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Introduction: Traditionally, shift work for radiographers at our institution comprised of three shift pat-
terns e morning (8am-2pm), afternoon (2pme9pm) and night (9pm-8am). However, when COVID-19
was first detected in Singapore in January 2020, the 12-h shift was introduced for better team
segregation and deployment to meet the service needs of the Emergency Department. The 12-h shift
consisted of the day (9am-9pm) and night (9pm-9am) shifts. While the 12-h shift is common to nursing
practices, it is new to the radiography profession within the study centre. This study explores the
radiographers' perspectives of the new shift and the impact of shift patterns on radiographers' wellness
and work performance compared to the original three shift patterns.
Methods: A mixed-methods design study was adopted for this single-centre evaluation. An anonymous
online questionnaire was administered to radiographers who had experienced both shift types. Addi-
tionally, the number of radiographers who had taken sick leave, and images rejected and accepted from
the X-ray consoles were retrospectively collected to measure the impact of the new shift.
Results: Radiographers experienced fatigue and appreciated the longer rest days associated with the
12-h shift. Additionally, the sick leave rates and image reject counts were more favourable with the 12-h
shift pattern.
Conclusion: The findings indicate that the extended shift hours are effective during a pandemic but may
result in radiographer burnout during a prolonged outbreak.
Implications for practice: Studying these variables will provide an effective starting point in under-
standing the efficacy and applicability of a 12-h shift system during pandemic periods.

© 2020 The College of Radiographers. Published by Elsevier Ltd. All rights reserved.
Introduction

Round-the-clock radiological services, such as general radiog-
raphy and Computed Tomography (CT) in particular, are not pecu-
liar to hospitals' Accident and Emergency (A&E) Departments in
Singapore. Radiographers, as part of the multidisciplinary team,
undergo shift work to provide care to patients in the acute setting.
Until the Coronavirus disease (COVID-19) pandemic, the shift pat-
terns for radiographers at the study centre have always comprised
of three shift patterns (Table 1a). Radiographers doing shift work
would rotate between the in-patient location and A&E Department
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hsin_ching_chee@cgh.com.sg
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on a weekly or fortnightly basis, working with different colleagues
at every rotation. However, when the disease was first detected in
Singapore in January 2020, the 12-h-long shift (Table 1b) was
introduced for better team segregation and deployment to meet
the service demands of the A&E Department. Radiographers
providing radiological services at the in-patient location continued
with the three-shift pattern and did not have any contact with
suspected or confirmed COVID-19 patients. With these changes,
radiographers would then remain in the same team for at least a
month at their respective locations, only rotating to other locations
depending on the department's operational needs. If more than
25% of the teamwere on sick leave simultaneously, the whole team
would be replaced with a back-up team. Otherwise, no additional
manpower would be provided.

The study centre is a 1000-bed hospital located in the eastern
sector of Singapore with a 6000 strong staff base. As a public hos-
pital, it has a wide range of medical specialties serving the esti-
mated one million adult populations in that region. The radiology
served.
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Table 1a
Three-shifts pattern showing a sample roster from Monday to Sunday.

Three-shifts Mon Tue Wed Thu Fri Sat Sun

Duty 1 AM AM AM AM AM OFF NIGHT
Duty 2 OFF PM PM PM NIGHT NIGHT OFF
Duty 3 PM OFF NIGHT NIGHT OFF AM PM
Duty 4 NIGHT NIGHT OFF OFF PM PM AM

Shift AM PM NIGHT

Hours 8am e 2pm 2pme9pm 9pm e 8am

Table 1b
12-h shift pattern showing a sample roster from Monday to Saturday.

12-h shifts Mon Tue Wed Thu Fri Sat

Duty 1 DAY DAY OFF OFF NIGHT NIGHT
Duty 2 NIGHT NIGHT OFF OFF DAY DAY
Duty 3 OFF OFF DAY DAY OFF OFF
Duty 4 OFF OFF NIGHT NIGHT OFF OFF

Shift DAY NIGHT

Hours 9am e 9pm 9pm e 9am

J.W.L. Ooi, A.T.W. Er, W.C. Lee et al. Radiography 27 (2021) 512e518
department performs approximately 240,000 general radiography
and 120,000 specialised examinations annually. The imaging
examinations are supported by a group of 150 radiographers, 50
radiologists, 50 nurses and 50 administrative and support staff.

When Singapore confirmed its first COVID-19 case on 23 January
2020, public healthcare institutions such as the study centre were
swift to identify the outbreak, drawing fromprevious lessons such as
the Severe Acute Respiratory Syndrome (SARS)1 and avian influenza
(H1N1)2 pandemic to begin implementing protocols and safety
measures for patient treatment. The leadership of the department
promptly initiated the escalation of responses for team segregation
to ensure service continuity. As a result, the 12-h shifts were
established with the department's roster committee members. The
goals were to reduce contact between staff and to limit possible
spread3 of coronavirus from the community or within the hospital.
Concurrently, another centre in Singapore had re-organised their
workforce4 for manpower deployment to areas of higher workload
to meet the service needs. Other operational strategies in managing
COVID-19 included dedicated imaging rooms and equipment,5

scanning of COVID-19 suspected cases in batches5 and staggering
work and lunch hours4 to ensure safe distancing.

Internationally, the 12-h shifts have sparked debate amongst the
nursing community, with fatigue and safety being the main con-
cerns raised.6e9 Longer working hours may have adverse fatigue-
related effects on healthcare workers, with the higher rates of
patient-care errors, needle-stick injuries, musculoskeletal disor-
ders, drowsy driving, and sleep deprivation being reported.10

However, the 12-h shift system has remained popular as it
allowed for lesser commuting and longer breaks, hence leading to
more personal time and greater work satisfaction.8,11 Prior to the
pandemic, radiographers in Singapore had minimal experience
operating in 12-h shifts. Additionally, there is a lack of data with
regard to radiographers' perspectives toward a new 12-h shift
system in the current literature. Hence, the aims of this study is to
(1) validate the 12-h shift system during the COVID-19 pandemic,
(2) understand the perspectives of radiographers involved in
COVID-19 medical imaging services whilst working the 12-h shifts,
(3) understand the impact of shift patterns on sick leave rates in
radiographers in the A&E and in-patient settings as well as (4) the
reject analysis of images (surrogate measure of performance) of
A&E radiographers.
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Methods

A partially mixed concurrent equal status designwas adopted to
advance the understanding of the differences in radiographers'
perspective and its applicability. This design included two phases of
simultaneous data collection in which the quantitative and quali-
tative phases would weigh approximately the same.12 The results
for both phases would only be integrated upon collection and
interpretation of all data.

Ethics

Exemption from a full ethical review was approved from the
Centralised Institutional Review Board (CIRB) as data collected from
this study was considered to be a service evaluation and did not
pose any anticipated risks to the study participants. Additionally,
the research process would not increase the risk or burden of the
radiological services beyond the usual clinical practice when
managing patients.

Design

Qualitative phase: questionnaire on radiographers' shift preference
This study utilised a prospective ten-item questionnaire

(Appendix A) for radiographers who had experiencedworking both
shift patterns, evaluating their preferences using multiple-choice
and open-ended questions. The qualitative questionnaire was
distributed to all 48 radiographers who had worked the 12-h shifts
in the A&E Department of the study centre from February to June
2020. This was because they were the only radiographers within
the radiography department with experience of working the 12-h
shifts and conventional three-shifts pattern prior to February 2020.

Quantitative phase: reject analysis of images acquired and sick leave
The impact of the 12-h shift was evaluated through retrospec-

tive data collection of reject analysis of images acquired in the A&E
Department and radiographers' sick leave rates. The image reject
rate was used as a surrogate marker of radiographer performance
whilst sick leave was defined as a leave of absence granted by a
certified medical practitioner because of illness.

Setting & procedure

Questionnaire on radiographers' shift preference
The questionnaire was created using an encrypted online survey

platform by the Singapore government's GovTech agency and
consisted of questions pertaining to census data and shift prefer-
ences, to assess the generalisability of the collected data. An epis-
temological assumption was integrated into the research to
underpin how the 12-h shift would affect the radiographers'
perspective and applicability during the COVID-19 pandemic,
compared to the conventional three-shifts pattern. Face validity
was established by getting a Principal Radiographer and a Statis-
tician to read and evaluate the survey questions. Three radiogra-
phers who met the study criteria were chosen to run a pilot test of
the survey. Improvements were then made following their feed-
back. To achieve a response rate of more than 80%, a short text
message containing the questionnaire web link was sent to the 48
shortlisted radiographers by the head of department's personal
assistant. The radiographers were invited to complete the volun-
tary, anonymous 5-min questionnaire within one week.

Reject analysis of images acquired and sick leave
The number of images that were rejected and sent to the hos-

pital's Picture Archiving and Communications System (PACS) was
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collected from all X-ray consoles within the A&E Department. Only
data from February to June in the years 2019 and 2020was included
i:e:image reject count2020 ¼
number of rejected images2020

number of rejected images2019 þ number of rejected images2020
in the analysis. The different year periods were deemed the non-
pandemic three-shifts and the pandemic 12-h shifts respectively.
Additionally, the collation of number of radiographers within the
department who had been on sick leave was retrieved from the
Departmental Sick Leave Management Record. Only radiographers
i:e:image reject rate2020 ¼
number of rejected images2020

total number of images acquiredðrejectedþ sentÞ2020
who were working either the 12-h shift at the A&E Department or
the three-shift pattern at the in-patient location from February to
June 2020 were included in the analysis.

Data analysis

The responses obtained from the questionnaire, sick leave data,
and image reject counts/rates were statistically analysed using the
IBM SPSS version 20.0 (IBM Corp., Armonk, NY, USA), with statis-
tical significance set at p < 0.05. Descriptive statistics, including
frequencies, was employed to summarize the data from the open-
ended questionnaire and grouped into overarching themes by
two researchers. Additionally, the data for reject analysis of images
acquired and sick leave was tabulated and presented as frequencies
and proportions. Discrepancies were resolved through a consensus
face-to-face discussion.

Questionnaire on radiographers' shift preference
Responses from the open-ended questionnaire were collected

and analysed. Chi-square tests were performed to evaluate the
association between the census data (i.e. age group, marital status),
length of experience in the shift pattern, and preferred shift. The-
matic analysis was conducted to identify and report reasons for the
participants' shift preferences.

Reject analysis of images acquired and sick leave
The association in image reject count/rate between the

pandemic (February to June 2020) and non-pandemic (February to
June 2019) period was performed using Chi-square tests.

The image reject count (Fig. 1) for a particular period was
calculated by dividing the total number of rejected images in a
Figure 1. Calculation for

Figure 2. Calculation fo
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particular period by the total number of rejected images in both
periods and presented as a percentage.
The image reject rate (Fig. 2) for a particular period was calcu-
lated by dividing the number of rejected images by the total
number of acquired images for the same period and presented as a
percentage.
The number of days of sick leave taken by radiographers
working at the A&E Department (12-h shifts) and the in-patient
location (three-shifts pattern) were assessed using the indepen-
dent t-test.
Results

Questionnaire on radiographers' shift preference

A 100% (n ¼ 48) response rate was achieved from the A&E
radiographers. The participants' demographics (Table 2) showed 17
(35%) male and 31 (65%) female participants of various age groups.
The workforce consisted of young radiographers with only 15% of
them are more than 40 years old.

Almost all participants (96%, n ¼ 46) interacted with suspected
COVID-19 patients, while only 83% (n ¼ 40) had interactions with
confirmed COVID-19 patients (Table 3). These were self-reported
responses and that interaction with suspected/confirmed COVID-
19 patients (nor the degree of interaction) could not be
confirmed. Thereweremixed levels of experienceworking the 12-h
shifts at the A&E Department, with three months being the most
common duration experiencing the new shift pattern.

When it came to indicating their preference for shift types
during the pandemic, 56% (n ¼ 27) said they preferred the 12-h
shifts, while 44% preferred the three-shifts pattern (Table 3). On
further analysis, the study also found that there were equal pref-
erences for the 12-h shifts and the three-shifts pattern amongst the
younger participants, whilst 67% (n ¼ 15) of the participants over
30 years old preferred the 12-h shifts over the three-shifts pattern
(Fig. 3).
image reject count.

r image reject rate.



Table 2
Participants' demographics.

n (%)

Total participants 48 (100)
Gender Male 17 (35)

Female 31 (65)
Age group <26 years old 3 (16)

26e30 years old 27 (56)
31e35 years old 8 (17)
36e40 years old 3 (6)
>40 years old 7 (15)

Marital status Married 12 (25)
Single 36 (75)

Married with children Yes 6 (50)
No 6 (50)

Years of work experience <5 years 17 (35)
5e10 years 19 (40)
>10 years 12 (25)

Figure 3. Participants' shift preference according to age groups.
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It was observed that more married participants favoured the
12-h shift, whilst the shift preferences were equivocal amongst the
single participants (Fig. 4).

Participants with preference for the 12-h shift had oftenworked
more than three months (mean ¼ 3.07 months, SD ¼ 1.33) in the
new shift pattern. On the other hand, participants who preferred
the three-shifts pattern had lesser experience (mean ¼ 2.52
months, SD ¼ 1.29) in the 12-h shift.

Two themes e rest days and fatigue, were derived from the
responses of the open-ended question in the questionnaire. Ma-
jority of the participants reported feeling more fatigued during the
12-h shift, but favoured the shift for the increased number of rest
days (p < 0.001):

“I get better rest days even though the working day can be long
and tiring.” - Participant 5

“More off days and I can get sufficient rest mentally and
physically.” - Participant 19

Participants who preferred the three-shifts pattern valued more
time for their personal life, whilst others cited sleep pattern dis-
ruptions during their experience with the 12-h shift:

“I get more time every day with my family with the three-shifts
pattern. Otherwise once I'm home, my family would already be
preparing to sleep.” - Participant 32

“I prefer to have lesser working hours in a day so that I can still
run my errands or continue with my exercises.” - Participant 42

“In the long run, the 12-h shift can really affect my sleeping
pattern. It can be too tiring on a busy day and we may still have
another 12-h shift to go on the next day.” - Participant 34
Table 3
Responses to working at the A&E Department.

n (%)

Total participants 48 (100)
Interaction with suspected

COVID-19 patients
Yes 46 (96)
No 2 (4)

Interaction with confirmed
COVID-19 patients

Yes 40 (83)
No 8 (17)

Experience with 12-h shift 1 month 13 (27)
2 months 3 (6)
3 months 15 (31)
4 months 13 (27)
5 months 4 (8)

Preferred shift 12-h shift 27 (56)
three-shift pattern 21 (44)

515
Reject analysis of images and sick leave

The total images acquired during the 2019 non-pandemic three-
shifts period was 17% (81,227 vs 69,050) more than during the 2020
pandemic 12-h shifts period (Table 4). Comparing the image reject
count, the year 2019 had significantly more (p < 0.001) rejected
images than in 2020, with a similar trend observed in the image
acceptance count as well. The image reject rate was 0.9% (9.1% vs
8.2%) higher in 2020 during the pandemic, than in 2019 when there
was no pandemic, but was not statistically significant.

The average number of days of sick leave taken by radiographers
working the 12-h shift at the A&E Department was 3.33 (SD¼ 2.88)
days compared to 4.60 (SD ¼ 3.88) days in radiographers working
the three-shifts pattern at the in-patient location. This datawas not
statistically significant.
Discussion

The COVID-19 pandemic has highlighted the importance of
timely response in operational strategies to ensure the continuity of
services in all healthcare institutions. To date, this is the first study
that strives to understand the radiography viewpoint of imple-
menting a new shift pattern in the midst of a healthcare crisis.
Being part of the hospital's frontline medical team, radiographers
are critical in providing for timely radiological services. One
approach to ensure service sustainability was the implementation
of the 12-h shift for radiographers working in the A&E Department,
providing for 24-h round-the-clock medical imaging services.
Figure 4. Participants' shift preference according to marital status.



Table 4
Statistics of images acquired during the 2019 non-pandemic three-shifts and 2020 pandemic 12-h shifts period in the A&E Department.

2019 2020 Total

Rejected images Count 6666 6310 12,976
Image reject count (%) 51.4 48.6* 100
Image reject rate (%) 8.2 9.1 8.6

Accepted images Count 74,561 62,740 137,301
Image accept count (%) 54.3 45.7 100
Image accept rate (%) 91.8 90.9 91.4

Total Count 81,227 69,050 150,277
Image total count (%) 54.1 45.9 100

*p < 0.001.
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In the already strained workforce, who required additional
processes and more stringent infection control measures dealing
with the pandemic, the 12-h shift implementation did not neces-
sarily reduce the manpower requirements. However, it provided
two very distinct advantages to the department. Firstly, the 12-h
shift facilitated clear team segregation due to its fixed shift pat-
terns (i.e. a day and a night shift), hence resulting in limited to no
interaction between the teams. Secondly, the 12-h shift enabled the
activation of a back-up team in the event that one team was
required to be quarantined due to unprotected exposure to the
coronavirus.

Despite more female radiographers working the 12-h shift, the
teams were an accurate and exact representation13 of the female to
male radiographer ratio in Singapore. A systematic review done by
Wagstaff and Sigstad Lie on shift work and long working hours
showed that no particular gender would be more susceptible to or
protected against the effects of work durations on risks of errors in
the workplace.14 This study found that most radiographers older
than 30 years or who were married with children preferred the 12-
h shifts. Conversely, some radiographers preferred the three-shifts
pattern because it allowed for more family-time. These differences
in shift preferences were echoed by a Canadian study on radiation
therapists undergoing the 12-h shift.15 It was discussed in the study
that the daily care for dependent children and elderly parents may
not be suitable for either shift work arrangement, depending on
whether the radiation therapists had extra help from family or
spouses at home. The consensus from both shift preferences was
the desire for more or longer rest days, considering what was more
worthwhile e extra total days off or extra rest time per day
respectively. Nevertheless, rest days to overcome fatigue is an
important factor in achieving good work-life balance, with this
study sharing the same sentiments as others in literature.15,16

Radiographers with more than three months of experience
working at the A&E Departmentweremore likely to prefer the 12-h
shift. A similar study of critical care nurses in Scotland undergoing
the 12-h shift,17 explained that the benefits of such shift work
include greater flexibility, lesser travel, and more time with family.
Unlike the nursing profession where extensive handovers are
required at each change of shift, handover processes for radiogra-
phers are often minimal. As such, radiographers are less likely to
remain at work beyond their appointed shift hours.

Although there was a consensus of the 12-h shift being com-
plemented with more rest days, several felt that it was more
physically tiring andmentally draining in the long term despite the
younger workforce within the team. Another centre in Singapore
reported that the 12-h shift pattern is sustainable and provided
fixed workerest cycle.4 However, the ratio of staffing based on
daily workload was higher (8 radiographers for general radiog-
raphy alone versus 8 radiographers for general radiography,
Computed Tomography services and image commenting in our
study centre).
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The 12-h shift is longer compared to the conventional three-
shifts, with the peak hours for the A&E Department occurring
during the day shift (surge of patients during the 10th to 20th hour
of the day according to a 2017 study18). Hence, radiographers on the
12-h day shift were more likely to experience fatigue, compared to
the three-shifts pattern where the peak hours were spread be-
tween the morning (8am-2pm) and afternoon (2pme9pm) shifts.
Inevitably, radiographers would then welcome more rest days to
recuperate from their physical and mental exhaustion.

The novelty of this study is that radiographer-specific error rates
and health statuses are evaluated with the implementation of this
new shift pattern. Systematic review found no other studies
investigating how changes in shift work impact radiography
errors.19 We hope that findings from this study will assist to guide
workflow and staffing optimisation interventions to ensure safe
and effective care delivery. The reject analysis of images acquired
and sick leave days were used as variables to measure the outcome
of the 12-h shift.

The image reject rates were used as a surrogate marker to
radiographers' performance. In 2020, there was an overall decrease
in caseload, most likely occurred due to implementation of the
COVID-19 (Temporary Measures) Act 2020 by the Singapore
Parliament, thereby limiting the public's movement around the
country unless for important valid reasons, such as seeking medical
treatment, doing essential work, exercising and obtaining essential
goods.20 With these restrictions, patients were more likely to pre-
sent to the A&E Department only in the event of serious emer-
gencies or if they had come into contact with patients who were
suspected or confirmed of having COVID-19. As such, the radio-
graphic projections for many of the severely ill patients may be
technically challenging, resulting in higher image reject rate in
2020 than 2019 (9.1% vs 8.2%). Another possible reason for the in-
crease in image rejection rate could be that radiographers were
more fatigued during the longer 12-h shift, resulting in loss of
concentration. Other studies have also reported a drop in staff
performance with longer shift hours resulting in a loss of focus, a
sign of burnout.14,27 If the 12-h shift is still necessary in a prolonged
pandemic period, departments may consider arranging their staff
to have staggered short breaks during the shift to combat
burnout.28,29 Additionally, chest radiographs, the most common
radiological investigation for COVID-1924 in the A&E setting, are
simpler to perform than other studies, hence radiographers are able
to complete such studies promptly,25,26 resulting in significantly
lower image repeat count in 2020 when compared to 2019 (48.6%
vs 51.4%).

On the other hand, the caseload was higher in 2019 (non-
pandemic period), whenmore than half of the patients21 presented
to the A&E Department with non-acute complaints. In the litera-
ture, patients preferred doing so due to it being a more accessible
24-h facility providing extensive diagnostic procedures, whilst
others had a misaligned social understanding of symptom severity
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and believed they required urgent, immediate care.21e23 With less
acute patients presenting to the A&E in 2019, the image acceptance
rate was higher (91.8% vs 90.9%).

It was observed that radiographers working the 12-h shift at the
A&E Department were taking fewer sick days compared to radi-
ographers working the three-shifts pattern at the in-patient loca-
tion. Several reasons could have attributed to this: (1)
radiographers working the 12-h shifts were compelled to remain
healthy in the spirit of teamwork; (2) stricter infection control
measures implemented during the pandemic, such as the emphasis
on hand hygiene and the compulsory usage of masks during clinical
practice, which have been shown to reduce COVID-19 trans-
mission30,31; (3) provision of influenza flu vaccination for all staffe
an initiative that has also been advocated for in the United
Kingdom32 and the United States of America.33 Such measures
would inevitably reduce the spread of infection from within the
team, and with sick patients.

Limitations

This study has several limitations. Firstly, given that the study
was limited to a single medical imaging centre, the generalisability
of the results across other geographic locations or differing de-
mographics would be unclear. Secondly, the study duration was
limited to five months. The duration of exposure to the 12-h shift
may not have been sufficient for radiographers to conclude on their
preferences for the different shift types. Similarly, the study anal-
ysis of images acquired and sick days, were only from the five
months duration and may not have accurately reflected the out-
comes of the new shift type. Thirdly, despite the ratio of partici-
pants working the new shift being typical of the radiographer ratio
in Singapore, the sample size was small. This small size may not
have been representative of the entire radiography profession's
sentiments and contributed to several lack of statistical differences
in the data. Therefore, future adequately powered studies would be
recommended. This study was not able to determine whether, and
to what extent, the observed differences between the two afore-
mentioned shift systems can be attributed to just a change in
workflow pattern or institutional and global changes brought about
as a result of the pandemic.

Conclusion

The shift preferences amongst the radiographers were incon-
clusive, with 12% more participants favouring the 12-h shifts over
the three-shift pattern. Majority opined that the 12-h shifts had
longer rest days, but shift work itself became more tiring. There
were more favourable image reject counts and lesser sick leave
takenwith the 12-h shift, possibly related to circumstances brought
about by the pandemic. Studying these variables will provide an
effective starting point in understanding the efficacy and applica-
bility of the 12-h shifts system at a Radiography department of a
local centre during the COVID-19 pandemic.
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Appendix A

Survey questions

Demographics

1. Age group
2. Gender
3. Marital status
4. Married with children?
5. Years of work experience

Your opinion

6. Have you attended to suspected COVID-19 patients?
7. Have you attended to CONFIRMED COVID-10 patients?
8. How many months of 12-h shift at A&E have you done?
9. Which shift patter would you prefer?

10. Why does the shift pattern you've selected above work for
you?
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