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Abstract

Introduction Direct Digital Radiography (DDR) has dramatically impacted medical imaging by providing fast, high-quality
radiographic images. It offers several advantages: instant image acquisition, efficient image storage and transmission, advanced
image processing algorithms, and dose reduction capabilities. However, the misuse of DDR can lead to suboptimal image
quality and diagnostic errors. This paper explores the uses and misuse of DDR in medical imaging.

Methods To understand the current knowledge, attitudes, and practices (KAP) of radiographers regarding DDR, an explora-
tory cross-sectional survey was conducted. The survey collected demographic information and assessed participants'
practices in DDR.

Results A total of 157 radiographers participated in the study. 50% of participants had formal training in DR, 34.4% manu-
ally collimated the X-ray beam most of the time, whilst 32.5% admitted they sometimes used image crop instead of manual
collimation. 45.2% relied on automatic exposure devices, and 55.4% mentioned that they modified the exposure manually.
36.9% used image processing tools. 30.6% consistently monitored their repeat rate, whilst 12.1% mentioned they never did.
Conclusion The findings highlight the importance of continuous education and training to ensure the optimal use of DDR.
There is a need for improved knowledge and skills in areas such as collimation, exposure optimisation, and image processing.
Future research and educational initiatives should address these issues to ensure DDR's safe and effective use in clinical practice.
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1 Introduction

Direct Digital Radiography (DDR) has revolutionised medi-
cal imaging with its ability to rapidly generate high-quality
radiographic images, becoming an indispensable tool for
diagnosing a wide range of medical conditions. Alongside
its undeniable benefits, DDR has also introduced new chal-
lenges and potential pitfalls.

One of the critical advantages of DDR is its ability to pro-
duce digital images instantly. Unlike traditional radiography,
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DDR eliminates the need for film processing, reducing the
time required for image acquisition and interpretation. The
digital format allows for efficient storage, retrieval, and
transmission of images, enabling quick access to patient
information and facilitating remote consultations. Moreo-
ver, DDR systems often employ advanced image processing
algorithms, enhancing the visibility of anatomical structures
and improving diagnostic accuracy. Furthermore, DDR
offers dose reduction capabilities, particularly compared to
conventional radiography. The technology optimises dose
by adjusting exposure parameters in real-time, minimising
radiation exposure to patients and radiographers.

Despite these advantages, the misuse of DDR can lead to
suboptimal image quality and diagnostic errors. Improper posi-
tioning, suboptimal exposure settings, and artefacts caused by
patient motion can result in images with reduced diagnostic
value. Additionally, the digital nature of DDR images can
introduce new challenges in image manipulation and inter-
pretation. Inadequate post-processing techniques or excessive
image enhancement can distort anatomical structures, poten-
tially leading to misdiagnosis or unnecessary interventions.
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The optimal use of DDR requires continuous education and
training for radiographers to acquire new abilities and maintain
the highest image quality [1, 2]. The literature recommends
formal education, continuous medical education, and vendor
training [3, 4]. There is a definite and widespread need for
thorough, hands-on teaching of digital image technologies. For
example, radiographers crop (DDR) images to obtain better
X-ray images instead of utilising better collimation settings,
which shows an apparent lack of knowledge and skills [5, 6].

Literature shows that (DDR) has reduced ionising radiation
to patients while maintaining diagnostic quality images. How-
ever, suboptimum techniques are in action within the DDR
environment, where radiographers may increase radiation
doses due to favouring superior image quality, known as 'dose
creep'. Hayre [6] paper identifies two issues related to X-ray
exposures in contemporary radiographic practice: the lack
of autonomy concerning X-ray exposures within the general
imaging environment and the failure of some radiographers to
alter 'pre-set' X-ray exposures, which may result in images of
suboptimum diagnostic quality [6].

Hayre et al. [8] paper highlights the importance of radiogra-
phers having an adequate knowledge base with DDR technol-
ogy to produce images of diagnostic quality. It emphasises the
need for radiographers to be aware of the potential danger of
over-repeating X-ray examinations with no added benefit. The
paper suggests that DDR may alleviate patient discomfort by
enabling 'quick’ repeats. Still, radiographers should critically
reflect upon the potential pitfalls and near misses associated
with image acquisition using DDR. In essence, the current
research landscape primarily emphasizes the merits of DDR,
but it falls short in providing a well-rounded understanding
of the technology by not addressing the potential issues, chal-
lenges, or the educational demands necessary for its effective
and safe implementation in the field of medical imaging. This
gap in the literature underscores the significance of further
research that encompasses all facets of DDR technology,
which the paper in question aims to fill.The findings of this
paper initiate discussions about the importance of continuous
skills improvement required to operate DDR equipment and
forestalling radiation incidents in the future [8].

The study aimed to analyse radiographers' knowledge,
attitudes, and practices (KAP) regarding digital radiography
(DR) in medical imaging.

2 Methods
2.1 Study design
An exploratory cross-sectional survey was used to analyse

the participants’ knowledge (K) of DDR, attitudes (A),
and practices (P) (KAP). A cross-sectional study design is
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commonly used to collect data at a specific point in time,
providing a snapshot of the knowledge, attitudes, and prac-
tices (KAP) of the study population. In this design, data is
collected from participants at a single time point, allowing
researchers to examine the relationships and prevalence of
the variables of interest at that moment.

2.2 Sampling and study population

The eligibility to participate in the study included radi-
ographers who practice across hospitals and medical cen-
tres working in the United Arab Emirates (UAE) during
the data collection period from August to October 2022.
Before participating, the participants received informa-
tion on the study that outlined the study’s objectives and
signed a consent form. The consent form guaranteed that
their participation would be kept entirely private and that
they would be allowed to leave the study at any time before
the final submission of the survey. Direct distribution of
the online survey using the Google Forms link was used to
solicit participation.

2.3 Data instruments

A structured survey designed based on the study's aims and
reviewing previous similar studies is a common and effective
approach in survey research. This process helps ensure that
the survey instrument aligns with the study's specific objec-
tives and captures relevant variables and constructs. The
survey recorded the participants’ opinions based on declara-
tive statements. Before survey development, the researchers
gathered preliminary information and conducted a literature
review about DDR practices [1, 3, 6, 9—11]. Validity and
reliability assessment from the pilot study involves evaluat-
ing the quality and consistency of the survey instrument.
Two radiographers, four radiology managers, and two senior
faculty members in clinical and academic institutions piloted
the survey. The researchers identify and address potential
issues with the survey, ensuring that it is valid, reliable, and
suitable for measuring the knowledge, attitudes, and prac-
tices (KAP) of the target population effectively.

The survey was designed in three sections. Section 1 col-
lected the participants’ demographic information, including
age, qualification, work experiences, and the country where
they obtained the terminal academic degree. This section
also included questions about whether participants prac-
tised conventional radiography and had formal DDR train-
ing. Section 2 identified the participants’ current practices
on collimation, radiation exposures, image processing, and
image quality. Finally, Section 3 of the survey captured the
participants’ knowledge using ten multiple-choice questions.
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Table 1 Participant's demographics information

N (%)
Age (years) 18-25 35(22.3)
26-35 60 (38.2)
3645 33 (21
46-65 29 (18.5)
Qualification Diploma 14 (8.9)
Bachelors 126 (80.3)
Master 14 (8.9)
PhD 3(1.9)
Work experience (years) 1-5 70 (44.6)
6-10 35(22.3)
11-15 33 (21
16 or more 19 (12.1)
Country India 46 (29.3)
Philippines 35 (22.3)
Middle East 76 (48.4)

2.4 Ethical approval

The University of Sharjah Research Ethics Committee
approved the study. Accordingly, the study’s objectives, pro-
cedures, and methodology followed the rules and regulations
(reference number: REC-20-05-06-01).

2.5 Data analysis

Data from completed online surveys were transferred manu-
ally to Excel (Microsoft, Redmond, WA, USA) and then to
SPSS version 23.0 (SPSS, Chicago, IL, USA) for statistical
analysis. Before analysis, all variables were reviewed for
accuracy of data entry and missing values. For the knowl-
edge assessment, the overall percentage of participants

Fig. 1 DDR practice and training

Did you practice conventional
radiography before DR?

Did you complete DR training

course?

Did you complete DR radiation
safety training?

who gave correct answers was computed for each question.
The score was transformed into a percentage by dividing
the total score by the maximum possible score multiplied
by 100. Accordingly, scores were categorised into poor
knowledge = <40%, moderate knowledge =41-70%, and
good knowledge = >71% or [12]. A chi-squared test of
independence was used to analyse the individual questions.
Mann—Whitney and Kruskal-Wallis tests were used to com-
pare group responses. The overall value for statistical sig-
nificance was P <0.05.

3 Results
3.1 Demographics

A total of 157 participants met the inclusion and exclusion
criteria and were therefore included in the study. The par-
ticipants’ ages ranged from 18 to 65 years, and almost 38.2%
(n=60) were between the ages of 26 and 35. In terms of
qualification, most of the participants completed a bachelor’s
degree (B.Sc.) in radiography 80.3% (n=126), followed by
an equal number of 8.9% (n=14) who completed a diploma
and master’s degree. In addition, the results showed that
respondents with a range of experience of 1-5 years were
44.6% (n="70). The participants obtained their terminal
degrees from different countries and were categorised into
three categories: 29.3% (n=46) from India, 22.3% (n=35)
from the Philippines, and 48.4% (n=76) from Middle East-
ern countries (Table 1).

3.2 DDR practice and training

Three questions in this section collected responses to assess
the participants’ practice and training in DDR. The study

0 20 40 60 80 100 120

mYes% mNo%
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Table2 DDR collimation
practice

Never Sometimes Most of the time Always  Mean (%)
N(%)
Adhere to proper collimation 13(8.3) 43(274) 54344 47(29.9) 2.86(0.9)
Overuse image cropping instead of using 15 (9.6) 51 (32.5) 50 (31.8) 41 (26.1) 2.75(0.9)
proper collimation
Rely on image cropping over collimation 25 (15.9) 60 (38.2) 42 (26.8) 30 (19.1) 2.49(0.9)

showed that 70% (n=110) of the participants had previ-
ously practised conventional radiography (film process-
ing). Equal responses were received from the participants
for both questions regarding training on DDR and radiation
safety (Fig. 1).

3.3 DDR collimation practice

Three questions in this section gathered responses on a
4-point Likert scale, assessing the practice of proper col-
limation among the participants. Values assigned were:
1="‘Never’, 2= ‘Sometimes’, 3 = ‘Most of the Times’ and
4 = ‘Always’. When the participants were asked if they
adhered to proper collimation, the most common response
was ‘Most of the time’, as stated by 34.4% (n=>54). On
enquiring if the participants used image crops instead of
proper collimation, 32.5% (n=>51) sometimes stated, and
31.8% (n=50) mentioned most of the time. 38.2% (n=60)
said they sometimes opted for image cropping instead of
collimation to avoid cutting regions of interest (see Table 2).

3.4 DDR exposure, practice

The participants were asked if they used higher kVp and
lower mAs and if they monitored and considered the expo-
sure index; the most popular response was sometimes
given by 39.5% (n=62) and 45.2% (n="71) of respondents,
respectively. Of the radiographers, 34.3% (n=54) mentioned
updating exposure factors to obtain optimum image qual-
ity and avoid excessive radiation. Further, 45.2% (n=71)
stated that they sometimes depended on automatic expo-
sure, and 55.4% (n=387) identified that they modified the

exposure manually. Finally, 38.2% (n=60) of the partici-
pants stated they sometimes use the 15% exposure factor
rule (see Table 3).

3.5 DDRimage processing and quality

This section had two questions, each capturing data on
image processing and quality. Among the participants,
36.9% (n=>58) stated they use image processing tools like
windowing, while 35.7% (n=56) also stated they sometimes
use them. On the other hand, only 30.6% (n=48) of the radi-
ographers said they continuously monitored their repeat rate,
while 12.1% (n=19) mentioned they never did (Table 4).

3.6 DDR knowledge assessment

Ten questions in this section had only one answer for each.
The questions and the frequencies of correct and incorrect
responses are given in Table 5. There were only five ques-
tions for which most respondents stated the correct answer.
When asked whether the statement DDR increases image
dynamic range was true or false, 95.5% (n=150) of the par-
ticipants stated it was true correctly. Further, 78.3% (n=123)
gave the correct response, true, for the statements that image
artefacts can be due to image plates and image artefacts can
be the results of image processing algorithms. When the
radiographers were asked which of the following actions
digital image processing could not do, 78.3% (n=123) chose
the correct response: increase patient dose’.

Each correct answer was given a score of 1, calculating
the total score for the knowledge assessment. The minimum
possible score was 0, and the maximum score was 10. A
maximum score of 10 was obtained by 1.3% (n=2) of the

Table 3 DDR exposure,
practice

Never Sometimes Most of the time Always  Mean (%)

N(%)
Use a higher kVp and a lower mAs 9(5.7) 62 (39.5) 54344 32(20.4) 2.69 (0.8)
Monitor and consider the exposure index 39 (24.8) 71 (45.2) 29 (18.5) 18 (11.5) 2.17(0.9)
Update the exposure factors 18 (11.5) 43 (27.4) 54(34.4) 42 (26.8) 2.76 (0.9)
Depending on automatic exposure 9(5.7) 71 (45.2) 58(36.9) 19 (12.1) 2.55(0.7)
Manually modify exposure 11 (7) 87 (55.4) 35(22.3) 24 (15.3) 2.46 (0.8)
Use of the 15% exposure factor role 25(159) 60(38.2) 38(24.2) 34 (21.7) 2.52(1.0)
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Table 4 Image Processing and Image Quality

Never Sometimes Most of the Always
time
N (%)
Image process- 12 (7.6) 56 (35.7) 58 (36.9) 31 (19.7)
ing
Monitor repeat 19 (12.1) 52 (33.1) 38 (24.2) 48 (30.6)

rate

participants, and 5.1% (n=38) of the participants scored a
minimum of 3. The most common score of 6 was obtained
by 32.5% (n=51) of the participants.

Only 1.3% (n=2) of participants could score 100%, while
5.1% (n=38) scored the lowest score of 30%. The most popu-
lar score was 60%, by 32.5% (n=51) of the respondents. The
two participants who achieved 100% scores did not belong to
the same demographics but stated affirmatively that they had
previous experience in CR but did not have formal training
in DDR or its safe use.

The distribution of the score ranges is shown in Fig. 2.
Only 11.5% (n=18) of the participants had good knowl-
edge, while 16.6% (n=26) had poor knowledge. The
study revealed that among the 18 participants who had
good knowledge, 9.6% (n=15) had a bachelor’s degree,
1.3% (n=2) had a master’s degree, and 0.6% (n=1) had
a diploma. Further, of the participants who scored > 70%,

7.0% (n=11) had 1-5 years of experience, and 1.9% (n=3)
had 6-10 years of experience. Most participants, 22.9%
(n=36), had more than 11 years of experience and needed
better knowledge.

4 Association between demographics,
knowledge, and scores

Kruskal-Wallis H and Mann—Whitney U tests were con-
ducted to analyse any statistically significant differences
in the scores concerning the participants’ demographics
and knowledge. The Kruskal-Wallis H test concluded that
there was no statistically significant difference in the scores
between the different education qualifications, x> (3)=2.589,
p=0.459. The test further concluded no statistically signifi-
cant difference in the score between the different years of
work experience, x2 (3)=5.894, p=0.117, and no statisti-
cally significant difference between the different age groups,
x2(3)=1.988, p=0.575.

The Mann—Whitney U test suggested no difference
in the scores of those who practised and did not practice
conventional radiography before (U=2359.5, p=0.273).
Likewise, there was no difference in the scores of those
who have received/did not receive formal training in digital
radiography (U=2956.0, p=0.578). Further, the test also
concluded that there was no difference in the scores of those

Table 5 Knowledge assessment
questions and responses

N (%)
Does DDR increase image dynamic range? Incorrect response 7 (4.5)
Correct response 150 (95.5)
Does DDR result in poor spatial resolution? Incorrect response 96 (61.1)
Correct response 61 (38.9)
Can the image artefact be due to the image plate? Incorrect response 34 (21.7)
Correct response 123 (78.3)
Can image artefacts be the result of image processing algorithms? Incorrect response 34 (21.7)
Correct response 123 (78.3)
What will increase in DDR if noise is decreased by digital processing?  Incorrect response 105 (66.9)
Correct response 52 (33.1)
What is the term used to describe image density in DDR? Incorrect response 102 (65.0)
Correct response 55 (35.0)
What concept is defined within the latent image: the ratio of useful, Incorrect response 87 (55.4)
constructive information to non-useful, destructive input?
Correct response 70 (44.6)
Which general variable type determines the qualities of the latent image Incorrect response 81 (51.6)
carried by the remnant x-ray beam to the image receptor?
Correct response 76 (48.4)
Which of the following cannot be done by digital image processing? Incorrect response 34 (21.7)
Correct response 123 (78.3)
What are the results of changing the window width in DDR? Incorrect response 70 (44.6)
Correct response 87 (55.4)
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Fig.2 Knowledge assessment
score distribution

Good Knowledge - 11.5%

Poor Knowledge - 16.6%

0.0%

who received/did not have formal training in radiation safety
of digital radiography (U=3079.0, p=0.993).

5 Discussion

The results from this study are discussed concerning the par-
ticipants’ practises, awareness, attitudes, and knowledge of
DDR, along with the background variables captured through
demographic-based questions. DDR has been widely used in
practice in recent years. Therefore, radiographers with more
than 11 years of experience were expected to know/practise
CR compared to those with less than ten years of experience.
The results showed that 86.5% (n=45) of the participants
with more than 11 years of experience and 61.9% (n=65)
of the participants with less than ten years of experience had
practised CR. Nonetheless, the constraints of the traditional
system impart valuable insights into the correct practices of
collimation and exposure parameters, which can be effec-
tively incorporated into the use of DDR. Interestingly, a
noteworthy observation is that 50% of the participants lacked
formal training in DDR and DDR radiation safety.

Proper collimation in Direct Digital Radiography (DDR)
is essential for three key reasons. Firstly, it minimizes
unnecessary radiation exposure, adhering to the ALARA
principle. Secondly, it enhances image quality by reduc-
ing scatter radiation, aiding accurate diagnosis. Lastly,
it ensures compliance with best practices and regulatory
standards, contributing to safe and consistent radiographic
procedures. Proper collimation is required to limit the
tissue area exposed to irradiation and subject patients to
lower radiation doses. Furthermore, it reduces scattered
radiation and increases image quality by increasing contrast
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[7]. Studies have shown that most unnecessary doses to
patients require more collimation. Nevertheless, the per-
ceived importance of collimation among radiographers has
changed following the widespread use of DDR, as crop-
ping unwanted image regions is often used instead of tight
collimation [3]. In our study, 64.3% (n=101) stated they
adhere to proper collimation very often/always. Still, on
the contrary, 57.9% (n=91) agreed they overuse the image
crop instead of using proper collimation most of the time/
always, and 45.9% (n=72) relied more on image cropping
to retain the ROI and avoid repeat exposure. This is com-
parable to the study by Morrison et al., where half of the
radiographer’s stated that they used electronic cropping in
pediatrics’ radiography more than 75% of the time [13].

Most participants in our study stated that they some-
times depended on automatic exposure and modified it
manually. In addition, 61.2% (n=96) stated that they often
update exposure factors to obtain optimum image quality
and avoid excessive radiation to the patient. The responses
showed an optimistic practice among the participants to
alternate between manual and automatic exposure settings,
prioritising image quality and radiation safety, which has
been concluded as a requirement for radiographers by
McFadden et al. [14].

Most of the participants in our study stated that they use
image processing tools that allow them to achieve optimal
image quality with a reasonable dose level. It also raises the
hazard of dose creep in practice, an unnoticed increase in
exposure over time due to the decoupling of exposure fac-
tors and image brightness and contrast. In addition, most
participants needed formal training in DDR and radiation
safety in DDR. This training and formal education can
increase their awareness of proper collimation and exposure
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parameters. Further, quality control programs should be part
of the clinical routine, ensuring dose control and assessing
dose-relevant parameters [15].

Nonetheless, the non-parametric analysis found no sig-
nificant difference in the scores between educational quali-
fications or other demographics.

6 Limitations

This study was limited to radiographers’ responses to quan-
titative results. Future studies to include observations of cur-
rent practice and a survey to collect radiology managers’
opinions should be conducted for better understanding and
future recommendations.

7 Conclusion

DDR has mostly replaced CR and has many advantages for
radiology and healthcare services. Digital images can easily
be displayed on monitors, enhanced, processed, archived,
and transmitted. In addition, digital images can be integrated
into different advanced artificial intelligence applications
to assist in image interpretation and analysis. The digital
transformation results in subtle changes in radiographer
curriculum, practice and workload. The study results raised
concerns about the radiographer’s current knowledge and
practice in DDR. The researchers believe the reasons may
be due to a lack of training, professionalism, monitoring and
negligence [16].

8 Recommendations

Proper education and training courses should be designed in
collaboration with professional bodies and academic insti-
tutes to improve radiographers’ knowledge and skills. Uni-
versities and professional bodies should emphasise teaching
students about excellent digital radiography practices and
explain the typical errors radiographers make when perform-
ing digital radiography. Additionally, it is crucial to regularly
track the development and improvement of radiographers’
radiographic examination quality by closely observing their
work and performing routine quality assurance checks on
their images.
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