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ABSTRACT
Background: Repetition of radiograph is a critical event in routine digital radiography. High
repetition rate also consumes equipment life time, increases operational ccost, decreases patient
satisfaction, increase world load and dose of radiation to the professionals.
Objective This article aims to review published literature on the repetition rate of digital radiography
Objective:
including its associated factors, reporting, and interventions.
Methods: English articles in ScienceDirect, Pub-MED,
MED, CINAHL and Medline from 2009 to January
2016 were reviewed using
using key words of “repetition rate” or “digital radiography”. Inclusion criteria
were studies in full free text, studies conducted in routine, conventional, or digital radiography, and
focussed on repetition rate measurements. Studies conducted on other bra
branches of diagnostic imaging
department, as well as studies carried out on diseases, radiological equipment and radiation protection
were not included.
Results: After removal of duplicated studies, a total of 37 articles were selected, the full text were
read,
ead, and seven studies fulfilled the inclusion and exclusion criteria, of which four were intervention
and three cross-sectional
cross sectional studies. The repetition rate reported in the studies ranged from 4.9% to
15.5%.
Conclusion: Seven studies conducted all over the world imply the existing issue of repetition rate
measurement and its analysis. The interventions studies are statistically significant. Interventions
were almost technical. In addition, positioning errors were the main causes of repetition in the most
studies which imply that radiographers are playing important role in repetition.
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INTRODUCTION
The issue of repetition is a critical event in routine digital
radiograph (Arbique, 2009; Brady and Ryan, 2011).
2011) The
repetition of an imaging procedure indicates that the image
fails to supply sufficient information to either the radiologist or
treating physician to help them perform proper diagnosis. The
Conference of Radiation Control Program Directors CRCPD,
(2009) define the reject or repeat of radiography as a
radiograph that does not provide clear picture of body anatomy
and need additional exposure. Repetition rate is the percentage
of radiographs that have been repeated caused by poor
p
image.
*Corresponding author: Rosliza Abdul Manaf,
Department of Community Health, Faculty of Medicine and Health
Sciences, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor
Darul Ehsan, Malaysia.

According to radiation protection agencies, the overall
repetition rate of a department has to be in the average of 5%
(Honea, Elissa Blado, and Ma, 2002; Rajani, Sajjad, Masroor,
Parveen, and Naqvi, 2016; Winston et al., 2001). The last
report of American Association of Physicist in Medicine
(AAPM) the repetition rate of digital radiography should be
less that 6% and once is reach to 10 % intervention is
advisable (Jones et al.,., 2015)
2015). The demand on x-ray is
increasing due to its advantages in clinical diagnosing,
however the problem of high repetition rate of radiography in
many institutions tends to be ignored, which leads to imminent
implications. It increases the hazard of radiation effect to the
community, and it proves to be time
time-consuming to both
radiographers and patients (Candido et al., 2013; Eze, Olajide,
Ohagwu, and Abonyi, 2012; Monfared, Abdi, and Saber, 2007;
Teferi, Zewdneh, Admassie, Nigatu, and Kebeta, 2012). It has
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been reported by Ip, Mortele, Prevedello, and Khorasani,
(2012) that lessening the radiography repetition rate may
improve care quality and lighten the financial burden of an
organization. According to Teferi et al., (2012) the most
common contributors of repeated radiographs are positioning
errors, light fog, over exposure and under exposure.
Understanding the most common causes of repeat radiography
will help an organization to gain an insight on the issue, hence
enabling the organisation to arrange multiple programs to
overcome it. The aim for this review is to assess various
studies on the repetition rate of digital radiography including
their associated factors, reporting mechanisms, and
interventions that were conducted to reduce the repetition rate.

language and if they were published between 2009 to January
2016. Free full text filter were utilized with Pub-Med,
CINAHL and Midline while in ScienceDirect, open access
articles filter is the filter type which was utilized. Articles were
included if they reported studies done in hospitals, diagnostic
department, routine, or digital radiography, and if they focus
on repetition rate measurement. Articles with studies carried
out in other branches of the diagnostic imaging department,
such as Computer Tomography, Ultrasound, Magnetic
Resonance Imaging, Dental Imaging, Nuclear Medicine, or
Mammography, were removed. Studies conducted on disease,
radiological equipment and radiation protection were also
excluded due to the scope of the study.

MATERIALS AND METHODS

RESULTS

A number of electronic search engines including
ScienceDirect, Pub-MED, CINAHL and Medline were used. A
comprehensive strategy was adopted, whereby all possible and
related articles that meet the criteria of this review were
included. Figure 1 elaborates on the strategies used in the
search. Based on the objective of the study, the keywords were
“repetition rate” OR “digital radiography”.

After removal of duplication, the total numbers of articles that
were extracted from all electronic search engines were 165
articles. The total of 37 articles were checked based on the
eligibility of inclusion, of which, 7 articles were found to have
met the inclusion criteria and to be suitable for the review.
Figure 1 explain the process of search regarding PRISMA flow
chart.

Figure 1. PRISMA flow chart of search process

These keyword were selected to come out with specific articles
that discuss the repetition on the digital radiography rather than
conventional radiography, since the digital radiography
become the common equipment being installed in radiology
department in the last decade. Studies were included if they
were free full text articles provided, written in English

From the seven articles, three were cross-sectional studies,
while the other four were intervention studies which compare
the repetition rate before and after the intervention or during
study period. Table 1 provides more details concerning the
selected studies, arranged by the year of the study, from the
most recent to the oldest.
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Table 1. Studies included in the literature review
Authors
(Hofmann, Rosanowsky,
Jensen, & Wah, 2015)

Study Design
Cross-sectional
Study

Study Population
All exposed images at two direct digital laboratories at a hospital in Norway
were reviewed in January 2014. The type of examination, number of
exposed images, and number of deleted images were registered. Each
deleted image was separately analysed and the grounds for deleting the
image was recorded

Variables
Repetition rate

(Andersen et al., 2012)

Cross-sectional
Study

From January 2010 and for 3 months, images from two direct digital
equipment in two centres was examined. These two radiology centres have
performed 27,284 images.

Repetition rate

Intervention
Study

1300 bed hospital conducted 249,215 general radiography examinations
every year, and it produces an average of 384,194 images was understudy.
The study was conducted between January and December 2008 in Taiwan.

Repetition rate

(Zhang & Chu, 2012)

Intervention
Study

Patient radiation dose and image repetition rate were evaluated in one
hospital in China for 2 months before and after the phase of Optimization
(OT). In total, 5505 images were evaluated before the intervention and 5119
after intervention.

Dose area product (DAP),
Entrance
Surface
Dose
(ESD) and repetition rate

(Jones, Polman,
Willis & Shepard, 2011)

Intervention
Study

(Foos et al., 2009)

Cross-sectional
Study

Images of two computer radiographies in different locations were
examined. The periods of study were 435 days for the community hospital
(CH) and 275 days for the university hospital (UH). The study was
conducted in the United States of America (USA).

Repetition rate

(Prieto et al., 2009)

Intervention
Study

A total of 3,742 abdomen and 8,636 chest CR images were archived in the
Picture Achieving Communication System (PACS) in 3 months, and in this
period, 1,893 abdomen and 4,369 chest images for one month were sampled
in this study. The study was conducted at San Carlos University Hospital in
Madrid, Spain.

Repetition rate

(Tzeng et al., 2012)

All routine radiological examinations performed from April 2007 to March
2008 were analysed after implementing a central server system to
accumulate and archive the data of repeated radiography and exposure
indicator.

Repetition rate

Results
From the total of 5417 exposed images, 596 were repeated, giving a
repetition rate of 11%. A total of 51.3% were repeated following
positioning errors and 31.0% due to error in centring. The examinations
with the highest percentage of deleted images were the knee, hip, and
ankle, which were 20.6%, 18.5%, and 13.8% respectively. This study
only utilized descriptive statistics
Out of the 27,284 acquired images, 3206 were repeated, yielding an
overall repetition rate of 12%. Highest repetition rates were discovered
for the examination of knees, shoulders, and wrist. In all, 77% of the
repeated mages arose from positioning errors. Repetition rates for the
pelvis, hip, hand, and thorax were not significantly different from the
entire repetition rate (P. >0.05). There was no correlation between the
number of examinations and the percentage of repeated imaging.
Repeat images decreased from 5% to 3%, and the achievement was
through radiographers’ compliance from 60% to 70% to almost 100%.
The most common reasons for repeat images were position errors,
artefact, and patient movement, which accounted for 79.93% of the
repeat images. Repeat radiography a adopted that approach at p<0.05).
For every radiographic procedure, t tests demonstrated significant
difference in average ESD and DAP pre- and post-Optimization (OT)
(p<0.005). The ESDs from most examinations before OT were three
times higher than that after the optimization. For DAPs, the difference
is more significant. Image repetition rate after OT is strikingly lower
than that before OT (χ2=36.5, p<0.005). The substantial reductions of
dose after OT stemmed from exposure field that was deemed
appropriate.
From the total of 66063 images undertaken in the given period, 6002
were repeated. The primary reason of repetition was patient poisoning
by 77%. The exposure factor was the second reason of repetition by
9.3%. The data stratification by clinical area revealed that areas where
Computed Radiography (CR) is scarcely used suffer from higher
repetition rates than areas where it is used often.
From the total of 2,888,000 images that were performed in the two
hospitals, the repetition rate was reported as 4.4% at UH and 4.9 % at
CH. In the UH, the facial bone has the highest repeated image and
portable chest x ray was the lowest. In CH hospital, the abdomen
showed the highest repetition rate, while portable chest x ray showed
the lowest (P value < 0.05, CI (95%).)
The initial repetition criteria led to 15.4% repetition rate in abdomen
and a 4.5% repetition for chest examinations. A new criterion was
implemented to address the most technical error and also again measure
the rate of repetition of radiography on sample counted by of 124
abdomen (6.6%) and 85 (1.9%) chest images and the result produced
62 abdomen (3.3%) and 38 (0.9%) chest images p<0.05 CI (95%).. The
causes of repetition were as follows; artefacts, positioning error, patient
movement, bad technique, and processing. About 50% of the chest
images and 65% of abdomen images were re-captured as there was
error in their positioning.
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Table 2. Differences between repetition rates from various studies
Study
Hofmann et al., (2015)
Andersen et al., (2012)
Tzeng et al., (2012)
Zhang and Chu, (2012)
Jones et al., (2011)
Foos et al., (2009)
Prieto et al., (2009)

Location
Norway
Norway
Taiwan
China
USA
USA
Spain

Repetition Rate
11.0%
15.4%
5.0%
8.7%
10.0%
4.9%
10.5%

DISCUSSION
Quality control approach becomes essential in any department
as it can help to achieve desired goals. It facilitates the
improvement of the services quality of the department or
organization through standard compliance. Moreover, quality
standards should be predetermined by policy makers to
overcome the prevalence of the repetition rate issues. As
presented in Table 1, seven studies from various countries are
discussed from various aspects of radiography services quality,
focusing on the repetition rate, the causes of repetition,
drawing in comparison the repetition rate between modalities
and radiological examinations type. Table 2 shows the
difference of the repetition rate between different studies.
Those measurements explored in the table for some of the
studies were obtained prior to the intervention. Moreover, in
terms of the differences in percentage in Table 2, the work
done by (Prieto et al., 2009) compared the chest and abdomen
before and after a new technology was installed into the
system. The initial repetition rate was 15.4% and 4.5% for the
abdomen and chest respectively. New techniques called Digital
Imaging and Communication in medicine (DICOM) and it
helps to decrease the repetition rate from 15.4 % to 6.6% in
abdomen and from 4.5 % to 3.3% in chest.
In the study conducted by Prieto et al., (2009), the one-month
cases were selected and examined by professionals, which
revealed a reduction by 3.3% and 0.90% for abdomen and
chest respectively. Meanwhile, the study by Zhang and Chu,
(2012) introduced a comprehensive optimization program to
measure both the radiation dose and repetition rate. They
probed into the digital equipment and trained the radiographers
and patients. The earlier result was 8.72% and post
intervention saw it decreased to 5.84%. To add, the study of
Tzeng et al., (2012) implemented the system approach aided
by the information technology, then the initial repetition rate
started with 5% and within the period of the study and with
increasing of radiographers’ compliance it came down to 3%.
Also, the difference between the studies of Prieto et al.,
(2009); Tzeng et al., (2012) and Zhang and Chu, (2012) is that
the repetition rate during their intervention was quite high and
intervention was effective to reduce the repetition. In addition
to repetition rate, Jones et al., (2011) also calculated the
exposure and stressed on the dose area product and entrance
surface dose.
The work by Zhang and Chu, (2012) had compared the pre and
post intervention while the work of Jones et al., (2011) focused
on the introduction of their technique during the period of the
study. The reduction of radiation dose was clear within both
the abovementioned studies. Studies by Andersen et al.,
(2012); Foos et al., (2009); Hofmann et al., (2015); Jones et
al., (2011);Prieto et al., (2009) illustrated that there was a
difference in the sample and period of study. They discussed
the repetition rate and its causes. Studies of Andersen et al.,

(2012); Hofmann et al., (2015); Zhang and Chu, (2012)
examined the repetition rate in direct digital radiography while
the studies of Jones et al., (2011); Foos et al. Foos et al.,
(2009); Prieto et al., (2009) deal with computed radiography.
Most studies look into the relationship between the repetition
rate and different causes of repetition such as patient’s
movement, patients’ position, artefacts, and exposure
technique and other causes lead to the repetition of the
radiograph, based on that causes of repetition are mentioned by
radiology or by radiation protection agencies which the study
follow. In reference to studies of Andersen et al., (2012); Foos
et al., (2009); Hofmann et al., (2015); Jones et al., (2011);
Tzeng et al., (2012); Zhang and Chu, (2012) the patients’
positioning error contributed most to the issue. Position fault
considers the main cause of the previous mentioned studies by:
51%, 77%, 35%, 59%, 77.3%, 56%, and 50% respectively of
all causes of repetition while study of Prieto et al., (2009)
shows patients identification is the main causes of repetition.
With regards to the positioning error, a radiographer or
technologist plays a crucial role in that reason. Additionally,
exposure factor or in other words under or over exposure was
also the second cause mentioned in several studies such as
Foos et al., (2009) and Jones et al. Jones et al., (2011). Patient
movement was mentioned in studies by Tzeng et al. Tzeng et
al., (2012);Zhang and Chu, (2012) as the second cause,
whereas positioning error was the second most common error
in the study by Prieto et al., (2009) that leads to repeat
radiographs. Those causes were shown to be statistically
significant with p<0.0.5.
Radiological examination types were also one of the variables
that were included in the studies but the types differ from one
study to another. Some of the studies have stratified the
radiological examination into; chest, abdomen, pelvis, skull,
spine, and extremities. Jones et al., (2011) showed that high
repetition rate increases the radiation to body organs.
Radiological examinations indicate which part of the body has
high repetition. Recognising the high repetition rate related to
body parts and causes can help arrange the solution.
Furthermore, studies of Andersen et al. Andersen et al.,
(2012); Hofmann et al., (2015) reported that the examination
of chest shows higher repetition rate while Foos et al., (2009)
stated that the skull is one of the common parts that have high
repetition rate. Studies of Jones et al., (2011); Prieto et al.,
(2009) have demonstrated that the abdomen is the highest to
have repetition rate than chest. According to Tzeng et al.,
(2012) thoracic spine was the body organ with high repetition
rate followed by the pelvis, abdomen, and chest. With regards
to chest, it was noted that the chest radiography is the most
radiological examination that performed in routine digital
radiography. There were four intervention studies out of the
seven articles reviewed. The intervention differed from study
to another. The study carried out by Zhang and Chu, (2012)
included the final report of the IAEA 2004 in a designated
department with specific examination and digital equipment.
Meanwhile, the study of Tzeng et al., (2012) started to fix new
strategy that has to do with the repeat image. The difference
between the study of Tzeng et al., (2012) and the one
conducted by Zhang and Chu, (2012) is the later had adopted a
comprehensive strategy to decrease the dose of radiation. The
study conducted by Jones et al., (2011) used Server-Based
System on computed radiography to archive, sort of repeated
images and exposure indicator automatically. In addition, the
intervention were conducted without control group and studies
of Jones et al., (2011);Tzeng et al., (2012) were not dealing
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with measurement before their intervention. The period of
study and number of cases collected to measure the repetition
rate of radiography also varied between the aforementioned
studies since there was no randomization or probability
sampling technique. This methods is recommended and used
with most of studies that concern of repetition measurement
Jones et al., (2015). Since the studies collected their data based
on time period, radiographers were not included in those
studies. Additionally, those studies utilized different types of
technical intervention while there yet to be any written
protocol that addresses the issue of repetition and takes
correction action based on the analysis. Furthermore,
radiographers or radiological technologist were not considered
in the aforementioned studies since different studies has
proved the important role in repetition issue.
Conclusion and Recommendation
Repetition rate is considered as critical event as it deals with
practitioners and decision maker in a Diagnostic Imaging
department. One can admit that there are varying strategies
that might be applicable based on organizations, modalities
and their capabilities to improve the outcome, further
decreasing overall radiation to both staff and patient, and
contributing to improved level of internal and external
customers’ satisfaction. Different research has been delving
into this issue through different aspects. Technical intervention
were conducted in the intervention studies and show its
positive impact on repetition. In addition, more emphasis must
be placed on examining the various methods and strategies to
diminish the repetition rate in routine digital radiography
rather than merely describing the problem. Future research
must take advantage of the previous research to try and
overcome the issue. Additionally, quality control protocol with
periodic measurement may help to improve the services. That
intervention must be planned, developed, implemented, and
tested to ensure that the impact is well evaluated.
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