
Aortic Root Inflation 

 

Introduction 
 

 You have already learned about the mechanical properties of materials in the cantilever 
beam experiment.  In that experiment you used bending forces to determine the Young’s 
Modulus of the tissue.  Young’s Modulus is actually a property that describes the link between 
stress and strain for a given material.  To understand this better, background knowledge of these 
terms will be required.  Stress is the force that the material “feels.”  Stress is defined 
mathematically as force divided by area.  Pressure has the same units as stress.   You may have 
heard the term “psi” before, which stands for pounds per square inch.  This means how much 
force is applied to each square inch of the material.  Think about a bicycle tire and a car tire.  The 
amount of air that it takes to raise a bicycle tire to a pressure of 30 psi would never be enough air 
to raise a car tire to the same pressure.  The difference between the two cases is surface area.  
Stress is described using the Greek lower-case letter sigma (σ). 

σ = force / surface area force act upon 

 

 

In the image above, the surface area would be (Face height) * (Face width). 

 Strain is a measure of material deformation caused by a stress.  A good example of 
measuring strain can be described by pulling on a block of flexible material like bubble gum (see 
figure below).  The block has an original height before it is pulled and then a final height after it 
is pulled.  You can measure both of these heights and calculate strain from them.  Strain is 
defined mathematically as change in height divided by original height.   Strain is written using 
the lowercase Greek letter epsilon (ε).  Notice in the figure below that “necking” occurs toward 
the center of the material, which will become the most likely point of failure as the stretching 
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continues.  This pattern of deformation occurs in most materials, though some do less stretching 
and necking before fracture than others. 

 

 

 For most materials, stress and strain have a linear relationship.  The slope of that linear 
line is the definition of the modulus of elasticity, or Young’s Modulus.  This can simply be 
calculated by taking two pairs of stress and strain values and determining rise over run.  More 
commonly in engineering though, hundreds or even thousands of stress-strain pairs are plotted 
and the slope of the best-fit line is used as the modulus.  The stress strain curve for a linear 
material can be seen in the figure below. 

 

 Biological tissues, however, often do not have a simple linear relationship like the one 
depicted above on the left.  Instead, they have an exponential stress-strain relationship and a 
linear Young’s Modulus is not sufficient to describe the connection.  Fortunately, powerful 
software has been developed to describe this nonlinear stress-strain relationship.  As Biomedical 
Engineers, we are tasked with generating the stress and strain coordinate pairs, and then using 
software to simulate the reactions of the tissue. 
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 In this experiment you will generate a set of nonlinear stress and strain data using a vessel 
inflation test.  In a vessel inflation test, you apply pressure to one end of a blood vessel and seal 
off the other end.  You then monitor how the vessel’s diameter changes with applied internal 
pressure.  In this particular experiment, the vessel is the aortic root, which is the artery that 
connects the aortic valve at the outlet of the heart to the aortic arch.  The root is also important 
because it is the origination point of the two coronary arteries.  The end of the root is naturally 
sealed against the applied pressure by the shutting of the aortic valve.  In this experiment, stress 
is measured from the applied pressure, the vessel radius, and the wall thickness.   Strain is 
measured similar to the stretching experiment above, but is instead described using the change in 
perimeter length (because that is the direction that is being stretched).  Because the perimeter of 
a circle is 2πR, we can write strain as: 

ε = (2π*(Deformed Radius)- 2π*(Zero Pressure Radius)) /( 2π*(Zero Pressure Radius)) 

Note that 2π appears in each term and can be factored out, so the final equation for strain will be 
change in radius over initial radius.  You should expect to see value between 0 and 0.6, or 60% 
strain. 

Inflation Experiment 
 

 Materials: 
1. Inflation test rig 
2. Porcine aortic root 
3. Ruler 
4. Digital camera 
5. Cards marked 0, 20, 40, 60, 80, 100, 120, 140, 160, 180, and 200 

 Roles: 
1. Camera operator 
2. Hand pump operator 
3. Identification card & ruler handler 
4. Procedure director 

 Procedure 
1. ****steps 3-7 should be done for you**** 
2. ****Always wear gloves when handling animal tissue**** 
3. Dissect out aortic root 
4. Suture closed both the left and right coronary arteries 
5. Fill inflation testing tank with test solution (tapwater for this test) 
6. Attach an appropriately sized fitting to the ascending aorta 
7. Connect fitting to the inflation test rig 
8. Place root in test tank 
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9. Place ruler in tank adjacent to root 
10. Hold the “0” card outside the tank but near the root 
11. Take zero pressure image, which should include the root, the ruler, and the card 
12. Close valve on hand pump 
13. Inflate to 20 mmHg 
14. Hold the “20” card in the field of view 
15. Take 20 mmHg image 
16. Repeat steps 13-15 for pressures of 40-200 mmHg in increments of 20 mmHg 
17. Measure the thickness of the aortic root wall 

Tissue 
Thickness: 

 

 

Image Analysis and Calculations 
 

1. Import the images from the digital camera into the computer 
2. Import the images from the digital camera into the computer 
3. Open National Instrument’s Vision Assistant program by clicking Start->All Programs-

>National Instruments->National Instruments Vision Assistant 
4. Select “Open Image” and browse to find the first image (0 mmHg pressure) 
5. Scale the image by clicking the IMAGE CALIBRATE button on the bottom left of the 

screen 
a. Choose “simple calibration” and click OK 
b. Choose “square” and click NEXT 
c. Click 2 points on the ruler and then enter the real-world distance between them 

(plus units) in the boxes below, then click NEXT 
d. Click OK to accept this calibration and then OK again to exit calibration mode 

6. Click the MEASURE option and choose “length” 
a. Measure and record the root’s diameter at its widest point 

7. Repeat steps 4-6 for the 20-200 mmHg images 
8. For each diameter, divide by 2 to get the radius 
9. Calculate the strain at each pressure by: 

a.  strain = [(current radius) – (zero pressure radius)]/(zero pressure radius) 
10. Calculate stress at each pressure by: 

a. Stress = pressure * radius / thickness 
11. Use Excel to plot a diameter vs. pressure and stress vs. strain curve 
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Pressure 
(mmHg) 

Pressure 
(kPa) Diameter Radius 

Strain           
(R - 

R_zero/R_zero) 

Stress 
(Pressure*Radius 

/ Thickness) 
0 mmHg 0     
20 mmHg 2.666447     
40 mmHg 5.332895     
60 mmHg 7.999342     
80 mmHg 10.66579     
100 mmHg 13.33224     
120 mmHg 15.99868     
140 mmHg 18.66513     
160 mmHg 21.33158     
180 mmHg 23.99803     
200 mmHg 26.66447     

 

Simulation 
 

1. Open Abaqus CAE (it takes a minute to load, just be patient) 
2. Select Create Model Database 
3. In the model tree on the left side of the screen, right click on PARTS and select CREATE 

a. Choose 3D 
b. Choose Deformable 
c. Choose Shell 
d. Choose Extrusion 

4. You will now sketch the part 
a. Choose the circle shape 
b. Enter 0,0 as the circle center and hit ENTER 
c. In the same box you will be prompted for a perimeter point on your circle 

i. You are re-creating the porcine (pig) aortic root, so you will use the zero 
pressure radius that you recorded (in meters) 

ii. Note that Abaqus has no units, so it is your responsibility to make sure 
everything is on the same order of magnitude – we will use meters as our 
base 

iii. Your perimeter point is then (0, radius value) 
iv. Hit ENTER again 
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v. Click the red X and then DONE to say you are finished sketching the 
circle 

vi. You will be prompted for the extrusion depth, choose 0.02 (this is the 
typical length of a porcine aortic root).  Click OK. 

5. Again in the Model Tree on the left, right click on MATERIALS and select CREATE 
a. At the top of the new box, replace Material-1 with a new name that you will 

remember 
b. Select MECHANICAL then ELASTICITY then HYPERELASTIC (animal tissue 

is generally classified as a hyperelastic material) 
i. In the Strain Energy Potential drop-down box, select OGDEN 

ii. Leave Input Source as Test Data 
iii. Change volumetric response to Poisson’s Ratio and enter 0.3 
iv. Click up on the Strain Energy Potential Order to increase the value to 3 
v. Click on the TEST DATA button on the right 

1. Choose UNIXIAL DATA 
2. Go down to the Nominal Stress and Strain Table and manually add 

rows until there are 11 
3. Enter in the recorded Stress-Strain pairs from the inflation 

experiment, but make sure that your stress values are in kPa (not 
Pa) 

4. Click OK 
vi. Click OK 

6. Back to the Model Tree, right click on SECTIONS and choose CREATE 
a. Again name the section something you will remember 
b. Choose SHELL 
c. Choose HOMOGENEOUS 
d. Click CONTINUE 
e. For Shell Thickness, enter the thickness value at zero mmHg (0.00398 meters) 
f. Make sure that the material name that you created is in the drop-down box and 

then click OK 
7. In the Model Tree, click on the “+” next to ASSEMBLY, right click on INSTANCES and 

select CREATE 
a. Leaving everything the way it is by default, Click OK 

8. In the Model Tree click on the “+” next to PARTS and again on the “+” next to your 
part’s name (Part-1 if you never changed it) 

a. Right click on SECTION ASSIGNMENTS and select CREATE 
b. Move the mouse cursor over the part you created and left click 
c. The part should become highlighted, select DONE at the bottom of the screen 
d. In the box that pops up make sure that the section name that you created is in the 

drop-down box and Click OK 
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9. In the Model Tree right click on BC’s and select CREATE 
a. Accept all default values and Click CONTINUE 
b. Move the mouse cursor over one end of the cylinder (the ring face, either the top 

or bottom) and left click 
c. Select DONE 
d. In the box that pops up Choose PINNED and then Click OK 

10. Repeat Step 9 to create a second BC for the other end of the cylinder 
11. In the Model Tree right click on STEPS and select CREATE 

a. Accept the defaults and select CONTINUE 
b. Under NLGEOM select ON 
c. Change the TIME PERIOD to 10 
d. Click OK 

12. In the Model Tree right click on LOADS and select CREATE 
a. MECHANICAL should already be selected 
b. Change the highlighted text on the right to PRESSURE 
c. Click CONTINUE 
d. You will be prompted to choose the face that the pressure acts on, select 

anywhere on the cylinder and Click DONE 
e. You will be asked to choose whether the pressure is on the inside or outside, 

select the color that corresponds to the inside (mine was purple) 
f. Under magnitude enter 26.664 (this is 200 mmHg in kPa, which is on the high 

end of possible blood pressures) and Click OK 
13. In the Model Tree under PARTS double click on MESH (the part should change color, if 

it doesn’t double click again) 
a. On the top menu, select SEED and then PART 
b. Click OK 
c. Also on the top menu select MESH and then PART 
d. On the bottom of the screen Click YES 

14. Back in the Model Tree right click on JOBS and select CREATE 
a. Give the job a name you will recognize and select CONTINUE 
b.  Accept all the defaults and Click OK 
c. SAVE YOUR FILE (crashes often occur in the next step and you may lose all of 

your work) 
d. Now click on the “+” beside JOBS, right click on your job name and select 

SUBMIT 
e. After a few minutes of processing (you may get errors, but it should be ok) right 

click on your job name again and select RESULTS 
f. Once in Results, the icon that is Colored and Bent 
g. On the top menu click RESULTS and then FIELD OUTPUT 

i. Select MAX PRINCIPLE Stress 
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ii. You are now looking at the stress distribution of the simulated root at the 
max pressure 

iii. You can watch the root through all the pressures by selecting the 
ANIMATE: SCALE FACTOR icon (you may want to go to the 
ANIMATION OPTIONS first and slow down the speed) 

15. You can print out the final image to keep for yourself 
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