Title: Osteotomy Angulation during TPLO results in predictable tibia deformity in a virtual CT-based CAD Model

Objective: TPLO is a commonly performed orthopedic surgery procedure that, despite its routine practice, can be technically challenging. Osteotomy malalignment and/or malrotation can result in tibial deformity, which is challenging to identify on radiographs, and may lead to poor clinical outcomes.1 Making use of recent technological advancements regarding CT and computer-aided design (CAD) tools, we quantified the effects of uniplanar and multiplanar osteotomy angulation on the orientation of the tibia during virtual TPLO. Further, we compared radiographic assessment to a novel CT-based CAD evaluation method to investigate osteotomy angulation accuracy.

Study Design: CAD TPLO simulation and retrospective case series of 20 client-owned dogs. 
CT data of canine tibiae were reconstructed in CAD software and aligned to a coordinate system. Virtual TPLO was performed using frontal, axial and multiplanar osteotomy angulation ranging from +24° to -24° at 3° increments. The virtual osteotomy was centered on the tibial eminence and then rotated in the previously defined planes (axial, frontal, combination of both) around a center of rotation. A 0° angled osteotomy control was performed, simulating a perfectly orientated TPLO to validate the workflow. The tibial plateau angle was reduced by 20°, 25°, 30° and 35° in all cases. Malalignment was assessed using a novel CAD tool that tracks the rotation and translation of the proximal tibia segment. 
TPLO was routinely performed on 20 client-owned dogs using a free-hand osteotomy method without a jig. Post-operative radiographic and CT data were retrospectively examined to determine TPLO angulation accuracy. The CT data were used to reconstruct the tibiae in CAD, where a cylinder of the same size as the blade used in surgery was subjectively matched to the osteotomy. A board-certified surgeon evaluated the blinded radiographs by measuring the angle between the osteotomy and the mechanical tibia axis in the frontal plane and categorized axial plane angulation subjectively. Radiographs were compared to CT CAD data for osteotomy accuracy.

Results: Frontal plane malalignment with proximal-to-distal osteotomies resulted in external tibial torsion and valgus, distal-to-proximal osteotomies in internal tibial torsion and varus (Figure 1). Axial plane malalignment with cranial-to-caudal osteotomies caused valgus and internal tibial torsion, and caudal-to-cranial osteotomies caused varus and external tibial torsion (Figure 2). Multiplanar osteotomy angulation resulted in predictable combinations of these effects. The mathematical correlation between osteotomy orientation, tibial plateau angle reduction and resultant tibia deformity was revealed, and formulas predicting these virtual effects with an accuracy of <1° were created. 
Mean osteotomy orientation in 20 dogs was 13.347° (SD: 8.555) cranial-to-caudal and 2.592° (SD: 4.606) distal-to-proximal using CAD. Radiographic evaluation showed mean distal-to-proximal angulation of 2.02° (SD: 4.100) and unreliable axial plane assessment. In 6 of the 20 dogs the osteotomy was oriented more than 20° cranial-to-caudal, while only 8 had less than 10° of axial plane osteotomy angulation.  

Conclusion: These findings are impactful given the commonality of the procedure as well as the potential impact on clinical outcome. We were able to show that osteotomy angulation during virtual TPLO results in predictable tibia deformity, and main osteotomy malalignment in clinical cases occurred in the axial plane. For example, a 10° axial plane (cranial-to-caudal) malalignment for a 25° TPA reduction would result in a 4° valgus deformity. Traditional radiographic evaluation proved inadequate to detect this kind of inaccuracy, but CT-based CAD evaluation can be impractical on a routine basis. This proves the need for large-scale studies, which will also help further understand the clinical significance of these findings. Nonetheless, the results are a call for critical review of our current techniques and evaluation methods. 
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