In Vitro Biomechanical Testing of Three Fracture Fixation Methods for Transverse Mid-body Proximal Sesamoid Bone Fractures in the Horse

Objective: Fractures of the proximal sesamoid bone (PSB) are a common injury in Thoroughbred racehorses. Due to significant disruption of the articular surface, mid-body PSB fractures require reduction and surgical fixation. Conservative treatment does not allow for adequate fracture healing due to the distracting forces placed on the PSBs by the suspensory apparatus1. The PSBs are a key part of the suspensory apparatus that supports the palmar aspect of the metacarpophalangeal joint and restricts excessive extension of the joint. When a fracture occurs in the PSB, a key component of the suspensory apparatus becomes compromised and adequate fixation must stabilize the bone against the opposing forces.

Internal fixation has proven to be the treatment of choice for mid-body PSB fractures repair. The two most common methods are circumferential wiring or placement of cortex screws in lag fashion2,3. Circumferential wiring can withstand loading in the postoperative period, although difficulty achieving accurate reduction and wire breakage have been reported1,4. Additionally, it requires a more invasive, open approach compared to lag screw fixation. The use of a single 4.5mm cortex screw placed distal to proximal is the most common lag screw technique. While this has proven strong enough to withstand the tensile forces of limb movement and load, there have been instances of failure by disengagement of the proximal fragment from the screw or bending or breakage of the screw2, and concerns regarding lack of rotational stability with a single screw placed exist. Also, without substantial countersinking to optimize the contact between the screw head and bone, there is risk of injury and long-term irritation of the surrounding DSL that can cause chronic lameness1. The heads of 3.5mm cortex screws have a smaller profile which decreases the risk of DSL injury and irritation. Additionally, the smaller size makes placement of 2 screws more feasible given the size of the PSB. Although the benefits of 3.5mm cortex screws have led surgeons to employ them in mid-body PSB fractures, there is no biomechanical data to demonstrate their strength in cyclic or single load to failure. In this study, we aimed to compare cyclic and single load to failure of fracture fixation in cadaver limbs using 1) a single 4.5mm cortex screw (4.5mm), 2) two 3.5mm cortex screws (3.5mm/3.5mm), or 3) one 3.5mm cortex screw and one 4.5mm cortex screw (3.5mm/4.5mm), all placed in lag fashion for repair of an experimentally created transverse mid-body PSB fracture. We hypothesized that 1) fracture fixation using 3.5mm/4.5mm would have significantly less fracture gap displacement during cyclic loading approximating standing compared to other fixation combinations; and 2) fracture fixation using 3.5mm/4.5mm would fail at a higher single maximal load (or less cycles at maximal load) compared to other fixation combinations 

Study Design: Thirty forelimbs transected at mid-radius, stored in a -20°C freezer until use, were defleshed around the fetlock joint. Using fluoroscopic guidance, bone reduction forceps were placed on the medial PSB and a mid-body PSB fracture was created using a minimally invasive technique (Figure 1). First, a 14g needle was placed from palmar to dorsal through the intersesamoidean ligament. An 18g gigli wire was fed through the needle, grasped with hemostats placed into the joint through an incision in the palmar medial joint capsule. The 14g needle was then placed deep to the suspensory ligament insertion on the PSB from palmar to dorsal and the wire fed from dorsal to palmar. Following fracture induction, a randomly assigned screw configuration was placed in standard lag fashion (Figure 2). Two 1mm pins were placed parallel to the fracture plane from abaxial to axial, one proximal to the fracture and one distal.  A linear variable differential transformer was attached to the pins. The limb was mounted on a mechanical test stand, preloaded to 900N, and cycled at 1500N for 8000 cycles then progressively loaded to 4800N until failure for up to 40 cycles (Figure 3). Radiographs were obtained after testing to determine mode of failure (Figure 4). Relative increase in fracture displacement over 8000 cycles was recorded for each limb, and load at failure, if applicable.

Results: Preliminary results (n=3 per group) have shown the 4.5mm to have the highest load to failure and least fracture displacement amongst the 3 configurations (Table 1). The 3.5mm/4.5mm configuration had the largest fracture displacement and the 3.5mm/3.5mm had the lowest load to failure (Figure 5). Complete results will be available by the conference.

Conclusion: Our preliminary results suggest that 3.5mm/4.5mm screw configuration is associated with the largest fracture displacement under cyclic loading approximating that of standing, while the 3.5mm/3.5mm screw configuration has the lowest load to failure.  Limitations include a small sample size and difficulty with exact repeatability of fracture and repair. Results of this study will help guide equine surgeons in choosing the best fixation method for mid-body PSB fractures, thus increasing athletic prognosis.
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