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INTRODUCTION 
In most cases of anterior cruciate ligament (ACL) injuries, a 
reconstruction is necessary. Tendon autograft is the most 
commonly used for the reconstruction even if major 
drawbacks such as a long-time of post-operative recovery are 
encountered [1]. The reconstruction with an artificial ligament 
presents real advantages such as a faster recovery phase, no 
patient removal and no viral pathology transmission but is still 
rarely used because of high rates of failure reported in the 
1980’s for the first use of synthetic material for ligament 
replacement [2]. 
Recent developments on artificial ligaments have led to a 
renewed interest for this type of reconstruction [3]. But 
whatever the reconstruction technique, the fixation method is a 
key factor of the reconstruction success and until eight weeks 
after surgery, it represents the weak point of the reconstruction 
[4]. 
The aim of this study is to evaluate four femoral fixations 
under static loading, including a recently developed 
transversal fixation for a new generation of artificial ligament. 
 
 
METHODS 
Specimen preparation 
Twenty four femoral bones from calves aged between six and 
eight months were used. The specimens were fresh-frozen at -
20°C and thawed at room temperature 24 hours before testing. 
Four reconstruction configurations were selected to cover a 
wide range of concepts:  
- Interference titanium screw (ITS) inserted from the inside 

to the outside (VIO, n=6) 
- ITS inserted from the outside to the inside (VOI, n=6) 
- ITS inserted from the inside to the outside with a staple (S, 

n=6) 
- A new transversal fixation developed by LARS (T, n=6) 

 
For each reconstruction, a 40 DB LARS ligament (LARS®, 
Arc sur Tille, France) was fold in two and implanted. The 
diameter of the bone bicortical tunnel was 5.5mm drilled 
through the center of the femoral ACL-print (for VIO, VOI 
and S). 6mm-diameter and 30mm-length interference screws 
were used and for the S fixation, a 20mm-width metallic staple 
was positioned on the external cortical bone, crossing over the 
LARS ligament. 

 
For the transversal device, a 7mm-diameter and 60mm-length 
screw was implanted sliding through the axis of the ligament 
and pushed into the lateral condyle until the screw head 
reached the lateral femoral cortex (Figure 1). 
 

 

Figure 1:  Illustration of the transversal fixation device. 
 
Mechanical testing 
The femur was positioned into the INSTRON 5500-R testing 
machine instrumented with a 10kN load cell (Instron Ltd.) in 
order to align the femoral bone tunnel axis with traction axis, 
which represents the worst case scenario.  
The test procedure started with 10 conditioning cycles realized 
between 5 and 50N, followed by 120s relaxation at 100N. 
Finally, traction to failure was carried out (5mm/min). 
 
For each specimen, failure mode, stiffness, ultimate load and 
graft slippage to failure were recorded. 
 
 
RESULTS AND DISCUSSION 
The mode of failure was observed at the end of the traction 
test, when there was no contact between the machine and the 
fixation (post mortem). Table 1 sums up the experimental 
results (failure mode and quantitative mechanical properties). 
Student t-tests were performed on the pull-out force, the 
stiffness and the graft slippage. 
  
The aim of this study was to evaluate and compare the security 
of four femoral fixations. The experimental protocol 
reproduces the immediate post-operative clinical situation.  
The femoral fixation site has been chosen to evaluate the 
performances of a new transversal femoral fixation even if 
Scheffler et al. [5] reported that the tibial fixation site is the 
weakest link in an ACL reconstruction. 



As young bovine bone density is similar to young human 
bones’ one [6], we chose to carry out the tests on calf femur 
instead of elderly human bones with low bone density. 
For the tests, the traction axis was aligned with the bone 
tunnel axis, avoiding friction effects due to angulations, and 
corresponding to the mechanical worst case scenario [7]. This 
traction direction ensured a reproducible experimental 
protocol for all specimens and allowed for a true value of the 
graft slippage measurement.  
 
In terms of results, there was no significant difference between 
fixations considering stiffness, whereas the transfix pull-out 
force and graft slippage are significantly higher than for the 
other three fixation devices. 
The failure modes mostly corresponded to ligament slippage 
for the VIO, VOI and S fixation devices, whereas the new 
transversal fixation led to screw removal or bone failure. 
 
Milano et al., [8] used cyclic solicitations on femoral porcine 
bones to compare two transversal fixations and underlined that 
the pull-out force of both devices was significantly higher than 
the one obtained with an ITS fixation which corroborates the 
results of our study. 
 
Using simulations, Shin et al., [9] established that the peak in 
vivo force during landing (when practicing sports such as 
football or basketball) on ACL was 1294N with the leg near 
full extension. This force is lower than the pull-out force 
obtained using the transversal fixation, whereas it is slightly 
higher than ITS fixation pull-out mean force. This suggests 
that the use of transversal fixation could improve long term 

results with ligamentoplasty and decrease the number of 
failure after surgery. 
 
 
CONCLUSIONS 
Four fixation devices tested for the ACL reconstruction have 
been used on calf femur associated with a new generation of 
artificial ACL. The transversal device showed higher 
biomechanical properties which suggests it could be an 
alternative for ACL reconstruction. 
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Table 1: Experimental results expressed as mean ± 1SD for each configuration. 
 VIO VOI S T 
Failure mode:     

Ligament slippage 3/6 6/6 4/6 0/6 
Screw removal 0/6 0/6 0/6 3/6 
Ligament slippage + screw removal 3/6 0/6 2/6 0/6 
Bone failure 0/6 0/6 0/6 2/6 
Screw failure 0/6 0/6 0/6 1/6 

Pull-out force (N) 957 ± 343 1058 ± 117 1199 ± 260 1804 ± 281* 

Stiffness (N/mm) 176 ± 85 189 ± 28 200 ± 51  163 ± 16 

Graft slippage (mm) 8.6 ± 2.1 7.4 ± 1.8 8.5 ± 4.1 13.1 ± 1.9* 

* statistically different from the other fixation devices (p-value <0.05 Student t-test) 


