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S2.2 Titanium substrates – initial screening of mechanical properties 
 

Table S1: Physical dimensions of the different Ti springs screened to decide the best spring 

type to use in reinforcing the tissues-engineered ligaments. 

 

 
TiS0 TiS25 TiS50 TiS100* 

Coil diameter /mm 0.55 0.55 0.55 0.55 

Wire diameter /µm 86 86 86 86 

Coil gap /µm 0 25 50 100 

*TiS100 was selected for experiments with the TEL. 

The mechanical properties of the TiSs with various gap sizes were 
investigated using an environmental mechanical testing machine (Instron, 
Microtester) using a 10N loading cell. The spring was extended at a speed of  
1 mm/min, and load-extension (L-E) values were recorded. The L-E curve can 
be divided into two parts: a linear part representing an elastic deformation,  
and a subsequent non-linear part where the spring loses its elasticity and 
deforms inelastically. The stiffness of the spring was calculated from the slope 
of the linear region of the L-E graph. Derived mechanical properties of the 
different springs are presented in Table S2 below. 

 
Table S2: Physical dimensions of the different Ti springs screened to decide the best spring 

type to use in reinforcing the tissues-engineered ligaments. 

 

Spring type TiS0 TiS25 TiS50 TiS100 

k (N/m) 29 83 40 58 

Fmax
1 (N) 0.09 0.19 0.13 0.18 

 
Δl2 (mm) 

3.14 

(60.7%) 

2.43 

(59.5%) 

3.26 

(59.25%) 

3.15 

(60.58%) 

Max compression3 (mm) 0 2.7 4.4 6.4 

 

1. Fmax is the load when the spring starts to deform inelastically. 
2. Δl is the extension when the spring starts to deform inelastically. The initial length 

before deformation is 8 mm for TiS0, TiS50 and TiS100, 6 mm for TiS25. 

3. Max compression is a theoretical value of maximum compression of a 12 mm-long 

spring, calculated by adding all the gaps together. 12 mm is the length used in the 

present ligament model. 
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The high inelastic deformation thresholds for the springs (~50% extension of 
original length) is much higher than what would be expected of an actual 
ligament (~2.5%) and no creep/relaxation behavior was observed in the 
springs while under cyclic load testing within their strain elastic limit. This 
ensured that the springs themselves would not fail while under the mechanical 
loading regimes experienced by the ligaments over time. The TiS100 was 
selected on the basis that it facilitated the largest degree of compression while 
still having one of the highest elastic deformation limits of the different springs. 

 
 

S2.3 Formation of tissue-engineered ligaments (TEL) with titanium 
spring (TiS) reinforcement 

 

S2.3.1 Manufacture of brushite anchors with embedded titanium springs. 
 
 

 

Figure S1. A schematic drawing to show the preparation of brushite cement-spring skeleton 

for the titanium reinforced TEL. 
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S2.3 Formation of tissue-engineered ligaments (TEL) with titanium 
spring (TiS) reinforcement 

 

S2.4.1 Mechanical properties of titanium springs. 
 

The spring was extended at a speed of 1 mm/min until the deformation 
reached 0.5 mm, and then the load was removed at the same speed until the 
spring returned to its original length. This cycle was repeated 10 times, before 
the spring was extended again to 0.5 mm and held for 3 min. 

 

 
Figure S2: Diagram of the cyclic loading regime used in the cycling testing experiments.  

 

 
S2.4.2 Mechanical properties evaluation of tissue engineered ligaments, with 
and without springs. 

 

Figure S3: Diagram showing the Instron Microtester with custom grips to attach to the TELs 

while submerged in a bath of PBS kept at 37°C.  
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