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Abstract

This opinion paper provides a summary of the current reconstructive surgical techniques 
for the scapholunate interosseous ligament (SLIL) and critically highlights their benefi ts and 
shortcomings. Due to limited success with direct repair of the ligament, current practice focuses 
on achieving biomechanical stabilization and does not allow for tissue regeneration to occur. In 
addition, the biomechanical behaviour of the ligament is still poorly described and understood, 
resulting in a very large variation in published mechanical parameters. Therefore, a thorough 
understanding of the biomechanics of the joint, via both experimental testing and numerical 
modelling is necessary for enabling the design of the next generation of implants in order to 
address mechanical stabilisation and regeneration.
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Commentary
The scapholunate interosseous ligament is an anatomically complex tissue 

displaying a C-shape and is located between the scaphoid and lunate bones in the wrist 
and is responsible for the stabilization of the joint [1]. Damage to the scapholunate 
interosseous ligament (SLIL) is the most common ligament injury in the wrist with a 
particularly high incidence rate in young active individuals engaging in contact sports 
[2]. Healing potential of complete tear of the SLIL is essentially non-existent due to its 
poor vascularization; therefore surgical intervention is necessary to maintain wrist 
stability and motion [3,4]. In fact, current treatment options for the management of 
SLIL injuries are unable to restore wrist mobility and hand function. In advanced 
cases of wrist instability or failed ligament reconstruction, fusion of carpal bones 
is performed, trading off wrist mobility for stability and pain relief. Scapho-lunate 
arthrodesis directly addresses the unstable joint but has been largely abandoned 
because of low fusion rates [5]. 

In an attempt to replace the SLIL and maintain a certain level of mobility in the 
wrist, some techniques use autologous bone-ligament-bone grafts harvested from 
either the foot or the wrist [6-11]. In this approach, anatomical and compositional 
similarities to the SLIL are desirable features. However, these grafts are limited by 
inadequate mechanical properties, poor bony ϐixation and donor morbidity. The use 
of tendon grafts routed through drill holes in the scaphoid and lunate have also been 
investigated, however the long term outcome is not known [12,13].

As seen above, there exists a plethora of reconstructive procedures and none has 
emerged as the gold standard surgical solution. The major drawback with all current 
reconstructive techniques is the lack of biomechanical similarity to the natural tissue. 
Current techniques involve either under-engineered constructs trying to mimic the 
natural tissue but neglecting stability, or over-engineered constructs trying to stabilize 
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the joint but neglecting tissue mimicry. Therefore, these techniques involve long 
recovery times, limited weight bearing and/or motion, and none are currently able to 
restore the original kinematics of the wrist.

There is a lack of in-depth understanding of the biomechanical properties of 
the SLIL with a limited number of studies performed to investigate these features. 
This could be related to the complexity of the relationship between the SLIL and 
the surrounding extrinsic wrist ligaments, making it difϐicult to isolate the SLIL for 
anatomic study. Another difϐiculty is the limited availability of young cadaveric samples 
for investigation. 

Additionally, there appears to be a great variation in the measured mechanical 
parameters which could be related to 1) different biomechanical testing protocols and 
2) the utilization of already damaged or degenerated human SLIL cadaveric specimen, 
3) inherent dimensional, anatomical and biomechanical differences between humans. 
Consequently, basic biomechanical properties, such as the strain or force experienced 
by the ligament during ϐlexion, extension or even in the neutral position cannot be 
conclusively answered. Therefore, there is a clear need for better characterization of 
the SLIL using both direct measurements from larger patient cohorts and numerical 
modelling in order to decipher the true biomechanical behaviour of the SLIL. 

The future of SLIL reconstruction relies on a more profound understanding of its 
biomechanical behaviour in order to design the next generation of implants. Recently, 
the utilization of tissue engineering techniques, such as decellularization and the 
utilization of synthetic materials, have been explored for SLIL reconstruction [14]. The 
successful Ligament Augmentation and Reconstruction System (LARS) is a synthetic 
braided polyester ligament replacement device and has been trialed as a SLIL 
substitute [15]. This technique reduced the scapholunate gap and corrected unnatural 
ϐlexion and extension, however there were concerns regarding the amount of ϐibrous 
ingrowth, ligament slippage from the bone tunnels, and wear of the artiϐicial ligament 
[15]. Although these studies were limited to assessing the biomechanical stability of 
the implants in a cadaveric setting, they provide a shift in the current strategies which 
mostly involve natural tissues. 

Our group is working towards the development of a personalized synthetic scaffold 
for SLIL reconstruction fabricated via an additive manufacturing method as previously 
reported for the scaphoid and lunate bone only [16]. However, the fabrication of a 
multi-compartment Bone-Ligament-Bone scaffold using additive manufacturing 
remains elusive. The technology utilizing fused deposition modelling (FDM), whereby 
a polymer is molten and extruded into a thin ϐilament, will enable the manufacturing, 
in a continuous manner, of a highly porous medical grade biodegradable scaffold 
as previously reported by our group albeit for different applications [17-22]. This 
porous custom 3D-printed Bone-Ligament-Bone scaffold will be able to accommodate 
variations in both the tissue geometry and the biomechanical requirement while 
providing a scaffold to enable tissue regeneration. As the printing is performed in 
continuous manner, a porous interface between the bone and ligament compartments 
is maintained which is essential for ensuring the proper integration and anchorage of 
the newly formed ligament in the bone which is a challenge in the ϐield. This approach 
combines clinical imaging (MRI or CT scan), ϐinite element analysis (FEA), which has 
been previously used to model physiological deformation by applying load in the tenths 
of newton range [23]. The FEA is then coupled with additive manufacturing to develop 
a 3D-printed scaffold where the geometry is patient-customized and the mechanical 
properties are patient speciϐic. We believe that the personalized approach combining 
these technologies focused on SLIL regeneration will form a platform solution that 
may be adapted to other areas of ligament injury.
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