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Abstract

Osteoarthritis, a disabling disease, commonly believed to originate in the articular cartilage of freely moving
joints, affects the entire joint, including muscle. This brief highlights the current research being published in this
respect, an area of research that is not well documented when compared to related studies of cell biology, tissue
engineering, and molecular in vitro studies, among others. To this end, to update a prior analysis, PUBMED,
and Web of Science indices were searched for information specifically published between Jan 2015 and April
2017) using the key words: Osteoarthritis and Muscle, among others. Results show, a reasonable body of
current science based evidence continues to focus on one or more aspects of muscle structure and/or function
in the context of furthering our understanding of the pathogenesis of osteoarthritis disability. Second, while not
conclusive, a variety of changes in muscle quality, function, and/or estimates of muscle bulk appear to correlate
temporally with features of the pathological processes and extent of disability. Third, well designed carefully
construed treatments directed towards improving muscle structure and function in those with symptomatic
osteoarthritis appear to hold more promise than not for potentiating favorable disease outcomes. Conversely,
failure to identify what component of the muscle system is specifically implicated in the osteoarthritis disease
process may produce more negative clinical outcomes than not.

Introduction

In 2017, Chen, et al. [1] affirmed the importance of all synovial joint structures, rather than simply
the articular cartilage lining when discussing the pathogenesis of the painful disabling joint disease
known as osteoarthritis. Another body of research shows acceptance of muscle strength as a factor
in the osteoarthritic disease process [2,3], and that muscle dysfunction may be a causative or pre
existing, rather than a reactive disease factor [4]. This brief expands this topic by examining recently
published findings concerning quantitative and qualitative muscular changes observed in the
context of the pathogenesis of osteoarthritic joint damage, given that a better understanding of
the role of muscle in this condition may be extremely helpful clinically. Second, it stresses what
researchers might focus on in the future, as well as what clinicians might do to ameliorate their
client’s osteoarthritis symptoms. This information was sought in a continuing effort to improve
upon prevailing preventive options for countering osteoarthritis, the most prevalent joint disorder,
and the leading cause of chronic joint pain and functional disability throughout the world.

In addition, it was specifically sought because the possibility that pathology of the neuromotor
system, as well as excess or abnormal muscle forces may promote or exacerbate joint dysfunction
may enable more targeted treatments for patients to emerge than are presently available. Moreover,
the available literature housing multitudes of osteoarthritis related studies on articular tissue biology,
pharmacologic and surgical options for osteoarthritis, stem cell research and tissue bioengineering,
shows none have proven viable to date as either a treatment approach or conceptual framework for
guiding clinical practice.

To examine the extent to which muscle appears to be implicated in the disabling and prevalent
pathology of osteoarthritis, recent publications on this topic area were sought and carefully
examined and analyzed.

Methods and Procedures

To examine the degree to which current research focuses specifically on muscle in the context
of osteoarthritis, data embedded in peer reviewed English language publications containing the key
words, osteoarthritis and muscle, and others, based on prior work in this realm were sought. The
time periods covered were largely limited to those publications reported between June 2015 and
April 2017, given available prior comprehensive analyses on this topic [eg. 5-8]. Data bases employed
were: PUBMED and Web of Science. Results were limited to clinical non-experimental studies that
assessed some form of muscle quality or structural property in the context of osteoarthritis. Excluded
were animal models, as an appropriate replicable animal model of osteoarthritis and relevant muscle
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Table 1: Extent of possible current sources of information on muscle and
osteoarthritis.

Data Source Key Words and Number of Citations

Muscles and osteoarthritis-535

Knee osteoarthritis and muscle-404

Hip osteoarthritis and muscle-153

Hand osteoarthritis and muscle-40
Muscle abnormalities in osteoarthritis-39
Muscle atrophy and osteoarthritis-41
Osteoarthritis and muscle pathology-86
Motor control and osteoarthritis-46
Sarcopenia and osteoarthritis-27
Muscles and their role in osteoarthritis -20
Muscles and osteoarthritis-1601

Knee osteoarthritis and muscle-925

Hip osteoarthritis and muscle-372

Hand osteoarthritis and muscle-86
Muscle abnormalities in osteoarthritis-37
Muscle atrophy and osteoarthritis-31
Osteoarthritis and muscle pathology-679
Motor control and osteoarthritis-116
Sarcopenia and osteoarthritis-31

Muscles and their role in osteoarthritis -14

PubMed Jan 2015-April 15, 2017

Web Science Jan 2015-April 15,
2017
[5 data bases]

problem has not yet been agreed upon. Abstracts were deemed
acceptable if published in English, and all forms of osteoarthritis were
considered. Only a narrative summary and descriptive analysis was
possible.

Key Findings

Despiteasizeable number of possible thematic related publications
identified at PUBMED and Web of Science data bases over the past
two years, only a limited number were found to specifically focus on
the present topic of interest [see Table 1 for various key words used
and their yield].

Among these publications, most were derived from cross-
sectional studies, studies based on mathematical modeling, or
prospective studies of post surgical patients. Rather than any coherent
body of information, these publications included a very broad
array of thematic topics, rather than any uniform body of content.
These topics included observations of how various forms of muscle
dysfunction interact with various forms of osteoarthritis pathology,
various measures of osteoarthritis pain, and various aspects of
osteoarthritis function [9-11]. Others described the relationship
between muscle contraction durations [12], or the rates at which
selected muscles contract [13] and their association with the extent of
the prevailing osteoarthritis pathology [eg. 14,15].

Yet others focused on examining the association between the
impact of muscle co-activation processes on joint moments [16,17],
sarcopenia and its relationship with osteoarthritis [18], muscle
activation imbalances [19], the role of abnormal muscle loading
forces [20], and muscle weakness and movement patterns [21] in the
context of osteoarthritis.

Additional themes focused on possible the relationship of
osteoarthritis to muscle structural abnormalities, muscle mass
alterations [22], motor control abnormalities, altered muscle co-
activation patterns [23], and muscle thickness abnormalities [24].
Other themes focused on muscle strength and inflammation [25-26],
and aspects of muscle power and function [27,28] in the context of
various forms and degrees of osteoarthritis.
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Other topics housed in the current literature focused on the
impact of skeletal muscle vitamin D levels on osteoarthritic muscle
[29, 30], the role of muscle imbalances in osteoarthritis [31], and
the role of atrophy of distant muscles as a significant correlate of
osteoarthritis [32]. The role of muscle composition changes, muscle
fat infiltration [33], and negative contractile changes and its impact
on osteoarthritis was also discussed [34].

To add to the diversity of this information, almost all studies
employed different assessment approaches, even if a similar variable
or idea was examined. In addition, some reported associations
between reduced rates of torque development and intrinsic contractile
deficits [14], while others noted an association between having a
proportionately lower lean body (muscle) mass and osteoarthritis
[35-36]. Another body of current literature focused on the role of
muscle thickness, the role of altered moving distance of the muscle
insertion, and the role of mental health in mediating or moderating
osteoarthritis strength and disability [37,38].

While many studies of osteoarthritis have examined muscle
strength capacity and its outcome at various joints, most conclusions
are based on the role of concentric strength measures, rather than
eccentric strength measures. However, consistent with Serrao, et al.
[39]. Petrella, et al. concluded a reduced ability to generate eccentric
muscle forces in a timely manner [40] is a more significant factor in
terms of explaining cartilage damage than concentric strength values.
Yet, others have stressed the importance of abnormal dynamic
muscular force adaptations [41-43], afferent sensory dysfunction
[44,45], dysfunction of the tendon-aponeurosis entity of muscle
[46], along with diminished strength capacity [47], co-ordination
impairments, co-activation ratios and sums [17] in explaining the
osteoarthritic pain and disability cycle. Alternately, others imply
it is reduced muscle endurance, rather than muscle strength that
influences joint force abnormalities associated with the disease
process [48].

In this regard, Astephen-Wilson, et al. [49] found cases with knee
osteoarthritis do experience abnormal loads of their major weight
bearing joints bilaterally, and these abnormalities persist despite
treatment of the affected limb. However, whether these findings are
attributable to the presence of either pre existing muscle pathology
and /or an alteration in afferent input to the central nervous system
and long term adaptations that may prove detrimental to articular
cartilage in vulnerable joints such as the knee is impossible to
establish. Although Ferrari, et al. [50] found concomitantly worsening
of the muscular deficit and atrophy of hamstrings led to persistent
and disabling knee pain associated with osteoarthritic joint damage,
in a patient with progressive amyotrophy, whether this occurs in
osteoarthritis cases more generally over time is also not known.

Nonetheless, Tuna, et al. [51], and Macias-Hernandez, et al.
[52] reported finding early changes in femoral, tibial, and patellar
cartilage that were significantly correlated with muscle strength, and
suggested these early changes might play an important role in the
pre-clinical phases of osteoarthritis. Others state muscle associated
changes observed in osteoarthritis are compensatory rather than
causative [22,53], and that muscle power of the agonists as well as
the antagonists on both the affected osteoarthritic limb as well as the
contralateral limb affect temporal aspects of day to day function [27].

Colgan, et al. [54] who studied patients prospectively, noted that
despite clinical score improvements for pain and functional ability
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post surgery, this did not translate to the expected degree of dynamic
gait improvement. They indicated that post-operative rehabilitation
programs should include extensor muscle exercises to increase
power and to retain the operative gain in passive range of motion,
which might help improve gait patterns. This idea was supported
by findings that lower limb muscle activation patterns do appear
to be significantly altered for four of the lower limb muscles of the
affected limb of the osteoarthritis limb during stair climbing. These
adaptations were said to be indicative of co contraction strategies in
the total knee arthroplasty patient [55], but could have been related
to changes in muscle composition of multiple muscles, rather than
function alone [33].

or duration, or muscle balance or muscle power or some other
muscle attribute should be examined, and if so, in what way-clearly
precludes any meaningful synthesis of this research. Moreover, even
with prospective analyses, which are more supportive of a temporal
relationship of the muscle and joint disturbances, attempts to isolate
sub categories of muscle dysfunction for purposes of a systematic
analysis are extremely challenging at best, because key words selected
to describe a specific topic, do not always comport with or yield the
desired data. As well, which if any of the muscle function assays
represent protective reactions, rather than pathological correlates
or adaptations, is also impossible to discern with any clarity at the
present time? (Table 2).

Table 2: Random sample of diverse topics focused on in current literature concerning muscle and osteoarthritis over time periods Jan 2015-April 2017.

Research group Joint Muscle Attribute Observation
. . ) . Muscle infl ti | tei thesi ident i
Bamman et al. [25] Hip Muscle inflammation, protein syn. uscle inflammation and supprgssed muscle protein synthesis was evident in non
traumatic total hip arthroplasty patients affected limb
Culvenor et al. [14] Knee Knee flexor + extensor strength | Thigh strength predicts risk for knee replacement in women
Harding et al. [58] Knee Knee + ankle muscle forces F)pe5|t¥ !ncreased posterior muscle forces and Jomtl forces during gait, which may exceed
joint ability of OA cases to accommodate load readily
. . . Augmented knee muscle co contraction speeds up medial compartment knee OA
Hodges et al [12] Knee Co-contraction duration knee pro%ression p P P
Flexion-relaxation rates of erector spinae was not the same in older osteoarthritis cases
Jeong et al. [59] Knee Surface electromyography :
as in younger cases
Lee et al. [48] Knee Ratio leg muscles/fat mass Leg muscle mass correlates with pain
. . Dynamic quadriceps strength is likely to be more strongly associated with radiographic
Omori et al. [60] Knee Quadriceps strength Y q P g Y gy grap
grade of knee OA than static measures
Petrella et al. [40] Knee Muscle strength Lower knee extensor torque is associated with pain, stiffness, and function
Takacs et al. [61] Knee |Concentrieccentric knee strength Decreased mqscle gtrength and frontal plane stability during external perturbation and
reduced proprioception appeared related
) . Peak hi tensi le + le Peak hip extension angle correlated with hip and knee muscle strength, and peak hi
Tsukagoshi et al. [62] Hip eak hip extension angle + muscle lip extension angle with hip u gth, p ip
weakness extension angle during gait
; . . Preoperative psoas muscle mass on non operative side was associated with postoperative
Wakabayashi [63] Hip Muscle mass =op P P P P
gait speed mass
Zacharias et al. [34] Hip Hip abductor muscle volume Gluteal muscle atrophy and fat deposits were related to disease severity

‘Prospective study
OA=osteoarthritis; syn=synthesis

In sum, in concordance with prior work on the present topic,
it appears that alone or in combination, muscle structure and/
or function or both are often found impaired or altered in some
way among adults with varying degrees of osteoarthritis. These
impairments are frequently distinctive from age associated changes
or deficits, regardless of pain or radiographic changes [57], and may
predate, as well as exacerbate osteoarthritic pain and dysfunction
quite significantly and in a dose dependant manner, even if this
finding is not universal [58]. Muscle impairments can also influence
functional status significantly, regardless of joint status, along with
surgical efforts to relieve pain [54]. In turn, joint impairments can
selectively impact muscle quality, quantity, and function.

As outlined in Table 2, these muscle impairments, which may
differ among muscles of the same individual, have been observed
at early stages of the disease, as well as later stages [24]. These
abnormalities or adaptations may include, but are not limited to,
a wide variety of strength and motor control deficits, alterations in
muscle structure, alterations in the temporal characteristics of local
and distant muscles, along with alterations in muscle proprioception
and muscle fat content. However, which are of greatest importance in
terms of impacting the different phases of the osteoarthritic disease
process at different joints is currently impossible to discern with any
clarity. Indeed, the lack of uniformity in cohorts studied, unknown
effects of age, weight, and comorbid disease on muscle function and
structure among these cohorts, differing research designs, along with
confusion as to whether muscle strength, cocontraction magnitude
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Discussion

Evidence that muscle is involved in the osteoarthritic process is
increasing steadily, along with the possibility that muscle weakness,
muscle balance [31], muscle power deficits [64,65], low skeletal muscle
mass [66], and disturbances residing in the neuromotor system may
be a causative, rather than a reactive disease factor [44,51,67,68].
Supporting this idea are findings that those with stronger muscles
may function more ably than those with weaker muscles [43,69],
while those with symptomatic osteoarthritis show different muscle
activation patterns than those generated by asymptomatic individuals
with the same radiographic grade [49], which could influence skeletal
cell behavior [70]. They may also experience less pain as well as better
function [15,66,71] and better joint stability over time [44].

However, even where muscle is observed to be implicated in the
pathogenic process, it is not possible at present to establish which
muscles are of most import in mediating or moderating various
forms of osteoarthritis. Support for any causative role for muscle in
the osteoarthritic disease process is especially challenging given that
most studies embracing this topic remain cross-sectional without
any consistent conceptual model or set of consistent hypotheses.
Unsurprisingly, whether muscle power rather than strength is
potentially highly important in mediating the disease [64,65,72], or
whether muscle timing, muscle mass, muscle co-ordination, muscle
co-contraction, muscle fatigue, or imbalances are paramount in this
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disease process, is impossible to discern with any clarity. Gender,
weight status, nutritional status, general health status, trauma and
aging factors and their influence on either muscle or joint status or
both are also extremely difficult to tease out with so few well designed
and adequately powered predictive studies.

Hence, despite a reasonable volume of research directed towards
assisting practitioners and researchers to better understand this topic,
no apparent conclusions about a definitive role for any aspect of
muscle structure or function or both in the osteoarthritis pathogenic
process can be forged. As a result the clinical implications of this body
of knowledge are unclear at best.

That is, despite a reasonably vast array of related studies on this
present topic, related current studies seem to have few commonalities
or guiding principles to rationalize their objectives and approaches.
Not only are different disease stages studied, with different tools,
and with dissimilar premises and aims, but the challenges in
synthesizing data from morphological studies, [39,46], alongside
electromyographic studies [eg. 19,53,59], muscle volume studies [36],
plus studies examining the role of elevated skeletal muscle FoxO1
protein and reduced IL-15 protein expression and strength in people
predominantly with knee osteoarthritis [26], remains immense.

In addition, even though the impact of muscle weakness on pain
or radiographic changes [56], appears to be a consistent finding across
several studies, the relative importance of muscle strength versus other
muscle attributes, and their possible temporal order of development,
is unclear in the absence of comparative and prospective evaluations
of other muscle attributes. These include muscle endurance, muscle
fatigue, muscle imbalance, muscle inflammation and abnormal
muscle fat content [74].

Similarly, not all authors agree on the relevance of muscle
impairments in the context of osteoarthritis, even when examining
similar issues. Farrokhi, et al. [73] for example, found contact
mechanics in cases with knee osteoarthritis to be unrelated with muscle
strength mechanics, while others have implied there is a relationship
between knee flexor moments and pain at the osteoarthritic knee [75].
As well, Skou, et al. [57] found muscle strength was not a predictor
of an increased risk for knee replacement, even though others found
that changes in neuromuscular function can conceivably predate
the disease onset [44,71] and can strongly predict pain and extent of
disease [22,60].

In another report, Lim, et al. [76] found no trend to exist between
measures of quadriceps electromyography and knee alignment in
people with knee osteoarthritis, even though subjects who were less
impaired had similar muscle patterns to those who were severely
impaired, and the presence of imbalanced vastus medialis, lateralis
ratio was not equitable from within subjects. However, the sample
size was small, ages studied were younger than 60 years of age, and
body mass on average was in the normal range, while the torque
measures were examined during seated contractions, not weight
bearing positions.

In addition, concentric strength may be less important than
eccentric strength in men [39], muscle strength may predict
disease progression for women, but not men [14], endurance may
be highly important, not strength [48]], and muscle fat content
may be more important than not [74]. As well, as shown in Table
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2, data representing this topic stem largely from studies of knee or
hip osteoarthritis, but are poorly articulated for joints other than
the hip or knee, even though osteoarthritis of the hand, neck, back,
ankle, elbow, and shoulder are all sites that produce severe disability.
Surprisingly, very few studies have examined osteoarthritis cases with
multiple joint involvement even though this is more common than
not and could be very telling.

As well, the use of data from intervention studies, where control
subjects could still sustain an ‘intervention’ effect [12], differences
in self-reported function [77,78] versus actual function [79],
differences in the nature of the functional activities assessed, plus
differences in muscle measurement tools, joints, muscles and muscle
attributes examined, along with disease status differences, severely
limit the ability to extract any conclusive trends of import from
this data. Moreover, though discrepancies between muscle power
versus strength prevail, the actual impact of muscle power on joint
physiology and structure is not well described, when compared to the
correlate of strength [51].

In short, despite more than 40 years of efforts to examine
muscle status in the context of osteoarthritis pathology, no firm
conclusion about its etiological role, nor what aspect of muscle status
or impairment is most salient - if indeed a temporal association,
prevails. While it is recognized some relevant research may not have
been located, or has been published in former years, or in a foreign
language, the role of muscle as a protective factor in minimizing
joint forces and impact as indicated by Bouchouras, et al. [53], along
with the possibility that rather than muscle being a compensatory
or reactionary joint component, excessive muscle co-contraction
found in osteoarthritis may be a maladaptive response [86], has also
not received wide examination when compared to other aspects of
osteoarthritis pathology. However, regardless of these limitations,
and the fact negative studies may not be published, it seems possible
that by drawing on the prevailing data base, those in the field can be
encouraged to work together to develop a more universal conceptual
model of how muscle adaptations and joint status may be interrelated
in the osteoarthritic disease process [see Figure 1 for a tentative set of
ideas]. In particular, exploring whether different clinical profiles exist
and whether tailoring interventions accordingly may foster the ability
to deliver more personalized healthcare to this population warrants
careful consideration [47].

Implications and Conclusion

While harnessing the entire data base to systematize more
definitive trends than is evident in the present snapshot of current
research may be valuable, it is the author’s belief that more efforts
towards developing carefully construed biomechanical, radiological,
molecular, biochemical, and neuromuscular oriented prospective
studies of adequate duration are indicated to advance this line of
inquiry, despite the increasing volume of reports. To verify or dispute
hypothetical evidence based associations depicted in Figure 1 and
expand upon trends depicted in Table 2, more prospective studies
focusing on muscle co-activation effects [17], the role of eccentric
as well as concentric forces on the emergence and progression of
osteoarthritic joint disease [40], as well as the role of distant muscles
[42,69], and the tendon-aponeurosis complex [46] are indicated
[46,59]. In addition, delineating the role of muscle fat infiltration
[33,81], muscle inflammation [25], and vitamin D [30] and its impact
on muscle structure and function in the context of osteoarthritis may
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Age/trauma/Related-Muscle Quality Changes  Disuse Atrophy

1 ™~
Vitamin D Deficiency -» Articular Cartilage Changes 4= Pain
Abnormal Muscle Function including—prolonged FacilitationInhibition
!
Abnormal Central Nervous System Inputs
Persistent Abnormal/Tmbalanced Motor Responses + Proprioceptive Deficits

Muscle Structural, Compositional, Force Generating, Mass + Contractile Alterations

!

Fatigne, Diminished Joint Protection + Stability, or Excess Joint Compression

Direct + Persistent Articular Cartilage = Bone Damage

Persistent Pain, Muscle Spasm, Muscle Inflammation + Inhibition

[

Abnormal Muscle Function, Shock Absorption, Work Capacity — Worse Symptoms

Figure 1: Hypothetic temporal relationship between muscle and articular
cartilage destruction.
[Adapted from 15,19,39,44,45,51,59,66,82-85,86].

prove exceptionally insightful [80], as may efforts to conduct well
designed case control studies using validated instruments.

However, without a strong coordinated national or international
task force to guide this line of research, it is probable that many
laudable studies conducted to date in isolation may still prevent the
emergence of any universal understanding or directive for advancing
care. As well, without an agreement upon a standardized test battery
for measuring the most important muscle attributes deemed salient in
osteoarthritis on a routine basis, clinicians may fail to appreciate the
important role played by muscle in osteoarthritis disease process, and
how to use this information to directly foster optimal osteoarthritis
outcomes.

Until more research is forthcoming though, the literature indicates
clinicians should be encouraged to routinely examine the muscular
as well as the joint status of their osteoarthritis clients, and to tailor
their treatment recommendations appropriately. Indeed, regardless
of joint status. employing this approach sooner, rather than later, and
following up their initial findings with carefully construed targeted
solutions known to impact neuromuscular function favorably,
patients seeking to improve their joint status can expect to reap more
benefit than not from such therapy, at all stages of the disease process.

Recommendations must clearly be applicable and commensurate
however with the nature of the resultant and presiding interactions
between the patients’ muscles and joints, and what is considered
beneficial in the individual situation, as well as harmful. Current
literature is important to employ in this regard, given the fact that
it houses general observations, as well as some unique findings
that could help to reduce the disease burden, while modifying the
disease process favorably. However, more research directed towards
revealing the extent to which deficiencies in the motor system
contribute to articular cartilage degeneration, and in what way, will
most assuredly improve the prognosis for those at risk as well as for
those with different degrees of osteoarthritis disability significantly,
as well as profoundly.

Citation: Marks R. Muscle and Osteoarthritis Joint Status: Current
Research Highlights and Their Implications. SM J Orthop. 2017; 3(1): 1050.

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Chen D, Shen J, Zhao W, Wang T, Han L, Hamilton JL, et al. Osteoarthritis:
toward a comprehensive understanding of pathological mechanism. Bone
Res. 2017; 5: 16044.

Herzog W, Longino D. The role of muscles in joint degeneration and
osteoarthritis. J Biomech. 2007; 40: S54-63.

Jackson BD, Wiuka AE, Teichtahl AJ, Morris ME, Cicuttini FM. Reviewing
knee osteoarthritis--a biomechanical perspective. J Sci Med Sport. 2004; 7:
347-357.

Becker R, Berth A, Nehring M, Awiszus F. Neuromuscular quadriceps
dysfunction prior to osteoarthritis of the knee. J Orthop Res. 2004; 22: 768-
773.

Marks R. Muscle and muscle mechanisms as possible factors leading to
osteoarthritis. SM J Orthop. 2015; 1: 1008.

Culvenor AG, Ruhdorfer A, Juhl C, Eckstein F, @iestad BE. Knee extensor
strength and risk of structural, symptomatic and functional decline in knee
osteoarthritis: a systematic review and meta-analysis. Arthritis Care Res.
2017.

Alnahdi AH, Zeni JA, Snyder-Mackler L. Muscle impairments in patients with
knee osteoarthritis. Sports Health. 2012; 4: 284-292.

Loureiro A, Mills PM, Barrett RS. Muscle weakness in hip osteoarthritis: a
systematic review. Arthritis Care Res (Hoboken). 2013; 65: 340-352.

Anan M, Shinkoda K, Suzuki K, Yagi M, Kito N. Dynamic frequency analyses
of lower extremity muscles during sit-to-stand motion for the patients with
knee osteoarthritis. PLoS One. 2016; 11: e0147496.

Cantero-Téllez R, Martin-Valero R, Cuesta-Vargas A. Effect of muscle
strength and pain on hand function in patients with trapeziometacarpal
osteoarthritis. A cross-sectional study. Reumatol Clin. 2015; 11: 340-344.

Thorlund JB, Felson DT, Segal NA, Nevitt MC, Niu J, Neogi T, et al. Effect
of knee extensor strength on incident radiographic and symptomatic knee
osteoarthritis in individuals with meniscal pathology: data from the multicenter
osteoarthritis study. Arthritis Care Res. 2016; 68: 1640-1646.

Hodges PW, van den Hoorn W, Wrigley TV, Hinman RS, Bowles KA, Cicuttini
F, et al. Increased duration of co-contraction of medial knee muscles is
associated with greater progression of knee osteoarthritis. Man Ther. 2016.

Callahan DM, Tourville TW, Slauterbeck JR, Ades PA, Stevens-Lapsley
J, Beynnon BD, et al. Reduced rate of knee extensor torque development
in older adults with knee osteoarthritis is associated with intrinsic muscle
contractile deficits. Exp Gerontol. 2015; 72: 16-21.

Culvenor AG, Wirth W, Ruhdorfer A, Eckstein F. Thigh muscle strength
predicts knee replacement risk independent of radiographic disease and pain
in women: data from the Osteoarthritis Initiative. Arthritis Rheumatol. 2016;
68: 1145-1155.

Ruhdorfer A, Wirth W, Eckstein F. Association of knee pain with a reduction in
thigh muscle strength - a cross-sectional analysis including 4553 osteoarthritis
initiative participants. Osteoarthritis Cartilage. 2016.

Rutherford D, Moreside J, Wong I. Knee joint motion and muscle activation
patterns are altered during gait in individuals with moderate hip osteoarthritis
compared to asymptomatic cohort. Clin Biomech. 2015; 30: 578-584.

Selistre LF, Mattiello SM, Nakagawa TH, Gongalves GH, Petrella M, Jones
RK. The relationship between external knee moments and muscle co-
activation in subjects with medial knee osteoarthritis. J Electromyogr Kinesiol.
2017; 33: 64-72.

Papalia R, Zampogna B, Torre G, Lanotte A, Vasta S, Albo E, Tecame
A. Sarcopenia and its relationship with osteoarthritis: risk factor or direct
consequence? Musculoskelet Surg. 2014; 98: 9-14.

Tang SF, Wu CK, Chen CH, Chen JT, Tang AC, Wu SH. Muscle activation
features of the osteoarthritic knee with patellar lateral subluxation. Clin Neurol
Neurosurg. 2015; 129: S30-35.

=


http://www.ncbi.nlm.nih.gov/pubmed/28149655
http://www.ncbi.nlm.nih.gov/pubmed/28149655
http://www.ncbi.nlm.nih.gov/pubmed/28149655
https://www.ncbi.nlm.nih.gov/pubmed/17434520
https://www.ncbi.nlm.nih.gov/pubmed/17434520
https://www.ncbi.nlm.nih.gov/pubmed/15518300
https://www.ncbi.nlm.nih.gov/pubmed/15518300
https://www.ncbi.nlm.nih.gov/pubmed/15518300
https://www.ncbi.nlm.nih.gov/pubmed/15183432
https://www.ncbi.nlm.nih.gov/pubmed/15183432
https://www.ncbi.nlm.nih.gov/pubmed/15183432
http://smjournals.com/orthopedics/fulltext/smjo-v1-1008.pdf
http://smjournals.com/orthopedics/fulltext/smjo-v1-1008.pdf
https://www.ncbi.nlm.nih.gov/pubmed/27563843
https://www.ncbi.nlm.nih.gov/pubmed/27563843
https://www.ncbi.nlm.nih.gov/pubmed/27563843
https://www.ncbi.nlm.nih.gov/pubmed/27563843
http://www.ncbi.nlm.nih.gov/pubmed/23016099
http://www.ncbi.nlm.nih.gov/pubmed/23016099
https://www.ncbi.nlm.nih.gov/pubmed/22833493
https://www.ncbi.nlm.nih.gov/pubmed/22833493
https://www.ncbi.nlm.nih.gov/pubmed/26807578
https://www.ncbi.nlm.nih.gov/pubmed/26807578
https://www.ncbi.nlm.nih.gov/pubmed/26807578
http://www.reumatologiaclinica.org/en/effect-muscle-strength-pain-on/articulo/S2173574315000453/
http://www.reumatologiaclinica.org/en/effect-muscle-strength-pain-on/articulo/S2173574315000453/
http://www.reumatologiaclinica.org/en/effect-muscle-strength-pain-on/articulo/S2173574315000453/
https://www.ncbi.nlm.nih.gov/pubmed/26991698
https://www.ncbi.nlm.nih.gov/pubmed/26991698
https://www.ncbi.nlm.nih.gov/pubmed/26991698
https://www.ncbi.nlm.nih.gov/pubmed/26991698
https://www.ncbi.nlm.nih.gov/pubmed/26254263
https://www.ncbi.nlm.nih.gov/pubmed/26254263
https://www.ncbi.nlm.nih.gov/pubmed/26254263
https://www.ncbi.nlm.nih.gov/pubmed/26343257
https://www.ncbi.nlm.nih.gov/pubmed/26343257
https://www.ncbi.nlm.nih.gov/pubmed/26343257
https://www.ncbi.nlm.nih.gov/pubmed/26343257
https://www.ncbi.nlm.nih.gov/pubmed/26663882
https://www.ncbi.nlm.nih.gov/pubmed/26663882
https://www.ncbi.nlm.nih.gov/pubmed/26663882
https://www.ncbi.nlm.nih.gov/pubmed/26663882
https://www.ncbi.nlm.nih.gov/pubmed/27836675
https://www.ncbi.nlm.nih.gov/pubmed/27836675
https://www.ncbi.nlm.nih.gov/pubmed/27836675
https://www.ncbi.nlm.nih.gov/pubmed/25900446
https://www.ncbi.nlm.nih.gov/pubmed/25900446
https://www.ncbi.nlm.nih.gov/pubmed/25900446
http://www.ncbi.nlm.nih.gov/pubmed/28226296
http://www.ncbi.nlm.nih.gov/pubmed/28226296
http://www.ncbi.nlm.nih.gov/pubmed/28226296
http://www.ncbi.nlm.nih.gov/pubmed/28226296
https://www.ncbi.nlm.nih.gov/pubmed/24482109
https://www.ncbi.nlm.nih.gov/pubmed/24482109
https://www.ncbi.nlm.nih.gov/pubmed/24482109
https://www.ncbi.nlm.nih.gov/pubmed/25683310
https://www.ncbi.nlm.nih.gov/pubmed/25683310
https://www.ncbi.nlm.nih.gov/pubmed/25683310

SMGre&up

20.

21.

22.

23.

24

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Copyright © Marks R

Ganse B, Zange J, Weber T, Pohle-Frohlich R, W Johannes B, Hackenbroch
M, et al. Muscular forces affect the glycosaminoglycan content of joint
cartilage: unloading in human volunteers with the HEPHAISTOS lower leg
orthosis. 2015; 86: 388-392.

Zeni J, Pozzi F, Abujaber S, Miller L. Relationship between physical
impairments and movement patterns during gait in patients with end-stage
hip osteoarthritis. J Orthop Res. 2015; 33: 382-389.

Cheon YH, Kim HO, Suh YS, Kim MG, Yoo WH, Kim RB, et al. Relationship
between decreased lower extremity muscle mass and knee pain severity in
both the general population and patients with knee osteoarthritis: Findings
from the KNHANES V 1-2. PLoS One. 2017; 12: e0173036.

Alkjaer T, Raffalt PC, Dalsgaard H, Simonsen EB, Petersen NC, Bliddal H, et
al. Gait variability and motor control in people with knee osteoarthritis. Gait
Posture. 2015; 42: 479-484.

. Taniguchi M, Fukumoto Y, Kobayashi M, Kawasaki T, Maegawa S, Ibuki S, et

al. Quantity and Quality of the Lower Extremity Muscles in Women with Knee
Osteoarthritis. Ultrasound Med Biol. 2015; 41: 2567-2574.

Bamman MM, Ferrando AA, Evans RP, Stec MJ, Kelly NA, Gruenwald JM, et
al. Muscle inflammation susceptibility: a prognostic index of recovery potential
after hip arthroplasty? Am J Physiol Endocrinol Metab. 2015; 308: E670-679.

Levinger P, Caldow MK, Bartlett JR, Peake JM, Smith C, et al. The level of
FoxO1 and IL-15 in skeletal muscle, serum and synovial fluid in people with
knee osteoarthritis: a case control study. Osteoporos Int. 2016; 27: 2137-
2143.

Valtonen AM, Pdéyhoénen T, Manninen M, Heinonen A, Sipild S. Knee
extensor and flexor muscle power explains stair ascension time in patients
with unilateral late-stage knee osteoarthritis: a cross-sectional study. Arch
Phys Med Rehabil. 2015; 96: 253-259.

Tevald MA, Murray AM, Luc B, Lai K, Sohn D, Pietrosimone B. The
contribution of leg press and knee extension strength and power to physical
function in people with knee osteoarthritis: A cross-sectional study. Knee.
2016; 23: 942-949.

Koeckhoven E, van der Leeden M, Roorda LD, van Schoor NM, Lips P, de
Zwart A, et al. The association between serum 25-hydroxy vitamin d level
and upper leg strength in patients with knee osteoarthritis: results of the
Amsterdam Osteoarthritis Cohort. J Rheumatol. 2016; 43: 1400-1405.

Brennan-Speranza TC, Mor D, Mason RS, Bartlett JR, Duque G, Levinger |,
et al. Skeletal muscle vitamin D in patients with end stage osteoarthritis of the
knee. J Steroid Biochem Mol Biol. 2017.

Goldman LH, Tang K, Facchetti L, Heilmeier U, Joseph GB, Nevitt MC, et al.
Role of thigh muscle cross-sectional area and strength in progression of knee
cartilage degeneration over 48 months - data from the Osteoarthritis Initiative.
Osteoarthritis Cartilage. 2016; 24: 2082-2091.

Fukumoto Y, Ikezoe T, Tateuchi H, Tsukagoshi R, Akiyama H, So K, et al.
Muscle mass and composition of the hip, thigh and abdominal muscles in
women with and without hip osteoarthritis. Ultrasound Med Biol. 2012; 38:
1540-1545.

Davison MJ, Maly MR, Adachi JD, Noseworthy MD, Beattie KA. Relationships
between fatty infiltration in the thigh and calf in women with knee osteoarthritis.
Aging Clin Exp Res. 2017; 29: 291-299.

Zacharias A, Pizzari T, English DJ, Kapakoulakis T, Green RA. Hip abductor
muscle volume in hip osteoarthritis and matched controls. Osteoarthritis
Cartilage. 2016; 24: 1727-1735.

Karlsson MK, Magnusson H, Coster M, Karlsson C, Rosengren BE. Patients
with knee osteoarthritis have a phenotype with higher bone mass, higher fat
mass, and lower lean body mass. Clin Orthop Relat Res. 2015; 473: 258-264.

Lee SY, Ro HJ, Chung SG, Kang SH, Seo KM, Kim DK. Low Skeletal Muscle
Mass in the Lower Limbs Is Independently Associated to Knee Osteoarthritis.
PL0S One. 2016; 11: e0166385.

Saito A, Okada K, Saito I, Kinoshita K, Seto A, Takahashi Y, et al. Functional
status of the articularis genus muscle in individuals with knee osteoarthritis. J
Musculoskelet Neuronal Interact. 2016; 16: 348-354.

Citation: Marks R. Muscle and Osteoarthritis Joint Status: Current
Research Highlights and Their Implications. SM J Orthop. 2017; 3(1): 1050.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Ilkeda T, Jinno T, Aizawa J, Masuda T, Hirakawa K, Ninomiya K, et al. Effects
of perioperative factors and hip geometry on hip abductor muscle strength
during the first 6 months after anterolateral total hip arthroplasty. J Phys Ther
Sci. 2017; 29: 295-300.

Serrdo PR, Vasilceac FA, Gramani-Say K, Lessi GC, Oliveira AB, Reiff RB,
et al. Men with early degrees of knee osteoarthritis present functional and
morphological impairments of the quadriceps femoris muscle. Am J Phys
Med Rehabil. 2015; 94: 70-81.

Petrella M, Gramani-Say K, Serrédo PR, Lessi GC, Barela JA, Carvalho RP,
et al. Measuring postural control during mini-squat posture in men with early
knee osteoarthritis. Hum Mov Sci. 2017; 52: 108-116.

Harris MD, MacWilliams BA, Bo Foreman K, Peters CL, Weiss JA, Anderson
AE. Higher medially-directed joint reaction forces are a characteristic of
dysplastic hips: a comparative study using subject-specific musculoskeletal
models. J Biomech. 2017.

Sritharan P, Lin YC, Richardson SE, Crossley KM, Birmingham TB, Pandy
MG. Musculoskeletal loading in the symptomatic and asymptomatic knees of
middle-aged osteoarthritis patients. J Orthop Res. 2017; 35: 321-330.

Sanchez-Ramirez DC, van der Leeden M, van der Esch M, Roorda LD,
Verschueren S, et al. Increased knee muscle strength is associated with
decreased activity limitations in established knee osteoarthritis: Two-year
follow-up study in the Amsterdam osteoarthritis cohort. J Rehabil Med. 2015;
47: 647-654.

Shakoor N, Felson DT, Niu J, Nguyen US, Segal NA, Singh JA, Nevitt
MC. The association of vibratory perception and muscle strength with the
incidence and worsening of knee instability: the multicenter osteoarthritis
study. Arthritis Rheumatol. 2017; 69: 94-102.

Mahmoudian A, van Dieen JH, Baert IA, Jonkers |, Bruijn SM, Luyten FP, et
al. Changes in proprioceptive weighting during quiet standing in women with
early and established knee osteoarthritis compared to healthy controls. Gait
Posture. 2016; 44: 184-188.

Takahashi Y, Okada K, Saito A, Saito |, Kinoshita K, Wakasa M, et al.
Ultrasonographic morphologic changes of the central aponeurosis of the
rectus femoris muscle in individuals with knee osteoarthritis. Ultrasound Q.
2016; 32: 241-246.

Bruyére O, Cooper C, Arden N, Branco J, Brandi ML, Herrero-Beaumont
G, et al. Can we identify patients with high risk of osteoarthritis progression
who will respond to treatment? A focus on epidemiology and phenotype of
osteoarthritis. Drugs Aging. 2015; 32: 179-187.

Lee SH, Lee JH, Ahn SE, Park MJ, Lee DH. Correlation between Quadriceps
Endurance and Adduction Moment in Medial Knee Osteoarthritis. PLoS One.
2015; 10: e0141972.

Astephen Wilson JL, Stanish WD, Hubley-Kozey CL. Asymptomatic and
symptomatic individuals with the same radiographic evidence of knee
osteoarthritis walk with different knee moments and muscle activity. J Orthop
Res. 2016.

Ferrari M, Louati K, Miquel A, Behin A, Benveniste O, Sellam J. Quickly
progressive amyotrophy of the thigh: an unusual cause of rapid chondrolysis
of the knee. Joint Bone Spine. 2015; 82: 203-205.

Tuna S, Balci N, Ozgakar L. The relationship between femoral cartilage
thickness and muscle strength in knee osteoarthritis. Clin Rheumatol. 2016;
35: 2073-2077.

Macias-Hernandez Sl, Miranda-Duarte A, Ramirez-Mora |, Cortés-Gonzéalez
S, Morones-Alba JD, Olascoaga-Gémez A, et al. Knee muscle strength
correlates with joint cartilage T2 relaxation time in young participants with risk
factors for osteoarthritis. Clin Rheumatol. 2016; 35: 2087-2092.

Bouchouras G, Patsika G, Hatzitaki V, Kellis E. Kinematics and knee muscle
activation during sit-to-stand movement in women with knee osteoarthritis.
Clin Biomech (Bristol, Avon). 2015; 30: 599-607.

Colgan G, Walsh M, Bennett D, Rice J, O'Brien T. Gait analysis and hip
extensor function early post total hip replacement. J Orthop. 2016; 13: 171-
176.

a


https://www.ncbi.nlm.nih.gov/pubmed/25417835
https://www.ncbi.nlm.nih.gov/pubmed/25417835
https://www.ncbi.nlm.nih.gov/pubmed/25417835
https://www.ncbi.nlm.nih.gov/pubmed/25417835
https://www.ncbi.nlm.nih.gov/pubmed/25492583
https://www.ncbi.nlm.nih.gov/pubmed/25492583
https://www.ncbi.nlm.nih.gov/pubmed/25492583
https://www.ncbi.nlm.nih.gov/pubmed/28296926
https://www.ncbi.nlm.nih.gov/pubmed/28296926
https://www.ncbi.nlm.nih.gov/pubmed/28296926
https://www.ncbi.nlm.nih.gov/pubmed/28296926
https://www.ncbi.nlm.nih.gov/pubmed/26282046
https://www.ncbi.nlm.nih.gov/pubmed/26282046
https://www.ncbi.nlm.nih.gov/pubmed/26282046
https://www.ncbi.nlm.nih.gov/pubmed/26099784
https://www.ncbi.nlm.nih.gov/pubmed/26099784
https://www.ncbi.nlm.nih.gov/pubmed/26099784
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4398830/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4398830/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4398830/
http://www.ncbi.nlm.nih.gov/pubmed/26762130
http://www.ncbi.nlm.nih.gov/pubmed/26762130
http://www.ncbi.nlm.nih.gov/pubmed/26762130
http://www.ncbi.nlm.nih.gov/pubmed/26762130
https://www.ncbi.nlm.nih.gov/pubmed/25283351
https://www.ncbi.nlm.nih.gov/pubmed/25283351
https://www.ncbi.nlm.nih.gov/pubmed/25283351
https://www.ncbi.nlm.nih.gov/pubmed/25283351
http://www.ncbi.nlm.nih.gov/pubmed/27817980
http://www.ncbi.nlm.nih.gov/pubmed/27817980
http://www.ncbi.nlm.nih.gov/pubmed/27817980
http://www.ncbi.nlm.nih.gov/pubmed/27817980
https://www.ncbi.nlm.nih.gov/pubmed/27182064
https://www.ncbi.nlm.nih.gov/pubmed/27182064
https://www.ncbi.nlm.nih.gov/pubmed/27182064
https://www.ncbi.nlm.nih.gov/pubmed/27182064
http://www.ncbi.nlm.nih.gov/pubmed/28161531
http://www.ncbi.nlm.nih.gov/pubmed/28161531
http://www.ncbi.nlm.nih.gov/pubmed/28161531
https://www.ncbi.nlm.nih.gov/pubmed/27457100
https://www.ncbi.nlm.nih.gov/pubmed/27457100
https://www.ncbi.nlm.nih.gov/pubmed/27457100
https://www.ncbi.nlm.nih.gov/pubmed/27457100
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
https://www.ncbi.nlm.nih.gov/labs/articles/26964549/
https://www.ncbi.nlm.nih.gov/labs/articles/26964549/
https://www.ncbi.nlm.nih.gov/labs/articles/26964549/
https://www.ncbi.nlm.nih.gov/pubmed/27163446
https://www.ncbi.nlm.nih.gov/pubmed/27163446
https://www.ncbi.nlm.nih.gov/pubmed/27163446
http://pubmedcentralcanada.ca/pmcc/articles/PMC4390976/
http://pubmedcentralcanada.ca/pmcc/articles/PMC4390976/
http://pubmedcentralcanada.ca/pmcc/articles/PMC4390976/
http://www.ncbi.nlm.nih.gov/pubmed/27832208
http://www.ncbi.nlm.nih.gov/pubmed/27832208
http://www.ncbi.nlm.nih.gov/pubmed/27832208
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5259576/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5259576/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5259576/
https://www.ncbi.nlm.nih.gov/pubmed/28265161
https://www.ncbi.nlm.nih.gov/pubmed/28265161
https://www.ncbi.nlm.nih.gov/pubmed/28265161
https://www.ncbi.nlm.nih.gov/pubmed/28265161
https://www.ncbi.nlm.nih.gov/pubmed/25122094
https://www.ncbi.nlm.nih.gov/pubmed/25122094
https://www.ncbi.nlm.nih.gov/pubmed/25122094
https://www.ncbi.nlm.nih.gov/pubmed/25122094
http://www.ncbi.nlm.nih.gov/pubmed/28182968
http://www.ncbi.nlm.nih.gov/pubmed/28182968
http://www.ncbi.nlm.nih.gov/pubmed/28182968
https://www.ncbi.nlm.nih.gov/pubmed/28233552
https://www.ncbi.nlm.nih.gov/pubmed/28233552
https://www.ncbi.nlm.nih.gov/pubmed/28233552
https://www.ncbi.nlm.nih.gov/pubmed/28233552
http://www.ncbi.nlm.nih.gov/pubmed/27088430
http://www.ncbi.nlm.nih.gov/pubmed/27088430
http://www.ncbi.nlm.nih.gov/pubmed/27088430
https://www.ncbi.nlm.nih.gov/pubmed/26073964
https://www.ncbi.nlm.nih.gov/pubmed/26073964
https://www.ncbi.nlm.nih.gov/pubmed/26073964
https://www.ncbi.nlm.nih.gov/pubmed/26073964
https://www.ncbi.nlm.nih.gov/pubmed/26073964
http://onlinelibrary.wiley.com/doi/10.1002/art.39821/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.39821/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.39821/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.39821/abstract
https://www.ncbi.nlm.nih.gov/pubmed/27004655
https://www.ncbi.nlm.nih.gov/pubmed/27004655
https://www.ncbi.nlm.nih.gov/pubmed/27004655
https://www.ncbi.nlm.nih.gov/pubmed/27004655
https://www.ncbi.nlm.nih.gov/pubmed/27331582
https://www.ncbi.nlm.nih.gov/pubmed/27331582
https://www.ncbi.nlm.nih.gov/pubmed/27331582
https://www.ncbi.nlm.nih.gov/pubmed/27331582
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0141972
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0141972
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0141972
http://onlinelibrary.wiley.com/doi/10.1002/jor.23465/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jor.23465/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jor.23465/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jor.23465/abstract
https://www.ncbi.nlm.nih.gov/pubmed/25680228
https://www.ncbi.nlm.nih.gov/pubmed/25680228
https://www.ncbi.nlm.nih.gov/pubmed/25680228
https://www.ncbi.nlm.nih.gov/pubmed/27091650'
https://www.ncbi.nlm.nih.gov/pubmed/27091650'
https://www.ncbi.nlm.nih.gov/pubmed/27091650'
https://www.springermedizin.de/knee-muscle-strength-correlates-with-joint-cartilage-t2-relaxati/10283622
https://www.springermedizin.de/knee-muscle-strength-correlates-with-joint-cartilage-t2-relaxati/10283622
https://www.springermedizin.de/knee-muscle-strength-correlates-with-joint-cartilage-t2-relaxati/10283622
https://www.springermedizin.de/knee-muscle-strength-correlates-with-joint-cartilage-t2-relaxati/10283622
https://www.ncbi.nlm.nih.gov/pubmed/25846323
https://www.ncbi.nlm.nih.gov/pubmed/25846323
https://www.ncbi.nlm.nih.gov/pubmed/25846323
http://www.ncbi.nlm.nih.gov/pubmed/27408491
http://www.ncbi.nlm.nih.gov/pubmed/27408491
http://www.ncbi.nlm.nih.gov/pubmed/27408491

SMGre&up

55.

56.

57.

5

[ee]

59.

60.

61.

6

N

63.

64.

6!

(53]

66.

6

J

68.

69.

70.

71.

Copyright © Marks R

Kuntze G, von Tscharner V, Hutchison C, Ronsky JL. Alterations in lower
limb multimuscle activation patterns during stair climbing in female total knee
arthroplasty patients. J Neurophysiol. 2015; 114: 2718-2725.

Heidari B, Hajian-Tilaki K, Babaei M. Determinants of pain in patients with
symptomatic knee osteoarthritis. Caspian J Intern Med. 2016; 7: 153-161.

Skou ST, Wise BL, Lewis CE, Felson D, Nevitt M, Segal NA, et al. Muscle
strength, physical performance and physical activity as predictors of future
knee replacement: a prospective cohort study. Osteoarthritis Cartilage. 2016;
24: 1350-1356.

. Harding GT, Dunbar MJ, Hubley-Kozey CL, Stanish WD, Astephen Wilson

JL. Obesity is associated with higher absolute tibio femoral contact and
muscle forces during gait with and without knee osteoarthritis. Clin Biomech.
2016; 31: 79-86.

Jeong YG, Jeong YJ, Koo JW. Effect of chronic knee osteoarthritis on flexion-
relaxation phenomenon of the erector spinae in elderly females. J Phys Ther
Sci. 2016; 28: 1964-1967.

Omori G, Narumi K, Nishino K, Nawata A, Watanabe H, Tanaka M, et al.
Association of mechanical factors with medial knee osteoarthritis: a cross-
sectional study from Matsudai Knee Osteoarthritis Survey. J Orthop Sci.
2016; 21: 463-468.

Takacs J, Krowchuk NM, Garland SJ, Carpenter MG, Hunt MA. Dynamic
balance training improves physical function in individuals with knee
osteoarthritis: a pilot randomized controlled trial. Arch Phys Med Rehabil.
2017.

. Tsukagoshi R, Tateuchi H, Fukumoto Y, Akiyama H, So K, Kuroda Y, et al.

Factors associated with restricted hip extension during gait in women after
total hip arthroplasty. Hip Int. 2015; 25: 543-548.

Wakabayashi H, Watanabe N, Anraku M, Oritsu H, Shimizu Y. Pre-operative
psoas muscle mass and post-operative gait speed following total hip
arthroplasty for osteoarthritis. J Cachexia Sarcopenia Muscle. 2016; 7: 95-96.

Bieler T, Magnusson SP, Christensen HE, Kjaer M, Beyer N. Muscle power is
an important measure to detect deficits in muscle function in hip osteoarthritis:
a cross-sectional study. Disabil Rehabil. 2016: 1-8.

. Accettura AJ, Brenneman EC, Stratford PW, Maly MR. Knee Extensor Power

Relates to Mobility Performance in People With Knee Osteoarthritis: Cross-
Sectional Analysis. Phys Ther. 2015; 95: 989-995.

Lee JY, Han K, McAlindon TE, Park YG, Park SH. Lower leg muscle mass
relates to knee pain in patients with knee osteoarthritis. Int J Rheum Dis.
2016.

. Culvenor AG, Felson DT, Niu J, Wirth W, Sattler M. Thigh muscle specific

strength and the risk of incident knee osteoarthritis: The influence of sex and
greater body mass index. Arthritis Care Res (Hoboken). 2017.

Jones G. What's new in osteoarthritis pathogenesis? Intern Med J. 2016; 46:
229-236.

Deasy M, Leahy E, Semciw Al. Hip Strength Deficits in People with
Symptomatic Knee Osteoarthritis: A Systematic Review With Meta-analysis.
J Orthop Sports Phys Ther. 2016; 46: 629-639.

Brunt LH, Skinner REH, Roddy KA, Araujo NM, Rayfield EJ, Hammong CL.
Differential effects of altered patterns of movement and strain on joint cell
behavior and skeletal morphogenesis. Osteoarthritis Cartilage. 2016.

Yahia A, Ksentini H, Jribi S, Mellek A, Habib Elleuch M, Ghroubi S. Correlations
between isokinetic knee muscle strength, postural and functional parameters
in knee osteoarthritis patients. Ann Phys Rehabil Med. 2016; 59S: e156.

Citation: Marks R. Muscle and Osteoarthritis Joint Status: Current
Research Highlights and Their Implications. SM J Orthop. 2017; 3(1): 1050.

72.

73.

7

N

75.

76.

7.

78.

7

©

8|

o

8

g

82

83.

84.

85.

86.

Murray AM, Thomas AC, Armstrong CW, Pietrosimone BG, Tevald MA. The
associations between quadriceps muscle strength, power, and knee joint
mechanics in knee osteoarthritis: A cross-sectional study. Clin Biomech.
2015; 30: 1140-1145.

Farrokhi S, Voycheck CA, Gustafson JA, Fitzgerald GK, Tashman S. Knee
joint contact mechanics during downhill gait and its relationship with varus/
valgus motion and muscle strength in patients with knee osteoarthritis. Knee.
2016; 23: 49-56.

.Raynauld JP, Pelletier JP, Roubille C, Dorais M, Abram F, Li W, et al.

Magnetic resonance imaging-assessed vastus medialis muscle fat content
and risk for knee osteoarthritis progression: relevance from a clinical trial.
Arthritis Care Res. 2015; 67: 1406-1415.

O’Connell M, Farrokhi S, Fitzgerald GK. The role of knee joint moments and
knee impairments on self-reported knee pain during gait in patients with knee
osteoarthritis. Clin Biomech (Bristol, Avon). 2016; 31: 40-46.

Lim SH, Hong BY, Oh JH, Lee JI. Relationship between knee alignment and
the electromyographic activity of quadriceps muscles in patients with knee
osteoarthritis. J Phys Ther Sci. 2015; 27: 1261-2165.

Hall M, Wrigley TV, Kasza J, Dobson F, Pua YH, Metcalf BR, et al. Cross-
sectional association between muscle strength and self-reported physical
function in 195 hip osteoarthritis patients. Semin Arthritis Rheum. 2017; 46:
387-394.

Park SK, Kobsar D, Ferber R. Relationship between lower limb muscle
strength, self-reported pain and function, and frontal plane gait kinematics in
knee osteoarthritis. Clin Biomech (Bristol, Avon). 2016; 38: 68-74.

.Rosenlund S, Holsgaard-Larsen A, Overgaard S, Jensen C. The gait

deviation index is associated with hip muscle strength and patient-reported
outcome in patients with severe hip osteoarthritis-a cross-sectional study.
PLOS One. 2016; 11: e0153177.

.Javadian Y, Adabi M, Heidari B, Babaei M, Firouzjahi A, Ghahhari BY, et

al. Quadriceps Muscle Strength Correlates With Serum Vitamin D and Knee
Pain in Knee Osteoarthritis. Clin J Pain. 2017; 33: 67-70.

. Teichtahl AJ, Wluka AE, Wang Y, Wijethilake PN, Strauss BJ, Proietto J,

Dixon JB. Vastus medialis fat infiltration - a modifiable determinant of knee
cartilage loss. Osteoarthritis Cartilage. 2015; 23: 2150-2157.

. Tonge DP, Bardsley RG, Parr T, Maciewicz RA, Jones SW. Evidence of

changes to skeletal muscle contractile properties during the initiation of
disease in the ageing guinea pig model of osteoarthritis. Longev Healthspan.
2013; 2: 15.

Nakagawa K, Maeda M. Associations of knee muscle force, bone
malalignment, and knee-joint laxity with osteoarthritis in elderly people. J
Phys Ther Sci. 2017; 29: 461-464.

Tateuchi H, Koyama Y, Akiyama H, Goto K, So K, Kuroda Y, Ichihashi N.
Daily cumulative hip moment is associated with radiographic progression of
secondary hip osteoarthritis. Osteoarthritis Cartilage. 2017.

Uemura K, Takao M, Sakai T, Nishii T, Sugano N. Volume increases of the
gluteus maximus, gluteus medius, and thigh muscles after hip arthroplasty. J
Arthroplasty. 2016; 31: 906-912.

Preece SJ, Jones RK, Brown CA, Cacciatore TW, Jones AK. Reductions
in co-contraction following neuromuscular re-education in people with knee
osteoarthritis. BMC Musculoskelet Disord. 2016; 17: 372.

=


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4644226/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4644226/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4644226/
http://www.ncbi.nlm.nih.gov/pubmed/27757198
http://www.ncbi.nlm.nih.gov/pubmed/27757198
https://www.ncbi.nlm.nih.gov/pubmed/27066879
https://www.ncbi.nlm.nih.gov/pubmed/27066879
https://www.ncbi.nlm.nih.gov/pubmed/27066879
https://www.ncbi.nlm.nih.gov/pubmed/27066879
https://www.ncbi.nlm.nih.gov/pubmed/26476602
https://www.ncbi.nlm.nih.gov/pubmed/26476602
https://www.ncbi.nlm.nih.gov/pubmed/26476602
https://www.ncbi.nlm.nih.gov/pubmed/26476602
http://www.ncbi.nlm.nih.gov/pubmed/27512244
http://www.ncbi.nlm.nih.gov/pubmed/27512244
http://www.ncbi.nlm.nih.gov/pubmed/27512244
https://www.ncbi.nlm.nih.gov/pubmed/27151074
https://www.ncbi.nlm.nih.gov/pubmed/27151074
https://www.ncbi.nlm.nih.gov/pubmed/27151074
https://www.ncbi.nlm.nih.gov/pubmed/27151074
https://www.ncbi.nlm.nih.gov/pubmed/28279661
https://www.ncbi.nlm.nih.gov/pubmed/28279661
https://www.ncbi.nlm.nih.gov/pubmed/28279661
https://www.ncbi.nlm.nih.gov/pubmed/28279661
https://www.ncbi.nlm.nih.gov/pubmed/26351118
https://www.ncbi.nlm.nih.gov/pubmed/26351118
https://www.ncbi.nlm.nih.gov/pubmed/26351118
https://www.ncbi.nlm.nih.gov/pubmed/27065352
https://www.ncbi.nlm.nih.gov/pubmed/27065352
https://www.ncbi.nlm.nih.gov/pubmed/27065352
https://www.ncbi.nlm.nih.gov/labs/articles/27374992/
https://www.ncbi.nlm.nih.gov/labs/articles/27374992/
https://www.ncbi.nlm.nih.gov/labs/articles/27374992/
https://www.ncbi.nlm.nih.gov/pubmed/25655881
https://www.ncbi.nlm.nih.gov/pubmed/25655881
https://www.ncbi.nlm.nih.gov/pubmed/25655881
http://www.ncbi.nlm.nih.gov/pubmed/27306837
http://www.ncbi.nlm.nih.gov/pubmed/27306837
http://www.ncbi.nlm.nih.gov/pubmed/27306837
http://www.ncbi.nlm.nih.gov/pubmed/28176489
http://www.ncbi.nlm.nih.gov/pubmed/28176489
http://www.ncbi.nlm.nih.gov/pubmed/28176489
https://www.ncbi.nlm.nih.gov/pubmed/26899891
https://www.ncbi.nlm.nih.gov/pubmed/26899891
http://www.ncbi.nlm.nih.gov/pubmed/27374011
http://www.ncbi.nlm.nih.gov/pubmed/27374011
http://www.ncbi.nlm.nih.gov/pubmed/27374011
https://www.ncbi.nlm.nih.gov/pubmed/27374878
https://www.ncbi.nlm.nih.gov/pubmed/27374878
https://www.ncbi.nlm.nih.gov/pubmed/27374878
https://www.ncbi.nlm.nih.gov/pubmed/27676826
https://www.ncbi.nlm.nih.gov/pubmed/27676826
https://www.ncbi.nlm.nih.gov/pubmed/27676826
https://uncch.pure.elsevier.com/en/publications/the-associations-between-quadriceps-muscle-strength-power-and-kne-2
https://uncch.pure.elsevier.com/en/publications/the-associations-between-quadriceps-muscle-strength-power-and-kne-2
https://uncch.pure.elsevier.com/en/publications/the-associations-between-quadriceps-muscle-strength-power-and-kne-2
https://uncch.pure.elsevier.com/en/publications/the-associations-between-quadriceps-muscle-strength-power-and-kne-2
http://www.sciencedirect.com/science/article/pii/S0968016015001659
http://www.sciencedirect.com/science/article/pii/S0968016015001659
http://www.sciencedirect.com/science/article/pii/S0968016015001659
http://www.sciencedirect.com/science/article/pii/S0968016015001659
https://www.ncbi.nlm.nih.gov/pubmed/25778112
https://www.ncbi.nlm.nih.gov/pubmed/25778112
https://www.ncbi.nlm.nih.gov/pubmed/25778112
https://www.ncbi.nlm.nih.gov/pubmed/25778112
https://www.ncbi.nlm.nih.gov/pubmed/26527453
https://www.ncbi.nlm.nih.gov/pubmed/26527453
https://www.ncbi.nlm.nih.gov/pubmed/26527453
https://www.ncbi.nlm.nih.gov/pubmed/25995602
https://www.ncbi.nlm.nih.gov/pubmed/25995602
https://www.ncbi.nlm.nih.gov/pubmed/25995602
https://www.ncbi.nlm.nih.gov/pubmed/27665019
https://www.ncbi.nlm.nih.gov/pubmed/27665019
https://www.ncbi.nlm.nih.gov/pubmed/27665019
https://www.ncbi.nlm.nih.gov/pubmed/27665019
http://www.ncbi.nlm.nih.gov/pubmed/27580452
http://www.ncbi.nlm.nih.gov/pubmed/27580452
http://www.ncbi.nlm.nih.gov/pubmed/27580452
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0153177
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0153177
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0153177
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0153177
http://www.ncbi.nlm.nih.gov/pubmed/26889621
http://www.ncbi.nlm.nih.gov/pubmed/26889621
http://www.ncbi.nlm.nih.gov/pubmed/26889621
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
https://www.ncbi.nlm.nih.gov/pubmed/24472412
https://www.ncbi.nlm.nih.gov/pubmed/24472412
https://www.ncbi.nlm.nih.gov/pubmed/24472412
https://www.ncbi.nlm.nih.gov/pubmed/24472412
http://www.ncbi.nlm.nih.gov/pubmed/28356631
http://www.ncbi.nlm.nih.gov/pubmed/28356631
http://www.ncbi.nlm.nih.gov/pubmed/28356631
https://www.ncbi.nlm.nih.gov/pubmed/28232145
https://www.ncbi.nlm.nih.gov/pubmed/28232145
https://www.ncbi.nlm.nih.gov/pubmed/28232145
https://www.ncbi.nlm.nih.gov/pubmed/26652475
https://www.ncbi.nlm.nih.gov/pubmed/26652475
https://www.ncbi.nlm.nih.gov/pubmed/26652475
http://www.ncbi.nlm.nih.gov/pubmed/27568007
http://www.ncbi.nlm.nih.gov/pubmed/27568007
http://www.ncbi.nlm.nih.gov/pubmed/27568007

	Title
	Introduction
	Abstract
	Methods and Procedures 
	Key Findings 
	Discussion
	Implications and Conclusion
	References
	Table 1
	Table 2

