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RESPONSE/RECOMMENDATION: 
Spontaneous painful osteoarthritis (OA) in companion pet dogs and companion or athletic horses offers 
translational research potential. Such naturally occurring ‘models’ are readily available and may better 
reflect the complex genetic, environmental, temporal, psychological, and physiological influences 
present in humans. Valid outcome measures relevant to the human pain experience have been 
developed, and current data suggest the predictive validity of the models is good when assessing 
putative therapeutics. Given the similarities to human OA and the relative availability of tissue, the 
opportunity for target discovery exists, but is, as yet, unproven.  
 
LEVEL OF EVIDENCE: Strong  
 
RATIONALE:  
Given how prevalent musculoskeletal pain associated with joints, bones and muscles is, it is surprising, 
that existing pharmacological therapies for chronic, persistent OA pain are rather limited. The current 
practice of translational biomedical research is not producing novel therapeutics to address this unmet 
need. 1-3 The failure of translational pain research has been discussed with emphasis on the models and 
outcome measures in pre-clinical research. 4-9 The majority of preclinical models are induced (i.e., 
created) to model or mimic the target clinical conditions. While these have increased our mechanistic 
understanding of disease, they do not appear to have worked as well for selecting new analgesic drug 
candidates. 3,10 This has led to suggestions to utilize spontaneous disease models in non-rodent animals 
to help inform pain therapeutic development. 7,11-16 

Clinical OA is common in pet dogs, with recent data indicating at ~40% of the dogs have 
clinically detectable OA-pain. 17,18 In horses, OA is among the most common causes of lameness, with 
~60% of equine lameness related to OA. 19,20 Biomechanically, structurally, histologically, genetically, 
and molecularly, human, equine and canine OA are similar. 21-29 The burden of disease is remarkably 
similar between humans and dogs – for example, recent data show that in ‘age-equivalent’ cohorts, the 
prevalence of multi-joint OA was almost identical. 30 Equine OA affects horses of all ages and use; in 
one study, over 80% of geriatric horses had reduced joint range of motion attributed to OA, 31 which is a 
similar burden to that seen in older people. 32,33 

OA pain occurring naturally in dogs and horses may offer a more accurate representation of the 
complex interplay between genetic, environmental, psychological, temporal and physiological factors 
seen in humans than traditional laboratory models, 16 and better represent the human pain experience, 
which is complex. 34,35 The course of joint disease in companion animals and animal athletes is similar 
to the course of joint disease in humans. Additionally, the accelerated progression of OA in dogs and 
horses allows for a more efficient evaluation of long-term effects of interventions compared to work in 
humans. While the variability and complexity of naturally occurring OA in dogs and horses may be seen 
as a challenge, the fact that this mirrors the complexity and variability of human OA is also a strength of 
these models.  

For spontaneous models of OA-pain to be useful in translational research, the outcome 
measures need to have been developed, validated, and should ideally be relevant to the human 
condition. In pet dogs and horses, outcome measures across multiple domains relevant to humans 
have been developed and validated: function based on proxy assessments by owners (mirroring 
validated parent assessments of children); 36-42 objective measures of limb use and gait; 37,43-54 objective 
measures of activity; 55-59 measures of sensitivity (quantitative sensory testing); 60-66 and, in dogs, 
measures of cognitive function and affect. 67,68  

Randomized clinical trials (RCTs) in dogs and horses can be designed and conducted with rigor 
comparable with human RCTs. 69 This strategy can be considered bridging, in contrast to a direct jump 
from induced animal pain studies to clinical trials in humans, and such work can help inform the go-no-



go (GNG) decision making that is critical in therapeutic development. While companion pets and animal 
athletes develop OA spontaneously, and therefore represent an ethical, non-induced model, these are 
privately owned companion animals, and ethical oversight is required. Veterinarians should always be 
involved with and oversee the care of the individual animals participating in any study. There are a 
variety of well-equipped veterinary sites (e.g. University Colleges of Veterinary Medicine, Veterinary 
Referral Centers) with the expertise to participate in well-controlled companion animal studies. 
Multicentric research is most often necessary to optimize timelines, and homogenizing data collection 
and analysis across multiple centers is very challenging but facilitated by established networks of 
institutions (e.g. Clinical and Translational Science Award One Health Alliance (COHA: 
https://www.ctsaonehealthalliance.org/) that research naturally occurring diseases that affect animals 
and humans. While the costs per animal associated with running these pre-clinical clinical trials are 
higher than the per-animal costs associated with rodents, they are very much less than the overall 
costs associated with human clinical trials – especially when a trial fails.  

If the ultimate problem is the failure of rodent research to predict clinical utility, then the question 
of predictability is critical. Efficacy evaluation(s) in pet dogs with persistent pain may be more predictive 
of how a drug will perform in Phase II and III human clinical trials, 15 Across many classes of 
compounds in which there have been studies of chronic pain conditions in companion animals and the 
same conditions in humans, the analogous results have been seen in the dog 70-75 and horse, 76-79 with 
the equine model having distinct advantages for the evaluation of intra-articular therapies. 

Recent studies of human dorsal root ganglia (DRG) tissues clearly show significant 
neurobiological differences from rodents, 80 suggesting that assumptions about target validity based on 
rodent neurobiology should be made cautiously. Tissue is not always easily obtained from humans, 
however peripheral tissue can be readily obtained from the millions of joint surgeries performed each 
year on pet dogs, 81 and athletic horses commonly undergoing arthroscopy. 82-84 Furthermore, 
euthanasia of veterinary species can allow for collection of central nervous system tissues, including 
DRG tissues.37,38  Horses donated to research programs for humane euthanasia provide unique 
advantages, allowing for the collection of articular cartilage and synovial membrane. 85-87 The outcome 
measures described above are used to phenotype pain in companion and athletic animals, and, when 
coupled with information garnered from articular and CNS tissues, may point to novel relevant 
pathways. 84,88-93  

In addition to their translational value, studies conducted in veterinary patients with naturally 
occurring OA offer important and often under-recognized animal welfare benefits. Unlike traditional 
laboratory animal models, pet dogs and horses enrolled in veterinary clinical trials already suffer from 
spontaneous, clinically relevant OA pain that requires medical intervention. They also form social 
relationships with humans, making their interactions during studies generally positive rather than 
stressful. Participation in well-designed clinical trials, therefore, aligns scientific objectives with the 
animal welfare objectives both to reduce overall use of laboratory animals, as well as improve animal 
health and welfare. 

By serving as an intermediate translational step between induced laboratory models and human 
trials, veterinary studies can inform go/no-go decisions and reduce reliance on additional induced 
animal experiments, consistent with the principles of Replacement, Reduction, and Refinement (3Rs). 
From a welfare perspective, enrolled animals receive structured diagnostic evaluations, protocolized 
monitoring, and potential access to novel or optimized therapeutic interventions under veterinary 
oversight, frequently exceeding the standard of care available outside the research setting. For owners, 
participation can reduce financial barriers to advanced diagnostics or management, enabling treatment 
of painful disease that might otherwise be inadequately addressed. This bidirectional benefit inherent in 
One Health–oriented research reframes some aspects of veterinary clinical research not as an 
expansion of animal use, but as a strategic reallocation toward studies that simultaneously advance 
science and alleviate existing suffering. 
 
 
 
  



References 
 
1.  Hay M, Thomas DW, Craighead JL, et al. Clinical development success rates for investigational 
drugs. Nat Biotechnol 2014;32:40-51. 
2.  Contopoulos-Ioannidis DG, Ntzani E, Ioannidis JP. Translation of highly promising basic science 
research into clinical applications. Am J Med 2003;114:477-484. 
3.  Eisenach JC, Rice ASC. Improving Preclinical Development of Novel Interventions to Treat Pain: 
Insanity Is Doing the Same Thing Over and Over and Expecting Different Results. Anesth Analg 
2022;135:1128-1136. 
4.  Sadler KE, Mogil JS, Stucky CL. Innovations and advances in modelling and measuring pain in 
animals. Nat Rev Neurosci 2022;23:70-85. 
5.  Hummel M, Whiteside GT. Measuring and realizing the translational significance of preclinical in vivo 
studies of painful osteoarthritis. Osteoarthritis Cartilage 2017;25:376-384. 
6.  Mogil JS. The translatability of pain across species. Philos Trans R Soc Lond B Biol Sci 
2019;374:20190286. 
7.  Percie du Sert N, Rice AS. Improving the translation of analgesic drugs to the clinic: animal models 
of neuropathic pain. Br J Pharmacol 2014;171:2951-2963. 
8.  Malfait AM, Little CB, McDougall JJ. A commentary on modelling osteoarthritis pain in small animals. 
Osteoarthritis Cartilage 2013;21:1316-1326. 
9.  Clark JD. Preclinical Pain Research: Can We Do Better? Anesthesiology 2016;125:846-849. 
10.  Mogil JS. Animal models of pain: progress and challenges. Nat Rev Neurosci 2009;10:283-294. 
11.  Kol A, Arzi B, Athanasiou KA, et al. Companion animals: Translational scientist's new best friends. 
Sci Transl Med 2015;7:308ps321. 
12.  Quessy SN. The challenges of translational research for analgesics: the state of knowledge needs 
upgrading and some uncomfortable deficiencies remain to be urgently addressed. The journal of pain : 
official journal of the American Pain Society 2010;11:698-700. 
13.  Piel MJ, Kroin JS, van Wijnen AJ, et al. Pain assessment in animal models of osteoarthritis. Gene 
2014;537:184-188. 
14.  Lascelles BDX, Brown DC, Conzemius MG, et al. The beneficial role of companion animals in 
translational pain research. Front Pain Res (Lausanne) 2022;3:1002204. 
15.  Lascelles BDX, Brown DC, Maixner W, et al. Spontaneous painful disease in companion animals 
can facilitate the development of chronic pain therapies for humans. Osteoarthritis Cartilage 
2018;26:175-183. 
16.  Klinck MP, Mogil JS, Moreau M, et al. Translational pain assessment: could natural animal models 
be the missing link? Pain 2017;158:1633-1646. 
17.  Wright A, Amodie DM, Cernicchiaro N, et al. Diagnosis and treatment rates of osteoarthritis in dogs 
using a health risk assessment(hra) or health questionaire for osteoarthritis in general veterinary 
practice. In: International Society for Pharmacoeconomics and Outcomes Research. New Orleans: 
2019. 
18.  Enomoto M, Castro DN, Hash J, et al. Prevalence of radiographic appendicular osteoarthritis and 
associated clinical signs in young dogs. Sci Rep-Uk 2024;14. 
19.  Mayet A, Zablotski Y, Roth SP, et al. Systematic review and meta-analysis of positive long-term 
effects after intra-articular administration of orthobiologic therapeutics in horses with naturally occurring 
osteoarthritis. Frontiers in Veterinary Science 2023;10:1125695. 
20.  McIlwraith CW, Frisbie DD, Kawcak CE. The horse as a model of naturally occurring osteoarthritis. 
Bone Jt Res 2012;1:297-309. 
21.  Proffen BL, McElfresh M, Fleming BC, et al. A comparative anatomical study of the human knee 
and six animal species. Knee 2012;19:493-499. 
22.  McCoy AM. Animal Models of Osteoarthritis: Comparisons and Key Considerations. Vet Pathol 
2015;52:803-818. 
23.  Clements DN, Carter SD, Innes JF, et al. Genetic basis of secondary osteoarthritis in dogs with 
joint dysplasia. Am J Vet Res 2006;67:909-918. 
24.  Little CB, Hunter DJ. Post-traumatic osteoarthritis: from mouse models to clinical trials. Nat Rev 
Rheumatol 2013;9:485-497. 



25.  Frisbie DD, Cross MW, McIlwraith CW. A comparative study of articular cartilage thickness in the 
stifle of animal species used in human pre-clinical studies compared to articular cartilage thickness in 
the human knee. Veterinary and Comparative Orthopaedics and Traumatology 2006;19:142-146. 
26.  Malda J, Benders KEM, Klein TJ, et al. Comparative study of depth-dependent characteristics of 
equine and human osteochondral tissue from the medial and lateral femoral condyles. Osteoarthritis 
and Cartilage 2012;20:1147-1151. 
27.  McCoy AM. Animal Models of Osteoarthritis. Vet Pathol 2015;52:803-818. 
28.  Chu CR, Szczodry M, Bruno S. Animal Models for Cartilage Regeneration and Repair. Tissue Eng 
Part B: Rev 2010;16:105-115. 
29.  Sahu N, Kartha V, Popov D, et al. Harmonizing human and horse single cell transcriptomic atlases 
of osteoarthritis for translational drug discovery. Osteoarthritis and Cartilage 2025;33:S409. 
30.  Nelson AE, Arbeeva L, Johnson K, et al. Cross-sectional associations of radiographic multiple joint 
osteoarthritis and symptoms, laboratory values and the gut microbiota: A multimodal study in humans 
and pet dogs. Osteoarthr Cartil Open 2025;7:100682. 
31.  Ireland JL, Clegg PD, McGowan CM, et al. Disease prevalence in geriatric horses in the United 
Kingdom: Veterinary clinical assessment of 200 cases. Equine Vet J 2012;44:101-106. 
32.  Elgaddal N, Kramarow E, Weeks J, et al. Arthritis in Adults Age 18 and Older: United States, 2022. 
In: NCHS Data Brief; 2024. 
33.  Steinmetz JD, Culbreth GT, Haile LM, et al. Global, regional, and national burden of osteoarthritis, 
1990–2020 and projections to 2050: a systematic analysis for the Global Burden of Disease Study 
2021. Lancet Rheumatol 2023;5:e508-e522. 
34.  Li L, Fan X, Crawford R, et al. Understanding pain heterogeneity in osteoarthritis patients: a 
narrative review. Front Med 2025;19:769-788. 
35.  Lumley MA, Cohen JL, Borszcz GS, et al. Pain and emotion: a biopsychosocial review of recent 
research. J Clin Psychol 2011;67:942-968. 
36.  Hercock CA, Pinchbeck G, Giejda A, et al. Validation of a client-based clinical metrology instrument 
for the evaluation of canine elbow osteoarthritis. J Small Anim Pract 2009;50:266-271. 
37.  Walton MB, Cowderoy E, Lascelles D, et al. Evaluation of construct and criterion validity for the 
'Liverpool Osteoarthritis in Dogs' (LOAD) clinical metrology instrument and comparison to two other 
instruments. PLoS One 2013;8:e58125. 
38.  Brown DC, Boston RC, Coyne JC, et al. Development and psychometric testing of an instrument 
designed to measure chronic pain in dogs with osteoarthritis. Am J Vet Res 2007;68:631-637. 
39.  Brown DC, Boston RC, Coyne JC, et al. Ability of the Canine Brief Pain Inventory to detect 
response to treatment in dogs with osteoarthritis. J Am Vet Méd Assoc 2008;233:1278-1283. 
40.  Auer U, Kelemen Z, Vogl C, et al. Development, refinement, and validation of an equine 
musculoskeletal pain scale. Front Pain Res 2024;4:1292299. 
41.  Dyson S, Pollard D. Application of a Ridden Horse Pain Ethogram and Its Relationship with Gait in 
a Convenience Sample of 60 Riding Horses. Animals 2020;10:1044. 
42.  Howard DL, Lancaster B, Grauw Jd. Development and Preliminary Validation of an Equine Brief 
Pain Inventory for Owner Assessment of Chronic Pain Due to Osteoarthritis in Horses. Animals 
2024;14:181. 
43.  Conzemius MG, Torres BT, Muir P, et al. Best practices for measuring and reporting ground 
reaction forces in dogs. Vet Surg 2022;51:385-396. 
44.  Stejskal M, Torres BT, Sandberg GS, et al. Variability of vertical ground reaction forces collected 
with one and two force plates in healthy dogs. Vet Comp Orthop Traumatol 2015;28:318-322. 
45.  Corbee RJ, Maas H, Doornenbal A, et al. Forelimb and hindlimb ground reaction forces of walking 
cats: assessment and comparison with walking dogs. Vet J 2014;202:116-127. 
46.  Lascelles BD, Findley K, Correa M, et al. Kinetic evaluation of normal walking and jumping in cats, 
using a pressure-sensitive walkway. Vet Rec 2007;160:512-516. 
47.  Innes JF, Fuller CJ, Grover ER, et al. Randomised, double-blind, placebo-controlled parallel group 
study of P54FP for the treatment of dogs with osteoarthritis. Vet Rec 2003;152:457-460. 
48.  Vijarnsorn M, Kwananocha I, Kashemsant N, et al. The effectiveness of marine based fatty acid 
compound (PCSO-524) and firocoxib in the treatment of canine osteoarthritis. BMC veterinary research 
2019;15:349. 



49.  Brown DC, Boston, R.C. and Farrar, J.T. . Comparison of Force Plate Gait Analysis and Owner 
Assessment 
of Pain Using the Canine Brief Pain Inventory in Dogs with 
Osteoarthritis. Journal of veterinary internal medicine / American College of Veterinary Internal 
Medicine 2013;27:22–30. 
50.  Moreau M, Lussier B, Doucet M, et al. Efficacy of licofelone in dogs with clinical osteoarthritis. Vet 
Rec 2007;160:584-588. 
51.  Mirza MH, Bommala P, Richbourg HA, et al. Gait Changes Vary among Horses with Naturally 
Occurring Osteoarthritis Following Intra-articular Administration of Autologous Platelet-Rich Plasma. 
Frontiers in Veterinary Science 2016;3:29. 
52.  Pugliese BR, Carballo CT, Connolly KM, et al. Effect of Fatigue on Equine Metacarpophalangeal 
Joint Kinematics—A Single Horse Pilot Study. J Equine Vet Sci 2020;86:102849. 
53.  George LBS, Pugliese BR, Hobbs SJ, et al. Kinematic and kinetic analyses of the gait of horses 
wearing novel legwear for variably limiting extension of the metacarpophalangeal joint. Am J Vet Res 
2021;82:48-54. 
54.  Pugliese BR, Brisbois AL, Size KJ, et al. Biomechanical and wearability testing of novel legwear for 
variably limiting extension of the metacarpophalangeal joint of horses. Am J Vet Res 2021;82:39-47. 
55.  Thonen-Fleck C, Sharon KP, Enomoto M, et al. Physical Activity Monitors in Companion Animal 
Chronic Pain Research—A Review Focused on Osteoarthritis Pain. Animals 2025;in press. 
56.  Wernham BG, Trumpatori B, Hash J, et al. Dose reduction of meloxicam in dogs with osteoarthritis-
associated pain and impaired mobility. Journal of veterinary internal medicine / American College of 
Veterinary Internal Medicine 2011;25:1298-1305. 
57.  Walton MB, Cowderoy EC, Wustefeld-Janssens B, et al. Mavacoxib and meloxicam for canine 
osteoarthritis: a randomised clinical comparator trial. Vet Rec 2014;175:280. 
58.  Brown DC, Boston RC, Farrar JT. Use of an activity monitor to detect response to treatment in 
dogs with osteoarthritis. J Am Vet Méd Assoc 2010;237:66-70. 
59.  Crecan CM, Peștean CP. Inertial Sensor Technologies—Their Role in Equine Gait Analysis, a 
Review. Sensors 2023;23:6301. 
60.  Chiu KW, Hash J, Meyers R, et al. The effect of spontaneous osteoarthritis on conditioned pain 
modulation in the canine model. Sci Rep 2020;10:1694. 
61.  Knazovicky D, Helgeson ES, Case B, et al. Widespread somatosensory sensitivity in naturally 
occurring canine model of osteoarthritis. Pain 2016;157:1325-1332. 
62.  Williams MD, Kirkpatrick AE, Griffith E, et al. Feasibility and repeatability of thermal quantitative 
sensory testing in normal dogs and dogs with hind limb osteoarthritis-associated pain. Vet J 
2014;199:63-67. 
63.  Cunningham RM, Park RM, Knazovicky D, et al. Assessment of Sensory Thresholds in Dogs using 
Mechanical and Hot Thermal Quantitative Sensory Testing. J Vis Exp 2021. 
64.  Haussler KK, Hill AE, Frisbie DD, et al. Determination and use of mechanical nociceptive 
thresholds of the thoracic limb to assess pain associated with induced osteoarthritis of the middle 
carpal joint in horses. Am J Vet Res 2007;68:1167-1176. 
65.  Love EJ, Murrell J, Whay HR. Thermal and mechanical nociceptive threshold testing in horses: a 
review. Veterinary Anaesthesia and Analgesia 2011;38:3-14. 
66.  Haussler KK. Pressure Algometry for the Detection of Mechanical Nociceptive Thresholds in 
Horses. Animals 2020;10:2195. 
67.  Simon KE, Russell K, Mondino A, et al. Quantifying placebo and trial participation effects on 
cognitive outcome measures in aging dogs. Geroscience 2025;47:6909-6926. 
68.  Smith M, Murrell JC, Mendl M. Spatial working memory in a disappearing object task is impaired in 
female but not male dogs with chronic osteoarthritis. Anim Cogn 2024;27:13. 
69.  Robertson-Plouch C, Stille JR, Liu P, et al. A randomized clinical efficacy study targeting mPGES1 
or EP4 in dogs with spontaneous osteoarthritis. Sci Transl Med 2019;11. 
70.  Lascelles BDX, Knazovicky D, Case B, et al. A canine-specific anti-nerve growth factor antibody 
alleviates pain and improves mobility and function in dogs with degenerative joint disease-associated 
pain. BMC Vet Res 2015;11:101. 



71.  Lane NE, Schnitzer TJ, Birbara CA, et al. Tanezumab for the treatment of pain from osteoarthritis 
of the knee. N Engl J Med 2010;363:1521-1531. 
72.  Brown DC, Boston RC, Farrar JT. Comparison of force plate gait analysis and owner assessment 
of pain using the Canine Brief Pain Inventory in dogs with osteoarthritis. Journal of veterinary internal 
medicine / American College of Veterinary Internal Medicine 2013;27:22-30. 
73.  Bannuru RR, Kent DM, McAlindon TE. Pharmacologic interventions for knee osteoarthritis. Ann 
Intern Med 2015;162:672. 
74.  Malek S, Sample SJ, Schwartz Z, et al. Effect of analgesic therapy on clinical outcome measures in 
a randomized controlled trial using client-owned dogs with hip osteoarthritis. BMC veterinary research 
2012;8:185. 
75.  Brown DC, Agnello K, Iadarola MJ. Intrathecal resiniferatoxin in a dog model: efficacy in bone 
cancer pain. Pain 2015;156:1018-1024. 
76.  Auer JA, Fackelman GE, Gingerich DA, et al. Effect of Hyaluronic Acid in Naturally Occurring and 
Experimentally Induced Osteoarthritis. Am J Vet Res 1980;41:568-574. 
77.  Gupta RC, Lall R, Srivastava A, et al. Hyaluronic Acid: Molecular Mechanisms and Therapeutic 
Trajectory. Frontiers in Veterinary Science 2019;6:192. 
78.  Lowe J, Clifford Ld, Julian A, et al. Histologic and cytologic changes in normal equine joints after 
injection with 2.5% injectable polyacrylamide hydrogel reveal low-level macrophage-driven foreign body 
response. J Am Vet Méd Assoc 2024;262:649-647. 
79.  Bliddal H, Beier J, Hartkopp A, et al. Effectiveness and safety of polyacrylamide hydrogel injection 
for knee osteoarthritis: results from a 12-month follow up of an open-label study. Journal of orthopaedic 
surgery and research 2024;19:274. 
80.  Shiers S, Klein RM, Price TJ. Quantitative differences in neuronal subpopulations between mouse 
and human dorsal root ganglia demonstrated with RNAscope in situ hybridization. Pain 2020;161:2410-
2424. 
81.  Lascelles BD, King S, Roe S, et al. Expression and activity of COX-1 and 2 and 5-LOX in joint 
tissues from dogs with naturally occurring coxofemoral joint osteoarthritis. J Orthop Res 2009;27:1204-
1208. 
82.  McCoy AM, Smith RL, Herrera S, et al. Long-term outcome after stifle arthroscopy in 82 Western 
performance horses (2003–2010). Veterinary Surgery 2019;48:956-965. 
83.  Graham RJTY, Rosanowski SM, McIlwraith CW. A 10-year study of arthroscopic surgery in racing 
Thoroughbreds and Quarter Horses with osteochondral fragmentation of the carpus. Equine Vet J 
2020;52:225-231. 
84.  Secor EJ, Womack SJ, Ysebaert MP, et al. Synovial fluid alpha-2-macroglobulin, gelsolin and 
lubricin distinguish between osteoarthritic and healthy equine joints. Equine Vet J 2025. 
85.  Nixon AJ, Vernier-Singer GL, Vernier-Singer M. Isolation, propagation, and cryopreservation of 
equine articular chondrocytes. Am J Vet Res 1992;5:2364-2370. 
86.  Pezzanite LM, Chow L, Engiles JB, et al. Targeted transcriptomic analysis of synovial tissues from 
horses with septic arthritis treated with immune-activated mesenchymal stromal cells reveals induction 
of T-cell response pathways. J Am Vet Méd Assoc 2024;262:S73-S82. 
87.  Gagliardi R, Koch DW, Loeser R, et al. Matrikine stimulation of equine synovial fibroblasts and 
chondrocytes results in an in vitro osteoarthritis phenotype. J Orthop Res 2025;43:292-303. 
88.  Minnema L, Wheeler J, Enomoto M, et al. Correlation of Artemin and GFRalpha3 With 
Osteoarthritis Pain: Early Evidence From Naturally Occurring Osteoarthritis-Associated Chronic Pain in 
Dogs. Front Neurosci 2020;14:77. 
89.  Minnema L, Gupta A, Mishra SK, et al. Investigating the Role of Artemin and Its Cognate Receptor, 
GFRalpha3, in Osteoarthritis Pain. Front Neurosci 2022;16:738976. 
90.  Chakrabarti S, Ai M, Henson FMD, et al. Peripheral mechanisms of arthritic pain: A proposal to 
leverage large animals for in vitro studies. Neurobiol Pain 2020;8:100051. 
91.  Ammons DT, Chow L, Goodrich L, et al. Characterization of the single cell landscape in normal and 
osteoarthritic equine joints. Ann Transl Med 2024;12:88-88. 
92.  Singer J, Chow L, Ammons D, et al. Senescence-associated gene pathways are differentially 
expressed in equine aging-related osteoarthritis. Am J Vet Res 2025:1-11. 



93.  Womack SJ, Carballo CB, Secor EJ, et al. Proteomics Reveals Increased Periostin in Synovial 
Fluid From Canine and Human Anterior Cruciate Ligament Injury. J Orthop Res 2025;43:1239-1249. 
 


