Objective: Cementless total hip arthroplasty (THR) systems are commonly used to treat coxofemoral disease conditions in dogs1, 2, 3. Pre-operative surgical templating is crucial to optimize patient outcomes after THR4. Standard femoral stem templating for BFX femoral stems (Movora, St. Augustine, FL) is performed utilizing well positioned craniocaudal (CC) and mediolateral (ML) radiographs of the femur. The proximal femur has a complex three-dimensional configuration, with the femoral head angling cranially relative to the frontal plane, referred to as femoral anteversion angle (FAA). Natural FAA is reported to range from 19-41 in medium to large dogs 5. For pre-operative templating a pair of stem templates are utilized that match the widest and narrowest dimensions of the implant. Intraoperatively the femoral stem is typically inserted with the neck parallel to the femoral head and neck axis to match native FAA. This may lead to a mismatch in stem size between pre-operative templating where the template is oriented in the frontal plane and intra-operative stem insertion where the stem is inserted in a somewhat oblique orientation to match FAA. An oblique CC radiograph, internally rotated until the radiographic beam is perpendicular to the femoral head and neck axis, might improve the accuracy of templated stem size, but is rarely used for pre-operative stem templating.
Our purpose was to evaluate femoral stem templating using both true and obliquely oriented CC femoral radiographic views and to compare radiographic templating results to 3D computed-assisted design (CAD) stem templating. We hypothesized that true CC radiographic templating would underestimate stem size compared to both oblique CC radiographic and 3D CAD templating and that oblique CC radiographic templating would yield similar results to 3D CAD templating. 
Study Design: CT scans were performed on 20 cadaveric canine femurs and FAA was determined using previously described methodology 5. Femurs were mounted in a custom jig that allowed the femur to be rotated in the sagittal and axial planes with precise control of the magnitude of rotation. A magnification marker was positioned consistently near the proximal femur, and true CC and ML radiographs were obtained (Figure 1). An internally rotated oblique CC radiograph was obtained with the magnitude of internal femoral rotation matching femur FAA measured on the CT images (Figure 2). Femur CT images were segmented and imported into CAD software (3-matic, Materialize, Plymouth, MI) and 3D femoral stem templating was performed by a single observer. Radiographs were randomized and femoral stem templating was performed using VPOP Pro software by three blinded observers. Distal femurs were cropped to minimize bias. For all methods of templating, optimal stem size was defined as the largest implant fitting within the endosteal margins of the femoral canal, with the stem shoulder mid-way between the proximal aspect of the greater trochanter and trochanteric fossa. Interobserver variability for radiographic stem templating was assessed using intraclass correlation coefficient. Median templated radiographic femoral stem size on true and oblique CC views was compared to the 3D CAD templated stem size and descriptive statistics were reported.
Results: Interobserver agreement for templated radiographic femoral stem size was excellent (ICC= 0.97) for both true and oblique CC views. The same stem size was selected on the true and oblique CC radiographs in 13/20 femurs (65%); while in 7/20 femurs (35%), a stem size one size larger was selected on the oblique CC radiograph as compared to the true CC. Compared to 3D CAD templating, true CC radiographic templating undersized the stem in all femurs, with 18/20 femurs (90%) being undersized by a single size. Compared to 3D CAD templating, oblique CC radiographic templating undersized the stem in 15/20 femurs (75%), all by one size. ML radiographic templating yielded larger stem sizes than both CC views in most femurs (75% vs true CC; 55% vs oblique CC) and in no femur was a smaller size templated on the ML radiograph as compared to either of the CC views (Table 1). 
Conclusion: Femoral stem templating was consistent between observers on both true and oblique CC radiographs. Femoral stem size templated on true CC was consistently undersized compared to 3D CAD stem templating results, typically by one size, but occasionally by two sizes. Femoral stem templating on an oblique CC resulted in a slightly more reliable prediction of optimal stem size but still resulted in selection of an undersized femoral stem as compared to 3D CAD templating in the majority of femurs. We partially accepted our hypothesis as we found that radiographic femoral stem templating on both a true CC and an oblique CC resulted in stem undersized relative to the results obtained when 3D CAD templating was performed. Our results do not support the clinical use of an internally rotated oblique CC femoral radiograph for femoral stem templating. Future studies are indicated to validate the accuracy of 3D CAD femoral stem templating in dogs. 
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