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Abstract 
 
Background: The COVID-19 pandemic prompted a rapid and comprehensive response from the 

global healthcare community, with physiotherapists playing a crucial role in managing patients 

affected by the virus. Physiotherapy researchers had to navigate their research projects through an 

unprecedented global event. The emergence of post-COVID-19 condition has further extended the 

scope of challenges these professionals face, necessitating a re-evaluation of clinical practices and 

research methodologies. The unanticipated burden on healthcare systems worldwide highlighted a 

pressing need for specialised training, adaptation to unprecedented clinical demands, and the 

flexibility of research paradigms within physiotherapy. 

 

Objectives: This thesis sought to: (i) elucidate the clinical management strategies employed by 

physiotherapists for patients with COVID-19 in hospital settings during the pandemic; (ii) uncover the 

personal and professional repercussions experienced by physiotherapists; (iii) investigate the impacts 

on physiotherapy research within Australia; (iv) suggest strategies to alleviate pandemic-related 

effects on research; (v) identify ongoing symptoms and physical impairments in post-COVID-19 

condition sufferers; (vi) examine the correlation between various health outcomes and post-COVID-

19 condition symptoms; and (vii) determine the potential improvement of post-COVID-19 condition 

symptoms over time without intervention. 

 

Methods: Study 1 (Chapter 4) explored the challenges and experiences associated with conducting 

physiotherapy-based assessments and treatments of patients with COVID-19 in a hospital setting 

during a pandemic by utilising an international online survey. Study 2 (Chapter 5) investigated the 

impacts on physiotherapy research within Australia by conducting a scoping review of available 

literature published between March 2020 and January 2023. Study 3 (Chapters 6 and 7) was a 

longitudinal observational study investigating ongoing symptomology, physical and cognitive 

function, occupational performance, mental health, and quality of life in individuals with post-COVID-

19 condition.  

 

Results: Physiotherapists reported significant deviations from their standard roles, adopting 

responsibilities such as working in intensive care, making ventilator adjustments, and performing 

other healthcare worker duties. The survey revealed a stark insufficiency of intensive care-trained 

physiotherapists, with increasing workloads and stress. Physiotherapy researchers in Australia faced 
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substantial impacts on their work, including impacts on quality, changes in methodology, delays, and 

cessation of research. Studies that adopted online/non-contact methods reported fewer impacts. 

Individuals with post-COVID-19 condition demonstrated a wide array of symptoms, predominantly 

fatigue, brain fog, and exertional dyspnoea, which persisted variably 6 months post-recovery from 

acute infection. Although most participants reported symptom resolution within 9-12 months, 

ongoing physical impairments persisted.  

 

Conclusion: The thesis encapsulates the adaptability and resilience of the physiotherapy profession 

amid the healthcare upheaval caused by the pandemic. It revealed the need for specialised training 

of physiotherapy staff, especially in intensive care units. It underscored the need for more precise 

guidelines on managing patients with COVID-19. The findings prompted a call to action for the 

physiotherapy community to integrate multidisciplinary care and personalised treatment strategies 

to further cater to the complex and evolving needs of patients with post-COVID-19 condition. The 

physiotherapy profession's response to the pandemic exemplifies a commitment to advancing 

healthcare through continuous learning and adaptability, setting a precedent for future challenges in 

the dynamic nature of global health. 
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Statement of Originality 
 

 

This work has not previously been submitted for a degree or diploma in any university. To the best of 
my knowledge and belief, the thesis contains no material previously published or written by another 
person except where due reference is made in the thesis itself. 
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Figure 1.1: Terminologies of persistent signs and symptoms post-COVID-19 infection 
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of related research and engaging with the particulars of acute COVID-19 infections and PCC from a 

physiotherapeutic perspective. 

 

 

Figure 1.2: Diagrammatic overview of chapter progressions and aims within the thesis 
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Despite changes to our approach, we faced continual obstacles. Queensland's border policies, while 

controlling outbreaks, also limited our pool of participants. Even after we managed to gather a small 

group of participants, Australia's vaccination drive and the reopening of borders led to new waves of 

infection, causing further disruptions. Nevertheless, this delay allowed us to update our study to 

reflect the latest evidence recommending a multidisciplinary assessment approach due to the 

complex pathophysiology of COVID-19, leading to the addition of more researchers to our team. 

Given these recommendations, meetings were conducted with other allied health professors at 

Griffith University to gauge their interest in the study whilst identifying areas for improvement. 

The ongoing challenges did not just hinder progress; they encouraged reflection and further 

investigation. Considering if others in the Australian physiotherapy research field faced similar issues, 

an additional section of the thesis was planned to examine the complex challenges of conducting 

research during the pandemic. A preliminary literature review revealed common limitations in 

studies published during this time, highlighting the widespread difficulties within the research 

community. As a result, a more comprehensive scoping review was proposed to assess these effects. 

 

In hindsight, the challenges throughout this research journey not only led to unforeseen changes but 

also revealed the underlying resilience and adaptability of the research team and the wider 

academic field. These significant hurdles encouraged innovative thinking as we continually refined 

our methods and goals to match the shifting context of the pandemic. The alterations to our 

objectives and methods were not only due to situational demands but were also closely linked to 

our collective and individual learning and adaptation. As our knowledge of the virus grew, so did our 

recognition of the flexible and comprehensive nature of research during global emergencies. The 

balance between determination and flexibility became a prominent aspect of my PhD experience. 

 

Interactions with international colleagues, though digital, shed light on a universal struggle, yet 

one faced with a united resolve and a shared pursuit of knowledge in difficult times. The 

cooperation and dedication evident among researchers globally emphasised a steadfast dedication 

to enhancing our comprehension of a new and unpredictable virus. 

 

This PhD journey, while marked by difficulties, has been a crucial avenue for personal growth, 

learning, and unanticipated findings. It highlighted that scientific rigour extends beyond 

methodological soundness and includes the researcher's capacity to steer, modify, and shape the 

research pathway in line with evolving challenges and ethical considerations. Thus, this thesis 

stands not only as a record of the findings but as a narrative that encompasses adaptability, 
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resilience, communal effort, and persistence. It contributes to the scholarly conversation about 

COVID-19 and its complex effects as well as to discussions on conducting physiotherapy research 

during global emergencies. 

 

Looking ahead, this experience prompts a reflection on how the research community might 

prepare for future uncertainties. The insights gained underline the importance of developing 

strong research frameworks that are capable of adapting and upholding integrity in the face of 

unexpected challenges. 

 

 

Figure 2.1: Timeline and number of impacted days due to COVID-19 
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iv. provide potential strategies to mitigate the effects of a pandemic on physiotherapy research 
in Australia 

v. identify persistent symptoms and physical impairments in individuals with post-COVID-19 

condition 

vi. explore the relationship between respiratory, physical, functional, mental health, cognitive 

function, health-related quality of life, and occupational health-based outcome measures 

and the associated symptoms experienced by individuals with post-COVID-19 condition 

vii. ascertain whether post-COVID-19 condition-related symptoms and impairments exhibit 

improvement over time. 

 

This thesis contains three studies. The first was an international survey conducted on 

physiotherapists responsible for managing COVID-19 patients in a hospital setting. The second was a 

scoping review investigating the COVID-19 pandemic-related impacts on physiotherapy research 

within Australia. The third was a longitudinal observational study exploring long-term 

biopsychosocial outcomes in patients with PCC. 
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attitudes, and experiences,132 this approach offered a standardised and reliable modality to decipher 

and quantify the professional and clinical hurdles navigated by physiotherapists in managing COVID-

19 patients. Checklist for reporting results of internet e-surveys was employed to guide and report 

this study. Conducting research amidst a pandemic introduced a unique set of constraints and ethical 

considerations, where the adoption of a survey-based approach substantiated a balance between 

scientific rigour and ethical research practice, ensuring the participation burden was minimised 

whilst capturing the experiences and challenges of physiotherapists on an international spectrum. 

 

3.1.1 Study Design 

Study 1 utilised a survey study design to determine how physiotherapists clinically managed patients 

with COVID-19 in a hospital-based setting during a pandemic and to identify the effects of 

undertaking the clinical management of patients with COVID-19 on physiotherapists, personally and 

professionally. Given the challenging circumstances underpinning the research environment during 

subsequent waves of the COVID-19 pandemic, the research team decided to utilise predominantly 

closed-ended questions in the survey. Engaging professionals who were concurrently navigating the 

challenges imposed by the pandemic necessitated a cognisant approach that minimised response 

burden while maximising data integrity and utility. Utilising a structure of yes/no and multiple-choice 

questions not only streamlined the response process for participants, fostering a time-efficient 

engagement,133 but also afforded a level of standardisation and comparability across responses that 

is key to ensuring the reliability and validity of the findings.134 The implementation of closed-ended 

questions facilitated the synthesis and analysis of data, providing a quantifiable lens through which 

to explore and understand the varied challenges and perspectives encapsulated within the responses 

of physiotherapists across different international contexts. In light of the emergent and dynamically 

shifting nature of the pandemic, swift data collection and analysis were paramount; the closed-

ended format propelled an expedited analytical process, enabling timely insights that are intrinsically 

valuable in informing adaptive strategies and interventions amidst an ongoing crisis.  

 

The survey was presented in English and Spanish to augment its global reach and to enhance 

inclusivity. The decision to translate the survey into Spanish, in addition to English, was primarily 

driven by the strategic aim to include a broader, more diverse participant base from Spanish-

speaking countries, recognising their significant contribution to the global physiotherapy community. 

This choice was further supported by the availability of translation resources and the intent to 

facilitate participation from countries where Spanish is predominantly spoken, thereby enhancing 

the inclusiveness and reach of the study. It is acknowledged that while Italy, China, and the UK were 
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initially among the hardest-hit nations by COVID-19, the scope of the pandemic quickly encompassed 

a wide range of countries, including those within the Spanish-speaking world, necessitating a 

broader linguistic approach to capture a comprehensive global perspective. To bolster reliability and 

to ensure consistency of meaning across languages, it underwent a forward and backward 

translation process,135 executed by proficient bilingual physiotherapy researchers familiar with the 

terminologies employed in both linguistic contexts. To safeguard the content and internal validity of 

the questionnaire, ensuring coherent understanding, pertinent clinical relevance, and global 

acceptance, it underwent pilot testing through administration to two senior and three consultant 

physiotherapists working in ICUs, inclusive of an international clinician, thereby assuring meticulous 

scrutiny of content, construct, and face validity. After this evaluative phase, the questionnaire was 

amended twice, reflecting constructive feedback and bolstering its efficacy and applicability across 

diverse clinical settings. The results for Study 1 have been published (Trojman A, Hough J, Hides J, 

Gustafsson L, Flores O, Paratz J. Physiotherapy practices when treating patients with COVID-19 during 

a pandemic: A survey study. Heart Lung. 2023 Jan-Feb;57:152-160. Doi: 

10.1016/j.hrtlng.2022.09.012. Epub 2022 Sep 30. PMID: 36209724; PMCID: PMC9536211). English 

and Spanish versions of the questionnaire can be found in Appendix A.  

 

3.1.2 Participants 

This thesis is structured to provide a clear and concise presentation of information. Consequently, to 

avoid unnecessary repetition, the comprehensive details regarding the participants of Study 1, such 

as demographic profiles, methods of recruitment, and other pertinent information, have been 

extensively outlined in Chapter 4. The reader is directed to this chapter for a complete understanding 

of the participant-related aspects of Study 1. However, a short summary can be found in Figure 3.1. 

Ethical approval was granted by the Griffith University Human Research Ethics Committee, 

Queensland, Australia (GU2020-598) (see Appendix B). 
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3.3.1 Study Design 

A case series design, which inherently focuses on exploring the manifestations of a condition across a 

set of subjects without employing a control group,142 was chosen for its aptitude to provide a 

comprehensive clinical profile of PASC across diverse physiological, psychological, and social 

domains. While often perceived as a descriptive and exploratory instrument, the case series design, 

especially in emerging and dynamically evolving health conditions such as COVID-19, offered a 

medium through which detailed, patient-centric data can be amassed.142 This allowed for the 

documentation of varied patient experiences and outcomes, laying a foundation for future 

hypotheses and potential therapeutic interventions. The study was guided by the Strengthening the 

Reporting of Observational Studies in Epidemiology Statement, which provides guidelines for 

reporting observational studies. The original intent was to conduct assessments at four distinct time 

points for each participant, however, the study's methodology had to be adapted due to outpatient 

closures during subsequent waves of COVID-19 infections. These unforeseen challenges necessitated 

modifications to the study protocol, ultimately resulting in the execution of an initial assessment and 

a follow-up assessment for each participant, supported by partial funding extensions granted by the 

foundation.  

 

A longitudinal case series design also ensured that the temporal progression and potential patterns 

or variations in recovery post-COVID-19 infection are captured and can be intricately studied to 

discern possible correlational pathways.142 Given the recency and continually growing body of 

literature on COVID-19, this design serves as a conduit for observing, understanding and, ultimately, 

elucidating strategies and interventions that could be beneficial in the management of persisting 

symptoms and challenges encountered by individuals recovering from the acute viral phase. It is 

noteworthy that while this design presents a pertinent approach for exploring PCC, it does present 

limitations, particularly concerning causal inferences and potential selection biases, which will be 

explored in subsequent sections of this chapter. Ethical approval for the study and its respective 

research protocol were granted by the Griffith University Human Research Ethics Committee, 

Queensland, Australia (GU2023/094) and the Metro North Health Human Research Ethics 

Committee, Queensland, Australia (HREC/2021/QRBW/68340) (see Appendix C). 

 

The aims of the study were threefold: 1) identify persistent symptoms and physical impairments in 

individuals with PCC; 2) explore the relationship between respiratory, physical, functional, mental 

health, cognitive function, health-related quality of life, and occupational health-based outcome 
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Figure 3.2: Conducting data collection for Study 3   
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Figure 3.4: Assessment of pulmonary function using spirometry 

 

3.3.4.3 Assessment of Lung Volumes 

Pulmonary health, notably lung volumes, remains crucial in understanding the respiratory 

implications following acute COVID-19. The aftermath of respiratory infections like SARS has 

indicated persistent changes in lung function and volumes, potentially leading to long-term health 

implications.159,160 Spirometry and plethysmography are valuable tools to assess lung volumes, 

providing insights into restrictive or obstructive patterns that may prevail post-COVID-19. Static lung 

volumes, such as total lung capacity (TLC), functional residual capacity (FRC), and residual volume 

(RV), yield vital information regarding the ability of the lungs to expand and the efficacy of 

respiratory muscles, thereby impacting functional capabilities and quality of life.161  

 

Evaluating lung volumes in individuals with PCC could unravel the intricate physiological changes in 

the respiratory system, offering data to formulate targeted rehabilitation and management 

strategies.60 Lung volumes, including TLC, FRC, and RV, were measured using whole-body 

plethysmography (Jaeger MasterScreen Body, Carefusion, Germany) (see Figure 3.5) and compared 

to age-predicted norms based on height, weight, and sex (at birth).158 
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Figure 3.5: Assessment of lung volumes using whole-body plethysmography 

 

3.3.4.4 Assessment of Airway Resistance 

IOS is a non-invasive method to evaluate respiratory impedance, quantifying resistance (R) in the 

respiratory system, thereby providing nuanced insight into airway function.162 Notably, R5 and R20, 

measured in kPa/L/s, denote the respiratory resistance at 5 Hz and 20 Hz, respectively, where R5 

implicates the total airway resistance, and R20 is more reflective of the proximal or central airway 

resistance, thereby facilitating a detailed examination of both peripheral and central airway 

conditions.163 Given the emerging data suggesting that COVID-19 can disrupt pulmonary mechanics, 

detailed IOS assessments become essential to understanding the depth and nature of these 

disruptions.164 IOS was added to the group of outcome measures within this study in consideration of 

literature indicating that specific individuals with COPD can exhibit normal PFT results while 

concurrently manifesting increased airway resistance, with noted sensitivities of 25% for R5 and 

31.5% for R20,165 thereby underlining the potential utility of this tool in comprehensively evaluating 

respiratory status amidst varied presentations. Using an impulse oscillometer, subtle alterations in 

airway resistance that may be asymptomatic or may precede overt functional impairments can be 

identified, offering an assessment of early-stage pathophysiological alterations in the pulmonary 

system post-recovery from COVID-19 infection.166 Airway resistance was measured using an impulse 
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Chapter 4  
 

Physiotherapy Practices when Treating Patients with COVID-

19 during a Pandemic 

 

Preamble 

Amidst the global challenges posed by the COVID-19 pandemic, healthcare professionals faced 

unique trials and uncertainties, especially those on the front lines. Physiotherapists, in particular, 

found themselves in uncharted territory, managing patients with COVID-19 in hospital settings. 

Despite the growing body of knowledge on the virus, little was known about how physiotherapists 

navigated this crisis and its personal and professional impacts on them. This chapter delves into an 

international survey conducted to explore the clinical strategies physiotherapists employ and the 

effects of their work during these unprecedented times.  

 

Published Manuscript 
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4.1 Abstract 

Background: Specific details pertaining to the clinical and other challenges faced by physiotherapists 

managing patients with COVID-19 during the pandemic are still largely unknown. 

 

Objectives: To determine how physiotherapists clinically managed patients with COVID-19 in a 

hospital-based setting during the pandemic and to identify the personal and professional effects of 

working as a physiotherapist at this time.  

 

Methods: Self-administered electronic cross-sectional survey. Participants included physiotherapists 

from around the world involved in the clinical management of patients with COVID-19. 

 

Results: Of the 204 participants who returned the questionnaire, 39% worked as senior 

physiotherapists, 29% as consultant or specialist physiotherapists, 23% as general physiotherapists 

and 4% as graduate physiotherapists. Seventy-two percent of participants worked in the intensive 

care unit. The largest barrier to treating patients with COVID-19 was a lack of intensive care trained 

physiotherapists (70%). Eighty-three percent of participants reported performing activities outside of 

their typical work duties, including proning patients (55%), tutoring and advising other staff in the 

intensive care unit (55%) and adjusting or changing ventilator settings (52%). Almost all participants 

(90%) reported being aware of physiotherapy specific guidelines for treating patients with COVID-19, 

yet most participants performed techniques that were not recommended. 

 

Conclusions: The experience of the pandemic highlighted the need for specialist training and 

availability of experienced cardiorespiratory physiotherapists to manage patients with COVID-19, 

specifically in intensive care. Furthermore, clear guidelines on the management of patients with 

COVID-19 should be established to ensure optimal management of patients and ensure the safety of 

physiotherapy staff. 

 

Key words: physiotherapy, COVID-19, cardiorespiratory, respiratory, survey 
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4.2 Introduction 

On 11 March 2020, the World Health Organisation declared the novel coronavirus-19 disease 

(COVID-19) a pandemic due to the rapid growth and large number of cases around the world.6 

COVID-19 is a virus that primarily affects the respiratory system,8 along with other body systems,71 

with 300 million cases and 5.5 million deaths globally (cases recorded as at 09/01/2022).9 The 

severity of illness ranges from mild disease (81%), severe disease requiring oxygen therapy (14%), 

and critical disease (5%) requiring intensive care management.202 Generally, cardiorespiratory 

physiotherapy has not been recommended for patients with mild or asymptomatic COVID-1934 

however it has been reported that approximately 20% of all patients infected with COVID-19 will 

require regular chest physiotherapy treatments.13 Despite this, the necessity for cardiorespiratory 

physiotherapy has been controversial with diverse recommendations and management between and 

within nations.13,96 

 

Respiratory physiotherapy often uses aerosol generating procedures when treating patients with 

COVID-19.203 Initially there appeared to be some global conjecture on which techniques were 

considered optimal and safe and as a result multiple physiotherapy recommendations and guidelines 

on the management of patients with COVID-19 were published.34,204 It has previously been identified 

that adherence to these guidelines has been suboptimal during the pandemic.205 However, specific 

details pertaining to the clinical and other challenges faced by physiotherapists managing patients 

with COVID-19 during the pandemic are still largely unknown.  

 

The aims of this study were to determine how physiotherapists clinically managed patients with 

COVID-19 in a hospital-based setting during a pandemic and to identify the effects of undertaking the 

clinical management of patients with COVID-19 on physiotherapists both personally and 

professionally.  

 

4.3 Methods 

4.3.1 Design 

An internationally distributed questionnaire examined hospital-based physiotherapy practice among 

clinicians treating patients with COVID-19 and identified associated challenges. The survey 

instrument comprised of 44 questions and included three sections: 1) demographics, 2) management 

of patients with COVID-19, 3) personal and professional effects on physiotherapists. The questions 
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Figure 4.1: Activities performed outside of typical work duties during COVID-19 pandemic 

*Multiple answers were provided by each individual, % does not add to 100   

 

4.4.5 Cardiorespiratory Physiotherapy Techniques 

One hundred and twenty-six participants (62%) reported independently assessing and treating 

patients with COVID-19 without waiting for a medical referral. Specific cardiorespiratory techniques 

that physiotherapists used when treating patients can be found in Table 4.4. 
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adhere to the guidelines and did not use Manual hyperinflation (MHI) or open suction whilst the 

patient was ventilated, and similarly non-invasive ventilation (NIV) was utilised post-extubation. 

Additionally, 75% of participants reported being directed not to use NIV due to risk of virus 

dispersion (46%), high failure rate and early intubation being preferable (12%), or both reasons 

combined (39%), and 6 participants did not comment. Despite this, 70% of participants used NIV for 

deteriorating patients. Lastly, 94% of participants reported that they believed that physiotherapy has 

a higher profile and is more valued in the ICU since the COVID-19 pandemic began. 

 

4.4.7 Barriers to Treatment 

Figure 4.2 details the barriers experienced by physiotherapists to treating patients with COVID-19 

with the largest barrier a lack of ICU trained staff (70%). 

 

 

Figure 4.2: Percentage of respondents reporting barriers to treating patients with COVID-19 

*Multiple answers were provided by each individual, % does not add to 100   

 

4.5 Discussion 

Many hospitals around the world are facing intermittent waves of COVID-19 infection and increasing 

workloads with a high burden of care on healthcare professionals. Physiotherapists in this study most 

commonly worked 12-hour or 24-hour shifts and longer working hours were associated with higher 

caseloads. These results are consistent with previous reports that physiotherapists were required to 

change (increase) their working hours during the pandemic.87 The increased demand for 

physiotherapists within the ICU and increasing work hours was further complicated by the lack of ICU 
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trained staff. Insufficient practical education in ICU is a previously identified barrier to the provision 

of physiotherapy treatment208 that has been amplified by the pandemic. Furthermore, participants 

were required to perform tasks outside of their typical duties which, if unsupported, caused 

increased stress. When considering this information, it is understandable that the prevalence of 

healthcare worker burnout during this pandemic has been high.209-211  

 

The cardiorespiratory techniques employed were similar to those performed in a study that 

investigated techniques used in ICU,208 however they also used ventilator hyperinflation VHI). VHI is 

preferred in situations involving severe infection because the ventilator circuit remains connected212 

and it is not considered an aerosol generating procedure. However, the use of this treatment 

technique usually requires additional training. Many tasks performed were within the scope of 

physiotherapy practice however most participants were required to perform tasks outside of their 

typical duties including taking arterial blood gases, giving boluses of intravenous medications, and 

performing assessments for other allied health professionals. In Italy, physiotherapists managed the 

increase in demand for treatment by providing training sessions on basic respiratory care to nursing 

and other allied health professionals to try and address the insufficiency in the number of 

physiotherapy trained staff.87 During the first wave of infection in Italy, one in seven physiotherapists 

tested positive for COVID-19213 which increased the workload for the remaining staff. The Ministry of 

Education in Brazil campaigned to allow physiotherapy students who had completed 75% of their 

degree to begin practising clinically to manage the large influx of patients into hospitals.89 Recently, 

the core competencies required to be a working clinical physiotherapist in the ICU have been 

identified, with many of these skills acquired post-graduation.214 With almost half of the participants 

reporting that they were required to tutor and advise other physiotherapists/staff in the ICU, one 

possible consideration is that ICU training should be considered a core undergraduate competency in 

physiotherapy programs.   

 

Most participants reported that they were aware of physiotherapy specific guidelines for the 

management of patients with COVID-19. Respiratory physiotherapy often involves the use of 

techniques such as NIV, suctioning of airways, MHI and VHI, but guidelines have recommended that 

the use of these techniques should be avoided due to the risk of contamination and used only when 

the risk versus benefit is considered worthwhile.34 It has also been suggested that the use of 

stethoscopes for respiratory assessment should be avoided due to the added risk of exposure to the 

virus and yet 66% reported the use of these during patient assessments.215 A recent systematic 
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COVID-19 management hosted by cardiorespiratory physiotherapy associations. It is assumed that 

responses were low from particular countries due to secondary and tertiary waves of the pandemic, 

and resultant large caseloads.  It may be beneficial to repeat the study with aim of obtaining more 

diverse responses and potentially different results following second and third waves of the 

pandemic. A small portion of responses (from Latin America) were received via snowball 

recruitment, however statistical analyses revealed that these responses were not statistically 

different from the other responses and therefore this was not considered a limitation to this study. 

Another limitation was that there was a longer than expected recruitment period to allow 

participants to have time to respond to the survey. This may have resulted in recall bias. 

 

4.6 Conclusion 

Our study demonstrated that during a wave of COVID-19 infection, there was a significant 

requirement for adequately trained cardiorespiratory staff who could work in an ICU. As the 

pandemic evolved, it appears that the role of physiotherapy has also evolved, along with its 

perceived value. Departments should focus their efforts on preparations for further waves of COVID-

19 cases. An important consideration is limiting staff exposure to the virus by sharing the load 

amongst experienced staff, which requires an adequate number of trained staff.  This study provided 

some context to the situation faced by physiotherapists during the pandemic and shines a light on 

why healthcare workers may be experiencing occupational burnout. Lastly, there appears to be a 

requirement for more robust guidelines to allow physiotherapists to achieve consensus when 

choosing certain treatments that may benefit patients with COVID-19 and outweigh potential risks. 
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5.2 Introduction 

It has been 3 years since the WHO declared COVID-19 a global pandemic on March 11th 2020.6 The 

challenges faced by healthcare systems worldwide are widely known. The severity of COVID-19, 

along with the rapid spread of the virus, required the governments of countries to make rapid 

decisions to prevent a climbing infection and mortality rate.228 The Australian Government declared a 

lockdown of international borders in an effort to stop the spread of COVID-19.229 Subsequently, each 

Australian state acted independently regarding social distancing rules, lockdown laws, and health 

recommendations.230 Despite these differing approaches, the primary focus of healthcare systems 

within Australia was to ensure hospitals were prepared for the oncoming waves of COVID-19 

infections, whilst also maintaining a high standard of care in non-communicable diseases.231 This 

included restricting non-essential personnel, such as researchers, from clinical spaces, to limit the 

spread of the virus.  

 

Effective research requires a detailed protocol and precise planning to ensure the quality of the 

output is of a high standard. The ever-changing nature of the pandemic led to frequent, conflicting, 

and changing recommendations in Australia,230 which ultimately created an unpredictable 

environment with regards to undertaking clinical research involving direct patient contact. The 

nature of physiotherapy research often requires hands-on approaches with respect to interventions 

and outcome measures. In 2020, a research paper revealed that non-COVID studies in Australia, 

Canada, and the USA had been negatively affected by the pandemic, causing setbacks and delays in 

their progress.232 Experienced hospital researchers have reported difficulties in conducting research 

during the COVID-19 pandemic.233 Despite a significant amount of research published regarding the 

COVID-19 pandemic and its impact on healthcare workers, relatively less attention has been given to 

the impact of the pandemic on research and researchers, and even less so within Australia.  

 

As the world adjusts to life with COVID-19, planning for the response to the next pandemic must take 

priority. It is essential to recognise the challenges that the pandemic has posed for researchers, such 

as limited access to resources, changes in research methodologies, and disruptions to data 

collection. Understanding these challenges is crucial to developing effective strategies for supporting 

researchers, during and after the pandemic. The impact of the COVID-19 pandemic on Australian 

researchers is still largely unknown. The aims of this review were to identify how physiotherapy 

research conducted in Australia was impacted by the unprecedented nature of the COVID-19 

pandemic and to propose possible strategies to mitigate these impacts in the future. 
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distinctly attributed to physiotherapy practice or physiotherapists' roles within the multidisciplinary 

context or data was reported separately for each profession, allowing for clear extraction and 

analysis of information specifically pertaining to physiotherapy. 

 In an additional step during the full-text review, the included articles were divided into those that 

reported COVID-19 impacts on research and those that did not report COVID-19 impacts. 

 

5.3.4 Charting the Data 

The following data were extracted from the studies that met all inclusion criteria and reported 

COVID-19 impacts by one researcher and reviewed by the second researcher:  

(1) Study type (observational vs interventional)  

(2) Area of physiotherapy  

(3) Setting (hospital vs community)  

(4) Funding status  

(5) Methodology (face-to-face vs online/non-contact)  

(6) How the research was negatively impacted by the COVID-19 pandemic 

 

5.3.5 Collating, Summarising, and Reporting the Results 

Descriptive summaries of the data were developed. The information extracted related to impacts 

were qualitative and process oriented; therefore, the research team followed the recommendations 

by Levac et al.137 and performed a qualitative content analysis approach. Extracts were read and 

codes allocated to the data, which were collated into categories that formed the final themes. The 

research team analysed the data collection methods employed in studies not directly reporting 

COVID-19 impacts to identify any underlying themes, particularly focusing on the use of face-to-face 

versus non-contact methods and how these choices reflected adaptations to the pandemic context. 

This process was completed by two researchers working independently of one another and 

confirmed by a third supervising researcher. A narrative description of each of the identified themes 

is presented in the results. The research team employed paraphrased verbatim to succinctly convey 

these findings, ensuring both accuracy and conciseness in the representation of the original texts. 

 

5.4 Results 

The search strategy yielded 4,481 articles, of which 1,023 were duplicates and an additional eight 

articles were found via hand searching. Title and abstract screening resulted in 263 articles 

progressing to full-text screening. Ninety-two studies were included with the additional step 
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identifying that 35 studies reported COVID-19 impacts and 57 did not report COVID-19 impacts. The 

screening process is shown in Figure 5.1.  

 

 

Figure 5.1: Preferred reporting items for systematic reviews and meta-analysis (PRISMA) diagram 

 

Almost all studies (n = 29) involved solely physiotherapy research; the remaining studies (n = 6) were 

multidisciplinary and included physiotherapists in the research team. Studies were predominantly 

observational (n = 23), and the most common practice area was musculoskeletal (n = 10). Nineteen 

studies were conducted in a community setting, 12 in a hospital setting, and four in both a hospital 

and community setting. A majority of the studies (n = 25) utilised face-to-face methods of 

recruitment and data collection. Upon identification of the studies that reported COVID-19 impacts, 

a comprehensive analysis was performed on the subset of 57 studies that did not report COVID-19 

impacts. The primary objective of the analysis was to pinpoint any shared characteristics among the 

studies. Consequently, it was observed that 55 out of the 57 studies employed online or non-contact 

methods for recruitment and for collection of data. 
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Four themes were identified in the context of our aim and the COVID-19 pandemic was reported to 

have impacted these studies by means of delayed research (n = 8), changed methodology (n = 10), 

reduced quality (n = 23), and cessation of research (n = 3). There was a total number of 46 impacts 

recorded from the 35 articles, as some reported more than one impact. Table 5.1 presents an 

overview of the included studies. 
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Table 5.1: Summary of Type of Research, Area, Setting, Funding Status, Methods, Impacts, and Themes 

Author 
(Year) Type Area Setting Funding 

status Methods Impact Comment 

Barton et al. 
[234] (2022) Observational Musculoskeletal 

Telehealth Community Unfunded Online Quality 
The study reported potential bias of their results as the participants were forced to use telehealth with no other option of 
physiotherapy care. 

Brown et al. 
[235] (2022) Observational Sports Community Unfunded Face-to-face Delayed 

The study reported interruptions to data collection as the COVID-19 pandemic restricted events that would have 
otherwise led to faster recruitment. 

Cox et al. 
[236] (2021) Observational Telehealth Community Unfunded Face-to-face Quality 

The study reported that the effectiveness of the brief intervention may have been affected by the initial phases of the 
COVID-19 pandemic in Australia. 

Crowe et al. 
[237] (2022) Observational Oncology Hospital Unfunded Face-to-face Cessation 

Quality 

The study reported an interruption to the referral trend and therefore reduced recruitment, likely due to lack of clinician 
time during the COVID-19 pandemic. Additionally, it was reported that there was a lack of administrative resources 
and limitation on hospital appointments associated with the COVID-19 pandemic and therefore the study ceased. 

Dennett et al. 
[238] (2021) Intervention Oncology Hospital & 

community Funded Face-to-face Quality The study reported that 10 participants did not participate in the sessions as a direct result of COVID-19 restrictions. 

Dixon et al. 
[239] (2022) Observational Multidisciplinary Hospital Unfunded Online  Quality 

The study reported that due to the COVID-19 pandemic, the survey was distributed at a time of increased patient 
acuity, which in turn could have impacted levels of satisfaction, stress, burnout. 

Fernandez et 
al. [240] 
(2022) 

Observational Musculoskeletal Community Funded Face-to-face Quality 
The study reported a negative impact on patient recruitment, follow-up rates, and data collection due to the COVID-19 
pandemic. 

Freene et al. 
[241] (2022) Observational Multidisciplinary Community Funded Online Quality 

The study reported a negative effect on the implementation of the physical activity resources as well as a lack of 
consistency amongst disciplines due to the COVID-19 pandemic. 

Ganderton et 
al. [242] 
(2022) 

Intervention Musculoskeletal 
Telehealth Community Funded Face-to-face 

to online Methodology 
The study reported that although the physical assessment was performed face-to-face pre- and post-Melbourne 
COVID-19 lockdown, the entirety of the intervention needed to be changed to an online format. 

Gidgup et al. 
[243] (2022) Observational Multiple Community Funded Face-to-face Delayed 

Methodology 

The study reported a 6-month delay in program delivery due to COVID-19 pandemic restrictions. Additionally, the 
study observed a reduction in physical function of participants coinciding with the closure of the program during the 
pandemic. 

Gill et al. [244] 
(2022) Observational Musculoskeletal Community Funded Face-to-face Quality The study reported a loss of follow-up at 6 months (of 25 participants) due to COVID-19 restrictions on social contact. 

Goh et al. 
[245] (2021) Intervention Neurology Community Funded Face-to-face Quality 

The study reported an inability of two participants to attend in-person testing because of COVID-19 pandemic 
restrictions. 

Gorgon et al. 
[246] (2022) Observational Musculoskeletal Hospital Funded Face-to-face Delayed 

The study reported a 4-month delay in participant recruitment due to activity restrictions related to the COVID-19 
pandemic. 

Hall et al. 
[247] (2022) Intervention Musculoskeletal Community Funded 

Face-to-face 
to self-
reports 

Methodology 
Quality 

The study reported a change to the original study protocol (from objective measures to self-reported outcome 
measures) as restrictions from the COVID-19 pandemic negatively impacted recruitment rates and participation. 

Hitch et al. 
[248] (2022) Observational Multidisciplinary Hospital Unfunded Online  Quality 

The study reported a negative impact of response rates due to significant workplace fluctuations paired with an 
inability to track emails during the COVID-19 pandemic, resulting in a smaller and underpowered study. 

Hodgson et al. 
[249] (2021) Observational COVID-19 Community Funded Telephone Quality 

The study reported a greater loss to follow-up than other similar studies and speculated this was due to the 
psychological distress or stigma associated with a positive COVID-19 diagnosis. 

Holton et al. 
[250] (2020) Observational Multidisciplinary Hospital Funded Online  Quality 

The study reported a relatively low response rate that was in keeping with other studies using unsolicited surveys 
during infectious disease outbreaks. 

Levinger et al. 
[251] (2020) Intervention Geriatrics Community Funded Face-to-face Delayed 

Quality 

The study reported an interruption of data collection due to COVID-19 pandemic restrictions. Additionally, the study 
reported a loss of participants due to an inability to continue using the exercise modality during the pandemic as well as 
a loss to follow up. 

Levinger et al. 
[252] (2022) Observational Health services Community Unfunded Face-to-face 

to online Methodology The study reported a change in methodology from in-person to telehealth due to COVID-19 pandemic restrictions. 

Morris et al. 
[253] (2021) Intervention Neurology Community Funded Face-to-face 

to online 
Methodology 

Quality 
The study reported that recruiting for the face-to-face trial had to be temporarily ceased due to COVID-19 pandemic 
restrictions. Additionally, due to this change, a direct comparison of outcomes between online vs face-to-face 
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5.4.1 Changes to Methodology  

All 10 studies that reported changes to their methodology as a result of the COVID-19 

pandemic utilised face-to-face methods.242,243,247,252,253,261,262,264,265,268 Eight of these studies 

reported changing from a face-to-face to an online/non-contact form of observation or 

intervention during the process of their research.242,247,252,253,261,262,264,265 The main reason was 

attributed to the COVID-19 pandemic-related restrictions imposed by the government. Some 

articles reported altering elements of the research protocol to ameliorate government 

restrictions imposed on hospital outpatient clinics or due to reduced access to participants in 

general.247,253,268 Lastly, seven of the 10 studies that reported impacts on their methodology 

were funded studies.242,243,247,253,264,265,268 

 

5.4.2 Delayed Research  

Seven out of the eight research articles that reported delays in their studies utilised face-to-

face methods of data collection.235,243,246,251,257,260,266 None of these research articles reported 

changing from face-to-face to online methods. The main themes were reported to be delays in 

recruitment,235 or temporary cessation of the trials and delays in data collection due to 

government restrictions associated with the COVID-19 pandemic.243,246,251,254,257,260,266 

 

5.4.3 Impacts on Quality of Research 

Eleven of the 23 studies that reported impacts on the overall quality of the research due to the 

COVID-19 pandemic stated this was due to reduced response rates or inadequate 

recruitment.237,240,247,248,250,256,258,259,263,267,268 Seven articles reported that the reason the quality 

of the research suffered was loss to follow up or high drop-out rates.238,240,244,249,251,255,261 Four 

articles mentioned that there may have been potential biases when assessing patient 

satisfaction with methods such as telehealth as there was no other option available at that 

time.234,236,239,257 Lastly, three articles stated that as the methodology changed during the 

research due to the COVID-19 pandemic, there may have been some inconsistencies with 

observation or delivery of interventions.241,245,253 

 

5.4.4 Cessation of Research 

Three articles reported ceasing their research altogether as a result of the COVID-19 

pandemic.237,256,259 All three reported initial temporary pauses to recruitment with further 

interruptions to data collection, and one article stated that their grant funding ceased during 

the trial.256 
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Figure 5.2: Planning phase: Integrating pandemic-related impacts and risk mitigation 

strategies in principles of project management 

 

A limitation of the current study is that some research articles were excluded for not 

mentioning impacts due to the COVID-19 pandemic. Even though these did not mention the 

pandemic, we cannot assume that the studies were not impacted. Fifty-seven articles were 

excluded for not mentioning that the COVID-19 pandemic affected their research. However, of 

these, 55 only utilised online/non-contact methods of recruitment and data collection. 

Conversely, most of the studies included in this review utilised face-to-face methods of data 

collection or modified their protocol to include online/non-contact during the process. 

Assessing the full extent of the impacts of the COVID-19 pandemic on physiotherapy research 

in Australia is challenging, as it is likely that many research projects were affected to such a 
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degree that the quality of their work was compromised and may not have been published. 

Some projects may have been ceased due to subsequent delays in data collection, funding 

constraints, or access to participants. As a result, there may be important impacts of the 

pandemic on physiotherapy research that have not yet been fully explored. Therefore, further 

research is necessary to better understand the individual experiences of Australian 

physiotherapy researchers during the COVID-19 pandemic. 

 

5.6 Conclusion 

This review offers a starting point for exploring the difficulties of conducting physiotherapy 

research in Australia during the COVID-19 pandemic. It also gives researchers insightful 

recommendations when planning their research. While COVID-19 was an exceptional event, 

similar pandemics with government restrictions could happen again. Future researchers should 

develop re-creative strategies that allow for revising the research plan to reduce the number of 

impacts on their studies. 
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Figure 6.1: Enrolment of patients with post-COVID-19 condition into the study and attrition 

 

6.4.1 Demographics and Symptomology 

More than half of the participants scored >1 on the CCI (62%), with age > 50 years emerging as 

the predominant contributing factor (see Table 6.1). The majority of participants experienced 

mild COVID-19 infection (94%). There was a total of 206 reported persistent symptoms, with 

the most reported symptoms consisting of fatigue (92%), brain fog (87%), and SOBOE (73%). All 

other demographic and clinical characteristics can be found in Table 1. 
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with pain was 89 (78-104), whereas those without pain measured 84 (58-92). In terms of the 

PSC of the SF-36, the median (IQR) percentage for participants reporting persistent pain was 31 

(24-58), whereas those without pain registered 48 (37-62). 

 

6.4.4.2 Fatigue 

Nearly all participants (n = 19) reported experiencing fatigue. Among these 19 participants, 17 

exhibited reduced MEP. Fourteen participants scored below the normative mean for the PSC, 

indicating reduced physical HRQoL, while 15 participants scored below the mean for the MSC, 

indicating reduced mental HRQoL.  

 

6.4.5 Occupational Performance 

The mean (SD) number of occupational performance problems was 3.2 (0.9), with a mean (SD) 

performance rating of 4.7 (1.7) and a mean (SD) satisfaction rating of 3.5 (1.7). The breakdown 

of occupational performance problems within subcategories is detailed in Figure 6.2. 

 

 

Figure 6.2: Distribution of occupational problems within subcategories 

 

6.4.6 Psychological Symptoms  

6.4.6.1 Brain Fog 
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Eighteen participants reported brain fog. Among these, one participant exhibited cognitive 

processing times below the age-predicted duration, while three participants made more than 

one error during cognitive testing. All other participants demonstrated normal scores. 
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0.04), indicating that dizziness is less likely to occur in individuals with higher levels of oxygen 

desaturation and higher heart rate percentages. While some of these correlations may seem 

counterintuitive from a clinical perspective, they should be interpreted with caution due to the 

small sample size. The correlations in this study further underscore the complexity of these 

symptoms and the need for further comprehensive research to better understand their 

physiological underpinnings. 

 

Not all participants who reported respiratory symptoms exhibited impairments in RFT or IOS. 

Most participants reporting respiratory symptoms demonstrated reduced MIP and MEP, 

indicating respiratory muscle weakness. Moreover, approximately half of the participants 

reported severe or increased shortness of breath during their 6MWT. Multiple theories suggest 

that skeletal muscle damage may occur due to the SARS-CoV-2 infection, which primarily 

infiltrates angiotensin-converting enzyme-2 (ACE-2) receptors found in numerous organs within 

the body, including skeletal muscle.83,84 Interestingly, ACE-2 receptors are expressed in higher 

amounts in women and are reduced in individuals with a higher percentage of fat.293 This aligns 

with the current study's findings, where a predominant majority of participants were female. 

The median CSA of the RF muscle did not appear to have a strong relationship with those 

reporting pain. However, there was a negative correlation between those who reported 

experiencing a persistent cough and poorer MIP and MEP outcomes. This may be attributed to 

fatigue or atrophy of skeletal muscle. Notably, a recent investigation focusing on acute muscle 

mass loss among individuals in post-recovery from COVID-19 established a discernible 

correlation between muscle loss and the concurrent presence of symptoms such as fatigue and 

myalgia.294 While respiratory muscle atrophy may be the cause of weakness and associated 

dyspnoea, a recent study with small sample sizes reported that muscle CSA of the diaphragm 

and abdominal muscles was not statistically different between patients who had recovered 

from moderate COVID-19 infection and those who had not been infected with COVID-19.295 

This may suggest that the causes of dyspnoea in patients with PCC could be linked to reduced 

respiratory muscle function, more specifically, respiratory muscle endurance. Future studies 

with larger cohorts investigating respiratory muscle strength/endurance and respiratory muscle 

size should be considered. 

 

One of the prevailing recommendations for managing individuals with PCC involves 

implementing respiratory muscle strength training.296 Respiratory muscle strength testing is a 

maximal effort test but does not provide information on functional endurance capacity. Despite 

most participants demonstrating a normal 6MWT result, it may still be an effective tool for the 

initial assessment of individuals with PCC to determine baseline levels of dyspnoea. Given lack 
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or even amplify, these correlations. Examining active recreation, which was notably disrupted 

due to pandemic-related lockdowns, necessitates a closer look into how such disruptions and 

resultant deviations in exercise routines impact physical health and weave into the mental well-

being of individuals with PCC. The intertwining narratives of exercise habits, physical health, 

and mental wellness amidst the ongoing pandemic underscore a scenario that demands 

comprehensive research and understanding. Acknowledging these interconnected factors, 

management of PCC requires a holistic strategy that encapsulates both occupational-based and 

physical outcomes. The myriad of symptoms witnessed among study participants underscores 

the imperativeness of multidisciplinary clinics capable of providing all-encompassing care for 

those grappling with PCC. Consequently, rehabilitation programs should focus on addressing 

aspects identified as essential by the individual, extending beyond merely treating physical 

impairments to encapsulate an integrative approach towards managing PCC. 

 

6.5.1 Limitations  

The progress of our research study on patients with PCC was punctuated by a series of 

unexpected challenges stemming from external circumstances. Over 18 months, the study 

experienced five interruptions due to state-wide lockdowns and hospital-based restrictions 

that necessitated the temporary suspension of hospital outpatient services, including the 

Thoracic Medicine outpatient respiratory clinic where our research participants were 

scheduled. Although the study resumed after the restrictions were lifted, new challenges were 

faced and the extended periods of restricted access to hospital facilities resulted in longer than 

usual wait times for hospital outpatient appointments, consequently limiting the availability of 

appointment times for our research participants. Due to these prolonged wait times, some 

participants either exceeded the 6-month window for data collection or reported experiencing 

improvement in their condition, leading them to withdraw from the study. This situation 

necessitated multiple rounds of recruitment.  

 

Participant attrition posed a significant limitation in this study. Most participants cited their 

perception of full recovery as the primary reason for discontinuing their involvement. While 

the participants expressed willingness to complete online follow-up outcome measures during 

their 6-month appointments, the ongoing challenges of conducting research in a hospital-

based setting amid successive waves of community-based COVID-19 infections likely 

contributed to participant apprehension. Consequently, individuals may have been less inclined 

to actively engage in the study due to the lingering concerns of the evolving pandemic. This 





 

114 
 

the unexpected negative correlation between cough and airway resistance, and the positive 

correlation between rectus femoris muscle size and shortness of breath on exertion, suggest 

that PCC symptoms and physiological responses might be more intricately linked than 

previously understood. Pinpointing the precise source of impairment in this heterogeneous 

condition poses a considerable challenge. It is essential to recognise that the multifaceted 

nature of PCC may involve intricate interactions among various physiological systems, making it 

difficult to discern the singular or cumulative contributors to the observed impairments. It is 

also worth noting that the prevailing approach in current literature involves distinct reporting 

of individual symptoms and impairments as discrete entities. Nevertheless, our findings 

unequivocally demonstrate the inherent variability in symptom presentation among individuals 

afflicted with PCC, further compounded by the diverse array of potentially associated 

impairments. Such observations underscore the potential inadequacy of standardised 

interventions in addressing the multifaceted nature of PCC. Consequently, healthcare 

practitioners are encouraged to adopt a personalised approach in assessments and 

intervention strategies instead of employing a uniform rehabilitation regimen, to accommodate 

each patient's unique needs better. Further research is warranted to elucidate the intricate 

mechanisms underpinning the diverse symptomatology in PCC and to refine targeted 

therapeutic strategies accordingly. 
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measure change scores of all participants can be found in Appendix M. Five participants 

experienced a recurrent COVID-19 infection within the 6 months preceding the follow-up 

assessment. All five participants reported persistent symptoms at the 6-month mark. Almost 

half of the participants (n = 9) reported a complete resolution of their symptoms. Among the 

seven who attended the in-person follow-up assessment, persistent impairments were 

observed in PFT (n =1), IOS (n = 1), respiratory muscle strength (n = 6), 6MWT (n = 2), HRQoL (n 

= 3), and depression classification (n = 1). 
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Table 7.2: Changes in Biopsychosocial Outcome Measures Over a 6-Month Period in Post-COVID-19 Condition Patients 

 Initial 
assessment 

 
Median (IQR) 

6-month 
follow-up 

 
Median (IQR) 

z-score p Effect size 

Respiratory Function Test (n = 11)      
FEV1 (% predicted) 99 (87-108) 103 (85-107) -.408a 0.68 -0.15 

FVC (% predicted) 100 (93-109) 104 (86-107) -.562a 0.57 -0.20 
FEV1/FVC (% predicted) 96 (87-102) 97 (93-103) -.298a 0.77 0.23 

TLC (% predicted) 104 (99-108) 103 (98-107) -.704a 0.48 -0.03 
RV (% predicted) 98 (91-126) 97 (91-126) -.949b 0.34 0.03 

DLCO (% predicted) 86 (78-97) 88 (77-100) -.712a 0.48 -0.16 
Impulse Oscillometry (n = 11)      

R5 (% predicted) 116 (96-144) 118 (99-125) -.711a 0.48 -0.15 
R20 (% predicted) 103 (95-120) 99 (88-118) -.800a 0.42 0.21 

Respiratory Muscle Strength (n = 11)      
MIP (cmH2O) 55 (39-71) 60 (41-75) -.623b 0.53 -0.27 

MEP (cmH2O) 59 (51-72) 65 (46-76) -.178b 0.86 0.15 
6-Minute Walk Test (n = 11)      

6MWD (m) 409 (309-431) 457 (427-486) -2.578b 0.01* 0.55 
6MWD (% predicted) 82 (60-88) 95 (82-114) -2.578b 0.01* 0.55 

SpO2 Lowest Score (% of 100) 93 (91-94) 94 (93-95) -2.724b 0.01* 1.00 
HR at rest (bpm) 74 (63-81) 72 (67-78) -1.074a 0.28 0.02 

Peak HR (% of predicted HRmax) 64 (53-69) 67 (56-72) -1.156b 0.25 0.14 
Peak Dyspnoea (mod BORG) 5 (3-7) 4 (3-6) -.523a 0.60 0.02 

Real-Time Ultrasound (n = 11)      
CSA of RF muscle (cm2) 5 (3-6) 5 (5-6) -1.511b 0.13 0.45 

Trail Making Test-B (n = 11)      
Time to complete test (sec) 59 (48-82) 35 (24-58) -2.047a 0.04* 0.28 

Number of errors 1 (0-3) 0 (0-1) -2.060a 0.04* -1.00 
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Figure 7.2: Subcategories of occupational problems over time in individuals with post-COVID-19 condition 
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Almost all participants maintained their level of anxiety and depression scores on follow-up 

assessment (see Figure 7.3). Two and three participants exhibited an increase in anxiety and 

depression classification, respectively, despite only two of the five reporting that they felt 

anxious or depressed on follow-up assessment. Two and one participants exhibited a decrease 

in anxiety and depression classification, respectively, and all three reported experiencing no 

anxiety or depression symptoms at follow-up.  
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such as CFS/ME warrants further exploration.339 The temporal evolution of participant 

presentation within the present study suggests that the utility of a standardised treatment 

approach may diminish over time. 

 

While brain fog persisted as a commonly reported symptom among participants, our findings 

revealed improvements in cognitive function over time, despite the majority presenting with 

normal baseline scores. This aligns with observations in PCC, where individuals often report a 

persistent perceived cognitive deficit, such as brain fog, which may not necessarily align with 

measurable impairments in cognitive function.340 Interestingly, the presence of brain fog does 

not preclude effective metacognition, and its manifestation could be more closely linked to 

fatigue rather than to a decline in cognitive abilities. This suggests that the subjective 

experience of cognitive slowing post-infection might be more related to the fatigue commonly 

experienced in PCC. 

 

Given the prevalence and impact of fatigue observed in our study, it warrants a deeper 

examination. Fatigue in PCC could be multifactorial, encompassing both physical and 

psychological dimensions, and might play a central role in the overall perception of cognitive 

function. Understanding the nuanced relationship between fatigue and perceived cognitive 

deficits is crucial, as it could inform targeted interventions to alleviate these symptoms. Future 

research should aim to dissect the complex interplay among fatigue, brain fog, and cognitive 

function in PCC, to provide clearer insights into their pathophysiological underpinnings 

following a mild COVID-19 infection. 

 

Most participants reported complete resolution of symptoms while demonstrating ongoing 

respiratory muscle strength impairment. Some participants exhibited these impairments while 

indicating a spontaneous improvement in functional fitness parameters. Recent trials have 

shown that respiratory muscle training (RMT) positively affects exercise capacity and HRQoL.341-

345 It is worth noting that other studies have shown that responses to RMT appear to be 

variable and that management strategies should be individualised and need further 

investigation.346,347 Although the 6MWT is an adequate tool to gauge functional fitness, it falls 

short of providing comprehensive insights into exercise capacity. This aspect becomes crucial 

for patient populations striving to reclaim their baseline functional abilities, necessitating a 

level of physical fitness and capacity. Further investigation is warranted in this patient 

population.  
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research emphasises the need for personalised, multifaceted care strategies and hopes to 

inspire ongoing research to provide clarity and effective solutions for those affected by PCC. 
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Building on these observations, the management of patients with COVID-19 in hospital settings 

has been refined. The latest evidence points to a recalibration of treatment frequency for 

acutely unwell patients, optimising their recovery paths.357 There is a better understanding of 

the effect of respiratory exercises, which have been shown to improve pulmonary function and 

patient outcomes.358 Acute inpatient rehabilitation processes have been streamlined, allowing 

for a more responsive care regime tailored to the acute physiotherapy needs in critical 

care.359,360 Physiotherapists have further institutionalised self-protective strategies, ensuring 

their safety while delivering urgent care.361 There is a growing body of knowledge on the 

efficacy of physiotherapy-led prone positioning, reinforcing its role in managing acute 

respiratory failure.362 These developments represent an evolution in physiotherapy practice, 

informed by the demands of the pandemic that are underpinned by a steadfast commitment to 

evidence-based care. In response to the initial call for more robust guidelines, the field saw the 

publication of an updated guideline, reflecting the evolving understanding and response to the 

challenges posed by the pandemic,363 leading to more informed patient care and a reduction in 

the immediate health impacts of the virus.  

 

While the latest evidence has dramatically informed the treatment of acutely unwell COVID-19 

patients, enhancing the efficacy of care, the persistent challenge of healthcare worker burnout 

remains a significant concern.364 Study 1 identified that many physiotherapists were 

overworked and stressed during the pandemic. These experiences, deeply rooted in the 

continuous demands of the pandemic, highlight the need for strategic planning that 

encompasses both immediate patient care and the long-term well-being of healthcare 

providers. This thesis has identified a critical gap in the preparedness for future health crises. 

The research focus to date has often been on recovery and immediate response, potentially at 

the expense of proactive risk mitigation. As insights are drawn from the current literature, it 

becomes apparent that embedding these lessons into physiotherapy practice is essential. 

Further investigations of these occupational issues will ensure a resilient response to the 

enduring challenges of the pandemic and increase preparedness in anticipation of future 

pandemics. 

 

8.2.1 Physiotherapy and Acute COVID-19: Implications for Clinical Practice 

The clinical implications from Study 1 are critical for the evolution of physiotherapy practice, 

particularly in response to pandemics or similar health emergencies. The study highlights the 

urgent need for specialised cardiorespiratory physiotherapy training within the university 

curriculum to prepare practitioners for intensive care scenarios. It reveals a gap between 
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The COVID-19 pandemic led to a significant shift in physiotherapy research, with an immediate 

influx of funding and public attention pivoting towards understanding the novel coronavirus.367 

Simultaneously, the pandemic created an environment that inspired methodological 

innovation. Study 2 identified how lockdowns and social distancing measures disrupted 

traditional face-to-face research methods, prompting researchers to use digital platforms to 

obtain data. This change led to the adoption of online surveys, telehealth assessments, and 

remote monitoring techniques as methods of data collection. While this transition represented 

an innovative approach, it also raised critical questions about the reliability and validity of 

these novel methods, particularly concerning their effectiveness in evaluating clinical outcomes 

and patient-reported experiences.368 

 

Physiotherapy researchers adapted to a new norm where flexibility and the ability to pivot 

quickly have become invaluable assets. Traditional research protocols had to be re-evaluated 

and amended to fit the constraints imposed by the pandemic, prompting a shift towards more 

adaptable and resilient research designs.369,370 This evolution suggests that incorporating risk 

management into research planning is warranted, as contingencies for disruptions have 

become necessary rather than an afterthought. Nevertheless, the implications of these shifts 

are complex. Adopting virtual research methods requires the validation of online or non-

contact outcome measures, ensuring that such tools are reliable and effective when face-to-

face assessments are not viable.366 The insights from Study 2 stress the need for an evidence-

based approach to validate these remote assessments, which are likely to continue being 

utilised beyond the pandemic. 

 

8.3.1 Adapting Research Methodologies in Response to a Global Health Crisis 

The pandemic has been an unfolding real-world experiment, enabling researchers to observe, 

analyse, and respond to a global health crisis in real time. Consequently, the research 

landscape has undergone a significant transformation, necessitating an adaptive framework as 

discussed in Chapter 5. This framework highlights the importance of integrating comprehensive 

planning and risk management strategies into research design to pre-empt and navigate 

disruptions.371 Flexibility in research protocols is also recommended, allowing for modifications 

in response to dynamic external factors.372 The utilisation of mixed-method approaches allows 

for a deeper understanding of data, mainly when traditional face-to-face methods of data 

collection are not feasible. This integration of quantitative and qualitative data offers a 

comprehensive perspective that can enhance the robustness of research findings under 

constrained conditions.373 The critical examination of the validity and reliability of online 
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measures ensures that the integrity of data collected remotely is maintained.92 Furthermore, 

support for early career researchers and postgraduate students has become increasingly 

important, addressing the unique challenges faced by this group during the pandemic.374 

Collaboration in research, focussing on shared methodologies and findings, is highlighted as a 

crucial factor for the rapid advancement of knowledge.375 These detailed research implications 

and the information derived from the findings in Chapter 5 are comprehensively outlined in 

Figure 8.1 for ease of reference and clarity. 
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Figure 8.1: Adapting research methodologies in response to a global health crisis 











 

150 
 

In Study 3, most participants had at least one comorbidity, with varying degrees of severity, 

increasing their risk for complications from COVID-19 reinfection. This concern led some to 

avoid clinic visits during community infection surges. Consequently, incorporating digital health 

tools like telehealth becomes advantageous, providing a flexible option for remote monitoring 

and consultations, which is especially advantageous for vulnerable patients with chronic 

conditions.390 Remote assessments via wearable devices may be beneficial, especially when 

managing chronic conditions,390 such as tracking physical activity and physiological parameters 

in patients with ME/CFS391 or circadian rhythm sleep disorders.392 Lastly, community resources 

and support systems are instrumental in providing holistic care, and patient-reported outcome 

measures are invaluable in tracking changes in symptoms and quality of life over time.393 

Together, these strategies form a dynamic framework for the ongoing care and support of 

individuals living with the persistent effects of PCC. Further investigation is needed to 

determine the effectiveness of specific interventions in individuals with PCC. 

 

8.4.3 Post-COVID-19 Condition: Clinical Implications 

The challenge inherent in addressing a recently emerged virus characterised by diverse clinical 

presentations lies in elucidating the underlying pathophysiological mechanisms occurring 

within each person. This is particularly important when ascertaining the aetiological factors 

driving the observed symptoms. When exploring patient symptoms in PCC, it is critical to 

consider multiple contributing factors (see Figure 8.2), as these can significantly influence both 

the presentation and trajectory of recovery. 
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Figure 8.3: Post-COVID-19 condition management strategies
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8.6.2 Comparative Studies on Assessment and Treatment Modalities 

The reliability and validity of online physiotherapy platforms compared with traditional face-to-

face interactions warrant thorough investigation. Future studies should focus on standardising 

online assessment tools and on exploring the potential of technology-enhanced treatments. 

This research should establish standardised protocols and guidelines that can be universally 

adopted to ensure consistency and quality in care delivery. 

 

8.6.3 Post-COVID-19 Condition Management 

Understanding and improving the management of PCC remains a critical and ongoing concern. 

Longitudinal interventional studies are essential for identifying the most effective treatments 

and strategies to manage the long-term effects of the condition. Furthermore, there is an 

urgent need for research into holistic and multidisciplinary approaches that acknowledge the 

complex spectrum of symptoms experienced by patients. This includes not only addressing the 

biomedical aspects of PCC but also incorporating psychosocial, environmental, and social 

determinants of health. Embracing such comprehensive management strategies will enable a 

more nuanced understanding of PCC and support the development of care plans that address 

the multifaceted needs of individuals, ensuring interventions are as personalised and effective 

as possible. Recognising the interconnected nature of physical, psychological, and socio-

environmental factors is paramount in advancing our approach to PCC management, 

highlighting the necessity of integrating insights from various disciplines to foster resilience and 

recovery in affected populations. 

 

8.6.4 Understanding the Long-term Outcomes of Post-COVID-19 Condition 

To better comprehend the long-term implications of PCC, large-scale longitudinal cohort 

studies are essential. These studies should aim to elucidate the physical, cognitive, and 

occupational impacts over time and to evaluate the effectiveness of healthcare policies and 

rehabilitation services in supporting patient recovery and quality of life. Larger studies could 

develop predictive models to determine which symptoms or impairments are associated with 

better or worse outcomes. 

 

8.6.5 Technological Advancements in Physiotherapy Research 

The expansion of telehealth has opened new avenues for research and patient care. Evaluating 

the efficacy and accessibility of these services, especially in underserved populations, is critical. 
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Appendix D: Clinical Data and Patient Symptomology 

Questionnaire (Study 3) 

PATIENT DETAILS 
Participant ID  
How many weeks did you feel unwell with 
COVID-19? 

(Insert number) 

Did you have persistent symptoms post-
recovery from COVID-19 

(yes/no) 

Shortness of Breath at Rest (yes/no) 
Shortness of Breath on with activity (ie 

walking) 
(yes/no) 

Cough (yes/no) 
Chest Pain (yes/no) 

Heart Palpitations (yes/no) 
Fatigue (yes/no) 

Problems with Memory (Brain Fog) (yes/no) 
Dizziness (yes/no) 

Muscle or Joint Pain (yes/no) 
Depression and/or Anxiety (yes/no) 

Other (yes/no) 

  



 

194 
 

Appendix E: Charlson Comorbidity Index (Study 3) 

Charlson comorbidity index (CCI) score 
Comorbidity Score 

 
Prior myocardial infarction 1 
Congestive heart failure 1 
Peripheral vascular disease 1 
Cerebrovascular disease 1 
Dementia 1 
Chronic pulmonary disease 1 
Rheumatologic disease 1 
Peptic ulcer disease 1 
Mild liver disease 1 
Diabetes 1 
Cerebrovascular (hemiplegia) event 2 
Moderate-to-severe renal disease 2 
Diabetes with chronic complications 2 
Cancer without metastases 2 
Leukemia 2 
Lymphoma 2 
Moderate or severe liver disease 3 
Metastatic solid tumor 6 
Acquired immune-deficiency syndrome (AIDS) 6 

The CCI score was calculating using International 
Classification of Diseases, 9th Revision (ICD-9) codes. 
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Appendix F: 6-Minute Walk Test (Study 3) 
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Appendix G: Trail Making Test-B (Study 3) 
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Appendix H: Canadian Occupational Performance Measure 

(Study 3) 
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Appendix I: Short Form Health Survey (SF-36) (Study 3) 
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Appendix K: Baseline Symptom and Outcome Measure Data (Study 3) 
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Appendix L: Mann-Whitney U Analysis of Post-COVID-19 Condition Symptoms and Outcome Measures 

 Respiratory Symptoms 
Mean Rank  Mean Rank  Mean Rank  

No SOBAR 
(n = 13) 

SOBAR 
(n = 17) U p No SOBOE 

(n = 4) 
SOBOE 
(n = 16) U p No Cough 

(n = 8) 
Cough 
(n = 12) U P 

Respiratory Function Test             
FEV1 (% predicted) 11.0 9.6 39 0.61 7.3 11.3 19 0.22 9.8 11.0 42 0.64 

FVC (% predicted) 11.4 8.8 34 0.34 9.1 10.8 27 0.60 10.1 10.8 45 0.79 
FEV1/FVC (% predicted) 9.8 11.8 37 0.48 8.4 11.0 24 0.42 10.4 10.5 48 0.97 

TLC (% predicted) 12.2 7.4 24 0.09 9.1 10.8 27 0.60 11.6 9.8 39 0.49 
RV (% predicted) 12.2 7.3 23 0.08 11.8 10.2 27 0.64 13.0 8.8 28 0.12 

DLCO (% predicted) 10.5 10.6 45 0.98 8.1 11.1 23 0.37 9.8 11.0 42 0.64 
Impulse Oscillometry             

R5 (% predicted) 11.2 9.1 36 0.45 12.8 9.9 23 0.40 14.5 7.8 16 0.01* 
R20 (% predicted) 10.8 10.0 42 0.79 13.3 9.8 21 0.30 12.6 9.1 31 0.19 

Respiratory Muscle 
Strength             

MIP (cmH2O) 11.0 7.8 26 0.25 9.8 10.1 29 0.92 12.9 7.9 21 0.06 
MEP (cmH2O) 11.5 6.8 20 0.10 15.4 8.6 9 0.03* 13.1 7.7 19 0.04* 

6-Minute Walk Test             
6MWD (% predicted) 9.9 10.2 38 0.93 9.8 10.1 29 0.92 9.5 10.4 40 0.74 

Desaturation of SpO2 (%) 11.3 7.2 22 0.13 14.0 8.9 14 0.10 12.4 8.3 25 0.11 
HR at rest (bpm) 9.8 10.4 37 0.83 13.0 9.2 18 0.23 9.3 10.5 39 0.65 

Peak HR (% of predicted 
HRmax) 10.8 8.3 29 0.38 11.5 9.6 24 0.55 9.6 10.3 41 0.80 

Peak Dyspnoea (mod BORG) 9.2 11.7 29 0.35 8.8 10.3 25 0.61 7.4 11.9 24 0.09 
Real-Time Ultrasound             

CSA of RF muscle (cm2) 8.8 12.7 23 0.16 4.8 11.4 9 0.04* 8.4 11.2 31 0.28 
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 Cardiac Symptoms 
Mean Rank  Mean Rank  

No Chest pain 
(n = 14) 

Chest Pain 
(n = 6) U p 

No Heart 
Palpitations 

(n = 12) 

Heart 
Palpitations 

(n = 8) 
U p 

Respiratory Function Test         
FEV1 (% predicted) 11.1 7.3 16 0.31 9.2 12.5 32 0.22 

FVC (% predicted) 11.1 7.2 16 0.29 9.7 11.7 39 0.46 
FEV1/FVC (% predicted) 10.7 9.5 23 0.75 10.3 10.9 45 0.82 

TLC (% predicted) 10.7 9.3 22 0.71 8.9 12.9 29 0.14 
RV (% predicted) 10.6 10.0 24 0.87 10.1 11.1 43 0.70 

DLCO (% predicted) 10.9 8.3 19 0.49 9.7 11.8 38 0.44 
Impulse Oscillometry         

R5 (% predicted) 10.5 10.3 25 0.96 11.2 9.5 40 0.54 
R20 (% predicted) 10.6 9.7 23 0.79 11.4 9.1 37 0.40 

Respiratory Muscle 
Strength         

MIP (cmH2O) 9.8 12.0 13 0.60 9.4 10.9 37 0.56 
MEP (cmH2O) 9.2 16.8 4 0.07 11.8 7.6 25 0.11 

6-Minute Walk Test         
6MWD (% predicted) 9.2 16.5 4 0.08 10.4 9.5 40 0.74 

Desaturation of SpO2 (%) 10.1 9.0 15 0.79 10.3 9.6 41 0.80 
HR at rest (bpm) 9.7 12.3 13 0.55 10.3 9.6 41 0.80 

Peak HR (% of predicted 
HRmax) 9.2 17.0 3 0.06 11.1 8.5 32 0.32 

Peak Dyspnoea (mod BORG) 9.9 11.3 15 0.74 9.8 10.3 42 0.87 
Real-Time Ultrasound         

CSA of RF muscle (cm2) 10.1 9.5 16 0.89 9.5 10.8 38 0.62 
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 General Symptoms 
Mean Rank  Mean Rank  

No Dizziness 
(n = 17) 

Dizziness 
(n = 3) U p 

No Body 
Aches/Pains 

(n = 12) 

Body 
Aches/Pains 

(n = 8) 
U p 

Respiratory Function Test         
FEV1 (% predicted) 9.2 13.5 24 0.14 11.4 9.4 40 0.47 

FVC (% predicted) 9.1 13.7 23 0.12 11.3 9.5 41 0.49 
FEV1/FVC (% predicted) 9.6 12.6 30 0.30 11.3 9.6 41 0.52 

TLC (% predicted) 9.0 14.0 21 0.08 10.5 10.5 50 1.00 
RV (% predicted) 10.1 11.5 36 0.62 10.7 10.2 47 0.85 

DLCO (% predicted) 10.9 9.5 36 0.62 10.6 10.3 48 0.91 
Impulse Oscillometry         

R5 (% predicted) 10.9 9.7 37 0.68 8.5 13.0 27 0.09 
R20 (% predicted) 10.5 10.5 42 1.00 9.3 12.0 36 0.31 

Respiratory Muscle 
Strength         

MIP (cmH2O) 9.6 10.8 34 0.66 9.6 10.4 41 0.74 
MEP (cmH2O) 10.9 8.1 28 0.31 10.6 9.4 40 0.65 

6-Minute Walk Test         
6MWD (% predicted) 10.6 8.7 31 0.48 8.7 11.4 32 0.29 

Desaturation of SpO2 (%) 11.7 6.3 17 0.05* 10.3 9.7 43 0.83 
HR at rest (bpm) 10.0 10.1 39 0.96 10.8 9.1 37 0.51 

Peak HR (% of predicted 
HRmax) 11.8 6.2 16 0.04* 9.3 10.8 38 0.57 

Peak Dyspnoea (mod BORG) 10.3 9.3 35 0.69 9.5 10.6 40 0.65 
Real-Time Ultrasound         

CSA of RF muscle (cm2) 8.7 12.8 22 0.14 11.4 8.4 31 0.25 
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Appendix M: 6-month Follow-up Data of Symptoms and Change Scores of Outcome Measures (Study 3) 
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