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Abstract

Osteoarthritis, the most common joint disease experienced by many older adults and one that is increasing as societies age remains

largely incurable and highly disabling. As such, and in light of the failure of most palliative pharmacologic strategies to date to reverse

or mitigate this painful condition, it appears all avenues of potential progress added to those already being explored may yet prove

fruitful. Based on emerging and quite promising data outlining a possible link between aspects of osteoarthritis joint damage and

muscle deficits, this mini-review elected to examine the most current data in regard to discern whether: 1) Muscle dysfunction con-

tinues to be an important potentially modifiable health determinant whose presence might influence the onset and progression of

osteoarthritis through direct as well as indirect pathways, and 2) any evidence pointing to its possible detection, categorization, and
remediation as being desirable in this regard if indicated. Based on the bulk of available data housed in PUBMED, GOOGLE SCHOLAR,

Science Direct, and PubMed Central as of August 15, 2023, it is concluded that a causative, mediating or moderating role for muscle

dysfunction in the realm of osteoarthritis cannot be ignored as per data related to its most common form, knee osteoarthritis. Future

efforts to advance this line of inquiry that proceed from a multi component muscle specific and whole joint perspective of osteoar-

thritis disability may prove of immense personal and societal impact and benefit.
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Introduction

As documented for more than a century, osteoarthritis, a
widespread commonly progressively disabling disease of one or
more freely movingjoints such as the knee continues to be identified
as one of the most serious health care challenges facing many older
adults wherever they reside. Possibly emerging in response to
alterations in the ability of the human organism to adapt locally
and as a biological system in the face of aging, injury, and changes in
functional demand these factors and others may converge to cause
and perpetuate the resultant erosion and degradation of one or
more joints, inducing a chronic incurable painful condition termed
osteoarthritis. Moreover, definitive osteoarthritis is very hard to
treatas it often only induces pain in its more advanced stages, and is
often treated as though only the tissue lining the joint is implicated.
Yet, current data show a need to understand osteoarthritis from a

whole joint perspective including the cartilage, bone, muscle and

joint ligaments that may frequently interact and if untreated or
poorly treated may possibly foster the spread of the disease from
one affected joint to involve others. Associated with parallel losses
of independence, income, physical function, and a reduced life
quality, older adults with intractable pain, as well as one or more
chronic health conditions [1] may indeed suffer unduly, especially
if the disease weakens the knee muscles that foster joint protection
and these remain unappreciated, poorly evaluated, or not even
evaluated. Alternately, careful attention to the possible presence
of muscle dysfunction in cases with confirmed stage specific and
comparably localized knee osteoarthritis, and improved treatment
applications that embrace a carefully construed follow up of the
whole joint and its biomechanical and biochemical features may
prove restorative and remedial as well as reparative and clinically

effective to a high degree.

In the belief that this idea, now proposed for more than 30 years
[2] is a valid one, even though very little progress in preventing
this aforementioned cycle of downward spiraling of osteoarthritis

induced health events has emerged over time, careful attention

Citation: Ray Marks. “Muscle and Knee Osteoarthritis: “What’'s New” in 2023". Acta Scientific Orthopaedics 6.9 (2023): 76-84.


http://Dr.RayMarks@osteoarthritisresearchcenter.com
mailto:rm226%40columbia.edu?subject=
https://actascientific.com/ASOR/pdf/ASOR-06-0826.pdf

Muscle and Knee Osteoarthritis: “What’s New” in 2023

to muscle dysfunction effects on the knee joint do appear worthy
of further detailed examination in our view. The knowledge that
muscle is extremely mutable and can undergo well defined changes
in response to various forms of stress and biophysical forces, as well
as governing the distribution of joint load all speak to the potential
value of delineating and clarifying the precise role of muscle in the

pathogenesis of osteoarthritis.

As such, while far from exhaustive, this mini review elected to
examine current evidence that may point to muscle as an important
knee osteoarthritis variable worthy of attention in efforts towards
mitigating or ameliorating osteoarthritis and/or its severity and
rate of progression [3,4], despite the poor adherence to exercise

regimes, in favor of joint injections, drugs, and surgery [5].

More specifically, the knee joint, the most common osteoarthritis
disease site was specifically studied, and an attempt was made to
examine only recent muscle associated data in the context of the
pathogenesis of this condition including a possible protective
role, given its importance in voluntary muscle contraction,

proprioception, and joint stability.

Since osteoarthritis remains the most common form of arthritis
and is a disease that affects many older adults highly negatively, this
key aim was to build on former work and to offer recommendations
for therapeutic purposes. As such, the review specifically examined
the degree of support for the idea that the knee muscles and their
structure and function are possible factors associated with the
biomechanical and biochemical profiles of an older adult diagnosed

as having knee osteoarthritis, especially muscle weakness [6].

Predicated on the importance of expanding our understanding
of our knowledge of muscle based knee osteoarthritis correlates, it
was hoped building on previous work [7], this current mini scoping
overview would demonstrate more potential than not exists for un-
covering those muscular determinants that may predate or follow
knee osteoarthritis and their possible mitigation or remediation.
Although not often discussed in the context of efforts to explain the
natural history of rapidly progressive knee osteoarthritis develop-
ment [8] and discounted as playing any salient role by Yoon., et al.
[9] as far as explaining patella femoral osteoarthritis cartilage dam-
age, we believe as many as four problems not readily explained in
knee osteoarthritis discussions, are potentially impacted by pre-
ceding or ensuing neuromotor correlates. These include, but are
not limited to: 1) the presence or onset of abnormal leg alignment
patterns that could be traced to muscle compensatory mechanisms,
2) temporal features of joint responsiveness that alter the ability of
bone to absorb impact load, 3) sensory disturbances that may im-

pact joint stability and balance plus movement co-ordination, and
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4) deficient joint protective mechanisms and dysfunctional loco-
motor control, as well as functional capacity due to muscle struc-

tural abnormalities, reflex inhibition and inflammation.

Methodology

To obtain up to date information on the general ideas alluded to
above, a limited review of currently available documents housed
in the PUBMED data base along with GOOGLE SCHOLAR, Science
Direct, and PubMed Central published in English largely over
the time periods January 1- August 15, 2023 using the key terms
Knee Osteoarthritis, Muscle, Muscle Fatigue, Muscle Force Capacity,
Muscle Spindles, and Sarcopenia was implemented. After scanning
the available article listings those that addressed some aspect of
the current topic of interest were specifically scrutinized in more
depth, and if relevant were selected to be included in this current
overview. Those not written in English or those that were not full
length reports were excluded. As well, references published before
2023 thatrevealed tangible support for pursuing this relatively un-

charted realm were eligible for inclusion.

Overall, a narrative rather than any systematic approach was
adopted in this regard, all forms of muscle dysfunction were
deemed acceptable, and salient topical conclusions were highlight-
ed regardless of research approach or whether the osteoarthritis
was categorized as being in its early stage or late stage. All forms of
muscle assessment were deemed acceptable as well. Readers can
refer to an earlier paper for a more in depth report of muscle atro-
phy as a possibly important osteoarthritis correlate [2]. Ligament

injuries at the knee, or post surgical evaluations were not included.

Rationale

Almost 30 years ago, Dieppe [10] a leading osteoarthritis re-
searcher noted osteoarthritis was projected to become one of the
most important health care challenges facing future societies. This
prediction has been realized for some time, with knee osteoarthri-
tis, the most common and troubling form of this disease remaining
associated with varying degrees of knee joint pathology and de-
rangement, including bone and cartilage physiology and structure
that continue to cause great suffering among many adults of all ages,
especially older adults. While the cause of the condition remains
elusive, and no cure exists to counter osteoarthritis at any joint,
emergent evidence of a possible important impact in the disease
cycle by features of muscle dysfunction such as muscle weakness,
and muscle fat mass that are not always addressed or assessed may
yet prove insightful and valuable. That is, based on what is known
about joint biomechanics and structure, the emergence, perpetu-
ation, and progression of at least some forms of osteoarthritis by
one or more muscle impairments appears to have some basis in

this regard. This is because muscle impairments may lead to poor
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postural stability, gait abnormalities, articular cartilage derange-
ment, sensory disturbances, pain and a possible heightened falls
risk as is observed in various knee osteoarthritis cases. Conversely,
a further body of evidence shows exercise or interventions de-
signed to improve muscle function at the knee joint often improves
function as well as various biochemical attributes of joint cartilage
erosion, while reducing pain and disability. However, even though
muscle may have a bearing on our ability to mitigate or prevent
osteoarthritis of the knee, it is less well documented and discussed
in the realm of many current efforts to advance osteoarthritis un-
derstandings and especially knee osteoarthritis care, if compared

to the multiple reports focusing on articular cartilage.

Since a failure to consider muscle as a possible pathogenic os-
teoarthritis factor may not only help to explain why this field of
endeavor has been poorly understood to date [11] but may prevent
the affected adult in multiple adverse ways, even if surgery is indi-
cated, it was felt this topic update was worthy of exploration. It was
theorized that an updated understanding of how muscle and joint
pathology might be interwoven might prove both insightful and of
possible high value in efforts to advancing calls to envisage knee

osteoarthritis as a disease of the whole joint, not a singular tissue.

Search Results
General findings

Many works related to knee osteoarthritis currently prevail and
that speak to its immense prevalence and public health burden in
an aging world. Yet, even though a possible key mediating role for
muscle and muscle attributes such as atrophy, weakness, or re-
modeling in the pathogenic knee osteoarthritis disease cycle has
prevailed for some time [12], the association between changes in
muscle quantity and quality on the progression of knee dysfunction
remain unclear [13]. Yet, one possible insight that could offer hope
and a brighter outlook potential is a possible role for excess muscle
fat mass of one or more of the knee muscles [13] and calls to exam-
ine this issue seem valid in light of the strong osteoarthritis-obesity

as well as possible leg malalignment linkages [14].

Unfortunately, despite a plethora of studies that attest to joints
such as the knee as being highly problematic from a societal health
challenge perspective, very little direct attention is given to any as-
sessment or discussion of the possible impact of associated chang-
es in the surrounding knee muscles that could open the door to
an array of treatment alternatives. Many older vulnerable adults
or others may thus suffer more unduly than not, when possibly
they could be safely treated without recourse to dangerous drugs
or costly surgery. Indeed, a systematic review recently conducted
showed a high presence of sarcopenia or muscle mass loss among

cases with knee osteoarthritis, especially women [15] that might
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be targeted and improved or prevented from further attrition and
possible joint exposure to trauma. In addition, although very poor-
ly researched to date, neuromuscular deficits are evident across
different degrees of structural severity among knee osteoarthritis
cases including those of muscle strength, voluntary muscle activa-
tion, muscle size, balance and force control ability that again are
possibly more marked in women with knee joint disease than men
[16].

Abnormalities of muscle fiber distribution that may be impacted
by or interact with the pathological processes of knee osteoarthri-
tis including possible implications of fiber type grouping that may
provide insight into muscle mechanisms that impact knee osteo-
arthritis remain poorly examined however, despite their possible
relevance [11]. For example, in an analysis of seven high-quality
and 22 moderate-quality studies including 1146 people with knee
osteoarthritis and 1353 age- and sex-matched controls), these
focused on quadriceps and hamstring strength deficits and their
strength ratios across varying degrees of knee osteoarthritis se-
verity, with less attention to issues of voluntary muscle activation,
force control ability, quadriceps cortical or spinal excitability, and
muscle size. However, no tissue samples or knee joint innervation
attributes, and correlates such as proprioceptive factors [17] were
studied or put forth in the analyses. As such, the explored data and
research efforts examined, do not truly foster any sense of whether
the two distinct muscle fiber types, type I [slow twitch], and type
2 [fast twitch] with different attributes may predict as well as ex-
plain functional challenges and knee osteoarthritis progression
rates and require targeted, rather than generic treatment direc-
tives. Although disputed by Noehren.,, et al. [18] in favor of a more
important pathogenic role for muscle extracellular matrix content,
a specific loss of one fiber type or another may well place different
functional demands on an underlying joint and can possibly induce
further pathological changes in muscle fibers whereby their state
of atrophy and fibrotic changes if injured, can increase joint vulner-
ability and eventual derangement magnitude, including a derange-
ment of
e Fiber size where the mean myofiber diameter may be in-
creased or decreased.

e  Fiber distribution or predominance

e Fiber architecture and satellite cell activation processes

e  Muscle satellite cell density, profibrotic gene expression, and
a slow-to-fast fiber type transition that may reduce muscle
quality, while impacting bone and cartilage status negatively
[18,19].

e  Periarticular muscle fat infiltration that can induce excess

tibio femoral loading forces concentrations [20].
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e  Motor deficits associated with decreased neural activa-
tion, central nervous system sensitization, decreased quad-
riceps muscle spindle responsiveness, and increased triceps

surae muscle activity [21].

In short, it appears that even though impaired motor function
in osteoarthritis while implicating both diverse central as well as
peripheral perspectives that control motor activity and reactivity,
plus movement and joint protection derangements, a specific and
unified focus on muscle and its manifestations is not currently evi-
denced to any meaningful degree as far as joints such as the knee
are concerned. Thus, even though the knee is the most common
site of osteoarthritis, rather than helping to elucidate or illustrate
if indeed the progressively destructive processes of knee osteoar-
thritis may involve or implicate one or muscle associated pathways,
any tentative relevance for enabling or advancing remediation or
mitigation in this respect await more solid verification and further
study. In the interim, a need for a salient practice and explanatory
model of knee osteoarthritis and how muscle is implicated, if in-
deed exercise is the generic solution, must await future extensive
exploration of all possible multiple muscle associated determi-

nants, not only muscle strength [22-25].

Until then, whether optimal or not, it is likely exercise [in any
form] will be advocated for most knee osteoarthritis sufferers even
if these are not duly indicated or other non surgical or pharma-
cologic modalities are more effective [28,29]. The proposed utility
of quantitative MRI to assess knee joint attrition extensively in as-
sociation with muscle that has not been widely reported does ap-
pear of high relevance to pursue [30]. In addition, another body of
evidence pointing to sarcopenia as a possible correlate of knee os-
teoarthritis, as well as knee muscle strength and gait patterns [23],
grip muscle strength and function [32,33], plus muscle degenera-
tion should be examined [34]. Also warranting attention is the re-
cently observed attribute of quadriceps passive stiffness associated
with a higher risk of developing incident knee osteoarthritis at 12
months after assessment [35], as well as its counterpart of passive
hip muscle stiffness [36]. An argument in support of hip strength
as a knee osteoarthritis determinant has also been put forth and
should be duly examined. [37].

Additional observations

While very few studies focus on passive muscle attributes in
examining causes and treatments of osteoarthritis, Chen., et al.
[38] do note though that more and more attention is being paid
to the research of muscle mass and knee extensor muscle quality
in the context of knee osteoarthritis. In attempting to explore the
asymmetric changes of muscle mass, biomechanical property and

muscle activation of the knee extensors in patients with knee os-
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teoarthritis, it appeared that muscle asymmetries may prevail that
have an impact on functional ability, treatment approaches and re-
habilitation efficacy of the disease that could be explored further.
Whether any of the observed muscle correlates were of neuropath-
ic or myopathic origin could not be discerned. Wang., et al. [39]
however conclude gait asymmetry in kinematics and muscle forces
do tend to increase the degree of knee osteoarthritis pathology. In
addition, one recent report found cases having a knee osteoarthri-
tis diagnosis to demonstrate muscle quality losses as discerned
radiographically, while another showed surgery recovery may be
impeded if any prevailing muscle impairments are not addressed
in a timely targeted manner [20]. In addition, Winkler, et al. [20]
concluded that perioperative rehabilitation approaches targeting
residual muscle quality impairments could help reduce tibiofemo-
ral joint load magnitudes, while improving post surgical knee joint
replacement long-term outcomes. On the other hand, Lohnes,, et al.
[40] propose medial and lateral hamstring muscle activation levels
may provide utility as a knee osteoarthritis gait biomarker com-
pared to biomechanical outcomes, quadriceps and gastrocnemius
activation, when differentiating knee osteoarthritis from asymp-

tomatic cohorts.

Ghazwan,, et al. [41] note that the presence of a higher than de-
sirable quadriceps and hamstring force generating capacity includ-
ing any co-contraction of the calf muscles could generate a higher
than desirable degree of joint contact forces. Along with any exces-
sive loading this may exacerbate prevailing joint destruction and
the adoption of an abnormal gait pattern. It is also possible that
poor quadriceps endurance in such cases that induce muscle fa-
tigue can further increase the negative impact of ground reaction
forces falling on the knee joint in a dose dependent manner, while
increasing possible levels of existing effusion-synovitis [42]. Ag-
ing alone may exacerbate the risk of this cycle of adverse events,
as may knee strength deficits that impact medial lateral postural
stability [42] as well as muscle flexibility [43], endurance capacity,
proprioception, balance [44], and the fear of moving and pain [45].
Supporting this idea is the recommendation to possibly unload the
diseased joint using an orthotic, while adding muscle vibration ap-
proaches to ameliorate abnormal joint biomechanical degenera-
tion impacts [46]. Another idea is to employ laser therapy to ad-
vance knee muscle strength gains [47], an approach that does not

benefit from concomitant exercise therapy application [48].

Discussion

Despite disagreement over the actual initiating causes of human
osteoarthritis, results of several studies advance the theoretical
significance of excessive forces applied to a joint by muscle, muscle
weakness, fat mass and inhibition. Another body of research sup-

ports the fact that muscle can dissipate joint impact and protect a
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joint. The primary role of muscles, to move, and control the integri-
ty of the moving joints is therefore of potentially great importance
in efforts to understand how degenerative joint changes emerge
and how various forms of muscle dysfunction may adversely affect

mechanical joint loading and joint biomechanics [41].

However, even if all the data over the past 30 years are aggre-
gated, it is impossible to currently assess whether muscle is a caus-
ative or consequential feature of all forms of knee osteoarthritis,
or only some, and if so, in what respect. Moreover, even if remedi-
able, what should be done specifically, and in light of the paucity
of human studies of early osteoarthritis, and limited explanations
for its onset and progression is unclear at best. As those who are
concerned with this burgeoning health problem, and desire sound
evidence based intervention options, it appears that until more
innovative carefully construed insights are tested thoroughly and
evaluated, the evidence base for advancing any universal impera-
tive must remain in question. Moreover, whether all knee osteo-
arthritis patients or those at risk should undertake exercise, must

await further study.

At the same time, it is apparent that machine learning strategies
designed to hasten knee osteoarthritis diagnoses and prognoses
among older adults, and possibly the ability to offer more timely
early and targeted recommendations for this disease must await
more dedicated global efforts to uncover the precise nature of mus-
cle causes [if any] as well as any muscle consequences in any form
of knee osteoarthritis. Attempts to derive predictive models of as-
sessment and practice must also surely await future more careful
designed and implemented inclusive and comprehensive research
that embraces multiple populations, not only those that predomi-
nate in the current data base and derived from the Osteoarthritis
Initiative data base, even though insightful [60]. This includes ex-
panding the research towards including healthy disease free in-
dividuals, young-middle age adult knee osteoarthritis cases, and
bilateral whole joint assessments in unilateral and bilateral knee
osteoarthritis cases, especially those in the higher age groups, and
muscle tests other than isolated strength measures [60]. The appli-
cation of advanced MR], as well as objective functional assessments
over fixed periods of time using reliable and sensitive instruments
among well defined osteoarthritis subgroups is also highly recom-

mended to overcome multiple current research shortcomings [49].

In the interim, studies under functional conditions such as
walking as well as radiographic and biopsy studies suggest that re-
lated muscle based investigations of knee osteoarthritis may prove
very insightful and helpful to clinicians. As well, interventions that
address muscle may not need to only involve exercise [59]. Studies

that examine the role of gender in this regard may also help clarify
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if these observations concerning females are due to sampling con-
cerns, such as oversampling, or over reporting, or actual gender
knee osteoarthritis disability differences [56]. The role of intra-
muscular fat mass and thigh muscle circumference [57], chronic
health conditions, efforts to treat the hip not only the knee muscles
[50], and nutritional practices that are all promising areas of pos-
sible insights should be clarified and carefully delineated as well.
Moreover, efforts to include data from those who are homebound,
those who have no provider or support systems should be carefully

studied as well.

It is also evident that a failure to conduct a detailed differential
diagnosis of the condition, plus a sole focus on the knee extensors
rather than all the knee muscles [56], plus evaluations that focus
predominantly on muscle strength, and omit to examine issues
such as muscle fat mass, muscle responsiveness, joint inflamma-
tion status, and degree of joint pathology independently and col-
lectively [53-57] may foster suboptimal, spurious, unsafe, or risky

treatment recommendations.

Until more data are forthcoming, clinicians may yet help their
aging clients even if surgery is indicated by remaining mindful to
carefully assess the whole joint of their ‘at risk’ and definitive knee
osteoarthritis clients, including key muscle attributes. This is be-
cause a sole focus on the appearance of articular cartilage when
compared to the further information obtained when examining
parallel muscle attributes may be found to favor efforts to mitigate

the disease or even prevent it.

Efforts to study diverse knee osteoarthritis subsets from an ear-
ly stage of the disease and that draw on best measurement prac-
tices and past literature warranting replication may prove highly
fruitful in particular. Efforts to uncover possible upstream factors
that impact the disease via muscle indirectly, such as diabetic
forms of muscle attrition would appear to be highly advantageous
as well [51,52]. Even if the data do not yield any meaningful model
to emerge, they may still help to support or refute a multitude of
current and past data sources that accept that people with knee
osteoarthritis will uniformly benefit from various forms of exercise
treatment, even if the rationale for this is uncertain at best. In ad-
dition, due to a high risk of possible study biases, and low certainty
of any available evidence [56], what is needed precisely, and why, is
not commonly addressed explicitly. Hence, even if this recommen-
dation is prudent, why one form of treatment is more desirable
and not another is hard to discern and is often not articulated in
published exercise or muscle based knee osteoarthritis associated
studies that may admittedly yield surprisingly comparable results
or no results, but are not necessarily powered adequately or read-

ily explained [58].
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In sum, even if promising, and based on over two or more de-
cades of discussion and some emergent insightful clinical and ani-
mal studies, the clinical and applied significance of muscle in the
widely diverse complex osteoarthritis disease cycle and its ramifi-

cations must remain in question.

Indeed, due to our inability to identify osteoarthritis in its early
or pre arthritic form it remains extremely difficult without some
dedicated careful studies to establish whether there is any clear
clinical link that may exist in some older populations between
muscle and joint attrition, even if this can be shown in animal mod-
els to be valid. In addition, no matter what the topic in knee osteo-
arthritis, many major design flaws and incomplete methodological
descriptions, subjective functional assessments, plus unknown
measurement properties only provide incomplete estimates at
best of those samples that have been studied and met study crite-
ria that often reject older samples and those with multiple health
conditions. Yet muscle is often touted as a key intervention target
even if surgery is forthcoming and even if no universal agreement
supports this approach in the long term, especially if reflex inhibi-
tion and inflammation as well as joint instability predominate, and
a standard method of measuring possible muscle adaptations rela-
tive to bone and knee cartilage architecture remodeling under real

world conditions remains to be tested and developed.

Conclusions
Based on the current albeit limited review, and despite flaws in
the clinical evidence base, we conclude

e  Muscle related correlates in knee osteoarthritis sufferers war-
rant careful analysis.

e Fostering function and minimizing joint destruction may re-
quire efforts to normalize knee muscle force capacity/respon-
siveness-where indicated but may require a year or more to
reap Success.

e If muscle rehabilitation is warranted the importance of dedi-
cation, adherence, and outcome expectations that are favor-
able may prove essential to expound upon.

e In addition, to muscle specific exercise approaches, nutrition
as well as weight reduction, muscle relaxation and joint un-

loading may have potential remedial clinical benefits.

Implications

To advance this current line of research and investigative en-
deavor, pain related gait behavior, posturography or force plate
measures, and quantitative MRI muscle and cartilage measures
and their individualized assessments, interpretation and thought-
ful attention are strongly recommended. As well, efforts to uncover

how the sensorimotor system controls joint function and protects
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joints is strongly indicated as well and using advanced technology

to do this may prove exceedingly beneficial.

Moreover, if indicated, exercise needs to be carefully titrated to
avoid overuse and fatigue as well as increases in trauma and in-
flammation, pain and reflex muscle inhibition. Conversely, exercise,
while touted as a key generic remedy in multiple papers, may yet
do more harm than good if not carefully applied in small steps and
in light of the patient’s age, goals, ability, health status, health be-
liefs, and cardiovascular health.

To reduce the disease burden, judicious efforts to evaluate, re-
mediate, prevent, and minimize any observed muscle-based dys-
function wherever this occurs or could occur appears hold great

promise.
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