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Introduction 
Little is known about the mechanical properties of 

bridging veins (BV), despite their importance in head 

impact biomechanics. These small veins, draining 

blood from the brain cortex into the superior sagittal 

sinus (SSS) may rupture secondary to the relative 

brain-skull motion, and leading to deadly conditions 

such as acute subdural hematomas. A correct 

description of their mechanical behavior is essential 

when creating biofidelic finite element models. 

Mechanical parameters reported in literature are 

limited to linear elastic Young’s moduli and strain 

based failure criteria [1] obtained through simple 

uniaxial tensile testing. Nevertheless, it is known that 

bridging veins have a complex geometrical structure 

[2] and therefore an equally complex mechanical 

behavior that cannot be fully captured by uniaxial 

testing alone. However, in practice, the sample 

dimensions inhibit planar or cylindrical biaxial testing.  

The goal of this study is to improve the understanding 

of the shear properties of human bridging veins, by 

performing simple shear experiments. 

 

Methods 
Thirty-five samples were dissected from 5 human 

cadavers (postmortem time 4-6 days, age 80±7years), 

from the Anatomy Department, including the SSS, BV 

and meningeal layers and were stored at -80°C. The 

Medical Ethics Committee had approved the study. 

Before testing, the tissue was slowly thawed after 

which the BV were located and numbered. Pictures 

were taken to identify the relative location of the 

bridging veins along the SSS. The average size of a 

tested sample was 1.32 x 2.11 x 0.07 mm (length x 

width x thickness). 

The samples were mounted in an in-house developed 

rail shear set up (picture 1). A simple shear 

deformation of the sample is approximated through a 

flexure bearing system. Horizontal clamp distance is 

controlled by means of a micrometer. The latter 

movement is to ensure controlled prestretch of on 

average 0.2 mm.  

 
Picture 1: left: rail shear set up, right: clamped BV.  

Each specimen is subjected to a series of 

preconditioning steps prior to testing. With increments 

of 1 mm shear displacement, 3 cycles of loading and 

unloading were performed within each increment up to 

5 mm. The shear modulus was calculated using the 

loading curve of the last cycle before failure occurred.  

 

Results 
Table 1 shows the number of samples per head, the 

average shear modulus and the Young’s modulus 

derived from it when assuming incompressibility. 

 
Table 1: Shear modulus (G) and corresponding Young’s 

modulus (E) of the different subjects and number of samples 

tested. The patient labels stand for F-female or M-male and 

age in years.  

Patient # samples G (MPa) E (MPa) 

M88 4 11.33 ± 5.56 33.76 ± 16.56 

M79 6 2.30 ± 1.49 6.87 ± 4.43 

F68 5 5.26 ± 3.11 15.69 ± 9.28 

M83 10 6.53 ± 3.00 19.45 ± 8.95 

M80 10 5.36 ± 3.94 15.97 ± 11.73 

Total 35 5.90 ± 4.19 17.59 ± 12.47 

 

Discussion 
The results indicate a large inter- as well as intra-

subject variability. Additionally, the number of 

bridging veins per person differs significantly. During 

dissection it was also noticed that all bridging veins 

show great variation in geometry (length, thickness and 

width). This study is, to the authors’ knowledge, the 

first test ever performed to acquire shear data on 

bridging veins. The Young’s moduli derived from the 

shear moduli fall within the range of values reported in 

literature from uniaxial testing. 

Nevertheless, a linearized approach to the material 

description of bridging veins, obtained from either uni-

axial or rail shear tests is surely a simplification. Future 

work will involve the derivation of nonlinear 

anisotropic material properties from the combination of 

data obtained from uniaxial and rail shear testing.  
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