TITLE
Comparison of Pre and Post-Operative Canal Fill Ratios Measured Using Computed Tomography and Radiography in Canine Total Hip Replacement

OBJECTIVE 
The BioMedtrix BFX® is a cementless press-fit total hip replacement system introduced in 2003 to address complications such as aseptic loosening associated with cemented fixation. Accurate stem size selection is critical to minimize stem-related complications, ensure appropriate muscular tension, and maintain proper hip offset. Stem selection is typically guided by preoperative templating and refined intraoperatively based on factors such as trabecular bone quality.
Preoperative templating is commonly performed using radiographs; however, errors in femur positioning or calibration marker placement can lead to inaccurate size estimation. Townsend et al. reported that preoperative templating matched the implanted stem size in only 31% of cases, with 59% receiving larger and 9% smaller stems than templated (1). They attributed this discrepancy to positioning artefacts during radiography, as incomplete hip extension under sedation can cause femoral foreshortening and affect perceived canal morphology. Similarly, Bae et al. demonstrated that radiographs underestimate canal flare and inaccurately measure trochanteric overhang compared to CT (2).
This study aims to compare retrospectively pre- and postoperative femoral canal filling using radiographs and CT. We hypothesize that CT-based measurements will show minimal discrepancy between pre- and postoperative canal fill, whereas radiographic measurements will overestimate preoperative canal fill compared to postoperative values.

STUDY DESIGN
A retrospective review included 40 canine THR procedures using the lateral bolt system (2019–2023), with pre- and postoperative imaging performed by radiography (n=20) or CT (n=20).
Preoperative imaging was performed under heavy sedation and postoperative imaging under general anaesthesia. Two standardised radiographic views of the femur were obtained: an open-leg mediolateral and a horizontal-beam craniocaudal view, each with a 10 cm calibration marker placed at femoral level.
For CT (Siemens-16 slice CT), 3D multiplanar reconstructions were generated using Horos® and standardised to reproduce craniocaudal and mediolateral projections of the femur. The anatomic femoral axis was used for central alignment (mean mode, 0.87 mm slice thickness). Radiographs were calibrated using the external marker.
Canal fill was measured following the method described by De Young et al.(3), Coronal canal fill (FillCor) was measured on frontal-plane CT and craniocaudal radiographs, and sagittal canal fill (FillSag) on sagittal-plane CT and mediolateral radiographs.
Measurements were independently performed by 3 reviewers (two ECVS diplomates and one ECVS resident). Postoperative measurements were obtained first, and the stem level was determined using consistent anatomical landmarks to enable reproducible template positioning on preoperative imaging (Figure 1).
All images were reviewed on PACS system using Horos, and templating and measurements were performed in VPOP® PRO. Paired t-tests compared pre- and postoperative canal fill ratios for each modality and plane, and interobserver agreement was assessed using the Pearson correlation coefficient.

RESULTS
Forty THR procedures were analysed (20 CT, 20 radiographic). Mean canal fill ratios (FillCor, FillSag, and FillMean) for all reviewers are summarised in Table 1.
On CT, FillCor ranged from 73.5% to 79.9%, FillSag from 66.0% to 71.3%, and FillMean from 69.8 % to 75.6 %. On radiographs, FillCor ranged from 71.4% to 77.6%, FillSag from 68.0% to 71.5%, and FillMean from 69.2% to 74.3%.
Paired t-tests showed a small but significant postoperative increase in canal fill on CT for reviewers 1 and 2 (p<0.01), while reviewer 3 found no significant difference. Postoperative increase in mean canal fill was respectively +1.9% and +2.8% (p<0.05) for reviewers 1 and 2, and +0.4% (p=0.5) for reviewer 3. No significant differences were observed between pre- and postoperative values on radiographs for any reviewer (Table 1).
Interobserver agreement was strong, with Pearson correlation coefficients ranging from 0.90 to 0.98 across all parameters and time points (Table 2). 

CONCLUSIONS
Both hypotheses were rejected. Preoperative radiographic measurements accurately predicted the canal fill of the implanted stem, whereas CT-based measurements showed discrepancies between pre- and postoperative canal fill.
Our findings suggest that preoperative femoral radiographs obtained with open-leg lateral and horizontal-beam craniocaudal views, using a properly positioned 10 cm calibration marker, are generally sufficient for correct stem selection. However, as noted in recent studies (4), this technique may be limited in dogs with severely restricted hip extension. In such cases, alternative views, such as caudocranial flexed view, or preoperative CT may be preferable to avoid femoral foreshortening.
Unexpectedly, CT measurements showed a small but significant increase in postoperative canal fill compared to preoperative values. This is likely due to metal artefact from the implanted stem (Figure 2), which could also account for some inter-reviewer variability. If artefact is not the primary cause, the observed coronal canal fill postoperatively amongst reviewers (77.1%, 79.9%, 74.8%) and the increase in mean canal fill (+0.4%, +1.9%, +2.8%) compared with preoperative templating are unlikely to result in the selection of an oversized stem. Notably, this study used an older 16-slice Siemens CT scanner; accuracy may be improved using newer-generation CT scanners with advanced metal artefact reduction algorithms.
Based on our results, both CT and radiographic templating appear clinically reliable for selecting the appropriate stem size.
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