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Response/Recommendation: The age to study spontaneous OA is dependent on the strain of mice and the
stage of OA being studied. For male C57BL/6 mice, 12 months of age for early OA and 18-24 months for mild to
moderate OA should be considered. For female mice, minimal OA changes are expected even at advanced ages,
unless menopause is induced. Given the variability of spontaneous age-related OA in mice that is sex and strain
dependent, a power analysis should be performed to ensure the appropriate number of mice per experimental
group are included for a given sex and strain.

Strength of evidence: Moderate

Rationale: Mice are used to study mechanisms contributing to human OA and to test potential therapeutics. For
the results obtained in mice to better translate to understanding and treating human OA, it is critical to consider
the age at which humans develop OA and how that age relates to the age of the mice being studied. Because
knee OA is responsible for a large proportion of pain and disability in humans' and because the knee (stifle joint)
has been the most studied joint in mice, this discussion will focus on knee OA. The prevalence of symptomatic
knee OA in humans is low in adults under the age of 40 who have not had a prior history of joint injury?, and
begins to rise more rapidly around age 50-55°. A 50-55 year-old human is approximately equivalent to a 12
month-old mouse* and so 12 months of age is a reasonable age to consider studying the early stages of naturally
occurring OA. However, the prevalence of spontaneous histologic OA in mice varies depending on the sex and
strain and individual variability can be seen within a group of mice, even when matched for age, sex, and strain.

In most humans with knee OA, the disease develops slowly over time, and so mouse strains such as the STR/Ort
mice® or the SAMP8 mice® that develop OA at a much younger age than other strains, typically by 6 months of
age, may not be the best model for human OA. A systematic review was performed by lijima et al in 2021 and
identified 41 studies on mouse knee OA aging. This review was used to address the question posed in the
present manuscript along with a follow-up PubMed search conducted to examine papers published between the
2021 publication and December 2025 that identified 7 additional studies (for details see response to question
#14). C57BL/6 mice were found to be the most commonly studied strain’. lijima et al compared the prevalence
of OAin young (median age 5 months), middle-aged (median age 12 months), and aged (median age 22 months)
mice and noted an age-related increase in cartilage lesions associated with changes in inflammation, autophagy,
and cell senescence. A separate study examining similar ages in male and female C57BL/6 mice, found a similar
age-related increase in cartilage lesions measured using the Osteoarthritis Research Society International
(OARSI) score which were more severe in male than female mice®. Proteomic profiling further indicated that
middle-aged (12-month-old) mice already exhibit shifts in protein expression, including alterations in PI3K/Akt
signaling, a pathway well-characterized in human OA pathology.

An age-related increase in OARSI scores, accompanied by a reduction in walking speed, was noted in 12 month
old C57BL/6JRj mice when compared to younger mice although mice older than 12 months were not included®.
In a study on the effects of Sirt6 loss that examined naturally occurring OA at 6, 12, and 18 months of age in
male mice on a C57BL/6Jx129SxFVB/NJ background, the wild type mice had an age-related increase in
subchondral sclerosis measured using micro-CT{Collins, 2023 #9332}. A study examining age-related changes
in synovial lymphatic function noted a decline at 19 months of age in male C57BL/6J mice compared to 3-month-
old mice and this was also associated with worse OARSI scores'. In a study by Geraghty et al'', male and
female C57BL/6J mice at 6 months of age (approximately a 30-40 year old human) did not have histologic
evidence of OA while at 20 months (60-70 year old human) cartilage lesions were seen, although they were quite
variable and more severe in males, when compared to female mice. The relative protection from age-related OA
in female mice has recently been shown to be related to 17B-estradiol and progesterone levels using a model of
chemically induced menopause initiated at 14-16 months of age in female C57/BL6N mice'. Control and
menopausal mice were evaluated at 5 time points starting at 25 days after menopause initiation and finishing at
195 days at which the mice were 21-22 months old providing for a longitudinal assessment of OA development.
Over that time period, the OARSI scores for cartilage lesions remained relatively stable in the control mice but
increased in the menopausal mice as did synovial hyperplasia.

Few studies have examined pain behavior in mice developing spontaneous age-related OA. Geraghty et al’
noted mechanical allodynia, knee hyperalgesia, and reduced grip strength in 20-month-old male and female
mice. More severe pain, relative to the histological changes of OA, was observed in the older female mice. In a
study of male 21-22-month-old C57BL/6J mice, treatment with the senolytic drugs ABT263 or Dasatinib plus



Quercetin (D+Q) for 5 or 8 weeks, respectively, reduced the numbers of p16 positive senescent cells in the
cartilage and synovium™. The reduction in senescent cells was not associated with a reduction in histologic
features of OA with either senolytic. ABT263 did not change mechanical hypersensitivity measured using the
Von Frey test but did decrease thermal hyperalgesia and improved grip strength as measures of pain behavior.
D+Q improved mechanical hypersensitivity and grip strength but not thermal hypersensitivity. These studies in
older mice illustrate the disconnect between structure and pain which has also been seen in human studies.

A study that examined the cell senescence marker p16'™42 in C57BL/6 mice noted an increase at 10-12 months
of age compared to mice at 4 months of age which increased further at 18 months and was similar at 22-27
months™. Spontaneous OA in control C57BL/6Jx129/SvJae mice at 12 and 22 months of age that were
compared to MIF knockouts on the same background, revealed significant cartilage lesions and osteophytes in
the controls but not the MIF knockouts at both ages but as with other studies there was significant variability
within the group of control mice'. Even more mouse-to-mouse variability was noted in cartilage lesions,
osteophytes and synovial hyperplasia, as well as cartilage and subchondral bone histomorphometric measures,
with aging out to 35 months in male HET-3 mice which are a four-way cross using BALB/cByJ x C57BL/6JF1
mothers and C3H/HeJ x DBA/2JF1 fathers®. In that study a power calculation using a 50% effect size for an
intervention on the articular cartilage structure (ACS) score and Safranin (Saf) O scores with an 80% power and
an alpha of 5% revealed that 57 mice per group would be required for ACS scoring and 43 mice per group for
Saf O scoring. A second study of 22—-25-month-old male and female HET-3 mice also noted OA changes in
cartilage, subchondral bone and the synovium in both sexes which on average was more severe in the male
than female mice'”.

Conclusion: Based on the current literature, studies of spontaneous OA in C57BL/6 mice and related strains
should examine at least two time points and include both male and female mice. The first time point where early
disease would be expected in male mice that is relevant to human OA is 12 months of age. A second time point
of 18-24 months where mild OA changes may be apparent in female mice as well as moderate OA changes in
males should be included. More severe OA can be induced in female mice by inducing menopause chemically.
In studies where only a single time point is feasible, then 18-24 months of age is a reasonable choice.
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