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Abstract
Cardiovascular disease has been decimating humanity for decades. In vivo examination of blood vessels is 
of great help in the development of numerical models and simulations that can help physicians significantly 
improve sufferers’ quality of life. For such models, the different mechanical characteristics of the vessels are 
the input data. Several such mechanical properties of the vessels, such as modulus of elasticity and tensile 
strength, are determined by a tensile test. In the course of our research, an experimental device was devel-
oped and tested which is suitable for biaxial tensile tests of blood vessels, which we present through the 
examination of chicken blood vessels.
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1. Introduction 
Cardiovascular diseases have been a leading 

cause of death for decades. The WHO and sever-
al organizations have already identified the risk 
factors leading to the disease and the possibilities 
of prevention. Nevertheless, there has been very 
little improvement in the number of deaths from 
the disease over the years [1, 2]. Because of all 
this, the development of devices to treat such dis-
eases is reaching its heyday. Such devices (stent, 
flow diverter stent, WEB, etc.) are most often in-
serted into the vessel by the physician. Mapping 
the different properties of the vessel wall is also 
essential for the development of tools and a deep-
er understanding of the problem area. Because 
most of these problematic vascular sections or in 
vivo studies of the implant are difficult, research-
ers are able to draw conclusions based on input 
data from in vitro measurements using various 
material and mechanical models and simulations  
[3–6].

There are results from mechanical examina-
tion of intracranial aneurysms, but most of these 
perform only uniaxial examination and do not 

provide any data on vascular clamping methods, 
which are significant for proper results  [7–9].

Vascular wall samples obtained during surgery 
or from the dead are usually placed immediately 
or after a short freezing period in 37.5 °C saline 
at pH 7.4 pH, which is adequately saturated with 
oxygen, and the tensile test is performed  [10].

Our goal is to further develop a device with 
which it is possible to determine the mechanical 
properties of the vessels along two axes in a reli-
able manner, even without the destruction of the 
vessels prior to testing.

2. Materials and methods

2.1 Experimental device
In our research, we used a custom-designed bi-

axial tensile machine (Figure 1). The sample is 
fixed at four points with a clamp. Each clamp is 
connected directly to the arms or load cells. The 
arms are connected to carriages running on line-
ar wires, which are moved by means of four step-
per motors and a threaded spindle. 
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An important aspect during the measurements 
was that the properties of the study environment 
were as close as possible to the human body. The 
saline solution at the appropriate temperature 
and pH is placed in a tub that can be raised, there-
by facilitating the capture process. 

2.2. Clamp design and manufacture
From the point of view of the tensile test, the de-

cisive point outside the device is the appropriate 
clamping design. In our case, this plays a promi-
nent role, as the examined samples are very thin, 
easily torn and damaged. Consequently, the most 
important requirement for a clamp is to clamp 
and hold the sample intact during testing. There 
must be no stress collection point on the sample 
in the clamping environment, as this may result 
in erroneous results. 

We designed and evaluated several concepts, 
the most promising of which were manufactured 
and tested. Such was the case with the “rake” de-
sign or the spring-loaded clamp. The most opti-
mal design proved to be a screw-tensioned clamp 
in which the sample is clamped between teeth, 
in front of which there is a rounded strain relief 
part. We first tried a geometry with a pointed tip 
that is equally suitable for capturing smaller and 
larger samples. However, the measurements re-
vealed that rupture was most likely to start next 
to the slider, so we finally left the tip and made 
the end of the chuck straight. The clamps were 
manufactured using a Creality Ender 3 type 3D 
printer (Figure 2). 

2.3. Measuring method
The force-displacement curve characteristic of 

the sample can be determined with the help of 
the tensile device. The force is measured on the 
two axes with a load cell. The displacement is cal-
culated from the number of steps of the stepping 
motors.

The measurement is started by fixing the sample. 
First, the sample is placed on the lower clamping 
half, and then the upper clamping half is tightened 
by a screw. During our measurements, low-den-
sity polyethylene (LDPE) film and chicken neck 
and abdominal vessels were examined. The LDPE 
sample was cut according to ASTM D638 Type V 
with a broken surface size of 9.53 mm × 3.18 mm. 
Using a unique template, 14 mm × 2.5 mm rup-
tured surface samples were prepared from the 
vessels. The test was performed in each case at 
20 °C, the measurement speed was 5 mm/min and 
the sampling frequency was 16.7 Hz. The vessels 

were removed from the 0.9% physiological saline 
immediately before measurement.

3. Results
During the tensile test, it was clearly established 

that the vessels were not torn at the clamp, so the 
design of the clamp was appropriate (Figure 3).

The curve shown in Figure 4 was obtained dur-
ing the study. This shows the tensile curve drawn 
by the X and Y axes of the apparatus for LDPE foil 
and chicken vessel specimens.

Figure 1. Design of the experimental equipment.

Figure 2. Clamp design, top: model, bottom: additive-
ly made clamp.
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larly small measuring cell, and then to perform a 
single- and biaxial tensile test on human vessels.
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