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ABSTRACT 

Advances in bioengineering research related to orthopedic surgery, have focused on the development of 
biocompatible materials in order to provide alternative solutions for rebuilding organic tissues of the human body. In this 
work, the biomechanical analysis of a tissue built with spider silk was developed, taking into account the physical and 
mechanical properties of this biomaterial and the possible anatomical movements for the anterior cruciate ligament (ACL) 
for a replacement analysis of this ligament. As result, is concluded that spider silk can tolerate tensile, bending and torsion 
forces, compared with the mechanical analysis of the ACL, in this way immunological concerns by the action of body 
fluids and slow incorporation in the human body could be avoided. 
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INTRODUCTION 

The advances in research of orthopedic surgery 
have focused on the analysis, reconstruction and 
replacement of organic tissues of the human body, such as 
the anterior cruciate ligament (ACL) and posterior cruciate 
ligament (LCP) [1, 2, 3]. Those organic artificial tissues 
are built from biocompatible materials such as epidermal 
or autografts [4, 5], which are limited in their use by the 
manifestation of possible femoropatelar problems to the 
donor, as degenerative osteoarthritis of the knee [6, 7]. 

Some others biomaterials that have been used, are 
the "allografts", such as polymers, ceramics and metallic 
(stainless steel, cobalt alloys, titanium and magnesium, 
etc.) [8], which are not limited to the amount of material to 
use, and do not produce adverse conditions for the patients 
[9, 10]. 

Allografts, must fulfill the conservation of 
biocompatibility with the human body and mechanical 
integration, especially by fatigue [8].  

For the case of orthopedic surgical procedures, 
such as implants and bone replacement or implantation of 
scaffolds for bone tissue regeneration, is necessary to 
consider the physical, mechanical and biological 
properties of biomaterials to be used [11]. An example of a 
characterization has been done to validate the PLGA [12], 
BTPB, TA, HA [13], the patellar tendon, and the “goose 
legs” tendons [5].  

Such materials may favor the healing work made 
by fibroblasts, which are present in the connective tissues 
[14], and whose main characteristics are the long periods 
of degradation and collagen production, in order to 
improve the mechanical properties of the implemented 
designs. 

In this work, the biomechanical comparison 
between the ACL composed by collagen fibers and an 
organic artificial tissue built from spider silk is performed, 
in order to verify the mechanical properties and its 

resistance to possible anatomical movements of the ACL. 
Initially, the recognition of physical and mechanical 
properties of the LCA is realized. 

A tissue based on spider silk then is proposed to 
obtain similar properties to the LCA. Given the results in 
the first two stages, then is proceeded to perform a 
simulation in the ANSYS platform, taking into account the 
possible anatomical movements of the ACL for each tissue 
(ACL and the artificial). 

According to the simulation, was possible to 
conclude that the artificial organic tissue built from of 
spider silk, can resist the generated forces by the 
anatomical movements of the ACL, proposing this as 
biocompatible material with the human body, in order to 
facilitate the recovery process for a patient. 
 
METHODOLOGY 

To analyze the physical and mechanical 
properties of materials using methods like the FEM, 
computational tools as SolidWorks, ANSYS, Inventor, 
among others, are available to simulate and observe the 
deformations and resistances associated with forces of 
traction, torsion, compression and bending, as shown in 
Figure-1 [15] 
 

 
 

Figure-1. Tipos de análisis mecánico de una viga. 
 

The interest in the use of the tools for mechanical 
analysis focused on biomaterials, is widely spread in 
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research areas like medicine, where specifically have been 
developed advances in orthopedic surgical procedures, 
seeking to reduce costs and patient recovery periods 
regarding to the conventional procedures [16, 17, 18]. 

In order to analyze the mechanical properties of 
the ACL and the organic tissue based on spider silk fibers, 
is used the software platform ANSYS for finite element 
simulation, to achieve this, is necessary to consider 
variables such as the Young modulus and the Poisson ratio 
[19], furthermore, the simulation model is complemented 
with the shear modulus obtained with equation (1) [11, 
20].  
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Where the young’s modulus, E, is obtained throw 
the equation (2): 
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Where Lp, is the persistence length, kB 
corresponds to the Boltzmann constant (1.3806504x10-23J 
/ K), T is the absolute temperature, and r is the fiber 
radius, as expressed in [21]. 
 
Mechanical Properties of the Anterior Cruciate 
Ligament 

To analyze the ACL, the characteristic values 
shown in Table-1 are considered, besides to the 
corresponding ligament activities in order to protect the 
knee from ACL laxity with the control of anterior tibial 
translation [22, 23] and the generated force at this point 
(bending and torsion) [24]. 
 

Table-1. Biomechanical properties of collagen in the 
ACL [19]. 

 

Features Value 

Young’s modulus (MPa) 54,3 

Poisson Radio 0,35 

Density (Kg/m3) 2000 

Tensile Yield (MPa) 8,5 

Ultimate yield strength (MPa) 2,5 

Thermal expansion (K-1) 6*10-4 

Specific heat J/(Kg*K) 3900 

 
Another characteristic is the composition of ACL, 

which is made from Type I collagen fibers generated in a 
90% by fibroblasts, as depicted in Figure- 2. The collagen 

fiber has the capacity to support high resistance to tension 
forces [11] and can get stretched up to 1.5 times its 
original length, returning to its initial position when the 
tension force has disappeared [25]. 
 

 
 

Figure-2. ACL structure from tissues with collagen. 

 
Mechanical Properties of the Spider Silk 

To replace the ACL, biomaterials should 
resemble the viscoelastic behavior of the ligament, to 
reduce sudden changes in tension and risk of injury [23]. 
Among the materials which may have similar properties to 
the ACL, the spider silk is presented as a viable alternative 
for its fibrous distribution similar to the collagen, as 
shown in Figure-3. 
 

 
 

Figure-3. Fiber structure spider silk. 
 

From the variables exposed in Table-2 [26], the 
simulation of the spider silk tissue is performed, under the 
same conditions of bending and torsion for the ACL, in 
order to identify the resistance properties.  
 

Table-2. Mechanical properties spider silk. 
 

Features Value 

Density (Kg/m3) 1300 

Young’s Modulus(MPa) 10000 

Poisson Ratio 0,43 

Tensile Yield (MPa) 1200 

Ultimate yield strength (MPa) 4000 

 
RESULTS 

To validate the spider silk as a possible 
biocompatible material, a comparison between this 
biomaterial and the ACL was performed from the results 
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of the simulation to bending and torsion in the ANSYS 
platform.  

Initially for the simulation, each of the 
biomechanical properties of the collagen fibril exposed in 
Table-1 and collagen physiological configuration 

expressed in the Figure- 2 [11], were set as input 
parameters on ANSYS. The results of the simulation 
corresponding to the bending stress are presented in 
Figure-4. 

 

 
 

Figure-4. Deformation curve versus time according to a force for bending. 
 

The same process was performed for the tissue 
based in spider silk, entering to the ANSYS platform the 

data from the Table-2, obtaining the corresponding graphs 
of torsional deformation, as depicted in Figure-5. 

 

 
 

Figura-5. A deformation curve torque. 
 

For this process, a maximum force of 90 N was 
considered to be applied in the x-direction of the fibers of 
the ACL, this is a supported value for bending in the 
ANSYS platform, and is applied for the spider silk too, as 
evidenced in Figure 4, thus the spider silk mechanical 
advantages for this application are tested in relation to the 
Table-2.  

To simulate torsion, an admissible moment for 
the ALC of 0.05 Nm was applied in the x-direction of the 
spider silk fiber, the obtained results are shown in Figure-
5. Superior performance in comparison to ACL is 
observed, in order to support the tensile, bending and 
torsion stresses, which can be generated between the tibia 
and femur in daily activities and / or sport [26, 27]. 
 

CONCLUSIONS 
The results of this study show that the structural 

composition of spider silk fabric, can withstand stresses 
similar to or higher than the ACL, which makes this 
biomaterial to become a viable alternative for the ACL 
replacement. 

The analysis shows that the spider silk tissue, in 
critical conditions, can withstand greater stresses to 2.5 
MPa, exceeding the ultimate yield strength of the ACL, 
determining that due to the mechanical properties of spider 
silk, greater forces can be applied without presenting 
breaks along the designed tissue, avoiding the possible 
retraction of the ends and poor vascularization. 
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Finally can be considered that the performed 
analysis for the spider silk, demonstrates the high strength 
and toughness properties regarding to its low density, 
which are similar to the conventional steel. 
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