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Statement of Purpose: Bioreactors for in vitro growth of 
engineered tissue (ET) would ideally include sensors that 
would continuously measure the functional quality of the 
construct during incubation. Principles of feedback 
control could then be used to optimize properties of the 
ET. Further advantages are gained if the quality of the ET 
can be assessed without removing it from the reactor so 
that contamination can be avoided. Previous efforts to 
integrate online monitoring capabilities into bioreactors 
(i.e. Kumar S., Biotechnol Lett, 2004, 26: 1-10) that are 
used for cell culture have tended to measure the biological 
output of the culture, but not the structure or mechanical 
function of a construct. One recent effort toward online 
monitoring of mechanical aspects has been patented (US 
Pat. 7,410,792, 2008).  
   The bioreactor presented here is capable of measuring 
force during compressive mechanical stimulation, on line 
mechanical characterization (stress-strain) of the 
construct, optical inspection, and integrated ultrasonic 
imaging for determining extracellular matrix content.  
Methods:  The bioreactor is designed to fit on the shelf of 
a standard incubator (see Figure 1). Five cubic samples (5 
mm on a side) are placed in wells in the sample tray.  The 
wells are filled with appropriate cell culture media. The 
sample wells can be removed from the sample tray for 
sterilization of the wells before use. Platens contact the 
samples from above and apply compressive, mechanical 
stimulation. Lids with holes just wide enough for the push 
rods keep the samples from being contaminated. Software 
allows for displacement controlled stimulation (strain) or 
for force controlled stimulation (stress). Software allows 
for any waveform and duty cycle to be applied. The force 
can be recorded continuously during the stimulation, or 
the peak forces for each waveform can be collected. 
Periodically the bioreactor is removed from the incubator 
and fitted in the stand of a horizontal microscope where 
the mechanical property and ultrasonic attenuation 
measurements are made. 
   The force applied through the platens is measured with 
9.8 N capacity load cells, which have an rms error of    
0.1 % or less. The linear actuator can be force- or 
displacement-controlled to apply a stress or strain 
stimulation to the samples. The actuator can be controlled 
to 1 �m and can apply 95 % compressive strains up to a 
force capacity of 4 N per sample.  
   Two small, angular-contact bearings inserted in the 
attachment mechanism between the actuator and the 
linear displacement guide ensure that the actuator is not 
damaged by rotation of the sample tray. The linear 
displacement guide is a “double D” slider to allow 
precision alignment of the load cell and push rods with 
the sample wells.  An adjustable spring in the hollow core 
of the linear displacement guide is used to compensate for 
the weight of the guide, load cells, and push rods. 

   A rotation stage is used to position the sample well over 
a 30 MHz ultrasonic transducer (UT) which itself is 
attached to a linear actuator (not shown in Figure 1).  The 
UT moves radially in a slot machined in the base of the 
bioreactor. Coupled with the rotation stage, the entire 
specimen can be imaged with the ultrasound through its 
thickness. Optical flats are machined on the sides of the 
wells to allow the samples to be imaged with a video 
microscope. To measure the mechanical properties of the 
sample, the platen compresses the sample while video 
images of the sample are taken. Image correlation 
software is used to calculate the strain in the sample; the 
stress is calculated from the force measured by the load 
cell. One sample can be tested at a time. 

Figure 1. The bioreactor with online mechanical testing 
and ultrasonic monitoring. 

Results: The design allows for mechanical property 
measurements in a range appropriate for the hydrogel 
constructs that will be used in the bioreactor (Figure 2). 
The response of the system allows for mechanical 
stimulation waveforms with high-fidelity tracking (within 
the resolution of the actuator) at least up to 10 Hz.   The 
ultrasonic sensing system gave a significant correlation 
between the attenuated reflection coefficient and collagen 
content in degraded bovine samples. 
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Figure 2. Using a strain rate of 0.01 s-1, a PEG hydrogel 
sample was tested in the bioreactor.

Conclusions:  A bioreactor incorporating online sensing 
of material and histological properties has been designed 
and tested for cartilage tissue engineering.  
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