematic for the surgeon to predict how the valve will react under normal conditions. Not much is 

known about the dynamic function of the mitral valve in its normal environment and so it is necessary to 

have access to a simulation model that emulates the how an organic mitral valve would react under 

procedural conditions. Simulation mitral valves serve as a great tool in a teaching hospital. A model 

simulation valve is a synthetic valve made up of different polymeric materials that closely mimics the 

physical properties of an actual heart valve; its purpose is to accurately recreate the nature of a heart 

valve as it reacts to forces during medical procedures. Medical residents and surgeons should have 

access to synthetic simulation valves to help them better predict outcomes of different procedures and 

repair techniques.  

Simulation is important to ease uncertainty and to provide a computational model that sheds 

light on the dynamic movements executed by the heart valves. An important feature of a simulation 

valve is that it would allow surgeons to reconstruct the natural environment of a normal heart valve and 
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observe how it functions amidst regular blood flow. With precise models new surgical techniques can be 

tested for valve repair and researchers would be able to develop new innovative approaches based on 

simulation results. 

In order for these simulations to be accurate the precise simulation mitral valves need to have 

physical properties similar to that of human valves.  

My thesis objective is to compare the shape and physical properties of the human mitral valve 

to a simulation valve. The goal is to observe how closely the simulation valves mimic a human valve to 

perhaps identify material that would better mimic the physical properties of a human valve. 

It was determined that obtaining mitral valves from varying sources would not be cost effective and 

would introduce new variables to the experiment. Most likely the dimensions of mitral valves created by 

each company would be different which would invalidate our results and bias the conclusions deduced 

from data obtained testing the physical properties of the different materials. 3D files of the heart were 

obtained that contained all the necessary structures to isolate the mitral valve from Turbosquid.com. 

 3-D Printing is an exciting and integral part of this research project. It is currently used to 

construct accurate three dimensional models. For my thesis I intend to use it to construct 3-D models of 

a mitral valve. Using an STL file it is possible to produce several identical 3-D models of a mitral valve all 



Obafemi 5 
 

with equivalent dimensions. This is extremely important to because this allows us to limit the variables 

in this experiment and eventually get a better idea of the impact the different materials to be tested 

have on the simulation value of the constructed valve. 

3D Printers 

3-D printers have been around since 1984. They were first manufactured by Chuck Hull, who is the 

currently the chief technology officer of 3D systems, located in South Carolina. The function of a three 

dimensional printer is to create a solid object with height width and depth from a digital model. The 

final product of a printing is achieved through an additive process where successive layers are laid down. 

The additive manufacturing utilizes virtual blueprints and slices them up into thin cross sections which 

can then be layered one on top of the other and bound together by an adhesive.  Stratasys is an 

established 3-D printing company that implements the important technologies PolyJet and Fused 

Deposition Modeling (FDM). PolyJet technologies are particularly interesting for this research, it claims 

to be viable using more than 100 different materials. Vaguely similar to the process of a 2-D inkjet 

printer the polyjet jets layers of the liquid polymeric material onto a polymeric build tray and cures it 

quickly with ultra-violet light. As the printer digests and interprets the digital data from the STL file the 

jet constructs the layers in an additive fashion and brings to life the three dimensional master prototype. 
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Because of UV curing the final product is ready to handle almost immediately after printing. The 

technology also allows for a simultaneous jet of a gel-like support material that supports overhangs that 

may be part of the master design and support delicate features of the model during the short period of 

time in which it cures. Just as the printer is able to deliver the support gel during normal printing it is  
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able to jet multiple material at once to incorporate in the model. If the prototype has features which 

must have a different texture or mobility than the rest of the structure, then this may be useful. FDM 

technology is useful when creating models made up of plastic. These thermoplastics are heated to a 

semi-liquid state and layered in an additive fashion. Simultaneous a gel support is implemented to 

stabilize the structure until the liquefied plastic cures. The gel can be washed away easily using 

detergent and water (http://www.stratasys.com/materials) 

Hyrel is another 3-D printing company and has begun printing using a self-setting rubber that might be 

useful to our research because of the flexibility the material present. The material is called Sugru and 

below is a link to a video of it being used in a print 

(http://www.youtube.com/watch?v=nuii5rP53Js#t=85). 

The printer used in the project is called the Ultimaker 1. It works well with the program Cura, to 

stack two dimensional cross-sectional layers to form a 3 dimensional product. The program allows for 

one to vary the print speed, density and layer from which to start the print. One can also adjust the scale 

of the model and add support which is easily removed to accommodate for moderately overhanging 
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structures. The material used for the print was PVA plastic. PVA maintains it shape and will keep 

structural integrity during the mold making process. 

Printing of the Brain 

Before making a 3-D copy of the mitral valve and creating its mold and cast, a further proof of concept 

was done. Thingverse had STL files of the heart and the brain which provided enough detail for a 

realistic print. The files were downloaded and taken to Xerocraft to be modified and printed. One of the 

experts at Xerocraft suggested against using the Ultimaker 1 to print the heart model. The vascular 

structures in the heart extend outwards and create overhangs. Most initial 3-D printers, including the 

one at Xerocraft, print in a layered fashion. They play cross-sections of the digital image on top of each 

other until the replica is complete. The problem with this strategy is that structures that overhang from 

the printed product are difficult to implement. The printer attempts to build these overhangs in the air 

without a base or platform. As a result, what usually happens is that the overhang structure does not 

maintain its integrity long enough to cure. Therefore instead of having a detailed network of arteries, 

veins and capillaries around the heart. They would probably end up deforming and some may even stick 

together. The brain also had technicalities when it came to print. I had to digitally remove almost a 
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quarter of the bottom area of the brain until I could find a cross-section that could act as a sufficient 

platform for subsequent layers.  

To be able to print, an MRI was taken of the brain of a 35 year old male and was saved as a 

DICOM file. The DICOM was converted to the STL file which I downloaded from thingverse. Cura was 

developed by a company called Ultimaker and is designed to make 3-D printing easier by streamlining 

the printing process. It is an open source software that can be downloaded online. Using Cura I was able 

to observe the brain model in a ‘print preview’ form and make adjustments to its dimensions and 

specify the portion I wished to print. The printed dimensions for brain cortex (mm): x-axis -57.9  y-axis 

80.02 z-axis 50.23. In total the brain cortex took just only 3 hours to print after being estimated to be a 6 

hour print. The material used was silver PVA plastic. The print begins with a brief wait time for the 

machine to heat up to about 250 degrees Celsius and melt the plastic. The printer employed a glue gun 

device to apply the melted plastic to a non-stick surface. The melted plastic cured in a little over five 

seconds. 
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Casting and Molding of the Brain 

The brain replica was taken to the ASTEC Surgery Lab to perform the casting and the molding. Dave 

Biffar, the director of operations in the lab, provided a tutorial of the process. The main materials we 

used were the brain replica, hot glue gun, plastic container, silicone gel mold star 16 part A and B, 

vacuum chamber, ecoflex platinum silicone gel part A and B and ease release grease.  

To begin I warmed up the hot glue gun and got out the both the brain replica and the plastic container. 

Once the glue gun was hot, I applied the glue to the bottom of the brain and stuck in to the base of the 

plastic container. I opened the mold star and mixed both containers of part A and part B to ensure a 

homogenous mixture. Next I poured equal volumes of part A and B silicone gel mold star 16 fast into 

separate containers. I then took the plastic container which the brain and applied ease release grease 

spray. This was necessary to ensure I would be able to easily extract the brain from the mold once it 

cured. Immediately after I mixed part A and part B together. Once the two parts interact the mixture 

begins to cure.  According to the instructions provided the cure time is about 15 minutes.  Therefore 

once the two parts are mixed thoroughly I evenly poured the mold mixture over the brain replica. An 

important part of creating a mold is to ensure that no air bubbles infiltrate the final product. Air bubbles 

ruin the integrity of the mold and creates abnormalities in any subsequent casts. In the first trial I used a 
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hairdryer to remove air bubbles. By banging the container against a hard surface the air bubbles rise to 

the surface where the hairdryer is able to destroy them. However, I discovered that the hairdryer could 

not get rid of all the bubbles. As a result in subsequent trials I used a vacuum chamber to remove air 

bubbles. This worked much better and produced better quality molds. Once the mold fully cured I 

removed the brain replica from the mold. The result was a brain mold capable of making multiple brain 

casts. I used Skin Tite as the casting material. It is an on-skin silicone rubber and prosthetic adhesive. 

Like the mold parts A and B, I mixed the Skin Tite thoroughly to ensure a homogenous mixture. I then 

sprayed ease release into the mold, to make it easier to remove the cast once is cured. Skin Tite was 

then poured slowly into the mold and filled to the top. The vacuum chamber was used to remove air 

bubbles while the cast cured. After 10 minutes the cast cured and was carefully removed from the mold. 

 

 

 

 

 

 

 

 

 

 

Side view of the brain model      Top view of the brain model 
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 Top view of the brain mold 
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File Storage and Conversion 

In order to acquire the dimensions needed to accurately recreate the a mitral valve we first proposed to 

first use a DICOM file to store and transmit our valve imaging. A DICOM stands for Digital Imaging and 

Communication in Medicine. Its function is to integrate imaging from multiple sources into a picture 

archiving and communications system (PACS). The file allows digital signal from an image to be 

characterized and reproduced objectively and accurately. It stores and transmits with precision, 

however, different viewing devises can affect how the image is perceived. To account for this potential 

derailment a standard display function has been developed for greyscale images. However for the 

purposes of this research this technicality does not apply. The DICOM file will be used to store and 

transmit imagery of mitral valves obtained from Computed tomography (CT) scans and Magnetic 

Resonance Images (MRI) to a program called SolidWorks. Another option that was considered was using 

a 3 dimensional echocardiogram, with good contrast, and break down video footage into TIFF files. 

These TIF files could then be converted to Stereolithograpy files (STLs) and printed from a 3D printer. 

However after consultation with Nicholas A. Giovinco, (DPM), it was determined that this method would 

not be possible with available technologies. It is possible to convert a 3D image to a 2D image and 

maintain good precision and accuracy. However 2D Tiffs cannot be converted to a 3D image without 
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losing a great amount of detail. In fact data along the z-axis does not exist in a 2D file 

(http://pcsupport.about.com/od/fileextensions/f/dicomfile.htm). 

 

Mold and Cast Materials 

To make mitral valve prototypes consisting of different materials an initial mold is necessary. A 

mold is a hollow structure that gives shape to liquid materials when they cool and harden. One of the 

most common molds is a silicon rubber mold. Urethanes are used for more rigid molding and casting and 

so will probably be unable to replicate the detail necessary in a valve. However, urethane is useful in some 

settings because of its quick mold process. It is easy to set and has a quick pour and cure time making it 

the easy choice for projects that require a strong product in a minimum amount of time. To make a 

urethane mold the model must be pressed into vulcanized rubber to make an impression, which will give 

the mold its shape. Nevertheless such a quick mold process does have drawbacks. The mold is only usable 

for a finite number of casts before the quality of the cast begins to decrease. Alginate was another possible 

candidate considered to be used as the mold material. Its principal ingredient is alginic acid extracted from 

seaweed and it is able to capture great detail and transfer for it to subsequent casts. Other advantages of 

alginate are its relatively cheap cost, it is not toxic to the human skin and does not have any known harmful 
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fumes. The general downside to alginate is that it is fragile and can only be used for a few casts before it 

dries out and its structure loses its integrity and ability to transfer detail to casts 

(http://www.ilcmuseum.org/online/Parvin/03.pdf).  

 

3D Printing Programs 

In order to create an accurate mold of a mitral valve a detailed master will be needed. By utilizing the 3D 

printer in the lab we will be able to create a master valve which will then be imprinted in the silicon.  

To obtain a practical resource and potential guide for 3-D printing process it was important to find a 

company or group already using the technology. Xerocraft Hackerspace does introductions and 

workshops dealing with 3-D printing. They are useful to learn more about the printing process, and 

provide an opportunity to experience first-hand the 3-D construction process. They show you how to 

calibrated the printer, walk you through the setup and ultimately how to print. They are also a useful 

information concerning 3D printing and help to fix issues one may be having with a prototype they wish 

to build. 
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http://www.xerocraft.org/blog/2013/06/intro-to-3d-printing-class-2/#.UsXdBPRDtUU 

Once 3D files were obtained the next task in the process was to transfer it to a 3D program. Solid works 

one of many programs that use parameters to create 3D models. It is easily obtained and can be found 

on many of the University of Arizona computers. Using Solid works the three dimensional image of the 

mitral valve can be observed and analyzed and the dimensional measurements recorded. Most 3D 

programs are capable of converting 3D to STL files.       

 STL is an abbreviation for Stereolithograpy. It is a file format that provides detailed information 

concerning interior and exterior dimensions of a 3D object. For the purposes of my thesis STL files are 

useful because they are compatible with most 3-D printers. A good STL file would include accurate 
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information dealing the interior and exterior configuration of the 3D object. The dimensions must be 

precise enough to result in a life-like model of a valve after printing. Another possible approach to 3-D 

print would be to obtain STL files of heart valve from the Web. With the STL we would be able to skip 

the stage of obtaining a DICOM file and go straight to printing.    

 

Printing of the mitral valve 

In order to test proof of concept we purchased 3D valves of the heart from turbosquid.com 

(http://www.turbosquid.com). From these files we were able to isolate an image which exposed the 

mitral valve still between the left atrium and left ventricle. To do this we first download the STL file of a 

heart and opened it on a program called MeshMixer. This software provides a plane cut tool that can 

dissect along the horizontal plane of the heart and expose the mitral and tricuspid valve both in the 

context of the heart.  I was able to better view the valve on a program called 3D builder. The edited 

image was then exported to Cura and the dimensions were adjusted to print a larger model. The final 

dimensions printed were 143.52mm on the x axis (width), 100.76mm on the y axis (length) and 

99.33mm on the z axis (depth). To print, the computer and the 3D printer must be connected via a USB 

cord. From the Cura program the printer can then be set to preheat until it reaches 220 degrees Celsius. 
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Thin support was added during the print that supported overhanging structures and was easy to remove 

post print. In addition the fill density was 15 on a scale of 0-90. This was done to provide some support 

for internal structure without unnecessarily extending print time. 3D Printing is thought to be a 

prolonged process. The print time for the mitral valve was estimated to 11 hours and 27 minutes by 

Cura, however, it took approximately 6 hours to print; much less than the expected time to complete 

the process. The printer used employed the three point leveling system. Essentially three screws control 

the height of the build plate and consequentially are responsible for the thickness of each layer in the 

3D printing process. 

 

 

 

 

3D Builder--- 
mitral valve 
(left) tricuspid 
valve (right) - 
3D Builder 
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Image looking up at the mitral valve (right) 
and tricuspid valve (left) 

-MeshMixer 

 

 

 

 

 

- 3D Builder --- top view of heart 
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Ultimaker 1 

-Green PVA plastic melted and used and the material to 
make the model 

-Blue tape on the build plate to prevent scratching of 
the surface and provides a non-stick surface that 
releases the model when finished 

-USB connects the computer to the printer 

-Microchip on glue gun head relays digital instructions 

-Compatible with standard files STL / OBJ / DAE / AMF 
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- Cura (sliced heart STL file) 
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Molding and Casting of the Mitral Valve 

Once the master prototype is created a hollow mold can be constructed. An ideal mold is one that can 

create an accurate and detail cast of the master and is durable enough to endure several rounds of 

casting.            

 When a suitable mold is created the next step in the process is to begin casting. Casting is a 

technique used to make intricate shapes which would otherwise prove difficult to conjure. It involves 

pouring a liquid material into a mold, which is in the desired shape of a predetermined prototype, and 

allowing the material to solidify. The solid is then removed from the mold and allowed to completely 

cure.             

 Curing a chemical process that references the hardening of the casted polymer material. Heat is 

the most common additive that facilitates the process of curing. UV light is also a possibility that we 

might consider for curing as well. 

Casting and Molding Procedure 

1. Warmed up hot glue gun 

2. Place master into the plastic container 

3. Mix part A and part B dragon flex platinum silicone gel mold star 16 fast thoroughly 

4. Pour equal volumes of part A and part B into separate containers 

5. Mix containers together and stirred, make sure to scrape the sides and the bottoms (Keep in 

mind pot time and cure time) 

6. Apply ease release to container 

7. Put  part A & B mixture in the vacuum chamber to remove air bubbles 
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8. Pour mixture slowly over the master in order to avoid air bubbles  

9. Use hair dryer to get rid of air bubbles 

10. Get ‘Skin Tite’ part A & B ready to use as cast materials; measure out even volumes  

11. Remove cured mold from plastic container and let it sit for  a minute 

12. Apply ease release to the mold 

13. Mix the Skin Tite parts A & B 

14. Pour cast material into mold slowly 

15. Use hair dryer to minimize air bubbles 

16. Let the cast cure 

17. Extract cast from the mold 

Due to a lack of time we were unable mold or cast mitral valves. As a result surgeons were never 

scheduled to come in and test the printed mitral valves. We were able to complete a proof of concept 

using the brain model. The completion of the brain proves that it is possible to recreate anatomical 

structures of a patient using 3D printing. 

Future Direction 

 As the project developed it was realized that a larger team with more diversified skills was needed to 

see the plan come to fruition. In addition to simulation expertise, engineers, radiologists and surgeons 

are needed to coordinate this assignment. Radiologists would be tasked with obtaining and isolated MRI 

DICOMS of mitral valves. Engineers would then take the DICOM files and convert them to STL files. The 

Simulation Department would perform the print and work through the mold and casting process and 

surgeons would be brought in at the end of the project to test the physical properties of the valve casts 

and determine their suitability to simulate an actual valve.  
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For future studies, one can test the printed valves on the following properties and compare them to 

normal values. 

The Properties of human valves are  

Thickness : mitral leaflet thickness was 3.5 +/- 0.8 mm (mean +/- standard deviation) 

(http://www.ncbi.nlm.nih.gov/pubmed/6507298) 

Deformation rate: annulus strain rate values, up to 100%/s contraction and 120%/s elongation, were 

observed.( http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3017467/) The mitral valve anterior leaflet 

experiences large anisotropic strains and peak strain rates of 400%/s 

(http://ats.ctsnetjournals.org/cgi/content/abstract/82/4/1369) 

Tensile strength: has been estimated that the mechanical force exerted by the beating heart on a mitral 

valve ranges from 5.9 N to 9.1 N. (http://cds.ismrm.org/ismrm-2003/0236.pdf) 

Test to use:  

Biaxial tests under quasi-static conditions can be used to test the deformation rate  

Tensile strength can be tested by skilled professionals and rated on a scale 

Thickness should be measured by a precise measuring device 

http://www.ncbi.nlm.nih.gov/pubmed/6507298
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3017467/
http://ats.ctsnetjournals.org/cgi/content/abstract/82/4/1369
http://cds.ismrm.org/ismrm-2003/0236.pdf
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