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ABSTRACT

Osteoarthritis of the knee (KOA) is a degenerative, incurable, and highly
debilitating disease. Among those experiencing KOA symptoms, most diagnoses are
female. Of the symptoms associated with KOA, none are more detrimental than pain.
Existing evidence has established that chronic pain results in irregular muscle activity
above and below the knee during activity. This phenomenon, in turn, leads to abnormal
joint loading and substantial alterations in gait patterns. However, the understanding of
the effects of intermittent pain remains limited.

Therefore, the primary objective of study one was to evaluate the impact of
intermittent pain on muscle activity above and below the knee during walking and
stepdown tasks in women with KOA (n = 7), compared to controls (n = 10). Study two
aimed to investigate the influence of intermittent pain on gait parameters, and foot
pressure distribution during walking and stepdown tasks among women with KOA (n =
7) compared to controls (n = 10).

The findings from study one revealed that intermittent pain significantly altered
mean and mean peak muscle activity, in the semitendinosus of the pain group, during the
load acceptance phase of a stepdown task. There was no discernible influence of
intermittent pain on muscle activity during walking. Study two revealed that there was no
significant impact of intermittent pain on gait parameters and foot pressure distribution.
Essentially, intermittent pain altered muscle activity, without significantly altering
participants' walking patterns or the way force was distributed across the foot.

In conclusion, intermittent pain primarily affects muscle activity rather than

walking patterns or force distribution. Consideration of additional controls such as

iv



disease severity, foot arch height, fitness level, and motion analysis assessment might
provide more insights. Given the significance impact of pain, future researchers should

incorporate these controls, and others, to precisely investigate the effects of intermittent

pain.
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CHAPTER I: DISSERTATION INTRODUCTION

Osteoarthritis of the knee (KOA\) is a degenerative joint disease that severely
limits the use of the diseased joint(s) and is also the most diagnosed form of
osteoarthritis impacting millions of individuals worldwide (Arthritis Foundation,

2020; Centers for Disease Control, 2020). To date, there is no cure, and KOA often
progresses to severely limit or halt daily life (Arthritis Foundation, 2020; Centers
for Disease Control, 2020). In fact, KOA is considered the most limiting disease in
terms of walking and navigating stairs (Hatfield et al., 2021; Hunter et al., 2014;
lgawa & Katusuhira, 2014).

In a healthy leg during walking, the quadriceps contract and create a shear force
on the tibia, which serves to drive the lower leg forward; however, to counteract this
force and create a stable knee for ambulating, the hamstrings also contract resisting this
force (Hortobagyi et al., 2005). This allows for healthy individuals to properly load the
knee joint, while walking and performing other functional tasks. In contrast, osteoarthritis
of the knee (KOA) is associated with reduced knee joint stability, increased pain, higher
rates of co-activity, altered walking patterns, lower walking speed, altered biomechanics,
overall loss of function, and decreased quality of life (Al Amer et al., 2018; Astephen et
al., 2008; Childs et al., 2004; Costello et al., 2021; Fritz & Michelle et al., 2009; Hodges
et al., 2016; Hortobagyi et al., 2005; Hunter et al., 2014; Igawa & Katusuhira, 2014;
Munoz-Organero et al., 2017; Neogi, 2013; Nuesch et al., 2011; Paquette et al., 2014;
Sharma, 2021; Zeni & Higginson, 2009)

Furthermore, those with KOA who exhibit altered biomechanical function,

muscle activation patterns, walking patterns, muscle weakness and higher rates of co-



activation, tend to exhibit increased rates of joint loading, which has been shown to
advance KOA disease progression and ultimately leads to total joint replacement
(Hatfield et al., 2015, Hodges et al., 2016). This problem can become expensive, both
socially and financially, for the sufferer and society, as those with KOA have reported
sleep deprivation, loss of income and loss of employment (Hawker et al., 2010; Hunter et
al., 2014). In these ways, KOA is a serious burden (Hunter et al., 2014).

Given the serious nature of the disease, there are aspects of KOA that require a
clearer understanding, with particular focus on how these symptoms interact with one
another and ultimately negatively impact an individual who has KOA. A more precise
description of this relationship is paramount regarding the most impactful symptom of
KOA, pain (Sharma, 2021). Most commonly, self-report measures, including validated
scales like the Western Ontario and McMaster Universities Arthritis Index (WOMAC),
Knee Injury and Osteoarthritis Outcome Score (KOOS), Visual Analogue Scale (VAS),
and Numeric Rating Scale (NRS) have been used to gather data on reported pain (Al
Amer, et al., 2018; Angst et al., 2001; Bellamy et al., 1988; Childs, et al., 2004; Collins et
al., 2016; Hodges et al., 2016; Kersten et al., 2010; Kersten et al., 2014; Ornetti et al.,
2011; Roos et al., 1998; Yuen et al., 2019).

While using the scales above, researchers have discovered that reported pain, in
combination with altered muscle activity patterns, has led to and may be the cause of,
severely altered movement, walking patterns, and pressure mapping during functional
tasks in those with KOA (Childs et al., 2004; Costello et al., 2021; Hodges et al., 2016;
Hortobagyi et al., 2005; Wilson et al., 2017). Although these researchers provided

valuable insight regarding the impact of reported pain on the previously listed outcomes,



a description of how intermittent pain impacts variables like these would be invaluable,
given that type of pain is more limiting and more distressing as reported by those with
KOA (Hawker et al., 2008a). To date only one scale assesses this type of pain, the
Intermittent and Constant Osteoarthritis Pain Index (ICOAP). To the author’s knowledge,
no literature exists which describes the impact of intermittent pain on any outcomes in
those with KOA.
Dissertation Purpose

The purpose of these proposed studies is to assess the impact of intermittent pain,
in women with KOA, on muscle activity above and below the knee, foot pressure
distribution, gait parameters, and knee joint function, during level walking and a step

down, while controlling for confounding variables.



CHAPTER II: REVIEW OF LITERATURE

This review begins with a brief overview of knee osteoarthritis (KOA). The
following section includes a review of pain in KOA, which is followed by sections
detailing the various types of measurement of that symptom. The section to follow is a
review of the impact of KOA and reported pain on muscle activity, above and below the
knee. The last section describes the impact of KOA and pain on kinetics and kinematics,
when compared to controls. That is, how KOA and pain impacts gait characteristics in
terms of the knee joint and pressure distribution of the foot.

Osteoarthritis of the knee (KOA)

Osteoarthritis of the knee (KOA) is a common, incurable, and severely limiting
disease, which impacts the elderly and women to a significant degree, with up to 37% of
those diagnosed with the disease being 60 years and older (Arthritis Foundation, 2020;
Centers for Disease Control, 2020; Mobasheri & Batt, 2016; Sharma, 2021). These
numbers are expected to worsen, as the US population ages (Gill, 2017; Sharma, 2021).
Diagnosis and pathological progression of KOA may be assessed using several methods;
including, assessment of medical history, physical examination performed by a physician,
radiographic imaging, and in rare instances, joint aspiration, but a common and validated
method is grading radiographs of the affected joint(s) through the Kellgren-Lawrence
(KL) scale (Kellgren & Lawrence, 1957; Kohn et al., 2016; Sharma, 2021). The KL scale
ranges from 0 to 4 (no OA to most severe OA) and provides objective indications of joint
space narrowing and degradation (Kohn et al., 2016).

Even though there are several methods available to track and diagnose KOA, the

symptomology of KOA can vary from person to person in terms of severity and type



(Sharma, 2021). Regarding the variability of symptoms, it is vital from a clinical
perspective to gather a clearer understanding of the connection between the disease and
symptoms, which some researchers claim is often difficult (Sharma, 2021; Wilson et al.,
2017). Some of these symptoms can include pain, muscle weakness in the diseased joint,
joint stiffness, reduced physical activity, impaired sleep, and overall disability (Sharma,
2021). Of the symptoms listed here, the most concerning of all is pain (Arthritis
Foundation, 2020; Sharma, 2021). Oddly, there is no standard measure for pain, nor is
there a complete understanding of how pain negatively impacts the function of those with
KOA. Gathering information like this would be invaluable for clinicians to develop more
efficacious treatment plans earlier in disease progression (Wilson et al., 2017).

Pain in KOA

The foremost symptoms related to progression through the stages of KOA are
increased pain and loss of function, with the dominant symptom being pain (Neogi,
2013). Pain experienced by individuals with KOA is chronic but can vary in nature,
ranging from a persistent dull ache to intermittent severe pain, both of which can halt
daily life (Neogi, 2013). This can make pain difficult to study long-term, as it can
fluctuate and evolve (Sharma, 2021).

In the lower extremity, pain is acknowledged as the principal cause of mobility
impairment, especially in older adults, as it has been shown to lower physical activity and
increase sedentary time (Gay et al., 2019; Guccione, 1994). Given the complexity of pain
associated with KOA, and its severe impact, several scales have been generated to

provide a means of tracking its impact on functional tasks.



The measurement of pain in KOA

According to Bellamy and Buchanan (1984), at the time, several indices existed
for the uni and multidimensional tracking of symptoms with rheumatic diseases (Lee et
al., 1973; Ritchie et al., 1968; Steinbrocker et al., 1949), but there were only two viable
options for osteoarthritis (Bellamy & Buchanan, 1984; Doyle et al., 1981; Lequesne,
1980). Regarding KOA specifically, the Lequesne index gathers data on pain, maximum
walking distance, ADLSs, and sexual disability in the hip while the Doyle index gathers
measurements in joint tenderness following pressure or movement (Bellamy &
Buchanan, 1984; Doyle et al., 1981; Lequesne, 1980). Bellamy and Buchanan (1984)
noted that although these scales existed at the time, neither had been used in research, and
they produced concerning levels of variability. Therefore, these researchers set out to
review the available means of tracking symptoms for osteoarthritic patients to create a
more efficacious measurement process (Bellamy & Buchanan, 1984).

Sixty-three osteoarthritis clinical trials were selected for further analysis which
included several measurement variables gathered through visual analogue scales (VAS)
and Likert type scales (Bellamy & Buchanan, 1984). Of high importance to these
researchers were how frequently a measurement was made on each variable, the type of
instrument used to gather data in the studies, the type of scale used in those instruments,
and the responsiveness of each variable (Bellamy & Buchanan, 1984). Although more are
listed by Bellamy and Buchanan (1984) the most reported of all symptoms was pain and
physical function.

Regarding pain and function as highlighted in the Bellamy and Buchanan (1984)

study, a later publication by Bellamy and Buchanan (1986), focused solely on these two



variables. Bellamy and Buchanan (1986) referred to these variables as discomfort (pain
and stiffness) and disability (physical, social, emotional). Referring to aspects of KOA as
disability wasn’t popularized, or fully described, until Jette (2006), but this term
essentially meant that Bellamy and Buchanan (1986) were referring to pain and loss of
function as factors directly caused by KOA that ultimately led to distress in the sufferer.
Bellamy and Buchanan (1986) cite work related to psychological aspects of rheumatic
diseases and OA, which is likely where the listed terms above including disability
originated (Baum, 1982; Currey, 1970; Lunghi et al., 1978).

To more elucidate the impact of pain and subsequent disability experienced by
participants with OA, Bellamy and Buchanan (1986) selected 100 out-patient individuals
with hip and/or KOA. The results of this study showed a high degree of variability from
person to person and from day to day; however, it was revealed that pain and disability
were not only significantly prevalent in the participants, but highly important to them, as
these symptoms caused dysfunction (Bellamy & Buchanan, 1986). Recall that at this
time, there was no reliable and valid means of gathering data in OA patients, which
Bellamy and Buchanan (1986) described as only a few scales which were not meant to
assess the multidimensional symptoms of OA.

Ultimately, this study, and a later validation study by Bellamy et al. (1988) led to
the creation of the Western Ontario and McMaster Universities Arthritis Index
(WOMAC), which included subscales such as pain, stiffness, and physical function. This
scale has been used extensively in KOA research as a valid means to track pain itself and

pain as it relates to activity (Ackerman et al., 2014; Bellamy et al., 1988; Gandek, 2015;



Razek & El-Basayouni, 2016). Notably, this scale is best used in older and less active
individuals (Bellamy et al., 1988).

Following the creation and validation of the WOMAC questionnaire, an
additional self-report measure was developed to track reported pain and its impact on
ADLSs and function in individuals who suffered from knee injury. This questionnaire is
known as the knee injury and osteoarthritis outcome score (KOQOS). The KOOS
questionnaire was originally designed by the researchers Roos et al. (1998). Specifically,
these researchers reported on the development of the KOOS, which was meant to track
pain, swelling, restricted range of motion, ADLs, sport and recreation function, and knee-
related quality of life in young and middle-aged participants with ACL injury, meniscus
injury, or post-traumatic osteoarthritis (Roos et al., 1998). This questionnaire was also
tested for test-retest reliability, construct validity, and responsiveness to clinical change
(Roos et al., 1998). Ultimately, Roos et al. (1998) identified seven factors, which
included pain, early disease specific symptoms, late disease specific symptoms, function,
quality of life, activity level, and satisfaction.

Not surprisingly, questions from the WOMAC, related to pain, stiffness, and
function were also included in the KOOS, and were kept in the fully written form
(Bellamy et al., 1988; Roos et al., 1998). According to Roos et al. (1998), this was to
safeguard content validity of the KOOS for older populations as that is the target
population of the WOMAC. This is an important distinction regarding these scales, as
depending on the population selected, more than one questionnaire may be needed to
gather valid report measures. Furthermore, the similarity between the KOOS and

WOMAC means that the WOMAC score can be calculated from the data gathered on the



KOOS, as the ADLSs section of the KOOS, is equivalent to the function section of the
WOMAC (Roos et al., 1998). Other sections of these questionnaires show the same
relationship.

Ultimately, these researchers were able to draft the KOOS, which was meant to
cover the five dimensions of KOA and included pain, symptoms, activities of daily
living, sport and recreation function, and knee-related quality of life. Regarding that list
of items, Roos et al. (1998) noted that this self-report measure allows a clinician, in
roughly 10 minutes, to gather comprehensive, reliable, valid, and reproducible
information, with minimal bias, and should be considered in the tracking of reported knee
injury and osteoarthritis symptoms in young active participants (Collins et al., 2016; Roos
et al., 1998; Roos & Lohmander, 2003).

The above scales are valid and reliable measures of assessing pain and pain as it
relates to function in those with KOA. Scales like the WOMAC and KOQOS offer a
multidimensional self-report measure that can cover a large array of activity levels and
ages (Bellamy et al., 1988; Bellamy, 1989; Roos et al., 1998). However, pain in this
population can transform in it its intensity and type (Sharma, 2021). This variability is not
considered by the scales in this section, which creates a considerable gap in available
means to track pain, in an efficacious manner, and could negatively impact a participant.
Luckily a somewhat new scale exists that manages to separate and measure pain in its
different forms (Hawker et al., 2008a).

The measurement of intermittent pain in KOA
Although a valid means of gathering self-reported pain during function, the

WOMAC, KOQS, and other scales, may not attain the necessary level of specificity
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needed to track pain in KOA given this symptoms variability within a patient, and
amongst patients (McAlindon et al., 2015, White & Master, 2016). Therefore, researchers
developed a more comprehensive pain scale known as the Intermittent and Constant
Osteoarthritis Pain scale (ICOAP) to address this issue (Davison et al., 2016; Hawker et
al., 2008a; Pham et al., 2004).

According to Hawker et al. (2008a), of the types of pain an individual with KOA
can experience, none is more debilitating than intermittent and intense pain. This is
especially true when pain is not predictable, which of course is not assessed by
questionnaires like the WOMAC, KOOS and others (Davison et al., 2016; Hawker et al.,
2008a). Intermittent pain has even been associated with higher rates of future physical
function decrease (Davison et al., 2016). Hawker et al. (2008a) thus sought to utilize
focus groups to create and ultimately analyze this new scale.

Hawker et al. (2008a) provided participants with broad and open-ended inquiries
detailing the characteristics of hip and knee pain associated with OA over time. Once
these broad questions had been answered, more specific questions were asked
surrounding what aspects of pain each participant found most limiting (Hawker et al.,
2008a). The transcripts from these focus groups were then analyzed by 2 or 3 researchers
to identify main them, which were then coded to allow for content analysis to occur in
order trends in responses over time from early- to late-stage KOA (Hawker et al., 2008a).
A patient generated index (PGI) was then selected to identify more accurately which
main concerns participants had regarding hip and KOA pain (Hawker et al., 2008a).
Lastly, this PGI was descriptively analyzed and given back to the participants and

researchers to ensure it accurately reflected what had been gathered during the focus



11
group (Hawker et al., 2008a). Following this analysis, 11 items were generated and were
considered a valid and comprehensive means of evaluating constant or intermittent pain
in those with late-stage hip and KOA (Hawker et al., 2008a)

As the name suggests, the 11-item ICOAP can assess and separate self-reported
constant or chronic (items 1-5) and intermittent pain (items 6-11), and has demonstrated,
in addition to the above findings, high retest reliability as well as high internal
consistency when compared to the WOMAC and KOOS pain subscales across different
languages and cultures (Davison et al., 2016; Kessler et al., 2011 Maillefert et al., 2009;
McAlindon et al., 2015; Moreton et al., 2012). In terms of correlation with other scales,
the ICOAP showed high correlation with the pain subscales of the WOMAC and KOOS,
but only on questions related to pain, which suggests further that the ICOAP is a valid
means of assessing pain, as it stands on its own (Hawker et al., 2008a). This scale is also
now a recommendation from OARSI to improve research participant care by providing
clinicians with a more efficacious scale to track pain (McAlindon et al., 2015).

Much like pain, loss of mobility and function in individuals with KOA can reveal
itself in several ways, and there is a dearth of literature demonstrating a loss of function
through various mechanisms (Al Amer, et al., 2018; Childs et al., 2004; Hortobagyi, et
al., 2005; lgawa & Katsuira, 2014; Lim, et al., 2015; Yuen et al., 2019). For instance,
decreased mobility has been observed in persons with KOA during level walking and
stair descent (Childs, et al., 2004). Notably, individuals with KOA were shown to have
decreased knee excursion that was attributed to stiffer joints and higher muscle activation

patterns (Childs, et al., 2004).
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These altered muscle activity patterns have been documented to occur above
(Hodges et al., 2016; Yilmaz et al., 2010) and below the affected joint in persons with
unilateral KOA (Childs et al., 2004). Interestingly, even with the creation of the ICOAP,
and the recommendations by OARSI, this scale does not appear in any of the research
discussed in the next sections. That is, pain as measured by any scale listed in this
section, and its impact on outcomes has been thoroughly described; however, there exists
no research that describes the impact of intermittent pain on outcomes, such as muscle
activity, biomechanics, and pressure distribution during functional tasks.

The impact of KOA and pain on muscle activity

Muscle activation patterns above and below the knee, have been shown to change
significantly because of KOA disease progression (Bennell et al., 2011a; Hodges et al.,
2016; Hortobagyi et al., 2005; Miyazaki et al., 2002). One suggested mechanism behind
altered muscle activation is increased joint load due to muscle weakness (Hodges et al.,
2016). These measures become more important as KOA advances, as higher rates of joint
loading could ultimately lead to increased structural joint degradation (Hodges et al.,
2016). Tracking this alteration in muscle function can be accomplished through
noninvasive, and valid, surface electromyography (SEMG).

One group of researchers investigated muscle activation changes in individuals
with KOA, and documented changes in muscle activity of 24 subjects with unilateral
KOA and compared those SEMG results to 24 age and gender matched individuals
without KOA (Childs et al., 2004). Pain was also assessed for group differences using a
subsection of the WOMAC and an 11-point NRS (Childs et al., 2004). These differences

were measures on tasks like walking (2 or 3 attempts) on a level surface at a controlled
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speed and descending a 20-cm step (5 attempts) (Childs et al., 2004). Of those with
symptomatic unilateral KOA, a KL scale rating of a 2 or 3 was needed to participate
(Childs et al., 2004).

To clarify radiographic classification, the Kellgren Lawrence (KL) scale or grade
is a common tool used by researchers and rheumatologists alike to classify the severity of
OA (Kellgren & Lawrence, 1957; Kohn et al., 2016). The KL scale classifies joints,
which includes joints other than the knee, based on radiographic evidence of joint change
or damage. The classifications are as follows; 0 equals no radiographic evidence of OA, 1
equals osteophyte formation on the joint margins (Doubtful OA), 2 equals definite
presence of ossicles within joint and minimal OA, 3 equals narrowing of the joint and
bony deformation and moderate OA, 4 is the most severe classification and usually
involves extreme body deformation and joint space narrowing (Kellgren & Lawrence,
1957). While KL scale has been validated for use with KOA, it is limited in its ability to
track joint change (Kohn et al, 2016).

To gather data on muscle activity patterns, a surface electromyography (SEMG)
system was used (Childs et al., 2004). The muscles selected for SEMG analysis were the
vastus lateralis, medial hamstrings, tibialis anterior, and medial gastrocnemius (Childs et
al., 2004). Muscle activity yielded interesting findings with the vastus lateralis, medial
hamstrings, tibialis anterior and medial gastrocnemius being 1.5 times more active than
the same muscles in control participants (Childs et al., 2004). Co-activation was also
higher in KOA participants during walking and the step task (Childs et al., 2004). This
study, in many ways, provided a foundational set of data and definition of what co-

activity is, and how it reveals itself in this population.



14

The muscles of the KOA participants in the Childs et al. (2004) study had higher
muscle activity, but also longer duration muscle activity, especially during stance. This
meant that during the functional tasks, the four muscles assessed were active sooner and
stayed active longer in the KOA group when compared to the control group (Childs et al.,
2004). Therefore, abnormal co-activity really meant that the muscle groups during
ambulation such as the hamstrings and the vastus lateralis (quadriceps) and the
gastrocnemius and tibialis anterior were not active as they should be during normal
walking (Childs et al., 2004). This also meant the muscles of the rear and lower leg were
far too active during normal gait (Childs et al., 2004). This is in a simplified form is
abnormal co-activity (co-activity) (Childs et al., 2004). Also of importance, those with
KOA reported significantly higher pain than the controls, which corresponded to lower
reported activity levels and less movement in the knee (Childs et al., 2004). Childs et al.
(2004) mentions this but did not discuss any connection between pain and subsequent
muscle alteration. Luckily, a later study analyzed co-activity specifically, and how this
disorder impacts those with KOA (Hortobagyi et al., 2005).

Co-activity, in the above ways, presents an interesting issue for those with KOA.
Hortobagyi et al. (2005) studied SEMG in those with KOA, only with particular attention
to co-activation and its impact on walking. It was hypothesized that those with KOA
would exhibit higher hamstring coactivity when compared to non-KOA controls
(Hortobagyi et al., 2005). This is of course consistent with what Childs et al. (2004)
described one year earlier. Hortobagyi et al. (2005) compared the muscle activation

patterns between participants with unilateral KOA to age- and gender-matched controls.
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Sixty-six participants were included in this study, which were separated in a KOA group,
a non-KOA group, and a non-KOA young adult group (Hortobagyi et al., 2005).

The KOA group participants had a KL grade of > 2, had reported knee pain, had
difficulty rising from a chair, and ascending or descending stairs (Hortobagyi et al.,
2005). Regarding the testing procedures, each participant underwent three laboratory
visits with SEMG occurring on the second visit during activities such as level walking,
stair ascent, and stair descent (Hortobagyi et al., 2005). The muscles included were the
vastus lateralis, biceps femoris, tibialis anterior, and gastrocnemius lateralis (Hortobagyi
et al., 2005). Five successful trials were gathered from each participant (Hortobagyi et
al., 2005).

Hortobagyi et al. (2005) took the SEMG (normalized to a maximal voluntary
isokinetic contraction) values gathered during movement, and generated ratios such as
biceps femoris divided by vastus lateralis (BF/VL ratio), and biceps femoris divided by
biceps femoris max (BF/BFmax ratio), which was to ensure proper interpretation of
SEMG results as, according to Hortobagyi et al. (2005), those with OA often yield poor
quadricep activation when compared to the hamstrings. This ratio of SEMG activity to
maximal SEMG activity was calculated for all three activities and included other muscles
such as the vastus lateralis to vastus lateralis max ratio (VL/VLmax ratio) and
gastrocnemius to tibialis anterior ratio (GL/TA ratio) (Hortobagyi et al., 2005).

In addition, this method was to ensure that the hamstrings were not interpreted as
artificially high rather than the primary cause, which was abnormal quadricep activation
(Hortobéagyi et al., 2005). There is something worth noting about this method. The

isokinetic method used by Hortobagyi et al. (2005) is different from the accepted method
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of normalizing an SEMG value to the average of 2 or 3 maximal voluntary isometric
contractions (MVIC), which was and has been used before and after this study (Childs et
al., 2004; Hatfield et al., 2021; Hodges et al., 2016; Rudolph et al., 2000). The method
used by Hortobagyi et al. (2005) instead used a fixed speed of 90° per second, and had
participants perform maximal concentric and eccentric contractions, with both the
quadriceps and hamstrings, against a dynamometer. Therefore, the results discussed
below are slightly different than those found by the studies mentioned previously, and
after.

Hortobagyi et al. (2005) noted that when compared to healthy young and old
controls, those with KOA had higher co-activity across all coactivity ratios. For instance,
the BF/VL ratio in KOA participants was 1.6 times higher than the healthy control groups
(Hortobagyi et al., 2005). Regarding the VL/VLmax ratio, the KOA group recorded co-
activation values that were 1.9 times higher than the healthy control groups (Hortobagyi
et al., 2005). Not only were these ratios higher in the KOA group when compared to non-
KOA participant groups, but the BF/VL ratio yielded 25% higher coactivation results
when compared to the BF/BFmax ratio, which was also a significant finding (Hortobagyi
et al., 2005). The GL/TA ratio yielded significant findings as well, as those with KOA
yielded 38% higher and 25% higher co-activation values when compared to the healthy
young and healthy old non-KOA groups (Hortobagyi et al., 2005).

The results of this study demonstrated that those with KOA tended to have higher
hamstring muscle activation patterns than those without KOA (Hortobagyi et al., 2005).
This was a similar finding in the Childs et al. (2004) study even when considering the

difference in muscle activity normalization. It was also noted that those with KOA
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performed activities such as walking, stair ascent and stair descent, with a much higher
relative muscle activation pattern in the hamstrings, which according to Hortobagyi et al.
(2005), explained why those with KOA walk and navigate stairs with much less knee
flexion than healthy controls. Essentially, the hamstrings, or hip extensors, produce much
higher activation patterns to alleviate the diseased knee joint, by transferring force
generation to the hip (Hortobagyi et al., 2005).

Hortobagyi et al. (2005) noted that the increase in hamstring muscle activation
during walking occurred slightly before the heel strike, and throughout stance phase.
According to Hortobagyi et al. (2005), this is all evidence of an attempt by the body to
stabilize, via new intrinsic neurological control, the diseased joint(s) throughout a gait
pattern. These findings are fascinating as this knew intrinsic control to alleviate the
damaged joint may be due to pain (Hortobagyi et al., 2005). This is one of the first
studies to suggest that pain may be a mechanism that drives altered muscle function.
However, this type of pain was merely a 0 to 5 Likert type scale, which does not
encompass the complexity of pain.

In addition to the findings mentioned above, tracking muscle activity has provided
insight concerning joint load. This altered muscle function does not come without
consequence (Hodges et al., 2016). In healthy joints, the proper coordination of muscle
activity contributes greatly to the loading of the joints (Hodges et al., 2016; Hortobagyi et
al., 2005). Given the importance of symptom management in KOA, researchers have
explored this method of symptom tracking, as it relates to co-coactivity and joint load

(Hodges et al., 2016).
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Hodges et al. (2016), included participants from a previous study, which focused
on comparing insole use in KOA patients (Bennell et al., 2011b). Additionally,
participants met inclusion criteria that were 50 years and older, had reported knee pain on
the medial aspect of the knee of greater than a 3 out of an 11-point scale (0 being no
pain;10 being max pain), and had x-ray evidence of KOA via a KL grade of a2 or 3. In
addition, the most symptomatic leg was used to undergo SEMG (Hodges et al., 2016).

Data gathered included pain and physical function using the WOMAC, sEMG at
baseline, gait measures at baseline, and disease progression via MRI joint alterations at
baseline and 12 months (Hodges et al., 2016). Muscles used to undergo SEMG during
walking included the biceps femoris, vastus lateralis, semimembranosus, and vastus
medialis (Hodges et al., 2016). Walking measurements included 5 trials of walking at a
self-selected pace over a 10-meter walkway while heel strikes and toe offs, stride length,
stride width, stride time, stance time, and walking speed were monitored (Hodges et al.,
2016). Joint alterations were calculated as volume of change, via internal joint image, at
12 months subtracted from the values gathered at baseline (Hodges et al., 2016). These
changes were then converted to a percentage to track percent joint change over time
(Hodges et al., 2016). This study used a prediction model with the aforementioned factors
predicting cartilage degradation at 12 months from baseline (Hodges et al., 2016).

According to Hodges et al. (2016), when controlling for confounding variables,
medial knee co-coactivity duration was significantly positively correlated with cartilage
loss at 12-months. This was true for stance phase and during gate cycles (Hodges et al.,
2016). Specifically, for every gait cycle, if duration of co-coactivity increased by 1%,

there was a 0.14% increase in cartilage loss at 12-months from baseline (Hodges et al.,
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2016). In contrast, lateral knee muscle co-activation was inversely correlated with medial
knee cartilage degradation (Hodges et al., 2016). This is more than likely a protective
mechanism or even the unloading mechanism mentioned by Hortobagyi et al. (2005).
Lastly, sex was a significant predictor of cartilage loss at 12 months from baseline with
women losing more cartilage (1.61%) than men (Hodges et al., 2016).

According to Hodges et al. (2016), this study provided the first evidence that co-
activation is related to KOA progression, especially in the medial compartment.
Specifically, the distribution of knee joint load alters following changes in muscle
activation patterns (Hodges et al., 2016). It is important to note that although Hodges et
al. (2016) reported novel findings, it is understood that KOA severity directly impacts co-
activation and walking speed (Hubley-Kozey et al., 2009). Hubley-Kozey et al. (2009)
found that when compared to an asymptomatic control group, those with moderate KOA,
which was designated by KL grade, had more severe co-activation. Furthermore, those
with severe KOA had even higher rates of co-activation than the moderate KOA group
and control group (Hubley-Kozey et al., 2009).

Given the findings discussed here, it is important to consider KOA disease status,
progression and muscle activation patterns of those distinct groups when gathering data
on this population. Although Hodges et al. (2016), Hortobagyi et al. (2005), and Childs et
al. (2004) gathered data on pain, there was very little mention of this symptoms impact.
That in many ways is still unclear, especially regarding the most impactful form of pain,
intermittent pain. Lastly, the muscle activity changes that occur in this population are
important to discuss, but even more so is how KOA and its symptoms impact functional

tasks.
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The impact of KOA and pain on kinetics and kinematics

Osteoarthritis of the knee (KOA) is not only the most diagnosed form of OA,
especially after age 50 in women, but according to researchers it is the leading cause of
walking difficulty in sufferers when combined with co-morbidities such as aging (Fritz &
Mitchell, 2009; Guccione et al., 1994; Na et al., 2018; Nuesch et al., 2011; Sharma,
2021). Joint alterations and muscle activity patterns greatly change the gait parameters
(kinematics) of those with KOA, usually leading to lower preferred walking speed,
difficulty navigating stairs and increased overall walking difficulty (Hatfield et al., 2021;
Na et al., 2018; Zeni & Higginson, 2009). This walking difficulty can lead to negative
health consequences, such as fall risk with decreased preferred walking pace (< 1 m/s).
Therefore, the biomechanics of walking, and the changes that occur leading to walking
difficulty, is crucial to elucidate, as the inability to walk in a normal cyclic fashion has
been tied to joint tissue breakdown and eventual knee replacement (Griffin & Guilak,
2005; Hatfield et al., 2015; Hodges et al., 2016). Given the importance and limiting
ability of pain in those with KOA, it is vital to explain how pain has been viewed as a
symptom by past researchers, and ultimately what it still unknown.

With these questions in mind, several researchers have analyzed KOA and how
this disease, and symptoms such as pain, impact walking mechanics amongst other tasks
including navigating stairs (Costello et al., 2021; Igawa & Katusuhira, 2014; Munoz-
Organero et al., 2017; Na et al., 2018; Wilson et al., 2017). Several modes exist to
analyze an individual’s gait parameters (kinematics), walking force production, and foot
pressure mapping (Kinetics), but common methods are the use of camera systems, joint

analysis software, force plates, force walkways, and insole pressure sensors (Costello et
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al., 2021; lgawa & Katusuhira, 2014; Munoz Organero et al., 2017; Na et al., 2018;
Wilson et al., 2017).

For instance, Na et al. (2018) assessed the impact of KOA and reported pain, on
walking kinematics and kinetics, when compared to healthy controls. Regarding the
group with KOA, participants were stratified based on responses from the knee outcome
survey (KOS) (Na et al., 2018). To be clear, this is not the KOOS that was discussed in
the previous section. Na et al. (2018) used one question from the KOS which assessed
how the joint with KOA impacted the participant’s ability to walk.

Participants that recorded walking as not difficult or minimally difficult were
assigned to a not difficult to walk group, while participants that recorded that walking
was somewhat difficult or were unable to walk were assigned to the difficult to walk
group (Na et al., 2018). Those groups were matched for sex and age as well as to a
control group (Na et al., 2018). Na et al. (2018) described in detail the inclusion and
exclusion criteria, but more applicable to this review is that participants were included in
the KOA groups if they reported a Kellgren Lawrence severity of > 2, and knee pain > 3
out of a Likert type 0 (no pain) to 10 (worse pain imaginable) scale.

Na et al. (2018) selected force plate analysis to gather kinetic information by
requiring participants to walk at least 5 times at a self-selected pace > 1.0 m/s, over a 10-
m walkway. To gather motion analysis data (kinematics) during the walking trials, each
participant was filmed while wearing retroreflective markers on their pelvis, lateral
femur, lateral tibia, and dorsal surface of the foot (Na et al., 2018).

Based on the above findings, reported walking difficulty and pain in KOA

participants coincided with abnormal walking kinetic and kinematic parameters when
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compared to healthy controls. For instance, the control group showed much larger
adduction excursion and knee extension moments in comparison to the KOA groups (Na
et al., 2018). The results also revealed that participants in the KOA groups who reported a
higher difficulty in walking, also demonstrated less movement. This is true, because
participants with at least moderate reported walking difficulty demonstrated smaller peak
knee extension moments when compared to those with little or no reported walking
difficulty and control group (Na et al, 2018).

Furthermore, Na et al. (2018) noted a consistent decrease in average knee flexion
excursion during weight acceptance, extension excursion, and peak extension from the
control group to the no difficulty group, followed by difficult to walk group, which
suggested that those with pain and KOA recorded the smallest amount of movement.
Interestingly, this type of knee stiffness as indicated by lack of mobility during movement
has also been found during stair descent (Igawa & Katusuhira, 2014).

In addition, those with KOA exhibited much different walking force patterns than
the control group, which according to the authors, was more than likely due to pain,
instability, joint effusion, and leg muscle weakness as KOA symptoms often negatively
impact the quadriceps (Farrokhi et al., 2015; Na et al., 2018; O’Connell et al., 2016;
Sharma et al., 2003). Worsening symptoms coincided with detriment to walking both
kinematically and kinetically; however, these researchers did not associate pain in the
same fashion. These researchers also used a simple Likert type scale that does not capture
the complexity or variety of pain. Findings like these are noteworthy, but still missing

vital information.
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In addition to the above findings, pressure inserts fitted to the bottom of the foot
in shoes of KOA sufferers have yielded relevant findings. Most importantly, Munoz-
Organero et al. (2017). assessed the impact of KOA and pain on gait parameters with
particular focus on pressure distribution. A total of 28 participants were recruited for this
study, with 14 placed in a KOA and knee pain group, and 14 in a control group (Munoz-
Organero et al., 2017). Interestingly, these researchers did not use any classification
system (i.e. KL scale) for OA, rather they used a system based on age and pain. In the
author’s opinion, this system is highly flawed and lacks the precision necessary to track
accurately the multitude of symptoms associated with KOA, but accurate classification
was not the main outcome of this study. These researchers did however attempt to control
the variability associated with pain by only allowing those that reported a 2, 3, 4, or 5 on
an NRS scale (Munoz-Organero et al., 2017).

Munoz-Organero et al. (2017) noted that they were interested in comparing early
KOA patients to controls but provided no evidence to suggest that early-stage KOA also
presents lower reported pain levels. This is important to note because KOA can progress
without any change in pain and vice versa (Arthritis Foundation, 2020). This could have
been a problem, as allowing a wide range of joint status could have introduced
variability. The results, which will be discussed next, should be taken with a degree of
scrutiny.

Results, even with the previously discussed limitations, revealed interesting
findings. The participants with KOA tended to load body weight on the center of the foot
and tended to use two-leg strategies to bare their weight when compared to healthy

controls (Munoz-Organero et al., 2017). Specifically, participants with KOA transitioned
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from the heal to midfoot much faster than their healthy control counterparts (Munoz-
Organero et al., 2017). Furthermore, the amount of time the KOA and pain participants
spent maximally loading the center of the foot was drastically lower than the controls
(Munoz-Organero et al., 2017). According to the researchers, this was more than likely
an attempt to lessen the time spent with maximal load of the most painful joint (Munoz-
Organero et al., 2017). Interestingly, the researchers mentioned that as reported pain
worsened, so did the walking asymmetries (Munoz-Organero et al., 2017).

Regarding the midfoot portion of walking, KOA participants in this study spread
his or her body weight over the center portion of the foot while healthy controls loaded
the central part of the foot and then moved to the medial portion of the foot (Munoz-
Organero et al., 2017). In the author’s opinion, these researchers were describing the
rolling motion of normal walking (heel, outside foot, middle foot, ball of the foot) in the
healthy controls, and a flat foot strike in the KOA participants. This pressure alteration
coupled with the time differences mentioned previously, describe poor walking
mechanics. Although concerning limitations are associated with this study, this study
does appear to expose an apparent linear relationship between worsening pain and
worsening outcomes. With more precise controls and accounting for intermittent pain, an
even clearer conclusion could be drawn regarding pain’s impact on those with KOA.

An example of a study with more precise control has been provided by Costello et
al. (2021), who completed a descriptive analysis to quantify the differences in dynamic
ground reaction forces (GRF) during walking between knees with knee pain and KOA
(KL grade > 2) and knees without KOA and pain, while accounting for multiple

confounders. Costello et al. (2021) described these confounding variables in detail, but
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more applicable to this review is the relationship between KOA, gait speed, gait
parameters, and pain.

Costello et al. (2021) used participants that were a part of a larger study by Segal
et al. (2013) from the Multicenter Osteoarthritis Study (MOST). These participants were
placed into groups of those with or without knee pain, and both with KL grade of > 2
(Costello et al., 2021). Participants were stratified into either a pain and KOA group, a
KOA only group, a pain only group, and a control group (Costello et al., 2021).
Following placement into the groups, 3-dimensional GRF data was gathered during 5
attempts along a 5.3-meter walkway at a self-selected speed (Costello et al., 2021).

Costello et al. (2021) discussed several findings in detail including interaction
terms and thoroughly explained analyses; however, most applicable to this review are the
findings regarding vertical GRF, medial-lateral GRF, and anterior-posterior GRF. The
vertical GRF waveforms revealed, while adjusting for confounders (sex, age, BMI, and
race) other than gait speed, legs with pain and KOA, and legs with just pain, produced
flatter curves with lower peaks, and had higher mid-stance force than legs without pain
and when compared to the control group (Costello et al., 2021). This could be indicative
of guarding due to pain, or even the flat foot strategy described by Munoz-Organero et al.
(2017). When gait speed was accounted for, only the group that had pain and KOA
produced findings like the one described previously (Costello et al., 2021).

Findings like those above meant that the disease and the associated symptoms
were directly impacting sufferers and altering his or her gate pattern. For instance, legs
that had KOA only, while controlling for confounders including gait speed, produced

higher medial-lateral GRF in the early phase of stance when compared to the late phase
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of stance. In addition, the groups with KOA and KOA with pain had higher magnitude
lateral peak GRF in early, and late stance including higher medial force in mid-stance
compared to the without KOA (pain only) and control group (Costello et al., 2021).
Interestingly, Costello et al. (2021) noted that the above relationship existed with gait
speed or without gait speed. This was the only time that relationship occurred. This
means that pain may not be only the most important or distressing symptom to those who
suffer from KOA, but also the most impactful.

Lastly, Costello et al. (2021) noted that it is still unclear whether these results
developed from painful KOA, but also that pain and KOA led to detrimental limb
loading. Thus, it is vital to continue research like this to allow others to design a more
efficacious approach to exercise as a treatment for KOA. However, as mentioned in a
previous section, intermittent pain is different from other types of pain, and a scale like
the ICOAP is more specific at targeting the debilitating aspects of pain when compared to
the WOMAC, which may be one reason why the ICOAP is a recommendation by OARSI
(Hawker et al., 2008a; McAlindon et al., 2015). To the author’s knowledge, a study
considering the findings of past researchers, which assesses the impact of intermittent
pain on functional movements, does not exist. A study like that would only improve
future interventions meant as therapy for KOA patients, as it could provide a more
thorough understanding of KOA symptom impact.

With the above being discussed, a much less common research focus is how pain
itself directly impacts muscle activation patterns, joint alterations, movement patterns,
and pressure distribution in those with KOA. To be clear, several of the researchers to

this point have included reported pain in data collection and analysis and have even
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suggested varying degrees of its negative influence, but none have focused on this
symptom directly. This is interesting considering pain is the principal concern for most
KOA sufferers, and as previously discussed, is acknowledged as the principal cause of
mobility impairment, especially in older adults, and is therefore by far the most limiting
factor (Gay et al., 2019; Guccione, 1994; Neogi, 2013; Sharma, 2021). Wilson et al.
(2017) researched this interaction.

According to Wilson et al. (2017) and other sources, joint damage and KOA
symptoms are not always well correlated (Dieppe, 1992; Hannah et al., 2000). To aid in
more accurately describing the two, Wilson et al (2017) described OA as an illness
related to pain and symptoms, while the disease is related more so to joint tissue damage.
This distinction is important, as many individuals who present as asymptomatic have
considerable radiographic evidence of disease (KL grade) while others present symptoms
(usually pain) with no evidence of disease at all (Arthritis Foundation, 2020; Lawrence et
al., 1966). This more than likely makes it difficult to track symptoms and disease
progression with any consistency, which might provide a reason why most researchers
avoid the topic all together. Nonetheless, Wilson et al. (2017) noted that it is vital to
develop a more efficacious approach to early detection and intervention in OA patients,
given the difficulties the disease and illness present.

Therefore, Wilson et al. (2017) assessed differences in knee joint movement
patterns (kinematics), force production (kinetics), and muscle activation pattern
differences, during walking, between a symptomatic KOA group and an asymptomatic
KOA group while controlling for KL grade. Inclusion criteria included participants with a

KL grade of at least 2, as diagnosed by an orthopedic surgeon, and having reported pain
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and symptoms (Wilson et al., 2017). This diagnostic criterion was based on work by
Altman et al. (1986) as a part of the American college of rheumatism, which described
classifying KOA in terms of pain and symptoms. Participants were then assigned to a
symptomatic group or an asymptomatic group if, at the time of the study, he or she had
never reported knee pain (Wilson et al., 2017). In addition, all participants reported the
ability to walk a city block, jog 5 meters, and ascend stairs in a reciprocal manner
(Wilson et al., 2017).

The activities completed by the participants included 5 walking attempts along a
6-meter walkway at a self-selected pace, while 3-dimensional motion (kinematics)
analysis of the most symptomatic limb occurred (Wilson et al., 2017). The walking
kinetic and kinematic analysis showed a common trend for the symptomatic group, which
revealed that this group walked at a slower self-selected pace, had longer stride and
stance times, and had less knee extension, flexion, and plantar flexion strength when
compared to the asymptomatic group (Wilson et al., 2017). The symptomatic group also
reported higher total pain, stiffness, and function on the WOMAC (Wilson et al., 2017).
Other significant findings regarding the symptomatic group were increased reported
stiffness, decreased function, and increased pain (Wilson et al., 2017).

Although not the focus of this section, it should be noted that co-activity was
elevated above and below the knee in the symptomatic group, as the lateral hamstring
was reported as exponentially higher than the quadricep during a gait cycle (Wilson et al.,
2017). To clarify that point, Wilson et al. (2017) described that there were lower flexion
moments in the early stance phase, but also in mid-stance phase. This suggests, and

supports, that symptomatic individuals tend to have stiffer joints, and a higher degree of
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co-activation (Hortobagyi et al., 2005; Wilson et al., 2017). However, unlike Hortobagyi
et al. (2005) who described this mechanism as a response to a weak joint by increasing
co-activation to stiffen and support the compromised joint under new intrinsic control,
Wilson et al. (2017) suggested that pain was the driving force behind these changes
during gait.

It is not that Hortobagyi et al. (2005) was incorrect, rather instead of joint
weakness being the primary cause, it could be that pain drives this mechanism. For
instance, Wilson et al. (2017) described that the symptomatic group showed greater
amounts of torsional loading, which ultimately places stress on the free nerve endings,
which would lead to pain. The asymptomatic group did not have this joint alteration, and
did not show increased stiffness, less movement, and the other significant findings
discussed previously. Therefore, the findings of this study demonstrate a similar guarding
mechanism, but the reason for this mechanism has shifted (Wilson et al., 2017).
Conclusions

Although the findings discussed in this section are vital in describing more
accurately the impact of KOA symptoms, and how symptoms of this disease alter the
joint(s), movement patterns, and pressure distribution in those with KOA, there is one
aspect of KOA that is yet to be fully explained. The impact of reported intermittent pain
in those with KOA, as measured by a validated and recommended scale like the ICOAP,

on outcomes such as muscle activity above and below the knee and gait parameters.
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CHAPTER Ill: THE IMPACT OF REPORTED INTERMITTENT PAIN IN THOSE
WITH OSTEOARTHRITIS OF THE KNEE ON MUSCLE ACTIVITY ABOVE AND

BELOW THE KNEE DURING LEVEL WALKING AND STEP DOWN
Introduction

Osteoarthritis is a disease characterized by pain, stiffness, reduced joint mobility,
and muscle weakness (Sharma, 2021). This disease can impact multiple joints to varying
degrees; however, osteoarthritis of the knee (KOA) is the most common form of OA
impacting over 30 million individuals in the United States (Arthritis Foundation, 2020;
Centers for Disease Control, 2020; Mobasheri & Batt, 2016; Sharma, 2021). According
to Kohn et al. (2016), OA has impacted 4% (250 million) of the world’s population, and
according to Inacio et al. (2017), diagnoses are expected to grow an additional 26,000 per
1 million individuals by 2032. Moreover, it has been reported that people have a 45%
chance of developing OA across their lifetime (Hootman et al., 2016), with a substantial
increase after age 50 (Oliveria et al., 1995).

Notably, females are at a much higher risk (2- to 3-fold) of developing KOA, are
disproportionately diagnosed with KOA, experience more intense symptoms of KOA,
experience pain more intensely, report pain in clinical trials more frequently, produce
drastically different movement patterns, and generate different muscle activity patterns
when compared to males and female controls (Hame & Alexander, 2013; McKean et al.,
2007; Phinyomark et al., 2016; Sharma et al., 2021; Sims et al., 2009; Zajdman et al.,
2022). Ultimately, the pathology and progression of KOA will elicit alterations within
and around the affected joint(s) that drastically degrade function (Arthritis Foundation,

2020).
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Several researchers have demonstrated that those with KOA have produced
altered muscle activity patterns above and below the knee during activities such as
walking and navigating stairs (Childs et al., 2004; Costello et al., 2021; Hatfield et al.,
2021; Hodges et al., 2016; Hortobagyi et al., 2005; Hubley-Kozey et al., 2009; Miyazaki
et al., 2002; Wilson et al., 2017). Several studies have reported increased hamstring
activity and altered co-activation above and below the knee in persons with KOA during
standing, walking, stair ascent, and stair descent (Childs et al., 2004; Hortobagyi et al.,
2005; Lyytinen et al., 2016). This issue can become detrimental, as this pattern of muscle
activity has been shown to accelerate knee joint degradation and worsen symptoms via
increased joint load (Bennell et al., 2011a; Hodges et al., 2016; Hortobagyi et al., 2005).

There are several proposed mechanisms for this alteration in muscle activity
including altered knee joint angle and compensating for weak and underactive quadriceps
(Childs et al., 2004; Costello et al., 2021; Hortobagyi et al., 2005; Lim et al., 2015;
Wilson et al., 2017). It has been suggested that there is an association between altered
muscle activity patterns and pain in persons with KOA (Wilson et al., 2017). For
example, Wilson et al. (2017) discovered that those with reported pain and clinical
evidence of KOA demonstrated abnormal co-activation of the lateral hamstring and the
quadriceps during a gait cycle when compared to asymptomatic controls (Wilson et al.,
2017). Such findings demonstrate a connection between altered muscle activity patterns
and pain that is observed in persons with KOA.

Reported pain leading to detrimental muscle activity alteration, and ultimately
abnormal joint load, is not surprising considering pain is the most limiting and impactful

factor of this disease, especially in older individuals (Gay et al., 2019; Guccione, 1994;
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Sharma, 2021). The impact of severity of pain is also important to note, as it has been
suggested that as pain worsens, so do symptoms (Munoz-Organero et al, 2017). Although
findings like these are invaluable, none of these studies accounted for the most distressing
form of reported pain, intermittent pain (Hawker et al., 2008b). This type of pain has
been correlated with a decrease in physical activity over time, suggesting it is also
pernicious (Davison et al., 2016). Given its impact, a scale known as the intermittent and
constant osteoarthritis pain index (ICOAP) was created to track intermittent pain and
quantify its severity (Hawker et al., 2008a; Hawker et al., 2008b). It has even been
recommended that this scale be used to gather data on pain in this population (McAlindon
etal., 2015).

Although there are several proposed mechanisms regarding how KOA and its
symptoms alter muscle activity around the knee joint, a detailed description of how
intermittent pain impacts muscle activity of an individual with KOA does not exist.
Creating this source of information would provide valuable information on
symptomology that could assist in therapeutic interventions.

Therefore, the purpose of this study is to evaluate and describe the impact of
reported intermittent pain on muscle activity, above and below the knee, during level
walking at a self-selected pace for 6 meters, and during a 20-centimeter stair descent in
women with KOA. Given the findings of past research, those with KOA who report
intermittent pain, should yield higher mean peak and overall mean muscle activation in
the semitendinosus when compared to healthy controls. Additionally, co-activation ratios

calculated for those with KOA and intermittent pai should reveal higher rates of
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abnormal coactivation in the semitendinosus in comparison to the vastus lateralis, and in
the medial gastrocnemius when compared to the tibialis anterior.

Materials and Methods
Study Design

This study, and procedures herein, were approved by the Institutional Review
Board at Middle Tennessee State University (see Appendices A & B). This exploratory
study utilized a non-randomized case-control design. This design ensured that the impact
of intermittent pain on muscle activity above and below the knee during a 6-meter walk,
and 20-centimeter stair descent was assessed in a pain group when compared to a control
group.
Participants

Participants, in the pain group, included women (n = 7) that had a clinical
diagnosis of KOA, and self-reported intermittent pain as obtained by the ICOAP index
(Childs et al, 2004; Hawker et al., 2008a; Hawker et al., 2008b; Kessler et al., 2011;
Wilson et al., 2017). Those in the control group included women (n = 10) who had no
diagnosed KOA or reported intermittent pain. This age range was reflective of more than
88% of those diagnosed with KOA being 45 years of age and older (United States Bone
and Joint Initiative, 2018). Given the previously discussed complex sex differences
related to these outcomes, this study focused on female participants, while male
participants were excluded. Regarding confounders in both groups, age, and body mass
index (BMI) have been shown to directly impact walking mechanics and lead to

differences in knee joint load in this population; therefore, these variables were treated as
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covariates in the analysis portion (Costello et al., 2021; Harding et al., 2012; McKean et
al., 2007).

For clarity, body mass index (BMI) is an anthropometric ratio of mass in
kilograms to height in meters squared (kg/m?) and is separated commonly by
classification (ACSM’s Guidelines for Exercise Testing and Prescription, 2022, p. 63).

Participants were excluded from either group if they were unable to demonstrate
the ability to safely walk distances greater than 200 ft without the use of assistive devices
during the data collection visit, had a history of ligament injury to the involved knee, had
undergone total knee arthroplasty, or had any neurological disease(s) that impacted
walking (Childs et al., 2004; Hortobagyi et al., 2005; Wilson et al., 2017). In addition to
the above criteria, participants were excluded from either group if they were unable to,
during the data collection session, navigate stairs in a reciprocal manner (Childs et al.,
2004; Wilson et al., 2017).

Furthermore, interarticular injection is a common pain management strategy
(Mora et al., 2018). The duration of pain relief experienced by an individual using this
type of pain management is dependent on the dosage and type of medication
administered, which can range from 2 weeks to 6 months (Arroll & Goodyear-Smith,
2004; Bellamy et al., 2006; Buyuk et al., 2017; Da Costa et al., 2021; Hirsch et al., 2013;
Law et al., 2015; Mora et al., 2018; Yavuz et al., 2012). Given this variability, any
participant who reported having had an interarticular injection within 6-months of the
data collection session was excluded. (Deyle et al., 2020; Fransen et al., 2015; Sinusas,
2012). Given the commonality of oral pain medication used in this population, it was not

requested that participants cease pain medication use (Deyle et al., 2020; Fransen et al.,
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2015; Sinusas, 2012). This determination was due primarily to the small impact some
oral and topical pain medication have on pain in those with KOA (Da Costa et al., 2021;
Hmamouchi et al., 2012).
Functional Movements

To perform the step-down procedure, each participant was asked to step up on to
a 20-centimeter-tall box using the leg not being assessed, and then when prompted, step
down on to the leg being assessed (Childs et al., 2004). Regarding the assessed limb,
those in the pain group had data gathered on the most painful leg (Childs et al., 2004;
Wilson et al., 2017). Beyond the commonality of selecting the most painful leg for
analyses, Davison et al. (2016) noted that the ICOAP is leg specific; therefore, if bilateral
KOA participants were included, the relationship between physical function and the pain
score of both legs would need to be assessed. In addition, according to researchers,
adding both legs complicates interpretations, magnifies effect size, and negates
independent observation (Menz, 2004; Radzak et al., 2017). Lastly, for accuracy of
comparison, the control group had data gathered on a randomized leg (Wilson et al.,
2017).

The walking trials were completed by having each participant walk over level
ground for 6 meters, in normal shoe wear, at a comfortable self-selected pace (Hubley-
Kozey et al., 2008; Hubley-Kozey et al., 2009; Wilson et al., 2017). This type of gait
analysis is not only simple but has high day to day repeatability (Robbins et al., 2013).
Lastly, walking at a self-selected pace and a step-down, at the above step height, are

recommended by the Osteoarthritis Research Society International (OARSI) as valid
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means of assessing movement in this population (Fitzgerald et al., 2015; McAlindon et
al., 2015).

Procedures

Each participant was required to attend one data collection session. At this
session, participants first read and signed the informed consent document followed by the
physical activity readiness questionnaire (PAR-Q+; See Appendix C), which was meant
to screen for health and medication related exclusion criteria. After applying exclusion
criteria, participants were placed in either the pain or control group. Once participants
were in a group, each participant’s height was assessed to the nearest 0.1 cm using a
stadiometer (SECA Corporation, Model 222, Hamburg, Germany) and body mass was
measured to the nearest 0.1 kg using a digital scale (Tanita Corporation, Model BF-522,
Arlington Heights, IL). Muscle activity was assessed, using the wireless Trigno
electromyography system (Delsys, Trigno EMG, Natick, MA). This occurred during 5
trials of a self-paced 6-meter walk, and during 5 trials of a 20-centimeter step down
(Childs et al., 2004; Hubley-Kozey et al., 2008; Wilson et al., 2017). There was at least
one minute of rest between each walking and stepping trial to avoid the negative impact
of fatigue.

Prior to placement of the electrodes, skin at the electrode sites was prepared by
shaving (standard disposable safety razor), debriding (Redux), and cleansing (isopropyl
alcohol). Surface EMG (SEMG) was placed over the vastus lateralis (VL),
semitendinosus (ST), tibialis anterior (TA), and the medial gastrocnemius (MG) of the

most painful knee or randomized knee in the control group (Childs et al., 2004). All
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electrodes were positioned over the greatest proportion of the muscle belly according to
the procedures and locations suggested by the SENIAM project (seniam.org).

Once signal verification was achieved, muscle activity during a 3 second maximal
voluntary isometric contraction (MVIC) was performed and recorded across three trials.
These MVIC attempts, gathered via a manual muscle test, were targeted for each muscle,
and included knee flexion (ST), knee extension (VL), plantarflexion (MG) and
dorsiflexion (TA) (Hubley-Kozey et al., 2008; Lee et al., 2012; Wilson et al., 2017). The
manual muscle test used to illicit these MVICs has been validated to gather repeatable
and reliable values for normalization (Halaki & Ginn, 2012; Lee et al., 2012). The highest
of the MVIC trials was used to normalize muscle activity in the previously indicated
muscles during the loading phase of the 20-centimeter step down and during stance phase
of the 6-meter walk trials (Childs et al., 2004; Hubley-Kozey et al., 2008). In addition, to
the MVICs, each participant was required to perform a 30-second sit-to-stand. This data
was gathered as a precautionary measure in the circumstance that the MVIC data was not
valid, which did not occur. This functional test is reliable as a performance-based test in
this population (Holm et al., 2021).

Regarding the 11-item ICOAP (see Appendix D), this scale has been validated,
has demonstrated high retest-reliability, and high internal consistency (Davison et al.,
2016). Furthermore, this scale provides a valid means of gathering data on (KOA), in
older individuals, cross-culturally, and across different languages, to assess intermittent
or chronic pain separate, effectively and easily, from physical function and is even a
recommendation by OARSI (Hawker et al., 2008a; Maillefert et al., 2009; McAlindon et

al., 2015; Moreton et al., 2012).
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The ICOAP score can range from 0 to 24 with zero being no pain and 24 being
extreme pain (Hawker et al., 2008a). To meet study inclusion for the symptomatic group
and given the novelty of using a scale like this one for an exploratory study, inclusion for
the pain group included participants who reported greater than a 0 out of 24 on items 6-11
on the ICOAP (Hawker et al., 2008a). That would be consistent with selecting at least
answer choice 1 to items 6 through 11 on the ICOAP, which is indicative of mild or rare
impact of intermittent pain (Hawker et al., 2008a).
Data Processing

All sSEMG data was normalized to the peak MVIC for each participant and
represents each muscle, during both movements, as a percentage of peak muscle activity.
Data was analyzed using EMGworks analysis software (Delsys, Model SC-S08-4.5.3,
Natick, MA), and then exported to Microsoft Excel (2019). Within the analysis software,
SEMG was processed via a Nyquist resampling equation at 1000 Hz. Data were then
filtered with a Butterworth band-pass filter at 20Hz and 450Hz, and then filtered further
with a 200-millisecond window root-meant-square algorithm. The SEMG data was
processed according to the above specifications which included mean peak, and overall
mean muscle activity gathered during the activities listed in the procedures section
(Childs et al., 2004; Wilson et al., 2017).
Statistical Analysis

IBM© SPSSO© Statistics (IBM Statistics for Windows, Version 27.0. Armonk,
NY: IBM Corp) was used for statistical analyses. Descriptive statistics included height,
weight, age, and BMI which are listed as means * standard deviations. Statistical analysis

included an analysis of co-variance (ANCOVA) (o = .05) to assess group differences
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between mean peak, and overall mean of the VL, ST, MG, TA during both activities. The
5 walking trials and 5 step-down trials were averaged to reduce group variance as well as
to reduce sample redundancy (Hubley-Kozey et al., 2008). Given the potential impact of
BMI and age on outcomes, they were treated as covariates. Partial eta squared was used
to calculate effect size. Co-activation ratios were calculated via the Rudolph equation
(EMGL + EMGwm) * (EMGL/EMGw). This ultimately yielded values as a percent between
the ST and VL, and TA and MG, where ST and TA were the less active muscles (Childs
et al., 2004; Rudolph et al., 2000).

Results

Participant descriptive statistics are listed in Table 1, and as an observation, the
pain group recorded higher mean age and BMI when compared to the control group. A
one-way between groups analysis of covariance (ANCOVA) was conducted to assess the
impact of reported intermittent pain on muscle activity and co-activation, above and
below the knee, during a 6-meter walk. This relationship was also assessed during the
load acceptance phase of the 20-centimeter step-down, only co-activation was not
calculated for this activity. Load acceptance was when each participant contacted the
ground and loaded her body mass onto the test leg. The severity of pain, in this case a
higher or lesser score from person to person on the ICOAP, was not considered as there
are no clinical endpoints suggesting the scale can be used that in that fashion. Age and
BMI were considered co-variates.

Preliminary assessments, including Levene’s test, Q-Q plot, and residual plot,
were conducted to ensure no violations of homogeneity, normality, and linearity

respectfully for all analyses described below. There were no violations. It was revealed
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that there was no statistically significant difference between groups on the mean or mean
peak activity of the SL, VL, TA, or MG during the 6-meter walk (see Tables 2 —9).
However, while controlling for the impacts of intermittent pain and BMI, there was a
statistically significant difference between groups regarding mean ST activity during the
6-meter walk, F (1,13) = 5.79, p =.032, partial eta squared=.308. This means that Age
explained 30.8% of the variance within the pain group, and this was a large effect size
(Field, 2018). Furthermore, for every one unit increase in Age on average, there was a
.006 (B =.006) or .6% higher mean ST activity during the 6-meter walk in the pain group.
In addition, while controlling for the impacts of intermittent pain and BMI, there was a
statistically significant difference between groups regarding mean peak ST activity
during the 6-meter walk, F (1,13) = 5.10, p = .042, partial eta squared = .282. This means
Age explained 28.2% of the variance in the pain group, and this was a large effect size
(Field, 2018). When compared to the control group, on average, for every one unit
increase in Age there was a .011 (B =.011) or 1.1% higher mean peak ST activity during
the 6-meter walk in the pain group.

Furthermore, there was no statistically significant difference between groups
regarding co-activation between the ST versus VL or MG versus TA (see tables 10 &
11). However, while controlling for the impacts of BMI and intermittent pain, there was a
statistically significant difference between groups on co-activation between the ST versus
VL during the 6-meter walk, F (1,13) =5.94, p =.030, partial eta squared = .314. This
means that Age explained 31.4% of the variance in the pain group, and this was a large

effect size (Field, 2018). Furthermore, when compared to the control group, for everyone
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one unit increased in Age, on average, those in the pain group yielded co-activation ratios
that were .014 (B =.014) or 1.4% higher.

There was a statistically significant difference in mean ST muscle activity
between groups, while controlling for covariates Age and BMI, during the 20-centimeter
step down, F (3,13) = 10.54, p = .006, partial eta squared = .448. This means that
intermittent pain explained 44.8% of the variance in the pain group, and this was a large
effect size (Field, 2018). Additionally, those in the pain group yielded mean ST muscle
activity that was .151 (B = .151) or 15.1% higher, on average, when compared to the
control group. Regarding the mean VL, TA, and MG, (see Tables 13 - 15) there were no
statistically significant differences between groups during the 20-centimeter step down.

While controlling for covariates Age and BMI, there was a statistically significant
difference between groups in the mean peak ST during the 20-centimeter step-down, F
(3,13) =17.42, p = .001, partial eta squared = .572. This means intermittent pain
explained 57.2% of the variance in the pain group, and this was a large effect size (Field,
2018). Furthermore, it was found that, on average, the pain group yielded mean peak
muscle activity that was .299 (B = .299) or 29.9% higher when compared to the control
group. In addition, while controlling for the impact of BMI and intermittent pain there
was statistically significant difference between groups in the mean peak ST during the
20-centimeter step down, F (1,13) = 9.94, p =.008, partial eta squared = .433. Age, to a
lesser degree, explained 43.3% of the variance in the pain group, and this was a large
effect size (Field, 2018). Furthermore, when compared to the control group, for every one

unit increase in Age on average, those in the pain



42
group yielded mean peak ST activity that was .008 (B = .008) or .8% higher. Lastly, there
were no statistically significant differences between groups regarding mean peak VL, TA

or MG activity during the 20-centimeter descent (see Tables 17 - 19).



Table 1

Participant demographics

Control Intermittent Pain

n (10) n (7)
Sex (Female)

M +SD M +SD

Height (m) 1.676 0.075 1.63 0.068
Weight (kg) 69.09 13.79 90.45 10.95
Age (Years) 59 9.17 62 8.71
BMI (kg/m?) 24.47 35 34.51 5.99

Note: BMI is body mass index.

43



44

Table 2

Analysis of Covariance for Mean SEMG Semitendinosus during 6-meter walk

Source M 3SD n df F p np? i

Between subjects

Source: Reduced Model 3 436 0.025* 0.502

Main Effect 13.00 2.19 0.163 0.144 0.094
Pain group 023 011 7
Control group (reference) 0.12 0.08 10

Main Effect (covariates)

Age (Years) 579 0.032* 0.308 0.006

BMI (kg/m?) 0.05 0.829 0004  -0.001

Note: F (3,13) = 4.36, p = .025, partial eta squared = .502. Values were normalized to the highest

attempt of three MVIC's. The symbol * denotes significance. BMI is body mass index.
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Table 3

Analysis of Covariance for Mean SEMG Vastus Lateralis during 6-meter walk

Source M SD n df F p np? B

Between subjects

Source: Reduced Model 3 065 0.59% 0.131

Main Effect 13.00 0.15 0.704 0.011 -0.186
Pain group 057 066 7
Control group (reference) 0.33 055 10

Main Effect (covariates)
Age (Years) 0.26 0.619 0.02 0.009

BMI (kg/m?) 127 0279 0.089  0.04

Note: F (3,13) = 0.65, p = .596, partial eta squared .0131. Values were normalized to the highest

attempt of three MVIC's. BMI is body mass index.
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Table 4

Analysis of Covariance for Mean SEMG Tibialis Anterior during 6-meter walk

Source M 3#SD n df F p np? B

Between subjects

Source: Reduced Model 3 117 0.360 0.212

Main Effect 13.00 0.01 0.920 0.001 -0.01
Pain group 0.30 0.08 7
Control group (reference) 023 0.16 10

Main Effect (covariates)

Age (Years) 2.13 0.168 0.141 0.006

BMI (kg/m?) 0.70 0.417 0.051 0.006

Note: F (3,13) = 1.17, p = .360, partial eta squared = .212. Values were normalized to the highest

attempt of three MVIC's. BMI is body mass index.



Table 5

Analysis of Covariance for Mean SEMG Medial Gastrocnemius during 6-meter walk

Source M ¥SD n df F p np? B

Between subjects

Source: Reduced Model 3 091 0462 0.174

Main Effect 13.00 168 0.218 0.114 -0.57
Pain group 085 058 7
Control group (reference) 0.88 057 10

Main Effect (covariates)

Age (Years) 1.14 0.305 0.081 0.017

BMI (kg/m?) 230 0.154 0.15 0.049

Note: F (3,13) = .91, p = .462, partial eta squared = .174. Values were normalized to the highest

attempt of three MVIC's. BMI is body mass index.
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Table 6

Analysis of Covariance for Mean Peak SEMG Semitendinosus during 6-meter walk

Source M tSD n  df F p np? B

Between subjects

Source: Reduced Model 3 315 0.061 0421

Main Effect 13.00 1.35 0.267 0.094 0.153
Pain group 0.50 0.22 7
Control group (reference) 0.35 0.17 10

Main Effect (covariates)

Age (Years) 5.10 0.042* 0.282 0.011

BMI (kg/m?) 017 0.686 0.013 -0.004

Note: F (3,13) = 3.15, p = .061, partial eta squared = .0421. Values were normalized to the

highest attempt of three MVIC's. The symbol * denotes significance. BMI is body mass index.
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Table 7

Analysis of Covariance for Mean Peak SEMG Vastus Lateralis during 6-meter walk

Source M tSD n df F p np? B

Between subjects

Source: Reduced Model 3 053 0.668 0.109

Main Effect 13.00 0.14 0.710 0.011 -0.523
Pain group 1.49 2.02 7
Control group (reference) 0.89 1.45 10

Main Effect (covariates)

Age (Years) 0.24 0.634 0.018 0.025

BMI (kg/m?) 1.07 0320 0076 0.105

Note: F (3,13) = .53, p = .668, partial eta squared = .109. Values were normalized to the

highest attempt of three MVIC's. BMI is body mass index.
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Table 8

Analysis of Covariance for Mean Peak SEMG Tibialis Anterior during 6-meter walk

Source M tSD n df F p np? ]

Between subjects

Source: Reduced Model 3 059 0.635 0.119

Main Effect 13.00 0.10 0.758 0.008 -0.074
Pain group 0.63 0.21 7
Control group (reference) 0.55 034 10

Main Effect (covariates)

Age (Years) 130 0275 0091  0.01

BMI (kg/m?) 051 0487 0038 0.012

Note: F (3,13) = .59, p = .635, partial eta squared = .119. Values were normalized to the

highest attempt of three MVIC's. BMI is body mass index.
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Table 9

Analysis of Covariance for Mean Peak SEMG Medial Gastrocnemius during 6-meter
walk

Source M tSD n df F p np? B

Between subjects

Source: Reduced Model 3 066 0591 0.132

Main Effect 13.00 180 0.203 0.122 -1.72
Pain group 1.98 1.47 7
Control group (reference) 2.50 1.69 10

Main Effect (covariates)

Age (Years) 0.66 0.432 0.048 0.038

BMI (kg/m?) 131 0273 0.092 0.108

Note: F (3,13) = .66, p = .591, partial eta squared = .132. Values were normalized to the

highest attempt of three MVIC's. BMI is body mass index.
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Table 10

Analysis of Covariance for Co-Activation Semitendinosus vs. Vastus Lateralis

Source M tSD n df F p np? B

Between subjects

Source: Reduced Model 3 327 0.056 043

Main Effect 13.00 099 0.336 0.071 0.152
Pain group 0.39 025 7
Control group (reference) 0.23 0.21 10

Main Effect (covariates)

Age (Years) 594 0.030* 0.314 0.014

BMI (kg/m?) 0.10 0.755 0.008 -0.004

Note: F (3,13) = 3.27, p = .056, partial eta squared = .43. Value in parenthesis is within-group error.
Co-activation was calculated using the Rudolph equation (EMGL + EMGM) * (EMGL / EMGM)
where, during ambulation, L is the less active muscle while M is the more active muscle. The symbol

* denotes significance. BMI is body mass index.
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Zﬁzllf/slisl of Covariance for Co-Activation Medial Gastrocnemius vs. Tibialis
Anterior
Source M tSD n df F p np? ]
Between subjects

Source: Reduced Model 3 187 0.185 0.301

Main Effect 13  0.77 0.397 0.056 0.15
Pain group 0.49 022 7
Control group (reference) 0.30 0.22 10

Main Effect (covariates)
Age (Years) 229 0.154 015 0.01
BMI (kg/m?) 0.01 0.921 0.001 0.001

Note: F (3,13) = 1.87, p = .185, partial eta squared = .301. Value is parenthesis is within-group error.

Co-activation was calculated using the Rudolph equation (EMGL + EMGM) * (EMGL / EMGM)

where, during ambulation, L is the less active muscle while M is the more active muscle. BMI is

body mass index.



Xﬁzll(;/slisz of Covariance for Mean SEMG Semitendinosus during 20-centimeter step-
down
Source M tSD n  df F p np? ]
Between subjects

Source: Reduced Model 3 872 0.002* 0.668

Main Effect 13.00 10.54 0.006* 0.448 0.151
Pain group 0.23 0.09 7
Control group (reference) 0.10 0.05 10

Main Effect (covariates)
Age (Years) 3.85 0.072 0.228 0.003
BMI (kg/m?) 0.81 0.384 0.059 -0.003

Note: F (3,13) = 8.72. p =.002, partial eta squared = .668. Values were normalized to the highest

attempt of three MVIC's. These values were gathered during the load acceptance phase of the step

down. The symbol * denotes significance. BMI is body mass index.
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Table 13
Analysis of Covariance for Mean SEMG Vastus Lateralis during 20-centimeter
step-down

Source M tSD n  df F p np? B

Between subjects

Source: Reduced Model 3 0.63 0.607 0.127

Main Effect 13.00 0.39 0.545 0.029 -0.279
Pain group 0.65 036 7
Control group (reference) 0.50 0.66 10

Main Effect (covariates)

Age (Years) 0.69 0422 0.05 0.014

BMI (kg/m?) 135 0.265 0.094 0.038

Note: F (3,13) = .63, p = .607, partial eta squared = .127. Values were normalized to the highest
attempt of three MVIC's. These values were gathered during the load acceptance phase of the step

down. BMI is body mass index.
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Table 14
Analysis of Covariance for Mean sEMG Tibialis Anterior during 20-centimeter step-
down

Source M tSD n df F p np? ]

Between subjects

Source: Reduced Model 3 126 0.330 0.225

Main Effect 13.00 0.01 0.918 0.001 0.015
Pain group 0.33 020 7
Control group (reference) 0.19 0.16 10

Main Effect (covariates)

Age (Years) 0.14 0711 0.011 0.002

BMI (kg/m?) 129 0277 0.09 0012

Note: F (3,13) = 1.26, p = .330, partial eta squared = .225. Values were normalized to the highest
attempt of three MVIC's. These values were gathered during the load acceptance phase of the step

down. BMI is body mass index.
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Table 15

Analysis of Covariance for Mean SEMG Medial Gastrocnemius during 20-

centimeter step-down

57

Source M

+SD n df F

p np?

Between subjects

Source: Reduced Model

Main Effect
Pain group 1.28
Control group (reference) 0.77

Main Effect (covariates)
Age (Years)

BMI (kg/m?)

3 292
13.00 1.20
147 7
169 10
0.35
6.71

0.074 0.402

0.294 0.084

0.567 0.026

0.022* 0.341

-0.619

0.012

0.108

Note: F (3,13) = 2.92, p = .074, partial eta squared = .402. Values were normalized to the highest

attempt of three MVIC's. These values were gathered during the load acceptance phase of the step

down. The symbol * denotes significance. BMI is body mass index.
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Z\izllf/slig of Covariance for Mean Peak SEMG Semitendinosus during 20-centimeter
step-down
Source M tSD n df F p np? B
Between subjects
Source: Corrected Model 3 17.42 <.001* 0.801
Main Effect 13 17.40 0.001* 0.572 0.299
Pain group 0523 0157 7
Control group (reference) 0.242 0.088 10

Main Effect (covariates)

Age (Years) 9.94 0.008* 0433 0.008

BMI (kg/m?) 0.67 0.428 0.049 0.049

Note: F (3,13) = 17.42, p < .001, partial eta squared .801. Values were normalized to the highest
attempt of three MVIC's. These values were gathered during the load acceptance phase of the step-

down. The symbol * denotes significance. BMI is body mass index.



Table 17
Analysis of Covariance for Mean Peak SEMG Vastus Lateralis during 20-
centimeter step-down
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Source M +SD n df F

p

Between subjects

Source: Reduced Model 3 053
Main Effect 13.00 0.08
Pain group 1.60 15 7
Control group (reference) 1.02 1.39 10

Main Effect (covariates)

Age (Years) 0.25

BMI (kg/m?) 0.93

0.670 0.109

0.785 0.006

0.626 0.019

0.353 0.067

-0.333

0.022

0.085

Note: F (3,13) = .53, p = .670, partial eta squared = .109. Values were normalized to the highest

attempt of three MVIC's. These values were gathered during the load acceptance phase of the step-

down. BMI is body mass index.
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Z\ﬁzllf/slif of Covariance for Mean Peak SEMG Tibialis Anterior during 20-centimeter
step-down
Source M tSD n df F p np? B
Between subjects

Source: Reduced Model 3 136 0.229 0.239

Main Effect 13.00 0.05 0.830 0.004 0.061
Pain group 0.77 042 7
Control group (reference) 0.48 0.29 10

Main Effect (covariates)
Age (Years) 0.003 0.959 <.001 0.001
BMI (kg/m?) 1.23 0.288 0.086 0.023

Note: F (3,13) = 1.36, p = .229, partial eta squared = .239. Values were normalized to the highest

attempt of three MVIC's. These values were gathered during the load acceptance phase of the step-

down. BMI is body mass index.
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Table 19
Analysis of Covariance for Mean Peak SEMG Medial Gastrocnemius during 20-
centimeter step-down

Source M tSD n df F p np? B

Between subjects

Source: Reduced Model 3.00 1.637 0.229 0.274

Main Effect 13.00 1.12 0.309 0.079 -2.549
Pain group 4.35 411 7
Control group (reference) 3.10 259 10

Main Effect (covariates)

Age (Years) 0.29 0.600 0.022 0.048

BMI (kg/m?) 422 0061 0245 0.364

Note: F (3,13) = 1.637, p = .229, partial eta squared = .274. Values were normalized to the highest
attempt of three MVIC's. These values were gathered during the load acceptance phase of the step-

down. BMI is body mass index.
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Discussion

The purpose of this study was to investigate the influence of self-reported
intermittent pain on muscle activity, above and below the knee, during a 6-meter walk at
a self-selected pace, and during a 20-centimeter step-down, in women with KOA. While
no significant differences were found in group comparisons during walking, notable
differences in the step-down task were revealed, where the pain group exhibited elevated
mean and mean peak muscle activity in the semitendinosus. Previous research findings
suggest that women particularly during the tasks mentioned, who report chronic pain
linked to physical function, tend to demonstrate higher amplitude mean, mean peak, and
duration of muscle activity both above and below the knee (Childs et al., 2004; Costello
et al., 2021; Hatfield et al., 2021; Heiden et al., 2009; Hodges et al., 2016; Hortobagyi et
al., 2005; Hubley-Kozey et al., 2009; Miyazaki et al., 2002; Wilson et al., 2017).
Moreover, women with KOA have been observed to display abnormal co-activation
patterns both above and below the knee while walking and navigating stairs (Childs et al.,
2004; Hortobagyi et al., 2005; Lyytinen et al., 2016).

Although this study did not uncover significant group differences during walking
and only observed two differences during the step-down task, variations in
methodological parameters, beyond having larger sample sizes, across studies may reveal
potential mechanisms of underlying disparities and similarities in findings. For example,
a foundational study by Childs et al. (2004) investigated the influence of KOA on muscle
activity, also encompassing co-activation, among individuals with unilateral KOA, both
men and women, in comparison to a control group, where women constituted the

majority in both sets. To be concise, Childs et al. (2004) found that individuals with KOA
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exhibited earlier and prolonged muscle activation above and below the knee compared to
those without KOA. Furthermore, abnormal co-activation was found between the
hamstrings and vastus lateralis and tibialis anterior and gastrocnemius (Childs et al.,
2004). These findings held true for both the step task and walking.

While the direct comparison of muscle activity duration to the findings of this
study isn't applicable, the fundamental notion persists that changes in muscle activity
above and below the knee during a step-down are associated with KOA. Therefore, the
findings of this study seem to align with prior research findings. This also might serve as
evidence of the new intrinsic neurological control described by Hortobagyi et al. (2005)
and illustrate a mechanism in the pain group to alter muscle activity in response to
intermittent pain. Nonetheless, there are some points of comparison to be addressed.

While Childs et al. (2004) matched participants, set a defined walking speed, and
controlled for K-L grade severity, they did not directly analyze the influence of pain. It is
plausible that the presence of these rigorous controls might have changed the findings
and elucidated an influential mechanism. This study did not have these controls, and
therefore, too much variability within groups may have existed for the other variables.
For instance, the existing body of research establishes a direct correlation between the
progression of knee joint deterioration, as measured by K-L grade, and the alteration of
co-activation and muscle activity (Hatfield et al., 2021; Hodges et al., 2016; Hortobagyi
et al., 2005; Hubley-Kozey et al., 2009; Rutherford et al., 2013). That is, as the knee joint
worsens, so does the prevalence in atypical co-activation and increased muscle activity.
Childs et al. (2004) was also able to assess knee joint alignment, which has been shown

to impact the muscle activation results of the quadriceps (Lim et al., 2015). Additionally,
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Hanlon and Anderson (2006) revealed that healthy participants ambulate at a higher
preferred walking speed than those with KOA. With these items in mind, pain was not
directly investigated in most of these studies. That is vital to discuss, as some researchers
investigated the impact of pain, although not intermittent, with some of these controls in
place.

Wilson et al. (2017) stratified participants as symptomatic and asymptomatic,
while matching for K-L grade, to investigate the impact of pain on muscle activity. That
study, unlike Childs et al. (2004) and the same as this research, used the same walkway
distance of 6 meters, and allowed a self-selected pace across 5 trials (Wilson et al., 2017).
Wilson et al. (2017) found that those with KOA and pain reported a higher mean activity
in the vastus lateralis, but not the other muscles including the medial gastrocnemius, and
semitendinosus. Wilson et al. (2017) did not assess the tibialis anterior. This difference is
marginal, but controlling for K-L grade is clearly vital to accurately assess the impact of
pain, of either type. Wilson et al. (2017) was also able perform motion analysis and
therefore knee joint alignment, like Childs et al (2004). It could also be argued from these
findings that walking speed, K-L grade, and knee joint alignment all need controlled or
assessed, like in the Childs et al. (2004) study.

The covariates BMI and Age, both of which were higher in the pain group,
yielded intriguing findings in this study. It is in line with expectations and, consequently,
lends support to preceding research that age and BMI, while maintaining control over
other variables, exert an influence on muscle activity during the 6-meter walk and 20-cm
step-down tasks. That is, elevated age and greater BMI tend to correlate with heightened

muscle activity and an increased likelihood of encountering aberrant coactivation patterns



65
(Clark et al., 2013; Hortobagyi et al., 2011; Rudolph et al., 2007; Rutherford et al., 2017;
Schloemer et al., 2016; Sowers & Karvonen-Gutierrez, 2010). These findings also
underscore the significance of regulating the impact of these variables, reinforcing the
recommended need for their inclusion as controls.

Although statistical significance was not reached for the other muscles in the pain
group, a discernible trend was consistently revealed across all muscle activity for the ST,
VL, TA, and MG during both activities. Mean and mean peak muscle activity was higher
in the pain group when compared to the control group in all but the MG. Abnormal co-
activation above and below the knee followed the same trend. The previously discussed
studies all found the same finding, including Wilson et al. (2017), who also found a lower
mean MG muscle activity during walking. Including gathering data on a larger sample,
which all the studies mentioned here had, several limitations likely influenced results.
Limitations & Recommendations

The absence of a requirement for disease severity assessment using a method such
as the K-L scale (Kellgren and Lawrence, 1957) for study inclusion in the pain group
introduced a limitation. While it is common in this type of research to control for severity
(Childs et al., 2004; Hubley-Kozey et al., 2009; Wilson et al., 2017), this was considered
potentially burdensome for participants, as some might not have had readily available
access to this diagnostic criterion, necessitating a physician consultation for verification.
Additionally, the current study lacked access to a hospital, or campus clinic, to offer a
free of charge assessment.

For various reasons, it could be recommended that participants be stratified by

severity level even if the impact of pain is included in analyses. As discussed in the
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review of literature, pain can progress independent of disease progression, and vice versa
(Neogi et al., 2013; Sharma, 2021). Regarding classification severity independently,
Rutherford et al. (2013) noted that a more severe classification led to greater alteration in
knee joint muscle activation. A similar observation was made by Hubley-Kozey et al.
(2009) with respect to co-activation. This means that severity may have influenced results
and introduced variability into the sample. That variability could be why there was such a
large range of effect sizes as well. Therefore, it is highly recommended that future
researchers stratify based on disease severity.

In addition, not setting a speed window could have introduced variability within
and between groups, as walking speed can vary greatly between those with and without
KOA (Astephen, 2012; Na et al., 2018; Zeni & Higginson, 2009). Although setting a
window is not necessarily ecologically valid, setting a speed window, like in Childs et al.
(2004), could aid in more accurately defining the impact of intermittent pain while
accounting for potential outside influence. Lastly, although using an MVIC to normalize
muscle activity values is valid, there is the ubiquitous concern that each pain group
participant yielded an absolute MVIC. Therefore, there is a slight potential that the
normalized activity values in that group were overestimated, which would limit the
significance of the findings. It could therefore be recommended to normalize to a

functional task.
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2021 PAR-Q+

The Physical Activity Readiness Quastionnaire for Everyone
Tha heakh banafits of ragul sical act kear; should n | activ day of th k. Paric In
pl';slmla:thrtyum u?nrp paﬂw:;u;‘:nﬁm:dlmmmgwmﬁmpm xyﬁﬁlmn hr&:u'w;\tnaﬁmp;glgdwmr
OR a qualified aardse profiessioral bafors becoming mora physically actva.

GENERAL HEALTH QUESTIONS
Please read the 7 questions below carefully and answer each one honesthy: check YES or NO.

@

1) Has yourdoctar ever said that you have a heart condition [Jor high blood pressure[_ 7

2) Do you feel pain in your chest at rest, during your daily activities of living, OR when you do
physicl activity?

3) Do you lose balance because of dizziness OR have you lost consciousness in the last 12 months?
Flazss armwar NO if your diorirsss was sssociated with ovar-braathing linduding during vigerous eserdsal.

4) Have ?u ever been diagnosed with another chronic medical condition (other than heart disease
or high blood pressure)f PLEASE LIST CONDITIONGS) HERE:

5) Are you currently taking prescribed medictions fora chrenic medical condition?
PLEASE LIST CONDITION(S) AND MEDICATIONS HERE:

&) Do you currenthy have (or hawve had within the past 12 months) a bone, joint, or soft tissue
(muscle, ligament, or tendon) problem that could be made worse by becoming mare physically

active? Plaasa arewar NO F you had probiem In the past, but k deas not limit yeur aament ability to ba physlclyadiva.
PLEASE LIST CONDITIONS) HERE:

7) Has your doctor ever said that you should only do medically supervised physical activity?

ﬁq If you answered NO to all of the questions above, you are deared for physical activity.
Tl Mlease me PARTICIPANT DECLARATION. You do not meed to complete Pages 2 and 3.
B sar ng much mora physicaly activa - start slowly and bulld up gradually.

(i Folow Global Physicd Ad vy Guldalinesfor your aga (hitps:iwweay whiodnpublc Nbami97E I240015128).
& Vourmaytska part In a heakh and fitrsas appraisal.

® ;%m%?gﬁ;ﬁ?ﬁmanﬁy wrac-!'.nguhmgmm madmal affort axardss, coresult a qualfied moncss

& Fyouhave sy further quest lors, coriacta qualfisd sxercka profkasional.

PARTICIPANT DECLARATION
Hyauars e than thalegal age required for consant o requine tha exsent of a cara providar your parsnt, quandian or care provid ar must
al=o sign this fom

| thw undarsigned, hava read, urderstood to my full satisfa cion and complated this questionnaine, | ackrewledge tat H'.'EIPIEEI activity
claararca & valid for a maximum of 12 months Eum tha data itiscomplated ard becormes invalid if ry condiion dangas. [a
a-clu'-oﬂ'la_:lglp that the communityfitrsas cantar may ratain & copy of this fomm for its raoords. In thess retances, itwil mairinthe
corhdentility of the sams, comphying with q:pluul;yln lw

HAME DATE

SGr-bB.'I'I.HEE ——

l, SKGMATLIRE OF PARENT/GUARDLAM/CARE PROVIDER S J
I@ If you answered YES to one or more of the questions above, COMPLETE PAGES 2 AND 3. I

£\ Delay becoming more active It
% ¥oukavea tamparany ilness such asa cold or favar; it & best to watt untllyou fesl batter.
Lgua'n n:tnt-lalk‘m our mmm#&?gﬁ%ﬂ%&ﬂﬁﬂ awarcka professiond, ardior complats the

wWwwa m LOOm

e mr:‘?ﬂp hﬁﬁgm%nﬂlmM%m%ﬁﬁé;gggmh dioscurment andror talk o your dochor or a qualfied axerdsa
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2021 PAR-Q+

FOLLOW-UP QUESTIONS ABOUT YOUR MEDICAL CONDITION{S)
Do you hawe Arthrits, Osteoporasls, or Eade Problems?
I the abowe condition(s] is/are present, answer questions la-1c H'-'D g0 to question 2

Do oo harz: diffi coartralli condition with rrmimbura-nruﬂ'lr can-prescribed tharapies YES.
Mnmﬂlfwgﬁmw ngﬂﬁngmndmnnmrnﬂ'm Fh'!ﬁ' = Dmﬂ

b Do oy hawa nnl:prd:rhrm in, & recent fractura or racture cused OpFDsis oF CANCAr,
Flmbml In1 si5], mdl'orspurdﬁulgsw‘pusdachll?aad.mﬁnbnrrynrgmhn TBDHUD
badk of tha mpinal mlu
i Hawa you had stercid n_pcbursnruhmsbwuiﬂuhhumwhdfbrmﬂunsmnﬂu? mD,-E
2, Do you currently huve Cancer of any kind?

If the abowe condition(s) is/are present, answer guesSons Ja-1b Hﬂ?ﬂbﬂ guestion 3
2a. Doss cancer dizgnosis induds iorf thaa Solowin s: lung/bronchogenic, multi loemaa [cancer of

plasm call), hoad, andiarnadk? | 9types:iing pla mye ves[Jwol ]
b Ara you oeanty receiving cancer therpy [such as chemotheraphy or adictharapyi? 'I'BDIIE
5 Do you hawe & Heart or Cardiovascular CondttionT This Includes Coranary Artery Cisease, Heart Fallure,

Disgrnsed Abnarrmslity of Haart Riythm

If the abowe condition(s] is/sre present, answer questions 33-3d If“':lgobu questian 4
Ja. D v difh coniradli condition with rnmimburs-nrulhr can-prescribed th st YES

ﬂnmﬂlfwmrﬂw ngﬂﬁngmndmwmrnﬂ'w F'T!F' e D'-D
ik Do yous hawss an ireguilar heart baat that requires medical managemant? YES.

[a.g., atrial fibrillation, premabure wentricular contraction) DMD
3¢ Do youbave cheonic haart Faiura? ves[ Jwof "]
ad Dn-p!':mﬂd{ggﬂﬂdcmﬁrury arteny (cardiovasoular) diseasa and haws not particpated in regular physical mnmﬂ
4. Doyoucumently have High Mood PressureT

I the abowe conditsonis) is/are present, answer questions da-4b Hﬂ:‘gnbﬂqusl:nn 5
da Do you haren difficulty controling your condition with madi catiors or other physician-prescribed thompies? YES

(finevvor WM you ara not oeTentfy taking medications or other treatments) DMD
4h Do you harem a resting blood pressurs equal bo or ar than 150/90 mmiHg with or without medication?

y&rm‘fpuggmthmgu:rgmg prassure] TBDIIE
5 Do you have sry Metabolic Conditions? This ind udes Type 1 Disbetes, Type 2 Dishates, Pre-Disbetes

If the abowe cordition(s] is/are present, answer questions Sa-5e I‘fﬂ:‘gﬂnm gaestion &

D often hawa diffi controli ur blood sugar levels with foods, medications, or other an YES
Do o citen s 8 culty g o g physici s

sh. Do you eéftan suffar from signs ﬁTmnfwanudsu r emniz) following exendsa andfor
dunng activities of daily v mia e alonass, narrowsness, wrusual rntabili YES
bﬂ:\r%nal rgdén;’gwsghhmhu nﬁmn:ﬁﬁnﬂry:pmhrg maknass.nr:-lnquﬂm. DED
Sc Do you haawes: vy signs or nme of disbetes complications such 2 haart or vasoular dissaso andfor
wummu:%g?uﬂrgpﬁ:sg kidnieys, -_H'nmmpl b i your toes and footT TBDMD

5d

D hawa other matabolic conditions (swch as cumant pregn related diabetes, chronic kidney diseasa, or
m"?f"num. ey ey ves[we[]

Ara you planning to engage in what for you i unusually high (or vigorous] intensity exercisa in tha near future? Y‘ED IICD

Copright 8 X7 PREHGH-
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2021 PAR-Q+

& Da U Firve Ay Marital Liskniling DiMeulthea? This includes Alrneimears, Demantia,
Depression, Anxdety D'Isnrder Eatlng I:ﬂsnrd-er Psychatic Disorder, Intellectusl Disability, Down Syndome
If the abave conditions) is/ars pressnt, answer questions Ga-6b Hnl:‘gu ta question 7
Ba D haws difficul by conrellin condition with medications or other ician-presorbod therapias? YES Wl
ﬂﬁrﬂﬂgﬂuagmrm talting medications or other treatments Fr il D D
&b, Do you haws Diown Synedromes A back problems afacting nerves or musche? ves[_ma_]
kS D yoou hitva & Rasplratory Diseda? This indudes Chronic Dbstruchive Puimonary Disease, Ashma,
Puimonary Higih Blood Pressure
i the abowve condition(s) ifare present, arswer questiors 7a-7d |fﬂgnm guestion B
Ta Do yoou Fava dificulty comtralin condition with madications or cther physdan-prescribed therapies?
y&rﬁ&f” gu.lu'!znal n.nor#!fljung madications or other treatments |F| ® . TEDME
Th H:s-pm.rd-a-cbormrsudw.rblnnduygnnlauﬂulwalmﬂm:hﬂgmnand‘mﬂ'utynumqulm
wupplemantal caygen theragy? TED Mﬂ
To [f asthmatic, doyou ourrenthy hava oms of chast tightnass, wheszing, laboured braathing, consistent cowsgh
(mora than 2 daysfweak), i mmwTEMwummhmm mmnﬁnla:rg.mh“ MDWD
7d Has your doctor ewer said you have high blood pressura in the blood vessals of your lungs? mD“D
|9 Do you have & Spinal Cord InjuryT 7715 nouces Tetrapiegio and Parapiegia
i the abose condition(s] isfare present, arswer questions Sa-Bc Ifﬂgnbﬂ guestion §
Za Do you Fave diffioulty contralin ondition with madications or othor physidan-proscribed therapies?
-.A.rﬁﬂer“ ;Durh;rﬂln.rr taking medications or other treatments IFI # i MDWD
zh Do you commoniby sxchibit ko resting blood pressure significant encugh to cause diztnass, light-headedness,
or fainting? ' e . 'FBD "DD
B Has inadicated that hibit sudden bouts of high blood ko Autonomi
-pm:np;?smml ou e 2 s of hig prassurs (known 2 mic -,ED"DD
o Have you had » StrolaT This includes Transtent Schemic ARGCE (TIA) o Cersbrovasculor Event
if thie abowve condition (5] isfare present, arewer questions 9a-5¢ Ifﬂgo to question 10
S Do you havae diffioulty contralin condition with madications or other physidan-prascribed therapies?
wﬁ«m ;nurh;nmn.rr taking medications or othar treatments IFI ks i "'EE"‘DD
b Do you Fawa any impairmrant inwalking or mobility? mDm:.D
S Hawa you axperisnced a stroke or impairmant in nerves of musdas in the past & months? mDm:.D
10. Do you hive ary other madical condition not lited sbove of o you hive two or mans medical conditiondT
if you have other mediml conditions, answer questions 10a-10c Ifﬂ read the Page 4 recommendations
1. ienced 2 blackout, fainted, or lost consciousness as a result of a head injury within the last 12
mmf‘:-{lﬁmfmhada m?nmdmnu.mmmth'l tha last 12 months? *ED"DD
1ob Do you have a medical condition that is not listed (sudh as epilapsy, neuwrclogical onditions, kidnay probilems)? 'I"BD HDD
o Do yovu currarthy [va with baro or maors madi cal conditions? mDm:.D
PLEASE LIST YOUR MENHCAL COMDITIOMT)
AMD ANY RELATED MEDICATIONS HERE-

GO to Page 4 for recommendations about your current
medical condition(s) and sign the PARTICIPANT DECLARATION.

Copyright £ X0 PEE-CH Collstomtion 3 4
O1-11- 3020
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=T toall of the abaut your madical 3
& Itls advised that you consult a %uallned exerclse professional bo help you develop a safe and effective physical
activity pian to miest your health needs.

g WOU are enCoura o start and bulld up grad wally - 20 to 60 minutes of low 1o moderate Intensity exerclse,
. 35 days per Including mlcandrnusc e?u'engt ening exercises. sty

#  Asyou progress, you shouwld alm to accumaulate 150 minutes or more of mederate intensity physhcal activity per weak.
I1'you are over the of 45 yr and WO accustomed to reqular vi s o maximal effiort exenclse, consulta
LU nalifed exercie ﬁﬁauu | before engaging in this mrfg-us:ty B ExBrE,
(@ !fyou answered YES to one or more of the follow-up questions bout your medical condition: |
“You should saek furthar information bafore becoming more physically active or g i & fitmees appraisal You should complate
L L Mm andior

thes: spacially designed online scresning and axerdss recommendations program -
wisit aqu.lliEa-d axarcis professonal to work through the aP&Rmed-+ and for furthar information.

-

=, Dnallary beonming mon scthves i
@ You have 3 temparary Mness such 35 3 coid of f2ver; 12 15 best to walt untl you fes! etter.

_# ¥ou are pregniant - talk to your haalth care practitioner, your an, a qualifed exercise professional,

@' andior campleta the EPRAmEd Ks ﬂ“ﬂﬂ mbeo:mlng more physically active.

4 ¥our hasitn changes - talk toyour doctor or qualified exerdse professional before continuing with any physical
@ actvity program. ¥ "y

& ¥ are encourged to photooopy the PAR-Cr. You must use the entire questionnaire and MO changes ane permitied.
@ The authors, the PAR-OH+ Collaboration, partner onganizations, and thelr agents assume no [lability for persons who

undertake physical activity and/or Make use of the PAR-0-+ o BPARMa-C:. I In doubt after completing the questionnaire,
consult your ¢ prior o prysical activity.
PARTICIPANT DECLARATION

® All parsons who Nave complated the PAR-0+ please read and sign the declaration below.

®17you are less than the legal age required for consent or rguire the assent of 3 care provider, your parent, guardian of cara
provicar must alss sign thils form.

|, the undarsl gned, have read, unoerstood o my full satisfactionand compileted this questicnnalre. | acknowiedge
thatthis physical activity clearance Is valldfior a maximum of 12 months from the date It s compleded and becomes

Imwulfrn].'mndmun lenwmﬂmmmmummnemrma}lmmnam of thils
form for records. In these Insances, It will malnain the mwﬂmn}'mﬂﬂ .G.I'ﬂe,cﬂ'ﬂpl}"lﬁgmth bile lawe.
MAME T —
SIGNATURE WITNESS

SIGNATURE OF PARENT/GUARDIAN/CARE PROVIDER IR

— For more Information, please contact

Tha PAR-H+ s comartes wing fha srvichorscer-bawedd ALBEE prmoman 1) by tas PAR-CH,
W ST Codlak husirnl iy D oo E. L Warksarton wsith [ Korman Chedbil, Dr. Vercrics

Emal: spsmasdugpranil mm lurri, and Dr. Dicrals . MicKiensia |71 Fradustion of tha somument has Seen mads pouible

TSN s e el s minst e e e thizugh francial comiribations from tha Public Feaki Ageney of Canac and the BC Miniitny
savny ; ol Heskh Service. The pmued e 30 noe e repraan tha wimwn o the

T e S L e e Probiic Himalth Agency of Canacls or the BC Ministry of Haslth Service.
L bl ¥, Wrbers [N, it | chanie [, Sanbaec 81 e |, irforcrg el e o P P Aripniion; iy P AP T T, 2N
1 Wrricn R, Caechill H, Exorvalt B, i 01, W 503, S | : i b P Derumest. MM
R TR X
Ll D8 a2, st L, v, r W s ol 167151 FPRINT FORM  RESET FORM
A T 5, Feanting J, e L e of TR Corsciin (SR p- EY
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APPENDIX D

A Measure of Intermittent and Constant Osteoarthritis Pain, ICOAP: KNEE Version

Peaple have told us that they experience different kinds of pain (including aching or discomfort) in their lmee.
Ta get a better sense of the different types of kmee pain von may experience, we wonld like to ask you about any
“ronstant pain” (pain you have all the time) separately from any pain that yon may experience bess often, that is,
“pain that comes and goes”. The following questions will sk von about the pain that you have experienced in

your lmee in the PAST WEEK. Flease answer ALL questions.

A) CONSTANT PAIN

For each of the following questions, please select the response that best describes, on average, vour consigns

fmee paim i the PAST WEER.

L

Rl

In the past weele how intemse has your consians kres paim been?

O o O o Os
Mot at all/ Mildly Moderately Sevarely Extremaly

HNo constant knes
pain

In the past weele how moch bas vour consiont imee poin affected your sleep?

0o o o o
Mot at all’ Mildly Modertely Seversly Extremaly

HNo constant knee
pain

In the past weel. how moch bas your consiont imee poin affected your overall quality of Life?

Oy o T o Os
ot at all’ Mildly Moderately Seversly Extremaly

mmm
pain

In the past weel: how frostrated or annoyed have yon been by vour consigns knes pam *

Do Oh O o
ot at allf Mildly Moderately Sevaraly Extremaly

pain

. Im the past weel. how upset or worried have you been by vour constans knee pain’?

Do Oh O o
ot at all’ Mildly Moderately Sevaraly Extremaly

o constant knes
pain

Yeormin 3 Mewemnber 192007
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E) PAIN THAT COMES AND GOES

For each of the following questions, please select the response that best describes your kree paim har comes
and goes, on averape, in the PAST WEEE.

6. Im the past weel. how intense has vour most severe knee pain gl comes and goes been?

Do Th T Oy

Mot at all’ Mildly Moderately Severely Extremely
Wi knes pain that
comes and goes

7. Im the past weel. how frequently has this knee poim thar comes and goes oocmrmed?

' Oy w} oh Oy
Mezver Rarely Somerimas Crften Very Ofien
Ho knes pain that
comes and goes

5 In the past weel. how moch has your inee pain char comes and goes affected yoor sleep?

— -1 - 1

Mot at all’ Mildhy Moderately Severely Exiremsly
Moo knee pain that
comes and goes

9. Im the past weel. how moch has your knee pain thar comes and goes affected your overall quality of Life?

Hot at all’ Midy Modarately Severely Eremely
oo knee pain that
comes and goes
10. In the past weel, bow frusirated or annoved have von been by your kree paim char comes and poes?

= ) = /

Mot at all’ Mildly Mlnderataly Severaly Extremely
oo knee pain that
comes and goes

11. In the past weel, bow wpset ar worried have yon been by your knes paim dhar comes and goes”

5 &

= -1
Mot at all’ Miildly Mioderately Severely Extremely
Wi knes pain that
comes and goes
THANEK YOT!

Vormm & Mewmmber § 9 2007
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CHAPTER IV: THE IMPACT OF INTERMITTENT PAIN IN WOMEN WITH
OSTEOARTHRITIS OF THE KNEE ON FOOT PRESSURE DISTRIBUTION AND

GAIT PARAMETERS DURING LEVEL WALKING AND STEP DOWN
Introduction

In addition to other definitions, osteoarthritis is a disease characterized by failed
repair of joint damage caused either by stress or certain tissue abnormalities, which
usually yields a combination of cartilage loss, joint change, and pain (Sharma, 2021).
Although diagnosed in many parts of the body, osteoarthritis of the knee (KOA) is the
most common form of OA impacting over 30 million individuals in the United States
(Arthritis Foundation, 2020; Centers for Disease Control, 2020; Mobasheri & Batt, 2016;
Sharma, 2021). The most common demographic impacted by this disease is the elderly,
as those that are 55 to 64 years of age have the highest lifetime risk of developing this
disease (Losina et al., 2013; Sharma, 2021). While KOA is common in both sexes,
females are 2 to 3 times likely to develop KOA, and experience more intense symptoms
than males (Hame et al., 2013; McKean et al., 2007; Phinyomark et al., 2016; Sharma et
al., 2021; Sims et al., 2009).

For instance, pain experienced by females is more severe than males, which has
led to higher rates of reported pain in clinical trials (Hame et al., 2013; McKean et al.,
2007; Phinyomark et al., 2016; Sims et al., 2009; Zajdman et al., 2022). Females, most
likely due to pain, have also yielded severely altered knee biomechanics during
ambulation, while males appear to demonstrate much less change when compared to

healthy controls (McKean et al., 2007; Phinyomark et al., 2016).
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Osteoarthritis of the knee (KOA\) is considered the leading cause of walking
difficulty in participants when combined with comorbidities such as aging (Fritz &
Mitchell, 2009; Guccione et al., 1994; Munoz-Organero et al., 2017; Na et al., 2018;
Nuesch et al., 2011; Sharma, 2021). For instance, researchers have demonstrated during
walking and stair descent that participants with KOA and pain, exhibited less knee
adduction, excursion, extension moments, loaded weight on the center of the foot, used
both legs when bearing weight, and transitioned force from his or her heal to the midfoot
faster (Costello et al., 2021; Igawa & Katusuhira, 2014; Munoz-Organero et al., 2017; Na
et al., 2018; Wilson et al., 2017). This is indicative of a stiff knee joint, flat foot walking,
and favoring, which all abnormally load the knee (Costello et al., 2021).

Recently, Costello et al. (2021) confirmed these findings, as those who had KOA
and reported pain, and those who just had pain, produced lower peak force production,
flatter curves, and higher mid-stance forces. However, these findings were discovered
only after controlling for sex, BMI, age, and race, which suggests that these altered
pressure distribution and gait patterns could be indicative of favoring or guarding due to
the impact of pain (Costello et al., 2021). Such findings are common as pain is the most
limiting factor of this disease, especially in older individuals (Gay et al., 2019; Guccione,
1994; Sharma, 2021). The impact of severity of pain is also important to note, as it was
demonstrated that as pain worsens, so do outcomes, such as walking pressure distribution
(Munoz-Organero et al, 2017).

Although findings like these are important, none of these studies accounted for
intermittent pain, which has been found to be distressing and limiting, as this type of pain

has been correlated with a decrease in physical activity over time (Hawker et al., 2008a;
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Hawker et al., 2008b; Davison et al., 2016). Given the impact of intermittent pain, the
intermittent and constant osteoarthritis pain index (ICOAP) was created to track not only
intermittent pain, but the severity of it (Hawker et al., 2008a). This scale is even
recommended for use in this population, to gather pain data (McAlindon et al., 2015).

To date, there is no description of how intermittent pain in those with KOA
impacts pressure distribution of the foot, and knee joint angle during functional tasks.
This gap in literature also includes how different severity levels of intermittent pain
impact outcomes. Describing the negative impact of intermittent pain on gait parameters
and pressure distribution during gait would be impactful for clinicians and those with
KOA alike, as it could provide the knowledge necessary to intervene earlier in disease
course, which has been described as highly difficult (Wilson et al., 2017).

Therefore, the purpose of this study is to evaluate and describe the impact of
reported intermittent pain on kinetics and kinematics during level walking at a self-
selected pace, and during a 20-centimeter stair descent, in those with KOA. Given the
findings described here, those with reported intermittent pain should yield severely
altered pressure distribution consistent with flat foot walking, favoring, or transitioning
from the heal to forefoot faster in the most painful leg, and have less knee excursion
during the above tasks, when compared to healthy controls.

Materials and Methods
Study Design

This was a non-randomized case-control study. This design ensured that the

impact of intermittent pain on outcomes during a 6-meter walk and 20-centimeter step-

down in those in a pain group can be compared to those in a control group. The
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Institutional Review Board at Middle Tennessee State University approved this study and
the procedures herein (see Appendices A & B).
Participants

Participants in the pain group included women (n = 7), that had a clinical
diagnosis of KOA, and self-reported intermittent pain as obtained by the intermittent and
constant osteoarthritis pain index (ICOAP; see Appendix C) (Childs et al, 2004; Hawker
et al., 2008a; Kessler et al., 2011; Wilson et al., 2017). Those in the control group
included women (n = 10) who had no diagnosed KOA or reported intermittent pain.
Participants were excluded from either group if they were unable to demonstrate, at the
data collection session, the ability to safely walk distances greater than 200 ft without the
use of assistive devices, had a history of ligament injury to the diagnosed knee, had
undergone total knee arthroplasty, or had any neurological disease(s) that impacted
walking (Childs et al., 2004; Hortobagyi et al., 2005; Wilson et al., 2017).

In addition, participants were excluded from either group if they were unable to
walk upstairs in a reciprocal manner (Childs et al., 2004; Wilson et al., 2017). Given the
complexity of including both sexes discussed in the introduction, men were excluded
from participation. In this population, age and BMI have been shown to directly influence
and alter walking mechanics and joint load (Costello et al., 2021; Harding et al., 2012;
McKean et al., 2007). Therefore, these variables were treated as covariates. Body mass
index (BMI) is simply a ratio of mass in kilograms to height in meters squared (kg/m?;
ACSM’s Guidelines for Exercise Testing and Prescription, 2022, p. 63).

Furthermore, interarticular injection is a common pain management strategy for

those diagnosed with KOA (Mora et al., 2018). The duration of pain relief experienced
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by an individual using this type of pain management is dependent on the dosage and type
of medication administered, which can range from 2 weeks to 6 months (Arroll &
Goodyear-Smith, 2004; Bellamy et al., 2006; Buyuk et al., 2017; Da Costa et al., 2021;
Hirsch et al., 2013; Law et al., 2015; Mora et al., 2018; Yavuz et al., 2012). To avoid
introducing variability, any participant in the pain group who reported having had an
interarticular injection within 6-months of the data collection session was excluded
(Deyle et al., 2020; Fransen et al., 2015; Sinusas, 2012). Given the commonality, and
small impact of some oral and topical pain medications, it was not requested that
participants cease oral pain medication use (Da Costa et al., 2021; Deyle et al., 2020;
Fransen et al., 2015; Hmamouchi et al., 2012; Sinusas, 2012).

Functional Movements

During the movements described here, those in the pain group had data gathered
on the most painful leg. (Childs et al., 2004; Wilson et al., 2017). The control group had
data gathered on a randomized leg (Wilson et al., 2017). This limb selection is common,
and according to research, is mainly due to lack of limb kinetic or kinematic congruence
during gait in healthy or unhealthy populations (Radzak et al., 2017). Even if dominance
and function are controlled, there is still a potential to artificially introduce differences,
and therefore artificially inflate effect size, between groups simply due to abnormalities
between limbs regardless of the impact of an independent variable (Menz et al., 2004;
Radzak et al., 2017).

To perform the step-down procedure, each participant was asked to step up on a
20-centimeter-tall box using the asymptomatic leg, and then when prompted, step down

on to the most painful leg or randomized leg in the control group (Childs et al., 2004).
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The walking trials were completed by having each participant walk over level ground for
6 meters, in normal shoe wear, at a comfortable self-selected pace (Wilson et al., 2017).
This type of gait analysis is not only simple but has high day to day repeatability
(Robbins et al., 2013). Walking at a self-selected pace and step navigation, at the height
proposed above, has been recommended by Osteoarthritis Research Society International
(OARSI) as valid means of gathering data on movement capacity in those with KOA
(Fitzgerald et al., 2017; McAlindon et al., 2015).
Procedures

Each participant attended one data collection session. At this session, participants
read and signed the informed consent document and were assessed for physical activity
readiness and medication use via the physical activity readiness questionnaire (PAR-Q+,
see Appendix C). After applying inclusion criteria, participants were placed in either the
pain or control group. Once participants were in a group, each participant’s height was
assessed to the nearest 0.1 cm using a stadiometer (SECA Corporation, Model 222,
Hamburg, Germany) and body mass was measured to the nearest 0.1 kg using a digital
scale (Tanita Corporation, Model BF-522, Arlington Heights, IL).

Pressure mapping was gathered via a wireless F-scan sport model 3001 E shoe
insert (Tekscan, Incorporated, Norwood, MA). These thin and lightweight (0.152
millimeters) sensors were placed in each participant’s shoe and fitted over any orthotic
worn by the participant, as these sensors can be trimmed with scissors from a men’s size
14 (US) to an infant size. Each participant was also given a moister wicking nylon sock
to protect the sensor, as per recommendations by Tekscan. Once placed in the shoe, a

portion of the sensor was left out of the shoe and attached to the lateral ankle via a cuff.
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This remaining portion of the sensor, now attached to the ankle, was then connected to a
battery pack worn around the waist of each participant via a waist band. This equipment
has been validated for use in this population (Isao et al., 2013).

Once the system was attached to the participant, a brief walking calibration test
occurred. This will be completed as per the recommendation provided by Tekscan and
include having each participant walk back and forth at her normal pace for 200 meters.
That was roughly 10 laps on the 6-meter walkway. This calibration is also adequate to
calibrate the system for the step-down, according to Tekscan. To ensure no upward drift
occurred, the sensor was also zeroed. Not doing so could have created pressure readings
that were artificially high. This required each participant to lift her leg off the ground
while the principal investigator initiated the zero button on the Tekscan software. This is
not only recommended by Tekscan but has also been used previously in gait analysis
(Lugade & Kaufman, 2014).

Following the above, pressure mapping data was then gathered during five trials
of a 6-meter walk, and during five trials of a 20-centimeter step-down (Childs et al.,
2004; Wilson et al., 2017). There was at least one minute of rest between trials to avoid
any detrimental impact of fatigue (Wilson et al., 2017). Lastly, knee excursion was
tracked via electronic bi-axial goniometers (Biometrics Ltd., Newport, United Kingdom)
attached to the lateral aspect of the leg. This system is integrated into the Delsys system
mentioned in chapter 3, but this is technically a kinematic measure.

Regarding the 11-item ICOAP (see Appendix D), this scale has been validated,
has demonstrated high retest-reliability, and high internal consistency (Davison et al.,

2016). Furthermore, this scale provided a valid means of gathering data on (KOA), in
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older individuals, cross-culturally, and across different languages, as a means to
effectively and easily assess intermittent pain or chronic pain separate from physical
function, and is even a recommendation by OARSI to track pain in this population
(Hawker et al., 2008a; Maillefert et al., 2009; McAlindon et al., 2015; Moreton et al.,
2012).

The ICOAP score can range from 0 to 24 with zero being no pain and 24 being
extreme pain (Hawker et al., 2008a). To meet study inclusion for the pain group and
given the novel nature of using a scale like this one for an observational study, inclusion
in the pain group was those who scored greater than 0 out of 24 on items 6 - 11 on the
ICOAP (Hawker et al., 2008a). That was consistent with selecting at least answer choice
1 to items 6 through 11 on the ICOAP, which is indicative of mild or rare impact of
intermittent pain (Hawker et al., 2008a).

Data Processing

Data gathered via the F-scan 3001 E sport sensors were gathered at 15 frames per
second, calculated in the F-scan system version 7.5X, and then exported to Microsoft
Excel (2019). This data included pressure in pounds loaded on the heel, midfoot and
metatarsal, percentage of body mass loaded on the heel, midfoot, and metatarsal, time
spent loading the heel, midfoot, and metatarsals, stance time, swing time, stride time,
cadence, and center of force trajectory. During gait analysis in this population, these
measures have been gathered previously (Childs et al., 2004; Igawa & Katusuhira, 2014;
Munoz-Organero et al., 2017; Saito et al., 2013; Wilson et al., 2017).

Lastly, knee excursion, gathered via the wireless goniometer, mentioned in the

procedure section, was processed in the Delsys software to gather the amount of knee
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flexion in degrees during the stance phase of gait and during the load acceptance phase of
the step-down. Unlike the Delsys electrodes used in chapter three, this wireless
goniometer was not filtered or smoothed rather left in unfiltered degrees range of motion
to assess knee excursion more accurately. Of note, The F-scan sensor output data was
used to assess where the stance phases and weight acceptance phases were for each
participant during the walking and step-down respectively. This ensured synchronous
data gathering between the goniometer and F-scan.

Statistical Analysis

IBM© SPSSO© Statistics (IBM Statistics for Windows, Version 27.0. Armonk,
NY: IBM Corp). was used for statistical analyses. Descriptive statistics included height,
weight, age, and BMI, which are listed as means + standard deviations. Given the
questions posed here, a between groups one-way analysis of covariance (ANCOVA) (a =
.05) was selected, for the walking trials, to assess group differences on center of force
trajectory (COF), pressure mapping along the bottom of the foot (time spent loading,
peak force in pounds, and percentage of body weight loaded on heel, midfoot, and
metatarsals), stance time, swing time, stride time, and cadence.

Data gathered for the step-down included pressure mapping along the bottom of
the foot consistent with force in pounds on the heel, midfoot and metatarsals and
percentage of body mass loaded on the heel, midfoot, and metatarsals. All data were
averaged across 5 trials to reduce group variance, as well as to reduce sample redundancy
(Hubley-Kozey et al., 2008). Lastly, knee excursion data were assessed for group
differences during the stance phase of gate and the load acceptance phase of the 20-

centimeter step down. Given the potential for impact on outcomes, age in years and body
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mass index (BMI) were considered confounding variables in the analyses. Partial eta
squared was calculated for effect size.

Results

Participant demographics are listed in Table 1. A one-way between groups
analysis of covariance was conducted to assess the impact of reported intermittent pain
on gait parameters and foot pressure distribution during the stance phase of a 6-meter
walk and during the load acceptance phase of 20-centimeter step-down. Load acceptance
occurred when each participant contacted the ground and loaded her body mass onto the
test leg. Given the purpose of the ICOAP, the severity of pain, in this case a higher
reported score from person to person on the ICOAP, was not considered. Age and BMI
were considered co-variates.

Preliminary assessments, including Levene’s test, Q-Q plot, and residual plot,
were conducted to ensure no violations of homogeneity, normality, and linearity
respectfully for all analyses described below. A one-way between groups analysis of
covariance (ANCOVA) revealed, regarding the gait parameters, there was no statistically
significant difference between groups, regarding center of force trajectory, cadence in
steps per minute, stride time in seconds, stance time in seconds, swing time in seconds,
and knee joint excursion in degrees during the 6-meter walk (see Tables 2 - 7). There was
also no statistically significant difference between groups in degrees of knee excursion
during the load acceptance phase of the 20-centimeter step down (see Table 8).

Regarding foot pressure distribution during the 6-meter walk, there were no
statistically significant differences between groups in force in pounds loaded on the heel,

midfoot, or metatarsals (see Tables 9 - 11). This was also true for the percentage of body
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weight loaded on the heel, midfoot or metatarsals (see Tables 12 - 14). In addition, there
was no statistically significant difference between groups in time spent loading the heel,
midfoot, or metatarsals (see Tables 15 - 17).

Regarding the 20-centimeter stepdown, there was no statistically significant
difference between groups in force in pounds loaded on the heel, midfoot, or metatarsals
(see Tables 18 - 20). However, while controlling for intermittent pain and Age, there was
a statistically significant difference between groups in force in pounds loaded on the
metatarsals, F(1,13) = 5.33, p = .038, partial eta squared = .291. This means BMI
explained 29.1% of the variance in the pain group, and this was a large effect size (Field,
2018). Furthermore, for every one unit increase in BMI, those in the pain group loaded,
on average, 4.015 (B = 4.015) more pounds on the metatarsals when compared to the
control group. In addition, while controlling for intermittent pain and Age, there was a
significant difference between groups on pounds loaded on the midfoot, F(1,13) = 6.60, p
=.023, partial eta squared = .337. This means BMI explained 33.7% of the variance in
the pain group, and this was a large effect size (Field, 2018). Furthermore, it was found
that those in the pain group, on average, for every one unit increase in BMI, loaded 1.79
(B =1.79) more pounds on the midfoot compared to the control group. There was no
statistically significant difference in the percentage of body weight loaded on the heel,
midfoot, or metatarsals during the 20-centimeter step down (see Tables 21 - 23). Lastly,
although not directly impactful on group differences, the intercept regarding cadence,
stride time, stance time, and swing time was significant. This means a factor not assessed

in the analysis impacted variables in the pain and control group.



Table 1

Participant demographics

Control Intermittent Pain
n (10) n(7)

Sex (Female)

M +SD M +SD
Height (m) 1.676 0.075 1.63 0.068
Weight (kg) 69.09 13.79 90.45 10.95
Age (Years) 59 9.17 62 8.71
BMI (kg/m?) 24.47 35 34.51 5.99

Note: BMI is body mass index.
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Z\izlls/szis of Covariance for Center of Force Trajectory Percentage during 6-meter
walk
Source M tSD n  df F p np? ]
Between subjects

Source: Reduced Model 3 155 0.249 0.264

Main Effect 13.00 0.09 0.768 0.007 1.22
Pain group 1771 658 7
Control group (reference) 1480 439 10

Main Effect (covariates)
Age (Years) 1.85 0.196 0.125 -0.204
BMI (kg/m?) 059 0.455 0.044 0.229

Note: F(3,13) = 1.55, p = .249, partial eta squared = .264. BMI is body mass index.



Table 3

Analysis of Covariance for Cadence in steps per minute during 6-meter walk
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Source M

tSD n  df F p

Between subjects

np?

Source: Reduced Model

Main Effect
Pain group 54.29
Control group (reference) 58.20

Main Effect (covariates)
Age (Years)

BMI (kg/m?)

3 136 0.298

13.00 0.83 0.378

269 7

451 10

0.35 0.566

0.09 0.760

0.239

0.06

0.026

0.007

-2.96

-0.071

-0.074

Note: F (3,13) = 1.36, p = .298, partial eta squared = .239. Cadence was the average steps per minute

across 5 trials. BMI is body mass index.



Table 4

Analysis of Covariance for Stride Time in seconds during 6-meter walk

101

Source M

+SD n df F

P mp? B

Between subjects

Source: Reduced Model

Main Effect
Pain group 1.11
Control group (reference) 1.04

Main Effect (covariates)
Age (Years)

BMI (kg/m?)

3 135
13.00 0.82
005 7
0.08 10
0.17
0.13

0.303 0.237

0.382 0.059 0.054

0.686 0.013 0.001

0.720 0.01 0.002

Note: F (3,13) = 1.35, p = .303, partial eta squared = .237. Stride time was the average in seconds

across 5 trials. BMI is body mass index.
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Table 5
Analysis of Covariance for Stance time in seconds during 6-meter walk

Source M tSD n df F p np? B

Between subjects

Source: Reduced Model 3 199 0.165 0.315

Main Effect 13.00 125 0.284 0.088 0.051
Pain group 0.72 0.05 7
Control group (reference) 0.66 0.06 10

Main Effect (covariates)

Age (Years) 0.10 0.762 0.007 -0.001

BMI (kg/m?) 027 0613 0.02 0.002

Note: F (3,13) =1.99, p = .165, partial eta squared = .315. Stance time was the average in seconds

across 5 trials. BMI is body mass index.
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Table 6
Analysis of Covariance for Swing Time in seconds during 6-meter walk

Source M tSD n df F p np? B

Between subjects

Source: Reduced Model 3 044 0731 0.09

Main Effect 13.00 0.01 0.917 0.001 0.004
Pain group 0.39 0.03 7
Control group (reference) 0.38 0.05 10

Main Effect (covariates)

Age (Years) 1.08 0317 0.07 0.001

BMI (kg/m?) 0.01 0936 0001 <.001

Note: F (3,13) = .44, p = .731, partial eta squared = .09. Swing time was the average in seconds across

5 trials. BMI is body mass index.



Table 7

Analysis of Covariance for Knee Excursion in Degrees during 6-meter walk

Source M tSD n  df F p np? ]
Between subjects
Source: Reduced Model 3 066 0591 0.132
Main Effect 13.00 0.22 0.646 0.017 2.21
Pain group 13.25 247 7
Control group (reference) 15.43 7.29 10
Main Effect (covariates)
Age (Years) 0.24 0.630 0.018 -0.086
BMI (kg/m?) 141 0.256 0.098 -0.411

Note: F(3,13) = .66, p = .591, partial eta squared = .132. Knee Excursion is the amount of knee

flexion during the stance phase of gait. BMI is body mass index.
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Table 8

Analysis of Covariance for Knee Excursion in degrees during a 20-centimeter step-
down

Source M tSD n df F p np? ]

Between subjects

Source: Reduced Model 3 044 0.731 0.091

Main Effect 13.00 0.69 0.421 0.051 4.368
Pain group 18.53 448 7
Control group (reference) 18.56 7.58 10

Main Effect (covariates)
Age (Years) 0.65 0.435 0.048 -0.157

BMI (kg/m?) 1.02 0331 0073 -0.391

Note: F(3,13) = .44, p = .731, partial eta squared = .091. Knee excursion is the amount of knee

flexion during the load acceptance phase of the step-down. BMI is body mass index.
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Table 9

Analysis of Covariance for Force in pounds loaded on Heel during 6-meter walk

Source M tSD n  df F p np? ]

Between subjects

Source: Reduced Model 3 046 0.717 0.095

Main Effect 13.00 0.18 0.680 0.014 -12.436
Pain group 10531 3540 7
Control group (reference) 103.66 37.52 10

Main Effect (covariates)

Age (Years)

BMI (kg/m?)

0.42

0.55

0.529

0.471

0.031

0.041

-0.705

1.613

Note: F(3,13) = .46, p = .717, partial eta squared = .095. BMI is body mass index.
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Table 10

Analysis of Covariance for Force in pounds loaded on Midfoot during 6-meter walk

Source M tSD n df F p np? B

Between subjects

Source: Reduced Model 3 433 0025 0.50

Main Effect 13.00 0.09 0.764 0.007 3.551
Pain group 4723 2005 7
Control group (reference) 27.88 1362 10

Main Effect (covariates)

Age (Years) 0.62 0.445 0.046 -0.337

BMI (kg/m?) 3.86 0.071 0.229 1673

Note: F(3,13) = 4.33, p = .025, partial eta squared = 0.5. BMI is body mass index.
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Z\ﬂzll(;/slii of Covariance for Force in pounds loaded on Metatarsals during 6-meter
walk
Source M tSD n  df F p np? B
Between subjects
Source: Reduced Model 3 222 0.135 0.339
Main Effect 13.00 0.05 0.824 0.004 6.458
Pain group 163.60 4761 7
Control group (reference) 129.72 28.82 10

Main Effect (covariates)

Age (Years) 0.37 0554 0.028 -0.641

BMI (kg/m?) 194 0187 013 2921

Note: F(3,13) = 2.22, p = .135, partial eta squared = .339. BMI is body mass index.



Z\ﬁzlls/slisz of Covariance for Percentage of Body weight loaded on Heel during 6-
meter walk
Source M tSD n df F p np? B
Between subjects

Source: Reduced Model 3 070 0.569 0.139

Main Effect 13.00 0.31 0.586 0.023 -9.964
Pain group 53.69 1849 7
Control group (reference) 68.76  23.11 10

Main Effect (covariates)
Age (Years) 0.26 0.619 0.02 -0.337
BMI (kg/m?) 0.10 0.761 0.007 -0.408

Note: F(3,13) = .70, p = .569, partial eta squared = .139. BMI is body mass index.
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Table 13

Analysis of Covariance for Percentage of Body weight loaded on Midfoot during 6-
meter walk

Source M tSD n  df F p np? B

Between subjects

Source: Reduced Model 3 097 0438 0.182

Main Effect 13.00 0.09 0.769 0.007 1.995
Pain group 23.34 7.88 7
Control group (reference) 18.26 857 10

Main Effect (covariates)

Age (Years) 0.47 0.505 0.035 -0.169

BMI (kg/m?) 053 0.478 0.039 0.358

Note: F(3,13) = .97, p = .438, partial eta squared = .182. BMI is body mass index.
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Table 14

Analysis of Covariance for Percentage of Body weight loaded on Metatarsals during
6-meter walk

Source M tSD n  df F p np? B

Between subjects

Source: Reduced Model 3.00 0.193 0.90 0.043

Main Effect 13.00 0.018 0.90 0.001 2.227
Pain group 8243 2139 7
Control group (reference) 86.82 19.28 10

Main Effect (covariates)

Age (Years) 0.31 0.585 0.024 -0.347

BMI (kg/m?) 0.202 0.660 0.015 -0.555

Note: F(3,13) =.193, p = .899, partial eta squared = .043. BMI is body mass index.
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Table 15

Analysis of Covariance for Time in seconds Loading the Heel during 6-meter walk

Source M tSD n  df F p np? B
Between subjects

Source: Reduced Model 3 040 0.757 0.084

Main Effect 13.00 0.46 0.508 0.034 0.046
Pain group 0.54 010 7
Control group (reference) 0.52 0.07 10

Main Effect (covariates)
Age (Years) 0.33 0.576 0.025 0.001
BMI (kg/m?) 0.35 0.565 0.026 -0.003

Note: F(3,13) = .40, p = .757, partial eta squared = .084. BMI is body mass index.
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Xﬁzllf/slig of Covariance for Time in seconds Loading the Midfoot during 6-meter
walk
Source M tSD n  df F p np? ]
Between subjects
Source: Reduced Model 3 0.80 0.518 0.155
Main Effect 13.00 152 0.239 0.105 0.068
Pain group 0.64 008 7
Control group (reference) 0.59 0.06 10

Main Effect (covariates)

Age (Years) 0.10 0.756 0.008 0.001

BMI (kg/m?) 0.34 0570 0.025 -0.002

Note: F(3,13) =.80, p = 518, partial eta squared = .155. BMI is body mass index.
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Z\il;ll?/sliz of Covariance for Time in Seconds Loading the Metatarsals during 6-meter
walk
Source M tSD n  df F p np? B
Between subjects
Source: Reduced Model 3 261 0.096 0.375
Main Effect 13.00 2.64 0.128 0.169 0.088
Pain group 0.64 0.07 7
Control group (reference) 0.55 0.06 10

Main Effect (covariates)

Age (Years) 0.63 0.442 0.046 0.002

BMI (kg/m?) 0.003 0.955 <.001 <.001

Note: F(3,13) = 2.61, p = .096, partial eta squared = .375. BMI is body mass index.



Table 18

Analysis of Covariance for Force in Pounds loaded on Heel during 20-centimeter
step-down

Source M tSD n df F p np? B

Between subjects

Source: Reduced Model 3 0.27 0.847 0.058

Main Effect 13.00 0.21 0.652 0.016 11.28
Pain group 88.54 36.21 7
Control group (reference) 76.50 2334 10

Main Effect (covariates)

Age (Years) 0.14 0.713 0.011 -0.34

BMI (kg/m?) 001 0924 0001 0.176

Note: F(3,13) = .27, p = .847, partial eta squared = .058. These values were gathered during the load

acceptance phase of the step-down. BMI is body mass index.
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Table 19

Analysis of Covariance for Force in Pounds loaded on Midfoot during 20-
centimeter step-down

Source M tSD n  df F p np? B

Between subjects

Source: Reduced Model 3 6.90 0.005 0.614

Main Effect 13.00 0.07 0.797 0.005 2474
Pain group 58.34 1507 7
Control group (reference) 39.02 1474 10

Main Effect (covariates)

Age (Years) 1.06 0.321 0.076 -0.36

BMI (kg/m?) 6.60 0.023 0.337 1.785

Note: F(3,13) = 6.90, p = .005, partial eta squared = .614. These values were gathered during the load

acceptance phase of the step-down. BMI is body mass index.
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Table 20
Analysis of Covariance for Force in Pounds loaded on Metatarsals during 20-
centimeter step-down

Source M tSD n df F p np? B

Between subjects

Source: Reduced Model 3 3.04 0.067 0.412

Main Effect 13.00 0.32 0.582 0.024 -13.316
Pain group 119.84 3364 7
Control group (reference) 92.64 3350 10

Main Effect (covariates)

Age (Years) 0.00 0.949 <.001 0.057

BMI (kg/m?) 533 0038 0291  4.015

Note: F(3,13) = 3.04, p = .067, partial eta squared = .412. These values were gathered during the load

acceptance phase of the step-down. BMI is body mass index.



Table 21

Analysis of Covariance for Percent of Body Weight Loaded on Heel during 20-
centimeter step-down

Source M tSD n  df F p np? B

Between subjects

Source: Reduced Model 3 052 0.674 0.108

Main Effect 13.00 0.24 0.634 0.018 6.615
Pain group 4555 2052 7
Control group (reference) 50.58 13.73 10

Main Effect (covariates)

Age (Years) 0.20 0.659 0.015 -0.227

BMI (kg/m?) 120 0.294 0.084 -1.091

Note: F(3,13) = .70, p = .569, partial eta squared = .139. These values were gathered during the

weight acceptance phase of the step-down. BMI is body mass index.
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Table 22

Analysis of Covariance for Percent of Body Weight Loaded on Midfoot during 20-

centimeter step-down

Source M

+SD n df F

p o P

Between subjects

Source: Reduced Model

Main Effect
Pain group 29.04
Control group (reference) 25.76

Main Effect (covariates)
Age (Years)

BMI (kg/m?)

3 092
13.00 0.04
462 7
8.92 10
1.01
0.42

0.459 0.175

0.852 0.003 1.122

0.333 0.072 -0.22

0.531 0.031 0.28

Note: F(3,13) = .97, p = .438, partial eta squared = .182. These values were gathered during the load

acceptance phase of the step-down. BMI is body mass index.
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Table 23

Analysis of Covariance for Percent of Body Weight Loaded on Metatarsals during
20-centimeter step-down

Source M tSD n df F p np? B

Between subjects

Source: Reduced Model 3 0.12 0.948 0.027

Main Effect 13.00 0.33 0.577 0.024 -9.726
Pain group 60.13 1481 7
Control group (reference) 62.60 23.37 10

Main Effect (covariates)

Age (Years) 0.07 0.800 0.005 0.163

BMI (kg/m?) 029 0.600 0.022 0.673

Note: F(3,13) = .19, p = .899, partial eta squared = .043. These values were gathered during the load

acceptance phase of the step-down. BMI is body mass index.

120



121
Discussion

The purpose of this exploratory study was to evaluate the effect of intermittent
pain on gait parameters, and the distribution of foot pressure during a self-paced 6-meter
walk and a 20-centimeter step-down task, in women diagnosed with KOA. However, the
presence of intermittent pain did not lead to statistically significant effects on the
observed outcomes. In accordance with previous research, women who report
experiencing intermittent pain typically exhibit a series of distinct alterations in their gait
during both walking and stair descent tasks. These alterations encompass shifts in foot
pressure distribution to avoid loading the heel, reduced heel contact duration in
comparison to the midfoot and metatarsals, diminished knee flexion or excursion, and an
overall altered duration of loading on the foot of the most painful knee. These cumulative
alterations consequently bring about modifications in cadence, stride, stance, and swing
time (Costello et al., 2021; Davison et al., 2016; Hame & Alexander, 2013; Hodges et al.,
2016; Hunt et al., 2010; Igawa & Katusuhira, 2014; Munoz-Organero et al., 2017; Na et
al., 2018; Saito et al., 2013).

While no significant findings were found in this study, it is worth noting that there
are still several comparable trends that allow us to draw upon previous research to reveal
potential mechanisms that may have led to these findings. Specifically, it was observed
that the pain group exhibited a higher percentage of body weight loaded on the midfoot
and lower percentages on the heel and metatarsals during both the self-paced 6 m walk
and the 20-cm. step-down task. These results are like the findings of Childs et al. (2004)
and Saito et al. (2013) during walking and step-down tasks. Childs et al. (2004) reported

a reduced percentage of overall body mass loading on the most painful or tested leg in
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persons with KOA. Similarly, Saito et al. (2013) described that KOA patients exhibited a
higher percentage of body weight distributed to the midfoot, as opposed to the heel or
metatarsals. Notably, the Saito et al. (2013) study did not incorporate a step down.
However, their use of the F-scan system strengthens the relevance of their findings to the
findings of the current study. This could be evidence of the abnormal gait pattern known
as midfoot walking and favoring as an adaptation to pain described by Munoz-Organero
et al. (2017); however, further explorations with different controls are needed to confirm
this assertion.

In addition to the above findings, knee excursion during both the self-paced 6 m
walk and 20 cm step-down also exhibited trends with previous studies. Specifically, the
pain group presented less knee flexion compared to the control group, which aligns with
the findings of Astephen et al. (2008), Childs et al. (2004), lgawa & Katsuhira (2014),
and Wilson et al. (2017). It is important to recognize that there are some notable
differences between the methods used in the studies mentioned and the current study,
other than larger sample sizes, which are likely to have impacted findings.

Childs et al. (2004) selected strict controls including a window for walking speed,
and joint severity, measured via the K-L grade. It is well established that joint severity
directly impacts the biomechanics of walking and stair descent (Astephen et al., 2008;
Costello et al., 2021; Hall et al., 2017; Igawa & Katsuhira, 2014; Saito et al., 2013). That
IS, as joint severity worsens, so do gait parameters, such as knee joint excursion, stance
time, swing time, stride time, cadence, and pressure distribution. This is important for
several reasons. Chronic pain is known to elicit biomechanical changes independent of

K-L grade, as shown by Wilson et al. (2017). Conversely, the worsening of severity (K-L
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grade) may also alter biomechanics in the absence of pain, as shown by Hunt et al.
(2010). While not directly comparable to the current study, it is certainly an issue to
consider when deciding whether to control walking speed or disease severity. In this
instance, not controlling these variables likely introduced excessive variability within
pain group for the foot and gait parameters, which is indicative of no significant findings
and a wide range of effect sizes.

Lastly, it is important to note that none of these studies assessed the impact of
intermittent pain, and other than Saito et al. (2013), used different methods to gather gait
parameters such as force plates, and motion analysis systems. Also, there was likely an
outside factor that influenced results regarding cadence, stance, swing, and stride time.
Combining these controls with the current study parameters may yield a more precise
description of how the pathology of KOA impacts those diagnosed. Beyond the
differences between the methods of this study and past research, there were some notable
limitations.

Limitations & Recommendations

Disease severity, commonly tracked by K-L grade (Childs et al, 2004; Hubley-
Kozey et al., 2009; Kellgren and Lawrence, 1957; Wilson et al., 2017), was not a
requirement for study inclusion into the pain group and could be considered a limitation.
Given the lack of access to a hospital or capable campus clinic, requiring K-L
radiographic grade was considered a potential burden to participants. Some participants
would have had to request information like this from a physician, which requires time
and, in some cases, financial responsibility. For several reasons, it could be a general

recommendation to control or stratify participants with this variable in the future.
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Regarding just disease progression, which can progress independently of pain (Neogi et
al., 2013; Sharma, 2021), and vice versa, it is well documented that KOA severity is
significantly and negatively impactful on walking mechanics and function (Astephen et
al., 2008; Hall et al., 2017; Hunt et al., 2010). However, it is important to note that these
studies did not account for the impact of intermittent pain, used different activities, and
assessed a wide array of gait parameters. As a result, this limitation and recommendation
should be regarded as factors for consideration.

There was lack of access to visual recording and motion analysis software and
was therefore a limitation. This study included several components of gait and foot
parameter analysis, but it has been considered most beneficial to analyze KOA in three
dimensions to assess the impact of the disease more precisely (Chambers & Sutherland,
2002). In addition, collecting an arch index could be recommended (Kaufman et al.,
1999; Lugade & Kaufman, 2014). If sensors like the ones used in this research are
selected to collect gait and foot parameters, foot arch height can impact the reliability of
gathered data (Lugade & Kaufman, 2014).

Walking speed was also not controlled in this study and is a limitation. Although
there are criticisms of using a speed window in which each participant walks, not
controlling walking speed could have introduced too much variability into the sample
given those with KOA will often walk slower to compensate for gait abnormalities and
pain (Childs et al., 2004; Hunt et al., 2010; Radzak et al., 2017). Given the importance of
walking speed as a measure of health (Fritz & Michelle 2009), and the potential
variability present without controlling it, it is recommended that future methods employ a

window, match speed like that used in Childs et al. (2004) and Rutherford et al. (2013) or
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include walking speed as a covariate. Including these additional controls, if applicable,
could lead to a more complete description of the etiology and pathology of KOA, and
therefore are strong recommendations for future studies.

Lastly, although joint injection was considered exclusion criteria, it is likely,
given the commonality of oral pain medication use in this population, that a variable
amount of the pain group participants was consuming medication for pain on the day of
testing (Sharma, 2021; Smith et al., 2017; Smith et al., 2018). Although the impact of oral
pain medication wasn’t assessed, a lower pain level due to pain medication consumption
could have impacted gait parameters and foot pressure distribution and was a limitation.
Similarly, although the F-scan insert was worn in between the foot and insert of the shoe
of each participant, differing insole softness may have impacted foot pressure distribution
and gait parameters and led to a high degree of variability. This was therefore a

limitation. It could be recommended to control for show insert type.
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gnnd',‘l-ulm sis], andfor spondyylolysispars defect aaad.ln'ﬂlnborryn on the YES
badmhhupnal mlu - P : ™ D"DD
ic Hawe you had stenid injections or taken steroid tablets regulady for mone: than 3 months? TED"CD
2 Do you currently have Cancer of any kind?
IF the abowe condition(s) is/are present, answer guesSons J-2b Hﬂjgg.m question 1
2a. Droes: cancer disgnosis induds worf thaa Sollowin s: lung/bronchogenic, mult ko [cancesr of
plasm calls), hsad, adiarnadd | qHppesing plamy ves[Jwol ]
h Ara you osanty receiving canoer tharapy (such as chemotheraphy or adiotharapyi? 'I'BDIICD
3 D you have & Heart or Cardlovascular CondltionT This includes Coranary Artery Cisease, Heart Fallure,
Diagreoced Abnarmality of Heart Rhythm
If the abowe cordition(s) is'ane present, answer questions 1a-3d If"l:lgn-h: muestian 4
Ja. D have difh coiroll condithon with rnm:imbnn:-nruhr can-prescribed th st YES
Mnmﬂlfwlﬁﬁmw ngﬂﬁngmndmunmruﬂ'm Fh'!ﬁ' . D"CD
L Do o haaws an irequilar heart baat that requires medical managemant? YES|
(i%.g., atrial fibrillation, prematura wantricular contraction) DMD
3c Do youhave cheonic haart Faiura? ves[_|wa[]
3d Do you have diagnosed art diowascular) di nd hawa: not participated i ulz |
Pdlnﬁnllg2 cmgrury ey can r) disazsa 3 not participated in regular prysica TE‘D"DD
4 Doyoucurmently have High Mood Pressure?
I the abowe conditionis) is'are present, answer questions da-4b Hﬂ:‘gnbﬂquﬂmn 5
da Do you havn difficulty controlling your condition with medications or other physician-prescribed thorapies? YES,
(Ao INf you ana not cusTenty taking medications or othar treatments) DMD
4b Do you havvs a resting blood pressure equal to ar than 15090 mmiHg with or without medication?
-,ﬁ.rmmfpuggmthmgu:rgmg bhug“m TEDHE
-3 Do you have sy Metaballc Conditions? This indudes Type 1 Disbetes, Type 2 Disbetes, Pre-Diabetes

5a.

If the abowe cordition(s] is'are present, answer questions Sa-5e I‘fﬂ:‘gn-bu e stion &

D oiften hawe diffe controdi ur blood sugar levels with foods, medications, or other an YES
Do oo cfton s culty g yo 5 physici =]

sh. Dn:p.lnﬁ:mmﬁorﬁu'n oimes of low blood sugar | omia) following axencsa andfor
during activities of daily v mia may indudes shalonass, nervousness, wiusual rmtabili YES
Iﬂ'ﬂ?ﬂﬂl rg.dénﬂ:gnrs‘glh-h l.rn:rrm'lla mnfl.mnl:ﬁﬁniql speaabinig, makrmmslnquﬁm. D'.:D
S5c Do s b vy, signs o nme of dizhote complications such 2= haart or vasoular dissasa and'or
WHMMH}E@Fng kidingys, Dl the wpl tham inyour toes and foatT TBE'HDD

5d

D e other matabolic condiions (swch as curmant pregn related diabates, chronic kidney dissasa, or
|rNr!|I;f-|nleru| ey néry ves[_[wo[]

Ara you planning to engage in what for you is unusually high jor vigorous) intensity exercisa in tha near fsture? YED IICD

Eopright £ M PREGH-C
O1-11-3130
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& Do tyeus Fuirv nyy Mkl Laamning DiMeullthas? This includes Alzheimars, Demantia,
Deprassion, Anxdety D'Isnrder Eatlrg D\snrdet Psychatic Disonder, Imtellectusal Disabllity, Down Syndrome
If the: abaove condition]s) isfare pressnt, answer questions Ga-6b H-IIDQ\: ta question 7
Ea D harwe difficulty controllin condition with medications or other ician-presoribod therapaas? YES KO
Mﬁrﬂﬁgﬂuagmrm taing medications or othar treatmenits F b D D
= Do you hava Down Syndroms: A back problems affacting nerves or musche? ves_| ma_]
T Do it hibv & Rspiratory Dissada? This ndudes Chvonic Obstruchive Pulmonary Disease, Asifima,
FPuimonary High Blood Pressure
i the abowve conditicn(s) ifare present, arswer questions 7a-7d |fﬂgnm guestion B
Ta Do you hava dificulty controliing condition with medications or other physican-prescribed therapies?
y&r&ﬁm“ gu.larl?mll u.nnrﬁf;o‘jung madications or other treatments |F| ® " 'FEDME
Th H:swudo-cbumrmdp.rblmdnrpgnﬂhuduluwalrn:.‘tnrd.lﬂgmmuand‘nrﬂ'utynumwlm
supplemaental cuygen theragy? "ED Mﬂ
To I asthmatic, do you curmently hawa oms: of chest tightnass, wheszing, laboured breathing, consistent cough
(mora than Id.rg!:-lm mwandwummrmdﬂhmn‘m 'rmnﬁnla:rg.mh TED"DD
rd Has your doctor ever said you havs high blood pressure in the blood wessals of your lungs? mD“D
B Do you hawe: & Spinal Cond InjuryT This nouoes Tetropiegia and Parapiegio
i thie abowe condition(s) isare present, arswer questions 8a-Bc Ifﬂgnbﬂ question 9
a2 Do you have diffioulty controliing condition with madications or othor physican-prescribed therapies?
-..ﬁ.m!'?m‘ gu.lalh'alrﬂ o taking madications or other treatmanis IF| ® s "ED "DD
zh Do you commeonly sxchibit kow resting bloosd pressure significant encugh to cause dizoness, light-headediness,
'or fainting? ¥ = “ 'FBD "DD
2 23] indiicated that hibit sudden bouts of high blood kn Autonomi
-pm:np;?smml FOU LT safhig prassurs [known 2 mic -,ED m:.D
2 Have you had & Stroka? 1T/ incivdes Transtent schemic Aok (TIA) or Cersbrovasculor Event
i thie abowve conditicn(s) isfare present, arewer questions 93-5c Ifﬂ:‘go to guestion 10
s Do you have diffioulty controliing condition with medications or other physican-prescribed therapies?
ﬂrﬁﬁmm !‘Dl.lﬂ"?l‘ﬁ o taking medications or othar freatmanits IF| k s "'ED ’“:'El
b Do you v any impairmant inwalking or mobilicg? mD m:.D
ac Hawe you axperienced a stroka or impairmant in nerves or muscks in the past & months? mDm:.D
10. Do you hive ary other madical condition not lirted sbove or da you hive twe or mans medical conditiona?
if you have other mediml conditions, answer questions 10a-10c Ifﬂ:‘ read the Page 4 recommendations
1. ienced 2 blackout, fainted, or lost consciousnass a5 a result of a head injury within the last 12
mmﬂf‘:'{lim',‘mhada m?nsndmnu.mmmthﬂﬁnluﬂzn'ﬂ'ﬂl's‘ TED "DD
1ob.  Doyouhave a medical condition that i not listed (such as spilapsy, eurslogical conditions, kidnay probilems)? 'I"BD HDD
1o Dk you currantly lwa with bar or more madical conditions? mD m:.D
PFLIASHE LT ViOLE MEBDKCAL COMDITROMS)
AMD ANY RELATED MEDICATIONS HERE:

GO to Page 4 for recommendations about your current
medical condition(s) and sign the PARTICIPANT DECLARATION.
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~T toall of the abaut your medical 3
i Itls advised that you consult a %uallhed exelclse prodesskonal b help you dewalop a safe and effectiwe pnyslcal
activity plan to mest your health needs.

gl YOU are encoural o start 2nd bulid up gradually - 20 to 60 minutes of low 10 moderate Intensity exerclse,
® 3-5 days per Innudlmmlcand MLsE eg‘u'zngt Ening exercises. sy

@ Az FOU progress, you shoulkd alm to accumulate 1530 minutes or mone of moderate |1|ZE|'ISIT.Y FIH!SKB 1 cTIvIty pear weak.

It are aver the of 45 yr and WA accustomed to requilar vi s to maximal effort exenclse, consult a
LU quialified exercise ;%aslurgl-befmeengag]ngm thils hl-teglslty mgenrnse.

r@ If you answered YES to ona or mone of the follow-up guestiens about your medical cond iticn: |
You showld sask further information befors becoming i i g i & fibmeess appraisal, You should

thes specially desigrad ;I}mwwivgandmr:ﬁdmmﬁmm;- %‘-m#;ﬂh;

'u'ui'taqLﬂiEa-dmr\:iwpmfnm'ﬂulTuwu‘h.ﬂvnuj\ﬂwnmﬂnud-!+ldfnrhrthﬂrhh1mtiun.

-

&, Dallry bacoming mors scthe if:
g YOU have 3 temiparary Miness such 35 3 coid of fever; It 15 best to wait until you fesl better.

.7 ¥ou are pregniant - ik to your health care practitioner, your an, a qualifed exercise professional,

W ancior complate the EPRAmEd s ﬂ“ﬂﬂ mbemmlng more physically actve.

. Your heaith changes - taik to your doctor of qualiNed exercise professional before continuing with any physical
W activity program. " &

& DU are encourRged to photooopy the PAR-C-+. You must use the entire questionnaire and MO changes are permiltied.
& The authors, the PAR-CH Collaboration, partner crganizations, and thelr agents assume no llability for persons who

undertake pi | activity and/or Make use of the PAR-O+ or sRARMe0-X+. If In doubt 3fer complating tha questionnain,
consult your ¢ prior i physical activity.
PARTICIPANT DECLARATION

® All parsons who have compiatad the PAR-0+ please read and sign the deciaation below.

# 17 you are lass than the legal age required for consent of raguire the assent of 3 care provider, your parent, quardlan o cars
providar maust also sign thils farm.

L the undersgned, have raad, understood o my full satistaction and completed this questionna ire. | acknowieoge
thatthis physical activity clearance Is valldfora maximum of 12 months from the daie It lscompleied and becomes

|mﬁ“ﬂ|f|'|"|}'ml‘dmﬂ lemwwmmmmumm:umrma}lm@nam of this
form for records. In these Instances, it will malntzin the mﬁﬂmn}'mﬂ! .G.me,mnpl}rlngmm bile lawe.
NAVE AT —
SHGEMATIURE WITHESS

SIGNATURE OF PARENT/GUARDIANSCARE PROVIDER IR0

—— For more Information, please contact

The PARO4 s crawed uning #ha e denos-based ACREE peooma [1) by the PAE-CH

W SpTradT s Collabioruticn chaired iy Dr. Drres E. L Warburion sith Dt Korman Cledbill, Dr Varorics

Emal: npsmmaduggran | om Jnranik, aned D Dorald . McKansin (7). Prochuction of thia doasmant has besn mads panible

T ke e s ity gt | hesugh Srancal conibtion o e i Feaki ey of Canad e B ity
iy ; =i Hemih Servismn The varssn expomod hieven o ron necpmardy repersant the siwwn of the

R R e A L S e s Pobiic Hhaalth Agenscy of Canacla o the BC Ministry of Haslth Services.
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APPENDIX D

A Measure of Intermittent and Constant Ostecarthritis Pain, ICOAP: KMEE Version

Peaple have told us that they experience different kinds of pain (including aching or discomfort) in their lmee.
To et a befter sense of the different types of kmee pain yon may experience, we wonld like to ask you abont amy
“comstant pain™ (pain you have all the time) separately from any pain that yon may experience less often, that is,
“pain that comes and goes”. The following questions will a:k von about the pain that vou have experienced in
your loee im the PAST WEER. Flease answer ALL questions.

A) CONSTANT PAIN

For each of the following questions, please select the response that best describes, on average, your consians
fmes paim in the PAST WEERL

L In the past weel, how intense has your consians knes pain been?
O ] T ] O
Hot at all/ Mildly Modert=ly Seversly Extremsly
Mo constant knes
pain

1 In the past weele how muoch has your consans Anee pain affected your sleep?

O o D ]
ot at all/ Mildly Modermtely Seversly Extremsty
HNo constant knes
pain

1. In the past weel. how moch has your conson nee pain affected your overall qualify of Life?

0o Ty o | O,
ot at all/ Mildly Modermt=ly Seversly Extremesly
Numsl;mlmee
pain

4. Im the past weel. how frostrated or annoved have yon been by vour constans knee pam?
On oh Ch oh
Hot at all/ Mildly Moderataly Severzly Extremsly
pain
. Im the past weel. how upset or worried have yon been by your constans knee pain?

il

On oh Ch oh
ot at all/ Mildly Moderataly Severzly Extremsly
Mo constant knes
pain

Yermon 3 Mowemnber 192000



143

E) PAIN THAT COMES AND GOES

For each of the following questions, please select the response that best describes your knee paim thar comes
and goes, on average, in the PAST WEEE.

6. Im the past weel. how intense has vour most severe kmee paim thar comes and goes been?

. Oy Oy

Oy Oh
Mt at all’ Mty Moderately Severely Exiremgly
o knes pain that
comss and goes

7. Im the past weel. how frequently has this knee poin thar comes and goes occurmed?

Do Oy Ca Ch

zver' Farely Somerimas. Odien ‘.-‘&r_'r_lf:lfrm
o knee pain that
comees and goes

5 In the past weel, how moch has your nee pain thar comes and goes affected your sleep?

O ) =z = Ly
Mot at all’ Mildly Moderately Severely Extremaly
oo knee pain that
comes and Foes

9. In the past weel. how muoch has your knee pain thar comes and goes affected your overall quality of Life?

Yot at all Midy Modarately Severely Evtremaly
oo knee pain that
comes and goes

10. In the past weele how frusirated or annoved have yon been by your Eree paim rhar comes and goes™

Lo -1

Hot at all’ Mildhy Mioderately Severely Extremely
oo knee pain that
comes and goes

11. In the past weel, how wpset ar worried have yon been by your kree paim thar comes and goes?

Oy Oh T O O,
Mot at all’ Mildly Moderately Severely Extremsly
o knes pain that
comss and goes
THANE YOT!

Vormon & Mowember 19 2007



144
CHAPTER V: OVERALL CONCLUSIONS

Based on the findings of this research, there is a significant impact of intermittent
pain on muscle activity during a step-down. Therefore, this type of pain is detrimental to
the function of skeletal muscle around the knee joint, as the muscle of the thigh, in this
case the semitendinosus, was overactive during the load acceptance phase of stair
navigation. This overactivity, according to Hodges et al. (2016), could lead to detrimental
joint load and ultimately worsen symptoms, such as cartilage degradation and increased
pain. Given the trends described here, it is possible that intermittent pain also impacts
other muscles above and below the joint, including leading to atypical co-activation, but
further research with precise controls would need gathered to make clear the true impact
of this pain type on skeletal muscle.

Lastly, given the trends described in this research surrounding the foot and gait
parameters, it could be that intermittent pain impacted pressure distribution and gait.
Likely, that would have been due to altered muscle function because of intermittent pain,
but with the lack of any visual assessment or motion analysis software to rule out
confounding issues, such as knee joint frontal plane angle, ankle mobility, hip mobility,
and preexisting gait abnormalities, that relationship and its mechanism(s) is unclear.
Future research should continue to probe for the magnitude of impact intermittent pain
has on movement and function in three dimensions. Providing that information would be
invaluable to the clinician and diagnosed alike, as, according to Sharma (2021), it is often
difficult to quantify KOA symptom impact and ultimately describe how those symptoms

relate to disease progression.



145
Dissertation References

Ackerman, I. N., Tacey, M. A., Ademi, Z., Bohensky, M. A., Liew, D., & Brand, C. A.
(2014). Using WOMAC index scores and personal characteristics to estimate
assessment of quality-of-life utility scores in people with hip and knee joint
disease. Quality of Life Research, 23(8), 2365-2374.

Al Amer, H. S., Sabbahi, M. A., Alrowayeh, H. N., Bryan, W. J., & Olson, S. L. (2018).
Electromyographic activity of quadriceps muscle during sit-to-stand in patients
with unilateral knee osteoarthritis. BMC Research Notes, 11(1), 1-6.

Altman, R., Asch, D., Bloch, Bole, G., Borenstein, D., Brandt, K., Christy, W., Cooke, T.
D., Greenwald, R., Hochberg, M., Howell, D., Kaplan, D., Koopman, W.,
Longley, S., Mankin, H., McShane, D. J., Medsger, T., Meenan, R., Mikkelsen,
W., Moskowitz, R., Murphy, W., Rothschild, B., Segal, M., Sokoloff, L., &
Wolfe, F. (1986). Development of criteria for the classification and reporting of
osteoarthritis: Classification of osteoarthritis of the knee. Arthritis & Rheumatism,
29(8), 1039-1049.

Angst, F., Aeschlimann, A., & Stucki, G. (2001). Smallest detectable and minimal
clinically important differences of rehabilitation intervention with their
implications for required sample sizes using WOMAC and SF-36 quality of life
measurement instruments in patients with osteoarthritis of the lower extremities.
Arthritis and Rheumatism, 45(4), 384-391.

Arthritis Foundation. (2020, April 14). Osteoarthritis. https://www.arthritis.org/

diseases/osteoarthritis



146

Arroll, B., & Goodyear-Smith, F. (2004). Corticosteroid injections for osteoarthritis of
the knee: Meta-analysis. BMJ, 328(7444), 1-5.

Astephen, J. L., Deluzio, K. J., Caldwell, G. E., & Dunbar, M. J. (2008). Biomechanical
changes at the hip, knee, and ankle joints during gait are associated with knee
osteoarthritis severity. Journal of Orthopaedic Research, 26(3), 332-341.

Astephen, J. L. (2012). Challenges in dealing with walking speed in knee osteoarthritis
gait analysis. Clinical Biomechanics, 27(3), 210-212.

Baum, J. (1982). Seminars in arthritis and rheumatism. Seminars in Arthritis and
Rheumatism, 11(3), 352-361.

Bellamy, N., & Buchanan, W. W. (1984). Outcome measurement in osteoarthritis clinical
trials: The case for standardization. Clinical Rheumatology, 3(3), 293-303.
Bellamy, N., & Buchanan, W. W. (1986). A preliminary evaluation of the dimensionality
and clinical importance of pain and disability in osteoarthritis of the hip and knee.

Clinical Rheumatology, 5(2), 231-241.

Bellamy, N., Buchanan, W. W., Goldsmith, C. H., Campbell, J., & Stitt, L. W. (1988)
Validation study of WOMAC: a health status instrument for measuring clinically
important patient relevant outcomes to antirheumatic drug therapy in patients with
osteoarthritis of the hip or knee. The Journal of Rheumatology, 15(12), 1833—
1840.

Bellamy, N. (1989). Pain assessment in osteoarthritis: Experience with the WOMAC

osteoarthritis index. Seminars in Arthritis and Rheumatism, 18(4), 14-17.



147

Bellamy, N., Campbell, J., Robinson, V., Gee, T., Bourne, R., & Wells, G. (2006).
Intraarticular corticosteroid for treatment of osteoarthritis of the knee. The
Cochrane Database of Systematic Reviews, 19(2), 1-79.

Bennell, K. M., Bowles, K. A., Wang, Y., Cicuttini, F., Davies-Tuck, M., & Hinman, R.
S. (2011a). Higher dynamic medial knee load predicts greater cartilage loss over
12 months in medial knee osteoarthritis. Annals of Rheumatic Diseases, 70(10),
1770-1774.

Bennell, K. L., Bowles, K. A., Payne, C., Cicuttini, F., Williamson, E., Forbes, A.,
Hanna, F., Davies-Tuck, M., Harris, A., & Hinman R. S. (2011b). Lateral wedge
insoles for medial knee osteoarthritis: 12 month randomized controlled trial. BMJ,
342(d2912), 1-9.

Buyuk, A. F., Kilinc, E., Camurcu, 1. Y., Camur, S., Ucpunar, H., & Kara, A. (2017).
Acta Ortopedica Brasileira, 25(5), 206-208.

Centers for Diseases Control and Prevention. (2020, September). Prevalence of
disabilities and associated health conditions among adults: United States 2016.
Disability and Health Promotion.
https://www.cdc.gov/ncbddd/disabilityandhealth/features/kf-adult-prevalence
disabilities.html#:~:text=They%20found%20that%201%20in,point%20in%20a%
20person's%20life.

Centers for Disease Control. (2020, February 27). Arthritis.
https://www.cdc.gov/arthritis/basics/osteoarthritis.htm.

Chambers, H. G., & Sutherland, D. H. (2002). A practical guide to gait analysis. The

Journal of the American Academy of Orthopaedic Surgeons, 10(3), 222-231.



148

Childs, J. D., Sparto, P. J., Fitzgerald, G. K., Bizzini, M., & Irrgang, J. J. (2004).
Alterations in lower extremity movement and muscle activation patterns in
individuals with knee osteoarthritis. Clinical biomechanics, 19(1), 44-49.

Clark, D. J., Pojednic, R. M., Reid, K. F., Patten, C., Pasha, E. P., Phillips, E. M., &
Fielding, R. A. (2013). Longitudinal decline of neuromuscular activation and
power in healthy older adults. Journals of Gerontology Series A: Biomedical
Sciences and Medical Sciences, 68(11), 1419-1425.

Collins, N. J., Prinsen, C. A. C,, Christensen, R., Bartels, E. M., Terwee, C. B., & Ro0s,
E. M. (2016). Knee Injury and Osteoarthritis Outcome Score (KOQOS): systematic
review and meta-analysis of measurement properties. Osteoarthritis and
Cartilage, 24(8), 1317-1329.

Costello, K. E., Felson, D. T., Neogi, T., Segal, N. A., Lewis, C. E., Gross, K. D., Nevitt,
M. C., Lewis, C. L., & Kumar, D. (2021). Ground reaction force patterns in knees
with and without radiographic osteoarthritis and pain: descriptive analyses of a
large cohort (the Multicenter Osteoarthritis Study). Osteoarthritis and Cartilage,
29(8), 1138-11486.

Currey, H. L. (1970). Osteoarthritis of the hip joint and sexual activity. Annals of the

Rheumatic Diseases, 29(5), 488-493.



149

Da Costa, B. R., Pereira, T. V., Saadat, P., Rudnicki, M., Iskander, S. M., Bodmer, N. S.,
Bobos, P., Gao, L., Kiyomoto, H. D., Montezuma, T., Almeida, M. O., Cheng, P.,
Hincapie, C. A., Hari, R., Sutton, A. J., Tugwell, P., Hawker, G. A., & Juni, P.
(2021). Effectiveness and safety of non-steroidal anti-inflammatory drugs and
opioid treatment for knee and hip osteoarthritis: Network meta-analysis. BMJ,
375(n2321), 1-16.

Davison, M. J., loannidis, G., Maly, M. R., Adachi, J. D., & Beattie, K. A. (2016).
Intermittent and constant pain and physical function or performance in men and
women with knee osteoarthritis: data from the osteoarthritis initiative. Clinical
Rheumatology, 35(2), 371-379.

Deyle, G. D, Allen, C. S., Allison, S. C., Gill, N. W., Hando, B. R., Petersen, E. J.,
Dusenberry, D. I., & Rhon D. I. (2020). Physical therapy versus glucocorticoid
injection for osteoarthritis of the knee. The New England Journal of Medicine,
382(15), 1420-14209.

Dieppe, P. (1992). Osteoarthritis. A review. Journal of the Royal College of Physicians of
London, 24(4), 262-267.

Doyle, D. V., Dieppe, P. A., Scott, J., & Huskisson, E. C. (1981). An articular index for
the assessment of osteoarthritis. Annals of the Rheumatic Diseases, 40(1), 75-78.

Farrokhi, S., O’Connell, M., Gil, A. B., Sparto, P. J., & Fitzgerald, K. G. (2015). Altered
gait characteristics in individuals with knee osteoarthritis and self-reported knee
instability. The Journal of Orthopaedic and Sports Physical Therapy, 45(5), 351-
359.

Field, A. (2018). Discovering Statistics Using IBM SPSS Statistics. SAGE.



150

Fitzgerald, G. K., Hinman, R. S., Zeni Jr, J., Risberg, M. A., Snyder-Mackler, L., &
Bennell, K. L. (2015). OARSI clinical trials recommendations: design and
conduct of clinical trials of rehabilitation interventions for
osteoarthritis. Osteoarthritis and Cartilage, 23(5), 803-814.

Fransen, M., McConnell, S., Harmer, A. R., Van der Esch, M., Simic, M., & Bennell, K.
L. (2015). Exercise for osteoarthritis of the knee. Cochrane database of
systematic reviews, 49(24), 1554-1557.

Fritz, F., & Michelle, L. (2009). White Paper: Walking speed: The sixth vital sign.
Journal of Geriatric Physical Therapy, 32(2), 2-5.

Gay, C., Guiguet-Auclair, C., Mourgues, C., Gerbaud, L., & Coudeyre, E. (2019).
Physical activity level and association with behavioral factors in knee
osteoarthritis. Annals of Physical and Rehabilitation Medicine, 62(1), 14-20.

Gandek, B. (2015). Measurement properties of the western Ontario and McMaster
Universities Osteoarthritis index: a systematic review. Arthritis Care and
Research, 67(2), 216-229.

Gill, T. M. (2017). Do the tenets of late-life disability apply to middle age? Annals of
Internal Medicine, 167(11), 818-819.

Gray, M., & Paulson, S. (2014). Developing a measure of muscular power during a
functional task for older adults. BMC geriatrics, 14(1), 1-6.

Griffin, T. M., & Guilak, F. (2005). The role of mechanical loading in the onset and
progression of osteoarthritis. Exercise and Sport Sciences Reviews, 33(4), 195-

200.



151

Guccione, A. A,, Felson, D. T., Anderson, J. J., Anthony, J. M., Zhang, Y., Wilson, P.
W., Kelly-Hayes, M., Wolf, P. A., Kreger, B. E., & Kannel, W. B. (1994). The
effects of specific medical conditions on the functional limitations of elders in the
Framingham Study. American Journal of Public Health, 84(3), 351-358.

Halaki, M., & Ginn, K. (2012). Normalization of EMG signals: To normalize or not to
normalize and what to normalize to? Naik, G. R. (Ed.), Computational
Intelligence in Electromyography Analysis - A Perspective on Current
Applications and Future Challenges. InTech.

Hall, M., Bennell, K. L., Wrigley, T. V., Metcalf, B. R., Campbell, P. K., Kasza, J.,
Paterson, K. L., Hunter, D. J., & Hinman, R. S. (2017). The knee adduction
moment and knee osteoarthritis symptoms: Relationships according to
radiographic disease severity. Osteoarthritis and Cartilage, 25(1), 34-41.

Hame, S. L., & Alexander, R. A. (2013). Knee osteoarthritis in women. Current Reviews
in Musculoskeletal Medicine, 6(2), 182-187.

Hanlon, M., & Anderson, R. (2006). Prediction methods to account for the effect of gait
speed on lower limb angular kinematics. Gait & Posture, 24(3), 280-287.

Hannah, M. T., Felson, D. T., & Pincus, T. (2000). Analysis of the discordance between
radiographic changes and knee pain in osteoarthritis of the knee. Journal of
Rheumatology, 27(6), 1513-1517.

Harding, G. T., Hubley-Kozey, C. L., Dunbar, M. J., Stanish, W. D., & Astephen Wilson,
J. L. (2012). Body mass index affects knee joint mechanics during gait differently
with and without moderate knee osteoarthritis. Osteoarthritis and Cartilage,

20(11), 1234-1242.



152

Hatfield, G. L., Stanish, W. D., & Hubley-Kozey, C. L. (2015). Three-dimensional
biomechanical gait characteristics at baseline are associated with progression to
total knee arthroplasty. Arthritics Care and Research, 67(7), 1004-1014.

Hatfield, G. L., Costello, K. E., Wilson, J. L. A., Stanish, W. D., & Hubley-Kozey, C. L.
(2021). Association between knee joint muscle activation and knee joint moment
patterns during walking in moderate medial compartment knee osteoarthritis:
Implications for secondary prevention. Archives of Physical Medicine and
Rehabilitation, 102(10). 1910-1917.

Hawker, G. A., Davis, A. M., French, M. R., Cibere, J., Jordan, J. M., March, L., Suarez-
Almazor, M., Katz, J. N., & Dieppe, P. (2008a). Development and preliminary
psychometric testing of a new OA pain measure-an OARSI/OMERACT initiative.
Osteoarthritis and Cartilage, 16(4), 409-414.

Hawker, G. A., Stewart, L., French, M. R., Cibere, J., Jordan, J. M., March, L., Suarez-
Almazor, M., & Gooberman-Hill, R. (2008b). Understanding the pain experience
in hip and knee osteoarthritis-an OARSI/OMERACT initiative. Osteoarthritis and
Cartilage, 16(4), 415-422.

Hawker, G. A., French, M. R., Waugh, E. J., Gignac, M. A. M., Cheung, C., & Murray,
B. J. (2010). The multidimensionality of sleep quality and its relationship to
fatigue in older adults with painful osteoarthritis. Osteoarthritis and Cartilage,
18(11), 1365-1371.

Heiden, T. L., Lloyd, D. G., & Ackland, T. R. (2009). Knee joint kinematics, Kinetics,
and muscle co-contraction in knee osteoarthritis patient gait. Clinical

Biomechanics, 24(10), 833-841.



153

Hirsch, G., Kitas, G., & Klocke, R. (2013). Intra-articular corticosteroid injection in
osteoarthritis of the knee and hip: factors predicting pain relief — a systematic
review. Seminars in Arthritis and Rheumatism, 42(5), 451-473.

Hmamouchi, 1., Allali, F., Tahiri, L., Khazzani, H., Mansouri, E. L., Alla, S. A. O,
Abougal, R., & Hajjaj-Hassouni, N. (2012). Clinically important improvement in
the WOMAC and predictor factors for response to non-specific non-steroidal anti-
inflammatory drugs in osteoarthritic patients: A prospective study. BMC Research
Notes, 5(58), 1-9.

Hodges, P. W., van den Hoorn, W., Wrigley, T. V., Hinman, R. S., Bowles, K. A.,
Cicuttini, F., Wang, Y., & Bennell, K. (2016). Increased duration of co-
contraction of medial knee muscles is associated with greater progression of knee
osteoarthritis. Manual Therapy, 21, 151-158.

Holm, P. M., Nyberg, M., Wernbom, M., Schrgder, H. M., & Skou, S. T. (2021).
Intrarater reliability and agreement of recommended performance-based tests and
common muscle function tests in knee osteoarthritis. Journal of Geriatric
Physical Therapy, 44(3), 144-152.

Hootman, J. M., Helmick, C. G., Barbour, K. E., Theis, K. A., & Boring, M. A. (2016).
Updated Projected Prevalence of Self-Reported Doctor-Diagnosed Arthritis and
Arthritis-Attributable Activity Limitation Among US Adults, 2015-2040. Arthritis
and Rheumatology, 68(7), 1582-1587.

Hortobagyi, T., Westerkamp, L., Beam, S., Moody, J., Garry, J., Holbert, D., & DeVita,
P. (2005). Altered hamstring-quadriceps muscle balance in patients with knee

osteoarthritis. Clinical biomechanics, 20(1), 97-104.



154

Hortobagyi, T., Finch, A., Solnik, S., Rider, P., & DeVita, P. (2011). Association
between muscle activation and metabolic cost of walking in young and old adults.
The Journals of Gerontology, 66A(5), 541-547.

Hubley-Kozey, C., Deluzio, K., & Dunbar, M. (2008). Muscle co-activation patterns
during walking in those with severe knee osteoarthritis. Clinical Biomechanics,
23(1), 71-80.

Hubley-Kozey, C. L., Hill, N. A., Rutherford, D. J., Dunbar, M. J., & Stanish, W. D.
(2009). Co-activation differences in lower limb muscles between asymptomatic
controls and those with varying degrees of knee osteoarthritis during walking.
Clinical Biomechanics, 24(5), 407-414.

Hunt, M. A., Wrigley, T. V., Hinman, R. S., & Bennell, K. I. (2010). Individuals with
severe knee osteoarthritis (OA) exhibit altered proximal walking mechanics
compared with individuals with less severe OA and those without knee pain.
Arthritis Care & Research, 62(10), 1426-1432.

Hunter, D. J., Schofield, D., & Callender, E. (2014). The individual and socioeconomic
impact of osteoarthritis. Nature Reviews Rheumatology, 10(7), 437-441.

lgawa, T., & Katusuhira, J. (2014). Biomechanical analysis of stair descent in patients
with knee osteoarthritis. Journal of Physical Therapy Science, 26(5), 629-631.

Inacio, M. C. S., Paxton, E. W., Graves, S. E, Namba, R. S., & Nemes, S. (2017).
Projected increase in total knee arthroplasty in the United States an alternative

projection model. Osteoarthritis Cartilage, 25(11), 1797-1803.



155

Isao, S., Okada, K., Nishi, T., Wakasa, M., Saito, A., Sugawara, K., Takahashi, Y., &
Kinoshita, K. (2013). Foot pressure pattern and its correlation with knee range of
motion limitations for individuals with medial knee osteoarthritis. Archives of
Physical Medicine and Rehabilitation, 94(12), 2502-2508.

Jette, A. M. (2006). Toward a common language for function, disability, and health.
Physical Therapy, 86(5), 726-734.

Kaufman, K. R., Brodine, S. K., Chaffer, R. A., Johnson, C. W., & Cullison, T. R.
(1999). The effect of foot structure and range of motion on musculoskeletal
overuse injuries. The American Journal of Sports Medicine, 27(5), 585-593.

Kellgren, J. H., & Lawrence, J. S. (1957). Radiological assessment of osteoarthritis.
Annals of the Rheumatic Diseases, 16(4), 494-502.

Kessler, S., Grammozis, A., Gunther, K. P., & Kirschner, S. (2011). The intermittent and
constant pain score (ICOAP)—a questionnaire to assess pain in patients with
gonarthritis. Zeitschrift fur Orthopadie and Unfallchirurgie, 149(1), 22-26.

Kersten, P., White, P. J., & Tennant, A. (2010). The Visual Analogue WOMAC 3.0 scale
- internal validity and responsiveness of the VAS version. BMC Musculoskeletal
Disorders, 11(80), 1-11.

Kersten, P., White, P. J., & Tennant, A. (2014). Is the Pain Visual Analogue Scale Linear
and Responsive to Change? An Exploration Using Rasch Analysis. Plos One,
9(6), 1-10.

Kohn, M. D., Sassoon, A. A., & Fernando, N. D. (2016). Classifications in brief:
Kellgren-Lawrence Classification of Osteoarthritis. Clinical Orthopaedics and

Related Research, 474(8), 1886-1893.



156

Law, T. Y., Nguyen, C., Frank, R. M., Rosas, S., & McCormick, F. (2015). Current
concepts on the use of corticosteroid injections for knee osteoarthritis. The
Physician and Sports Medicine, 43(3), 269-273.

Lawrence, J. S., Bremmer, J. M., & Bier, F. (1966). Osteo-arthrosis. Prevalence in the
population and relationship between symptoms and x-ray changes. Annals of
Rheumatic Diseases, 25(1), 1-24.

Lee, P., Webb, J., Anderson, J., & Buchanan, W. W. (1973). Method for assessing
therapeutic potential of anti-inflammatory antirheumatic drugs in rheumatoid
arthritis. British Medical Journal, 23(2), 685-688.

Lee, T-H., Park, K-S., Lee, D-G., & Lee, N-G. (2012). Concurrent Validity by
Comparing EMG Activity between Manual Muscle Testing, Handheld
Dynamometer, and Stationary Dynamometer in Testing of Maximal Isometric
Quadriceps Contraction. The Journal of Physical Therapy Science, 24(12), 1219-
1223.

Lequesne, M. (1980). European guidelines for clinical trials of new anti-rheumatic drugs.
European League Against Rheumatology Bulletin, 9(6), 171-175.

Liguori, G., Feito, Y., Fountaine, C., & Roy, B. A. (Eds.) (2022). ACSM s Guidelines for
Exercise Testing and Prescription: 11" edition. Wolters Kluwer.

Lim, S. H., Hong B.Y., Oh, J. H., & Lee, J. I. (2015). Relationship between knee
alignment and the electromyographic activity of quadriceps muscles in patients

with knee osteoarthritis. Journal of Physical Therapy Science, 27(4), 1261-1265.



157

Losina, E., Weinstein, A. M., Reichmann, W. M., Burbine, S. A., Solomon, D. H.,
Daigle, M. E., Rome, B. N., Chen, S. P., Hunter, D. J., Suter, L. G., Jordan, J. M.,
& Katz, J. N. (2013). Lifetime Risk and Age at Diagnosis of Symptomatic Knee
Osteoarthritis in the U.S. Arthritis Care & Research, 65(5), 703-711.

Lugade, V., & Kaufman, K. (2014). Dynamic stability margin using a marker-based
system and Tekscan: A comparison of four gait conditions. Gait & Posture, 40(1),
252-254.

Lunghi, M. E., Miller, P. M., & McQuillan, W. M. (1978). Psycho-social factors in
osteoarthritis of the hip. Journal of Psychosomatic Research, 22(1), 57-63.

Lyytinen, T., Bragge, T., Hakkarainen, M., Liikavainio, T., Karjalainen, P. A., &
Arokoski, J. P. (2016). Repeatability of knee impulsive loading measurements
with skin-mounted accelerometers and lower limb surface electromyographic
recordings during gait in knee osteoarthritic and asymptomatic individuals.
Journal of Musculoskeletal and Neuronal Interactions, 16(1), 63-74.

Maillefert, J., Kloppenburg, M., Fernandes, L., Punzi, L., Gunther, K., Mola, E. M.,
Lohmander, L. S., Pavelka, K., Lopez-Olivo, M. A., Dougados, M., & Hawker, G.
A. (2009). Multi-language translation and cross-cultural adaptation of the
OARSI/OMERACT measure of intermittent and constant osteoarthritis pain
(ICOAP). Osteoarthritis and Cartilage, 17(10), 1293-1296.

Menz, H. B. (2004). Two feet, or one person? Problems associated with statistical

analysis of paired data in foot and ankle medicine. The Foot, 14(1), 2-5.



158

McAlindon, T. E., Driban, J. B., Henrotin, Y., Hunter, D. J., Jiang, G. L., Skou, S. T.,
Wang, S., & Schnitzer, T. (2015). OARSI Clinical Trials Recommendations:
Design, conduct, and reporting of clinical trials for knee osteoarthritis.
Osteoarthritis and Cartilage, 23(5), 747-760.

McKean, K. A., Landry, S. C., Hubley-Kozey, C. L., Dunbar, M. J., Stanish, W. D., &
Deluzio, K. J. (2007). Gender differences exist in osteoarthritic gait. Clinical
Biomechanics, 22(4), 400-409.

Miyazaki, T., Wada, M., Kawahara, H., Sato, M., Baba, H., & Shimada, S. (2002).
Dynamic load at baseline can predict radiographic disease progression in medial
compartment knee osteoarthritis. Annals of Rheumatic Diseases, 61(7), 617-622.

Mobasheri, A., & Batt, M. (2016). An update on the pathophysiology of osteoarthritis.
Annals of Physical Rehabilitation Medicine, 59(5-6), 333-339.

Mora, J. C., Przkora, R., & Cruz-Almeida, Y. (2018). Knee osteoarthritis:
pathophysiology and current treatment modalities. Journal of pain research, 11,
2189-2196.

Moreton, B., Wheeler, M., Walsh, D., & Lincoln, N. (2012). Rasch analysis of the
intermittent and constant osteoarthritis pain (ICOAP) scale. Osteoarthritis and
Cartilage, 20(10), 1109-1115.

Munoz-Organero, M., Littlewood, C., Parker, J., Powell, L., Grindell, C., & Mawson, S.
(2017). Identification of walking strategies of people with osteoarthritis of the
knee using insole pressure sensors. IEEE Sensors Journal,17(12), 3909-3920.

Na, A, Piva, S. R., & Buchanan, T. S. (2018). Influences of knee osteoarthritis and

walking difficulty on knee kinematics and kinetics. Gait & Posture, 61, 439-444.



159

Neogi, T. (2013). The epidemiology and impact of pain in osteoarthritis. Osteoarthritis
Cartilage, 21(9), 1145-1153.

Nuesch, E., Dieppe, P., Reichenbach, S., Williams, S., Iff, S., & Juni, P. (2011). All cause
and disease specific mortality in patients with knee or hip osteoarthritis:
population-based cohort study. BMJ, 342(d1165), 1-8.

O’Connell, M., Farrokhi, S., & Fitzgerald, K. G. (2016). The role of knee joint moments
and knee impairments on self-reported knee pain gait in patients with knee
osteoarthritis. Clinical Biomechanics, 31, 40-46.

Oliveria, S. A., Felson, D. T., Reed, J. I, Cirillo, P. A., & Walker, A. M. (1995).
Incidence of symptomatic hand, hip, and knee osteoarthritis among patients in a
health maintenance organization. Arthritis and Rheumatism, 38(8), 1134-1141.

Ornetti, P., Dougados, M., Paternotte, S., Logeart, I., & Gossec, L. (2011). Validation of
a numerical rating scale to assess functional impairment in hip and knee
osteoarthritis: comparison with the WOMAC function scale. Annals of the
Rheumatic Diseases, 70(5), 740-746.

Paquette, M. R., Songning, Z., Milner, C. E., & Klipple, G. (2014). Does increasing step
width alter knee biomechanics in medial compartment knee osteoarthritis patients
during stair descent? The Knee, 21(3), 676-682.

Pham, T., Van Der Heijde, D., Altman, R. D., Anderson, J. J., Bellamy, N., Hochberg,
M., Simon, L., Strand, V., Woodworth, T., & Dougados, M. (2004). OMERACT-
OARSI Initiative: Osteoarthritis research society international set of responder
criteria for osteoarthritis clinical trials revisited. Osteoarthritis and Cartilage,

12(5), 389-399.



160

Phinyomark, A., Osis, S. T., Hettinga, B. A., Kobsar, D., & Ferber, R. (2016). Gender
differences in gait kinematics for patients with knee osteoarthritis. BMC
Musculoskeletal Disorders, 17(157), 1-12.

Radzak, K. N., Putnam, A. M., Tamura, K., Hetzler, R. K., & Stickley, C. D. (2017).
Asymmetry between lower limbs during rested and fatigued state running gait in
healthy individuals. Gait & Posture, 51, 268-274.

Razek, A. A. K. A., & El-Basyouni, S. R. (2016). Ultrasound of knee osteoarthritis:
interobserver agreement and correlation with Western Ontario and McMaster
Universities Osteoarthritis. Clinical Rheumatology, 35(4). 997-1001.

Ritchie, D. M., Boyle, J. A., Mclnnes, J. M., Jasani, M. K., Dalakos, T. G., Grieveson, P.,
& Buchanan, W. W. (1968). Clinical studies with an articular index for the
assessment of joint tenderness in patients with rheumatoid arthritis. The Quarterly
Journal of Medicine, 37(147), 393-406.

Robbins, S. M., Astephen Wilson, J. L., Rutherford, D. J., & Hubley-Kozey, C. L.
(2013). Reliability of principal components and discrete parameters of knee angle
and moment gait waveforms in individuals with moderate knee osteoarthritis.
Gait & Posture, 38(3), 421-427.

Roos, E. M., Roos, H. P., Lohmander, L. S., Ekdahl, C., & Beynnon, B. D. (1998). Knee
injury and osteoarthritis outcome score (KOOS)-develeopment of a self-
administered outcome measure. Journal of Orthopaedic & Sports Physical

Therapy, 78(2), 88-96.



161

Roos, E. M., & Lohmander, L. S. (2003). The Knee injury and Osteoarthritis Outcome
Score (KOOS): from joint injury to osteoarthritis. Health Qual Life Outcomes,
1(64), 1-8.

Rudolph, K. S., Axe, M. J., & Snyder-Mackler, L. (2000). Dynamic stability after ACL
injury: who can hop? Knee Surgery, Sports, Traumatology, arthroscopy: Official
Journal of the ESSKA, 8(5), 262-269.

Rudolph, K. S., Schmitt, L. C., & Lewek, M. D. (2007). Age-related changes in strength,
joint laxity, and walking patterns: Are they related to knee osteoarthritis? Physical
Therapy, 87(11), 1422-1432.

Rutherford, D. J., Hubley-Kozey, C. L., & Stanish, W. D. (2013). Changes in knee joint
muscle activation patterns during walking associated with increased structural
severity in knee osteoarthritis. Journal of Electromyography and Kinesiology,
23(3), 704-711.

Rutherford D., Baker, M., Wong, I., & Stanish, W. (2017). The effect of age and knee
osteoarthritis on muscle activation patterns and knee joint biomechanics during
dual belt treadmill gait. Journal of Electromyography and Kinesiology, 34, 58-64.

Saito, I., Okada, K., Nishi, T., Wakasa, M., Saito, A., Sugawara, K., Takahashi, Y., &
Kinoshita, K. (2013). Foot pressure pattern and its correlation with knee range of
motion limitations for individuals with medial knee osteoarthritis. Archives of
Physical Medicine and Rehabilitation, 94(12), 2502 — 2508.

Schloemer, S. A., Thompson, J. A, Silder, A, Thelen, D. G., & Siston, R. A. (2016).
Age-related differences in gait kinematics, kinetics, and muscle function: A

principal component analysis. Annals of Biomedical Engineering, 45(3), 695-710.



162

Segal, N. A., Nevitt, M. C., Gross, K. D., Hietpas, J., Glass, N. A., Lewis, C. E., &
Torner, J. C. (2013). The Multicenter Osteoarthritis Study: opportunities for
rehabilitation research. PM & R, 5(8), 647-654.

Sharma, L., Dunlop, D. D., Cahue, S., Song, J., & Hayes, K. W. (2003). Quadriceps
strength and osteoarthritis progression in malaligned and lax knees. Annals of
Internal Medicine, 138(8), 613-619.

Sharma, L. (2021). Osteoarthritis of the knee. The New England Journal of Medicine,
384(1), 1-9.

Sims, E. L., Carland, J. M., Keefe, F. J., Kraus, V. B., Guilak, F., & Schmitt, D. (2009).
Sex differences in biomechanics associated with knee osteoarthritis. Journal of
Women & Aging, 21(3), 159-170.

Sinusas, K. (2012). Osteoarthritis: diagnosis and treatment. American family
physician, 85(1), 49-56.

Smith, T. O., Mansfield, M., Hawker, G. A., Hunter, D. J., March, L. M., Boers, M.,
Shea, B. J., Christensen, R., Guillemin, F., Terwee, C. B., Williamson, P. R.,
Roos, E. M., Loeser, R. F., Schnitzer, T. J., Kloppenburg, M., Neogi, T., Ladel, C.
H., Kalsi, G., ... Kaiser, U. (2017). Uptake of the OMERACT-OARSI Hip and
Knee Osteoarthritis Core Outcome Set: Review of Randomized Controlled Trials
from 1997 to 2017. Journal of Rheumatology, 46(8), 976-980.

Smith, S. R., Deshpande, B. R., Collins, J. E., Katz, J. N., & Losina, E. (2018).
Comparative pain reduction of oral non-steroidal anti-inflammatory drugs and
opioids for knee osteoarthritis: Systematic analytic review. Osteoarthritis and

Cartilage, 24(6), 962-972.



163

Sowers, M. R., & Karvonen-Gutierrez, C. A. (2010). The evolving role of obesity in knee
osteoarthritis. Current Opinion in Rheumatology, 22(5), 533-537.

Steinbrocker, O., Traeger, C. H., & Batterman, R. C. (1949). Therapeutic criteria in
rheumatoid arthritis. Journal of the American Medicine Association, 140(8), 659-
662.

United States Bone and Joint Initiative. The Burden of Musculoskeletal Diseases in the
United States (BMUS). In: In. Fourth ed. Rosemont, IL. 2018: Available at
https://www.boneandjointburden.org/fourth-edition. Accessed January 1, 2021.

White, D. K., & Master, H. (2016). Patient Reported Measures of Physical Function in
Knee Osteoarthritis. Rheumatic diseases clinics of North America, 42(2), 239-
252.

Wilson, J. L. A., Stanish, W. D., & Hubley-Kozey, C. L. (2017). Asymptomatic and
symptomatic individuals with the same radiographic evidence of knee
osteoarthritis walk with different knee moments and muscle activity. Journal of
Orthopaedic Research, 35(8), 1661-1670.

Yavuz, U., Sokucu, S., Albayrak, A., & Ozturk, K. (2012). Efficacy comparisons of the
intraarticular steroidal agents in the patients with knee osteoarthritis.
Rheumatology International, 32(11), 3391-3396.

Yilmaz, O. O., Senocak, O., Sahin, E., Baydar, M., Gulbahar, S., Bircan, C., & Alper, S.
(2010). Efficacy of EMG-biofeedback in knee osteoarthritis. Rheumatology

international, 30(7), 887-892.



164

Yuen, C. H., Lam, C. P., Tong, K. C., Yeung, J. C., Yip, C. H., & So, B. C. (2019).
Investigation of the EMG activities of lower limb muscles when doing squatting
exercise in water and on land. International journal of environmental research
and public health, 16(22), 4562.

Zajdman, O. R. B., Flaxman, T. E., Bigham, H. J., & Benoit, D. L. (2022). Females with
knee osteoarthritis use a detrimental knee loading strategy when squatting. The
Knee, 38, 9-18.

Zeni, Jr. J. A., & Higginson, J. S. (2009). Differences in gait parameters between healthy
subject and persons with moderate and severe knee osteoarthritis: A result of

altered walking speed? Clinical Biomechanics, 24(4), 372-378.



