Q1: Should we define a standard minimum number/list of pain-dependent behavioral outcomes that
constitute a robust/complete/reliable pre-clinical study (i.e., that test different pain types/mechanisms?
(e.g., von Frey, PAM, weight-bearing, gait analysis, spontaneous behavior etc.)?
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Response: YES.
Level of Evidence: High

Rationale: A PubMed search (25" Feb 2026) for “osteoarthritis AND animal models” vs. “osteoarthritis AND animal
models AND pain” returned 6,136 and 1,384 results respectively, suggesting that approximately 20% of OA studies in
animal models incorporate pain-related behaviors as an outcome. Of these 1,384 papers, approximately 500 used
rodent models. We manually searched these 500 papers to list the types of pain-related behaviors that are commonly
used, and we evaluated how these pain-dependent behaviors might correspond to translationally relevant pain
behaviors in patients with OA.

Types of pain-dependent behaviors in experimental OA models in rodents - Several techniques to assess pain
associated with experimental OA have been reported in recent years, often borrowed from the pain field at large and
adapted to inform researchers on mechanisms underlying chronic joint pain and the effects of long-term joint damage
on pain-related behaviors in the animal. Pain-dependent behaviors commonly assessed in mice and rats with
experimental OA fall broadly into three categories: (1) Evoked behavioral responses in response to a noxious or non-
noxious stimulus; (2) Non-reflexive tests to assess spontaneous ongoing pain; (3) Behavioral assessments of affective
components to pain'-.

Translational value of these assays: Human pain equivalent and mechanistic insight

1. Evoked behavioral responses include: joint hyperalgesia (an exaggerated response to a painful/noxious mechanical
stimulus applied to the affected joint (most commonly the knee* but also reported in models of ankle® and hip® *
arthritis); mechanical allodynia in the hindpaw (a response to a non-noxious stimulus applied with a von Frey fiber to
a site distant from the affected joint, for example the footpad); thermal allodynia (response to a hot or cold stimulus
applied to a distant site, usually the footpad or dorsum of the foot).

Human equivalent: Quantitative sensory testing (QST) in large cohorts of patients with knee OA has revealed
somatosensory abnormalities®, showing they respond to lower forces applied to the affected knee, as well as sites
away from the joint. Sensitization measures have been associated with OA knee pain severity - for example, temporal
summation was significantly associated with greater odds of pain during walking and stair climbing®. One particular
QST finding that robustly distinguishes subjects with symptomatic OA from controls is a reduction in pressure pain
threshold (PPT). There are very few reports of altered sensitivity to hot or cold stimuli in the literature® 1.

Mechanistic insight: Joint hyperalgesia is indicative of peripheral sensitization at the OA-affected site, while
mechanical allodynia in the hindpaw is indicative of peripheral and/or central sensitization as mechanisms contributing
to the initiation and maintenance of chronic OA pain. Importantly, lowered PPTs to mechanical stimuli applied to the
knee in older adults with or at risk for knee OA are predictors of persistent knee pain'?, and higher pain sensitization
(by PPTs and temporal summation) was associated with a higher likelihood of unpredictable pain'®, suggesting that
prevention or reduction of sensitization may be a strategy to prevent or ameliorate persistent knee pain in OA. In mice
with experimental OA, knee hyperalgesia is an early onset behavior, preceding behaviors that are more indicative of
ongoing pain™.

2. Non-reflexive test to assess spontaneous ongoing pain in experimental OA in rodents include static and dynamic
weightbearing' '8, burrowing/nesting behavior'”: '8, grip strength'®, gait analysis?, activity-based assessments and
locomotion?":22, conditioned place preference?®, and facial expressions?*. State-of-the-art methods for facial grimacing
have been validated for acute pain but not for persistent pain and warrant continued investigation with whole-body
machine learning methods.

Human equivalents: Human patients can be asked about the localization, severity, and characteristics of pain
(e.g., sharp, dull, throbbing). The various assays in rodents aim to capture different aspects of the human pain
experience. For example, weightbearing asymmetry between the hindlegs can serve as an indicator for weightbearing
pain but can only be assessed in mice with unilateral experimental OA.

Mechanistic insights: Patients living with OA often exhibit abnormal movement patterns primarily to altered
joint kinematics, and pain likely also contributes to this. In animals, it is difficult to interpret whether gait changes are
due to OA pain or to altered joint biomechanics. Specifically, gait changes in rodents can be very subtle, since prey
animals tend to disguise gait deficiencies. Gait changes in higher order mammals with OA (e.g., dogs and cats) are
more pronounced than in rodents?, making these animals better suited for kinematic studies. One way to deduce
whether a behavior is pain-driven is to investigate the response to a painkiller, determining whether the reduction of



locomotion is pain vs. function driven??. Furthermore, the response to the class of drug can start to offer mechanistic
insights into the mechanisms driving the pain (e.g., response to gabapentin vs. NSAIDs)%°.

3. Affective components and sequelae of chronic pain can also be measured, such as anxiety and depression-
associated behaviors, as well as sleep. Assays in rodents include elevated plus maze?, sleep behaviors?’, anhedonia
measurements?®, and the forced swimming test to assess anxiety?® 2°. Here again, it should be considered that these
behaviors often require a functional locomotive system and thus might be confounded by functional deficits associated
with OA.

Human equivalents: Chronic pain can affect sleep and cognitive function, and anxiodepressive co-morbidity
has been observed in chronic pain states such as diabetic neuropathy. People who suffer from painful OA may suffer
from depression and mental health issues. A recent meta-analysis including 49 studies with a total of 15,855
participants, concluded that “one-fifth of people with osteoarthritis experience symptoms of depression and anxiety®C.
These psychological factors can also affect post-operative total knee replacement outcomes, in which the presence
of presurgical subcortical brain factors can relate to postsurgical persistence of OA pain®'.

Mechanistic insights: Assessment of these types of tests can be used to determine the relationship between
chronic pain and affective disorders. In conjunction with molecular and functional assays in the central nervous system
(CNS) and fMRI, this can start to provide insight into mechanisms of these processes in the brain®2. Very few studies
to date have done this in rodents, for example chronic pain has been associated with changes in thalamic
connectivity®2. Other studies have found that supraspinal astrocyte activation might be a significant mechanism
underlying anxiety-augmented pain behavior as indicated by elevated levels of glial fibrillary acidic protein in pain
detecting regions of the brain®3.

Pain-structure correlations- Incorporating pain-dependent tests in experimental OA enables description of overall
OA disease. Mechanistic insights can be obtained from studying the type of behavior, time of onset, response to
interventions, and correlation between specific pain-dependent behaviors and pathological features at different
timepoints in progressive experimental OA3* 3. Correlations can be made between specific behaviors and synovitis,
cartilage damage, bone remodeling, and neuronal sprouting. Additionally, due to the heterogeneous nature of OA, the
selection of OA-induction method and timepoint are important considerations. The OA induction methods result in an
OA endpoint, but the pathological mechanisms to get there may vary, resulting in different pain outcomes'. This is
related to the structural progression of OA- joint inflammation (synovitis) typically occurs at an earlier timepoint
compared to bone remodeling, a significant contributor to pain®6: 37,

Recommendations for the use of these assays

Since the different types of assays listed all test different aspects of pain-related behaviors, the type of assay included
in a specific experiment ought to be guided by the aim of the experiment: which mechanism is the experiment aiming
to study, or which type of drug is the experiment aiming to test? There is also the practical consideration that not all
types of behavioral assays can be tested on the same group of mice, since this is stressful on the animals®: 3°. For a
study incorporating pain assessments, the goal of the study should be defined (mechanistic, drug testing), and primary
endpoints should be defined a priori. Rigor should be defined by mechanistic relevance and internal consistency, not
the number of endpoints — for example, include knee hyperalgesia as a measure of early onset sensitization and
weightbearing as late-onset measure of ongoing pain may provide a good overall assessment of the model. Although
structural changes do not necessarily denote pain, joint structure assessment is often recommended to correlate
structural and pain phenotypes.
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