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MECHANOBIOLOGY MODULE 1 (MechB1): Scanning Epithelial Cells in Air 

Location:  L512 Digital Computing Laboratory (DCL) 

Lead Instructor:  Jenny Amos, Bioengineering 

Lab Assistant:  Eleni Antoniadou, Bioengineering 
 

 

Purpose and Expected Outcome: 

Examine epithelial cells extracted from cheeks of participants.  Students will measure and analyze 

mechanical properties of the surface of epithelial cells as well as observe optical and topographical 

appearance.   
 

Overview of AFM: 

The structure of eukaryotic cells is controlled by a dynamic balance of mechanical forces exerted by the 

cytoskeleton. Growth, cell cycle progression, gene expression, and other cell behaviors are sensitive to 

changes in the cellular mechanical force balance.  Measurements of the spatial distribution and changes 

in viscoelastic properties of living cells will provide valuable insights into these processes.  The atomic 

force microscope (AFM) can be used to image living cells under physiological conditions in a 

nondestructive manner [1]. The AFM can also be used to study material properties by collecting force 

curves on the surface of the cell.  A force curve is a plot of the force applied to the AFM tip as the 

sample is approached and pushed against the tip. In principle, this plot gives the force required to 

achieve a certain depth of indentation (deformation) from which viscoelastic parameters can be 

determined. By performing multiple force curves along the surface of the cell, we can create high-

resolution 2-D maps of mechanical properties such as stiffness and adhesion [2]. 

 
Head: this is what contains the optical detection 

system and controls the Z piezo actuation of 

the cantilever; it contains thumbwheel adjustments 

to position the laser and zero the deflection on the 

position sensitive diode/ detector (PSD); the top 

view optics position knobs and focus wheel to view 

the tip from above; has three independent legs that 

adjust height of head relative to sample. Use two 

hands to lift the head due to its weight. 

 

Controller: The digital controller contains a DSP and FPGA, and software controlled analogue „cross 

point switch‟ for rerouting internal and external signals 

for custom experiments. The front panel of the 

controller is where: the power switch is; the key to turn 

the „laser‟ on/ off; the „Hamster‟ wheel is located to fine 

tune imaging/ control parameters; BNCs for advanced 

input/output signal access. The controller communicates 

with the PC via USB interface.  
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Software 

To use the Mode Master, just click on a function button- for example, say you want to imaging in 

Contact mode:  Click „Topography‟ button; this will bring up a panel with all the different topography 

acquisition modes. 

 

Module Outline and Workflow: 

For the first experiment, we will simply image epithelial cells in air. The sample preparation is very 

simple and requires almost no facilities. Take a Q-tip and scrape the inside of your cheek (some 

physicists have been known to use their finger). Rub the saliva-soaked Q-tip on a glass slide. Use a 

marker to delimit the area of interest, drawing a circle on the other side of the glass. Let the sample dry 

for five minutes. If you inspect the slide under an optical microscope and a 10X objective, you should be 

able to see the cells. 

After drying, you can position the cells under an AC mode cantilever and image them using the 

following standard protocol for air imaging. 

 

Equipment, Materials, and Supplies: 

Cotton swabs 

Glass slides 

AFM Tips – AC mode 150, Resonant Frequency – 150 KHz, Force constant 5 N/m 

 

Procedure: 

Step 1: Loading the probe 

The MFP-3D™ cantilever holder accepts most brands of commercially available probes. The quartz 

window is resilient from tweezer scratches. It can be cleaned by spraying with 70% Ethanol and 

spraying dry with canned air. 

 

Proper probe loading:  

A. Load the cantilever holder into the 

cantilever holder stand.  

1. Loosen tongue clamp screw with 

provide Phillips head screwdriver 

B. Use tweezers to position cantilever in 

middle of polished quartz window.  

C. Proper position of probe in quartz window.  

D. Proper position of probe in pocket. For best 

results, DO NOT push probe chip substrate 

all the way back in the pocket: it can cause 

the probe chip to lift off the floor of pocket, 

compromising the deflection signal  

E. Screw tongue clamp- no more than finger tight - with a Phillips (00x40) screwdriver. 

 

Step 2: Install cantilever holder into MFP-3D head: 

▪ Put cantilever holder into the MFP-3D™ head- it is easiest to put the ball bearing on release lever side 

(red arrow in figure) first, then ease the holder in from the 

back.  Make sure the cantilever holder is parallel to the 

top of the head; otherwise it is not properly seated.  The 

„pogo‟ pins (red circles) used to get signals from the 

cantilever holder can be easily bent with excessive force. 
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Step 3: Instrument set-up and imaging 

Keep in mind that these values are only guidelines, and need to be adjusted to each sample, each 

condition (air, buffers...) and each cantilever. Here are some general guidelines to follow: 

Setting Up the AFM for AC Mode in Air 

For AC imaging in air, we will use a silicon cantilever (AC150) 

1. Center the cantilever in the holder as in “Loading the Probe”.  

2. Return the cantilever holder to the head. 

3. Flip the head over and place head on scanner stage. 

 

Placing Head on Scanner Stage: 

Once a probe is properly installed in the cantilever holder, the superluminescent diode (SLD) can be 

aligned using the CCD camera.  

1. Lift the head with two hands and place the back two legs in the kinematically machined divots on the 

MFP-3D baseplate. 

2. Move hands so thumbs are under the front of head, and slowly lower 

head towards stage using back legs as pivot point; continually 

monitoring the tip – sample separation. If it looks as though the tip will 

crash, lift/ pivot head back up and adjust legs down to increase tip-

sample separation, and repeat process.  

Installing the head onto base plate over sample:  

A) use two hands to lift head, set back two legs onto base plate first 

B) gently lower front leg down, constantly monitoring tip sample 

distance to avoid tip crash. * Position the head above the sample, 

lowering the head until it is 1-2 mm above the sample surface. Make 

sure the head is approximately leveled. 

3. Position the spot on the end of the cantilever. We will use top view 

optical alignment.   

4. Locate the SLD spot on the substrate  

▪ Move LDX thumbwheel towards probe chip- the SLD spot is now reflecting off the cantilever; there is 

a great deal of refracted light, presumably due to the low fiber light illumination level. Slight adjustment 

in LDY may also be needed to maximize „Sum‟ voltage in S&D meter. 

▪ When increasing the fiber light illumination, the spot is more apparent, and the amount of refracted 

light in the CCD image decreases.  

▪ Regardless of how the SLD spot is aligned on the back of the cantilever, what is desired is to have the 

spot towards the end of the cantilever to maximize the optical lever sensitivity. The sum should be set to 

roughly 95% of the maximum value for the highest sensitivity. 

 
5. Zero the deflection signal using the Photo-Detector (PD) thumbwheel on the side of the head.  

At this point, the sum and deflection meter should look something like the following. 
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6. The next step is to tune the cantilever. First, click on the “Tune” tab on the Master Panel. You should 

see the following panel appear:  

 

For an AC150 lever, set the “Auto Tune Low” value to 250 kHz and 

the “Auto Tune High” value to 400 kHz. Enter “-5” for the target 

percent.  Once those values have been entered, click on the “Auto 

Tune” button. After a few seconds, a graph similar to the one below 

should appear: 

Note that the target amplitude can be chosen before tuning by 

entering a value in the “Tune” panel. This value should be of about 

1V in the case of biological samples. 

 

7. In the Main panel, select a setpoint of 0.8 Volts (if your target was 1V) and a feedback IGain of 10. 

Click the “Engage” button on the “Sum and Deflection Meter” panel to turn on the feedback loop. You 

should see the Zpiezo voltage extend towards the surface (red bar) as the feedback loop attempts to drive 

the amplitude towards the setpoint of 0.8 Volts  

8. Using the large front thumbwheel, lower the head. When the amplitude reaches 0.8 Volts, the 

computer beeps.  You should see the Z Voltage indicator on the “Sum and Deflection Meter” panel 

decreased from its maximum value of 150 volts. Lower this value until the red line is almost completely 

gone. This allows the greatest range of motion in the positive and negative directions. 

At this point you are ready to start imaging. Click “Do Scan” on the “Main” panel and off you go! 

 

Is the acoustic cabinet door still open? Probably.  

Follow steps to preserve the tip‟s apex while shutting the door: 

1. Use the Hamster to decrease the Set Point voltage to pop the tip off the surface. 

2. Close the door slowly (no whoosh) and latch. 

3. Increase the Set Point voltage with the Hamster again to hard engage. 

4. Proceed scanning. 

 

 

This is what a proper tune should look like.  A shows how it will look during the tune, B shows the final product. 
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Tuning image parameters: 

Once the tip is engaged on the surface, imaging can commence. 

Click the „Do Scan’ button on the Main tab of the Master panel. This will move the tip to the corner of 

the scan area, and begin scanning.  

Once scanning commences, the tip‟s tracking of the surface tip is generally very poor. This can be seen 

in the individual Trace and Retrace fast scan lines below each of the image channels where one side of 

the feature has very poor tracking.  Typically, three parameters should be adjusted first in this order 

1. The Set Point voltage generally must be adjusted. Decreasing the Set Point voltage value 

increases the force applied to the sample. Higher Set Point voltages (lower force), will help 

preserve the tip apex, but may not allow proper tracking of the surface. 

 
2. The Drive Amplitude can also be adjusted to increase the amount of Drive Amplitude applied to 

the shake piezo (and hence, cantilever); advantages of increasing this can be maintaining the tip 

during the scan (especially when imaging sticky samples). 

 

The trade off by increasing the Drive Amplitude is beating the tip apex harder against the surface 

causing oscillations in the image (especially at feature edges); The tradeoff of lowering the Set Point 

voltage is applying more force to the sample. 

 

3. The Integral Gain should be adjusted such that the surface is tracking well; things to avoid are 

decreasing it to a value that doesn‟t allow the feedback to track the surface well, OR too high that 

oscillations are apparent in the image and trace/retrace scan lines below the images. One of the 

best approaches to adjusting the Integral gain is to increase it until there is a „ringing‟ seen in the 

(re)Traces lines below the height image. Then decrease it until this ringing goes away. 

 

Monitor how the tip‟s tracking improves by looking at how well the trace and retrace line scans compare 

to each other. Note that they do not have to overlap exactly (because they are slightly offset in the 

software display), but they should have similar shapes/slopes per given surface feature. 

 

What were your final settings for  

Setpoint:______________________ 

Drive Amplitude:_______________ 

Integral Gain:__________________ 

Other 

observations:_______________________________________________________________________ 

__________________________________________________________________________________ 

__________________________________________________________________________________ 

►Perform a 50 µm scan and a 10 µm scan within that scan area. 

 

►Make a 3D plot from your height data by clicking “3D” on the image menu bar once scan has 

completed. 
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Igor Layout 

We will create reports using the Igor layout feature of the software.  All windows have a send to layout 

option either through “export to layout” buttons or “Ly” on any scanned image.   

 

Save Graphics: 

▪ If you happen to just a want a screen shot of one of the windows, you can make it the forward most 

window, and goto File Save Graphics. You can alter the size and resolution in the panel. 

 

►Include images of your thermal tune, height trace, and 3D plot in your Igor Layout 

 

Step 4: Force Mapping 

There are two major classifications that most force spectroscopy experiments measure: 

1. A pulling event in which the tip interacts with the surface, and some adhesion dissociation event 

between the tip and surface is measured on the retract cycle (A). 

2. The tip pushes into the (material on the) surface to measure compliance (B). 

  
Using the Mater Panel, go to FMap.  Select a scan size of 10 µm.  Add a name to the file such as 

“Last_First_FMap”.  Adjust the settings on the Force subtab to look like the following: 

We will now create a image using the height data and FMap coloring to see any correlations between 

topography and stiffness. 

Step 5: Combine AFM images with microscopy images. 

Phase-contrast imaging is useful to see more details on a translucent sample, such as a cell.  Remove the 

standard light illuminator and replace it with the phase annulus (finger tight).   

 

Switch the filter wheel to CT for phase imaging.  You should 

now see two rings when looking through the binoculars (a 

light one and a dark one).  Adjust the knobs on the illuminator 

to adjust the floating ring and align them.  

A B 
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Adjustment Knobs 

Once aligned, you can switch the filter wheel back to 

observe the cells in phase mode.  You should see raised 

cells with clearly marked edges when compared to the 

standard light illumination. Using the software for the 

Olympus X71 camera, obtain an image of the cells in phase. 

 

►Save file as ECPH_Lastname_Date.jpg 

►Include images of your phase image in your Igor 

Layout 

 

IMAGE OVERLAY 

Opening and Scaling Images 

1) With the AFM software running, open the Video Overlay 

panel by selecting “Video Overlay” from the Image 

Processing menu. The Video Overlay panel will appear.  

Set the Mode to “offline”. 

2) Select the appropriate magnification for your image.  

3) Acquire or open the optical image. 

4) You are now ready to perform the registration. The best 

method for this is to identify a feature that you can clearly see with both images. Select the feature to be 

aligned by placing a cursor on the location in both images.  

6) Once common features have been selected on each image, you need to perform the alignment. Under 

the “Align” section of the panel, ensure that the method drop--‐down box is set to “Feature”. Click the 

“Do It” button to begin the automated alignment process; this should only take a second or two. At this 

point there will not be any change in the displayed images.  

7) To display the overlaid image, click the “Overlay” button in the Overlay section of the panel. If the 

alignment was successful, you will see your AFM image overlaid onto the optical image. 

*To correct for misalignment, you can slightly move the cursors on either the AFM or the optical image 

using the arrow keys.  

 

►Include images of your overlay (AFM + phase) in your Igor Layout 

 

 

 

Related References: 
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MECHANOBIOLOGY MODULE 2 (MechB2): Assessing Cell Activity within Collagen Scaffolds 

Location:  3110 Digital Computing Laboratory (DCL) 

Lead Instructor:  Brendan Harley, Chemical and Biomolecular Engineering 

Lab Assistant:  Emily Gonnerman, Chemical and Biomolecular Engineering 

 

Purpose and Expected Outcome: 

Students will seed MC3T3-E1 pre-osteoblasts into collagen-glycosaminoglycan (CG) scaffolds; they 

will then assess cell metabolic activity within the scaffolds and observe cell-mediated contraction. 

 

Overview of CG scaffolds: 

The extracellular matrix (ECM) is a complex organization of structural proteins within tissues and organs 

providing critical microstructural, mechanical, and compositional information to cells. Collagen-

glycosaminoglycan (CG) scaffolds are a class of regulatory compliant biomaterials whose collagen (1) and 

glycosaminoglycan (GAG) (2) constituents 

demonstrate low antigenicity and immunogenicity. CG 

scaffolds have been used as regenerative templates for 

a range of tissues, including dermis, conjunctiva, 

peripheral nerves, bone, and cartilage (2-4). Their high 

porosity (typically >95%) allows rapid cell invasion 

and efficient metabolite transport, making them ideal 

for regenerative medicine. Their regular 

microstructure also enables quantitative studies of 

cell-scaffold interactions, notably the influence of 

scaffold pore size and stiffness on cell attachment, 

proliferation, motility, and contraction (5-10) 

 

Fabrication of CG scaffolds: 

CG scaffolds are traditionally fabricated by freeze drying. Briefly, an aqueous CG suspension is frozen, 

resulting in an interpenetrating network of ice crystals surrounding by CG content; sublimation removes 

the ice content, leaving behind an open-cell structure whose pores are defined by the ice crystals formed 

during freezing. Scaffold microstructural properties can be altered by controlling the directionality and 

kinetics of solidification (6, 11, 12) and that they can be reliably fabricated with relative densities (ρ
*
/ρs) of 

0.5 – 5% (95 – 99.5% porosity) (8, 12, 13). CG scaffolds can be modeled as low-density open cell foams, 

allowing the use of cellular solids theory to describe microstructural (i.e. surface area, permeability) and 

mechanical (i.e. elastic moduli, yield stress) features of these scaffolds (6, 8-10, 12, 14, 15). For this 

module, we are using a laboratory standard CG scaffold variant produced at a final freezing temperature 

of -40
o
C. 

 

Module Outline and Workflow: 

This module is divided into three experiments. The experiments were designed to expose the participants 

to some of the issues involved in studying cell behavior within three-dimensional scaffold biomaterials. 

The experiments can each be performed independently so each group will be broken up into three teams 

to complete each experiment. 
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In Experiment 1, students will learn how to seed MC3T3-E1 pre-osteoblasts into CG scaffolds. 

Proper seeding is essential for any experiment using three-dimensional biomaterials. 

In Experiment 2, students will determine the metabolic activity of cells seeded within CG scaffolds 

using an AlamarBlue assay. This assay provides important information regarding the metabolic 

health of the cells seeded within the scaffold structure. 

In Experiment 3, students will determine the magnitude of cell-mediated contraction within the CG 

scaffold. 

 

 

EXPERIMENT 1: 

A. Passaging MC3T3-E1 cells and creating a cell solution with a known concentration (9) 

Reagents 

 Complete α-MEM media (500 mL) 

o 440 mL α-MEM media without ascorbic acid 

o 50 mL fetal bovine serum 

o 5 mL pen-strep 

o 5 mL L-glutamine  

 Trypsin-EDTA 

 Trypan blue 

 1x PBS, without calcium and magnesium 

 

Procedure 

1. Warm the media, trypsin-EDTA, and PBS to 37
o
C. 

2. Remove all media from the T75 culture flask. Wash with 10 mL of PBS. Remove PBS and add 3 

mL of trypsin-EDTA. Incubate the flask at 37
o
C for 4 minutes. Rap sharply on the flask to 

dislodge cells and incubate an additional 2-4 minutes. Check to ensure cells have fully detached.  

3. Add 6 mL of complete media to the flask to neutralize the trypsin-EDTA. 

4. Transfer the contents of the flask into a 15 mL conical tube. Pipette up and down to mix well. 

5. Take a 10 μL sample from the conical tube and add it to a PCR tube. 

6. Centrifuge the contents of the conical tube at 1200 rpm for 5 minutes. 

7. While centrifuging cells, add 10 µL of Trypan blue to PCR tube. Pipette up and down to mix. 

8. Inject 10 μL of the Trypan blue/cell solution into a hemocytometer. 

9. Using a contrast phase microscope, count the number of viable cells in each square of the 

hemocytometer.  

Total cell number = (Average number of cells per square) x (Dilution factor) x (Volume 

in mL of trypsin-EDTA & complete media) x 10,000. 

10. Remove the media from the conical tube via aspiration, taking care not to disturb the cell pellet. 

11. Calculate the volume of media needed to create a solution containing 200,000 cells per 20 μL 

media, using the following formula:  

Volume (μL) of media needed = (Total cell number) / 10,000. 

12. Gently re-suspend the cell pellet in the calculated media volume. Pipette up and down to mix. 

 

 

B. Seeding cells onto Collagen-GAG scaffolds (9) 

Reagents & Materials 

 Complete α-MEM media 

 Sterile filter paper 

 Low-attachment well plates 

 CG scaffold samples; scaffold sheets are cut into 6 or 8mm diameter disks using biopsy punches 

to create a standardized experimental construct 
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Procedure 

1. Using autoclaved tweezers, gently transfer hydrated CG scaffolds from sterile PBS to complete 

media. Let sit at 37
o
C for approximately 1 hour (during which time one should passage cells). 

2. Using tweezers, transfer scaffolds to low-attachment well plates (3 scaffolds/well of 6 well 

plate). Low-attachment plates are used to reduce the potential for cells to migrate out of the 

scaffold and onto the culture plate. Gently remove any residual media by dabbing scaffolds with 

sterile filter paper. 

3. Seed 10 μL of the 200,000 cells/20 μL solution onto the center of each scaffold, touching the 

pipette tip to the scaffold to minimize solution runoff. 

4. Incubate the seeded scaffolds at 37
o
C for 20 minutes. 

5. Flip scaffolds over using tweezers, and seed an additional 10 μL of cell solution onto the reverse 

side. Each scaffold will then be seeded with 200,000 cells/scaffold. 

6. Incubate scaffolds at 37
o
C for 2 hours. 

7. Add warmed complete media to the scaffolds to submerge scaffolds within each well. 

8. Culture cell-scaffold constructs, changing media every 3 days. 

 

 

EXPERIMENT 2: 

AlamarBlue is used as an indicator of cell metabolic activity; it undergoes a colorimetric change when it 

is reduced by components of the electron transport chain. 

 

A. Creating an AlamarBlue standard (16) 

Reagents & Materials 

 alamarBlue (Invitrogen DAL 1100); store at 4
o
C 

 Complete α-MEM media  

 24 well plate, 96 well plate 

 

Procedure 

1. In the first 2 wells of a 24 well plate, add 1000 μL 

and 900 μL of media for the media blank and 

alamarBlue blank, respectively. 

2. To the following wells of a 24 well plate, add 900 

μL of media and cell solution to the following points 

for the standard curve: 50,000 cells; 100,000 cells; 

200,000 cells; 400,000 cells. Use the following table 

as a guideline:  

 

 
Media 

Blank 

AlamarBlue 

Blank 

50,000 

cells 

100,000 

cells 

200,000 

cells 

400,000 

cells 

Media Volume 

(μL) 

 

1000 900 895    

Cell solution (μL) 
200,000 cells/20 μL  

0 0 5    

AlamarBlue 

Volume (μL) 
0 100 100    

Total Volume 

(μL) 

 

1000 1000 1000    

 

3. Add 100 μL of alamarBlue to each well, except the media blank. Each well should now contain 

1000 μL total. 
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4. Incubate under moderate shaking at 37
o
C for one hour. During this incubation period, the 

alamarBlue will become increasingly purple. The standard’s second-to-last point should always 

be less purple than the last point. If they appear the same color (or the standard curve appears to 

plateau), the incubation time chosen was too long. 

5. After incubating, pipette 100 μL from each well in triplicate into a clear, flat-bottomed 96 well 

plate.  

6. Read plate immediately using Bio-TEK Synergy HT Multi-Detection Microplate Reader. 

a. Click on the KC4 shortcut on the desktop to open the plate reader software. 

b. Under the ‘Protocol’ menu, select ‘New.’ 

c. Click on the ‘Settings’ shortcut. 

 
d. The excitation/emission wavelengths for alamarBlue are 570/585. Change the excitation 

filter to ‘530/25’, the emission filter to ‘590/35’ and the sensitivity to ‘50’. Press ‘OK.’ 

 
e. Click ‘Read.’ You will be prompted to insert the plate. Allow the lamp to warm up if 

needed. 

 
f. After the plate has finished reading, highlight the all the cells. Copy and paste the results 

into Notepad. Save the file as ‘Data1.’  
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g. Open Excel. Data > Import external data > Import data. Open ‘Data1.’ Select 

‘deliminated’ and click ‘Next.’ Change the delimeter to ‘semicolon.’ Press ‘Finish’ then 

press ‘OK’.  

h. Your data should now appear as a well plate-dimensioned table in Excel.  

7. Average the fluorescent intensities for each group, and calculate each group’s normalized 

intensity.  

Normalized intensity = (Avg. intensity for group) – (Avg. intensity for alamarBlue blank). 

8. Using Excel, generate a standard curve of normalized intensity vs. cell number. Add a linear 

trendline, y = m*x + b. An example standard curve is shown below. 

 
 

Results:  

 Average 

Intensity 

Normalized 

Intensity  

Media 

Blank 

  

AlamarBlue 

Blank 

  

50,000    

100,000   

200,000   

400,000   

 

Linear fit equation: ___________________________ 

 

B. AlamarBlue assay to assess metabolic activity of cells within CG scaffolds (16) 

Reagents & Materials 

 alamarBlue 

 Complete α-MEM media  

 24 well plates 

 96 well plates 

 

Procedure 

1. Warm all reagents to 37
o
C. 

2. In the first 2 wells of a 24 well plate, add 1000 μL of media for the media blank, and 900 μL of 

media plus 100 μL of alamarBlue for the alamarBlue blank. 

3. For each scaffold to be analyzed, fill a well with 10% alamarBlue solution (900 μL of media plus 

100 μL of alamarBlue). 
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4. Using sterile tweezers place each scaffold in a well containing 10% alamarBlue solution. 

5. Incubate under moderate shaking at 37
o
C for one hour. 

6. After incubating, pipette 100 μL from each well in triplicate into a clear, flat-bottomed 96 well 

plate.  

7. Read plate immediately using Bio-TEK Synergy HT Multi-Detection Microplate Reader as 

described in Part A. 

8. Calculate the average emission intensity for each group. 

9. Calculate the normalized intensity for each group. 

(Normalized intensity) = (Avg. intensity for group) - (Avg. intensity for alamarBlue blank) 

10. Using the standard curve (y = m*x + b) developed in Part A, calculate the cell number in each 

scaffold.  

(Cell number) = [ (Normalized intensity) – b ] / m. 

 

Results 

Scaffold Normalized Intensity Equivalent cell number (from 

metabolic activity standard) 

1   

2   

3   

 

 

EXPERIMENT 3: 

 

A. Scaffold contraction assay (17, 18) 

Reagents & Materials 

 Drafting template 

 

Procedure 

1. On day 0, measure the diameter of the fully hydrated scaffolds before cell seeding. Place drafting 

template under well plate containing scaffolds and move template until finding the hole that most 

closely approximates the diameter of the scaffold. Record that diameter 

2. Repeat Step 1 at subsequent time points in experiment. Normalize measurements to results from 

day 0. 

 

Results 

Hydrated scaffold diameter, day 0: ______________________ 

Cell-seeded scaffold diameter, day 7: _____________________ 

Normalized scaffold contraction: _____________________ 
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