Objective: Undersized femoral implants for total hip replacement (THR) have been associated with adverse outcomes, including implant instability, suboptimal biomechanics, and implant failure (1). Templating helps guide size choice to ensure optimal implant fit, long-term durability, and improved patient outcomes (2, 3). Inaccuracies in templating may be influenced by radiographic (magnification, positioning) factors and femoral morphology and pathology (greater trochanter position, proximal bone density, canal flare index). Our objective was to retrospectively evaluate the accuracy of pre-operative templating in THR by comparing digitally planned Biomedtrix femoral stem size with the actual implanted component using radiographic overlays in vPOP software. We hypothesized that femoral morphology variation would be associated with differences between templated and implanted stem sizes.

Study design: An evaluation of patients that underwent THR using the Biomedtrix BFX system for hip dysplasia at a university veterinary teaching hospital from 2019-2024 was performed. Data was collected including signalment, weight, stem size and type, and complications. Pre-operative radiographic measurements were obtained including proximal bone density grade, canal flare, greater trochanter (GT) morphology, and femoral procurvatum (4, 5). Pre-operative templating was performed by a single experienced surgeon and the size recorded. The stem size implanted was recorded. Post-operative radiographs were evaluated for femoral fissures, canal fill, and stem orientation. Stem mismatch was compared based on the template size in relation to the implant. Femur length was assessed pre- and post-operatively to account for radiographic positioning differences. Bland-Altman analysis was performed to explore agreement between the actual implant size and templated size. A t-test was performed to assess association between GT morphology and stem orientation angle.

Results: Forty-three hips in forty dogs met inclusion criteria. Median canal flare was 1.88 (IQR 1.67-2.1). Proximal bone density was classified as normal (n=2), mild (n=26), moderate (n=13), and severe (n=2). GT morphology: grade 1 (n=7), grade 2 (n=22), grade 3 (n=14), and grade 4 (n=0). Median femoral procurvatum was 91 degrees (IQR 84.6-94.8). Median radiographic femur length pre-operatively was 194.4 mm (IQR 162.9-207.7) and post-operatively was 193.9 mm (IQR 168.9-204.3). Post-op overall canal fill was 75% (IQR 70.9%-79.7%) and canal fill at the lesser trochanter was 70% (IQR 64.6-75.8). Median degree of prosthesis version was 17.7 degrees (IQR 12.4-22.2). Median stem/template ratio was 91.64% (IQR 86.7-95.2). Stem mismatches were 0 (n=31), -1 (n=11), and +1 (n=1) (Table 2). Median femur length with stem mismatches pre-operatively was 194.8 mm (IQR 174.4-207.4) and post-operatively was 187.9 mm (178.1-206.1). Bland-Altman analysis indicated that actual implants used were generally larger than templated stems (Table 1). Mean bias was +2.98% (95% CI: +1.07% to +4.93%), indicating a statistically significant positive bias. When proximal bone density was evaluated, the average canal fill for the normal, mild, and moderate groups combined was 75%, whereas the two severe bone density cases demonstrated an average canal fill of 68%, suggesting smaller stems in severely osteopenic bone. However, due to the limited number of severe cases, no statistics were performed. Mean stem orientation angle was 3.1 ± 1.6° in GT3 cases and 2.7 ± 1.7° in GT1 and 2 cases, indicating no meaningful difference in stem alignment between GT positions.

Discussion: Our hypothesis was accepted that template/stem mismatches are common. GT morphology did not impact the incidence of stem size mismatch, though there were no dogs with grade 4. In our experience, for GT grade 3, broaching may contact the GT, but with preferential rasping and attention to broach orientation, stem size and angle are rarely impacted. Femoral length differences on radiographs can be attributed to inability to properly extend the femur while under sedation pre-operatively as opposed to an anesthetized patient. This could result in altered appearance of the proximal femur on pre-operative radiographs and a smaller template being considered as the proximal third of the femur becomes misshapen and the narrowest endosteal width appears more proximal. The canal fill was lower in the two cases that had severe proximal bone density, but this could not be examined statistically. Limitations to this study include its retrospective nature, multiple individuals performing radiographic measurements, and incomplete medical records in older cases due to use of a new medical records software. In this case series, the implanted stem was one size larger than templated in 37% of cases. The decision to increase size was based on broaching resistance and observed “fill” within the femoral neck. Canal flare and GT morphology did not appear to influence stem sizing decisions in this population.
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