Pilot Randomized Controlled Clinical Trial of a Novel Allogeneic Three-Dimensionally Cultured Stem Cell Therapy to Treat Canine Elbow Dysplasia
Objective: 
Mesenchymal stem cell (MSC) therapy shows promise for inflammatory joint disease. Traditional two-dimensional expansion may not maximize anti-inflammatory effects, whereas three-dimensional (3D) culture better reproduces cell–cell and matrix cues, enhancing immunomodulation.1 Experimental work indicates that 3D-cultured MSCs upregulate IL-10 and pro-angiogenic mediators while preserving viability and stemness.2 In arthritic joints, IL-10 exerts regulatory, anti-inflammatory, and chondroprotective actions. Elbow dysplasia (ED) is a common developmental disorder that leads to early osteoarthritis (OA) in dogs. Even with arthroscopic fragment removal with subtotal coronoidectomy the progression of OA is not halted. While adjuncts such as NSAIDs, physical rehabilitation, and intra-articular injections can help mitigate pain to some degree, many cases become refractory at some point causing significant mobility issues in patients that can ultimately shorten life. Similar refractoriness occurs in other canine OA etiologies, including cranial cruciate ligament disease and hip dysplasia, underscoring the need for novel biologic strategies. We aimed to determine whether intra-articular allogeneic 3D-cultured MSCs are safe and improve postoperative outcomes in dogs with ED compared with control joints over time. We hypothesized that MSC-treated limbs would show greater improvement than controls.
Study Design:
We conducted a double-blinded, randomized, controlled pilot trial in client-owned dogs with bilateral ED (fragmented medial coronoid process) under IACUC approval and written owner consent. Diagnosis required forelimb lameness, elbow pain with effusion, and CT confirmation. Exclusions included osteochondrosis, ununited anconeal process, >2-mm incongruity, other orthopedic or neurologic disease, recent steroids/tramadol/gabapentin (≤4 weeks), NSAIDs (≤10 days), prior elbow surgery, or prior joint injections. All dogs underwent arthroscopic fragment removal with subtotal coronoidectomy by a single board-certified surgeon. Fifty milliliters of blood were aseptically collected, processed to autologous serum, and stored at −80 °C. 
MSCs were obtained from previously isolated, characterized and cryopreserved canine adipose-derived stem cells from an optimal donor. One week before injection, stem cells were thawed, and cultured in stem cell media at 37˚C in a 5% CO2 incubator with 95% humidity on non-adherent plates with agitation until spheroid formation occurred. Cells were resuspended in autologous serum. Two weeks postoperatively, one limb was randomized to 10 million allogeneic 3D adipose-derived MSCs in 0.5 mL autologous serum; the contralateral limb received 0.5 mL autologous serum alone. 

Outcomes included gait analysis (Tekscan HRV Walkway), subjective lameness scoring, elbow goniometry, and owner questionnaires (LOAD, CBPI) preoperatively and at 2, 6, 12, 26, and 38 weeks. CBC/chemistry were performed preoperatively and at 2 weeks, with an additional CBC at 12 weeks. CT was repeated at 26 and 38 weeks to quantify osteophytes at predefined locations.3 Synovial fluid was collected at surgery and at 2 and 24 weeks.
Statistical analysis of continuous data was performed with repeated measures ANOVA, with Bonferroni post hoc tests. Non parametric testing (Wilcoxon signed rank test) was used for data that was not normally distributed or able to be transformed. Significance was set at p<0.05.
Results: 
Nine dogs met the inclusion criteria. Mean age was 13.1 months  4.9 (range 7-20), and mean weight of 31.1 kg  9 (range 17.2-41 kg). There were 4 Labrador Retrievers, 2 German Shepherd Dogs, and 1 each of Giant Schnauzer, Rottweiler and mixed breed. Initial lameness scores were worse in limbs assigned to treatment than control. Post-operatively, maximum force (a measure of limb loading) was significantly higher in treated limbs at 2, 6, and 26 weeks post-operatively (p < 0.05 and p < 0.01, Figure 1). Subjective lameness scores and goniometry (mean flexion and extension) did not show significant differences between groups at any time point. There was no difference in progression of OA as evaluated via CT between groups. All dogs experienced improved comfort over time as assessed via owner questionnaire with LOAD and CBPI scores improving over time. There were no complications associated with stem cell injection and no significant abnormalities in lab work at any time point. Joint fluid analysis is pending.
Conclusion: 
Intra-articular 3D-cultured allogeneic MSC therapy was safe and associated with improved post-operative limb loading in dogs with ED. Key limitations include the small, single-center pilot cohort and the contralateral-limb control design, which can be influenced by gait compensation and any systemic spillover of MSC effects. Additionally, follow-up was limited to only 38 weeks. It is unknown if improvement would be seen years later.
Despite these limitations, our findings support further investigation in larger and longer-term studies to better define clinical utility. Pending joint fluid analysis will clarify effects on intra-articular biomarkers and inflammation. This pilot study indicates promising innovation toward effective OA management relevant for both veterinary and translational research.
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