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Abstract

Osteoarthritis (OA) is one of the leading causes of pain and disability. Exercise has
been recommended as a core treatment for OA. Exercise behaviour is an essential
factor with kinesiophobia/fear of movement being a major clinical implication.
Understanding exercise behaviour may provide a more comprehensive rehabilitation
programme for individuals with knee osteoarthritis. Therefore, the purpose of the
study was to investigate the relationship between kinesiophobia and outcomes of a

lower limb exercise programme in knee osteoarthritis.

Fifty-four individuals with clinical and/or radiographic knee OA (mean age 63.4 years
(range 47-79); 50% female) completed a 4-week, 8-session lower limb exercise
programme. Tampa scale of kinesiophobia (TSK), physical activity scale for the
elderly (PASE), Knee injury and osteoarthritis outcome score (KOOS), Y balance
test, 6-minute walk test (6MWT) and the 30-second chair stand test with an
activPALE activity monitor were used with six standard physiotherapy questions

asked to give the participants a voice during the research.

Significant results from baseline to 6-weeks post programme were reported in
kinesiophobia, Y balance test, KOOS pain, quality of life, activities of daily living,
symptoms, sport and recreation, PASE, 6MWT and the 30-second chair stand test.
Furthermore, significant results for 7-days of stepping and transitions, and for
cadence banding 110-120 steps per minute. Average steps per day increased from
7,491 to 8,166.

Our findings demonstrate that kinesiophobia and pain reduces after completing the
exercise programme in participants with knee OA. During the exercise programme,
as kinesiophobia reduced, so did the individuals pain, therefore baseline
kinesiophobia scores could be important due to the correlation with pain changes.
Further significant findings demonstrate that the programme increases objectively
measured physical activity attributes and mobility in individuals with knee OA,

therefore having a greater impact on developing and maintaining function.

XViii



CHAPTER ONE

INTRODUCTION

Osteoarthritis (OA) is one of the leading causes of pain and musculoskeletal
disability (National Institute of Clinical Excellence (NICE), 2014) and represents a
typical chronic musculoskeletal condition (Guillemin et al., 2014). The term
osteoarthritis defines a condition that results in a structural and functional failure of
synovial joints (NICE, 2014) and occurs when the failure of the tissues within the
joint are overwhelmed causing progressive cartilage loss, bony remodelling
(osteophyte formation), capsular restriction and generalised muscle weakness
(Felson, 2006). The clinical symptoms of OA include joint stiffness, pain, joint
deformity, and swelling (Altman et al., 1986) with the main contributing factors to the
development and progression being age, obesity, previous joint injury, genetics and
abnormal mechanics (Felson et al., 2000).

The management of knee osteoarthritis can be placed into three categories,
pharmacological, surgical, and conservative management. Usage of
pharmacological treatments such as paracetamol and intra-articular injections
provides a reduction in pain relief (NICE, 2014). However, both have complications
e.g. renal toxicity, septic arthritis, and joint degradation (Cheng & Abdi, 2007;
Lefkowith, 1999). Non-pharmacological core interventions recommended via the
NICE guidelines (2014) include local muscle strengthening, general aerobic
exercises, and education for their effectiveness in reducing pain and increasing
function. Other interventions include weight reduction, foot orthotics, braces and
TENS machines. Surgical interventions may be required, such as arthroscopic
resection, osteotomies, and joint replacements, but come with risks such as
infection, deep vein thrombosis and revision surgery, as a prosthesis life is
approximately 15-years (Nyland et al., 2014; Kerkhoffs et al., 2012; Mantilla et al.,
2003). Health professionals should ensure that core treatments have been provided
with a review of self-management techniques before these options are offered
(NICE, 2014). A conservative approach is usually the first choice for the

management of knee OA, with exercise being an effective treatment with relatively



few contraindications (Page et al., 2011) and evidence is readily available to support
it (Kon et al., 2012).

A reduction in muscle strength is an independent determinant of pain and quality of
life in individuals with knee osteoarthritis (Reid et al., 2015; Hall et al., 2006; Madsen
et al., 1995). Weaker muscle strength around the quadriceps, gluteal muscles and
reduced proprioception directly affect functional performance and have been
associated risk factors for knee OA (Singh et al., 2016; Deasy et al., 2016; Van der
Esch et al., 2014; Hurley et al., 1998). Increasing muscle strength can significantly
reduce knee OA symptoms, pain and therefore improve the quality of life and
activities of daily living (Thorlund et al., 2016; Lun et al., 2015; Henriksen et al.,
2014; Messier et al., 2013; Segal & Glass, 2011; Jenkinson et al., 2009). Chapter 2

discusses exercise and the management of knee OA in more detail.

Further in chapter 2, the evidence for exercise studies is reviewed. Exercise has
been recommended as a core treatment for knee osteoarthritis (NICE, 2014;
McAlindon et al., 2014; Fernandes et al., 2013; Richmond et al., 2010; Mazieres et
al., 2008). Exercise and physical activity are different due to physical activity being
any bodily movement produced by muscles that requires energy expenditure such as
carrying out household chores (World Health Organisation (WHO), 2010). Exercise
is a subset of physical activity, which is planned with purposeful training to increase
fithess and muscle strength (Bouchard et al., 2012; WHO, 2010; Caspersen et al.,
1985). The World Health Organisation (WHO, 2010) recommend 150 minutes of
moderate exercise, or at least 75 minutes of vigorous aerobic exercise per week for
adults and older adults with exercises such as swimming, yoga, cycling and walking
recommended (Figure 1). Exercise programmes for individuals with knee OA that
include both muscle strengthening and aerobic exercises is recommended and
should be completed 3 times per week (Juhl et al.,, 2014). Walking is the most
common exercise employed by older adults (Hootman et al., 2003) with 10,000 steps
per day being effective in improving health (Bravata et al., 2007). Individuals with
knee OA walk approximately 4,000- 6,732 steps per day (Holsgaard- Larsen & Roos,
2012; Talbot et al., 2003) with less than 17% completing the recommended 10, 000
steps per day (White et al., 2014) and less than 6% completing the recommended
guidelines of 100 steps per minute (Physical Activity for Americans, 2008). In

2



addition, objectively measured data show that individuals with knee OA are more

sedentary and complete less transitions (sit to stand etc.), than individuals without

knee OA (Verlaan et al., 2015). Objectively monitoring physical activity is a valid and

reliable measurement tool (Skender et al., 2016; Sliepen et al., 2016; Barden et al.,
2016; Colbert et al., 2010; Verbunt et al., 2009; Liikavainio et al., 2007) compared to
guestionnaires (Plasqui & Westerterp, 2007). Activity monitors should be used in

research (Matthews et al., 2013) to motivate and facilitate behaviour change (Bassett

et al., 2017).

Physical activity benefits for
adults and older adults

4~ BENEFITS HEALTH
<2 IMPROVES SLEEP
B MAINTAINS HEALTHY WEIGHT
@7 MANAGES STRESS
@ MPROVES QUALITY OF LIFE

Cancers (Colon and Breast)

sET -40%
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For a healthy
heart and mind
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&
/4
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785150

(mmmne) (oo
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bones and joints strong chance of falls

Less

BREAK UP
SITTING
TIME

Something is better than nothing.
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Build
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Improve
Balance
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WEEK

Start small and build up gradually:
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MAKE A START TODAY: it's never too late!

UK Chief Madical Officers’ Guidelines 2011 Start Active, Stay Active: http:bit.ly/startactive

Figure 1.
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Despite positive evidence regarding exercise, individuals with knee OA avoid

exercise to prevent pain (Wallis et al.,

2013) and are not achieving the

recommended level of exercise (Farr et al., 2008) with 65% of individuals diagnosed

Gui
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with knee OA being non-compliant with exercises (Bassett, 2003). Psychological
factors such as fear of movement are as important as the physical characteristics
(Nicolson et al., 2017b; Dobson et al., 2016) and this avoidance of exercise could be
related to fear of movement. Kinesiophobia or fear of movement is a psychological
impairment that results from a feeling of vulnerability to a painful injury or re-injury
and therefore prevents individuals completing an activity (Kori et al., 1990).
Kinesiophobia has been found to be a strong predictor for impaired physical
performance, increased disability and it can predict future occupational disability
(Beur & Linton, 2002; Vlaeyen & Linton, 2000; Crombez et al., 1999). Kinesiophobia
is prevalent in individuals with knee OA with greater pain and functional limitations
being reported in individuals with increased kinesiophobia (Sanchez-Heran et al.,
2016; Shelby et al.,, 2012; Somers et al., 2009; Heuts et al., 2004). In addition,
kinesiophobia is also common within chronic knee pain (Doury- Panchout et al.,
2015; Holden et al., 2012; Piva et al., 2009), chronic musculoskeletal pain (Koho et
al., 2001) and after surgical techniques such as joint replacements (Brown et al.,
2016; Filardo et al., 2015; Wade et al., 2012) and post anterior cruciate ligament
reconstruction (Hart et al., 2015b). The increase in kinesiophobia will initially cause
longer hospital stays (Brown et al., 2016) and potentially prolong the rehabilitation
process (Hart et al., 2015b). Equally important is the assessment of balance due to
reduced postural stability in individuals with knee OA (Hinman et al., 2002; Hassan
et al., 2001) which increases the risk of falling (Sorensen et al., 2014) and potentially
altering pain due to fear of movement (Levinger et al., 2016; Bennell & Hinman,
2005). Chapter 2 discusses kinesiophobia, balance and the management of knee
OA in more detalil.

Psychological understanding of kinesiophobia is an essential factor of physical
inactivity in exercise behaviour and therefore the objectives of this thesis are to
investigate specific outcomes for individuals diagnosed with knee OA following a
lower limb exercise programme. The main objective is to investigate the relationship
of a lower limb exercise programme on kinesiophobia in individuals with knee OA.
Further objectives include evaluating functional relationships using the Y balance
test as a functional unilateral limb muscle strength test, evaluating physical activity in
individuals with knee OA using the physical activity scale for the elderly (PASE)
questionnaire, and objectively measuring activity behaviour using an activPALE
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monitor. Evaluating the intensity of exercise programme using the Borg scale, level
of pain using visual analogue scale (VAS) and evaluating changes after the exercise
intervention in relation to pain, function, sport and recreation, activities of daily living
and symptom, using the KOOS questionnaire. Finally, to gain an understanding of
key subjective factors that the participants understand regarding exercise as an

intervention using a semi- structured interview.

The structure of the thesis will review current literature linked to knee OA,
pharmacological management, surgical management and conservative
management. In addition, exercise and kinesiophobia will be reviewed to

demonstrate innovation with the aim to fill the gap from the previous literature.



CHAPTER TWO

LITERATURE REVIEW

2. Database searches

Electronic databases were searched between October 2015 and May 2016, using
keywords of kinesiophobia, knee osteoarthritis, exercise, and physical activity.
Keywords were combined using Boolean oper at ors OANDSOG. Dat aba:
from- NHS evidence, cumulative index to nursing and allied health literature
(CINAHL), Medline, Cochrane library, and Google scholar. QXMD medical
application was downloaded which highlights new published research daily with key

terms of knee osteoarthritis and kinesiophobia.

Table 1. Database Literature Search

Keyword Number of Articles
Kinesiophobia 547

Knee Osteoarthritis 25270

Kinesiophobia ANDOKnee Osteoarthritis | 10

Kinesiophobia ANDOOsteoarthritis 14

Kinesiophobia ANDGEXxercise 1
ANDO Knee Osteoarthritis

Kinesiophobia ANDG&Physical Activity 3
ANDOG Knee Osteoarthritis




2.1. Incidence of osteoarthritis

OA is the third most common condition in the United Kingdom (UK) (Zhang et al.,
2010) with around 8.75 million people having sought treatment within primary care
(Arthritis Research, 2013). In the United States of America (USA), it has been
projected that 26.9 million adults are affected by OA (Centre of Disease Control,
2011) and approximately 250 million affected worldwide (Vos et al., 2012). OA is
characterised by joint stiffness, pain, joint deformity, and swelling (Altman et al.,
1986). Traditionally, OA is most notably associated with the elderly (Buckwalter &
Martin, 2004), with 33% aged over 65 (Lawrence et al., 2008). However, 60% of
adults aged over 50 are affected by the condition (Vad et al., 2002) with severe
difficulties in physical functioning and pain causing long-term disability (Felson et al.,
2000). Abnormal biomechanics, previous joint injury, and gender also play a more
prevalent role in the progression of OA (Felson et al., 2000; Felson et al., 1995).
Comparison of the incidence of OA highlights that hip OA is diagnosed in 88 adults
per 100,000, hand OA is 100 per 100,000 and knee OA being the most common
with 240 adults per 100,000 (Oliveria et al., 1995).

2.2. Incidence of knee OA

Ninety-percent of OA presentation has been reported within the lower limb with
44.7% of sufferers most commonly affecting the knee joint (Segal et al., 2004). An
excessive utilisation of orthopaedic visits by individuals diagnosed with knee OA has
been reported (Wright et al., 2010), with 1 in 5 adults aged 50 and over report
constant pain, rising to 1 in 3 by 75 years of age (Arthritis Care, 2012). Current
statistics report that 4.11 million adults within the UK have clinically diagnosed knee
OA (Arthritis Research UK, musculoskeletal calculator, 2015) and this figure is
expected to increase to 6.5 million by 2020 (Arthritis in General Practice, 2013). By
2030, 8.3 million people in the UK aged 45 could be diagnosed with knee OA
(Arthritis in General Practice, 2013), whereas in the USA, it is expected that 67
million people will suffer from OA in 2030 (Hootman & Helmick, 2006). In the north
west of England 18.77% (573,790) of the population have been diagnosed with
severe knee OA with 20.16% (28,133) being reported within Wigan (Arthritis
Research United Kingdom (UK) - musculoskeletal calculator, 2015). Symptomatic



knee OA occurs in approximately 10-30% of individuals who report significant pain
and disability (Hootman & Helmick, 2006).

2.3. Burden and cost of knee OA

Individuals who suffer from Knee OA require 3 to 5 times more healthcare
interventions than 15-65 year olds (Nicholls et al., 2009). The majority of the
population will access primary care for OA symptoms (Peat et al., 2001) with over 2

million individuals visiting the general practitioner each year (Arthritis Research UK,

2013), with a 12-mintue consultation costing £36 (Loza et al.,, 2009). Onward

referrals into physiotherapy are common with 43% of UK general pr act ist i oner
( GP oreferring individuals for treatment (Walsh & Hurley, 2009). In contrast,
Australian GPO&6s first l ine of treatment S
orthopaedics compared to 18% referring into physiotherapy (Brand et al., 2014). In

2011, the National Health Service (NHS) spent £5 billion managing OA, in addition to

people claiming incapacity for OA, which reached £2.4 billion (Chen et al., 2012).

Indirect costs of symptomatic OA in the UK economy is estimated at £14.8 billion

(Arthritis Research, 2013) compared to $4 trillion within the USA (Hunter, 2011).
Employees who are symptomatic with pain are more likely to have 3 days per year

off (Kotlarz et al., 2010); leading to 36 million working days lost and approximately

£3.2 billion lost in productivity due to physical function difficulties (Chen et al., 2012).
Estimated annual costs per wor ker in Europe have
(Salmon et al., 2016) compared to the USA, which ranges from $9,801 for mild OA

and $22,111 for severe OA (Dibonaventura et al., 2012). Incidentally, the average

medical cost for workers without osteoarthritis is $7,901 (Dibonaventura et al., 2012).
Long-term disability of knee OA is expected to increase by 50% over the next twenty

years (Hunter, 2011), due to the ageing population, obesity and physical inactivity.
2.4. Diagnosis of knee OA

Individuals with knee OA generally present with an insidious discomfort with
functional activities such as walking and climbing, general muscle weakness
especially the quadriceps (Felson et al., 1997) with some individuals with a high pain
tolerance fatiguing with activity. Progressive joint stiffness and contractures develop
due to osteophytes, synovitis, or capsular scarring (Kraus et al., 2005). Warmth,
swelling, and crepitus are common, with OA unlikely to cause pain at rest, which can
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differentiate diagnosis of infection and tumour (Lonner, 2003). Knee OA signs and
symptoms can vary, with inside (medial tibio-femoral), outside (lateral tibio-femoral)
and front (anterior patellofemoral) being affected. Higher pain levels have been
suggested with lateral tibio-femoral knee OA compared to medial and intercondylar

lesions (Arendt- Nielsen et al., 2010).

Radiographic evidence to diagnose knee OA is gold standard (Bijlsma et al., 2011)
and can be classified via the Kellgren and Lawrence scale as grades 1 to 4. Grade 1
highlighting minor structural damage and grade 4 highlighting severe damage within
the joint (Schiphof et al., 2008), the scale is valid, reliable and is the most commonly
used grading scale (Arden & Nevitt, 2006), however it is not sensitive for early stage
OA (Kijowski et al., 2006) (Figure 2). However, positive radiographic findings do not
always correlate with signs and symptoms, with approximately 40% to 50% of
individuals being asymptomatic with positive radiographic findings (Bijlsma et al.,
2011; Altman et al., 1986) and 0.5% of radiographs revealing the need for treatment
(osteonecrosis, osteochondral lesions, fracture and subluxation) (Skou et al., 2014).
In addition, radiographic severity of knee OA is not significantly associated with
improvements in pain after non-operative treatment (Skou et al., 2015).

Kellgren-Lawrence (KL) grading scale

Grade 1 Grade 2 Grade 3 Grade 4
CLASSIFICATION Normal Doubtful Mild Moderate Severe
Minute Definite Joint space
osteophyte: osteophyte: Moderate joint greatly reduced:
DESCRIPTION No features of OA doubtful normal joint space reduction subchondral
significance space sclerosis

Figure 2 Classification of the Kellgren- Lawrence Scale.

Altman et al. (1986) compiled the American Rheumatism Association diagnostic
criteria of OA which highlighted three alternative joint symptoms; firstly crepitus and

morning stiffness; secondly bony enlargement or crepitus and morning stiffness; and
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thirdly crepitus and bony enlargement (Table 2). In addition, the diagnostic criterion
for OA has also been investigated by the European League against Rheumatism
group (Zhang et al., 2010) and has 99% validity with individuals. Individuals must
present with three of the six signs and symptoms, which include pain during activity,
short-lived morning stiffness (less than thirty minutes), functional decline, crepitus,
restricted movement, and bony enlargement. However, it has been suggested that
these guidelines only reflect OA within its advanced stages, due to its very low
sensitivity in relation to symptomatic x-rays (Peat et al., 2006).

Table 2 American Rheumatism Association diagnostic criteria of OA (Altman et
al., 1986)
Clinical & Laboratory | Clinical & Radiographic | Clinical ( knee pain plus at
(knee pain plus at least 5 of the | (knee pain plus at least 1 of | least 3 of the following)
following) the following)
Age >50 years Age >50 years Age >50 years
Stiffness <30 minutes Stiffness <30 minutes Stiffness <30 minutes
Crepitus Crepitus- plus osteophytes Crepitus
Bony Tenderness Bony Tenderness
Bony Enlargement Bony Enlargement
No Palpable Warmth No Palpable Warmth
ESR <40 mm/h
RF <1:40
Synovial fluid consistent with OA
Sensitivity, 92% Sensitivity, 91% Sensitivity, 95%
Specificity, 75% Specificity, 86% Specificity, 69%

Other investigations such as ultrasound, would not penetrate the joint deep enough
(Bijlsma et al., 2011), but could highlight any cartilage displacement (Naredo et al.,
2005). Magnetic resonance imaging would highlight a vast amount of detailed
internal pathology; however, this would be discouraged due to cost and time
implications (Bijlsma et al., 2011). Invasive investigations such as diagnostic
arthroscopy also are recommended to be avoided due to the surgical complications;
however, it could be used when evidence of a loose body is present on x-ray or the
patient reports locking (NICE, 2014).
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Orthopaedic assessments using passive movements of the joints to assess the
range of motion for capsular restriction and end feel was reported by Cyriax (2001)
and supported by Fritz et al. (1998). The suggestion that a greater limitation of
flexion compared with extension would indicate the involvement of the joint capsule;
this restriction could be caused by irritation of the synovial membrane and joint
capsule causing an inflammatory response. Validity and reliability of this assessment
technique have been reviewed, with no difference in movement limitation being
reported with individuals with and without lower limb disorders (Van Trijffel et al.,
2010), particularly within knee and hip OA (Bijl et al., 1998).

2.5. Risk factors for the incidence of knee OA
2.5.1. Age

The prevalence of knee OA increases with age (Buckwalter & Martin, 2004), with a
significant increase of onset from 55 to 75 years of age, with minimal increase after
75 (Jarvholm et al., 2005). Potential explanations for the increase in prevalence
ranges from decreased strength, slower neurological response, reduced balance,
decreased response of chondrocytes by growth factors and age related glycation
end products (Verzijl et al.,, 2003). However, a significant number of symptomatic
individuals with knee OA are younger than 65 years of age, due to the development
of OA through biomechanical issues and injury (Deshpande et al.,, 2016).
Specifically, Losina et al. (2013) found the diagnosis of symptomatic knee OA occurs
much earlier, with an estimated median age of 55 years being reported with
symptoms peaking between 55 and 64 years of age. With an ageing population in
the UK, the risk of developing OA is likely to increase (Loeser, 2013) and further

pressurise the healthcare services.
2.5.2. Gender

Knee OA is more common in females aged over 55 years (67%) (Silverwood et al.,
2015; Bijlsma et al., 2011) compared to males before 50 years (Felson & Zhang,
1998). Statistics support this with females having more consultations for knee OA
than males (2,650,000 versus 2,070,000) (Arthritis in General Practice, 2013).
Females are twice as likely to experience pain and functional decline due to knee

OA, potentially due to central pain processing which alters pain sensations (Staud,
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2011) and other factors such as socioeconomic status, comorbid conditions and

depressive symptoms (Glass et al., 2014).
2.5.3. Hormonal Effect

Inflammatory mechanisms involved with osteoarthritis such as elevated systemic
markers including C reactive protein, clear synovial hyperplasia and dense
mononuclear cell infiltrate (Bonnet & Walsh, 2005; Altman et al., 1986). Furthermore,
hormones such as interleukin, leptin, and estrogen can produce enzymes
responsible for the degranulation of cartilage (Valdes et al., 2010; Lago et al., 2008;
McAlindon et al., 1999; Creamer & Hochberg, 1997; Nevitt & Felson, 1996).

2.5.4. Genetics

Genetic factors contribute to knee OA (Valdes et al., 2010) with approximately 39-
65% in knee OA (Hochberg et al.,, 2013; Spector & McGregor, 2004) due to the
inheritance of nuclear DNA, mitochondrial DNA, telomere length and related cellular

and extracellular components.
2.5.5. Vitamin Deficiency

Vitamin K deficiency has been reported to produce a higher risk of progressing knee
OA, due to its importance in regulating bone and mineralising cartilage (Misra et al.,
2013). Vitamin D and calcium levels have important functions in bone health and
musculoskeletal function, importantly with decreased muscle strength, gait changes,
muscle pain, and postural sway (Sanghi et al., 2013; Wicherts et al., 2007). Despite
this, vitamin D supplementation for knee OA is not recommended, as no significant

changes have been reported in pain and cartilage volume (Jin et al., 2016).
2.5.6. Obesity

Individuals who are obese have an increased risk of progressing knee OA (Felson et
al., 1998) and are 14 times more likely to develop the condition due to a higher
compression forces (Harding et al., 2016). An increase in body mass index (BMI) by
five units is associated with a 35% increased risk of knee OA (Jiang et al., 2012) with
every kilogram of extra weight giving a 9-13 % increased risk of developing
symptoms (Salih & Sutton, 2013; Cicuttini et al., 1996). The relative risk of obesity is
higher in females than males (2.07/1.52) (Felson et al., 1988) with 33.2% of females
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and 27.6 % men in the USA being classified as obese (Baskin et al., 2005).
Interestingly, a prospective study reported that an 8 kilogram increase in weight
between the ages of 20-29 substantially increases the incidence by 1.7 compared to
ages 30-39 and 40-49 (Gelber et al., 1999). In England, a quarter of the population is
obese (Salih & Sutton, 2013) and within Wigan 20.2% of children and 27% of adults
is obese, with 65.3% being classified as having excess weight (Public Health Wigan,
2015). Consequently, obesity and knee OA coincide, with poor function and a
greater risk of a sedentary lifestyle leading to increased disability and a reduction in
quality of life (Ackerman & Osborne, 2012).

2.5.7. Muscle weakness

Quadriceps and gluteal muscle weakness have been associated with knee OA
(Singh et al., 2016; Deasy et al., 2016; Van der Esch et al., 2014). A reduction in
muscle strength is an independent determinant of pain and quality of life in
individuals with knee osteoarthritis (Reid et al., 2015; Hall et al., 2006; Madsen et al.,
1995), with weaker muscle strength and reduced proprioception directly affecting
functional performance (Hurley et al., 1998). Gluteal muscle weakness would result
in an abnormal movement pattern at the pelvis and increase pressure around the
medial aspect of the knee joint (Block & Shakoor, 2010; Linley et al., 2010).
Furthermore, gluteal weakness may increase the valgus or varus deformity at the
knee joint, which is commonly associated with medial and lateral knee OA (Zazulak
et al., 2007). Likewise, quadriceps muscle strength is the main muscle group to
provide knee extension and knee joint stability (Sharma et al., 2001), with weakness
being caused by arthogenic muscle inhibition (Hurley et al., 1998) through altered
joint structure (Sharma et al., 2001). An increase in muscle strength especially with
the quadriceps is linked to reducing the risk of symptomatic knee OA (Thorlund et
al., 2016; Lun et al., 2015; Segal & Glass, 2011; Jenkinson et al., 2009).

2.5.8. Previous joint injury

A greater incidence of knee OA has been detected with people who had anterior
cruciate ligament (ACL) ruptures and meniscal tears (Oiestad et al., 2009; Gillquist &
Messner, 1999). ACL ruptures increase knee OA with a 13% risk (Oiestad et al.,
2009), however, 50% of female soccer players (Lohmander et al., 2004) and 41-78%
of male soccer players will develop knee OA within 15 years (von Porat et al., 2004).
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Furthermore, ligament reconstructive surgery can increase knee OA by 20-50%
(Kramer et al., 2007). Meniscal tears may account for 40-50% of knee OA (Felson,
2013), due to pain and structural damage. It has been suggested that 30-60% of
adults aged 50 and over have incidental meniscal tears (Englund et al., 2008), with a
multivariate regression of 3.0 being suggested for the development of OA following a
menisectomy (Englund & Lohmander, 2004). Finally, the odds ratio for developing
knee OA from a joint injury is 3.8 (Richmond et al., 2013) compared to ACL and
menisectomy, which increases to 7.4 (Anderson & Loeser, 2010). However not all
individuals who sustain joint injury will develop symptomatic knee OA (Holla et al.,
2014).

2.5.9. Occupation

Greater incidence of knee OA have been reported in occupations such as dockyard
workers and miners (Felson, 2004) with activities such as kneeling and lifting
increasing the risk of knee OA (Ingham et al., 2011; Kujala et al., 1995). In addition,
heavy physical activity of more than 4 hours per day or walking 6 miles per week
increased the risk of symptomatic knee OA (Felson et al., 2007). Despite this, the

prevalence of knee OA is higher in the unemployed (Guillemin et al., 2014).

Given the factors in the development and progression of osteoarthritis, many
treatment interventions are available for the treatment of osteoarthritis. These

interventions will be introduced and evaluated in the next section.
2.6. Management of knee osteoarthritis

The management of knee osteoarthritis can be placed into three categories,
pharmacological, surgical, and non-pharmacological management. Pharmacological
management including medications and injections, surgical management including
joint replacement surgery and non-pharmacological management such as education,
exercise, manual therapy, weight loss, and devices such as orthotics (NICE, 2014),
(Figure 3).
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line treatment (NICE, 2008).
2.6.1. Pharmacological
2.6.1.1. Medication

Medication for the treatment of knee OA has been thoroughly investigated and it has
been highlighted that pharmacological treatment does provide symptom relief for
knee OA (Zhang et al., 2010). In addition, pharmacological treatment through
medication prescription via health care prescribers is higher than lifestyle
management (Brand et al., 2014). Paracetamol and non-steroidal anti-inflammatories
(NSAID) are recommended by osteoarthritis research society international (OARSI)
(McAlindon et al., 2014) with paracetamol, being the most commonly used first
choice medication (Zhang et al., 2010; Denoeud et al., 2005). However, a recent
meta-analysis suggests that paracetamol should have no role in the treatment of
knee or hip OA, irrespective of the dosage (Da Costa et al., 2016). Several studies
support the use of NSAID medication in favour of paracetamol (Wegman et al.,
2004), with 150 milligrams of diclofenac being the most effective treatment to reduce
pain and improve function (Da Costa et al., 2016; Altman, 1999). Celecoxib have
been shown to be effective and comparable to diclofenac and ibuprofen
(MacDonald-Wood et al., 2013), however both can cause renal toxicity, and gastro-
intestinal ulceration in as many of 15% to 30% of individuals (Lefkowith, 1999).
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Tanezumab decreases pain and stiffness in individuals with knee OA compared to
placebo, with mean changes between 46-64% for pain and 48-65% for stiffness
compared to 23% and 22% for the placebo (Lane et al., 2010). However, whilst using
tanezumab an increase in joint replacements due to rapidly progressing OA have
been reported (Balanescu et al., 2013; Holmes et al., 2012; Schnitzer et al., 2011).
Further side effects of using tanezumab include paraesthesia, headaches, and upper
respiratory tract infections (Lane et al., 2010). Other medications such as morphine
and ketorolac may provide relief for 24 hours (Richards et al., 2016) and tramadol
can be used for moderate to severe pain relief, although studies have been found it

to be comparable to ibuprofen (Dalgin, 1997).

Usage of pharmacological treatments provides a reduction in pain relief and
increases joint loading (Schnitzer et al., 1993), therefore it should be used in
conjunction with non-pharmacological treatment (Cushnaghan et al., 1994).

2.6.1.2. Injections

Injection therapy has significantly increased over the last 15 years (Koenig et al.,
2016) due to these being cost effective compared to conventional care (Rosen et al.,
2016). Injections may give weeks, months or years of pain relief for individuals with
knee OA (Goodwin & Dawes, 2004; Raynauld et al., 2003) with intra-articular
injections being recommended to complement core treatments for knee OA (NICE,
2014). Injections such as corticosteroid and platelet-rich plasma therapy (PRP) are
currently available to individuals with knee OA. Platelet-rich plasma injections have
shown significant clinical improvements after 12 months (Duymus et al., 2016;
Meheux et al., 2015; Achar et al., 2014) and report better clinical outcomes after 24
weeks compared to hyaluronic acid (Achar et al., 2014), especially in younger
individuals with a minimal degree of cartilage degeneration (Kon et al.,, 2011). A
minimum of two injections are appropriate (Kavadar et al., 2015) with an ultrasound-

guided injection better, due to accuracy (Goodwin & Dawes, 2004).

Although injections are recommended by NICE (2014), the American Academy of
Orthopaedic Surgeons (AAOS, 2013) suggests that there is inconclusive evidence to

recommend corticosteroid injection and hyaluronic acid injections to individuals with
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knee OA (Jevsevar et al., 2013), especially in those with severe knee OA (Maricar et
al., 2017). Furthermore, intra-articular steroid injections in individuals with
symptomatic knee OA only has short term benefits (Babatunde et al., 2017),
increases cartilage volume loss (McAlindon et al., 2017) and may result in higher

joint loading (Briem et al., 2009).

2.6.1.3. Surgical intervention

Surgery for knee OA is available for people who experience reduced function, pain
and stiffness that cause a considerable impact on their quality of life (NICE, 2014;
Arthritis in General Practice, 2013). Importantly, health professionals should ensure
that core treatments have been provided with a review of self-management
techniques (NICE, 2014). It has been reported that by 2030 the rate of surgical
interventions will be nearly 7 times that of 2005 (Kurtz et al., 2007), with knee
arthroplasty surgery increasing by 297% from 2005 to 2040 (Otten et al., 2010). In
the UK, projected estimations for joint replacement surgery in 2035 will rise from 45,
609 to 118,666 with projected counts being higher for females than males (Culliford
et al., 2015, Culliford et al., 2012). In the USA, the surgery rate is expected to grow
further by 673% from 2005 to 2030, leading to 3.5 million procedures (Kurtz et al.,
2007), as a result of societal changes such as obesity and an ageing population
(Hunter, 2011). Despite this it has been reported that 30% of surgical procedures are
inappropriate (Herndon et al., 2001), especially in relation to knee OA (Kirkley et al.,
2008).

Total knee replacements (TKR) are effective in providing pain relief, improving
function, and quality of life after 12 months with moderate to severe knee OA (Skou
et al., 2015). Surgeons are more likely to complete TKR surgery in individuals with
severe OA and at a higher age range (average age being 73.3 years) (Verra et al.,
2016). Uni-compartmental knee replacements can be used before a TKR is
necessary and they highlight improved walking speed and step frequency (Webster
et al., 2003). Arthroscopic resection is common in middle aged or older people with
knee pain (Hawker et al., 2008), although no differences in pain and function have
been shown (Zhang et al., 2008) and is not recommended by NICE (2014).

Furthermore, a Cochrane review of eight studies highlighted that high tibial
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osteotomies reduces pain and improve function (Brower et al., 2014). However,
there is no evidence to compare the osteotomy to other surgical technigues such as
total knee replacement. Post-operative complications are causes of concern with
approximately 32% of individuals undergoing knee surgery being at risk of post-
operative complications (Sridhar et al., 2012). Serious adverse events post knee
replacement surgery can occur with obese individuals at greater risk of infection
(1.9%), (Kerkhoffs et al., 2012), deep vein thrombosis (1.5% for every 5 kilogram
overweight), (Mantilla et al., 2003) and knee replacement revision surgery (1.79%)
(Kerkhoffs et al., 2012). Similarly, younger individuals are likely to have a high

revision rate based on a 15-year prosthesis life (Nyland et al., 2014).

Average recovery times for knee replacements to return to low impact physical
activity varies between 4.1 months and 6 months with a uni-compartmental
replacement being 3.6 months (Papalia et al., 2012; Hooper & Leach, 2008;
Argenson et al., 2008). Despite the return to activity, the amount of the physical
activity reduced from 62.7 minutes pre- operation to 37.5 minutes after a total knee
replacement, with sporting activity reducing from 34% pre-surgery to 5% post-
surgery (Papalia et al., 2012; Hooper & Leach, 2008; Argenson et al., 2008). Pre-
operative rehabilitation focusing on the hamstring and quadriceps muscles can
improve self-reported outcomes, activities of daily living and involvement in sports
(Kean et al., 2011). Individuals with OA already fall short of public health guidelines
for physical activity (Dunlop et al.,, 2011) and further reductions of activity post-
surgery will have implications on other health related disorders or other arthritic
joints. Lefevre et al. (2013) suggested that lack of willpower on part of the patient or
negative advice from the orthopaedic surgeons could be plausible reasons regarding
return to sport post-surgery. In addition to reduced physical activity, high level of
psychological stress such as pain catastrophizing have been shown in post-surgical
patients (Riddle et al., 2010), with 16% of patients still struggling with pain after 12
months (Papalia et al., 2012).

Reduced function and physical activity is a possibility after knee surgery with 34% of
individuals completing activities such as cycling, swimming, and hiking after joint
replacement surgery. However, 5-years after knee surgery only 5% of individuals
were completing 2 hours a week of activity (Huch et al.,, 2005). Sports such as
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tennis, football and down-hill skiing are not recommended after joint replacement
(Huch et al., 2005) with low impact activities increasing and high impact activities

decreasing (Waldstein et al., 2016).

Even though surgical management of knee OA is available, some individuals may
not be suitable candidates for surgery, as they may be deemed too young for
surgery or they may not want surgery. Surgery is of great expense to the NHS with
over 70,000 surgical procedures for knee OA being performed in the UK in 2011,
each costing approximately £20-30,000 per operation (Dakin et al., 2012), in addition
the risk of post-operative complications are as high as 32% (Sridhar et al., 2012). It
has been reported that by 2030 the rate of surgical interventions will be nearly 7
times that of 2005 (Kurtz et al., 2007), due to societal changes such as obesity and

an ageing population (Hunter et al., 2011).

Doctors, surgeons, and health professionals should counsel individuals regarding
exhausting conservative options for the treatment of knee OA, and if they have to
undergo knee replacement surgery, physical activity, and exercise is essential so

that long-term function of the surgery can be self-managed.

2.6.2. Conservative Management

Conservative management is usually the first choice for the management of knee
OA, with weight loss, biomechanical devices such as orthotics or knee braces,
manual therapy, education, and exercise recommended (NICE, 2014).

2.6.2.1. Weight loss

Obesity and being overweight costs the NHS approximately £5.1 billion each year
(Scarborough et al., 2011). Jiang et al. (2012) reported a 35% risk of developing
knee OA with a five-unit increase in the body mass index (BMI), therefore reducing
weight can significantly reduce the symptoms of knee OA, by lowering compressive
loads (Messier et al.,, 2011). Reducing body weight by 5-10% can have positive
benefits for overall health (Nevitt & Lane, 1999) with an 11-pound weight loss during
a 10-year period decreasing the risk of OA by 50% (Christensen et al., 2005; Felson
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et al., 1992). A 10% reduction has been recommended for knee OA (Messier et al.,
2011). Reducing weight through a combined fat and calorie restriction diet with
increased physical activity, behavioural re-enforcement and an extended weight-
maintenance programme may be required (Nevitt & Lane, 1999). Otherwise, gastric
band surgery can considerably decrease pain, improve function, and improve knee
range of motion with 100-pound weight loss over a 12-18 month period being
recommended (Hooper, 2005). Further interventions to reduce load would be the use
of biomechanical devices such as foot orthotics and knee braces which will be

appraised in the next section.

2.6.3. Biomechanical Devices

2.6.3.1. Foot Orthotics

Foot orthotics and knee bracing are recommended to be used as an adjunct to core
treatments for knee OA (NICE, 2014) with lateral wedge orthotics being reported to
reduce pain and improve function (Baghaei Roodsari et al., 2016). In addition, the
lateral wedge orthotic can reduce load within the knee by increasing foot pronation
which re-aligns the femur and tibia into a more upright position (Jones et al., 2015;
Russell & Hamill, 2011; Shelburne et al., 2008) and is more effective with medial
compartment knee OA (Baghaei Roodsari et al.,, 2016). In addition, lateral wedge
orthotics has been investigated to reduce the knee abduction moment, to reduce the
load on the knee joint (Jones et al., 2013; Hinman & Bennell, 2009). Economically,
for every £1 spent on orthotics, the NHS will save £4 (Boxer & Flynn, 2004).
However, within the NHS, the primary response for treatment is pain and therefore
this is addressed initially in individuals with knee OA, with orthotics not being
prescribed, therefore issuing orthotics in conjunction with other treatments such as

exercise and weight loss would be a long-term cost effective treatment (NICE, 2014).

2.6.3.2. Bracing

Valgus knee bracing also decrease pain, reduce joint stiffness and improve physical
function (Steadman et al.,, 2016; Raja & Dewan, 2011). In theory, medial

compartment knee OA is usually the most common area of degeneration due to the
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varus knee movement during the gait cycle, with the knee brace applying a valgus
force to decrease the load on the medial compartment resulting in a reduction in pain
(Lindenfield et al., 1997). Systematic reviews and meta-analyses demonstrate that
the valgus knee o6unl oaderd brace for

moment (Petersen et al., 2016), provides a small to moderate improvement in pain
(Moyer et al., 2015) and does not hinder the disease progression (Steadman et al.,
2016). Equally, quadriceps muscle strength increased from 36.8 n to 42.8 n with the
use of braces (Matsuno et al., 1997). Incidentally, long-term usage of the knee brace
with patient adherence is not high (Felson, 2009). Squyer et al. (2013) found a
reduction in the usage of a knee brace after 2 years, with 25% of individuals with
knee osteoarthritis reporting regularly use. Brace discomfort, skin irritation, poorly
fitted and symptom relief where all reasons for not using the brace, therefore using

the brace initially to reduce symptoms could be beneficial.

Despite this positive evidence, Duivenvoorden et al. (2015) compiled a Cochrane
review and found inconclusive evidence for the benefit of pain, function, quality of life

for the usage of lateral wedge insoles and valgus knee braces.

2.6.4. Physiotherapeutic Management

Physiotherapy treatments include core treatments that are included in the NICE
(2014) guidelines such manual therapy, electrotherapy, education, and exercise.
Alternative interventions such as acupuncture and massage are also being utilised
within the NHS.

2.6.5. Manual therapy

Manual therapy within physiotherapy is widely used as a treatment for knee OA
(Page et al., 2011), as it can reduce pain, improve function (Crossley et al., 2002;
Deyle et al., 2000) and is a cost effective approach (Korthals-de Bos et al., 2003).
Sixty-percent of physiotherapists within the United Kingdom use manual therapy,
with thirty-six percent using manual therapy to increase range of motion and forty-six
percent using it to decrease pain (Walsh & Hurley, 2009). Evidence for manual
therapy is equivocal, due to the small amount of randomised control trials (Brakke et
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al.,, 2012) and has been recommended as an adjunct to core treatment (NICE,
2014). For example, a systematic review of manual therapy for knee OA (3 studies
with 280 subjects) highlighted that all studies reported short term benefits with
inconclusive evidence for pain and function being reported for individuals with hip or
knee OA (French et al., 2011).

People diagnosed with knee OA present with weak muscles and reduced
proprioception that affects joint mechanics and functional ability (Hurley et al., 1998).
Restricted joint mobility especially into knee flexion appears reduced with knee OA
(Steultjens et al., 2000). Manual therapy has neuro-physiological (De Vocht et al.,
2005) and biomechanical responses (Coppieters & Butler, 2008) by inhibiting and
modulating pain (Courtney et al., 2010; Moss et al., 2007), activating the central
nervous system (Murphy et al., 1995) and altering the inflammatory process by
reducing blood and serum levels (Teodorczyk- Injeyan et al., 2006; Smith et al.,
1994). In conjunction, releasing entrapped synovial folds, relaxing hypertonic
muscles, disrupting articular adhesions and releasing stiff motion segments
(Shekelle, 1994) have been reported.

Specifically related to knee OA, positive effects of manual therapy provided better
outcomes on the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) after 9-weeks, which highlighted short-term benefit (Fitzgerald et al.,
2016), with a single thirty-minute manual therapy session, significantly increasing the
knee range of movement (Taylor et al., 2014). Passive knee mobilisations into
extension significantly improved extension with positive effects on pain and reduced
function (Kappetijin et al., 2014) and self-manual therapy decreased pain at 4-weeks

and increased flexion and extension at 4 and 12-weeks (Cheawthamai et al., 2014).

Various manual techniques and protocols have been used within clinical trials for
knee OA, techniques such as grade four medial mobilisations with tibial adduction
and grade four lateral mobilisations with tibial abduction completed twice per week
for four weeks (Cheawthamai et al., 2014). Anterior gliding at the knee joint, posterior
gliding, distal gliding of the patella and distraction of the knee in flexion/extension
have been completed to increase range of movement and enhance pain modulation

(Courtney et al., 2016; Ko et al., 2009). Other techniques such as mobilisations with
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movement are beneficial (Hing et al., 2009; Wilson, 2001), with significant
improvements for knee flexion and immediate pain relief being suggested for the

early OA knee management (Takasaki et al., 2013).

Manual therapy in conjunction with exercise provides greater relief and functional
improvements (Abbott et al., 2015; Crossley et al., 2015; Rhon et al., 2013; Ko et al.,
2009; Deyle et al., 2005), with improvements in the 6-minute walk test (Deyle et al.,
2000). Various timeframes have been reported for improvements, 8-weeks (Deyle et
al., 2000), 12 sessions (Abbott et al., 2015) and a 9-month period (Crossley et al.,
2015).

2.6.6. Electrotherapy

Electrotherapy is a common treatment modality used in physiotherapy with 66% of
physiotherapists in the United Kingdom using modalities such as ultrasound, pulsed
shortwave, interferential and transcutaneous electrical nerve stimulation (TENS)
(Walsh & Hurley, 2009). Within the United States of America (USA), forty-five
percent of physicalt her api st s wuse el fercréeducing paia rinathey fiof t
treatment of knee OA (Macintyre et al., 2013). NICE do not support the use of
unproven electrotherapy modalities such as interferential, ultrasound and pulsed
shortwave in the treatment of knee OA (NICE, 2014). Even though many
physiotherapists use electrotherapy, medical literature does not support the use of
electrotherapy in OA (McCarthy et al, 2006; Wrightson & Malanga, 2001; Sutcki &
Kroeling, 2000). Primary reasons for not supporting the use of electrotherapy are
due to the limited treatment length, inconsistent dosage, uncontrolled treatment area,
and mechanical frequencies (Fransen, 2004). Additionally, electrotherapy is a
passive treatment that is relatively expensive to use and encourages dependence on

the therapist (Osiri et al., 2000) and should be discouraged from use by clinicians.

2.6.6.1. Transcutaneous Electrical Nerve Stimulation (TENS)/Interferential

TENS is the only electrotherapeutic modality for which there is some evidence, as it
is safe, relatively inexpensive and can be used independently by individuals,
however it must be used as an adjunct treatment (NICE, 2014). TENS and

interferential have been shown to reduce pain, however limited robust evidence is
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available due to the limited number of high quality trials (Zeng et al., 2015).
Contrastingly, the use of TENS and interferential are not effective for pain relief
(Rutjes et al., 2009). OARSI guidelines are uncertain about the usage of it
(McAlindon et al., 2014) with no benefits being shown in a randomised control trial

using TENS in conjunction with education and exercise (Palmer et al., 2014)

2.6.6.2. Ultrasound

Ultrasound is the most commonly used electrotherapy modality with over forty-six
percent of physical therapists in the USA endorsing ultrasound as a treatment for
knee OA (Macintyre et al., 2013). Ultrasound is safe to use on a short term basis
(Ulus et al., 2012) and has positive effects in reducing pain and improving function
especially increasing greater outcomes with the 6-minute walk test (6MWT)
(Mascarin et al., 2012). Systematic reviews suggest that pulsed ultrasound is more
effective in pain relief with WOMAC scores being significantly better (Tascioglu et al.,
2010) with continuous ultrasound having minimal differences (Zeng et al., 2014).
However, more rigor and adequately powered studies are required to enhance the
qguality of evidence (Loyola- Sanchez et al., 2010). OARSI guidelines do not

recommend ultrasound for clinical use (McAlindon et al., 2014).

2.6.6.3. Laser therapy

Laser therapy is used in physiotherapy due to being effective in modulating
inflammatory mediators and cells such as macrophages and neutrophils (Alves et al.,
2013). Previous studies report limited effectiveness in pain, strength and joint activity
(Tascioglu et al., 2004; Bulow et al., 1994). However, laser therapy can reduce
symptoms in individuals with knee OA (Bjordal et al., 2003) with a significant
reduction in nocturnal pain, pain on walking and pain on walking upstairs
(Soleimanpour et al.,, 2014; Alghadir et al.,, 2014) being reported. Furthermore,
application of short-term laser in specific acupuncture points in conjunction with an
exercise programme is effective in reducing pain and improving quality of life (Al-
Rashoud et al., 2014). However, the best available evidence via a systematic review
and meta-analysis does not support laser therapy (Huang et al., 2015).
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2.6.6.4. Pulsed Shortwave
Pulsed shortwave is commonly utilised within the United Kingdom (Al-Mandil &
Watson, 2006) due to the reduction in inflammation (Goldin et al., 1981). Shortwave

can be effective in the management of chronic pain in individuals with knee OA
(Masala et al., 2014), however a systematic review by McCarthy et al. (2006) found
pulsed shortwave electrotherapy is not clinically significant with no difference on pain

and function.

2.6.6.5. Shockwave

More recently, the use of shockwave therapy for the treatment of knee OA is
becoming more common. Four to seven weekly treatment sessions have been
effective in reducing pain and improving function, with no adverse reactions reported
(Zhao et al.,, 2013). Further research is required to highlight the benefits of
shockwave therapy, in the early or late stages of OA compared with conventional
treatment (Zhao et al., 2013).

2.6.7. Massage

Massage therapy is one of the most commonly utilised treatments in the USA by
individuals suffering with musculoskeletal conditions (Barnes et al., 2008). Within the
UK, massage for the treatment of OA is being undertaken by 5% of physiotherapists
(Walsh & Hurley, 2009). Massage consists of applying direct hands on contact with a
body part to manipulate tender muscle groups as well as muscles that are in spasm
(Shengelia et al., 2013). Massage can be used to alleviate pain, reduce stress and
anxiety, and aid relaxation (Ernst, 2002), with a systematic review supporting its use
in musculoskeletal treatment and being clinically relevant for up to 9-months
(Forestier et al., 2016). Atkins & Eichler. (2013) found that 20 minutes of massage,
twice per week for 5-weeks, improved pain and reduced stiffness, yet reported
limited change to the range of motion within the specific joints. Equally, Yip & Tam
(2008), reported positive effects with 6 sessions of 30 minutes of massage over 3-
week period. Specifically related to knee OA, whole body massage therapy can
reduce pain with eight weekly, 1-hour sessions (Juberg et al., 2015; Perlman et al.,
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2012). However this level of pain relief would potentially only last for a few weeks
(Perlman et al., 2006), consequently massage as a treatment for knee OA is not
recommended by NICE (2014).

2.6.8. Hydrotherapy

Hydrotherapy for knee OA significantly improves pain, reduces disability, and
improves quality of life (Silva et al., 2008). Water buoyancy and warm water reduces
the weight that passes through the joints, enabling individuals to move relatively
freely with minimal pain (Hinman et al., 2007). For example, a waist-deep step up in
the pool indicating a 50% reduction in load (Rahman et al.,, 2009). In a recent
Cochrane review, moderate quality of evidence for hydrotherapy has been
highlighted with small short-term improvements in pain and disability and a small
effect of quality of life (Bartels et al., 2016). Mean duration of hydrotherapy being 12-
weeks. Similarly, Hinman et al. (2007) reported a 72% improvement in global pain
and a 75% in physical function, with the benefits of hydrotherapy being maintained at
6-weeks as well as 84% continuing with activity. Furthermore, hydrotherapy is
extremely beneficial for obese individuals with severe OA, with early access to the
warm water and pressure reduction on the joints assisting pain and movement
(Bennell et al., 2014; Lim et al, 2010). Comparing land-based activity to
hydrotherapy has been shown to have similar effects on symptoms; however,
hydrotherapy has a slightly higher compliance rate than land-based activity (84% to
75%) (Lund et al., 2008; Foley et al., 2003).

2.6.9. Alternative therapy used in the NHS

Alternative therapy is becoming a popular treatment for knee OA (Herman et al.,
2005), primarily due to the beliefs that it is free from adverse reactions (Vitetta et al.,
2008). Acupuncture, yoga, pilates, and Tai chi are methods currently used within the
NHS.
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2.6.9.1. Acupuncture

Acupuncture is the most common complementary therapy practiced (Barnes et al.,
2008; Manyanga et al., 2014), due to the positive effects on pain (Berman et al.,
2004; Witt et al.,, 2005; Scharf et al., 2006; Kwon et al., 2006; Lu et al., 2010;
Shengelia et al., 2013; Spaeth et al., 2013; Hinman et al., 2014; Ginnerup- Neilsen et
al., 2016). Approximately, 60% of physiotherapists within the UK use acupuncture for
the treatment of knee osteoarthritis (Walsh & Hurley, 2009), with less than 25% of
Norwegian physiotherapists using acupuncture for knee OA (Jamtvedt et al., 2008).
Within the USA, 0.52% of the population received acupuncture as a treatment for
knee OA (Dhawan et al., 2014).

Acupuncture can reduce pain due to the functional modulation capacity within the
brain and the descending pain pathway (Chen et al., 2015), it is completed by
energising specific points throughout the body with small thin needles to unblock
energy pathways (Shengelia et al., 2013). Specific points that reduce symptoms in
knee OA are ST 34, Ex-LE 4, ST 36, SP 9, SP 10 (Taechaarpornkul et al., 2009)
with the number of treatments ranging from 2 to 26 (Kwon et al., 2006). However, the
number of needles that can be used for knee OA can range from two to six (Selfe &
Taylor, 2008). Using fewer needles can cause greater pain relief (Kam et al., 2002);

both are sufficient but are not clinically significant (Taechaarpornkul et al., 2009).

Evidence to support acupuncture for the treatment of knee OA is moderate (Witt et
al., 2006; Jamtveldt et al., 2008; Hou et al., 2015) with 69% of individuals reporting
excellent responses to acupuncture and it should be recommended in conjunction
with other therapies (Kam et al., 2002). Vickers et al. (2012) compiled a meta-
analysis that supports using acupuncture for 8-weeks, as it significantly reduced pain
and improved function, however, the results were not reported as being clinically
significant, and the benefits decreased over time. Manyanga et al. (2014) completed
a systematic review and found that acupuncture can cause significant reductions in

pain, but its usage did not meet the minimal clinical difference threshold.

Controversy remains regarding acupuncture with NICE (2014), OARSI (McAlindon
et al., 2014) and the American Association of Orthopaedic Surgeons (AAOS, 2013)
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not recommending it for the use in knee OA, due to the majority of studies being
clinically insignificant with inconsistent or inconclusive evidence (Manheimer et al.,
2010; Nelson et al., 2014). Examples of the inconsistencies being reported include
acupuncture having no benefit with people over 50 years of age diagnosed with
moderate or severe chronic knee pain (Hinman et al.,, 2014), yet the American
college of rheumatology recommends the use of acupuncture for chronic or severe
OA (Hochberg et al., 2012). More robust evidence is required (Hou et al., 2015),
especially in the primary care setting (Nelson et al., 2014).

2.6.10. Education

Education or advice regarding self-management is recommended as a core
intervention for individuals with knee OA (NICE, 2014; McAlindon et al., 2014;
Fernandes et al., 2013; Richmond et al., 2010; Mazieres et al., 2008). Knee OA is a
complex condition, which involves having an understanding of the bio-psychosocial
aspects. It is important to understand that the structural changes within the knee do
not always account for musculoskeletal pain with socioeconomic and environmental
factors being involved. Underst andi ng the i ndivi dftinadcéss bel i
time management, and social supports are important to successful treatment (Hurley
& Walsh, 2009). Specific education in regards to the mechanics of the condition,
physiology and treatment options can enhance the treatment of OA, with simple
examples being to have a brief discussion about activity and load modification
(Zhang et al., 2010), such as walking instead of running, (American Academy of
Orthopaedic Surgeons, 2008). The Enabling Self-management and Coping with
Arthritic Knee Pain through Exercise (ESCAPE- knee programme) is a 12-session
programme, completed twice per week, which involves education and exercise.
Education such as coping strategies to understand why the pain is present and what
might be causing it are included with an exercise programme being completed,
which is designed for individuals with knee OA. This programme has produced better
clinical outcomes, such as pain reduction, increased function and an increased
quality of life (Hurley et al., 2007; Hurley et al., 2012). In addition, individuals with
knee OA had positive experiences of the programme and became more confident
with self-managing the condition. Long-term analysis of the ESCAPE programme

was found to be cost effective and although the individuals function declined over
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time, the improvements were better compared to standard care (Hurley et al., 2012).
Further education in regards to the use of thermotherapy is encouraged as an
adjunct treatment alongside core treatments as part of the self-management process
(NICE, 2014).

2.6.11. Exercise & Physical Activity

Most physiotherapists consider exercise and physical activity as part of the clinical
role (Shirley et al., 2010) with both being established as part of the routine
examination and treatment for chronic musculoskeletal (MSK) conditions.
Physiotherapists within a primary care setting are in a unique position to incorporate
this, with the aim of improving physical fitness. Exercise and physical activity are
different due to physical activity being any bodily movement produced by muscles
that requires energy expenditure such as carrying out household chores (WHO,
2010). Exercise is a subset of physical activity, which is planned with purposeful
training to increase fitness and muscle strength (Bouchard et al., 2012; WHO, 2010;
Caspersen et al., 1985).

Physical activity has been described as a miracle cure for the treatment and
prevention of pathology (Academy of Medical Royal Colleges, 2015). The World
Health Organisation (WHO, 2010) recommends 150 minutes of moderate, or at least
75 minutes of vigorous aerobic exercise per week. Recommendations include
muscle strength activities that work all major muscle groups on at least 2 days per
week (Verhagen & Engbers, 2009). Research has highlighted that 50% of the
recommended levels (72 minutes) appears sufficient to provide some improvement,
with 60 minutes of daily activity being more appropriate for weight control (Lee et al.,
2010). Higher physical activity is associated with maintained physical function,
highlighting the importance of encouraging physical activity in older adults at risk of
osteoarthritis (Batsis et al., 2015) and many other conditions such as fibromyalgia,
diabetes and hypertension (Pederson & Saltin, 2006; Warburton et al., 2006).
Individuals with musculoskeletal conditions have significantly poorer physical fitness
and complete less physical activity compared to the normal population (Penninx et
al., 2001), with individuals with knee OA spending two-thirds of their daily time being

sedentary (Lee et al., 2015). Lower physical activity levels are associated with knee
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OA, with a strong correlation highlighted in Spain and the UK (Herbolsheimer et al.,
2016). Levels of physical inactivity have increased, with 72% of the population in
England, Portugal, Sweden, and Norway not meeting the recommended guidelines,
with 23% of individuals accumulating 10 hours of sedentary time per day with only 36
minutes of moderate to vigorous activity per day (Loyen et al., 2016). Incidentally,
England reported the most physically inactive population and Norway showing the
highest levels of sedentary time (Loyen et al.,, 2016). Physical inactivity is now
identified as the 4" leading cause of global mortality (WHO, 2010; Hu et al., 2004)
with adults spending approximately 46%-73% of waking hours sedentary (Holm et
al., 2015), this may be detrimental in the short term and long term. It was estimated
in 2006-2007, that physical inactivity cost the NHS approximately £936 million
(Allender et al., 2007), with physical inactivity in conjunction with obesity costing
approximately £5.1 billion (Scarborough et al., 2011).

Walking is the most common form of exercise and physical activity employed by
older adults (Hootman et al., 2003) with recent data suggesting that adults walk
between 6,540 and 9,676 steps per day (Tudor-Locke et al., 2009), with end stage
knee OA individuals walking 6,732 steps per day (Holsgaard- Larsen & Roos, 2012).
Walking 10,000 steps per day is effective in improving health (Bravata et al., 2007)
and is more likely to meet physical activity guidelines. Increasing specific walking
goals enhances self-efficacy and promotes the sense of accomplishment (Bellentani
et al.,, 2008), with an increase of 1,000 being suggested (Fabricatore, 2007).
However, the American college of sports medicine recommending at least 7,000
steps a day for developing and maintaining function (Garber et al., 2011; Tudor-
Locke et al., 2011). Furthermore, over the last 20 years the arthritis foundation has
developed activity programmes for people with OA, such as the walk with ease
programme, which has increased physical activity by improving muscle strength and
walking performance (Talbot et al., 2003). Other programmes such as the arthritis
foundation exercise programme, arthritis foundation aquatic programme and a Tai
Chi programme (Callahan et al.,, 2008) can be completed solo or as a group to
improve physical activity, improve walking, reduce depression, and reduce pain.
More recently, White et al. (2014) found that 16.7% of men and 12.6% of women
walked more than 10,000 steps per day, with only 6% of men and 5% of women
meeting the guidelines of 150 minutes per week including 100 steps per minute
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(Physical Activity for Americans, 2008). Despite this, Dore et al. (2013) suggested
that individuals with knee abnormalities should avoid completing more than 10,000
steps per day, due to an increase in bone marrow lesions and greater risk of
cartilage pathology.

Increasing physical activity is an important aspect of rehabilitation, with the usage of
activity monitors being an effective way to improve health by significantly increasing
activity and reducing BMI (Bravata et al., 2007). Advantages of using an activity
monitor are that they are not subject to bias, easy to measure activity, compared to
self-reporting diaries and they are relatively small (Lee et al., 2015). Harris et al.
(2009) utilised an activity monitor to record an average daily step count for healthy
older people registered within a general practice, participants achieved an average
of 6,443 steps, with the step count declining with age. Increased step counts were
associated with activities such as dog walking and long walks. In addition, further
studies show that low physical activity recordings on activity monitors are associated
with a poor quality of life (Fox et al., 2007) and depression (Yoshiuchi et al., 2006).
Therefore using a step count goal may be a positive factor to increase physical
activity (Bravata et al., 2007) with a reported effect size of 2,000 more steps being
suggested (Kang et al., 2009). Specifically relating to individuals with knee OA,
Holsgaard- Larsen & Roos. (2012) used an armband activity monitor with individuals
with end stage knee and hip OA and found that high physical activity is possible. In
addition, Farr et al. (2010) completed a pre- and post-intervention study using activity
monitors, comparing resistance training and self-management techniques, both
groups registered 26.2 minutes of activity per day, with the resistance-training group
increasing their activity by 18% and maintained a higher level of activity at 9 months.
Questionnaire based physical activity measures are more often utilised in clinical
practice due to the ease to administer and cost, however response bias and social
desirability report imprecise results (Shepherd, 2003). Correlating activity monitor
data with a specific physical activity questionnaire would provide a cost effective

approach to understanding physical activity behaviour.
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2.6.11.1. Biochemical effects of exercise

Exercise has been suggested to have a systemic anti-inflammatory effect (Petersen
& Pedersen, 2005) with a single session resulting in an intra-articular anti-
inflammatory response through interleukin-10 (Helmark et al., 2010) and a reduction
in C-reactive protein (Fedewa et al.,, 2016). Steensberg et al. (2000) found that
during a prolonged single-leg stand an increase in interleukin-6 (IL-6) was produced,
similar amounts of IL-6 were associated with concentric and eccentric activity
(Jonsdottir et al., 2000) which contributes to the acute phase of healing (Gleeson,
2000). Adequate nutrition of the joint depends on the pump effect of synovial fluid, as
the joint fluid viscosity increases through movement (Miyaguchi et al., 2003),
inflammatory exudate will be removed from the joint (Cochrane et al., 2005).
Following this, a higher cartilage proteoglycan content (Mikesky et al., 2006), an
increase in mitochondriogenesis (Holloszy & Coyle, 1984) and an elevated
oligiomatrix protein which effects cartilage matrix (Andersson et al., 2006), therefore
preventing cartilage degeneration (Mikesky et al., 2006). Endocrine function is also
important in OA, with the potential effects between leptin and adiponectin on the
inflammatory process (Scotece et al., 2011). Physical activity is advantageous for
people with a high baseline cartilage (Teichtahl et al., 2016) as mechanical stresses
regulate cartilage structure (Cochrane et al., 2005; Huang et al., 2003) with a 48-
year-old person able to withstand 15.4 megapascals (MPa) before cartilage fatigue
(Bellucci & Seedhom, 2001) with average forces of running and jumping being 4-9
MPa (Hall et al., 1991). Joint compressive forces have been measured at
approximately 119% of body weight when cycling at 60 watts and 40 revolutions per
minute, while shear forces range from 5- 7% of body weight (Bini et al., 2010;
Kutzner et al., 2012).

2.6.11.2. Exercise and OA

Exercise is the most used physiotherapeutic practice for knee OA (Walsh & Hurley,
2009). Physiotherapists are ideally placed to prescribe and provide exercise
programmes due to the specific training in movement dysfunction, exercise
prescription and behavioural interventions such as pacing and planning (Walsh &
Hurley, 2009), with 80% of physiotherapists advocating exercise as a treatment for

knee OA (Spitaels et al., 2017). Exercise has been recommended as a core

32



treatment for knee osteoarthritis (NICE, 2014; McAlindon et al., 2014; Fernandes et
al., 2013; Richmond et al., 2010; Mazieres et al., 2008), as it entails little financial
outlay, is safe to complete and is well tolerated by most people with lower limb OA
(Bennell & Hinman, 2011). In addition, exercise can improve psychological well-
being (Dunn et al., 2001), reduce depression, improve quality of life (Bagnato et al.,
2014), and improve weight control (Warburton et al., 2006). Recently, an online
survey in the USA reported that 75% of individuals with osteoarthritis were interested
in attending a targeted exercise programme (Davis et al., 2016). Individual exercises
and class-based programmes have been shown to improve function and reduce pain
in knee OA with greatest improvements for individual programs (p>0.50) compared
to class based (p<0.40) (Fransen & McConnell, 2008) with regular exercise being
important (French et al.,, 2014). However, Jessep et al. (2009) found greater
improvements with group therapy sessions, which significantly decreases cost
(reduced to £320 from £583). Further advantages from class-based programmes are
social interaction and the ability to minimize resources (Bennell & Hinman, 2011).
However, difficulties tailoring the exercise programme being the only disadvantage
(Bennell & Hinman, 2011).

Exercise recommendations for individuals with knee OA suggest being completed 3
times per week and focus on improving aerobic capacity, quadriceps strength and
general muscle strength of the lower limb (Juhl et al.,, 2014). Strong evidence
suggests that individuals with knee OA have a 20-40% quadriceps strength deficit
compared with controls and a 12% quadriceps decrease in asymptomatic women
with OA (Palmieri-Smith et al., 2010; Ikeda et al., 2005). Despite this, individuals with
knee OA tend to avoid physical activity to prevent pain (Wallis et al., 2013). Strength
training improves function with a 71% improvement in knee extension strength
(Baker et al., 2001; Penninx et al., 2001; Keefe et al., 2004; Schilke et al., 1996)
whereas stronger hip abductors can reduce the compressive force at the knee
(Hinman et al., 2007; Hassan et al., 2001). Both improve function, reduce pain, and
increase physical activity (Rogind et al., 1998), in contrast a reduction in strength will
likely cause cartilage atrophy (Mikesky et al., 2006). Systematic and Cochrane
reviews by Fransen and McConnell (2008), and Lange et al. (2008) suggest exercise
as an integral aspect of rehabilitation for knee OA with a mixture of cardiovascular

and/or resistance land based exercise strongly recommended (Hochberg et al.,

33



2012). Li et al. (2016) reported within a systematic review and meta-analysis that
resistance exercises are beneficial to reduce pain, alleviate stiffness, and improve
physical function. Body weight, weight machines, and resistance bands are
examples of the resistance exercises. Henriksen et al. (2014) reported positive
effects of a supervised exercise programme using the KOOS questionnaire on
quality of life, symptoms, sports and recreation, activities of daily living and pain, the
latter being statistically significant. Strength and balance exercises focused around
the trunk, hip, and knees using free weights and elastic bands were utilised with
participants that attend the programme 3 times per week for a 12-week period.
However, the programme did not meet any of the minimal clinically important
changes and no objective measurements of physical activity were utilised, which
could be associated with pain sensitivity. In addition, Lund et al. (2008) reported
clinically significant findings using the KOOS questionnaire for pain, symptoms,
sports and recreation and activities of daily living after an exercise programme.
Balance and resistance exercises using free weights, rubber bands, and body weight
were used with participants attending a 50-minute session, twice per week over an
8-week period. Incidentally, quality of life was not clinically significant. Strength was
measured using an isokinetic dynamometer, which is a valid and reliable tool
(Abernethy et al., 1995), however is a very expensive piece of equipment, with the
isokinetic machine costing $40,000 (Stark et al., 2011) and the relationship to actual
function is questioned. In comparison, Thorstensson et al. (2005) completed a 6-
week high intensity exercise programme, which participants attended twice weekly.
Exercises included the use of a trampette, single leg rising from siting and floor
exercises such as sit-ups and hip abduction, participants were advised to work at
60% of their maximum heart rate. No significant differences was reported using the
KOQOS for pain, function, symptoms and sports, however, quality of life after 6-weeks
improved (p=0.05). Strength was measured using the lateral step up, rising on one
leg from sitting from the lowest possible height, maximum single leg mini squats in
30 seconds and single leg hop. These tests are not recommended by OARSI and
are mainly used for individuals with anterior cruciate ligament injuries and ankle
injuries. Despite this, high-intensity training can be superior with the elderly
population with psychological issues (Singh et al., 2005).
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Equally important is the relationship of exercise and weight loss in individuals with
knee OA, as a greater weight loss results in a reduction of symptoms (Penninx et al.,
2001), with a 12 pound weight loss reducing the risk of knee OA by 50% (Felson et
al , 1992). O0Rei Il Iy et al . (2004) fou
provided 89% of individuals with knee OA with completely pain-free symptoms.
Elsewhere, Messier et al. (2013) combined diet and exercise which consisted of
aerobic activity (30 minutes) and strength training (20 minutes), a 10-15% reduction
of weight over an 18-month period reduced pain, increased quality of life and
increased function compared to diet and exercise alone. Although these results
provided positive effects of exercise and weight-loss, no statistically significant
differences on the progression of OA via an x-ray or MRI was found (Hunter et al.,
2015). On the other hand, as little as 5% weight-loss can significantly reduce
disability in knee OA (Christensen at al., 2007).

2.6.11.3. Strength and Flexibility

Strengthening exercises should include all major muscles of the lower limb-
guadriceps, hip abductors/extensors, hamstrings, and gastrocnemius with the
American Geriatrics Society (2001) guidelines including flexibility, strength, and
aerobic activity. Range of motion at the knee joint is an important factor as at least
70 degrees of knee flexion is required for walking, 83 degrees of knee flexion for
stairs, 93 degrees of knee flexion for getting from a chair and neutral extension
(Wrightson & Malanga, 2001). Recommendations for flexibility are completing a
single repetition static stretches for each muscle group with 5-15 seconds hold, to be
completed once daily. Progressing to a full range of movement stretch, 3-5 stretches
per muscle group, holding the stretch for 20-30 seconds, to be completed 3-5 per
week (American Geriatrics Society, 2001). Kokonen at al. (2007) advocate static
stretching to improve function and would also improve the transition to an exercise
programme, however a systematic review by Shrier (2004) concluded that stretching
does not improve function, although the specificity of the stretching was not
highlighted, therefore questioning the validity of the review. Strength based training
should initially commence with low to moderate (40-60% of maximal voluntary
contraction) isometric activity with a 1-10 submaximal contraction with a hold for 1-6
seconds daily. Isotonic exercises are also recommended with 10- 15 repetitions for a
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low level (40% of a 1 maximum repetition), 8-10 repetitions for a moderate level (40-
60% of a 1 maximum repetition), and 6-8 repetitions for a high level (greater than
60% of a 1 maximum repetition). These are to be completed 2-3 times per week with
aerobic activity focusing on low to moderate activity (40-60% of the maximum
volume of oxygen or heart rate or a 12-14 rating of perceived exertion) for 20-30
minutes per day, 2-5 times per week. Other exercise prescription could include
completing high repetitions with low load (> 12 maximum repetition) for muscular
endurance and low repetitions with high load (3-5 maximum repetition) for optimal
strength (Fleck & Kraemer, 2014; Peterson et al.,, 2005; Kraemer & Ratamess,
2004). Bartholdy et al. (2017) concluded via a meta-regression 