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Masters Abstract 

 

Effects of Aquatic Therapy versus Standard Care on Non-Specific Chronic Low Back Pain and 

Feasibility of mHealth Application Play the Pain: A Pilot Randomized-Controlled Trial 

 

Nicolas Vaillancourt 

 

Introduction: The effects of aquatic exercise on psychological function associated with chronic LBP 

remains poorly understood and adherence to exercise-based interventions in CLBP is low. A 

promising solution to improve adherence is through the integration of mobile health application Play 

the Pain, which allows for continuous self-tracking of pain.  

 

Objectives: The primary objective of my thesis was to compare the effects of aquatic therapy to 

standard care on CLBP in terms of pain, disability, and psychological factors. The secondary 

objective was to determine the feasibility of using Play the Pain in a CLBP clinical intervention in 

terms of adherence and satisfaction.  

 

Methods: 34 participants with CLBP were randomized to the aquatic therapy (AT) group or the 

standard care (SC) group (AT, n=18; SC, n=16), while 12 participants tested Play the Pain. Outcome 

measures were pain (NPRS), disability (ODI), quality of life (SF-12), depression and anxiety 

(HADS), pain catastrophizing (PCS), kinesiophobia (TSK-11), insomnia (ISI) and adherence and 

satisfaction with the app.  

 

Results: Both groups significantly improved pain, disability, pain catastrophizing and quality of life 

with no differences between groups. Twelve participants used Play the Pain and 6 completed the exit 

survey. The adherence to the app was at 41.6% and the user satisfaction was low.   

 

Conclusions: Our results provide preliminary evidence on the efficacy of aquatic therapy to improve 

pain, disability and psychological outcomes associated with CLBP. We encountered many technical 

difficulties during the study that prevented our ability to adequately determine the feasibility of Play 

the Pain.  

 

 

 

 

 

 

 

 

 

 

 



 
 

iv 
 

Acknowledgements 

 

I would like to thank my supervisor, Dr. Maryse Fortin, for her constant guidance and 

mentorship throughout my Masters thesis. I am grateful for your trust in me, and for allowing me 

to oversee see a project of this magnitude. I would also like to thank my colleague and friend 

Chanelle Montpetit, who administered the study with me every step of the way. Chanelle, your 

help was vital to the completion of my Masters Thesis. I would like to thank Brent Rosenstein 

and Victor Kerin. Thank you, Brent, for assisting Chanelle and I through this project and making 

sure everything went smoothly every step of the way. Victor, I am grateful for your help in the 

mHealth project, your contribution was invaluable. To all INSPIRE lab members, thank you for 

all the feedback in the different presentations I gave regarding my topic and the continued 

support during my Masters. Lastly, I would like to thank Dr. Dover, Dr. DeMont and Dr. Khalili-

Mahani for lending me their time by agreeing to be part of my thesis committee.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

v 
 

Contributions of Authors 

 

Manuscript 1 

 

Study Conception and Design: Nicolas Vaillancourt, Brent Rosenstein, Chanelle Montpetit & 

Maryse Fortin 

Data Collection: Nicolas Vaillancourt & Chanelle Montpetit  

Analysis and Interpretation of Results: Nicolas Vaillancourt & Maryse Fortin  

Manuscript Preparation: Nicolas Vaillancourt & Maryse Fortin 

 

 

Manuscript 2 

 

Study Conception and Design: Nicolas Vaillancourt, Chanelle Montpetit, Najmeh Khalili-

Mahani & Maryse Fortin 

Data Collection: Nicolas Vaillancourt & Chanelle Montpetit  

Analysis and Interpretation of Results: Nicolas Vaillancourt, Victor Kerin & Maryse Fortin  

Manuscript Preparation: Nicolas Vaillancourt, Victor Kerin & Maryse Fortin 

 

All authors reviewed the final manuscript and approved the contents.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

vi 
 

Table of Contents 

 

List of Figures ...................................................................................................................................... viii 

List of Tables ......................................................................................................................................... ix 

Chapter 1: Review of Literature ............................................................................................................... 1 

1. Low Back Pain Prevalence ............................................................................................................... 1 

2. Low Back Pain Economic Burden .................................................................................................... 1 

3. Low Back Pain Definition ................................................................................................................ 1 

3.1.1. Pain Classifications ....................................................................................................2 

4. Specific and Non-Specific Low Back Pain ....................................................................................... 2 

5. Pain Models ..................................................................................................................................... 2 

5.1. The Gate Control Theory of Pain ..................................................................................... 2 

5.2. The Neuromatrix Model of Pain Theory ............................................................................ 3 

5.3. The Biopsychosocial Model of Pain ................................................................................. 3 

5.4. Biological Factors of Pain ............................................................................................... 4 

5.4.1. Tissue Health .............................................................................................................4 

5.4.2. Central Sensitization ...................................................................................................4 

5.4.3. Cortical Reorganization ..............................................................................................5 

5.4.4. Genetic Predisposition to CLBP ...................................................................................5 

5.5. Psychological Factors of CLBP........................................................................................ 5 

5.5.1. Pain Catastrophizing and the Fear-Avoidance Model ......................................................6 

5.5.2. Pain Catastrophizing and Kinesiophobia .......................................................................6 

5.5.3. Self-Efficacy .............................................................................................................7 

5.6. Social Factors ................................................................................................................ 7 

6. Treatment Guidelines for Chronic Low Back Pain............................................................................ 7 

7. Treatment Recommendations for Psychosocial Factors Associated with CLBP ................................ 8 

7.1. Exercise Therapy ........................................................................................................... 9 

7.2. Therapeutic Aquatic Exercise (Aquatic Therapy) ............................................................... 9 

7.2.1. Physical Properties of Water and Physiological Benefits .................................................9 

7.2.2. Muscle Activation ....................................................................................................10 

8. Therapeutic Aquatic Exercise Compared to No Intervention .......................................................... 10 

9. Therapeutic Aquatic Exercise Compared to Physical Therapy Modalities ....................................... 11 

10. Therapeutic Aquatic Exercise Compared to Land-Based Exercise .................................................. 12 



 
 

vii 
 

11. Limitations in Previous Aquatic Therapy Studies ........................................................................... 14 

12. Barriers to the Treatment of Chronic Low Back Pain ..................................................................... 14 

13. Mobile Health Devices .................................................................................................................. 15 

13.1. mHealth Devices and Applications for Chronic Pain ........................................................ 15 

13.2. Play the Pain ............................................................................................................... 16 

14. Thesis Rationale ............................................................................................................................ 17 

Chapter 2: Project 1 - Effects of Aquatic Therapy versus Standard Care on Non-Specific Chronic Low 

Back Pain: A Randomized Controlled Trial ........................................................................................... 18 

15. Introduction ................................................................................................................................... 18 

16. Methods......................................................................................................................................... 19 

17. Results ........................................................................................................................................... 21 

18. Discussion ..................................................................................................................................... 29 

19. Conclusion .................................................................................................................................... 32 

Chapter 3: Project 2 – Feasibility and User Experience of Mobile Health Application Play the Pain in a 

10-week Clinical Intervention for Persons with Chronic Low Back Pain ................................................ 33 

20. Introduction ................................................................................................................................... 33 

21. Methods......................................................................................................................................... 34 

22. Results ........................................................................................................................................... 36 

22.1. Adherence ................................................................................................................... 36 

22.2. Satisfaction ................................................................................................................. 37 

23. Discussion ..................................................................................................................................... 39 

24. Conclusion .................................................................................................................................... 41 

Chapter 3: Future Directions and General Discussion............................................................................. 42 

Bibliography ......................................................................................................................................... 43 

Appendix: ............................................................................................................................................. 55 

24.1. Play the Pain User Interface........................................................................................... 55 

24.2. Aquatic Therapy Protocol ............................................................................................. 56 

 

 

 

 

 



 
 

viii 
 

List of Figures  

Figure 1: Consort Flow Diagram .................................................................................................. 22 
Figure 2: Graph representing adjusted mean change in NPRS from baseline to post-intervention with 

standard error. ............................................................................................................................. 26 
Figure 3: Graph representing adjusted mean change in ODI from baseline to post-intervention with 

standard error. ............................................................................................................................. 26 
Figure 4: Graph representing adjusted mean change in SF-12 total score from baseline to post-

intervention with standard error. .................................................................................................... 27 
Figure 5: Graph representing adjusted mean change in PCS score from baseline to post-intervention with 

standard error. ............................................................................................................................. 27 
Figure 6: Graph representing adjusted mean change in TSK-11 score from baseline to post-intervention 

with standard error. ...................................................................................................................... 28 
Figure 7: Graph representing adjusted mean change in HADS score from baseline to post-intervention 

with standard error. ...................................................................................................................... 28 
Figure 8: Average adherence rate of “Play the Pain” app over 10-week period (n=12) ......................... 37 
Figure 9: Attitudes towards using “Play the Pain” application (n=6).................................................. 38 
Figure 10: Overall experience using the “Play the Pain” application (n=6) ......................................... 39 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

ix 
 

List of Tables 

Table 1: Demographics and Baseline Characteristics ....................................................................... 23 
Table 2: Adjusted Mean Results with Standard Error for Pain, Disability and Psychological Outcomes . 25 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

1 
 

Chapter 1: Review of Literature 

1. Low Back Pain Prevalence 

 

Low back pain (LBP) is the leading cause of disability worldwide1. In 2020, an estimated 

619 million people where affected by LBP and by 2050, the estimated number of cases will rise 

to 843 million globally2. Lifetime prevalence of LBP in the general population of developed 

countries ranges from 75% to 84%3. LBP prevalence is elevated across all ages, even in children 

and adolescents. An estimated 7% to 72% of 10 to 19 years old have suffered from LBP at some 

point in their life4. Once individuals reach 18 years of age, the prevalence of LBP becomes closer 

to that of adults4. The prevalence of LBP increases with age5 and varies between sexes. Global 

prevalence of LBP is greater in females than males and most prevalent in the age range of 40 to 

80 years old6.  

2. Low Back Pain Economic Burden 

 

The economic burden of LBP can be due to direct or indirect costs. The direct costs 

associated with the economic burden of LBP are healthcare costs, while the indirect costs are due 

to lost worker productivity. Indirect costs represent approximately 85.5% of the economic 

burden of LBP, while direct costs represent about 14.5% of the cost7. LBP is a major cause of 

both healthcare costs and lost worker productivity7. A 2002 study showed that in Canada, 

medical costs associated with LBP range from 6 to 12 billion CAD per year and is still rising8. A 

2001 study in Australia found the economic burden of LBP to be an estimated 9 Billion AUD 

with 8 billion AUD being attributed to indirect costs and 1 Billion AUD attributed to direct 

healthcare costs9.  There are a lot of variations between studies in measures of economic burden 

associated with LBP, especially from indirect costs. A 2023 systematic review analyzing the 

regions of North America, Europe and the West Pacific estimated yearly direct costs associated 

with LBP to range from 2.3 Billion EUR to 2.6 Billion EUR, while the indirect costs ranged 

from 0.24 Billion EUR to 8.15 Billion EUR10. Since increased age is associated with a higher 

prevalence of LBP, the evermore aging populations is cause for concern11. Projections show 

there will be an increased number of people with LBP in the future, with a more rapid increase in 

low-income and middle income countries12. LBP pain is the most common reason for adults to 

retire early from the workforce11. Individuals who retire early from the workforce have 87% less 

wealth accumulation than those who remain in full-time employment13.  

3. Low Back Pain Definition 

 

Following a consensus approach toward the standardization of back pain definitions, 

researchers have been using the following LBP definition: “low back pain is defined as pain 

and discomfort, localized below the costal margin and above the inferior gluteal folds, with or 

without leg pain”14. LBP is subdivided into three categories: acute, subacute, and chronic. 
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Acute is LBP lasting 0 to 6 weeks, subacute is LBP lasting 6 to 12 weeks and chronic is LBP 

lasting over 12 weeks15. This thesis focused on LBP lasting over 12 weeks.  

3.1.1. Pain Classifications 

According to the International Association for the Study of Pain16, pain can be classified as 

nociceptive, neuropathic and nociplastic. Nociceptive pain occurs from actual or threatened 

damage to non-neural tissue via the activation of nociceptors. Neuropathic pain occurs due to a 

lesion of the somatosensory nervous system. Nociplastic pain happens due to altered nociception 

without any clear evidence of actual or threatened tissue damage which would normally cause 

the activation of nociceptors. Biological factors that can exacerbate chronic pain perception 

include tissue health, central sensitization, cortical reorganization, and genetic predisposition.  

4. Specific and Non-Specific Low Back Pain  

 

LBP can be further subdivided into specific and non-specific LBP12. Specific LBP is 

caused by a known specific pathophysiological mechanism17. The mechanism of specific LBP 

can be spinal or non-spinal in origin. Non-spinal causes of specific LBP include: disease of 

the pelvic organs, vascular disorders or systemic disorders and malignancy12,17. Disease of the 

pelvic organs like prostatitis or endometriosis and vascular disorders like an aortic aneurysm 

can cause LBP17.  Specific LBP from malignancies are uncommon, but they are most common 

in people with metastatic cancer12. Spinal causes of specific LBP include: vertebral fracture, 

axial spondyloarthritis, spinal infections, spinal stenosis and cauda equina syndrome12,17. 

Spondyloarthritis is a chronic inflammatory disease that mainly affects younger individuals of 

ages 20 to 40 years old12. Spinal infections include spondylodiscitis, vertebral osteomyelitis, 

epidural abscess and facet joint infection12. Spinal infections are rare and associated with a 

high rate of mortality. Cauda equina syndrome is an extremely rare condition where the nerve 

roots of the lumbar spine are compressed and occurs as a complication of an intervertebral 

disc herniation12.  In some cases, when there is nerve root involvement, herniated discs can be 

a specific cause of LBP17.  However, different types of herniated discs are also prevalent in 

asymptomatic individuals and are therefore not always a specific cause of LBP18. 

Degenerative disc disease is common in aging populations and often present in asymptomatic 

individuals, therefore we cannot attribute degenerative disc disease as a specific cause of 

LBP18. Non-specific LBP occurs without a clear nociceptive cause and accounts for 80 to 90% 

of all cases of LBP19. Non-specific LBP occurs due to a combination of biological, 

psychological and social factors20,21. This thesis focused on non-specific LBP.  

5. Pain Models 

5.1. The Gate Control Theory of Pain 

The gate control theory of pain was conceived by Ronald Melzack and Patrick Wall in 

196522. The theory illustrates the role of the spinal cord in pain modulation and has since been 

refined. The theory explains that the spinal cord acts a gate between peripheral nerve conduction 

and the transmission of nociceptive information to the brain23. Nociceptive information is 

synapsed from primary afferent neurons to the spinal cord. There are three types of primary 
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afferent neurons which carry information from the peripheral nervous system to the spinal cord: 

A-Beta fibers, A-delta fibers, and C fibers. A-Beta fibers have a large diameter, which allows for 

rapid transmission of non-noxious stimuli to the spinal cord. A-delta and C-fibers have small 

diameters and conduct noxious stimuli to the spinal cord at slow rate of transmission. 

Nociceptive signals from A-delta and C-fibers are transmitted to the brain and interpreted as 

pain. The “gate” portion of the theory comes from the metaphorical opening and closing of the 

transmission point between the spinal cord and the brain. Interestingly, by stimulating A-beta 

fibers, the “gate” can be closed, which inhibits A-delta and C-fibers and results in a decrease in 

pain. The original minds behind the theory highlighted that the gate control theory must account 

for a number of factors. Two of those factors are particularly important: 1) pain can persist after 

tissue healing and 2) pain is a multi-dimensional experience that can be affected by emotional 

and cognitive factors. These factors can be accounted for by the neuromatrix model of pain and 

the biopsychosocial model of pain, which did not yet exist at that time.  

5.2. The Neuromatrix Model of Pain Theory 

 

The neuromatrix model of pain was conceived in the 1990s by Rondald Melzack and is a 

continuation of his work on the gate control theory of pain. The neuromatrix model of pain 

proposes pain is a multi-dimensional experience produced by a complex neural network called 

the body-self neuromatrix24,25.  According to the author, the body self-neuromatrix is comprised 

of three neuromodules: sensory, affective, and cognitive neuromodules. Each neuromodule is a 

functional unit within the body-self neuromatrix responsible for generating a unique aspect of the 

pain experience. The sensory neuromodule refers to the part of the body and the nervous system 

responsible for relaying sensory information to the brain. The affective neuromodule is related to 

the emotional aspects of pain such as anxiety, depression, and fear. The cognitive neuromodule 

attaches meaning to the experience and is related to memories of past experiences and attention. 

During a painful experience, the body-self neuromatrix interprets and synthesizes information 

and generates a complex bodily response. The outputs of the body-self neuromatrix can be 

separated into three sections: pain perception, action programs and stress-regulation programs. 

Pain perception is the perceived painful response while action programs can be interpreted as the 

commands the brain sends to the body in response to the painful experience. Action patterns can 

be voluntary or involuntary adaptive changes that occur in the body, such as behavioral changes. 

Stress-regulation programs are the body’s response to pain and the body’s reaction to a 

disturbance in homeostasis. The disruption of homeostasis produces a hormonal response aimed 

at returning to homeostasis. The stress-regulation programs control the release of the stress 

hormones cortisol and norepinephrine, which are part of the body’s fight or flight response. The 

fight or flight response is an important survival mechanism designed to induce stress and prepare 

the body for action. However, prolonged production of cortisol may damage soft-tissue and 

produce a state of chronic pain25.   

5.3. The Biopsychosocial Model of Pain 

 

The biopsychosocial model was first proposed by George Engel in 1977 and was 

progressively introduced to research in pain management during the 1980s20. The 

biopsychosocial model of pain challenged the paradigm of pain management by claiming painful 
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experiences are not only a result of biomedical causes26. During the last few decades, the 

biopsychosocial model has been refined and has helped with the understanding and treatment of 

chronic pain. There is some overlap between the driving concepts of the neuromatrix model of 

pain theory and the biopsychosocial model of pain. However, the biopsychosocial model of pain 

is the most widely accepted perspective to the understanding and treatment of chronic pain20. 

The biopsychosocial model focuses on both injury and pain. Injury is defined as an objective 

biological event involving the disruption of specific body structures or organ systems caused by 

either anatomical, pathological or physiological changes20. The model explains that pain is not 

always a direct result of injury, and pain should instead be viewed as a complex modulated 

response that occurs from an interaction of biological, psychological and social factors20. 

Therefore, the severity of pain is not directly proportional to the severity of the injury. The 

interpretation of nociceptive signals, or pain, is a subjective experience that is unique to each 

person20. There are many components included in the biopsychosocial model of pain that can 

influence a person’s painful experience. These factors are a combination of biological, 

psychological, and social factors.  

5.4. Biological Factors of Pain 

5.4.1. Tissue Health 

 

Damage to soft tissue structures is a common biological source of pain. Soft tissue 

structures like skin, muscles and joints contain specialized peripheral sensory neurons called 

nociceptors. Normally, nociception and the perception of pain is evoked only under conditions of 

mechanical pressure and temperatures extreme enough to potentially injure tissues27. High 

threshold physical and noxious chemical stimuli are detected by nociceptors. Therefore, if 

damage to a tissue is substantial enough, nociceptors will be stimulated and send nociceptive 

information to the brain via the central nervous system. This nociceptive information is delivered 

to the brain as noxious stimuli to the brain, which the brain then interprets as pain. Noxious 

stimuli interpretation, or pain, varies greatly depending on the person. Soft-tissue structures 

associated with joints of the low back that can become damaged include the sacroiliac joint, the 

intervertebral discs, nerve roots, the lumbar intervertebral joints and facet joints, and vertebral 

ligaments such as the intervertebral ligaments and the iliolumbar ligaments. Soft-tissue structures 

associated with musculature of the low back that can become damaged include the multifidus, 

the erector spinae, the quadratus lumborum, the psoas major and minor, and the gluteus muscles. 

Following injury and damage to the tissues, the body will create an inflammatory cascade to 

elicit a healing response. The inflammatory cascade produces chemical mediators like histamines 

and bradykinin which causes chemical nociception27. The inflammatory response can be acute or 

chronic depending on the nature of the injury. Chronic injuries can be associated with chronic 

inflammation and produce chemical nociception for an extended period of time27.  

5.4.2. Central Sensitization 

Chronic pain can cause overstimulation of the nervous system by constantly sending 

afferent nociceptive signals to the brain. The overstimulation causes the nervous system to go 

into a state of hyper reactivity to stimuli, a state otherwise known as windup20. When the nervous 

system is in a state of windup, the threshold of a normal painful response becomes lowered 
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which causes pain to persist even after the tissues have healed. Central sensitization is 

characterized by allodynia and hyperalgesia.  

5.4.2.1. Allodynia and Hyperalgeasia 

Allodynia is a type of neuropathic pain that causes an extreme sensitivity to stimuli that 

are normally non-painful, like touch. Hyperalgesia is a heightened painful response to a stimulus 

that is normally painful16. There is no consensus in the literature on the presence of central 

sensitization in CLBP28. Some studies have reported hyperalgesia CLBP patients29–32, some 

studies found higher pain thresholds in patients with CLBP33, while others found no differences 

in pain thresholds between CLBP patients and healthy controls34–36. A specific subgroup of 

CLBP patients who also have fibromyalgia have been found to have central sensitization37. 

5.4.3. Cortical Reorganization 

Cortical reorganization occurs when the brain undergoes structural and functional 

changes in response to prolonged stimulus. and can occur in patients with CLBP38. Abnormal 

functional connectivity between the medial prefrontal cortex and brain regions within the default 

mode network were observed in patients with CLBP39. These cortical reorganizations are 

correlated with pain duration, pain severity and pain interference39. Brain activity associated with 

acute LBP is limited to regions of the brain involved in acute pain40. However, brain activity 

related to CLBP is confined to the emotional circuits of the brain40. This finding suggests with 

chronification of LBP, the brain can undergo a significant shift in neural mapping and activity. 

Several studies have also found that maladaptation to chronic pain can cause dysfunction in the 

emotional and cognitive regions of the brain41–43. The dysfunction in emotional and cognitive 

regions of the brains could be linked to the psychosocial factors of CLBP.  

5.4.4. Genetic Predisposition to CLBP 

 

There can be genetic predispositions to developing CLBP. Twin studies found the heritability 

of back pain to be in the range of 32% to 68%44–46. A genome wide association study of 509 000 

individuals from Freidin et al.47 found specific genes associated with the development of CLBP. 

The genes associated with predisposition to CLBP can be classified as biomedical and 

biopsychosocial, with the principal predisposition being from biopsychosocial genes. The 

biomedical genes associated with CLBP are linked to altered functioning of the central nervous 

system, poor skeletal muscle function and increased likelihood of developing degenerative disc 

disease47. The biopsychosocial type genes are linked to poor psychological functioning with an 

increased likelihood of having anxiety and depressive disorders48. The genetic predisposition to 

CLBP through genes associated with anxiety and depression further supports the psychosocial 

aspect of the biopsychosocial model of pain.  

5.5. Psychological Factors of CLBP 

 

Psychological factors like depression, anxiety, pain related fears, fear-avoidance beliefs 

and self-efficacy are important predictors and exacerbators of CLBP20,21,49. In general, 

psychological factors can be classified as emotional or cognitive. Emotion is the more immediate 

reaction to nociception and cognition attaches meaning to the emotional experience of pain20. 
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Cognition can therefore amplify the experience of pain causing additional distress. Depression is 

a mood disorder that negatively affects how a person feels. Common symptoms of depression 

include persistent feelings of sadness, hopelessness, irritability, frustration, guilt, loss of interest 

in hobbies, decreased energy and unexplained aches and pains. Symptoms must last two weeks 

to have a diagnosis of depression with depression severity ranging from mild to severe50. The 

prevalence of depression disorder in individuals with CLBP is high. A study of 1,172 individuals 

with CLBP found that 25% had moderate to severe depression51. Depression co-existing with 

chronic pain has been the subject of a “chicken and the egg” debate. Does chronic pain cause 

depression or does depression lead to chronic pain? The literature suggests that both are true. 

There is evidence supporting pre-existing depression as a risk factor to chronic pain 

development52. In contrast, a review found depression to more often be developed as a result of 

chronic pain53. Depression is an exacerbator of pain severity in individuals with CLBP. 

Individuals with CLBP and depression report significantly higher pain levels and significantly 

lower health-related quality of life54. Anxiety is a psychological and physiological state 

characterized by cognitive, somatic, emotional, and behavioral components producing fear and 

worry46. Generalized anxiety disorder occurs when feelings of anxiety occur for several months 

or years55. Generalized anxiety disorder is the most diagnosed anxiety disorder in the CLBP 

population56. A study looking at 1,172 individuals with CLBP found a prevalence of generalized 

anxiety disorder of 23.9%56, similar to the prevalence of depression in CLBP.  Anxiety is 

associated with a lower threshold to nociceptive stimuli, meaning individuals with generalized 

anxiety disorder feel more pain for the same stimulus compared to healthy controls57. Anxiety 

also contributes to exacerbation of chronic pain by being a mediator for pain catastrophizing and 

fear avoidance beliefs58.  

5.5.1. Pain Catastrophizing and the Fear-Avoidance Model 

 

Pain catastrophizing and fear avoidance beliefs are the most important predictors and 

exacerbators of CLBP. Pain catastrophizing is type of pain related fear, defined as an 

exaggerated negative orientation toward actual or anticipated painful experiences20. 

Catastrophizing is associated with increased pain intensity and duration, as well as psychological 

and physical dysfunction across clinical and nonclinical population20. The fear-avoidance model 

began as a theoretical framework explaining how catastrophic thinking may lead to chronic pain 

and disability59. The fear-avoidance model is separated into affective (fear) and behavioral 

(avoidance) components. Individuals with pain catastrophizing believe pain equates with harm to 

the body, which often evolves into pain-related fears. Pain-related fears lead to avoidance 

behaviors and hypervigilance to avoid painful sensations. Avoidance behaviors and 

hypervigilance lead to disuse, degeneration of tissues, depression and disability which further 

exacerbates pain and creates a cycle of chronic pain.  

5.5.2. Pain Catastrophizing and Kinesiophobia 

 

Avoidance behaviors can be specific to physical movement and physical activity. 

Kinesiophobia is defined as “a condition in which a patient has an excessive, irrational, and 

debilitating fear of physical movement and activity resulting from a feeling of vulnerability to 

painful injury or re-injury”60 . A study of 11,214 individuals with chronic pain found a 39% 

prevalence of high pain catastrophizing, with a large portion of patients having CLBP61. Fear-

https://www.zotero.org/google-docs/?f8VjIW
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avoidance beliefs have been shown to be important predictors of developing or sustaining CLBP 

and are associated with long term disability. High pain catastrophizing and fear-avoidance 

beliefs at baseline have been established as a predictor of pain and disability at 12 months in 

CLBP49. High fear-avoidance beliefs related to work are predictors of pain, disability and of still 

being on sick leave at 12 months62. Similar outcomes have been seen in individuals with high 

levels of kinesiophobia63.  

5.5.3. Self-Efficacy 

 

Self-efficacy is an important component in the self-management of CLBP. Self-efficacy 

is defined as “one’s belief in their capacity to organize and execute the courses of action 

required to produce given attainments”64. Self-efficacy therefore refers to an individual’s belief 

in their capacity to complete a task, rather than a measure of their actual capacity to complete 

said task. In the context of pain, pain self-efficacy is best described as one’s confidence in their 

ability to function properly despite being in pain65. Recent studies suggest improved self-efficacy 

contributes significantly more to the improvement of long term pain and disability in CLBP 

compared to catastrophizing and fear of movement66,67, however more evidence is needed to 

support these claims. Self-efficacy has also shown to have a protective effect on long term pain 

development68. The protective effect of self-efficacy could be particularly effective in individuals 

with high pain-related fears. When self-efficacy is high, elevated pain-related fears might be 

mitigated, which may not lead to less pain and disability69.  

5.6. Social Factors 

 

The last components of the biopsychosocial model of pain are the social factors. The 

prevalence of CLBP is influenced by an array of social factors like socioeconomic status, 

employment status, social isolation, cultural factors, previous treatment experiences and 

interpersonal relationships20. There is overwhelming evidence showing an increased prevalence 

of CLBP in populations of low socioeconomic status compared to high socioeconomic status70. 

Individuals with a lower education status, in a situation of unemployment or of ethnic 

backgrounds have a higher prevalence of CLBP70. Increased social support is associated with 

less disability in CLBP and social isolation predicts disability related to CLBP70.  

6. Treatment Guidelines for Chronic Low Back Pain 

 

Early in the 20th century, healthcare practitioners often recommended bedrest for both 

acute LBP and CLBP.  Bedrest has been shown to increase pain, disability and workdays missed 

compared to simply continuing regular activities71. Bedrest only further exacerbates pain-related 

fears and creates disuse and degeneration, leading to more pain and long term disability as 

predicted by the fear-avoidance model72. Treatment guidelines for CLBP have moved toward a 

much more active, patient-oriented approach with considerations of the biopsychosocial nature 

of CLBP17,73. The following clinical treatment guidelines for CLBP are from the American 

College of Physicians, the UK  National Institute for Health and Care Excellence and the Danish 

national guidelines74–76. First-line treatment guidelines are: 1) advice to remain active, 2) 
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education on chronic pain management, 3) exercise therapy and 4) cognitive behavioral 

therapy77. Second-line or adjunctive treatment recommendations are spinal manipulations, 

massage, acupuncture, mindfulness-based stress reduction, interdisciplinary rehabilitation, and 

non-steroid anti-inflammatory drugs. Recommending individuals with CLBP to remain active 

and educating them on the nature and management of chronic pain are simple yet very important 

effective treatments for CLBP. Advice to remain active and education is easy to implement and 

can be beneficial for persons of lower socioeconomic status with poor access to healthcare. 

Second-line treatment guidelines should be selected according to the needs of the patient and 

used as an adjunct to provide the best all-around care. Spinal manipulations and massage therapy 

are good complements to exercise therapy as they can help increase range of motion of the spine 

and decrease muscle tension associated with CLBP. However, spinal manipulations and massage 

therapy require more expertise. Mindfulness based-stress reduction is a type of psychological 

intervention that can be mastered and implemented by physical therapists during their 

interventions, which can have beneficial effects for patients with pain-related anxiety17. 

Pharmaceutical interventions like non-steroid anti-inflammatory drugs significantly decrease 

pain and disability compared to placebo78. There is no evidence supporting the effectiveness of 

acetaminophen as a treatment of CLBP. Multidisciplinary biopsychosocial rehabilitation aims at 

improving physical dysfunction as well as addressing psychosocial issues related to CLBP. 

Multidisciplinary biopsychosocial interventions are more effective than any stand-alone 

intervention79. They incorporate exercise and physical therapy; psychological counseling and 

they target work and social related behavioral issues. 

7. Treatment Recommendations for Psychosocial Factors Associated with CLBP 

 

Behavioral therapy is the most effective treatment for high levels of catastrophizing and 

pain-related fears associated with CLBP80. The main types of behavioral therapy for CLBP are 

operant therapy and cognitive behavioral therapy. Operant therapy is a psychological technique 

used to increase or decrease the frequency of wanted or unwanted behaviors by introducing 

positive reinforcement to wanted behavior and consequences to unwanted behavior. Cognitive 

behavioral therapy is a structured short-term practical form of psychotherapy81. Cognitive 

behavioral therapy challenges patients to identify and change negative thoughts and beliefs 

causing their dysfunction82. Specific and effective cognitive behavioral techniques in treating 

LBP include cognitive therapy, graded increases in activity, activity scheduling and relaxation 

training82. The prevalence of poor psychosocial functioning is elevated in CLBP51,56,61 and poor 

psychosocial functioning has adverse effects on CLBP20,21,49,49,62,63,68,69. Cognitive behavioral 

therapy improves patient outcomes by targeting poor psychosocial functioning like depression, 

anxiety, pain catastrophizing and pain-related fears. There is no significant difference between 

operant and cognitive behavioral therapy in short and intermediate-term pain relief for CLBP80. 

Supervised exercise therapy is an effective treatment of fear-avoidance beliefs and kinesiophobia 

in individuals with CLBP compared to no-treatment control groups83. However, exercise is not 

more effective than cognitive behavioral therapy in reducing fear-avoidance beliefs83. These 

findings suggest that exercise can be a viable treatment to decrease fear avoidance beliefs in 

individuals with CLBP. However, individuals with high levels of fear-avoidance beliefs might 

require behavioral therapy. Although cognitive behavioral therapy is effective to decrease pain-

related fears in individuals with CLBP, poor access remains a significant barrier to widespread 

use77. 
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7.1. Exercise Therapy 

 

There is overwhelming evidence supporting exercise therapy as the most-effective 

treatment of CLBP77. A recent systematic conducted by Hayden et al. review pooled the results 

of randomized controlled trials to determine the efficacy of exercise on pain intensity84. The 

review analyzed 26 studies comparing the effects of exercise therapy to usual care or no 

treatment and found a 16.4% greater decrease in pain for the exercise therapy groups84. The 

review also analyzed 47 studies comparing the effects of exercise to other conservative 

interventions and found an 8.6% greater decrease in pain for the exercise therapy groups84.  The 

systematic review also pooled the results of randomized controlled trials to determine the 

efficacy of exercise therapy on function. They analyzed 30 studies comparing exercise therapy to 

usual care or no intervention and found a 7.4% greater improvement in function in the exercise 

therapy groups. The review also looked at 44 studies comparing exercise therapy to other 

conservative interventions and found a 4% greater improvement in function for the exercise 

therapy groups. The scale and depth of this review has shown exercise therapy to be the most 

effective conservative intervention to improve pain and function associated with CLBP. 

However, some types of exercises are more effective than others in the treatment of CLBP. 

Exercises targeting dynamic lumbar stabilization, motor control, postural strengthening and 

functional restoration are considered more effective to decrease pain and improve function85,86.  

Aerobic exercise and resistance training are the most effective exercise modes to improve mental 

health and psychological factors in individuals with CLBP86. Multimodal exercise therapy 

interventions are therefore needed to target both physical and psychological outcomes associated 

with CLBP.  

7.2. Therapeutic Aquatic Exercise (Aquatic Therapy) 

7.2.1. Physical Properties of Water and Physiological Benefits 

Water immersion during aquatic therapy produces beneficial biological and physiological 

effects in the human body. These biological changes occur due to the physical properties of 

water. Essential physical properties of water are density, hydrostatic pressure, buoyancy, 

viscosity and thermodynamics87.  

7.2.1.1. Buoyancy 

Since the human body has a density lower than water, water exerts an upward force on 

the body allowing for buoyancy. Buoyancy counteracts the forces of gravity acting on the body 

and consequently reduces the compressive forces on the intervertebral joints of the spine. 

Increased immersion progressively offloads the compressive forces acting on the joints. 

Immersion up to the pelvis offloads body weight by approximately 40%, immersion to the 

umbilicus offloads body weight by approximately 50% and immersion to the chest offloads body 

weight by approximately 60%87. Neck deep immersion only creates approximately 15lbs of 

compressive forces on the joints of the spine87. Shallow water functional exercises allow users to 

mimic land-based exercises with significant reduction of joint compression forces. 
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7.2.1.2. Hydrostatic Pressure 

 Water exerts a hydrostatic pressure of 22.4 mm Hg/ft on the body. The effects of 

hydrostatic pressure act immediately upon immersion and increase venous and lymphatic return, 

reducing edema to the injured area87. Aquatic exercise also has beneficial effects on the 

cardiorespiratory system. The pulmonary demands increase while exercising in water due to the 

pressure exerted against the chest. Respiratory muscles must work harder to counteract the 

hydrostatic pressure88. Neck deep submersion increases total work of breathing at rest increases 

by 60%89. Aquatic aerobic exercise can therefore yield similar gains in cardiovascular fitness at 

lower intensities compared to land-based exercise90.  

7.2.1.3. Viscosity 

Water’s physical property of viscosity refers to the internal friction specific to a fluid 

during motion. This means a limb moving relative to the water will be subjected to a drag force. 

The drag force is proportional to the velocity, allowing for safe and controlled progression of 

exercises in rehabilitation91.  

7.2.1.4. Thermodynamics 

The last physical property of water that provides physiological benefits occurs through 

thermodynamics. Water is a very efficient conductor of heat, transferring heat from the water to 

the body 25 times faster than air87. Therapeutic pools maintain temperatures of 33.5 to 35.5 

degrees Celsius to allow for prolonged exposure and providing therapeutic effects without users 

getting cold87. The spine is therefore very well protected during water immersion and allows for 

effective rehabilitation for individuals with high levels of pain and disability associated with 

CLBP92–94. Physiological mechanisms of aquatic therapy include reflex regulation of smooth 

muscle in blood vessels and increased cardiac output95. As cardiac output increases, most of the 

blood flow is redistributed to muscles. Muscle blood flow increases by 225% during aquatic 

exercise compared to land-based exercise96. Increased blood flow to muscles promotes healing of 

damaged tissues and helps remove waste metabolites associated with damaged tissue cells97. 

Increased cardiac output contributes to aquatic aerobic exercise being able to yield similar gains 

in cardiovascular fitness at lower intensities compared to land-based exercise90.  

7.2.2. Muscle Activation 

Aquatic exercise has been shown to produce similar levels of muscle activation to the 

erector spinae, multifidus, gluteus maximus/medius, rectus abdominis and the internal/external 

obliques when comparing aquatic exercises with their land-based equivalent98. Aquatic exercise 

can therefore yield similar muscle fiber recruitment to land-based exercise.   

8. Therapeutic Aquatic Exercise Compared to No Intervention 

 

A randomized controlled trial by McIlveen & Robertson99 conducting a group aquatic 

therapy intervention (N=45) found significantly greater improvements in function compared to a 

waiting list (N=50). The aquatic therapy intervention lasted 4 weeks, with two 50- minute 

sessions per week and consisted of 50 minutes of pre-determined exercise related to spine health. 

The aquatic exercises focused on dynamic trunk stabilization, flexibility, and functional 
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exercises. The aquatic exercise group saw a 27% improvement on the Oswestry Disability Index 

(ODI) and the control group saw only an 8% improvement. A randomized controlled trial by 

Han. Et al.100 looked at the effect of aquatic exercise (N=10) compared to no intervention (N=9) 

in elderly individuals with CLBP. The aquatic exercise intervention lasted 10 weeks at a 

frequency of 5 sessions per week. The intervention was well rounded and focused on 

strengthening the trunk and low back muscles. The aquatic exercise group saw a significant 

improvement in pain with a decrease of 52.1% on the visual analog scale (VAS) and a significant 

improvement in strength measured by peak torque of lumbar flexion and extension. Peak torque 

in flexion improved by 48.31% and peak torque in extension improved by 152.85%. Similar 

results were found in a controlled clinical trial by Baena-Beato et al.101 comparing the effects of 

aquatic exercise (N=24) to a waiting list (N=25). The aquatic exercise intervention lasted 8 

weeks with 5 sessions per week. The aquatic exercise intervention was given in groups of 8 and 

supervised by both a physical therapist and a trained exercise specialist. Despite the high volume 

of sessions, the adherence was high with all participants completing at least 90% of the sessions 

(36/40). Each session included 10 minutes of warm-up, 15–20 minutes of resistance exercise, 

20–25 minutes of aerobic exercise, and 10 minutes of cool-down stretching exercises. The 

aquatic exercise group had a significant improvement in pain with a change of –3.83 (± 0.35 

mm) on the Visual Analog Scale (VAS) and a significant improvement in disability with a 

reduction of 12.7 ± 1.3 points on the ODI. A study by Abadi et al.92 looked at the effects of an 

aquatic exercise intervention (N=20) compared to an unspecified control intervention (N=19). 

The aquatic exercise intervention lasted 12 weeks with two 60-minute sessions per week. The 

focus of the aquatic exercises was general strengthening, aerobic conditioning, and general 

stretching. There was no focus on dynamic lumbar stabilization and core strengthening. 

Nevertheless, the aquatic exercise group saw a significant improvement in pain and function 

compared to the control group. There is sufficient evidence supporting aquatic exercise being 

effective to reduce pain, disability and improve functional outcomes in CLBP. Aquatic therapy is 

more effective than no intervention to reduce pain, disability and improve functional outcomes in 

CLBP. However, to recommend aquatic exercise as a treatment option we must make a 

comparison to other treatment recommendations for CLBP.  

9. Therapeutic Aquatic Exercise Compared to Physical Therapy Modalities 

 

A single-blind randomized clinical trial by Peng et al.102 looked at the effects of therapeutic 

aquatic exercise (N=56) on CLBP compared to physical therapy electrical modalities (N=57). 

The aquatic exercise intervention lasted 12 weeks with three 60-minute sessions per week. The 

aquatic exercise sessions included a warm-up, a main strengthening session with a focus on 

dynamic lumbar stabilization and a cool down with some stretching and relaxation exercise. The 

control group received electrical modalities with the same frequency of treatment. The aquatic 

exercise group had a baseline Numerical Pain Rating Scale (NPRS) score of 3.96 (±1.14) and 3-

month /6-month / 12-month post-intervention NPRS scores of 1.64 (±1.15) / 2.07 (±1.09) / 2.27 

(±1.39).  The control group had a baseline NPRS score of 4.02 (±1.37) and 3-month /6-month / 

12-month post-intervention NPRS scores of 2.47 (±1.31) / 3.30 (±1.80) / 3.72 (±1.87). The 

aquatic exercise group had significantly greater improvements in pain compared to the physical 

therapy modalities group at all time points. The questionnaire used to measure function was the 

Roland-Morris Disability Questionnaire (RMDQ) with a score range of 0-24 where higher scores 

indicate higher disability. The aquatic exercise group had a baseline RMDQ score of 8.82 
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(±5.82) and 3-month / 6-month / 12-month post-intervention RMDQ scores of 3.23 (±2.90) / 

3.55 (±4.19) / 3.52 (±4.43). The control group had a baseline RMDQ score of 8.37 (±5.41) and 

3-month / 6-month / 12-month post-intervention RMDQ scores of 4.63 (3±.98)/ 5.61 (±5.49) / 

6.67 (±6.47). The aquatic exercise group had a significantly greater reduction in disability across 

all time points compared to the physical therapy modalities group. These findings suggest a 

supervised therapeutic exercise intervention can have long-term benefits in decreasing pain and 

disability in CLBP. An important part of this study is their inclusion of fear-avoidance beliefs 

and kinesiophobia questionnaires in their secondary outcome measures. The aquatic exercise 

group had a significant decrease in fear-avoidance beliefs at all time points compared to control 

and a significant decrease in kinesiophobia at 12-month compared to control. The questionnaire 

used to measure fear-avoidance beliefs is the Fear-Avoidance Beliefs Questionnaire (FABQ) 

with a subscale specific to physical activity (FABQ-PA). The FABQ-PA has a score range of 0-

24 with a higher score indicating higher fear-avoidance beliefs related to physical activity. The 

aquatic exercise group had a baseline FABQ-PA of 12.29 (±4.34) and 3-month / 6-month / 12-

month post-intervention FABQ-PA scores of 9.05 (±4.89) / 8.86 (±4.72) / 7.71 (±4.79). The 

control group had a baseline FABQ-PA of 12.29 (±4.34) and 3-month / 6-month / 12-month 

post-intervention FABQ-PA scores of 11.25 (±4.70)/ 10.40 (±5.09) / 10.82 (±5.86). The 

questionnaire used to measure kinesiophobia was the Tampa-Scale of Kinesiophobia (TSK-17) 

with a score range of 17-68 where a higher score indicates increased kinesiophobia. Generally, 

scores above 37 are considered high and predictive of poor health outcomes103. The aquatic 

exercise group had a baseline TSK score of 44.82 (±5.70) and a 12-month (9 months post-

intervention) TSK-17 score of 37.84 (±8.26). The control group had a baseline TSK-11 score of 

42.30 (±4.99) and a 12-month TSK-17 score of 41.12 (±5.88). Although the post-interventions 

TSK scores remained high and over the cutoff score of 37, the aquatic exercise intervention 

showed significant improvements in kinesiophobia compared to the physical therapy modalities 

group. The improvements in fear avoidance beliefs and kinesiophobia could explain why the 

aquatic exercise group maintained significant improvements in pain and disability long after the 

intervention was completed. The improvement in psychological factors may have contributed to 

breaking the cycle of chronic pain explained by the fear-avoidance model. Self-efficacy could 

have been an important factor in these improvements, however self-efficacy was not included in 

the outcome measures. The main limitation of this study is their failure to include an adequate 

control group. To highlight the benefits of aquatic exercise on pain, disability, and psychological 

factors, there needs to be a control group with the standard of care and/or land-based exercise. 

The authors also did not include pain catastrophizing in their outcome measures, which is an 

important component of the biopsychosocial model of pain and the fear-avoidance model. 

10. Therapeutic Aquatic Exercise Compared to Land-Based Exercise  

 

Comparing aquatic exercise to land-based exercise is important to understand if one type of 

exercise therapy is more effective. Sjogren et al.104 was among the first to compare the efficacy 

of aquatic exercise versus land-based exercise on chronic low back pain. The aquatic exercise 

intervention (N=30) was 6 weeks of two 50-minute sessions per week focused on lumbar spine 

range of motion, general strengthening, and endurance training.  The land-based intervention 

(N=30) followed the same structure, which included similar exercises adapted to land. Both 

interventions were supervised and given in groups. The aquatic exercise group had a baseline 

VAS pain score of 4.97 (± 2.88) and a post-intervention VAS pain score of 4.18 (± 3.15). The 
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land-based exercise group had a baseline VAS pain score of 4.77 (± 2.47) and a post-intervention 

VAS pain score of 4.23 (±2.74). Both groups had a statistically significant decrease in pain with 

no difference across groups. However, the improvement in pain scores for both groups does not 

meet the minimal clinically important difference. The aquatic exercise group had a baseline 

modified Oswestry Disability Index (ODI) score of 42.18 (± 17.02) and a post-intervention ODI 

score of 34.14 (± 17.05). The land-based exercise group had a baseline ODI score of 36.00 (± 

15.65) and a post-intervention ODI score of 32.39 (± 16.34). The improvements in function were 

statistically significant for both groups with no difference across groups. The underwhelming 

results of this study could be attributed to the design of the interventions. As more was learned 

about effective exercise therapy modes to treat CLBP, the efficacy of both aquatic exercise and 

land-based exercise interventions got better. The importance of dynamic lumbar stabilization was 

not yet well understood at the time of this study. A randomized controlled trial by Yozbatiran et 

al.105 compared the effects of an aquatic exercise intervention (N=15) and a land-based exercise 

intervention (N=15) on CLBP. Both interventions lasted 4-weeks with three 60-minute exercise 

sessions per week. The aquatic exercise program consisted of general aerobic and strengthening 

exercises. The land-based program was identical but adapted to land-based versions of the 

exercise. The aquatic exercise group had a baseline VAS pain score of 5.46 (± 2.19) and a post-

intervention VAS pain score of 1.93 (±1.70). The land-based exercise group had a baseline VAS 

pain score of 5.06 (± 2.28) and a post-intervention VAS pain score of 2.53 (±1.55). Both groups 

saw a statistically and clinically significant decrease in pain with no significant differences 

across groups. The aquatic exercise group had a baseline ODI of 40.00 (± 20.14) and a post-

intervention ODI of 20.66 (±13.49). The land-based exercise group had a baseline ODI of 38.40 

(± 14.32) and a post-intervention ODI of 21.06 (±12.73). Both groups had a statistically 

significant decrease in disability with no difference across groups. Both groups also had 

significant improvements in objective strength and flexibility tests with no significant differences 

across groups. A randomized controlled trial by Dundar et al.93 compared the effects of an 

aquatic exercise intervention (N = 32) compared to an unsupervised land-based exercise 

intervention (N = 33). The aquatic exercise intervention lasted 4 weeks with five weekly 60-

minute sessions given in groups of 8. The program focused on general fitness and included 

aerobic training, functional resistance training which included dynamic lumbar stabilization, and 

stretching. The land-based exercise group received a musculoskeletal assessment from a physical 

therapist and were given a land-based exercise program to complete at home without 

supervision. The land-based exercise program was demonstrated only once by the physical 

therapist and had a similar structure to the aquatic exercise program. The aquatic exercise group 

had a baseline VAS pain score of 4.72 (± 2.05) and a post-intervention VAS pain score of 1.46 

(±1.21). The land-based exercise group had a baseline VAS pain score of 4.82 (± 2.40) and a 

post-intervention VAS pain score of 1.71 (±1.52). Both groups had a statistically and clinically 

significant decrease in pain scores with no significant difference across groups. The aquatic 

exercise group had a baseline ODI score of 38.5 (± 9.1) and a post-intervention ODI score of 

18.42 (± 8.2). The land-based exercise group had a baseline ODI score of 37.9 (± 9.3) and a post-

intervention ODI score of 27.65 (± 8.9). Both groups had a significant decrease in disability, 

however the aquatic exercise group had a statistically significantly greater improvement than the 

land-based group. These results suggest aquatic therapy may be more effective to reduce 

disability (improve function) than land-based exercise. However, the land-based exercise group 

was unsupervised and home-based, which is an important limitation of this study.  
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11. Limitations in Previous Aquatic Therapy Studies 

 

To date, there have been two common limitations in aquatic exercise studies treating 

CLBP. The first limitation is no studies have compared the effectiveness of aquatic exercise to 

the current standard of care. The first-line treatment recommendations have evolved and changed 

since most of these studies were published. The current standard of care was highlighted in the 

first- and second-line guidelines and generally consists of advice to remain active, education on 

pain management, functional restoration exercises and dynamic lumbar stabilization exercise / 

core exercises accompanied by spinal mobilizations, massage therapy and more. The second 

limitation is to date there has been only one study examining the effects of aquatic exercise on 

some of the psychological factors associated with CLBP. Considering the nature of CLBP, 

determining the impact aquatic exercise has on pain catastrophizing, kinesiophobia, depression, 

and anxiety is important to understand the long-term benefits that aquatic exercise can have in 

the treatment of CLBP. Apart from Peng. et al.102, no studies have included psychological factors 

in their outcome measures. The main limitation of the study from Peng et al.102 is their lack of an 

adequate control group. To highlight the benefits of aquatic exercise on psychological factors 

there needs to be a control group with land-based exercise component. They also did not include 

pain catastrophizing in their outcome measures, which is an important component of the 

biopsychosocial model of pain and the fear-avoidance model. Therefore, more research is needed 

to fully understand all the effects of aquatic exercise on CLBP and compare it to the clinical 

standard of care to highlight the benefits of aquatic exercise.  

12. Barriers to the Treatment of Chronic Low Back Pain 

 

The main barrier to the treatment of CLBP is the adherence to treatment, mainly 

unsupervised exercise therapy. Although exercise is effective conservative treatment for CLBP 

available, low adherence to prescribed interventions make the management of CLBP difficult. A 

systematic review examined the main barriers to treatment adherence in exercise-based 

musculoskeletal rehabilitation. The review determined the main barriers are low baseline levels 

of physical activity, low self-efficacy, depression, anxiety, helplessness, greater perceived 

number of barriers to exercise and increased pain levels during exercise106. Considering the high 

prevalence of fear-avoidance beliefs, low-self efficacy, anxiety and depression in individuals 

with CLBP51,51,61, the barriers to treatment adherence pose a serious challenge and require new 

solutions. Another randomized controlled trial found that low levels of education, low levels of 

physical activity and high baseline levels of fear-avoidance beliefs related to work and physical 

activity at baseline were related to low exercise adherence107. Interventions need to be 

comprehensive and target improvements in fear-avoidance beliefs, depression, anxiety, and self-

efficacy. Although effective in improving mental health, poor access to cognitive behavioral 

therapy remains a barrier to widespread use82. Aquatic exercise is a promising form of exercise 

therapy which could yield positive impacts on the physical and mental health of individuals with 

CLBP when integrated in a comprehensive treatment plan102. Patients report pain significantly 

less often during aquatic exercise than land-based exercise98, which may increase adherence.  
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13. Mobile Health Devices 

 

Mobile health (mHealth) devices have demonstrated great potential in increasing the 

adherence and efficacy of treatment interventions in the management of chronic diseases. Mobile 

health is an umbrella term for the use of technological tools in health care, such as mobile phones 

and other wireless devices. Mobile health devices include smartwatches, medical devices and 

mHealth applications (app). Recent efforts to manage chronic diseases and increase treatment 

adherence have been achieved through the integration of mHealth devices. A systematic review 

of 107 mHealth interventions aimed at improving treatment adherence looked at the feasibility 

and effectiveness of mHealth devices108. Fifty of the 107 studies had a randomized controlled 

trial study design. The studies included in the review were looking at the effect on treatment 

adherence and effectiveness in chronic diseases such as diabetes, cardiovascular disease, and 

chronic lung disease. In general, studies found mHealth devices to be usable, feasible and 

appreciated among users.  The systematic review determined 56% of randomized controlled 

trials using mHealth devices demonstrated significant effects on treatment adherence, with 

treatment adherence defined as medication adherence, engagement in healthy behaviors, 

frequency of symptom monitoring, and gains in knowledge and perceived self-efficacy. Among 

the reviewed studies, 40% had a significant improvement in clinical outcomes, with clinical 

outcomes varying depending on the disease in question. For instance, clinical outcomes for 

diabetes included frequency of hypoglycemic events and changes in insulin dosage, while 

clinical outcomes for cardiovascular disease included changes in blood pressure and lipid profile.  

 

13.1. mHealth Devices and Applications for Chronic Pain 

 

The positive effect of  mHealth devices on chronic disease treatment is relatively 

novel108, therefore there is limited data on chronic pain and CLBP populations. Mobile health 

applications like Manage My Pain have been developed for persons with persistent pain to keep 

a detailed journal of their symptoms and painful episodes and present comprehensive reports to 

their healthcare professionals. These reports allow for healthcare professionals to get detailed 

and specific information regarding the condition of their patients, which should allow for a better 

understanding of their condition. Manage My Pain has been tested in persons with persistent 

pain and deemed to be feasible and appreciated by users in pain clinics109. Individuals who used 

Manage My Pain rated lower anxiety at short-term follow-up and a greater reduction in pain 

catastrophizing at long-term follow-up compared to control109.   

 

Some mHealth applications have been developed to be a one stop shop in the 

management of chronic pain. Mobile health application Snapcare was developed for the self-

management of CLBP. The smartphone application is centered around giving personalized 

exercise plans based on the health data and pain levels of users at baseline and after each activity 

session. The personalized exercise goals are progressed based on the comfort level of the patient, 

measured via patient reported outcome measures and exercise data collection. A single-blind 

RCT was conducted to determine the efficacy of pain-relieving medication combined with 

Snapcare versus a group who was given pain relieving medication and the recommendation of 

meeting physical activity guidelines110. The Snapcare group showed a greater reduction in pain, 
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disability, and increased compliance with prescribed exercises. Significant limitations exist with 

this trial due to an inadequate control group that does not meet the standard of care and with the 

trial being funded by the creators of Snapcare. Despite these limitations, the trial shows some 

potential in using mHealth applications in the management of CLBP.  

13.2. Play the Pain 

 

Play the Pain is a novel mHealth application designed to help individuals with the 

management of chronic pain111,112.  Play the pain data is connected to administrative accounts 

overseen by healthcare professionals to optimize communication and quality of care. The 

interface of the app is separated into four parts: talk, share, play and track. The talk function is 

designed to allow users to discuss with an automated message system about topics related to 

their management of their condition. The design of the talk function is not to provide educational 

material or directives on chronic pain management, but to let users openly express themselves 

about topics they are passionate about. The share function is a form of social media where users 

can share their experience with chronic pain with other users through blog posts on the Play the 

Pain servers. The share function is designed to create to give users a sense of belonging, and to 

validate users in their experience with pain, which can give them tools on how to better manage 

their condition. The play function of the app allows users to connect and launch other mobile 

applications from the Play the Pain application. Recommended categories of applications to 

connect includes games, brain training, drawing, mediation, exercise, music, dieting and more. 

The purpose of the play function is to allow users to explore different ways they can self-manage 

their chronic pain. The track portion of the application allows users to continuously keep track of 

different outcome measures relevant to chronic pain. The track function of Play the Pain is 

similar to the construct of Manage my Pain. However, Play the Pain cannot generate summary 

reports for healthcare practitioners. Users can track their pain, their activities, their sleep, their 

medication use and their emotions. The pain tracking function allows users to describe the 

location of the pain with an interactive model of the human body.  After determining the location 

of the pain, users are prompted to scale the intensity with a movable cursor from slight pain to 

extreme pain. The emotion tracking feature is an interactive web of emotions with a wide range 

of feelings including anxious, afraid, worried, happy, calm, etc. Each emotion can be clicked on 

and given an intensity ranging from “a little” to “a lot”. The sleep tracking function tracks the 

duration of sleep with a dichotomous scale. The two options are “more than 7 hours’’ and “less 

than 7 hours’’. After choosing an option, users are asked to describe the quality with a 5-point 

Likert scale. The options are: “Great”, “Good”, “OK”, “Not good” and “Very bad”. Each option 

is accompanied by a smiley face visually representing the choice. The medication tracking 

feature asks if the medication taken is prescribed or not, with an empty box for a description of 

the type of medication and the dosage. The activity tracking feature has 24 options to choose 

from and allows users to describe the activities they have done in the past 48 hours. These 

options include physical activity such as resistance training, dancing, walking, yoga, swimming, 

jogging, and cycling. Other activities included are treatment alternatives often used for chronic 

pain, such as physiotherapy, cognitive behavioral therapy, meditation, acupuncture, and 

recreational drug use. The last category of the activity tracking feature is focused on hobbies 

including gaming, reading, painting, and watching television. In addition, there is an “Other” 

section for activities that were not included in the list. The philosophy of Play the Pain is to let 

the user share what is on their mind, and to give the clinician a better understanding of their 
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condition and how patients cope with pain. The feasibility of Play the Pain in a healthcare 

setting with a chronic pain population has never been studied. Therefore, the effect of Play the 

Pain on feasibility of use remains unknown. Consequently, the effect of Play the Pain on 

treatment adherence and effectiveness on CLBP is still unknown.  

14. Thesis Rationale  

 

CLBP is a significant public health issue that affects an alarming number of people, young 

and older individuals alike, causing a significant burden on the global economy1,4,8. CLBP is 

associated with a decreased quality of life and poor psychological functioning17,51,56. Poor 

psychological functioning exacerbates painful symptoms, decreases treatment adherence and 

increases the likelihood of pain chronicity62,63,68. Therefore, we must find conservative treatment 

options that also address psychological outcomes to effectively treat CLBP. Exercise therapy is 

the most effective form of conservative treatment for CLBP17, making exercise therapy a first-

line treatment recommendation77. Therapeutic aquatic exercise has been shown to be an effective 

form of exercise therapy to decrease pain and disability associated with CLBP.  However, the 

effect of aquatic therapy on psychological outcomes associated with CLBP remains poorly 

understood and unstudied. Mobile health devices have been used for the management of chronic 

diseases and have shown promising effects on treatment adherence. However, the effect of 

mHealth devices on treatment adherence in CLBP has never been tested. Play the Pain is a 

promising novel mHealth application that could improve adherence in exercise-based 

interventions for CLBP. However, Play the Pain has never been tested in a real world setting 

with individuals who have CLBP.  Additionally, having access to the user data and backend of 

the Play the Pain gave the app a unique advantage over its competitors, as that allowed us to 

conduct a study while assessing the user experience, outcomes related to usage of the app and 

capture the psychological variates that can impact pain management. This app also differs from 

other commercial apps in that it has data portal for therapist to monitor and communicate with 

the user.  

 

Therefore, the objective of my thesis was to 1) determine the effect of therapeutic aquatic 

exercise on pain, disability and psychological outcomes as compared to standard care in 

participants with CLBP and 2) explore the feasibility and user experience of implementing 

mHealth application Play the Pain in a clinical setting. 
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Chapter 2: Project 1 - Effects of Aquatic Therapy versus Standard Care on Non-Specific 

Chronic Low Back Pain: A Randomized Controlled Trial 

15. Introduction 

Low back pain (LBP) is the most prevalent musculoskeletal condition in the world and 

the leading cause of disability worldwide12. The economic burden of LBP is extremely high. In 

Canada, medical costs associated to LBP range from 6 to 12 billion dollars per year and is 

rising8.  LBP is subdivided in three categories: acute, subacute, and chronic. Acute is LBP lasting 

0 to 6 weeks, subacute is LBP lasting 6 to 12 weeks and chronic is LBP lasting over 12 weeks. 

LBP can be further subdivided into specific versus non-specific pain. Specific LBP is caused by 

a known lesion site whereas non-specific LBP occurs without a clear nociceptive cause12 and 

non-specific LBP accounts for 90% of all low back pain19. 

The biopsychosocial model of pain helps understand the complex nature of non-specific 

chronic low back pain (CLBP). The biopsychosocial model explains that pain is a complex 

interaction of biological, psychological, and social factors20. The biological aspect is the 

discharge of nociceptive stimuli from an actual or potential lesion site. Pain is the interpretation 

of the nociceptive stimuli by the brain. Pain is therefore a subjective experience that varies 

depending on the individual’s psychological state and social background20. CLBP is associated 

with negative psychological states like depression and increased anxiety56,56. These high levels of 

depression and anxiety can cause exacerbation of pain20. Pain-related fear is an important 

psychological factor to consider when treating CLBP. Increased levels of pain-related fears can 

create a cycle of chronic pain59. When confronted to a painful experience, individuals with high 

levels of pain-related fear will catastrophize. Pain catastrophizing is an exaggerated negative 

orientation towards actual or anticipated pain20 and can lead to a fear of movement 

(kinesiophobia) from the potential of getting re-injured and experiencing more pain. Increased 

fear of movement creates a pattern of movement avoidance behavior and creates more disability, 

disuse and causes more painful experiences, which exacerbates the cycle of chronic pain59.  High 

levels of pain-related fears and fear-avoidance beliefs, like pain catastrophizing and 

kinesiophobia, are important predictors to the development of CLBP and disability49. Individuals 

with high levels of pain-related fears and fear-avoidance beliefs at baseline have increased levels 

of long-term pain and disability49,62. Since CLBP is associated with high levels of pain 

catastrophizing and kinesiophobia, interventions must address them to treat and prevent long 

term pain and disability17. 

Current first-line treatment guidelines for individuals with CLBP include education on 

pain management, recommendations to remain active, cognitive behavioral therapy, and exercise 

therapy77. Cognitive behavioral therapy is effective to decrease pain-related fears in individuals 

with CLBP, however poor access to cognitive behavioral therapy is a significant barrier to 

widespread use77. Exercise therapy has shown to decrease pain and disability in individuals with 

CLBP17,73,113. Therapeutic aquatic exercise is an effective form of exercise therapy to decrease 

pain and disability associated with CLBP92,93,101,102,114,115. Aquatic therapy is widely used in the 

management of musculoskeletal injuries at all stages of healing, for acute and chronic injuries87. 

Immersion in chest deep water reduces the compressive forces on the spine by 60% and 

significantly reduces load on the intervertebral joints87. Reduced load on the intervertebral joints 
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of the spine allows individuals with CLBP to move with more confidence and feel less pain 

during aquatic exercise compared to land-based exercise. Patients with CLBP report pain 

significantly less often during aquatic exercise versus land-based exercise98. The viscosity of 

water allows for an easily adapted resistance when performing strengthening exercises during 

aquatic therapy87. The effectiveness of therapeutic aquatic exercise to decrease pain and 

disability in individuals with CLBP and the added physiological benefits of therapeutic aquatic 

exercise should have a beneficial effect on psychological factors associated with CLBP. 

However, few studies have investigated the effect of therapeutic aquatic exercise on 

psychological factors associated with CLBP. The literature therefore offers a very limited 

understanding of the potential benefits aquatic exercise may have on psychological factors 

associated with CLBP. 

The primary aim of this pilot study was to compare the effects of an aquatic exercise 

intervention to a standard care intervention on pain intensity, disability, and psychological 

factors in individuals with CLBP. We hypothesized that both groups would see an improvement 

in pain, disability, and psychological factors with a greater improvement in the aquatic therapy 

group for all outcomes.  

16. Methods 

Study Design: This study was a pilot randomized controlled trial where the experimental group 

received aquatic therapy and the control group received standard care. Participants were 

recruited through the School of Health website, poster advertising and media advertising.  All 

research activities took place at the School of Health at Concordia University. Both interventions 

were given one-on-one under the supervision of a Certified Athletic Therapist. The aquatic 

therapy was given in the Swimex700 therapeutic pool of the School of Health Athletic Therapy 

clinic, and the control group received treatment in the School of Health Athletic Therapy Clinic 

and conditioning floor.  

Participants:  Individuals were eligible to participate in the study if they met the following 

inclusion criteria: 

● Chronic non-specific LBP (>3 months), defined as pain in the region between the lower 

ribs and gluteal folds, with or without leg pain. 

● Currently seeking care for LBP. 

● Aged between 18 to 65 years old. 

● English or French speakers 

● Have a score of “moderate” or “severe” disability on the modified Oswestry Low Back 

Pain Questionnaire 

● Do not currently engage in sports or fitness training specifically for the lower back 

muscles (3 months prior the beginning of the trial). 

Exclusion criteria 

Participants were be excluded if they met one of the following criteria: 
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● Evidence of nerve root compression or reflex motor signs deficits (e.g., weakness, reflex 

changes, or sensory loss with same spinal nerve), 

● Previous spinal surgery or vertebral fractures, 

● Other major lumbar spine structural abnormalities (e.g., spondylolysis, 

spondylolisthesis, or lumbar scoliosis >10°) 

● Comorbid health conditions that would prevent active participation in exercise programs 

(e.g., screened with Physical Activity Readiness Questionnaire) 

Randomization: A computer software generated a list pairing each participant number with a 

corresponding group. The group allocations were enclosed within opaque envelopes labeled with 

numbers. 

Blinding: Participants and therapists were not blinded to group allocation, as it is generally not 

possible in exercise intervention trials.  

Outcome measures: The primary outcome measures were pain, disability, pain catastrophizing, 

kinesiophobia, quality of life, depression, and anxiety. The Numerical Pain Rating Scale (NPRS) 

was used to measure pain, and the modified Oswestry Low Back Pain Disability Index (ODI) 

was used to measure disability. The Pain Catastrophizing Scale (PCS) was used to measure pain 

catastrophizing, and the short-form Tampa Scale of Kinesiophobia (TSK-11) was used to 

measure kinesiophobia. Depression and anxiety were measured with the Hospital Anxiety and 

Depression Scale (HADS), and quality of life was measured with the SF-12 questionnaire. All 

questionnaires demonstrated good validity and reliability and are the gold standard 

measurements in CLBP research for their respective outcome measures. 

Therapeutic Aquatic Exercise Intervention: The participants in the aquatic therapy group 

received a standardized aquatic exercise program. Each session lasted 60 minutes, beginning 

with a 10-minute warm-up, followed by 40 minutes of strengthening, and finishing with a 10-

minute cool-down. The warm-up consisted of aerobic activity such as walking and marching, 

dynamic stretching, and muscle activation of upper and lower body muscles. The 40-minute 

strengthening focused on a circuit format of dynamic lumbar stabilization exercises, hip 

stabilization exercises, aerobic conditioning, and general strengthening exercises, with little 

amounts of rest between the exercises. The 10-minute cool-down consisted of a brief relaxation 

period (walking, standing), static stretching, and mobility training. Each exercise had a 

modification to decrease difficulty and a progression to increase difficulty. The difficulty of each 

training session was monitored via the 10-point Borg Rating of Perceived Exertion scale and a 

verbal pain rating scale (0-10). The target rating of perceived exertion varied depending on the 

condition of each participant and where they were in their rehabilitation process. The supervising 

Athletic Therapist monitored pain levels of participants and demonstrated sound clinical 

judgment to avoid unnecessary exacerbation of symptoms. 

Standard Care Intervention: Participants in the control group received standard care treatment in 

the School of Health Athletic Therapy clinic and the School of Health conditioning floor. The 

standard care intervention was not standardized but rather personalized to the needs of each 

participant. The objective of the standard care intervention was to replicate care that would 

otherwise be seen in a real-world clinical setting using the best conservative treatment methods 

recommended. Each intervention began with a 60 minute assessment including collection of 
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relevant background information, medical history, lifestyle and physical activity habits, a 

functional assessment, and a physical and neurological exam. The clinician gave their clinical 

impression and developed a treatment plan based on the findings in their assessment. The hands-

on portion of the treatment plan included spinal manipulations and mobilizations, muscle energy 

techniques, massage, myofascial releases, soft tissue releases, proprioceptive neuromuscular 

facilitation (PNF) stretching, and heat application. The early phases of the rehabilitation plan 

mostly focused on manual therapy with basic strengthening exercises to improve spine health 

which were demonstrated and given as a home exercise program. As the intervention progressed, 

a greater portion of the treatment sessions focused on exercise therapy. Towards the end of the 

intervention, the entire treatment session was entirely exercise-based, unless the clinician felt the 

inclusion of manual therapy was still relevant to the participant. 

Procedures: A baseline assessment was undergone by all participants, which included 

completing the questionnaires. Participants were then randomly allocated to either the aquatic 

therapy group or the standard care group (1:1). Participants were randomized to one of the 

groups using sealed opaque envelopes with the order determined by the random computer-

generated sequence. Both groups were provided with bi-weekly, 60-minute supervised sessions, 

for 10 weeks. Both interventions were given one-on-one with the participant and supervised by 

one of the two Certified Athletic Therapists leading the project. Once their intervention was 

completed, participants filled out post-intervention questionnaires.      

Statistical Analysis: Primary outcome measures were analyzed with descriptive statistics to 

verify normality of data. Baseline demographic means from each group were compared to ensure 

the samples were homogenous. Continuous variables were compared using an independent 

samples t-test and categorical variables were compared using a chi-square test. Changes in pain, 

disability, and psychological outcomes for between-group and within-group differences from 

pre- to post-intervention were assessed using repeated measures analysis of variance (ANOVA), 

while adjusting for age, sex, BMI, and LBP duration. The statistical analysis follows commonly 

used methods for randomized controlled trials and have been used in similar high quality 

studies102. All statistical tests were performed using the latest version of SPSS (version 29.0).  

17. Results 

 

One hundred eighty-one potential participants were screened for eligibility and 39 were 

included and randomized to the aquatic exercise group or the standard care group (Figure 1).  

The main reasons for exclusion were age, ODI scores below the minimum threshold or pre-

existing spinal abnormalities. An additional 3 participants were excluded following incidental 

findings on their baseline MRI, which was done in the context of a larger study. In total, 36 

participants were recruited and randomly allocated to each group (n=19 aquatic therapy, n=17 

standard care). One participant from each group dropped out due to the time commitment of the 

study. The mean attendance rate was high, with a mean attendance rate of 17.61 ± 2.17 sessions 

for the aquatic exercise group while the mean attendance rate for the standard care group was 

17.56 ± 1.47 sessions, out of 20 possible sessions. The baseline demographic characteristics were 

similar between groups (Table 1) for age, sex, BMI, level of physical activity (IPAQ) and 

education level. However, there were significant differences across groups for LBP duration 

(p=0.007), which were accounted for in the statistical analysis. 
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Figure 1: Consort Flow Diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 1. Consort Flow Diagram 
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Table 1: Demographics and baseline characteristics (mean ± standard deviation, or n and %) 

Group 
  

Aquatic Exercise 

(n=18) 

Standard Care Group 

(n=16) 

p-value 

Age 
  

36.44 ± 10.4 37.38 ± 9.6 0.79 

BMI 
  

26.39 ± 3.75 24.58 ± 3.64 0.16 

IPAQ (MET) 
  

2506 ± 2183.84 3206.2 ± 2102.3 0.36 

Sex (n) Male 9 (50%) 6 (38%) 0.46 
 

Female 9 (50%) 10 (62%) 
 

Education (n) College or less 3 (17%) 7 (44%) 0.21 
 

Undergraduate 6 (33%) 3 (19%) 
 

 
Graduate 9 (50%) 6 (37%) 

 

LBP Duration  3-5 months 1 (6%) 0 (0%) 0.007 

(n) 6-11 months 0 (0%) 4 (25%) 
 

 
1-5 years 11 (61%) 2 (13%) 

 

 
5+ years 6 (37%) 10 (62%) 

 

 

A main effect of group was observed in the quality of life scores between groups (SF-12 

total, p=0.039) (Table 2). There were no significant main effects of group*time interactions 

observed across all outcomes, but the group*time interaction for the disability scores neared 

significance (ODI, p=0.054). The aquatic therapy group had a significant decrease in pain 

intensity (NPRS, p<0.001), disability (ODI, p<0.001) and a significant improvement in quality of 

life (SF-12 mental, p=0.001; SF-12 total, p<0.001). The aquatic therapy group also a significant 

decrease in pain catastrophizing, kinesiophobia, anxiety and depression, and insomnia (PCS, 

p<0.001; TSK-11, p=0.002; HADS, p<0.001). Similar to the aquatic therapy group, the standard 

care group saw a significant decrease in pain (NPRS, p<0.001), disability (ODI, p<0.001) and 

quality of life (SF-12 mental, p=0.002; SF-12, total p<0.001). Pain catastrophizing and 

anxiety/depression also significantly decreased in the standard care group (PCS, p<0.001; 

HADS, p=0.007), but there was no significant change in kinesiophobia (TSK-11, p=0.085) or 

insomnia (ISI, p=0.077). 
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Outcome 

    Aquatic Exercise (n=18) 
Standard Care Group 

(n=16) 
Adjusted between group 
mean difference, 95% CI P value 

Main 
effect of 
group 

Main effect of 
group*time 
interaction 

Pain (NPRS)  Baseline  5.14 ± 0.41 5.84 ± 0.44 N/A    

   Post-Intervention 2.20 ± 0.42 2.65 ± 0.45 -0.45 (-1.74 to 0.83) p=0.47 p=0.26 p = 0.74 

Adjusted pre-post difference, mean 95% CI -2.95 (-3.95 to -1.95) -3.19 (-4.25 to -2.12) 

  

F=1.36 F=0.11 
Main effect of time    p<0.001 p<0.001   

Disability (ODI)  Baseline  31.34 ± 1.95 24.46 ± 2.07 N/A    

   Post-Intervention 13.30 ± 2.07 11.92 ± 2.20 1.38 (-7.69 to 4.92) p=0.66 p= 0.132 p = 0.054 

Adjusted pre-post mean difference  -18.04 (-21.80 to -14.28) -12.54 (-16.54 to -8.54) 

  

F=2.41 F=4.04 
Main effect of time:     p<0.001 p<0.001   
QoL (SF-12 Mental) Baseline  35.82 ± 1.41 39.26 ± 1.50 N/A    

   Post-Intervention 44.08 ± 2.08 47.64 ± 2.21 -3.56 (-9.90 to 2.78) p=0.26 p= 0.09 p = 0.97 

Adjusted pre-post mean difference  8.26 (3.49 to 13.04) 8.38 (3.30 to 13.46) 

  

F=3.08 F=0.001 
Main effect of time:     p=0.001 p=0.002   

QoL (SF-12 Physical) Baseline  41.74 ± 2.62 45.35 ± 2.80 N/A    

   Post-Intervention 46.48 ± 2.24 49.42 ± 2.38 -2.94 (-9.77 to 3.88) p=0.38 p= 0.28 p=0.87 

Adjusted pre-post mean difference  4.73 (-0.94 to 10.41) 4.07 (-1.96 to 10.1) 

  

F=1.20 F=0.026 
Main effect of time:     p=0.098 p=0.18   

QoL (SF-12 Total) Baseline  77.56 ± 2.54 84.61 ± 2.70 N/A    

   Post-Intervention 90.56 ± 2.39 97.06 ± 2.54 -6.50 (-13.79 to 7.83) p=0.078 p= 0.039 p=0.89  

Adjusted pre-post mean difference  13.00 (7.72 ± 18.28) 12.45 (6.84 to 18.06) 

  

F=4.69 F=0.02 
Main effect of time:     p<0.001 p<0.001   

Catastrophizing (PCS) Baseline  19.8 ± 2.50 17.79 ± 2.57 N/A    

   Post-Intervention 10.58 ± 2.80 9.44 ± 2.89 1.14 (-7.34 to 9.62) p=0.79 p= 0.68 p=0.68 

Adjusted pre-post mean difference  -9.21 (-12.09 to -6.32) -8.34 (-11.32 to -5.37) 

  

F=0.17 F=0.17 
Main effect of time:     p<0.001 p<0.001   
Kinesiophobia (TSK-
11) Baseline  24.95 ± 1.09 23.12 ± 1.16 

N/A    

   Post-Intervention 20.11 ± 1.49 20.38 ± 1.58 -0.26 (-4.81 to 4.28) p=0.91 p= 0.63 p = 0.34 

Adjusted pre-post mean difference  -4.84 (-7.81 to -1.86) -2.75 (-5.91 to 0.41) 

  

F=0.23 F=0.93 
Main effect of time:     p=0.002 p=0.085   
Anxiety & Depression 

(HADS) Baseline  14.32 ± 1.45 11.89 ± 1.54 N/A    

   Post-Intervention 10.35 ± 1.56 9.23 ± 1.66 1.12 (-3.63 to 5.87) p=0.63 p= 0.42 p=0.32 

Adjusted pre-post mean difference  -3.97 (-5.74 to -2.20) -2.66 (-4.55 to -0.78) 

  

F=0.68 F=1.03 
Main effect of time:     p<0.001 p=0.007   

Insomnia (ISI)  Baseline  12.53 ± 1.26 11.44 ± 1.30 N/A    

   Post-Intervention 7.46 ± 1.48 8.76 ± 1.53 -1.29 (-5.75 to 3.17) p=0.56 p= 0.95 p=0.26 

Adjusted pre-post mean difference  -5.06 (-7.97 to -2.16) -2.69 (-5.68 to 0.31) 

  

F=0.004 F=1.32 
Main effect of time:     p=0.001 p=0.077   
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Table 2: Adjusted Mean Results with Standard Error for Pain, Disability and Psychological Outcomes 
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Figure 2: Graph representing adjusted mean change in NPRS from baseline to post-intervention 

with standard error. 

 

Figure 3: Graph representing adjusted mean change in ODI from baseline to post-intervention 

with standard error. 
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Figure 4: Graph representing adjusted mean change in SF-12 total score from baseline to post-

intervention with standard error. 

 
 

 

 

Figure 5: Graph representing adjusted mean change in PCS score from baseline to post-

intervention with standard error. 
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Figure 6: Graph representing adjusted mean change in TSK-11 score from baseline to post-

intervention with standard error. 

 
 

 

Figure 7: Graph representing adjusted mean change in HADS score from baseline to post-

intervention with standard error. 

 

 



 
 

29 
 

18. Discussion 

The primary aim of the study was to determine the effects of aquatic therapy versus 

standard care on the psychological factors associated with CLBP. To date, very few studies have 

explored the benefits aquatic therapy may have on psychological factors associated with CLBP 

despite the potential of aquatic therapy. Overall, both the standard care and aquatic therapy 

interventions were effective to improve pain, disability, depression and anxiety, and pain 

catastrophizing with no significant differences between the interventions. However, only the 

aquatic exercise group significantly improved kinesiophobia and insomnia. There were also 

slight differences between groups for the change in disability over time, with an ODI group*time 

interaction that neared significance (p=0.054), suggesting slightly greater change in the aquatic 

therapy group.  

In the context of CLBP, analyzing the clinically significant change for each outcome is 

important. The aquatic therapy intervention was as effective as standard care to decrease pain in 

individuals with CLBP. A 2-point change on the NPRS represents minimal clinically important 

difference (MCID) that exceeds the bounds of measurement error116. The aquatic therapy group 

had a decrease of 2.95 points on the NPRS and the standard care group had a decrease of 3.19 

points on the NPRS. Therefore, both the aquatic therapy group and the standard care group had a 

clinically meaningful change in pain. These improvements are consistent with previous studies 

who used a similar design of bi-weekly 60 minutes aquatic exercise sessions101,102. There was a 

significant improvement in disability for both groups on the ODI. The aquatic therapy group had 

an 18.04 point decrease on their ODI disability score while the standard care group had a 12.54 

point decrease. Although there is no consensus on the MCID for the ODI, prior research has 

identified the MCID of the ODI to be from 5.2 points to 16.3 points117. Both groups met the 

criteria for MCID and both groups had a post-intervention mean ODI score of “low disability”. 

Although not significant, the aquatic exercise group saw a greater reduction in their ODI score 

compared to the standard care group. These results suggest aquatic exercise may yield slightly 

better improvements in self-reported function than standard care. The exercises included in the 

aquatic therapy intervention focused on aerobic exercise, functional resistance training, and 

dynamic lumbar stabilization. In their systematic review, Owen et al.86 reported dynamic lumbar 

stabilization exercises and resistance training to be the most effective exercise modes to improve 

function in CLBP. There are key differences when applying these exercise modes on land versus 

in the water. These differences could be accounted for due to physical properties of water and the 

associated physiological effects of aquatic therapy. During water immersion, buoyancy 

counteracts the forces of gravity acting on the body and consequently reduces up to 60% of 

compressive forces on the intervertebral joints of the spine87. Shallow water functional exercises 

allow users to mimic land-based exercises through greater range of motion that might otherwise 

be painful on land. Despite the effects of buoyancy, aquatic exercise has shown to produce 

similar levels of muscle activation of the erector spinae, multifidus, gluteus maximus/medius, 

rectus abdominis and external/internal obliques to land-based exercises98. Aquatic exercise can 

therefore yield similar results to land-based exercise to improve strength. Additionally, the 

viscosity of water allows for safe and controlled progression of resistance exercises91. Limbs 

moving relative to the water will be subjected to a drag force proportional to the velocity of 

movement. Being able to move through full range of motion and progressing through exercises 

while being in less pain likely allowed the aquatic therapy group to see greater improvements in 

function.  
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The improvements in quality of life had similar trends for both groups. Both groups had a 

significant improvement in the SF-12 mental composite score and the SF-12 total score with no 

significant change in the SF-12 physical composite score. These results suggest although the 

overall quality of life improved, most of the improvements were due to improvements in mental 

health. Prior research has set the MCID for the SF-12 mental composite score in CLBP at 3.77 

points118. Both groups met the MCID for the SF-12 mental composite score and the improvement 

in mental health is reflected in the anxiety and depression (HADS) outcomes. Anxiety and 

depression (HADS) significantly decreased for both groups. HADS scores ranging from 8-10 are 

considered mild, 11-14 moderate and 15-21 are considered severe anxiety and depression119,120. 

Our aquatic therapy group had a baseline HADS score of 14.32, placing them on the higher end 

of the moderate anxiety and depression category. At post-intervention, the aquatic therapy group 

had a score of 10.35, placing them on the lower end of the mild category, which can be 

interpreted as a clinically significant improvement. The benefits of exercise therapy on mental 

health are well documented and reflected in the results of our study. Meta-analyses have 

determined exercise to have a moderate to large antidepressant effect in individuals with 

depressive disorder121. Aerobic exercise is the most effective exercise modality to reduce 

depression and anxiety in CLBP86. The aquatic exercise protocol in our study was designed to 

increase cardiovascular demands by incorporating dynamic exercises with low rest time between 

exercises to maintain an elevated heart rate. Additionally, water exerts a hydrostatic pressure on 

the body and increases the total work of breathing at rest by 60% during neck deep immersion89. 

Aquatic aerobic exercise can yield similar gains in cardiovascular fitness at lower intensities 

compared to land-based exercise90. A potential mechanism for improvement in depression and 

anxiety is through endogenous opioid (B-endorphin) release and modulation. B-endorphins are 

responsible for modulating stress responses and produce a feeling of well-being122. Studies have 

reported a decreased B-endorphin secretory capacity123 in CLBP and diminished B-endorphins 

levels in circulation124. Aerobic exercise of sufficient intensity acutely increase B-endorphin 

levels125,126. Increased B-endorphin levels have been associated with decreased symptoms of 

depression, improved coping with stress122, and decreased CLBP intensity127. Therefore, 

improving the regulation of B-endorphins through aquatic aerobic exercise likely contributed to 

improving symptoms of depression and anxiety in CLBP. The standard care group also saw a 

significant decrease in depression and anxiety, though the mean change was slightly lower than 

the aquatic therapy group. The standard care group also underwent exercise-therapy, with a 

greater focus on functional and resistance training. Resistance training of sufficient intensity 

improves cardiovascular fitness and can also improve B-endorphin modulation125,128. 

Both interventions had beneficial effects on pain catastrophizing. According to the pain 

catastrophizing user manual, a score of 20 on the PCS is considered moderate risk for the 

development of pain chronicity, while a score of 30 is considered high risk and clinically relevant 

pain catastrophizing129. The aquatic therapy group had a mean baseline PCS score of 19.8 ± 2.50, 

putting them close to the threshold for moderate risk of chronicity. At post-intervention, the 

aquatic therapy group had a mean PCS score of 10.58 ± 2.80, placing them well below the 

threshold for risk of chronicity. In CLBP, a change of 8 to 11 points on the PCS is considered 

clinically significant130, meaning the aquatic therapy group met the threshold for MCID. The 

standard care group had similar baseline and post-intervention levels of catastrophizing and met 

the threshold for MCID post-intervention. Interestingly, there were less changes in kinesiophobia 

(TSK-11) than the other psychological outcomes. To our knowledge, there are no established 

cutoff scores for the TSK-11 in CLBP. Despite the change in the TSK-11 for the aquatic exercise 
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group being statistically significant, we cannot determine with certainty if the change meets the 

criteria for MCID.  The primary focus of both interventions was to provide a reduction in pain 

and disability. Since both interventions were effective to improve pain and disability, this 

progress can enable individuals to reclaim activities they once avoided due to pain or fear of 

pain. Consequently, they may adopt a more proactive and resilient perspective towards their 

condition, partly through the enhancement of self-efficacy via exercise131. Self-efficacy is an 

important component in the self-management of CLBP. Self-efficacy is defined as “one’s belief 

in their capacity to organize and execute the courses of action required to produce given 

attainments”64. Poor self-efficacy leads to anxiety, depression, pain catastrophizing, and a poor 

outlook on one’s condition77. Self-efficacy therefore refers to an individual’s belief in their 

capacity to complete a task, rather than a measure of their actual capacity to complete said task. 

In the context of pain, pain self-efficacy is best described as one’s confidence in their ability to 

function properly despite being in pain65. For instance, as they progress, they may enjoy longer 

walks without exacerbating their pain or do household chores that were previously too difficult. 

Attending social gatherings that were once avoided due to isolation associated with pain might 

become possible again. These milestones are partially reflected in the ODI, including 

components like self-reported increased walking capacity, pain-free completion of chores, 

attending of social gathering, and pain free personal care. Our results suggest exercise, land-

based and aquatic, may provide an effective way through which individuals with CLBP feel like 

they are actively taking control of their condition, and provides them with meaningful feelings of 

improvement. By changing individuals' perspectives on their condition, their way of thinking 

may have been steered toward a more constructive outlook. In essence, the cumulative effect of 

pain alleviation, functional improvements and greater self-efficacy empowers individuals to 

engage in meaningful activities once again, giving them a sense of accomplishment leading to an 

improvement in depression, anxiety, overall quality of life and pain catastrophizing.  

The multifactored nature of CLBP requires a good understanding of the individual factors 

that may be contributing to each person’s condition. A strength of this study was the one-on-one 

nature of each session with a Certified Athletic Therapist knowledgeable in pain management 

and spine rehabilitation. Individual sessions allow for more targeted care and better support for 

each person’s specific needs. Common complaints from individuals with CLBP include 

unfulfilling interactions with healthcare professionals, partly from a perceived lack of support132. 

Providing individuals with CLBP with support and dedicated time for their care allows them to 

feel like their well-being is a priority. Regular dedicated one-on-one sessions with the patient 

allows the therapist to guide the patient during their rehabilitation process and reduce fears and 

barriers associated with pain and exercise when they come up. Common beliefs in individuals 

with CLBP is attributing CLBP solely to structural and anatomical factors132. Identifying the 

cause of their pain and having a clinical diagnosis is important for patients with CLBP133. 

Without a diagnosis, individuals with CLBP feel uncertain about the right course of action and 

develop avoidance behavior for fear of exacerbating their condition. When individuals with 

CLBP are unable to identify the cause of their pain, they often self-diagnose a structural cause 

for their pain132. However, the number of diagnoses given to an individual is directly associated 

with pain perception. Therefore, the more diagnoses are given to a person, the greater their 

behavior change and increase in fear-avoidance beliefs will be133. These statements may seem to 

be contradictory, but they simply show the complexity of treating CLBP. Therefore, the wording 

and terminology used around this population is extremely important. When the cause of pain 

cannot be identified, patients with CLBP must not be dismissed as this will show a lack of 
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support, which has been shown to worsen their condition132. Consequently, when presenting a 

diagnosis that is potentially contributing to their pain, presenting the information in a manner 

devoid of dramatization is crucial, as the diagnosis might not necessarily be the root cause of 

their pain77. For instance, one study reports individuals with CLBP perceiving their back to be 

“out of place” following chiropractor visits132. Despite no evidence on the presence of vertebral 

subluxations as a specific cause of CLBP, this type of dogma is commonly used in traditional 

clinics as part of the assessment process and should be avoided. The concerns of patients with 

CLBP regarding their condition can be alleviated through proper education on pain management 

and spine rehabilitation provided by a knowledgeable therapist well-versed on the recommended 

guidelines for managing of CLBP77.   

Limitations   

This was a pilot study with a relatively small sample size, therefore larger studies are 

needed to confirm the generalisability of these results. Due to limited resources, the assessors 

responsible for overseeing the post-intervention testing were also responsible for administering 

the interventions and were therefore not blinded. The mean baseline physical activity levels were 

higher than expected, as both groups were over, or nearly over, the threshold of high physical 

activity of 3000 METs per week. These physical activity levels are high considering most of our 

sample did not engage in regular physical activity. The IPAQ is based on self-reported measures 

of physical activity and tends to overestimate the amount of time spent doing moderate and 

vigorous physical activity134. There were some differences in between the groups which may 

have affected the results. The aquatic therapy group did not receive a physical examination as 

part of their treatment, which could have affected therapeutic alliance between the participant 

and the therapist. Subsequently, the aquatic therapy group also had no physical contact with the 

therapist, which could have an impact on their perceived support in regard to their condition.  

19. Conclusion 

Both the aquatic exercise group and the standard care group had significant improvements 

in pain, disability, quality of life, depression, anxiety and pain catastrophizing. Most gains in 

patient-reported outcomes proved to be of clinical importance. Only the aquatic exercise group 

had a significant decrease in kinesiophobia, although the change could not be established as 

clinically significant due to lack of data on cutoff scores. Our findings also suggest aquatic 

therapy may have added benefits to improve LBP-related disability. These findings also solidify 

the current standard of care and provide preliminary evidence on the efficacy of aquatic therapy 

on psychological outcomes in CLBP. Further studies should investigate the effects of different 

types of exercise modalities on psychological outcomes associated with CLBP to better 

understand the underlying mechanisms involved. 
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Chapter 3: Project 2 – Feasibility and User Experience of Mobile Health Application Play 

the Pain in a 10-week Clinical Intervention for Persons with Chronic Low Back Pain 

20. Introduction 

 

Low back pain (LBP) is the leading cause of disability worldwide1. In 2020, and estimated 

619 million people where affected by LBP and by 2050 the estimated number of cases will rise 

to 843 million globally2. The rising prevalence of LBP poses a significant burden on the health 

of affected individuals and the global economy. In 2023, the estimated yearly direct costs 

associated with LBP from the regions of America, Europe and the West Pacific range from 2.3-

2.6 billion €, while the indirect costs ranged from 0.24-8.15 Billion €10. While many cases of 

LBP generally resolve, some studies estimate up to 25% of cases become chronic LBP 

(CLBP)135. CLBP is a common cause of early retirement and significantly decreases the quality 

of life of those affected11. The etiology of CLBP is complex, which makes pinpointing the cause 

of pain difficult. CLBP is associated with increased disability, anxiety, depression and pain-

related fears77.  

 

Exercise therapy is one of the most effective forms of conservative treatment for CLBP. 

There is overwhelming evidence showing exercise therapy decreases pain and disability 

associated with CLBP17,73,113. However, adherence to exercise-based treatments in CLBP is very 

low. CLBP is a complex and multifactored condition that cannot be fully encompassed by the 

standard biomedical model of pain management. CLBP occurs due to a complex interaction of 

biological, psychological, and social factors. There are therefore many internal and external 

factors that can affect treatment adherence. Common internal causes of non-adherence to 

exercise interventions in people with CLBP include pain with movement, low motivation, 

depression, anxiety, fear avoidance beliefs and low self-efficacy106,107,136. Common external 

causes of non-adherence include difficulty integrating exercise in their daily life, difficulty 

bridging between supervised and unsupervised exercise sessions, lack of follow-up from 

healthcare providers and difficulty contacting healthcare providers136,137. Effective solutions to 

increase treatment adherence include supervision of exercise sessions136, however increasing 

supervised exercise sessions does not address the decrease in adherence that occurs during the 

transition to unsupervised exercise.  

 

The success of exercise therapy is highly dependent on patient-adherence85. New 

solutions are therefore needed to increase patient engagement in exercise-based interventions. 

Recent efforts to improve patient outcomes in the management of chronic conditions has been 

through the integration of mobile health (mHealth) technology and devices. The increased 

prevalence of smartphones and internet usage presents promising opportunities for improving 

delivery of care in a wide range of healthcare interventions. Mobile health solutions present 

unique advantages thanks to their convenience and increased accessibility. Mobile health devices 

have been successfully integrated in the management of chronic diseases. A systematic review of 

50 randomized controlled trials using mHealth devices in the treatment of chronic disease 

determined 56% of studies demonstrated significant effects on treatment adherence, with 

treatment adherence defined as medication adherence, engagement in healthy behaviors, 

frequency of symptom monitoring, and gains in knowledge and perceived self-efficacy108. 

Among the reviewed mHealth studies, 40% had a significant improvement on clinical outcomes. 
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The integration of mHealth devices for better management of CLBP in terms of improved 

adherence and outcomes holds promise.  For instance, a mHealth app designed to allow for self-

tracking of CLBP symptoms was deemed feasible and improved anxiety at short-term follow-up, 

and demonstrated a greater reduction in pain catastrophizing at long-term follow-up compared to 

control109. Similarly, a mHealth application who provided a 12-week home exercise program for 

individuals with CLBP showed greater improvements in pain and disability to control110. 

 

Play the Pain is a novel mHealth app designed to cater to the different needs for 

populations with chronic pain. The application was designed to prompt individuals to stay active 

and allows for continuous self-tracking of emotional and environmental factors that influence 

pain coping strategies111,112. The app was designed to give users autonomy in their use of the app 

and provide healthcare professionals with a better understanding of their patients’ pain coping 

strategies. Play the Pain allows for self-tracking of pain, emotions, activities, sleep, and 

medication use. Improved tracking features allow patients to feel better connected to their 

healthcare provider and could improve their perceived support. Play the Pain allows users to be 

actively involved in their rehabilitation and could improve self-efficacy in individuals with 

CLBP and could potentially have a beneficial impact on adherence to exercise interventions. 

However, no studies have assessed the feasibility of using Play the Pain in a clinical setting.   

 

The aim of this study was to assess the feasibility and user experience of using mHealth 

application Play the Pain in a clinical intervention in terms of adherence and satisfaction with 

the app. We hypothesized that it would be feasible to implement Play the Pain in a clinical 

setting and that patients with CLBP would meet the adherence threshold and be satisfied with the 

app.  

21. Methods 

Study Design: As we recognized the need for ecological monitoring with the purpose of keeping 

users engaged and motivated to track their activities and symptoms, we tested the feasibility and 

user experience of play the pain with the intention of capturing the psychosocial variates that can 

impact pain management. Thus, this feasibility study focused on the user experience and self-

tracking functions and was conducted in parallel to a pilot randomized controlled trial that 

investigated the effects of an aquatic therapy intervention compared to standard care on CLBP. 

The study lasted 10 weeks, and participants in both groups tested the mobile health application. 

Participants were recruited through posters and media advertising and all research activities took 

place at the School of Health at Concordia University. The interventions were individual and 

supervised by a Certified Athletic Therapist. 

 

Participants: Participants for the feasibility trial were recruited from the pool of participants for 

the CLBP randomized controlled trial. The participant inclusion criteria were based on the 

aquatic therapy pilot randomized controlled trial: 

● Have a mobile phone compatible with Play the Pain.  

● Chronic non-specific LBP (>3 months), defined as pain in the region between the lower 

ribs and gluteal folds, with or without leg pain. 

● Currently seeking care for LBP. 

● Aged between 18 to 65 years old. 

● English or French speakers 
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● Have a score of “moderate” or “severe” disability on the modified Oswestry Low Back 

Pain Questionnaire 

● Do not currently engage in sports or fitness training specifically for the lower back 

muscles (3 months prior the beginning of the trial). 

Exclusion criteria 

Participants were excluded if they met one of the following criteria: 

● Evidence of nerve root compression or reflex motor signs deficits (e.g., weakness, reflex 

changes, or sensory loss with same spinal nerve), 

● Previous spinal surgery or vertebral fractures, 

● Other major lumbar spine structural abnormalities (e.g., spondylolysis, 

spondylolisthesis, or lumbar scoliosis >10°) 

● Comorbid health conditions that would prevent active participation in exercise programs 

(e.g. screened with Physical Activity Readiness Questionnaire) 

 

Therapeutic Aquatic Exercise Intervention: The participants in the aquatic therapy group 

received a standardized program. Each session lasted 60 minutes, beginning with a 10-minute 

warm-up, followed by 40 minutes of strengthening, and finished with a 10-minute cool-down. 

Participants in the aquatic therapy group performed trunk/hip stabilization exercises, aerobic 

conditioning, and general strengthening exercises in the treatment pool. The supervising Athletic 

Therapist monitored pain levels of participants and demonstrated sound clinical judgment to 

avoid unnecessary exacerbation of symptoms. 

 

Standard Care Intervention: Participants in the control group received the standard care 

treatment in the School of Health Athletic Therapy clinic and conditioning floor. The standard 

care intervention was not standardized but rather personalized to the needs of each participant. 

The objective of the standard care intervention was to replicate care that would otherwise be seen 

in a real-world clinical setting. Participants in the control group received a musculoskeletal 

assessment and a personalized rehabilitation plan consisting of a combination of land-based 

exercise, manual therapy techniques and heat application.  

 

Play the Pain:  Participants in both groups used the mHealth application Play the Pain. To avoid 

an inadvertent co-intervention in the trial, the “play’’ function of the app was not for this feasibility 

study. The function of interest for this study was the “track’’ function. Participants were able to 

track their pain, their activities, their sleep, their medication use and their emotions. After 

determining the location of the pain, users were prompted to scale the intensity with a movable 

cursor from slight pain to extreme pain.  Emotional tracking features an interactive web with a 

wide range of feelings. The sleep tracking function tracks the duration and quality of sleep. The 

activity tracking feature has 24 options to choose from and includes physical activity, leisurely 

activities and health promoting activities in the last 48 hours. Participants in the study were asked 

to use the app daily, however they were not given specific guidelines on what should be tracked 

each day. The philosophy of Play the Pain is to let the user share what is on their mind, and to 

give the clinician a better understanding of their condition and how patients cope with pain111,112.  

Outcome measures: The outcome measures were related to the feasibility and satisfaction of Play 

the Pain. Adherence to Play the Pain and satisfaction were collected through administrative data 

and an end-of-study survey.  
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Adherence: Adherence was measured by tracking weekly usage of the app. The weekly usage 

threshold was set at a two logging inputs per week. This means for a week to be considered 

“satisfactory”, participants needed at least two separate days in the week with at least one logged 

input. There are no clearly established guidelines for determining threshold for adherence, 

however previous mHealth studies have set the threshold for adherence at 70%138. Therefore, the 

total weekly threshold for adherence was set at 70% for each participant with a minimum of two 

inputs per week. This means for the adherence of a participant to be above the threshold, they need 

at least 7 out of 10 weeks with at least 2 inputs per week.  

Satisfaction: Satisfaction with the app was measured through an online exit-survey. Survey 

questions were answered via Likert scale and included questions about barriers and facilitators. 

The survey included multiple-choice questions designed to measure satisfaction with various 

features of the application and overall impression. Each multiple-choice question utilized a 5-point 

Likert scale, including a neutral option. Additionally, the survey incorporated open-ended 

questions to allow participants to express any additional feelings, comments, or suggestions 

regarding their experience with the app. 

Procedures: Participants came in for a baseline assessment and were randomly allocated to the 

aquatic therapy group or the standard care group (1:1). Participants were introduced to the 

application when they came to the School of Health for their first visit and were provided with 

clear instructions on how to install and use the app. Each participant’s account was linked to an 

administrative account managed by the research team, allowing us to track each participant and 

their use of the application. At the end of the intervention, the participants were asked to complete 

the questionnaire regarding their satisfaction with the use of the application. Participants from both 

the standard care group and the aquatic therapy group used the application and no specific 

guidelines were given on how to use the app, only a recommendation to try and integrate the app 

daily. 

Statistical Analysis: Descriptive statistics were used to summarize the feasibility outcomes.  

 

22. Results 

22.1. Adherence 

 

Twelve participants from the CLBP study participated in the feasibility study. Due to 

technical and logistical challenges, the application was unavailable to the participants on 

multiple occasions during the interventions. On average, the app was available for 8.16 total 

weeks out of 10 possible weeks for the participants. Every participant experienced at least one 

week where the application was unavailable to them. Therefore, the total amount of total weeks 

eligible for each participant was adjusted in consequence. Only 5 out of 12 participants met the 

minimum threshold for adherence (e.g., 2 inputs/week), for a total of 41.6% adherence. When 

considering the cumulative app usage over all available weeks for all participants, the instances 

of successful adherence, with at least two inputs per week, amounted to 50.2%. As seen in figure 

8, the adherence rate steadily decreased over the course of the intervention. The usage rates and 
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trends of decreasing adherence were similar for both the aquatic therapy and the standard care 

group.  

 

Figure 8: Average adherence rate of “Play the Pain” app over 10-week period (n=12) 

 

 

22.2. Satisfaction 

 

Only 6 out of the 12 participants (50%) completed the online exit-survey. Half the 

participants found the activities tracking and emotions tracking useful to their rehabilitation, 

while 50% did not find the sleep tracking features useful and over 25% did not find the 

medication tracking feature useful (Figure 9). Almost 75% agreed the app was frustrating to use 

and only 25% agreed the app was easy to figure out. Close to 75% of users found the prompts, 

error messages and use of terms and concepts clear and easy to use. Twenty five percent of the 

users reported appreciating the look and feel of the app while the responses were evenly 

distributed with regards to the information of on the screen being organized and easy to use. 

Fifty percent of participants found the pain and emotion tracking features easy to use, while the 

other tracking features were not used by close to 75% of participants (Figure 10). Overall 

satisfaction with the app was evenly distributed, with approximately one third being satisfied, 

one third neutral and the other third very dissatisfied or dissatisfied, . Interestingly, only about 

25% of users said they would continue using the app after the intervention despite almost 75% of 

users recommending Play the Pain for individuals with CLBP.  
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Figure 9: Attitudes towards using “Play the Pain” application (n=6) 

 
 

0% 25% 50% 75% 100%

When I am using the app, the information on the screen is
organized and easy to use.

The look and feel of the app is great.

Use of terms and concepts throughout the app is consistent.

When I am using the app, error messages are useful.

When I am using the app, prompts on the screen are easy to
use.

Figuring out the app was easy.

Working with the app was frustrating.

The feelings tracking feature was helpful in my rehab.

The sleep tracking feature was helpful in my rehab.

The medication tracking feature was helpful in my rehab.

The activities tracking feature was helpful in my rehab.

Strongly Disagree Disagree Neutral Agree Strongly Agree
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Figure 10: Overall experience using the “Play the Pain” application (n=6) 

 

23. Discussion  

This study aimed to assess the feasibility of integrating Play the Pain into a clinical 

intervention for CLBP, with the outcomes focusing on adherence to and user satisfaction with 

the app. Although the adherence and user satisfaction results obtained were insufficient to 

support feasibility of Play the Pain. While some participants demonstrated satisfactory 

adherence with the app, most had low usage which resulted in overall unsatisfactory adherence 

rates.  The final weekly adherence rate was 41.6%, which is below the 70% threshold for 

adherence that was set. Shedding light on some of the challenges that occurred during the study 

will help give clarity to the adherence results. Only 12 participants out of 34 potential 

participants were able to participate in the feasibility study. The main reason for the small sample 

size is due to software incompatibility issues. The version of Play the Pain used during the study 

was only compatible with IOS operating system from Apple devices and old generation Android 

devices. Most participants had phones with recent generations of android operating systems like 
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in Samsung and google devices and were unable to download the app. Over the course of the 

intervention, there were multiple occasions of server maintenance issues lasting at least one week 

each time, which caused the app to become inaccessible to all participants during that timeframe. 

Lack of financial support caused to pay for server maintenance did not allow for proper tracking 

of outcomes related to the app. The lack of access to the application significantly limited our 

ability to determine adherence to the application. Every participant had at least a minimum of 

one week where the application was unavailable to them, while some could not participate 

because ultimately the servers were down permanently. Previous studies using mHealth 

applications reported login difficulties to be a significant barrier to use, as difficulty accessing 

mHealth apps negatively affects motivation in the self-management of CLBP139. Since 

participants in the study had limited access to the app, not only does measuring adherence 

become more difficult, but the motivation of participants to use the app naturally decreases, 

which leads to lower adherence rates. Additionally, features like pain tracking encountered 

“bugs” during the study which limited the access to this functionality. While these software 

issues were successfully resolved, they hindered access to the applications functionality and 

undeniably contributed to reducing the overall adherence. Therefore, due to technical problems 

encountered during the study ranging from server maintenance issues, device incompatibility 

issues and technical bugs, feasibility could not truly be assessed during the context of the current 

study.  

 

The results from the online exit-survey demonstrated low satisfaction with the app in terms 

of usability and relevance. Low overall satisfaction from the survey does not provide supporting 

evidence in terms of the feasibility of implementing Play the Pain in clinical settings. Previous 

mHealth observational studies have highlighted user retention to be one the main challenges140. 

Usability and satisfaction with the interface are important attributes that determine user retention, 

which impact the effectiveness of a mHealth application. For instance, key factors associated 

with better usability is having a simple and user-friendly interface featuring clear graphics140. As 

seen in Figure 9, almost 75% of participants reported being frustrated with the app, while only 

25% were able to easily figure out how to use the app. Increased frustration with the app and 

difficulty figuring out how to operate the app suggests poor usability, which in turn leads to an 

unwillingness to keep using the app. Unwillingness to pursue using the app is highlighted in 

Figure 10, as only approximately 25% of respondents said they would continue using the app 

after the study. As seen in Figure 9, most users failed to see the relevance of sleep, medication 

and activity tracking features to their rehabilitation, which led to very few participants using 

these features, per Figure 10. These findings indicate limitations in the app’s ability to effectively 

address CLBP through complete lifestyle monitoring. Overall, the participants' suggestions in the 

survey offered helpful insights into areas for improving and optimizing the app. To increase user 

adherence and satisfaction, the user interface and different functionalities of the app could be 

improved. One participant stated the app would need a “thorough evaluation on the user 

experience and user interface design”. Most participants enjoyed the idea of having a pain 

tracking feature, however they had suggestions to improve the user experience. For instance, 

improving the ability to locate the region of interest would help, as one person said the pain 

locator was “difficult to use” and “too many clicks were required to add a pain log”. Some did 

not enjoy the sliding scale to measure pain, with one person saying, “the pain sliding pain scale 

is difficult to manipulate”, while another mentioned the experience could be improved by 

“adding a number scale”. Only a small portion of participants used the activity, medication, and 
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sleep tracking features. Therefore, not everyone felt these features to be relevant to their 

rehabilitation, and one person mention they would like the option to “hide/show some of the 

tracking features” to only display the features they were using. Activity tracking is an important 

feature, especially for healthcare professionals in the context of exercise interventions. One 

participant said they would use the activity tracking feature more if they “could retroactively add 

activities without being limited to the past 48 hours only”. For the sleep tracking function, some 

users felt limited by the answer choices: “The sleep section gives more than 7 hours or less than 

6 as options.  What if I slept 6 or 7 hours?”. One of the reasons for integrating Play the Pain in 

clinical interventions is to improve the connection between the patient and the healthcare 

provider. Improved communication between the patient and the healthcare provider allows the 

patient to feel supported and understood by their healthcare provider. A challenge for the 

healthcare provider is to keep track of all the daily inputs from their patients simultaneously. One 

participant mentioned the providers did not seem to always have all the information at hand from 

their recent tracking inputs during their follow-up sessions and proposed “adding a feature that 

allows the healthcare provider to generate a summary report to help the healthcare provider 

keep track of all their patients”.  Addressing these issues will be important to allow for future 

pilot testing of the app in a clinical setting. Additionally, addressing the user’s perception of ease 

with the interface will be important to increase patient engagement and satisfaction. 

 

Limitations 

 

Only 12 out of 34 potential participants were able to participate in the feasibility study. The 

main reason for the small sample size was due to software incompatibility issues and server 

maintenance issues. The version of Play the Pain used in the study was incompatible with recent 

android devices. Additionally, only 6 out of 12 participants completed the end of study survey to 

measure satisfaction, which limited our ability to adequately measure satisfaction with the app. 

Over the course of the intervention, there were financial limitations that caused the app servers to 

go down, which caused the app to become inaccessible to all participants during that timeframe. 

The servers remained down before we could finish collecting data, which caused us to lose more 

participants and reduced our sample size. Additionally, the pain tracking feature encountered 

“bugs” during the study, which limited the access to this functionality and affected adherence 

and satisfaction outcomes.  

24. Conclusion 

 

The objective of this study was to determine the feasibility and user experience of novel mHealth 

app Play the Pain. With the app still being under development and having faced many technical 

difficulties during the study which directly impacted the adherence, the “true” feasibility and 

satisfaction of the app could not properly be assessed. Nonetheless, from these challenges and 

the data collected we learned that such apps are appreciated and seem necessary, but significant 

efforts and investment are necessary to create such research platforms. Through the exit-survey, 

users provided valuable suggestions to improve the user interface and overall usability of the 

app, which would help increase adherence and satisfaction in future studies. Being faced with 

technical challenges that may limit the usability of the app is to be anticipated in their early 

stages of design. Therein lies the importance of testing the design and functionality of the app in 

a real world setting to better understand its strengths and weaknesses. 
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Chapter 3: Future Directions and General Discussion 

The results from project 1 provided us with valuable preliminary findings on the efficacy 

of both aquatic therapy and Athletic Therapy in the treatment of CLBP. The key findings from 

the study highlight the importance of exercise therapy in the treatment of CLBP, as well as the 

importance of therapeutic alliance when addressing a complex multi-factored condition such as 

CLBP. The aquatic therapy standardized protocol proved to be as effective as standard care in 

the short-term treatment of CLBP. The standardized nature of the intervention allows for an 

easier transfer of knowledge. Future directions will include providing clinics with therapeutic 

pools with our protocol and our findings. In order to make the aquatic therapy intervention more 

accessible, we will try to adapt it to a community setting so that individuals with CLBP can 

participate in group classes at their local pool.  

 

For project 2, the study did not go as planned as the application was still under 

development, we faced important technical and financial limitations. Therefore, the feasibility 

and user experience could not be fully assessed. However, despite these challenges, participants 

shared important suggestions regarding their user experience and interface experience that 

should be considered and incorporated the next generations of the application to improve user 

satisfaction. These suggestions can be summarized to i) improving the clarity and choice options 

for the tracking features ii) making the overall design more user friendly and iii) improving the 

feel and haptics of the app. Play the Pain holds tremendous potential to have a significant impact 

on the quality of care due to its widespread accessibility and affordability. The next generation of 

Play the Pain should address the suggestions from real world users with CLBP to allow for 

improvement and optimization of the app. Once these technical aspects have been addressed, 

future studies should focus on Play the Pain alone, without any other interventional component 

to fully capture and monitor all psychosocial variates that can impact pain management. This 

will allow for higher quality study where the true impact and self-tracking functions of the app 

can be truly assessed, to provide a better understanding of the barriers and facilitators to mHealth 

application usage in CLBP.  
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Appendix:  

24.1. Play the Pain User Interface 
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24.2. Aquatic Therapy Protocol 

 

  Aquatic Exercises Volume   

Warm-Up  

(10 minutes) 

Water walking: forwards, backwards, 

sideways - left and right. Progressively 

increase walking speed.  

3 minutes (30s / 

direction) 

 

Small hops: feet shoulder width apart, squat, 

then jump and bring feet close together and 

squat back down 

1 min (30 sec/ 

direction) 

 

Leg kicks: kick front, kick out by side, kick 

back 

1 min (30s / leg) 
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Marching: raise knees, heel to buttocks - as 

tolerated 

2 minute (1 min 

each) 

 

Horizontal kicking: on stomach, while 

holding onto edge of pool, kick legs and try to 

maintain body horizontal. Use floating device 

under the waist to modify difficulty.  

1 minute (30s 

each) 

 

Upper body oscillations: Moving both arms 

in an oscillatory fashion from in front of you 

to out by your side. 

1 minute 

 

Bow and Arrow: rotate the torso by bringing 

your arms close to your body as if you’re 

shooting a bow and arrow. Alternate sides. 

1 minute 

 

Training  

Session  

(40 minutes) 

Multi-directional Lunges: forward, 

backward, sideways lunges back and forth. 

2 sets x 10 

repetitions / 

direction 
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Squats: Place both arms by your side. Bend 

down in a squat position and then return to 

starting position. Can control speed of 

exercise done to make it harder. 

2 sets x 1 – 2 

minutes 

 

Step-Ups: Using an underwater step, place 

one foot on the step with hands on your waist 

and transfer weight to step up.  

2 sets x 8 - 12 

repetitions / side 

 

Single leg squat: Stand on one leg with both 

arms by your side. Perform the single leg 

squat until the knee moves in front of the toes. 

Remove hand support to increase difficulty.  

2 sets x 8 – 12 

repetitions / side 

 

Standing Hip Abduction: Stand on one leg, 

while either maintaining your balance or 

holding on to the side of the pool. Bring the 

leg that you aren’t standing on outwards as far 

as possible as long as the movement comes 

your hip. Use an elastic band above the ankles 

to make the exercise harder.  

2 sets x 10 

repetitions / side 

 

Standing Hip Extension: Stand on one leg, 

while either maintaining your balance or 

holding on to the side of the pool. Bring the 

leg that you aren’t standing on behind you as 

far as possible as long as the movement is 

2 sets x 10 

repetitions / side 
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only coming from your hip. Use an elastic 

band above the ankles to make the exercise 

harder.  

Concentric chest press + row: Lunge or 

squat down to chest-deep water and hold 

dumbbell floats vertically between hands with 

arms fully outstretched in front just below the 

water surface. Pull dumbbell floats close to 

the chest (bringing arms backwards towards 

body) and then push forwards to starting 

position, while staying put.  

2 sets x 1 - 3 

minutes 

 

Underwater punches: Lunge down to have 

your arms just below the water surface, with 

one arm fully outstretched in front and the 

other close to body. Holding Aqualogix 

dumbbells, perform alternate punching with 

each arm. 

2 sets x 1 – 3 

minutes 

repetitions 

 

Concentric Shoulder Flexion + Shoulder 

Extension: Place one arm by side and the 

other outstretched in front just below water 

surface with palms facing direction of 

movement. Alternately bring one arm upwards 

just below the water surface while bringing 

the other arm to the side. Use hand paddles to 

increase resistance and change the front leg 

between sets.  

2 sets x 10 - 20 

repetitions 

 

Knee Raises: Hold the aquatic dumbbell in 

each hand with arms by sides while in a seated 

position. Raise one knee until thigh is parallel 

to the surface of the water. Alternate legs. 

2 x 10 - 20 

repetitions 
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Horizontal Woodchopper: Have your hands 

with your arms fully outstretched in front just 

below water surface. Rotate your torso 

gradually as far to one side as possible and 

then back to the midline. Alternately do the 

same with other side. 

2 sets x 10 - 20 

repetitions / side 

 
  

Diagonal Woodchopper: Have your hands 

with your arms fully outstretched in front just 

below water surface. Rotate your torso 

gradually as far to one side as possible while 

bringing the hands down diagonally and then 

back to the midline. Alternately do the same 

with other side. 

2 sets x 10 – 20 

repetitions / side 

 

 

Water Ab Rollout: Start in upright posture 

with arms outstretched in front of you and 

your hands resting on the surface holding 

dumbbell floats. Slowly move the dumbbell 

floats forwards while keeping your body in a 

neutral posture tilting on the tips of the toes, 

and then return to starting position. You 

should feel the movement working your 

abdominal muscles. 

2 sets x 10 - 15 

repetitions 

 

Cool-Down  

(10 minutes) 

Free water-activity: walking, standing, 

swimming 

1 minute  
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Stretching / Mobility exercises: 

Hip CARs (controlled articular rotations) 

2 - 5 x each leg 

 

Stretching/Mobility exercises:  

Standing quad stretch 

 

2 x 30s per 

muscle group 

 

Stretching/Mobility exercises:  

Standing hamstring stretch (extend leg + lean 

in) 

2 x 30s per 

muscle group 

 

Stretching/Mobility exercises:  

Anterior chain stretch: grab arms behind back 

+ open up chest 

2 x 30s per 

muscle group 
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Stretching/Mobility exercises:  

Seated figure 4 stretch  

2 x 30s per 

muscle group 

 

Stretching/Mobility exercises:  

Standing open book (hold onto side of pool, 

lift leg + rotate away) 

2 x 30s per 

muscle group 

 

Relaxation: Lay on your back with a noodle 

supporting you under your waist and occiput 

and take deep breaths. 

1 – 5 minutes  

* Exercises will progress over the weeks by adding resistance to certain exercises (water current, 

ankle weights, hand paddles, dumbbell floats, kickboards, resistance bands, discs), as well as 

increasing in the number of repetitions.  
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