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Summary 
Implementation of a resistance exercise intervention into a healthy 

individuals daily routine is a challenge. The individual will undergo 

behavioral changes and will need to adapt or change their activities of daily 

living to compliment the new exercise intervention. Implementing an 

exercise intervention into the daily routine of an individual with a chronic 

progressive disease, such as intermittent claudication or chronic venous 

insufficiency, is more challenging. Continuous coaching, motivation and 

encouragement are needed particularly when participation in regular 

exercise may elicit painful or uncomfortable symptoms. This PhD thesis 

aims to highlight the importance of exercise intervention for lower leg 

vascular disease and to perform an in-depth and extensive review of 

existing exercise intervention protocols and devise a new evidence-based 

approach testing resistance (strength) exercise intervention for this 

population.  

 

The majority of individuals with moderate intermittent claudication are 

given the ‘Go Home and Walk Advice’ (GHWA) which is also known as usual 

care. The ‘Go Home and Walk Advice’ encourages the patient to participate 

in regular daily walking to improve pain free walking distances by reaching 

their claudication pain point and walking a bit further past the pain 

threshold. This can result in reduced motivation and exercise participation 

because it is unenjoyable and painful for the patient. Therefore, there is a 

need for an alternative form of exercise for individuals with intermittent 

claudication to aid in improvement of health-related quality of life and 

functional walking ability. 

 

The first phase of my PhD thesis is a detailed overview of systematic 

reviews focusing on the effect resistance exercise has on health-related 

quality of life in intermittent claudication; to date there has been no 

overview of systematic reviews observing this topic. From this overview I 
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found that there is a gap in the current research regarding resistance 

exercise training and intermittent claudication and the effect it may have 

on health-related quality of life. I also concluded that there is a need for 

additional research observing the effect of alternative forms of exercise for 

individuals with moderate to severe intermittent claudication. 

 

This led to the development of a vascular specific at home structured 

resistance exercise programme. The Strength From Within programme is a 

12 week at home structured resistance exercise programme focusing on 

the improvement of whole-body strength. Included with the Strength From 

Within programme are walking protocols, range of motion exercises, 

warm-up, cool down and baseline measurements. Three subsequent 

clinical studies explored the acceptability, feasibility and physiological 

impact of the exercise intervention. 

 

“Remote Ischemic Preconditioning in the Management of Intermittent 

Claudication: A Pilot Randomised Controlled Trial” was the initial study 

completed assessing the feasibility and acceptability of the Strength From 

Within exercise programme for individuals with moderate intermittent 

claudication when compared to remote ischemic preconditioning. From 

this I found that resistance training has the potential to be an effective 

method for symptom management for individuals with moderate 

intermittent claudication. 

 

This led to “The Effect and Evaluation of Structured Resistance Exercise as a 

Treatment Option for Moderate Intermittent Claudication: A Pilot Study.” 

This focuses on the uptake, feasibility and acceptability of the Strength 

From Within programme for individuals with moderate intermittent 

claudication. The main findings from this present study was that the 

Strength From Within programme improved pain free walking distances 

and overall health status in individuals with moderate intermittent 

claudication. 
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The next phase explored comparing the Strength From Within exercise 

programme to a supervised walking programme.  From this the clinical 

study “The Effect of Structured Resistance Exercise versus Supervised 

Walking for Patients with Intermittent Claudication: A Randomised 

Feasibility Trial” was conducted. This study focuses on the comparison of 

the Strength From Within programme to supervised walking. A walking 

programme was designed based on the recommended guidelines, such as 

Go Home and Walk advice, for individuals with moderate intermittent 

claudication. Two of the main findings from this present study was that the 

Strength From Within programme elicited similar results in improvement of 

functional walking ability when compared to supervised walking suggesting 

the Strength From Within programme has the potential to be an alternative 

form of exercise for individuals with moderate intermittent claudication.  

 

The third study, “The Effect of Structured Resistance Exercise for Chronic 

Venous Insufficiency: A Feasibility Trial” implemented the Strength From 

Within programme in post-surgical individuals with chronic venous 

insufficiency or varicose veins. This present study assessed the feasibility 

and acceptability of the Strength From Within programme when 

implemented in a different lower leg vascular disease. Isokinetic testing 

was administered to assess lower leg strength after participation in the 12-

week Strength From Within programme. The main finding of the present 

study was the improvement of upper muscular strength endurance and 

lower body muscular strength surrounding the knee and ankle in post-

surgical individuals with chronic venous insufficiency. 
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Introduction 

1.1 Peripheral Arterial Disease 

Peripheral arterial disease (PAD) is a highly debilitating disease 

affecting roughly 202 million people with 35% clinically diagnosed with 

intermittent claudication1. Due to the progressive buildup of 

atherosclerotic plaque in the arteries of the lower extremities blood supply 

to the surrounding musculature and tissue is diminished1,2,3. Intermittent 

claudication is the most common symptom of PAD resulting in a cramp-like 

pain typically in the gastrocnemius-soleus complex while participating in 

regular walking or exercise1. Due to painful symptoms when participating 

in regular walking or exercise individuals with claudication commonly have 

limited functional walking ability, reduced health-related quality of life and 

a sedentary lifestyle2.  

“I have just told you that it hurts to walk I cannot do anything with 

my life because I cannot walk and now you are telling me to walk.”-

69-year-old male patient with moderate intermittent claudication. 

 

This is the most common problem faced when introducing exercise 

or walking among individuals with moderate intermittent claudication. Due 

to limited functional walking ability, exercise adherence is one of the 

challenges faced when implementing an exercise intervention for 

individuals with claudication. The Go Home and Walk Advice (GHWA) and 

other forms of aerobic exercises are suitable therapeutic options for the 

management of symptoms for claudication, however, it may not be 

suitable for all patients4. It is common for aerobic exercise to elicit 

claudication pain and reduce exercise adherence and motivation. However, 

it is uncommon for participation in resistance (strength) training to elicit 

claudication pain in individuals with claudication4-9. It is important to 

highlight alternative forms of exercise for individuals with PAD as different 

stages of the disease is associated with different functional walking 

abilities. As the severity of the disease increases as does the presence and 

severity of the claudication pain. It is common for ambulation distances to 
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decrease as the severity of claudication increases due to painful symptoms 

leading to a sedentary lifestyle, reduced cardiorespiratory fitness and 

muscular strength and endurance4,10-14.  There are two classification 

methods when diagnosing the severity of intermittent claudication; 

Rutherford classification (Table 1.1) and Fontaine Classification (Table 1.2). 

 

Table 1.1 Fontaine Classification for intermittent claudication 

Stage Clinical Description 

I Asymptomatic 

IIa Mild Claudication >200 metres of walking 

IIb Moderate to severe Claudication < 200 metres of 

walking 

III Rest Pain 

IV Ulceration 

 

 

Table 1.2 Rutherford Classification for intermittent claudication 

Stage Clinical Description 

0 Asymptomatic 

1 Mild Claudication 

2 Moderate Claudication 

3 Sever Claudication 

4 Rest Pain 

5 Minor Tissue Loss 

6 Severe Tissue Loss 
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Peripheral arterial disease and intermittent claudication greatly 

impairs an individual’s health-related quality of life due to reduced exercise 

participation, limited functional walking ability and other comorbidities. 

All-cause mortality and cardiovascular mortality is linked to individuals with 

PAD as reduced exercise capacity, reduced muscular strength and 

endurance and poorer cardiorespiratory fitness are contributing 

factors15,16,17. Health-related quality of life is defined by how well an 

individual functions with activities of daily living and the individuals self-

perception of well-being in physical, mental and social domains of health18. 

Reported by Parmenter et al.,15 the Walking Impairment Questionnaire 

(WIQ) HR-QoL can predict long-term survival and mortality in individuals 

with PAD and mortality. Due to limited functional walking ability individuals 

with PAD have roughly 50% reduction in peak oxygen consumption (VO2) 

when compared to individuals of the general public and similar age 

cohort3,19. Limited functional walking ability is associated with functional 

status impairment and HR-QoL3,20.  It is important to include a health-

related quality of life evaluation to aid in the treatment and management 

of painful symptoms; this can help inform the clinician or the exercise 

specialist if the treatment or exercise programme is feasible and beneficial 

for individuals with PAD/IC. Stemming from the pain experienced during 

regular walking or exercise and resulting in reduced exercise participation 

and poorer health-related quality of life, it is important to explore 

additional alternative forms of exercise for the treatment and symptom 

management for peripheral arterial disease and intermittent claudication. 

 Therefore, this thesis explored the physiological effects and health-

related quality of life benefits that could be gained through the 

implementation of an at home structured resistance exercise programme 

for individuals with lower leg vascular disease. 
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Phase I 

The first phase of this thesis is a detailed overview of systematic reviews 

focusing on the effect resistance exercise has on health-related quality of 

life in intermittent claudication. To date there has been no overview of 

systematic reviews observing this topic. 

 

Study 1: Resistance Training for Health-Related Quality of Life in 

Intermittent Claudication: Review of Systematic Reviews. 

 Aim 1: To explore the evidence on resistance training for HR-QoL in 

individuals with claudication.  

Aim 2: To evaluate the effect of resistance training on functional 

walking ability (pain free walking distance, total walking distance). 

 

From this overview I found that there is a gap in the current 

research regarding resistance exercise training and intermittent 

claudication and the effect it may have on health-related quality of life. I 

also concluded that there is a need for additional research observing the 

effect of alternative forms of exercise for individuals with moderate to 

severe intermittent claudication. 

  

Phase II 

The second phase of this thesis consists of the development of a vascular 

specific at home structured resistance exercise programme. The Strength 

From Within programme - a 12 week at home structured resistance 

exercise programme focusing on the improvement of whole-body strength. 

Included with the Strength From Within programme are walking protocols, 

range of motion exercises, warm-up, cool down and baseline 

measurements. Three subsequent clinical studies explored the 

acceptability, feasibility and physiological impact of the exercise 

intervention on individuals with moderate to severe intermittent 

claudication. 
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Study 2: Remote Ischaemic Pre-Conditioning in the Management of 

Intermittent Claudication: A Pilot Randomised Controlled Trial 

This initial study assessed the feasibility and acceptability of the 

Strength From Within exercise programme for individuals with moderate 

intermittent claudication when compared to remote ischemic 

preconditioning.  

Aim 1: To evaluate remote ischemic pre-conditioning in the 

management of intermittent claudication patients 

 

The results indicated that resistance training has the potential to be 

an effective method for symptom management for individuals with 

moderate intermittent claudication.  

 

This led to a subsequent stand-alone study “The Effect and 

Evaluation of Structured Resistance Exercise as a Treatment Option for 

Moderate Intermittent Claudication: A Pilot Study.” This focuses on the 

uptake, feasibility and acceptability of the Strength From Within 

programme for individuals with moderate intermittent claudication.  

Aim 2: To determine the feasibility of an at home structured 

resistance (strength) exercise programme for individual with moderate 

intermittent claudication. 

 

The main findings from these two studies were that the Strength 

From Within programme improved pain free walking distances and overall 

health status in individuals with moderate intermittent claudication. 

 

The next phase of this thesis explored comparing the Strength From 

Within exercise programme to a supervised walking programme. As 

walking is the general advice that is usually given to this cohort of patients.  
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Study 3: The Effect of Structured Resistance Exercise versus Supervised 

Walking for Patient with Intermittent Claudication: A Randomised 

Feasibility Trial 

Aim 1: To explore the effect an at home structured resistance 

(strength) exercise programme has on functional walking ability (pain free 

walking distance/total walking distance) for individuals with moderate 

intermittent claudication. 

Aim 2: To explore the effect an at home structured resistance 

(strength) exercise programme has on health-related quality of life for 

individuals with moderate intermittent claudication. 

Aim 3: To compare the effects an at home structured resistance 

(strength) exercise programme has on functional walking ability (pain free 

walking distance/total walking distance) and health-related quality of life 

when compared to a supervised walking programme. 

 

The walking programme was designed based on the recommended 

guidelines, such as Go Home and Walk advice, for individuals with 

moderate intermittent claudication. Two of the main findings from this 

present study were that the Strength From Within programme elicited 

similar results in improvement of functional walking ability when compared 

to supervised walking; suggesting the Strength From Within programme 

has the potential to be an alternative form of exercise for individuals with 

moderate intermittent claudication.  

 

Phase III 

1.2 Chronic Venous Insufficiency 

From the work completed on exploring the effect resistance 

(strength) has on intermittent claudication the focus of this PhD 

transitioned to chronic venous disease (CVD) and chronic venous 

insufficiency (CVI) (Figure 1.1). Chronic venous disease is commonly used 

as an umbrella term to summarize disorders directly affecting the function 

of the venous system21. Due to abnormalities in the veins, CVD results in 
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the malfunction of valves resulting in impaired blood flow of the lower 

legs22. In the United States and Western World, CVI is one of the most 

commonly reported chronic medical conditions23. CVI develops when blood 

flow is disrupted due to the malfunction of the valve reflux resulting in the 

back flow of venous blood23.  When venous blood does not return to the 

heart due to the impaired vein valves and calf muscle pump function, the 

blood remains in the veins and results in “chunky” or varicose veins23,24.  

Varicose veins are prevalent in roughly 5% to 30% in the adult population 

and more commonly seen in females than males, with a prevalence of 20% 

to 25% in women and 10% to 15% in men with the highest percentage in 

the elderly cohort24,25.  

 

 
 

Figure 1.1 shows the progression through vascular disease and the clinical 

trails the Strength From Within exercise programme was implemented 
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Chronic venous insufficiency or varicose veins was once classed as a 

cosmetic or psychological issue that can negatively affect health-related 

quality of life25. It was reported that women with varicose veins had an 

average score ranging from 47.6 to 37.3 in women with varicose veins and 

ulcers in the SF-36 Physical Component Summary (SF-36 PCS)25. When 

compared to the US SF-36 PCS norms, men with varicose veins and ulcers 

had an average score of 37.5 and 35.5 in women, which is similar to scores 

of patients with other comorbidities such as upper and lower extremity 

limitations (37.7)25. Individuals with varicose veins and ulcers also scored 

lower when compared to patients with chronic lung disease (42.3), back 

pain (43.1) and arthritis (43.2)25. It is important to incorporate health-

related quality of life questionnaires when observing the effects of an 

exercise intervention for patients with CVI as structured resistance exercise 

has the ability to aid in improvements27. 

 

It is common for individuals with CVI to have impairment of the calf 

muscle pump function due to weakened muscular strengthen in the lower 

extremities25. Exercise intervention is recommended to aid in the 

improvement of the calf muscle pump function, such as Thera-Band 

exercises, ankle range of motion exercise and isokinetic exercises26,27. It  

has been found that reduced ankle range of motion and impaired calf 

muscle pump function  has been associated with the progression of CVI27. 

Structured resistance (strength) training for the lower extremities is an 

effective form of exercise therapy to aid in the improvement of the calf 

muscle pump function, ankle range of motion, pain reduction and 

improved health-related quality of life26,27. Exercise therapy could be a low-

cost treatment that could be implemented in healthcare facilities for 

patients with CVI and reduce disease progression28. There is limited 

research regarding the effect resistance (strength) training has on varicose 

veins and ankle range of motion. 

Therefore, I decided to explore the effect a full body at home 

structured resistance exercise programme using resistance bands would 
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have on muscular strength around the ankle and knee and ankle range of 

motion by isokinetic testing. Upper body strength and health-related 

quality of life were also assessed throughout 12 weeks. 

 

 

Study 4: The Effect of Structured Resistance Exercise for Chronic Venous 

Insufficiency: A feasibility trial. 

 

Aim 1: To determine the effect a structured resistance (strength) exercise 

programme has on lower leg muscular strength surrounding the knee and 

ankle in post-surgical patients with Chronic Venous Insufficiency using 

isokinetic testing. 

 Aim 2: To determine the effect a structured resistance (strength) 

exercise programme has on upper body muscular strength, ankle range of 

motion and health-related quality of life in post-surgical patients with 

Chronic Venous Insufficiency. 

 

This study implemented the Strength From Within programme in 

post-surgical individuals with chronic venous insufficiency or varicose 

veins. This present study assessed the acceptability, practicality and 

effectiveness of the Strength From Within intervention. Isokinetic testing 

was administered to assess lower leg strength.   

The main finding of the present study was the improvement of 

upper muscular strength endurance and lower body muscular strength 

surrounding the knee and ankle in post-surgical individuals with chronic 

venous insufficiency.
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Chapter 2: Literature Review 
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2.1 Physical Activity and Exercise 

Physical activity and exercise are commonly used together, 

however, they are two separate components that attribute to an 

individual’s health and well-being. Physical activity is defined as the 

contraction of skeletal muscles to produce bodily movement resulting in a 

substantial increase in energy expenditure28. The American College of 

Sports Medicine (ACSM) defines exercise as a type of physical activity that 

is planned, structured and consists of repetitive bodily movements done to 

improve or maintain one or more components of physical fitness28. 

Physical fitness is a set of attributes or characteristics individuals have or 

have achieved to perform physical acitivity28. Broken down into two 

components, physical fitness consists of health-related physical fitness and 

skill-related physical fitness28. Health-related physical fitness consists of 

cardiorespiratory endurance, body composition, muscular strength, 

muscular endurance and flexibility; skill-related physical fitness consists of 

agility, coordination, balance, power, reaction time and speed. 

Furthermore, the study of physical activity in exercise and how the body 

adapts, and responds is known as exercise physiology.  

 

2.2 Exercise Recommendations and Benefits 

For most healthy adults it is recommended to participate in at least 

150 minutes of moderate aerobic activity or 75 minutes of vigorous aerobic 

activity a week or a combination of both. Incorporation of moderate to 

high intensity strength or resistance training is recommended at least two 

days per week. Recommended by the ACSM, healthy adults aged 18-65 

should participated in moderate intensity aerobic activity for a minimum of 

30 minutes five days per week or vigorous intensity aerobic activity for 20 

minutes three days per week28. To maintain or increase muscular strength 

and endurance adults should participate in such activities for a minimum 

for two to three days per week28.  

There are numerous health benefits that accompany participation 

in regular exercise, such as, improvement in cardiovascular a respiratory 
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function, reduction in cardiovascular disease risk factors and decreased 

morbidity and mortality28. For example, exercise can have a positive impact 

on reducing fatigue in cancer patients, improving peripheral circulation in 

older patients with intermittent claudication, reduced anxiety in patients 

with stress-related disorders and reduced depression scores in patients 

diagnosed with major depressive disorder29-32. Specific benefits related to 

cardiovascular and respiratory function are; decreased heart rate and 

blood pressure, increased exercise threshold for the accumulation of 

lactate in the blood and increased maximal oxygen uptake resulting in both 

central and peripheral adaptations28. Regular exercise has the ability to 

reduce cardiovascular risk factors such as, resting systolic/diastolic blood 

pressure, total body fat, insulin dependence/improved glucose tolerance 

and decreased triglycerides and increased high-density lipoprotein 

cholesterol28.  

 

Aerobic Exercise 

Aerobic exercise utilizes the maximum amount of oxygen in the 

blood to complete the exercise with an increase in heart and breathing 

rate33. For the body to perform aerobic activity it is dependent on the 

cardiovascular and respiratory system to work together for blood to deliver 

oxygen to active cells and organ34. The cardiorespiratory system allows 

carbohydrates and fatty acids to be converted into adenosine triphosphate 

(ATP) for muscular contraction. Adenosine triphosphate is the main source 

of energy for cellular function and muscular contraction34.  To get adequate 

blood and nutrients to the tissue, the cardiorespiratory system oxygenates 

the blood by pulmonary ventilation34. This is achieved by oxygen being 

delivered to the active tissue by cardiac output and removal of oxygen 

from the blood, this completed ATP34. Macronutrients are broken down 

into three categories, carbohydrates, proteins and fats; these 

macronutrients are produced and acquired through food consumption. The 

macronutrients are then broken down through digestion to their simplest 
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form, glucose, fatty acids and amino acids, these are then absorbed in the 

blood and used in nerve and muscle cells34. 

Aerobic production of ATP is solely dependent on the presence of 

oxygen to allow the metabolic pathway to be formed due to the burning of 

metabolic fuels, carbohydrates and fats34. Through physical activity burning 

carbohydrates and fats allows the body to use ATP as an energy source and 

to produce residual heat; this is known as aerobic glycolysis34. During 

aerobic glycolysis oxidative enzymes utilise oxygen in the mitochondria to 

deliver thus oxygen to active cells of the active tissue for the 

cardiorespiratory system34. Pyruvate is then converted into acetyl-CoA due 

to sufficient oxygen levels which then enters into the Kreb’s cycle where 

ATP is produced34. Beta oxidation is an aerobic metabolic pathway that also 

produces an abundant amount of ATP by the breakdown of fatty acid34. 

Glucose and fatty acids are responsible for the production and upkeep of 

sufficient energy through cardiorespiratory system when the body is at 

rest34. As exercise intensity increases the body will utilise glucose 

metabolism by using more glucose and less fat for energy, however, during 

exercise the demand of oxygen is higher therefore the production of 

oxygen is more difficult. 34.  

Oxygen consumption is a reliable tool to understand the measure of 

the individuals ability to sustain aerobic exercise. The amount of oxygen 

consumed is indicative on the individuals exercise ability and capacity. 

Oxygen consumption can be measured many ways, such as, metabolic 

charts by the volume of air the individuals is breathing and the 

concentrations of oxygen and carbon dioxide exhaled34.  

Aerobic exercise is classified as large muscle activities such as 

walking, jogging and swimming depend on the oxidative metabolic 

pathway to create ATP34.  Steady state is when the body’s’ energy needs 

are being met through aerobic exercise, this is commonly used during 

aerobic exercise34. After a short period of exercise the rate of oxygen 

uptake, heart rate, cardiac output, ventilation blood lactate concentration 
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and body temperature reach a steady state in which the body can 

maintain34.  

When an individual participates in aerobic exercise oxygen 

consumption is increased and ATP is produced. The parasympathetic 

nervous system will take over regulating heart rate, blood pressure and low 

metabolism when the body is at rest34. When the sympathetic nervous 

system is activated the parasympathetic nervous system is then restricted; 

nervous signals are transmitted throughout the body to stimulate the 

cardiovascular system and for the adrenal glands to release epinephrine 

and norepinephrine in to the blood34. Heart rate and stroke volume are 

increased due to the increase of cardiac output and the increase of blood 

delivered to the active muscle cells34. The increase in stroke volume during 

exercise is caused by the enlargement of the chamber and the increase of 

end-diastolic volume and a greater ejection fraction34. 

The increase of oxygen consumption and the increase of heart rate 

are correlated with the increase of aerobic exercise. The cardiorespiratory 

system responds with an increase of 40 to 50% in stroke volume of the 

individuals’ maximum aerobic capacity and then plateaus. Systolic pressure 

increases as a result of contractile strength of the heart as exercise 

intensity changes34. In order to stabilise diastolic pressure during exercise 

vasodilation allows the blood to enter the muscles34. Due to increasing 

need of oxygen during aerobic exercise pulmonary ventilation is increased 

to transport more red blood cells to the lungs. To ensure energy levels are 

adequate in the muscles during exercise, epinephrine releases glucose 

from the liver causing glycogenolysis. Ventilation of the alveoli will increase 

during exercise via the respiratory system, this is where the cardiovascular 

and respiratory system interacts34. As exercise intensity increases as does 

the respiratory rate in the lungs causing larger volumes of air to pass 

through the lungs34. Minute ventilation (VE) is a marker for the body’s 

metabolism and the volume of air that is moved through the lungs minute-

by-minute34. As exercise intensity increases there is an increase of volume 

of air passing through the lungs until ventilation increases in a non-linear 
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fashion, this is known as VT134. In VT1 blood buffers increase to neutralise 

the acidosis to reduce muscle fibre acidosis from the development of 

muscle and blood acidosis34. Carbon dioxide (CO2) is increased dur to the 

added CO2 to the VE; fuel usage is the changed from fats to carbohydrates 

resulting in increased ventilation34. With the increase of ventilation due to 

high exercise intensity the body enters VT2 and the body is unable to meet 

the metabolic demand being placed upon it to maintain the increased acid 

production34. The pH of the blood begins to decrease due to the build-up of 

lactate and the respiratory system is engaged34. The body then has an 

increase of blood lactate concentration of roughly 4 mmol/L which is 

equivalent to the onset of blood lactate accumulation34. Due to the build-

up of lactate the body can no longer maintain the increased exercise 

intensity and will begin to shut down34. Healthy adults at this point will 

experience the heart rate turn point (HRTP) of when heart rate flattens in 

response to the increased intensity. Metabolic markers VT1 and VT2 and 

classified by exercise intensity levels and are divided into three zones34: 

• Zone 1: Low to moderate exercise intensity, reflects 

heart rates below  VT 

• Zone 2: Moderate to vigorous exercise intensity, 

reflects heart rates from VT1 to just below VT2 

• Zone 3: Vigorous to very vigorous exercise intensity, 

reflects heart rates at or above VT2 

Primary goals for aerobic exercise would be to improve 

cardiovascular fitness, oxygen capacity, weight management, brain 

function, type 2 diabetes and general health35. Made of three components, 

frequency, intensity, time and type (F.I.T.T principle), aerobic exercise is 

also known as endurance training or cardio33. Healthy adults should 

participate in moderate intensity aerobic exercise at least 5 days a week or 

vigorous aerobic exercise for at least 3 days a week or a combination of 

both for 3-5 days per week to maintain or improve cardiorespiratory 

fitness36. Intensity for aerobic exercise is categorised as either moderate 

intensity which is roughly 40% to 60% of heart rate reserve (HRR) or 
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vigorous intensity which is roughly 60% to 90% of HRR. The Karvonen 

formula is a simple tool to calculate maximum heart rate and exercise 

intensity (Figure 1.2)37. It is recommended for healthy adults to participate 

in 30 to 60 minutes of moderate intensity aerobic exercise a day or 20 to 

60 minutes of vigorous intensity exercise per day36,38. Individuals living a 

sedentary lifestyle are recommended to participate in longer durations of 

aerobic exercise to help facilitate weight management,  60 to 90 minutes 

may be recommended39. The type of aerobic exercise is an important 

factor when trying to maintain or improve cardiorespiratory fitness. It is 

recommended to participate in exercise that focus on large muscle groups 

to improve cardiorespiratory fitness36. Moderate intensity aerobic 

exercises such as walking, cycling, aqua-aerobics and dancing are modes of 

aerobic exercise that are recommended for all healthy adults40. Vigorous 

intensity aerobic exercises such as jogging, running, rowing, aerobics, 

spinning or fast dancing is recommended for healthy adults that are 

physically active with average physical fitness levels40. When progressing 

an individual through an aerobic exercise programme it is important to 

consider the individuals health status, physical fitness, training adaptations 

and responses, age, physical activity level, exercise experience, current 

fitness level, health status any comorbidities and overall exercise goals. The 

ACSM recommends to increase the duration of the exercise session by 5 to 

10 minutes every 1 to 2 weeks for the first 4 to 6 weeks36.  

 

 
Figure 1.2 How to calculate maximum heart rate and exercise intensity 

using the Karvonen formula 

STEP 1: 220 – AGE = PREDICTED MHR 

STEP 2: PREDICTED MHR – RESTING HEART RATE = HRR 

STEP 3: (HRR X % INTENSITY) + RHR = THR 

EXAMPLE: 28-YEAR-OLD, RESTING HEART RATE = 70 BPM, 75% OF 
HRR • 220 – 28 = 192 BPM • 192 – 70 = 122 • (122 X 0.75) + 70 = 162 
BPM 
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Resistance Exercise 

 Resistance training has the potential to improve health and 

performance41. There are numerous health benefits associated with 

resistance training when properly implemented, such as, improvement of 

health-related quality of life, functional capacity, reduced body fat, 

increased basal metabolic rate, decreased blood pressure, improved lipid 

profiles, improved insulin sensitivity, improved glucose tolerance, reduced 

risk of osteoporosis and increased bone mineral density41. Resistance 

training has the potential to improve health-related quality of life in 

individuals of all ages, especially the elderly and special populations41.  It is 

common for the elderly population to experience sarcopenia or the loss of 

skeletal muscle due to aging41. This leads to increased fall risk injury, 

decreased bone mineral density and overall weakenss41. It has been shown 

that participation in resistance training reverses the muscle function loss 

and the break-down of muscle structure that is seen with sarcopenia41. 

Resistance training has the potential to reduce risk factors 

associated with vascular disease such as hypertension, high blood lipid 

profiles and high body composition. Evidence has shown that the 

participation in progressive resistance training is an effective 

nonpharmacologic intervention for the reduction of systolic and diastolic 

blood pressure41,42. Resistance training also has the potential to reduce the 

cardiac demands to reach submaximal exercise41. High body composition is 

another primary risk factor for vascular disease due fat distribution. Fleck 

and Kreamer43 reported a 1% to 9% reduction in body in response to 

participation in resistance (strength) training. The reduction of weight loss 

or body composition assists in the reduction of blood pressure in 

individuals with and without hypertension, reducing serum triglyceride 

concentrations, increasing high-density lipoprotein and reducing low-

density lipoprotein41. 

            The central nervous system releases nerve impulses to stimulate 

motor units and muscle fibers in the prime mover muscles during 

participation in resistance exercise 34. Myosin attaches to the actin forming 
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a crossbridge then myosin heads bend pulling on the actin filament. From 

this the sarcomeres shorten Z lines and move closer together resulting in 

muscular contraction. The actin and myosin then separate causing the 

muscle to relax. When the muscle contracts creatine phosphate and 

glycogen are used as fuel for anaerobic energy production. During 

resistance training there is an increase of catabolic hormones, such as, 

cortisol and epinephrine, and anabolic hormones, such as, growth 

hormone and testosterone34. 

Muscular hypertrophy is commonly seen as a long-term 

physiological response to progressive resistance training. During resistance 

(strength) training there are numerous microtraumas in the muscle tissue 

resulting the in the growth of muscle fibers and increase in muscular 

strength34. From this there is an increase of myofibrils or contractile 

proteins in the muscle fibers which is also known as myofibrillar 

hypertrophy resulting in a greater muscular contraction force34. An 

increase in muscle cell sarcoplasm is also seen as result of progressive 

resistance training, also known as sarcoplasmic hypertrophy34. This results 

in the increase of muscle size which is directly related to transient 

hypertrophy or the accumulation of fluid in the space between cells due to 

muscular contraction34.  

Implementation of a resistance training programme can be difficult, 

therefore, it is recommended to make attainable goals with the participant 

and to included exercises similar to activities of daily living. Recommended 

by the ACSM, healthy adults should participate in resistance training 2 to 3 

days per week with at least 48 hours in between each session. Considering 

the participants’ current health status, physical fitness and exercise 

experience, training sessions can be designed by major muscle groups or by 

full body exercises with shorter exercise sessions. It is important to 

incorporate stretching at the end of each session to aid in flexibility during 

sessions and injury prevention. Prior to starting a new resistance training 

programme a physical activity readiness form and a postural assessment to 

rule out any underlying conditions should be completed by the exercise 
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specialist. When selecting type of resistance exercises it is recommended 

to include 8 to 10 multi-joint exercises focusing on a major muscle groups 

and the agonist and antagonist of each muscle group to avoid muscle 

imbalance. Resistance exercises should be done in 2 to 4 sets at 8 to 12 

repetitions at 60% to 80% of the individuals one repetition maximum (1-

RM) at a controlled speed with eccentric and concentric movements. It is 

recommended for older adults or adults with limited exercise experience to 

complete resistance exercises at 60% to 70% of one repetition maximum 

for at least one set for 10 to 15 repetitions. 

The development and implementation of a resistance exercise 

programme is important, however, there are numerous factors that 

contribute to the development of muscular strength and hypertrophy, such 

as hormones, gender, age, muscle fiber type, muscle length, limb length 

and tendon insertion point34. Through the cardiovascular system the 

endocrine glands produce and transport hormones throughout the body34. 

Testosterone and growth hormone are the primary hormones that 

contribute muscular strength and hypertrophy34. It has been seen that 

individuals with higher testosterone and human growth hormones will 

experience muscular development more rapidly compared to those who do 

not34. Reduced muscle mass is commonly seen in older adults as the 

increase of age and decrease of testosterone are correlated resulting in 

limited functional ability and overall physical strength34. It has been seen 

that men have greater muscle mass and overall muscular strength when 

compared to women due to the larger body size, higher lean weight 

percentage and the presence of testosterone. It was reported that men 

quadricep strength was 50% more when compared to women42. 

There are two types of muscle fibers, type 1 muscle fibers are 

known as slow-twitch muscle and type 2 muscle fibers are fast-twitch 

muscle fibers. These muscle fibers are then further broken down into type 

2a and type 2x fibers. Type 1 muscle fibers are the smaller of the two but 

produce more aerobic power and are able to produce lower levels of force 

for extended periods of time compared to type 2 muscle fibers which are 
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larger in size and hold a greater anaerobic capacity; higher levels of forces 

are sustained during a shorter period of time34. Both type 1 and type 2 

muscle fibers are activated and important to participation in resistance 

exercise, type 1 muscle fibers are stimulated at a lower force or resistance 

with type 2 muscle fibers stimulated at a higher force or resistance34. Type 

2 muscle fibers are more commonly associated with muscle hypertrophy 

due to the larger size when compared to type 1 muscle fibres34. Muscle 

fiber distribution is determined by genetics with individuals have equal 

percentages of both fast twitch and slow twitch muscle fibers.  When 

designing a resistance training programme it is important to target both 

type 1 and type 2 muscle fibers as both play a role in muscular 

hypertrophy34,42 

One of the most important factors for developing increased muscle 

size and strength is muscle strength34. It is common for individuals to have 

short muscle length with long tendon attachment or long muscle length 

and short tendon attachment, however, individuals with longer muscle 

length and shorter tendon length are at an advantage for developing 

muscle strength and size34. 

Exercise specialists should begin the resistance (strength) 

programme with uniplanar movements machines and progress to 

multiplanar movement machines, supported machines and progress to 

unsupported machines, muscle isolation exercises and progress to multi-

joint exercises and bilateral, fixed-level machine and progress to unilateral, 

free-moving machines34. In order to progress through resistance training 

programmes the patient must be carefully assessed and instructed to avoid 

injury and burnout. Healthy adults should be able to perform 12 repetitions 

easily and controlled through the full range of motion of the exercise to 

increase resistance. Progression can also be made through increasing sets, 

repetitions or days of training based off the participants goals. To ensure 

the participant is achieving strength development the resistance should 

fatigue the targeted muscles within the limits of the anaerobic system, this 
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is known as progressive resistance or when the exercise workload is 

gradually increased. 

 Resistance training periodization is when the resistance exercise 

varies the training stimuli, such as intensity and volume43. Alterations in the 

resistance training protocol, such as, resistance, repetitions and sets has 

been seen to be beneficial in overall physical strength and reaching peak 

performance when compared to standardized resistance exercise 

programmes43. Periodization is made of three divisions, macrocycles, 

mesocycles and microcycles34. The initial training period is commonly seen 

in the macrocycle which makes up roughly 6 to 12 months of an exercise 

programme34. The macrocycle is considered to be the long-term goal of the 

participants and is then divided into 6 subdivisions of two mesocycles and 

four microcyles34. The mesocycle is a duration of roughly three months and 

this is considered to be the participants specific goals for a duration; from 

this the mesocycle is then broken down into four microcycles which are 

two to four weeks in duration and progressive training segments are 

developed for each mesocycle34. 

 

2.3 Physical Fitness Assessment Tools 

 It is important to have a comprehensive understanding of the 

individual’s health and fitness status when implementing a structured 

exercise programme. Implementation and adherence of a structured 

exercise programme is challenging to achieve in individuals with chronic 

disease. Assessment tools such as readiness to change questionnaires, 

physical activity readiness questionnaires, health history questionnaires 

and exercise history and attitude questionnaires can be beneficial in 

designing and implementing a structured exercise programme. These 

questionnaires can help the exercise specialist gain insight about the 

participants exercise experience. Postural and flexibility assessments can 

aid in the design of a structured exercise programme by highlighting any 

deviations, such as a cervical or lumbar curve.  
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 There are numerous aerobic and anaerobic assessment tools that 

can be performed at baseline and re-tested throughout the exercise 

programme. The McArdle step test is a commonly used field test to 

measure cardiorespiratory endurance. This test can measures exercising 

heart rate and can estimate maximal oxygen uptake (VO2max). VO2max is 

measured in millimeters of oxygen consumed per kilogram of body weight 

per minute (mL/kg/min). For a healthy adult beginning exercise it would 

take a number of weeks to assess changes in VO2max and adaptations that 

have been made34. However, measuring ventilatory threshold (VT) can be a 

useful tool for changes in metabolism that can predict lactate threshold 

(LT) from the minute ventilation (VE) response during exercise34. The 

storage of glycogen and the use of fatty acids for fuel is necessary to aid in 

the cardiorespiratory changes34. One of the most common treadmill tests 

to assess cardiorespiratory fitness in a clinical setting would be the Bruce 

Submaximal Treadmill Exercise Test. The test consists of three-minute 

intervals until 85% of age predicted maximum heart rate is achieved, to 

assess fitness and cardiac function the test is performed at maximum 

intensity34. The 300-yard shuttle run is commonly used to assess anaerobic 

capacity or the highest rate of sustainable power over a predetermined 

distance34. The kneeling overhead toss allows exercise specialists to assess 

upper extremity anaerobic power, this test is also an appropriate power 

test for wheelchair athletes34. The one repetition maximum is a common 

anaerobic power assessment tool utilized to know the greatest resistance 

that can be lifted throughout the full range of motion of the exercise. 

When trying to determine a participants’ 1-RM it should be achieved within 

4 sets with a rest period of 3 to 5 minutes between each set34. The starting 

weight should be roughly 50% to 70% of projected maximum weight with 

an increase of 2.5 to 20 kg until failure is achieved34. Each lift should be 

completed at a controlled speed throughout the full range of motion34. To 

assess muscular endurance a common field test would be maximum 

abdominal crunches or push-ups with no rest34. Light resistance equipment 

can also be used to assess muscle endurance, for example, using light 
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dumbbells for a healthy adult or water bottles for older adults and 

assessing how many repetitions of an exercise can be performed without 

rest or within 30 seconds. A common test used for older adults is the sit-to-

stand test to assess strength, endurance, agility and balance. It is important 

to select assessment tools that are suited for the participant abilities and 

exercise programme end goals. 

As previously mentioned, regular participation in exercise has the 

ability to aid in the reduction of symptoms in different conditions and 

special populations. When implementing a structured exercise programme 

it is important to have a comprehensive understanding of any underlying 

conditions or comorbidities to ensure a safe and enjoyable exercise 

programme. 

 

2.4 Peripheral Arterial Disease and Intermittent Claudication 

Peripheral Arterial Disease (PAD) is a progressive atherosclerotic 

disease causing the narrowing of the arterial lumen by atherosclerotic 

plaques in the lower extremities and resulting in the complete or partial 

obstruction of the arteries in the lower extremities44-46. Obstruction in the 

arterial supply to the lower extremities can lead to painful symptoms 

resulting from the lack of blood flow and oxygen to the affected tissues 

known as critical limb ischemia44. In milder forms of the disease painful 

symptoms are typically experienced while walking or participating in 

exercise and relieved by rest: this is known as intermittent claudication 

(IC), caused by insufficient blood flow and oxygen delivery to the lower 

extremities under conditions of increased requirements. Individuals with 

claudication experience a cramp-like or burning pain commonly in the 

lower leg, specifically at the gastrocnemius-soleus complex. This can lead 

to reduced physical activity or exercise, limited functional walking ability, 

reduced health-related quality of life (HR-QoL)  and an increased sedentary 

lifestyle2. A correlation between reduced functional walking ability, such as, 

slower walking speeds and shorter walking distances, and increased risk of 
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cardiovascular and all-cause mortality has been seen in individuals with 

intermittent claudication2.  

 

2.5 Prevalence and Incidence of Peripheral Arterial Disease and 

Intermittent Claudication 

There are roughly 200 million individuals worldwide clinically 

diagnosed with lower leg arterial disease with 35% experiencing 

intermittent clauidcaiton2. Reported by the Global Burden of Disease study, 

between 2005 and 2015 there was roughly more than a 30% increase in 

deaths and disabilities associated with PAD47. It has been seen that the 

increase of prevalence PAD is associated with the increase of age affecting 

1 in 10 adults older that 70 years47. The overall 5-year mortality rate of PAD 

Is approximately 20% with fatal cardiovascular events accounting for 70% 

and an additional 30% of nonfatal cardiovascular events48. The Strong 

Heart Study estimated in 2000 there were roughly 8.5 million individuals in 

the United States with PAD or an estimated 7.2% of individuals 40 years or 

older3. From 2000 to 2010 an increase in PAD was seen in low- and middle-

income countries rising by 28.7% compared to an increase of 13% in higher 

income countries48. Reported by the REACH registry, 61% of patients with 

peripheral arterial disease had coronary artery disease and/or 

cerebrovascular disease47. Critical limb ischemia (CLI) is the most severe 

form of PAD; up to 40% of patients with unsuccessful revascularizations 

undergo lower leg amputation49. The mortality rate for this population 

surpasses 20% as revascularization is the only treatment to help improve 

limb perfusion49. Furthermore within two years of amputation, 30% of 

patients are deceased, 15% have above-knee amputation, 15% have a 

contralateral amputation and 40% have full mobility50. Moderate 

claudication is associated with morbidity when left untreated; patients are 

encouraged to participate in structured exercise, drug therapy, risk factor 

modification and antiplatelet therapies49. If unsuccessful, possible 

treatments are limb revascularization, surgical or endovascular 

intervention49. 
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2.6 Pathophysiology of Peripheral Arterial Disease 

One of the primary manifestations of PAD is the formation of fatty 

deposits in the arteries, also known as atherongesis51. There are 3 phases 

of anthogenesis: 

1. The start of the lesion begins to form as mononuclear 

leukocytes or white blood cells to the inner layer of the vessel 

wall or the intima51. Inflammation of the vessel is caused by two 

adhesion molecules, selectins and leukocyte adhesion 

molecules51. 

2. As the lesion progress, plaque in the vessel becomes 

increasingly more fibrous51. Smooth muscle cells assemble 

within the lesion and intrinsically combine extracellular 

macromolecules to form a fibrous matrix51. As the buildup of 

calcium increases, the degeneration of the vessel wall 

progresses caused by accumulated fatty deposits and scar tissue 

resulting in limited blood flow51.  

3. Due to the presence of thrombogenic substances in the vessel 

wall there is a formation of unstable plaque in the blood 

stream51. Two factors that contribute to unstable is the 

thickness of the fibrous plaque and the amount of collagen 

within fibrous cap51. Due to possible cell death there is a small 

presence of smooth muscle cells, caused by the increase of 

inflammatory cytokines within the degenerating vessel walls 

resulting in the decrease of the collagen component of the 

fibrous cap51,52. It is important to note the effect platelets have 

on the state and integrity of the artery51. A thick layer of 

platelets adheres to the inner most layer of the vessels’’ 

collagen fiber via glycoprotein Ia/IIa receptors in the platelet 

membrane51. This process then reveals the von Willebrand 

factor found in the platelet membrane glycoprotein Ib 

receptors51. Antagonists such as thrombin, serotonin, adenosine 

phosphate and thromboxane A2 are exposed as the platelets 
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undergo release reaction51. An increase of glycoprotein Ib/IIIa 

receptor molecules are seen on the platelet surfaces due to 

structural changes to the platelets; fibrogen then forms a bridge 

between two platelets to bind glycoprotein IIb/IIIa receptors to 

neighboring platelets51. A platelet plug is then formed form a 

matrix of platelets and fibrinogen molecules51. The platelet 

plugs either increases in size until the arterial lumen is 

completely obstructed with platelet-rich thrombosis, if firmly 

attached to the wall51. If the platelet plug is not firmly attached 

to the vessel wall the strength and speed of blood flow can 

separate the platelet plug from the wall51. This can lead to life 

threatening events such as stroke, amaurosis fugax, digital 

ischemia51. 

Lesions are grouped into three categories: aortoiliac, 

femoropopliteal, and tibiopedal53. Each category affects different arteries 

in the body; aortoiliac disease occurs in the infrarenal segment of the 

abdominal aorta, common iliac arteries, internal iliac arteries and external 

iliac arteries, proximal to the inguinal ligament or deep circumflex iliac 

arteries53. Disease in the common femoral arteries, profunda femoral 

arteries, the superficial femoral arteries and/or the popliteal arteries is 

labelled femoropopliteal disease53. Finally, crural disease effects the 

anterior tibial, posterior tibial, peroneal, dorsalis pedis and the plantar 

arteries53. 

 

2.7 Risk Factors Associated with Peripheral Arterial Disease  

Risk factors associated with intermittent claudication are similar to 

ones of peripheral arterial disease, coronary heart disease and 

cardiovascular disease, such as, high blood lipid profile, hypertension, 

diabetes, smoking, obesity and age54. Age is considered to be a progressive 

risk factor as individuals aged 70 or older significantly increase their risk of 

peripheral arterial disease55. Individuals with a family history of 
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cardiovascular disease and early on-set of atherosclerosis have an 

increased risk of developing peripheral arterial disease56.  

Epidemiological studies have shown smoking to be the primary risk 

factor for individuals with claudication50,57,58. Smoking in individuals with 

intermittent claudication is considered to be a stronger risk factor when 

compared to those with coronary heart disease36. Research shows that 

smoking cigarettes causes endothelial damage, proliferation of the arterial 

smooth muscle, increase blood clots and inflammation30,60-64. 

 

2.8 Diagnostic Tools for Peripheral Arterial Disease and Intermittent 

Claudication 

When clinically diagnosing any condition a general history and 

family history is taken. For PAD a clinician will take a history of any risk 

factors or comorbidities such as hypertension, dyslipidemia, diabetes, 

smoking status and any history of cardiovascular disease50. It is 

recommended to focus on vascular specific symptoms when obtaining a 

medical history from a patient. Common specific symptoms would be any 

of the following: walking impairment with aching, cramping or burning in 

the buttock, thigh, calf or foot, any rest in the lower leg or foot when in an 

upright position, poorly healing wounds in the lower extremities, upper 

extremity exertional pain, any transient or permanent neurological 

symptom, post-prandial abdominal pain with diarrhea, erectile 

dysfunction,  and/or history of hypertension or renal failure50. Patients will 

also undergo a physical examination which include blood pressure 

measurements and comparisons between both arms65. Auscultation of the 

following areas: the cervical and supraclavicular fossae areas, the cervical 

and supraclavicular fossae areas and the femoral arteries at the groin50. 

Palpation of all major pulses including the following: upper extremity 

pulses, abdomen, cervical and supraclavicular fossae areas, femoral, 

popliteal, dorsal pedis and posterior tibialis pulses50. Inspection of the feet 

is a critical aspect of the physical examination as it can be an indicator of 

the quality of blood flow in the lower extremity. Physicians would observe 
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for any pigmentation or temperature changes in the foot, any presences of 

ulcerations and the quality of the skin50.  

 

Intermittent claudication is commonly suspected due to the lack of 

a palpable pulse in the lower extremity or by ankle brachial index (ABI)50. 

Condition specific symptoms of intermittent claudication is a cramp-like 

pain in the calves which increases with regular walking and only relieved by 

rest. Ankle brachial index is the cornerstone for diagnosing the presence 

and the severity of peripheral arterial disease and intermittent 

claudication. It is a non-invasive exam measuring the arm to ankle ratio of 

systolic pressure and is calculated by the lower extremity pressure divided 

by higher brachial pressure53,66. Normal ranges for ABI are 1.00 to 1.40 

respectively; an ABI of <0.90 is 90% sensitivity and 95% specificity for 

PAD67. Ankle Brachial Index measurements of 0.91 to 1.00 are considered 

to be borderline67. An ABI of <0.90 is commonly seen in individuals with 

intermittent claudication where an ABI >1.0 is seen in healthy individuals50. 

Ankle brachial measurements and the severity of the claudication is 

summarized in Table 2.1. 

 

Table 2.1 Ankle Brachial Index Measurements 

Severity Ankle Brachial Index 

Normal 1.0-1.4 

Borderline 0.9-1.0 

Mild PAD <0.9 

Moderate PAD 0.4-0.7 

Severe PAD <0.4 

 

The treadmill test is an effective non-invasive test to understand 

functional walking ability for individuals with intermittent claudication. 

There are two treadmill tests used for peripheral arterial disease: the 

constant load test and the graded test65. The constant load is completed at 
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3.2 km/h at a gradient of 10%-12%50,65,68 The patient is asked to walk until 

they have reached their pain free walking distance and then to continue 

walking until they have reached their absolute claudication distance 

(ACD)68. Unfortunately, the constant load test is unreliable as parameters 

are fitted throughout the test. For some participants it is likely the 10%-

12% gradient is too difficult to attempt and is beyond their functional 

ability, therefore, it is an unattainable parameter and the participant will 

not reach full potential65. In comparison, some participants may have the 

functional ability to walk at a 10-12% gradient; resulting in an inaccurate 

reading of pain free walking distance65. 

The second test is the graded test; the patient will begin walking at 

3.2 km/h at 0% gradient65. Workload or gradient is then increased by 2% 

every 2 minutes until the patient has reached their absolute claudication 

distance or can no longer participate65. The graded test is a more 

individualised test to administer as each patient will reach their own 

individual capabilities and will not reach their pain free walking distance 

prior to their absolute claudication distance65. 

 

2.9 Exercise and Peripheral Arterial Disease 

Regular exercise in individuals with PAD improves ambulation 

distances69. These changes are associated with changes in blood viscosity 

and capillary and mitochondrial density, as well as the increase of oxidative 

and glycolytic enzymes68. Exercise is a promising form of treatment for the 

management of claudication and it is recommended for individuals with 

claudication to participate in regular exercise for at least 6 months, aiming 

to improve functional walking ability and to reduce risk factors associated 

with cardiovascular disease54. In individuals with intermittent claudication 

functional walking ability is measured by total walking distance (TWD) or 

the total/maximum distance and individual can walk in an allotted time and 

pain free walking distance (PFWD) or the distance an individual can walk 

before painful claudication symptoms are elicited. 
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There are a limited exercise programmes for individuals with PAD 

and intermittent claudication. Many exercise programmes are supervised, 

which usually require patients travelling to a gym or clinical setting  at set 

time. Home-based exercise programmes (HEP), is an attractive alternative 

to supervised exercise programmes as many patients cannot participate in 

supervised exercise programmes due to travel difficulties and/or cost. 

Furthermore structured exercise programmes are frequently not part of 

the clinical service provision to patients with intermittent claudication. This 

has been confirmed by a recent study in the U.K., where only 47 out of 129 

vascular surgeons (36.4%) reported having access to structured exercise 

programmes for patients70. Due to the lack of access to structured exercise 

programmes, 30% of claudication patients are limited to GHWA as their 

exercise prescription70. Only 1 in 5 physicians reported they would provide 

patients with a specific exercise protocol and ask to log their activity to 

monitor exercise participation70.  

When compared to “go home and walk advice”, HEP has been 

shown to be more effective in improving functional capacity and quality of 

life70.  Gardner et al.,71 found that when compared to usual care or GHWA, 

home-based exercise improved pain free walking distances by 65% and 

total walking distances by 31%. HEP has also been shown to improve ankle 

brachial index, ambulation in activities of daily living and exercise 

performance71. The authors of these studies concluded that HEP is a more 

practical exercise intervention and can be associated with better outcomes 

when compared to a supervised exercise intervention. 

Structured/supervised exercise programmes for claudication are not 

accessible to patients in the hospital setting or in the community72.  A 

recent meta-analysis reported that structured home-based exercise 

programmes improve functional walking ability in patients with PAD2. HEP 

could be an effective alternative to GHWA to potentially aid in the 

improvement of ambulation distances. 
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 Aerobic Exercise and Intermittent Claudication 

Aerobic exercise or regular walking is the recommended form of 

exercise for individuals with PAD and claudication from vascular surgeons.  

Participating in regular walking has the ability to improve cardiovascular 

health, strengthen the lower legs and improve functional walking ability39. 

To elicit improvements in ambulation distances it is recommended for 

individuals with claudication to walk past the claudication distance to 

increase the distance before the pain is present, only to be relieved by 

rest39. Supervised treadmill walking has shown to be the most beneficial in 

improving functional walking ability in individuals with claudication3. It is 

possible that any physiological, metabolic and mechanical changes that are 

exposed during exercise is due to stimulated adaptive response that results 

in reduced claudication symptoms73. Claudication is a result of a lack of 

blood flow to the lower extremities due to a build-up of plaque, therefore, 

it could be assumed that increased claudication distances is correlated to 

increased bloodflow73. However, there is limited research on if increased 

ambulation distances is a result of increased blood flow as a response to 

exercise participation73. Changes seen in ambulation distances after 

exercise participation may be a result of alterations in microcirculation, 

endothelial function and oxidative metabolism73.  

Treadmill based exercise programmes are frequently used to assess 

and improve ambulation distances for PAD and claudication.  A meta-

analysis performed on graded treadmill testing and functional walking 

ability reported that TWD and PFWD improved in individuals with 

claudication after participation in 12 weeks of treadmill-based structured 

exercise training3. To measure changes in TWD and PFWD graded and 

constant-load treadmill tests are most commonly used, such as, the graded 

Gardner-Skinner treadmill test. This particular treadmill test participants 

start walking at 2.0 mph or 3.2 kmph with 0% grade with an increase of 2% 

grade every 2 minutes and maintaining a speed of 2.0 mph or 3.2 kmph3.  

Participants will continue walking as long as their claudication pain or other 

exercise induced symptoms allows3. For individuals with PAD that are 
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unable to start at 2.0 mph or 3.2 kmph, the speed is set to 0.5 mph or 0.8 

kmph at 0% grade with a speed increase of 0.5 mph or 0.8 kmph every 2 

minutes until 2.0 mph or 3.2 kmph is performed3.  Once the appropriate 

speed is achieved, the treadmill grade is increased by 2% every 2 minutes 

until claudication pain or other exercise induced symptoms ceases 

participation3. 

The six minute walk test (6-MWT) is a validated test to asses and 

measure functional walking ability in individuals with clauication3,74. 

Performed in a safe and flat 25 metre corridor with an experienced 

exercise specialist; participants are instructed to walk the full length of the 

corridor and back at a controlled pace they are comfortable with3,74. 

Participants are allowed to take breaks when need and can sit down to rest 

to help reduce painful claudication symptoms3,74. If a participant stopped 

during the 6 minutes the time was not stopped as ambulation distance is 

the primary goal. Pain free walking distance is recorded by the participant 

informing the exercise specialist when their claudication is present; total 

walking distance is measured at the end of the 6 minutes3,74. Results of the 

6-MWT is commonly compared to a baseline measurement and can be 

interpreted as a small meaningful change or large meaningful 

change/clinical significance3,74. A small meaningful change is when the 

participant achieves an additional 20 metres and a large meaningful change 

when the participant achieves an additional 50 metres when compared to 

baseline3,74. The 6-MWT is a validated and feasible option for researchers 

and clinicians with limited access to exercise equipment. 

When implementing aerobic exercise or regular walking it is 

important to adhere to the F.I.T.T principle (frequency, intensity, time and 

type) recommendations for individuals with claudication. Recommend by 

the American Heart Association/American College of Cardiology (AHA/ACC) 

and the European Society for Cardiology/European Society for Vascular 

Surgery (ESC/ESVS) supervised walking or supervised exercise training 

should be completed at least 3 days per week2,3.  There is limited research 

regarding exercise intensity and walking for individuals with claudication3. 
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Parmenter et al.,12 concluded form a meta-analysis that incorporating short 

intervals of exercise training at vigorous intensity (70%-80%) of VO2peak can 

elicit greater improvements in VO2peak when compared to moderate 

intermittent exercise3. Participation in exercise for roughly 30 to 60 

minutes was beneficial in the improvement in functional walking ability3. It 

has been seen that participation in 30 minutes of regular walking elicits 

similar improvements when compared to 60 minutes of walking and peak 

improvements being recorded at 45 minutes3. It is recommended for 

supervised walking programmes to be a duration of 12 weeks for 

significant improvements in functional walking ability2,3. Supervised 

treadmill walking is the most common type of exercise recommended for 

improvements of functional walking ability in individuals with intermittent 

claudication. However, home-based walking programmes have been 

deemed beneficial and effective in the improvement of functional walking 

ability2. One of the inherited difficulties of prescribing walking to this 

cohort is that painful symptoms are elicited when participating in regular 

walking. Thus, it seems prudent to explore alternative modes of exercise 

that might have a beneficial impact without exacerbating symptoms. In 

order to reduce cardiovascular risk, it is recommended for older adults to 

participate in aerobic exercise as well as muscle strengthening 

exercises2,33,75. 

 

Resistance Exercise and Intermittent Claudication 

Resistance exercise training has numerous health benefits such as 

body fat reduction, weight management, decreased blood pressure, fall 

risk reduction and improved joint strength41. Individuals with intermittent 

claudication tend to have a lack of confidence when participating in regular 

walking and have concerns of worsening their current condition4.  It is 

important to consider alternative forms of exercise such as resistance 

exercise as regular walking or physical activity can elicit painful symptoms 

and enhance a sedentary lifestyle.  



Chapter 2 

 

 35 

Unlike regular walking or physical activity, resistance training rarely 

elicits claudication pain4. Parmenter et al.,4 found that resistance training 

alone improved functional walking ability in individuals with PAD.  Due to a 

reduced functional walking ability it is common for individuals with PAD to 

have reduced overall muscle mass and strength, specifically in the lower 

extremities3. Participation in resistance training can increase muscular 

strength and muscular mass; there is a strong relationship between 

increased muscular strength and functional walking ability4. Parmenter et 

al.,4 reported that physiological and metabolic alterations after 

participation in resistance training could be from an increased recruitment 

in muscle fibers during walking resulting in the reduction of energy use 

during walking. Similar to the findings of Aamot and Rognmo73 that 

changes in function walking ability is possible due to metabolic changes 

opposed to increased blood flow. 

Resistance training programmes that are currently available focus 

on strengthening muscles of the lower leg, such as, gastrocnemius-soleus 

complex, quadriceps, hamstrings and gluteals4. However, Ritti-Dias et al.,14 

included upper and lower body resistance exercises using strength training 

machines, consisting of leg press, crunches, unilateral knee extension, 

seated row, unilateral knee flexion, bench press, calf raises on the leg press 

and seated back extension. Exercises were completed in 3 sets of 10 

repetitions with a 2-minute break in between sets14. Ritti-Dias et al.,14 

found when compared to treadmill walking, strength training resulted in 

less exercise induced claudication pain during each exercise session. This 

suggests that resistance training is a feasible option as an alternative form 

of exercise when compared to the golden standard walking 

recommendations for improvement of functional ability in individuals with 

claudication4,14. 

When implementing a resistance training programme it is 

important to incorporate exercises that aid in activities of daily living. 

Similar to aerobic training it is recommended to adhere to the F.I.T.T 

principle when designing and prescribing a resistance exercise programme. 
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There is limited research on stand-alone resistance training programmes 

for intermittent claudication, however, current research suggests at least 3 

days per week for 12 weeks2,3,4. Further research is needed to understand 

the physiological effect exercise intensity has on claudication pain and 

walking capacity. However, Parmenter et al.,7 compared high intensity 

progressive resistance training (H-PRT) to low intensity progressive 

resistance training (L-RT). The exercise programme consisted of fully 

supervised resistance training 3 days a week for 6 month7. Participants 

completed 3 sets of 8 repetitions for 8 exercises focusing on 7 major 

muscle groups; the exercises consisted of seated row, chest press, hip 

abduction, hip extension, leg press, knee flexion, knee extension and calf 

raise using pneumatic resistance equipment7. Intensity for H-PRT was 50% 

of the participants peak strength from 1-RM baseline and increased over 4 

sessions until 80% 1-RM was achieved7. Intensity for L-PRT was set at 20% 

of 1-RM at baseline and increased by 2% until 30% 1-RM was achieved7. 

Parmenter et al.,7 found that high intensity progressive resistance training 

improved functional walking ability during the 6-MWT, in comparison low 

intensity progressive resistance training and usual care did not see 

improvements in functional walking ability7. Due to the limited research on 

exercise intensity for individuals with claudication it is recommended to 

follow the ACSM guidelines on exercise intensity for resistance training; 

60% to 80% of the individuals one repetition maximum or 60% to 70% of 

one repetition maximum for older adults or adults with minimal exercise 

experience. Parmenter et al.,4 systematically reviewed the current 

literature on resistance training as treatment for older adults with PAD it 

was reported that duration of resistance training programmes ranged from 

20 minutes to 60 minutes. There are numerous modes of resistance 

exercise, some of the most popular would be plated loaded resistance 

machines, body weight, resistance bands and free weights2. Resistance 

training improves flat ground walking as well as graded treadmill walking in 

individuals with PAD and should be considered as a mainstream 
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therapeutic modality for the management of painful claudication 

symptoms and improvements in functional walking ability4. 

 

2.10 Pathophysiological Response to Exercise Participation in PAD 

 Individuals with PAD commonly have impaired or reduced lower leg 

strength due to limited exercise participation and a sedentary lifestyle. 

Computed tomography imaging has shown that patients with PAD have 

reduced calf muscle and increased calf muscle fat percentage when 

compared to the general public3. Treat-Jacobson et al.,3 suggests that 

structural and pathophysiological alterations in the skeletal muscle located 

in the calf as well anatomic and functional vascular abnormalities lead to 

restricted blood flow during exercise and eventually resulting in impaired 

contractile performance3. Impaired function of the mitochondria in the calf 

musculature is seen in individuals with PAD resulting in reduced energy 

production3. When participating in physical activity ischemia in the lower 

extremity, specifically the calf, which is followed by rest. This mechanism is 

defined as a restricted amount of blood supply and oxygen is caused due to 

physical activity once at rest blood supply and oxygen in then returned to 

the muscles and tissues of the lower extremity also known as 

ischemia/reperfusion; this mechanism results in the degeneration of 

muscle fibres and mitochorndia3. As mentioned previously, structural and 

functional atrophy in the gastrocnemius-soleus complex is commonly seen 

in individuals with PAD, however, this reduction is muscular strength, 

muscular mass and muscular function can negatively impact an individual’s 

functional outcomes, prognosis  and can lead moss of mobility3. 

Participation in 12 weeks of supervised exercise therapy can lead to 

reduced levels of inflammatory markers, increased capillary density of the 

gastrocnemius muscle, improved endothelium-dependent vasodilation and 

altered skeletal muscle metabolism through an increase of oxidative 

enzymes3,76-79. 
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2.11 Chronic Venous Insufficiency 

Chronic venous insufficiency (CVI) is classified as functional 

abnormalities affecting the venous structure such as changes in the skin or 

subcutaneous tissue causing the vein wall and/or valves to malfunction, 

resulting in stasis in the lower legs, also known as varicose veins79,80. 

Directly altering the venous system in the lower extremity, chronic venous 

insufficiency causes venous hypertension resulting in pain, swelling, 

edema, pigmentation changes and varicose veins81. Varicose veins are 

commonly defined by location and graded based on severity of the 

condition81. According to the Edinburgh Vein Study, varicose veins are 

categorized in two three sub-grades based on location and severity of the 

condition23: 

1. Trunk Varices: Dilated, tortuous trunks of the saphena 

magna or parva vein and their branches of the first or 

second order 

2. Reticular varices: Dilated, tortuous subcutaneous veins 

not belonging in the main trunk 

3. Intradermal varices: Hyphenwebs or varicose veins 

Early onset symptoms of chronic venous insufficiency consist of 

edema and varicose veins23. In more advanced cases it is common to see 

pigmentation, stasis cellulitis and lipodermatosclerosis and ulceration23. 

Previously regarded as a cosmetic or psychological issue, chronic venous 

insufficiency or varicose veins has been overlooked in research. 

 

2.12 Prevalence and Incidence of Chronic Venous Insufficiency  

There are an estimated 25 million individuals living with varicose 

veins and an additional 6 million living with a more advanced venous 

disease80-83. Prevalence of varicose veins vary in men and women; there is 

an estimated 2% to 56% of men that have varicose veins and roughly 1% to 

73% in women23. The prevalence of varicose veins is estimated to be 

between 5% to 30% in the adult’s population with a female to male ration 

of 3:1 for presence of varicose veins81.  Chronic venous insufficiency is 
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reportedly as prevalent as peripheral arterial disease in the older adult 

popoulation84,85. The Edinburgh Vein Study found of 1566 subject, 9.4% of 

males and 6.6% of female had chronic venous insufficiency; of this cohort 

21.2% of men older than 50 years had CVI and 12% of women older than 

50 years was diagnosed with chronic venous insufficiency through duplex 

ultrasound81. The annual incidence of varicose veins was reported by the 

Framingham Heart Study with 2.6% in women and 1.9% in men81. Many 

risk factors and environmental and behavioral risk factors have been 

associated with CVI. 

 

2.13 Risk Factors of Chronic Venous Insufficiency 

Risk factors commonly associated with varicose veins are advanced 

age, gender, family history of varicose veins or venous disease, high body 

mass index, pregnancy, prior venous thrombosis, smoking, ligament laxity, 

previous lower extremity injury, sedentary lifestyle, prolonged standing 

and sitting23,81,81,86-100. Comorbidities such as venous wall degeneration, 

arteriovenous hunt and nonthrombotic iliac vein obstruction can 

contribution to the development of varicose veins95,96. 

Varicose veins are commonly seen in the older population due to 

venous wall degeneration and increased pressure on the superficial vein’s 

location in the gastrocnemius-soleus complex23,95,96. The Edinburgh Vein 

study found an association between aging and prevalence of CVI in men 

when compared to women23. Women younger than 30 years have a less 

than 10% prevalence for varicose veins when compared to men with a 1% 

prevalence; when compared to men and women 70 years and older, 

women had a 77% prevalence and men had a 57% prevalence, 

respectively23.  

It has been seen that women have a higher prevalence and 

diagnosis of varicose veins when compared to men. Recent research 

suggests that pregnancy is a primary risk factor of chronic venous 

insufficiency or varicose veins with women who have experienced more 

than one birth to be at highest risk23. Other physiological adaptations 
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during pregnancy can increase a woman’s risk to developing varicose veins, 

such as, an increase of blood volume, increased venous return due to fetal 

growth and the increase and presence of relaxin23. Relaxin is known to be a 

vasodilator resulting in an increased pressure on venous valves in the lower 

etremities23. 

Limited research has focused on environmental and behavioral 

factors associated with varicose veins. Smoking, physical activity, oral 

contraceptives, hormone replacement therapy, history of diabetes, 

hypertension, injury to the lower extremities and blood plasma levels have 

been examined as contributing factors, however further research is 

needed23. 

 

2.14 Pathophysiology of Chronic Venous Insufficiency 

 The structure of the lower extremities is separated into 

compartments and chambers, each having their own metabolic function on 

blood flow and muscle function23. Within the calf muscle there are deep 

veins that form into the popliteal vein located behind the knee, which then 

becomes the femoral vein in the upper leg, then forming the common 

femoral vein, iliac vein and the inferior vena cava, in which carries 

deoxygenated blood from the lower and trunk of the body into the right 

atrium of the heart23. The walls of the inferior vena cava are ridged and 

consists of numerous one-way valves to ensure forward flow of blood back 

to the heart. The gastrocnemius-soleus complex is located in the lower 

extremity and plays an important role in the return of venous blood back 

to the heart, this is known as calf muscle pump function23. The calf muscle 

pump function allows blood from the lower extremities to be pumped back 

to the heart against gravity23,81. Contraction of the gastrocnemius-soleus 

complex is the primary force to return venous blood to the heart, however, 

the foot and thigh assists in forcing the blood out of the venous plexi and 

into the deep venous system81.  The mechanism of the calf muscle pump 

relies on the contraction of the calf muscles forcing the valves of 

perforating veins closed resulting in high pressure of the deep veins23. 
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Once the calf muscles relax pressure in the deep veins are lower than the 

pressure in the superficial venous system allowing blood flow from the 

superficial veins to the deep veins within the calf muscle, the mechanism is 

then complete with the final contraction resulting in the closing of the 

perforator veins and the blood being pumped proximally in the deep 

veins23. 

 Research suggests that the disruption of blood flow in the lower 

extremities causing chronic venous insufficiency is due to the failure of the 

valve reflux23. Venous hypertension happens when the perforator valves 

malfunction there is an increase in pressure during contraction of the 

gastrocnemius-soleus complex resulting in impairment of the return of 

blood23,81. Venous hypertension is commonly the cause of edema, 

ulceration and varicose veins in the lower extremities23. Varicose veins are 

formed by the failure of valves in the deep and superficial venous system 

causing high pressure to enter the superficial veins81. Once there is failure 

of a valve blood flow is allowed back into the superficial system causing a 

cluster or ‘chunky’ veins ascending up the leg81. 

With the malfunctioning valve reflux being the majority cause of 

chronic venous insufficiency, there are studies suggest that primary wall 

malfunction or vein wall degeneration may be the cause of CVI23. It can be 

argued that malfunction of the valve reflux could be due to the 

degeneration and weakening of the vein wall due to changes in collagen 

composition and elastin content23. 

 

2.15 Diagnostic Tools for Chronic Venous Insufficiency 

 There are numerous diagnostic tools for CVI, the most common 

ones being, patient history, physical examination and venous duplex 

ultrasound81. During a physical examination for CVI the skin is examined 

and palpated for any irregularities or bulges that may indicate a presence 

of varicose veins in the superficial vein81. Any presence of 

hyperpigmentation, stasis dermatitis, or white scarring at sites of previous 

ulcers are signs of possible CVI81. If presence of CVI is suspected the patient 
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should sit upright to allow distention of the veins from multiple directions 

to be able to assess edema and severity81. The tourniquet test can be 

performed to determine between deep or superficial reflux, this test will 

expose the extent or severity of the disease or allow insight on the cause81. 

 Venous duplex ultrasound has become the mainstay noninvasive 

diagnostic tool for determining the etiology and severity of CVI81. Using B-

mode imaging of the deep and superficial veins with a pulsed Doppler the 

blood flow is observed, and severity of the condition is determined81. 

Through venous duplex ultrasound reflux is determined by blood flow 

toward the feet81. This is measured by reflux duration or reflux time where 

the longer the reflux time the more severe the disease81.  

The Clinical, Etiology, Anatomic, and Pathophysiologic (CEAP) 

Classification is used to determine the severity and etiology of the 

disease23,81,102. The CEAP classification is made up of seven stages; C0 no 

visible or palpable signs of venous disease, C1 Telangiectasias or reticular 

veins, C3 Varicose veins, C4a pigmentation or eczema of the skin, C4b 

lipodermatosclerosis or atrophied blanche, C5 healed venous ulcer, C6 

active ulcer101. Patients experiencing symptoms in stages C5 and C6 are 

considered to be in the advance stages of venous disease and has the 

potential to be life threatening101. 

 

2.16 Exercise and Chronic Venous Insufficiency 

Noninvasive interventions are limited for individuals with varicose 

veins. Some interventions consist of diuretics, anticoagulants, weight 

management and reduction, skin/wound care, compression therapy and 

exercise training103,104. Exercise training that focuses on the improvement 

of ankle range of motion (ROM) and calf muscle pump function has been 

shown to be beneficial for individuals with chronic venous insufficiency102. 

Participation in regular exercise can also improve hemodynamics, 

cardiorespiratory fitness and reduce oedema27,105,106. Researchers have 

found that by incorporating ankle range of motion exercises into a patient’s 

daily routine can strengthen the calf muscle pump function resulting in the 
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prevention of disease progression26. It was reported that structured 

exercise training focused on the calf muscles can improve hemodynamic 

performance after at least three months26. 

Ercan et al.,26 found that a 12-week at home exercise programme 

decreased participants VAS values and a significant increase in EQ-5D 

quality of life scale (p<0.05)26. However, the study failed to show a positive 

impact on participants calf muscle pump function in regards to venous 

reflux. After 12-weeks of structured calf muscle exercise participants 

experienced improved ankle ROM, improved muscular strength, overall 

improved QOL, improved venous return (VRT) and reduction of pain26. 

After 12-weeks of structured exercise it was reported, exercise has a 

positive impact in the treatment of venous insufficiency26. 

Adequate ROM is as important in healthy individuals as it is in 

individuals with CVI. With long periods of inactivity muscles tend to 

shorten, resulting in tightness of the muscle. ROM is then negatively  

affected by these tight muscles restricting the joint from reaching the full 

range. Ercan et al.,26 stated that the slightest change in ROM has the 

potential for greater hemodynamic changes. 

It is reported that a change of 1.5 cm  in ankle rotation axis leads to 

8.3% increase in extension peak torque (PT)26,27. There is a positive 

correlation between an individual with CVI and their ROM and the stage of 

venous disease they may be experiencing26,27. It is recommended for 

individuals with chronic venous insufficiency to incorporate ankle exercises 

into their daily lives as they can be highly beneficial to ROM improvement 

and calf muscle contracion26. Physical exercise has the ability to improve 

venous refilling time and ejection fraction time in individuals with chronic 

venous insufficiency as well as aid in the improvement of 

haemodynamics’85. 

 

2.17 Isokinetic Testing for Chronic Venous Insufficiency 

Isokinetic testing is an objective measurement of muscle 

performance. It has the advantage of measurements are obtained by the 



Chapter 2 

 

 44 

machine performing kinematic analysis of movements and comparing both 

sides of the extremity through agonist/antagonist muscle strength and the 

work capacity and endurance of muscle movement107. Isokinetic testing is a 

musculoskeletal performance system that has the ability to compute 

reliable quantitative data and provide the option to save the patients data 

to evaluate the disease progression or improvement107. Isokinetic testing is 

highly beneficial to this patient population as it assists in the evaluation of 

muscular strength in which can aid in ankle range of motion which can lead 

to improved haemodynamic’ in individuals with chronic venous 

insufficiency26,27. Isokinetic testing is a safe and validated measurement of 

muscular strength for individuals with chronic venous insufficiency. 

Lower leg vascular disease is highly debilitating in both intermittent 

claudication and chronic venous insufficiency. Patients face functional 

limitations daily’s due to lack of exercise participation resulting in a 

reduced health-related quality of life and increased risk of cardiovascular 

disease or risk due to the presence of other comorbidities. The work 

presented in this PhD thesis aims to provide evidence on the benefit of 

participation in structured resistance exercise intervention for individuals 

with moderate intermittent claudication and post-surgical individual with 

chronic venous insufficiency. It also provides an alternative form of 

exercise for individuals with lower leg vascular disease, specifically 

intermittent claudication and chronic venous insufficiency.
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Chapter 3: Resistance Training for Health-Related Quality of Life in 

Intermittent Claudication: Review of Systematic Reviews 
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3.1 Background   

3.1.1 Description of the condition 

Intermittent claudication (IC) is the most common symptom of peripheral 

arterial disease (PAD) characterized as a localized cramp-like pain while 

walking or participating in regular exercise only relieved by rest44,27,31. 

Claudication pain while walking is due to the presence of atherosclerotic 

plaques narrowing the arterial lumen causing an obstruction of blood flow 

to the lower extremities and tissues hindering the body to keep up with the 

metabolic demand placed upon it108. Intermittent claudication risk factors 

include heart disease, cigarette smoking, diabetes, dyslipidemia, 

hypertension, gender, age and inflammatory markers45,108. Cigarette 

smoking is regarded as the main risk factor associated with PAD and IC, 

with heavy smokers having a higher risk of developing PAD and IC45; the 

risk of IC is increased 3-to 10- fold in active smokers compared to non-

smokers108. Smoking cessation and regular walking are recommended for 

the prevention and management of intermittent claudication108. 

An estimated 27 million individuals aged 55 years or older in North America 

and Europe are diagnosed with PAD108. Of these approximately one-fifth of 

individuals experience intermittent claudication. According to the recent 

Rose claudication questionnaire the incidence of intermittent claudication 

for individuals aged 30-44 years was 6 per 10,000 in men and 3 per 10,000 

in women; increasing to 61 per 10,000 in men and 54 per 10,000 in women 

aged 65 to 74 years108.  Individuals with intermittent claudication have 

reduced health-related quality of life (HR-QoL) when compared to the 

general public due to the limited functional walking ability and association 

with atherosclerosis44,45. Health-related quality of life is defined by how 

well an individual functions with activities of daily living and the individuals 

self-perception of well-being in physical, mental and social domains of 

health18. Furthermore, due to functional limitation individuals with IC 

typically do not participate in regular exercise, resulting in reduced 
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cardiorespiratory health, exercise capacity and musculoskeletal fitness, 

which are known to be associated lower HR-QoL15. Quality of life is, 

therefore, an important measure of treatment and management success 

for individuals with IC which can be improved through participation in 

regular exercise109,110.  

Walking and regular exercise have been shown to improve patient 

outcomes such as pain-free walking distance (PFWD), functionality and HR-

QoL110. The impact of exercise interventions on HR-QoL have been 

reported in clinical trials and in a number of published systematic reviews. 

In addition, the focus is usually on the comparison of different types of 

exercise interventions on patient outcomes in clinical trials and systematic 

reviews.  

3.1.2 Why it is important to do this overview 

This overview aims to summarize the available evidence from Cochrane 

and non-Cochrane systematic reviews on the effect of resistance (strength) 

training on intermittent claudication. Usual care typically consists of 

walking exercise which is commonly recommended to individuals with 

claudication as a form of treatment and management. Resistance training 

is a popular form of anaerobic exercise recommended by the American 

College of Sports Medicine(ACSM) and the American Heart Associate 

(AHA)41. Participation in resistance training has the ability to improve 

muscular strength, power, speed, hypertrophy, muscular endurance, motor 

performance, balance and coordination41. Resistance training is associated 

with health benefits such as reduced body fat, increased metabolic rate, 

weight management, decreased blood pressure, improved blood lipid 

profiles, improved glucose intolerance and insulin sensitivity, reduced risk 

of osteoporosis and management of long-term independence and 

functional capacity41.  
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Anaerobic exercises to increase muscle fibre size can be performed at a 

fitness facility or at home using household items, such as water bottles or 

cans of food. Other forms of equipment that can be used at home are 

resistance bands or simply performing body weight exercises. Demanding 

immediate energy, anaerobic exercise results in higher caloric deficit in a 

shorter amount of time when compared to aerobic exercise. The benefits 

of resistance exercise improve health-related quality of life and reduce the 

risk of premature death111. 

Incorporation of full-body resistance exercise programmes has the ability 

to prevent degenerative diseases such as osteoarthritis and rheumatoid 

arthritis111. When a resistance (anaerobic) exercise programme is properly 

constructed all major muscles group are considered to ensure balanced 

muscular development. By comparison aerobic exercise, such as jogging, 

has the potential to result in increased posterior lower extremity muscles 

but not anterior lower extremity muscles.  

Walking is the primary exercise recommendation for individuals with 

claudication, however, participation in regular walking has the ability to 

elicit painful symptoms. This can lead to discouragement and withdrawal 

from participating in regular exercise. Therefore, this overview will focus 

on the effect resistance (strength) training has on health-related quality of 

life in individuals with claudication. 

3.2 Objectives 

The primary objective for this overview was to explore the potential of 

resistance training for HR-QoL in individuals with claudication. Secondary 

objectives were to evaluate the effect of resistance training on functional 

walking ability (pain free walking distance, total walking distance). 
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3.3 Methods 

The overview protocol was registered with PROSPERO on September 13th, 

2018 and full-text can be found there (Appendix 1). 

(https://www.crd.york.ac.uk/PROSPERO/, CRD42018109440) 

3.3.1 Primary Outcome Measures 

· Health-related quality of life (HR-QoL)

3.3.2 Secondary Outcome Measures 

· Functional walking ability (PFWD, TWD)

Criteria for considering reviews for inclusion 

3.3.3 Types of systematic reviews 

We included peer-reviewed full-text systematic reviews with randomised 

control trials (RCT’s) published year 2000-present. We excluded systematic 

reviews with non-RCTs and systematic reviews published before year 2000 

to ensure the most relevant systematic reviews over a 20 year period. We 

selected systematic reviews with only RCT’s to provide the most relevant 

evidence and minimise risk of confounding factors . An overview on this 

topic focusing on RCT’s has not been preciously carried out. 

3.3.4 Types of participants 

Systematic reviews included adults (18 years or older), male and female, 

with intermittent claudication. 

3.3.5 Types of interventions 

The systematic reviews included resistance training programmes and/or 

combination programmes (resistance and walking) with a usual care (i.e. 

“go home and walk”) or walking control group. Systematic reviews with 
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exercise programmes lasting for 6 weeks or more for two or more days a 

week were included. Systematic reviews in which control groups did not 

receive usual care advice, walking or exercise intervention, surgical or 

pharmaceutical interventions were excluded. Systematic reviews with 

exercise programmes less than 6 weeks occurring less than 2 days a week 

were also excluded from this overview. 

3.3.6 Search methods for identification of reviews 

The authors applied restrictions on the systematic review publication date 

to year 2000-present. 

3.3.7 Electronic searches 

An initial search of the Cochrane and Prospero database was performed in 

July 2018 to ensure there were no past or current overviews on this topic. 

Two overview authors (SH, KG) performed an electronic literature search 

using PubMed, CINAHL, Embase, PEDro and Cochrane CENTRAL until 

October 2018. Search terms included “intermittent claudication”, 

“peripheral arterial disease”, “structured exercise” “structured resistance 

exercise”, “resistance training”, “exercise”, and “health-related quality of 

life”. 

3.3.8 Searching other resources 

We checked reference lists of related systematic reviews. 

Data collection and analysis   

3.4 Selection of reviews 

SH and KG independently identified systematic reviews for this overview. 

One author (SH) then checked selected systematic review eligibility while 

the second author (KG) checked their work. Two overview authors (SH, KG) 

removed all duplicates prior to reviewing abstracts; abstracts were then 
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excluded based on the exclusion criteria provided. Full-text systematic 

review were then obtained and screened against the inclusion criteria by 

two overview authors (SH,KG). Any disagreements were brought to the 

attention of a third author (MN); this was not required 

3.4.1 Data extraction and management 

Two overview authors (SH,KG) extracted data using a set data extraction 

form. Information gathered from the included systematic reviews are: 

1. Number of studies in each systematic review and the amount they

are duplicated across the included systematic reviews

2. HR-QoL outcomes

3. Functional walking ability measurements (PFWD,TWD)

3.4.2 Assessment of methodological quality of included reviews 

The quality of the included reviews was determined by using the AMSTAR 2 

tool112. 

3.4.3 Quality of evidence from studies included in systematic reviews 

Two overview authors (SH,KG) assessed the overall quality of the evidence 

provided by the studies included in the systematic reviews. The authors 

used the GRADEPro tool113 to help extract and analyse outcome data. 

3.4.4 Data synthesis 

All data was collected independently by two review authors (SH, KG) and 

formulated into tables. Both review authors assessed the quality of the 

evidence in the included systematic reviews using the GRADE tool and then 

quality of the included systematic reviews using the AMSTAR tool; both 

authors then cross-check each other’s work. A summary of data from 

included systematic reviews was pooled together based on outcome 

measures. 
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3.5 Results 

The extensive literature search produced 20 full-text systematic 

reviews focusing on exercise and intermittent claudication. Two overview 

authors (SH, KG) independently reviewed the systematic reviews and 15 of 

the 20 systematic reviews were excluded. Five systematic reviews were 

excluded due to the lack of quality of life measurements16,114-117. Five 

systematic reviews were excluded due to the lack of resistance exercise 

programmes included in the systematic review15,118-121. Two systematic 

reviews included non-RCTs and were excluded from this overview44,122. 

Three articles were excluded as they were not classified as systematic 

reviews123-125. Of this, a total of five systematic reviews were included in 

this overview15,22,126-128. See Figure 3.1 for results of literature search. 
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Search Terms 
“intermittent claudication”, “peripheral arterial disease”, “structured exercise”  “structured resistance exercise”, 

“resistance training”, “exercise”, and “health-related quality of life” 

Pubmed 

Sept’-Oct’ 

2018 

N=569 

Embase 

Sept’-Oct’ 

2018 

N=514 

CINAHL 

Sept’-Oct’ 

2018 

N=58 

PEDro 

Sept’-Oct’ 

2018 

N=85 

Cochrane 

Sept’-Oct’ 

2018 

N=55 

Citations found 

n=1,281 

Inclusion/Exclusion 

Criteria applied 

1,055 Titles Excluded 

804 Irrelevant Intervention 

86 Irrelevant Study Type 

129 Irrelevant Comparator 

Eligible Titles 

N=226 

Duplicates 

N=194 

Abstracts Retrieved 

N=38 

 

Inclusion/Exclusion 

Criteria applied 

18 Abstracts Excluded 

2 Non-RCTs included 

16 Irrelevant Comparator 

Full Text SRs 

N=20 

Inclusion/Exclusion 

Criteria applied 

5 No QOL assessment 

5 No Resistance Exercise 

2 Non-RCTs included 

3 Not a Systematic 

Review 

Systematic Reviews 

Included 

N=5 

Figure 3.1 Flowchart of 

Included Systematic 

Reviews 
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3.5.1 Description of included reviews 

See Table 3.1 for a summary of the included systematic review 

characteristics (objective, study design, number of participants and studies, 

population, intervention, comparator, outcomes and limitations). See Table 

3.2 for a summary of all individuals studies included within the systematic 

reviews and the number of times the studies are duplicated throughout the 

five included systematic reviews. 
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Table 3.1 Summary of Included Systematic Reviews 

Systematic 
Review 

Primary Objective 
Secondary Objective 

Study 
Design 

Number of 
participants 

Population  Intervention Control Functional Walking Assessment Results Declaratio
n of 
Interest 

Supervised 
Exercise vs. 
Home-based 
Exercise vs. 
Walking 
Advice 
(Hageman, 
2018) 

Evaluating effects of SET, 
HBET programmes and WA on 
maximal treadmill walking 
distance or time (MWD/T) for 
patients with IC. 

To evaluate effects of SET, 
HBET, and WA and pain-free 
treadmill walking distance or 
time (PFWD/T), quality of life, 
and self-reported functional 
impairment 

RCTs 1,400 (21) Adults 18 years 
or older 
Diagnosed IC 
(Fontaine II/ 
Rutherford 1 to 3) 

Excluded 
Asymptomatic 
lower limb 
atherosclerosis 

Compared three or 
more different 
programmes: SET, 
HBET, and/or WA 
vs. other kinds of 
programmes 

Non-exercise 
control groups 
or walking 
advice 

Gardner Protocol: maintains 2mph with 
2% grade increase every 2 minutes 
Treadmill test: Fixed load at 3.5 km/h with 
12% grade 
Gardner-Skinner Protocol 
Treadmill Test: 1mph with grade of 5% 
with speed and grade increase at 5 minutes 
through 4 stages to 2.5 mph and 10% grade 
Treadmill test: Constant load 10% grade at 
3.5 km/h 
Gardner protocol: until maximal 
claudication pain or other exercise induced 
factor 
Treadmill test: 2 mph at 10% grade for 3 
minutes increased by 3.5% grade every 3 
minutes or until claudication pain 
Treadmill test: 2mph for 2 minutes grade 
increase of 2% every 2 minutes 
Treadmill test: Constant speed of 2.7 km/h, 
0% grade for 5 minutes then increased by 
2% every 3 minutes until failure 
Treadmill test: 2.5 km/h with grade of 10% 
Treadmill test: 2 mph at 0% grade; increased 
by 3.5% every 3 minutes until 10.5% grade 
is achieved then speed increased by  0.5 mph 
every 3 minutes 

SET is beneficial for treadmill-
measured MWD and PFWD 
when compared to HBET and 
WA 

MWD improved by 120 and 210 
metres after 3 months in SET 
groups 

No clear evidence between 
HBET and WA groups 

No clear evidence in QoL or in 
self-reported functional 
impairment between SET and 
HBET 

Low to very low quality 
evidence 

No 
competing 
interest 

Exercise for 
Intermittent 
Claudication 
(Lane, 2017) 

To determine whether an 
exercise programme was 
effective in alleviating 
symptoms and increasing 
walking treadmill distances and 
walking times in people with 
IC. 

To determine whether exercise 
was effective in preventing 
deterioration of underlying 
disease, reducing cardiovascular 
events and improving quality of 
life. 

RCTs 1,835 (32) Symptomatic 
intermittent 
claudication due 
to atherosclerotic 
disease. IC may 
be diagnosed 
objectively by an 
ABI <0.9 r 
evidence of PAD 
on Doppler 
Ultrasound or 
angiography, or 
both, or imaging 
were not used or 
reported. 

Exercise 
programmes, such as, 
walking, skipping, 
running, home-based 
therapies if 
researchers compared 
with placebo or no 
therapy. 

Walking 
advice or best 
medical 
treatment. 
Medical 
device or 
surgical 
intervention 

Treadmill test: 2mph at 0% grade 
Treadmill test: 3km/h at 10% grade 
Treadmill test: Maximal walking distance 
at 2 km/h at 12% grade 
Treadmill test: 1.8 mph at 0% grade. Speed 
increased by 0.2 mph every 3 minutes with 
0.5% grade increase every 30 seconds 
Treadmill test: 3.2 km/h at 0% grade for 2 
minutes then increased by 2% every 2 
minutes 
Treadmill test: 3.2 km/h with grade 
adjusted based on heart rate 
Treadmill test: PFWD at 4km/h 

High quality evidence 

Exercise programmes benefit 
PFWD and MWD in patients 
with claudication when 
compared to placebo or usual 
care 

Exercise did not improve ABI 

Exercise did not affect 
amputation or mortality 

Declared 
competing 
interest 
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Excluded 
Asymptomatic 
lower limb 
atherosclerosis 
that was 
identified by 
testing. 

Treadmill test: 2mph at 0% grade with 20% 
increase every 2 minutes or until 
claudication pain 
Treadmill test: Grade increase 0-12% 
6 minute walk test: 2mph at 0% with 3.5% 
increase every 3 minutes 
Treadmill test: 3km/h at 10% grade until 
MWD or 1000 metres achieved 
Treadmill test: 3.5 km/h at 10% grade 
Treadmill test:4.6 km/h elevation of 0,8, or 
16 cm/m 
Treadmill test: 3.2 km/h at 12% grade 
Treadmill test:3.2 km/h at 0% grade for 3 
minutes;3.5%  increase every 3 minutes 
Gardner protocol: 2.7 km/h at 0% grade for 
5 minutes; increased by 2% every 3 minutes 
Treadmill test:3.2 km/h at 0% grade with 
1% increase every 60 seconds 
Treadmill test:3.2 km/h at 0% gradient; 2% 
increase every 2 minutes 
Treadmill test: 3 km/h at 10% grade 
Treadmill test: 2.7 km/h at 0% grade with 
2% increase every 3 minutes 

Exercise may improve QoL 
when compared to placebo or 
usual care 

Modes of 
Exercise 
Training for 
Intermittent 
Claudication 
(Lauret, 
2014) 

To assess the effects of different 
modes of supervised exercise 
therapy on the maximum 
walking distance (MWD) of 
patients with intermittent 
claudication. 

To assess the effects of 
difference modes of supervised 
exercise therapy on pain-free 
walking distance (PFWD) and 
health-related quality of life 
scored (HR-QoL) of patients 
with IC. 

RCTs 184 (5) Adults clinically 
diagnosed with IC 
(Fontaine stage II 
or Rutherford 
stages 1 to 3) who 
were considered 
for conservation 
treatment. 

Excluded 
Participants who 
are asymptomatic 
lower-limb 
atherosclerosis 
identified by 
testing. Studies 
with mixed 
asymptomatic and 
symptomatic 
participants and 
with no sub 
analysis. 

Alternative modes of 
exercise ( e.g. arm 
ergometry, strength 
training, cycling, 
etc.) or combination 
exercise modes with 
a control group of 
supervised walking. 

Supervised walking 
had to be at least 
twice a week for 6 
weeks. 

Exercise 
programme 
with a 
duration of 
less than six 
weeks or with 
less than two 
supervised 
walking 
sessions a 
week. 
All types of 
mechanical 
intermittent 
compression 
treatments. 
Comparing 
different types 
of walking/ 
walking 
protocols. 

Six Minute Walk Test 
Peak Treadmill Walking Time 
Treadmill Test: Claudication distance and 
Total walking distance 
Treadmill Test: Maximum walking time 
and pain free walking time 
Treadmill Test: MWD and PFWD 

No clear evidence between 
supervised walking and 
alternative exercise moddes in 
improving MWD and FWD 

Alternative exercise may be 
useful when supervised walking 
is not an option for the patient 

Declared 
competing 
interest 
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Exercise 
Training for 
Health-
Related 
Quality of 
Life in 
Peripheral 
Arterial 
Disease 
(Parmenter, 
2015) 

To quantify the magnitude of 
change in exercise training 
participants versus sedentary 
controls for improvements in 
health-related quality of life and 
in the impairment walking 
questionnaire, and to identify 
whether specific prescriptive 
elements improve health related 
quality of life and the walking 
impairment questionnaire more 
so than others. 

Parallel-
group, 
RCTs 

1,257 (15) Participants 
diagnosed with 
PAD 

Excluded 
Animals 
Participants 
without PAD 

Exercise programmes 
greater than 4 weeks 

Non-exercise 
interventions 
(e.g. electro-
acupuncture, 
ultrasound, 
surgery etc.) 

Walking Impairment Questionnaire Exercise training improved SF-
PCS dimension as well as 
perceived walking distance, 
speed and stair climbing when 
measured by WIQ but not SF-
MCS 

No 
competing 
interest 

Upper 
Extremity vs. 
Lower 
Extremity 
exercise 
training in 
patients with 
Intermittent 
Claudication 
(Tompra, 
2015) 

Investigate the effects of upper 
extremity in comparison to 
lower extremity exercise in 
patients with PAD who were 
experiencing Intermittent 
Claudication. 

RCTs 503 (6) Adults diagnosed 
with PAD suing a 
Doppler 
assessment of the 
ABI with a score 
of <0.9. 

Excluded 
Patients who 
experienced IC 
symptoms for less 
than 12 months, 
underwent 
revascularization 
within 12 months 
of recruitment 
and had a limited 
exercise capacity 
due to health 
problems other 
than IC, e.g. 
arthritis impeding 
gangrene, 
shortness of 
breath, angina 
pectoris or recent 
myocardial 
infarction 

Upper extremity and 
lower extremity 
exercise programmes 

Treadmill Test: NA 
Treadmill Test: NA 

No clear evidence of whether 
upper extremity or lower 
extremity exercise is superior to 
the other 

Lower extremity is no favourable 
for patients with IC due to 
physical discomfort 

Upper extremity may be a 
favourable alternative form of 
exercise for patients with IC 

No 
competing 
interest 

SET= Supervised Exercise Training ABI= Ankle Brachial Index 

HBET= Home Based Exercise Training  WIQ= Walking Impairment Questionnaire 

WA= Walking Advice PTA= Percutaneous Transluminal Angioplasty  IC= Intermittent Claudication 
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Table 3.2 Summary of Individual Studies included in Systematic Reviews 

Authors Systematic Review Title 

Number of 
times 

included in 
reviews Authors Systematic Review Title 

Number of 
times 

included in 
reviews 

Allen (2010) Plasma nitrite flux predicts exercise performance in peripheral arterial disease 
after 3 months of exercise training 

Cunningham 
(2012) 

Late effects of a brief psychological intervention in patients with 
intermittent claudication in a randomised clinical trial 

Arosio (2001) Vascular adhesion molecule-1 and markers of platelet function before and after 
a treatment with iloprost or a supervised physical exercise program in patient 
with peripheral arterial disease 

Dahllof (1974) Metabolic activity of skeletal muscle in patients with peripheral arterial 
insufficiency 

Bronas (2011) Comparison of the effect of upper body-ergometry aerobic training vs treadmill 
training on central cardiorespiratory improvement and walking distance in 
patients with claudication 

1 Gardner (2001) Exercise rehabilitation improves functional outcomes and peripheral 
circulation in patients with intermittent claudication: a randomised 
controlled trial 

Castro-Sanchez 
(2013) 

A program of 3 physical therapy modalities improved peripheral arterial 
disease in diabetes type 2 patients: a randomised controlled trial 

Gardner (2002) Effects of long-term exercise rehabilitation on claudication distances in 
patients with peripheral arterial disease: a randomised controlled trial 

Cheetham (2004) Dose supervised exercise offer adjuvant benefit over exercise advice alone for 
the treatment of intermittent claudication? 

Gardner (2011) Diabetic women are poor responders to exercise rehabilitation in the 
treatment of claudication 

Christman (2003) The impact of a nurse implemented, theory-based exercise adoption and 
smoking cessation program on functional status, stage of change, decision 
balance, and self-efficacy with claudicants 

Gardner (2011) Efficacy of quantified home-based exercise and supervised exercise in 
patients with intermittent claudication: a randomised controlled trial 

1 

Ciuffetti (1994) Treating peripheral arterial occlusive disease: pentoxifylline vs exercise Gardner (2012) Optimal exercise program length for patients with claudication 1 

Collins (2005) Cardiovascular training effect associated with pole striding exercise in patients 
with peripheral arterial disease 

Gardner (2014) Step-monitored home exercise improves ambulation, vascular function, 
and inflammation in symptomatic patients with peripheral artery disease: 
a randomised controlled trial 

Collins (2011) Effects of a home-based walking intervention on mobility and quality of life in 
people with diabetes and peripheral arterial disease: a randomised controlled 
trial 
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3.5.2 Methodological quality of included reviews 

The methodological quality of the included reviews was assessed 

independently by two overview authors (SH & KG) using the AMSTAR 2 

tool112. Of the sixteen items, seven are determined as critical to the 

appraisal identification of the systematic reviews. Of the five included 

systematic reviews three were identified as high quality126-128. One was 

considered as moderately quality in the results126 and one to be critically 

low quality in the results22. See Table 3.3 for a summary of full AMSTAR 

results. See Table 3.4 for individual critical component grading of the 

AMSTAR tool. 
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Table 3.3 AMSTAR Results of Individual Systematic Reviews 

AMSTAR CRITERIA 

(Hageman, 

2018) 

(Lane, 

2017) (Lauret, 2014) 

(Parmenter, 

2015) (Tompra, 2015) 

PICO description utilized YES YES YES YES YES 

Review methods were established prior 
to beginning the review. 
Justification for any deviations from the 
protocol 

PARTIAL 

YES 

YES YES NO NO 

Explanation of study design for inclusion 
in the review 

NO NO NO YES NO 

Comprehensive literature search strategy PARTIAL 

YES 

PARTIAL 

YES 

PARTIAL YES PARTIAL YES PARTIAL YES 

Study selection in duplicate YES YES YES YES YES 

Data extraction in duplicate YES YES YES NO NO 

A list of excluded studies and justification YES YES YES NO NO 

Description of included studies and justify 
exclusions 

YES YES YES NO NO 

Successful in assessing the risk of bias 
(RoB) in included individual studies 

YES—ONLY 

RCTs 

YES—

ONLY 

RCT’S 

YES—ONLY 

RCTs 

PARTIAL 

YES—ONLY 

RCTs 

NO 

Report on sources of funding YES YES YES YES YES 

Appropriate methods for statistical 
combination of results if meta-analysis is 
present 

YES—ONLY 

RTCTs 

YES—

ONLY 

RCTs 

NO META-

ANALYSIS 

PERFORMED 

YES—ONLY 

RCTs 

NO META-

ANALYSIS 

PERFORMED 

Assessment of the potential impact of 
RoB in individual studies on the results of 
the meta-analysis or other evidence 
synthesis 

YES YES NO META-

ANALYSIS 

PERFORMED 

YES NO META-

ANALYSIS 

PERFORMED 

Recognise RoB in primary studies when 
interpreting/discussing results 

YES YES YES YES NO 

Satisfactory explanation for, and 
discussion of, any heterogeneity observed 
in the results 

YES YES YES YES YES 

Adequate investigation of publication 
bias and discuss its likely impact on the 
results if quantitate synthesis is present 

YES YES YES YES NO META-

ANALYSIS 

PERFORMED 

Report any potential sources of conflict of 
interest or any funding they received for 
conducting this review 

YES YES YES YES YES 

Appraisal Identification HIGH HIGH MODERATE HIGH CRITICALLY 

LOW 
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Table 3.4 Summary of Individual AMSTAR Critical Grading 
AMSTAR Crucial Item Yes Partially Yes No 

Explicit statement that the review 

methods were established prior to the 

conduct of the review and reporting of 

justification of any significant 

deviations from the protocol (item 2) 

2 (Lane, 2017; 

Lauret, 2014) 

1 (Hageman, 

2018) 

2 (Parmenter, 

2014; 

Tompra, 

2015) 

Review authors used a comprehensive 

literature search strategy (item 4) 
 

5 (Hageman, 

2018; Lane, 2017; 

Lauret, 2014; 

Parmenter, 2014; 

Tompra, 2015) 

 

Review authors provided a list of 

excluded studies and justified the 

exclusions (item 7) 

3 (Hageman, 

2018; Lane, 

2017; Lauret, 

2014) 

 

2 (Parmenter, 

2014; 

Tompra, 

2015) 

Review authors used a satisfactory 

technique for assessing the risk of bias 

in individual studies that were included 

in the review (item 9) 

3 (Hageman, 

2018; Lane, 

2017; Lauret, 

2014) 

1 (Parmenter, 

2014) 

1 (Tompra, 

2015) 

If a meta-analysis was performed the 

review authors used appropriate 

methods for statistical combination of 

results (item 11) 

3 (Hageman, 

2018; Lane, 

2017; 

Parmenter, 

2014) 

 

2 (Lauret, 

2014; 

Tompra, 

2015) 

Review authors took risk of bias in 

individual studies when 

interpreting/discussing the results of 

the review into account (item 13) 

4  (Hageman, 

2018; Lane, 

2017; Lauret, 

2014; 

Parmenter, 

2014) 

 
1 (Tompra, 

2015) 

Review authors carried out an 

adequate investigation of publication 

bias (small study bias) in the presence 

of quantitative synthesis and discussed 

its likely impact on the results of the 

review (item 15) 

4 (Hageman, 

2018; Lane, 

2017; Lauret, 

2014; 

Parmenter, 

2014) 

 
1 (Tompra, 

2015) 
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Effects of interventions   

3.5.3 Health-Related Quality of Life Assessment Tools 

A total of 14 health-related quality of life tools were analysed in the five 

included systematic reviews. One systematic review observed patient-

reported outcomes127 two observed the Medical Outcome Study126,127, one 

observed the Medical Outcome Study Version 20127, four systematic 

reviews observed the Walking Impairment Questionnaire (WIQ)15,22,126,127, 

one systematic review observed the Intermittent Claudication 

Questionnaire127, one systematic review observed the Charring Cross 

Claudication Questionnaire127, one observed the Geriatric Depression 

Scale127 one systematic review observed the Exercise Behaviours 

Questionnaire127, one systematic review observed the World Health 

Organization Quality of Life Questionnaire (BREF)127 and one systematic 

review observed the Baltimore Activity Score for Intermittent 

Claudication127. All five systematic reviews observed the SF-36 Health 

Survey Physical Component15,22,126-128, three systematic reviews observed 

the SF-36 Health Survey Mental Health Component15,126,128, one systematic 

review observed the SF-20 Health Survey127, and one systematic review 

observed the EQ-VAS22. From the analysis the WIQ and the SF-36 Health 

Survey Physical Component were the two most commonly used tools to 

assess health-related quality of life. None of the systematic reviews 

included in this overview compared effectiveness of assessment tools for 

health-related quality of life, therefore, there was insufficient evidence on 

which HR-QoL assessment tool has greater validity and reliability for 

individuals with intermittent claudication. 

3.5.4 Health-Related Quality of Life Outcomes 

Hageman et al.,127 reported that at three and six months there were no 

significant changes in HR-QoL between supervised exercise training (SET) 

which included resistance training and home based exercise training 
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(HBET). When comparing SET to walking advice (WA) Hageman et al.,127 

found that at three months there were no differences between the groups; 

however, at 12 months there was an improvement in HR-QoL in SET when 

compared to WA in the SF-36 Physical Component Survey. Hageman et 

al.,127 reported an improvement in the WIQ stair climbing in SET when 

compared to WA. When analysing results of the SF-36 Health Survey, Lane 

et al.,128 found that there was an improvement in HR-QoL at six months in 

the physical component but no significant changes in the mental 

component. Lauret et al.,126 reported data involving the SF-36 Physical 

Functioning and WIQ were not normally distributed, however, both the 

strength and treadmill groups’ HR-QoL improved respectively126. There was 

significant improvement in the WIQ in favour of the treadmill group over 

the strength group, WIQ distance improved in both groups respectively and 

WIQ speed improved in both groups, however, WIQ stairclimbing 

decreased in both groups126. Unfortunately, there were no inter group 

analysis performed or provided for the WIQ.  

3.5.5 Measuring Functional Walking Ability 

Majority of included systematic reviews administered a treadmill test to 

assess functional walking ability (Table 3.1). Of the five systematic reviews 

included four utilised functional walking tests and graded treadmill 

protocols22,126-128. One systematic review did not include a functional 

walking assessment15. 

3.5.6 Pain Free Walking Distance Outcomes 

Hageman et al.,127 compared SET to HBET training; at three months there 

was an overall mean difference increase of 120 metres in pain free walking 

distance in favour of SET. At six months an overall mean difference 

increase was reported in PFWD in favour of SET. When comparing SET to 

WA at six weeks there was an overall mean difference in favour of SET, at 

three months an overall mean difference increase was recorded in favour 
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of SET with an increase of 140 metres and at six, nine, and twelve months 

the benefit of overall mean difference increase was maintained. Lauret et 

al.,126 provided evidence on the comparison of walking exercise and 

alternative exercise. PFWD improved overall with a non-significant effect 

size of 6.42 metabolic equivalents (METs) and an increase of 136 metres in 

favour of walking exercises. At 12 weeks there was an overall non-

significant effect size of 2.37 METs with a 50 metre increase in favour of 

the walking exercises. When comparing walking exercises to strength 

training PFWD improved overall with a non-significant effect size of 2.66 

METs with an increase of 56 metres in favour of walking exercises. Lauret 

et al.,126 also observed the comparison of walking exercises and 

combination exercises and found an non-significant increase in PFWD with 

an effect size of 3.30 with an overall increase of 70 metres in favour of 

walking exercises. Tompra et al.,22 found PFWD improvements in both 

groups when compared to control with a percentage increase of 67% in the 

upper extremity group and a percentage change of 39%. 

3.5.7 Total Walking Distance Outcomes 

Hageman et al.,127 compared SET to HBET and found an overall mean 

difference increase in maximum walking distance at six weeks in favour of 

SET and an increase of 120 metres in favour of SET and at 6 months overall 

mean difference increased. Hageman et al., 127 compared SET to WA; 

overall mean difference for TWD improved with SET at 6 weeks. At three 

months overall mean difference increased for TWD and an increase of 210 

metres in favour of SET and the benefit of overall mean difference increase 

was maintained at six, nine and twelve months. Lauret et al.,126 compared 

walking exercise to alternative exercise, TWD improved with a non-

significant effect size of 8.15 METs in favour of the walking group with an 

increase of 173 metres. At 12 weeks TWD improved with a non-significant 

effect size of 13.05 METs in favour of the walking group with an increase of 

276 metres. When comparing walking exercise to strength training TWD 
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improved with a non-significant effect size of 8.11 METs in favour of the 

walking group with an increase of 172 metres. At 12 weeks TWD improved 

with a non-significant effect size of 14.10 METs in favour of the walking 

group with an increase of 299 metres. Lauret et al.,126 compared walking 

exercise to combination exercises and found TWD improved with a non-

significant effect size of 9.31 METs in favour of walking exercises with an 

increase of 197 metres. Tompra et al.,22 observed the comparison of upper 

and lower body exercises on intermittent claudication. It was reported that 

lower extremity exercises had a greater improvement in TWD with a 

percentage change of 38% when compared to upper extremity with a 

percentage change of 24%. 

3.6 Discussion   

Summary of main results   

From the analysis it is evident that there is a lack of systematic reviews 

observing the effect of structured resistance exercise training when 

compared to walking or usual care. It is important to understand the effect 

resistance training may have on HR-QoL in this specific population when 

compared to walking or usual care as resistance training has numerous 

benefits and can assist in the treatment and management of intermittent 

claudication. Our findings indicate a lack of evidence to support the use of 

resistance exercise programmes to help improve HR-QoL for intermittent 

claudication. Resistance exercise training programmes included in this 

overview were not analysed as individual exercise programmes, rather, 

they were included in supervised exercise training, combination exercise 

training or alternative exercise training. Respectfully, the key findings of 

this overview, based on outcomes HR-QoL, pain free walking 

distance/claudication distance, total walking distance/maximum walking 

distance are summarised below: 
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Health-Related Quality of Life 

Hageman et al.,127 reported the evidence to be of moderate quality for 

overall benefit of HR-QOL while participating in SET versus participation 

HBET at three and six months. Hageman et al.,127  provided that the 

evidence collected at three months for the WIQ was low to moderate for 

overall benefit of HR-QoL while participating in SET compared to 

participation in HBET. Comparing SET to WA one systematic review 

provided evidence at 6 weeks the evidence quality analysed from the SF-36 

HR-QoL questionnaire was of low quality. At three months evidence quality 

was low to moderate, at six months evidence quality was low to moderate, 

at nine months evidence quality was low and at 12 months evidence 

quality was moderate for overall benefit of HR-QoL when participating in 

SET when compared to participating in WA127. One systematic review 

analysed the quality of evidence when comparing participation in SET to 

participation in WA using the WIQ, low to moderate quality evidence was 

reported at six weeks, moderate quality evidence was reported at six 

months, low quality evidence was reported at nine months and moderate 

quality evidence was reported at 12 months on the overall benefit of HR-

QoL127. One systematic review provided moderate evidence quality at six 

months through the analysis of the Short-Form Physical Component 

Summary (SF-PCS) for overall benefit of HR-QoL128. One systematic review 

provided critically low evidence quality on three HR-QoL measurement 

tools; analysis of the WIQ distance found moderate to high evidence, WIQ 

stair-climber provided moderate to high evidence, the SF-PCS reported to 

have moderate to high evidence and the Short-Form Mental Component 

Summary (SF-MCS) provided moderate to high evidence15. 

Pain Free Walking Distance/Claudication Distance 

One systematic review reported on pain free walking distance when 

comparing SET to HBET, at three months the evidence quality was 

moderate and at six months the evidence quality was moderate127. One 
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systematic review reported on pain free walking distance when comparing 

SET to WA, at six weeks the evidence quality was moderate, at three 

months the evidence quality was high, at six months the evidence quality 

was high, at nine months the evidence quality was be high and at 12 

months the evidence quality was moderate127. Overall, the evidence was 

considered to be moderate to high quality. 

Total Walking Distance/Maximum Walking Distance 

One systematic review reported on maximum walking distance when 

comparing SET to HBET: at six weeks the evidence quality was reported as 

low, at three months the evidence quality was reported as moderate and 

at six months the evidence quality was reported to be moderate127. When 

comparing SET to WA one systematic review reported at six weeks the 

evidence quality was moderate, at three months the evidence quality was 

high, at six months the evidence quality was high, at nine months the 

evidence quality was moderate and at 12 months the evidence quality was 

moderate127. Overall, the evidence analysed was low to high with the 

majority of the evidence being moderate. 

3.7 Overall completeness and applicability of evidence   

This overview of systematic reviews explores the effectiveness of 

resistance training for health-related quality of life for individuals with 

intermittent claudication. We analysed 5 systematic reviews focusing on 

two outcome measures: health-related quality of life and functional 

walking ability (pain free walking distance total walking distance). 

There is a gap in the research on the effect and potential benefit of 

resistance exercise training for health-related quality of life in individuals 

with intermittent claudication. The evidence provided in the analysis is 

limited as resistance exercise programmes included were classified as 

supervised exercise training, combination exercise training or alternative 
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exercise training. We found this problematic as we hoped to be able to 

analyse systematic reviews with the primary intervention being resistance 

training programmes and the effect it may have on health-related quality 

of life, resulting in a minimal amount of systematic reviews directly 

observing the effect of a resistance training programme. Therefore, to 

answer the question addressed we analysed the direct effect resistance 

exercise has on primary and secondary outcomes when combined with 

other modes of exercise or classified as other forms of exercise. The 

authors acknowledge that the summary of results presented in this review 

are limited. However, the majority of the systematic reviews included in 

this overview are considered to be high quality evidence and methodology. 

We believe that when performing an overview it is important to include 

Cochrane and non-Cochrane systematic reviews in order to obtain a 

quantifiable amount of evidence. 

Due to different terminology in the included systematic reviews compared 

to our protocol and a lack of direct comparisons and observations of 

resistance training programme it proved difficult to extract data on health-

related quality of life. For example, resistance training was classified under 

“supervised exercise training”, “Home Based Exercise Training” and “Upper 

and Lower Resistance Training”. It is suggested for future authors to 

consider other terminology in exercise that may be utilized and to include 

all possible terms in their protocol. 

From the variety of terms used for defining resistance training interpreting 

the findings within the overview was difficult. Each systematic review 

included in this overview contributed individually or in combination with 

other systematic reviews to the outcome measures. Details such as 

frequency, intensity, time and type not being included in the systematic 

reviews for this overview was a common limitation. This makes it difficult 

to provide recommendations to individual’s with intermittent claudication 

what type of resistance training will be most beneficial for health-related 
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quality of life. Therefore, the evidence provided from the analysis should 

be interpreted with caution due to the difficulty to answer the present 

question. 

3.8 Potential biases in the overview process   

No biases were identified in the process of this overview. 

3.9 Agreements and disagreements with other studies or reviews   

No other overviews were identified by the authors. 

3.10 Authors' conclusions   

Implications for practice   

Intermittent claudication is a highly debilitating disease due to the limited 

functional walking ability resulting in a reduced health-related quality of 

life. The evidence presented in this overview cannot support a judgement 

or claim on the effect resistance training has on health-related quality of 

life in individuals with intermittent claudication. We recommend that 

resistance training programmes be individualised for the patient’s specific 

needs and be classified as resistance training. The evidence showed that 

resistance training is classified under different terminology and the effect 

of resistance training can be misinterpreted. It would be beneficial for 

experimental studies to recognise that ‘resistance training’ may be too 

broad and to use terminology such as ‘the effect of strength training 

alone’. The finding that there is a lack of knowledge in this area has the 

ability to direct future research and create new exercise programmes for 

individuals with IC providing an alternative form of exercise. 

From the extensive literature search we found that the most common form 

of exercise of individuals with intermittent claudication is walking, whether 

it is a part of usual care, “go home and walk advice” or a supervised 
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walking programme. Even though a conclusion cannot be determined for 

the question addressed, resistance training is shown to help improve 

health-related quality of life and reduce risk factors associated with 

progressive diseases129. We recommend readers to interpret the results 

cautiously as the resistance programmes evaluated were combined with 

other modes of exercise and terminology. The programmes evaluated in 

this overview were considered safe and feasible for individuals with 

intermittent claudication 

Implications for research   

Individuals with claudication have a reduced health-related quality of life 

when compared to the general public44. As this is part of a chronic 

progressive disease (peripheral arterial disease), which can severely limited 

functional walking ability, it is vital to explore modes of exercise alternative 

to walking, such as resistance training, that can lead to greater 

improvement in health-related quality of life. This overview highlights a 

gap in the research and the need for ongoing research in resistance 

exercise and claudication to build optimal evidence in this area. The 

majority of the systematic reviews included in this overview, four out of 

five, were of moderate to high quality methodologically and evidence 

based, with one systematic review being critically low. Due to the limited 

number of systematic reviews on this topic we were unable to make a 

sufficient judgement on the effect resistance exercise training has on 

health-related quality of life in intermittent claudication. It would be 

beneficial for systematic reviews to provide necessary details about the 

exercise interventions being analysed, such as the frequency, intensity, 

time and type of exercises being performed. When describing an exercise 

intervention it is recommended for exercise specialist to avoid classifying 

modes of exercise under a hypernym term such as supervised exercise 

training. Further research is needed to enhance this area of research in 

order to provide alternate forms of exercise for individuals with 



Chapter 3 

 

 72 

intermittent claudication, which can be assessed on their impact on 

functional walking ability and health-related quality of life. 

Intermittent claudication is a severely limiting disease and can negatively 

affect health-related quality of life; it is vital for vascular surgeons and 

specialists to understand the potential benefit and effect alternative modes 

of exercise, such as resistance exercise training, may have on an 

individual’s health-related quality of life. 
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Chapter 4: Development and Pilot Testing of the Strength From Within 
Programme 
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4.1 Introduction 
Resistance training has been seen to provide numerous health benefits 

and is recommended for both a health adult and special population36,130,131. 

Special populations with musculoskeletal disorders have seen to have 

improved as a result of participation in resistance training132-134. Resistance 

training modalities such as free weights or weight machines have been seen 

to improve hemoglobin A1c (HbA1c) and increase insulin sensitivity in 

individuals with type 2 diabetes134-141. Resistance training has the ability to 

improve health-related quality of life in individuals of all ages, including 

elderly and special populations41. 

Resistance training exercises are categorized as either single joint 

exercises, such as bicep curl, or multi-joint exercises, such as squats131,41. 

There are numerous resistance training modalities that aid in the 

improvement of overall physical strength. Free-weights and weight 

machines are considered to be conventional resistance training equipment; 

these forms of equipment are commonly seen in clinical or fitness 

settings41,131,142,143. Free weights and weight machines are the most common 

modalities of resistance training to gain improvements in physical strength 

in both healthy adults and special populations131. However, in current 

research elastic resistance bands have shown to be a feasible and safe 

alternative resistance exercise modality for healthy adults and special 

populations132. Studies have found that elastic resistance bands elicited 

similar muscle activation with single joint exercises when compared to other 

modes of resistance exercise with similar resistance loads144-150. Caldo et 

al.,151 reported that after participation in 8-week resistance band exercise 

intervention strength improvements in young women were similar when 

compared to a free weight/machine weight exercise intervention. Similarly, 

Colado and Triplett152 reported an improvement in upper and lower body 

muscular strength and power after participation in a 10-week resistance 

band exercise programme. 

Resistance bands are commonly used in clinical trials as a form of 

progressive resistance training134. Elastic resistance bands are similar to free 
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weights and are categorized into different resistance. Force produced is 

dependent on the band thickness and length, the greater the thickness and 

length the greater the resistance134,153. The OMNI-Resistance Exercise Scale 

(OMNI-RES) is used to determine the perceived exertion during isotonic 

resistance exercise. The OMNI-RES helps to understand and prescribe 

intensity during strength training exercises for resistance band exercises154. 

Comprised of a scale from 0 (extremely easy) to 10 (extremely hard) the 

OMNI-RES has been validated as an accurate tool to determine intensity for 

resistance band exercises. Colado et al.,154 found that elastic resistance 

bands can be beneficial in the improvement of physical strength and a 

feasible option for exercise specialists to provide a muscular stimulus for 

progressive resistance training. Elastic resistance bands are a safe and 

feasible option for special populations as long the resistance exercise 

programme is meeting the physiological needs without any risk to the 

individuals health154,155. Resistance band exercises have been seen to be 

beneficial for strength improvement in the elderly population and for cancer 

survivors undergoing high dose chemotherapy and hematopoietic stem cell 

transplantation156,157. 

Karvinen et al.,158 conducted a pilot randomised controlled trial 

observing the effects exercise training using resistance bands on white blood 

cells and red blood cells count during chemotherapy for lung cancer when 

compared to usual care. A two-armed parallel study with two experimental 

groups, exercise condition and usual care. The exercise programme was the 

duration of the participants chemotherapy and began one week after the 

first cycle of chemotherapy until three weeks after the last cycle, for a total 

duration of 12 weeks158. The exercise programme consisted of upper and 

lower body exercises similar to free weight exercises158. Participants 

completed bicep curls, shoulder pull backs, seated rows, triceps extensions, 

chest press, leg extension, hip flexion, hip abduction, hip adduction, heel 

raises and chair squats while using resistance bands156. Once a week 

participant completed their exercise programme under supervision of an 
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exercise specialist at the treatment center with the other two session to be 

completed at home. The exercises provided in this exercise programme 

were chair based exercises. Karvinen et al.,158 found that the participation in 

exercise training using resistance bands had a positive effect on white blood 

cells in lung cancer survivors undergoing chemotherapy when compared to 

usual care. The present study suggest that resistance bands are a safe and 

feasible option for individuals with lung cancer as low aerobic capacity and 

limited functional mobility common; resistance bands could be safer option 

when compared to aerobic training or another modes of resistance 

traning158. It is also suggested that resistance band exercises are a feasible 

option for individuals with lung cancer as they can be performed in a seated 

position with tension of the elastic resistance band is still maintained and 

effective158. This can be applied to other special populations that may 

experience similar imitations due to chronic disease or illness. 

Zion et al.,159 conducted a pilot study observing the effect a home-

based resistance training programme using bands has on orthostatic 

hypotension in elderly patients for. Participants were given five elastic 

resistance bands, all different resistances, and the exercise programme 

consisting of a warmup, cool down and a 25-minute strength training 

programme for 8 weeks. The exercise programme was comprised of 10 

exercises, squats, heel raises, hip extension/flexion, knee 

extension/flexion, ankle plantarflexion/dorsiflexion, bicep curls and chest 

presses159. Participants completed the exercise programme every other day 

for four days per week with three sets of 12 repetitions being the 

maximum training load allowance per day159. The exercise programme was 

adapted and modified when necessary, such as, having a participant 

completed the exercises in a seat position or providing a stable source of 

support159. Zion et al., 159 found that after 8 weeks participation in a lower 

body elastic resistance band programme elderly patients with orthostatic 

hypotension improved muscle strength and functional mobility. The home-

based elastic resistance band exercise programme is a feasible and safe 
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option for individuals and can be performed with minimal supervision159. It 

is important for elderly patients to participate in resistance (strength) 

training as it aids in the improvement of overall strength, greater functional 

ability, reduced fall risk, increased bone strength and postural control 

mechanisms159-163. 

There is a lack of evidence on the effect structured resistance training 

has on moderate intermittent claudication and chronic venous insufficiency. 

Resistance training programmes for individuals with moderate intermittent 

claudication are limited with the majority focusing on lower leg 

strengthening using weights in a fitness facility. Similarly, resistance training 

programmes for chronic venous insufficiency focuses on trunk or lower body 

strengthening for the improvement of calf muscle pump function. Home-

based resistance training programmes using resistance bands are rare for 

individuals with lower leg vascular disease. Therefore, a 12-week at home 

structured resistance exercise programme was devised for individuals with 

lower leg vascular disease. 

The Strength From Within programme was modified with permission 

from the authors of the REST programme for special populations at the 

Mayo Clinic. The at home programme promotes patient autonomy on place 

and timing of treatment, self-direction, self-motivation, eliminates fitness 

membership, intimidation of a fitness facility and the lack of condition or 

illness specific exercises. The aim of the Strength From Within programme 

was to provide a simple, clear and user-friendly exercise programme to suit 

all exercise levels and capabilities. 

 

4.2 Strength From Within Resistance Exercise Programme  

The Strength From Within in programme consists of home-based 

resistance exercises only. There is no structured walking incorporated. The 

programme is designed as a 12-week programme with a total of 72 (six per 

week) sessions to be completed by the participant the at home sessions 
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consisted of a five-minute warm up the upper or lower body exercises and a 

five-minute cool down stretching all the major muscles.  

The Strength From Within programme is individualised for each 

participant and is based on exercise capacity and baseline testing. 

Participants undergo muscular endurance and cardiovascular baseline 

testing to determine their exercise capabilities and how their individualised 

Strength From Within programme will be structured.  Participants complete 

8 to 12 repetitions of each exercise once a day at a mild to moderate 

intensity. Intensity is described to participants as feeling a moderate 

increase in heart rate, feeling their muscles engaging and changing in 

breathing. Repetitions are determined at baseline based on their exercise 

capabilities; 8 repetitions are a recommended starting point for all 

participants and is increased biweekly until an achievement of 12 

repetitions. Based on baseline testing the exercise specialist determines 

which exercises are to be completed for the first 6 weeks, it is typically a 

combination of standing and modified exercises, however, it can be standing 

alone or modified alone if required. Upon completion of the first 6 weeks 

the exercise specialist repeats baseline measurements and reevaluates the 

participants exercise capabilities. At 6 weeks participants typically 

experience changes in their Strength From Within programme whether it be 

more standing exercises and/or increased repetitions. Participants are 

educated on how to properly adjust the intensity of workouts by adjusting 

resistance placed upon the band. In between each exercise participants are 

instructed to take a 60-90 second rest to avoid excessive fatigue and to 

remain hydrated throughout the session to avoid dehydration. 

Participants completed the Strength From Within programme six days a 

week separated by lower and upper body. Lower body exercises are 

completed on Monday, Wednesday and Friday; upper body exercises are 

completed Tuesday, Thursday and Saturday. Sunday is a rest and recovery 

day to allow muscles to repair and to prevent muscle soreness or injury. To 

ensure adherence to the exercise programme the exercise specialist 
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provides weekly support by telephone through calls, text messages or email 

contact. Participants receive one on one interaction with the exercise 

specialist for support and direction as they progress through the Strength 

From Within programme. 

The five-minute warm up provided with the Strength From Within 

programme consists of seven exercises targeting major muscle groups of the 

upper and lower body (Figure 4.1). The warmup begins with marching in 

place 20 times by having the patient stand upright, shoulders back, 

abdominal muscles engaged and activated with no arch in the lower back. 

The patient will then lift the right leg, lower the right leg, lift the left leg then 

lower the left leg and repeat this until 10 repetitions are completed on each 

side or a total 20 repetitions. The patient will then complete 10 arm circles 

in each direction, 20 repetitions total. Standing with the back straight, feet 

shoulder width apart and arms straight out to the side in the shape of a T 

the patient will then slowly begin to make small circular motion with both 

arms on either side. After 20 repetitions the patient will then enlarge the 

circles and complete another 20 repetitions. Hip rotations are then 

performed for 10 repetitions in each direction. The patient will stand with 

their feet shoulder width apart, hands on their hips and begin to rotate at 

the hips in a clockwise direction. Once 10 repetitions are achieved in a 

clockwise direction the patient will then complete 10 repetitions in a 

counterclockwise direction. The patient will then move on to sidestep with 

arms up. Starting by standing with their feet together the patient will engage 

and activate the abdominal muscles, keeping the back straight and arms by 

their sides. The patient will then step out to the side with the left foot and 

raise their hands up as they step out, then bringing the feet together the 

patient will then step out with the right foot and again bringing the hands as 

they step out. This will be completed 10 times in each direction, 20 times 

total. Cross step cross arm is the next exercise to be completed in the 

warmup at 5 repetitions per side, 10 repetitions total. The patient will start 

in the standing position keeping the back straight and a wide stand with a 
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slight bend in the knees. Arms will be out straight to the sides form a T-like 

shape. The patient will cross their right leg over their left and cross their right 

arm over their left; pushing off the left foot the patient will return to the 

starting position. From this the patient will cross their left leg over right leg 

and their left arm over their right arm, the patient will the push off their right 

leg and return to the starting position and repeat this motion 10 times. The 

patient will then perform heel to butt steps, 10 repetitions on each side. 

Using a stable source for support, such as a chair, the patient will hold on to 

the object with a slight bend in the knees and leaning forward. Engaging and 

activating the core the patient will bend one knee at a time bringing the 

heels towards the back side. The patient will then complete the march 

exercise as done at the beginning of the warmup for an additional 20 

repetitions.  

                            
Figure 4.1: Warm up included in the Strength From Within programme 

 

The lower body standing exercises consist of wall slides, standing toes, 

front kicks, sides kicks and back kicks (Figure 4.2). Wall slides are completed 

by the participant standing with their back against the wall, feet 20-25 

centimeters from the wall and the elastic resistance band under both feet; 

with back and arms straight the patient will inhale and slowly slide down the 

wall bending their hips and knees. At the end of the movement, or hip and 

knee flexion, the patient holds the position for 3 seconds and rapidly returns 

to the starting position while exhaling and should be performed 8 to 12 

times. Standing toes are performed at a stable source of support with feet 
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shoulder width apart, keeping the back and knees straight the patient 

inhales and rapidly lifts heels off the floor/step. Holding for 3 seconds with 

the weight on the balls of the feet the patient slowly returns to the starting 

position and exhales, this is to be performed 8 to 12 times. Front kicks are 

also performed at a stable source of support with the feet shoulder width 

apart. The elastic resistance band is tied around the ankles with the back and 

knees straight and toes pointing forward. The patient will rapidly kick on leg 

forward and slowly return to the starting position. This is to be performed 8 

to 12 times on both legs. Back kicks are performed with the patient standing 

behind a stable source of support with the feet shoulder width apart and the 

elastic resistance band tis around both ankles. The patient will keep their 

back and knees straight with toes pointing forward, inhaling and rapidly 

moving one leg backward. Exhaling and slowly returning to the starting 

position the patient will complete the movements and perform on each leg 

for 8 to 12 repetitions. 

 

 
Figure 4.2 Lower body standing exercises from the Strength From Within 

exercise booklet (Appendix 2) 

The lower body seated, or modified exercises consist of standing back 

steps, standing toes, chair ups, knee ups and scissors (Figure 4.3). Standing 

back steps replace wall slides; standing next to a stable source of support 
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the feet are shoulder width apart and the back and knees straight with the 

toes pointing forward. Inhaling and slowly and lifting one leg back without 

bending the knee or pointing the toe the patient will place their foot on the 

floor and exhaling and slowly return to the starting position. This should be 

completed on each leg 8 to 12 times. The protocol for standing toes does 

not differ from the standing protocol. A sturdy and stable chair is needed to 

complete chair ups. Chair ups replaces sidekicks, the patient sits in the chair 

with their arms crossed and feet flat on the floor shoulder width apart. 

Keeping the back straight and head looking forward, the patient inhales and 

rapidly stands up by straightening the knees and hips. Holding for 3 seconds 

and supporting the weight on the balls of the feet the patient then exhales 

and slowly returns to the starting position; this should be performed 8 to 12 

times. Scissors replaces back kicks, using a stable chair the patient will sit in 

a chair with back straight, arms by your side and feet together flat on the 

floor. Tying the resistance band around both legs above the knees, 

straightening the back and tightening the abdominal muscles the patient 

inhales and rapidly spreads the knees apart against the band. It is important 

to ensure the pull on the resistance band is equally performed on both legs 

by sliding the feet on the floor. Holding for 3 seconds the patient then slowly 

returns to the starting position, to be performed 8 to 12 times. Lower body 

muscles targeted in the Strength From Within programme are the 

quadriceps, hamstrings, gluteus medius, gluteus maximus, adductor 

magnus, hip flexors, gastrocnemius and soleus. 
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Figure 4.3 Lower body seated or modified exercises from the Strength From 

Within exercise booklet (Appendix 2) 

 

The upper body standing exercises consist of pull ups, pull backs, pull 

downs and turns (Figure 4.4). Pull ups are completed by the patient standing 

with their back straight, knees slightly bent and feet staggered shoulder 

width apart. Placing the resistance band under one foot while holding the 

ends of the elastic resistance band in each hand down by the sides. Keeping 

the back straight the patient inhales and rapidly pulls the ends of the elastic 

resistance band up and bends the elbows. Holding for 3 seconds the patient 

then slowly returns to the starting position and exhales; this is to be 

performed 8 to 12 times. Pull backs are performed by the patients securing 

the elastic resistance band around a secure object, such as a stairwell railing 

or doorknob, standing with the back straight, knees slightly bent, feet 

staggered shoulder width apart. The patient then keeps the back and arms 

straight and rapidly pulls the ends of the resistance band back leading with 

the elbows, holding the shoulder blades together for 3 seconds. Slowly 

returning to the starting position the patient exhales and performed this 

exercise 8 to 12 times. Pull downs are completed with the band secured 

around a stable object with the back straight, knees slightly bend and feet 
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staggered shoulder width apart. The patient then keeps their back and arms 

straight and rapidly pulls end of the resistance band down and back 

straightening at the elbows. Pushing the chest forward the patient holds this 

position for 3 seconds and exhales and slowly returns to the starting 

position, this is to be performed 8 to 12 times. Turns are completed by first 

securing the resistance band around a stable object, standing with the back 

straight, knees slightly bent and feet staggered shoulder width apart. 

Keeping the back and arms straight with the hands together and ends of the 

resistance band in each hand. Rapidly rotating the trunk to the left, similar 

to swinging a bat or golf club, slowly rotate more and hold this position for 

3 seconds. Exhaling and slowly returning to the starting position and 

performing this exercise 8 to 12 times. Push outs are performed with the 

band secures around a stable object and the patient facing away from the 

stable source, with the back straight, knees slightly bend and the feet 

staggered shoulder width apart. Keeping the back straight and elbows bent 

the patient will inhale, push the end of the resistance band forward and 

holding for 3 seconds. Exhaling and slowly returning to the starting position 

this exercise should be performed 8 to 12 times.  

 

 
Figure 4.4 Upper body standing exercises from the Strength From Within 

exercise booklet (Appendix 2) 
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The upper body seated, or modified exercises consist of pull ups, pull 

backs, pull downs, turns and push outs (Figure 4.5). These exercises are to 

be completed in a seated position in a stable chair. Sitting in a chair with the 

back straight, arms by the side and feet together and flat on the floor. The 

resistance band will be secured under both feet being held in each hand; 

keeping the back straight and abdominal muscles engaged the patient will 

pull the end of the band up rapidly by bending at the elbows. By lifting the 

chest, arching the back the patient will hold this position for 3 seconds and 

slowly return back to the starting position, this should be completed 8 to 12 

times. Pull backs are performed with the patient in the seated position with 

the resistance band around a stable object. Keeping the back straight, knees 

bent and feet flat on the floor. The patient’s arms are extending straight 

holding the ends of the band in each hand, bending at the elbows and 

pinching the shoulder blades the patient pulls back rapidly and holds this 

position for 3 seconds. Slowly returning to the starting position and 

repeating 8 to 12 times. Pull downs are performed with the patient in the 

seated position with the resistance band. Keeping the back straight, knees 

slightly bent, feet flat on the floor with the elbows bent holding the 

resistance band in each arm. The patient will pull the ends of the band down 

and back rapidly toward the hips and straightening the elbows. Pushing the 

chest forward the patient will hold this position for 3 seconds, then slowly 

returning to the starting position. This should be performed 8 to 12 times. 

Turns are performed in the seated position with the resistance band secured 

around a stable object. Keeping the back straight, knees slightly bent, feet 

flat on the floor the arms are out straight with the end of the resistance band 

in each hand. Inhaling and keeping the hands together the patient rapidly to 

the left, such as swinging a bat or a golf club. Slight rotating more and holding 

for 3 seconds the patient will then return to the starting position, this should 

be performed 8 to 12 times. Push outs are performed in the seated position 

with the resistance band secured to a stable source. The patient will position 

the back of the chair in front of the stable source and resistance band. 
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Keeping the back straight, knees slightly bend with the feet flat on the floor 

shoulder width apart the patient will take the resistance band in each hand 

ensuring the resistance band is underneath their arm. Pushing the ends of 

the band forward rapidly the patients’ arm will straighten at the elbows and 

be extended out. The patient will protract their scapula and hold for 3 

seconds before returning to the starting position. This should be completed 

8 to 12 times. Upper body muscles targeted are the erectors, abdominals, 

obliques, latissimus dorsi, biceps, trapezius, deltoids, pectoralis major, teres 

major, teres minor, infraspinatus and triceps. 

 

 
Figure 4.5 Upper body seated or modified exercises from the Strength From 

Within exercise booklet (Appendix 2) 

 

The cool down provided with the Strength From Within programme 

consists of 6 stretching and rehabilitation exercises focusing on upper and 

lower major muscle groups for two sets each for 30 seconds (Figure 4.6). 

Starting with the quadricep stretch the patient will place their right hand on 

a stable source of support, such as a wall or door. Keeping the back straight 

and weight balanced on their right leg, keeping the right foot pointing 

forward with slight bend in the right knee the patient will bend the left knee 

by bring the heel toward the backside. The patient will then grasp the left 
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foot to pull the heel back while pushing the hips forward. The same will be 

completed on the right leg. The patient will then stretch their hamstrings 

using a stable source such as a chair. Standing upright the patient will 

balance on their right leg and lift their left to place their heel on the stable 

source. The patient will then forward bend at the waist and reach for the 

toes while keeping the right leg straight. Ensure that the stable source being 

used or recommended is similar height as the patients’ hips. The inner thigh 

stretch will be performed in the seated position. With the patient sitting 

comfortably and their legs at a 90-degreee angle with a forward bend at the 

waist the patient should have their chest parallel to the floor. Leaning 

forward the patient will use their elbows or forearms to cause a stretch in 

the inner thigh area. Stretching the upper body, the patient will begin with 

the bicep stretch. In the standing position the patient will engage the 

abdominal muscles and keep the back straight, extending one arm with the 

right-hand supine. Using the left hand, the patient will grasp the right hand 

at the fingers bringing the right wrist into flexion toward the body. This will 

then be repeated on the opposite side. The patient will then stretch the 

triceps by standing or sitting upright with the abdominal muscles engaged. 

Lifting the left arm, the patient will bend at the elbow and place the palm of 

their hand behind their head or back. Placing their right hand on their left 

elbow the patient will put slight pressures on the left elbow pushing the left 

hand toward the floor. This will then be repeated on the opposite side. The 

final stretch completed in the cool down is the chest stretch. The patient will 

need a stable support such as a door frame. Standing up right with the 

abdominal muscles engaged the patient will face a doorway or corner. 

Placing the feet shoulder width apart with one foot slightly in front of the 

other. Raising both arms to shoulder level and placing the palms of the hand 

on the wall or door frame with the thumbs on top the patient will lean their 

body forward and stretch the muscles of the chest. 
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Figure 4.6: Cool down included in the Strength From Within programme 

(Appendix 3) 

 

The SFW programme provides modifications to each standing exercise 

with seated exercises targeting the same muscles, allowing increased 

support, stabilization and safety. Structured around the major muscles in the 

lower and upper body the Strength From Within programme provides a 

whole-body approach to provide balance in the muscles and achieving 

stabilization in the body. A recoding diary is given to all participants to record 

progress made throughout the 12 weeks to aid in self-motivation (Figure 

4.7).   

 

 
Figure 4.7: Example of the recording diary included in the Strength From 

Within programme (Appendix 4) 
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4.3 Baseline Measurements 

In conjunction with the Strength From Within programme baseline 

measurements are taken at the initial session with the exercise specialist and 

repeated at either 6 weeks and/or 12 weeks. The measurements include all 

major muscle groups and tests muscular endurance. Participants are 

instructed to complete as many repetitions as possible for 30 seconds at a 

moderate and comfortable pace. Participants complete the following 

exercises: single leg balance on both legs, push press, right bicep curl, left 

bicep curl, right triceps extension, left triceps extension, sit to stand and step 

overs. For upper body muscular endurance testing participants use a filled 

500 ml water bottle. A very light to light intensity was chosen for this 

particular cohort per resistance exercise evidence-based recommendations 

from Garber et al.,36 suggesting this intensity may be beneficial for improving 

strength, muscular endurance and power in older adults with little none 

exercise experience and live a sedentary lifestyle. The intensity level of the 

upper body baseline measurements is comparable to the recommendations 

of Womack and Gardner164. Participants would stand with both feet on the 

ground next to a stable source, placing their left hand on the stable source 

the participant shifts their weight on their leg and lifts their right leg and 

extends it out in front of them. Holding this position, the participant will 

remove their left hand from the stable source and hold this position as long 

as possible within 30 seconds. If the participant drops their foot or places 

their hand on the stable source the amount of time to this point is recorded. 

The same protocol is repeated for the opposite leg. To complete push press 

the participant stands keeping their back straight, feet shoulder width apart 

with a slight bend in the knees. With 500 ml water bottles in both hands the 

participant is instructed to bring their hands to the sides of their ears with 

their palms facing out. Keeping a 90-degree angle or an L shape with their 

elbows and shoulders back the participants straightens at the elbow and 

brings the water bottles above their head. The number of repetitions 

completed in 30 seconds is recorded. Holding the water bottle in the left 



Chapter 4 

 

 90 

hand, keeping the back straight with the feet shoulder width apart the 

participant will keep the elbow close to the torso and the palm facing up. At 

the start of the 30 seconds the participant will bend at the elbow brining the 

water bottle toward the upper arm and slowly extend the arm back down. 

The total number of repetitions completed in 30 seconds is recorded; the 

same action is completed on the opposite arm. Holding the water bottle in 

the left hand with the elbow in flexion, keeping the back straight, feet 

shoulder width apart and a slight bend in the knees the participant will 

prepare to complete single arm triceps extension. The participant will then 

extend their arm at the elbow bringing the water bottle past their hip in a 

slow controlled motion. The total number of repetitions completed in 30 

seconds is recorded; the same action is completed on the opposite arm. 

Lower body muscular strength endurance testing is completed using an 

aerobic stepper and a generic office chair. Moving to lower body baseline 

testing the participant will complete as many repetitions of possible of the 

sit to stand. Using a stable chair with arm rests the participant will begin 

seated in the chair with their arms folded in a “X” across their chest. In 30 

seconds that participant will stand up and sit down as many times as possible 

in a slow and controlled manner. Arm rests are needed to certain 

populations as strength and balance may be impaired. From this the 

participant completes step over with an aerobic stepper; placed against a 

stable support to prevent risk of falling the participant will stand to the left 

of the aerobic stepper. Keeping one or both hands on the stable support the 

participant completes 4 step overs at a slow pace to feel confident in the 

movement. In 30 seconds, the participant will complete as many repetitions 

as possible by stepping with their right foot over the stepper and bringing 

their left foot; both feet must be flat on the ground before going back over 

the aerobic stepper to count as one repetition. Muscular strength endurance 

testing is completed at 6 weeks and 12 weeks. 

Additional baseline tests that are included are the six-minute walk test 

and a 10 metre timed get up and go test to assess potential fall risk 
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evaluation and functional walking ability, pain free walking distance, total 

walking distance74,165. It is important for the exercise specialist to explain 

the 6-minute walk test in full to ensure the participant is confidence and 

understands what they will be completing and what will be measured. The 

exercise specialist will demonstrate and explain the 6-minute walk test and 

how to report claudication pain during the test. Three chairs should be 

placed along the 25 metre corridor for the safety and security of the 

participant; one at the beginning, one at 12.5 metres and one at the end. 

Once the participant begins walking the 6-minute timer will begin; walking 

at a moderate and controlled pace the participant will walk until their 

claudication pain is elicited and inform the exercise specialist. The exercise 

specialist then records the lap or metres completed up to this point or the 

pain free walking distance. Depending on how the participant is feeling the 

exercise specialist will instruct the participant to continue walking or to 

stop for a short break, during these short breaks the time is not stopped. 

Once the participant has completed the 6 minutes the exercise specialist 

will record the total metres completed or the total walking distance. 

Participants complete the 6-minute walk test in a safe and controlled 

environment using a 25 metre corridor. Functional walking ability using the 

6-minute walk test is assessed at 6 weeks and 12 weeks. The 10 metre time 

get up and go test is completed within the first 10 metres of the 6-minute 

walk test; the exercise specialist record the number of seconds it takes for 

the participant to complete 10 metres. A normal time for the 10 metre get 

up and go is ≤ 10 seconds, ≤ 20 seconds is good mobility and can go out 

alone without gait aid, ≤ 30 seconds the individuals has trouble with 

mobility and should not go outside alone and requires gait aid41,165. This 

test evaluates the participants fall risk and is assessed at 6 weeks and 12 

weeks.  
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4.4 Supplement Material 

The Strength From Within programme has been compared and paired 

with other modes of exercise pertaining to the specific condition being 

observed. The Strength From Within programme was also paired with ankle 

range of motion exercises and the Mayo Clinic Walking Programme for 

individuals with chronic venous insufficiency.  
 

4.5 Methods 

Study Design 

This was a single centre pilot study with one group pre-test post-

test 12 week intervention conducted at the Lambe Institute for 

Translational Research and the Department of Vascular Surgery in 

University Hospital Galway, Ireland. Ethics approval was obtained from the 

Research Ethics Committee. The Strength from Within programme is an 

exercise intervention developed in association with the REST programme at 

Mayo Clinic. Comprised of upper and lower body exercises the SFW 

programme is completed at home, 6 days a week for 12 weeks. This 

programme is novel in that it offers resistance training in addition to 

aerobic exercises in a home-based setting. 

 

Participants 

A convivence sample of 16 participants (12 men and 4 women) 

clinically diagnosed with Peripheral Arterial Disease Rutherford 2/Fontaine 

2a intermittent claudication (Figure 4.8). Patients were excluded from 

participation if they had known upper limb PAD, a severe cardiac condition, 

risk classification for exercise training of class C and above, severe 

respiratory condition, had a diagnosis of Raynaud’s disease, any 

contraindication for magnetic resonance angiography (MRA), were 

pregnant or had a previous major limb amputation affecting their ability to 

exercise. Patients were invited to participate at the time of their 

appointment with the vascular surgeon and those who indicated that they 
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were willing to participate were contacted by telephone by the study 

researcher to schedule an appointment. In the first meeting the patient 

was given time to review the information leaflet and informed consent to 

consider participation. Once the patient consented, completed the physical 

activity readiness questionnaire and was deemed eligible to participate he 

or she completed the consent process. At the first appointment basic 

demographic information was collected including age, gender, current 

smoking status and presence of diabetes. If indicated, participants were 

given advice concerning blood pressure control, smoking cessation and 

diabetes control. 

 

  
Figure 4.8 Study Process Flow Chart 
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Intervention 

Strength from Within Resistance Exercise Programme 

The at home structured resistance exercise programme consisted of 

12 weeks of supervised full body resistance exercises using resistance bands. 

The Strength from Within programme was performed six days a week, 

divided into standing and sitting upper and lower body resistance exercises. 

Participants were instructed to complete lower body exercise Monday, 

Wednesday and Friday and to complete upper body exercise on Tuesday, 

Thursday and Saturday. The Strength from Within programme has a 

modification to each standing exercise by providing seated exercises 

targeting the same muscles, allowing greater support and stabilization. The 

exercise specialist provided supervision through weekly telephone contact 

where the participant reported his/her progress through the programme, 

received advice and adjusted their plan for the upcoming week based on 

their capabilities. Through the weekly contact the participant had access to 

support, direction and advice at regular intervals as the progressed through 

the programme. 

 

Outcome measures 

Study outcome measures were obtained at baseline, 4-weeks, 6-

weeks and 12-weeks.  QOL questionnaires were completed by participants 

at baseline and 4 weeks.  Walking ability and muscular strength endurance 

measurements were taken at baseline, 6 weeks or 12 weeks. An experienced 

exercise specialist conducted exercise outcome measurements.   

 

The primary outcome of this study was walking ability, which was 

assessed by measuring total walking distance and pain free walking distance. 

Participants underwent the 6-minute walk test on a flat 25 metre stretch of 

hard floor surface; this was supervised and measured by a trained exercise 

specialist. To measure PFWD, participants were instructed to walk for 6 

minutes at a comfortable pace and to inform the exercise specialist when 
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their claudication pain was present. Participants were instructed to cease 

walking if their claudication pain became too severe and to continue walking 

when the pain subsided. Upon completion of the 6-minute walk test the 

exercise technician calculates the total walking distance achieved in the 

allotted time. The secondary outcomes for this study consisted of muscular 

strength endurance and QOL. Muscular strength endurance testing 

consisted of single leg balance on each leg, step overs, sit to stand, push 

press, bicep curl on each arm and triceps extension on each arm at a 

moderate rate of intensity. Participants were instructed to complete as 

many of the exercises as they could within 30 seconds at their own speed 

and comfort.  All upper-body muscle endurance exercises were completed 

using a filled 500ml water bottle. 

 

Participants completed the European Quality of Life 

Questionnaire(EQ-5D-3L), which measures five components: mobility, self-

care, usual activities, pain/discomfort and anxiety/depression. Each 

component had a three level self-reporting system: no problems, some 

problems, extreme problems. Self-reported health status is also measured 

in the questionnaire. 

 

Statistical analysis 

Statistical significance was set at p < 0.05. Due to the small sample 

size non-parametric tests and median scores were utilized for statistical 

analysis. The Mann-Whitney non-parametric test was employed to test for 

statistical significance in measured outcomes at baseline (pre-test) and at 

four, six and/or twelve weeks (post-test).  

 

4.6 Results 

A total of 16 individuals, 12 males and 4 females, clinically 

diagnosed with moderate intermittent claudication participated in the 

present study. Of the sixteen participants seven completed the first six 
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weeks of the Strength from Within exercise programme. From these three 

of the seven remaining participants completed the Strength from Within 

programme. At 12 weeks four cited transportation difficulties for non-

attendance. Descriptive statistics are presented for variables of interest in 

Table 4.1. Demographics were collected at baseline regarding smoking 

status and presence of diabetes mellitus.  

 

Table 4.1 Baseline Clinical Characteristics 

Baseline Demographics (N=16) 

                    Age (years),  Median (range) 65 (48-91) 

            Gender (M:F), n (male%) (12:4) (75%) 

Smoking status 

Current Smoker, n (%) 

                        Ex-Smoker, n (%) 

                           Non-smoker, n (%) 

 

2 (13%) 

14 (87%) 

0 

            Diabetes Mellitus 5 (31%) 

Walking Ability 

               Total Walking Distance 

                                                Median a (Range) 

                       Pain Free Walking Distance 

Median a (Range) 

Blood Pressure: 

     Systolic(mmHg):     

    Median  (Range) 

     Diastolic(mmHg): 

    Median  (Range) 

 

410 (161-512) 

 

 

137 (59-287) 

 

 

133 (110-160) 

 

 80(58-100)  

a=metres            mmHg=Millimeters of Mercury 

 

 
Primary Outcomes 
Total Walking Distance 

Over the 12 week intervention total walking distance improved by 96 

metres. At baseline TWD  ranged from 161 metres to 512 metres, at 6 weeks 

TWD ranged from 200 metres to 513 metres and at 12 weeks TWD ranged 

from 350 to 665 metres (Table 4.2). From baseline to 6 weeks 3 of the 7 

participants improved  total walking distance, from this 2 achieved clinical 
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significance and one achieved a meaningful change. Of the three remaining 

participants all improved total walking distances from baseline to 12 weeks, 

from this 2 achieved clinical significant and one achieved a meaningful 

change (Figure 4.9).  

 

Table 4.2 All Participant Median Differences in Six-Minute Walk Test 

 

 

 

Figure 4.9: Shows individual total walking distances performance over 12 

weeks 

Pain Free Walking Distance 

From baseline to 12 weeks pain free walking distances improved by 

158 metres; from baseline to 6 weeks pain free walking distances improved 

by 87 metres. At baseline PFWD ranged from 59 to 287 metres, at 6 weeks 

PFWD ranged from 75 to 402 metres and at 12 weeks PFWD ranged from 

261 to 350 metres (Table 4.2). All 7 participants improved PFWD distances 
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from baseline to 6 weeks (p=0.02); from this 4 of the 7 participants improved 

PFWD by 50 metres or more and 2 improved by 20 metres or more. From 6 

weeks to 12 weeks 2 participants improved PFWD by 50 metres or more 

(Figure 4.10). From baseline to 12 weeks all participants improved PFWD by 

50 metres or more (p=0.01). 
 

Table 4.3 Changes in Functional Walking Ability Over the 12-week Exercise 

Intervention 

*=Statistical Significance 

 

 

 

0

50

100

150

200

250

300

350

400

450

M
et

re
s

Participants

Pain Free Walking Distance

Baseline

6 Weeks

12 Weeks

P1 P2 P3 P4 P11 P12 P13 P14 P15 P16

Outcome Change 

from 

baseline to 

6 weeks 

P 

value 

Changes 

from 6 

weeks to 12 

weeks 

P 

value 

Change 

from 12 

weeks to 

baseline 

P 

value 

Total Walking 

Distance 

(metres) 

-27 0.6 123 0.2 96 0.1 

Pain Free 

Walking 

Distance 

(metres) 

87 .02* 70 0.1 158 0.01* 

10 Metre Get 

Up and Go 

(seconds) 

0 0.8 0.3 0.8 0.3 0.7 

P5 P6 P7 P8 P9 P10 



Chapter 4 

 

 99 

Figure 4.10: Shows individual pain free walking distances performance over 

12 weeks 

10 Metre Get Up and Go Test 

From baseline to 6 weeks the 10 metre get up and go test remained 

the same, ranging from 6.1 seconds to 11.2 seconds at baseline. From 6 

weeks to 12 weeks an increase of 0.3 seconds was reported with individual 

scores ranging from 3.5 to 10.5 seconds at 6 weeks. From baseline to 12 

weeks the 10 metre get up and go test did not improved with an increase of 

0.3 seconds, ranging from 9.1 to 10.3 seconds at 12 weeks (Table 4.3). Of the 

7 participants that completed the full programme 4 improved in the 10 

metre get up and go test from baseline to 6 weeks and one participant 

improved from baseline to 12 weeks (Figure 4.11). 

 

 
Figure 4.11 Shows individual changes over the 12 week exercise intervention 

for the 10 metre get up and go test 

 

Secondary Outcomes 
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Muscular strength endurance was measured at baseline, 6 weeks and 12 
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30 seconds of the follow exercises: single leg balance on each leg, sit to 

stand, step overs, push press, single arm bicep curls, single arm triceps 

extension. Over the 12 weeks exercise intervention participants achieved 30 

second balance on the right and left leg balance. In the right leg from 

baseline to 6 weeks participants declined by 12 seconds respectively (Table 

4.4). From 6 weeks to 12 weeks right leg balance improved by 13 seconds to 

achieve 30 seconds. At baseline right leg balance ranged from 0 to 30 

seconds, 5 to 30 seconds at 6 weeks and 7 to 30 seconds at 12 weeks. Of the 

7 participants that completed the exercise programme, one improved by 17 

seconds from baseline to 12 weeks, one maintained 30 seconds from 6 

weeks to 12 weeks and one improved by 28 seconds from baseline to 12 

weeks. Left leg balance improved from 20 seconds at baseline  to 30 seconds 

at both 6 and 12 weeks. At baseline left leg balance ranged from 0 to 30 

seconds, 3 to 30 second at 6 weeks and 10 to 30 seconds at 12 weeks.  Of 

the 7 participants 3 improved left leg balance by 10 seconds or more from 

baseline to 6 weeks, one participant maintained 30 seconds from 6 weeks to 

12 weeks, and 2 improved by 10 seconds or more from baseline to 12 weeks.  
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Table 4.4 Muscular Strength Endurance Median Differences  

Outcomes Baseline 

6 

Weeks 

P Value 

Baseline to 6 

Weeks 

12 

Weeks 

P Value 

6 Week to 12 

Weeks 

P Value 

Baseline to 12 

Weeks 

Right Leg Balance 

(seconds) 
29 17 0.9 30 0.8 0.6 

Left Leg Balance 

(seconds) 
20 30 0.6 30 1.0 0.6 

Step Overs 

(repetitions) 
14 13 0.8 18 0.2 0.1 

Sit to Stand 

(repetitions) 
11 9 0.1 15 0.05* 0.08 

Push Press 

(repetitions) 
15 16 0.9 24  

0.2 

 

0.1 
Right Bicep Curl 

(repetitions) 
19 17         0.4 27  

0.1 

 

0.1 
Left Bicep Curl 

(repetitions) 
19 18 0.9 28 0.3  

0.1 
Right Triceps 

Extension 

(repetitions) 

18 17  

0.5 
21 0.08  

0.1 

Left Triceps Extension 

(repetitions) 
20 17  

0.4 
23 0.08 0.08 

 

From baseline to 12 weeks sit to stand improved by 4 repetitions; 

ranging from 8 to 19 repetitions at baseline, 6 to 15 repetitions at 6 weeks 

and 12 to 21 repetitions at 12 weeks. Overall sit to stand declined by 2 

repetitions from baseline to 6 weeks; an overall improvement of 6 

repetitions was achieved form 6 to 12 weeks. Two of the seven participants 

improved sit to stand from baseline to 6 weeks by 1 repetition, from 6 weeks 

to 12 weeks 2 of the 3 participants improved by 5 or more repetitions 

(p=0.05) and all participants improved sit to stand by 2 or more repetitions 

from baseline to 12 weeks (Figure 4.12). 
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Figure 4.12: Shows individual performance for lower body muscle strength 

endurance testing scores from baseline, 6 weeks and 12 weeks. 
 

 

Figure 4.12: Shows individual performance for lower body muscle strength 

endurance testing scores from baseline, 6 weeks and 12 weeks. 

 

Step over repetitions improved by 4 from baseline to 12 weeks, 

however, repetitions declined by 1 from baseline to 6 weeks. An improved 

of 5 repetitions was seen from 6 weeks to 12 weeks in step over repetitions. 
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At baseline step overs ranged from 8 to 25 repetitions, at 6 weeks 9 to 26 

repetitions and 13 to 30 repetitions at 12 weeks. Of the 7 participants that 

completed the resistance exercise intervention 4 improved by one or more 

repetitions from baseline to 6 weeks, one participant improved step overs 

by 4 repetitions from 6 weeks to 12 weeks and 2 participants improved by 3 

or more repetitions from baseline to 12 weeks (Figure 4.12). 

Shoulder muscular strength endurance was measured by push press 

exercise. Over the 12 week exercise intervention push press overall 

improved by 9 repetitions ranging from 10 to 30 repetitions, from baseline 

to 6 weeks overall push press improved by 1 repetitions ranging from 10-

22 repetitions, and from 6 weeks to 12 weeks overall push press improved 

by 8 repetitions ranging from 18-41 repetitions (Table 4.4). Three 

participants improved by 1 or more repetitions from baseline to 6 weeks, 2 

improved by one or more repetitions from 6 weeks to 12 weeks and 2 

participants improved by 8 or more repetitions from baseline to 12 weeks 

(Figure 4.13). 

 

 

Figure 4.13: Shows individual performance for shoulder muscle strength 

endurance testing scores from baseline, 6 weeks and 12 weeks. 
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Upper extremity muscle strength endurance was measured by single 

arm bicep curls on each arm and single arm triceps extension on each arm. 

Right arm bicep curls improved overall from 19 repetitions at baseline to 27 

at 12 weeks. Overall improvements were seen from 6 weeks to 12 weeks by 

10 repetitions, however, an overall decline of 2 repetitions was seen from 

baseline to 6 weeks (Table 4.4). At baseline right arm bicep curls ranged from 

15 to 31 repetitions, 0 to 34 repetitions at 6 weeks and 18 to 41 at 12 weeks. 

Three participants improved by one or more repetitions from baseline to 6 

weeks, 2 participants improved by 1 one more from 6 weeks to 12 weeks 

and 2 participants improved by 3 or more form baseline to 12 weeks (Figure 

4.14). Participants achieved an overall improvement of 10 repetitions from 

baseline to 12 weeks in left arm bicep curl. At baseline an overall median 

score of 19 repetitions was achieved ranging from 12 to 30 repetitions, a 

decrease of 1 repetitions was seen at 6 weeks ranging from 14 to 39 

repetitions, however, an improvement of 10 repetitions was achieved at 12 

weeks ranging from 16 to 43 repetitions. Of the 7 participants that 

completed the 12 week exercise intervention, 4 improved left arm bicep 

curls by 1 or more repetitions from baseline to 6 weeks, one participant 

improved by 4 repetitions and three participants improved by 1 or more 

repetitions from baseline to 12 weeks (Figure 4.14).  
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Figure 4.14: Shows individual upper extremity performance in muscle strength 

endurance testing scores over 12 weeks 
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Right arm triceps extension improved overall by 3 repetitions from 

baseline to 12 weeks. From baseline to 6 weeks an overall decrease of 1 

repetitions was seen, however, an overall improvement of 4 repetitions was 

seen from 6 weeks to 12 weeks. At baseline right arm triceps extension 

ranged from 18 to 26 repetitions, 12 to 37 at 6 weeks and 20 to 40 

repetitions at 12 weeks. Two participants improved by 2 or more repetitions 

from baseline to 6 weeks, two participants improved by 3 or more 

repetitions from 6 weeks to 12 weeks and a total of 3 participants improved 

by 1 or more repetitions form baseline to 12 weeks (Figure 4.14). An overall 

improvement of 3 repetitions was seen from baseline to 12 weeks in left arm 

triceps extension (Table 4.4). From baseline to 6 weeks an overall decrease 

of 3 repetitions was seen; from 6 weeks to 12 weeks an overall improvement 

of 6 repetitions was seen respectively. At baseline left arm triceps extension 

ranged from 11 to 26 repetitions, 10 to 38 repetitions at 6 weeks and 22 to 

43 repetitions at 12 weeks. Two participants improved by 6 or more 

repetitions from baseline to 6 weeks, 2 participants improved by 3 or more 

repetitions from 6 weeks to 12 weeks and a total of three repetitions 

improved by 1 or more repetitions (Figure 4.14). 
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Figure 4.15: Shows individual self-perceived overall health status score over 

12 weeks. 

 

Quality of life 

Quality of life was measured by the EQ-5D-3L quality of life health 

survey at baseline at 4 weeks. There were no overall changes from baseline 

to 4 weeks in quality of life in mobility, self-care, usual activities, pain and 

discomfort and anxiety and depression. Overall self-perceived health status 

improved significantly from baseline to 4 weeks from a score of 70 to 94 

(Figure 4.15). 
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resistance training group improved PFWD by 87 metres over 6 weeks and 

158 metres over 12 weeks respectively. Participants also improved overall 

TWD by 123 metres from 6 weeks to 12 weeks and an improvement of 96 

metres over 12 weeks. An improvement by 20 metres in an older population 

(³65years) in the 6-minute walk test is considered a small meaningful 

change; an increase of 50 metres in any age group is a clinically significant 
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metres or more in TWD was present in 2 participants at 6 weeks and 1 

participant at 12 weeks. Clinical significance was achieved as participants 

improved individual muscle endurance at 6 and 12 weeks. Increases in 

muscular endurance were measured in upper and lower body muscles at 6 

weeks and at 12 weeks, which can lead to improvements in muscular 

strength, physical functioning, enhanced exercise capacity, functional 

walking ability and bone health167. These improvements benefit patients 

with moderate IC by keeping them active, mobile and functionally 

independent30. Patients with IC are known to have poorer physical function 

and impaired balance; these findings are clinically relevant66. 

It was anticipated that improvements in muscle endurance would slightly 

progress between 6 and 12 weeks. However, this was not found to be the 

case in our study.  This may possibly be due to the small numbers in the study 

and the completion rates at 6 and 12 weeks.  

Individuals with PAD are reported to have significantly lower QOL when 

compared to the general population due to their functional limitations15. 

Individuals with IC have a lower health-related and physical functioning 

related QOL compared to those with no claudication66,168. Our study did not 

find any statistically improvements in QOL scores; we hypothesize that 4 

weeks is likely too short of a timeframe to achieve an improvement in QOL 

and a repeat measure at 12 weeks may have shown some improvement in 

QOL as found in other studies of supervised exercise training15. Overall 

health status increased significantly from baseline to 4 weeks. Participation 

in regular exercise can improve an individual’s overall health by reducing 

fatigue, increasing energy levels and increasing muscle and bone health. By 

volunteering to participate in an exercise study individuals are promoting 

self-autonomy and control of their current health status. 

A dropout rate up to 50% is common in experimental exercise trials and has 

become a critical aspect in research41. In the present study 9 out of 16 

participants (56%) dropped out at 6 weeks and 4 out of 16 (25%) at 12 weeks 

resulting in an adherence of 43% at 6 weeks and 18% at 12 weeks. Visser et 
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al.,169 reported one-third of the older population tends to overestimate their 

adherence to physical activity, which may have also occurred in our study 

and influenced our findings169. To ensure adherence to a home-based 

exercise programme some form of supervision is necessary; whether it be 

by weekly contact by telephone, in person or through email. Suitable 

transportation and appointment scheduling is recommended for this 

specific population as it may help improve completion rates. 

Supervised exercise training is suggested over unsupervised for the 

improvement of walking distances for IC. Supervised exercise training is 

shown to have significant improvements in total and PFWD. The Strength 

from Within at home structured resistance exercise programme provides 

supervision through telephone contact each week with the exercise 

specialist; the participant reports on his/her weekly exercise programme, 

seeks advice and agrees on a tailored plan for the next week. This weekly 

phone contact provides a sense of support to the participant. There is limited 

research on full body resistance training for individuals with IC; majority of 

studies focus on walking alone or walking and lower leg strengthening. Our 

study suggests that a supervised full body resistance exercise programme 

can increase PFWD in moderate intermittent claudication. 

In addition, the Strength from Within at home programme allows the 

patient to have control over the timing and placement of their treatment 

with the support of the exercise specialist when needed. Unlike many 

exercise programme the ‘Strength from Within’ programme is individualised 

to the patients’ capabilities. The programme is separated into upper and 

lower body exercises which are then separated into sitting or standing. 

Patients are able to choose which form of exercise would best suit their 

abilities. It is also common in the older population to have a combination of 

sitting and standing exercises due to certain joint weakness or other limiting 

comorbidities. Patients have control of the resistance they have during their 

exercises by using resistance bands. The resistance bands are a safe, 

controlled and low risk form of exercise equipment. Throughout the 
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programme the patient decides the amount of repetitions they will perform 

(8-12) and the intensity of their exercise session by the amount of slack on 

the resistance band. This also helps promote patient autonomy as they are 

not being forced past their point of exhaustion and can go at a pace they are 

comfortable at. The Strength from Within programme reduces the risk of 

injury, burnout and overuse by allowing the patient to have control and self-

direction of their exercise. These factors are very relevant to this patient 

population, who may have one or more other comorbidities that can inhibit 

their exercise tolerance or ability to engage in other types of exercise 

programmes. The Strength from Within programme gives the patient a sense 

of comfort and safety by exercising in their home, especially for patients who 

are new to exercise.  

The primary limitation of this study was sample size. It is important 

to note in the present study of the 16 participants 12 (75%) were male and 

4 were female; findings may not be generalisable to female patients with 

PAD. A possible explanation for the male predominance of participants is 

that PAD is more prevalent in males and the small sample size in our study. 

Self-reported data is a limitation in the present study as participants may not 

answer truly or accurately in order to fit social norms causing response bias. 

Limitations faced with the at home-based structured resistance exercise 

programme were the self-reporting of adherence and the high drop-out 

rate. The main reason cited for withdrawal at 6 and 12 weeks was 

transportation difficulty for testing and not ability or desire to stop the 

Strength from Within programme. This would indicate that the Strength 

from Within programme is an acceptable form of home-based exercise in 

patients with moderate IC. Transportation difficulties are a major barrier to 

attending appointments and may have negatively influenced completion 

rates. Semi-structured interviews, such as telephone interviews, may help 

determine any factors contributing to non-adherence to an exercise 

programme. The present study suggests that the Strength from Within 

programme improves pain free walking distances. Studies utilizing a larger 
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sample size are necessary to further explore the effect of at home structured 

resistance exercise on pain free walking distances for individuals with 

moderate IC. 

Overall the Strength From Within resistance exercise programme is a 

feasible option to aid in the improvement of functional walking ability and 

muscular endurance for individuals with moderate intermittent 

claudication. Over the 12 weeks intervention there was an overall 

improvement of 158 meters for pain free walking distance and an overall 

improvement of 96 metres for total walking distance. Majority of 

participants improved overall repetition count during the 12 week exercise 

intervention for muscular strength endurance by improving in the following 

exercises: single leg balance on each leg, sit to stand, step overs, push press, 

single arm bicep curl on each arm, and single arm triceps extension on each 

arm. 

Exercise is an effective form of therapy for management of IC; the 

Strength from Within programme provides supervision, facilitates patient 

autonomy and is less costly than other supervised exercise programmes. 

Studies have executed resistance exercise programmes for IC, however, 

sample sizes are small, programmes primarily focus on lower leg strength 

training or the exercise programme is performed in a gym setting14,124,169
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Chapter 5: Remote Ischemic Pre-Conditioning in the Management of 

Intermittent Claudication: A Pilot Randomised Controlled Trial 

 

5.1 Personal Contribution 

In this study I was asked to be the lead exercise specialist working 

with participants. My role was to introduce, educate, implement the 

Strength from Within programme and data collection. The lead study 

researcher completed recruitment, randomization and met with the 

participants. The study consisted of four groups: remote ischemic 

preconditioning only group, remote ischemic conditioning and exercise 

group, exercise only group and a control group. I was present in the initial 

session if the participant was randomised into either the exercise only 

group, preconditioning and exercise group or the control group as they will 

participate in the Strength from Within programme after four weeks. In the 

initial meeting participants underwent baseline measurements and 

completed health-related quality of life questionnaire (EQ-5D-3L) 

(Appendix 6).  I would take baseline measurements during the six-minute 

walk test by measuring their pain free walking distance, total walking 

distance and their 10-metre get up and go test. I would also complete my 

own baseline measurements involving muscular endurance testing. 

Participants completed as many repetitions as possible within 30 seconds 

at a comfortable and controlled pace. Participants underwent single leg 

balance on each leg, step overs, sit to stand, push press, right and left bice 

curls, and right and left triceps extensions. Upper body exercises were 

completed with a 500ml water bottle and lower body exercises were 

completed using an aerobic stepper and a generic office chair. I 

administered the remote ischemic weekly contact with the participant by 

telephone contact to help maintain motivation and progress the 

participant evaluating their progress and increasing their repetitions by one 

or two, every two weeks.  I allowed an open line on contact with the 

participants by making myself available by telephone when needed 
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throughout the 12 weeks. Baseline measurements and health-related 

quality of life questionnaire were repeat at four, six and 12 weeks. All 

equipment and exercise programmes included the Strength From Within 

exercise booklet, recording diary, resistance bands, warm up and cool 

down was provided by myself and Dr. Micheál Newell.  

Remote Ischemic Pre-Conditioning in the Management of 

Intermittent Claudication: A Pilot Randomised Controlled Trial (Appendix 5) 

is the first clinical trial I assisted on and introduced the Strength From Within 

programme for patients with lower leg vascular disease. Knowing that RIPC 

has the ability to improve functional walking ability in individuals with 

vascular disease, therefore, we observed the effect the Strength From 

Within programme has on functional walking ability when compared to 

RIPC172. 
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5.2 Introduction 

Intermittent Claudication is commonly known as a cramp-like pain 

when participating in regular walking or exercise and only relieved by rest 

due to the obstruction of blood flow to the lower extremities because of 

buildup of atherosclerotic plaques caused by PAD. The restriction of blood 

flow caused by PAD is also commonly known as ischemia or an inadequate 

supply of blood flow to an organ or tissue. Ischemia commonly results in 

cellular dysfunction or cell death and can be further damaged with the 

restoration of adequate blood flow which is also known as ischemia-

reperfusion injury (IRI) 170. Following a period of ischemia, IRI happens when 

there is a restoration of blood supply to the organs or tissues resulting in an 

excess of oxygen and activating macrophages in the vascular structure and 

the formation of super oxide radicals, known as reactive oxygen species 

(ROS). This leads to the endothelial injury, release of pro-inflammatory 

cytokines171. IRI commonly results in adipocutaenous and musculoskeletal 

flat necrosis and nonfunctioning microvascular flaps172.  

Research suggest that remote ischemic pre-condition (RIPC) has the 

ability to improve functional walking ability173. Stemming back to 1986, 

Murray et al.,173 first explored the effects of ischemic preconditioning (IPC); 

when the heart is exposed to short non-lethal periods of ischemia 

accompanied by reperfusion there is an increase in cellular resistance to 

myocardial ischemia. From this, Pryzklenk et al.,174 discovered that there was 

also an increase in cell resistance to ischemia in other tissues that were not 

exposed to ischemia, this was then known to be remote ischemic 

preconditioning. 

RIPC is a mechanism first discovered in 1993 using a dog model 

where the circumflex coronary artery was obstructed four times for 5 

minutes followed by 5 minutes reperfusion or unobstructed; one hour of 

sustain left anterior descending coronary artery obstruction was then 

completed174. When compared to a control group it was founded that the 

RIPC group had a significant increase of blood supply to the heart172. The 

protocol for RIPC typically uses a 12-cm-wide blood pressure cuff placed 
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around the upper nondominant arm and inflated to a pressure of 200-220 

millimeters of mercury (mmHg) or 15 mmHg above the patient systolic 

pressure172,175. Inflation occurs for 5 minutes followed by 5 minutes of 

reperfusion to the arm or deflation, this is completed for 4 cycles172,175. RIPC 

aims to completely suppress blood flow to an organ or tissue for a sub-lethal 

period of time to increase muscular resistance to ischemia and aid in the 

improvement of functional walking ability172,176 .It is believed that due to the 

release of either biomechanical messengers in the blood stream or 

activation of the nerve pathways could result in the protection of remote 

organs2. Remote ischemic preconditioning in human models have been seen 

to produce myocardial and endothelial protection171. 

5.3 Methods 

Study Design 

 This was a four arm randomised clinical trial conducted at the 

Department of Vascular Surgery at University Hospital Galway. Ethical 

approval was obtained by the Research Ethics Committee and the trial was 

registered on clinicaltrials.org prior to recruitment (NCT02273232). All 

participants were randomised four groups, remote ischemic preconditioning 

group (RIPC), structured exercise group (SE), remote ischemic 

preconditioning and structured exercise group or the control group 

(RIPC+SE). Patients were educated and advised on smoking cessation, 

diabetes control and blood pressure control. 

 

Participants 

 Participants were recruited from the outpatient clinic at the 

Department of Vascular Surgery at University Hospital Galway. Inclusion 

criteria included patients clinically diagnosed with peripheral arterial 

disease with Rutherford Stage 2/Fontaine class IIa present (moderate 

intermittent claudication). Patients were excluded if there was a presence 

of any of the following: Upper limb PAD, a severe cardiac condition, severe 

respiratory condition, Raynaud’s disease, pregnant women or had a 

previous major limb amputation affecting their ability to exercise. A total of 
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97 patients were screened for eligibility, 45 were included for 

randomization. Following randomization 5 patients withdrew from the trial 

with 40 participants included in the final analysis.  

 

Study Objectives 

The primary objective of the present study was to evaluate the effect remote 

ischemic preconditioning can have in the management of symptoms in 

patients with moderate intermittent claudication. The secondary objective 

of the present study was to evaluate the effect remote ischemic 

preconditioning can have on quality of life in patients with moderate 

intermittent claudication. 

 

Remote Ischemic Preconditioning Intervention 

 The Remote Ischemic Preconditioning intervention was administered 

using a standard blood pressure cuff on the patient’s non-dominant arm. 

The blood pressure cuff was inflated to 200 mmHg for five minutes then 

deflated for five minutes; this cycle continued for four rounds. The patient 

attended their RIPC session at the Lambe Institute at the University Hospital 

Galway for three to four days for four weeks.  

 

Exercise Intervention 

Strength From Within Resistance Exercise Programme (SFW) 

The Strength from Within in programme consists is a home-based 

resistance exercise programme. The programme is 12 weeks with a total of 

72 (6 per week) at home sessions to be completed by the participant. The 

sessions consist of a five-minute warm up the upper or lower body 

exercises and a five-minute cool down stretching all the major muscles. 

Repetitions were determined at baseline by the participant based on 

personal capabilities; starting at 8 repetitions with a one repetition 

increase biweekly until an achievement of 12 repetitions. To gauge 

intensity the participants are instructed to be aware of feeling a moderate 

increase in heart and breathing rate to reach a “mild to moderate” 
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intensity and feel muscles engaging with each exercise. The SFW 

programme provides modifications to each standing exercise with seated 

exercises targeting the same muscles, allowing increased support, 

stabilization and safety. Participants were instructed to take a 60-90 

second rest period in between exercises when necessary to avoid excessive 

fatigue and to remain hydrated throughout the session. Participants were 

shown how to adjust the resistance band if more or less resistance was 

necessary to change the intensity of their session. 

The exercise specialist provided weekly support by telephone to 

offer supervision and motivation to assist in adherence to the programme. 

The participant received one on one interaction with the exercise specialist 

for support and direction as they progressed through the exercise 

programme.  

 

Physical Functioning Outcome Measures 

Participants underwent the 6 minute walking test at baseline, 4 

weeks, 6 weeks and 12 weeks. The exercise specialist administed and 

recorded the participants total walking distance and pain free walking 

distance. Participants were instructed to walk for 6 minutes at their own 

pace and to take as many breaks as needed to relieve any claudication pain. 

If the participant stopped to rest to relieve claudication pain during the six 

minutes the time was not stopped. PFWD was measured by the participating 

informing the exercise specialist when their claudication pain was elicited 

and the metres completed were recorded; TWD was measured by the total 

number of metres the participants completed in the six minutes.  

 

Health-Related Quality of Life 

 The EQ-5D-3L Questionnaire was administered which measured five 

components: mobility, self-care, usual activities, pain/discomfort and 

anxiety/depression. Each component had a three level self-reporting 

system: no problems, some problems and extreme problems. The EQ-5D-3L 

Questionnaire also assessed self-perceived health status. 
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Randomisation 

 Participants were randomised to one of the four groups using the 

QMinim Online Randomiser system. Randomization by minimization was 

utilized as participant age and possible presence of diabetes as cofounding 

factors. This was to best maintain the balance of the ranomisation based on 

the cofounder between the groups.  

 

Statistical Analysis 

 All statistical analysis was completed using StatsDirect (version 3.1; 

StatsDirect Ltd, Cambridge, UK). Nonparametric tester was used for 

statistical analysis due to the small sample size. The Mann-Whitney U-Test 

was used for intra-group comparisons for continuous data and the chi-

squared test was administered to analyze the categorical data.  The 5% level 

was considered significant and baseline measurements were compared at 

baseline and 4 weeks. 

 

5.4 Results 

A total of 40 participants clinically diagnosed with peripheral arterial disease 

and moderate intermittent claudication participated in the present study. 

The mean age of the participants in the present study was 65 years with a 

total of 10 current smokers and a total of 30 ex-smokers. Of the 40 

participants there was a total of 8 participants are clinically diagnosed with 

diabetes mellitus. Demographic and descriptive statistics are summarized in 

Table 5.1 
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Table 5.1 Baseline Clinical Characteristics 

Baseline Demographics N=40 

Age (years) 65 

Gender (M:F), (male %) (33:7) (82.5%) 

Smoking status 

Current Smoker, n (%) 

Ex-Smoker, n (%) 

 

10 (25%) 

30 (75%) 

Diabetes Mellitus, n (%) 8 (20%) 

 

Functional Walking Ability 

Functional walking ability was measured using TWD and PFWD using the 6 

minute walk test.  

 

Total Walking Distance 

Over 4 weeks total walking distance the RIPC group had a median increase 

of 20.46 metres with a median difference of 8.38 metres when compared to 

the control group. The SE group had a median increase of 56.75 metres from 

baseline to 4 weeks with a median difference of 25.7 metres when compared 

to the control group. The combination group of RIPC+SE group had a small 

median improvement of 10.04 metres from baseline to 4 weeks and a 

median difference of -7.82 when compared to the control group. The control 

group achieved a median increase of 11.8 metres from baseline to 4 weeks. 

For intra group comparisons the SE group had a median increase of 28.92 

metres from baseline to 4 weeks, the RIPC group had a median increase of 

7.4 metres when compared to the RIPC+SE group, finally the SE group had a 

median increase of 18.7 metres over 4 weeks when compared to the 

RIPC+SE group. Table 5.2 and Figure 5.1 summarizes total walking distance 

for all groups. 
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Table 5.2 Total Walking Distance measurements over 4 weeks 

Group Pre/post 

Intervention Median 

Difference (IQR) 

Median Difference 

Compared to Control 

P Value 

RIPC (metres) 20.46 (48.18) 8.38 0.7 

SE (metres) 56.75 (82.15) 25.7 0.5 

RIPC+SE (metres) 10.04 (72.43) -7.82 0.7 

Control (metres) 11.8 (35.44) - - 

Between groups  

RIPC versus SE (meters) -28.92 0.5 

RIPC versus RIPC+SE 

(metres) 

7.4 0.7 

SE versus RIPC+SE 

(metres) 

18.74 0.8 

 

 

 
Figure 5.1 Total Walking Distance measures From baseline to four weeks for 

each group 
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Pain Free Walking Distance 

Over 4 weeks the RIPC group had a median improvement of 66.5 metres and 

a median difference 62.49 metres when compared to the control group. The 

SE group had a median improvement of 40.35 metres from baseline to 4 

weeks with a median difference of 53.26 metres when compared to the 

control group. The RIPC+SE group had a median improvement of 63.95 

metres from baseline to 4 weeks with a median difference of 67.37 metres 

when compared to the control group. The control group had a median 

improvement of 7.3 metres from baseline to 4 weeks in PFWD. For intra 

group comparisons the RIPC group had a median increase of 15.16 metres 

when compared to the SE group, the RIPC+SE group had a median increase 

of 3 metres from baseline to 4 weeks when compared to the RIPC groups. 

Finally, the RIPC+SE group had a median increase of 12.33 metres from 

baseline to 4 weeks when compared to the SE group in PFWD. Table 5.3 

summarizes pain free walking distance for all groups. 

 

Table 5.3 Pain Free Walking Distance measurements over 4 weeks 

Group Pre/post 

Intervention Median 

Difference (IQR) 

Median Difference 

Compared to Control 

P Value 

RIPC (metres) 66.5 (136.66) 62.49 0.002 

SE (metres) 40.35 (62.3) 53.36 0.03 

RIPC+SE (metres) 63.95  (60.93) 67.37 0.002 

Control (metres) 7.3 (48.8) - - 

Between groups  

RIPC versus SE (meters) 13.16 0.6 

RIPC versus RIPC+SE 

(metres) 

-3.07 0.9 

SE versus RIPC+SE 

(metres) 

-12.33 0.7 
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Figure 5.2 Total Walking Distance measures From baseline to four weeks for 

each group 

 

Quality of Life 

There were slight improvements in quality of life in the participants best 

imaginable health state after participation in the remote ischemic 

preconditioning. There were no significant changes in quality of life, 

however, this was interpreted that participation in any four interventions 

does not decline quality of life. 

 

5.5 Discussion 

The present study observed the effect RIPC has on the management 

of symptoms in individuals with moderate intermittent claudication by 

measuring functional walking distance and quality of life from baseline to 4 

weeks. The primary findings of this study is that RIPC and SE are promising 

interventions for individuals with moderate intermittent claudication in the 

improvement of functional walking ability and quality of life. From baseline 

to 4 weeks the RIPC group improved PFWD by 66.5 metres and the 

structured exercise group improved by 40.3 metres respectively. For TWD 

the RIPC group improved by 20.4 meters over 4 weeks where the 
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structured exercise group improved by 56.7 metres, respectively. This 

shows that structured resistance exercise has the ability to be beneficial for 

functional walking ability when compared to remote ischemic 

preconditioning. There were slight improvements over 4 weeks in best 

imaginable health state, however, there were no significant changes in 

quality of life suggesting that quality of life did not decline and both the 

RIPC and SE interventions are feasible for individuals with moderate 

intermittent claudication. 

Both interventions could be an alternative form of treatment for 

the management of moderate intermittent claudication as there is a need 

for the inclusion and observation of alternative intervention for individuals 

with intermittent claudication. Due to limited walking ability and functional 

impairments supervised walking or the go home and walk advice may not 

be the best option for all patients. It is suggested that RIPC could be a 

feasible at home intervention, however, it is recommended to conduct a 

clinical trial observing the effect at home remote ischemic preconditioning 

can have on the management of symptoms for moderate intermittent 

claudication.  

From this we were able to conclude that the Strength From Within 

programme is a valid and feasible modality for individuals with moderate 

intermittent claudication. I then observed the effect the Strength From 

Within programme has on functional walking ability in individuals with 

moderate intermittent claudication on its own, compared to a supervised 

walking programme and for individuals with chronic venous insufficiency. 

This particular study began my own research on observing the 

effect an at home structured resistance exercise programme has on lower 

leg vascular disease specifically peripheral arterial disease and intermittent 

claudication. It is important to observe the effect alternative interventions 

has on functional walking ability and health-related quality of life in 

individuals with moderate intermittent claudication. It is commonly for 

individuals with moderate intermittent claudication to have a lessened 

health-related quality of life when compared to the general public due to 
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the lack of exercise participation as a result of severe pain experienced 

during regular walking or exercise66,168. 
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Chapter 6: The Effect of Structured Resistance Exercise versus 

Supervised Walking for Patients with Intermittent Claudication: A 

Randomised Feasibility Trial 
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6.1 Introduction 

Intermittent claudication is a highly debilitating disease due to a 

build-up of atherosclerotic plaque in the lower extremities causing a lack 

blood flow resulting in claudication pain during regular walking only to be 

relieved by rest127. Individuals with intermittent claudication have a limited 

functional walking ability resulting in a reduction of exercise participation 

and health-related quality of life. The gastrocnemius, soleus, plantar, 

tibialis posterior, tibialis anterior, peroneus brevis, peroneus longus and 

extensor digitorum brevis are directly affected by the lack of venous flow 

to the lower extremities causing claudication pain during regular exercise 

or walking177. Due to the impairment of blood flow in the lower extremities 

the body is unable to maintain the metabolic demand placed upon during 

regular exercise or walking. Individuals with intermittent claudication need 

intermittent breaks during exercise or physical activity to restore blood 

flow to the tissues of the lower extremities. The gastrocnemius and the 

soleus are also known as the ‘peripheral heart’ or the calf muscle pump 

function, this is a pumping mechanism when walking to assist in venous 

return. Researchers tend to focus on the strengthening the calf through 

walking or resistance exercise programmes to help improve the calf muscle 

pump function178. 

Usual care of individuals with intermittent claudication is the “Go 

Home and Walk Advice” contrary to the pain experienced during regular 

walking. It is recommended for supervised walking programmes be a 

duration of 30 to 60 minutes for at least three days per week for a 

minimum of 12 weeks3. However, if available to the patient supervised 

exercise using a treadmill based programme is effective for the 

management and improvement of claudication3. Supervised treadmill-

based exercise programmes typically has the patient undergo intermittent 

walking reaching a moderate to moderately severe pain threshold followed 

by a short rest to relieve painful symptoms and is repeated for 30 to 60 

minutes3. Typically, supervised exercise training requires travel to a 

hospital or fitness setting to ensure the exercise programme will be 
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administered in a safe and controlled environment with an experienced 

exercise specialist3. This can negatively impact exercise adherence as the 

patient will have to travel at least three days per week to attend 

appointments or classes3. Participation in supervised exercise programmes 

can also place a financially burden on individuals due to membership or 

appointment fees. 

However, it was reported that there are no clear differences 

between supervised walking and alternative exercise modes in improving 

maximum walking distance and pain free walking distance for 

claudication126. To date there are minimal studies validating the effect 

resistance (strength) training has on individuals with claudication. It is 

recommended for individuals with claudication to participate in resistance 

exercise 2-3 days per week in addition to walking at a moderate intensity 

for 3 sets of 8-12 repetitions54. Resistance exercise has shown to aid in the 

reduction of cardiovascular disease risk factors that are associated with 

clauidaction32. Therefore, the present study designed a 12-week supervised 

walking programme to compare to a 12 week at home structured 

resistance exercise programme to explore the effects it has on functional 

walking ability and health-related quality of life. 

 

6.2 Methods 

Study Design 

This was a double arm feasibility trial conducted at the Lambe 

Institute for Translational Research, Croí House and the Department of 

Vascular Surgery in University Hospital Galway, Ireland. Ethical approval 

was obtained from the Clinical Research Ethics Committee (Appendix 11). 

All participants were randomised to either the 12-week supervised walking 

group or the 12 week the resistance training group. 

 

Participants 

Participants were recruited during Vascular Department outpatient clinics 

at University Hospital Galway from January 2018 to February 2019. 
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Inclusion criteria included patients clinically diagnosed with Peripheral 

Arterial Disease with Fontaine IIa Intermittent Claudication/Rutherford 

Stage 2 (moderate intermittent claudication). Participants were excluded if 

there were presence of painful ulcerations, severe cardiac condition, 

cardiorespiratory disease, failure of physical activity readiness 

questionnaire, Fontaine Classification of IIb, III, IV, severe mobility 

impairment, severe imbalance, women who are pregnant, women who are 

breastfeeding, Previous major limb amputation inhibiting participation in 

exercise. Patient exclusion reasons are seen in Table 6.1. A total of 90 

patients were assessed for eligibility during clinics in the Vascular 

Department at University Hospital Galway. Of the 90 patients 59 were 

excluded; 10 did not meet inclusion criteria, 35 declined participation and 

14 due to other reasons (Figure 6.1). Of the 31 participants included, 11 

were lost to follow up at baseline; a total of 20 participants underwent 

baseline testing and randomization. 

 

Table 6.1 Patient exclusion reasons 

Patient Exclusion Reasons N % 
Declined participation 35 38% 

Painful Ulcerations 5 5% 
Pregnant Women 3 3% 
Severe Imbalance 2 2% 
Travel Restrictions 14 15% 

 

Study Objectives 

The primary objective of the present study is to determine the 

effect a 12 week at home structured resistance exercise programme has on 

functional walking ability and health-related quality of life when compared 

to a 12-week supervised walking programme. The secondary objective is to 

determine the effect a at home structured resistance exercise programme 

has on muscular endurance when compared to a supervised walking 

programme. 
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Figure 6.1 Study Process Flow Chart 
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Exercise Intervention 

Strength From Within Resistance Exercise Programme (SFW) 

The Strength from Within in programme consists is a home-based 

resistance exercise programme. The programme is 12 weeks with a total of 

72 (6 per week) at home sessions to be completed by the participant. The 

sessions consist of a five-minute warm up the upper or lower body 

exercises and a five-minute cool down stretching all the major muscles. 

Repetitions were determined at baseline by the participant based on 

personal capabilities; starting at 8 repetitions with a one repetition 

increase biweekly until an achievement of 12 repetitions. To gauge 

intensity the participants are instructed to be aware of feeling a moderate 

increase in heart and breathing rate to reach a “mild to moderate” 

intensity and feel muscles engaging with each exercise. The SFW 

programme provides modifications to each standing exercise with seated 

exercises targeting the same muscles, allowing increased support, 

stabilization and safety. Participants were instructed to take a 60-90 

second rest period in between exercises when necessary to avoid excessive 

fatigue and to remain hydrated throughout the session. Participants were 

shown how to adjust the resistance band if more or less resistance was 

necessary to change the intensity of their session. 

The exercise specialist provided weekly support by telephone to 

offer supervision and motivation to assist in adherence to the programme. 

The participant received one on one interaction with the exercise specialist 

for support and direction as they progressed through the exercise 

programme.  

 

Supervised Walking Programme (SW)  

The supervised walking is a 12-week programme of two days per 

week at home walking session per week, and one supervised walking 

session at Croí House with the exercise specialist (Appendix 7). Each 

walking session is based on duration of minutes with week one starting at 
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five minutes three days a week and increasing by five minutes weekly. 

Participants were instructed to walk a comfortable pace but brisk enough 

to feel an increase in heart and breathing rate; participants were also 

instructed to cease walking when claudication pain became too severe and 

to continue walking when the pain subsided. Time was not stopped when 

participants ceased walking due to claudication pain. Walking sessions are 

completed in Croí House indoor gym to ensure a safe and controlled 

environment for participants. The exercise specialist met with each 

participant individually after the walking sessions to provide motivation, 

support and any advice to ensure progression and adherence 

 

Primary Endpoint 

The primary endpoint of the present study was to determine the 

effect of a 12 week at home structured resistance exercise programme on 

functional walking ability (TWD, PFWD) compared to a 12-week supervised 

walking programme. Primary endpoints were measured at baseline, 6 and 

12 weeks by the six-minute walk test. 

 

Secondary Endpoint 

Secondary endpoints of the present study are muscular endurance 

and health-related quality of life (Appendix 8). Secondary points were 

measured at baseline, 6 and 12 weeks. Health-related quality of life is 

measured by the SF-36 Health survey; muscle endurance testing is 

measured by the following baseline measurements: single leg balance on 

each leg, sit to stand, step overs, push press, single arm bicep curl are each 

arm, single arm triceps extension on each arm to complete as many 

repetitions as possible in 30 seconds. 

 

Physical Functioning 

Functional walking ability was measured by the six-minute walk test 

recommended to measure total walking distance and pain free walking 

distance in individuals with PAD99. Participants were instructed to walk for 
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six minutes in a 25 metre flat corridor at their own pace and to take as 

many breaks as needed to relieve any claudication pain; if a participant 

stopped during the six minutes the time was not stopped. PFWD was 

measured by the participant informing the exercise specialist when their 

claudication pain was elicited and the metres walked was recorded; TWD 

was measured by the total number of metres the participant completed 

within six-minutes. 

Muscle endurance testing consisted of single leg balance on each 

leg, step overs, sit to stand, push press, bicep curls on each arm and triceps 

extensions on each arm at a moderate rate of intensity. Participants 

completed as many repetitions as they could within 30 seconds at their 

own speed and comfort. All upper body muscle endurance testing was 

completed while holding full 500ml water bottles; lower body muscle 

endurance testing was completed with an aerobic stepper and an office 

chair. 

 

Health-Related Quality of Life 

The SF-36 Health Survey was administered to assess mental and 

functional health. There are eight domains that include physical and social 

functioning, mental health, pain levels, functional limitations due to 

physical or emotional demands, pain, vitality and personal health 

perception. 

 

Randomization 

Participants were randomised upon completion of baseline testing 

using a sealed envelope method to the SFW programme or the SW 

programme.   

 

Statistical Analysis 

  All statistical analysis was conducted using mini tab express version 

1.2.5 using descriptive (mean, median, and standard deviation) and 

inferential statistics. Intra comparisons were analyzed by a t-test and a 
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paired t-test was administered for inter group analysis; statistical 

significance was set at p<.05. Outcome measures were compared at 

baseline and 6-weeks, 6 weeks and 12 weeks, and baseline and 12 weeks 

respectively. 

 

6.3 Results  

A total of 31 individuals clinically diagnosed with moderate 

intermittent claudication participated in the study. Descriptive statistics are 

presented for variables of interest in Table 6.2. The mean age of the 

population was 69 years. Demographics were collected at baseline 

regarding exercise participation and knowledge. At baseline 8 participants 

reported their current health status to be very good, 7 reported as good 

and 5 reported as fair. Of the 20 participants 18 were ex-smokers and 2 

were current smokers. Two participants engaged in regular exercise a few 

times per month, 4 a few times per week and 14 almost every day; 1 

participated in 10-20 minutes of exercise, 5 in 20-30 minutes of exercise, 9 

in 30-60 and 5 participants engage in 60+ minutes of exercise. Of the total 

participants 18 believe that participating in regular exercise can positively 

affect their lives, 1 did not believe so and 1 was unsure.   
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Table 6.2 Baseline Clinical Characteristics 

Baseline Demographics (N=20) 

                    Age (years),  Mean (range) 69 (55-87) 

            Gender (M:F), n (male%) (19:1) (95%) 

Smoking status 

                                Current Smoker, n (%) 

                        Ex-Smoker, n (%) 

                           Non-smoker, n (%) 

 

2 (10%) 

18 (90%) 

0 

Walking Ability 

               Total Walking Distance 

                                                      Mean(SD) 

Range 

 

                   Pain Free Walking Distance 

                                                      Mean(SD) 

Range 

 

Blood Pressure: 

     Systolic(mmHg)     

    Mean(SD) 

Range 

 

     Diastolic(mmHg) 

   Mean(SD) 

Range  

 

 

320 (25.24) metres 

150-535 metres 

 

 

191 (74.79) metres 

100-401 metres 

 

 

 

124 (9.33) mmHg 

110-120 mmHg 

 

  

70 (6.2) mmHg 

 60-80 mmHg 

 

Functional Walking Ability 

 Functional walking ability was measured using TWD, PFWD and 10 

metre get up and go test Table 6.3 summarizes functional walking ability 

for both groups.  
 

Total Walking Distance 

Over 12 weeks total walking distance improved overall by 62.32 

metres in the supervised walking group. Mean TWD for the supervised 

walking group at baseline was 335.66 metres ranging from 150 to 534.9 
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metres, 420.66 metres at 6 weeks ranging from 329.3 to 524 metres and 

397.98 metres at 12 weeks ranging from 330 to 450 metres (Table 6.3) 

(Figure 6.2).  From baseline to 12 weeks 4 of the 5 participants that 

completed the supervised walking programme improved TWD; from this 1 

participant improved by 20 metres or more achieving a meaningful change 

and 3 improved by 50 metres or more achieving clinical significance. From 

6 weeks to 12 weeks 2 participants improved TWD but did not achieve 

significance. Four of the 5 participants improved TWD from baseline to 12 

weeks; from this 2 achieved a meaningful change and 2 achieved clinical 

significance. There was an increase of 85 metres (25%) from baseline to 6 

weeks, a loss of 22.68 metres (5%) from 6 weeks to 12 weeks and an 

increase of 62.32 metres (19%) from baseline to 12 weeks.  

 

Table 6.3 Functional Walking Ability for the Resistance Training Group and 

Supervised Walking Group 

RT= Resistance Training Group 
SW= Supervised Walking Group 
 

In the resistance training group overall TWD improved by 92.78 

metres during the 12-week resistance training exercise intervention. Mean 

TWD at baseline was 304.44 metres ranging from 184.9 to 521.4 metres, 

376.22 metres at 6 weeks ranging from 300 to 378.3 metres and 397.22 

metres at 12 weeks ranging from 328 to 494.9 metres (Table 6.3). Of the 5 

Outcomes Baseline Baseline Week 6 P Value Week 6 P Value Week 
12 

P 
Value 

Week 
12 

P 
Value 

P Value P Value 

RT 
Mean 
(SD) 

SW 
Mean 
(SD) 

RT 
Mean 
(SD) 

RT 
Baseline 

to 6 
weeks 

SW 
Mean 
(SD) 

 SW 
Baseline 

to 6 
weeks 

RT 
Mean 
(SD) 

6 
weeks 
to 12 

weeks 

SW 
Mean 
(SD) 

SW 6 
weeks 
to 12 

weeks 

RT 
Baseline 

to 12 
weeks 

SW 
Baseline 

to 12 
weeks 

Total 
Walking 
Distance 
(metres) 

304.44  
(35.79) 

335.66 
(116.38) 

376.22 
(34.66) 

0.17 420.66 
(74.15) 

0.11 397.22  
(33.18) 

0.67 397.98 
(46.71) 

0.58 0.08 0.16 

Pain Free 
Walking 
Distance 
(metres) 

190.36  
(22.38) 

193.16 
(82.45) 

272.98  
(14.98) 

0.009* 245 
(37.07) 

0.11 294.45  
(36.22) 

0.36 290.06 
(46.71) 

0.09 0.002* 0.008* 

10 Metre 
Get Up 
and Go 

(seconds) 

10.7 

(2.32) 
10.1 

(1.34) 
9.3 

(1.87) 
0.23 8.8 

(1.29) 
0.13 8.9  

(0.66) 
0.70 8.4 

1.84) 
0.72 0.04* 0.11 
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participants that completed the resistance training exercise programme 3 

participant improve TWD from baseline to 6 weeks; from this 2 participants 

improved by 20 metres of more achieving a meaningful change and 1 

improved by more than 50 metres achieving clinical significance. From 6 

weeks to 12 weeks 4 participants improved TWD; from this one achieved a 

meaningful change and 3 achieved clinical significance. Three out of the 5 

participants improved TWD; from this 2 achieved a meaningful change and 

1 achieved clinical significance. Figure 6.2 shows individual changes in total 

walking distance over 12 weeks in both exercise interventions. There was 

an increase of 71.78 metres (24%) from baseline to 6 weeks, an increase of 

21 metres (6%) from 6 weeks to 12 weeks and an increase of 92.78 metres 

(23%) from baseline to 12 weeks in the resistance training group. Similar 

changes in total walking distances were recorded between both groups 

over 12 weeks; from baseline to 6 weeks the supervised walking group had 

a greater improvement of 44.44 metres, from 6 weeks to 12 weeks the 

supervised walking group had a small increase of 0.76 metres, however, 

from baseline to 12 weeks the resistance training group had a greater 

improvement of 92.78 metres compared to the supervised walking group 

62.32 metres (Figure 6.3). 
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Figure 6.2 Shows individual performance over the 12-week intervention for 

both groups total walking distance. 

 

 
Figure 6.3 Shows overall group performance between both groups over 12 
weeks for total walking distances 
 
 

Pain Free Walking Distance 

Pain free walking distance improved over 12 weeks by 96.9 metres 

in the supervised walking group. Mean PFWD in the supervised walking 

group was 193.16 metres at baseline ranging from 106.6 to 401.4 metres, 

245 metres at 6 weeks ranging from 200 to 300 metres and 290.06 metres 
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at 12 weeks ranging from 328 to 494.9 metres. All participants in the 

supervised walking group improved PFWD from baseline to 6 weeks; from 

this 2 participants improved by 20 metres or more and 3 participants 

improved by 100 metres or more. From 6 weeks to 12 weeks 4 participants 

improved PFWD; from this 1 participant improved by 20 metres or more 

and 3 improved by 50 metres or more. All participants improved PFWD 

from baseline to 12 weeks; from this 1 participant improved by 20 metres 

or more and 4 improved by 100 metres or more (Figure 6.4). There was an 

increase of 51.84 metres (27%) from baseline to 6 weeks, an increase of 

45.06 metres (18%) from 6 weeks to 12 weeks and a statistically significant 

increase of 96.90 metres (50%) (p=0.008) from baseline to 12 weeks.  

 

 
Figure 6.4 Shows individual performance over the 12-week intervention for 

both groups pain free walking distance 

 

The resistance training group improved PFWD by 104 metres over 

12 weeks respectively. Mean PFWD in the resistance training group was 

190.36 metres at baseline ranging from 100 to 288.2 metres, 272.98 

metres at 6 weeks ranging from 234.9 to 325 metres and 294.45 metres at 

12 weeks ranging from 250 to 350 metres (Table 6.3). All participants in the 

resistance training group improved PFWD from baseline to 6 weeks; from 
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this 1 improved by 15 metres or more, 3 improved by 20 metres or more 

and 1 improved by 50 metres or more. From 6 to 12 weeks all participants 

improved PFWD; from this 1 participant improved by 5 meters or more, 1 

participant improved by 15 metres or more, and 3 improved by 20 metres 

or more. Out of the 5 participants that completed the resistance training 

exercise programme 5 improved PFWD from baseline to 12 weeks; from 

this 1 improved by 20 metres or more and 4 improved by 50 metres or 

more. There was an increase of 82.62 metres (43%) (p=0.009) from 

baseline to 6 weeks, an increase of 21.47 metres (8%) from 6 weeks to 12 

weeks and a statistically significant increase of 104.09 metres (55%) 

(p=0.002) from baseline to 12 weeks (Figure 6.4). Similar changes in pain 

free walking were recorded over 12 weeks; at baseline the supervised 

walking group completed 2.8 metres more when compared to the 

resistance training group, from baseline to 6 weeks the resistance training 

group had a greater improvement of 27.98 metres when compared to the 

supervised walking group, from 6 weeks to 12 week the resistance training 

group had a small improvement of 4.39 metres when compared to the 

supervised walking group, and from baseline to 12 weeks the resistance 

training group had a greater improvement of 104.09 metres when 

compared to the supervised walking group 96.9 metres (Figure 6.5). 
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Figure 6.5 Shows overall group performance between both groups over 12 
weeks for pain free walking distances 

 

 
10 Metre Get Up and Go Test 

The supervised walking group achieved an overall improvement 

with a decrease of 1.7 seconds in the 10 meter get up and go test over 12 

weeks. A mean score of 10.1 seconds was recorded at baseline ranging 

from 8.1 to 12.1 seconds, a mean score of 8.8 seconds at 6 weeks ranging 

from 6.7 to 10 second and a mean score of 8.4 at 12 weeks ranging from 6 

to 10.5 seconds (Table 6.3). From baseline to 6 weeks all 5 participants 

improved 10 metre get up and go times, from 6 weeks to 12 weeks 4 of the 

5 participants improved 10 metre get up and go times and 4 of the 5 

participants that completed the supervised walking programme improved 

in the 10 metre get up and go test (Figure 6.6). 
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Figure 6.6 Shows individual performance over the 12-week intervention for 

both groups 10 metre get up and go test 

 

Similar to the supervised walking group, the resistance training 

group achieved an overall improvement with a decrease of 1.8 second over 

12 weeks. A mean score of 10.7 seconds was recorded at baseline ranging 

from 7.9 to 12.1 seconds, a mean score of 9.3 seconds at 6 weeks ranging 

from 7.4 to 11.9 seconds and a mean score of 8.9 seconds at 12 weeks 

ranging from 7.9 to 9.5 seconds. All 5 participants that completed the 

resistance training exercise programme improved in the 10 metre get up 

and go test from baseline to 6 weeks, from 6 week to 12 weeks 2 of the 5 

participants improved and from baseline to 12 weeks 3 of the 5 

participants improved in the 10 metre get up and go test (Figure 6.6).  
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respectively and of the 5 participants that completed the supervised 

walking programme, 3 improved right leg balance times from baseline to 

12 weeks. Left leg balance in the supervised walking group improved by 6 

seconds from baseline to 12 weeks overall. Three participants improved 

left leg balance times from baseline to 6 weeks, 2 improved left leg balance 

times from 6 weeks to 12 weeks and 2 improved from baseline to 12 weeks 

(Table 6.4). 

 

Table 6.4 Muscle Endurance changes over 12 weeks for the Resistance 
Training Group and Supervised Walking Group 

RT= Resistance Training Group 
SW= Supervised Walking Group 
 
 

An overall improvement with an increase of 2 seconds over 12 

weeks was achieved by the resistance training group for right leg balance. 

Outcomes Baseline Baseline Week 
6 

P Value 6 
Weeks 

P Value Week 
12 

P Value 12 
Weeks 

P Value P Value P Value 

RT 

Mean 

(SD) 

SW 

Mean 

(SD) 

RT 

Mean 

(SD) 

RT 

Baseline 

to 6 

Weeks 

SW 

Mean 

(SD) 

SW 

Baseline 

to 6 

Weeks 

RT 

Mean 

(SD) 

RT 6 

Weeks 

to 12 

Week 

SW 

Mean 

(SD) 

SW 6 

Weeks 

to 12 

Weeks 

RT 

Baseline 

to 12 

Weeks 

SW Baseline 

to 12 Weeks 

Right Leg Balance 

(seconds) 

11 

(12.12) 

13 

(11.57) 

13 

(11.65) 

0.75 17 

(12.88) 

0.63 13 

(11.25) 

0.99 16 

(12.32) 

0.96 0.70 0.66 

Left Leg Balance 

(seconds) 

12 

(11.24) 

11 

(12.01) 

14 

(11.46) 

0.76 18  

(0.89) 

0.37 15 

(11.77) 

0.86 17 

(13.67) 

0.89 0.62 0.47 

Step Overs 

(repetitions) 

13  

(3.56) 

14  

(2.79) 

17  

(2.55) 

0.04* 18  

(4.02) 

0.07 19 

(3.57) 

0.44 18  

(4.91) 

0.89 0.02* 0.10 

Sit to Stand 

(repetitions) 

11 

(3.37) 

10  

(2.97) 

13  

(2.23) 

0.35 12  

(2.88) 

0.47 15 

(4.05) 

0.20 14  

(5.1) 

0.56 0.04* 0.31 

Push Press 

(repetitions) 

15 

(3.46) 

16  

(2.96) 

18 

(2.58) 

0.07 17  

(2.55) 

0.74 20 

(5.89) 

0.51 18  

(3.42) 

0.54 0.12 0.40 

Right Bicep Curl 

(repetitions) 

18 

(4.11) 

20 (5.08) 21 

(3.71) 

0.08 22  

(10.37) 

0.66 22 

(4.60) 

0.94 22  

(11.15) 

0.97 0.12 0.65 

Left Bicep Curl 

(repetitions) 

16 

(3.65) 

18  

(5.67) 

21 

(3.36) 

0.02* 21  

(8.49) 

0.57 21 

(6.57) 

0.95 22 

(10.85) 

0.90 0.18 0.55 

Right Triceps 

Extension 

(repetitions) 

15 

(2.79) 

21  

(10.24) 

17 

(2.49) 

0.11 20  

(5.67) 

0.94 20 

(4.65) 

0.42 22 

(7.12) 

0.70 0.10 0.78 

Left Triceps 

Extension 

(repetitions) 

15 

(2.94) 

20  

(7.71) 

19 

(3.71) 

0.07 20 

(6.18) 

0.87 20 

(5.33) 

0.84 21 

(7.5) 

0.69 0.12 0.77 
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From baseline to 6 weeks 3 participants of the 5 that completed the 

resistance training programme improved right leg balance, 2 participants 

improved from 6 weeks to 12 weeks and 3 participants improved from 

baseline to 12 weeks. The resistance training group had an overall 

improvement of 3 seconds over the 12 weeks in left leg balance. From 

baseline to 6 weeks 3 of the 5 participants improved, 2 participants 

improved from 6 weeks to 12 weeks and 2 participants improved from 

baseline to 12 weeks (Table 6.4). From baseline to 12 weeks both groups 

progressively increased the amount of time performing right leg balance 

therefore increasing the strength in the hip, knee and ankle joints by 

targeting the large and small muscle groups to aid in reducing the risk of 

falling; the resistance training group increased the time during left leg 

balance over 12 weeks. 

 

 
Figure 6.7 Shows individual sit to stand performance over the 12-week 

intervention for both groups  

 

From baseline to 12 weeks the supervised walking group improved 

sit to stand by 4 repetitions. From baseline to 6 weeks 4 of the 5 

participants improved sit to stand repetitions, 3 participants improved 

form 6 weeks to 12 weeks and 4 out of 5 participants improved from 
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baseline to 12 weeks (Figure 6.7). The resistance training group achieved 

an overall improvement of 4 repetitions for sit to stand over 12 weeks. 

From baseline to 6 weeks 4 of the 5 participants improved individual 

repetition count for sit to stand, 3 participants improved from 6 weeks to 

12 weeks and 3 participants improved from baseline to 12 weeks. From 

baseline to 12 weeks the resistance training group achieved statistical 

significance in sit to stand within the 30 seconds muscular endurance test 

(p=0.04) (Table 6.5). Mean increase of sit to stand for both groups is 

summarized in Figure 6.8  

 

 
Figure 6.8 Shows mean increase of sit-to-stand performance over the 12-

week intervention for both groups.  

 

During the 12-week supervised walking intervention participants 

achieved an overall improvement of 4 repetitions in step overs. Of the 5 

participants that completed the supervised walking programme, 4 

improved step over repetitions from baseline to 6 weeks, 3 improved from 

6 weeks to 12 weeks and 4 improved from baseline to 12 weeks (Figure 

6.9). The resistance training group achieved an overall improvement of 6 

repetitions for step overs over the 12 weeks. From baseline to 6 weeks 4 of 

the 5 participants improved, from 6 weeks to 12 weeks 4 participants 
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improved respectively and 5 participants that completed the resistance 

training programme improved in step overs. The resistance training group 

achieved statistical significance in step overs from baseline to 6 weeks 

(p=0.04) and from baseline to 12 weeks (p=0.02) (Table 6.5). Mean increase 

of step overs for both groups is summarized in Figure 6.10 

 

 
Figure 6.9 Shows individual step over performance over the 12-week 

intervention for both groups  

Figure 6.10 Shows mean increase of step over performance over the 12-

week intervention for both groups   
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The supervised walking group achieved an overall improvement of 2 

repetitions over 12 weeks in push press. One participant improved form 

baseline to 6 weeks, 4 of the 5 participants in the supervised walking group 

improved from 6 weeks to 12 weeks and 4 participants improved from 

baseline to 12 weeks. Over the 12 weeks the resistance training group 

achieved an overall improvement of 5 repetitions in push press. From 

baseline to 6 weeks 4 participants improved, 2 participants improved from 

6 weeks to 12 weeks and 4 participants improved from baseline to 12 weeks. 

Individual push press performance is summarized in Figure 6.11.  

 

 
Figure 6.11 Shows individual push press performance over the 12-week 

intervention for both groups  

 

An overall improvement was seen in the supervised walking group 

for right arm bicep curl by 2 repetitions over 12 weeks. Three participants 

improved from baseline to 6 weeks, 6 weeks to 12 week and baseline to 12 

weeks. An overall improvement of 4 repetitions was recorded for the 

supervised walking group for left arm bicep curl. From baseline to 6 weeks 

5 participants improved left arm bicep curl, 3 improved from 6 weeks to 12 

weeks and 4 improved from baseline to 12 weeks. In the resistance training 

group, there was an overall improvement of 4 repetitions over the 12 
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weeks. Four participants of the 5 that completed the resistance training 

programme improved in right arm bicep curls form baseline to 6 weeks, 1 

participant improved from 6 weeks to 12 weeks and 4 participants form 

baseline to 12 weeks. Over 12 weeks the resistance training group 

improved overall left arm bicep curls by 5 repetitions. Four participants 

improved form baseline to 6 weeks, 2 improved form 6 weeks to 12 weeks 

and 4 improved from baseline to 12 weeks. The resistance training group 

achieved statistical significance (p=0.02) from baseline to 6 weeks and had 

an increase of 5 repetitions form baseline to 12 weeks. Individual bicep 

curls performance is summarized in Figure 6.12. 
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Figure 6.12 Shows individual bicep curls performance over the 12-week 

intervention for both groups  

 

The supervised walking group achieved an overall improvement of 1 

repetition over 12 weeks for right triceps extension. Two participants 

improved from baseline to 6 weeks, 4 participants improved form 6 weeks 

to 12 weeks and 3 participants improved form baseline to 12 weeks. For left 

arm triceps extension, the supervised walking group had an overall 

improvement of 1 repetition. Three participants improved from baseline to 

6 weeks and 4 improved from 6 weeks to 12 weeks and baseline to 12 weeks. 

In the resistance training group, there was an overall improvement of 5 

repetitions in right arm triceps extension. Four participants improved from 

baseline to 6 weeks, 3 improved form 6 weeks to 12 weeks and all 5 

participants that completed the resistance training programme improved 

from baseline to 12 weeks. For left triceps extension the resistance training 

group achieved an overall improvement of 5 repetitions over 12 weeks. All 

5 participants from the resistance training group improved from baseline to 

6 weeks, 1 participant improved from 6 weeks to 12 weeks and 5 participants 

improved from baseline to 12 weeks Individual triceps extension 

performance is summarized in Figure 6.13. 
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Figure 6.13 Shows individual triceps extension performance over the 12-

week intervention for both groups  

 

Health-Related Quality of Life 

Health-related quality of life was measured by the SF-36 Health 

Survey at baseline, 6 weeks and 12 weeks. There were no changes in HR-

QoL over the 12 weeks in both groups. However, HR-QoL did not decline 

suggesting both programmes are feasible option for individuals in regard to 

HR-QoL.  
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Of the 20 participants that completed the SF-36 Health Survey at 

baseline 5 participant reported their general health to be good, 8 reported 

to be very good and 7 reported to be excellent. At 6 weeks, of the 10 

participants, 1 participant reported their general health to be good, 6 

participants very good and 3 participants excellent. At 12 weeks, of the 10 

participants, 1 participant reported their general health to be good, 4 

participants to be very good and 5 to be excellent. When comparing their 

general health to a year ago at baseline, 6 of the 20 participants reported 

their general health to be somewhat worse than one year ago, 9 

participants said to be about the same, 3 reported to be somewhat better 

than on year ago and 2 to be much better than a year ago. At 6 weeks 1 

participant reported their general health to be somewhat worse than one 

year ago, 4 reported to be about the same from one year ago and 5 

reported to be somewhat better than one year ago. At 12 weeks 1 

participant reported their general health to be somewhat worse than one 

year ago, 1 participant reported to be about the same to one year ago, 3 

participants reported to be somewhat better than one year ago and 5 

participants reported their general health to be much better than one year 

ago. 

 

6.4 Discussion 

The present study compared a resistance training programme to a 

supervised walking programme for functional walking ability, muscular 

endurance and health-related quality of life for individuals with moderate 

intermittent claudication. The primary findings of the present study were 

that 12 weeks of at home resistance exercise training elicited similar results 

for PFWD when compared to supervised walking. PFWD improved 

significantly in the RT group after 6 and 12 weeks, the SW group PFWD 

improved significantly after 12 weeks. Improvement in ambulation 

distances in individuals with IC has the ability to help improve HR-QoL 

assisting in the participation of regular exercise, therefore, reducing the 

risk of cardiovascular disease progression. Neither group significantly 



Chapter 6 

 

 151 

improved TWD over 12 weeks, however, the RT group as a whole 

progressively improved their TWD by 93 metres and achieving clinical 

significance. The SW group as a whole saw an improvement in TWD after 

the first 6 weeks and was followed by decline at 12 weeks. However, both 

groups progressively improved in the 10 metre get up and go test by 

decreasing the amount of time it takes to walking 10 metres. Both groups 

achieved under 10 seconds suggesting these individuals have possibly 

prolonged the need until walking aid is necessary.  

Due to walking impairments in individuals with intermittent 

claudication, muscle atrophy is common in the lower legs. Participation in 

resistance training can help increase muscle mass and strength; possibly 

leading to the improvement of PFWD and HR-QoL177. The results of the 

resistance training programme show that 12 weeks of whole-body 

resistance training has the ability to significantly improve lower and upper 

body strength and significantly increase PFWD. The supervised walking 

group did not significantly improve any muscular endurance; however, 

there was a pattern of progressive improvement in right leg balance, step 

overs, sit to stand, push press, right and left bicep curl. 

A similar study explored the effect of participation in whole body 

strength training twice a week for 12 weeks using strength training 

machines14. Ritti-Dias et al.,14 results suggest that the improvement of 

strength in lower extremities has the ability to increase the amount of 

oxygen delivered to the muscle and to decrease the amount of oxygen 

utilized while walking; resulting in the improvement of PFWD. The RT 

showed favorable results by improving significantly with step overs after 6 

and 12 weeks and improving significantly in sit to stand after 12 weeks. 

Pasiak et al.,177 found that 12 weeks of strength training decreased the risk 

of cardiovascular events, improved respiratory function and  oxygen 

efficiency.  

In comparison to the present study the RT programme allows the 

participant to complete their exercises in the comfort of their own home, 

providing self-autonomy by allowing the participant to pick the number of 
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repetitions are performed, which form of exercises (seated or standing) 

and when the exercises are performed. Participants in the RT group were 

contacted once a week through telephone to ensure adherence and 

provide support and motivation; the SW group met one on one once a 

week with the exercise specialist also receiving support and motivation; 

adherence rates were similar between the groups. 

Evidence shows that 50% of adults drop out from exercise 

programmes within the first 6 months but mainly in the first 12 weeks14. 

Pinto et al.,179 found that after week 7 and week 9 adherence rates were at 

the lowest at 53.9% and an average of 69.76% adherence at 12 weeks. In 

the present study 10 out of 15 dropped out at 6 weeks with an adherence 

rate of 33.3% in the SFW group and 11 out of 16 dropped out at 6 weeks 

with an adherence rate of 31.2% in the SW group. It is important to include 

a form of supervision with an exercise programme to maintain adherence 

and uptake of regular exercise. Supervision of exercise programmes 

consists of regular weekly contact in person, by telephone or through 

email. In the present study participants self-reported their adherence to 

the exercise programme; it is suggested from the research that 

approximately one-third of older individuals over report their adherence to 

exercise programmes169.  Pinto et al.,179 found that by setting attainable 

goals adherence rates were at the highest at 4 weeks; to ensure adherence 

it is vital to schedule appointments that are suitable for the participant. 

The 12-week resistance training programme has shown to be a 

feasible therapeutic modality for symptom management of IC. The results 

show that both programme’s have the ability to improve functional walking 

ability in individuals with intermittent claudication and either programme 

could be considered as an option for the management of IC. The main 

limitation faced in the present study was the sample size, although a 

feasibility study, the results presented may be more significant with a 

larger sample size. A second limitation in the present study was the 

retainment of participants throughout the 12 weeks; due to other 
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comorbidities and travel participants had to withdraw from both groups 

resulting in high dropout rates. 

In conclusion, IC is a highly debilitating condition, inhibiting an 

individual’s ability to walk and to perform activities of daily living. 

Recommendations to walk may not be a suitable option for all individuals 

with intermittent claudication, therefore, an at home exercise programme 

focusing on resistance exercise may be a suitable option. The present study 

was able to highlight the need to enhance the standard care for individuals 

with intermittent claudication because the go home and walk advice was 

not utilized, however, the supervised walking programme is very similar to 

the go home and walk advice. The enhancement of the go home and walk 

advice is achieved through supervised walking with the exercise specialist. 

 The findings of the present study suggest that an at home 

structured resistance exercise programme elicits similar results in PFWD 

when compared to a walking programme. Our findings suggest that a 

resistance programmes such as The Strength from Within programme can 

assist in the improvement of circulation, functional walking ability and 

muscular endurance when combined with a structured walking 

programme.  
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Chapter 7: The Effect of Structured Resistance Exercise for Chronic Venous 

Insufficiency: A Pilot Study 
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7.1 Introduction 

Chronic venous insufficiency (CVI) is classified as functional 

abnormalities affecting the venous structure such as changes in the skin or 

subcutaneous tissue causing the veins wall and/or valves to malfunction, 

resulting in stasis in the lower legs, also known as varicose veins79,80.  Risk 

factors commonly associated with varicose veins are advanced age, gender, 

family history of varicose veins or venous disease, high body mass index, 

pregnancy, prior venous thrombosis, smoking, ligament laxity, previous 

lower extremity injury, sedentary lifestyle, prolonged standing and 

sitting82,85-91. As prevalent as PAD, CVI directly affects roughly 25 million 

individuals world-wide with an additional 6 million with advanced vascular 

disease79,80.  Chronic venous insufficiency was recognized as a cosmetic or 

psychological issue in the past and has been overlooked somewhat in 

research83. Varicose veins are commonly seen in the older population due 

to venous wall degeneration and increased pressure on the superficial 

vein’s location in the gastrocnemius-soleus complex23,95,96. Recent research 

suggests that pregnancy is a primary risk factor of chronic venous 

insufficiency or varicose veins with women who have experienced more 

than one birth to be at highest risk23. Other physiological adaptations 

during pregnancy can increase a woman’s risk to developing varicose veins, 

such as, an increase of blood volume, increased venous return due to fetal 

growth and the increase and presence of relaxin23. However, there are 

limited clinical trials regarding chronic venous insufficiency and exercise 

has shown promising results as a non-invasive therapeutic modality.  

Chronic venous insufficiency is a progressive disease and has the 

ability to manifest into advanced vascular disease. The CEAP classification 

is made up of seven stages; C0 no visible or palpable signs of venous 

disease, C1 Telangiectasias or reticular veins, C3 Varicose veins, C4a 

pigmentation or eczema of the skin, C4b lipodermatosclerosis or atrophied 

blanche, C5 healed venous ulcer, C6 active ulcer101. Patients experiencing 

symptoms in stages C5 and C6 are considered to be in the advance stages 

of venous disease and has the potential to be life threatening101.  Exercise 
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interventions have the ability to reduce disease progression and improve 

hemodynamics. Exercise training that focuses on the improvement of ankle 

range of motion (ROM) is shown to be beneficial for individuals with 

chronic venous insufficency102. It has been shown that participation in 

regular exercise can improve hemodynamics, cardiorespiratory fitness and 

reduce oedema106,178. Padberg et al., (2004)27 found that structured 

exercise training focused on the calf muscles can improve hemodynamic 

performance after at least three months. Thus, the incorporation of ankle 

range of motion exercises into a patient’s daily routine has the potential to 

improve calf muscle pump function and prevention of chronic venous 

disease/chronic venous insufficiency progression179,180.  

Thus, the present study aims to assess the effect of the Strength 

Form Within programme on lower leg muscular strength surrounding the 

knee and ankle for post-surgical individuals with chronic venous 

insufficiency. 

7.2 Methods 

 Study Design 

This was a single center pilot study with one group pre-test post-

test 12 weeks intervention conducted in the Galway Clinic, the Department 

of Vascular Surgery in Galway Clinic, and the Physiotherapy Department at 

Galway Clinic, Galway Ireland. Ethical approval was obtained through the 

research committee at Galway Clinic Ireland in April 2018 and registered as 

NCT03562546 with clinicaltrials.gov. All participants received the 12 week 

at home ‘Strength from Within’ structured resistance exercise programme. 

Participants 

Participants were recruited through the Vascular clinic at Galway 

Clinic hospital from December 2017 to September 2019. Inclusion criteria 

included patients aged ³ 18 years, clinically diagnosed with chronic venous 

insufficiency with a presence of varicose veins, edema or changes in 

pigmentation of eczema (CEAP score of 2,3, 4) and underwent surgical 
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intervention. Participants were excluded if there were a presence of any of 

the following: Painful ulceration, severe cardiac condition, 

cardiorespiratory disease, failure of physical activity readiness form, CEAP 

classification of 5 or 6, severe mobility impairment, severe imbalance, 

women who are pregnant, women who are breastfeeding, diagnosis of 

diabetes, diagnosis of peripheral arterial disease, diagnosis of peripheral 

neuropathy.  A total of 142 patients were screened for eligibility for the 

present trial at the Vascular Clinic at Galway Clinic between 2018 and 2019. 

Of the 142 participants 49 declined participation and 78 were unreachable 

despite numerous voicemails. A total of 15 participants underwent 

baseline testing and received the exercise intervention. A total of 8 

participants completed the 12 weeks at home structured resistance 

exercise programme. 

Outcome Measures 

The primary objective was lower leg muscular strength surrounding 

the knee and ankle and function using isokinetic testing. Secondary 

outcomes were upper body muscle strength endurance, venous clinical 

severity score and health-related quality of life. 

Semi-Structured Interviews 

Participants completed a semi-structured interview with the exercise 

specialist upon completion of the 12-week exercise programme. The 

participant was asked the following questions:  

1. Can you tell me if the exercise programme benefitted you and how?

If not, why?

2. Why did you agree to participate in this exercise programme?

3. How did you feel about exercising at home?

4. If you could, how would you change the exercise programme?

5. How did you feel about the weekly telephone contact with the

exercise specialist?
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The exercise specialist transcribed each response and had the participant 

ensure the content was correct. 

Exercise Intervention 

Strength From Within Resistance Exercise Programme (SFW) 

The Strength from Within in programme consists of home-based 

resistance exercises only. The 12-week programme is a total of 72 (6 per 

week) at home sessions to be completed by the participant. The at home 

sessions consist of a five-minute warm up the upper or lower body 

exercises and a five-minute cool down stretching all the major muscles. 

Repetitions were determined at baseline by the participant based on 

personal capabilities; starting at 8 repetitions with a one repetition 

increase biweekly until an achievement of 12 repetitions. To gauge 

intensity participants are instructed to be aware of feeling a moderate 

increase in heart and breathing rate to reach a “mild to moderate” 

intensity and feel muscles engaging with each exercise. The SFW 

programme provides modifications to each standing exercise with seated 

exercises targeting the same muscles, allowing increased support, 

stabilization and safety. Participants were instructed to take a 60-90 

second rest period in between exercises when necessary to avoid excessive 

fatigue and to remain hydrated throughout the session. Participants were 

shown how to adjust the resistance band if more or less resistance was 

necessary to change the intensity of their session. 

The exercise specialist provided weekly support by telephone to 

offer supervision and motivation to assist in adherence to the programme. 

The participant received one on one once a week interaction with the 

exercise specialist for support and direction as they progressed through the 

exercise programme.  

Isokinetic Testing for Knee and Ankle Joint 

The present study uses the Biodex System 3 Pro (New York, USA), 

for lower leg muscular strength surrounding the knee and ankle specifically 
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observing knee extension, knee flexion, ankle dorsiflexion and ankle 

plantarflexion. One of the primary muscles in the lower leg that will be 

assessed is the gastrocnemius; stabilizing the knee joint and one of the 

primary movers of knee flexion the gastrocnemius also provides 

stabilization to the ankle joint stabilizers181. Lili et al.,181 observed the 

influence of knee and ankle joint angles on the knee flexor function of the 

gastrocnemius in 17 participants. Using the Biodex Lili et al.,181 assessed the 

gastrocnemius muscle and at a standardized levels of electrical current 

stimulated the gastrocnemius finding that both the ankle and knee joint 

influenced the knee joint flexion which is produced by the gastrocnemius. 

Chronic venous insufficiency commonly effects the musculature and tissue 

of the lower extremity, especially the gastrocnemius and ankle. Therefore, 

there is a need to asses and test the strength of musculature surrounding 

the ankle and knee as research shows the gastrocnemius being a bi-

articular muscle and muscle function is strongly dependent of both the 

knee and ankle joint181. 

All participants underwent lower limb isokinetic (concentric/concentric) 

testing using the clinically validated Biodex System 3 Pro (New York, USA), 

calibration was performed prior to each testing session. Measurements 

consisted of bilateral full range of motion knee flexion/extension for five 

repetitions at 60° per-second (slow), ten repetitions at 180° per-seconds 

(moderate), and 15 repetitions at 300° per-seconds (fast). The goals for this 

present protocol is similar to post-surgical anterior cruciate repair. The 

three-speed protocol focuses on knee range of motion, the strength of 

muscles acting on the knee, identifies potential deficits in muscle strength 

and helps to prepare the individual for possible rehabilitation. Participants 

underwent a three-speed evaluation for knee flexion and knee extension in 

order to isolate muscle groups. Changing speed in isokinetic allows the 

exercise specialist or clinician to understand the function of surrounding 

muscle groups and the possible deficits that are presently causing 

functional limitations. From the three speed evaluations the exercise 

specialist can assess the amount of effort and work that the muscles are 
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able to produce and identify any weakness in the muscles and where the 

weakness is located. 

Participants underwent knee joint isokinetic testing at baseline and 12 

weeks using the same protocol each time.  

A two-speed protocol was used to assess the ankle joint. 

Based on previous research the goal for ankle isokinetic testing is to 

improve range of motion in turn to improve haemodynamics’26,27.Simialr to 

the knee joint isokinetic testing a two speed evaluation was utilised to 

assess the strength of muscle groups around the ankle and identify any 

weakness present. Participants underwent isokinetic testing at baseline 

and 12 weeks while supervised by the exercise specialist. Five repetitions 

were performed at 60° per-second (slow), and ten repetitions at 120° per-

seconds (moderate) respectively.  The goal was to achieve full ankle range 

of motion, decrease pain or swelling in the ankle and to identify any 

potential problems to functional walking or gait. Similar to the knee joint 

isokinetic testing a two-speed evaluation is utilised to assess the strength 

of muscle groups around the ankle and any weakness present. 

Testing Protocol for Knee Extension and Knee Flexion 

Prior to testing the exercise specialist prepared the Biodex to suit 

each individual participant to ensure proper technique and full range of 

motion. For knee extension and flexion, the axis of rotation was set 

through the lateral femoral condyle on a sagittal plane with the 

dynamometer orientation at 90°, seat orientation at 90°, and the seatback 

tilt at 85°. The participant was then seated upright with hip, knee and ankle 

in line allowing two finger widths from the popliteal fossa to the edge of 

the seat cushion. It is also necessary to ensure that the participants hips 

are as far back as possible while seated upright. The dynamometer shaft or 

motor axis was visually aligned to the participants lateral femoral condyle, 

the lower leg shaft was aligned with the ankle pad rest slightly above the 

heel counter of the participants shoe and proximal to the medial malleoli. 

The upper body was then stabilised with two shoulder straps; the lower 
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body was stabilised by one waist strap; the upper leg was stabilised by one 

thigh strap and the lower leg stabilised by one ankle strap. Isokinetic 

testing always began with the uninvolved leg or the non-surgical leg to help 

familiarise the participant with the machine and testing. 

Participants performed the full knee extension and knee flexion 

range of motion to learn proper technique and to become familiar with the 

machine. The exercise specialist measures knee extension and knee flexion 

range of motion including the weight of the limb. 

The participant completed as many trial repetitions as needed at 

the beginning of each speed evaluation. Once ready the participant held 

the lower leg still in knee flexion until the horn sounds. The test only begins 

when the participant moves into knee extension. In the first speed 

evaluation the participant completed 5 repetitions at 60 degrees per 

second then a 10 second rest period, then 10 repetitions at 180 degrees 

per second then a 10 second rest period then the final speed evaluation of 

300 degrees per second for 15 repetitions. The same testing protocol is 

then repeated on the opposite leg. 

Testing Protocol for Ankle Dorsiflexion and Plantarflexion 

Prior to testing the exercise specialist prepares the Biodex to suit 

each individual participant to ensure proper technique and full range of 

motion. The axis of rotation was set in a neutral position passing through 

the body of the talus, fibular malleolus and through or just below the tibial 

malleolus. The dynamometer orientation was set at 90°, seat orientation at 

90°, seatback tilt at 75° and knee flexion from 20°-30°. The participant is 

sat at 75° with the T-Bar pad installed under the distal femur or lower leg 

to help support the weight of the leg. The lower leg is then stabilised by 

one lower leg strap. The axis of rotation is visually aligned to the 

appropriate malleoli with the heel firmly pressed into the heel cup of the 

foot plate. Once aligned the foot is then secured with a pad and strap for 

stabilisation. 
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The participant underwent full ankle dorsiflexion and ankle 

plantarflexion range of motion to learn proper technique and to become 

familiar with the machine. The exercise specialist then measures ankle 

dorsiflexion and ankle plantarflexion range of motion and the weight of the 

limb. 

The participant completed as many trial repetitions as needed at 

the beginning of each speed evaluation. Once ready the participant held 

the ankle still in ankle dorsiflexion until the horn sounds. The test only 

begins when the participant moves into ankle plantarflexion. In the first 

speed evaluation the participant completed 5 repetitions at 60 degrees per 

second then a 10 second rest period, then 10 repetitions at 120. The same 

testing protocol is then repeated on the opposite leg. 

The outcome measure were peak torque, peak torque per unit body 

weight, maximum repetition total work, total work, average power, 

acceleration time, deceleration time and range of motion. Peak torque is 

the highest muscular force output in the repetition or the strength 

capability of the muscle. Peak torque per unit body weight is the 

percentage normalised to body weight and compared to the goal allowing 

a comparison of all participants. The maximum repetition total work is the 

maximum muscular force produced by the participant in the full range of 

motion. Total work is the sum of the work produced in every repetition, 

this measurement is the most reliable for rehabilitation of an injury. 

Average power represents the speed of the force produced by the muscle. 

Acceleration time is the total time for the participant to reach the 

isokinetic speed, allow the evaluation of the muscle’s neuromuscular 

capabilities at the start of the range of motion. Deceleration time is the 

time it takes the participant to get from the isokinetic speed to zero speed; 

allowing evaluation of the muscles neuromuscular eccentric control. Any 

deficits recorded were assessed through the criteria provided by the 

Biodex System 3 (Table 7.1). 
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Table 7.1 Biodex Deficit Description 

Deficit Description 

1-10% No significant difference between extremities. 

11-25%
Rehabilitation recommended to improve muscle 

balance 

>25% Significant functional impairment 

Primary Endpoint 

The primary endpoint of the present study was to determine the 

effect the Strength from Within programme on lower leg muscular strength 

surrounding the knee and ankle. Primary endpoints were measured by 

isokinetic testing using the Biodex System 3 Pro (New York, USA) at 

baseline and 12 weeks. 

Secondary Endpoints 

Secondary endpoints of the present study were to determine the 

effect the Strength from Within programme on ankle range of motion 

(Appendix 9) measured by Biodex System 3 Pro (New York, USA), health-

related quality of life measured by the SF-36 Health Survey and the Venous 

Clinical Severity Score questionnaire in individuals with chronic venous 

insufficiency. Secondary endpoints were measured at baseline at 12 weeks. 

Physical Functioning 

Participants underwent upper body muscular endurance testing at 

baseline and 12 weeks. Using full 500ml water bottles participants 

completed three exercise, push press, single arm bicep curls on each arm 

and single arm triceps extensions on each arm. Participants completed as 

many repetitions as possible in 30 seconds performing at a moderate 

intensity and a controlled speed.  
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Figure 7.1: Shows the modified version of baseline testing used for 

measuring muscular strength endurance. The exercises shown are single 

arm triceps extension on each arm, single arm bicep curls on each arm and 

push press 

Health-Related Quality of Life 

Participants also completed two questionnaires assessing quality of 

life using the SF-36 Health Survey and then venous clinical severity score 

(VCSS) (Appendix 10), both questionnaires were administered at baseline 

and repeated at 12 weeks. The SF-36 Health Form Survey asses the 

participants level of functioning and mental health; broken down into 8 

domains that include physical and social functioning, mental health, pain 

levels, functional limitations due to physical or emotional demands, pain, 

vitality and personal health perception. The VCSS is made up of 10 

attributes of venous disease; pain, varicose veins, venous edema, skin 

pigmentation, inflammation, induration, numbers of active ulcers, active 

ulcer duration, active ulcer diameter and compression therapy. The VCSS 

allows us to assess disease progress throughout the 12-week intervention 

for each participant.  

Statistical Analysis 

Intra comparisons were analyzed by a paired t-test. Outcome 

measures were compared at baseline and 12 weeks. For categorical 

variables, tests of associated was performed to test for association 
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between factors of interest. Chi squared test was used if the underlying 

assumption relating to the expected values were deemed appropriate, 

otherwise the Fisher Exact Test was employed. Statistical significance was 

set at p<.05 

7.3 Results 

A total of 15 individuals clinically diagnosed with chronic venous 

insufficiency participated in the present study. Descriptive statistics and 

demographics are presented for variables of interest (Table 7.2). The mean 

age was 55.8 years. At baseline one participants reported their current 

health status to be excellent, seven reported to be very good, six reported 

to be good and one reported to be fair. Ten participants engaged in regular 

exercise almost every day four a few times a week and one never 

participated in any exercise. Of the fifteen participants, eight do not think 

their exercise levels are sufficient for their current health status where the 

remaining seven did. All fifteen participants believe that participation in 

regular exercise can positively benefit their current health status. A total of 

only 8 participants were included in the physical functioning and health-

related quality of life analysis as 7 did not complete the 12 weeks at home 

structured resistance exercise programme. 



Chapter � 

166 

Table 7.2 Baseline Clinic Characteristics 

(N=15) 
Age (years),  Mean (range) 55.8 (37-75) 

Gender (M:F) (7:8) 
Use of compression stockings 

Yes 
No 

Number of hours wearing 

compression stockings 

0-6
6-12

18-24

5 
10 

2 
2 
1 

Overall Health Status 

Excellent 
Very Good 

Good 
Fair 

Poor 
Exercise Participation 

Never 
A few times per week 

Almost every day 
Duration of Exercise 

Never 
10-20 minutes
20-30 minutes
30-60 minutes

60+ minutes
Type of Exercise 

Walking 
Jogging 

Swimming 
Biking 

Weights 
Yoga 

Gym Classes 

Exercise levels sufficient for current 

health status 
Yes 
No 

Can exercise positively affect health 
Yes 

Comorbidities 
None 

Hypertension 
Asthma 
Arthritis 

1 
7 
6 
1 

1 
4 
10 

1 
1 
2 
8 
3 

14 
1 
1 
3 
2 
1 
1 

7 
8 

15 

10 
2 
1 
2 
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Isokinetic Testing  

Ankle Dorsiflexion 

Slow Speed (60° p/s) 

Overall for ankle dorsiflexion on the slow speed (60°p/s) there was 

a significant improvement of 6.8 Nm (p=0.02) in peak torque and an 

improvement of 14.8 Nm (p=0.04) in total work for the uninvolved leg or 

non-surgical leg from baseline to 12 weeks. From baseline to 12 weeks 

participants overall improved maximum repetition total work by 6.8 Nm 

(p=0.03) and improved total work by 29.5 Nm (p=0.04) in the involved leg 

or surficial leg. 

Fast Speed (120° p/s) 

For the fast speed (120°p/s) there were significant improvements in 

the uninvolved leg for peak torque with an overall improvement of 2.9 Nm 

(p=0.03), maximum repetition total work with an improvement of 2 Nm 

(p=0.002) and total work with an improvement of 18.3 Nm (p=0.01) from 

baseline to 12 weeks. In the involved leg there were similar improvements 

in peak torque with an overall improvement of 3.2 Nm (p=0.007), an 

overall improvement of 2.7 Nm (p=0.01) in maximum repetition total work 

and an overall improvement of 21.9 Nm (p=0.01) for total work from 

baseline to 12 weeks. See ankle dorsiflexion isokinetic testing results is 

summarized in Table 7.3. 

Ankle Plantarflexion 
Slow Speed (60° p/s) 

There were no significant improvements for ankle plantarflexion, however, 

there were clinical significance in the slow speed (60°p/s) from baseline to 

12 weeks with an overall improvement of 12.8 Nm (p=0.09) for peak 

torque. See ankle plantarflexion isokinetic testing results is summarized in 

Table 7.4. 
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Table 7.3 Isokinetic Testing for Ankle Dorsiflexion 

Slow Speed (60°p/s) 

Baseline Mean (St Dev) 12 Weeks Mean (St Dev) Baseline to 12 Weeks Mean Difference 

Uninvolved Involved Difference P-Value Uninvolved Involved Difference P-Value Uninvolved P-Value Involved P-Value 

Peak Torque 

(Nm) 
12.4 (7.1) 12.2 (5.6) 0.15 0.9 19.3 (11.7) 32.5 (33.2) 30.2 0.2 6.8 0.02* 20.2 0.1 

Max Rep Total 

Work (Nm) 
7.7 (5.6) 6.3 (3.5) 1.3 0.2 11.2 (8.7) 13.2 (10.1) 2 0.01* 3.5 0.1 6.8 0.03* 

Total Work 

(Nm) 
29.6 (21.5) 25.3 (14.3) 4.3 0.4 44.5 (32.2) 54.8 (44.9) 10.3 0.07 14.8 0.04* 29.5 0.04* 

Ankle Range 

of Motion (°) 
25.8 22.2 -3.6 0.3 27 2.7 -1.3 0.6 1.1 0.7 3.4 0.3 

Fast Speed (120° p/s) 

Baseline Mean (St Dev) 12 Weeks Mean (St Dev) Baseline to 12 Weeks Mean Difference 

Uninvolved Involved Difference P-Value Uninvolved Involved Difference P-Value Uninvolved P-Value Involved P-Value 

Peak Torque 

(Nm) 
9 7.5 1.4 0.3 10.4 10.8 0.3 0.7 2.9 0.03* 3.2 0.007* 

Max Rep Total 

Work (Nm) 
5 3.1 1.9 0.1 5.1 5.8 0.6 0.5 2 0.002* 2.7 0.01* 

Total Work 

(Nm) 
26.7 20.8 5.9 0.1 39.1 42.7 3.6 0.6 18.3 0.01* 21.9 0.01* 

Ankle Range 

of Motion (°) 25 22.5 -2.5 0.5 27.1 25.2 -1.9 0.5 2.1 0.5 2.7 0.4 
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Table 7.4 Isokinetic Testing for Ankle Plantarflexion 

Slow Speed (60°p/s) 

Baseline Mean (St Dev) 12 Weeks Mean (St Dev) Baseline to 12 Weeks Mean Difference 

Uninvolved Involved Difference P-Value Uninvolved Involved Difference P-Value Uninvolved P-Value Involved P-Value 

Peak Torque 

(Nm) 
22.5 26.2 3.7 0.1 31.7 39.1 7.3 0.3 9.2 0.1 12.8 0.09 

Max Rep Total 

Work (Nm) 
13 14.2 1.1 0.4 17.3 21.3 3.9 0.4 4.2 0.1 7.1 0.1 

Total Work 

(Nm) 
54.6 59.1 4.5 0.5 63.4 86.2 22.6 0.3 9 0.4 27.1 0.1 

Ankle Range of 

Motion (°) 
45.8 42.2 -3.6 0.3 47 45.7 -1.3 

0.6 
1.1 0.7 3.4 0.3 

Fast Speed (120° p/s) 

Baseline Mean (St Dev) 12 Weeks Mean (St Dev) Baseline to 12 Weeks Mean Difference 

Uninvolved Involved Difference P-Value Uninvolved Involved Difference P-Value Uninvolved P-Value Involved P-Value 

Peak Torque 

(Nm) 
17.9 12.7 0.3 0.6 18.4 25.7 7.3 0.1 0.4 0.8 7.4 0.1 

Max Rep Total 

Work (Nm) 
10.7 10.3 0.3 0.6 11.9 14.7 2.8 0.3 1.2 0.6 4.4 0.1 

Total Work 

(Nm) 
80.3 69.6 10.7 0.4 84.5 108.4 23.9 0.3 4.1 0.8 38.8 0.1 

Ankle Range of 

Motion (°) 
45 42.5 -2.5 0.5 47.1 45.1 -2 0.4 2.1 0.5 2.6 0.4 
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Knee Extension  

Slow Speed (60° p/s) 

In the slow speed for knee extension (60°p/s) there were no 

significant improvements in the uninvolved leg, however, there were 

clinical significance in the from baseline to 12 weeks in overall peak torque 

with an improvement of 24.2 Nm (p=0.07). In the involved leg there were 

significant improvements over 12 weeks; peak torque had an overall 

improvement of 31.2 Nm (p=0.01), an overall improvement of 31.9 Nm 

(p=0.01) in maximum repetition total work and total work with an 

improvement of 159.1 Nm (p=0.009). 

 

Moderate Speed (180° p/s) 

In the moderate speed (180°p/s) there were no significant 

improvements in the uninvolved leg, however, there was clinical 

significance in peak torque with an overall improvement of 11.9 Nm 

(p=0.07) and maximum repetition total work with an overall improvement 

of 19.5 Nm (p=0.08) over 12 weeks. There were significant improvements 

in the involved leg from baseline to 12 weeks in peak torque with an 

improvement of 19.4 Nm (p=0.04), maximum repetition total work with an 

overall improvement of 23 Nm (p=0.03) and total work with an overall 

improvement of 210.4 Nm (p=0.02). 

 

Fast Speed (300° p/s) 

In the fast speed (300°p/s)  there was a clinical significance in the 

involved leg from baseline to 12 weeks in total work with an improvement 

of 117.6 Nm (p=0.06) and a significant overall improvement of 8.8 Nm 

(p=0.04) in maximum repetition total work See knee extension isokinetic 

testing results is summarized in Table 7.5. 
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Table 7.5 Isokinetic Testing for Knee Extension 

Slow Speed (60°p/s) 
Baseline Mean (St Dev) 12 Weeks Mean (St Dev) Baseline to 12 Weeks Mean Difference 

Uninvolved Involved Difference P-Value Uninvolved Involved Difference P-Value Uninvolved P-Value Involved P-Value
Peak Torque 

(Nm) 87.3 84.6 2.7 0.7 111.5 115.8 4.3 0.6 24.2 0.07 31.2 0.01* 

Max Rep Total 
Work (Nm) 93.4 93.4 0.01 0.9 112.2 125.3 13.1 0.2 18.8 0.1 31.9 0.01* 

Total Work (Nm) 375.5 401.7 26.2 0.5 484.8 560.9 76 0.1 109.3 0.1 159.1 0.009* 
Knee Range of 

Motion (°) 
83 82.4 -0.6 0.9 86.4 89.4 3 0.6 3.3 0.5 6.9 0.2 

Moderate Speed (180° p/s) 
Baseline Mean (St Dev) 12 Weeks Mean (St Dev) Baseline to 12 Weeks Mean Difference 

Uninvolved Involved Difference P-Value Uninvolved Involved Difference P-Value Uninvolved P-Value Involved P-Value

Peak Torque 
(Nm) 41.6 40.8 0.8 0.7 53.5 60.2 6.6 0.2 11.9 0.07 19.4 0.04* 

Max Rep Total 
Work (Nm) 35.6 42 6.3 0.09 55.2 65.1 9.9 0.1 19.5 0.08 23 0.03* 

Total Work (Nm) 256.2 318.4 62.2 0.2 470.5 528.9 58.3 0.5 214.3 0.1 210.4 0.02* 

Knee Range of 
Motion (°) 

82.4 81.5 -0.9 0.8 85.2 88.8 3.6 0.5 2.7 0.6 7.2 0.2 

Fast Speed (300° p/s) 
Baseline Mean (St Dev) 12 Weeks Mean (St Dev) Baseline to 12 Weeks Mean Difference 

Uninvolved Involved Difference P-Value Uninvolved Involved Difference P-Value Uninvolved P-Value Involved P-Value
Peak Torque 

(Nm) 37.4 39.4 2 0.6 40.1 42 1.9 0.7 2.6 0.5 2.6 0.7 

Max Rep Total 
Work (Nm) 26.4 29.7 3.3 0.3 34.1 38.5 4.4 0.5 7.7 0.3 8.8 0.04* 

Total Work (Nm) 319.3 369.9 50.6 0.2 423.1 487.5 64.4 0.5 103.8 0.2 117.6 0.06 

Knee Range of 
Motion (°) 

79 76.9 
-2.1

0.7 84.5 87.3 
2.8 

0.6 5.4 0.4 10.3 0.1 
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Knee Flexion 

Slow Speed (60° p/s) 

In the slow speed (60°p/s) there were no clinical or statistical 

significance reported for knee flexion of the uninvolved leg. From baseline 

to 12 weeks there was an overall improvement in the involved leg of 15.6 

Nm (p=0.02) in peak torque, maximum repetition total work improved 

overall by 19.5 Nm (p-0.03) and an improvement of 86.4 Nm (p=0.03) in 

total work.  

Moderate Speed (180° p/s) 

There were no statistical significant improvements in the moderate 

speed (180°p/s) for knee flexion, however, there were clinical significance 

achieved from baseline to 12 weeks in the involved leg, with an overall 

improvement of 12.4 Nm (p=0.08) and maximum total repetition work with 

an overall improvement of 17.7 Nm (p=0.06) 

Fast Speed (300° p/s) 

In the fast speed (300°p/s) there was a significant improvement of 

12.2 Nm (p=0.05) in peak torque in the involved leg from baseline to 12 

weeks and an overall improvement of 9.2 Nm (p=0.04) in peak torque in 

the involved leg from baseline to 12 weeks. See knee flexion isokinetic 

testing results is summarized in Table 7.6. 
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Table 7.6 Isokinetic Testing for Knee Flexion 
Slow Speed (60°p/s) 

Baseline Mean (St Dev) 12 Weeks Mean (St Dev) Baseline to 12 Weeks Mean Difference 
Uninvolved Involved Difference P-Value Uninvolved Involved Difference P-Value Uninvolved P-Value Involved P-Value

Peak Torque 
(Nm) 46.9 46.3 0.6 0.9 55.1 51.9 6.8 0.1 8.1 0.2 15.6 0.02* 

Max Rep Total 
Work (Nm) 49.8 46.3 3.4 0.4 58.2 65.9 7.6 0l.1 8.4 0.2 19.5 0.03* 

Total Work (Nm) 193.4 193.9 0.5 0.9 254.3 280.3 26 0.3 60.9 0.1 86.4 0.03* 

Knee Range of 
Motion (°) 83 82.4 -0.6 0.9 86.3 89.3 3 0.6 3.2 0.5 6.9 0.2 

Moderate Speed (180° p/s) 
Baseline Mean (St Dev) 12 Weeks Mean (St Dev) Baseline to 12 Weeks Mean Difference 

Uninvolved Involved Difference P-Value Uninvolved Involved Difference P-Value Uninvolved P-Value Involved P-Value

Peak Torque 
(Nm) 24.8 20.9 3.9 0.2 25.8 33.3 7.4 0.3 1 0.8 12.4 0.08 

Max Rep Total 
Work (Nm) 

17.1 12.9 4.2 0.1 26.1 30.7 4.5 0.2 8.9 0.2 17.7 0.06 

Total Work (Nm) 104.5 101 6.3 0.7 201.7 235.2 33.4 0.4 94.3 0.2 134.1 0.1 

Knee Range of 
Motion  (°) 

82.4 81.5 -0.9 0.8 85.2 88.8 3.6 0.5 2.8 0.6 7.3 0.2 

Fast Speed (300° p/s) 
Baseline Mean (St Dev) 12 Weeks Mean (St Dev) Baseline to 12 Weeks Mean Difference 

Uninvolved Involved Difference P-Value Uninvolved Involved Difference P-Value Uninvolved P-Value Involved P-Value
Peak Torque 

(Nm) 
24.2 25.6 1.4 0.7 36.4 34.8 1.6 0.6 12.2 0.05* 9.2 0.04* 

Max Rep Total 
Work (Nm) 10.6 8.5 2 0.4 15.4 16 0.5 0.8 4.8 0.3 7.4 0.1 

Total Work (Nm) 117.5 85 32.5 0.3 145.1 163 17.9 0.5 -27.5 0.6 78 0.1 

Knee Range of 
Motion (°) 

81 79.6 -1.4 0.8 84.5 87.3 2.8 0.6 3.4 0.5 7.6 0.2 
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Muscular Endurance 

Participants completed as many repetitions as possible with the 

following exercises: push press, single arm bicep curl on each arm and 

single arm triceps extension on each arm in 30 seconds using full 500ml 

water bottles. From baseline to 12 weeks participants improved right bicep 

curls by 2 repetitions and left bicep curls by 1 repetition. Participants 

improved right triceps extension significantly by 2 repetitions and left bicep 

curls by 3 repetitions baseline to 12 weeks. Participants also improved push 

press by 2 repetitions from baseline to 12 weeks. Table 7.7 and Figure 7.2 

summarizes results of muscular strength endurance testing. 

Health Related Quality of Life 

Participants completed the SF-36 Health Related Quality of Life 

questionnaire. Health Related Quality of Life did not decline suggesting 

that the 12 weeks at home structured resistance exercise programme is a 

feasible option for individuals with chronic venous insufficiency. The SF-36 

Health-Survey is scored on a 0 to 100 scale varying for individual questions. 
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Figure 7.2 Shows individual performance over the 12-week intervention for 

upper body muscular strength endurance testing 
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Table 7.7 Muscular Endurance Testing Mean Results from Baseline to 12 

Weeks 

Baseline Mean 
(StDev) 

12 Weeks Mean 
(StDev) P-Value

Right Biceps Curl 12 (2.5) 13 (2.5) 0.001* 

Left Biceps Curl 11 (2.4) 12 (2) 0.01* 

Right Triceps 
Extension 14 (3.3) 16 (3.7) 0.0004* 

Left Triceps 
Extension 13 (3) 15 (4) 0.001* 

Push Press 13 (3.6) 15 (4) 0.001* 

Participants underwent upper body muscular endurance testing at 

baseline, 6 weeks and 12 weeks. Participants would complete as many 

repetitions as possible in 30 seconds performing the exercises in Table 7.7. 

There were significant improvements overall in upper body muscle 

endurance.  

Semi-Structured Interview for Exercise Intervention Assessment 

Upon completion of the repeated 12-week measurements, the 

exercise specialist asked participant a series of five questions. Below are 

responses received from participants: 

Question: Can you tell me if the exercise programme benefitted you and 

how? If not, why? 

“I found that when I am walking my ankle and foot feels stronger. 

Before I started the exercise programme I would be in a hotel or 

anywhere where the ground went from flat to a ramp or incline, I 

would trip as if I could not lift my foot. Now I am able to lift my foot 

to clear the change in the ground...” 

This is the feedback from a 54-year-old woman whom participated in the 

12 weeks at home structured resistance exercise programme. From her 

participation in the resistance exercise programme she has strengthened 
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her lower leg and ankle strength to help improve functional walking, 

balance and reduced fall risk. 

“Taking place in the resistance exercises has introduced me to 

exercise and I know now the importance of it. I feel that it helped 

me when I would finish my walks and my legs wouldn’t feel as tired 

after. The programme you gave was great for myself since I work 

long hours, I was still able to fit it in my day without having to leave 

my house, sometimes I found myself doing some of the exercises at 

work.” 

This is the feedback of a 52-year-old male who participated in the present 

study. From her participation he has improved symptoms such as tired and 

heavy legs which are common in individuals with chronic venous 

insufficiency.  

Question: How did you feel about exercising at home? 

“I have always been very healthy and active. I went to the gym 

regularly and lifted heavy weights then I had surgery for my 

varicose veins, and I was reduced to only walking. I was reduced to 

walking before the surgery because I would find my legs to get sore, 

tired and heavy during my workout and it seemed that walking was 

the best option. Being able to complete this at home allowed me to 

get back into working out without having to go to the gym and gave 

me the time and space needed to progress. I feel like I have 

improved from this programme and I now feel like because I did 

this for 12 weeks, I am able to go back to the gym again. I gained a 

bit of confidence back.” 

This is the feedback from a 51-year-old man whom participated in the 

present study. Participation in the Strength From Within programme 

helped this individual gain the confidence he needed to return to the gym. 

He also improved symptoms of heavy and tired legs throughout the day. 
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Question: If you could how would you change the exercise programme? 

“My health has rapidly declined in the last few months and I did 

have a few complications the last few weeks, but I was able to keep 

doing the exercise programme. It made it easy for someone like 

myself that is a bit weaker due to illness or tiredness. The best part 

of the programme was the modifications because you are thinking 

of everyone and it is not a one for all programme. I feel that I have 

gained a bit of strength back, but I still have a long way to go so I 

am going to continue the programme now past the 12 weeks. To 

answer your question, I would not change a thing about the 

resistance programme itself, but I would change the warmup as it 

was a bit too long to complete then going into the exercise 

programme. The best feature of this programme is being able to do 

the easier exercises when needed because I was able to exercise in 

a way that matched how I was feeling and didn’t overexert myself.” 

 

 This is the feedback of a 37-year-old man who participated in the 

present study and completed the 12 weeks at home structured resistance 

exercise programme. Not only did the programme slightly improve his 

strength but it made him feel that the health and fitness industry did not 

forget or cast aside special populations. The goal of the Strength From 

Within programme is for it to be adaptable and acceptable to any 

individual and/or special population. It is necessary for exercise 

programmes to be individualised to achieve optimal results. 

 

Question: How did you feel about the weekly telephone contact with the 

exercise specialist? 

“I have tried many exercise and diet programmes but never stuck to 

them or did very well then fell off the wagon. Having the exercise 

specialist calling or texting each week helped me stick to the 

programme. It was also really help to have open contact with her 
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because I could send her a text saying I didn’t know how to do an 

exercise and I would receive a description and a video either 

through email or text. It definitely helped myself stay on the 

programme for the 12 weeks.” 

 

This is the feedback of a 62-year-old man who completed the 12 

weeks at home structured resistance exercise programme. This particular 

participant had great success due to the accessibility of the exercise 

specialist. The commitment and dedication of the exercise specialist is just 

as important as the commitment and dedication of the participant as they 

may be new to exercise or may be participating in exercise to change a 

current health status. The help and motivation an exercise specialist 

provides to a participant can make the difference between a participant 

completing the programme or dropping out. 

 

7.4 Discussion 

The present study aimed to explore the effect of the Strength Form 

Within programme on lower leg muscular strength surrounding the knee 

and ankle for post-surgical individuals with chronic venous insufficiency. 

The primary findings of the present study show that participation in 

the Strength from Within programme improved both upper body muscular 

endurance and lower body strength in individuals with chronic venous 

insufficiency. Our results suggest that the implementation of the 12 weeks 

at home Strength from Within programme is a feasible option to increase 

lower leg strength in post-surgical individuals with chronic venous 

insufficiency. In ankle dorsiflexion in both the slow and fast speed 

evaluation both the involved leg and uninvolved leg elicited similar 

significant improvement in lower leg strength. For ankle plantarflexion 

both the involved and uninvolved leg elicited similar significant 

improvements and progressive improvement in the slow and fast speed 

evaluation from baseline to 12 weeks. In the slow and moderate speed 

evaluations for knee extension the involved leg achieved a greater amount 
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of significant improvements when compared to the uninvolved leg from 

baseline to 12 weeks, respectively. For the fast speed evaluation both the 

involved and uninvolved leg elicited similar results for knee extension. For 

knee flexion the involved leg achieved greater significant improvements in 

the slow, moderate and fast speed evaluations when compared to the 

uninvolved leg.  

There is gap in the current research regarding resistance training 

and the effect it may have on chronic venous insufficiency. The calf muscle 

pump function is one of the primary focuses when assessing chronic 

venous insufficiency182. Yange et al.,182 conducted a study observing the 

effect exercise has on calf muscle pump function in patients with chronic 

venous disease. Participants underwent an intensive individualised exercise 

programme to complete heel-toe raises by standing on the edge of a step 

5cm high. Participants would then slowly lower their heels to the floor then 

raise them as high as possible for 6 weeks every other day182. After 6 weeks 

of exercise participation calf muscle pump function significantly improved, 

however calf muscle function achieved improvements in muscle strength 

and endurance but not significantly182. The Strength from Within 

programme suggests significant improvement in calf muscle function for 

strength and endurance through numerous isokinetic testing, particular 

with regard to improvement of peak torque, max repetition total work, 

average power and total work. A similar study observed the effect of 

structed exercise to improve calf muscle pump function for chronic venous 

insufficiency27. Participants underwent 3 months of a supervised exercise 

programme and then another 3 months of an unsupervised exercise 

programme27. Each exercise programme was individualised to the 

participant consisting of lower limb and trunk stretching and strengthening 

with resistance weights two sessions per week and lower leg strengthening 

focusing on the calf27. Incorporated with the strength training was an uphill 

treadmill walk in each session to enhance strengthening the calf 

musculature27. It is a common trend in research for resistance training to 

be paired with a walking programme. In the present study a waking 
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programme was provided but was not utilized by participants as all 

participants were already participating in regular walking. Padberg et al.,27 

found that exercise improved calf pump hemodynamics and that calf 

muscle strength improved at both slow and fast speeds when normalized 

to body weight. In comparison to the present study we found similar 

improvements in calf strength, however, it is unknown the effect the 

Strength from Within programme may have on calf muscle pump. 

Unlike the previous exercise interventions, the Strength from Within 

programme is a novel exercise programme as it is to be completed at home 

only using resistance band. Our results elicited similar outcomes to other 

studies with exercise interventions using gym equipment or incorporating a 

walking protocol (Appendix 11). The Strength from Within programme 

provides a whole-body approach to health and wellness by incorporating 

upper body exercises instead of focusing on a single body segment. It is 

important and beneficial for individuals participating in a regular exercise 

programme, specifically a resistance programme to focus on a whole-body 

approach and achieving functional movement through strengthening 

exercises.   

Similar studies conducted isokinetic testing using the Biodex. 

Padberg et al.,27 and Yang et al.,182 both focused on ankle isokinetic testing; 

in contrast the present study administered both ankle 

plantarflexion/dorsiflexion and knee flexion/extension. By including knee 

flexion as a measurement, it provided greater detail into calf muscle 

function by assessing the gracilis sartorius, gastrocnemius, plantaris and 

popliteus. The inclusion of knee extension provides greater detail in the 

function the gastrocnemius has on the control of the tibia during 

movement and assisting in ankle dorsiflexion. 

The Strength from Within 12 week at home resistance programme 

has shown to be a feasible rehabilitation option for post-surgical 

individuals with chronic venous insufficiency. The results show that the 

Strength from Within programme has the ability to improve upper body 

muscular endurance and lower leg strength in individuals with chronic 
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venous insufficiency. The main limitation faced in the present study was 

the recruitment and retainment of participants, although a pilot study, the 

results presented may be of greater significance with a larger sample size 

and a lesser dropout rate. The present study has the potential to be the 

basis for a larger randomised controlled trial for structured resistance 

exercise and chronic venous insufficiency. 

In conclusion, chronic venous insufficiency is a progressive disease 

and has the ability to manifest into advanced vascular disease. Exercise 

interventions have the ability to reduce disease progression and improve 

hemodynamics. The findings of the present study suggest that the 12 

weeks at home structured resistance exercise programme, ‘Strength from 

Within is a feasible option for the improvement of post-surgical lower leg 

strength as well as overall upper body muscular endurance.
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Chapter 8: Discussion 
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8.1 Peripheral Arterial Disease and Intermittent Claudication  

The present PhD thesis aimed to observe the effect structured 

resistance exercise has on lower leg vascular.  Part of the work presented 

in this PhD thesis focused on the effect an alternative mode of exercise, 

such as resistance training, may have on functional walking ability, 

specifically pain free walking distance and total walking distance, for 

individuals with moderate intermittent claudication. 

 Intermittent claudication is a highly debilitating disease causing 

limited functional walking ability and lesser quality of life when compared 

to a healthy adult2,3,20,25. Health-related quality of life is defined by how 

well an individual functions with activities of daily living and the individuals 

self-perception of well-being in physical, mental and social domains of 

health18. The first phase of this research explored ‘Resistance Training for 

Health-Related Quality of Life in Intermittent Claudication: Review of 

Systematic Reviews.’ Due to the functional limitations associated with 

intermittent claudication it is common for these patients to not participate 

in regular exercise or waking due to painful symptoms, resulting in reduced 

cardiorespiratory health, exercise capacity and musculoskeletal fitness, 

also associate with lower health-related quality of life15. Research has 

shown that regular walking and exercise can improvement functional 

walking ability, such as, pain free walking distances, total walking distance 

and health-related quality of life2,3,15. An extensive literature search was 

completed with 5 full-text systematic reviews included in the overview. 

From the 5 systematic reviews there was a total of 14 health-related 

quality of life tools used; the most commonly used HR-QoL tools used were 

the WIQ and the SF-36 Health Survey, however, there was insufficient 

evidence on which HR-QoL assessment tool has greater validity and 

reliability for individuals with intermittent claudication. Treat-Jacobson et 

al.,3 reported that the WIQ, Peripheral Artery Questionnaire (PAQ), 

Vascular Quality of Life Questionnaire (VascuQoL) and the impact of PAD 

on Quality of Life Questionnaire are specific for individuals with PAD and 
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observe limitations faced during regular walking or in HR-QoL. The SF-36 

Health Survey is the most common questionnaire for general health status 

or HR-QoL  to measure outcome measures post exercise therapy or 

intervention3.  

 Of the five systematic reviews, three reported on health-related 

outcome measures. Hageman et al.,108 reported that at three and six 

months there were no significant changes in HR-QoL between the 

supervised exercise training group and the home-based exercise training 

group; when comparing supervised exercise training to walking advice 

there were no significant changes, however, an improvement in HR-QoL 

was reported after 12 months in the supervised exercise training group 

using the SF-36 Physical Component Survey108. Improvements were seen in 

HR-QoL at 6 months with the SF-36 Physical Component after participation 

in strength training109. Lauret et al.,110 reported that both the strength 

training group and treadmill based training group saw improvements in the 

SF-36 Physical Component Survey, however, there was a significant 

improvement in the WIQ in the treadmill based training group over the 

strength group. Treat-Jacobson et al.,3 suggests that improving health-

related quality of life is as important as improving functional walking 

ability. 

 Three of the five systematic reviews measured functional walking 

ability, specifically pain free walking distance. Hageman et al.,108  reported 

an improvement of 120 meters in pain free walking distance after 3 

months of supervised exercise training which included strength training. At 

6 months there was an overall mean difference increase in pain free 

walking distance in favour of the supervised exercise training group, 108. 

When compared to walking advice, supervised exercise training had a 

greater improvements in pain free walking distance at three months with 

an increase of 140 metres108. Lauret et al.,110 compared walking exercise to 

alternative exercise and found after 12 weeks there were no significant 

differences between groups in pain free walking distances. When 

comparing walking exercises to strength exercises Lauret et al.110 reported 
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an increase in 56 metres in favour of the walking exercises. Tompra et al.,22 

found that pain free walking distances improved in both groups when 

compared to a control. 

Three of the five systematic reviews measured functional walking 

ability, specifically total walking distance. Hageman et al.,108 reported an 

increase in overall mean difference after 6 weeks in favour of the 

supervised exercise training group.  When compared to walking advice the 

overall mean difference increased by 210 metres in favour of the 

supervised exercise training group. Lauret et al.,110 compared walking 

exercise to strength training, total walking distance improved by 172 

metres in favour of walking exercise. Tompra et al.,22 reported that lower 

extremity exercise had great improvements in total walking distances when 

compared to upper extremity.  

There is a lack of systematic reviews observing the effect of 

structured resistance exercise when compared to walking exercise or usual 

care. The findings of our overview conclude that there is a lack of evidence 

to support the use of resistance exercise for the improvement of health-

related quality of life. During the extensive literature search found that 

resistance training programmes included in the systematic reviews were 

combined with other forms of exercise. Resistance exercises were included 

in supervised exercise training, combination exercise training or alternative 

exercise training. Due to the limited amount of research and the group of 

resistance training with other modes of exercise we were unable to make a 

sufficient judgment on the effect resistance training has on health-related 

quality of life for individuals with intermittent claudication. Similar to the 

conclusions of Parmenter et al.,15 there is a need for more studies 

observing alternative modes of exercise and the effect it has on health-

related of quality of life to make a sufficient judgement on the 

improvement of health-related quality of life. Machado et al.,2 conducted a 

systematic review observing the effects of combined aerobic and 

resistance exercise programmes on walking performance compared to 

isolated aerobic exercise or usual care in individuals with intermittent 
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claudication. An insufficient amount of evidence was reported to be able to 

compare the effects on walking performance of combined aerobic exercise 

and resistance exercise when compared to treadmill-walking or usual care2. 

Machado et al.,2 recommended for a meta-analysis to be performed and 

exercise programmes need to include the necessary elements of the F.I.T.T 

principle when designing an exercise programme. 

The second phase of this research focuses on the development and 

implementation of The Strength From Within programme. When 

implementing an exercise intervention, it is important to design the 

exercise programme appropriately to suit the special population or disease 

it is aimed for. It is common to see clinical studies that are implementing an 

exercise intervention to design an exercise intervention for a specific 

muscle group or body part that is related to a specific disease or condition. 

For example, lower leg strength training for improved pain free walking 

distances in individuals with intermittent claudication or lower leg strength 

training for improvement of calf muscle pump function in individuals with 

chronic venous insufficiency27,111. Although, shown to be effective, 

unfortunately such interventions are overlooking the need to utilize a 

whole-body approach to achieve an overall improvement in health and 

wellness. It is important to focus on a whole-body approach to ensure that 

there are no muscular imbalances developed over time. Similar to the 

ACSM recommendations The Strength From Within programme includes 

10-multi joint exercises, five upper body and 5 lower body, with the patient 

to complete 8 to 12 repetitions. Progression through resistance training 

programme can be achieved in many ways, such as, increased resistance, 

sets or repeitions43. Patients participating in The Strength From Within 

programme progressed biweekly by one to two repetitions. It is also 

common for individuals with lower leg vascular disease to experience lower 

levels of exercise participation due to regular exercise or walking due to 

painful symptoms. Another progression in The Strength From Within 

programme is to advance a patient from seated or modified exercise to 
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standing exercises. Seated or modified exercises are provided to ensure the 

safety of the patient and proper execution of the exercises.  

 The Strength From Within programme was implemented in the 

feasibility study “The Effect and Evaluation of Structured Resistance Exercise 

as a Treatment Option for Moderate Intermittent Claudication”. This study 

aimed to assess the feasibility, application and uptake of the structured 

resistance programme to aid in the improvement of functional walking 

ability, overall muscular endurance and health-related quality of life. A pre-

test post-test 12-week intervention programme with baseline 

measurements repeated at 6 and 12 weeks and HR-QoL to be repeated at 4. 

A convivence sample of 16 participants clinically diagnosed with Peripheral 

Arterial Disease Rutherford 2/Fontaine 2a intermittent claudication. Seven 

participants completed 6 weeks of the exercise programme and three 

completing the 12 weeks. The primary findings from this present study is 

that participants improved pain free walking distance by 87 metres over 6 

weeks and 158 metres over 12 weeks respectively. Total walking distance 

improved by 123 metres from 6 weeks to 12 weeks and by 96 metres over 

the 12 weeks. A small meaningful change in the 6MWT is classified as an 

improvement of 20 metres in an older population (³65years), increase of 50 

metres in any age group is a clinically significant change in walking 

capacity166. Clinical significance was achieved by 2 participants at 6 weeks 

and 1 participant at 12 weeks. There were no significant changes in muscular 

endurance over the 12 weeks, small numbers and low completion rates may 

be the cause of this. 

 Individual clinical significance was achieved as participants improved 

muscular endurance at 6 at 12 weeks in upper and lower body baseline 

measurements. These increases in muscular endurance can lead to 

improvement in activities of daily living by completing repetitive movements 

or exercise to aid in muscular strength, physical functioning, functional 

walking ability, and bone health167. Individuals with intermittent 

claudication have limited functional ability due to painful symptoms when 
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participating in regular walking or exercise leading to the reduction of 

muscular strength and mass42.  

 Due to limited functional walking ability, presence of comorbidities 

and reduced exercise participation individuals with intermittent claudication 

have a lower HR-QoL when compared to the general population or healthy 

adult15,66,168. From baseline to 4 weeks there were no significant changes in 

HR-QoL; we hypothesized that 4 weeks is too short of a time frame to 

objectively measure changes in health-related quality of life from exercise 

participation. Past research recommends assessing HR-QoL at least 12 

weeks from the start of exercise participation to obtain an accurate 

understand of an individual’s health-related quality of life. 

 In the present study there was low completion rate of the 12 weeks 

with 9 out of the 16 dropping out at 6 weeks and 4 out of 16 dropping out at 

12 weeks. Kraemer & Ratamess41 reports that a dropout rate of 50% is 

common in experimental exercise trials. The implementation of the SFW in 

this present study is considered to be included in the methodology to this 

PhD thesis as it provided insight on programme uptake and adherence. Being 

a home-based exercise programme it was necessary to provide a form of 

supervision to ensure adherence and proper performance of the resistance 

exercises. The exercise specialists contacted participants weekly by 

telephone or email to provide support on programme progression and 

exercise advice. Bäck et al.72 conducted a systematic review comparing 

home-based supervised exercise training to hospital supervised based 

training or unsupervised walking advice. The authors found that 

participation on home-based supervised exercise training may lead to better 

improvements in total walking distance and pain free walking distance when 

compared to the “Go Home and Walk Advice”72. Treat-Jacobson et al.3 

suggests that home-based exercise programme’s are beneficial for the 

improvement of functional walking ability in individuals with intermittent 

claudication, however, it is recommended to have an exercise specialist, 

coach or clinician providing a supervised aspect to the programme. Home-

based exercise programme’s should be specific and provide enough detail 
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for the patient for understand their exercise prescription. Treat-Jacobson et 

al.3 recommends having the patient complete an exercise diary by recording 

exercise goals and record weekly walking activity. Exercise intervention 

programme’s should be individuals to ensure the programme is suitable for 

the patients exercise level and capabilities; it is important to individualise 

home-based exercise programme’s as the patient is not in a fitness setting 

therefore it needs to be enjoyable and easily understood3. It is 

recommended when designing a home-based walking exercise programme 

to beginning with 10 minutes of walking per session and increase each 

session by roughly 5 minutes per week3. Home-based exercise training has 

been seen to improve functional walking ability and HR-QoL in individuals 

with intermittent claudication3,72. 

 The present study provided us with knowledge and guidance for 

future studies such as ensure there is weekly supervision through telephone 

contact or in person one-on-one contact to maintain completion rates and 

to be conscious of travel limitations or restrictions for patients. 

Transportation to appointments with the exercise specialist at 6 weeks and 

12 weeks was the most cited reason for withdrawal and not the participants 

ability to complete the exercise programme. Therefore, it may be beneficial 

to include virtual meetings at 6 and 12 weeks to asses repeated objective 

measures or to provide services outside of the hospital. The SFW is equipped 

with a recording diary and it is suggested to ask participants to record their 

repetitions weekly to ensure progression and accountability throughout the 

exercise programme.  

From the present study we found that the Strength From Within 

structured resistance exercise programme is a feasible option to aid in the 

improvement of functional walking ability, such as total walking distance and 

pain free walking distance for individuals with moderate intermittent 

claudication. Over the 12 weeks participants achieved an overall 

improvement of 158 metres in pain free walking distance and an overall 

improvement of 96 metres in total walking distance from baseline to 12 
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weeks. The Strength From Within programme allows self-autonomy and is 

cost effective compared to other supervised exercise programme’s.  

 

 The fourth phase of this PhD research was my contribution to 

“Remote Ischemic Pre-Conditioning in the Management of Intermittent 

Claudication: A Pilot Randomized Controlled Trial”. I assisted on this clinical 

trial as an exercise specialist to implement the Strength From Within 

programme for patients with intermittent claudication. We observed the 

effect remote ischemic preconditioning has on functional walking ability 

when compared to structured resistance exercise.  

 My role in this clinical trial was to introduce, educate and implement 

the SFW programme and to assist in group and individual data collection. 

There were three experimental groups; remote ischemic preconditioning 

only group, structured resistance exercise only group and a combination of 

structured resistance exercise and remote ischemic preconditions and a 

control group. Participants in the RIPC group improved PFWD by 66.5 metres 

from baseline to 4 weeks, the structured resistance exercise group improved 

PFWD by 40.3 metres over 4 weeks. From baseline to 4 weeks the RIPC group 

improved TWD by 20.4 metres and the structured resistance exercise 

programme improved TWD by 56.7 metres from baseline to 4 weeks. The 

primary findings show that structured resistance exercises elicited similar 

results as the RIPC group and is a feasible option for the improvement of 

functional walking ability in individuals with moderate intermittent 

claudication when compared to remote ischemic preconditioning.  

 From this I decided to compare the Strength From Within programme 

to another form of exercise, such as supervised walking. There is limited 

research on the effect structured resistance exercise has on functional 

walking ability in individuals with moderate intermittent claudication when 

compared to supervised walking. Machado et al.2 conducted a systematic 

review on “Combined Aerobic and Resistance Exercise in Walking 

Performance of Patients with Intermittent Claudication”, the authors 

reported that both aerobic exercise and resistance training seem to be an 
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effective option for the improvement of functional walking ability for 

individuals with intermittent claudication2. 

 

 The fifth phase of this PhD research is “The Effect of Structured 

Resistance Exercise versus Supervised Walking for Patients with Intermittent 

Claudication: A Randomized Feasibility Trial.” This trial was conducted in 

partnership with Croí House with participants randomized to either the 12-

week supervised walking group or the 12-week structured resistance 

training group. A total of 20 participants were randomised and underwent 

baseline testing; 10 participants received the Strength From Within 

Supervised Walking Programme and 10 received the Strength From Within 

Structured Resistance Programme. The primary endpoint for this trial was 

functional walking ability, pain free walking distance and total walking 

distance, measured at baseline, 6 and 12 weeks. Secondary endpoints 

consisted of muscular endurance and health-related quality of life, measure 

at baseline, 6 and 12 weeks. From baseline to 12 weeks the supervised 

walking group improved by 62.32 metres with the mean TWD being 335.66 

at baseline, 420.66 at 6 weeks and 397.98 at 12 weeks. From baseline to 6 

weeks there was an increase of 85 metres in TWD and an increase of 62.32 

metres from baseline to 12 weeks in TWD. The resistance training group 

improved by 92.78 metres in TWD from baseline to 12 weeks with a mean 

TWD of 304.44 metres at baseline, 376.22 at 6 weeks and 397.22 metres at 

12 weeks. From baseline to 6 weeks there was an improvement of 71.78 

metres, from 6 weeks to 12 weeks there was an improvement of 21 metres 

and an improvement of 92.78 over 12 weeks. Inter group comparisons found 

that the supervised walking group had a greater improvement of TWD by 

44.44 metres from baseline to 6 weeks, however, the resistance training 

group had a greater improvement in TWD from baseline to 12 weeks by 

92.78 metres. 

 From baseline to 12 weeks the supervised walking group improved 

by 96.9 metres with a mean of 193.16 metres at baseline, 245 at 6 weeks 

and 290.06 at 12 weeks. There was an improvement of 51.48 metres from 
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baseline to 6 weeks, an increase of 45.06 metres from 6 weeks to 12 weeks 

and a significant improvement of 96.60 metres (p=0.008) over 12 weeks. The 

resistance training group improved PFWD by 104 metres over 12 weeks 

respectively with a mean PFWD of 190.36 at baseline, 272.88 at 6 weeks and 

294.45 at 12 weeks. There was an improvement of 82.65 metres (p=0.009) 

from baseline to 6 weeks, an increase of 21.47 metres from 6 weeks to 12 

weeks and a significant increase of 104.90 metres (p=0.002) over 12 weeks. 

 From the primary findings we concluded that the Strength From 

Within programme elicited similar results for functional walking ability 

when compared to a supervised walking programme. The improvement of 

functional walking ability has the ability to improve HR-QoL, aid in the 

management of activities of daily living   and participation in regular 

exercise or walking resulting in reduced risk of cardiovascular disease 

progression. Participation in resistance training has numerous health 

benefits, such as, improved health-related quality of life, functional 

capacity, reduced body fat, decreased blood pressure41. 

 Research focuses on the effect resistance training has on functional 

walking ability for individuals with intermittent claudication is limited, 

however, Ritti-Dias105 conducted a study with individuals with 

intermittent claudication participating in a strength training programme for 

two days a week for 12 weeks using strength training machines. It was 

reported that participation in resistance training improved lower leg 

strength and increased the amount of oxygen utilized while walking; 

resulting in improved PFWD.  To support this, Pasiak et al106 fund that 

participation in a 12 weeks strength training programme decreases the risk 

of cardiovascular evens, improved respiratory function and oxygen 

efficiency.  

 Limitations faced the present study was the sample size, although a 

feasibility study, the results presented may be more significant with a 

larger sample size. The second limitation faced in the present study was 

the completion rate due to other comorbidities and travel restrictions. 
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 From the primary findings it is suggested that at home structured 

resistance training elicits similar results to supervised walking programme 

for functional walking ability. With significant improvements seen in both 

programmes, both supervised walking and structured resistance exercise 

training are feasible options for the improvement of functional walking 

ability for individuals with moderate intermittent claudication. It is 

recognized that walking may not be a feasible option for a specific cohort, 

therefore, we are suggesting that vascular surgeons provide alternative 

modes of exercise, such as an at home structured resistance exercise 

training. 

8.2 Chronic Venous Insufficiency 

 The sixth and final phase of this PhD research was the incorporation 

of chronic venous insufficiency and the implementation of the Strength 

From Within programme to a new cohort. I conducted the study “The 

Effect of Structured Resistance Exercise for Chronic Venous Insufficiency: A 

Pilot Study”; I decided to implement that SFW programme to a similar 

population to show the effect structured resistance exercise can have on 

lower leg vascular disease. Research shows that CVI is as prevalent as PAD 

affecting roughly 25 million individuals world-wide with an additional 6 

million individuals with a more advanced venous disease46,47. There is 

currently limited research on the effect structured resistance exercise has 

on post-surgical individuals with chronic venous insufficiency. This study 

was conducted at the Galway Clinic in partnership with the Galway Clinic 

Physiotherapy Department. There was a total of 15 participants at baseline 

with 8 completing the 12 weeks resistance exercise programme. 

Participants underwent isokinetic testing for the knee and ankle to assess 

muscular strength and any deficits or weakness in the muscles that may be 

causing functional limitations in their activities of daily living. The ankle 

protocol was a two speed protocol based on previous research the goal for 

ankle isokinetic testing is to improve range of motion in turn to improve 

haemodynamics’73,74. Change of speed was used to evaluate the strength 

of the muscle groups around the ankle and to identify any weaknesses. The 
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goal was to achieve full ankle range of motion, decrease pain or swelling in 

the ankle and to identify any potential problems to functional walking or 

gait. The participants then underwent a three-speed protocol for the knee 

which consisted of a slow speed, moderate speed and fast speed to assess 

knee range of motion, the strength of the muscles surrounding the knee 

and to identify any potential deficits to prepare the individual for any 

rehabilitation. 

 The present study aimed to assess the effected the Strength From 

Within programme has on lower leg muscular strength surrounding the 

lower leg, specifically the knee and ankle. The primary endpoint was to 

determine the effect the Strength From Within programme has on lower 

leg muscular strength surround the knee and ankle in post-surgical 

individuals with CVI measured by isokinetic testing using the Biodex System 

3 Pro (New York, USA) at baseline and 12 weeks. The secondary endpoints 

were to determine the effect the Strength From Within programme has on 

ankle range of motion, health-related quality of life and the Venous Clinical 

Severity Score. 

 Overall for ankle dorsiflexion on the slow speed (60°p/s) there was 

a significant improvement of 6.8 Nm (p=0.02) in peak torque and an 

improvement of 14.8 Nm (p=0.04) in total work for the uninvolved leg or 

non-surgical leg from baseline to 12 weeks. From baseline to 12 weeks 

participants overall improved maximum repetition total work by 6.8 Nm 

(p=0.03) and improved total work by 29.5 Nm (p=0.04) in the involved leg 

or surficial leg. For the fast speed (120°p/s) there were significant 

improvements in the uninvolved leg for peak torque with an overall 

improvement of 2.9 Nm (p=0.03), maximum repetition total work with an 

improvement of 2 Nm (p=0.002) and total work with an improvement of 

18.3 Nm (p=0.01) from baseline to 12 weeks. In the involved leg there were 

similar improvements in peak torque with an overall improvement of 3.2 

Nm (p=0.007), an overall improvement of 2.7 Nm (p=0.01) in maximum 

repetition total work and an overall improvement of 21.9 Nm (p=0.01) for 

total work from baseline to 12 weeks. There were no significant 
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improvements for ankle plantarflexion, however, there were clinical 

significance in the slow speed (60°p/s) from baseline to 12 weeks with an 

overall improvement of 12.8 Nm (p=0.09) for peak torque. 

 In the slow speed for knee extension (60°p/s) there were no 

significant improvements in the uninvolved leg, however, there were 

clinical significance in the from baseline to 12 weeks in overall peak torque 

with an improvement of 24.2 Nm (p=0.07). In the involved leg there were 

significant improvements over 12 weeks; peak torque had an overall 

improvement of 31.2 Nm (p=0.01), an overall improvement of 31.9 Nm 

(p=0.01) in maximum repetition total work and total work with an 

improvement of 159.1 Nm (p=0.009). In the moderate speed (180°p/s) 

there were no significant improvements in the uninvolved leg, however, 

there was clinical significance in peak torque with an overall improvement 

of 11.9 Nm (p=0.07) and maximum repetition total work with an overall 

improvement of 19.5 Nm (p=0.08) over 12 weeks. There were significant 

improvements in the involved leg from baseline to 12 weeks in peak torque 

with an improvement of 19.4 Nm (p=0.04), maximum repetition total work 

with an overall improvement of 23 Nm (p=0.03) and total work with an 

overall improvement of 210.4 Nm (p=0.02). In the fast speed (300°p/s) 

there was a clinical significance in the involved leg from baseline to 12 

weeks in total work with an improvement of 117.6 Nm (p=0.06) and a 

significant overall improvement of 8.8 Nm (p=0.04) in maximum repetition 

total work. 

 In the slow speed (60°p/s) there were no clinical or statistical 

significance reported for knee flexion of the uninvolved leg. From baseline 

to 12 weeks there was an overall improvement in the involved leg of 15.6 

Nm (p=0.02) in peak torque, maximum repetition total work improved 

overall by 19.5 Nm (p-0.03) and an improvement of 86.4 Nm (p=0.03) in 

total work. There were not statistical significant improvements in the 

moderate speed (180°p/s) for knee flexion, however, there were clinical 

significance achieved from baseline to 12 weeks in the involved leg, with an 



Chapter 8 
 

 196 

overall improvement of 12.4 Nm (p=0.08) and maximum total repetition 

work with an overall improvement of 17.7 Nm (p=0.06). In the fast speed 

(300°p/s) there was a significant improvement of 12.2 Nm (p=0.05) in peak 

torque in the involved leg from baseline to 12 weeks and an overall 

improvement of 9.2 Nm (p=0.04) in peak torque in the involved leg from 

baseline to 12 weeks. 

 There were no significant changes recorded in ankle range of 

motion in both legs from baseline to 12 weeks. From baseline to 12 weeks 

participants improved right bicep curls by 2 repetitions and left bicep curls 

by 1 repetition. Participants improved right triceps extension significantly 

by 2 repetitions and left bicep curls by 3 repetitions baseline to 12 weeks. 

Participants also improved push press by 2 repetitions from baseline to 12 

weeks. Health Related Quality of Life did not decline suggesting that the 12 

weeks at home structured resistance exercise programme is a feasible 

option for individuals with chronic venous insufficiency. The SF-36 Health-

Survey is scored on a 0 to 100 scale varying for individual questions. 

 Our primary findings suggest that participation in the Strength From 

Within programme has the ability to improve lower body muscle strength 

of the lower leg surrounding the knee and ankle as well as improving upper 

body muscular endurance. Our results elicited similar results to outcomes 

to other studies with exercise programme utilizing fitness, strength or gym 

equipment or incorporating aerobic exercise. In comparison to the present 

study, Padberg et al.,73 and Yang et al.,107 focused on ankle isokinetic 

testing; this present study administered both ankle 

plantarflexion/dorsiflexion and knee flexion/extension. By including knee 

flexion as a measurement, it provided greater detail into calf muscle 

function by assessing the gracilis sartorius, gastrocnemius, plantaris and 

popliteus. The inclusion of knee extension provides greater detail in the 

function the gastrocnemius has on the control of the tibia during 

movement and assisting in ankle dorsiflexion. 
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 The main limitation faced in the present study was the recruitment 

and retainment of participants, the results presented may be of greater 

significance with a larger sample size and a higher completion rate.  

 The Strength From Within programme has the ability to improve 

lower leg muscular strength surrounding the knee and the ankle and 

overall upper body muscular endurance in post-surgical individuals with 

chronic venous insufficiency. The Strength From Within programme is also 

a feasible option for the rehabilitation of lower leg muscular strength in 

post-surgical individuals with chronic venous insufficiency.
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Chapter 9: Conclusions 
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When implementing an exercise intervention, it is important to 

design the exercise programme appropriately to suit the special population 

or disease it is aimed for. It is common to see clinical studies that are 

implementing an exercise intervention to design an exercise intervention 

for a specific muscle group or body part that is related to a specific disease 

or condition. For example, lower leg strength training for improved pain 

free walking distances in individuals with intermittent claudication or lower 

leg strength training for improvement of calf muscle pump function in 

individuals with chronic venous insufficiency73,108. Although, shown to be 

effective, unfortunately such interventions are overlooking the need to 

utilise a whole-body approach to achieve an overall improvement in health 

and wellness. To attempt to implement an exercise intervention in an 

individual’s activities of daily living involves commitment from the 

individual but also the exercise specialist implementing the exercise 

intervention. 

Exercise intervention is a method for symptoms management for 

both intermittent claudication and chronic venous insufficiency. However, 

it is common for patients with either of these conditions to be told by their 

vascular surgeon to follow the ‘go home and walk’ advice. For individuals 

with intermittent claudication this entails increasing their walking and 

walking past their normal claudication pain or increasing their pain free 

walking distance. Chronic venous insufficiency patients are often told to 

walk 30 minutes per day or 3 miles per day to help improve circulation or 

venous flow in the lower extremities. Proven to be beneficial for both 

populations, unfortunately it is not monitored or supervised making it 

impossible to know adherence rates and changes that have acquired. 

Patients with lower leg vascular disease should be provided with a 

structured resistance exercise programme proven to aid in symptom 

management and increased health-related quality of life. A relationship 

between exercise specialists; and vascular surgeons could be beneficial to 

the improvement in managing symptoms, improving overall strength and 

health-related quality of life in patients with lower leg vascular disease.   
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The current work presented in this PhD thesis was based on the 

effect an alternative mode of exercise, such as resistance training, may 

have on functional walking ability for individuals with moderate 

intermittent claudication. However, the data extracted focused on the 

effect structured resistance exercise has on functional walking ability in 

individual with moderate intermittent claudication. The results show that 

participation in the Strength from Within programme improves functional 

walking ability, specifically in pain free walking distances. These results 

emphasized the need for further research on the effect of structured 

resistance exercise on functional walking ability in individuals with 

moderate intermittent claudication. After 12 weeks of participation in the 

Strength from Within programme participants improved their pain free 

walking distance and overall health status in health-related quality of life.  

The second phase of this research explored the effect the Strength from 

Within programme has on functional walking ability in individuals with 

moderate intermittent claudication when compared to supervised walking. 

This study highlighted that there is a place for resistance training in the 

management for moderate intermittent claudication as both exercise 

interventions similar improvements in pain free walking distance. Health-

related quality of life did not change throughout the 12 weeks of 

participation in the Strength from Within programme or the 12-week 

Strength from Within Walking Programme, however, health-related quality 

of life did not decline suggesting that both programmes is a feasible option 

for individuals with moderate intermittent claudication. In order to 

understand the physiological changes achieved during the 12 weeks a 

larger study that includes isokinetic testing, VO2max, and the use of 

treadmill protocols in order to assess work rate intensity would be 

necessary. 

The third phase of this research was the progression into chronic 

venous insufficiency. Since improvements were objective in individuals 

with intermittent claudication the next phase was to implement the 

Strength from Within programme in vascular disease. Similar to 
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intermittent claudication, chronic venous insufficiency also directly affects 

the muscles and venous flow of the lower extremities. The aim was to 

improve lower leg strength assessed by isokinetic testing comparing the 

individuals involved/surgical leg to the uninvolved or nonsurgical leg. This 

study highlighted the improvements made in both upper and lower body 

strength after participation in the 12-week Strength from Within 

programme. Participants significantly improved upper body strength and 

their lower body strength in both involved and uninvolved legs. From the 

first phase it was suggested to incorporate semi-structured interviews to 

gain knowledge about the Strength from Within programme and exercise 

adherence. From conducting these interviews, we were able to gain more 

knowledge about the effect the Strength from Within programme has on a 

patient’s activities of daily living than we did from the isokinetic testing. To 

advance this feasibility study to the next phase it would be important to 

include the analysis of the physiological effects the 12-week Strength From 

Within programme had on blood flow; an air plethysmography would be 

administered to quantify venous reflux and any obstruction in the lower 

legs. 

The Strength from Within programme has the ability to be 

adaptable and feasible for numerous special populations beyond vascular 

disease. The benefits of the programme allows patients to exercise within 

their own capabilities and complete the work out. It is common for 

individuals to discontinue exercise programmes because it is not catered to 

their needs or capabilities. Every exercise in the Strength from Within 

programme can be modified to its simpler form to ensure full patient 

participation. This programme allow autonomy over treatment method, 

time, intensity and placement. Patients will decide when to complete their 

exercises for the day, the intensity they complete them at and how many 

repetitions are completed for that single session. Throughout the research 

conducted during this PhD there have been numerous participants with 

more than one comorbidity ranging from respiratory disease to cancer and 

although there were dropouts there were no participants who could no 
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complete the exercise programme or it deemed too difficult for their 

capabilities. In regard to the F.I.T.T principle (Frequency, Intensity, Time 

and Type) the Strength from Within programmes framework is adaptable 

for each individual and special population. This is why the Strength from 

Within programme needs to be implemented beyond vascular disease to 

fully understand and assess the benefits that could be achieved. 

Surgeons should consider including an exercise specialist in their team as 

they can provide individualised exercise programmes to highlight the 

specific needs of their patients. Surgeons should also be providing their 

patients with structured exercise programmes developed by an 

experienced exercise specialist to manage symptoms or assist in the 

preparation or recovery of surgery. A recommendation for vascular 

surgeons would be to provide patients with moderate intermittent 

claudication the Strength from Within programme and/or a structured 

walking programme where feasible. This is also beneficial for the surgeons 

as they will know what type of exercise their patients are completing and 

the duration of the exercise programme. 

The presence of an exercise specialist is important for the 

implementation of an exercise programme as the exercise specialist needs 

to provide direct and necessary contact with the patients. In order to keep 

adherence rates healthy, it is important for the exercise specialist to be as 

committed to the patients as the patient is to the exercise programme. In 

all three phases of the research the exercise specialist provided weekly 

telephone and in person contact with the participants to ensure adherence 

and maintain motivation. The exercise specialist also provided an open line 

of communication with the participants through telephone, text message 

and email contact to ensure all questions were addressed. In the third 

phase of the research the exercise specialist provided a detailed video of all 

exercises to help maintain adherence.  

Exercise adherence is one of the main challenges faced when 

implementing an exercise intervention. The mentality of the patient with 
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intermittent claudication is the reason for the research that was conducted 

for this PhD thesis, which is, 

“I have just told you that it hurts to walk I cannot do anything with 

my life because I cannot walk and now you are telling me to walk.” 

Providing the “Go Home and Walk Advice” too patients with this mindset 

tends to be ineffective. Therefore, I wanted to explore the possibility of 

alternative forms of exercises such as resistance training using resistance 

bands at home. Although the Strength from Within programme is ideal for 

this population, roughly a 50% drop out rate was seen throughout all three 

phases of the research. In order to reduce the number of dropouts for 

future research it is recommended to provide an educational course on 

exercise and the current condition with the implementation of the exercise 

programme. Another recommendation would be the incorporation of 

smart technology to provide reminders of the daily exercises, tips and 

video demonstrations. Exercise specialists’ need to ensure that exercises 

provided are clear, concise and achievable to reduce dropout rates. 

Individuals with vascular disease in Ireland do not have the support or 

access to necessary structured exercise programmes that can benefit 

them. In relation, vascular surgeons do not have the access to the exercise 

specialists that are able to develop and implement an exercise intervention 

or exercise rehabilitation programme for their patient population. 

The work presented in this PhD thesis focuses on the need for the 

incorporation of alternative forms of exercise for individuals with lower leg 

vascular disease, specifically intermittent claudication and chronic venous 

insufficiency. The incorporation of an exercise specialist to the necessary 

medical teams and surgeons within the hospitals of Ireland can help 

improve the treatment and management of disease specific symptoms in 

special populations as it has been done here in moderate intermittent 

claudication and chronic venous insufficiency.  
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BACKGROUND 

 

Description of the condition 

Peripheral Arterial Disease (PAD) is a progressive atherosclerotic disease 

causing the narrowing of the arterial lumen by atherosclerotic plaques in the 

lower extremities and resulting in the complete or partial obstruction of the 

arteries. 1,2,3 Classified as a set of chronic or acute syndromes PAD results 

from occlusive arterial disease causing reduced blood flow to the limbs, 

typically the lower limbs.1,2 Obstruction in the arterial supply to the lower 

extremities individuals can experience painful symptoms resulting from the 

lack of blood flow and oxygen to the affected tissues known as critical limb 

ischemia.1 In milder forms of the disease painful symptoms are typically 

experienced while walking or participating in exercise and relieved by rest: 

this is known as intermittent claudication (IC), caused by insufficient blood 

flow and oxygen to the lower extremities.  

PAD affects an estimated 200 million world-wide of these, 4 to 5 million are 

diagnosed with IC. 5 The prevalence of IC is 3% in the population aged 40 

years or less; this increases to 60% in the population under 60 years.4 

However, the Multi-Ethnic Study of Atherosclerosis suggests that men and 

women have a similar prevalence of PAD at 3.7%.6 Mortality and morbidity 

risk is high among individuals with PAD when left untreated, also, the 

individual’s risk of cardiovascular mortality and morbidity is increased with 

the presence of PAD at all stages of the disease.6,7 An annual mortality rate 

of 4%-6% is seen when diagnosed with PAD and as the disease progresses 

with the presence of CLI, leg amputation is prevalent.6 Patients with limb loss 

face a mortality rate of 30% and a 5 year survival rate of less than 30%.6 

 

Description of the intervention 

Regular exercise in individuals with PAD improves of ambulation distances.8 

These changes have been associated with changes in blood viscosity and 

capillary and mitochondrial density, as well as the increase of oxidative and 

glycolytic enzymes.8 With the improvement of oxygen utilization there are 
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improvements in walking mechanics and pain perception therefore 

influencing the motivation to exercise. Intermittent claudication is a limiting 

symptom resulting in, for example, the reduction of exercise participation and 

impaired quality of life (QOL). Exercise rehabilitation and interventions for 

PAD has been researched extensively, however, there are very few studies 

that observe resistance exercise programmes for intermittent claudication. 

 During resistance exercise the muscle  contracts against an external 

resistance in order to improve muscle mass and strength. Microscopic tears 

or damages are created in the muscle and are rapidly repaired by the body to 

regenerate and improve muscular strength.  Resistance training has the ability 

to improve muscular strength, power, speed, muscular endurance, motor 

performance, balance and coordination.10 Health benefits associated with 

resistance training are reduced body fat, increased metabolic rate, weight 

management, decreased blood pressure, improve blood lipid profiles, 

improve glucose intolerance and insulin sensitivity, reduced risk of 

osteoporosis and management of long-term independence and functional 

capacity.10  There are numerous types of resistance training that can be 

performed, such as, free weights, resistance bands, body weight exercises, 

and stationary machine weights. Resistance exercise programmes are specific 

to the individual through their repetitions and sets to be perform for each 

exercise. 

Resistance Training Programme 

In order for individuals to obtain optimal results from resistance training 

programmes the design of the programme has to be constructed and 

executed properly. Three components that are necessary to a resistance 

training programme are:10 

a. Progressive overload 

b. Specificity 

c. Variation 

The gradual increase of stress placed on the body during resistance training 

is known as progressive overload.10 Specificity is the body response and 

adaptations to the programme, mmuscular adaptations is specific to the 

resistance training, such as, specific targeted muscle groups, certain energy 

systems triggered and the intensity and volume of training.10 To maintain 
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training stimulation variation is necessary in a resistance training 

programme as it aids in the individuals training progression.10 Progression 

through a resistance training programme is identified through seven key 

components, intensity, volume, exercises, rests intervals between sets, 

velocity of contraction and frequency.10 A properly constructed and 

executed resistance training programme has the ability to improve health-

related quality of life and physical strength. Resistance training is important 

for individuals with intermittent claudication as reduced lower leg strength 

is common when compared to those without PAD.11 Due to the reduced 

lower leg strength individuals with IC tend to cause limited functional 

ability resulting in a lesser quality of life. Lower extremity resistance 

training improves treadmill walking performances and quality of life in 

individuals with intermittent claudication.11 High-intensity progressive 

resistance training has also shown to improve six-minute walking ability in 

older adults with intermittent claudication.12 

 

Why is it important to do this review 

Individuals with PAD are reported to have significantly lower QOL when 

compared to the general population due to their functional limitations.4 

Individuals with IC have a lower health-related and physical functioning 

related QOL compared to those with no claudication.13 Usual care for 

intermittent claudication is to ‘go home and walk’, however, many 

individuals find this advice unachievable as the primary limiting factor is 

walking. It is important to know if walking is the best form of therapy for 

individuals with intermittent claudication or is resistance training or is a 

combination of resistance training and walking the best form of therapy for 

IC. When properly utilized resistance training programmes have the ability 

to improve functional and walking ability in individual with intermittent 

claudication.  

 

Objectives 

The primary objective to this review is to assess the effectiveness of 

resistance training for health-related quality of life in intermittent 
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claudication. We will also assess the effects on walking ability (Pain Free 

Walking Distance [PFWD], Total Walking Distance [TWD]). 

 

Methods 

 

Criteria for considering studies for this review 

Types of systematic reviews 

We will include all full-text only systematic reviews with randomised 

control trials and peer-reviews systematic reviews published year 2000-

present in which the experimental group include resistance training 

programmes and combination programmes (resistance and walking) and the 

control group includes usual care or walking. We will include systematic 

reviews in which the exercise programmes for a duration of 6 weeks or 

more for two or more days a week. Reviews include quality of life 

assessment, walking ability assessment, muscular strength assessment, 

muscular endurance assessment, exercise capacity and physiological 

assessment. We will exclude non-peer reviewed systematic reviews, 

systematic reviews published before year 2000,  any groups given 

medication as an intervention, exercise programmes with a duration less 

than 6 weeks, programmes occurring for less than two days a week, 

systematic reviews with non-RCTs and control groups with no advice or 

intervention (i.e. not told usual care or “go home and walk”). 

 

Type of participants 

We will include individuals with clinically diagnosed intermittent 

claudication of any age and gender. 

 

Types of interventions 

Resistance training is improves and maintains muscular strength and aids in 

the prevention and treatment of degenerative diseases.14 All systematic 

reviews observing resistance training exercise programmes and combination 

programmes (resistance and walking) in the management of intermittent 

claudication. Trials in which control groups had no advice or intervention 

(i.e. not told usual care or “go home and walk”) will not be considered.  
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Types of outcome measures 

Primary outcomes 

1. Health-Related Quality of Life 

Secondary outcomes 

1. Walking ability (Pain Free Walking Distance [PFWD], Total 

Walking Distance [TWD]) 

 

Search methods for identification of systematic reviews 

The PUBMED, CINAHL, PEDro, EMBASE and Cochrane CENTRAL 

databases will be searched. There will be a date restriction, only full text 

systematic reviews published from the year 2000 will be included in this 

overview. 

 

Data Collection 

Selection of systematic reviews 

Once the search is complete the two reviewing authors will independently 

screen the identified titles and abstracts against the inclusion criteria. Full 

text systematic reviews will then be analyzed to determine which systematic 

reviews are included. In the case of a disagreement a consensus will be 

made or a third review author will be involved. 

 

Data extraction and management 

The two overview authors will extract data independently and all systematic 

reviews published in any language other than English will be translated 

prior to being analyzed. In the case of more than one publication the 

systematic review with the most up to date and completed data will be 

included. In the case of a disagreement a consensus will be made or a third 

overview author will be involved. 

 

Quality of evidence in included reviews 

We will not be assessing the quality of individuals studies included in the 

reviews, however, we will report on the quality assessment provided by the 

review authors on the individual studies and the assessment tool utilized.  
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Two overview authors will assess the overall quality of the evidence 

provided by the systematic review by using the GRADE tool focusing on 

the following domains: 

- Limitations in study design or execution (risk of bias) 

- Inconsistency of results 

- Indirectness of evidence 

- Imprecision of the results 

- High probability of publication bias 

 

Quality of included reviews 

We will  independently assess the methodological quality of the included 

reviews using the AMSTAR (A Measurement Tool to Assess Reviews) tool. 

The following domains will be considered: 

- Clarity of review objective 

- Description of trial eligibility criteria 

- The extent of searching undertaken 

- Transparency of assessment process 

- Assessment of publication bias 

- Assessment of heterogeneity 

Two authors will independently assess the reviews using AMSTAR and a 

this will verify this assessment. A third author will be called upon in the 

case of a disagreement and a consensus cannot be made. 

 

Data synthesis 

Independently three overview authors will extract appropriate data from the 

systematic reviews and formulate the data into tables. In these tables we will 

include the primary and secondary outcomes of the intervention(s) as well 

as the number of studies and number of participants included in each 

review. Quality assessment of the evidence (GRADE), quality of included 

reviews (AMSTAR), characteristics of the review will be included in the 

tables, if made available from included reviews. 
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Appendix 2: Strength from Within Exercise 

Booklet 
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Appendix 3: Strength From Within Warm-up and Cool-Down 
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Appendix 4: Strength From Within Recording Diary 
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Appendix 5: “Remote Ischemic Pre-Conditioning in the Management of 
Intermittent Claudication: A Pilot Randomised Controlled Trial” 

 
 



Chapter 9 
 

 255 

 
 
 
 
 
 
 



Chapter 9 
 

 256 

 
 
 
 
 



Chapter 9 
 

 257 

 
 
 
 
 
 
 
 
 



Chapter 9 
 

 258 

 
 
 
 
 
 
 
 



Chapter 9 
 

 259 

 
 
 
 
 



Chapter 9 
 

 260 

 
 
 
 
 
 
 
 
 



Chapter 9 
 

 261 

 



Chapter 9 
 

 262 

 
 
 
 
 
 
 
 
 



Chapter 9 
 

 263 

Appendix 6: EQ-5D-3L Health-Related Quality of Life Questionnaire
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Appendix 7: Strength From Within Walking Programme 
 

Strength From Within Walking Programme: 
 

Week Warm-Up Walking Minutes Cool Down 

1 5 5 5 

2 5 10 5 

3 5 15 5 

4 5 20 5 

5 5 25 5 

6 5 30 5 

7 5 35 5 

8 5 40 5 

9 5 45 5 

10 5 50 5 

11 5 55 5 

12 5 60 5 
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Appendix 8: SF-36 Health-Related Quality of life Questionnaire 
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Appendix 9:  Ankle Range of Motion Exercises 
 
Ankle Range of Motion Exercises 
3 Sets of 10 for each ankle 
3 days per-week 
Equipment: Resistance (elastic band) 
 
 
Plantarflexion 
Step 1: Sit on the floor or a bed with your back supported and your legs 
straight out in front of you 
Step 2: Wrap the resistance band around your foot and hold each end of the 
resistance band in your hands 
Step 3: Have your ankle held up towards your head and slowly move your 
foot and ankle against the resistance band 
Step 4: Slowly return to the starting position and repeat 10 times 
Tip: Keep your leg straight and heel on the floor for support. To increase 
resistance, move your hands down the resistance band toward your foot 
 
 
Dorsiflexion 
Step 1: Sit on the floor or a bed with your back supported and your legs 
straight out in front of you 
Step 2: Anchor the elastic band on a chair, table leg, or have another 
individual hold it for you. 
Step 3: Pull your toes toward you and slowly return to the starting position. 
Step 4: Repeat 10 times 
Tip: Keep your leg straight and heel on the floor for support. 
 

 
 

Appendix 6: Mayo Clinic Walking Programme 
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Appendix 10: Venous Clinical Severity Score 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
VENOUS CLINICAL SEVERITY SCORE 

 
 

ATTRIBUTE ABSENT=0 MILD=1 MODERATE=2 SEVERE=3 

PAIN NONE OCCASIONAL, NOT 
RESTRICTING ACTIVITY OR 
REQUIRING PAIN 
MEDICATION 

DAILY MODERATE ACTIVITY 
LIMITATION; OCCASIONAL 
PAIN MEDICATION 

DAILY, SEVERE LIMITING 
ACTIVITIES OR REQUIRING 
REGULAR USE OF PAIN 
MEDICATIONS 

VARICOSE VEINS NONE FEW SCATTERED MULTIPLE; GREAT SAPHENOUS 
VEINS, CONFINED TO CALF 
AND THIGH 

EXTENSIVE; THIGH AND CALF OR 
GREAT AND SMALL SAPHENOUS 
DISTRIBUTION 

VENOUS EDEMA NONE EVENING ANKLE SWELLING 
ONLY 

AFTERNOON SWELLING,  
ABOVE ANKLE  

MORNING SWELLING ABOVE 
ANKLE AND REQUIRING 
ACTIVITY CHANGE, ELEVATION 

SKIN PIGMENTATION NONE DIFFUSE, BUT LIMITED IN 
AREA AND OLD (BROWN) 

DIFFUSE OVER MOST OF 
GAITER DISTRIBUTION (LOWER 
THIRD) OR RECENT 
PIGMENTATION (PURPLE) 

WIDER DISTRIBUTION (ABOVE 
LOWER THIRD) PLUS RECENT 
PIGMENTATION 

INFLAMMATION NONE MILD CELLULITIS, LIMITED 
TO MARGINAL AREA 
AROUND ULCER 

MODERATE CELLULITIS, 
INVOLVES MOST OF (LOWER 
THIRD) 

SEVERE CELLULITIS (LOWER 
THIRD AND ABOVE)  
OR SIGNIFICANT 

INDURATION NONE FOCAL, CIRCUMMALLEOLAR MEDIAL OR LATERAL, LESS 
THAN LOWER THIRD OF LEG 

ENTIRE LOWER THIRD OF LEG OR 
MORE 

NUMBER OF ACTIVE 
ULCERS 

0 1 2 >2 

ACTIVE ULCER 
DURATION 

NONE <3 MONTHS >3 MONTHS, <1YEAR NOT HEALED>1 YEAR 
    

ACTIVE ULCER 
DIAMETER 

NONE <2 2-6 >6 
    

COMPRESSION 
THERAPY 

NOT USED OR 
PATIENT NOT 
COMPLIANT 

INTERMITTANT USE OF 
STOCKINGS 

WEARS ELASTIC STOCKING 
MOST DAYS 

FULL COMPLIANCE, 
STOCKINGS+ELEVATION 
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Appendix 11: Mayo Clinic 12 Week Walking Protocol 

 
Week Minutes 

1 5 minutes 

2 7 minutes 

3 9 minutes 

4 11 minutes 

5 13 minutes 

6 15 minutes 

7 18 minutes 

8 20 minutes 

9 23 minutes 

10 26 minutes 

11 28 minutes 

12 30 minutes 
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Appendix 12: Baseline Measurement Chart 
 

Name 
 
Date: 

Type Of Protocol: 
 
Week Of Baseline: 

6 Minute Walk Test: 

 

Number of Laps   Total Distance (m) 

Single Leg Balance (30 seconds): 

 

       Right Leg                                        Left Leg 

Step Overs (30 seconds): 

 

Total Number of Step Overs: 

Sit To Stand (30 seconds): 

         

Total Number of Repetitions: 

Push Press (30 seconds): 

 

Total Number of Repetitions: 
 
 

Bicep Curl (30 Seconds): 

 

     Right Arm                                            Left Arm 

Triceps Extension (30 seconds): 

 

     Right Arm                                            Left Arm 

 
Appendix 13 Physical Activity Readiness Questionnaire 
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Appendix 14: Ethical Approval for: The Effect of Structured Resistance 
Exercise versus Supervised Walking for Patients with Intermittent 
Claudication: A Randomised Feasibility Trial 
 

 
 
 
 
 
 
 

 
 



Chapter 9 
 

 276 

Appendix 15:  Demographic Questionnaire for: The Effect of Structured 
Resistance Exercise versus Supervised Walking for Patients with 
Intermittent Claudication: A Randomised Feasibility Trial 
 
 
Effect of Structured Exercise versus Supervised Walking 

for Intermittent Claudication 
 

Questionnaire: please answer all questions. If you have any 
questions please ask the researcher. All information gathered will 

be recorded anonymously. 
 

  
1) Age ____________years 

  
2) What is your gender? 

    Female       Male     
 

    
3) Overall, how would you categorize your current health status? 

Excellent 
 
Very Good 
 
Good 

 
Fair 
 
Poor 

 
4) During your day, which of the following best describes what you 

do? 

                Mostly sitting or standing 
 
Mostly Walking  
 
Mostly heavy labour or physically demanding 

 
5) How often do you exercise? (not including labour done at work) 

Never 
 
A few times per month 
 
A few times per week 
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Almost every day 
 
 

6)  If you do exercise, how long do you spend exercising each week? 

10-20 minutes 
 
20-30 minutes 
 
30-60 minutes 
 
60+ minutes 

 
7) What type of exercise do you do? (Tick all that apply) 

 Walking 
 
Jogging 
 
Swimming 
 
Biking 
 
Weightlifting 
 
Yoga/Pilates 
 
Gym Class (spin, HIIT, etc.) 
 
Other ____________________ 

         
 
 

8) Do you feel your physical activity levels are sufficient to benefit 
your health status?  

1. Yes                                          2. No                                     3. Don’t know 
 
 
 
 

9) Do you feel that physical activity can positively affect your health? 

1. Yes                                          2. No                                     3. Don’t 
know 

 

 

      

  

  

  

  

  

  

  

  

  

  

  

  

      



Chapter 9 
 

 278 

 

10) Status of smoking 
 
Current Smoker                                         Ex-Smoker                                     
Never Smoked 

 

11)  If you are currently diagnosed with any of the conditions listed 
below please tick the box (tick all that apply to you) 

  

Obesity 
 
Hypertension (high blood pressure) 
 
Family history of atherosclerosis 
 
High cholesterol 
 
Diabetes 
 
Coronary Heart Disease 
 
Stroke of TIE (or mini stroke) 
 
High levels of homocysteine (protein component) 
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Appendix 16: Ethic’s Approval for: The Effect of Structured Resistance 
Exercise on Chronic Venous Insufficiency: A Feasibility Trial 

 
 



Chapter 9 
 

 280 

 
 
Appendix 17: Demographic Questionnaire for: The Effect of Structured 
Resistance Exercise on Chronic Venous Insufficiency: A Feasibility Trial 
 
 

Physical Activity Levels in Individuals with Chronic Venous 
Insufficiency   

 
Questionnaire: please answer all questions. If you have any 

questions please ask the researcher. All information gathered will 
be recorded anonymously. 

 
  

12) Age ____________years 
  

13) What is your gender? 

Female  Male 

14) Do you wear compression stockings? 

Yes  No (skip question 4 if no) 

15) If yes, how many hours a day do you wear compression stockings? 

 

16) What type of setting do you live in? 

Rural Setting    Suburb Setting 

 
17) Overall, how would you categorize your current health status? 

Excellent 
 
Very Good 
 
Good 

 
Fair 
 
Poor 

 
 

18) What is your main form of transport? 

                      Car         Bus         Train Taxi/Car Service 
Other 

Study Researcher 
Purpose Only 
Trial ID: 
 
 

    

  

  

  

  

  

    

          

    

        0-6 6-12 12-18 18-24 
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19) During your day, which of the following best describes what you 
do? 

   Mostly sitting or standing 
 

      Mostly Walking  
 

   Mostly heavy labour or physically demanding 
 
 
 

20) How often do you exercise? (not including labour done at work) 

Never 
 
A few times per month 
 
A few times per week 
 
Almost every day 
 

 
21)  If you do exercise, how long do you spend exercising each day? 

10-20 minutes 
 
20-30 minutes 
 
30-60 minutes 
 
60+ minutes 

 
22) What type of exercise do you do? (Tick all that apply) 

 Walking 
 
Jogging 
 
Swimming 
 
Biking 
 
Weightlifting 
 
Yoga/Pilates 
 
Gym Class (spin, HIIT, etc.) 
 
Other ____________________ 
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23) Do you feel your physical activity levels are sufficient to benefit 
your health status?  

           Yes                                    No                                         Don’t know 
  

24) Do you feel that physical activity can positively affect your health? 

  Yes                                             No                                    Don’t know 
 
 
25) If you are currently diagnosed with any of the conditions listed 

below please tick the box (tick all that apply to you) 
  

Obesity 
 
Hypertension (high blood pressure) 
 
Venous Thrombosis 
 
Coronary Heart Disease 
 
Diabetes 
 
Arthritis 
 
Dyspena (difficulty breathing) 
 
Angina 
 
Asthma 
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Appendix 18: 
Participant Informed Consent 

Effect of Structured Exercise versus Supervised Walking for Intermittent 
Claudication 

Date:  
Introduction:  
 You are invited to participate in our research study. This research 
study aims to compare a structured exercise programme and a supervised 
walking programme, called “Strength from within”. This study is being done 
to observe if a structured exercise programme and/or a supervised walking 
programme can improve pain free walking distances, blood pressure, weight, 
quality of life and over all physical strength. We know that exercise can aid 
in the increase of pain free walking distances. During this study, you will 
complete a questionnaire regarding your quality of life (at the beginning and 
end of the study).  Measurements will be taken on walking distances, muscle 
strength, weight and blood pressure by the study researcher. These measures 
will be taken again at week 6 and at the end of the study (week 12). 
 
Procedure: 
You will be randomly allocated to either intervention the structured exercise 
group or the supervised walking group. If you are allocated to the structured 
exercise group will be shown how to do the exercises by the study researcher 
and asked to carry this out 6 days a week at home at a time that suits you. 
Clear instructions and demonstration of the exercises will be given to you at 
the start of the study. Also, a programme of which exercise and how much 
you exercise will be provided to you according to your capabilities. You will 
also be given the exercise brochure called “Strength from Within” which 
shows all exercises and how to do these. Finally, you will be asked to keep a 
record of your exercises during the study. 
 
If you are in the supervised walking group you will have your walking 
protocol explained to you. You will be asked to attend the Croí House once a 
week to complete one day of your supervised walking programme. You will 
be asked to keep a record of the walking of your duration each week. 
 
The study researcher will contact you each week at a time that suits you to 
monitor your week’s exercise and walking progress and adjust if needed each 
week. The study researcher will keep a record of your exercise and walking 
plan each week. 
 
Session two will occur 6-weeks into the programme. At this session, you will 
complete a questionnaire on your quality of life. Baseline measures will be 
completed at this time. 
 
 Session Three will occur after the completion of your 12-weeks. At this 
session, you will complete the SF-36 Health Survey, baseline testing and 
reflect on your 12-week experience and the principal investigator will collect 
your Strength From Within Recording Booklet and your Strength from 
Within Walking Porgramme. You are more than welcome to keep the 
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Strength From Within Booklet and the given resistance band to continue the 
program. 
 
Inclusion/Exclusion Criteria: 
 You have been asked to participate in this study because you are 18 
years old or older, clinically diagnoses with Peripheral Arterial/Vascular 
Disease and intermittent claudication and a Fontaine Classification of IIA. 
 Exclusion criteria: 
Younger than 18 years, painful ulcerations, severe cardiac condition, 
cardiorespiratory disease, failure of physical activity readiness questionnaire, 
ACSM risk classification: Class C or above, Fontaine Classification of IIb, 
III, IV, severe mobility impairment, severe imbalance, women who are 
pregnant, women who are breastfeeding, Previous major limb amputation 
inhibiting participation in exercise, those who lack capacity to consent, those 
for whom English is not their first language and have difficulty understanding 
written and/or spoken English 
Benefits and Risks for participants: 
 The findings of this study will be presented to the team of the 
healthcare professionals involved at the Lambe Institute for Translational 
Research at University Hospital Galway and Croí Heart and Stroke Centre. 
This research will help improve pain free walking distances, quality of life 
and overall physical strength. Some benefits you may experience are lower 
risk for cardiovascular disease, stress reduction, possible weight loss and the 
reduction of “bad” cholesterol and the increase of “good” cholesterol etc. 
 With any exercise there is the possibility that abnormal responses 
could occur. While these risks are low for this type of exercise, they can 
include: unexpected changes in blood pressure, irregular heart rate, shortness 
of breath, fatigue, muscle cramps, muscle soreness, or joint injury, and in rare 
cases, a cardiac event. Investigators evaluating a pre-exercise health 
screening will minimize risks through a standard exercise protocol (warm-up 
and cool-down). Participants are instructed to stop the program if they are 
having any abnormal responses and contact the principal investigator. 
Compensation: 
 No tangible compensation will be given. 
Confidentiality: 
 Any information obtained during this study, which could identify you 
will be kept confidential. Information may be published in 
professional/scientific journals or at professional meetings, however your 
identity will be kept strictly confidential by a coded procedure. 
Right to Refuse or Withdrawal: 
 I understand that it is my responsibility to notify the researcher if I 
experience any abnormal responses during or following the program. I will 
do what I think is safe for myself and will not exceed these limits. I will follow 
the guidelines given to me for the research study. I understand that I have the 
right to refuse to participate or withdraw from participation of this study at 
any time without penalty. I know I may change my mind about being in the 
study or withdraw from the study after it begins. If the study design or use of 
the data changes I will be informed and consent be revised. 
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Name Printed 
 
Signature & Date 
 
Researcher’s Signature & Date 
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Appendix 19:  
    PARTICIPANT INFORMATION LEAFLET 

Effect of Structured Exercise versus Supervised Walking for Intermittent 
Claudication 

Date:  
Introduction:  
 You are invited to participate in our research study. This research 
study aims to compare a structured exercise programme and a supervised 
walking programme, called “Strength from within”. This study is being done 
to observe if a structured exercise programme and/or a supervised walking 
programme can improve pain free walking distances, blood pressure, quality 
of life and over all physical strength. We know that exercise can aid in the 
increase of pain free walking distances. During this study, you will complete 
a questionnaire regarding your quality of life (at the beginning and end of the 
study).  Measurements will be taken on walking distances, muscle strength, 
weight and blood pressure by the study researcher. These measures will be 
taken again at week 6 and at the end of the study (week 12). 
 
Procedure: 
You will be randomly allocated to either intervention arm. The two groups in 
the study are the structured exercise group or the supervised walking group. 
If you are allocated to the structured exercise group will be shown how to do 
the exercises by the study researcher and asked to carry this out 6 days a week 
at home at a time that suits you. Clear instructions and demonstration of the 
exercises will be given to you at the start of the study. Also, a programme of 
which exercise and how much you exercise will be provided to you according 
to your capabilities. You will also be given the exercise brochure called 
“Strength from Within” which shows all exercises and how to do these. 
Finally, you will be asked to keep a record of your exercises during the study. 
 
If you are in the supervised walking group you will have your walking 
protocol explained to you. You will be asked to attend the Croí House once a 
week to complete one day of your supervised walking programme. You will 
be asked to keep a record of the walking of your duration each week. 
 
The study researcher will contact you each week at a time that suits you to 
check on your week’s exercise and walking progress and adjust if needed 
each week. The study researcher will keep a record of your exercise and 
walking plan each week. 
 
Session two will occur 6-weeks into the programme. At this session, you will 
complete a questionnaire on your quality of life. Baseline measures will be 
completed at this time. 
 
 Session Three will occur after the completion of your 12-weeks. At this 
session, you will complete the SF-36 Health Survey, baseline testing and 
reflect on your 12-week experience and the principal investigator will collect 
your Strength From Within Recording Booklet and your Strength from 
Within Walking Porgramme. You are more than welcome to keep the 
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Strength From Within Booklet and the given resistance band to continue the 
program. 
 
 
Benefits and Risks for participants: 
 The findings of this study will be presented to the team of the 
healthcare professionals involved at the Lambe Institute for Translational 
Research at University Hospital Galway and Croí Heart and Stroke Centre. 
This research will help improve pain free walking distances, quality of life 
and overall physical strength. Some benefits you may experience are lower 
risk for cardiovascular disease, stress reduction, possible weight loss and the 
reduction of “bad” cholesterol and the increase of “good” cholesterol etc. 
 With any exercise there is the possibility that abnormal responses 
could occur. While these risks are low for this type of exercise, they can 
include: unexpected changes in blood pressure, irregular heart rate, shortness 
of breath, fatigue, muscle cramps, muscle soreness, or joint injury, and in rare 
cases, a cardiac event. Investigators evaluating a pre-exercise health 
screening will minimize risks through a standard exercise protocol (warm-up 
and cool-down). Participants are instructed to stop the program if they are 
having any abnormal responses and contact the principal investigator. 
Confidentiality: 
 Any information obtained during this study, which could identify you 
will be kept confidential. Information may be published in 
professional/scientific journals or at professional meetings, however your 
identity will be kept strictly confidential by a coded procedure. 
Right to Refuse or Withdrawal: 
 I understand that it is my responsibility to notify the researcher if I 
experience any abnormal responses during or following the program. I will 
do what I think is safe for myself and will not exceed these limits. I understand 
that I have the right to refuse to participate or withdraw from participation of 
this study at any time without penalty. I know I may change my mind about 
being in the study or withdraw from the study after it begins. If the study 
design or use of the data changes I will be informed and consent be revised. 
 
Please contact researcher for any further questions. 
Shannon Hernon 
Email: shernon10@gmail.com 
Telephone:  
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Appendix 20: 

          PARTICIPANT INFORMED CONSENT 
Effect of Structured Exercise in Individuals with Chronic Venous 

Insufficiency 
 Date: 26.10.2017 
Introduction:  
 You are invited to participate in our research study. This research 
study aims to examine if a special exercise programme, called “Strength from 
within” can improve calf muscle strength and function, overall physical 
strength, movements of the ankle joint and have a positive impact on quality 
of life. This study is being done as we know that improvement in calf muscle 
strength can improve the flow of blood in veins in patients with varicose 
veins. Therefore, we want to see if our exercise programme carried out at 
home can also benefit patients with varicose veins. During this study, you 
will complete a questionnaire regarding your quality of life (at the beginning 
and end of the study) and answer questions on symptoms you may have due 
to your varicose veins. Measurements will be taken of your calf muscle 
strength and function, overall physical strength and movements of the ankle 
joint by the study researcher. These measures will be taken again at the end 
of the study (week 12). If you have any further questions do not hesitate to 
ask. 
 
Procedure: 
You will be shown how to do the exercises by the study researcher and asked 
to carry this out 6 days a week at home at a time that suits you. Clear 
instructions and demonstration of the exercises will be given to you at the 
start of the study. Also, a programme of which exercises and how much you 
exercise will be provided to you according to your capabilities. You will also 
be given the exercise brochure called “Strength from within” which shows all 
exercises and how to do these. Finally, you will be asked to keep a record of 
your exercises during the study.   
The study researcher will contact you each week at a time that suits you to 
check on your week’s exercise plan and make adjustment for the next week. 
The study researcher will keep a record of your exercise plan for each week.  
 
 
 
Benefits and Risks for participants: 
 The findings of this study will be presented to the team of the 
healthcare professionals involved at the Galway Clinic and University 
Hospital Galway. This research may help improve your calf muscle strength 
and function, reduce symptoms of varicose veins, overall physical strength 
and have a positive impact on your quality of life. Other benefits your may 
have from doing exercises in this study are lowering your risk of 
cardiovascular disease, stress reduction, possible weight loss, reduced 
cholesterol levels, reduce your risk of developing type 2 diabetes and 
lowering of your blood pressure. The structured exercise programme does not 
exceed international recommendations and guidelines for adults by the 
American College of Sport’s Medicine. 
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 With any exercise, there is the possibility that abnormal responses 
could occur. While these risks are low for this type of exercise, they can 
include: unexpected changes in blood pressure, irregular heart rate, shortness 
of breath, fatigue, muscle cramps, muscle soreness, or joint injury, and in rare 
cases, a cardiac event. Investigators will have evaluated you using a pre-study 
health screening to ensure that you do not have a health condition where 
exercise is contraindicated. Risks will be minimized through an exercise plan 
which contains a standard exercise protocol, with a warm-up and cool-down 
at the start and end of each exercise session carried out by you. Participants 
are instructed to stop the program if they are having any abnormal responses 
and contact the principal investigator. 
 
Compensation: 

No tangible compensation will be given. 
 
Confidentiality: 
 Any information obtained during this study, which could identify you 
will be kept confidential. Information may be published in 
professional/scientific journals or at professional meetings, however your 
identity will be kept strictly confidential by a coded procedure. 
 
Right to Refuse or Withdrawal: 
 I understand that it is my responsibility to notify the researcher if I 
experience any abnormal responses during or following the program. I will 
do what I think is safe for myself and will not exceed these limits. I understand 
that I have the right to refuse to participate or withdraw from participation of 
this study at any time without penalty. I know I may change my mind about 
being in the study or withdraw from the study after it begins. If the study 
design or use of the data changes I will be informed and consent be revised. 
 
 
Name Printed 
 
 
Signature & Date 
 
 
Researcher’s Signature & Date 
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Appendix 21: 

   PARTICIPANT INFORMATION LEAFLET 

Effect of Structured Exercise in Individuals with Chronic Venous 
Insufficiency 

Date: 
 
Introduction:  
 You are invited to participate in our research study. This research 
study aims to examine if a special exercise programme, called “Strength from 
within” can improve calf muscle strength and function, overall physical 
strength, movements of the ankle joint and have a positive impact on quality 
of life. This study is being done as we know that improvement in calf muscle 
strength can improve the flow of blood in veins in patients with varicose 
veins. Therefore, we want to see if our exercise programme carried out at 
home can also benefit patients with varicose veins. During this study, you 
will complete a questionnaire regarding your quality of life (at the beginning 
and end of the study) and answer questions on symptoms you may have due 
to your varicose veins. Measurements will be taken of your calf muscle 
strength and function; overall physical strength and movements of the ankle 
joint by the study researcher. These measures will be taken again at the end 
of the study (week 12). If you have any further questions do not hesitate to 
ask. 
 
Procedure: 
You will be shown how to do the exercises by the study researcher and asked 
to carry this out 6 days a week at home at a time that suits you. Clear 
instructions and demonstration of the exercises will be given to you at the 
start of the study. Also, a programme of which exercises and how much you 
exercise will be provided to you according to your capabilities. You will also 
be given the exercise brochure called “Strength from within” which shows all 
exercises and how to do these. Finally, you will be asked to keep a record of 
your exercises during the study. 
The study researcher will contact you each week at a time that suits you to 
check on your week’s exercise plan and make adjustment for the next week. 
The study researcher will keep a record of your exercise plan for each week. 
 
 
Session Two will occur after the completion of your 12-weeks. At this 
session, you will complete a questionnaire on your quality of life and will be 
asked a few questions on your symptom. The study researcher will collect 
your recording booklet, but you are welcome to keep your strength from 
within booklet and resistance band. Three months after you have completed 
the study the study researcher will contact you by phone to complete a 
questionnaire. 
 
Benefits and Risks for participants: 
 The findings of this study will be presented to the team of the 
healthcare professionals involved at the Galway Clinic and University 
Hospital Galway. This research may help improve your calf muscle strength 
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and function, reduce symptoms of varicose veins, overall physical strength 
and have a positive impact on your quality of life. Other benefits your may 
have from doing exercises in this study are lowering your risk of 
cardiovascular disease, stress reduction, possible weight loss, reduced 
cholesterol levels, reduce your risk of developing type 2 diabetes and 
lowering of your blood pressure. The structured exercise programme does not 
exceed international recommendations and guidelines for adults by the 
American College of Sport’s Medicine. 

With any exercise, there is the possibility that abnormal responses 
could occur. While these risks are low for this type of exercise, they can 
include: unexpected changes in blood pressure, irregular heart rate, shortness 
of breath, fatigue, muscle cramps, muscle soreness, or joint injury, and in rare 
cases, a cardiac event. Investigators will have evaluated you using a pre-study 
health screening to ensure that you do not have a health condition where 
exercise is contraindicated. Risks will be minimized through an exercise plan 
which contains a standard exercise protocol, with a warm-up and cool-down 
at the start and end of each exercise session carried out by you. Participants 
are instructed to stop the program if they are having any abnormal responses 
and contact the principal investigator. 
 
Confidentiality: 
 Any information obtained during this study, which could identify you 
will be kept confidential. Information may be published in 
professional/scientific journals or at professional meetings, however your 
identity will be kept strictly confidential by a coded procedure. 
 
Right to Refuse or Withdrawal: 
 I understand that it is my responsibility to notify the researcher if I 
experience any abnormal responses during or following the program. I will 
do what I think is safe for myself and will not exceed these limits. I understand 
that I have the right to refuse to participate or withdraw from participation of 
this study at any time without penalty. I know I may change my mind about 
being in the study or withdraw from the study after it begins. If the study 
design or use of the data changes I will be informed and consent be revised. 
 
 
Please contact researcher for any further questions. 
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Appendix 22: Indemnity For The Effect of 

Structured Resistance Exercise on Chronic 

Venous Insufficiency: A Feasibility Trial
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Appendix 23: Isokinetic Testing for Ankle Dorsiflexion 
 

Slow Speed (60°p/s) 

Baseline Mean (St Dev) 12 Weeks Mean (St Dev) Baseline to 12 Weeks Mean Difference 

 Uninvolved Involved Difference P-Value Uninvolved Involved Difference P-Value Uninvolved P-Value Involved P-Value 

Peak Torque 

(Nm) 
12.4 (7.1) 12.2 (5.6) 0.15 0.9 19.3 (11.7) 32.5 (33.2) 30.2 0.2 6.8 0.02* 20.2 0.1 

Max Rep 

Total Work 

(Nm) 

7.7 (5.6) 6.3 (3.5) 1.3 0.2 11.2 (8.7) 13.2 (10.1) 2 0.01* 3.5 0.1 6.8 0.03* 

Total Work 

(Nm) 
29.6 (21.5) 25.3 (14.3) 4.3 0.4 44.5 (32.2) 54.8 (44.9) 10.3 0.07 14.8 0.04* 29.5 0.04* 

Ankle Range 

of Motion (°) 
25.8 22.2 -3.6 0.3 27 2.7 -1.3 0.6 1.1 0.7 3.4 0.3 

Average Power 
(W) 

5.5 (3.7) 5.1 (2.8) -0.4 0.7 9.8 (6.9) 11.6 (8.9) 1.8 0.1 4.3 (4.4) 0.02* 6.5 (6.7) 0.02* 

Peak TQ/BW 

(%) 
5.7 (3) 5.7 (2.6) 0 0.9 8.9 (5.2) 10.2 (6.3) 1.3 0.04* 3.2 (3.1) 0.02* 4.4 (4.7) 0.03* 

Acceleration 

Time (MSEC) 

107.5 (34.1) 102.5 

(31.5) 

-5 0.5 217.5 

(381.8) 

242.5 

(383.5) 

25 0.4 110 (356.8) 0.4 140 

(354.7) 

0.3 

Deceleration 

Time (MSEC) 

193.7 

(119.7) 

262.5 

(195) 

68.8 0.3 295 (368.8) 248.7 

(210.7) 

-46.3 0.5 101.3 

(393.7) 

0.4 -13.7 

(117.4) 

0.7 

\Fast Speed (120° p/s) 

 Baseline Mean (St Dev) 12 Weeks Mean (St Dev) Baseline to 12 Weeks Mean Difference 

 Uninvolved Involved Difference P-Value Uninvolved Involved Difference P-Value Uninvolved P-Value Involved P-Value 

Peak Torque 

(Nm) 
9 7.5 1.4 0.3 10.4 10.8 0.3 0.7 2.9 0.03* 3.2 0.007* 

Max Rep 

Total Work 

(Nm) 

5 3.1 1.9 0.1 5.1 5.8 0.6 0.5 2 0.002* 2.7 0.01* 

Total Work 

(Nm) 
26.7 20.8 5.9 0.1 39.1 42.7 3.6 0.6 18.3 0.01* 21.9 0.01* 
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Ankle Range 

of Motion (°) 
25 22.5 -2.5 0.5 27.1 25.2 -1.9 0.5 2.1 0.5 2.7 0.4 

Average 

Power (W) 

4 (2.8) 3.2 (1.6) -0.8 0.1 6.6 (3.6) 7.4 (5.5) 0.8 0.6 2.5 (2) 0.01* 4.2 (4.5) 0.03* 

Peak TQ/BW 

(%) 

4.3 (2.8) 3.6 (0.9) -0.7 0.3 4.9 (1.8) 4.9 (2) 0 0.9 0.5 (1.7) 0.4 1.2 (1.9) 0.1 

Acceleration 

Time (MSEC) 

175 (102.1) 110 (50.7) -65 0.1 143.7 (42.4) 298.8 

(374.9) 

155.1 0.2 -31.2 

(102.3) 

0.4 188.8 

(346.8) 

0.1 

Deceleration 

Time (MSEC) 

212.5 

(165.5) 

242.5 

(156.7) 

33 0.2 227.5 

(225.1) 

178.8 

(341) 

-48.7 0.3 15 (295) 0.8 36.3 

(316.1) 

0.7 
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Appendix 24: Isokinetic Testing for Ankle Plantarflexion 
 

Slow Speed (60°p/s) 

Baseline Mean (St Dev) 12 Weeks Mean (St Dev) Baseline to 12 Weeks Mean Difference 

 Uninvolved Involved Difference P-Value Uninvolved Involved Difference P-Value Uninvolved P-Value Involved P-Value 

Peak Torque 

(Nm) 
22.5 26.2 3.7 0.1 31.7 39.1 7.3 0.3 9.2 0.1 12.8 0.09 

Max Rep Total 

Work (Nm) 
13 14.2 1.1 0.4 17.3 21.3 3.9 0.4 4.2 0.1 7.1 0.1 

Total Work 

(Nm) 
54.6 59.1 4.5 0.5 63.4 86.2 22.6 0.3 9 0.4 27.1 0.1 

Ankle Range 

of Motion (°) 
45.8 42.2 -3.6 0.3 47 45.7 -1.3 

 

0.6 
1.1 0.7 3.4 0.3 

Average 

Power  (W) 
10.1 (7.4) 12.4(7.9) 2.5 0.08 13.8 (10.8) 18.8(11.4) 4.9 0.2 3.6 (7.9) 0.2 6.4 (9.1) 0.08 

Peak TQ/BW 

(%) 
10.6 (6.2) 12.3(7.2) 1.6 0.1 14.5 (7.5) 18.2(10.9) 3.6 0.2 3.9 (6.6) 0.1 5.8 (8.7) 0.1 

Acceleration 

Time (MSEC) 

151.2 

(106.2) 
92.5(52.3) -58.7 0.2 72.5(45.9) 63.7(48.3) -8.7 0.7 

-78.7 

(113.8) 
0.09 

-28.7 

(68.9) 
0.2 

Deceleration 

Time (MSEC) 

323.8 

(370.7) 
250(165.4) -73.7 0.4 196.2(86.3) 151.2(53.8) -45 0.2 

-127.5 

(341.7) 
0.3 

-98.7 

(182.9) 
0.1 

Fast Speed (120° p/s) 

 Baseline Mean (St Dev) 12 Weeks Mean (St Dev) Baseline to 12 Weeks Mean Difference 

 Uninvolved Involved Difference P-Value Uninvolved Involved Difference P-Value Uninvolved P-Value Involved P-Value 

Peak Torque 

(Nm) 
17.9 12.7 0.3 0.6 18.4 25.7 7.3 0.1 0.4 0.8 7.4 0.1 

Max Rep Total 

Work (Nm) 
10.7 10.3 0.3 0.6 11.9 14.7 2.8 0.3 1.2 0.6 4.4 0.1 

Total Work 

(Nm) 
80.3 69.6 10.7 0.4 84.5 108.4 23.9 0.3 4.1 0.8 38.8 0.1 

Ankle Range 

of Motion (°) 
45 42.5 -2.5 0.5 47.1 45.1 -2 0.4 2.1 0.5 2.6 0.4 
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Average 

Power (W) 
12.4 (11.1) 11.3 (8.8) -1.1 0.4 14(8.3) 19.4(13.4) 5.4 0.2 1.6(9.3) 0.6 8(11.3) 0.08 

Peak TQ/BW 

(%) 
8.5 (6.4) 8.7 (5.7) 0.1 0.7 9.3 (3.3) 12.1(6.6) 2.7 0.1 0.7(4.7) 0.6 3.4(6.1) 0.1 

Acceleration 

Time (MSEC) 
96.2 (37.3) 112.5(49.5) 

 

16.2 
0.1 115(75.5) 80(41.4) -35 0.08 18.7(64.2) 0.4 

-32.5 

(51.4) 
0.1 

Deceleration 

Time (MSEC) 
270 (209.1) 257.5(144) -12.5 0.8 30.8(302.8) 143.7(26.1) -165 0.1 38.7(144.6) 0.4 

-113.7 

(137.1) 
0.05* 
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Appendix 25: Isokinetic Testing for Knee Extension 
 

Slow Speed (60°p/s) 
Baseline Mean (St Dev) 12 Weeks Mean (St Dev) Baseline to 12 Weeks Mean Difference 

 Uninvolved Involved Difference P-Value Uninvolved Involved Difference P-Value Uninvolved P-Value Involved P-Value 
Peak Torque 

(Nm) 87.3 84.6 2.7 0.7 111.5 115.8 4.3 0.6 24.2 0.07 31.2 0.01* 

Max Rep Total 
Work (Nm) 

93.4 93.4 0.01 0.9 112.2 125.3 13.1 0.2 18.8 0.1 31.9 0.01* 

Total Work (Nm) 375.5 401.7 26.2 0.5 484.8 560.9 76 0.1 109.3 0.1 159.1 0.009* 
Knee Range of 

Motion (°) 
83 82.4 -0.6 0.9 86.4 89.4 3 0.6 3.3 0.5 6.9 0.2 

Average 

Power (W) 
45.7(33.2) 47.3(33.4) 1.5 0.7 63.1(42.8) 68.9(39.4) 5.8 0.1 17.3(17) 0.02* 21.6(16) 0.006* 

Peak TQ/BW 

(%) 
39.1(24) 38.7(22.5) -0.3 0.9 49.9(33.4) 52.2(26.2) 2.5 0.5 10.8(14.3) 0.06 13.7(13.8) 0.02* 

Acceleration 

Time (MSEC) 
88.7(52.7) 87.5(44) -1.2 0.9 83.7(37.3) 51.2(33.9) -32.5 0.001* -5(31.1) 0.6 -36.2(38.8) 0.03* 

Deceleration 

Time (MSEC) 
298.7(131.5) 281.2(115.1) -17.5 0.6 163.7(95.3) 173.7(74.6) 10 0.6 -135(67.1) 0.0007* 

-

107.5(62.5) 
0.001* 

Moderate Speed (180° p/s) 
 Baseline Mean (St Dev) 12 Weeks Mean (St Dev) Baseline to 12 Weeks Mean Difference 

 Uninvolved Involved Difference P-Value Uninvolved Involved Difference P-Value Uninvolved P-Value Involved P-Value 

Peak Torque 
(Nm) 41.6 40.8 0.8 0.7 53.5 60.2 6.6 0.2 11.9 0.07 19.4 0.04* 

Max Rep Total 
Work (Nm) 35.6 42 6.3 0.09 55.2 65.1 9.9 0.1 19.5 0.08 23 0.03* 

Total Work (Nm) 256.2 318.4 62.2 0.2 470.5 528.9 58.3 0.5 214.3 0.1 210.4 0.02* 
Knee Range of 

Motion (°) 
82.4 81.5 -0.9 0.8 85.2 88.8 3.6 0.5 2.7 0.6 7.2 0.2 

Average 

Power (W) 
34.8(36.2) 44.6(46.6) 9.8 0.2 71.3(49.8) 78.7(55.3) 7.3 0.4 36.5(42.9) 0.04* 34(33.8) 0.02* 

Peak TQ/BW 18.8(11.3) 19.4(12) 0.6 0.6 24.9(15.2) 28.1(15) 3.2 0.1 6.1(8.5) 0.08 8.7(9) 0.02* 
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Acceleration 

Time (MSEC) 
99.2(49.5) 160(172.2) 60.7 0.2 95(45) 83.7(33.7) -11.2 0.4 -4.2(65.2) 0.8 

-

76.2(162.8) 
0.2 

Deceleration 

Time (MSEC) 
261.2(206.7) 330(347.4) 68.7 0.3 202.5(157.4) 200(139.8) -2.5 0.8 58.7(220.7) 0.4 

-

130(261.4) 
0.2 

Fast Speed (300° p/s) 
 Baseline Mean (St Dev) 12 Weeks Mean (St Dev) Baseline to 12 Weeks Mean Difference 
 Uninvolved Involved Difference P-Value Uninvolved Involved Difference P-Value Uninvolved P-Value Involved P-Value 

Peak Torque 
(Nm) 37.4 39.4 2 0.6 40.1 42 1.9 0.7 2.6 0.5 2.6 0.7 

Max Rep Total 
Work (Nm) 26.4 29.7 3.3 0.3 34.1 38.5 4.4 0.5 7.7 0.3 8.8 0.04* 

Total Work (Nm) 319.3 369.9 50.6 0.2 423.1 487.5 64.4 0.5 103.8 0.2 117.6 0.06 

Knee Range of 
Motion (°) 

79 76.9 
-2.1 

0.7 84.5 87.3 
2.8 

0.6 5.4 0.4 10.3 0.1 

Average 

Power (W) 
38(31.7) 44.4(43.9) 6.4 0.3 58.2(41) 61.9(41.8) 3.7 0.7 20.1(33.7) 0.1 17.5(21.4) 0.05* 

Peak TQ/BW 

(%) 
17.8(8.4) 17.6(9.5) -0.2 0.8 18.7(7.6) 21.1(8.3) 2.3 0.2 0.8(6) 0.7 3.5(6.3) 0.1 

Acceleration 

Time (MSEC) 
103.7(35.8) 118.7(38.7) 15 0.01* 98.7(27.4) 131.2(47.6) 32.5 0.03* -5(46.2) 0.7 12.5(37.3) 0.3 

Deceleration 

Time (MSEC) 
218.7(122.9) 280(211.5) 61.2 0.2 197.5(143.5) 235(208.8) 37.5 0.1 -21.2(148.9) 0.6 -45(88.8) 0.1 
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Appendix 26 Isokinetic Testing for Knee Flexion 
Slow Speed (60°p/s) 

Baseline Mean (St Dev) 12 Weeks Mean (St Dev) Baseline to 12 Weeks Mean Difference 
 Uninvolved Involved Difference P-Value Uninvolved Involved Difference P-Value Uninvolved P-Value Involved P-Value 

Peak Torque 
(Nm) 46.9 46.3 0.6 0.9 55.1 51.9 6.8 0.1 8.1 0.2 15.6 0.02* 

Max Rep Total 
Work (Nm) 49.8 46.3 3.4 0.4 58.2 65.9 7.6 0l.1 8.4 0.2 19.5 0.03* 

Total Work (Nm) 193.4 193.9 0.5 0.9 254.3 280.3 26 0.3 60.9 0.1 86.4 0.03* 

Knee Range of 
Motion (°) 

83 82.4 -0.6 0.9 86.3 89.3 3 0.6 3.2 0.5 6.9 0.2 

Average 

Power (W) 
24.1(21.7) 23(18.1) -1.1 0.7 33.1(25.2) 35.2(25.6) 2.1 0.5 8.9(12.6) 0.08 12.1(14.1) 0.04* 

Peak TQ/BW 

(%) 
21(15.2) 21.3(12.8) 0.3 0.9 25(15.3) 28.2(16.7) 3.1 0.1 4(7.5) 0.1 6.8(7.8) 0.04* 

Acceleration 

Time (MSEC) 
113.7(75.7) 211.2(272.3) 97.5 0.2 123.7(96.2) 88.7(96.5) -35 0.01* 10(56.3) 0.6 

-122.5 

(183.9) 
0.1 

Deceleration 

Time (MSEC) 
241.2(135) 172.5(35.7) -68.7 0.2 177.5(76.1) 122.5(50.3) -55 0.1 -63.7 (140.4) 0.2 -50(35.4) 0.05* 

Moderate Speed (180° p/s) 
Ω 

 Baseline Mean (St Dev) 12 Weeks Mean (St Dev) Baseline to 12 Weeks Mean Difference 

 Uninvolved Involved Difference P-Value Uninvolved Involved Difference P-Value Uninvolved P-Value Involved P-Value 

Peak Torque 
(Nm) 24.8 20.9 3.9 0.2 25.8 33.3 7.4 0.3 1 0.8 12.4 0.08 

Max Rep Total 
Work (Nm) 17.1 12.9 4.2 0.1 26.1 30.7 4.5 0.2 8.9 0.2 17.7 0.06 

Total Work (Nm) 104.5 101 6.3 0.7 201.7 235.2 33.4 0.4 94.3 0.2 134.1 0.1 

Knee Range of 
Motion  (°) 

82.4 81.5 -0.9 0.8 85.2 88.8 3.6 0.5 2.8 0.6 7.3 0.2 

Average 

Power (W) 
15(19.1) 14.6(16.8) -0.4 0.9 30.9(31) 34.6(33.5) 3.7 0.2 15.8(27.7) 0.1 20(30.7) 0.1 

Peak TQ/BW 

(%) 
11.6(6.3) 9.7(5.6) -1.8 0.2 15.4(10.2) 15.4(9.7) 0 1 3.7(7.8) 0.2 5.6(7.7) 0.07 
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Acceleration 

Time (MSEC) 
198.7(124.4) 192.5(107) -6.2 0.7 195(183.9) 160(107.1) -35 0.2 -3.7(86.8) 0.9 -32.5(36.9) 0.04* 

Deceleration 

Time (MSEC) 
290(214.6) 196.2(138.4) -93.7 0.02* 145(44) 132.5(46.8) -12.5 0.1 -145(207.5) 0.08 -63.7(136.1) 0.2 

Fast Speed (300° p/s) 
 Baseline Mean (St Dev) 12 Weeks Mean (St Dev) Baseline to 12 Weeks Mean Difference 
 Uninvolved Involved Difference P-Value Uninvolved Involved Difference P-Value Uninvolved P-Value Involved P-Value 

Peak Torque 
(Nm) 24.2 25.6 1.4 0.7 36.4 34.8 1.6 0.6 12.2 0.05* 9.2 0.04* 

Max Rep Total 
Work (Nm) 10.6 8.5 2 0.4 15.4 16 0.5 0.8 4.8 0.3 7.4 0.1 

Total Work (Nm) 117.5 85 32.5 0.3 145.1 163 17.9 0.5 -27.5 0.6 78 0.1 

Knee Range of 
Motion (°) 

81 79.6 -1.4 0.8 84.5 87.3 2.8 0.6 3.4 0.5 7.6 0.2 

Average 

Power (W) 
14.3(20.1) 10.6(12.3) - 3.7 0.4 19.5(18.2) 20.9(20.5) 1.4 0.6 5.2(25.6) 0.5 10.3(18.9) 0.1 

Peak TQ/BW 

(%) 
12.9(1.9) 11.8(5.9) -1 0.5 16.6(8.8) 16(7) -0.5 0.7 3.7(6.9) 0.1 4.2(5.2) 0.05* 

Acceleration 

Time (MSEC) 
236.5(118.1) 208.7(60.5) -27.5 0.3 215(135.9) 235(141.2) 20 0.1 -21.2(111.9) 0.6 26.2(114.8) 0.5 

Deceleration 

Time (MSEC) 
232.5(118.1) 185(80.7) -47.5 0.06 160(68.4) 153.7(52.6) -6.2 0.4 -72.5(127.3) 0.1 -31.2(74.7) 0.2 
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