Radiography Outperforms Computed Tomography for Scoring Stifle Osteoarthritis in Dogs: A Comparative Evaluation of Scoring Systems
Objective: Many radiographic scoring systems for canine stifle osteoarthritis (OA) have been developed, however no singular system has been widely adopted. Available systems have several drawbacks, including lack of testing to score OA changes over time, use of only a few radiologists to validate the system, and high complexity (i.e. scoring is very time consuming and therefore impractical). Visual analog scoring (VAS) systems offer a rapid form of assessment, however, their accuracy compared to compartmentalized scoring systems is unknown. Additionally, while it is frequently suggested that computed tomography (CT) scans are more accurate for scoring OA than radiographs, this claim has also not been confirmed. The aims of this research were to: 1) create a simplified scoring system focused on regions of the stifle joint that display the greatest OA-induced changes, 2) compare this scoring system to a VAS system, and 3) evaluate the accuracy of radiologists’ scoring of stifle progression using radiographs and CT of the same patients. We hypothesized that a scoring system focused on anatomical locations that display the most pronounced OA-induced changes would be able to more accurately score OA progression than a VAS system, while increased resolution on CTs would provide more accurate OA scoring than radiographs.
Study Design: Previously published canine stifle joint OA scoring systems were compiled and used to determine which regions of the joint had the greatest OA-induced changes. Three dogs with a full cranial cruciate ligament tear in one stifle and a partial tear in the contralateral stifle received a tibial plateau leveling osteotomy (TPLO) to treat the full tear. Radiographs and CTs of both stifles were acquired at 2, 26, and 50 weeks post-surgery. Ten board-certified radiologists scored each image blinded to patient and time point using two novel scoring systems. For the VAS system, radiologists were asked to utilize a provided list of common features of OA to assign one global OA score 0 (no OA) to 100 (severe OA) for each joint (Table 1). The second scoring system was the compartmentalized scoring system developed in the first phase of this research. For this scoring system, radiologists score specific regions of the joint between 0 (no OA) to 3 (severe OA). Images to be scored were blinded and randomly assigned to one of six total surveys sent out to every radiologist. At least three images from each combination of scoring system/imaging modality/joint status were mixed into the surveys a second time to assess intra-observer agreement (Figure 1). Each radiologist evaluated 48 radiograph sets and 48 CTs in total. Intra- and inter-observer agreement was analyzed using Krippendorf’s alpha (acceptable alpha≥0.67). 
Results: In total five regions of the stifle were identified as demonstrating the greatest OA-induced changes; specifically the (1) femoral trochlear ridge/groove, (2) tibial plateau and caudoproximal region, (3) patella, (4) femoral condyle, and (5) other sesamoid bones (fabella/popliteal). Intra-observer agreement was markedly lower in both scoring systems when evaluating CTs as compared to radiographs in non-TPLO joints, falling below the accepted Krippendorf’s alpha threshold of 0.67 (Table 2). Intra-observer agreement was also slightly lower in both scoring systems when evaluating CTs in TPLO joints as compared to radiographs. Intra-observer agreements were similar between the two scoring systems; being slightly higher with VAS scoring than compartmentalized in TPLO joints but slightly lower with VAS scoring in non-TPLO joints.
Inter-observer agreement was relatively low regardless of the scoring system or imaging modality used (Table 2). Similar to intra-observer agreement, inter-observer agreement was higher in both scoring systems when radiographs were scored as compared to CTs, a trend that occurred in both TPLO and non-TPLO joints. Notably, inter-observer agreement was higher in non-TPLO joints when the compartmentalized system was used as compared to the VAS regardless of imaging modality. OA progression was incorrectly identified (rating a later time point lower than the previous) more often with the VAS system than the compartmentalized scoring system across TPLO/non-TPLO joints and imaging modalities (Table 3). Notably, compartmentalized scoring of radiographs in non-TPLO joints were the only group to demonstrating an acceptable Krippendorf’s alpha for inter-observer agreement. 
Conclusion: Intra- and inter-observer agreement was consistently higher in both scoring systems when scoring radiographs as compared to CTs, indicating that the use of radiographs may be preferential for canine stifle OA scoring. While CTs offer 3D assessment of joints, the increase in possible OA-changes to consider on CTs may not be beneficial unless more stringent, time-consuming scoring systems are applied. This work supports the continued use of radiographs to score OA in TPLO and non-TPLO joints for both clinical and research applications, a cheaper yet still accurate alternative to CT scoring of joints. Low inter-observer agreement in these scoring systems demonstrates that further work is needed to develop an efficient OA scoring system with focused, specific criteria to reduce inter-observer variability and increase outcome measure accuracy.
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