Quantifying Energy Expenditure in
Osteoarthritis using ActiGraph and
ActivPal accelerometers: A validation

Study.

Mr. Anthony Michael Miiller
ExerSci 796

28 April 2022

A thesis submitted in fulfilment of the requirements for the degree of Masters in

Exercise Sciences, the University of Auckland, 2022.



Abstract

Background: Osteoarthritis (OA) is a chronic degenerative disease targeting the body's load-
bearing joints. If left untreated, the disease could progress, resulting in an individual being
deemed physically disabled due to pain experienced and movement limitations associated
with the condition. Physical activity is the gold-standard treatment for OA-associated
symptom management and prevention of disease progression. However, sedentary behaviour
and physical inactivity are common occurrences within OA. Physiological changes
accompanied by the condition (such as additional muscle incorporation to compensate for
instability and muscle weakness) result in a higher energy cost during movement in people
with OA. Accurate physical activity prescription is known to aid in OA symptom
management and improve quality of life. However, current methods of physical activity
monitoring may prove inaccurate in an OA population. Current accelerometer algorithms
have been validated in a healthy population. However, their accuracy in people with OA
remains unclear. The higher energy cost of movement in OA may result in inaccurate energy
expenditure estimations using current algorithms. Therefore, the present study aims to
validate the use and accuracy of the current accelerometer and associated algorithms in
predicting energy expenditure in OA. Methods: 8 OA participants (mean (sd) age 61.62
(9.13) years, BMI 29.13 (4.68) kg/m?) were directly observed for 2 hours and instructed to
complete activities of sedentary behaviour, at-home mimicked activities and light physical
activity. Indirect calorimetry was used to determine actual energy expenditure during
activities and compared to accelerometer-derived energy expenditure estimations using hip
and wrist-based ActiGraph and thigh-based ActivPal accelerometers. Results: Hip ActiGraph

achieved a 37.5% agreement to gas analysis energy expenditure estimations, and wrist



ActiGraph achieved a 25% agreement. Thigh ActivPal achieved a near-perfect agreement of
87.5% to actual energy expenditure estimations. Conclusion: The present study found that hip
and wrist-worn ActivGraph accelerometers may not be valid in accurately predicting energy
expenditure in OA. Research is needed to develop algorithms to adjust for the physiological
changes and higher energy costs in OA. Thigh-based ActivPal accelerometers and algorithms

are valid and accurate in predicting energy expenditure in OA.
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1.

2. Introduction

a. History of Osteoarthritis

Osteoarthritis (OA) was first discovered and termed in 1886 by Dr John Kent Spender (1). He
introduces his paper ‘The early symptoms and early treatment of osteo-arthritis’ by
paraphrasing and agreeing with the College of Physicians’ statement that “everyone who
writes about rheumatoid arthritis is expected to begin with an apology for not calling it OA”
(1). OA’s initial pathology (when misdiagnosed as rheumatoid arthritis) was thought to be
caused by nervous system deformities or abnormalities leading to bone deformities and
subsequent osteoarthritic symptoms. However, in his discussion, Dr Spender states that a
conscious note should be made to prevent the current pathological bias resulting from every
known chronic joint disease associated with an abnormality present in an individual’s
nervous system (1). As research and knowledge progressed, it has been found that many
factors play a role in the development of OA, which will be discussed further in this literature

review.

b. Who does OA affect, and how big of a problem is it?

OA is the most common of all the arthritis forms known to date. OA is a chronic degenerative

disease targeting the joints within the body (2—6) and presenting in mild, moderate, or severe



stages (5). OA causes cartilage deterioration, joint cavity reduction, and subsequent bone
friction resulting in the associated symptoms accompanying OA’s presence (2-4,7-9). OA
affects elderly populations, specifically ages 45 and onwards, affecting more females than
males within this population (10-16). OA is known to impact the body's load-bearing joints
and affects joints most commonly used during daily activities; OA has the largest prevalence
and incidence rates in the knee, followed by the hip, and thirdly, affecting the hands of
individuals presenting with the condition (3,5,6,16—19). OA symptoms include chronic joint
pain, mobility and movement limitations, and reduced joint range of motion (5). These
symptoms subsequently limit an individual’s ability to perform physical activities, including
those performed during exercise or daily living. Due to the movement limitations and chronic

pain experienced reduce an individual’s quality of life (5,13,20-23).

Osteoarthritis is highly prevalent globally and is more common in older age groups (40-80
years of age). In 2017 Hamood et al. stated that the prevalence rate of OA is estimated to be
~138 per 1000 persons (24) (Fig 1). Due to improved healthcare and increased lifespan, by
2050, the World Health Organisation estimated 20% of the world’s population would
comprise individuals above 60, and assuming OA’s prevalence remains and does not
increase, a large portion of the world’s population would be in chronic pain and have a
lowered quality of life- 9,735,033,900 population by 2050 as estimated by the United
Nations, therefore 1,122,499,408 individuals with OA (assuming current prevalence rates do
not increase) (5,7,13,20,21,23,25). Additionally, it is estimated that one-third of people with
OA have severe disease that renders them physically disabled (374,166,469 individuals

according to the above-estimated numbers) (2050 estimation of 130 million people)
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(5,7,23,26,27). Therefore in 28 years, a significant proportion of the world’s population will

be living with severe disabilities.
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Figure 1: Crude incidence rates of OA from 2013-2017. Taken from Hamood et al. (2018) (24).

It is estimated that the individual cost burden of OA ranges from $42,000-$70,400 over 28
years of living with the disease - depending on whether surgery is necessary or not (28). This
financial burden emphasizes the need for research to determine more cost-effective methods

for managing OA, improved diagnostic approaches and technologies to diagnose and monitor
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OA’s progression, and determine and evaluate intervention methods to ensure the best

outcomes in this population.

In New Zealand, OA has an annual incidence rate of 7000 new cases in 2013 (13). Abbott et
al. found that the incidence risk of developing OA increases by 8% in people aged between
45-55 years old compared to 25-45 years of age, and a further 30% higher risk is seen in
individuals aged 70 and above compared to adults of 45-55 years age group (13). In all
individuals with OA, 54-56% of the population experienced no pain or discomfort, followed
by individuals experiencing moderate pain or discomfort (31-40%), and finally, 6-13% of
individuals experienced extreme pain and discomfort according to the Quality Adjusted Life
Years (QALY) across the age groups within this study (Table 1) (13). The severe pain and
discomfort experienced in people with OA can lead to this group being physically disabled,

thus creating an extreme decline in their quality of life.

Table 1: Pain and discomfort QALY s according to different age ranges of individuals diagnosed with OA. Taken from

Abbott et al. (13).

Table 1. Quality of life utilities, by age and pain level.

Pain level

Age No pain or discomfort Moderate pain or discomfort Extreme pain or discomfort
40-44 [ 0.959 | 0.652 | 0.314
45-49 [ 0.959 | 0.642 0.285
50-54 [ 0.951 0.646 0.239
55-59 [ 0.946 0.649 0.122
60-64 [ 0.968 0.643 | 0.160
65-69 [ 0.947 0.627 | 0.280
70-74 [ 0.974 | 0.623 0.239
75-79 [ 0.950 0.635 0.165
80-84 | 0.916 0.609 | 0.107

Note: QALY input was taken from the EQ-5D Tariff 2 health state preference values (Deviin, Hansen et al. 2003) derived from a survey of the NZ population
(Devlin, Hansen et al. 2000). We stratified the original EQ-5D data set by level of pain (no pain or discomfort; moderate pain or discomfort; extreme pain or

discomfort).
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Table 1 represents the quality of life per year (QALY) of individuals suffering from OA
categorized into different age groups. A healthy person with no disease suffering would
achieve a QALY of 1, whereas if half the year were spent with a reduced QALY due to pain
or discomfort, it would result in a QALY of 0.5. As individuals with OA age, their overall
QALY decreases regardless of pain or discomfort. (13). Thus, due to OA’s prevalence and
associated symptoms, this table identifies that individuals with OA have a reduced quality of
life regardless of OA-associated pain or discomfort. As a result, an increased need is
observed to develop and integrate more cost-effective methods in treatment and management
within this population. For this to occur, increased efforts are needed in the research
community to better understand OA and its effect on individuals' lives to incorporate
improved strategies for its treatment and management and thus improve the overall quality of

life in the OA population.

The highest risk group for developing OA in New Zealand is non-Maori individuals. Non-
Maori women have significantly higher QALY than Maori women (3.55 vs 3.38
respectively), and non-Maori males had a considerably higher QALY than their Maori
counterparts (3.34 vs 2.6 respectively). Additionally, as seen by the above QALY's, women

have been more inclined to develop OA than males.

Thus, incidence and prevalence rates in OA are higher and further increase- in older
populations, resulting in a reduced quality of life observed in an elderly OA population.

Further, research has shown that health inequity exists in NZ between non-Maori and Maori
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individuals (29). As a result, further research is needed within OA, its affected populations,
improved treatment and management strategies and approaches, and to ensure a better

understanding of the disease is achieved for improved health outcomes.

c. Joints of the Human Body

Before discussing how osteoarthritis pathology affects human movement, the normal function
of joints involved in human movement will be discussed. Human movement and mobility
play a crucial role in performing activities of daily living. The movement generated needs to
be smooth and controlled with the desired outcome free from injury or bodily damage to
achieve these action-initiated responses. Through the evolutionary development of joints,
three main joints have been formed. The three main joints are; cartilaginous (or
amphiarthroidal) joints, fibrous (or synarthrodial) joints, and synovial (or diarthrodial joints)

(30).

The fibrous joints- also termed ‘fixed joints’- are associated with minimal or no movement
and are found in joints where two bones meet and are joined with primarily fibrous
connective tissue where movement restriction or prevention is required. Cartilaginous joints,
known as slightly movable, are associated with minor movement between bones and connect

bones through the presence of cartilage.

The most common joint in the human body is the synovial joint. Synovial joints are classified
as freely moveable joints (8,31,32). They are the joints of focus in this study- specifically the

knee and hip joint, as these are the most commonly affected by OA development, having the
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most significant impact on daily living within this population. The basic structures present in
synovial joints include articulating bones. Specialized structures include; the outer
membranes, inner synovial membrane, synovial bursae, synovial fluid, and articular cartilage.
These specialized structures surround the articulating ends of adjacent bones and form an
enclosed structure known as the articular capsule (8,31,33). The outer fibrous capsule
connects to the bone and forms additional mergings with surrounding structures, such as
ligaments and tendons, to further strengthen the joints' durability (8,31,33). Synovial joints’
inner membrane comprises highly specialized cells that secrete synovial fluid- known as
synovial cells (8,34,35). The synovium is a highly porous membrane that attaches to the
cartilage margins on the adjacent bones’ articulating surfaces. Along with the synovium cells,
the synovium’s primary function is to secrete a thick viscous liquid into the joint cavity
known as synovial fluid. This slimy fluid plays a crucial role in lubricating the articulating

surfaces of adjacent bones to reduce and minimize friction within the joint capsule (8,34).

Another structure within the joint that aids in reducing friction is the articulating cartilage
found at the articulating ends of adjacent bones. Both the articulating cartilage and the
synovial fluid play a crucial role in minimizing friction between the adjacent bones and
aiding the joint’s smooth movement. The articulating cartilage, known as hyaline or type II
collagen cartilage, is a thin layer of smooth specialized spongy cartilage that appears ‘glass-
like” and translucent on articulating surfaces in both synovial and cartilaginous joints (36).
The articulating cartilage’s function prevents friction between the bones and protects the
bones if they would come in contact (such as when longitudinal impact forces are
experienced by the joint). The absorption of the synovial fluid aids in the cartilage’s

properties of articulation, lubrication, shock absorption, and nourishment of the cartilage- the
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synovial fluid is the cartilage’s only nutrition source due to an absence of blood supply
(31,34). The joint cavity in synovial joints allows a broader and more free range of motion by
the joint while allowing the articulating bones to move smoothly and pain-free. Due to these
additional functional characteristics of synovial joints, the joint can move through a more
comprehensive range of free movement. Synovial joints are classified as diarthrosis- New

Latin borrowed from Greek translating to ‘articulation of free movement.’.

Additional structures aid in the joint’s strength, durability, and free movement. Some
synovial joints have been found to have specialized fibrocartilage structures located between
the articulating surfaces within the joint. The fibrocartilagenous structure often appears in a
circular or oval shape and as an articulating disc or a meniscus (usually a large ‘C’ shaped
disc for the latter) (8,33). Indeed, the fibrocartilage structures have different structural
properties depending on where they are found; it has been shown that these structures share a
common function of aiding in smooth movement within the joint. Other structures in synovial
joints include sacs of lubricating fluid (often found in areas where friction may be
experienced between skin, muscles, tendons, or ligaments), known as a bursa. Bursae are
often found in synovial joints near bony joints such as the knee, hip, or shoulder (Fig 2).
Bursae aid in movement by creating a separation between external bodily structures
preventing friction from forming and, thus, preventing damage (8,30). Tendon sheaths are
also found in synovial joints and protect muscle tendons that cross over a joint from friction.
Tendon sheaths comprise small connective tissue sacs filled with lubricating fluid -similar to
bursae but much smaller. Tendon sheaths can be found throughout the body, such as in the

hands and feet (Fig 3).
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Figure 3: Diagrams of tendon sheaths found in the Hand (A) and Feet (B) (42,43).

Synovial joints are found in areas where a wide range of motion is needed and aid in smooth,

pain-free movement. Synovial joints have six (6) different joint types occurring in the human

body. These joint types include; condyloid, saddle, pivot, gliding, hinge, and ball and socket

joints (the latter two being of focus in this report) (8) (Fig 4).

Hinge joints are formed when one bone articulates with an adjacent bone in a concave-

convex manner- often compared similarly to a hinge on a door (44)(Fig 4(E)). However,
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unlike saddle joints, hinge joints only permit movement in one direction- flexion and
extension. Typical hinge joints can be found in the hand, foot (interphalangeal), and elbow
(between the ulnar and humerus) joints. These hinge joints are classified as ‘common hinge
joints. However, the human body has adapted to create a ‘modified’ hinge joint that permits
slight movement in additional planes. This ‘modified’ hinge joint can be found in the knee
(allowing for some rotational movement) and the ankle (allowing adduction and abduction, or
inversion and eversion) (5,45). The modification of the knee joint comes from its skeletal
arrangement and cartilaginous, ligamentous, and tendinous structures allowing the
incorporation of other movement ranges such as slight adduction and abduction without
causing damage or discomfort to the knee. The knee consists of three bones that articulate
within the knee joint; the femur (thigh bone), tibia (shin bone), and patella (knee cap) (34,46—
48). Each point of articulation within the knee joint (femur, tibia, and patella) is covered with
specialized hyaline cartilage to prevent friction during movement. Each knee joint has two
menisci present, the lateral and medial menisci. These menisci absorb shock and impact when
the knee moves and aid in stabilizing the femoral condyles on the tibial plateau to prevent
dislocation (46—48). The joint capsule surrounds the knee’s articulation area, cartilage,
menisci, ACL, and PCL, fusing with the MCL and passing posteriorly to the patella (forming
the patellar retinaculum) (49). Three muscle groups, accompanied by their respective
tendons, aid in the ability and strength of the knee joint. These muscle groups include the
anterior thigh muscles (quadriceps muscles), posterior thigh muscles (hamstrings), and the
posterior lower leg muscles (gastrocnemius and soleus). The tendons of these muscles, along
with the patella tendon, allow for flexion (hamstrings) and extension (quadriceps) movements

seen at the knee joint (46—48).
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Figure 4: Skeletal diagram of the different synovial joints in the human body. (A) Condyloid Joint (B) Saddle

Joint (C) Pivot Joint (D) Gliding/Plane Joint (E) Hinge Joint (F) Ball and Socket Joint (47)

Ball and socket joints are formed when an orb-shaped end of one bone articulates with an
indentation point on an adjacent bone (44)(Fig 4(F)). This joint allows the broadest range of
motion, allowing flexion and extension, abduction and adduction (thus, circumduction), and
rotation along the long axis of the articulating bone. This joint can be found in the shoulder
(glenohumeral joint) and the hip (acetabulofemoral joint). The hip joint comprises two
articulating bones- the pelvis and the femur. The hip joint consists of the proximal end of the
femur articulating with the distal inferior lateral surface of the pelvis (50-52). External to the
pelvis articulation point (acetabulum) is a ring of fibrocartilaginous tissue surrounding the

cup-like depression and aids in joint stabilization- similar to how the menisci stabilize the
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knee. Like the knee joint, at the articulation site, both ends of the hip joint bones are covered
in articulating hyaline cartilage- the head of the femur and the internal surface of the
acetabulum. This articulating cartilage has been observed within the hip joint to be thickened
in areas where more weight-bearing forces are experienced. Ligaments in the hip joint
increase hip stability and support. In the hip, two hip ligaments are found- intracapsular and
extracapsular. The intracapsular ligament found in the hip is the ligamentum teres femoris
(otherwise known as the foveal ligament or ligament of the femur head), whereas the
extracapsular ligaments encompass the iliofemoral ligament, pubofemoral ligament, and
ischiofemoral ligament (50-52). These ligaments together create the joint capsule of the hip.
As a result, the hip joint is one of the most robust and stable joints in the human body (51).
The joint capsule is thickened anterosuperiorly, where the most tremendous weight-bearing
forces are experienced in the hip, and thinner posteroinferiorly, where the minor weight-
bearing loads are experienced (50—52). Muscles surrounding the hip joint and aid in its
stability include; the gluteus maximus, semitendinosus, semimembranosus, and the long head
of the biceps femoris as flexors, major and minor psoas, iliacus, pectineus, and rectus femoris
as extensors, adductor magnus, longus, brevis, gracilis, and pectineus as adductors, gluteus
medius and tensor fascia latae as abductors, tensor fascia latae and gluteus minimus as
internal rotators, and gluteus maximus, gemellus superior and inferior, obturator externus and

internus, quadratus femoris, and the piriformis muscles as external rotators of the hip (51).

Therefore, the knee and hip joints are specialized structures adapted to aid in free-living
movements in individuals. These joints encompass many specialized structures which aid in
smooth, pain-free movement. If these structures become comprised (in the case of OA), the

function becomes a limiting factor in the movement of individuals. Thus, extreme care needs
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to be placed on these joints, and if a disease does result in reduced function of the joint, it
severely impacts the daily living of individuals. Therefore, if more research is conducted
surrounding these joints- especially on OA’s effect on them- it would result in faster and
improved outcomes in individuals. Thus, it would result in a reduced decline in quality of life

if OA impacts these joints.

d. Pathophysiology of Osteoarthritis

Osteoarthritis affects the synovial joints and their associated specialized structures
(synovium, joint capsule, articulating cartilage, articulating bones). OA has been extensively
studied since its discovery to better understand causes, risk factors, and pathological
processes associated with the disease. OA is a degenerative joint disease with two forms of
pathology- primary and secondary pathology. Primary OA pathology is idiopathic, meaning
no specific known cause (5,6,53,54). Secondary OA pathology usually accompanies and
presents secondary to other pathological conditions (such as rheumatoid arthritis or trauma)
(6,13,55). Basically, the pathological process of OA development can be summarized as ‘the
permanent loss of articular cartilage, exposing the underlying articulating bone and abnormal
growth of bone in joints.” This process can be initiated by multiple different factors(56). OA
occurs in a non-inflammatory mediated pathology absent of the human immune system
influence (2,5,8). Among clinicians, OA is known as the gradual wear and tear- more
commonly in a load-bearing joint- of a synovial joint resulting in abnormal mobility,

stiffness, and pain experienced by patients (5,57-60,60—64).
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The pathological process of OA development initializes when there is an imbalance between
cartilage wear and degradation and chondrocyte repair. This imbalance results in cartilage
loss and structural abnormalities in the joint (5,6,8,36,65,66). In the initial stages of OA, the
chondrocytes of articular cartilage undergo rapid proliferation. This proliferation results in
chondrocyte clusters in the joint (Fig 5). Following formation, these clusters result in the
rapid influx of water and some pro-inflammatory cytokines (IL-1 Beta and TNF-Beta) into
the synovial joint, resulting in the excessive and unnecessary production and secretion of
matrix metalloproteases (MMPs) (67). The raised levels of MMPs in the joint cavity result in
pro-inflammatory mediators, collagenase, protease, and the rapid degradation of
proteoglycans (responsible for the hydration and sponge-like properties of the articular
cartilage) by the surrounding chondrocytes (5,35,65,67-69). As a result, the articular cartilage
does not receive adequate nutrients and becomes brittle and vulnerable to damage, and the
synovium becomes inflamed and produces a less viscous synovial fluid. Additionally, the
MMPs target the healthy existing type-II collagen in the joint and slowly ‘chip’ away at the
already brittle surface layer (35,67). Gradually, this inadequate perfusion and degradation of
the articular cartilage results in fissures and clefts in the cartilage (Fig 6)- usually exacerbated
by the compressive forces experienced in the joint (58,70,71). As a result, the formation of
the fissures and clefts results in a reduced range of motion that the OA-affected joint can
complete, reducing the ability to perform normal movement and impacting an individual's

daily function resulting in reduced movement.
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Figure 5: Histological image of typical hyaline chondrocytes (arrowheads) and chondrocyte clusters (arrows)

present in mild OA (72).

Figure 6: MRI images of cartilage clefts in the knee (73).
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Over time, the fissures and clefts become larger and result in the death of chondrocytes near
these areas of articular cartilage trauma (74—76). The death of surrounding chondrocytes
causes cartilage to slough off from the articular surface of bones following the compounded
effect of reduced perfusion and chondrocyte decline (16,59,77,78). This sloughed cartilage
remains in the joint and floats around within the synovial fluid- termed intra-articular loose
bodies or “joint mice” (Fig 7). These loose bodies compromise the structural integrity and
stability of the joint and leave individuals feeling their joint ‘catching’ or ‘giving out’ beneath
them through specific movements (65,68). As a result of the loss of cartilage and
chondrocytes at the articular ends, the subchondral bone is forced to the surface. This causes
the subchondral bone to become the new articular surface of the joint. The exposure of
articulating bones within the joint result in these surfaces experiencing friction in the joint
when movement occurs and load-bearing within the joint being placed directly onto the bones
with an absence of shock absorption- previously absorbed by the cartilage. Bone friction and
load-bearing result in increased pain experienced in OA and discomfort and the symptomatic
algesia observed within an OA population (65,79-81). Indeed, this is an adaptive tactic of the
body to aid in joint stabilization and repair; however, the subchondral bone does not have the
beneficial properties as cartilage has for smooth movement, and the resulting friction results
in the formation of ivory bone (eburnation) (Fig 8 A) (35,65,68). As an outcome, the affected
joint undergoes rapid matrix remodelling to protect the subchondral bone and prevent any
further damage to the joint. This matrix remodelling ramifies in increased density of the
subchondral bone (sclerosis) and the formation of bony outgrowths/ osteophytes (bone spurs)
into the joint (Fig 8 B and C, respectively). The formation of bone spurs results in a reduced
range of motion experienced in the joint to limit joint mobility to prevent further damage by

compressive and mobile forces (5,6,65,68,71).
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Due to this, the formation of bone gaps appears near the spurs. These bone gaps have been
observed to trap synovial fluid and eventually lead to fluid-filled spaces in the subchondral
bone termed fibrous walled cysts (6,8,68). Further, this pathophysiological process in OA of
synovium inflammation and subchondral bone adaptions becoming the new articular surface
of the joint, sclerosis and the formation of spurs and fibrous walled cysts result in these
structures releasing additional pro-inflammatory cytokines, collagenase, protease, and
MMP’s resulting in the further progression of OA. Due to the pathophysiological processes
observed in OA development and progression, individuals experience a reduced range of
motion ability of the OA-affected joint and report experiencing pain when attempting to
move further than the OA-affected joints' current range of motion (82). Movements such as
transitioning from sitting to standing, standing to sitting, ascending or descending stairs or
hills, climbing out of bed, walking around the house, running, picking up or placing objects
on the ground, and doing household activities (such as doing dishes, folding laundry or
cleaning) are all affected with OA development as a result of the pathophysiological changes
of OA within the hip and knee joints (62,83,84). These changes in the ability to perform
movements are due to a reduced range of motion in the OA-affected joints. Movements such
as knee flexion and extension and hip flexion, extension, adduction, and abduction are all
significantly reduced in OA development and progression, along with a reduced ability of the
respective joints to withstand load-bearing forces (66,85,86). With further research, insights
and conclusions can prevent pathophysiological changes during OA development and
progression. Further research could improve tactics in treatment and management to prevent
further progression of already established OA individuals' already-established changes to

improve their current conditions and circumstances limiting their daily activities.
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Figure 7: X-ray image of an individual with intra-articular loose bodies (joint mice) present in their knee (87).

articular cartilage

Figure 8: Anatomical diagram of bone eburnation (A), an X-ray image of bone sclerosis (B), and schematic

diagram of bone osteophytes (bone spurs) (C), which all present in various stages and severities in OA (88-90).
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e. Diagnosis and Stages of Osteoarthritis

OA is a complex condition, with its primary pathological form being idiopathic. The main
influences come from comorbid risk factors that raise an individual's susceptibility. However,
OA cannot be layman diagnosed nor be diagnosed by palpation or visual inspection. OA can
only be diagnosed using specialized equipment and the knowledge and expertise of a trained
healthcare professional- usually an orthopaedic surgeon or specialist (91). Specialized
equipment is needed for the initial diagnosis of OA. However, using this equipment for
follow-up consultations would only be required to assess whether the condition has
progressed (91). Equipment such as laboratory tests, radiological scans, and (in some OA
conditions, such as OA of the hands) site-specific pattern associations are the most common
for diagnosing OA (91). Equipment such as MRI scans, histopathology tests, and joint
arthroscopes are among the more commonly used advanced practices in understanding joint
damage and OA progression in the clinical setting (80,91-93). Laboratory tests cannot be
used in directly diagnosing OA. Still, they can determine if the OA is primary or secondary
and, if secondary, what the cause may be (such as rheumatoid arthritis) (91). The most
common method for diagnosing OA is the use of radiological scans. Radiological scans aid in
the visualization of the actual joint and help determine if joint space narrowing (JSN) has
occurred or occurs during the progression of OA development (Fig 9). JSN narrowing occurs
when the cartilage within a synovial joint is degraded and can no longer separate the adjacent
bones in the joint. JSN presents in both rheumatoid arthritis and OA- the difference between
these two is determined using laboratory tests (73,93,94). The third commonly used method
for OA diagnosis is site-specific patterns. A site-specific pattern is an event or presence of

structural or mobility abnormality presented widely within a particular joint in OA. These
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have been determined through common appearances to clinics and consultants in these
conditions(95). If symptoms such as genu varus (bow-legged deformity), genu valgus
(knock-knees), the knee “giving out” (due to muscle weakness or meniscal damage) or
locking, OA-associated pain in and around the knee, reduced range of motion, or warm joints
are present in an individual visiting a clinic it could be an indication of knee OA as these
symptoms are classified as site-specific patterns of knee OA. Site-specific patterns of hip OA
include antalgic gait (limping in response to hip pain), pain associated around the hip area
(more common in the groin but can present laterally in the hip or buttocks), limited range of
motion (specifically internal rotation), and a reduced extension of the thigh (80,91). Often an
individual will report to the clinic having these site-specific patterns of OA, and upon clinical
inspection by the consultant, other diagnosis methods (such as X-rays, laboratory tests, MRI
scans, and arthroscopes) will be used to confirm the diagnosis, determine the form of OA

(primary or secondary) and to determine the stage of OA present in the individual (80,91,92).

Joint space
narrowing

Figure 9: (A) Radiographical representation of a normal knee (left and blue arrows) and an OA knee with JSN

(right and red arrows) and (B) of a normal hip (left) and an OA hip with JSN (Right and white arrow) (96,97).
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Once it has been determined that an individual does have OA, the staging process of its
development can commence. Classifying OA into a specific stage is complex and challenging
as each individual presents with different morphological changes, histories, OA-associated
symptoms, joint mobility, and experienced pain. However, what remains consistent is the
degree of structural damage and limitations in joint mobility. Thus, the degree of structural
damage (cartilage degeneration, joint space narrowing, and abnormal bone growth) has been

the key to diagnosing the stage and severity of OA (80).

Three processes are involved in diagnosing OA's severity in an individual accurately.
Namely, typing, staging, and grading are used to classify the severity of OA. The use of these
three processes is because the classification of OA remains relatively complex due to the
uniqueness of patients and the variety of associated symptoms present in an individual (80).
‘Typing” is used to classify the OA into its presenting form (i.e., primary or secondary)
through the use of some of the diagnoses as mentioned earlier methods (laboratory tests, MRI
scans, joint arthroscopes, X-rays) to determine if any co-morbidities or traumatic events have
caused its onset. Typing usually occurs first in the diagnosis process to determine the form of
OA before the stage and grade of OA. However, the last two steps of determining severity
have been controversial regarding their use. Both staging and grading add relevance to and
aid in determining the seriousness using different approaches but having the same final

result- determining the severity of OA present.

OA appears in four different ‘grades’ once the onset of OA initiates. The first grade, grade 0,
is considered to be a typical joint with no indication of JSN or articular cartilage damage and

does not fall into the four previously mentioned grades (Fig 10). Grade 1 is the first of the
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pathological grades of OA and is classified as such when JSN narrowing first presents
unilaterally within the joint- either medially or laterally- (however, it could be absent at
times) and cartilage damage is present in the form of fissures into the superficial zone when
viewed under X-rays (Fig 10) (35,68,80). Grade 1 also involves slight thickening of the
articular surface of the bone (periosteum) and some collagen type 11 expression. Grade 2 is
classified when joint space narrowing appears more evidently, and the fissures within the
cartilage deepen into the cartilage's middle and/or deep zones and have some cartilage loss
present on X-rays (Fig 10). In this grade, periosteum thickening is more pronounced, collagen
type Il is still present, fibrocartilage presence is noticeable (round cells and metachromatic
staining in the ECM), and some bone formation may be present (35,65,68,80). Grade 3
presents on X-rays as severe JSN along with cartilage damage in the form of fissures into the
deep zones of cartilage and cartilage clefts to the subchondral bone (Fig 10). This grade is
diagnosed (along with the morphological changes mentioned) when the periosteum is
thickened, the presence of fibrocartilage, robust and active bone formations are present, and
molecular markers such as collagen type 11, type X, and type VI are present in the articular
cartilage when histopathological, and other diagnostic methods are used (35,65,68,75,80).
The final grade and most severe of OA (Grade 4) is classified when X-rays indicate JSN is at
a maximum (articular surfaces of bones are wholly or almost in contact), and complete
degradation and loss of cartilage are present on X-rays (Fig 10). This grade is accompanied
by significant thickening of the subchondral periosteal bone, presence of fibrocartilage with
hyalinization of the ECM (presence of chondrocyte-like cells in the lacunae of bone and
strong metachromatic staining of the ECM), active abnormal bone formation into the joint
(osteophytes) and the presence of collagen type 11, X, VI in the basal and pericellular areas of

the remaining cartilage (35,65,68,80).

30



Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

Figure 10: X-rays showing morphological changes in the different grades of OA development (98).

Grading of OA is done by one of two grading or staging systems. The first is the Otte method
and ‘grades’ the OA severity, and the second uses the Mankin and Colleagues scoring system
and ‘stages’ the OA into subgroups to grade the OA severity (80,92). Otte (1969) grades the
OA severity by determining the morphological changes in bone and cartilage throughout OA
development (Table 2). Whereas Mankin et al. (1971) developed a staging system where a
score is determined from the histological damage present within the joint (Table 3) (80).
Although these two grading systems use different approaches to diagnosing OA severity, the
result remains the same as the Mankin and Colleagues scoring systems overlap and agree

with the Otte grading system of OA severity (Fig 11).
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Table 2: Table showing the grading of OA severity through morphological changes by Otte et al. (1969) (80).

Grade Morphology

0 Normal
I Superficial fibrillation with no cartilage loss

Il Cartilage lesions present (absent of full-thickness defects)- Deep
fibrillation, middle zone fissure presence and/or cartilage matric loss

11 Cartilage lesions (absent of full-thickness defects)- Deep zone fissures and
partial loss of cartilage matric

\Y, Complete Cartilage loss (Focally)

Table 3: Table showing the staging of OA severity using histological damage scoring by Mankin and

Colleagues (1971) (80).

Feature Score Histological Feature
Cartilage 0 Normal
structure

Superficial Fibrillation

2 Pannus and superficial fibrillation

Fissure to middle zone

4 Fissures to deep zone

wv

Fissure to calcification zone

Chondrocyte Normal

8 Diffuse hypercellularity
Cell clusters
Hypocellularity

Safranin-O Normal

staining Slight reduction
Moderate reduction
Severe reduction

No staining

Total disorganisation

Tidemark Intact

R O U1 & W N P O WN = O

Tidemark penetrated by vessels
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Grading according to Mankin ]

Normal 0A
Mankin 0-2 Mankin 3-5 Mankin 6-7 Mankin 8-10 Mankin >10

Sup. zone

Mid. zone

Deep zone

Calc. zone

Bone

Stage | Stage Il Stage lll Stage IV

IStaging according to Onel

Figure 11: Figure representing the Mankin and Colleagues scoring system (1971) compared to the Otte grading

system (1969) and how they overlap and agree with one another (80).

f. Risk factors

Although the pathological process and development of OA are well documented, the
condition has multiple factors that influence its development, and these factors differ between
genders, age groups, and ethnicities (2,32,61). Research has been focused on determining the
associated risk factors for the onset of both primary and secondary OA. G. Musumeci et
al.(16) extensively detailed and investigated the multiple risk factors and co-morbidities
associated with the onset of OA. Their review found that the developmental risk factors for
OA can be separated into two main categories, namely susceptibility and predisposition risk
factors (Fig 12). The susceptibility factors were determined to be local factors determined by
an individual’s lifestyle and are considered ‘modifiable risk factors’ in the general

population- these include daily behaviours and habits such as diet, physical activity, and
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technological use. Predisposition risk factors are considered, as they are termed- factors that
are not in control of an individual- and are considered ‘non-modifiable risk factors’ such as

age, gender, ethnicity, genetics, hereditary obesity, and bone metabolism (4,16,61,65,71,99).

LOCALRISK FACTORS

- muscle strength NON-MODIFIABLE RISK FACTORS

- physical activity - age
> . & )
= wrong movements - gender )
= ) , m
P voc.cn:;.)avtlon - genetics =
= -jointinjury - ethnicity wn
a - joint alignment INCREASED 3
e O
O - body length bone inequality RISK OF OA %)
4 SYSTEMIC RISK FACTORS =
7, - obesity %

SYSTEMIC RISK FACTOR - bone metabolism

-diet

(2015) (16).

Figure 12: The classification of OA-associated risk factors according to G. Musumeci et al. (16).

I.  Predisposition Risk Factors

The non-modifiable risk factors associated with OA onset include influences from an

individual’s genetics, epigenetics, gender, age, and ethnicity.

Among all the genetic sequences investigated, some key mutations have been identified as
having an association with OA development (80 total)- the majority of these have determined
that single nucleotide polymorphisms (SPNP) be the most relevant of these mutations (16).
More specifically, it has been observed that if a SNP occurs in the genetic locus responsible
for the maintenance, repair, and development of synovial joints (rs143383), OA is a definite
outcome in such individuals (16,100,101). Similarly, studies have found that if SNPs occur in

genes responsible for vitamin D receptors (VDR) or insulin-like growth factor 1 (IGF-1), an
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individual has an increased risk for OA development (11,16). Indeed, these genetic mutations
have been the most relevant in determining OA onset; however, it is crucial to comprehend
that no precisely observed locus for OA onset has been identified. Its development is
influenced by multiple alterations and mutations of genes responsible for protein expression.
It is crucial not to conclude that a single SNP results in OA; instead, OA has an influential

genetic factor that plays a role in its development.

In addition to genetic influences, some findings suggest that epigenetic effects play a role in
OA development. Studies conducted by Bui et al.(2012) and Hashimoto et al. (2013)
concluded that epigenetic alterations- more specifically, increased activity through

demethylation - result in raised susceptibility to OA development in individuals (16,102,103).

Alongside genetic and epigenetic predispositions increasing the risk of individuals
developing OA, other non-modifiable factors such as age, gender, and ethnicity play a role in
OA development. One of the major influential factors in OA development has been its
association with age. Indeed, research has shown that age is associated with OA
development; no precise cause mechanism has been definitively found (4,12,24,65,71,104—
106). Though research has attempted to find a direct factor, only hypotheses have been made

about why this association exists.

One hypothesis termed the ‘Hayflick Limit’ states that chondrocytes in synovial joints only
have a set number of replications throughout their lifespan. When this ‘limit’ is exceeded, the
chondrocytes undergo apoptosis. This apoptotic event subsequently results in the inability of

the cartilage to be repaired and replaced. It ultimately leads to the loss of articular cartilage
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and, thus, the onset of OA (16,107). It has been proposed that the limited number of cellular
replications allowed by the chondrocytes is a result of the loss of the telomeres protecting the

genetic code within these chondrocytes responsible for their survival and function (105).

A second hypothesis claims that OA’s development is a direct result of the extracellular
matrix (ECM) changes that are associated with age- such as surface fibrillation, decreased
reduction in tensile strength, alterations in the composition and structures of proteoglycans
and ECM proteins, and the increased cross-linking of collagen (16,78). As a result of these
proposed ECM changes, the synovial joint space becomes compromised, and a raised risk of
tissue damage is present, explicitly following load-induced or mechanical wear and stress.
This hypothesis has been tied in with the previously mentioned age-related hypothesis as it
has been observed that the detrimental changes in ECM result in the extended loss of
cartilage and chondrocytes. The ECM interactions are observed to play a crucial role in
chondrocyte survivability. Thus, changes in the ECM could result in the loss of chondrocytes

and, subsequently, articular cartilage and OA development (74).

Gender, too, has been observed to influence the development of OA across all age groups. In
the age group 40-50 years of age, it has been observed that males tend to have a higher risk
for developing OA compared to their female counterparts. However, the contrary is seen in
the ages of 50 and above. In post-menopausal women, it has been observed that women
would be more inclined to develop OA, more specifically OA of the hands, foot, and knees,
compared to the males in their respective age groups (4,16,27,108,109). These observations
have led researchers to believe that a hormonal influence on OA exists. Whether this

hormonal influence is protective or degenerative is yet to be determined, and further research
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is needed to have a definite answer; the fact remains that a gender-associated risk is

associated with OA development in the population.

Although definitive reasons why age and gender influence OA development, the influence of
ethnicity on its effect is somewhat controversial. One study by the National Health and
Nutrition Examination Survey 1 (NHANES 1) suggested that women of African descent
indicate a higher risk for knee OA development than their African male counterparts and
European counterparts across all age groups (10). However, when this risk factor was
investigated by the Johnston County Osteoarthritis Project (JCOAP), they found no
correlations between ethnicity and the risk of developing OA (104). Interestingly, when the
studies investigated the same risk factors associated with hip OA, the results were the
opposite: JCOAP found ethnic differences, whereas NHANES 1 did not (18,110). Though the
observations yielded no definitive outcomes on the ethnic influences on OA development,
they did raise awareness of the socioeconomic, genetic, and lifestyle factors associated with

OA development.

II. Susceptibility Risk Factors

One of the most significant contributors to modern-day OA development and progression is
unhealthy habits and lifestyles followed by individuals. Regarding OA, two of the most
influential susceptibility risk factors are obesity and physical activity- along with a significant
secondary factor affecting both; the influence of technology promoting the increased

incidence of sedentary behaviour and physical inactivity (111-113).
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Daily living and habitual lifestyles have reduced the consumption of healthy meals, including
all needed macro- and micronutrients necessary for healthy survival. This, in turn, results in
the increasing incidence of obesity observed globally (114—116). Obesity has been observed
to have a direct and indirect influence on OA development. Obesity has been shown to
directly influence OA development in load-bearing joints by increasing the physical and
mechanical stress experienced by these joints. This results in mechanical overload
experienced in joints and initiates the pathogenesis of ‘obesity-induced OA’
(11,14,16,71,116). Indeed, obesity-induced OA predominantly affects the body’s load-
bearing joints (such as the knees and hips), but the mechanism behind the pathogenesis needs
to be explored. In obese individuals, the increased body mass index (BMI) results in
increased weight and mechanical overload experienced by load-bearing joints. This increased
overload has been observed to result in chondrocyte activation and subsequent cartilage
destruction and degeneration, resulting in the initiation of OA pathogenesis (16,117). This
pathophysiological process has been determined to be the primary mechanistic process
involved in the direct influence of obesity on OA development. As when an individual is
obese, further load-bearing stress is placed upon the already affected joints; this, in turn,
would result in further cartilage degeneration and articulating bone exposure. If left untreated
and unattended, this stress would result in further pathogenesis progression of OA and
eventually result in an individual experiencing an extreme level of discomfort and pain that
could render them physically disabled and, thus, place a more significant burden on their

overall quality of life and the health system.

However, the indirect influence of obesity on OA development and progression is not as

simple as its direct influence on OA development. This is due to the complexity of the
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aetiological process of obesity’s influence and, thus, is not entirely understood to date.
Indeed, it is known that metabolic factors associated with obesity could play a role in OA
development (such as raised glucose concentrations and raised adipokines); however, these
influences have just been proposed by research and are not yet clearly understood
(14,71,117-119). Evidence has recently been reported and hypothesized that metabolic
factors in obese individuals with type 2 diabetes and raised blood glucose have been
associated with OA development and progression (16,118). More specifically, it has been
observed that in obese individuals with type 2 diabetes, there is a raised presence of advanced
glycation end-products (AGEs) in articular cartilage collagen. AGEs have been shown to
influence OA development by reducing the function of working chondrocytes and thus
initiating the onset (or progressing the development) of OA (59,120,121). However, this
association is not yet well understood, and further research needs to be conducted before

definitive conclusions are made.

Another risk factor that substantially impacts OA development risk is physical activity and
exercise. Physical activity is any bodily movement initiated by skeletal muscle contraction
that results in energy expenditure (122). Exercise is any bodily movement that enhances an
individual's fitness and improves overall health and wellness (122). The effects of physical
activity and exercise on the risk of developing OA are two-fold. High levels of excessive
physical activity or exercise have also been detrimental to the joint, especially those that
excessively apply weight on the joint and execute incorrectly. The raised mechanical stress
load and occurrence have been associated with an increased risk for OA development
susceptibility (16,123). When excessive physical activity and load are placed on some load-

bearing joints, it results in the influx of water into the joint and, as a result, causes
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compositional changes in the ECM and cartilage and, thus, cartilage deformation (16,58,124).
Researchers have also determined that continuous repetitive movements likewise impact the
development of OA. In a trial conducted by Messier (2009), their study observed that some
occupations that require regular and repetitive movements of certain joints resulted in those
joints having a raised risk for OA development (16,125). Their study concluded that
individuals who partake in repetitive movements due to their occupation risk for localized
OA development were double their counterparts who did not participate in daily repetitive

movements as part of their occupation (16,125).

Although excessive repetitive exercise can increase the risk of developing OA, a lack of
exercise and physical activity predisposes an individual to develop OA. When a lack of
physical activity, also known as physical inactivity, is present, the observed result weakens
postural and movement muscles, resulting in an individual being more inclined to have an
incorrect posture and incorrect execution when performing some actions (16). This incorrect
posture and movement adaptations could result in excessive strain on some load-bearing
joints, such as the spine, knees, and hips, resulting in trauma and the risk of developing
secondary OA or progressing the exiting OA in an individual (16,77,126,127). Sedentary
behaviour is any activity resulting in low energy expenditure during sitting, laying or resting
activities (128). In addition to the postural and movement adaptations, physical inactivity
and high sedentary behaviour increase the risk of becoming obese (111,129,130). As
mentioned above, adipose tissue development to a level that considers an individual obese

could develop primary OA by overloading the more weight-bearing joints.
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It has been determined that physical activity and moderate exercise are beneficial for
preventing the onset and progression of OA (84,119,126,131,132). It aids in the correct
movements in our body and prevents articular cartilage alterations and the subsequent
weakening of joints (16,133). Thus, a moderate level of physical activity is the most
beneficial for preventing the onset of OA and slowing its progression, improving the mobility

of joints, and alleviating the pain experienced in OA individuals (16,133).

g. Effects of OA on health outcomes

Although there is evidence for the benefits of engaging in exercise for people with OA
(which will be discussed later), the condition results in restricted or limited movement of the
affected joint. Many reasons for the limited movement in people with OA exist, such as
inflammation, joint mice presence, subconscious and conscious awareness, and muscle
weakness. The degree of inflammation experienced restricts the range of motion that the joint
usually follows, accompanied by the experienced pain or discomfort (9,16,35,55,65,79,125).
Along with the inflammation caused by OA onset, cartilage slough off could result in the
joint becoming caught during its normal movement and resulting in the ‘locking’ feeling of a
joint typically observed in OA, the cartilage slough off debris (known as joint mice) affect the
movement of the joint by catching in areas and causing the joint to be prevented from
continuing through the movement. As a result, an individual either stops the movement and
attempts to avoid it in the future (as the locking tends to be painful and uncomfortable) or
pushes through it, forcing the joint to become unlocked, thereby causing more pain, damage,
and inflammation (8,53,58,134,135). Once an individual becomes aware of the inflammation,

limited movement, experienced pain, or OA presence, conscious and subconscious awareness
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of the affected joint (136). This awareness results in the joints avoided use or altered

movement (136,137).

The avoided or altered movements observed in OA populations result in lowered usage of
normal movement muscles around the affected joint. Avoided use of a joint could further
damage the joint and surrounding tissues and result in OA progression (35,53,136,138,139).
This, in turn, results in muscle atrophy and strength loss in the working muscles. As a result,
movements that were previously avoided or altered now become even more problematic as it
puts strain on other working muscles usually not used in those specific movements, and the
weakened muscles usually used in such actions tend to become weaker than before, causing
them to be unable to perform those movements (80,134,136,140—144). As a result, people
with OA have a higher energy expenditure for simple movements due to increased movement
by incorporating additional muscles to aid in balance and stability while standing or moving
(140). Although this is the case, individuals with OA also tend to participate less in physical
activity when compared to a healthy population and, overall, have a lower observed daily

energy expenditure (119,131,145).

In OA, most individuals experience a degree of chronic pain and discomfort in their joints
and throughout their movements during their everyday sedentary activities and other forms of
light, moderate and vigorous physical activities (4,13,65,80,126,134,144). In addition to the
chronic presence of pain and discomfort experienced, it has been reported that muscle
weakness in normal postural and movement muscles has been observed, along with
incorporating additional forces from non-postural muscles for postural control and pain

alleviation through movement (66,85,142,146,147). As a result, any form of physical activity
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tends to be reduced in an OA population, resulting in an increased prevalence of a lower rate
of physical or (in some cases, associated with severe pain and discomfort) physical inactivity
in individuals suffering from OA (147). Along with lowered physical activity levels, regular
movements affect individuals with OA. Daily movements become altered in response to the
pain and discomfort experienced, compensating for the muscle weakness experienced
through OA development and progression (53,134,148). All these alterations and
pathophysiological processes associated with OA tend to become problematic. They could
advance OA to more severe stages, encouraging the further weakening of postural and
movement-initiated muscles, thus provoking the increased prevalence of physical inactivity

observed within an OA population (63,149).

Muscle weakness and additional muscle usage for postural and movement control
incorporation mutually occur in an OA population. Although these occurrences are not
lifestyle changes that reduce an individual’s QALY at first, it could progress to more severe
stages that could result in limited movement and mobility due to both experienced pain and
immobility due to immobility, muscle weakness stiff joints. Thus, this occurrence in OA
development must be considered and observed when prescribed diagnosis and treatment
options. The theory is hypothesized that muscle weakness in OA development and
progression results in instability during standing and motion (76,140,144). Thus, the
physiological incorporation of additional non-postural muscles to improve balance during
these activities is observed (53,58,134,150,151). This incorporation of non-postural muscles
for assistance in balance maintenance is the cause for the aforementioned observed result of
increased energy expenditure and demands from a body with OA presence within it

(9,134,152,153). Muscle incorporation varies depending on the joint affected by OA. For
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example, if OA is found within the knee, additional postural control was observed in the
anterior tibialis to assist the normal postural leg muscles such as the quadriceps, vastus
medialis, and triceps surae (53,60,60,66,138,154). Muscle weakness results from the reduced
usage of the muscles due to the pain and discomfort experienced associated with OA
(63,64,143,155). Pain avoidance is a common occurrence in OA individuals. As a result,
muscle atrophy occurs in postural muscles (80,123,144). A consequence of the observed
muscle atrophy is a reduction of balance in OA individuals, and the development of a ‘fear of
falling’ mindset ensues (81,136). This fear originates from an individual becoming aware of
their imbalance and fearing that if they do fall, an injury will transpire, worsening their pain
and possibly worsening their current condition (81,136). The reduced balance and muscle
weakness observed in OA results in individuals attempting to avoid scenarios and situations

where there may be a risk of acquiring an injury through falling.

h. Pharmacological and Non-pharmacological Management of OA

Pharmacological and surgical interventions are applicable for the management and treatment
of OA, and some non-pharmacological lifestyle interventions have been validated as viable
treatment options. The preferred method of OA for OA is observed in literature as a
combination of pharmacological and lifestyle interventions that can be prescribed and
incorporated from the diagnosis of the condition depending on symptoms and pain severity
presented (3,11,12,91,137,156). In contrast, later stages of OA may need surgical

interventions for their management.
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OA intervention methods can be categorized into two main groups, conservative and radical
intervention methods (157). Conservative methods are interventions focused on improving
joint function and mobility. They aim to reduce OA-associated symptoms through
pharmaceutical and exercise prescriptions, patient education, assisted devices, and dietary
modifications (54,157-159). Radical methods include more direct approaches to mitigating
the effects of OA, such as surgical replacement of the affected joints and replacement with a
prosthesis (22,23,54,68,137,157). Along with these clinical management methods available,
non-pharmacological and non-clinical management procedures have been determined to aid
in pain relief and improve the mobility of affected joints. These conservative intervention
methods include physical exercise programs, diet modifications, hydrotherapy, acupuncture,
patient education, assistive devices, warming approaches, and psychological techniques (11-

13,48,49,94,98,143,145-151).

Conservative intervention methods include treatments to reduce pain and discomfort
experienced by an individual with OA while preventing further progression of the condition
(157). This approach uses pharmacological and non-pharmacological intervention methods to
reduce experienced pain and induce weight loss in an individual, ranging from pain
management through medication to prescription exercise (54,137,158,159). These two
common treatments will first be discussed. Exercise and physical activity are also effective

management tools for OA and will be discussed in a later separate section.

Radical intervention methods are usually brought in as a last resort where all attempts of
conservative interventions have proved unsuccessful, and OA has progressed

(23,86,157,166,167). Radical intervention methods include total or partial joint replacement
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surgery (3,137,166,168). However, the later stages of OA are not of focus in this study, so

radical intervention methods will not be discussed in great detail.

Pain medication

Three pain analgesics are used to decrease experienced pain in patients: non-steroidal anti-
inflammatory drugs (NSAIDs), opioids, and acetaminophen. NSAIDs include ibuprofen;
opioid prescription drugs for pain alleviation include morphine, and acetaminophen includes
medications such as paracetamol (169,170). With each drug prescription comes pain
alleviation experienced by a patient accompanied by the negative side effects and risks
associated with their abuse and long-term effects. NSAIDs are the most common over-the-
counter (OTC) pain medication that does not need prescriptions. NSAIDs reduce pain by
inhibiting and blocking enzymes responsible for prostaglandin production and release- thus,
their use in OA by mitigating prostaglandin function and hindering the progression of OA
(3,171,172). More potent forms of NSAIDs can only be received through a prescription and
are used to alleviate pain at a moderate level (170,173). These NSAIDs tend to have a higher
risk of developing negative side effects such as indigestion, drowsiness, headaches (among
the lighter side effects), stomach ulcers, allergic reactions, and liver, kidney, or heart

complications (being the more adverse of the associated negative side effects) (173).

Opioid pain analgesics have a strong affinity for their receptors and, as a result, bind in
abundance to these receptors, resulting in an individual experiencing sensations of pain relief
(169,174,175). However, the side effects of opioid use are typically worse than those

associated with NSAIDs and, at times, can result in addiction to their usage (169,174,175).
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Opioids are more commonly used in patients with moderate to severe pain and often are not
given repeat prescriptions due to their addictive properties (169,175). Opioid usage side
effects range from common pain analgesic side effects such as drowsiness, confusion,
constipation, euphoria, and slowed breathing to more severe side effects such as drug
addiction, dangerous drug-drug (reactions with any current prescribed or OTC medications),
and drug-alcohol interactions, hypoxia, short-term and long-term psychological effects, and
neurological effects (such as coma, brain damage or even death)- the latter two both being a
result from opioid-induced hypoxia (169,175). Careful consideration must be taken before
prescribing this class of pain analgesics to patients, along with protocols for aiding patient

relief to come off of prescription opioid usage in case an addiction does occur (169,175).

Acetaminophen’s method of pain alleviation is brought about by raising pain tolerance in
individuals, thereby reducing the intensity of experienced pain (3,171,176). However,
similarly to NSAIDs and opioids, acetaminophen usage has adverse side effects. Long-term
use or taking dosages above the recommendations have been observed to have moderate
acute (rash, hives, difficulty swallowing, swelling, and difficulty breathing), as well as severe

adverse side effects (jaundice, severe allergic reactions, anorexia) (3,177).

Weight loss

Weight loss has been shown to have beneficial results for OA-symptom management in
individuals who have the possibility of reducing their body weight (3,17,125). Excessive
body weight has been shown to place a larger load on affected joints; thus, an increase in

body mass results in further wear and tear of an OA-affected joint (86,125). Thus, through
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interventions aiming at reducing current body weight in people with OA who present as
overweight or obese, a reduced load would be placed on the affected joints, preventing or
delaying the progression of the OA rate (3,17,115,125). Weight loss for OA management is
unique to each individual. However, common approaches are used to obtain the desired
weight reduction outcome. Approaches such as exercise prescription, dietary interventions
and modifications, and patient education have all been shown to reduce OA-associated
symptoms by reducing the body weight of individuals with OA who can lose excess weight
(3,17,115,125,178,179). In addition, weight loss aids by mitigating the effects of excessive
weight and obesity, preventing OA progression -especially weight loss through exercise
(180). Exercise aids by improving skeletal muscle mass strength and density (allowing
experienced forces to be handled better by the joints) and reducing excessive fat
accumulation and intramuscular fat accumulation- the latter two contributors to
hyperleptinemia and thus the inflammatory responses observed in OA (79,115,116,118,180).
In clinical studies, the primary focus of dietary modifications involves proper nutrition
(16,23,86,115,125), as increased load-bearing due to obesity is a significant risk factor in OA
development and progression. Significant weight reduction in -these populations
(3,17,17,54,86,115,125,178) is associated with 48-67% improvement in pain and symptoms

(181).

Total joint replacement surgery

If OA progresses to later stages of the condition, clinicians and surgeons may use radical
methods such as surgical interventions to alleviate persistent pain symptoms in individuals

and improve mobility and joint support simultaneously (157). The indication for joint
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replacement surgery is that all other conservative measures have been exhausted, and pain
persists. Joint replacement therapy, otherwise known as joint arthroplasty, involves removing
an entire joint (plagued by either dysfunction or an arthritic condition) and replacing it with
an artificial orthopaedic prosthesis (22,23,137,157). As termed by the ‘radical’ approach, this
treatment is often the final line of treatment once other conventional approaches have been

unsuccessful in pain alleviation and disease progression.

During surgical joint replacement (both THR and TKR), the proximal end of the distal bone
at the joint end is removed and replaced — this is known as cemented joint replacement. Joint
replacement surgery is a successful intervention for managing and treating OA and associated
symptoms (27,137,156,166,182). However, disadvantages are present with cemented joint
replacement. They include cement breakdown, which could result in inflammation and
infection and could end up in other areas of the body (such as the lungs), which could be life-
threatening- however, this is extremely rare. There is a higher risk of complications for
individuals who have undergone spinal surgeries (166). Cementless joint replacements have
advantages and disadvantages, such as the elimination of both short-term bonds (cementless
offering a long-term bond between the prosthetic and the bone) and the elimination of cement
breakdown and debris as advantages and limiting patient factors such as low bone density
restricting the ability of this surgery to be performed and long recovery periods
(23,157,166,183,184). THR is usually performed once the arthritic condition of OA has
reached a point when the patient can no longer cope with the experienced pain, and mobility
becomes extremely limited or even impossible (137,185). The return to the normal
functioning of an individual following THR is roughly six weeks, accompanied by some

rehabilitative physiotherapy- allowing the patient to become accustomed to the artificial joint
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replacement (137,185). Similarly, TKR replaces the arthritic joint if present in the knee

(23,137,186).

Although THR and TKR are a means to eliminate immobility and alleviate OA-associated
pain, some disadvantages are associated with the procedure. Often, individuals who have
previously undergone either of the surgical processes must return to their orthopaedic
surgeons. The return to their surgeons is more common to replace some of the worn pieces of
the artificial joint (such as the plastic or ceramic inserts) or to remove artificial debris from
the joint and resecure the joint in place if the cement has come undone (with specific

reference to cemented joint replacements) (137,166,185,186).

A study by Kramers-de Quervain et al. (2012) investigated the long-term effects of TKR on
patients and how their gait was affected two years after their arthroplasty surgery. Their study
found that, although patients' gait improved two years following the surgery, the weight-
bearing within the replaced joint remained lower than in the contralateral joint. Their study
found that the specific reason for this occurrence was other comorbidity factors that
negatively affected gait improvements in TKR patients. This study emphasized that comorbid
factors (such as obesity, cardiovascular disease, type 2 diabetes, etc.) must be considered
when assessing gait and function improvements in TKR patients (167). Leg muscle strength
assessment in the knee and hip OA prior to surgery could indicate the need to incorporate
preoperative intervention strategies to strengthen weakened muscles (61,63,141,183).
Strengthening these weakened muscles would aid in recovery and ensure that the return to
everyday living of TKR or THR patients occurs in the shortest time possible (83,157) in

conjunction with reducing preoperative symptoms and improving some aforementioned
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comorbid factors (83,119,137,167,187). A study by Nallegowda et a. (2003) evaluated the
gait and balance function post-THR surgery and found similar results regarding the gait
function of patients (188). In addition to gait assessments, this study investigated the balance
control of patients following THR and compared it to both the contralateral limbs and a
control group. The study observed that balance was significantly lower in the replaced joint
leg than in the contralateral limbs and control groups. Their hypothesis for this observation is
due to a sensory-motor deficit in these patients. Balance control was almost the normal
standard once accounted for (providing extrasensory input such as vision). The specific
reason for patients' sensory and motor deficits following THR is unknown. However, they did
stipulate that careful consideration must be taken for follow-ups to inform and assess the
patient's risk of falling (especially the elderly). A similar study by Majewski et al. (2005)
investigated the balance control of patients following THR and found similar results. Their
study stated that THR does aid patients in regaining mobility and balance functioning.
However, they emphasized that regular follow-ups are necessary to monitor gait
improvement and ensure that patients improve daily functioning while remaining cautious to
prevent injury from falling (182). These studies show that THR and TKR surgeries do aid in
improving the functionality of the replaced OA-affected joints. However, comorbid factors
persist and need to be addressed to prevent other joints from following the same pathological
pathway; these can be addressed using additional approaches such as drug and exercise

prescription (5,17,17,68,189,190).
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1. Exercise

Exercise is a conservative treatment that OARSI, ACSM and current literature recommend as
it aids in addressing symptoms associated with OA, limitations that present as a result of OA
development and progression, and aids in reducing the psychological effects of OA
development (such as the feelings of helplessness and inability to do tasks that previously
were simple and easy) (17,158,191-193). Increased engagement in exercise improves OA-
related pain, mobility, confidence, and OA progression prevention (125). Exercise
intervention is one of the most important OA management and treatment methods
(3,22,165,192—-194). It is seen as the gold standard approach for mitigating OA-associated
symptoms and impairments (17,22,55,86,125,194). Physical activity is recommended for any
healthy individual as it reduces the risk of disease onset for many conditions
(54,119,126,133,137,195). Thus, exercise is recommended on the diagnosis of OA onset if no
prior exercise currently occurs (17,22,54,119,137). If exercise has occurred regularly before
the onset of OA, it is recommended to continue. However, some adjustments and
modifications could be made better to suit the needs and health of the OA-affected joints to
prevent progression and better manage symptoms (126,196). Although exercise has an
essential role in OA management, it is often recommended in conjunction with other
intervention methods, such as drug prescriptions and dietary modifications, to obtain the best
possible outcomes (86,125,137,197). Even in the case of severe OA where surgery is needed,
an exercise prescription is recommended to reduce the aftereffects of the procedure and
attempt to reduce the rehabilitation period post-op to return to normal function before surgery
(23,137). However, though exercise is the gold standard approach to managing OA, a lack of

physical activity is seen in people with OA (71,129,198,199).
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A lack of physical activity is a prominent risk factor associated with OA development and
progression (4,11,16,71,106,125,200). Studies implementing exercise programs and exercise
prescriptions in daily living for OA management have shown evidence for improvements in
OA-associated symptoms and disease progression (17,23,54,55,55,125,126,160,163,201).
Both aerobic and resistance-based exercise interventions have shown beneficial results for
OA. In their review, Roddy et al. (2005) found that improved joint function, mobility,
experienced pain, and overall patient health were improved using aerobic or resistance-based

exercise prescriptions in a hip and knee OA population (194).

Further, their review found that with regards to OA and exercise, no contraindications to
exercise are present in the condition itself but may present with other co-morbid factors
associated with the development of the condition. Though statements have been made
suggesting that exercise prescription is beneficial in managing symptoms associated with the
condition, it is vital to remember that each exercise prescription needs to be unique and
specifically tailored to the patient presenting with OA (194). In addition, to exercise
prescription and monitoring, it is suggested that patient education about their condition and
management approaches be enforced in an OA population to achieve the most beneficial
results (3,11,17,22,194). Exercise is observed in the literature to bring about beneficial
outcomes in an OA population by promoting increased blood flow, reduced experienced pain,
and improved strength and mobility of OA-affected joints. It has been proposed that
supervised physical activity paired with other strategies such as weight loss interventions,
patient education, and at-home physical activity would result in shorter improvement periods,
have long-lasting sustained outcomes, and improve OA individuals' overall quality of life

(55,125,189,194,202,203). Of the interventions listed thus far, the intervention yielding the
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most positive and consistent results in an OA population- the gold-standard intervention
method- is exercise prescription (3,17). Studies have shown that multiple methods of exercise
prescription could be incorporated into daily living to achieve the desired outcomes in OA
populations, including water-based aerobic training, land-based aerobic training, resistance
training, or a combination of the three approaches (21,132,155,159,161,203-206). Although
many different physical activity forms are available for people with OA, physical activity is
categorized into two main subgroups- land-based physical activity and aquatic physical
activity (21,159,165). Further, within the context of OA, both forms of physical activity have
been investigated as a means of symptomatic and asymptomatic OA treatment (with knee OA
and hip OA being the primary focus within this literature review). Both land-based and

water-based physical activity positively affects OA symptoms and progression.

In a study led by Fransen et al. (2014), they investigated the effect of land-based physical
activity on pain, physical function, and quality of life in individuals with OA of the hip. Their
research used data from 10 randomized control trials (RCTs), which used participants with
hip OA participating in land-based physical activity and assessed the outcomes on the
abovementioned variables. Their review made objective high- and moderate-quality
conclusions on the effect of land-based exercise on hip OA. This review found that high-
grade evidence allows the understanding that the incorporation of physical activity resulted in
the reduction of OA-associated pain experiences (21 vs 29 points on a 0-100 scale- where 0
was the absence of pain- in the controls) and improvement in joint-associated physical
function (22 vs 29 points on a 0-100 scale -0 representing no loss in physical function- in the
control groups) when investigated immediately after land-based physical activity. However,

through their data review, only three studies investigated the effects of land-based physical
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activity on the overall quality of life. In these studies, no physical activity was observed on
the overall quality of life (estimated 50 points within the average population remained
unchanged in the OA land-based physical activity group). Further, five of the 10 RCTs
investigated performed follow-ups three to six months after the cessation of the study and
exercise prescriptions. These studies found that the pain reduction effect of exercise was
maintained months after their studies had ended (21 vs 29 points in the controls on the same
0-100 scale as mentioned before, three to six months following the cessation of physical
activity). Physical function improvement was also maintained (17 vs 24 points in the controls
on the same 0-100 scale as mentioned before three to six months following the cessation of
physical activity) (207). Thus, their study concluded that any form of prescribed land-based
physical activity proved to have beneficial short-term (three to six-month) outcomes in
experienced pain and physical function of OA-affected hips (207). Similarly, other studies
have had similar results, proving that land-based physical activity reduces OA-associated
pain, improves OA-affected joints, and could improve the overall quality of life following

physical activity and short-term periods afterwards (3,17,19,159,203,207,208).

Following their findings on land-based physical activities' effect on OA in the hip, Fransen et
al. conducted another study investigating the same effect on OA of the knee (2015). Their
systematic review used data from 55 studies and found compelling evidence that land-based
physical activity benefits symptomatic-OA management and treatment. Their study observed
strong evidence for pain reduction and quality of life improvement and moderate evidence in
physical function improvement. They observed that land-based physical activity resulted in
reduced experienced pain (12 points vs 44 points in the control group on a scale of 0-100 and

0 indicating the absence of pain) and improved quality of life (47 points vs 43 points in the
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control group on a scale of 0-100 and 100 indicating the best quality of life) immediately
after the physical activity session. In addition, moderate-confidence evidence showed that
land-based physical activity improved physical function (28 points vs 38 points in the control
group on a scale of 0-100, with 0 being the absence of loss of physical function) immediately
after any land-based physical activity (209). The data indicated that at six months of follow-
ups, OA-associated pain was further reduced by 6 points (range 3-9 points using the same 0-
100 scale as mentioned above) and an improvement in physical function by an additional 3
points (range 1-5 points on the same 0-100 scale as above) (209). Thus, they concluded that
land-based physical activity provided a short-term beneficial reduction in experienced pain
and improvements in quality of life and physical function two to six months after cessation of
prescribed physical activity and observed that the improvement of symptoms is considered
moderate (immediate) to small (due to the two to six months period) but comparable to
outcomes in drug intervention studies. (209). However, they do state that a limitation of this
investigation is that the study subjects were not blinded in their investigated data and
hypothesize that some form of the placebo effect may be present within these participants.
Similarly, multiple additional studies have found similar results, proving the beneficial
effects of land-based physical activity on OA of the knee (3,13, 49,
94,98,143,148,151,185,193—-196). This shows evidence that the implementation of exercise,
no matter the form, yields beneficial results in people with OA by reducing associated

symptoms and improving the quality of life with the disease.

Besides land-based physical activity, water-based physical activity (otherwise known as
hydrotherapy) is as effective in reducing OA-associated experienced pain, improving in

physical functioning of the joint, and improvement in the overall quality of life of OA

56



patients (161,162,164,165,204,210-212). In a study conducted by Dias et al. (2017),
hydrotherapy was investigated as a possible effective method for symptomatic OA in older
women assessing its effect on pain and physical function. Their study consisted of 73 women
aged over 65 that had OA of the knee separated into a control group (education protocol only)
and a hydrotherapy group (hydrotherapy and education protocol). The hydrotherapy
intervention consisted of water-based exercises (such as aquatic-based walking, jogging,
single-leg balancing, or lunges) twice weekly for six weeks. At the end of their study, they
found that the hydrotherapy group had better results for all variables (pain reduction, physical
function improvement, and joint-associated muscle strength improvement). (162). Additional
studies have been conducted to investigate similar outcomes within OA populations and
found similar results pertaining to the beneficial outcomes such as pain reduction, physical
function and quality of life improvements, and OA joint-associated muscle strength
improvement and concluded that water-based physical activity achieves similar beneficial
outcomes to that of land-based physical activity in the context of OA
(161,162,164,165,204,210,211,213). Such studies, such as Luciana et al. (2008), investigated
whether water-based therapy had different results than land-based interventions in an OA
population. Their study comprised 64 participants (average age 59 years)- randomly assigned
to either water-based or land-based physical activity- with knee OA and monitored for
improvement in OA symptoms for 18 weeks. Stretching movements were included and kept
constant during land-based and water-based intervention groups. Land-based activities
consisted of prone bodyweight hamstring curls, standing body weight calf raises (additional
lkg ankle weights were provided if needed), and walking exercises (forward, backward,
lateral, and forward knee raises). For water-based exercises, forward, backward, lateral, and

knee raise walking was utilized while the participants were submerged in water. There was a
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significant reduction in experienced pain, stiffness, and improvement in physical function).
There were no significant differences between land-based and water-based intervention
groups (30.9 mm reduction in VAS for land-based exercise and 35.2mm reduction in VAS
for water-based exercise. The study concluded that the type of physical activity does not
influence the desired outcome of improved OA symptoms; instead, any form of physical

activity can bring about these desired outcomes (204).

The psychological impact of OA also influences the progression of the disease, sedentary and
physical inactivity, and a person’s overall quality of life (191). Not only is there significant
evidence that exercise is beneficial to physical function, but exercise also has excellent
benefits to psychological health. Besides aiding in OA-associated physical symptoms,
physical activity aids in improving psychological conditions, resulting in improved moods,
motivation, and self-sufficiency in self-management of their condition. People with OA tend
to suffer from ill-health beliefs, lack of self-confidence, helplessness, and loneliness and may
suffer from depression (191). This results in a downward psychological spiral as OA-
sufferers tend to develop a lowered confidence in themselves (133,191,214,215). This
inability to complete tasks they previously could not complete without assistance has
developed psychological conditions such as anxiety and depression- common conditions

observed within OA populations (17,191,214,215).

Patient education and exercise address the physical and physiological impact of OA and
improve the psychological and psychosocial effects of the disease
(3,17,54,86,133,191,205,216). Sharma et al. (216) observed an increase in the incidence and

prevalence of anxiety and depressive symptoms in an OA population. These symptoms were
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found further to reduce an individual’s overall quality of life and result in OA's progression.
Further, their review found that these associated symptoms worsened other OA-associated
symptoms, such as experienced pain- which increased (216). Exercise has been shown to
improve healthy people's moods and psychological diseases and disorders (205). Hence,
implementing exercise prescriptions in people with OA would aid in improving the

depressive and anxious mind states that are present.

Further, Fitzgerald et al. (217) found that a vast improvement in confidence levels increased
in their study sample of 152 OA individuals. Their study found that exercise and patient
education aided in building confidence in movement and the ability to perform movements
free of aided assistance, reducing fear of falling and improving stability and self-sufficiency
(217). Therefore, besides aiding in physiological improvements in OA-associated symptoms,
exercise has shown to improve the psychological burden of OA by aiding in reducing the
feelings of anxiety (fear of falling) and depression that occurs following the onset of OA and

aid in improving mood, outlook on exercise, confidence, and self-sufficiency.

Overall, exercise is a first-line treatment for people with OA as it improves associated
symptoms of pain, joint mobility and function, and overall quality of life. However, OA
impairs the ability to move and limits physical function making it difficult to engage in
exercise. These movement alterations and incorporation of non-postural muscles increase
energy necessities in work needed for normal working muscles around an OA-affected joint.
As aresult, it is observed that physical activity levels are lower than healthy individuals, and
sedentary behaviour levels are high. Low physical activity and high sedentary behaviour are

problematic as physical inactivity increases the risk of OA progression and impacts physical
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function, reducing the overall quality of life and possibly increasing the burden on the health
system and the individual. Therefore, intervention strategies are needed to address these
activity limitations and aid in incorporating exercise and physical activity into daily living as
a more feasible approach for people with OA engaging in physical activity and exercise.
However, understanding the activity habits of people with OA is important to understand
what types of activities are feasible for people with OA to engage in. Before discussing

methods of monitoring these activity habits.

j. Measurement of Activity and Energy Expenditure

I.  Calorimetry

Energy expenditure is measured by directly monitoring or estimating an individual's heat
transfer and generation. The use of calorimetry can do this. Calorimetry monitors heat
generation and changes during a chemical reaction within an individual to estimate the
number of calories burned during or needed to complete an activity. Thus, the heat generated
and given off during the normal physiological processes (Fig 13) within the human body can
predict individuals' energy expenditure and requirements. Previously, calorimetry indicated
the energy expenditure of an individual through monitoring the heat gain and loss within the
body, primarily- known as direct calorimetry (218,219). However, this method caused
discomfort in individuals undergoing these measurements and did not have a pleasant
experience (152,218-220). Though this method produces accurate and reliable results while
allowing repeatability, a more comfortable method was developed using energy expenditure
predictions through calculations of data from oxygen consumption, carbon dioxide

production, and water content in expired air- known as indirect calorimetry (218-220).
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Figure 13: Normal physiological processes that contribute to heat generation and loss (221).

Calorimetry provides information about energy requirements by monitoring and predicting
the human body's heat gain and loss. Direct, indirect, and non-calorimetric methods obtain

heat gain and loss(152,218-220).

Direct calorimetry directly measures the heat generation and output of the human body
through expensive setups and equipment such as calorimeters. This equipment focuses
explicitly on and measures the body's heat loss by monitoring an individual's radiative,
convective, and evaporative heat loss. Direct calorimetry methods include three principal
forms of calorimeters- convection systems, isothermal systems, and heat sinks- however,
these methods are not crucial for the scope of this study. They, therefore, will not be

discussed (219).
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Indirect calorimetry makes use of monitoring and obtaining data pertaining to oxygen
consumption, carbon dioxide production, and water vapour expiration and inputs the
collected data into specific formulas to estimate the energy expenditure of an individual
(152,218-220)- which is the principal focus with regards to calorimetry in this study. There
are four main forms of indirect calorimetry; total collection systems, open-circuit indirect

calorimeter systems, confined systems, and closed-circuit systems (219).

Total collection systems can be divided into rigid and flexible total collection systems. The
difference between the two systems is mainly involved in the capturing vessel used
(219,222). Expiratory open-circuit systems- such as the one used in this study- has the added
advantage of being a portable system that can monitor and analyze the contents of expired air
during free-living activity (219,222,223). Estimates of O consumption and CO> production

are drawn from changes in air concentrations in inspired and expired air of the subject (219).

Direct calorimetry is a costly method for energy expenditure estimations- with the prices of
equipment being extremely high to build and operate (>$1 000 000) (219). Compared to
indirect calorimetry, which is a far cheaper alternative yielding the same energy expenditure

estimation results without significant loss in accuracy or precision (219,222,223).

In addition to being vastly more costly than their indirect counterpart, direct calorimetry
machines require one permanent technician, who requires vast expertise to operate and
maintain the equipment. Whereas the indirect approach usually would need the assistance of
a superior with some expertise in its use or simply following the instruction manual provided

by the developers (219,222,223).
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Though indirect calorimetry has provided a more comfortable method to measure energy and
heat expenditure in individuals, this method of energy expenditure has one major drawback
and limitation. Both forms of calorimetry cannot successfully and comfortably measure
energy expenditure in free-living individuals (i.e., energy expenditure throughout the day of
individuals). Accelerometers accompanied by algorithms developed through research can
obtain accurate energy expenditure estimations while measuring free-living conditions

without discomfort or additional bulky equipment.

II. Accelerometers

The estimation of energy expenditure research previously found that indirect calorimetry
technology tends to become uncomfortable for subjects over prolonged study and wear
periods- becoming more problematic in free-living monitoring as seen in animal and some
human behaviour studies (151,152,224-227). Thus, research was conducted to develop more
comfortable and ease-of-use technologies to solve these problems. This research resulted in
discovering and implementing energy expenditure estimations through acceleration
algorithms. Studies have determined that by monitoring the acceleration of the limbs and
torso of a subject, their energy expenditure can be estimated using specific algorithms and
calculations (150,151,224,228,229). This was determined by concluding that the majority of
energy expenditure from a subject is generated and caused by movement, and thus, by
monitoring, tracking, and ‘counting’ these movements and moments- with the additional use
and aid of heart rate monitors- energy expenditure can be estimated to the accuracy of
indirect calorimetry with no significant differences in acquired data from each

(151,224,226,228). There are three main types of accelerometers readily available; uniaxial
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(x/ y/ z), biaxial (x&y/ x&z/ y&z), and tri-axial (x,y, and z altogether) for determining body
positioning and acceleration- in one plane, two planes or three planes of movement,
respectively. Each method obtains data using the same principle, using acceleration forces to
determine the amount and intensity of performed activity. These acceleration values are
inputted into algorithms and calculations developed alongside calorimetry to predict activity
intensities accurately and, therefore, energy expenditure (225,226,230). Activity scores are
the result of the algorithms using acceleration values in individuals. However, these activity
scores use cut-points tailored to suit healthy populations for accurate activity intensity and
energy expenditure estimations (231-233). Cut-points have been developed to determine
sedentary behaviour and light, moderate, and vigorous physical activity in healthy people.
Sedentary behaviour is determined if acceleration counts (counts/min) in ActiGraph or
epochs in ActivPal accelerometers fall beneath the minimum value of the acceleration of the
body part to classify the movement as light physical activity- below 100, 2,860 counts/min
for hip and wrist-based accelerometry, respectively and 18.75 epochs/min for thigh based
accelerometry) (228,230-235). This is followed by increasing cut-point ranges to determine
light, moderate, and vigorous intensities of physical activities, respectively. However, it is
currently unknown whether these same cut-points would accurately predict activity intensities

and subsequent energy expenditure in people with OA.

All three types of accelerometers use the same technology for tracking body positions and
changes (150,226,228,229). Regarding the technology within the accelerometers, two
principal forms are present- piezoelectric crystals and microelectromechanical systems
(MEMS). The latter system proves more beneficial than the prior as MEMS have shown

exceptional sensitivity compared to piezoelectric crystal systems, and the internal mechanism

64



has been observed to be insensitive to temperature changes experienced by the device. In
contrast, crystals have expanded or retracted due to temperature changes (229).
Accelerometers monitor physical activity in individuals by tracking the acceleration of the
specific limb of an individual to it is attached (147,150,227-230). The acceleration is
monitored and stored (known as ‘activity counts’ or ‘epochs’) and is tracked over a specific
period - ranging from every second to every minute (226,227,229). However, the monitoring
and storage of these ‘counts’ cannot quantify nor justify the energy expenditure of an
individual alone and, thus, cannot estimate the caloric output of an individual (227).
Therefore, metabolic and physical activity research determined that device-specific and
action-specific calibration is needed to quantify energy expenditure through accelerometry

data (227,229).

The energy expenditure calibration unique to each accelerometry device used today has come
from previous research. Studies that monitored acceleration through daily living (physical
activity, daily activity, and sedentary household activity) alongside metabolic calorimetry
have been used to determine the relationship between limb and torso acceleration and energy
expenditure (using both direct and indirect calorimetry) (150,225-228,230). During these
studies, accelerometer epoch data and calorimetry oxygen consumption data were collected
simultaneously during specific activities. This collected data would be plotted against one
another in a linear regression model to obtain a calculation/equation. This equation could be
implemented within the specific accelerometry devices used in the study and used as an
algorithm for predicting an individual's energy expenditure while performing specific
activities based on the algorithm (227-230). It is important to note that any physical activity

monitored by an accelerometer device needs a unique algorithm. Since every activity has
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different energy requirements, each needs a unique algorithm to predict the energy
expenditure accurately. These algorithms have been developed through research by
associating the different energy requirements during a specific activity (measured by either
direct or indirect calorimetry) and relaying it over to the tracked movement and acceleration
of devices of the accelerometers while performing the selected activities. Hence, multiple
studies (including validation studies) have been conducted to determine these algorithms,
including the validity and accuracy of these specific algorithmic recognition patterns

(147,150,224-230,236).

k. Habitual activity behaviours in people with OA

People with OA have reduced levels of physical and increased occurrences of sedentary
behaviour and the increased presence of physical inactivity (16,71,106,136,147). The fear and
pain avoidance approach results in reduced physical activity levels and high levels of

sedentary behaviour in their daily lives (58,61,68,81,106,126,136,147,152,154).

Knowing how much physical activity people with OA do in free-living environments is
essential, especially for people with OA. People with OA experience movement limitations,
making it difficult to engage in activities of different intensities that accumulate over the
whole day. The information that can be obtained on how much activity an individual engages
in helps prescribe exercise interventions to achieve realistic and acceptable goals and

progression to manage osteoarthritis independently.
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According to the ACSM, 150 hours of moderate exercise per week is recommended for
individuals with OA to aid in managing OA symptoms and progression prevention
(17,22,54,137,192). However, in people with OA, this recommendation is not fulfilled. In an
OA population, it is observed that reduced physical activity is present. In an investigation
conducted by Bindawas et al.. (199), it was observed that a higher incidence of physical
inactivity was observed in an elderly OA population. Their study sample was assessed using
the Physical Activity Scale for the Elderly (PASE) and grouped into four groups depending
on their current physical activity levels. Their study found that their study population of OA
individuals took part in less physical activity and had reduced function during movement than
a healthy population. This was observed as a reduction in gait speed during a 20-m walk test
and increased OA-associated pain in their respective OA-affected joints (199). Reduced
physical activity and increased sedentary behaviour have been associated with increased
adipose storage throughout the body and thus, resulting in weight gain and increased load-
bearing on OA-affected joints (113,130). This increased load experienced by the affected
joints and the reduced mobility within the joint could further degeneration of the existing
cartilage, osteophyte formation, inflammation, and pain experienced within the joint

(16,116,118,142).

Although practical, objective measurements of physical activity have been observed to be
consistently overestimated in an OA population. A study conducted by Liu and colleagues
(2016) found that subjective measures of physical activity were found to be ~7min/day higher
compared to objective measures in their cross-sectional report of 554 OA individuals (10.8 vs

17.9. min/day, respectively) (237). Correlations were run between self-reported and objective
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physical activity levels and found weak to moderate correlations between self-reported and

objectively determined physical activity levels (237).

Dunlop, Liu, and other studies highlight that a lowered physical activity is present within an
OA population (associated with OA progression and worsening of OA-associated symptoms)
and that physical activity is overestimated in self-reported compared to actual physical
activity levels in an OA population (5,237-242). Having accurate, objective measures of
physical activity within an OA population will aid in treatment and management approaches

to improve symptoms, prevent disease progression, and improve the overall quality of life.

Dunlop and colleagues (2011) investigated an objective measurement within an OA
population to determine if physical activity guidelines are being met. Their investigation used
data from 1,111 49-84-year-olds who had radiographic knee OA from the Osteoarthritis
Initiative study. In their study, cross-sectional accelerometry data were obtained from daily
living to determine if physical activity guidelines were met (=150 min per week including
>10 min moderate-to-vigorous physical activity). They found that a small minority of the
study population achieved these guidelines, where only 12.9% of males and 7.7% of females
with knee OA met these guidelines. Further, through accelerometry data, this study found that
40.1% and 56.5% of men and women were inactive (having no participation in moderate-
vigorous physical activity lasting 10 minutes or more in a week) in their population,
respectively (238). This study highlights the importance of objectively predicting the level of

physical activity in an OA population.
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Physical activity aids people with OA by improving their OA-affected joints' mobility.
Physical activity aids mobility by promoting muscle strengthening and lubrication of the
articulating cartilage. This increased muscle strength supports joints better and aids in the
prevention of any further damage and injury (57). Further physical activity aids in reducing
experienced pain by incorporating and activating some central pathways responsible for
inhibitory actions (such as increased serotonin levels through the reduction of serotonin
transporter expression and increased opioid release into the central nervous system). Thus,
initiating regular physical activity would result in the increased occurrence of this inhibitory
pathway within the central nervous system and, thus, result in the observed decline in

experienced OA-associated pain within this population (243).

In a study by Lee et al. (239), they investigated the effects of moderate-vigorous physical
activity in the OA initiative study. Their study observed that gait speed and overall movement
were fast in individuals who regularly participated in physical activity to aid knee OA. Their
study observed that gait and sit-to-stand were significantly improved when regular physical
activity occurred (3.88 vs 4.33 feet/second and 25.9 vs 31.1 stands/minute, respectively)
(239). Their study concluded by stating; “Being less sedentary was related to better physical
function in adults with knee OA,” and used their data and findings to emphasize the need to
encourage the increased occurrence of physical activity for improved function and quality of
life and reduce the occurrence of physical inactivity and sedentary behaviour in an OA
population (239). Further, a study by Fernandes et al. (2010) investigated the effects of
patient education and OA-associated symptom improvement between supervised and at-home
physical activity in a clinical population. Their study found that symptom improvement

occurred in both groups throughout the 16-month intervention period; however, no difference
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in OA-associated pain improvement was observed between the two groups. Though
significant improvements in physical function were greater in the supervised physical activity
group, the 95% confidence interval was vast. This outcome determined that supervised
physical activity may aid in more significant physical function improvements than at-home
physical activity. However, the extent to which the greater benefit is unknown. It may not be
substantial enough to conclude that supervised physical activity alone is the only way to
improve physical function in OA (244). This study, along with others, supports patient
education and out-of-clinic physical activity as essential intervention methods for OA
treatment (3,17,22,160,244,245). Although these findings are relevant to OA management
and treatment, it is essential to note that beneficial outcomes through patient education and
at-home physical activity prescription, accurate activity levels, and energy expenditure data
need to be acquired to develop personal education and treatment regimes (194,246-250).
Again, this information highlights the importance of accurate physical activity and energy

expenditure acquisition for OA intervention approaches.

Further, O’Reilly et al. (251) found that exercise- even home-based prescriptions- resulted in
improved outcomes when experienced pain and function were investigated. Their study
included 191 people with OA aged between 40 and 80 years of age who had mild to moderate
knee OA. Their study sample was split into no intervention strategy and a simple at-home
exercise prescription intervention (daily resistance exercises consisting of isometric and
isotonic hamstring and quadriceps exercises) and assessed self-reported pain and function
outcomes- the primary outcome being pain changes in the knee using the WOMAC and
secondary outcomes being pain changes on VAS and WOMAC for pain and function while

climbing stairs. Their study found an improvement in WOMAC pain score was observed by
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22.5% in the simple at-home exercise group compared to the control group (who surprisingly
had an improvement of 6.2%) during WOMAC self-reported pain. Further, they observed a
reduction in VAS pain scores compared to the control group and found that physical function
had improved drastically by 17.4% in the at-home exercise prescription group. Thus, they
could conclude that incorporating any exercise regime, even a simple at-home-based exercise
programme, yields beneficial results for pain outcomes and improvement in the physical

function of OA-affected joints (251).

Thus, exercise is a vital tool for OA management. Its incorporation into daily living yields
beneficial outcomes in OA-associated self-reported experienced pain improvement, physical
function, and movement mobility of OA-affected joints (21,126,158,163,201,203,206,251).
Reduced pain, increased physical activity, improved mood, and self-sufficiency can be
achieved by accurately prescribed exercise intervention suited to the needs and desired
outcomes of patients suffering from chronic clinical conditions such as OA

(20,163,201,203,205).

However, not much is known within OA populations regarding how much of the home life is
spent being sedentary or participating in some form of physical activity to aid in beneficial
outcomes. What is known is that it is common within this population to remain sedentary and
physically inactive at home. However, the actual degree of time spent sedentary is not
precisely known (16). Therefore, increased research is needed to answer how much at-home
living is spent on sedentary behaviour and active time. Studies such as Lee et al. (239) and
Sliepen et al. (147) have observed that a higher incidence of sedentary behaviour is present in

people with OA, possibly due to increased AO-associated experienced pain during movement
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and the inability to perform certain activities as a result from their limited movement
condition. Increased sedentary behaviour is typically worrisome as it promotes further
progression of OA and, thus, worsens OA-associated symptoms. Further research will aid in
developing prescription exercise interventions to accommodate OA individuals better,
achieve desired results within the time frame, and improve their overall quality of life while
improving joint function and mobility and reducing OA-associated joint pain

(137,203,245,252).

In individuals with OA, current literature suggests that the modifiable risk factors in OA
contribute to lower physical activity levels in people with OA (4,5,24,85,91,104,147).
However, to address these modifiable risk factors by improving physical activity levels,
accurate monitoring and representations of experienced movement are needed
(129,225,226,230). The use of accelerometers can achieve this by predicting activity levels in
an OA population. Accelerometer use has been used to classify knee and hip movements
resulting in energy expenditure predictions using cut points and thresholds (21,238,240,253—

255).

The higher energy cost of movement in people with OA compared to a healthy OA-free
population is the leading cause of concern for treatment strategies as it could produce
inaccurate results regarding basal energy requirements. As a result, current methods for
measuring caloric expenditure and physical activity levels may not be able to produce
accurate outcomes for an OA population. This is due to the higher energy expenditure
observed in OA individuals due to higher energy needs from weakened muscles to perform

actions they previously could perform with ease but are not avoided
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(70,76,115,134,140,153,256). Thus, atrophy has ensued, the incorporation of additional
muscles to aid in movement, stability, and reflexed when joints give out, resulting in higher
energy consumption during basic everyday movements, and finally, higher energy
consumption from reflexes and reactions in response to pain (heightened heart rate and blood
pressure among some). Thus, a need is to develop a more objective approach in accurately

predicting energy expenditure in movement-limiting disabilities such as OA.

However, these studies assumed that current accelerometer algorithms accurately predict
activity intensities and energy expenditure in people with OA. However, these algorithms
have not been assessed in people with OA who may experience movement limitations and/or
increased energy cost of movement. No literature is presently investigating the validity of

their use within an OA population.

Thus, although physical activity guidelines for exercise to aid in OA management and
treatment are present, it has been observed that they are not adhered to, and actual levels are
overestimated in an OA population. Further, it is evident that people with OA do not meet the
current guidelines for physical activity (17,54,137,144,257). This is a result of OA-associated
joint experienced pain, reduced functionality of the affected joints, reduced mobility, and
psychological decline associated with the onset and progression of the condition
(61,104,214,258). The benefits of physical activity within an OA population highlight its
incorporation into everyday living to improve associated symptoms, functional ability, and
self-sufficiency. Although it is known that physical activity aids in the improvement of OA-
associated symptoms, current cut points and thresholds for determining energy expenditure

are calibrated to those of a healthy population, free from any movement limitations. Although
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healthy population cut points and thresholds are suited to healthy people absent from
movement limitations, they are used in movement-limiting conditions such as OA. Thus, it is
unknown whether these cut points and thresholds are suited for people with OA and would
subsequently determine accurate energy expenditure. For accurate personal intervention
prescription through clinical and at-home physical activity and patient education, accurate
and objective energy expenditure estimations are required to aid in achieving sustainable

beneficial, and maintainable results.
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1. Summary

OA is a chronic degenerative disease that affects load-bearing joints such as the knees and
hips (8,11,54,79,104,109,259). With its current pathophysiology known, this disease
progresses if left untreated and unaddressed, results in an individual's quality of life
regressing which could degrade to such a point where individuals suffering from OA could be

deemed physically disabled (9,54).

Although physical activity is beneficial for OA symptom improvement and disease
progression prevention, a lifestyle of sedentary behaviour and physical activity is observed in
an OA population (147,199). In people with OA, reduced physical activity due to the
avoidance principle has been observed to result in disease progression and worsening of OA
symptoms (126). In addition, due to the pain experienced, inflammatory responses and
incorporation of additional muscles to compensate for the lack of muscular strength and
stability surrounding the joints, the amount of work needed by the body is increased.
Therefore a higher activity intensity and energy cost is experienced in people with OA
(22,61,125,126,139,144,162,245). Using accelerometry to inform exercise interventions to
manage OA could be beneficial in incorporating exercise into daily living and achieving the
desired outcomes of reducing OA-associated joint symptoms. The problem is that little is
known about the accuracy of current accelerometry algorithms in an OA population.
Accurate energy expenditure and activity level estimations are needed for beneficial exercise

prescriptions for this approach to be successful.
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Correct and accurate algorithm application would allow more precise exercise prescription
and could incorporate dietary interventions to reduce body weight and reduce load-bearing on
joints through prescribed exercise (9,134,256). Though many different activities have already
been studied (and have established algorithms using accelerometers for energy expenditure),
not all populations have algorithms specifically suited to their unique energy expenditure.
Some ‘gaps’ in population algorithms are still current today. A current understanding and
pattern for activity counts measured by accelerometers and associated energy expenditure are
present in a healthy population. However, the same is not present in people with OA. This is
concerning as the energy expenditure within an OA population is significantly higher than
that of a healthy population (153,256). Due to the increased energy cost of movement
observed in an OA population, these algorithms may not accurately predict the energy
expenditure in an OA population using current acceleration calibrated algorithms and
equations. Therefore, using the same algorithms for both populations may result in inaccurate
results within the OA population. Inaccurate energy expenditure results in inadequate
exercise prescriptions within this population, resulting in delayed improvement of symptoms,
worsening of associated symptoms, and possible injury. So, through the validation of current
algorithms, information pertaining to more precise approaches can be utilized and developed
to manage OA symptoms and prevent disease progression. Achieving valid and accurate
predictions would result in a more specific treatment approach regarding diet modifications,
exercise prescription, and condition education, resulting in better patient responses and

improved overall quality of life within this population.
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Thus, this study aims to fulfil this objective and validate current algorithms and
accelerometers in an OA population to determine if their use and outcomes are correct in

individuals with movement-limiting disabilities such as OA.
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3. Aim

A lack of physical activity is present within an OA population, and detailed and correct
information regarding physical activity and energy expenditure is needed for accurate
diagnoses and treatment prescriptions. However, one limitation of current accelerometer use
is that it is unknown whether current algorithms used in healthy individuals would obtain
accurate and correct information regarding physical activity and, therefore, energy
expenditure estimations in an OA population. Therefore, this study aims to determine
whether commonly used accelerometers and current validated activity thresholds for a
healthy population can accurately predict energy expenditure and classify movement

intensities in people with OA.
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4. Methods

a. Study design
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b. Ethics

This study was approved by the Auckland Health and Research Ethics Committee on

20/11/2020 for three years. Reference number AH3131.

c. Study Population

The study population was males and females between 40 and 80 years who had mild to
moderate stages of OA in either their hip or knee unilaterally or bilaterally. The participants
were referred to the University of Auckland Health and Rehabilitation clinic by the

orthopaedic surgeon they visited at their outpatient Medical Center in Green Lane, Epsom.

d. Inclusion Criteria

Our study required that the participants had no previous surgical history related to OA or the
joint affected and were able to take part in light forms of physical activity for the data

collection procedure.

Participants were considered eligible if they had mild or moderate OA present in either their
knee or hip unilaterally or bilaterally primarily- confirmed by the orthopaedic surgeons at
Greenlane Medical Center (214 Green Lane West, Epsom, Auckland, 1051) after viewing
their x-rays. Further, they were eligible to participate in the study if they were within the age

range and consented to participate in the research.
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e. Exclusion Criteria

Potential participants were excluded from taking part in this study if they experienced any
absolute contra-indication to exercise (260). These contra-indications included; they had any
recent significant changes in their resting ECG (indictive of ischemia), uncontrolled cardiac
dysrhythmia causing symptoms, hemodynamic compromise, any current (within the past two
days at the time) acute cardiac events (including myocardial infarctions), unstable anginas,
symptomatic severe aortic stenosis or the presence of a known or suspected dissection
aneurysm. Other exclusion criteria included signs of acute myocarditis or pericarditis, acute
pulmonary embolus or infarction, symptomatic severe aortic stenosis, or acute systemic
infection (along with symptoms such as fever, body aches, or swollen lymph glands) if the
participant fell outside of the selected age range, unable to take part in any forms of physical
activity, had previous surgery that was OA related or surgery of the OA-affected joint (OA

associated or not).

f. Participant recruitment

Potential participant contact details were obtained from the Orthopedic surgeons at Greenlane
Hospital, Auckland, New Zealand- with consent from their patients. These potential
participants were sent information about the study. If they agreed to participate, a participant
information sheet (PIS) was sent to them detailing the procedures of the study and all
inclusion and exclusion criteria needing to be met to participate in the study. After that, if the
potential participants were eligible to take part in the study, the researchers and participants

agreed upon a date and time for data collection.
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g. Equipment and Calibration

All equipment was set up and calibrated before the participant arrived at the health and
rehabilitation clinic at the Department of Exercise Sciences to ensure the most time-efficient
data collection. No equipment calibration was needed for the heart rate monitors.
Accelerometers were individually calibrated following calibration instructions in user
manuals and calibration programs for both ActivPal and ActiGraph accelerometers (ActiLife
(ActiGraph, Florida, USA) and PAL software suite (3M Healthcare, Neuss, Germany),
respectively). Gas calibration equipment was calibrated following calibration procedures
listed in the calibration manual and user guide from the Cortex Medical Calibration kit
(Cortex Medical, Leipzig, Germany) and following the Operators Manual Metamax® 3B

(Cortex Medical, Leipzig, Germany).

h. Clinical Data Collection Procedures

Data collection took place at the Health and Rehabilitation Clinic in the Department of
Exercise Sciences University of Auckland. A single data collection session was needed per
participant and lasted between one and a half hours and two hours. Upon arrival, participants
were taken into an assessment room to be briefed on the types of equipment placed on them
and the activities they would participate in). Participants were reassured that they could stop
if they felt uncomfortable during data collection and then asked to complete a consent form to
partake in the study. After that, six accelerometers were placed on them, one on each wrist,

hip, and front of their thigh.
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1.  Activities

The participant and researcher moved to the exercise clinic, where a heart rate monitor
(Firstbeat Technologies Oy, Jyvéskyld, Finland) and the expired gas analyzer Metamax® 3B
(Cortex Medical, Leipzig, Germany) were fitted onto the participant. The heart rate monitor
was placed securely onto a chest strap and placed on the participant- running across their
torso below their sternum (Fig 14A). The Metamax ® 3B was put on the participant in the
backpack harness, and the mask was placed over their nose and mouth and securely tightened

to prevent any air leakages (Fig 14B).

Figure 14: Polar Heart Rate Monitor (A) and Metamax® 3B with mask and backpack harness (B) fitted

(261,262).

The participant was then asked to complete the following activities in the following order:

1) Lying down on a bed.
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2) Sitting quietly at a table.

3) Sitting at a table doing some activity — e.g., computer work, reading, knitting.

4) Home activities- such as drying dishes simulated in the clinical space.

5) Home activities- such as folding laundry simulated in the clinical space.

6) Light leisure walking on the clinic’s walking track (at their comfortable pace), picking up

and placing weighted objects (mimicking picking up and placing objects around the home)

7) Treadmill walking at a moderate pace (~4km/h)

8) Treadmill walking uphill (3-5% incline, 4-Skm/hr).

Each activity lasted 5 minutes, and the heart rate at the time was monitored. During each

activity, the researcher took a short video recording of the participant.

j. Measurements

k. Physical activity and sedentary behaviour

For the measurement of movement, two types of accelerometers were used. The
accelerometers placed on the left and right wrists and hips were ActiGraph wGT3X-BT

activity monitors (ActiGraph, Florida, USA), and those fitted on the anterior side of the left
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and right thigh were ActivPAL4 micro activity monitors (3M Healthcare, Neuss, Germany).
Before placement on the subject, each accelerometer was cleared of any previously existing
data and synchronized with the same computer to synchronize their built-in clocks. The
ActiLife (ActiGraph, Florida, USA) and PAL software suite (3M Healthcare, Neuss,
Germany) programs were used for the ActiGraph wGT3X-BT and ActivPAL activity

monitors, respectively, for the purpose mentioned earlier.

The ActiGraph wGT3X-BT and the ActivPAL4 micro activity monitors are approximately
the size and thickness of a standard bottle cap; therefore, they would cause minimal
discomfort to the participant. The accelerometers measure and record the amount of time
spent by the participant in the sitting, lying, and standing positions and record the amount of
time engaged in physical activity (walking or running specifically) using built-in

accelerometers and inclinometers.

Output data of acceleration counts during all three axes were recorded and downloaded - axis
1, 2, and 3, respectively- and the vector magnitude for all four wrist and hip ActiGraph
wGT3X-BT accelerometers. Epoch data was recorded and downloaded for ActivPal 4micro
accelerometers. Data extracted for hip accelerometers were axis 1 acceleration
counts/moments, as these are the outputs that have been validated by previous studies (150).
Vector magnitude acceleration counts were used during wrist accelerometry as this method
has been validated as the preferred method during wrist activity monitoring (233). Finally,
thigh-based accelerometry data of interest was activity counts in epochs as this is the gold
standard method for activity monitoring using ActivPal accelerometers (263). Each data

extraction from the relevant accelerometers was used in their raw form and compared to the
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volume of oxygen consumption during the different activities obtained through Metamax
3B® gas analysis. Oxygen consumption data from the gas analysis, axis 1 from hip
ActiGraph, vector magnitude from wrist ActiGraph, and activity scores from thigh ActivPal
were converted to metabolic equivalent scores to determine the energy cost and subsequent

experienced activity level intensities of each activity.

1. Energy expenditure

The Metamax® 3B (Cortex Medical, Leipzig, Germany) was used for respiratory gas
analysis to measure oxygen consumption and indicate activity intensity. The Metamax® 3B
was connected to a computer for data acquisition. The Metamax® 3B was calibrated using
the Cortex Medical Calibration kit (Cortex Medical, Leipzig, Germany) and following the
Operators Manual Metamax® 3B (Cortex Medical, Leipzig, Germany). The Metamax 3B®
communicated the collected data with the MetaSoft® Studio (Cortex Medical, Leipzig,

Germany) software for data acquisition, storage, and representation.

The Metamax® 3B measured the concentration of gases, and the air volume expired during
each activity. These data allow the MetaSoft® Studio to calculate the amount of oxygen
consumed, and calories burned indirectly and the participant's metabolic rate (VO2/kg)
during each activity. The output of interest was oxygen consumption (VO2; ml/kg/min) which
was then converted to a metabolic equivalent score (METs) to classify the activity intensity

level.
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m. Heart rate

Heart rate during each activity was monitored for safety using the Firstbeat Sports heart rate
monitor (Firstbeat Technologies Oy, Jyviskyld, Finland). The Firstbeat Sports heart rate
monitor was connected via Bluetooth® to a tablet using the Firstbeat Sports App (Firstbeat
Technologies Oy, Jyviskyld, Finland). Recording the heart rate and time at each activity

point was noted to cross-reference with Metamax® 3B set time points at each activity.

n. Questionnaires and Pain Scales

Before data collection, each participant completed a Physical Activity Readiness
Questionnaire (PARQ+). This questionnaire was conducted to ensure no health or lifestyle
issues were present in the participant before participating in physical activity, ensuring their

safety (264).

During the third activity ( 3), Sitting at a table doing some activity), the participant was given
two questionnaires. The questionnaires filled out were either the Hip Injury and Osteoarthritis
Score (HOOS) Survey if OA is present in the participant’s hip(s) or the Knee Injury and
Osteoarthritis Score (KOOS) Survey if the OA is present in their knee(s). These
questionnaires are used to determine the participant’s short-term and long-term pain and
discomfort due to the OA presence, hip or knee function since the OA was diagnosed, daily

functioning, and quality of life affected by the OA presence (265,266).
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The KOOS asks questions related to knee OA regarding function, knee-related quality of life,
OA-associated pain, symptoms, and affected daily activities and is used to determine the
severity of knee injury subjective to the participant. The HOOS is similar to the KOOS but
asks questions related to hip OA and is used to determine the subjective OA hip influence in

their daily lives.

Both the HOOS and KOOS consist of 42 questions that are dispersed across five sections,
namely pain, other symptoms, function in daily living (ADL), function in sports and
recreational activities (Sports/Rec), and joint-related quality of life (QoL). The mean of each
question is obtained and divided by 4 (Score ranging between 0 and 4, 0 indicating extreme
problems and 4 indicating none). A score for each section is then obtained and ranges
between 100 (no problems) and 0 (extreme problems) (267,268). These questionnaires have
been a valuable assessment tool in determining the effect of hip and knee OA on an

individual’s lifestyle and quality of life (269,270).

The pain was assessed prior to and post data collection procedures. Subjective pain ratings

were obtained using a visual analogue scale (VAS), where participants were asked to rate

their pain from 1 to 10 on a linear scale presented in front of them.

o. Data Reduction and Representation

Data reduction occurred by averaging all collected data from participants and the variables
across all participants to obtain one value to represent and compare. Data of age, height,

weight, and BMI were all averaged and tabulated.
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HOOS and KOOS results were tabulated as the mean of scores achieved. Only two
participants had hip OA; thus, the HOOS outcomes represent 25% of participants in the

study. Further, the KOOS scores represented 75% of participants in the study.

Pain VAS were reduced by obtaining all participants' median and interquartile ranges before

and after data collection.

Heart rate data were obtained by accessing the Firstbeat collected data on the online site

where it was stored, and minute heart rates were extracted.

Data collected from gas analysis using the Metamax 3B® was extracted through the
MetaSoft software following data collection. Data collected included oxygen consumption

(VO») and metabolic equivalent scores (METs).

Accelerometer data extraction involved connecting the respective accelerometers to a laptop
with the Actilife and PAL software programs for ActiGraph and ActivPal accelerometers,
respectively. Accelerometer data were then converted to excel spreadsheets, and timestamps
were converted to actual time formats. ActiGraph data of interest was axis one acceleration
moments (no./min) for hip accelerometry and vector magnitude acceleration moments
(no./min) for wrist accelerometry- acceleration in the vertical axis for axis 1 and vector
acceleration moments of vertical, horizontal and longitudinal axes for vector magnitude
(271). ActivPal activity scores in epochs (METs/s) were the interest data for thigh

accelerometry.
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Each participant’s gas analysis, HR, and accelerometer data were manually assessed and
minute averages were extracted for VO2, METs, HR, axis 1 acceleration moments, vector
magnitude acceleration moments, and epochs activity scores and entered into a single data
collection Microsoft excel spreadsheet. Minute axis 1, vector magnitude, and epochs activity
scores for right and left side accelerometry data were used to obtain a mean minute value for

hip, wrist, and thigh accelerometry for each participant during each activity, respectively.

After completing the data summary, mean values across participants were calculated to
obtain mean values for VO2, METs, HR, axis 1 acceleration counts, vector magnitude

acceleration counts, and epochs activity scores for each activity.

Predicted activity intensity and energy expenditure were acquired in gas analysis data using
calculated MET scores. MET scores (precalculated from the MetaSoft software) were
compared to cut points to determine sedentary behaviour, light physical activity, moderate
physical activity, and vigorous physical activity (activity levels 1, 2, 3, and 4, respectively).
MET cut points below 1.25 METs are considered sedentary behaviour, between 1.25 and 3
METs light physical behaviour, between 3 and 6 is considered moderate physical activity,
and above 6 METs is considered vigorous physical activity (272). Similarly, cut points for
ActiGraph accelerometers were used to determine predicted activity intensities and energy
expenditure for axis 1 and vector magnitudes. Axis 1 cut-points were used to determine
sedentary (<100 counts/minute), light physical activity (100-1951 counts/minute), moderate
physical activity (1952-5724 counts/minute), and vigorous physical activity

(>5725counts/minute) (273,274). ActiGraph vector magnitude cut points for wrist-based

accelerometry include <2,860 counts/min for sedentary behaviour, 2,860-3,940 counts/min

90



for light physical activity, and >3,941counts/min for moderate-to-vigorous physical activity
(233). Activity scores (internally calculated by the pre-set algorithms within ActivPal
accelerometers) were converted to METSs by dividing the obtained activity scores by 15 (as
determined using the ActivPal user guide (3M Healthcare, Neuss, Germany)) to obtain
predicted MET values for each activity through thigh-based accelerometry. These MET
values were then classified into activity intensities and energy expenditure in the same
manner as those obtained from the gas analysis (225,275). The actual and predicted energy
expenditure activity intensities were used to determine the accuracy and, therefore, the
validity of the current accelerometer and algorithm used to predict energy expenditure within

an OA population.

p. Statistical analysis

Linear regression models were used to determine the relationship between VO and heart
rate, axis 1 acceleration, vector magnitude acceleration, and epoch activity scores. A
Wilcoxon-Signed Rank test was used to determine if pain increase after data collection was

significant.

To determine the validity and agreement between actual activity intensity and energy
expenditure, energy expenditure predictions represented as experienced activity levels from
hip and wrist ActiGraph and thigh ActivPal were compared to metabolic energy expenditure
obtained from the gas analysis. Cohens Kappa was run to determine the level of agreement
between predicted and actual energy expenditure activity intensities obtained from

accelerometry data and gas analysis data, respectively (276,277). Cohens Kappa agreement
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can be interpreted as follows; >0 indicating no agreement, 0-0.2 a none to a slight agreement,
0.21-0.4 a fair agreement, 0.41-0.6 a moderate agreement, 0.61-0.8 a substantial agreement,
0.81-0.99 a near-perfect agreement, and 1 indicating a perfect agreement between predictions
(276). This study determined an agreement value of 0.4 and higher to be significant in

validating accelerometry-based energy expenditure predictions in an OA population.
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5. Results

a. Participants

Twenty-three participants were recruited for the study. Fifteen did not participate due to
either not meeting eligibility criteria or being unable to attend clinic data collection
procedures. Heart rate data was missing from three participants during the study. This
resulted from Firstbeat heart rate monitors being unavailable due to battery issues with the
device. Similarly, one participant had ActiGraph accelerometry data missing. Missing
ActiGraph data resulted from a faulty device, and thus, no data is present for this participant.
ActivPal accelerometry data were missing from one participant. The exact cause for this is
unknown. Throughout the results section laying down, sitting quietly, sitting quietly doing
some work, home activity doing dishes, home activity doing washing, home activity picking
up and placing objects on the ground, light treadmill walking, and incline treadmill walking

will be referenced in figures and tables as activity 1-8, respectively.

The characteristics of the participants are summarised in table 4 and a participant summary of

the study is seen in table 5.
Pain severity increased by 50% following the data collection procedure according to the
numeric pain rating scale (NPRS) (Table 2). The increase in pain rating was not significant

(z=-1.511, P=0.131).

Table 4: Participant characteristics.
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Variable Domains Mean (SD) Median (IQR) Minimum | Maximum
Age (years) 61.62 (9.13) 63.00 (67.75-59.25) 46.00 73.00
Height (m) 1.70 (0.14) 1.70 (1.78-1.60) 1.51 1.91
Weight (kg) 85.15 (22.02) 82.50 (88.23-73.39) 60.40 132.95

BMI 29.13 (4.68) 27.50 (33.35-26.02) 23.59 36.29
(kg/m?)
HOOS *Pain 60.00 (17.68) 60.00 (66.25-53.75) 47.50 58.82
Score
(score/100)
*Symptom 55.00 (35.36) 55.00 (67.50-42.50) 30.00 80.00
*ADL 70.59 (33.28) 70.59 (82.35-58.82) 47.06 94.12
*Sports/Rec 56.25 (61.87) 56.25 (78.13-34.38) 12.50 100.00
6 *QOL 31.25 (44.19) 31.25 (46.88-15.63) 0.00 62.50
Participants
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KOOS *Pain 65.74 (12.13) 68.06 (75-59.03) 47.22 77.78
Score
(score/100)
*Symptom 64.29 (16.75) 62.50 (69.64-52.68) 46.43 92.86
*ADL 71.57 (18.31) 74.26 (84.56-63.97) 41.18 91.18
*Sports/Rec 54.17 (26.35) 55.00 (71.25-46.25) 10.00 85.00
2 *QOL 46.88 (24.61) 50.00 (67.19-37.50) 6.25 68.75
Participants
Numeric Pre-Assessment 1.88 (2.03) 1.00 (3.00-0.75) 0.00 6.00
Pain Rating
Scale
(0-10 scale) | Post Assessment 2.75(2.49) 1.50 (4.00-1.00) 1.00 8.00
* For Scores Pain, Symptom, ADL, Sports/Rec, and QOL; 0 represents extreme problems, and 100
presents no problems. ADL-Joint function during daily living. Sports/Rec-Joint function during sports or
recreational activities. QOL-Joint-related quality of life

Table 5: Study participant summary.
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Participants

Male 5.00
Female 3.00
Joint Affected Knee 6.00
Hip 2.00

Side Affected Right Knee 2.00
Left Knee 4.00

Right Hip 1.00

Left Hip 1.00

*QA Stage Unknown 1.00
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Mild

7.00

*OA-Osteoarthritis

b. Oxygen consumption and its relationship to HR and acceleration
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Figure 15: Oxygen consumption increase alongside heart rate changes using the Metamax device during home-

mimicked activities

A positive linear increase was observed in VO as heart rate increased, having a strong

positive correlation (R?=0.927, P<0.001) (Fig 15).
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Mean (SD) values for heart rate and oxygen consumption changes during activities are

represented in Figures 16 A and B, respectively.
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Figure 16: Mean (SD) values indicating the change in heart rate (A) and oxygen consumption (B) during

activities 1-8.

ActiGraph accelerometer

Fig 17 shows the relationship between axis 1 acceleration counts recorded on the hip and its

relationship to oxygen consumption determined through gas analysis.
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Figure 17: Hip ActiGraph Axis 1 acceleration counts against oxygen consumption during activities 1-8.

There was a strong positive correlation observed between axis 1 acceleration counts on the
hip and oxygen consumption acquired from expired gas analysis (R?=0.984, P<0.001) (Fig

17). Mean (SD) hip axis 1 acceleration counts for each activity are represented in Figure 18.

3000
=
% 2500
2
5
o 2000
K=
1%]
2
S 1500
o
o
[
S 1000
=
©
L)
g 500
P4
3, 5
0 =
3 1 2 i l 5 6 7 8
-500
Activity

Figure 18: Mean (SD) values obtained from axis 1 hip accelerometry during data collection home-mimicked

activities.
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Figure 19 shows the relationship between wrist acceleration moments in vector magnitude
and oxygen consumption during home mimicked activities conducted in the clinic. A weak
positive correlation was observed but insignificant between oxygen consumption and wrist

ActiGraph vector magnitude acceleration counts (R?=0.357, P=0.385) (Fig 20).

Figure 20 shows all participants' mean (sd) values for each activity during data collection

using wrist ActiGraph.
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Figure 19: Wrist ActiGraph vector magnitude acceleration against oxygen consumption across activity 1-8.
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Figure 20: Mean (SD) values of all participants' left and right vector magnitude acceleration counts during each activity.
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Figure 21: Average thigh ActivPal activity counts against oxygen consumption during clinic-based home

mimicked activities.
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Figure 21 shows the relationship between thigh ActivPal changes concerning oxygen
consumption changes during home mimicked data collection activities. There is a significant
correlation found between thigh ActivPal activity scores and oxygen consumption (R?=0.976,
P<0.001) (Fig 21). Figure 22 shows the mean (sd) values obtained from all participants' left

and right thighs during home mimicked activities.
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Figure 22: Mean (sd) values for right and left ActivPal accelerometry for all participants during home

mimicked activities.
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c. Agreement between Oxygen consumption and Accelerometer energy

expenditure predictions

Table 6: Predicted activity levels according to the different methods of energy expenditure estimations.

Activity Metabolic- Accelerometry-based Activity Level
based
Activity Level
Oxygen Hip Wrist Thigh
Consumption | ActiGraph | ActiGraph ActivPal
1 1 1 1 1
2 1 2 1 1
3 1 2 2 2
4 2 2 3 2
5 2 2 3 2
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6 2 2 3

7 2 2 3

8 2 2 3
Agreement (%) 37.5 25 87.5

Table 6 shows the respective activity level intensities during each activity obtained from
mean oxygen consumption, axis 1, vector magnitude, and activity score recordings during

data collection. Metabolic-based activity level predictions were used as a reference as this

cent agreement of 37.5% compared to metabolic-based predictions. Wrist ActiGraph

per cent agreement of 87.5% occurred between thigh ActivPal predictions and metabolic-

based predictions. Statistical Cohens Kappa coefficients found a non-significant slight

significant agreement of chance between wrist Actigraph predictions and metabolic-based

predictions (k=0.149, P=0.231 and k=-0.091, P=0.692, respectively). A significant near-

indicated actual experienced intensities during activities. Hip ActiGraph predictions had a per

predictions obtained a per cent agreement of 25% to metabolic-based predictions. Finally, a

positive agreement of hip ActiGraph predictions to metabolic-based predictions and a non-
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perfect agreement was found between thigh ActivPal predictions and metabolic predictions

(x=0.814, P<0.001).
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6. Discussion

The present study investigated the validity of using current algorithms of ActiGraph and
ActivPal accelerometers in predicting energy expenditure in an osteoarthritis population. The
study's initial hypothesis was that current algorithms were not accurate in predicting energy
expenditure and physical activity intensities within a population suffering from a movement-

limiting condition. The findings from this study better support this claim.

In the current population sample, participants with knee OA had higher pain, symptom, ADL,
sports/rec, and quality of life (QoL) scores compared to participants with hip OA when
assessed using KOOS and HOOS questionnaires, respectively (Table 4). These scores
represent an individual's functional and physical capabilities and what they are and are not
able to do concerning their current condition. A higher score indicates a good outcome or
significantly better result than a lower score (267,268). In the current sample size, pain and
QoL had median scores of 61.11 and 37.5, respectively. Pain experienced in this population
was relatively lower, achieving an overall median of 50, indicating a moderate level of pain is
experienced in this population. Pain occurrence is commonly observed in an OA population
(4,65,100). Pain can progress to a severe state and cause an individual to be considered
physically disabled (258). Pain mitigation can come about through implementing intervention
methods to reduce this symptom. Intervention methods such as drug and exercise
prescriptions are the common prescriptions attempting to reduce OA-associated pain- with
exercise prescription being the gold standard for mild-moderate OA treatment (17,158,192).
However, current energy expenditure is needed to prescribe intensities suited to an individual

for adequate exercise prescription for optimal results (226,230). Therefore, people with OA
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would benefit from reduced experienced pain if adequate exercise prescription occurs with

accurate energy expenditure estimations.

Similarly, QoL was reduced within this population, achieving a score of 50. Although
commonly seen in an OA population, this reduced experienced pain and QoL score indicates
that the experienced quality of life is reduced- possibly due to increased experienced pain.
Interventions are needed to improve the current QoL (5,13,106,148). Intervention methods of
physical activity prescription have been shown to aid in QoL improvement, and long-term
experienced pain reduction in healthy and OA populations (20,163,179,278). However, one
limitation to exercise prescription is current physical and mental limitations to exercising due
to experienced pain and symptoms arising during physical activity- seen in a reduced
Sports/Rec score in Table 4 (125,126,136,137,160). It is common for individuals with
symptomatic OA to have increased pain experiences following bouts of physical activity
(119,137,158,159,255). The present study supports this statement as an increase in pain was
observed immediately after the cessation of the data collection procedure, having a 50%
increase according to the NPRS. Though this finding was not significant, its insignificance
could be attributed to the small sample size of our study, as previous studies have found that a
short-term increase in pain is observed following exercise in an OA population (159,245).
The long-term effects of physical activity are more beneficial than the short-term symptoms.
In an OA population, regular physical activity has been shown to reduce OA-associated joint
pain and prevent the progression of the disease to later stages, hence improving an
individual’s overall QoL (199,243,245). Regular physical activity reduces inflammation,
pain, and discomfort experienced and improves mobility, strength, and overall functionality

in an OA-affected joint (22,54,61,66,82,125,137,158,162,279). This evidence suggests that
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physical activity should be a priority in OA management. However, an accurate physical
activity prescription must be tailored to the individual presenting with the condition.
Therefore, an accurate means of monitoring physical activity prior to prescription would aid

in personal physical activity treatment plans.

As seen in table 4, this sample size had a lowered sports/rec score out of the maximum
achievable. This lowered score shows that reduced physical activity is present within this
population, and secondly, their respective joint conditions impact their physical capabilities
for participating in physical activity. Although this is a common occurrence in an OA
population (57,68,71,106,131), incorporating physical activity as a treatment prescription and
in daily living has significant benefits regarding their condition (57,126,131,132,145). In an
OA population, significant improvements in physical function, experienced pain, mental
health, physical health, and overall quality of life are observed in exercise implementation
through prescription (17,19,55,133,159,179,244,280). Although it is known that physical
activity incorporation aids in symptom management and quality of life improvements in OA,
to achieve the optimal benefits of physical activity, accurate monitoring and measurements
are needed concerning physical activity and energy expenditure estimations. Thus, accurate
and valid algorithms for activity monitoring during free-living activity can achieve improved

health outcomes concerning symptom management in an OA population.

As expected, the present study found that heart rate has a strong positive correlation to
increases in oxygen consumption during home-based mimicked activities (Fig 15)
(R2=0.927, P<0.001). This observation was expected as it is known that physical activity

increases heart rate (205). Increases in heart rate during physical activity are accompanied by
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an increase in respiratory rate to accommodate the body's oxygen consumption needs (189).
This observation is significant as it firstly proves the reliability of using the Metamax® as a
device to accurately predict the energy estimations in OA participants using indirect
calorimetry. Secondly, it provides an accurate reference for comparing energy expenditure

estimations using accelerometry-based algorithms and devices (281).

Accelerometry data from hip ActiGraph accelerometers indicated a strong relationship
between oxygen consumption predicted energy expenditure and hip-based accelerometry
energy expenditure estimations. Interestingly, strong positive correlations were found
between VO, using the Metamax® device and hip ActiGraph counts (R?=0.984, P<0.001)
(Fig 17). These findings signify that the relationship between hip motion and energy
expenditure can be quantified and used to establish accurate energy expenditure estimations
using accelerometer-based algorithms and devices in a clinical setting in an OA population.
Though accelerometers have been used to determine the function of OA-affected joints (254),
their use in determining energy expenditure in this population remained unclear. Previous
studies have observed these findings and have been used as a valid predictor for energy
expenditure and physical activity monitoring in a healthy population (230,282). Although hip
accelerometry has been proven to be a helpful utility in activity monitoring, prescription, and
energy expenditure estimations in healthy people, it is essential to note that hip accelerometry
alone is insufficient for accurate physical activity and energy expenditure monitoring in any
population. This is due to hip-based accelerometry providing accurate locomotion and energy
expenditure results but inaccurate results for predicting physical activities where significant

arm movement occurs (283). Thus, these findings indicate that using the hip ActiGraph
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accelerometers, in conjunction with other accelerometry methods, is viable for activity

monitoring and possible energy expenditure estimations in an OA population.

The energy expenditure ratings obtained from the metabolic-based activity level ratings
represent the actual intensities experienced by participants during sedentary, daily living and
light physical activities. When activity level ratings obtained from hip ActiGraph were
compared to actual intensities, only 37.5% of predictions agreed to oxygen consumption
outcomes. Further, the agreement of hip ActiGraph accelerometers only slightly agrees with
the actual values of experienced intensity and subsequent energy expenditure according to
Cohens Kappa (k=0.149, P=0.231) (Table 6). These results indicate that although hip
ActiGraphs show potential for predicting energy expenditure (Fig 17), the current algorithms
used do not accurately predict energy expenditure in people with OA. This is due to currently
used algorithms being tailored for healthy people with normal functioning joints and mobility
(150,227,231,282) and not incorporating additional muscles to maintain posture and balance
while standing and moving (53,140). Therefore, although hip ActiGraph has the possibility of
accurately predicting energy expenditure in people with OA, current algorithms do not allow
this accuracy. For accurate energy expenditure using hip ActiGraph accelerometers, new,
better-suited algorithms would need to be developed to cater to the needs and physiological

adaptations during OA development and progression.

Wrist ActiGraph had a very weak positive correlation to oxygen consumption increases in an
OA population during at-home and light physical activities (R*=0.357, P=0.385) (Fig 19).
Though this finding proved to have no significance in this population, the significance could

be attributed to the small sample size in our study. It is clear that wrist accelerometry using
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vector magnitude values is a valid method for predicting a healthy population's energy
expenditure and physical activity level (190,228,230,233,283,284). These findings may
support current literature if a larger sample size of an OA population is investigated. Though
it is established that wrist-worn accelerometry is a valid method for monitoring physical
activity, specifically arm-based physical activity, it alone cannot accurately predict energy
expenditure and whole-body motion and position changes (283). These findings indicate that
wrist ActiGraph is not valid for an OA population's activity monitoring and energy

expenditure estimations.

Wrist ActiGraph energy expenditure ratings only achieved a 25% agreement with metabolic-
based energy expenditure predictions. This agreement was determined to result from chance
(x=0.091, P=0.692) (Table 6). Wrist accelerometry has shortfalls in predicting whole-body
locomotion and overall energy expenditure (233,283). When used in healthy populations,
wrist accelerometry can obtain accurate energy expenditure and physical activity level ratings
during movements involving hand and arm movements. Though this has been proven in
healthy people, the current study suggests that the current algorithms used within the device

and the device itself for wrist ActiGraph activity monitoring are not valid in people with OA.

Although the results achieved from comparing hip ActiGraph and wrist ActiGraph
accelerometry to metabolic-based energy expenditure ratings acquired non-significant p-
values (P=0.231 and P=0.692, respectively), the insignificance could be attributed to the
small sample size of participants present in this study. However, the current algorithms and
investigated devices were observed to have missing data during hip and wrist-based physical

activity monitoring, resulting in inaccurate data replicability within an OA population (285).
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Further, this data loss during monitoring results in inaccurate calculations and, therefore,
inaccurate activity level ratings and energy expenditure estimations. These inaccuracies may
result in incorrect interpretations from medical professionals. The subsequent physical
activity interventions are prescribed at a disadvantageous intensity level and thus result in
delayed improvement of symptoms and an increase in the probability of disease progression
within this population (286). These results indicate that current algorithms for monitoring
physical activity using ActiGraph accelerometers at the hip and wrist sites are inaccurate for
use in an OA population. These findings suggest that specific algorithms are needed to
represent better daily free-living activity intensities and energy expenditure experienced in an
OA population using hip-based ActiGraph accelerometers. By developing algorithms suited
to the physiological adaptations that occur in OA, improved outcomes may be achieved

through currect energy expenditure estimations and consequential exercise prescription.

ActivPAL activity score was found to have a strong positive correlation to increases in
oxygen consumption during at-home mimicked activities and light physical activity
(R?=0.976, P<0.001) (Fig 21). These findings are supported by current literature that found
that thigh ActivPAL accelerometers achieve accurate results regarding physical activity
monitoring and classification and energy expenditure estimations in healthy populations
(225,234). Though these studies were conducted in a healthy population, it allows further
research to aid in developing algorithms to better predict energy expenditure and physical

activity monitoring in a movement-limited population such as OA.

Thigh ActivPal achieved an agreement of 87.5% compared to metabolic-based energy

expenditure predictions. This agreement was found to be significant and achieved a near-
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perfect agreement outcome from Cohens Kappa calculations (x=0.814, P<0.001) (Table 6).
These results are supported by several arthritis studies, one of which validated the use of
thigh ActivPal accelerometers in a rheumatoid arthritis population. Their study also found
that thigh ActivPal resulted in accurate and valid physical activity level rating and energy
expenditure results compared to indirect calorimetry methods in rheumatoid arthritis (232).
Similarly, ActivPal accelerometers provided accurate information for an arthritis population
for sedentary behaviour and light and moderate physical activities in rheumatoid populations
(234,235,287). Though investigations have yet to be conducted to validate their use during
vigorous-intensity physical activity, the same is needed within an OA population following
the results from this validation study. The findings from this study suggest that current
algorithms and calculations pertaining to thigh ActivPal devices are valid for accurate
physical activity level predictions and energy expenditure estimations through accelerometry

in an OA population.

a. Limitations

A significant limitation of this study was that the current Covid-19 pandemic affected the
ability to interview and collect patient data. The Covid 19 pandemic resulted in a smaller than
estimated sample size due to the inability to attend the clinic for data collection and the fear

of patients catching the virus.

A second limitation is the occurrence of faulty equipment. During data collection, heart rate
monitors and accelerometers occurred faulty errors of either battery problems or data

recording issues. As a result, some data was missing from some participants in the study and
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may have altered our findings. If a larger sample size is achieved, it may eliminate the effect
of missing data on results and yield clearer findings for results of hip and wrist ActiGraph

predictions in estimating energy expenditure in an OA population.

b. Conclusion

The present study found that ActiGraph wGT3X-BT accelerometers possibly are not valid for
accurate estimations and predictions of energy expenditure in an OA population. To support
this statement better, more research is needed to understand their use within an OA
population. However, the increase in acceleration counts in axis 1 and vector magnitude
moments are correlated to increases in oxygen consumption during physical activity.
Therefore, further research may prove possible to develop new and better-suited algorithms
to accurately predict energy expenditure in an OA population using hip and wrist ActiGraph
wGT3X-BT accelerometers. Further, the present study found that ActivPal 4 micro
accelerometers are valid in accurately predicting energy expenditure in an OA population.
Their use proves accurate energy expenditure predictions compared to gas analysis energy
expenditure- deemed accurate representations of actual energy expenditure in any given

population.

114



7. List of References

1.

Spender JK. The Early Treatment of Rheumatoid Arthritis. Lancet. 1886;21:439-41.

Valdes AM, Spector TD. Genetic epidemiology of hip and knee osteoarthritis. Nat Rev

Rheumatol. 2011;7(1):23-32.

Nelson AE, Allen KD, Golightly YM, Goode AP, Jordan JM. A systematic review of
recommendations and guidelines for the management of osteoarthritis: The Chronic
Osteoarthritis Management Initiative of the U.S. Bone and Joint Initiative. Semin
Arthritis Rheum [Internet]. 2014;43(6):701-12. Available from:

http://dx.doi.org/10.1016/j.semarthrit.2013.11.012

Neogi T, Zhang Y. Epidemiology of Osteoarthritis. Rheum Dis Clin North Am
[Internet]. 2013;39(1):1-19. Available from:

http://dx.doi.org/10.1016/j.rdc.2012.10.004

Kanamoto T, Mae T, Yokoyama T, Tanaka H, Ebina K, Nakata K. Significance and

definition of early knee osteoarthritis. Ann Jt. 2020;5(3):4-4.

Solomon L. Patterns of osteoarthritis of the hip. J Bone Jt Surg - Ser B.

1976:58(2):176-83.

World Health Organization. Essential medicines and health products - Priority diseases

and reasons for inclusion - Osteoarthritis. World Heal Organ. 2013;12:6-8.

115



10.

11.

12.

13.

14.

Ralphs JR, Benjamin M. The joint capsule: structure, composition, ageing and disease.
J Anat [Internet]. 1994;184 ( Pt 3(July 1993):503-9. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/7928639%0Ahttp://www.pubmedcentral.nih.go

v/articlerender.fcgi?artid=PMC1259958

Loeser RF, Collins JA, Diekman BO. Ageing and the pathogenesis of osteoarthritis.

Nat Rev Rheumatol. 2016;12(7):412-20.

Anderson JJ, Felson DT. Factors associated with osteoarthritis of the knee in the first
national Health and Nutrition Examination Survey (HANES I). Evidence for an
association with overweight, race, and physical demands of work. Am J Epidemiol.

1988 Jul;128(1):179-89.

Felson DT, Lawrence RC, Dieppe PA, Hirsch R, Helmick CG, Jordan JM, et al.
Osteoarthritis: new insights. Part 1: the disease and its risk factors. Ann Intern Med.

2000 Oct;133(8):635-46.

Safiri S, Kolahi A-A, Smith E, Hill C, Bettampadi D, Mansournia MA, et al. Global,
regional and national burden of osteoarthritis 1990-2017: a systematic analysis of the

Global Burden of Disease Study 2017. Ann Rheum Dis. 2020 Jun;79(6):819-28.

Abbott JH, Usiskin IM, Wilson R, Hansen P, Losina E. The quality-of-life burden of

knee osteoarthritis in New Zealand adults: A model-based evaluation. PLoS One.

2017;12(10):1-12.

Sowers M, Karvonen-Gutierrez CA, Palmieri-Smith R, Jacobson JA, Jiang Y, Ashton-

116



15.

16.

17.

18.

19.

20.

Miller JA. Knee osteoarthritis in obese women with cardiometabolic clustering.

Arthritis Rheum. 2009 Oct;61(10):1328-36.

Yoshimura N, Muraki S, Oka H, Kawaguchi H, Nakamura K, Akune T. Association of
knee osteoarthritis with the accumulation of metabolic risk factors such as overweight,

hypertension, dyslipidemia, and impaired glucose tolerance in Japanese men and

women: the ROAD study. J] Rheumatol. 2011 May;38(5):921-30.

Musumeci G, Aiello FC, Szychlinska MA, Di Rosa M, Castrogiovanni P, Mobasheri
A. Osteoarthritis in the XXIst century: Risk factors and behaviours that influence

disease onset and progression. Int J Mol Sci. 2015;16(3):6093—112.

Collins NJ, Hart HF, Mills KAG. Osteoarthritis year in review 2018: rehabilitation and
outcomes. Osteoarthr Cartil [Internet]. 2019;27(3):378-91. Available from:

https://doi.org/10.1016/j.joca.2018.11.010

Tepper S, Hochberg MC. Factors associated with hip osteoarthritis: data from the First
National Health and Nutrition Examination Survey (NHANES-I). Am J Epidemiol.

1993 May;137(10):1081-8.

Bennell KL, Hinman RS. A review of the clinical evidence for exercise in
osteoarthritis of the hip and knee. J Sci Med Sport [Internet]. 2011 Jan;14(1):4-9.

Available from: https://linkinghub.elsevier.com/retrieve/pii/S1440244010001647

Murtagh EM, Murphy MH, Milton K, Roberts NW, O’Gorman CSM, Foster C.

Interventions outside the workplace for reducing sedentary behaviour in adults under

117



21.

22.

23.

24.

25.

26.

60 years of age. Cochrane Database Syst Rev. 2020;2020(7).

Wang T-J, Lee S-C, Liang S-Y, Tung H-H, Wu S-F V, Lin Y-P. Comparing the
efficacy of aquatic exercises and land-based exercises for patients with knee

osteoarthritis. J Clin Nurs. 2011 Sep;20(17-18):2609-22.

Larmer PJ, Reay ND, Aubert ER, Kersten P. Systematic review of guidelines for the
physical management of osteoarthritis. Arch Phys Med Rehabil [Internet].

2014;95(2):375-89. Available from: http://dx.doi.org/10.1016/j.apmr.2013.10.011

Skou ST, Roos EM, Laursen MB, Rathleff MS, Arendt-Nielsen L, Rasmussen S, et al.
Total knee replacement and non-surgical treatment of knee osteoarthritis: 2-year
outcome from two parallel randomized controlled trials. Osteoarthr Cartil [Internet].

2018;26(9):1170-80. Available from: https://doi.org/10.1016/j.joca.2018.04.014

Hamood R, Tirosh M, Fallach N, Chodick G, Eisenberg E, Lubovsky O. Prevalence
and incidence of osteoarthritis: A population-based retrospective cohort study. J Clin

Med. 2021;10(18).

Roser M, Ritchie H, Ortiz-Ospina E. World Population Growth. Our World Data
[Internet]. 2019; Available from: https://ourworldindata.org/world-population-

growth#citation

Skou ST, Derosche CA, Andersen MM, Rathleff MS, Simonsen O. Nonoperative
treatment improves pain irrespective of radiographic severity. Acta Orthop.

2015;86(5):599-604.

118



27.

28.

29.

30.

31.

32.

33.

Panoutsopoulou K, Zeggini E. Advances in osteoarthritis genetics. J] Med Genet.

2013;50(11):715-24.

Losina E, Paltiel AD, Weinstein AM, Yelin E, Hunter DJ, Chen SP, et al. Lifetime
medical costs of knee osteoarthritis management in the United States: impact of
extending indications for total knee arthroplasty. Arthritis Care Res (Hoboken). 2015

Feb;67(2):203-15.

Loyola-Sanchez A, Hurd K, Barnabe C. Healthcare utilization for arthritis by

indigenous populations of Australia, Canada, New Zealand, and the United States: A
systematic review . Semin Arthritis Rheum [Internet]. 2017;46(5):665—74. Available

from: https://www.sciencedirect.com/science/article/pii/S0049017216301664

Prahlow JA, Byard RW. Overview of Anatomy and Physiology. Atlas Forensic Pathol.

2012;63-100.

Chijimatsu R, Saito T. Mechanisms of synovial joint and articular cartilage
development. Cell Mol Life Sci [Internet]. 2019;76(20):3939-52. Available from:

https://doi.org/10.1007/s00018-019-03191-5

Sandell LJ. Etiology of osteoarthritis: Genetics and synovial joint development. Nat

Rev Rheumatol. 2012;8(2):77-89.

Tarafder S, Lee CH. Synovial Joint: In Situ Regeneration of Osteochondral and

Fibrocartilaginous Tissues by Homing of Endogenous Cells [Internet]. In Situ Tissue

119



34.

35.

36.

37.

38.

39.

40.

Regeneration: Host Cell Recruitment and Biomaterial Design. Elsevier Inc.; 2016.

253-273 p. Available from: http://dx.doi.org/10.1016/B978-0-12-802225-2.00014-3

Haywood L, Walsh DA. Vasculature of the normal and arthritic synovial joint. Histol

Histopathol. 2001;16(1):277-84.

Martel-Pelletier J. Pathophysiology of osteoarthritis. Osteoarthr Cartil.

2004;12(SUPLL.):31-3.

Kheir E, Shaw D. Hyaline articular cartilage. Orthop Trauma [Internet].

2009;23(6):450-5. Available from: http://dx.doi.org/10.1016/j.mporth.2009.01.003

Gluteus Medius Bursa [Internet]. Twin Boro Physical Therapy. [cited 2021 May §].
Available from: https://twinboro.com/body/hip/conditions/gluteus-medius-bursa-

nj.html#:~:text=Gluteal Medius Bursa is located,largest joints in the body.

Chatra PS. Bursae around the knee joints. Indian J Radiol Imaging. 2012 Jan;22(1):27—

30.

Hacker C. Knee Bursae: Locations & Anatomy [Internet]. Available from:

https://study.com/academy/lesson/knee-bursae-locations-anatomy.html

Hip Bursitis (Trochanteric/Iliopsoas Bursitis) [Internet]. Mend My Hip. Available
from: https://mendmyhip.com/hip-trochanteric-bursitis-pain/hip-trochanteric-bursitis-

treatment.php

120



41.

42.

43.

44,

45.

46.

47.

48.

Pant D. Subacromial Bursitis [Internet]. Sydney Shoulder Unit. Available from:

https://sydneyshoulderunit.com.au/conditions/subacromial-bursitis/

Synovial Tendon Sheaths at Ankle Tendon Sheaths of Ankle [Internet]. Netter Images.
Available from: https://www.netterimages.com/synovial-tendon-sheaths-at-

ankletendon-sheaths-of-ankle-unlabeled-general-anatomy-frank-h-netter-2025.html

Tenosynovitis [Internet]. Institute for Quality and Efficiency in Health Care. 2018.

Available from: https://www.informedhealth.org/tenosynovitis.html

Types of Synovial Joints [Internet]. Lumen. Available from:

https://courses.lumenlearning.com/wm-biology2/chapter/types-of-synovial-joints/

Morrison JB. The mechanics of the knee joint in relation to normal walking. J

Biomech. 1970;3(1):51-61.

LAST RJ. Some anatomical details of the knee joint. J Bone Joint Surg Br. 1948;30

B(4):683-8.

Jones O. The Knee Joint [Internet]. Teach Me Anatomy. 2020 [cited 2021 Apr 12]. p.
5. Available from: https://teachmeanatomy.info/lower-limb/joints/knee-

joint/#:~:text=The knee joint is a,the patella%2C femur and tibia.

Meyler Z. Knee Anatomy [Internet]. Arthritis Health. 2018. Available from:

https://www.arthritis-health.com/types/joint-anatomy/knee-anatomy

121



49.

50.

51.

52.

53.

54.

55.

56.

Hacking C, Su S. Knee Capsule [Internet]. Radiopedia. 2021 [cited 2021 Apr 17].

Available from: https://radiopaedia.org/articles/knee-capsule?lang=us

Jones O. The Hip joint [Internet]. Teach Me Anatomy. 2019 [cited 2021 May 8§].

Available from: https://teachmeanatomy.info/lower-limb/joints/hip-joint/

Hip Anatomy [Internet]. Physiopedia. 2019 [cited 2021 May 8]. Available from:

https://www.physio-pedia.com/Hip Anatomy

Funiciello M. Hip Anatomy [Internet]. Athritis Health. 2011 [cited 2021 May 8].

Available from: https://www.arthritis-health.com/types/joint-anatomy/hip-anatomy

Higgs JP, Saxby DJ, Constantinou M, Loureiro A, Hoang H, Diamond LE, et al.
Individuals with mild-to-moderate hip osteoarthritis exhibit altered pelvis and hip
kinematics during sit-to-stand. Gait Posture [Internet]. 2019;71(May):267-72.

Available from: https://doi.org/10.1016/j.gaitpost.2019.05.008

Baldwin J, Briggs A, Bagg W, Larmer P. An osteoarthritis model of care should be a

national priority for New Zealand. N Z Med J. 2017;130(1467):78-86.

Van Ginckel A, Hall M, Dobson F, Calders P. Effects of long-term exercise therapy on
knee joint structure in people with knee osteoarthritis: A systematic review and meta-
analysis. Semin Arthritis Rheum [Internet]. 2019;48(6):941-9. Available from:

https://doi.org/10.1016/j.semarthrit.2018.10.014

Kraus VB, Blanco FJ, Englund M, Karsdal MA, Lohmander LS. Call for standardized

122



57.

58.

59.

60.

61.

62.

definitions of osteoarthritis and risk stratification for clinical trials and clinical use.

Osteoarthr Cartil. 2015 Aug;23(8):1233-41.

Bartlett S. Role of Exercise in Arthritis Management [Internet]. Johns Hopkins
Arthritis Center. Available from: https://www.hopkinsarthritis.org/patient-
corner/disease-management/role-of-exercise-in-arthritis-management/#:~:text=Regular

physical activity can keep,and reduces stiffness and pain.

Lai WM, Hou JS, Mow VC. A triphasic theory for the swelling and deformation

behaviors of articular cartilage. J Biomech Eng. 1991 Aug;113(3):245-58.

Verzijl N, DeGroot J, Ben ZC, Brau-Benjamin O, Maroudas A, Bank RA, et al.
Crosslinking by advanced glycation end products increases the stiffness of the
collagen network in human articular cartilage: a possible mechanism through which

age is a risk factor for osteoarthritis. Arthritis Rheum. 2002 Jan;46(1):114-23.

Arnold J, Mackintosh S, Jones S, Thewlis D. Altered dynamic foot kinematics in
people with medial knee osteoarthritis during walking: A cross-sectional study. Knee
[Internet]. 2014;21(6):1101—-6. Available from:

http://dx.doi.org/10.1016/j.knee.2014.08.004

Hafer JF, Kent JA, Boyer KA. Physical activity and age-related biomechanical risk
factors for knee osteoarthritis. Gait Posture [Internet]. 2019;70(November 2018):24-9.

Available from: https://doi.org/10.1016/j.gaitpost.2019.02.008

Fautrel B, Hilliquin P, Rozenberg S, Allaert F-A, Coste P, Leclerc A, et al. Impact of

123



63.

64.

65.

66.

67.

osteoarthritis: results of a nationwide survey of 10,000 patients consulting for OA. Jt
Bone Spine [Internet]. 2005;72(3):235-40. Available from:

https://www.sciencedirect.com/science/article/pii/S1297319X04001940

Ramsey DK, Snyder-Mackler L, Lewek M, Newcomb W, Rudolph KS. Effect of
anatomic realignment on muscle function during gait in patients with medial
compartment knee osteoarthritis. Arthritis Rheum [Internet]. 2007 Apr 15;57(3):389—

97. Available from: https://pubmed.ncbi.nlm.nih.gov/17394224

Shorter E, Sannicandro AJ, Poulet B, Goljanek-Whysall K. Skeletal Muscle Wasting
and Its Relationship With Osteoarthritis: a Mini-Review of Mechanisms and Current
Interventions. Curr Rheumatol Rep [Internet]. 2019 Jun 15;21(8):40. Available from:

https://pubmed.ncbi.nlm.nih.gov/31203463

Ashkavand Z, Malekinejad H, Vishwanath BS. The pathophysiology of osteoarthritis.
J Pharm Res [Internet]. 2013;7(1):132—8. Available from:

http://dx.doi.org/10.1016/j.jopr.2013.01.008

Murray AM, Thomas AC, Armstrong CW, Pietrosimone BG, Tevald MA. The
associations between quadriceps muscle strength, power, and knee joint mechanics in
knee osteoarthritis: A cross-sectional study. Clin Biomech [Internet].
2015;30(10):1140-5. Available from:

http://dx.doi.org/10.1016/j.clinbiomech.2015.08.012

Burrage PS, Mix KS, Brinckerhoff CE. Matrix metalloproteinases: role in arthritis.

124



68.

69.

70.

71.

72.

73.

Front Biosci. 2006 Jan;11:529-43.

Mobasheri A, Batt M. An update on the pathophysiology of osteoarthritis. Ann Phys
Rehabil Med [Internet]. 2016;59(5-6):333-9. Available from:

http://dx.doi.org/10.1016/j.rehab.2016.07.004

Withrow J, Murphy C, Liu Y, Hunter M, Fulzele S, Hamrick MW. Extracellular
vesicles in the pathogenesis of rheumatoid arthritis and osteoarthritis. Arthritis Res
Ther [Internet]. 2016;18(1):1-12. Available from: http://dx.doi.org/10.1186/s13075-

016-1178-8

Messier SP, Beavers DP, Loeser RF, Carr JJ, Khajanchi S, Legault C, et al. Knee joint
loading in knee osteoarthritis: influence of abdominal and thigh fat. Med Sci Sports

Exerc. 2014 Sep;46(9):1677-83.

Issa R, Griffin T. Pathobiology of obesity and osteoarthritis: integrating biomechanics

and inflammation. Pathobiol Aging Age-related Dis. 2012;2(1):17470.

Bahaa N. Effect of intra-articular injection of high-molecular-weight versus low-
molecular-weight hyaluronic acid on the articular cartilage structure in experimentally

induced knee joint osteoarthritis in albino rats. Egypt J Histol. 2012;35:483-95.

Eagle S, Potter HG, Koff MF. Morphologic and quantitative magnetic resonance
imaging of knee articular cartilage for the assessment of post-traumatic osteoarthritis. J
Orthop Res [Internet]. 2017 Mar;35(3):412-23. Available from:

http://doi.wiley.com/10.1002/jor.23345

125



74.

75.

76.

77.

78.

79.

Musumeci G, Loreto C, Carnazza ML, Strehin I, Elisseeff J. OA cartilage derived
chondrocytes encapsulated in poly(ethylene glycol) diacrylate (PEGDA) for the
evaluation of cartilage restoration and apoptosis in an in vitro model. Histol

Histopathol. 2011 Oct;26(10):1265-78.

Zamli Z, Sharif M. Chondrocyte apoptosis: a cause or consequence of osteoarthritis?

Int J Rheum Dis. 2011 May;14(2):159—66.

Horisberger M, Fortuna R, Valderrabano V, Herzog W. Long-term repetitive
mechanical loading of the knee joint by in vivo muscle stimulation accelerates
cartilage degeneration and increases chondrocyte death in a rabbit model. Clin
Biomech [Internet]. 2013;28(5):536—43. Available from:

https://www.sciencedirect.com/science/article/pii/S0268003313000922

Di Rosa M, Szychlinska MA, Tibullo D, Malaguarnera L, Musumeci G. Expression of
CHI3L1 and CHIT1 in osteoarthritic rat cartilage model. A morphological study. Eur

J Histochem. 2014 Sep;58(3):2423.

Hollander AP, Pidoux I, Reiner A, Rorabeck C, Bourne R, Poole AR. Damage to type
II collagen in aging and osteoarthritis starts at the articular surface, originates around

chondrocytes, and extends into the cartilage with progressive degeneration. J Clin

Invest. 1995 Dec;96(6):2859-69.

Berenbaum F. Osteoarthritis as an inflammatory disease (osteoarthritis is not

osteoarthrosis!). Osteoarthr Cartil. 2013;21(1):16-21.

126



80.

81.

82.

83.

&4.

Aigner T, Schmitz N. Pathogenesis and pathology of osteoarthritis [Internet]. Fifth
Edit. Rheumatology. Elsevier Inc.; 2011. 1741-1759.el p. Available from:

http://dx.doi.org/10.1016/B978-0-323-06551-1.00173-1

Nguyen U-SDT, Felson DT, Niu J, White DK, Segal NA, Lewis CE, et al. The impact
of knee instability with and without buckling on balance confidence, fear of falling and
physical function: the Multicenter Osteoarthritis Study. Osteoarthr Cartil [Internet].
2014;22(4):527-34. Available from:

https://www.sciencedirect.com/science/article/pii/S1063458414000326

Nicholls E, Thomas E, van der Windt DA, Croft PR, Peat G. Pain trajectory groups in
persons with, or at high risk of, knee osteoarthritis: findings from the Knee Clinical
Assessment Study and the Osteoarthritis Initiative. Osteoarthr Cartil [Internet].
2014;22(12):2041-50. Available from:

https://www.sciencedirect.com/science/article/pii/S1063458414012783

Hall M, Migay A-M, Persad T, Smith J, Yoshida K, Kennedy D, et al. Individuals’
experience of living with osteoarthritis of the knee and perceptions of total knee
arthroplasty. Physiother Theory Pract [Internet]. 2008;24(3):167-81. Available from:

https://doi.org/10.1080/09593980701588326

Sparkes V, Whatling GM, Biggs P, Khatib N, Al-Amri M, Williams D, et al.
Comparison of gait, functional activities, and patient-reported outcome measures in
patients with knee osteoarthritis and healthy adults using 3D motion analysis and

activity monitoring: an exploratory case-control analysis. Orthop Res Rev.

127



85.

86.

87.

88.

9.

90.

91.

2019;11:129-40.

O’Connell M, Farrokhi S, Fitzgerald GK. The role of knee joint moments and knee
impairments on self-reported knee pain during gait in patients with knee osteoarthritis.
Clin Biomech [Internet]. 2016;31:40—6. Available from:

http://dx.doi.org/10.1016/j.clinbiomech.2015.10.003

Vincent HK, Heywood K, Connelly J, Hurley RW. Obesity and Weight Loss in the
Treatment and Prevention of Osteoarthritis. PM&R [Internet]. 2012;4(5,
Supplement):S59-67. Available from:

https://www.sciencedirect.com/science/article/pii/S1934148212000287

Yuranga W, Frank G. Intra-articular Loose Bodies [Internet]. Radiopedia. 2020.

Available from: https://radiopaedia.org/articles/intra-articular-loose-bodies-2

McCarthy EF, Frassica FJ. Diseases of joints. Pathol Bone Jt Disord. 2014;313-44.

Park SK, Lee IS, Cho KH, Yi JH, Lee SM, Lee SJ, et al. Systematic Approach of
Sclerotic Bone Lesions Basis on Imaging Findings. J Korean Soc Radiol.

2014;71(1):39.

Foran JRH. Arthritis of the knee [Internet]. Ortho Info. 2019. Available from:

https://orthoinfo.aaos.org/en/diseases--conditions/arthritis-of-the-knee

Ickinger C, Tikly M. Current approach to diagnosis and management of osteoarthritis.

South African Fam Pract. 2010;52(5):382-90.

128



92.

93.

94.

95.

96.

97.

98.

Pauli C, Whiteside R, Heras FL, Nesic D, Koziol J, Grogan SP, et al. Comparison of
cartilage histopathology assessment systems on human knee joints at all stages of
osteoarthritis development. Osteoarthr Cartil [Internet]. 2012;20(6):476—85. Available

from: http://dx.doi.org/10.1016/j.joca.2011.12.018

Frobell RB, Nevitt MC, Hudelmaier M, Wirth W, Wyman BT, Benichou O, et al.
Femorotibial subchondral bone area and regional cartilage thickness: a cross-sectional
description in healthy reference cases and various radiographic stages of osteoarthritis
in 1,003 knees from the Osteoarthritis Initiative. Arthritis Care Res (Hoboken).

2010;62(11):1612-23.

Ulasli AM, Ozcakar L, Murrel WD. Ultrasound imaging and guidance in the
management of knee osteoarthritis in regenerative medicine field. J Clin Orthop
Trauma [Internet]. 2019;10(1):24-31. Available from:

https://doi.org/10.1016/j.jcot.2018.11.015

Ferraro B, Wilder F V., Leaverton PE. Site specific osteoarthritis and the index to ring

finger length ratio. Osteoarthr Cartil. 2010 Mar 1;18(3):354-7.

Forhan JRH. Arthritis of the Knee [Internet]. Ortho Info. 2021. Available from:

https://orthoinfo.aaos.org/en/diseases--conditions/arthritis-of-the-knee/

Foran JRH. Osteoarthritis of the Hip [Internet]. Ortho Info. 2021. Available from:

https://orthoinfo.aaos.org/en/diseases--conditions/osteoarthritis-of-the-hip/

Bhat AY, A.Suhasini. Automated Detection For The Severity Of Knee Osteoarthritis

129



99.

100.

101.

102.

103.

104.

From Plain Radiographs Using Machine Learning Methods. Int J Sci \& Technol Res.

2019;8:1112-24.

Heidari B. Knee osteoarthritis prevalence, risk factors, pathogenesis and features: Part

I. Casp J Intern Med. 2011;2(2):205-12.

Reynard LN, Loughlin J. Genetics and epigenetics of osteoarthritis. Maturitas
[Internet]. 2012;71(3):200—4. Available from:

https://www.sciencedirect.com/science/article/pii/S0378512211004117

Khan IM, Redman SN, Williams R, Dowthwaite GP, Oldfield SF, Archer CW. The

development of synovial joints. Curr Top Dev Biol. 2007;79:1-36.

Bui C, Barter MJ, Scott JL, Xu Y, Galler M, Reynard LN, et al. cAMP response
element-binding (CREB) recruitment following a specific CpG demethylation leads to

the elevated expression of the matrix metalloproteinase 13 in human articular

chondrocytes and osteoarthritis. FASEB J. 2012;26(7):3000-11.

Hashimoto K, Otero M, Imagawa K, de Andrés MC, Coico JM, Roach HI, et al.
Regulated transcription of human matrix metalloproteinase 13 (MMP13) and
interleukin-1p (IL1B) genes in chondrocytes depends on methylation of specific
proximal promoter CpG sites. J Biol Chem [Internet]. 2013 Apr;288(14):10061—

10072. Available from: https://europepmc.org/articles/PMC3617244

Jordan JM, Linder GF, Renner JB, Fryer JG. The impact of arthritis in rural

populations. Arthritis care Res Off J Arthritis Heal Prof Assoc. 1995 Dec;8(4):242—

130



105.

106.

107.

108.

109.

110.

50.

Musumeci G, Szychlinska MA, Mobasheri A. Age-related degeneration of articular
cartilage in the pathogenesis of osteoarthritis: molecular markers of senescent

chondrocytes. Histol Histopathol. 2015 Jan;30(1):1-12.

Palazzo C, Nguyen C, Lefevre-Colau M-M, Rannou F, Poiraudeau S. Risk factors and
burden of osteoarthritis. Ann Phys Rehabil Med [Internet]. 2016;59(3):134-8.
Available from:

https://www.sciencedirect.com/science/article/pii/S1877065716000245

Hayflick L. Intracellular determinants of cell aging. Mech Ageing Dev. 1984

Dec;28(2-3):177-85.

Srikanth VK, Fryer JL, Zhai G, Winzenberg TM, Hosmer D, Jones G. A meta-analysis
of sex differences prevalence, incidence and severity of osteoarthritis. Osteoarthr

Cartil. 2005 Sep;13(9):769-81.

Lawrence JS, Bremner JM, Bier F. Osteo-arthrosis. Prevalence in the population and
relationship between symptoms and x-ray changes. Ann Rheum Dis. 1966

Jan;25(1):1-24.

Jordan JM, Helmick CG, Renner JB, Luta G, Dragomir AD, Woodard J, et al.
Prevalence of knee symptoms and radiographic and symptomatic knee osteoarthritis in
African Americans and Caucasians: the Johnston County Osteoarthritis Project. J

Rheumatol. 2007 Jan;34(1):172—80.

131



111.

112.

113.

114.

115.

116.

Griffiths MD. Sedentary Behaviour and Obesity in Screenagers. Educ Heal.

2010;28(2):35-8.

Lakdawalla D, Philipson T. The growth of obesity and technological change. Econ
Hum Biol [Internet]. 2009 Dec;7(3):283-93. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S1570677X09000720

Griffiths MD. Sedentary Behaviour and Obesity: Review of the Current Scientific
Evidence. The Sedentary Behaviour and Obesity Expert Working Group, 20. 2010;
Available from:
http://www.gov.uk/government/uploads/system/uploads/attachment_data/file/213745/d

h 128225.pdf

Gongalves H, Gonzalez DA, Araujo CP, Muniz L, Tavares P, Assun¢do MC, et al.
Adolescents’ Perception of Causes of Obesity: Unhealthy Lifestyles or Heritage? J
Adolesc Heal [Internet]. 2012;51(6, Supplement):S46-52. Available from:

https://www.sciencedirect.com/science/article/pii/S1054139X1200359X

Christensen R, Astrup A, Bliddal H. Weight loss: the treatment of choice for knee
osteoarthritis? A randomized trial. Osteoarthr Cartil [Internet]. 2005;13(1):20-7.
Available from:

https://www.sciencedirect.com/science/article/pii/S106345840400203 1

Reijman M, Pols HAP, Bergink AP, Hazes JIMW, Belo JN, Lievense AM, et al. Body

mass index associated with onset and progression of osteoarthritis of the knee but not

132



117.

118.

119.

120.

121.

122.

of the hip: the Rotterdam Study. Ann Rheum Dis. 2007 Feb;66(2):158—62.

Eymard F, Parsons C, Edwards MH, Petit-Dop F, Reginster J-Y, Bruyére O, et al.
Diabetes is a risk factor for knee osteoarthritis progression. Osteoarthr Cartil. 2015

Jun;23(6):851-9.

Zhuo Q, Yang W, Chen J, Wang Y. Metabolic syndrome meets osteoarthritis. Nat Rev

Rheumatol. 2012 Dec;8(12):729-37.

Gay C, Guiguet-Auclair C, Mourgues C, Gerbaud L, Coudeyre E. Physical activity
level and association with behavioral factors in knee osteoarthritis. Ann Phys Rehabil
Med [Internet]. 2019;62(1):14—20. Available from:

https://www.sciencedirect.com/science/article/pii/S1877065718314519

Loeser RF, Yammani RR, Carlson CS, Chen H, Cole A, Im H-J, et al. Articular
chondrocytes express the receptor for advanced glycation end products: Potential role

in osteoarthritis. Arthritis Rheum. 2005 Aug;52(8):2376-85.

DeGroot J, Verzijl N, Bank RA, Lafeber FP, Bijlsma JW, TeKoppele M. Age-related
decrease in proteoglycan synthesis of human articular chondrocytes: the role of

nonenzymatic glycation. Arthritis Rheum. 1999 May;42(5):1003-9.

Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and physical
fitness: definitions and distinctions for health-related research. Public Health Rep
[Internet]. 100(2):126-31. Available from:

http://www.ncbi.nlm.nih.gov/pubmed/3920711

133



123.  Pichler K, Loreto C, Leonardi R, Reuber T, Weinberg AM, Musumeci G. RANKL is
downregulated in bone cells by physical activity (treadmill and vibration stimulation
training) in rat with glucocorticoid-induced osteoporosis. Histol Histopathol. 2013

Sep;28(9):1185-96.

124. Akizuki S, Mow VC, Muller F, Pita JC, Howell DS. Tensile properties of human knee
joint cartilage. II. Correlations between weight bearing and tissue pathology and the

kinetics of swelling. J Orthop Res Off Publ Orthop Res Soc. 1987;5(2):173-86.

125. Messier SP, Legault C, Mihalko S, Miller GD, Loeser RF, DeVita P, et al. The
Intensive Diet and Exercise for Arthritis (IDEA) trial: design and rationale. BMC

Musculoskelet Disord. 2009 Jul;10:93.

126. Buckwalter JA, Lane NE. Athletics and osteoarthritis. Am J Sports Med.

1997:25(6):873-81.

127. Giunta S, Castorina A, Marzagalli R, Szychlinska MA, Pichler K, Mobasheri A, et al.
Ameliorative effects of PACAP against cartilage degeneration. Morphological,
immunohistochemical and biochemical evidence from in vivo and in vitro models of

rat osteoarthritis. Int J Mol Sci. 2015 Mar;16(3):5922-44.

128. Pate RR, O’Neill JR, Lobelo F. The Evolving Definition of “Sedentary.” Exerc Sport

Sci Rev [Internet]. 2008 Oct;36(4):173-8. Available from:

https://journals.lww.com/00003677-200810000-00002

129. Biddle S, Behaviour TS, Obesity Expert Working Group N, Cavill U, Ekelund T,

134



Gorely M, et al. Sedentary Behaviour and Obesity: Review of the Current Scientific

Evidence. London; 2010.

130. Shields M, Tremblay MS. Sedentary behaviour and obesity. Health Rep.

2008;19(2):19-30.

131. Saxon L, Finch C, Bass S. Sports Participation, Sports Injuries and Osteoarthritis.
Sport Med [Internet]. 1999;28(2):123-35. Available from:

https://doi.org/10.2165/00007256-199928020-00005

132. Ghadieh AS, Saab B. Evidence for exercise training in the management of

hypertension in adults. Can Fam Physician. 2015 Mar;61(3):233-9.

133. Musumeci G, Loreto C, Imbesi R, Trovato FM, Di Giunta A, Lombardo C, et al.
Advantages of exercise in rehabilitation, treatment and prevention of altered
morphological features in knee osteoarthritis. A narrative review. Histol Histopathol.

2014 Jun;29(6):707-19.

134.  Anan M, Shinkoda K, Suzuki K, Yagi M, Ibara T, Kito N. Do patients with knee
osteoarthritis perform sit-to-stand motion efficiently? Gait Posture [Internet].

2015;41(2):488-92. Available from: http://dx.doi.org/10.1016/j.gaitpost.2014.11.015

135. Oka 'Y, Murata K, Kano T, Ozone K, Arakawa K, Kokubun T, et al. Impact of
Controlling Abnormal Joint Movement on the Effectiveness of Subsequent Exercise
Intervention in Mouse Models of Early Knee Osteoarthritis. Cartilage [Internet]. 2021

Dec 13;13(2_suppl):1334S-1344S. Available from:

135



136.

137.

138.

139.

140.

141.

http://journals.sagepub.com/doi/10.1177/1947603519885007

Holla JFM, Sanchez-Ramirez DC, van der Leeden M, Ket JCF, Roorda LD, Lems WF,
et al. The avoidance model in knee and hip osteoarthritis: a systematic review of the
evidence. J Behav Med [Internet]. 2014;37(6):1226—41. Available from:

https://doi.org/10.1007/s10865-014-9571-8

Yu SP, Hunter DJ. Managing osteoarthritis. Aust Prescr. 2015 Aug;38(4):115-9.

Kean CO, Bennell KL, Wrigley T V., Hinman RS. Relationship between hip abductor
strength and external hip and knee adduction moments in medial knee osteoarthritis.
Clin Biomech [Internet]. 2015;30(3):226-30. Available from:

http://dx.doi.org/10.1016/j.clinbiomech.2015.01.008

Mills K, Hunt MA, Leigh R, Ferber R. A systematic review and meta-analysis of lower
limb neuromuscular alterations associated with knee osteoarthritis during level
walking. Clin Biomech [Internet]. 2013;28(7):713-24. Available from:

http://dx.doi.org/10.1016/j.clinbiomech.2013.07.008

Mahmoudian A, van Dieen JH, Baert IAC, Jonkers I, Bruijn SM, Luyten FP, et al.
Changes in proprioceptive weighting during quiet standing in women with early and

established knee osteoarthritis compared to healthy controls. Gait Posture [Internet].

2016;44:184-8. Available from: http://dx.doi.org/10.1016/j.gaitpost.2015.12.010

Thomas AC, Judd DL, Davidson BS, Eckhoff DG, Stevens-Lapsley JE.

Quadriceps/hamstrings co-activation increases early after total knee arthroplasty. Knee

136



142.

143.

144.

145.

146.

[Internet]. 2014;21(6):1115-9. Available from:

http://dx.doi.org/10.1016/j.knee.2014.08.001

Hartz AJ, Fischer ME, Bril G, Kelber S, Rupley D, Oken B, et al. The association of
obesity with joint pain and osteoarthritis in the HANES data. J Chronic Dis.

1986;39(4):311-9.

Gongalves GH, Sendin FA, da Silva Serrdo PRM, Selistre LFA, Petrella M, Carvalho
C, et al. Ankle strength impairments associated with knee osteoarthritis. Clin Biomech
[Internet]. 2017;46(May):33-9. Available from:

http://dx.doi.org/10.1016/j.clinbiomech.2017.05.002

Loureiro A, Constantinou M, Diamond LE, Beck B, Barrett R. Individuals with mild-
to-moderate hip osteoarthritis have lower limb muscle strength and volume deficits.

BMC Musculoskelet Disord. 2018;19(1):1-9.

Barbour KE, Hootman JM, Helmick CG, Murphy LB, Theis KA, Schwartz TA, et al.
Meeting Physical Activity Guidelines and the Risk of Incident Knee Osteoarthritis: A
Population-Based Prospective Cohort Study. Arthritis Care Res (Hoboken) [Internet].
2014 Jan;66(1):139-46. Available from:

https://onlinelibrary.wiley.com/doi/10.1002/acr.22120

Stout RD, Wittstein MW, LoJacono CT, Rhea CK. Gait dynamics when wearing a
treadmill safety harness. Gait Posture [Internet]. 2016;44:100-2. Available from:

http://dx.doi.org/10.1016/j.gaitpost.2015.11.012

137



147.

148.

149.

150.

151.

152.

153.

Sliepen M, Mauricio E, Lipperts M, Grimm B, Rosenbaum D. Objective assessment of
physical activity and sedentary behaviour in knee osteoarthritis patients - Beyond daily

steps and total sedentary time. BMC Musculoskelet Disord. 2018;19(1):1-10.

Naili JE, Esbjornsson AC, Iversen MD, Schwartz MH, Hedstrém M, Higer CK, et al.
The impact of symptomatic knee osteoarthritis on overall gait pattern deviations and its
association with performance-based measures and patient-reported outcomes. Knee.

2017;24(3):536-46.

Kumar D, Manal KT, Rudolph KS. Knee joint loading during gait in healthy controls
and individuals with knee osteoarthritis. Osteoarthr Cartil [Internet]. 2012/11/24. 2013

Feb;21(2):298-305. Available from: https://pubmed.ncbi.nlm.nih.gov/23182814

Chen KY, Acra SA, Majchrzak K, Donahue CL, Baker L, Clemens L, et al. Predicting
energy expenditure of physical activity using hip- and wrist-worn accelerometers.

Diabetes Technol Ther. 2003;5(6):1023-33.

Gleiss AC, Wilson RP, Shepard ELC. Making overall dynamic body acceleration
work: On the theory of acceleration as a proxy for energy expenditure. Methods Ecol

Evol. 2011;2(1):23-33.

Buckinx F, Paquot N, Fadeur M, Bacus L, Reginster JY, Allepaerts S, et al.
Assessment of the energy expenditure of Belgian nursing home residents using indirect
calorimetry. Nutrition. 2019;57:12—6.

Takacs J, Kirkham AA, Perry F, Brown J, Marriott E, Monkman D, et al. Lateral trunk

138



lean gait modification increases the energy cost of treadmill walking in those with
knee osteoarthritis. Osteoarthr Cartil [Internet]. 2014;22(2):203-9. Available from:

http://dx.doi.org/10.1016/j.joca.2013.12.003

154. Park SK, Kobsar D, Ferber R. Relationship between lower limb muscle strength, self-
reported pain and function, and frontal plane gait kinematics in knee osteoarthritis.
Clin Biomech [Internet]. 2016;38:68—74. Available from:

http://dx.doi.org/10.1016/j.clinbiomech.2016.08.009

155. Alnahdi AH, Zeni JA, Snyder-Mackler L. Muscle impairments in patients with knee

osteoarthritis. Sports Health. 2012 Jul;4(4):284-92.

156. Dabare C, Le Marshall K, Leung A, Page CJ, Choong PF, Lim KK. Differences in
presentation, progression and rates of arthroplasty between hip and knee osteoarthritis:
Observations from an osteoarthritis cohort study-a clear role for conservative

management. Int J Rheum Dis. 2017;20(10):1350-60.

157. de I’Escalopier N, Anract P, Biau D. Surgical treatments for osteoarthritis. Ann Phys
Rehabil Med [Internet]. 2016;59(3):227-33. Available from:

https://www.sciencedirect.com/science/article/pii/S1877065716300355

158. Gaught AM, Carneiro KA. Evidence for determining the exercise prescription in

patients with osteoarthritis. Phys Sportsmed. 2013 Feb;41(1):58-65.

159. Zampogna B, Papalia R, Papalia GF, Campi S, Vasta S, Vorini F, et al. The Role of

Physical Activity as Conservative Treatment for Hip and Knee Osteoarthritis in Older

139



People: A Systematic Review and Meta-Analysis. J Clin Med [Internet]. 2020 Apr

18;9(4):1167. Available from: https://www.mdpi.com/2077-0383/9/4/1167

160. Odole AC, Ojo OD. A Telephone-based Physiotherapy Intervention for Patients with

Osteoarthritis of the Knee. Int J Telerehabilitation. 2013;5(2):11-20.

161. Foley A, Halbert J, Hewitt T, Crotty M. Does hydrotherapy improve strength and
physical function in patients with osteoarthritis - A randomised controlled trial

comparing a gym based and a hydrotherapy based strengthening programme. Ann

Rheum Dis. 2003;62(12):1162-7.

162. Dias JM, Cisneros L, Dias R, Fritsch C, Gomes W, Pereira L, et al. Hydrotherapy
improves pain and function in older women with knee osteoarthritis: a randomized
controlled trial. Brazilian J Phys Ther [Internet]. 2017;21(6):449-56. Available from:

http://dx.doi.org/10.1016/].bjpt.2017.06.012

163. Kim H, Suzuki T, Saito K, Kim M, Kojima N, Ishizaki T, et al. Effectiveness of
exercise with or without thermal therapy for community-dwelling elderly Japanese
women with non-specific knee pain: A randomized controlled trial. Arch Gerontol
Geriatr [Internet]. 2013;57(3):352-9. Available from:

http://dx.doi.org/10.1016/j.archger.2013.06.008

164. GREEN J, MCKENNA F, REDFERN EJ, CHAMBERLAIN MA. HOME
EXERCISES ARE AS EFFECTIVE AS OUTPATIENT HYDROTHERAPY FOR

OSTEOARTHRITIS OF THE HIP. Rheumatology [Internet]. 1993;32(9):812-5.

140



165.

166.

167.

168.

169.

170.

Available from: https://doi.org/10.1093/rheumatology/32.9.812

Silva LE, Valim V, Pessanha APC, Oliveira LM, Myamoto S, Jones A, et al.
Hydrotherapy versus conventional land-based exercise for the management of patients
with osteoarthritis of the knee: A randomized clinical trial. Phys Ther. 2008;88(1):12—

21.

Sood V. Cemented vs. Cementless Alternatives in Joint Replacement [Internet].
Arthritis Health. 2014. Available from: https://www.arthritis-
health.com/surgery/shoulder-surgery/cemented-vs-cementless-alternatives-joint-

replacement

Kramers-de Quervain [A, Kémpfen S, Munzinger U, Mannion AF. Prospective study
of gait function before and 2years after total knee arthroplasty. Knee [Internet].

2012;19(5):622—7. Available from: http://dx.doi.org/10.1016/j.knee.2011.12.009

Kloppenburg M, Berenbaum F. Osteoarthritis year in review 2019: epidemiology and
therapy. Osteoarthr Cartil [Internet]. 2020;28(3):242—8. Available from:

https://doi.org/10.1016/j.joca.2020.01.002

Opioids [Internet]. National Institute on Drug Abuse. Available from:
https://www.drugabuse.gov/drug-topics/opioids#:~:text=Opioids are a class of,%2C

morphine%?2C and many others.

Over-the-Counter Pain Relievers [Internet]. Medline Plus. 2021. Available from:

https://medlineplus.gov/ency/article/002123.htm

141



171.

172.

173.

174.

175.

176.

177.

Kingsbury SR, Hensor EMA, Walsh CAE, Hochberg MC, Conaghan PG. How do
people with knee osteoarthritis use osteoarthritis pain medications and does this
change over time? Data from the Osteoarthritis Initiative. Arthritis Res Ther.

2013;15(5).

Agarwal M, Gulati PD. Non-steroidal anti-inflammatory drugs (NSAID). Med Surg.

1981;21(11):13-5.

Hughes L, Whittlesea C, Luscombe D. Patients’ knowledge and perceptions of the
side-effects of OTC medication. J Clin Pharm Ther [Internet]. 2002;27(4):243-8.
Available from: https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-

2710.2002.00416.x

Freynhagen R, Geisslinger G, Schug SA. Opioids for chronic non-cancer pain. BMJ
[Internet]. 2013 May 29;346(may29 4):f2937-£2937. Available from:

https://www.bmj.com/lookup/doi/10.1136/bmj.f2937

Sclar K. The Effects of Pain Killer Use [Internet]. American Addiction Centers.

Available from: https://drugabuse.com/opioids/prescription/effects-use/

Anderson BJ. Paracetamol (Acetaminophen): mechanisms of action. Paediatr Anaesth.

2008 Oct;18(10):915-21.

Vandergriendt C. Is It Dangerous to Take Too Much Tylenol? [Internet]. Healthline.
2017. Available from: https://www.healthline.com/health/can-tylenol-kill-you#tylenol-

safety

142



178.

179.

180.

181.

182.

183.

Felson DT. Weight Loss Reduces the Risk for Symptomatic Knee Osteoarthritis in
Women. Ann Intern Med [Internet]. 1992 Apr 1;116(7):535. Available from:

http://annals.org/article.aspx?doi=10.7326/0003-4819-116-7-535

Rejeski W, Focht BC, Messier SP, Morgan T, Pahor M, Penninx B. Obese, older
adults with knee osteoarthritis: Weight loss, exercise, and quality of life. Heal Psychol
[Internet]. 2002;21(5):419-26. Available from:

http://doi.apa.org/getdoi.cfm?doi=10.1037/0278-6133.21.5.419

Bliddal H, Leeds AR, Christensen R. Osteoarthritis, obesity and weight loss: evidence,
hypotheses and horizons — a scoping review. Obes Rev [Internet]. 2014 Jul
22;15(7):578-86. Available from:

https://onlinelibrary.wiley.com/doi/10.1111/0br.12173

Juhl C, Christensen R, Roos EM, Zhang W, Lund H. Impact of Exercise Type and
Dose on Pain and Disability in Knee Osteoarthritis: A Systematic Review and Meta-
Regression Analysis of Randomized Controlled Trials. Arthritis Rheumatol [Internet].
2014 Mar;66(3):622-36. Available from:

https://onlinelibrary.wiley.com/doi/10.1002/art.38290

Majewski M, Bischoff-Ferrari HA, Griineberg C, Dick W, Allum JHJ. Improvements

in balance after total hip replacement. J Bone Jt Surg - Ser B. 2005;87(10):1337-43.

Resende RA, Kirkwood RN, Rudan JF, Deluzio KJ. How symmetric are metal-on-

metal hip resurfacing patients during gait? Insights for the rehabilitation. J Biomech

143



184.

185.

186.

187.

188.

189.

[Internet]. 2017;58:37—44. Available from:

http://dx.doi.org/10.1016/j.jbiomech.2017.04.006

Bonnefoy-Mazure A, Armand S, Sagawa Y, Suva D, Miozzari H, Turcot K. Knee
Kinematic and Clinical Outcomes Evolution Before, 3 Months, and 1 Year After Total

Knee Arthroplasty. J Arthroplasty. 2017;32(3):793-800.

Foran JRH. Total Hip Replacement [Internet]. 2020. Available from:

https://orthoinfo.aaos.org/en/treatment/total-hip-replacement/

Foran JRH, Manner PW. Knee Replacement Implants [Internet]. Ortho Info. 2021.

Available from: https://orthoinfo.aaos.org/en/treatment/knee-replacement-implants/

Bolink SAAN, Grimm B, Heyligers IC. Patient-reported outcome measures versus
inertial performance-based outcome measures: A prospective study in patients
undergoing primary total knee arthroplasty. Knee [Internet]. 2015;22(6):618-23.

Available from: http://dx.doi.org/10.1016/j.knee.2015.04.002

Nallegowda M, Singh U, Bhan S, Wadhwa S, Handa G, Dwivedi SN. Balance and
Gait in Total Hip Replacement: A Pilot Study. Am J Phys Med Rehabil [Internet].
2003;82(9). Available from:
https://journals.lww.com/ajpmr/Fulltext/2003/09000/Balance_and Gait in Total Hip

_Replacement A Pilot.5.aspx

Smith-Ryan AE, Blue MNM, Anderson KC, Hirsch KR, Allen KD, Huebner JL, et al.

Metabolic and physiological effects of high intensity interval training in patients with

144



190.

191.

192.

193.

194.

knee osteoarthritis: A pilot and feasibility study. Osteoarthr Cartil Open [Internet].
2020;2(4):100083. Available from:

https://www.sciencedirect.com/science/article/pii/S2665913120300741

Naber A, Molitor WL, Farriell A, Honius K, Poppe B. The Exploration of
Occupational Therapy Interventions to Address Sedentary Behavior and Pain Among
Older Adults. J Aging Phys Act [Internet]. 2020 Jun 1;28(3):391-8. Available from:

https://journals.humankinetics.com/view/journals/japa/28/3/article-p391.xml

Hurley M V, Mitchell HL, Walsh N. In Osteoarthritis, the Psychosocial Benefits of
Exercise Are as Important as Physiological Improvements. Exerc Sport Sci Rev
[Internet]. 2003;31(3). Available from: https://journals.lww.com/acsm-

esst/Fulltext/2003/07000/In_Osteoarthritis, the Psychosocial Benefits of.7.aspx

ACSM. ACSM’s Guidelines for Exercise Testing and Prescription. 11th ed. Americal

College of Sports Medicine; 2020.

Bannuru RR, Osani MC, Vaysbrot EE, Arden NK, Bennell K, Bierma-Zeinstra SMA,
et al. OARSI guidelines for the non-surgical management of knee, hip, and
polyarticular osteoarthritis. Osteoarthr Cartil [Internet]. 2019 Nov;27(11):1578-89.

Available from: https://linkinghub.elsevier.com/retrieve/pii/S1063458419311161

Roddy E, Zhang W, Doherty M, Arden NK, Barlow J, Birrell F, et al. Evidence-based
recommendations for the role of exercise in the management of osteoarthritis of the hip

or knee—the MOVE consensus. Rheumatology [Internet]. 2005 Jan 1;44(1):67-73.

145



Available from: https://doi.org/10.1093/rheumatology/keh399

195. Gleeson M, Bishop NC, Stensel DJ, Lindley MR, Mastana SS, Nimmo MA. The anti-
inflammatory effects of exercise: mechanisms and implications for the prevention and
treatment of disease. Nat Rev Immunol [Internet]. 2011;11(9):607—15. Available from:

https://doi.org/10.1038/nri3041

196. Esculier JF, Jarrett M, Krowchuk NM, Rauscher A, Wiggermann V, Taunton JE, et al.
Cartilage recovery in runners with and without knee osteoarthritis: A pilot study. Knee
[Internet]. 2019;26(5):1049-57. Available from:

https://doi.org/10.1016/j.knee.2019.07.011

197. Shafshak TS. Electroacupuncture and Exercise in Body Weight Reduction and their
Application in Rehabilitating Patients with Knee Osteoarthritis. Am J Chin Med
[Internet]. 1995 Jan 5;23(01):15-25. Available from:

https://www.worldscientific.com/doi/abs/10.1142/S0192415X95000043

198. LeeJ, Song J, Hootman JM, Semanik PA, Chang RW, Sharma L, et al. Obesity and
other modifiable factors for physical inactivity measured by accelerometer in adults
with knee osteoarthritis. Arthritis Care Res (Hoboken) [Internet]. 2013 Jan;65(1):53—

61. Available from: https://onlinelibrary.wiley.com/doi/10.1002/acr.21754

199. Bindawas SM, Vennu V. Longitudinal Effects of Physical Inactivity and Obesity on
Gait Speed in Older Adults with Frequent Knee Pain: Data from the Osteoarthritis

Initiative. Vol. 12, International Journal of Environmental Research and Public Health

146



200.

201.

202.

203.

204.

205.

. 2015.

Sanghi D, Mishra A, Sharma AC, Raj S, Mishra R, Kumari R, et al. Elucidation of
dietary risk factors in osteoarthritis knee—a case-control study. J] Am Coll Nutr.

2015;34(1):15-20.

Holm PM, Schreder HM, Wernbom M, Skou ST. Low-dose strength training in
addition to neuromuscular exercise and education in patients with knee osteoarthritis in

secondary care — a randomized controlled trial. Osteoarthr Cartil [Internet].

2020;28(6):744-54. Available from: https://doi.org/10.1016/j.joca.2020.02.839

Luan L, Bousie J, Pranata A, Adams R, Han J. Stationary cycling exercise for knee
osteoarthritis: A systematic review and meta-analysis. Clin Rehabil [Internet]. 2021
Apr 10;35(4):522-33. Available from:

http://journals.sagepub.com/doi/10.1177/0269215520971795

Fransen M, McConnell S, Bell M. Therapeutic exercise for people with osteoarthritis

of the hip or knee. A systematic review. J Rheumatol. 2002;29(8):1737-45.

Silva LE, Valim V, Pessanha APC, Oliveira LM, Myamoto S, Jones A, et al.
Hydrotherapy Versus Conventional Land-Based Exercise for the Management of
Patients With Osteoarthritis of the Knee: A Randomized Clinical Trial. Phys Ther
[Internet]. 2008 Jan 1;88(1):12-21. Available from:

https://academic.oup.com/ptj/article/88/1/12/2747222

Annesi JJ. Effects of Minimal Exercise and Cognitive Behavior Modification on

147



206.

207.

208.

209.

210.

Adherence, Emotion Change, Self-Image, and Physical Change in Obese Women.
Percept Mot Skills [Internet]. 2000 Aug 7;91(1):322-36. Available from:

http://journals.sagepub.com/doi/10.2466/pms.2000.91.1.322

Yamamoto S, Hotta K, Ota E, Mori R, Matsunaga A. Effects of resistance training on
muscle strength, exercise capacity, and mobility in middle-aged and elderly patients
with coronary artery disease: A meta-analysis. J Cardiol [Internet]. 2016;68(2):125-34.
Available from:

https://www.sciencedirect.com/science/article/pii/S0914508715002907

Fransen M, McConnell S, Hernandez-Molina G, Reichenbach S. Exercise for
osteoarthritis of the hip. Cochrane Database Syst Rev [Internet]. 2014 Apr 22;

Available from: https://doi.wiley.com/10.1002/14651858.CD007912.pub2

Fransen M, McConnell S, Bell M. Exercise for osteoarthritis of the hip or knee. In:
Fransen M, editor. The Cochrane Database of Systematic Reviews [Internet].
Chichester, UK: John Wiley & Sons, Ltd; 2001. Available from:

https://doi.wiley.com/10.1002/14651858.CD004376

Fransen M, McConnell S, Harmer AR, Van der Esch M, Simic M, Bennell KL.
Exercise for osteoarthritis of the knee. Cochrane Database Syst Rev [Internet]. 2015

Jan 9; Available from: https://doi.wiley.com/10.1002/14651858.CD004376.pub3

Geytenbeek J. Evidence for Effective Hydrotherapy. Physiotherapy [Internet]. 2002

Sep;88(9):514-29. Available from:

148



https://linkinghub.elsevier.com/retrieve/pii/S0031940605601344

211. Dias JM, Cisneros L, Dias R, Fritsch C, Gomes W, Pereira L, et al. Hydrotherapy
improves pain and function in older women with knee osteoarthritis: a randomized
controlled trial. Brazilian J Phys Ther [Internet]. 2017 Nov;21(6):449-56. Available

from: https://linkinghub.elsevier.com/retrieve/pii/S1413355517302514

212. GREEN J, MCKENNA F, REDFERN EJ, CHAMBERLAIN MA. HOME
EXERCISES ARE AS EFFECTIVE AS OUTPATIENT HYDROTHERAPY FOR
OSTEOARTHRITIS OF THE HIP. Rheumatology [Internet]. 1993;32(9):812-5.
Available from: https://academic.oup.com/rheumatology/article-

lookup/doi/10.1093/rheumatology/32.9.812

213. Schencking M, Wilm S, Redaelli M. A comparison of Kneipp hydrotherapy with
conventional physiotherapy in the treatment of osteoarthritis: A pilot trial. J Chinese
Integr Med [Internet]. 2013;11(1):17-25. Available from:

http://dx.doi.org/10.3736/jintegrmed2013004

214. Stubbs B, Aluko Y, Myint PK, Smith TO. Prevalence of depressive symptoms and
anxiety in osteoarthritis: A systematic review and meta-analysis. Age Ageing.

2016;45(2):228-35.

215. Gay M-C, Philippot P, Luminet O. Differential effectiveness of psychological
interventions for reducing osteoarthritis pain: a comparison of Erickson hypnosis and

Jacobson relaxation. Eur J Pain [Internet]. 2002;6(1):1-16. Available from:

149



https://www.sciencedirect.com/science/article/pii/S1090380101902630

216. Sharma A, Kudesia P, Shi Q, Gandhi R. Anxiety and depression in patients with
osteoarthritis: impact and management challenges. Open access Rheumatol Res Rev.

2016;8:103-13.

217. Fitzgerald GK, White DK, Piva SR. Associations for change in physical and
psychological factors and treatment response following exercise in knee osteoarthritis:
An exploratory study. Arthritis Care Res (Hoboken) [Internet]. 2012
Nov;64(11):1673-80. Available from:

https://onlinelibrary.wiley.com/doi/10.1002/acr.21751

218. Zhai Y, LiM, Gao S, Yang L, Zhang H, Arens E, et al. Indirect calorimetry on the
metabolic rate of sitting, standing and walking office activities. Build Environ
[Internet]. 2018;145(July):77-84. Available from:

https://doi.org/10.1016/j.buildenv.2018.09.011

219. Levine JA. Measurement of energy expenditure. Public Health Nutr. 2005;8(7a):1123—

32.

220. Lee SJ, Lee HJ, Jung YJ, Han M, Lee SG, Hong SK. Comparison of Measured Energy
Expenditure Using Indirect Calorimetry vs Predictive Equations for Liver Transplant

Recipients. J Parenter Enter Nutr. 2021;45(4):761-7.

221. Yashoda. How Does a Warm Blooded Animal Get Body Heat [Internet]. Pediaa. 2016.

Available from: https://pediaa.com/how-does-a-warm-blooded-animal-get-body-heat/

150



222.

223.

224.

225.

226.

227.

228.

Cosmed Srl. The gold standard for metabolic measurements in applied human
physiology research. Available from:
https://www.cosmed.com/hires/RMR_Medical Brochure EN C03098-02-

93 print A4.pdf

Macfarlane DJ, Wong P. Validity, reliability and stability of the portable Cortex

Metamax 3B gas analysis system. Eur J Appl Physiol. 2012;112(7):2539-47.

Westerterp KR. Physical activity assessment with accelerometers in children. Indian

Pediatr. 2009;46(12):1053—4.

Montoye AHK, Pivarnik JM, Mudd LM, Biswas S, Pfeiffer KA. Evaluation of the
activPAL accelerometer for physical activity and energy expenditure estimation in a
semi-structured setting. J Sci Med Sport [Internet]. 2017;20(11):1003—7. Available

from: http://dx.doi.org/10.1016/j.jsams.2017.04.011

Caron N, Peyrot N, Caderby T, Verkindt C, Dalleau G. Estimating energy expenditure
from accelerometer data in healthy adults and patients with type 2 diabetes. Exp
Gerontol [Internet]. 2020;134(February):110894. Available from:

https://doi.org/10.1016/j.exger.2020.110894

Ceaser TG. The Estimation of Caloric Expenditure Using Three Triaxial

Accelerometers. 2012;98.

Kingsley MIC, Nawaratne R, O’Halloran PD, Montoye AHK, Alahakoon D, De Silva

D, et al. Wrist-specific accelerometry methods for estimating free-living physical

151



activity. J Sci Med Sport [Internet]. 2019;22(6):677-83. Available from:

https://doi.org/10.1016/j.jsams.2018.12.003

229. Mejias MR. MEMS accelerometers koncna Author : Matej Andrejasi”.

230. Hibbing PR, Lamunion SR, Kaplan AS, Crouter SE. Estimating Energy Expenditure
with ActiGraph GT9X Inertial Measurement Unit. Med Sci Sports Exerc.

2018;50(5):1093-102.

231. Swartz A, Strath S, Bassett D, Brien W, King G, Ainsworth B. Estimation of energy
expenditure using CSA accelerometers at hip and wrist sites. Med Sci Sports Exerc.

2000;32(9):450-6.

232. O’Brien CM, Duda JL, Kitas GD, Veldhuijzen van Zanten JICS, Metsios GS, Fenton
SAM. Measurement of sedentary time and physical activity in theumatoid arthritis: an
ActiGraph and activPAL™ validation study. Rheumatol Int [Internet]. 2020 Sep
29;40(9):1509-18. Available from: https://link.springer.com/10.1007/s00296-020-

04608-2

233. Montoye AHK, Clevenger KA, Pfeiffer KA, Nelson MB, Bock JM, Imboden MT, et
al. Development of cut-points for determining activity intensity from a wrist-worn
ActiGraph accelerometer in free-living adults. J Sports Sci [Internet]. 2020 Nov
16;38(22):2569-78. Available from:

https://www.tandfonline.com/doi/full/10.1080/02640414.2020.1794244

234. LYDEN K, KEADLE SK, STAUDENMAYER J, FREEDSON PS. The activPALTM

152



235.

236.

237.

238.

Accurately Classifies Activity Intensity Categories in Healthy Adults. Med Sci Sport
Exerc [Internet]. 2017 May;49(5):1022—8. Available from:

https://journals.lww.com/00005768-201705000-00020

Larkin L, Nordgren B, Brand C, Fraser A, Kennedy N. THU0630-HPR Validation of
the Activpal™ Activity Monitor for Sedentary and Physical Activity Patterns in
People with Rheumatoid Arthritis. Ann Rheum Dis [Internet]. 2015 Jun 9;74(Suppl
2):1319.1-1319. Available from:

https://ard.bmj.com/lookup/doi/10.1136/annrheumdis-2015-eular.1808

Maly MR, Acker SM, Totterman S, Tamez-Pefia J, Stratford PW, Callaghan JP, et al.
Knee adduction moment relates to medial femoral and tibial cartilage morphology in
clinical knee osteoarthritis. J Biomech [Internet]. 2015;48(12):3495-501. Available

from: http://dx.doi.org/10.1016/j.jbiomech.2015.04.039

Liu S-H, Eaton CB, Driban JB, McAlindon TE, Lapane KL. Comparison of self-report
and objective measures of physical activity in US adults with osteoarthritis. Rheumatol
Int [Internet]. 2016 Oct 19;36(10):1355-64. Available from:

http://link.springer.com/10.1007/s00296-016-3537-9

Dunlop DD, Song J, Semanik PA, Chang RW, Sharma L, Bathon JM, et al. Objective
physical activity measurement in the osteoarthritis initiative: Are guidelines being
met? Arthritis Rheum [Internet]. 2011 Nov;63(11):3372—82. Available from:

https://onlinelibrary.wiley.com/doi/10.1002/art.30562

153



239.

240.

241.

242.

243.

Lee J, Chang RW, Ehrlich-Jones L, Kwoh CK, Nevitt M, Semanik PA, et al. Sedentary
Behavior and Physical Function: Objective Evidence From the Osteoarthritis Initiative.
Arthritis Care Res (Hoboken) [Internet]. 2015 Mar;67(3):366—73. Available from:

https://onlinelibrary.wiley.com/doi/10.1002/acr.22432

Song J, Semanik P, Sharma L, Chang RW, Hochberg MC, Mysiw W/, et al. Assessing
physical activity in persons with knee osteoarthritis using accelerometers: Data from
the osteoarthritis initiative. Arthritis Care Res (Hoboken) [Internet]. 2010
Dec;62(12):1724-32. Available from:

https://onlinelibrary.wiley.com/doi/10.1002/acr.20305

Ezzat AM, Brussoni M, Whittaker JL, Emery CA. A qualitative investigation of the
attitudes and beliefs about physical activity and post-traumatic osteoarthritis in young
adults 3—10 years after an intra-articular knee injury. Phys Ther Sport [Internet].

2018;32:98-108. Available from: https://doi.org/10.1016/j.ptsp.2018.05.001

Chmelo E, Nicklas B, Davis C, Miller GD, Legault C, Messier S. Physical Activity
and Physical Function in Older Adults With Knee Osteoarthritis. J Phys Act Heal
[Internet]. 2013 Aug;10(6):777—-83. Available from:

https://journals.humankinetics.com/view/journals/jpah/10/6/article-p777.xml

Lima L V., Abner TSS, Sluka KA. Does exercise increase or decrease pain? Central
mechanisms underlying these two phenomena. J Physiol [Internet]. 2017 Jul
1;595(13):4141-50. Available from:

https://onlinelibrary.wiley.com/doi/10.1113/JP273355

154



244.

245.

246.

247.

248.

Fernandes L, Storheim K, Sandvik L, Nordsletten L, Risberg MA. Efficacy of patient
education and supervised exercise vs patient education alone in patients with hip
osteoarthritis: a single blind randomized clinical trial. Osteoarthr Cartil [Internet]. 2010
Oct;18(10):1237-43. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S1063458410002013

Al-Khlaifat L, Herrington LC, Hammond A, Tyson SF, Jones RK. The effectiveness of
an exercise programme on knee loading, muscle co-contraction, and pain in patients
with medial knee osteoarthritis: A pilot study. Knee [Internet]. 2016;23(1):63-9.

Available from: http://dx.doi.org/10.1016/j.knee.2015.03.014

Dragoi RG, Ndosi M, Sadlonova M, Hill J, Duer M, Graninger W, et al. Patient
education, disease activity and physical function: can we be more targeted? A cross
sectional study among people with rheumatoid arthritis, psoriatic arthritis and hand
osteoarthritis. Arthritis Res Ther [Internet]. 2013;15(5):R156. Available from:

http://arthritis-research.biomedcentral.com/articles/10.1186/ar4339

Willett M, Duda J, Fenton S, Gautrey C, Greig C, Rushton A. Effectiveness of
behaviour change techniques in physiotherapy interventions to promote physical
activity adherence in lower limb osteoarthritis patients: A systematic review. Regnaux
J-P, editor. PLoS One [Internet]. 2019 Jul 10;14(7):e0219482. Available from:

https://dx.plos.org/10.1371/journal.pone.0219482

Thorstensson CA, Garellick G, Rystedt H, Dahlberg LE. Better Management of

Patients with Osteoarthritis: Development and Nationwide Implementation of an

155



249.

250.

251.

252.

253.

Evidence-Based Supported Osteoarthritis Self-Management Programme.
Musculoskeletal Care [Internet]. 2015 Jun 24;13(2):67-75. Available from:

https://onlinelibrary.wiley.com/doi/10.1002/msc.1085

Hampson SE, Glasgow RE, Zeiss AM. Personal models of osteoarthritis and their
relation to self-management activities and quality of life. J Behav Med [Internet]. 1994

Apr;17(2):143-58. Available from: http://link.springer.com/10.1007/BF01858102

Barlow J. How to use education as an intervention in osteoarthritis. Best Pract Res Clin
Rheumatol [Internet]. 2001 Oct;15(4):545-58. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S152169420190172X

O’Reilly SC, Muir KR, Doherty M. Effectiveness of home exercise on pain and
disability from osteoarthritis of the knee: a randomised controlled trial. Ann Rheum
Dis [Internet]. 1999 Jan 1;58(1):15 LP — 19. Available from:

http://ard.bmj.com/content/58/1/15.abstract

Pak SC, Micalos PS, Maria SJ, Lord B. Nonpharmacological interventions for pain
management in paramedicine and the emergency setting: A review of the literature.

Evidence-based Complement Altern Med. 2015;2015.

Verlaan L, Bolink SAA., Van Laarhoven S., Lipperts M, Heyligers 1., Grimm B, et al.
Accelerometer-based Physical Activity Monitoring in Patients with Knee
Osteoarthritis: Objective and Ambulatory Assessment of Actual Physical Activity

During Daily Life Circumstances. Open Biomed Eng J [Internet]. 2015 Jul

156



254.

255.

256.

257.

258.

31;9(1):157—-63. Available from:

https://openbiomedicalengineeringjournal.com/VOLUME/9/PAGE/157/

Taylor PE, Almeida GJM, Kanade T, Hodgins JK. Classifying human motion quality
for knee osteoarthritis using accelerometers. In: 2010 Annual International Conference

of the IEEE Engineering in Medicine and Biology. 2010. p. 339-43.

Focht BC. Effectiveness of Exercise Interventions in Reducing Pain Symptoms among
Older Adults with Knee Osteoarthritis: A Review. J Aging Phys Act [Internet]. 2006
Apr;14(2):212-35. Available from:

https://journals.humankinetics.com/view/journals/japa/14/2/article-p212.xml

Mancuso CA, Rincon M, Sayles W, Paget SA. Comparison of energy expenditure
from lifestyle physical activities between patients with rheumatoid arthritis and healthy
controls. Arthritis Care \& Res [Internet]. 2007;57(4):672—8. Available from:

https://onlinelibrary.wiley.com/doi/abs/10.1002/art.22689

Gullo TR, Golightly YM, Cleveland RJ, Renner JB, Callahan LF, Jordan JM, et al.
Defining multiple joint osteoarthritis, its frequency and impact in a community-based
cohort. Semin Arthritis Rheum [Internet]. 2019;48(6):950—7. Available from:

https://doi.org/10.1016/j.semarthrit.2018.10.001

Bedson J, Mottram S, Thomas E, Peat G. Knee pain and osteoarthritis in the general
population: what influences patients to consult? Fam Pract [Internet]. 2007 Oct

1;24(5):443-53. Available from: https://doi.org/10.1093/fampra/cmm036

157



259. Kandoi M, Kandoi M. Clinical Features of Osteoporosis. Clin Asp Osteoporos.

2005;6(4):52-52.

260. ACSM. ACSM’s Health-Related Physical Fitness Assessment Manual. 2022. 7 p.

261. How can I pair H9/H10 heart rate sensor with my Polar Device [Internet]. Available
from: https://support.polar.com/en/support/how-can-i-pair-h7-h10-heart-rate-sensor-

with-my-polar-device

262. METAMAX 3B [Internet]. Available from:

https://www.cicadexmedica.com/producto/metamax-3b/

263. Harrington DM, Welk GJ, Donnelly AE. Validation of MET estimates and step
measurement using the ActivPAL physical activity logger. J Sports Sci [Internet].
2011 Mar;29(6):627-33. Available from:

http://www.tandfonline.com/doi/abs/10.1080/02640414.2010.549499

264. Quinn E. Take the Physical Activity Readiness Questionnaire (PAR-Q) [Internet].
Very Well FlIt. 2021 [cited 2021 Apr 29]. Available from:

https://www.verywellfit.com/physical-activity-readiness-questionnaire-3120277

265. Sareen A. Knee Injury and Osteoarthritis Outcome Score [Internet]. Physiopedia. 2020
[cited 2021 Apr 21]. Available from: https://www.physio-
pedia.com/index.php?title=Knee Injury and Osteoarthritis Outcome Score&oldid=2

34498

158



266. Delporte S. Hip Disability and Osteoarthritis Outcome Score [Internet]. Physiopedia.
2019 [cited 2021 Apr 21]. Available from: https://www.physio-
pedia.com/index.php?title=Hip Disability and Osteoarthritis Outcome Score&oldid

=222933

267. Nilsdotter AK, Lohmander LS, Kldssbo M, Roos EM. Hip disability and osteoarthritis
outcome score (HOOS)--validity and responsiveness in total hip replacement. BMC
Musculoskelet Disord [Internet]. 2003/05/30. 2003 May 30;4:10. Available from:

https://pubmed.ncbi.nlm.nih.gov/12777182

268. Roos EM, Lohmander LS. The Knee injury and Osteoarthritis Outcome Score
(KOOS): from joint injury to osteoarthritis. Health Qual Life Outcomes [Internet].

2003 Nov 3;1:64. Available from: https://pubmed.ncbi.nlm.nih.gov/14613558

269. Davis AM, Perruccio AV, Canizares M, Hawker GA, Roos EM, Maillefert J-F, et al.
Comparative, validity and responsiveness of the HOOS-PS and KOOS-PS to the
WOMAC physical function subscale in total joint replacement for Osteoarthritis.
Osteoarthr Cartil [Internet]. 2009 Jul;17(7):843—7. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S106345840900017X

270. Mehta SP, Sankar A, Venkataramanan V, Lohmander LS, Katz JN, Hawker GA, et al.
Cross-cultural validation of the ICOAP and physical function short forms of the HOOS
and KOOS in a multi-country study of patients with hip and knee osteoarthritis.
Osteoarthr Cartil [Internet]. 2016 Dec;24(12):2077-81. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S1063458416302023

159



271. Leeger-Aschmann CS, Schmutz EA, Zysset AE, Kakebeeke TH, Messerli-Biirgy N,
Stiilb K, et al. Accelerometer-derived physical activity estimation in preschoolers —
comparison of cut-point sets incorporating the vector magnitude vs the vertical axis.
BMC Public Health [Internet]. 2019 Dec 6;19(1):513. Available from:

https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-019-6837-7

272. Cheung L. Staying Active [Internet]. Harvard School of Oublic Health. 2022.
Available from: https://www.hsph.harvard.edu/nutritionsource/staying-

active/#:~:text=Physical activities may be rated,Uses 1.5 or fewer METs.

273. FREEDSON PS, MELANSON E, SIRARD J. Calibration of the Computer Science
and Applications, Inc. accelerometer. Med Sci Sport Exerc [Internet]. 1998
May;30(5):777-81. Available from: http://journals.lww.com/00005768-199805000-

00021

274. Matthews CE, George SM, Moore SC, Bowles HR, Blair A, Park Y, et al. Amount of
time spent in sedentary behaviors and cause-specific mortality in US adults. Am J Clin
Nutr [Internet]. 2012 Feb 1;95(2):437-45. Available from:

https://academic.oup.com/ajcn/article/95/2/437/4576797

275. Lyden K, Keadle SK, Staudenmayer J, Freedson PS. The activPALTM Accurately
Classifies Activity Intensity Categories in Healthy Adults. Med Sci Sports Exerc
[Internet]. 2017;49(5):1022-8. Available from:

http://www.ncbi.nlm.nih.gov/pubmed/28410327

160



276.

2717.

278.

279.

280.

281.

McHugh ML. Interrater reliability: the kappa statistic. Biochem medica [Internet].

2012;22(3):276-82. Available from: http://www.ncbi.nlm.nih.gov/pubmed/23092060

Gisev N, Bell JS, Chen TF. Interrater agreement and interrater reliability: Key
concepts, approaches, and applications. Res Soc Adm Pharm [Internet]. 2013
May;9(3):330-8. Available from:

https://linkinghub.elsevier.com/retrieve/pii/S1551741112000642

Jonsson T, Ekvall Hansson E, Thorstensson CA, Eek F, Bergman P, Dahlberg LE. The
effect of education and supervised exercise on physical activity, pain, quality of life
and self-efficacy - an intervention study with a reference group. BMC Musculoskelet
Disord [Internet]. 2018 Dec 21;19(1):198. Available from:
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-018-

2098-3

McKay J, Frantzen K, Vercruyssen N, Hafsi K, Opitz T, Davis A, et al. Rehabilitation
following regenerative medicine treatment for knee osteoarthritis-current concept
review. J Clin Orthop Trauma [Internet]. 2019;10(1):59—66. Available from:

https://doi.org/10.1016/j.jcot.2018.10.018

Anwer S, Alghadir A, Brismée J-M. Effect of Home Exercise Program in Patients
With Knee Osteoarthritis. J Geriatr Phys Ther [Internet]. 2016 Jan;39(1):38—48.

Available from: https://journals.lww.com/00139143-201601000-00006

Spurr GB, Prentice AM, Murgatroyd PR, Goldberg GR, Reina JC, Christman NT.

161



282.

283.

284.

285.

286.

Energy expenditure from minute-by-minute heart-rate recording: comparison with
indirect calorimetry. Am J Clin Nutr [Internet]. 1988 Sep 1;48(3):552-9. Available

from: https://doi.org/10.1093/ajcn/48.3.552

Cudejko T, Button K, Willott J, Al-Amri M. Applications of Wearable Technology in
a Real-Life Setting in People with Knee Osteoarthritis: A Systematic Scoping Review.

J Clin Med. 2021 Nov;10(23).

Ellis K, Kerr J, Godbole S, Lanckriet G, Wing D, Marshall S. A random forest
classifier for the prediction of energy expenditure and type of physical activity from
wrist and hip accelerometers. Physiol Meas [Internet]. 2014;35(11):2191-203.

Available from: http://dx.doi.org/10.1088/0967-3334/35/11/2191

Crouter SE, Clowers KG, Bassett DR. A novel method for using accelerometer data to
predict energy expenditure. J Appl Physiol [Internet]. 2006 Apr;100(4):1324-31.

Available from: https://www.physiology.org/doi/10.1152/japplphysiol.00818.2005

Sliepen M, Brandes M, Rosenbaum D. Current Physical Activity Monitors in Hip and
Knee Osteoarthritis: A Review. Arthritis Care Res (Hoboken) [Internet]. 2017
Oct;69(10):1460—6. Available from:

https://onlinelibrary.wiley.com/doi/10.1002/acr.23170

Dziedzic KS, Allen KD. Challenges and controversies of complex interventions in
osteoarthritis management: recognizing inappropriate and discordant care.

Rheumatology [Internet]. 2018 May 1;57(suppl_4):iv88—98. Available from:

162



https://academic.oup.com/rtheumatology/article/57/suppl_4/iv88/4975695

287. O’Brien CM, Duda JL, Kitas GD, Van Zanten JICSV, Metsios GS, Fenton SAM.
Objective measurement of sedentary time and physical activity in people with
rheumatoid arthritis: protocol for an accelerometer and activPALTM validation study.

Mediterr J] Rheumatol. 2019;30(2):125-34.

163





