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Corporate Highlights

• Headquarters: Framingham, Massachusetts, USA

• Subsidiaries and production facilities 

worldwide

• Privately held; 100% profit re-investment

• Engineering staff that is proportionately the • Engineering staff that is proportionately the 

largest in the industry

“In order to be better, 
you must be different.”

Dr. Amar G. Bose



ElectroForce ®

Linear MotorLinear Motor



� Moving magnet -
stationary coil design

� Rare earth magnets

� Advanced flexure 

The Technology

Advanced flexure 
design

� No friction & no stiction 
= frictionless operation  

� No hydraulic oil or air 
required



ElectroForce ® System Advantages

� High performance:                                             

Static/One cycle a day to 200 Hz

� High -resolution control and measurability:   � High -resolution control and measurability:   

millinewton & nanometers

� No hoses, no oil - just plug it in and start 

testing



• Billions of cycles with minimum maintenance

• Quiet operation

• Reduces your operating costs

ElectroForce ® System Advantages

•
• 10 year warranty on ElectroForce Linear Motor



Closed-loop Testing System

Actuator/mover 
in crosshead:
Linear Motor

Load Reaction 
frame assembly

Load cell:

Displacement 
transducer

Load cell:
Usually on 
non-moving 
side of load 
train

Controller with: 
• Control Software
• Data Acquisition
• Data Analysis



WinTest ® Control System 

� 5 kHz update rate

� Up to 8 channels control

� Up to 32 channels signal 

conditioning

� Real-time scope and meters

� Drop down menu test set up



ElectroForce ® 3100 test instrument

� Table-top system

� Performance: static/ 
microns per hour up          
to 100 Hzto 100 Hz

� Dynamic Force range:                   
to ±22 N

� Dynamic stroke: 5 mm         
(± 2.5 mm)



ElectroForce ® 3100 test instrument
Force Resolution

1 mN  peak to peak force
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� Table-top system

� Dynamic Force range: ±225N 
(High Force option ±450N)

ElectroForce ® 3200 test instrument

(High Force option ±450N)

� Performance: Static to 200 Hz

� Dynamic stroke: 13.0 mm       
(± 6.5 mm)



ElectroForce ® 3200 test instrument
Multi-Axis Configurations

Biaxial Planar Biaxial Axial/Torsion



BioDynamic ™ Test Instrument 
Applications

� Characterization of biomaterials, scaffolds, 
tissues, and tissue-engineered constructs in a 
biological environment
Beyond bioreactors� Beyond bioreactors
� Simulate in vivo conditions
� Perform long term tests in a sterile environment
� Precise control of test parameters
� Characterize properties



Compact Frames

20 N and 5 mm displacement         200 N and 12.7 m m displacement



BioDynamic ™ Chamber
Modular Design

Transparent Full-View sides 
for observation or strain 
measurements

Locks on the push rods hold specimen in stable posi tion



Transparent FullTransparent Full--View View 
sides for observation or sides for observation or 
strain measurementsstrain measurements

BioDynamic ™ Chamber
Modular Design

Locks on the Locks on the 

Sides can be opened Sides can be opened 
to insert or remove to insert or remove 
specimenspecimen

Locks on the Locks on the 
push rods hold push rods hold 
specimen in specimen in 
stable positionstable position



Low Friction Low Friction 
Dynamic SealsDynamic Seals

Instrumentation Instrumentation 
PortsPorts

Axial Manifold
Modular Design

Porous Porous 
PlatensPlatens

Ported Ported 
ExtensionsExtensionsSimple Simple 

Position Position 
LocksLocks



Pulsatile Manifold

Different sizes hose barb grips for 
different diameter vascular grafts

Bellows generating 
pulse waveform



Tensile Grips

Tensile Grips

BioDynamic Grips



Chamber Ports and Sensors

� Flow inlets/outlets
� Chamber filling/draining
� Fluid sampling for off-line measurements
� Sensors

� Load cells of different capacities and resolutions with axial 
motorsmotors

� Displacement transducers in each motor

� Catheter-type pressure transducers with vascular systems

� Optical micrometer for vascular distension

� Digital video extensometer for strain measurements

� pH, dissolved oxygen, lactate/glucose, temperature



Soft Tissue Characterization
and Stimulation

� Force
� Displacement
� Stress
� Strain 
� Radial distension
� Dynamic pressure
� Dynamic Mechanical  Analysis – visco-elastic propert ies
� Axial tension & compression – linear motors
� Dynamic pressure – linear motors
� Mean flow – peristaltic and gear pumps



BioDynamic ™ Testing Platform
Nutrient Flow for Vascular Applications



Incubator Setup



Tissue Engineering Research

• Provide mechanical loading and biochemical stimuli 
while measuring mechanical properties and other 
key biochemical factors

• Test cell seeding efficiency• Test cell seeding efficiency
• Spatial and temporal modification of environmental 

cues 
• Minimize culture time and cost



Biomaterials Research

� Peptide/growth factor grafting to improve 
biocompatibility, increase cell attachment, 
and/or coax cells into specific tasksand/or coax cells into specific tasks

� In vitro/ex vivo properties comparison



Biodegradation Studies

• Degradation under dynamic conditions
– Effect of flow/pressure and 

extension/compression

• Hydrolytic or enzymatic degradation• Hydrolytic or enzymatic degradation
• Degradation products

– Media sampling
– Real-time monitoring 

• Effect on mechanical properties



Cell Biology Research 

• Study intracellular molecules, protein 
secretion, and cell differentiation

• Cell-cell interactions
• Most work is done with cell monolayers

– 3D effect is missing
– Mechanical environment is absent

• BioDynamic Instrument as an advanced 
model for cell biology



Drug and Cell Delivery

• Drug penetration affected by tissue strain 
and loading frequency

• Cell delivery and retention dependent on 
tissue loadingtissue loading

• Ability to mimic loading and perfusion 
conditions 

• Drug screening, dosage and delivery rate



Gel-Del Technologies Inc. 
Small Diameter Vascular Graft

� TestBench BioDynamic
� Pulsatile stimulation
� Pressure control

Mikro-tip catheter 

� Composite material
� 3 mm ID
� 30 mm long

� Mikro-tip catheter 
pressure transducer 
(Millar)

� Laser micrometer with 
0.05 mm resolution 
(Keyence) 

� 50 lb load cell
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Bone Tissue Engineering
Professor Gwendolen Reilly, Anuphan Sittichokechaiwut, 

and Anthony J. Ryan, University of Sheffield
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Hydrogel Testing

• Polyvinyl alcohol 
hydrogels
– 4 mm thickness and 10 mm 

diameterdiameter

• 10 mL/min chamber 
perfusion flow rate



Dynamic Mechanical Analysis
Hydrogel



Experimental Setup

• Porcine pericardium (Animal 
Technologies Inc., Tyler, TX) was 
cut into 1.5cm x 1cm rectangular 
samples

• Samples were mounted on DMA • Samples were mounted on DMA 
tensile grips and soaked in PBS 



Pericardium’s Creep Test Results



Pericardium’s Stress Relaxation
Test Results



Dynamic Mechanical Analysis
Pericardium



Pericardium Failure Tests



HA Scaffold Testing

• Hydroxy-Apatite
– Disc shaped, 5 mm 

thickness and 10 mm 
diameter

• Soaked in PBS
– Fisher Scientific Blood 

Bank Saline

• Dynamic tests where 
performed at 37°C



Dynamic Testing HA Scaffold



Dynamic Testing HA Scaffold a



Dynamic Testing HA Scaffold b



BD-5210 Multi-chamber Configuration

� Orthopaedic configuration 
with compression platens

� Optional tensile grips

Multi-specimen Systems 



� Complete BioDynamic™ system to provide simultaneous 
and continuous characterization & stimulation

� BioDynamic™ Chambers for cardiovascular & 
orthopaedic constructs

Tissue and Biomaterial Characterization
Summary of Capabilities:

orthopaedic constructs

� Comprehensive Mechanical Characterization capabilit ies:
� force, displacement, stress, strain, radial distens ion, dynamic 

pressure, torque, dynamic mechanical analysis 

� Comprehensive Mechanical Stimulation capabilities:
� tension, compression, torsion, pulsatile



Your questions …  

www.bose-electroforce.com


