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A B S T R A C T  

Objective: To find out the various types of radiographic errors in digital chest 
radiography and their effect on image quality leading to image rejection.  
Methodology: This cross-sectional study was carried out in Radiology 
department of Pakistan Institute of Medical Sciences for a period of one month, 
September 2019. The study included 1560 digital Chest X-Rays, reaching the 
Picture Archive and Communication System (PACS), fulfilling the inclusion 
criteria. All these X-rays were analyzed by two radiology residents for the 
presence of radiographic errors in them. The various radiographic errors were 
then classified as Positioning error, poor collimation, Artefacts, improper 
exposure, motion blur and mislabeling. The frequency of each radiographic 
error was measured along with their implication on image quality resulting in 
three major image categories: ACCEPT, JUST ACCEPTABLE and REJECT. The SPSS 
was adopted for inferential statistical analysis. 
Results: The study included 1013 (64.9%) male patients and 547 (35.1%) female 
patients. The mean age came out to be 36 +/- 15 years. Out of 1560 X-rays, 964 
(61.8 %) had radiographic errors in them while 596 (38.2%) were completely 
devoid of radiographic errors. Positioning error (44.5 percent) was the most 
frequently encountered error followed by poor collimation (29.8%), artefacts 
(14.9%), Improper exposure (8%), motion blur (2.2%) and mislabeling (0.5%). 
The rejection rate came out to be 16.5 %. The major cause of image rejection 
was anatomy cutoff, especially the cut-off of cardio phrenic (CP) angle. 
Conclusion: Positioning errors represent the commonest cause of image 
rejection in chest radiography. The main identified pitfall was lack of 
radiographer’s education and training in performing an examination and 
indicates a need to improve their performance. 
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Introduction 

Radiography is one of the basic tools and standard of care 

in clinical medicine addressing several pathological 

conditions, hence playing a vital role in disease 

management.1 A poor-quality radiographic image not 

only misleads the health care professionals in concluding 

a correct diagnosis but also results in image retake 

leading to excessive patient radiation exposure and 

reducing the cost effectiveness of this imaging modality.2 

The traditional film-based radiography has been largely 

replaced by digital radiography since ages.2 With the 

advent of digital radiography, a significant improvement 

in image quality has been sought, thus reducing the 

percentage of image reject/retake from 10–15% to 3–5 

%.2,3 The term ‘REJECT ‘refers to radiographs of 

patients that are unacceptable and need to be repeated.4 A 

recent study has highlighted a significant difference 

between the reject/retake rate of a radiologist and that of 

a radiographer with the former being more in favor of 
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keeping the images instead of rejecting them.4 Image 

quality is best addressed by interdisciplinary approach 

where the radiographer and the radiologist exchange 

experience-based knowledge in a clinical context 

underpinned by research-based knowledge.4 Image retake 

analysis is a useful answer to quality assurance in digital 

radiography and is helpful in designing certain guidelines 

to minimize the image rejection rate.2,5 The conventional 

film-based radiography mandated a proper reject analysis 

system within imaging departments to answer the 

performance and quality of the imaging systems.2 

Worldwide imaging departments have designed proper 

Quality Assurance (QA) and Quality control (QC) 

programs to control the image quality within direct digital 

radiography as well.5,6 Many factors lead to radiographic 

errors and subsequent increased rate of image retake. 

Chest radiography is a frequently requested radiological 

examination not only for disease assessment in sick 

patients but also serving as a baseline investigation for all 

Medical fitness programs. It is the most commonly 

performed imaging examination in Radiology with half 

captured in-department and half captured using portable 

x-ray equipment. The various types of radiographic errors 

in chest radiography include positioning errors, artefacts, 

Improper exposure, incorrect collimation, patient motion. 

Improper exposure results from error or faulty settings of 

two main radiographic factors: the peak kilovoltage 

(Kvp) and the mAs. Not all radiographic errors result in 

image rejection rather few exclusive causes of rejection 

in chest x rays include cut-off of CP angle, rotational 

errors, artefacts due to radiopaque objects.4,6 A 

significantly greater image reject rate is found for in-

department versus Outpatient chest examinations.7 The 

most commonly observed radiographic error in general 

radiography, as well as chest radiography, is that of 

positioning, followed by artefacts, incorrect collimation, 

Improper exposure and patient motion. 2,4,5,7 The advent 

of digital radiography has minimized the errors due to 

incorrect exposure however the errors due to positioning 

remain at an increase.3,10 The two most important 

demographic variables, age and sex, both show a 

significant correlation with the presence of radiographic 

error, with the female gender and the elderly population 

being more prone to acquiring them in their imaging 

examinations.2 Although patient factors such as obesity, 

hypoventilation during imaging lead to image un-

sharpness, effective quality assurance programs are 

predominantly aimed at minimizing errors attributable to 

preventable technical factors.6 Another classification 

system for radiographic errors is: those caused by 

radiographers, those caused by patient and the equipment 

related errors.8 The greatest cause of radiographic errors 

are the radiographers.8 A radiographer is the key person 

in performing a radiological examination and has a 

number of roles. Apart from lack of proper educational 

and training systems, certain workplace interruptions 

affect the performance of radiographers leading to 

radiographic errors.9 Quality assurance radiographers and 

radiologists believe that ‘repeats’ are predominantly 

related to positioning skills and repeat analysis is the 

main tool to plan training needs to up-skill the 

radiographers.3,10 This study exclusively takes into 

account a radiologist’s perception of radiographic errors 

occurring in chest radiography and a final analysis of 

reject/retake rate. Surprisingly no reject/retake analysis 

yet to have been conducted for digital radiography in our 

department. The results of the study would be immensely 

helpful in designing the various guidelines to minimize 

the radiation related health hazards secondary to image 

retake.  

Methodology 

This cross-sectional study was carried out in Radiology 

Department of Pakistan Institute of Medical Sciences for 

a period of 1 month, in September 2019. An approval 

from the Ethical committee of the institute was sought. 

The study involved analysis of all daily acquired frontal 

projections of chest X rays, reaching the Picture archival 

and communication system (PACS), fulfilling the 

inclusion criteria. The study included digital Chest X rays 

of adult population of both genders (>13 years) who were 

referred from the outpatient department or required the 

examination for the purpose of medical fitness. The study 

excluded pediatric age group, unconscious patients, 

portable chest X-rays, lateral projection of chest 

radiographs and those X-rays which were acquired from 

the CR systems. Through consecutive sampling technique 

a total number of almost 1560 images were included in 

the study and were analyzed by two senior radiology 

residents for the presence of radiographic errors. The 

various radiographic errors were then classified as: 

Positioning errors, incorrect collimation, artefacts, 

improper exposure, motion blur and error of laterality or 

mislabeling. The positioning error was a broad category 

which resulted in various other effects e.g. rotation, CP 

angle cut-off, centering error, partial scapular inclusion 

within lung field. The SPSS was adopted for inferential 

statistical analysis. At the end of the study the frequency 

of each radiographic error was measured. The implication 
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of radiographic errors on image quality was also 

determined by categorizing the images into three: 

ACCEPT, JUST ACCEPTABLE and REJECT. The first 

category ‘ACCEPT’ was of those images which were 

completely devoid of radiographic errors. The ‘REJECT’ 

category included those images having major 

radiographic errors which resulted in image rejection and 

warranted a retake. The intermediate category of ‘JUST 

ACCEPTABLE’ included those images where the 

presence of minor radiographic errors was not showing 

any significant loss of diagnostic information and didn’t 

require a retake.  

Results  

A total number of 1560 chest X rays were analyzed for 

the presence of radiographic errors in them. The study 

included 1013 (64.9%) male patients and 547 (35.1%) 

female patients. The mean age came out to be 36 +/- 15 

years. Out of 1560 X-rays, 964 (61.8 percent) had 

radiographic errors in them while 596 (38.2%) were 

completely devoid of any radiographic errors. A 

graphical representation of various types of radiographic 

errors has been shown in figure 1.  

 

Figure I. Frequency of radiographic errors in Digital 

Chest Radiography 

The chi-square test was applied with a significant 

proportion (X2 =86.8, P value of 0.0001) of chest X rays 

showing radiographic errors in them. Most of the images 

had multiple errors in them. Figure A-F show various 

Chest X -rays having radiographic errors in them. 

Improper positioning (44.5%) was the most frequently 

encountered error followed by poor collimation (29.8%). 

Improper positioning further had a number of effects on 

image as shown in table I. This preliminary error 

assessment was followed by calculating the image reject 

rate. The images devoid of radiographic error were 

classified as KEEP. The REJECT category 

predominantly included images of improper positioning 

with anatomy cut off (5.7%) and marked rotational 

component (4.8%), followed by marked improper 

exposure (3.8%) and motion blur images (2.2%) resulting 

in an overall image reject rate of 16.5%. The intermediate 

category of ‘COULD KEEP’ included the majority of the 

images (45.3%). 

 Table I-Various implications of Incorrect positioning 

Results of Positioning error Percentage 

Rotational error 33.9% 

Centering error 19.8% 

Scapular inclusion 18.8% 

CP angle cut-off 12.8% 

Others 14.6% 

 

Figures A-F: Various types of Radiographic errors: 

A) Anatomy Cut off, B) Rotational Error, C) 

Artefacts, D) Incorrect collimation, E) Scapular 

inclusion within lung field, F) Improper exposure 
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Figure II. Final image assessment      

Discussion  

The acquisition of high-quality diagnosable radiographic 

images require proper positioning of the patient and 

selection of optimal exposure factors.5,9,10,11 The 

assessment of presence of radiographic error is necessary 

to ensure optimal image quality yielding diagnostic 

information but is also required to adhere to the principle 

of ALARA (As Low As Reasonably Achievable).12-15 

With the advent of digital radiography a significant 

reduction in exposure errors has been successfully 

achieved but the errors due to lack of optimum 

positioning remain on the rise in both CR and DR 

systems.4,6 Literature review strongly supports Image 

reject rate as the cardinal component of quality 

assurance(QA) program in medical imaging departments. 
4,11,12,16  

Improper positioning was the most frequently occurring 

error in our study representing 44.5 % of all radiographic 

errors. Worldwide literature also compliments our results 

with lack of optimum positioning being the commonest 

error in both general radiography and digital chest 

radiography as well 12,13. E.kjelle et al in 2020 carried out 

a study regarding the perception of radiologists as well as 

radiographers in image acceptance and noted that 

positioning error was the commonest error as determined 

by both the groups leading to poor image quality and 

resulting in image rejection.4 The rejection rate due to 

poor positioning according to this study was 55 % by the 

radiologists and 45 % by the radiographers.4 Omar S 

alhamnadi et al in 2019 and Hoffman B et al in 2015 

observed similar results and reported positioning error 

being the commonest in their studies as well comprising 

of 9.3 % and 27.9 % of all radiographic errors in chest 

radiography respectively. The second most frequently 

found radiographic error is variable in different studies i-

e Omar S alhamdi reported artefacts being the second 

while in our study poor collimation was the second 

commonest occurring error which was largely attributable 

to non-adherence of the radiographers to the strict rules 

of collimation settings according to patients’ body 

habitus. Most of the images showed under-collimation 

including upper half of abdomen within most of the 

images. Although an under-collimated image does not 

require an image retake however, due to larger exposed 

area an increased dose of radiation is delivered to the 

patient. The third commonly observed error in our study 

was artefacts with visualization of radio-opaque object 

being the commonest artefact. The main cause of this 

error was lack of proper patient preparation prior to the 

examination e.g. jewelry removal, undressing the clothes 

and wearing a proper gown. The presence of artefacts in 

an image not only masks the pathology but at times 

simulate it as well. 

The chief consequence of radiographic error is image 

rejection resulting in image retake. The reject rate overall 

in literature is between 11-15 % for chest radiography. 
13,17 Omar S alahmadi et al in 2019 reported a rejection 

rate of 14.6 % in digital chest radiography with quite 

similar results to the previous literatures.12, 16 Our study 

came out to have a comparable rejection rate of 16.5 %. 

Another study by Sadiq et al. reported a rejection rate of 

29.34% with chest X rays having the highest rejection 

rate. In our study, the major errors which contributed to 

the REJECT category were Anatomy cutoff (5.7%), 

especially the cut-off of CP angle, images having marked 

rotation (4.8%), motion blur images (2.2%), major radio-

opaquefarti (2%) and those images with strikingly altered 

exposure factors (1.8%). But in our department the actual 

image retake rate was less, 7.9%, predominantly for those 

images having anatomy/CP angle cut off and motion blur. 

The main aim of current and previous studies is to 

minimize the rate of image rejection with subsequent 

reduction in image retake by addressing the various 

preventable technical errors. The main identified pitfall 

was the radiographer’s education and training in 

performing an examination.4 An overall reject rate of 

16.5% indicates a need for continuous practice in the 

Radiology Department to improve the performance of the 

radiographers by educating and training them in digital 

skills. As a radiographer is a key person in identifying the 

errors in radiographic images, he/she can play a vital role 

in minimizing the image reject rate. However, the 

combined expertise of both radiologists and then 

radiographers can undoubtedly serve as a far better 
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strategy towards image quality improvement in 

concordance with the principle of ALARA.  

Conclusion  

The radiographic errors remain challenging in digital 

chest radiography affecting the quality of the image. 

Positioning errors represent the commonest cause of 

image rejection in chest radiography. Monitoring the 

rejection rate is of utmost importance in maintaining 

quality assurance programs within imaging departments. 
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