Challenges in Ex Vivo Biomechanical Testing of Equine Distal Tarsal Arthrodesis Techniques                     

Objective: 
Osteoarthritis of the distal intertarsal (DIT) and tarsometatarsal (TMT) joints is a common cause of performance limiting lameness in horses. Multiple methods of facilitated ankylosis, including surgical drilling (SD) of the joints, have been described with variable results.1 Internal fixation with a locking compression plate or T-plate (LCTP) has been described, with a reported successful outcome in 63% of horses.2 A single ex vivo biomechanical study has been performed in the tarsal region to investigate four techniques for fusion of the DIT and TMT under six cyclic loading modalities. They described potting and fixation of the talus, calcaneus, and tibia proximally and the metatarsus distally, with linear variable differential transformers (LVDTs) spanning across the proximal intertarsal joint (PIT), DIT, and TMT. Their results showed a significant decrease in stability following SD and an increase in stability after application of a dorsomedial locking compression plate (LCP) or dorsally applied kerf-cut cylinder, compared to normal controls.3 The bone-screw-fastener (BSF), designed to resist off axis loads, reduce screw toggling, and reduce propagation of microfractures,4 in combination with a staple implant is currently being developed for arthrodesis of the human  mid-foot in human orthopedics (Internal Communication). The biomechanical properties of this novel implant in the equine tarsus are unknown.
The aims of this study were to evaluate a new biomechanical testing technique of the distal tarsal region and to compare the biomechanical properties of SD, LCTP fixation, and a novel bone-screw-fastener and staple (BSF-S) implant for surgical arthrodesis of the DIT and TMT. We hypothesized that the BSF-S would result in greater stability in all planes of cyclic testing and would have greater dorsoplantar bending load to failure when compared to SD alone or controls (CON), the LCTP would provide superior stability and greater load to failure than the BSF-S, and that the new testing technique would allow improved evaluation of the motion of the DIT and TMT. 
Study Design: 
Limbs from 18 paired tarsi from horses aged 3-20 years old with no or little evidence of distal tarsus osteoarthritis were randomly assigned as a test construct (SD, BSF-S, or LCTP) or CON (6 pairs/group). SD and LCTP specimens were prepared/implanted as previously described (Figure 1A-D).3 BSF-S specimens were implanted with 6.0 mm BSFs placed dorsomedially in both the DIT and TMT joints through respective staples (Figure 1E-F). Preparation for mounting included drilling 9.5 mm holes lateromedially via a custom jig through the center of the talus and 24 cm distally in the center of the metatarsus. Steel rods were applied through each pre-drilled hole to allow for positioning within machine fixtures and prevent motion at the tarsocrural joint (Figure 2). All tarsi underwent cyclic testing in 4-point dorsoplantar (DP) and lateromedial (LM) bending, axial compression, and external rotation (torsion, Table 1) prior to undergoing load (4 mm/sec) to failure in the DP plane. Linear variable differential transformers (LVDTs) were applied via brackets secured with 3.5 mm screws to the plantar and medial metatarsus and central tarsal bone to measure microdisplacement of the DIT and TMT for DP bending, LM bending and axial compression cyclic testing (Figure 3). Lasers were applied to the proximal and distal plantar brackets and projected at a 4.57 m distance to measure microdisplacement for torsion cyclic testing. Stiffness values were calculated from the cyclic testing, and load at failure and failure type were recorded. 
Results: 
The LCTP was more stiff than SD (p=0.021), BSF-S (p=0.021), and CON (p=0.016) in lateromedial bending and more stiff than BSF-S in torsion (p=0.044) (Figures 4-5). There was no difference in stiffness between any construct group or CON for cyclic loading or load to failure in dorsoplantar bending (Figure 6). Axial compression data is under review. Failure occurred as propagation from the distal brackets (14/18 CON, 6/6 SD), implant associated (3/6 LCTP, 4/6 BSF-S), and through the PIT (3/18 CON, 1/6 LCTP, 1/6 BSF-S, Figure 7). 
Conclusion: 
LCTP constructs were biomechanically superior only in lateromedial bending and torsion, and the BSF-S constructs did not have increased stiffness compared to CON or SD. Our hypothesis was therefore only partially accepted. Soft tissue interference of the plantaroproximal brackets likely affected dorsoplantar and torsion LVDT measurements, resulting in confounded data. The dynamic mechanical environment of the tarsal region is poorly understood and challenging to measure. This experiment revealed complex and unexpected motion characteristics across the distal tarsus under three loading modalities. Peripherally placed sensors and interference of overlying soft tissues complicates precise measurement of articular motion. Further investigation is needed to understand the in vivo, physiologic loading of the equine tarsal region and ongoing experimental design to optimize the biomechanical testing of arthrodesis techniques. 
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