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Introduction
Cranial cruciate ligament rupture (CCLr) is the most 
common hind limb pathology in dogs with an estimated 
prevalence of 4.87% (Witsberger et al., 2008). The 
treatment involves surgery and cost 1.32 billion dollars 
in the USA in 2003 (Wilke et al., 2005). Total rupture 
of the caudal cruciate ligament (CCL) induces a cranio-
caudal and internal rotation (pivot shift) instability of 
the tibia. It triggers severe lameness and pain and leads 
to an osteoarthritic process requiring surgery (Baird 
et al., 1998). The aim of this surgical procedure is 
to stabilize the stifle by removing the cranial drawer 
motion (Johnson and Johnson, 1993). There are two 
types of strategies:

–  active stabilization by osteotomy of the tibia, 
thus changing the biomechanical conformation 
of the stifle. This surgery aims at suppressing the 
biomechanical role of the CCL in the craniocaudal 
stabilization of the stifle (Kim et al., 2008).

–  passive stabilization, which does not require any 
biomechanical modification of the articulation. It 
aims at stabilizing the stifle with synthetic implants 
respecting the anatomical physiology. 

Such implants can be implanted either (i) extra-
articularly as in the FLO (1975) or the TightRope 
(TR) (Cook et al., 2010) techniques; or (ii) intra-
articularly as introduced recently by Barnhart et al. 
(2016) and several other authors (Cook et al., 2017; 
Prada et al., 2018) for synthetic implants, or by Biskup 
and Conzemius (2020) for intra-articular allografts. 
Unfortunately, in human anterior cruciate ligament 
(ACL) surgery, synthetic intra-articular techniques 
have failed several times in the last quarter of the 20th 
century (Legnani et al., 2010). The use of autogenous 
graft tissue has always been a widely accepted method 
of restoring the function of knees affected by cruciate 
ligament deficiency (Salmon et al., 2006; Hui et al., 
2011). Over the two last decades, synthetic ligament 
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Abstract
Background: Cranial cruciate ligament rupture (CCLr) is the most common cause of hind limb lameness in dogs. 
Currently, surgical management of CCLr is mostly performed using tibial osteotomy techniques to modify the 
biomechanical conformation of the affected stifle. These surgical techniques have a significant complication rate, 
associated with persistent instability of the stifle which may lead to chronic postoperative pain. Over the last decade, 
studies have been published on various techniques of anatomical caudal cruciate ligament reconstruction in veterinary 
practice, using physiological autografts or woven synthetic implants.
Aim: The aim of this ex vivo biomechanical study is to investigate the ex vivo dynamic biomechanical behavior of a 
synthetic implant ultrahigh molecular weight polyethylene (UHMWPE) implant fixed with interference screws for the 
treatment of CCLr in dogs, according to a fatigue protocol (48 hours per test).
Methods: Seven stifles from four skeletally mature canine cadavers were implanted with the synthetic implant. It was 
fixed with four interference screws inserted in transversal and oblique tunnels in both the distal femur and the proximal 
tibia. For each case, 100,000 cycles were performed at 0.58 Hz, with traction loads ranging from 100 to 210 N. 
Results: Neither screw-bone assembly rupture nor a pull-out issue was observed during the dynamic tests. Linear 
stiffness of the implants associated with a fixation system with four interference screws increased over time. The final 
displacement did not exceed 3 mm for five of the seven specimens. Five of the seven synthetic implants yielded to 
a lengthening in functional range (0–3 mm). Linear stiffness was homogeneous among samples, showing a strong 
dynamic strength of the interference screw-based fixations of the UHMWPE implant in the femoral and tibial bones. 
Conclusion: This study completes the existing literature on the biomechanical evaluation of passive stifle stabilization 
techniques with a testing protocol focused on cyclic loading at a given force level instead of driven by displacement. 
These biomechanical results should revive interest in intra-articular reconstruction after rupture of the CCLr in dogs.
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implants have won acclaim, thanks to the Ligament 
Augmentation and Reconstruction System (LARS) 
techniques (Gao et al., 2010), known as a possible 
alternative to autogenous graft techniques for surgical 
management of the human ACL rupture. 
According to this recent trend, brand new intra-
articular devices have been developed for passive 
stabilization of the stifle, composed of an ultrahigh 
molecular weight polyethylene (UHMWPE) artificial 
ligament fixed on the bones with interference screws 
(Blanc et al., 2019; Goin et al., 2019; Rafael et al., 
2020). This approach seems to be spreading among the 
international veterinary community (Barnhart et al., 
2016; Cook et al., 2017; Barnhart et al., 2018; Prada et 
al., 2018; Barnhart et al., 2019; Biskup and Conzemius, 
2020), although it remains marginal in the treatment of 
CCL rupture (von Pfeil et al., 2018). The objective of 
this study is to evaluate the biomechanical behavior of 
this new artificial ligament implanted in ex vivo stifles 
under cyclic tensile tests.

Material and Methods
Sample acquisition and preparation protocol
All anatomical parts came from euthanized dogs for 
reasons unrelated to the focus of this study, belonging to 
the refuge of the Society for the Protection of Animals 
(SPA) in Lyon. This anonymized cadaver donation 
process between the SPA and VetAgro Sup was sealed 
by an agreement. Seven hind limbs were collected on 
the cadavers of freshly frozen mature dogs weighing 
between 25 and 35 kg. All dogs were similar in size. The 
stifles were dissected to reveal the tibia, the meniscus, 
and the femur. Stifles that were free of osteoarthritis and 
with no ligamentous and meniscal lesions were kept for 
study purposes. The proximal extremity of the femur 
and the distal extremity of the tibia were inserted into 
square metal plots (30 × 30 × 70 mm) with polymethyl 
methacrylate to secure the fixation of the bone extremities 
in the testing machine. A total of seven distinct tests were 
conducted with the following nomenclature: 1D, 1G, 
2G, 3D, 3G, 4D, and 4G. The first number refers to the 
dog from which the samples were taken. Letters “D” and 
“G” stand for right and left laterality, respectively.  
Description of the medical device
The brand new intra-articular UHMWPE device tested 
in this study is the Novalig 8000 implant (Novetech 
Surgery, Monaco). It is made of medical-grade 
UHMWPE monofilaments braided and woven in a 
specific way (Fig. 1). It has two components: a puller 
wire allowing the insertion of the implant into the 
bone tunnels (Fig. 1a) and the intra-articular functional 
section (Fig. 1b) secured by interference screws. The 
manufacturer reports a strong biomechanical resistance 
to traction strengths higher than the physiological CCL 
by more than 8,000 N (Butler et al., 1983; Patterson 
et al., 1991). Based on state-of-the-art biomechanical 
tests carried out on this intra-articular reconstruction 
technique of the CCL, no implant rupture was reported 

in quasi-static pull-out tests (Blanc et al., 2019) or 
in cyclic loading tests (Goin et al., 2019), with a 
maximum resistance before implant slippage estimated 
at 690 ± 115 N. The synthetic ligament was sterilized 
with ethylene oxide and implanted with four titanium 
interference screws (diameter: 4.5 mm; length: 20 mm) 
provided by the same implant manufacturer (Fig. 1c).
Implantation procedure
The samples were thawed at room temperature for 
24 hours. They were implanted with the UHMWPE 
synthetic implant according to the recommended “Out-
In” surgical procedure, in which interference screws 
are implanted from the epiphyseal surface of the femur 
and the tibia toward the intra-articular space (Blanc 
et al., 2019). Once the CCL was entirely resected, the 
implantation was performed on specific anatomical 
regions of the in vivo CCL insertion to ensure its 
physiological reconstruction. The whole implantation 
procedure was performed with the cadaveric stifles 
placed in hyperflexion. A first oblique femoral tunnel 
was drilled (Fig. 2) from the caudolateral insertion 
of the CCL by means of an ancillary device provided 
in the implantation kit. Another oblique tibial tunnel 
was drilled from the tibial cranio-medial insertion of 
the CCL. The UHMWPE implant was then inserted 
through these two tunnels using a needle threader. 
One interference screw was inserted in the first tunnel 
from the outside to the inside of the distolateral face 
of the femoral metaphysis. All screws were 4.5 mm 

Fig. 1. UHMWPE implant. (a) Puller wire section. (b) Intra-
articular functional section secured by (c) interference screw.
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wide and 20 mm long. A transversal tunnel was drilled 
through the distal metaphysis of the femur at 10 mm 
from the proximal output of the first tunnel. Once the 
implant was passed through this third tunnel, again 
using a needle threader, a second interference screw 
was inserted in the pre-threaded tunnel from the lateral 
to the medial faces of the femur. Another screw was 
implanted in the previously threaded oblique tibial 
tunnel from the outside in, while maintaining the 
prosthesis under tension. A final transversal tunnel was 
drilled in the proximal metaphysis of the tibia, 10 mm 
away from the distal output of the second tunnel. The 
UHMWPE implant was passed through this tunnel with 
a needle threader and a fourth interference screw was 
inserted from the medial to the lateral faces of the tibia 
(Fig. 3). After implantation, the clinician checked for 
the absence of cranial drawer motion to confirm that the 
procedure was successful. 
Biomechanical testing
The stifle joints reconstructed with the UHMWPE implant 
fixed by the interference screw technique were tested 
biomechanically under uniaxial tensile cyclic loading. 
These trials were conducted at room temperature (23°C) 
(Cocca et al., 2020) on seven implanted stifles using a 
traction testing machine (AGS-X Shimadzu, Japan). 
Each implanted ex vivo specimen was initially positioned 
at 180° to ensure the alignment of both the femoral and 
tibial oblique tunnels, and therefore the reproducibility 
of the initial boundary conditions of the protocol 
(Fig. 4a). The physiological environment was kept close 
to reality by using sterile compresses moistened with 
physiological saline applied directly on the surface of the 
anatomical pieces. The compresses were maintained in 
place with polyethylene stretch sheets, thus guaranteeing 
humidity of the set-up throughout the 48-hour-long tests 
(Fig. 4b).
A preliminary quasi-static traction test was performed 
at 20 mm/minute until 100 N to preload the 
implanted joint and to close the gaps of the set-up. A 
100,000-cycle dynamic tensile test was then conducted 
at a 0.58 Hz frequency for an overall duration of 
approximately 48 hours per specimen. This cyclic 
loading aims at reproducing the joint loading for an 

animal operated with this technique but not having 
respected the recommended immediate postoperative 
resting period. The force of these dynamic tests was 
controlled, ranging from 100 N (minimal pre-loading) 
to 210 N. This is based on a previous study reporting 
that the ground reaction force is equal to 65% of the 
dog’s body weight when trotting (Rumph et al., 1995). 
Since the tested specimens were taken from 30-kg 
dogs on average, the ground reaction force would 
approximately be equal to 195 N (plus a 15 N-safety 
margin, yielding to a maximum load of 210 N). This 
loading range is coherent with ex vivo cyclic tests of 
fixation devices for human ACL reconstruction (Kousa 
et al., 2003; Brown et al., 2004). After each cyclic test, 
the integrity of the implanted joint was controlled by a 
specific X-ray exam.
Data acquisition and processing
The sensors used to record the force (5 kN load cell) 
and the displacement (mechanical traverse stroke) were 
those natively associated with the testing machine. The 
synchronized acquisition of the measurements was 
carried out using the TrapeziumX software (Shimadzu, 
Japan) with a sampling frequency of 10 Hz. Owing to 
the large number of cycles, any acquisition represents 
a dataset of 1.620.000 points of measurement stored in 
a 41.5 Mo file per test. The data were processed with 
Matlab® Release 2018 (The MathWorks, Inc., Natick, 
MA) and Excel® (Microsoft Corporation, Albuquerque, 
NM). Raw data were analyzed to extract several 
parameters from each test. Raw displacement data were 
filtered by applying a two-way average moving filter 
(window size: N = 500 over approximately 30 cycles) 
to extract the global behavior of each tested sample 
(mean filtered displacement curves). The displacement 
of the traverse stroke was recorded. Linear stiffness 
was computed on several cycles (1st, 2nd, 10th, and 

Fig. 2. Schematic view of synthetic intra-articular CCL 
reconstruction fixed by four interference screws.

Fig. 3. Final visualization of the surgical procedure for stifle 
stabilization using intra-articular synthetic implant.
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100,000th ones) as the slope of the load–displacement 
curve in the given cycle interval to illustrate a potential 
stress softening effect (Fig. 5). 
All the statistics were performed with Statext ver. 
3.3 (STATEXT LLC, Wayne, NJ, USA), using a 5% 
significance level. 
Ethical approval
Not applicable for this study: “All anatomical parts 
came from euthanized dogs for reasons unrelated to the 

focus of this study, belonging to the refuge of the SPA 
in Lyon. This anonymized cadaver donation process 
between the SPA and VetAgro Sup was sealed by an 
agreement.”

Results
Neither screw-bone assembly rupture nor a pull-out 
issue was observed during the dynamic tests (Fig. 6). 
All mean filtered displacement curves had a similar 

Fig. 4. (A) Experimental set-up after UHMWPE implant was implanted (intra-articular 
implant) with four interference screws: (a) femur, (b) tibia, and (c) UHMWPE implant.  
(B) Test with traction machine. Moistened compresses around implanted stifle.

Fig. 5. Linear stiffness at 1st, 2nd, 10th, and 100,000th cycles for the 1D sample.
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shape with two major quasi-linear parts. The two parts 
of the curves were linearly interpolated and these 
two asymptotes intersected at an average time of 27 
minutes. The first phase until 27 minutes corresponds 
to the main increase in the observed displacement. 
The second phase corresponds to a slight increasing 
displacement observable from T = 10 hours until the 
end of the experiment. 
The first cycle of tensile loading (from 100 to 210 N) 
led to variable linear stiffness between samples: mean 
= 196 N/mm and standard deviation (SD) = 161 N/mm 
(Table 1). The linear stiffnesses from this first mechanical 

traction corresponded to a preloading phase and were 
therefore not considered later on. Linear stiffnesses 
calculated at the 2nd, 10th, and 100,000th cycles were 
quite similar between samples (SD = 90, 70, and 73 N/mm 
at the 2nd, 10th, and 100,000th cycles, respectively). The 
displacement recorded at the end of the tests was within 
the range (0.72–4 mm) (mean = 2.2 mm; SD 1.15 mm). 
Two samples (1G and 4G) out of the seven exceeded a 
displacement of 3 mm: this threshold could be chosen as 
the in situ functionality range limit for the fixation system 
according to previous studies (Loutzenheiser et al., 1995; 
Wüst et al., 2006).
The linear stiffnesses after the first cycle seem 
homogeneous throughout the datasets, showing a 
strong dynamic strength of interference screw-based 
fixations of the UHMWPE implant in the femoral and 
tibial bones. 
A radiographic control (4G sample) showed a 
deviation of the implantation axes of the interference 
screws, which are related to the biomechanical 
behavior of the UHMWPE implant in the femoral 
bone tunnels (Fig. 7).
Regarding the data from the seven samples, the 
nonparametric statistical tests (Kruskal–Wallis H test, 
Mood’s median test, and Levene’s test) failed to reject 
their respective null hypothesis (i.e., that samples came 
from the same distribution, with an equal median or 
an equal variance). However, there was insufficient 
evidence to support the alternative hypothesis, as 
there was no significant difference between samples. 
Kendall’s coefficient of concordance thus revealed a 
significant agreement between samples (p = 0.000105). 
On the contrary, the nonparametric statistical tests 
(Kruskal–Wallis H test, Mood’s median test, and Levene’s 
test) underlined significative differences regarding 
the stiffness computed at four different loading cycles  
(p = 3.639e-5, p = 0.000866, p = 0.031161, respectively). 
The unpaired Mann–Whitney U test showed significant 
differences in stiffness between cycle 1 and the other 

Fig. 6. Evolution over time (hour) of mean filtered 
displacement (mm) recorded for seven biomechanical cyclic 
tests. Interval (0–3 mm) of in situ functionality of fixation 
system reported by Wust and Filbert (Loutzenheiser et al., 
1995; Wüst et al., 2006) displayed as a horizontal black line.

Table 1. Mean and standard deviation (SD) values of linear stiffness calculated from 1st, 2nd, 10th, and 100,000th mechanical 
traction, and end displacement recorded for each test for validated and slipped samples.

Sample name
Linear 

stiffness 1st 
cycle (N/mm)

Linear stiffness 
2nd cycle (N/

mm)

Linear 
stiffness 10th 

cycle (N/mm)

Linear stiffness 
100kth cycle (N/

mm)

End 
displacement 

recorded (mm)

Validated samples

1D 122 465 573 739 2.5
2G 425 642 733 818 1.1
3D 116 481 605 824 2.2
3G 151 511 612 867 1.7
4D 428 657 728 892 0.72

Slipped samples
1G 79 432 560 680 3.2
4G 50 474 635 796 4

Mean 196 523 635 802 2.2
SD 161 90 70 73 1.15
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three cycles (p = 0.000583 for all), between cycle 2 and 
cycle 100,000 (p = 0.000583), and between cycle 10 and 
cycle 100,000 (p = 0.002331). The stiffness computed 
at cycle 100,000 was therefore statistically different 
from the other three. However, Kendall’s coefficient of 
concordance revealed a significant agreement among the 
stiffness computed at all four cycles (p = 1.623e-5): the 
stiffness at cycle 100,000 was quite predictable by using 
a linear regression based on the three other stiffnesses 
(p = 0.0251; adj R2 = 87.8%): 

K100,000 = −329.43−1.84×K1+5.34×K2−2.05×K10

with K1, K2, K10, and K100,000 being the stiffness computed 
at cycles 1, 2, 10, and 100,000, respectively.

Discussion
In this ex vivo study, a novel passive fixation technique 
for the treatment of CCL rupture in mature dogs was 
evaluated biomechanically. The dynamic behavior 
of implanted dog stifles was assessed through seven 
samples under cyclic tensile loading (Fig. 6).
The literature review on ex-vivo biomechanical 
veterinary studies published on passive stabilization 
techniques for deficient stifles revealed limited research 
with very different testing protocols (Sicard et al., 2002; 
Banwell et al., 2005; Burgess et al., 2010; Tonks et al., 
2010; Cabano et al., 2011; Rose et al., 2011; Choate et 
al., 2013; Oda et al., 2016). 
Two categories of studies should be distinguished: 
on the one hand, mechanical studies on the intrinsic 
mechanical strength of various types of extra-articular 
suture material (FiberWire, FiberTape, OrthoFiber, 

etc.), their fixation technique (Knotted, Crimped, 
etc.), or the effect of the sterilization method use for 
the suture material (Sicard et al., 2002; Banwell et 
al., 2005; Burgess et al., 2010; Cabano et al., 2011; 
Rose et al., 2011); on the other hand, biomechanical 
studies on the various passive stabilization techniques 
for deficient stifles using different types of material and 
fixation systems on cadaveric canine hind limbs (Tonks 
et al., 2010; Choate et al., 2013; Oda et al., 2016). 
Therefore, the study published by Choate et al. (2013) 
is the only one that deals with a similar subject and 
allows a general comparison with our work.
Choate et al.’s (2013) publication reporting the ex 
vivo biomechanical characterization (under dynamic 
loading) of four passive stifle stabilization approaches: 
nylon leader lateral circumfabellar-tibial suture, 
FiberTape lateral circumfabellar-tibial suture, TR, and 
bone anchor. In their study, Choate et al. (2013) recorded 
a maximum displacement ranging from 7.8 to 11.7 
mm, corresponding to dynamic traction loads between 
80 and 160 N for a maximum of 31,037 cycles. The 
maximum displacement at the end of our experiments 
was always lower than their values, despite more 
loading cycles with a larger amplitude (Fig. 6). Choate 
et al. (2013) respected the physiological angulation of 
the stifle joint, while the articulation was at 180° in the 
present study. However, without information on screw 
angular position in Choate et al. (2013), it is impossible 
to identify which joint configuration induces more pull-
out force in the screws close to the ligament. 
Two out of our seven samples presented a displacement 
exceeding the functional threshold of 3 mm 
(Loutzenheiser et al., 1995; Wüst et al., 2006) at the 
end of the dynamic loading (1G = 3.2 mm, 4G = 4 
mm) and could thus be qualified as “defective” in 
this context (Loutzenheiser et al., 1995; Wüst et al., 
2006). Importantly, ex vivo experimentations differ 
considerably from the physiological reality. In this 
study, the biomechanical protocol simulated a worse-
case condition where the synthetic ligament supports 
all mechanical loadings. In in situ conditions, such 
loadings are normally distributed between collateral 
ligaments, CCL, meniscus, and muscles, which also 
play a major role in the global dynamics of the stifle 
and in postoperative joint stabilization (Cook, 2010; 
Kishi et al., 2013; Raske and Hulse, 2013).
The linear regression slope in the second part of all our 
curves is very gentle (and probably due to a progressive 
reorganization and orientation of the fibers limited by 
friction) (Boisse et al., 2001). The number of cycles 
required to exceed the functional threshold is therefore 
highly related to the displacement reached at the end of 
the first period. Pre-tensioning at the beginning of the 
test was controlled from the loading cell to be similar 
for each sample. The pre-strain within the ligament was 
thus almost identical for all samples reconstructed with 
the same medical device (same material, same weaving 
pattern, and same geometrical section). One hypothesis 

Fig. 7. Profile radiographic control performed after 
biomechanical test no. 4G: (a) implanted femur and tibia; 
and (b) zoom on femur distal epiphysis. Green straight lines 
show tunnel margins. Red straight lines show insertion 
axis of interference screws. Femoral screws not correctly 
oriented according to surgical technique recommended by 
manufacturer.
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is that the displacement reached after the first period 
could be related to the initial length of the artificial 
ligament between samples (which was not quantified, 
the effective initial length being fixed to anatomical 
and surgical conditions). The corollary is that this 
first displacement could be reduced by pre-tensioning 
during ligament insertion. 
The repeatability of experimental conditions is assessed 
by examining the homogeneity of the results (i.e., low 
standard deviation values for all computed parameters) 
(Table 1). These values are in agreement with the final 
displacement recorded at the end of each test. The two 
tests (1G and 4G) reporting a lower linear rigidity 
during the first traction (50 and 79 N/mm) are also the 
tests which exceeded the functional interval (0–3 mm) 
(Loutzenheiser et al., 1995; Wüst et al., 2006) of the 
fixation system with recorded displacements of 3.2 and 4 
mm, respectively. Two reasons may explain the specific 
results observed for these two samples: (i) poor bone 
quality leading to implant slippage at the bone–screw 
interface (bone quality was not checked and specimen 
age was unknown due to anonymized donation); and 
(ii) incorrect screw orientation despite a good drilling, 
either during implantation or related to progressive 
movement due to biomechanical cycling. The posttest 
X-ray control of the 3G set-up is shown in Figure 7 
and highlights a wrong axis of the interference screws 
in the transversal (angular error of 7°) and oblique 
(angular error of 9.4°) femur tunnels. Axis alignment 
errors were also observed in the 1G set-up. It is well 
known that the trabecular bone is not dense enough 
to ensure the alignment of the screw with the correct 
drilling axis and it does not offer the same stiffness 
as cortical bone to prevent the implant from moving. 
For future cycling tests, we thus suggest performing an 
immediate postimplantation X-ray in order to check the 
initial implantation and any implant movement during 
cycling, in addition to the posttest X-ray we carried out.
The modification of boundary conditions during cycles 
(from the orientation of the plots) and the displacement 
of the extremity of the implant (directly on the extreme 
interference screws by optical measurement) could 
improve the quantification and the understanding of the 
mechanisms involved in the slippage of the implant. 
However, such additional measurements require 
optical devices that would make the protocol much 
more demanding in terms of storing and postprocessing 
computational resources, especially for long cycling 
tests. Optical measurement is also not compatible with 
the moistened compresses wrapping the sample.
Our study has some limitations, such as the 
biomechanical evaluation of a single technique for 
synthetic reconstruction of the CCL. We are aware that 
a comparison would have added significant scientific 
value, but many parameters should be considered when 
setting up such an experimental protocol.
As with any new surgical technique, a surgeon’s 
learning curve is long in terms of clinical practice 

and implantation of anatomical parts. Potential biases 
or diverging interpretations of biomechanical results 
between surgical techniques should be highlighted. 
They may concern the material, the braiding and 
weaving technique, the size and geometry of the 
synthetic implant, the design and size of interference 
screws or other fixation systems such as the spiked 
washer (Barnhart et al., 2019), the size of drill holes 
made, etc. We precisely chose not to compare our 
technique of synthetic reconstruction of the CCL to 
limit these potential biases.
We decided not to test a control group with an intact 
CCL. Only quasi-static biomechanical tests report the 
testing of a control group in their experimental protocol 
(Yoshiya et al., 1986; Flynn et al., 1994; Baltzer et al., 
2001; Milano et al., 2006; Sawyer et al., 2012; Biskup 
et al., 2015). To our knowledge, no study evaluating 
the biomechanical properties of the fixation system 
used for intra-articular reconstruction of the CCL in 
canine cadaver models (or ACL in human cadaver 
models) by cyclic loading test has made a comparison 
with a control group of intact ex vivo CCLs or ACLs. 
The duration of the cyclic loading tests reported here 
(around 50 hour per test) is also drastically longer than 
in other studies on the characterization of both human 
and animal fatigue (Nakano et al., 2000; Scheffler et 
al., 2002; Brown et al., 2004; Spranklin et al., 2006; 
Choate et al., 2013; Robert et al., 2015; Barnhart et al., 
2019; Scannell et al., 2015a, 2015b).
Intra-articular length of the synthetic implant was not 
measured after implantation, nor was it during the tests. 
This information is necessary to compute the strain 
produced by fatigue loadings and should be included 
in future studies.
The small differences in mean linear stiffness observed 
in all the tests clearly show that the stiffness of the 
UHMWPE implant fixed with four interference 
screws does not vary significantly across dynamic 
biomechanical loadings (Loutzenheiser et al., 1995; 
Wüst et al., 2006). An implantation error may have 
occurred in the two nonvalidated set-ups, thus 
underlining the importance of the learning curve 
specific to each surgical technique to obtain optimal 
results. Our findings show that the technique assessed 
in this study leads to good performances, which should 
revive interest in intra-articular reconstruction after 
CCL rupture in dogs. 

Conclusion
The present findings show that the use of four 
interference screws as a fixation system for a UHMWPE 
implant leads to satisfactory cyclic pull-out strength 
compatible with synthetic CCL reconstruction for dogs, 
from both a biomechanical and ex vivo point of view. 
These results underline the value of intra-articular 
reconstruction after CCLr in dogs. Additional in vivo 
studies are needed to determine the clinical outcomes 
of this technique in the postoperative period.
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