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Abstract

The translational value of osteoarthritis (OA) models is often debated because numerous studies
have shown that animal models frequently fail to predict the efficacy of therapies in humans. In
part, this failing may be due to the paucity of preclinical studies that include behavioral
assessments in their metrics. Behavioral assessments of animal OA models can provide valuable
data on the pain and disability associated with disease—sequelae of significant clinical relevance.
Clinical definitions of efficacy for OA therapeutics often center on their palliative effects. Thus,
the widespread inclusion of behaviors indicative of pain and disability in preclinical animal studies
may contribute to greater success identifying clinically relevant interventions. Unfortunately,
studies that include behavioral assays still frequently encounter pitfalls in assay selection, protocol
consistency, and data/methods transparency. Targeted selection of behavioral assays, with
consideration of the array of clinical OA phenotypes and the limitations of individual behavioral
assays, is necessary to identify clinically relevant outcomes in OA animal models appropriately.
Furthermore, to facilitate accurate comparisons across research groups and studies, it is necessary
to improve the transparency of methods. Finally, establishing agreed-upon and clear definitions of
behavioral data will reduce the convolution of data both within and between studies. Improvement
in these areas is critical to the continued benefit of preclinical animal studies as translationally
relevant data in OA research. As such, this review highlights the current state of behavioral
analyses in preclinical OA models.

Résumé

La valeur translationnelle des modéles de I’arthrose est souvent débattue, car de nombreuses
études ont montré que les modeles animaux ne parvenaient souvent pas a prevoir I’efficacité des
traitements chez les humains. Cela peut étre dii en partie a la rareté des études précliniques qui
comprennent des évaluations de comportement dans leurs données. Les évaluations de
comportement des modeles animaux de I’arthrose peuvent fournir des données valables sur la
douleur et le handicap associés a la maladie - des séquelles ayant une pertinence clinique
significative. Les définitions cliniques de I’efficacité des traitements de I’arthrose sont souvent
axées sur leurs effets palliatifs: I’inclusion trés répandue des comportements indicateurs de la
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douleur et du handicap dans les études précliniques peut donc contribuer & une identification plus
réussie des interventions cliniquement pertinentes. Les études qui comprennent des essais de
comportement rencontrent malheureusement toujours des problémes lors de sélection des tests, de
cohérence de protocole et de transparence des données/méthodes. La sélection ciblée des tests de
comportement, en tenant compte de I’éventail des phénotypes d’arthrose cliniques et des
limitations des tests eux-mémes, est nécessaire afin d’identifier correctement les résultats
pertinents du point de vue clinique dans les modeles animaux de I’arthrose. De plus, afin de
faciliter des comparaisons exactes entre les groupes de recherche et les études, il est nécessaire
d’améliorer la transparence des méthodes utilisées. Enfin, établir des définitions claires et
convenues de données comportementales permettra de réduire la convolution des données a la fois
au sein des études et entre elles. Des améliorations dans ces domaines sont essentielles pour que
les études animales précliniques continuent d’apporter des bénéfices translationnels en ce qui
concerne les données de recherche sur I’arthrose. La présente analyse met ainsi en lumiere I’état
actuel des analyses comportementales dans les modéles précliniques de I’arthrose.

Abstract

Uber den translationalen Wert von Osteoarthritis (OA)-Modellen wird viel diskutiert, da zahlreiche
Studien gezeigt haben, dass Tiermodelle die Wirksamkeit von entsprechenden Therapien beim
Menschen oft nicht vorhersagen kénnen. Teilweise diirfte dieses Problem auf die geringe Zahl
préklinischer Studien zurtickzu-fiihren sein, die Verhaltensbewertungen in ihre Metriken
aufnehmen. Verhaltensbewertungen von tierischen OA-Modellen kénnen wertvolle Daten (ber die
mit Krankheit verbundenen Schmerzen und Behinderungen liefern - Folgen von erheblicher
klinischer Relevanz. Klinische Definitionen der Wirksamkeit von OA-Therapeutika konzentrieren
sich oft auf ihre palliativen Effekte, daher trégt eine umfassende Einbeziehung von
Verhaltensweisen, die auf Schmerzen und Behinderungen hinweisen, in praklinischen Tierstudien
moglicherweise zu einem grofReren Erfolg bei der Identifizierung klinisch relevanter
Interventionen bei. Leider stof3en Studien, die Verhaltensanalysen beinhalten, immer noch haufig
auf Tilcken bei Assayauswahl, Protokollkonsistenz und Transparenz von Daten/Methoden. Um
klinisch relevante Ergebnisse in Open-Access-Tiermodellen angemessen zu identifizieren, ist eine
gezielte Auswahl von Verhaltensassays unter Beruicksichtigung der Vielzahl klinischer OA-
Phanotypen und der Grenzen einzelner Verhaltensassays erforderlich. Um genaue Vergleiche
zwischen Forschungsgruppen und Studien zu ermé-glichen, ist es auBerdem notwendig, die
Transparenz der Methoden zu verbessern. Schliellich dirfte die Festlegung vereinbarter und Klarer
Definitionen von Verhaltensdaten die Datenfaltung sowohl innerhalb als auch zwischen den
Studien verringern. Eine Verbesserung in diesen Bereichen ist entscheidend fiir den weiteren
Nutzen préklinischer Tierversuche fir translational relevante Daten in der OA-Forschung. In
diesem Sinne unterstreicht dieser Bericht den aktuellen Stand der Verhaltensanalysen in
préklinischen OA-Modellen.

Resumen

El valor traslacional de los modelos de osteoartritis (OA) es a menudo objeto de debate, ya que
numerosos estudios han demostrado que los modelos animales a menudo no predicen la eficacia
de las terapias en humanos. En parte, este fallo puede deberse a la escasez de estudios preclinicos
que incluyan evaluaciones del comportamiento en sus mediciones. Las evaluaciones conductuales
de los modelos de OA animal pueden proporcionar datos valiosos sobre el dolor y la discapacidad

Lab Anim. Author manuscript; available in PMC 2021 January 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jacobs and Allen

asociados con la enfermedad, secuelas de importancia clinica significativa. Las definiciones
clinicas de la eficacia de la terapia de la OA a menudo se centran en sus efectos paliativos; por lo
tanto, la inclusion generalizada de conductas indicativas del dolor y la discapacidad en estudios
preclinicos en animales puede contribuir a un mayor éxito en la identificacion de intervenciones
clinicamente relevantes. Desafortunadamente, los estudios que incluyen ensayos conductuales
todavia encuentran con frecuencia dificultades en la seleccion de ensayos, la consistencia del
protocolo y la transparencia de los datos/métodos. Es necesario realizar una seleccion selectiva de
los ensayos conductuales, teniendo en cuenta la variedad de fenotipos clinicos de la OA y las
limitaciones de los ensayos conductuales individuales, para identificar adecuadamente los
resultados clinicamente relevantes en los modelos animales de la OA. Ademas, para facilitar
comparaciones precisas entre grupos de investigacion y estudios, es necesario mejorar la
transparencia de los métodos. Por Gltimo, el establecimiento de definiciones claras y consensuadas
de los datos sobre el comportamiento reduciré la convolucion de los datos tanto dentro de los
estudios como entre ellos. La mejora en estas areas es critica para el beneficio continuo de los
estudios preclinicos en animales como datos relevantes para la traduccion en la investigacion de la
agricultura biologica. Como tal, esta revision destaca el estado actual de los analisis conductuales
en los modelos preclinicos de OA.
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Introduction

In biomedical research, animal models are a crucial step in the translational pipeline.
However, some discordance exists between animal studies and clinical trials. The predictive
value of animal studies varies among the body’s biologic systems,1~7 and currently, less than
one in ten promising basic scientific discoveries significantly impact clinical practice within
20 years of discovery.8 This trend extends to osteoarthritis (OA) research, where there has
been little success in translating promising preclinical findings to clinical therapies. While
shortcomings in preclinical research are not exclusively responsible for this problem,
challenges in conducting animal studies can contribute to the lack of clinical impact.

OA presents as a collection of disease phenotypes with shared features.® Thus, developing
models of OA requires balancing clinically relevant etiology, measurable sequelae, and the
target OA phenotype for a potential therapy. Furthermore, preclinical researchers must
identify critical OA symptoms without a direct means of communicating with their subjects.
However, even in clinical studies, patient reports of pain can vary and be subject to
confounding factors.19-14 Attempting to establish similar metrics in animals is nontrivial.

Behavioral assays should allow researchers to examine the symptomatic changes in animals
in a controlled, repeatable manner. However, animal behavior is complex, quantifying
behaviors is challenging, and inadequate reporting can make it difficult to compare
behavioral data between studies. To be clear, behavioral analysis in animal models has been
a powerful tool for preclinical researchers, as preclinical research affords a level of
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experimental control that is difficult to achieve in clinical studies. As such, animal models
can provide a platform for in-depth studies of specific OA etiologies, and repeatable
behavioral assay design, execution, and reporting would help to improve the robustness of
these studies.

Just as a single OA animal model cannot equally replicate all OA phenotypes, so too “OA
symptoms” cannot be adequately quantified by a single behavioral test. In her seminal book
on behavioral phenotyping in mice, What’s Wrong with My Mouse? Dr. Jacqueline
Crawley describes the importance of putting multiple assays together in behavioral testing to
form “an optimal constellation of behavioural tests to address specific hypotheses.” This
includes considerations of animal numbers, strain, controls, timing, multiple uses and
interactions with the same animal, and experimenter workload. As such, the primary
objective of this review is to highlight findings from the most used behavioral assessments in
the most common rodent OA models. In so doing, we aim to highlight how and why animal
behavioral measures can deviate across OA models and experiments. In addition, we suggest
steps that may improve the reliability of behavioral assays, since many factors can confound
the outcome of behavioral assays. Most importantly, behavioral assays should aim to
mitigate the number of possible variables influencing test outcomes and be transparent in the
methodologies used. Improving the quality of behavioral assay design, execution, and
reporting will benefit animal model utility, promoting robust assessment of OA diagnostics
and therapies. Combined, this review serves to highlight the current state of behavioral
analysis of OA-related pain and disability in rodent models.

Literature review criteria

A Pubmed search was conducted for the following: osteoarthritis, animal model(s), mice OR
mouse, rat OR rats, pain, disability, behavioral analysis, and ARRIVE guidelines. Additional
detailed searches were conducted for common behavioral assessments of rodent OA models,
including: gait analysis, open field test, running wheel, Rotorod, incapacitance meter, static
weight bearing, mechanical allodynia, and Von Frey testing.

Intersection of OA model and behavioral assay selection

OA animal models include chemical, surgical, spontaneous, or genetic models. The aim of

this review is not to review different OA models extensively, as several full-length reviews

have been written on these differences.16-19 Instead, we aim to highlight the intersection of
OA pathology and behavior, and to discuss why these differences and inconsistencies may

be occurring. Table 1 briefly summarizes the pathologic differences and behaviors reported
for common OA models.

First, in humans, OA is often idiopathic, and while several underlying risk factors are
known, there is significant heterogeneity in the etiology, progression, and presentation of
OA.. Complicating matters further, there is a lack of consensus on what qualifies as an OA
model20-21 and which etiological roots different OA models are meant to represent (though
there has been some effort to specify OA models as either primary or post-traumatic).1” For
example, despite prevalent use in studies of OA-related pain, chemical injection models are
known to cause joint damage that is not necessarily characteristic of clinical OA.20 An
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excellent review by Little and Zaki highlights the need for precision when extrapolating OA
model data to the clinical condition, as the molecular mechanisms influencing pain and
pathophysiology may be distinct for different OA etiologies.2? Ultimately, there is not a
“gold standard” OA model, nor should there be, given the heterogeneity of OA. Different
models can provide insight into different aspects of OA. As such, there is a need for
specificity in study design, clearly framing the intent behind, and limitations of, a particular
OA model.

Applicability of different OA models to human OA

Intra-articular monoiodoacetate (MIA) injection is a widely used model of OA-related pain.
22,23 The MIA model produces robust behavioral changes that appear before histological
signs of OA, which is consistent with some patient reports.24:25 However, the reasons for
clinical development of OA pain prior to joint damage are not fully understood, and whether
the MIA model effectively recapitulates these pathways is not known. Additionally, while
many OA patients report pain without severe joint damage, many individuals also present
severe joint damage without pain.2426 Finally, the MIA model shares no common etiology
with clinical OA, causes severe structural histopathology without fully emulating human
OA 27 and has little transcriptional overlap with human OA cartilage.?8 Thus, the MIA
model (and other chemically induced models) may have limited utility when extending the
analysis beyond joint-related pain.

Conversely, joint trauma is a known clinical etiology of post-traumatic OA. As such, partial
meniscectomy/transection, meniscus destabilization, and anterior cruciate ligament (ACL)
transection are often used as OA models. Several surgically induced models of post-
traumatic OA reasonably mimic clinical OA etiologies.2” However, these models have
sometimes failed to produce robust behavioral modifications.2425 A study examining the
MIA and partial medial meniscectomy models found partial meniscectomy resulted in less
severe pain-related behaviors, despite similar levels of joint damage.2* Finally, surgically
induced models tend to cause focal damage, a histopathology reminiscent of post-traumatic
OA, rather than the widespread joint damage characteristic of primary OA.2° In addition,
surgical models introduce a surgical injury that can be difficult to separate from the modeled
joint injury. As such, recently developed noninvasive models of post-traumatic OA, like the
noninvasive ACL injury model,39-32 have some advantages over traditional surgical models,
as these noninvasive injuries mimic clinical etiologies and avoid surgery-associated damage.
Nonetheless, little behavioral data have been collected on these models to date.

Selecting behavioral assays for different OA models

Pain is a complex experience subject to biological, psychological, and social influences.33
There are many approaches for assessing behaviors indicative of pain in animals.7-18:34-37
Table 2 describes the most common behavioral assays used in OA models, the typical time
commitment for each test, common risks and concerns for the assay, and the relationship (if
any) between these behaviors and common clinical symptoms. These assays also have utility
in other musculoskeletal diseases, including fracture healing, bone regeneration, tendon and
ligament injury, and joint contracture. Moreover, this table is not an exhaustive list. New
assays are developed each year, and several assays, like the grimace scale, have not been
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thoroughly explored in OA models. Importantly, absence of evidence for certain behaviors in
OA models should not be considered evidence of absence. Additionally, some behavioral
assays are more sensitive than others. For OA models in particular, pain-related behaviors
can be very subtle, and highly sensitive assays are necessary. As such, the intersection of
animal model and behavioral assay selection can quickly obfuscate meaningful data.

As an example of behavioral inconsistencies between OA models, several studies have
shown static weight-bearing changes in OA. Statistically significant static weight-bearing
asymmetry was identified with an ACL transection (male Sprague Dawley rat),38 medial
meniscus transection (male Lewis rat),3° destabilized medial meniscus (male 129/SvEv
mouse),*0 and the MIA (male Wistar rat) models.24 In contrast, Fernihough et al.2* reported
that partial meniscectomy in the male Wistar rat resulted in an insignificant change in static
weight bearing. Similarly, Knights et al.# found no change in static weight bearing in a
female C57BI/6 mouse partial meniscectomy model. However, the same study noted
changes in tactile sensitivity and vocalizations subsequent to knee compression, where fully
meniscectomized mice displayed persistent sensitivity post surgery with these measures.*!
Overall, the differences in behavioral outcomes across rodent OA models may be related to
the type of OA model selected, natural differences between rats and mice, variability
between different animal strains, and differences between male and female animals.

Simply put, a single assay is unlikely to capture all behavioral changes in all possible OA
models. Thus, when characterizing pain-related behaviors in an OA model, a variety of
behavioral assays is recommended, when possible. Of course, the number of behavioral tests
must balance animal stress and fatigue (see Table 2). In the future, our goal should be to
identify the best behavioral assays for specific OA models. However, at this point,
behavioral assays have not been consistently evaluated within or broadly evaluated across
different models. As such, evaluation of multiple behaviors can help lead to improved
experimental design, behavioral assay selection, and scientific robustness in future studies.

Considerations for common OA behavioral assays

Increasing transparency in methods reporting for behavioral assays

With provisions such as the ARRIVE guidelines, methods reporting in animal models has
moved toward better transparency.#2-44 However, seemingly benign variables can still have
significant effects on behavioral outcomes, such as the biological sex of the researcher
conducting the test#® or the surface on which the animal stands.*6 While the ARRIVE
guidelines suggest including details such as housing and husbandry conditions,*2-44 these
guidelines cannot reasonably cover all possible variables that can impact behavioral assays.
Furthermore, although widely endorsed, the ARRIVE guidelines have yet to be thoroughly
implemented.#748 Thus, not only is it difficult (or functionally impossible) to report all
potential sources of variation for a behavioral test, many studies still fail to follow currently
available guidelines.

As an example, in 1994, Chaplan et al. described a method for evaluating tactile sensitivity
in the rat.® Their method was based on previous tests using Von Frey filaments®%-53 and is
widely used today. In 1996, Pitcher et al. reported that the surface on which animals stand
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for Von Frey testing could significantly affect the animals’ withdrawal thresholds.*6 Pitcher
additionally reported that most studies did not report floor size or material used for Von Frey
testing.*® More than 20 years later, floor size and the material of the testing enclosures is
still not regularly reported, despite the continued popularity of Chaplan’s method.

One change in the research community that may improve transparency in behavioral assays
is the move toward open-source methods and technologies. Many research groups share
testing protocols and software on Web sites such as protocols.io and github.com, among
others. Our own group hosts a Web site detailing our custom gait analysis system and its
associated software (see gaitor.org). Expanding access to shared assays, or at least providing
transparency in how the assay is conducted, has the potential to foster community-wide
improvements in behavioral testing.

Controlling for common sources of variation

Reporting control data should also be standard for behavioral tests, and internal controls,
such as sham procedures, are essential to assess the internal validity of an experiment.
However, as OA progresses over long time scales, animals within the experiment may
experience several weeks or months of aging. Notably, because of these long time scales,
baseline controls are rarely appropriate for OA behavioral testing. Several animal behaviors
correlate to animal age, weight, and size. As a primary example, most gait data correlate to
the animal’s size.>* Failure to account for these natural confounders can markedly decrease
the sensitivity of gait measures in both sham and experimental groups. For these age-,
weight-, or size-related effects, historical naive data may be used to reduce the variability
associated with known correlates.>® That said, while historical naive data can help account
for these covariates, historical data cannot replace internal controls, such as sham
procedures, which are essential to the assessment of the internal validity of a study.

Reducing subjectivity in behavioral assays

One approach to improving behavioral assays is to reduce potential sources of variation.
Chaplan’s up-down method of Von Frey testing calculates a 50% withdrawal threshold based
on a series of applied filaments. While the paw withdrawal threshold has proven useful, the
Chaplan paper itself reports variability in animal responsiveness over time.>8 Furthermore,
Chaplan’s method describes paw withdrawal in possibly ambiguous terms: “apparent
resolution” of behavioral responses, “brisk withdrawal,” and “flinching.”®® In contrast,
behavioral assays such as gait analysis, certain activity monitors, and static weight bearing
provide quantitative measures of natural behaviors, removing the need for researchers to
interpret a behaviour.>’-%1 Of course, even assays with quantitative outputs still encounter
failures in protocol agreement, as Walsh and Cummins note in their review of open field
tests (Table 3).52

To be clear, the level of subjectivity in a behavioral assay, by itself, does not mean the assay
is more or less valuable for behavioral analysis in OA. In other words, behavioral changes
detected by a Von Frey test may have a larger effect size than behavioral changes detected by
gait analysis. Nonetheless, reducing the subjectivity within a test can help provide better
comparisons between similar behaviors measured in different studies or by different groups.
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Reducing animal stress

Another means of improving the reliability of behavioral assays is removing sources of
animal stress. For any behavioral test, animals should be acclimated to their housing
conditions, the researchers who will be handling them, and the testing equipment and
procedures.%3 Stress effects have been demonstrated, particularly in behavioral tests
requiring animals to be restrained.8465 Simply incorporating handling methods such as
tunnel handling to transport animals in and out of behavioral testing equipment can
markedly reduce animal stress.56 Moreover, utilizing behavioral assays without animal
immobilization or restraint can potentially reduce animal stress.

For example, activity monitoring systems require neither researcher interaction nor animal
restraint, 596067 providing quantitative measures of animal activity.>%-61.67.68 Additionally,
many rodents are most active in the evening, and activity monitoring can be scheduled to
account for light/dark cycles. Finally, activity monitoring can often be conducted in the
animals’ home cages, allowing researchers to collect behavioral data in a familiar space.
59-61.68 Opting to use less stressful behavioral assays, when possible, may reduce data
variability related to animals’ natural stress responses.

Adapting to operant testing methods

Operant behavioral tests allow animals to choose to participate, often measuring
participation rates as an outcome. Changing a behavioral test to utilize an operant paradigm
can affect measured behaviors. As an example, the voluntarily accessed static incapacitance
chamber allows animals to self-select participation in the weight-bearing test for an allotted
time (30 minutes).89 Here, a water bottle is placed high in a cage, requiring the animal to
rear to access the bottle. While drinking, weight bearing is dynamically recorded by an
underlying force plate.59 In contrast, incapacitance meters typically place animals in
confined spaces but only require the animal to contact the force panels for 30-second
intervals.”0 Moreover, the cages used for the incapacitance meter range from forced, squat-
like postures to extended reaching postures (Figure 1). While similar metrics may be
obtained, the environment is clearly different, as is the animal’s posture. Hence, reporting
the enclosure and posture characteristics is critical, and utilization of operant methods, when
available, may improve behavioral assessments and reduce animal stress.

Evolving as best practices form

While behavioral testing may be improved by increasing methodological transparency,
reducing subjectivity within specific assays, and adapting to less stressful methods for the
animal, standardization will remain difficult to achieve due to the rapid evolution of the
field. Advancing behavioral assays to temper sources of variance further or address other
potential limitations is important to the evolution of the field. Moreover, it is important to
pair behavioral assays to confirm a symptomatic state in the animal. For example, while Von
Frey tests can be prone to subjectivity, the test provides very useful data on paw sensitivity.
Thus, pairing Von Frey tests with static weight bearing, activity monitoring, or gait data can
provide complementary data indicative of the animals overarching symptomatic state. By
working toward establishing broadly accepted tests for OA models, we will be better able to
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evaluate how and why OA-related symptoms vary as a result of different biological and
physiologic factors.

Considerations for reporting behavioral testing results

Failure to adapt similar terminology across studies

In addition to refining behavioral assays, refining data presentation from behavioral assays is
also critical. Consensus on which measures are meaningful (and what they mean) has not
been reached for all assays. Unfortunately, many behavioral measures are either
uncommonly used or have been defined in conflicting ways. While it is entirely valid for
groups to employ different behavioral assays, it reduces the utility of these studies when the
metrics remain “niche.”

As an example, much like OA may refer to many different etiologies of joint degeneration,
“gait analysis” can refer to assays using treadmill walking or overground walking, which
may additionally include spatiotemporal and/or dynamic assessments.49:54.58.71-75
Moreover, many gait systems approach data collection in different ways, and the outputs
from different systems and software do not always agree or report the same measures.>476
Some groups have also reported gait changes based on qualitative observation.”’-82 These
measures may share some terminology with quantitative measures (i.e. stance score vs.
stance time), despite lacking any quantitative assessment.

As another example, weight bearing may refer to static or dynamic weight bearing. Bioseb’s
kinetic weight-bearing assay is described as a “refined” dynamic weight-bearing test,
whereas incapacitance meters typically assess static weight distribution. Further conflating
terminology, both static and dynamic weight bearing have been referred to as incapacitance
meters, and “dynamic weight bearing” is also a metric obtained by certain gait analysis
systems. Furthermore, descriptively similar measures (weight bearing on a given hind limb)
may be presented in terms of weight distribution of ipsilateral relative to contralateral limb,
70 percent body weight,5” or percent difference between “baseline reading and post-
treatment,”22 among other potentially derived ratios.

From these examples, the need for consensus in data presentation becomes apparent.
Variation in data presentation poses a few issues. First, a lack of consensus on which
measures to report (and how to report them) can hamper both inter- and intra-field
communication. Second, as discussed next, reporting variables that are not independent
measures can con-volute the data.

Relative independence of behavioral measures

Returning to the example of gait analysis, the DigiGait system (Mouse Specifics, Inc.,
Quincy, MA) reports more than 50 gait measures.>* In a study comparing DigiGait to
TreadScan (CleverSys, Inc., Reston, VVA), only five gait measures were reported for
comparison, as they were the five measures “often used in existing publications of gait
analysis in preclinical models.””8 Consistent differences were observed between the two
systems, and it was suggested that the lack of agreement might be due to belt speed.’®
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Of course, walking velocity correlates with the majority of gait variables, and failure to
account for velocity will increase the variability of gait measures.>8 A study by Batka et al.83
identified more than 90% of gait variables reported by the CatWalk method were velocity
dependent. However, few studies using the system control for speed. A study by Cendelin et
al.84 found that most gait differences identified in their study became insignificant when
corrected for velocity. Furthermore, while treadmill-based gait systems allow for velocity
control, overground walking reduces animal stress. Combined, it is difficult to compare
velocity-dependent variables without presenting these data in a manner that accounts for
velocity (such as residualizing the data).>® Presenting data as relatively independent
measures, such as velocity normalized gait data, could improve the utility of study results to
the field at large.

Standardizing definitions

While developing new metrics can be beneficial to characterizing behavioral changes,
“novel” measures have sometimes proven to be just new presentations of existing measures.
Returning to the example of gait analysis, swing time ratio has been presented as a sensitive
parameter defined as the swing time of the ipsilateral limb divided by the subsequent
contralateral limb swing time.8% However, swing time is not independent of stance time.86
Thus, swing time ratio provides only a different presentation of stance time imbalance.

Furthermore, accepted metrics are sometimes misinterpreted and consequently presented in
misleading ways. In gait analysis, stride length refers to the distance between subsequent
footsteps on the same limb, while step length refers to the distance between a left and right
footstep along the direction of travel.58 Occasionally, stride length has been incorrectly
presented as step length, and comparisons between left and right “strides” are assessed.8’
One would anticipate these results to be insignificant, as strides measured by either the right
or left limb should be equal unless the animal is moving in a circle. However, step length,
with its proper definition of distance between left and right footsteps, can be a significant
measure of gait modification.88 Recommendations on conducting and presenting rodent gait
data have been published previously by our group.3#8 Similar recommendations for other
behavioral assays, for both quantitative and qualitative reporting, could assist with
improving these measures across the field. Furthermore, aligning terminology and
definitions with clinical and historical definitions, where possible, would help to
communicate study results to the broader research community.

Conclusions

Behavioral analysis serves an important role in preclinical studies, allowing researchers to
assess clinically poignant consequences of disease. To improve the utility of behavioral tests,
researchers should seek parity in their methods, and transparent methods reporting is
essential to this goal. Additionally, studies should critically examine the intersection of
behavioral assays and the OA model, seeking to understand behaviors indicative of pain and
disability in the context of the human OA condition and various OA phenotypes. Finally,
there is a need to improve our reporting of behavioral data, using clear definitions and
calculations. This is not to suggest that there should be a singular standard array of
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behavioral assays for OA research at this time. We recognize that many of these assays are
still relatively new to the field and have yet to be widely adopted across research groups.
Rather, there is a need for pre-clinical researchers to push for broader dissemination of
behavioral assay technology, protocols, and techniques to improve the quality of preclinical
studies and the reliability of these critical symptomatic data.
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Figure 1.
The incapacitance meter, or static weight-bearing assay, is a commonly used tool for

assessing changes related to pain and dysfunction in the rodent joint. Despite sharing the
same name, static weight-bearing tests can be conducted in a number of apparatuses, as

shown. The variations in the animal’s positioning and restraint may affect both the animal’s

weight distribution (e.g. more ability to offload weight to the forepaws) and stress.
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Table 3.

Considerations for selecting an open field assay.
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Apparatus design

Outcome measures
(not including
different means of
reporting similar
measures)

Methods

Shape (e.g. circular, rectangular, runway)

Size

Detection method (illumination with a camera, photocells, or vibration sensors)
Color (e.g. white, black, painted)

Floor material (e.g. wood, metal, concrete, glass, rubber, bedding material)

Includes stimulating objects (e.g. nuts and bolts, door stops, mirrors, flashing lights, speakers, food
rewards)

Distance covered
Ambulation
Rearing

Escape attempts
Time without moving
Locations visited
Stimulus interaction
Sniffing

Grooming

Digging

Teeth chattering
Vocalization

Visual exploration
Defecation
Urination

Heart rate
Electrophysiology

Adrenal activity

Acclimation

Testing duration (e.g. trial length, total testing time, total trials, light/dark cycles)
Animal transport (in and out of the apparatus)

Initial placement in apparatus (e.g. center, to the side)

Individually or dual housed
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