
Three-dimensional Modeling of Pediatric Airways 

The goal of this research was to develop a highly accurate, patient-specific, three-dimensional model of the pediatric 
airway from computed tomography (CT) and magnetic resonance (MR) images using selective laser sintering (SLS). The 

medical scan data, used in this project, was acquired from two different pediatric specialists. MIMICS software was 
used in the development of patient-specific computer-based models of the airway-related region. Models of the 

normal pediatric lower airway (from CT scan data) and nasal cavity (from MR scan data) in three-month old patients 
were built using SLS. The anatomical accuracy of the models was verified by collaborating physicians. The results of 
this research are widely applicable to clinical medicine, particularly in the field of pediatric otolaryngology. Specific 

applications include, but are not limited to, surgical training, education, and individualized patient care. Pictures of the 
models and their computer-based counterparts are provided below.   
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Creation of a physical 3D human single-cell model using 
Confocal microscopy data via Rapid Prototyping  

REU 2012 Participant: Paul Hausch, Ripon College 
Advisor: Dr. Vipin Paliwal 

The goal of this project was to create a set of physical 3D 
models of single human endothelial cells during the cellular 
stage of mitosis/cytokinesis. A set consists of 6 cell models 
spaced evenly in time to display the phase of cell division 
accurately. For each individual model, the DNA and tubulin 
structures were highlighted as the focus. This work increases 
cellular comprehension for researchers educators, and for use 
with clinical applications. 
 
An entirely new way to observe mitosis/cytokinesis has been 
created by the ability to physically interact with the cellular 
stage of division. 
A superior form of understanding for kinesthetic learners has 
also been produced by the ability to actually hold the process 
of cell division in your own hands. 
Lastly these models are Homo sapiens cells, or human cells, 
and we are always striving to gain more knowledge about 
processes of the human body. 
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Hemodynamic patterns are thought to play a critical role in the development of 
arterial disease. This research explores the blood flow through the aortic 
bifurcation. The focus was to recreate an accurate three-dimensional  prototype 
of an aortic bifurcation for in vitro experiments using additive manufacturing 
techniques and to juxtapose the different flow environments between the healthy 
and diseased artery. 
 
 
 

 
Creation of a Flow-Through Replica of a Diseased Arterial 

Segment for Recreating a Realistic Hemodynamic 
Environment 

Khaled Mougharbel  
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Conclusions: 
• Successfully created a realistic full 
scale model of a healthy and diseased 
aortic bifurcation through rapid 
prototyping 
• The model was implemented in a 
low pressure circulating water system 
and upheld realistic flow rates 
• Observed different behavior at low  
flow rates as opposed to high flow 
rates 
 
 
  
 

Goals: 
• Rapid prototype of an aortic 
bifurcation for in vitro 
experiments and future testing 
• Healthy and diseased aorta to 
compare and contrast the 
hemodynamic flow-through 
• Platform for future researchers 
to grow cells and study the 
response in a flow environment 
 REU 2012 
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Impact of Laser Power and Build Orientation on the 
Mechanical Properties of Selectively Laser Sintered Parts 

Summary: 
The focus of this research was to 

determine an ideal set of build 
parameters for creating strong and 
flexible parts.  This was done by 
varying the laser power values of 
the Selective Laser Sintering 
machine and also by changing the 
build orientation of the parts built, 
which were ASTM D638 type I 
tensile bars.   

Conclusions: 
For a strong and flexible part the ideal 

laser power to build at is 13W and 
the best orientation to build at is 
the initial orientation as shown in 
figure 1.  These parameters yielded 
an ultimate tensile strength of 7.42 
ksi and a percent elongation of 
32%. 
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Figure 1. varied orientations used 

Marissa Castoro - Hofstra University                                           Advisor: Dr. Subha Kumpaty 

7 8 9 10 11 12 13
0

5

10

15

20

25

30

35

P
er

ce
nt

 E
L 

(%
)

Laser Power (W)

Percent Elongation

Vert Ho Initial
0

5

10

15

20

25

30

P
er

ce
nt

 E
L 

(%
)

Orientation

Percent Elongation

Table L shows the average percent elongation values for all the 
laser powers used.  Table R shows the comparison of percent 

elongation for the varied build orientations. 
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Three-Dimensional Cell Growth Using 
Hydrogel Filled Scaffold 

REU Participant: Maya Bates, BioMolecular Engineering 
Advisor: Vipin Paliwal, PhD 

Summary 
With the pressing issue of the daily increase of candidates 
added to the waiting list for organ transplants, three-
dimensional culturing is a necessity to combat this problem.  
Since the characteristics and activities of cells differ between 
dimensions, culturing cells in a manner that closely mimics its 
native environment could potentially lead to patient specific 
organ culturing.  Culturing cells in two-dimensions, or as a 
monolayer, limits their growth capacity.  In previous research, 
additive manufacturing was used to produce a multilayered 
duraform polyamide (duraform pa) scaffold that increased the 
amount of surface area for cell adhesion allowing for 200% 
proliferation using murine 3T3 fibroblast cell line.  To further 
increase the seeding capacity of the fibroblasts, this research 
investigates the novel concept of pairing the duraform pa 
scaffold with an agarose hydrogel.  It was assumed that the 
hydrogel would expand and fill in the layers within the 
scaffold, allowing for three-dimensional cell growth due to its 
porous nature and ability to add more surface area.   Since 
the agarose hydrogel did not maintain solidity when in 
culture, the cells were not able to achieve three-dimensional 
cell growth.  
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CREATION OF PATIENT SPECIFIC BONE 
DENSITOMETRY MODELS FROM 3D IMAGING DATA 

Bone density is the amount of mineral matter per 
segment of bone. Low bone density, known as 
osteoporosis, increases the risk of fracture. Although 
there are a variety of treatments available to increase 
bone density, many patients do not follow their 
recommended regimen. The goal of this research is to 
increase patient compliance by producing patient-specific 
3D bone density models from bone scans. Once the 
patient can see their bone density as opposed to healthy 
bone density in a three-dimensional manner, they will be 
more motivated to follow their treatment. In order to 
create these models, CT and microCT images were used. 
These images were converted in MIMICS and MAGICS 
(two medical imaging processing programs) to STL files 
that were recognizable by the 3D printers. These files 
were sent to the SLS (Selective Laser Sintering) machine to 
be fabricated.  It is evident through qualitative and 
quantitative analysis that the healthy bone model is much 
denser than the osteoporotic bone model.   
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Modeling the Human Brain’s Major Structures and White Matter Connectivity 
Using Magnetic Resonance and Diffusion Tensor Imaging 

 

The goal of this research was to develop a procedure for rapid prototyping a replica of the human brain that 
details its primary areas of function and white matter tracts. It was the first time ever that a one-to-one 
model with such detail and complexity was produced. The location and geometry of these structures were 
determined with common knowledge of a human brain’s anatomy. The right hemisphere of the brain model 
displays the white matter connections between each of these structures. Diffusion tensor imaging was used 
to determine the location, orientation, and anisotropy of the white matter tracts within the human brain. 
Each of the brain’s major structures, as well as the anisotropy of the white matter tracts is color-coded. 
Mimics software was used to compile and refine the magnetic resonance images of a whole brain into a 
three-dimensional model. Each of the brain’s major structures was also compiled into three- dimensional 
models. These models were used to overlay the left hemisphere of the full brain model. The diffusion tensor 
images compiled by Mimics were used to overlay the right hemisphere of the brain. A Spectrum Z510 3D-
Printer was used to produce the three- dimensional model. The Z510 was chosen for its ability to produce 3D 
models in color. The neurosurgeons and teachers can use the full model to describe the anatomy of the 
brain, the specifics of a particular treatment or procedure, and how an ailment affects their patients. 

 

Tyler Capek , UW-River Falls   Advisor:  Dr.  Subha  Kumpaty   
  Collaborator: Dr. Todd Parrish, Northwestern University 

REU 2012 
Grant EEC-1062621 


	Three-dimensional Modeling of Pediatric Airways
	Creation of a physical 3D human single-cell model using Confocal microscopy data via Rapid Prototyping 
	Slide Number 3
	Impact of Laser Power and Build Orientation on the Mechanical Properties of Selectively Laser Sintered Parts
	Slide Number 5
	CREATION OF PATIENT SPECIFIC BONE DENSITOMETRY MODELS FROM 3D IMAGING DATA
	Modeling the Human Brain’s Major Structures and White Matter Connectivity Using Magnetic Resonance and Diffusion Tensor Imaging�

