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Non-Destructive Quality Assessment of 3D Bioprinted Constructs via Dielectric Impedance Spectroscopy
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Study 1: ∆ε and α depended only on the viable number of cells and 
not the total number of cells in the 3D construct3.

•Dielectric impedance spectroscopy (DIS): A technique that
can address the current shortcomings, utilizing the dielectric
properties of cells to characterize viable cell concentration.

•Primary objective: Determining the relationship between
DIS parameters and CQA of 3D biofabricated constructs and
feasibility of using DIS in process monitoring of bioprinting.

• 3D-Biofabricated constructs: Biological substitutes that can
restore, maintain, or improve function of a host tissue1.

•Quality requirements: In-process and post-process control
of critical quality attributes (CQA) such as cell viability and
cellular morphology.

• Current state of quality testing: Destructive chemical label-
based methods (eg, LIVE/DEAD, MTT, aB) that may require
sectioning and fixing. A majority of these methods were
developed for monolayer cell culture.

Current state of the art quality assessment methods
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•Delta permittivity (∆ε):
Difference between low-
frequency high-plateau 
and high-frequency low-
plateau and is the 
measure of volume of  
viable cell number.
•Critical frequency (fc): 
Mid-point of the curve 
and is a characteristic of 
the measured cell type.

• In presence of electric field at radio frequencies (50 to 
20000 kHz)2:

Cells with intact cell membranes will  
polarize.

Electric Fields

Electrodes

Cells with damaged cell 
membrane will not polarize.

Cell membrane (Phospholipid 
bilayer): Dielectric

Cytoplasm: 
Conductive

RESULTS AND DISCUSSION
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Study 1: Relationship Between Cell Viability Ratio and    
β-Dispersion Spectral Parameters

Group A (5x106 hASC)  
100% viable

Group D (5x106 hASC) 
85% viable

Group B (5x106 hASC)  
50% viable

Group C (2.5x106 hASC) 
100% viable

Group E (4.25x106 hASC) 
100% viable

•Within the limits of detection of the DIS probe, differences in CQA of the 3D bioprinted constructs
correlated with changes in ∆ε, fc and α.

•Superimposition and attenuation of DIS signals with addition of layers during 3D bioprinting will
be investigated in the future studies.

Meniscus construct 
bioprinted with 

optimal parameters
DIS of a bioprinted meniscus construct 

at 3 different zones and monitored over 
2 days in culture

hASC (20x106 cells)

37°C

Study 4: Monitoring Anatomical 3D Bioprinted Constructs in Culture Over Time

Construct 

3D model of right knee 

meniscus constructed from a 

patient’s MRI Scan

Control:  

alamarBlue

assay

Acellular meniscus bioprinted
with optimal parameters, 
cultured in media containing 
10% alamarBlue (aB) reagent.

(5x106 hASC )

Time = 0 hrs Time = 3 hrs Time =  6 hrs

(5x106 hASC ) (5x106 hASC )

37°C 37°C 37°C

Study 3: Effects of Processing Time on CQA of 
3D Bioprinted Constructs

20x20x3 mm cuboids (n=3) crosslinked with 2% CaCl2

Non-optimal 
Parameters (Study 3)

Optimal Parameters
(Studies 3 and 4)

Nozzle diameter 0.2 mm 0.3 mm

Extrusion pressure 0.12 N/mm2 0.03 N/mm2

Temperature 50°C 37°C

Print-head speed 18 mm/sec 12 mm/sec

Study 2: Effects of 3D Bioprinting Process Parameters on CQA of 3D Constructs

Constructs 
bioprinted with 

non-optimal 
parameters

hASC
(5x106 cells)

Constructs 
bioprinted with 

optimal 
parameters

hASC
(5x106 cells)

37°C 50°C

Measurement Setup for the Assessment of Relative 
Permittivity of 3D Constructs

Cells Human adipose derived 
stem cells (hASC)

Hydrogel 2% Sodium alginate

DIS tool ABER Futura system 
with Flush probe 
(Ø25mm)

Frequency 
scan

50 kHz to 20,000 kHz, 
for 15 minutes
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Study 2 : ∆ε, α, and fc of constructs in the two groups were significantly 
different. ∆ε of the optimal group was 70% higher. fc increased for non-
optimal group indicating decreasing cell radius.
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* represents statistically significant difference (p < 0.05) between groups.

Live/Dead images:

a) Optimal Parameters

b) Non-Optimal Parameters* represents statistically significant difference 
(p< 0.05) between groups

Study 4: Difference in cell distribution across the construct during bioprinting was
distinguished by ∆ε readings. The trend observed in ∆ε correlated with % aB reduction.

•Cole-Cole-alpha (α): Slope of the curve that is approximately 
related to the cell size distribution.

Dielectric dispersions

Ø12x5 mm cast discs (n=3) crosslinked for 5 minutes in 2% CaCl2
20x20x3 mm cuboid containing 5 x 106 hASC bioprinted with 

optimal parameters
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Study 3: ∆ε and α decreased with increasing process intervals, signifying a decrease 
in volume of viable cells, correlating with Live/Dead quantification.
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