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Abstract

Osteoarthritis, a widespread chronically painful joint disease affecting the majority of aging adults is strongly associated with various degrees

of disability and high health costs. Commonly deemed largely incurable and progressive, most interventions focus on pharmacologic and surgical
approaches. These however, are not always efficacious, and can result in, or even foster adverse outcomes, especially if muscle and its contribution
to the osteoarthritic disease process is not duly considered to be clinically significant or relevant. On the other hand, it appears physical activity
enhancement that implicates muscle has a consistent mitigating effect on osteoarthritis disability, thus implying muscle may prove an upstream
regulator of this disease. This mini review examines whether contemporary evidence supports treating or maximizing muscle strength both as the
sole means of reducing osteoarthritic pain or as a supplementary strategy. To this end, research on osteoarthritis pain and its possible association
with subnormal neuromuscular structure or function, especially that of sarcopenia, was sought. We found that regardless of joint examined a role
for muscle in general in mediating or moderating osteoarthritis pain severity cannot be ruled out, and that muscle mass losses may provide the

mechanistic explanation both for osteoarthritis in the frail as well as the obese.
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Introduction

Osteoarthritis, a prevalent chronic disease affecting one
or more freely moving joints and characterized by progressive
bone remodelling, articular cartilage degeneration and soft
tissue capsular and ligamentous alterations continues to induce
appreciable levels of physical and socioeconomic disability in a
high percentage of older adults no matter where they preside [1-4].
Strongly associated too with associated changes in the excitability
of the nerve endings located in and around the diseased joint
tissues, the disease is also well characterized by multiple muscle
alterations including: muscle atrophy, muscle spasm, muscle
contracture, muscle fibrosis and pathology. A condition uniformly
associated with various degrees of unrelenting pain generated both

@ @ This work is licensed under Creative Commons Attribution 4.0 License ARAR.MS.ID.000566.

at rest and on motion, osteoarthritis remains somewhat resistant
to most relieving approaches despite current abilities to carefully
study its molecular and genetic basis with high accuracy.

However, there is either an omission in what is studied that is
transferable or a perpetuation of accepted past understandings that
osteoarthritis is inevitable and a cartilage disease, rather than a
more inclusive joint systems disease with multiple neural signalling
implications. Moreover, while somewhat efficacious, a fair number
of palliative approaches such as anti-inflammatory drugs to quell
pain may yet prove noxious and unsafe when viewed in the wider
context of the adult, for example if practitioners fail to appreciate
the overall health status of the older adult. In addition, although
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muscle factors are clearly important disease correlates, they are
not always seen as having significant pathogenic implications or
relevance evenin 2025 [e.g., 1,2], despite a host of muscle associated
reports in the last decade, and signs physical activity enhancement
or participation rather than rest, has a consistent mitigating effect
on osteoarthritis disability that might be harnessed more routinely

[5].

Moreover, attention to factors other than physical activity
participation alone may be warranted [6], for example it may be
possible to detect the presence of any identifiable or measurable
muscle structural losses or abnormalities that could influence
joint health, alignment and stability [7], muscle pain, and joint
protective and reaction forces, adversely regardless of activity
level or the application of any accepted or novel pharmacologic
or ortho-biological approaches [1]. Similarly, if not sought, clearly
understood and delineated, muscle use in the face of coordination
and force generating deficits may yet evoke pain, or further an array
of joint destructive processes, inadvertently and significantly.

To this end, this brief specially examines whether:

a) muscular features of osteoarthritis can produce pain or
exacerbate prevailing pain.

b) treatment of muscle in any form yields substantive
reductions in osteoarthritic pain.

c) the specific importance of sarcopenia identification and
intervention in older adults at risk for or diagnosed as having
osteoarthritis.

It was anticipated the literature would reveal a variety of
muscular mechanisms with the potential to impact osteoarthritic
pain both directly and indirectly, alone, or in combination. It was
also believed thatif this thesis was sound, a variety of muscle-related
treatment approaches would be found to reduce osteoarthritis pain,
including those that can seek to minimize sarcopenia or muscle
mass losses that are age associated or reactive in the face of joint
pathology and surgery.

Methodology

To examine works that might enlighten in the aforementioned
regard, the PUBMED data bases largely extending from 2015-2025,
but focusing on 2025 data, using the key words: osteoarthritis,
pain, sarcopenia and muscle were sought. Only articles focusing on
osteoarthritis and some form of muscle attribute and pain as related
to osteoarthritis were selected for review. Described in narrative
form, are some general ideas and results of therapeutic studies
directed towards targeting osteoarthritic muscle. The specific topic
of interest, sarcopenia was also reviewed. No systematic review
was conducted, and topics that focused on invasive strategies
or surgical strategies for treating osteoarthritis pain were not
reviewed. The points made are those that have recently emerged
and comport with the author’s 25 years of research on the current
themes and aim to foster those that can be applied at low cost
non-invasively. Accordingly, first I will highlight some general
current 2025 evidence reports that allude to recently observed
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muscle influences or responses in the osteoarthritis disease cycle,
rather than all those that have been published to date. The items
chosen are those that have a bearing in the author’s view on pain
the hallmark of osteoarthritis, namely cartilage shock absorbing
tissue degeneration changes and destruction. Second, some
emerging evidence of a key role for muscle atrophy as a mediating
or moderating pathogenic factor is presented. Third, clinical
implications, possible clinical directives, and future research ideas
are presented.

Assumptions

a) Isolated muscle spasm and or muscular contractures may
adversely impact articular cartilage structural features.

b) The absence of adequate muscular contraction levels
affects cartilage nutrition as well as muscle support.

c¢) Poor muscular coordination, particularly a reduced
ability to generate eccentric muscle forces in a timely manner
will prove injurious to a joint.

d) Muscle imbalances may provoke and perpetuate an array
of unwanted joint functional outcomes and pain provoking
adaptations.

e) Evidence that muscle problems may generate pain in its
own right or heighten osteoarthritis progression is potentially
supported to date by a host of electromyographic, biopsy,
muscle composition and quality analyses, ultra sonography,
imaging studies, basic studies, and biomechanical approaches.

Current Specific Findings

While a role for muscle in the osteoarthritis pathogenic cycle
is a relatively recent perspective, and increasing numbers of
studies confirm its association with symptomatic osteoarthritis, a
chronic disease strongly associated with aging and structural joint
damage, the notion that joint and muscle pathological reactions
are noteworthy disease mediators is not widely documented,
or applied to a degree commensurate with these diverse disease
manifestations and attributes, or as an accepted underlying
pathogenic correlate. However, among the 314 related studies
published in 2025 on PUBMED, the world’s largest medical science
repository, a fair number focus on exercises of various sorts to
mitigate the disease, thereby implying some degree of importance
of muscle-associated osteoarthritis disability, and among these, a
sub-group of studies has shown a role for physical activity [8] and
an array of muscle-related structural and functional changes such
as sarcopenia [a progressive muscle mass declining state], sleep
disturbances and mobility declines plus subnormal proprioception
that may well induce or raise pain levels additively [9].

Others show a role for deforming contractures, varying degrees
of muscle spasm and subnormal vector influences, plus functional
changes in muscle biochemistry that have a unique or collective
bearing on cartilage viability [10-12]. Other data imply that there
may be progressively harmful adverse degrees of joint loading
that subsequently manifests as fully fledged osteoarthritis, as well
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as ensuing subnormal motor unit recruitment responses [11],
various degrees of muscle pathology and chemical expression and/
or abnormal agonist/antagonist muscle balances, and/or Kinesio
phobia or fear of moving [14]. The impact of one or more of these
suboptimal disease features or states appears to have the further
potential to foster unremitting pain, joint instability, subnormal
joint contact pressures and cartilage nutrition, excess bone impacts
and forces directed towards focal areas of the cartilage, often with
dire far-reaching debilitating costly consequences. Other data
reveal a possible cycle of progressive joint destruction and possible
reactive inflammatory processes may elicit pain, while pain may
also ensue in association with excessive stretching or compression
of the diseased joint tissues, any prevailing or emergent metabolite
muscle alterations, alterations in muscle quality, thickness, or
myopathy of the surrounding muscles [13-22].

Additionally, in the presence of generalized sarcopenia an

impact on overall physiological reserve and adaptability may
lead to undue joint stresses [23], local signs of muscle weakness,
muscle fat invasion and a change in muscle-fat ratios that have been
reported. There may also be emergent indications of a gradually
diminishing joint range of motion [24], and joint stiffness [25], plus
abnormal degree of muscle related joint degrading biomechanics
[10,24,26]. Moreover, it is conceivable that in the absence of
effective interventions, as time proceeds muscle tension effects
associated with modest intra articular pressure levels, hypoxia
and short periods of synovial ischaemia may contribute to a
disordered state of joint destruction and inflammation that causes
widespread central pain sensitization states. As well, the diverse
muscle-oriented interactions listed below may prevail and function
independently or interactively to destroy the joint and the spread of
joint damage to other sites as follows:

Joint Injury, Vulnerability or Impact Force Related Joint Damage
Abnormalities in Muscle Function in:ludingl;ﬁulmed muscle facilitation and inhibition
Subnormal Central Nervous System Responses
Subnomal Jomt Contact Pressure Distnbution, Jomt Biemechanics, Pain and Sedentary Practices
Muscle Atrophy and Fa:ll:{a.ss Increases/Infiltration
Diminished Joint Protection, Alienment and Joint Stablity
Progressive Jomnt Damage

Muscle Matabolic and Quality Alterations, Spasm, Inflammation

Possible Referred Pain, Neuropathic Pain, Sleep Disturbances, and Functional Losses

Figure 1: Hypothetical relationships between osteoarthritis pathology, pain and muscle factors [9,15,16,21,22,25,30,31].

of a joint including heightened muscle strength and contractile
abnormalities [26] and others shown in Box 1, which remains to
be proven, is however, increasingly shown to be associated with
subnormal joint biodynamical, structural and muscle adaptation
mechanisms common to older adults [15]. As well, this idea is
consistent with known age associated degrees of subnormal muscle
metabolic physiological states, malnourishment, skeletal alignment
issues, and possibly some neuromotor conditions.

Underlying local factors may also include possible muscle
reactive adaptations due to persistent abnormal sensory inputs
from one or more of the surrounding tissues, and the presence of an
increased muscle fat mass and parallel declines in muscle mass [15-
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20,30] that may impact strength and the ability to attenuate joint
impact loads significantly and effectively with dire consequences
[30], such as a possible myalgia depression disorder [33].

Indeed, not only do increasing numbers of studies show muscle
weakness or movement limitations are indeed common correlates
of osteoarthritis, but that these can predate osteoarthritis as well
as heighten the pain experience if prolonged or progressive due to
unresolved effusion, muscle protein degradation, type II or type I
muscle fibre atrophy, muscle fat mass encroachment, muscle quality
and architectural alterations, excessive, imbalanced or suboptimal
muscle afferent and efferent reflexes, and flexion contractures [15].
Other research further suggests persistent muscle spasm resulting
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from excessive stretching of diseased tissues or abnormally
stimulated muscle nociceptors, myokines. or adverse metabolites
may also produce a state of ischemic pain in its own right, as well
as a state of poor muscle endurance and disabling muscle fatigue
that is hard to mitigate [31]. Others show the presence of muscle
inflammation that may evoke muscle pain signals, elicit painful
surrounding trigger points, bone and referred pain, bone attrition,
and sensory sympathetic inputs that conduct pain and contribute
to the arthritis disease and disability cycle [32].

Moreover, muscle pain and joint destruction may also derive
from increasing evidence of intramuscular fat infiltration and the
likelihood of excess impact loading on a vulnerable joint in the
overweight adult [34]. It also appears that sensory inputs from
osteoarthritis muscle may play a pathogenic role in osteoarthritis
by having a bearing on ongoing emergent alterations in both
muscle architecture [35], proprioception [36] as well as central
feed forward and backward processing signalling mechanisms
often associated with neuropathic or pain responses of long
duration, plus exaggerated sympathetic reflex mechanisms [37,38].
As aresult, it may be highly challenging to relieve longstanding pain
or mitigate osteoarthritis spread and severity, especially if there
is a progressive unwillingness on the part of the affected adult to
move to counter increasing pain and stiffness, widespread reflex
reorganization and muscle mass and fibre atrophy. In addition,
with marked or complete stiffening, the abnormal and awkward
movements used by the individual to avoid pain may throw strain
on other joints, causing further pain, and/or muscle imbalances
and slower than desirable reflex reactions that enhance the risk of
incurring more extensive joint pathology and pain.

For example, noxious stimulation from diseased joints causing
extensor weakness at the knee, the most commonly affected joint,
couldresultin a state of joint effusion, reflex response abnormalities,
cartilage nutrition deficits, and underuse or subnormal joint use
with consequent abnormal cartilage impacts that undermines
its integrity. This set of events may also reduce muscle shock
absorbing capacity and reactivity, thereby exposing the underlying
bone to abrasion, possible heightened excitation of bone nerves
and potent or aching pain. Coupled with flexion contractures of the
antagonists, the presence of any ensuing extensor muscle weakness
may induce a state of multiple subnormal posture and movement
patterns, and a cycle of pain not easily reversed. If pain is relentless
and becomes widespread as a result, it can be anticipated that an
overweight/underweight status may be heightened or forthcoming
and sarcopenia wherein associated muscle mass losses, muscle
weakness and slower than desirable movements may raise the risk
of further joint destruction and pain [45], even in the face of joint
replacement surgery [51,58].

Recent evidence also shows a possible role for osteoarthritis
associated neuromuscular modelling alterations, muscle gene and
protein metabolic alterations [52], widespread atrophic muscle
weaknesses and asymmetries and volume deficits [53] muscle
inflammation [54] and muscle architecture alterations in various
osteoarthritis contexts [55] including cases exhibiting recurrent
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falls and erosive osteoarthritis who are sarcopenic [59,60]. In sum,
osteoarthritic pain may originate in several ways thatinvolve muscle
especially in the presence of muscle atrophy, wasting, or sarcopenia
[39,40]. include possible
degrees of reactive muscle spasm, muscle contractures, muscle
fibrosis, muscle inflammation, joint instability, and altered cartilage
calcium presence, functional ability, disability, and impaired muscle
coordination and weakness and muscle fat infiltration [45-50].
While mechanical injury is the most likely cause of osteoarthritis in
most instances, malnutrition or undernourishment may play a role
as well [39] especially in the realm of advancing a state of local or

Other muscle-based determinants

systemic sarcopenia.

Emerging evidence showing muscle signalling impacts on
cartilage viability [57] suggests more be done in this regard to avert
any probable osteoarthritis sarcopenic or maladaptive muscle
responses due to joint malalignment or muscle mass declines or
both [35,58,62]. Thisis becauseitis increasingly observed that there
is a form of cross-talk between muscle and bone, and adipose tissue
that may play a major role in this regard. In addition, other related
work implies a role for the tendency towards either an acute onset
or a comorbid increase in muscle and biomechanical dysfunction
as an osteoarthritis outcome, including a situation where muscle
atrophy and pain may be heightened in those who exhibit avoidance
behaviours or fears of moving. As well, those displaying atrophic
muscle weakness are also found to display disruptions in muscle
genetics, muscle inflammation, and joint instability [39,52-54], that
may progress to more detrimental muscular alterations such as
declines in muscle force capacity and responsiveness [44].

Possible central processing neural mechanistic changes that
occur over time may further serve to amplify the pain attributable to
the local condition even after surgery in the absence of salient timely
targeted intervention that embraces efforts to mitigate sarcopenia
or sarcopenic neuropathic influences and tendencies [2]. Although
more translational research is indicated on diverse joints other
than the hip and knee joints that predominate in order to identify
common denominators for the management of osteoarthritis,
multiple measurable biological joint alterations may clearly stem
from one or more forms of muscle dysfunction rather than age
alone. These muscle correlates may include extensive alterations in
neural signalling at multiple levels, cognitive responses that impact
pain, as well as joint biomechanics, protection, and function, poor
muscle proprioception and balance.

Fortunately, it appears that even if this is only due to publication
bias, multiple diverse intervention modes directed at osteoarthritis
muscle targets do generally yield clinically as well as statistically
significant benefits, regardless of mode e.g., [63-65]. Even then,
their application must be carefully construed in light of the many
disease variations that prevail and that must be acknowledged
and treated accordingly and may well prove to have even more
profound benefits than those identified in restricted studies. In the
meantime, the fact is, most physical therapies that address muscle
are shown to be efficacious and safe, as well as essential. This topic
and viewpoint moreover appears to be increasingly supported by
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growing evidence pointing to the likelihood that the osteoarthritis
process may indeed extend from a single affected joint to an
unaffected joint or joints in the absence of:

a)  weight control and/or strengthening exercises [4,40].
b) muscle protein supplements [41].

c) otherstrategies directed towards preventing or mitigating
sarcopenia [14,26,40-44].

d) efforts towards avoidance of repetitive bouts of fatiguing
exercises, excess stretching, or suboptimal joint loading
activities, and every effort should be made to preventall of these
risky albeit remediable pathogenic processes from emerging or
summating [62].

Moreover, in those who are frail Park et al. [5] emphasize the
importance of attending to the likely degree of physical resilience
that appears to preside in the affected individual, rather than
assuming a one size fits all intervention approach will prove
beneficial, especially in the frail older adult where excess poorly
titrated joint loads may prove injurious. Depression and motor
imagery cognitions, both presumptive muscle correlates may
warrantattention. Intheinterim, itappears mostclinical researchers
currently assume muscle problems underlie some features of
osteoarthritis and if minimized will prove to have a bearing on
osteoarthritis outcomes. Multiple non-invasive biomechanical
therapies, bracing, moderate pressure massage, vibration and
foam rolling, graded motor imagery approaches, the promotion of

optimal body postures, muscle coordination, flexibility, strength,
and endurance, and balancing rest and activities, while minimising
joint effusion and fat infiltration all appear favourable. Similarly,
careful functional exercises, interventions to enhance muscle
control, balance and coordination efforts plus those addressing
strategies to maintain or normalize joint range of motion and avert
joint alignment problems appear valuable as well [7,63-66,68,70].

Discussion

Although osteoarthritis is currently deemed a chronic disabling
disease with no cure, research over the past 10 years or more has
indicated that there is strong possibility that an array of muscle
related factors can contribute to the osteoarthritis pain and disease
cycle. These include, but are not limited to items in Figure 2 below.
Conversely, a diverse array of intervention approaches that focus
on maximizing muscle structure and function appear to greatly
reduce the degree of pain encountered by this population, and
to foster desirable outcomes, regardless of joint site and disease
severity. This latter approach however may also yield further
improvements if it is increasingly contingent on an insightful well
founded comprehensive evaluations of each at risk or suffering
older adult, plus the recognition of the possible role of malnutrition
as a contributing factor to the osteoarthritis pain experience, an
area of promise currently poorly studied at best and rarely studied
prospectively [56,57].

Abnormal flexor/extensor torque ratios [16]
Altered muscle contractile properties
Alterations in muscle activity
Kinesiophobia [14]

Motor Imagery Disruptions
Muscle architecture [33, 53]
Muscle Atrophy or Wasting*®
Muscle biochemistry changes
Muscle contractures
Muscle degeneration
Muscle fat infiltration [69, T1]*
Muscle fatigue
Muscle fiber pathology
Muscle inflammation [31]
Muscle metabolism alterations [68]
Muscle quality alterations [71]
Muscle inhibition
Muscle power declines
Muscle rate of force development changes
Muscle spasm
Muscle stiffness [67]

Muscle strength declines*
Muscle thickness declines [14]
Muscle volume changes [33]
Myalgia [33]

Sarcopenia [22, 24, 25, 27, 34, 50, 71]*

Figure2: Array of muscle attributes that have a possible osteoarthritis pain and pathogenic association [* denotes most promising and verifiable

data].

-

J
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Applying what we do know towards primary prevention of
injuries, and the adoption of active living rather than sedentary
behaviours by many will likely foster a role for more targeted
secondary prevention strategies against osteoarthritis, while
helping to reduce enormous public health resource demands from
depletion, even in the face of surgical solutions and among those
in advanced disease stages. Key supportive approaches such as
enabling sound dietary practices, electrical muscle stimulation,
massage, sensory motor training, and Tai Chi, are likely to prove
efficacious for many as well. To achieve optimal results, however,
a role for cognitions cannot be ignored, given the fact that pain
is widespread and fear is readily provoked among those with
osteoarthritis. Additionally, cases need to be carefully educated
as to the considerable care they must take however, to avoid
overexertion and repetitive movements, which can heighten muscle
pain inputs and accelerate cartilage destruction.

As well, excess sedentary practices should be avoided as should
attempts to foster the complete elimination of pain, for example
in the face of a reliance on narcotics. Additional care and careful
monitoring to avoid overstretching the joint, and helping those
with severe overweight is advocated as well. As well, avoiding high
frequency loading activities after periods of immobilization found
to hasten cartilage destruction is clearly of additional import. In the
interim, despite limitations of this review and our current research
data on this topic, in general, it appears that while osteoarthritis
continues to be described as both inevitable as well as incurable,
this immensely painful disabling condition that does not affect
the wellbeing of all aging adults is potentially due to other causes.
In some cases, as well, the disease is either attenuated by careful
targeted interventions, or exacerbated unduly especially where self-
care and rehabilitation are clearly poorly implemented, suggesting
osteoarthritis disability is not inevitable, and does not necessarily
follow a linear trajectory.

Alternately, it seems plausible to suggest that the osteoarthritis
sufferer’s wellbeing can be effectively mitigated if not reversed
by the application of carefully integrated interventions to offset
the varied muscular deficits that may accompany osteoarthritis,
especially if tailored to the overall health status and needs and
abilities of the individual. In particular, to avert rapid or excess
disease progression and disability, and its association with pre-
frailty and frailty, as well as work-related losses, and comorbid
illnesses [5] such as depression and obesity, there appears to be an
increasing body of research that supports the view that sarcopenia
is especially important in magnifying osteoarthritis disease co-
factors, if not the key pathogenic cause, and that treatment of
muscle in addition to the application of medication and surgery is
of paramount importance in minimizing osteoarthritic joint pain
and dysfunction. However, since this is by no means a universally
accepted idea or practice, more studies that tease out the possible
relationship between muscle factors and osteoarthritic pain along
with central factors that affect pain and sarcopenic encroachment
would clearly be beneficial.

Carefully controlled intervention studies with larger samples
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with similar muscular and disease related characteristics
conducted over extensive time periods utilizing a variety of
possible interventions could prove insightful as well. In addition,
as per a recent study [71] that strove to characterize lower limb
muscle quality in cases with knee osteoarthritis, the authors
found the associated hip muscles to have a higher degree of fat
infiltration and lower normal-density than the knee extensors
[commonly targeted in isolation] and the ipsilateral calf muscles.
Another recent study concluded that knee osteoarthritis cases may
suffer in part due to associated altered levels of hip abductor and
external rotator muscle metabolism, not the knee extensors [72].
Another that assessed muscle cross-sectional areas, echo intensity,
and shear modulus in the rectus femoris, vastus lateralis, vastus
medialis, biceps femoris long head, and semitendinosus of 24 knee
osteoarthritis cases and 24 controls indicated osteoarthritis muscle
and strength losses, poor flexibility and increased passive tension,
and possibly reductions in its contractile components and muscle
force generating capacity [73].

Another revealed high levels of intramuscular fat and poorer
function than controls [74]. In our view, these findings strongly
highlight the degree to which muscle may be dysfunctional in knee
osteoarthritis sufferers, as well as the key salience and value of
exploring muscle associated osteoarthritis correlates in the realm
of osteoarthritis at the knee. They also imply that muscle responses
to knee osteoarthritis pathology may not be localized solely to the
target joint, nor uniform or consistent, unimodal or unique and may
all play a disabling role at the knee, as well fostering multiple levels
of disablement. Moreover, a failure to appreciate and understand
the importance of muscle factors in the realm of both osteoarthritis
research and the design of optimal osteoarthritis rehabilitation
plans and their scope and sequence as outlined and implied recently
by Al Amer et al. [75] may help to increase, rather than decrease,
the immense projected world-wide osteoarthritis epidemic.

Key Conclusions

While recognizing the limitations of this line of inquiry and
analysis we tend to conclude:

a) High degrees of osteoarthritis impairment and suffering
will persist among older adults if myths about the condition
and sub optimal intervention approaches remain entrenched.

b)  Efforts to unravel the profound impact of muscle on joint
health will prove beneficial.

c) Targeted and tailored interventions based on quite varied
current studies are all highly promising.

d) Research that examines joints other than the hip and knee
are indicated.

e) Sarcopenia and obesity/frailty prevention is indicated
among all aging adults.

f) A study of disease-free older adults would be revealing.

As a whole though it seems possible that a variety of subnormal
bone-muscle presence/response interactions can impact joint
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biomechanics as well as structure with possible increases in
disordered neuromotor signalling and reactive dysfunction that
fails to attenuate joint loading aberrations that lead to cartilage
failure.

Final Remarks

Inaddressing the growing burden of osteoarthritis, conceptually
modelling the true nature of the condition from its outset and
through a holistic neuromuscular lens warrants study.
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