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Abstract

Joints are sensitive structures whose qualitative and quantitative components depend not only on
the harmonious interactions of hormones, enzymes, vitamins, minerals and protein, but also on
the stresses put upon them by function as well as their intrinsic and extrinsic neuromotor
environments, activity and integrity. This paper reviews some recent pathological insights
regarding the synovial joint’s lining and its immune cellular responses that indicate when
traumatized may evoke a possible unstoppable cascade of inflammation and possible cartilage
destruction unless abated in a timely way. One essential movement correlate that may especially
fail to limit the spread of osteoarthritis inflammation and its oftentimes severe repercussions,
namely muscle dysfunction is specifically discussed. Based on what is known we argue in favor
of its possible untapped utility in efforts to reverse or mitigate post traumatic arthritis, especially
in the face of persistent mechanical impacts.
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Introduction

Today, in terms of prevalence rates, osteoarthritis a worldwide debilitating musculoskeletal
condition affecting joint mobility is found to impact vast numbers of older adults and increasingly
younger adults, despite years of study devoted to its prevention and intervention opportunities
[1,2]. Indeed, as of 2025 it appears safe to say most osteoarthritis treatments have shown less than
optimally desired outcomes and a limited ability to reverse the condition. Some moreover, may in
fact pose a risk for incurring further health challenges and progressive disease worsening unless
addressed strategically and insightfully, for example excess exercise applied to an inflamed joint

may prove detrimental rather than therapeutic especially in the case of repeated muscle damage in the case of eccentric and
stretching exercises [3,4].

How an osteoarthritis condition is managed is however of utmost importance because the degree of desired outcomes even in
the face of joint replacement surgery is predicted by pre surgical joint and health status. This is especially relevant in the case of
the oftentimes reported spread of osteoarthritis pain to other joints and the onset or development of a perpetual vicious pain
state termed central sensitization that can have an adverse downstream effect on functional mobility and anatomical associated
structures such as muscle fibers, fascia associated joint nerve supply and networks, lymphatics and blood vessels even in the
face of intervention [4-6].

Another possible barrier to progress is that despite its potential for mitigation, osteoarthritis is commonly defined as a non-
inflammatory disease wherein chronic destruction of the articular cartilage lining of the joint secondary to micro and macro
injury prevail, but where both patients as well as providers may fail to appreciate both its pro-inflammatory and anti-
inflammatory inherent biological underpinnings and possible opportunities for healing [7]. Its biological correlates also appear
to have been poorly studied to date [8].
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It is also apparent that osteoarthritis continues to be associated with age, even though modifiable lifestyle, neural and behavioral
factors-are now known to be of high as well as of utmost deterministic salience.

Physical and other allied health therapists are increasingly seen as the key interventionists in this regard, as they are skilled at
evaluating, planning and treating osteoarthritis cases with limited or absent joint range of movement secondary to diverse
painful musculoskeletal disease manifestations as well as those with joint instability. Their basic aim in this regard is to prevent
or reduce modifiable risk factors and restore or improve optimal functional status and avoid the ‘spread’ of the disease to other
joints and possible comorbid health conditions that impair healing such as diabetes. Examples of what has been applied at the
diseased knee show however that this is not a linear association to any degree. In addition, some physical therapy techniques
are however, more popular than others or demanded by today’s consumer, even if universally unproven, such as various anti
inflammatory injections, exercise recommendations that may not be universally suitable or indicated and treatment guidelines
delivered using technology may not prove patient-specific understandable, practical, or obtainable by many older adults. Also,
following evidence based practices must remain questionable at best, given the immense limitations here and a failure to
appreciate the need for comparative studies and a sound underlying model of practice and a deep appreciation of the degree to
which mechanical, inflammatory, neuromuscular or metabolic disturbances can impair joint function independently as well as
interactively. Better insights into the nature of the subject’s beliefs, social and mental health state are also warranted [9,10].

In this regard the 2023 Eular Conference experts who revised their prior knee osteoarthritis recommendations included two
overarching principles and eight evidence-based recommendations including the importance of (1) An individualized,
multicomponent management plan; (2) Information, education and self-management; (3) Exercise with adequate tailoring of
dosage and progression; (4) Mode of exercise delivery; (5) Maintenance of healthy weight and weight loss; (6) Footwear, walking
aids and assistive devices; (7) Work-related advice and (8) Behavior change techniques to improve lifestyle. But no mention of
joint pathology perse was discussed and the eight key principles were derived on the basis of a survey with only certain questions
and seeming absence of objective or current case presentations [11].

With osteoarthritis problems and costs on the rise perhaps a more nuanced approach to unique attributes of osteoarthritis biology
will prove helpful. In particular, an ability to appreciate the disease complexity at multiple levels, not only the degeneration of
the cartilage extracellular matrix and generation of bioactive fragments, but how abnormal movement can impact chondrocye
membrane receptors, ion channels, signaling pathways and cellular metabolism that in turn lead to extracellular matrix
degradation and the generation of bioactive fragments that may impact muscle tone and noxious joint sensory receptors is not
universally evidenced [12].

Gelber posits that with regard to knee osteoarthritis although pharmacologic and non-pharmacologic interventions are generally
effective at alleviating pain and improving physical function, they do not fundamentally reverse the pathologic and radiographic
process of osteoarthritis at this time as is desired [13]. Unfortunately, as the severity of disease increases, the magnitude of pain
and functional impairment intensifies and renders it more difficult to relieve pain and restore functionality. However, if one
considers current knowledge of cartilage cell biology and the inflammatory associations thereof more carefully, the therapist
may well emulate those successes shown in the laboratory when carefully controlled recovery approaches after an injury are put
forth.

As noted by Martin, et al., in post-traumatic osteoarthritis, the joint degeneration, pain and dysfunction that develop following
joint injury is most directly related to elevated articular surface contact stresses, such as mechanical stresses that exceed the
tolerance of the articular surface in one or more synovial joints, or are enacted too slowly to afford joint protection, plus repetitive
loading due to incongruity/instability [14].

Purpose

This mini review aimed to summarize and elucidate upon a possible shift in thinking about osteoarthritis as an incurable
inevitable life phase. It sought to highlight the known processes that appear to occur readily in post acute traumatic osteoarthritis
states as far as the key joint tissues of the synovium and cartilage are concerned and the potential for one or more sensorimotor
or proprioceptive pathway deficits to impact deleterious post traumatic synovial joint reactions, neurogenic inflammation and
pain. This idea was based on the failure of past interventions to impact osteoarthritis safely and universally to a high degree of
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efficacy and new knowledge acknowledging the intricate make up of the moveable or synovial joints and their diverse synovial
cell typologies and properties, support tissues and surrounding and intrinsic sensory nerve units and signaling pathways that
have diverse oftentimes pathogenic responses to trauma and repeated joint impacts.

It specifically sought to uncover if efforts to avoid repetitive impacts coupled with efforts to improve overall neuromotor status
and joint physiology would prove likely to help avert, obviate or mitigate cartilage attrition due to inflammatory factors such as
hypoxia and synovium located biochemical and molecular structure and pathway abnormalities.

Hypothesis

It was anticipated that based on careful evaluations of what is known about the potent influence of joint trauma on inflammatory
responses that lead to possible intense bouts of chronic joint pain, a multi pronged stepped approach including sensorimotor
rehabilitation can help to overcome the degree of inflammation and pain experienced by many in the face of a joint injury,
especially in the post traumatic period and in the context of the aging joint.

Significance

Osteoarthritis is undoubtedly a significant contributor to the global disability burden, with its incidence expected to escalate by
74.9% by 2050 and its enormous impact. It is a realm of endeavor requiring urgent attention in order to tackle this future public
health epidemic [9].

Although deemed “incurable” and a highly disabling progressive destructive disease of the older adult population, both clinical
as well as laboratory data imply osteoarthritis may be attenuated or prevented from an inevitable downward spiral of disability
and derangement by careful upstream evaluations and early treatment, rather by any age-related wear and tear mechanism. If
50, an enormous costly public health burden may be offset, as well as fostering lives of decreased suffering.

One recent idea that appears promising is that osteoarthritis, although viewed as a multifactorial disease that emanates largely
from the convergence of both genetic and environmental factors, it that joint degeneration may be influenced by a single
unanticipated injury, cumulative repetitive impact and loading effects, joint overuse, fatigue, instability, recurrent injuries and a
too rapid a return to functions that provokes inflammation post injury and may be intervened upon with promising effects.
Several other risk factors for osteoarthritis that could be prevented include obesity, joint instability and joint malalignment.
Alternately, a failure to appreciate any prevailing degree of mitochondrial dysfunction, damage-associated molecular patterns,
cytokines, metabolites and crystals in the synovium that can activate synovial cells and mediate synovial inflammation may
encourage the downward spiral associated with inflammatory inputs and outputs. This knowledge could however form the
basis of more patient specific evaluations, targeted interventions and the development of novel therapeutics [15,16].

That is, current research shows a concerted effort to improve the prevention and management of osteoarthritis in this regard
may help avert a host of damaging biological processes and system alterations particularly post injury inflammation [16].
Pinpointing the source of an injury, which could arise from bone or support structure tissue disruptions, cartilage matrix
disruptions and swelling, blood-vessel and nerve injuries and curtailing future insults is strongly indicated here to control and
resolve any lingering inflammation and with this continuous tissue remodeling processes that may foster recurring joint injuries
and a destructive inflammatory cycle [16].

Indeed, although previously neglected as an osteoarthritis disease correlate, it is now entirely plausible to examine whether the
ability to slow down or mitigate osteoarthritis disease progression by targeting one or more catabolic or anabolic inflammation
attributes is a viable line of inquiry and one worthy of consideration [1]. Researchers are thus clearly continuing their efforts in
the quest to unveil new osteoarthritis inflammatory insights plus therapeutic targets that can modify its disabling symptoms and
arrest the disease progression and harm attributable to excess pro inflammatory signals and processes of destruction, while also
examining repair options.

Methods
To establish insight as to current osteoarthritis inflammatory implications a review extending over the most recent studies
published in the last five years [2021-2025] was undertaken as regards the themes of: osteoarthritis, synovial membrane, muscle
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and inflammation, plus proprioception as applied to joint injury, pain and derangement. Older articles of note were deemed
informative and accepted if they were reports of structural biology and biochemistry. Data bases used were: PUBMED, PubMed
Central and Google Scholar.

The review is an abbreviated one however and is not all inclusive nor a meta-analysis or systematic review, but one that strove
to carefully examine key trends worthy of future study and clinical consideration, given new diagnostic modes of inquiry and
novel questions not yet answered. Peer reviewed laboratory and clinical studies were deemed acceptable. Articles discussing
rheumatoid arthritis and invasive approaches such as blood platelet rich plasma injections and surgery, as well as drug and
exercise studies were not examined. No specific forms of osteoarthritis were detailed and for more detailed background
information, readers can examine prior comprehensive reports as well as 2025 current reports [17-20]. Key topics categorized
were those pertaining to osteoarthritis, synovial membrane and joint inflammation, neuromotor aspects of joint function and
dysfunction, possible non pharmacologic therapy approaches.

Results

Osteoarthritis

Osteoarthritis, a disabling condition affecting one or more freely moving joints such as the knee joint, commonly fosters
progressively intense bouts of pain and disability among many older adults no matter where they reside. Deemed largely
incurable, repetitive impact and loading, joint trauma and overuse and recurrent injuries especially in the face of acute injury or
chronic disease manifestations may exacerbate the disease, especially with regard to the cartilage lining and its matrix [16].

Although long accepted as an aging syndrome and one that is irreversible, the condition is currently conceived of as having both
genetic and environmental underpinnings and arising from intricate interactions among mechanical stresses, inflammatory
processes and disruptions in bone and cartilage structure and metabolism [16,21,22]. Indeed, while many older adults do not
suffer from this condition, or only incur problems at one joint and not others, repetitive impact loading, joint malalignment, joint
instability, overuse and recurrent injuries arguably predispose to some degree of joint degeneration and various degrees of joint
inflammation [16,21,23,24].

A major cause of disability worldwide recent research in bone immunology indicates that immune-mediated mechanisms
significantly contribute to the progression of osteoarthritis as discussed by Mathieu, et al., [25,26]. These interactions are observed
to foster a pro-inflammatory joint microenvironment, thus contributing to cartilage breakdown, persistent synovial membrane
inflammation and the sclerosis of subchondral bone [27]. There may also be possible persistent stimulation of joint pain fibers,
nerve mechanoreceptors and possible reactionary deficits or abnormalities in afferent input pathways that can alter motor
outputs unfavorably and thereby their protective shock absorption functions that play a role in altering the highly vulnerable
synovial environment [19,28].

Thus, in addition to age factors, several interrelated pathological processes, including neuroplasticity, nerve damage, joint
position sense or movement or vibration sense alterations and sensory disturbances can conceivably foster activation of innate
inflammatory pathways and the recruitment of monocytes, lymphocytes and other leukocytes that may all mediate osteoarthritis
development and attrition and neuropathic pain [5,21,23]. In addition, subnormal muscle forces can induce the spread of local
joint inflammation and pathology to other joints, for example if they provoke falls and falls injuries, which commonly produces
anet loss of local tissue proteoglycan in osteoarthritic cartilage and possible bone fractures and thus represents a possible disease
modifiable pathway.

Li, et al,, who affirm osteoarthritis is a chronic and degenerative disease marked by inflammation and extracellular matrix
degeneration show that contributing to synovial inflammation and cartilage destruction is an orphan nuclear receptor found to
mediate inflammatory responses in the cartilage tissue in the face of joint damage [29]. These receptors that are normally
quiescent may be mitigated however in the face of carefully targeted sensorimotor rehabilitation strategies, joint protection
modalities and education.

Bolander, et al., advocate for efforts in this regard because a failure to regenerate cartilage post trauma may reflect persistent
inflammation that continue to induce a cycle of degenerative osteoarthritis damage and many possible diverse mobility
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challenges, wherein that small quantity of highly viscous fluid that normally serves as a cartilage lubricant fails to foster adequate
nutrition for the cartilage cells [30]. As well, adverse impacts on the nutritive supply of the surrounding joint tendons, bnrsae,
tendon sheaths, ligaments, nerves and blood vessels may ensue in addition to parallel declines in cartilage shock absorption
capacity [31,32]. In turn, these alterations may forge an increase in pain and a gradual associated fibrosis of the subsynovial tissue
and ongoing inflammation sufficient to sensitize surrounding sensory neurons to further pain, joint degeneration, joint swelling
and stiffness [21,22].

In particular, repeated mechanical insults may perpetuate prevailing inflammatory processes wherein inherent synovial
fibroblasts found to assume distinct functional identities, can drive a wave of pathological joint crosstalk communications that
have far reaching and complex catabolic and destructive outcomes [33]. In addition, the lubricating properties of synovial fluid
may be undermined, as may cartilage and bone structural status and thus the joint’s load bearing capacity [34,35].

Inflammatory Mechanisms

There is no doubt that the histological changes observed in the osteoarthritis synovial membrane generally includes features of
an inflammatory "synovitis"; plus a range of abnormalities, such as synovial lining hyperplasia, macrophage and lymphocyte
infiltration, neoangiogenesis and fibrosis [36]. This pattern of synovial reaction that varies with disease duration and associated
metabolic and structural changes in other joint tissues, is potentially compounded by multiple age associated cellular system
declines and as pain evolves, a state of sensitization and/or neuropathic pain, as well as reflex muscle response abnormalities
may wane or become subnormal [33].

As proposed by Bolander, et al., there is a strong need for preventing inflammation as well as for treatment applications that can
restore the articular cartilage and joint homeostasis as proposed by Liu, et al,, [30,33]. Information on how synovial fluid
composition may foster pro-regenerative immune cell influences on possible progenitor cells and thereby pain and radiographic
disease progression is especially indicated here [15]. Indeed, clinical interventions are likely to fail if attempts to offset hypoxia
and that limit the apparent mechano-sensitive synovial pathway of inflammatory metabolic responses are not forthcoming. At
the same time, associated alterations in muscle reflex activity and motor memory may foster a host of additionally adverse
synovial pro inflammatory reactions [36-38]. Moreover, a failure to abate inflammation commonly tends towards increases in
joint effusion and a state of elevated intraarticular pressure that can compress the intracapsular vein. This may be followed by
increases in joint outflow resistance and a fall in the regional blood flow of the joint and a state of tissue hypoxia that fosters
cartilage degeneration [39].

In short, data indicate that pro-actively targeting inflammation is a potentially potent and salient factor in achieving more
profound success in retarding osteoarthritis disease progression and its oftentimes suboptimal impact on therapeutic targets
[25,40,41]. Indeed, even if osteoarthritis origins are poorly understood, it appears that synovial joint dysfunction predates
destruction of the osteochondral unit cellular and functional alterations. In this regard, the cells of the synovial membrane that
may be influenced by cartilage and subchondral bone cleavage fragments and matrix degradation products may induce a cycle
of perpetual and progressive joint destruction from apoptotic and necrotic cells and associated molecules that trigger innate
immunity and low-grade synovial inflammation [40].

Unsurprisingly, Kofoed, et al., for example implies osteoarthritis is a complex joint disease that cannot be treated simplisitically
[42]. This is due to its multiple diverse correlates including inflammation possible joint effusion and muscle inhibition, plus the
suboptimal transfer of oxygen across the synovial membrane and synovial fibrosis [43]. Alternately, careful attention to the
nature of inherent cartilage matrix synthetic versus degradation pathways and fostering favorable cytokine effects may prove
valuable [44-46].

In particular, targeting the molecular basis of joint inflammation, oxidative stress and its complex crosstalk communications
between chondrocytes, synoviocytes, osteocytes, sensory nerves and immune cells may help normalize rather exacerbate
cytokine production as well as other key inflammatory mediators, such as IL- IL-6, TNF-a and Wnt/f3-catenin signaling that may
foster synovial hypertrophy [33,45-49].
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On the other hand, a lack of insight into the extent of crosstalk between joint tissues such as the synovium and cartilage at the
cellular level within the innate immune inflammatory network, especially in the absence of soundly construed therapeutic
approaches can predictably influence the perpetual formation and progression of osteoarthritis [50-52]. Others show alterations
of cartilage surface or degradation of biomacromolecules within synovial fluid that may increase the wear and tear of the
cartilage [15].

Di Carlo, et al., propose a further role for mesenchymal stem/stromal cells recruited in the synovium in the osteoarthritis disease
cycle because these cells can stimulate the formation of osteoclasts or bone resporptive cells [53]. Macfarlane, et al., propose
inflammation is a potential pain generator and treatment target in osteoarthritis and propose that white blood cells may be
implicated in the disease cycle [54]. Moreover, innate immunity processes that originate from the immune receptor Dectin-1
located on macrophages may influence progression of osteoarthritis [55, 56]. However, their differences, impacts and spatial and
transcriptional linkage mechanisms with immune cell and cartilage dynamics remain challenging to isolate and should be
studied systematically as proposed by Niu, et al., [57].

Joint Proprioception and Sensorimotor Attributes

Although not linked as a risk factor to synovial inflammation, it appears proprioception, an umbrella term encompasses an array
of sensitive intrinsic and extrinsic sensors or mechanoreceptors and their neural pathways designed to detect, integrate and
transmit information on joint position, movement and stability, must be considered as having a meaningful bearing on
movement quality and precision that those muscle based adaptations that are joint protective as well as functional [40]. An
intricate system that monitors and impacts muscle contraction magnitude and temporal sequence, locomotion, joint stability and
muscle contractile processes is surely a system underpinning almost all life affirming mobility and stability functions.
Proprioceptors including diverse sensory receptors and input and output pathways and located in the joint tissues, muscles,
central and interneuron spinal pathways may all be vulnerable to insults with far reaching implications for joint and movement
status.

As per Salo, an expanding body of knowledge clearly shows a highly complex array of sensorimotor receptors and processes
that lie within joint tissues and their muscles and that are paramount in preserving the smooth normal functioning of the motor-
skeletal system and in averting the inflammatory response to joint injuries and diseases [58].

Yet proprioceptive capabilities that underpin movement and movement efficiency have been shown to be decreased or altered
post joint injury to varying degrees, as well as in cases with osteoarthritis exhibiting joint effusion [59-61]. Moreover, while some
surgical procedures seem to restore selected proprioceptive abilities; others do not and deficits may yet persist in influencing the
disease trajectory adversely, as well as function especially in the face of ongoing inflammation rather than effusion alone [62-64].

In addition to chronic autoimmune inflammation, related changes of the peripheral nervous system can engender unfavorable
energy balances and continuous local joint destruction processes [64]. Salo, reports that in recent times there has been a new and
growing appreciation of the major role played by sensory neurons in promoting regional inflammatory responses and that many
of the specific neuronal mechanisms and molecules that mediate these reflexes have significance with respect to pain, trauma
and regional inflammatory disorders [58].

According to Mathew, et al., swelling, stiffness and pain in osteoarthritis may be influenced by an emergent degree of nociceptor
hyperactivity responses and excessive release of inflammatory factors and pain mediators [65]. There may also be extensive
remodelling and plasticity of the joint innervation system with subsequent adverse structural, functional and molecular
alterations in sensory and autonomic axons wiring. Sprouting and reorganization of sensory and autonomic fibers with the
invasion of ectopic branches into surrounding inflamed tissues are associated with the upregulation of pain markers and thereby
possible rewiring and sensitization of the joints along with multiple subnormal neuromotor mediated musculoskeletal postural
and protective shock absorption deficits.

Cujedko, et al, who sought to determine whether deficient proprioception mediates the association between systemic
inflammation and muscle weakness in knee osteoarthritis showed higher erythrocyte sedimentation rates were associated with
poor proprioception [66]. Poor proprioception and higher erythrocyte sedimentation rates were associated with muscle weakness
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and mediated the association between systemic inflammation and muscle weakness and appear to prevail in late stage knee
osteoarthritis [67]. This linkage of proprioception may hence prove a potent mediator of persistent pain, as well as substantial
reparative impairments and osteoarthritis function and functional efficiency, acuity and reactive capacity. Studies show for
example that osteoarthritis cases with posterior knee cruciate ligament lesions exhibited deficient proprioceptive accuracy that
may not improve post surgery in all cases or improve at first, but not in the long term [67,68]. Gayreth, et al., found however that
proprioceptive training was effective on pain, joint position sense, range of motion, muscle strength, functionality, physical
performance and quality of life in patients with knee osteoarthritis in all radiological stages [69].

Magpbi, et al., found persons with hand osteoarthritis had more frequent neglect-like symptoms and were slower and less accurate
compared to healthy controls at hand left/right judgments, which was indicative of disrupted working body schema that may
have a bearing on hand function and the development and progression of hand osteoarthritis [70]. This implied a possible
mechanistic role for proprioception in the osteoarthritis pathogenic cycle and that any deficiency in this regard may have the
potential to stimulate premature chondrocyte senescence and cartilage mechanical and chemical insults [71-74]. While strength
training and electroacupuncture may improve joint proprioception and help to alleviate rather than promote joint inflammation,
arole for low intensity muscle contraction therapy has been advocated for reducing or attenuating joint inflammation and central
pain sensitisation [75-78].

However, until more acceptance of these ideas becomes more routine, it appears issues that arise in terms of reactive
abnormalities in proprioception such as deficits in extrafusal muscle fiber activation, muscle mass declines, muscle weakness,
poor muscle endurance, fatigue associated muscle metabolic alterations, muscle imbalances, muscle protein degradation and
ligament destruction may all remain unchecked and potent osteoarthritis inflammation and destruction mediators [79]. As well,
there may be permanent changes of the viscoelastic properties of the osteoarthritis joint capsule, joint effusion effects that inhibit
optimal muscle reflex responses, as well as cartilage, or bone immune systems impacts and others that tend to persist in the
absence of carefully targeted and timely intervention and are commonly not remedied to a high degree by surgery, various anti
inflammatory or narcotic drugs, or injections [80-84].

Discussion

Despite more than a century of study and thousands of investigations, it is clear osteoarthritis remains a widespread painful
disabling disease and one inducing great suffering. Often associated with a low grade inflammatory response that hastens its
severity and progression, even if not universally recognized disruptions in one or more joints are not only the consequence of
age, but point strongly to a role for perpetual inflammation of an injured joint or a diseased joint during loading and cartilaginous
unloading [48,85,86]. The possible enormous impact of inflammation on sensorimotor control mechanisms and receptor
pathways and nerve attrition changes alone even in the case of modest joint pathology clearly has the potential to impact possible
inflammatory and adverse degenerative mechanical influences that fail to be abated and provoke or exacerbate cartilage lesions
especially if joint loading is repeatedly subnormal [65].

This is despite a rich growing volume of attention to osteoarthritis and its inflammatory implications, including observations
indicating many immunogenic responses, plus associated alterations in joint sensory inputs and motor outputs wherein chronic
pain appears to represent the interactions of impacts of multiple neural mechanisms that affect immune and structural biology.
The lack of importance delegated to muscle that may itself be inflamed and of limited mass may further prove to be an important
disease moderator and mediator, even if rarely alluded to. Thus even in the face of cutting-edge cell therapy, immune modulation
and molecular targeting strategies, a persistent deficit in any component of the sensorimotor system may fail to help counter
synovial based oxidative stress correlates and mechanisms, cartilage nutrition and articular cartilage repair [87-92]. More
insightful temporal tracking of osteoarthritis pathology from a holistic and comprehensive perspective that is supported by both
personal testimonies as well as objective analyses may further help to point to a window of opportunity for interventions at the
cellular level, rather than drugs to curb erosive osteoarthritis inflammation impacts [33]. The multiple systems that may be
implicated here, for example metabolic, biological, bone, immunological and neuromuscular factors should be clarified and
better classified to enable clinical efficacy decisions in the future [24]. Other risk factors in this regard including occupational
related physical activities should be studied as well [22].
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As well, elucidating upon how muscle mechanisms and joint inflammation can be better understood relative to cartilage anabolic
processes, rather than catabolic processes and how alterations from an inflamed joint can alter spinal cord located neural biology
may prove valuable [19,93-96]. Comparing how humans chondrocytes respond to different modalities that are carefully titrated
and whether this will impact signaling pathways that foster cartilage viability such as those embedded in proprioceptors,
including muscle afferents and efferents also appears worthy of future study [97,98].

In particular, a parallel role for age and disease associated muscle mass declines and muscle fat mass excesses that may increase
osteoarthritis risk and perpetuate inflammation should not be ignored [99]. In addition, the specific role of muscle inflammation
in its own right cannot be ignored and may be amenable to a combined treatment approach of distraction followed by exercise
[100,101]. Those with poor position sense and signs of obesity who may have poor muscle endurance and those with depression
should be specifically targeted and with an expected favorable set of results [102-104]. In the interim researchers can help to
expand upon our understandings and examine the exact mechanisms involved in the transition of synovial fibroblasts into a
myofibroblast-like phenotype that drives fibrosis and which presently may serve as key drivers or humoral mediators that
maintain inflammatory processes, including the release of proteases and cytokines that cause cartilage and bone destruction,
calcification of articular cartilage and painful joint symptoms [105-109]. By contrast, careful stimulation of synovial fibroblasts
that may exert reparative and protective effects on chondrocytes of cases with osteoarthritis by promoting cell proliferation,
inhibiting inflammation and stabilizing cellular structures, may potentially mitigate the progression of cartilage lesions in these
patients [110].

Until then, there can be no doubt a high degree of suffering among the older adult osteoarthritis population along with an
immense global burden [111,112] will prevail and will possibly be related to past or present synovial joint tissue inflammatory
and signaling pathways that accompany osteoarthritis and the degree to which neuromotor influences fail or function to protect
one or more joints. Coupled with this is patient education that reinforces dangers of excess loading, stressful endeavors, fatigue
and excess narcotic usage.

Conclusion

Despite the limitations of this brief overview of the literature implicating inflammatory and signaling pathways disruptions

observed in osteoarthritis, we believe there is growing supportive data as regards possible.

1. Increases in the osteoarthritis burden over time in the face of unrestricted mechanical damage and inflammation, obscure
pathogenic understandings and a weak education and joint protection focus, irrespective of age

2. Sensorimotor mechanisms that fail to mediate joint protection can initiate or foster joint damage, neuropathic pain and
limited tissue healing and recovery potential in their own right and should be sought routinely and treated accordingly

3. Carefully tailored and targeted interventions that do not provoke joint stress, muscle fatigue, or joint and/or muscle effusion,
but being mindful to avoid kinesiophobia-as applied earlier rather than later may foster a favorable change in the
osteoarthritis synovial microenvironment and its multiple disease relevant molecular and motor control pathways

4. The prevention of harmful mechanical stimuli that can evoke extensive inflammatory molecular interactions alongside a role
for sensorimotor rehabilitation and periodic assessments of the disease processes may prove especially fruitful at all ages
and stages of osteoarthritis pathology

5. Further basic and clinical research to highlight the role of the neural system in the osteoarthritic inflammation and pain
production cycle is strongly indicated

6. Modifying or preventing post traumatic osteoarthritis appears plausible

In the interim, mechanisms that may be amenable to modification include alterations in overall immune responses, apoptosis,
pyroptosis and metabolic programming that may all play a pivotal role in the disease progression especially in the face of
unrestrained mechanical insults.

Realm of Possible Non Pharmacologic Anti-inflammatory Interventions

e Avoidance of kinesiophobia [113]

e Avoidance of exercise fatigue [114]

e Compression sleeves

Distraction [101]
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Education

Electroacupuncture

Electrical muscle stimulation

EULAR recommendations [11]

Exercises to build strength, endurance, balance [117]
Foot wear, shoes, in soles as indicated

Ice or cold therapy

Low intensity ultrasound [71]

Obesity prevention/control [115,117]

Proprioceptive neuromuscular rehabilitation [69,116]
Rest

Splints and braces

Stress reduction

Taping [117]
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