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Abstract

Osteoarthritis, the most prevalent musculoskeletal disease remains relatively impervious to a desired reversal of its progressive impact on
mobility and life quality. Moreover, even if available, standard treatments may not be indicated, or efficacious, or safe and commonly fail to impact
the disease directly. A disease with multiple progressively degenerating physical manifestations including joint tissue damage, inflammation, and
muscle pathology, more needs to be done to alleviate its prevalence and public health burden. Building on prior reviews capturing almost all data on
this topic prior to 2020, here we present some newer data on this topic published since then that furthers the view that interventions harnessed to
mediate, moderate, or even prevent muscle dysfunction may have a bearing on osteoarthritis joint damage and life quality and health costs. Its vast
protective and interactive attributes with joint and brain tissues show sufficient potential in the context of osteoarthritis pain and inflammation, as
well as joint structure and cartilage physiology that may be of paramount importance, but commonly overlooked, with dire consequences.
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Introduction

It is apparent that osteoarthritis, the most common joint
disease, and one which disables many older adults in all countries
has been well researched for more than a century, but to no
conclusive avail as to its origins and to the application of precision
medicine to any meaningful degree. Often only diagnosed in its
later disease stages, it is accepted that the condition commonly
induces considerable pain, stiffness, perpetual discomfort, a
declining capacity for self-care and functions of daily living, and
while some form of medical management or medical therapies
may help to mitigate the condition to some degree, osteoarthritis
is generally deemed irreversible and progressive and is observed
to raise the risk for all-cause mortality in the older population [1].
Most commonly attributed to age and injury associated linkages
there is a limited or accepted universal understanding of the
complex disease mechanisms of osteoarthritis and their temporal
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trajectories, and why some interventions fail, while others appear
somewhat efficacious, such as exercise [2,3].

The problem here mayhowever stem from thelimited conceptual
model of the disease and its common characterization as a disease of
articular cartilage origins, plus problems in extrapolating laboratory
studies that employ invasive or inflicted joint pathology in selected
animal models to simulate those that emerge without any visible
cause in the clinical realm. Additionally, in clinical studies, failing to
ensure control subjects are indeed ‘disease free’ with comparable
health status, and gender distributions prevents the acceptance of
either observed differences or group similarities. Additionally, the
use of multiple subjective measures, rather than singular objective
muscle and Kkinetic oriented measures with well-established
measurement properties renders disease determinant data and its
interpretation highly challenging at best. Moreover, even though
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more recent acceptance of osteoarthritis as a disease encompassing
all joint tissues, such as the joint capsule, joint ligaments, tendons,
and synovial membrane lining, and that includes extensive focal as
well as systemic mobility changes [4], including those associated
with muscles, most articles still refer to the articular cartilage lining
of freely moving joints such as that at the knee as the key tissue
that fails over time and is impervious to intervention because once
diseased the tissue inevitably degenerates. At the same time, several
studies that focus on the molecular changes in osteoarthritis and/
or possible disease modifying drugs to counter cartilage pathology
[5] do not appear to embrace any clear role for any form of muscular
antecedent or mediating factor in the disease cycle.

Since the body of research directed towards the search for
a viable form of osteoarthritis mitigation is currently limited
in this regard, we propose it may be useful to examine the idea
that osteoarthritis may stem in some cases from the prolonged
interaction of subnormal reflexive interactions between muscles
that may be infiltrated by fat or other non-contractile components
[6] and their reduced strength and adverse joint based tissue
mechanical and physical stresses and strains. This idea is not
new, but an approach that accepts, rather than ignores, the ability
of the human motor and skeletal systems to adapt to biological
conditions both negative and positive, such as deficient, subnormal
or excessive joint load and/or associated muscle or soft tissue
impacts or impairments that can induce a state of limb disuse
and a possible host of progressive negative alterations in bone
and articular cartilage tissues [7,8]. It was hence felt an updated
review and one that acknowledges the close links between form
and function, injury, and mechanical loading effects might lend
some needed insight into the disease origins and its variations.

Muscle was the focus of this discourse because i) it is possible the
focal distribution of osteoarthritis may be mediated by muscle
mechanisms, ii) muscle starts to undergo structural age associated
attritional changes quite uniformly, iii) treating muscle appears to
be one aspect of osteoarthritis that appears respond to its practice
and is a low-cost factor that can generally be safely examined,
measured, intervened upon, and improved.

Aims

To extend whatis known in this regard, this currentreportaimed
to specifically examine if the idea that some forms of osteoarthritis
may represent an adverse adaptive response of one or more joint
tissues to one or more insults, in the face of deficient or unrelenting
subnormal reactive and protective muscle mechanisms this report
aimed to summarize what trends exist in this regard. Indirectly,
it strove to provide support for the idea that carefully tailored
interventions designed to improve one or more aspects of muscle
function may set the stage for joint healing or disease retardation
and with this more favorable rather than adverse outcomes.

Tested in this respect is the idea that osteoarthritis and its
numerous molecular and biochemically deranged compositional
and metabolic features may have emerged as a structural-functional
adaptation or a temporal response to a variety of cascading extrinsic
as well as intrinsic injurious stimuli that may manifest more readily
in an older person than a younger person and that may induce
perpetual and increasing cortical, sub-cortical, spinal segmental,
muscle, and joint level atypical functional and structural impacts as
well as articular surface damage and motor control strategies (see
Figure 1)

SUBOPTIMAL Neuromuscular responses

C—.> Risk Excess Joint Vulnerability/Oxidative Damage

Progressive Chondrocyte Dysfonction + Articula|Cartilage Tissue Damage

Increases in Pro-inflammatory Cytokines + Reactive Oxygen Species

Increases in CARTILAGE TOXICITY, DERANGEMENT + PAIN /abnormal movement patterns

.
.

!

Figure 1: Hypothesis tested through this current narrative review.

Citation: Ray Marks*. Muscles and their Osteoarthritis Pathogenic Linkages 2024. Arch Rheum & Arthritis Res. 3(3): 2024. ARAR.

MS.ID.000561. DOI: 10.33552/ARAR.2024.03.000561

Page 2 of 8


http://dx.doi.org/10.33552/ARAR.2024.03.000561

Archives of Rheumatology & Arthritis Research Volume 3-Issue 3

Methods

To achieve these abovementioned review aims, we elected
to build on an extensive review of available documents housed
in PUBMED, PubMed Central, and Google Scholar from 1990 up
until 2019 using the key terms Osteoarthritis/Muscle/Muscle
Dysfunction/Muscle Impairment/Muscle Pathology.
specifically, an updated overview of related research published
between January 1 2019-July 25 2024 was sought.

More

To this end, all available articles on these websites were
scanned for relevance, and salient research articles or reviews
that addressed some aspect of the current topic of interest were
then reviewed in more depth without regard to research design.
An attempt was made to include all modes of experimentation,
but the focus was on clinically derived data. No systematic review
was conducted, and while it is acknowledged the body of data may
not be exhaustive-it does arguably highlight some telling lines of
research and tentative conclusions using three reputable data
bases, taken to presumably house and capture the state of the art
and gold standard papers on this topic sufficient for arriving at a
reasoned opinion through a narrative lens. Readers can learn more
by exploring the current cited reports as well as some prior reports,
for example Chen et al. [9], De Ceuninck et al. [10], Suter et al. [11]
and Shiavi et al. [12].

Results
General observations

Among the literature currently reviewed, it is evident many
studies published in recent years have discussed the epidemiology
and costs of osteoarthritis to society. Most however, fail to offer
any definitive explanations as to why osteoarthritis is increasing in
prevalence and why few efficacious approaches for mitigating this
widespread disease to any population have been demonstrated to
date. No longer considered a disease of articular cartilage alone,
osteoarthritis, which induces or is induced by abnormal bone
remodeling processes and some degree of joint swelling and joint
inflammation [13] itslink to muscle as a causative agent is commonly
less well accepted. This is surprising because several early studies
link osteoarthritis to induced injury related muscle mechanisms
[e.g. Herzog], while sarcopenia, described as a pathological state
of muscle weakness associated with altered muscle mass, strength,
and function is also a prevalent factor in the older adult with
osteoarthritis that may be fostering its progression.

In addition, increasing evidence strongly implies thatin addition
to declines in lower limb muscle strength associated with knee or
hip osteoarthritis, pain, altered joint stability, maladapted postures,
excess force production, and defective neuromuscular transmission
and reception processes might play a role, as observed by Herzog
[14]. In addition, it appears cellular and molecular level changes in
cartilage chondrocytes as well as muscle myoblasts share acommon
set of pathological targets and pathways that could explain their
impact on osteoarthritis risk [10-15].

In particular, the presence of chronic problems within the
neuromuscular system may provoke cartilage, bone, synovial
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membrane and capsular changes,
inflammatory cytokines [16]
kinematics [17] and various muscle structural alterations that are
hard to reverse [18]. In other cases, alterations in one or more of
the highly complex networks of sensory nerves that normally
serve to coordinate joint mobility and stability appear to have the
potential to undermine joint biomechanics, limb posture, stability,
and mobility [19,20], as do muscle inflammation, muscle fiber

plus the production of
subnormal limb Kkinetics and

degeneration, muscle blood flow alterations and joint effusion
[21,22].

Mansfield et al. [23] found individuals with osteoarthritis of
the knee to not only have motor deficits associated with decreased
neural activation and central nervous system sensitization, but
decreases in quadriceps muscle spindle responsiveness, along
with increased calf muscle activity. Ling et al. [24] implicate
muscle activation changes at the motor unit level in the context of
symptomatic knee osteoarthritis that is mediated by radiological
disease severity. Recently Schaefer et al. [25] reported strength
deficits of the hamstrings in patients with knee osteoarthritis
wherein the more affected side seemed to show further specific
impairments regarding neuromuscular control. This research
is fairly novel and as indicated recently by Lopes et al. [26]
should not be ignored as there may be more to the pathology of
knee osteoarthritis and its muscular associations than is widely
acknowledged, such as possible deficits in muscle rate of force
development [27].

Other observations

In addition to the aforementioned muscle associations studied
in the context of the osteoarthritis disease cycle - it appears
muscle weakness or wasting or both found in osteoarthritis may
also serve as possible disease causative or progression factors
[11,28]. Moreover, a role for reflex muscle inhibition and poor
muscle activation patterns consequent to joint inflammation as
well as joint destruction can be considered as probable and serious
osteoarthritis pathogenic correlates, regardless of whether these
are reactive or causal [24]. Pain and related immobility responses
that promote muscle disuse atrophy and weakness, poor muscle
quality, muscle fat infiltration, and increased muscle stiffness are
additional muscle related pathogenic mediators or moderators
[29] as are alterations in muscle architecture and morphology plus
muscle volume losses [30-32] and muscle inflammation [33].

Other reports imply muscle fatigue/poor muscle endurance
may be expected to foster rather than retard damaging bouts of
joint loading and load distribution and strain [34]. Similarly, a
general or selective loss of muscle-based enzyme production and
functional losses [35] may have an independent or cumulative
bearing on joint loading deficiencies and aberrations. In particular,
decreases in timely as well as appropriately modulated voluntary
activation efficiencies, may hasten its progression quite markedly
and significantly [34,36,37] as may muscle weakness, inefficient
bouts of muscle force production, alterations in muscle growth
differentiation factor, abnormal movement synergies, muscle
atrophy and disuse, and a proportionate change in non-contractile
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muscle tissue presence [35,38-44]. Other recent examples of muscle
joint interactions that may play a pivotal role in cartilage damage
and irreversible alterations of articular cartilage biochemistry plus
variable responses to joint damage and surgery are: muscle-based
circuits associated with protein degradation and fibro-adipogenic
cell gene expression, muscle inflammation, and altered gene
muscle dysfunction [45]. In addition, differential muscle activation
patterns, and excess or suboptimal joint stiffness may mediate
osteoarthritis progression and severity [32,46-50]. Other factors
that can play a unique or additive role in osteoarthritis progression
are various degrees or combinations of muscle atrophy, muscle
pathology, and muscle stiffness [51-56].

In short, even if negative studies prevail, as outlined above
and generally consistently for more than 30 years, it appears joint
status at any age may be degraded progressively in some cases
as a result of preexisting and/or emergent muscle deficiencies or
abnormalities that impact the efficiency of static or dynamic joint
loading efforts. These include, but are not limited to a) Those
residing in the central, spinal, and peripheral nervous systems; b)
Those due to alterations in muscle contractile properties, muscle
quality, muscle fat content, muscle transcription factors, and
selective muscle fiber losses, rearrangement, derangement, or mal
distribution; c) Those due to persistent abnormalities in muscle
reflex activity and force production, muscle agonist/antagonist
imbalances and contractures, uncoordinated and muscle force
timing and directional changes; d) Those due to muscle inhibition,
inflammation, impaired muscle metabolism, and microcirculation;
e) Those due to muscle pain, muscle injury, and subnormal muscle
afferent and efferent transmission and reception deficits; f) Those
due to muscle disuse, abnormal motor unit activation, muscle
fatigue, muscle co contraction, and uncoordinated movement
patterns, and their impact on joint, bone, and surrounding
supportive tissues; g) Those due to unresolved or poorly treated
cardiovascular conditions and obesity; h) Those due to poor
nutrition and vitamin D intake or exposure.

On the other hand, and accepting this work is not all inclusive,
or a critically oriented examination of the papers currently
reviewed, the majority that represent the key peer reviewed
studies and comments published in English in 2024, point to
the likelihood of one or more muscular abnormalities having a
clinically significant role in osteoarthritis manifestations among
older adult populations as per Figure 1 and regardless of research
approach or issue examined. Indeed, while many other factors may
be involved, when viewed collectively, most current authors as
well as those that have led this line of research study indicate this
muscle is a highly promising osteoarthritis topic to pursue as well
a possible insightful one and hence advocate for more careful well
controlled longitudinal studies in this regard in the future. Even if
the idea is eventually refuted, a well-designed series of comparative
pre-clinical and clinical studies, can undoubtedly help reveal how
osteoarthritis emerges in some and not others rather than jumping
to well-trodden and repeated conclusions and can thus potentially
help in framing more targeted efforts to mitigate the disease
prevalence and/or its severity in the older adult population more
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readily and optimally than not. As such, the number of current
calls for more insights into the present role of muscle as revealed
is clearly not simply an academic one, but is urged because it will
likely have the potential to reduce suffering and the immense costly
osteoarthritis burden over time and is reaping some clinically
beneficial applications and insights even at this time of any solid
conclusions.

Discussion

Despite over a century of study, osteoarthritis, the most
common form of arthritis, and an immense disabler of older adults
continues to elude clinicians as well as scientists when considering
its origins, why it is frequently progressive, and what remediation
or mitigation endeavors are likely to prove most beneficial as well
as cost effective and safe. We thus asked ourselves whether this is
because osteoarthritis is inevitable or is it a predictable response
occurring over a protracted period as a consequence of a limited
ability to reduce its cellular responses to repetitive loads that exceed
the joint tissues protective threshold and the ability to withstand
these or due to differences in the way osteoarthritis is studied.
Since most current standard remedies fail to reverse or mitigate
the condition and many approaches do not commonly consider the
structural features found at the affected joint other than cartilage,
or their sensitivity to subnormal joint loads and stresses, can
a role for neuromuscular factors be more firmly established as
an explanatory as well as a significant osteoarthritis mediating
determinant that can be applied to enhance more favorable long-
term outcomes for many? The rationale for this aforementioned
line of thought, while not conclusive, has been and is currently
supported to a modest degree in our view by varied evidence that
has emerged of multiple reflexive oriented and other underlying or
emergent adaptations of the motor system that appear linked to
the disease progression or its persistence, and severity. However,
since the force generated by muscle is attributable to muscle
cross sectional areas and level of motor unit activation, if muscle
abnormalities remain unaddressed or overlooked in the clinical
realm as well as the research realm, it may be challenging to fully
comprehend the nature of osteoarthritis pathology and its required
treatment and especially optimal treatment.

In particular, if there is an influential osteoarthritis-muscle
linkage, and this is overlooked, possible adverse compensatory
muscle mechanisms may arise that may collectively advance joint
destruction rather than joint protection. At the same time, the
presence of undetected and untreated muscle weakness, including
sarcopenia and/or excessive muscle fat infiltration processes a
perpetual state of joint vulnerability and dysfunction may well
ensue [6,41,57]. Associated preexisting or progressive sensory
input impairments and strength may further explain the cycle of
joint instability, and kinetics often reported in osteoarthritis cases
[38,58-60].

According to Li et al. [61], until more is known in this realm,
researchers and clinicians should be encouraged to keep an open
mind as to the potential significance of one or more motor alterations
that could have a bearing on osteoarthritis degradation processes
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and its seeming inability to regress or stabilize readily, but that
are not commonly examined or identified in the clinic or research
realms. Othersimply thatathoughtful combination of muscle related
variables assessed routinely and with more contemporary tools,
might enable a more profound understanding of the disease in the
individual and how to foster more normal biomechanical, energy
saving and osteoarthritis kinetic and functional responses that do
not provoke inflammation, distress, and pain during or following
joint loading. Establishing the relative importance of muscle fiber
pathology or loss, muscle fat mass, muscle inflammation [44,62],
effusion and deficient muscle circulation on muscle growth
differentiation and functional performance and weakness [43]
could also probably help in explaining the considerable variance in
osteoarthritis disease manifestations and that could have multiple
clinically important disease associated treatment and mitigation
implications [63-67].Inthisregarditappears paramountto consider
a role for muscle composition [46] and prevailing muscle stiffness
[42] in fostering subnormal movement and stability functions that
may well contribute inadvertently to the osteoarthritis pain cycle,
and its progressive failure to attenuate excess or day to day joint
impacts if ignored [68-70]. Since muscle is mutable, and can adapt
to its cumulative sensorimotor inputs, allied efforts to establish if
treating one or more muscle abnormalities where present, can yield
favorable muscle, plus joint structural and functional adaptations,
and possibly thereby impact cartilage maintenance or regeneration
plus pain favorably is advocated as well.

In the interim, while the important factors contributing to
osteoarthritis clearly require more extensive insightful study,
and description, many older adults may currently be suffering
intently from osteoarthritis muscle correlates that can actually
be remediated. Indeed, a high number of treatable cases may be
resorting to unsafe remedies or narcotics to relieve their pain and
avoid exercise, and may hence die prematurely or encounter worse
functional outcomes than not if their treatment personnel fail to
measure, identify and intervene upon one or more muscle factors
that may be reversible or mutable. Moreover, it is possible multiple
muscle alterations predate or appear to prevail in the context of
osteoarthritis and that influence functional performance and if
unaddressed or not addressed in a timely manner may explain a)
the challenges in reducing this disease burden as time progresses,
b) why not all older adults are affected by this disease, and c) why
one area of the body and not others is commonly affected. As well,
it may explain the spread of the disease to other joints over time,
and if possibly already present before surgery, may yet remain
persistently inefficient or possibly worsened after surgery.

Conclusion

Despite disagreements over the actual initiating factors
underpinning osteoarthritis, it is evident that a role for
neuromuscular factors in the osteoarthritis disease cycle cannot be

readily dismissed.

It is further concluded it is vital to examine muscle attributes
alongside functional, biochemical, and radiologic attributes in order
to arrive at sound disease associated understandings concerning its
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diverse manifestations and treatment needs.

On the other hand, a failure to consider the importance of
remediable factors such as muscle imbalances, muscle contractile
delays,aswellasmuscleweakness,and poorendurance,amongother
muscular related problems common in aging and osteoarthritis,
one can anticipate multiple adverse structural adaptations of the
bone and joint tissues as well functional performance declines.

In particular, since the synthetic and degradation processes of
normal articular cartilage are maintained, in part, by intermittent
loading imparted to the articular cartilage chondrocyte by muscle,
and impact loads are best absorbed by muscles that are not fatigued
and that work efficiently every effort to enhance optimal muscle
function and its properties and biochemistry in the affected
older adult whether or not they have been diagnosed as having
osteoarthritis or not is strongly advocated.

Finally, since muscle function and structure decline quite
significantly with age, concerted efforts to keep aging adults active
and educated about joint safety and protection, and the dangers
of exercise adoption without expert consultation, especially in the
sarcopenic older adult appears imperative.

In the meantime, to render current clinical decisions that can
help avert the immense burden suffered by many older adults with
osteoarthritis, current practitioners who take the time to reflect
on the following evidence-based items regarding what we know
of muscle contributes to structural and functional joint changes
and direct their skills accordingly are likely to do immense ‘good’
rather than not on behalf of their clients. Patients who understand
why they need to be active treatment partners as well as active
may experience a higher rather than lower quality of life, as well
as lower health needs and costs. Researchers can help immensely
in this regard by validating and expanding upon the degree to
which the issues evidenced to date and listed below are of clinical
relevance to the abatement of osteoarthritis disability.

. Defective muscle transcription and functional problems
. Muscle fiber and muscle architectural damage

. Muscle stiffness and decreased shock absorption

. Muscle ischemia, quality changes and fat mass functions

. Muscle spasm, contractures, inflammation and volume
changes

. Subnormal muscle spindle responses, endurance capacity,
and muscle weakness

. Sarcopenia and muscle injury
. Muscle asymmetry and imbalances

It may also be that abnormal inputs from muscle might combine
with abnormal joint inputs referring pain to other sites. This can
perhaps explain the presence of widespread discomfort and a
generally observed unwillingness on the part of the osteoarthritis
patient to exercise consistently, and which might provoke further
cartilage destruction and pain. In addition, careful early intervention
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is strongly advocated because abnormal or awkward compensatory
movement the patient may use to avert pain on one joint may place
loads on others that cause further pain.

In essence, we conclude much can be done to advance our

understandings and capacity to reduce osteoarthritis suffering
wherever it exists, and clinicians and researchers who examine the

role of motor systems in osteoarthritis realms will likely enable
many older adults to age ‘in place’, and are hence encouraged to do
so sooner rather than later.
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