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Background 

The nature of healthcare work involves working outside of the normal day-night routine, to meet 

round-the-clock patient care demands (NHS Employers 2018). In 2020, there were 37,000 diagnostic 

radiographers registered in the UK with the Health and Care Professions Council (HCPC) (HCPC, 

2020). Diagnostic radiographers have a very specific set of tasks and skills (Harvey-Lloyd 2018), some 

overlapping with other healthcare professionals in terms of patient care skills and technical 

knowledge (HCPC 2018). However, a large proportion of the work involves uniquely undertaking 

imaging with ionising radiation (IRMER 2017), therefore is subject to multiple safety procedures and 

checks (Harvey Lloyd 2018). This is required around the clock to manage demand for emergency 

imaging (Ooi et al 2021). If working hours include or are primarily in the evenings and at night, while 

the circadian and homeostatic brain systems are promoting sleep (Richardson 2013), it can lead to 

the natural circadian rhythm being disrupted – impairing alertness and disturbing subsequent 

sleeping routines (Akerstedt and Wright 2009). 

 

Within the NHS Diagnostic radiographers often work outside of the normal working day (Working 

Time Regulations 1998) to provide the service across the 24 hour period (Department of Health, 

2012). This is often a mixed pattern of shifts that overlap, some of which may fall outside of the 

Working Time Regulations (1998) either due to participation in multiple rota systems or balancing 

mix of skills (Hawke 2011) and to manage a national vacancy rate of 10.5% in the workforce (Society 

and College of Radiographers 2021). This has been exacerbated by an increased demand for 

diagnostic imaging (Singh et al 2017) without an increase in capacity via extra equipment and mix of 

staff skills (Richards et al 2020) and the COVID19 pandemic (Akudjedu et al 2020, Commons Select 

Committee 2021). This leads to an existing workforce with stretched resources, rather than being 

enhanced and empowered (Department of Health 2017) to meet demand and avoid adverse 

outcomes related to delayed diagnosis (Parliamentary and Health Ombudsman 2021). 

 



The corresponding fatigue and associated symptoms that radiographers may be experiencing (Drake 

et al 2004, Raj et al 2006) have been termed Shift Work Disorder in other workers, particularly 

nurses (Asaoka et al 2013). This effect has been shown to increase when patterns are disrupted to 

allow less than eleven hours rest in between shifts (Eldevik et al, 2013). This leaves them prone to 

sickness absence (Singh et al 2017), low motivation and potential errors when compared to failure 

rates in other similar professions such as nursing (Elliott & Williamson 2019). Patients (and staff) are 

subsequently at risk of consequence due to health hazards from ionising radiation or extremely 

strong magnetic fields (IRMER 2017). The Health and Safety at Work Act (1974) should limit this, but 

lack of understanding and awareness (Bishop & Elliott 2019) means this is often not adhered to and 

further increases the likelihood of fatigue (Akerstedt & Wright 2009). Additional exploration of 

varying shift patterns has been undertaken in research to observe efficiency and consequence 

(Hawke 2011, Ooi et al 2021) without addressing the effects on staff wellbeing. Nightingale et al 

(2021) identify the working patterns in radiography as a major factor in staff retention, but do not 

explore the effects of this on the individual practitioner’s fatigue levels or wellbeing. 

 

While shift work related fatigue has been attributed to major industrial accidents (Harrington 2001) 

and aviation related incidents (Bendak & Rashid 2020), safety measures relating to work hours are 

often routinely applied (Gabriel et al 2018, Holley Sundaram and Wood 2003) – but this is not 

routine in healthcare.  Shift work fatigue is more prevalent in out-of-hours work for healthcare 

professionals (Hanecke et al 1998). The suggestion of “attentional failures” in medical professionals 

is double in junior doctors with unrestricted working practice (Lockley et al 2004) with fatigue 

impairing function and cognition (Papp et al 2004) cited as a major factor. Routine difficult tasks 

become more erroneous (Hughes and Rogers 2004) due to fatigue in cognition, or “decision fatigue” 

(Reiner & Krupinski 2012). In human factors reviews of medical imaging error (Lacson et al 2019)  

most errors were found  in communication or practice – relating to procedural error such as those 

safety checks described previously (IRMER 2017). There is no additional information available 

pertaining to radiographers as a professional group (Elliott & Williamson 2019) despite evidence 

from other health care professional groups (Suzuki et al 2004, Barker & Nussbaum 2010, Chang et al 

2011). This work is arguably transferable to radiographers due to equivalent professional 

registration, range of care and technical skills including cannulation (Lo et al 2011), and expectation 

of round-the-clock service delivery. Additional scoping studies (Bishop & Elliott 2019, Amin & Elliott 

2021) show some limited evidence of detrimental health effects on radiographers more generally 

due to shift patterns. There remains a lack of investigation into radiographer wellbeing and fatigue 

due to these demands on the current resource and structure. 



Study Objectives 

To identify the primary factors contributing to the complex working environment for radiographers 

relating to a 24 hour service delivery, and identify effects on wellbeing and safety 

 

Defining the factors that make radiology a complex working environment as demand and 

resource 

 

Investigating the associated effects of shift work on wellbeing and fatigue in radiographers 

 

Correlating adverse event data 

Methodology 

The Job-Demands-Resources (JDR) theory is useful in predicting and defining levels of burnout and 

performance particularly in healthcare (Bakker & Demerouti 2004; Demerouti & Bakker 2011). This 

can be applied to study of the radiographer population as in other healthcare professions (Schaufeli 

2017, Tomo & De Simone 2019). In the JDR model, the investigation of workload, shift prevalence 

and pressure can investigate strain levels from demand (Schaufeli & Toons 2014) and the 

moderation of job resources (that is, staff and skills mix within the shiftwork pattern adding to 

compensatory rest) can demonstrate burnout and engagement/performance levels – critical to the 

safe and effective care of service users (Harvey-Lloyd 2018). 

The study is overall a mixed methods study, with an explanatory sequential format (Polgar & Thomas 

2004): the quantitative questionnaire preceding semi-structured qualitative interviews. The JDR 

theory framework (Bakker & Demerouti 2004) will be applied to investigate the demand and 

resource situation on employee wellbeing; with the qualitative element explaining and triangulating 

results from the quantitative data (Locke & Lees 2021) 

Setting & Population 

All UK radiographers would be invited to participate in the questionnaire via social media and the 

Society & College of Radiographers, so the study would be representative of a broad sample of 

diagnostic radiographers across the country. 

The participants would be included if they undertake shiftwork or participate in out of hours rotas. 



The selection of participants chosen for the qualitative study would be random from questionnaire 

participants who indicate willingness to be interviewed, allowing for a broad cross-demographic 

approach - as to maintain a representative view of the UK radiography population. 

 

1. Literature review into Diagnostic Radiography as a complex environment – working patterns, 

staffing levels, skills & tasks, parallel overlapping rota systems, workload and variation 

between centres. Review of other wellbeing research in other healthcare roles that pertains 

to JDR theory by defining the job demands (workloads and structure) and resources 

(staffing, shift patterns to meet demand) 

Additional investigation into error prevalence in via information from Health Inspectorate 

Wales, Care Quality Commission and NHS Resolution; reviewed in relation to aviation and 

industrial incidents. 

2. UK Wide questionnaire survey on shift patterns, stress, fatigue and wellbeing 

All radiographers across the UK will be invited to take part through professional body and 

social media. Participant Information would be provided on the electronic survey, and 

consent obtained before admission to the study. A simple power calculation puts required 

sample size over 381 participants. Additionally, participants would indicate whether they 

would be willing to be contacted to participate in the qualitative element of the research. 

Staff would identify their age, experience, level participation in mixed shift patterns and/or 

out-of-hours work so that comparisons can be made and form a discussion over the 

demands, resources and subsequent impact of shift work.  

Questions related to Demand and Resource availability using the Job Demands and Resource 

Scale (Jackson & Rothmann 2005), perceived fatigue levels using the Oldenburg Burnout 

Inventory (Demerouti & Bakker 2008), and overall wellbeing via the Warwick Edinburgh 

Mental Wellbeing Scale (Tennant et al 2007). 

3. Qualitative study into fatigue in radiographers, Semi-structured interviews of selected 

questionnaire participants. 

A selection of around 40 participants in stage 2, 10% of the proposed questionnaire sample 

size, would be invited to interview. This would allow participants an opportunity to discuss 

further their answers in context of personal experiences and impacts on their health. 

Following consent, a semi-structured interview would be conducted, exploring the 



participants individual situation and discuss the impact to them as a result of their working 

patterns – including coping mechanisms, symptoms of fatigue. The interview would be 

recorded, transcribed and its accuracy agreed with the participant prior to inclusion in 

thematic analysis. 

 

Data Analysis - Questionnaire 

Descriptive graphics for presentation of general trends and results information, box plots and 

confidence intervals for wellbeing scores dependent on location/shift pattern frequency, 

comparison of personal coping mechanisms. 

 

Comparative analysis between shift/non-shift groups and analysis of variance based on experience, 

overall working hours on average, type of working environment. Potential causal analysis can be 

undertaken on: 

• demand and resource values from the JDRS  

• OBI scores 

• WEMWBS scores 

using a multiple linear regression model such as least squares. Statistical significance of any 

calculable results using ANOVA or suitable alternative.  

 

Data analysis – qualitative 

All interviews would be transcribed, and then subsequently approved by the interviewee prior to 

analysis. NVivo software would be used to assist in the analysis process. 

Braun & Clarke’s (2006) thematic analysis would be undertaken, using the following principles: 

1. Data familiarisation and immersion 

2. Investigation of interesting features and themes, application of initial coding 

3. Collating further responses into codes and application across the transcript 

4. Review of themes and information, further investigation and correlation 

5. Themes finally defined and report of overall results generated 
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