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Birth defects, such as tracheoesophageal 
fistula/esophageal atresia, intestinal atresia, 
may cause fatal diseases and require surgeries 
to replace the abnormal organs with patient-
specific implants with suitable properties. This 
work presents the structural behaviours of 
coupled helical coils (Figure 1), which could 
be used as tubular organ constructs in human 
body under small deformation. 

 
Figure 1: Coupled helical coils manufactured by 
filament winding of melt-extruded polycaprolactone 
 
To take advantage of the collapse resistance of 
coupled helix structures [Chebli Y, 2012], we 
manufactured coupled helical coils by filament 
winding of melt-extruded polycaprolactone 
which is biocompatible and resorbable. FE 
simulations were performed to obtain the load-
deflection relations of the coupled helical coils. 
The structure was considered as S and Z-
wound helical springs, which were fused 
together as joints at the intersection (Figure 2). 
Single straight filaments were tensile tested to 
quantify the elastic properties of the material. 
The structural responses were simulated in 
tensile loading and three-point bending of the 
coupled helical coils. The FE model was 
meshed with 90161 quadratic tetrahedron 
elements. Experimental tests in tension and 
three-point bending were also carried out to 
assess the validity of the simulations.  

 
Figure 2: FE model of coupled helical coils. 
  
The Young’s modulus of polycaprolactone was 
found to be 377 MPa at ambient conditions. 
The load-deflection behaviours of coupled 
helical coils were obtained for four samples 
with a given structure and the average tensile 
and bending stiffness were 0.70 N/m and 0.99 
N/m, respectively. Numerical results for tensile 
stiffness and bending stiffness were calculated 
as 0.63 N/m and 0.93 N/m. As expected, a 
linear relationship between the structural 

stiffness and the Young’s modulus of the 
material was obtained for relatively small 
deformation. A monotonic decreasing relation 
(Figure 3) was found between the stiffness 
properties and the average coil diameter, while 
a non-monotonic relation (Figure 4) was found 
for structural responses and pitch. The 
structural stiffness is mainly controlled by the 
density of the stiffening joints.  

 
Figure 3: Influence of average coil diameter of 
coupled helical coils on its stiffness properties 

 
Figure 4: Influence of pitches of coupled helical 
coils on its stiffness properties 
 
The favourable comparison of the numerical 
and experimental results shows that the 
parametric results of the proposed finite 
element model could be used for the design of 
improved helical-coil constructs with tailored 
elastic behaviour at small displacements. In the 
future research an analytical model based on a 
homogenised beam unit cell and an orthotropic 
tube is to be developed. 
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