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Background: High-quality diagnostic imaging is critical to patient safety and effective healthcare. This study assesses the quality of
plain chest X-rays (CXR) for expatriates in Jordan, with a focus on complying to American College of Radiology (ACR) and
European Commission (EC) criteria at 12 healthcare facilities.

Methods: A retrospective cross-sectional evaluation of 1020 CXR radiographs from 2023 was performed. A quantitative classifica-
tion approach was used to assess CXR for ACR and EC compliance, which included exposure, anatomical visibility, organ super-
imposition, and image annotation.

Results: Only 15% of CXRs passed all of the quality standards. While exposure and anatomical visualization demonstrated adequate
compliance, organ superimposition and image annotation were much lower, at 23% and 29%, respectively, revealing gaps that may
impact diagnostic accuracy and patient safety.

Conclusion: Significant discrepancies in CXR quality highlight the need for enhanced training, rigorous adherence to imaging
protocols, and robust quality control to improve diagnosis accuracy and patient outcomes, especially in expatriate screening programs.
Keywords: patient safety, diagnostic imaging quality, radiographic standards compliance, digital radiography, healthcare quality

Introduction

Maintaining quality standards in healthcare imaging is essential for improving diagnostic services and ensuring patient safety."
The Middle East attracts a significant expatriate workforce due to economic opportunities, which presents unique healthcare
challenges, as these populations frequently have distinct health needs compared to local residents.>* Expatriates often navigate
transitions between countries that possess varying healthcare infrastructures, which complicates the maintenance of consistent
healthcare standards.* The quality assessment (QA) of CXR is crucial for enhancing clinical outcomes and informing
treatment strategies.” Effective QA optimizes image quality, decreases patient radiation exposure, and reduces the need for
repeat.® Plain CXR are the most performed diagnostic x-ray examination.” In 2016, approximately 691 million radiographic
procedures were performed in the United States, including CT scans, dental imaging, and nuclear medicine testing.® CXR
constituted almost 44% of all radiographs. The majority of these radiographs (48%) were obtained in outpatient clinics.’ This
distribution reflects the significant demand for and broad accessibility to x-ray services.

CXR are an essential diagnostic tool extensively used for the screening and diagnosis of numerous thoracic disorders,
including tuberculosis (TB), pneumonia, lung cancer, and cardiovascular disorders. CXR is frequently mandated for
expatriates as a screening tool during visa or work placement health assessments in countries such as the USA, Canada,
Oman, and Jordan to identify infectious diseases like TB.'*"'® In Jordan, expatriates seeking work permits must complete
CXR screenings as a component of a national TB control initiative for optimal healthcare and patient safety.'* '

High-quality imaging is essential for accurate diagnoses across various conditions. Suboptimal image quality may result in
misdiagnoses, postponed treatments, and jeopardized patient safety, affecting not only tuberculosis but also other significant
health conditions identifiable through chest radiographs. Consistently achieving high-quality CXR interpretations is

Risk Management and Healthcare Policy 2025:18 933-945 933
Received: 29 November 2024 © 2025 Ayasrah et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creati g/licenses/by-nc/3.0/). By accessing the

Accepted: 12 March 2025
Published: 20 March 2025

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-8157-074X
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Ayasrah et al

challenging due to various medical and technical factors that can introduce errors or artifacts, thereby impacting diagnostic
accuracy.!” Misdiagnoses in infectious diseases such as tuberculosis can lead to swift disease transmission and increased
pressure on healthcare systems, underscoring the need for optimized, quality-controlled CXR imaging.'®

The transition from conventional film-based radiography to digital imaging, predominantly utilizing DICOM formats,
has enhanced image storage, portability, and accessibility."?

Several regulatory entities, such as the ACR)*° and the European Commission’s Directorate-General for Research and
Innovation (ECDGRI),?! have formulated guidelines to guarantee high-quality CXRs that facilitate precise pulmonary
diagnostics. These guidelines emphasize essential imaging aspects including adequate inspiration, rotation, organ super-
imposition, exposure, anatomical coverage, and appropriate image annotation, which are vital for generating diagnosti-
cally valid images.***

However, previous studies have shown that adherence to these quality standards can vary considerably among
regions. Research conducted by Okeji et al revealed that at a Nigerian teaching hospital, only 16%, 14%, and 32% of
CXR assessed from 2014 to 2016 met all European diagnostic quality standards each year, with common deficiencies
such as inadequate collimation, incorrect scapula positioning, and inferior darkroom processing.?

Chand et al found that merely 52.3% of the 1101 evaluated CXRs met European quality standards, whereas 47.7%
were substandard due to insufficient inspiration, penetration, and rotation.**

Liaqat et al noted in their research at the Pakistan Institute of Medical Sciences that 61.8% of 1560 CXR had
radiographic problems, with positioning errors accounting for 16.5% of the rejected images.*® A recent study by Suwal
et al in Nepal revealed that only 22.2% of 450 CXR at Tribhuvan University Teaching Hospital met European standards,
showing exceptional anatomical coverage compliance (97.56%) but significant deficiencies in rotation (55.56%) and
scapula positioning (42.22%).%

The Ministry of Health (MoH) of Jordan administers a nationwide tuberculosis screening program for expats, having
performed 90,176 CXR in 2023 alone.?” Notwithstanding the scale of this initiative, a thorough assessment of CXR
quality across these facilities has yet to be conducted. This study seeks to evaluate the quality of CXR from 12 Centers
for Chest Diseases and Health of Expatriates (CCDHE) in Jordan, adhering to the standards established by the ACR and
the ECDGRI. This study underscores the critical necessity for standardized imaging protocols to rectify site-specific
quality disparities, hence enhancing patient safety and improving diagnostic accuracy in expatriate healthcare.

Materials and Methods

This retrospective observational research evaluates the quality of CXRs of expatriates in Jordan, specifically examining
conformity to the criteria set by the ACR and European guidelines. The study was carried out between April and
December 2023 using a single-phase cluster sampling technique. Specifically, all the 12 CCDHE in Jordan were selected.
This method is especially appropriate for observational studies, since it produces reliable estimates of the frequency of
inadequate radiography techniques among expatriates.

Sample Size

The sample size was determined using a proportion-based methodology to guarantee accurate data representation.
A conservative estimate of 30% was chosen since previous research indicated that adherence to X-ray quality criteria
was on average thirty 30%.>* Utilizing a Z-score of 1.96 for a 95% confidence interval and a 5% margin of error, the
minimum requisite sample size was 323 CXRs. To improve accuracy and deliver a thorough review, the study was
broadened to encompass all CCDHEs, facilitating a more extensive assessment of X-ray quality across locations and
assuring adequate statistical power to detect significant differences.

Sampling Method

For a broad sample, three CCDHEs from the northern, central, and southern regions of Jordan were chosen for a pilot
study, while the other nine were systematically allocated to different areas. The study encompassed all CXR conducted
throughout the study period, except those for pre-employment exams of Jordanian citizens. Ethical approval was obtained
from the Institutional Review Board (IRB) at Jordan University of Science and Technology (Approval No. 4/2022, dated
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2/6/2022). IRB determined that individual informed consent was not required for this study. This decision was based on
the nature of the research, which involved anonymized radiographic data collected from healthcare centers without direct
involvement of individual patients. The management of seven CCDHEs gave permission for anonymised chest radio-
graphs to be viewed and analysed. There was no direct patient involvement in the study, and no personally identifiable
patient information was utilized.

A total of 1020 CXR were acquired in DICOM format or conventional film, yielding a comprehensive dataset for
analysis to evaluate regional discrepancies and quality standards across CCDHEs.

Analysis Parameters

Methods of Analysis

The initial analysis included using descriptive statistics to provide a summary of the data. Categorical variables, such as
the quality categories of chest radiographs, were described using proportions according to recognized recommendations.
The mean and standard deviation (SD) will be computed for continuous data to provide measures of central tendency and
dispersion, respectively.

Evaluation of Radiographic Image Quality
The chest radiographs were evaluated according to the quality standards established by the ACR and the ECDGRI
illustrated in Table 1. The assessment encompassed eight distinct categories, each essential for determining the overall
quality of the CXR imaging.

Two radiographers participated in the evaluation process. These radiographers have 8-10 years of professional
experience and varied in their level of expertise. Both were radiologic technology master’s degree holders who had
undergone specialized training in the ACR and ECDGRI standards to guarantee uniform and consistent image

Table | Criteria for Radiographic Image Evaluation

Criteria Description

Image Annotation ® [ncludes complete identification and biographical details: date, markers (Lt./Rt)., age, and sex.
® Positioning must not obstruct chest structures.

Adequate Inspiration ® Assessed by visibility of the 5th—7th anterior ribs intersecting the mid-clavicular line or diaphragm.
® Alternatively, the posterior aspects of the 9th—10th ribs should be above the diaphragm.26

Rotation and Symmetry ® Medial ends of clavicles equidistant from thoracic vertebrae spinous processes at T4/T5 level.
® Variations >10 mm indicate unacceptable rotation affecting lung appearance.Zs

Organ Superimposition ® Scapulae should be clear of the chest field.?

Appropriate Exposure and ® Thoracic vertebrae should be faintly visible behind the heart, indicating proper exposure.29

Penetration

Anatomy Visualization and Coverage | ® Entire chest cage visible from C6 to both costophrenic angles and lateral chest wall. %

Appropriate Collimation ® Optimum Exposed Area (OEA): Product of chest width and trunk width.
® Actual Exposed Area (AEA): Right-to-left and top-to-bottom film dimensions.
® Extra Exposed Ratio (EER): Difference between AEA and OEA divided by OEA used to classify
overexposure:
o Perfect: 0-0.2 (minimal overexposure).
o Good: 0.201-0.4 (acceptable overexposure).
o Moderate: 0.401-0.6 (moderate overexposure).
o Inadequate: >0.601 (excessive overexposure).

Artifacts Image should be free of artifacts overlying the lungs.

® Accepted: No artifacts.

Rejected: One or more artifacts
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evaluations. An Inter-Rater Reliability (IRR) analysis was performed to evaluate the reliability and consistency of the
assessments. The radiographers conducted an independent review of all 1020 CXR images, and the agreement level
between their assessments was quantified using Cohen’s Kappa statistic.

Equipment

The majority of the participating CCDHEs had just completed renovations and acquired new digital radiography
equipment via an international assistance grant. Five facilities utilized Carestream’s DRX-Compass X-ray Systems,
and two locations employed analogue systems from Shimadzu with wet processing. All images obtained during the trial
were examined on radiology workstations with dual 3-megapixel screens, facilitating high-resolution image evaluation
and precise assessment. This updated configuration enabled accurate assessment and uniformity in the evaluation of
radiographic quality.

Data Management

The radiographs were uploaded to the PACS (Picture Archiving and Communication System) account for safe and
efficient administration. Radiographers, supervised by radiologists, assessed each image by using the criteria outlined in
Table 1 to evaluate the quality of each radiograph.

Results

The study had 1020 participants, of which 65.2% were male, aged 21 to 48 years (mean: 29.6, SD: 6.2). A majority of
participants (41.2%) originated from northern Jordan. Commonly utilized radiographic settings are 125/110 kVp and 3/5
mAs. Significantly, 88.2% of radiographs employed digital technology, underscoring a substantial transition to digital
imaging in clinical practice.

In assessing the quality of chest radiographs, it is crucial to take into account both specific criteria and overall
performance. Although certain components adhered to high standards, hardly 15% of radiographs concurrently fulfilled
all quality criteria (Figure 1). This indicates a substantial disparity between fulfilling specific standards and attaining
overall excellence in radiographic imaging.
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Figure | Acceptance and rejection rates for various CXR radiographic quality control metrics.
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An Inter-Rater Reliability (IRR) assessment was performed between two independent radiographers to ensure
consistency and reliability in radiographic image evaluations. Nine criteria were evaluated, and binary decisions
(Accepted/Rejected) were documented for each criterion by both readers. The radiographers’ agreement was measured
using Cohen’s Kappa coefficient. The IRR analysis revealed complete concordance between the two readers, indicated by
a Cohen’s Kappa value of 1.0. The result demonstrates consistent evaluation of CXR image quality across all criteria,
highlighting the robustness and reliability of the assessment methodology used in this study.

The comprehensive evaluation of CXR quality subcategorization encompassed various parameters, including patient
information, anatomical coverage, complete inspiration, artifacts, overlapping structures, radiography exposure, rotation,
and collimation. Each criterion was carefully assessed to ascertain the overall quality of the CXR images.

The analysis of the “Image Annotation” subcategory indicated an acceptance rate of 29% and a rejection rate of 71%.
Frequent mistakes comprised absent orientation indicators and annotations that obscured critical diagnostic areas,
especially in analogue systems.

Notwithstanding discrepancies, certain criteria exhibited robust compliance. In terms of rotation, 82% of the radio-
graphs were perfectly aligned, and 95% had sufficient exposure, which allowed anatomical details to be clearly seen.
Nonetheless, a noteworthy issue was the occurrence of artifacts, affecting 55% of the radiographs and markedly
diminishing diagnostic efficacy.

Anatomical overlap and collimation presented further difficulties. Merely 23% of images successfully avoided the
overlap of closely neighbouring structures, which is essential for accurate sickness diagnosis. Collimation was correctly
implemented in 55% of cases, suggesting a common occurrence of x-ray beam extension beyond the area of interest,
which may result in excessive radiation exposure and diminished image quality. Notably, 81% of cases exhibited
sufficient respiration during the imaging procedure.

The evaluation of rotation and symmetry, measured by the equidistant distance between the Sternoclavicular Joint
(SCJ) and the adjacent spinous process of the thoracic vertebrae, indicated that deviations over 10 mm, classified as
“Inadequate”, represented 18.1% of all cases, as illustrated in Table 2. Only 4.4% attained a ‘Perfect’ rating with no
tangible variation (0 mm), whilst the rest, 77.5%, were classified into ‘Good’ and ‘Moderate’ categories, exhibiting
variances between 1 and 9.99 mm. These findings indicate improved compliance with tolerance ranges that conform to
globally recognized standards. “Of those rejected cases classified as Inadequate”, 185 cases were found to be 18.1% of
the dataset (N=1020). The analysis of rotation direction indicated a marginal predominance of rightward rotation,
observed in 51.4% of cases (95 cases), relative to leftward rotation at 48.6% (90 instances), as illustrated in Figure 2.

The analysis of artifact acceptance rates, presented in Table 3, indicates notable gender disparities. The acceptance
rate for males was 57.7%, whereas for females it was 21.1%. Chi-square tests demonstrated the statistical significance of
these differences, with all results yielding a p-value of <0.001.

The study analyzed radiographic collimation by categorizing it into four classifications as shown in Table 4:
“Perfect”, “Good”, “Moderate”, and “Inadequate”, according to compliance with OEA criteria. Merely 7.6% of the
sample attained “Perfect” adherence. In contrast, a majority (52.5%) were classified as “Inadequate”, with exposures

Table 2 Distribution of Radiographic Acceptance Levels by Deviation in
Rotation and Symmetry Measurements

Range of the acceptance | Difference range mm | Frequency | Percent
Perfect 0 45 44
Good 1-4.99 520 51.0
Moderate 5-9.99 270 26.5
Inadequate > 10 185 18.1
Total 1020 100.0
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s Lt = RT

Figure 2 Distribution of Left and Right Rotation in Rejected Cases Classified as ‘Inadequate.

surpassing 60% of the OEA. Only 25.6% of instances achieved “Perfect” or “Good” standards, underscoring consider-
able problems with excessive exposure in radiography treatments.

Discussion

Introduction

In this study, 1020 cases were evaluated, with a majority being male (65.2%). Participants, primarily undergoing chest
radiographs for work permit purposes, had an average age of 29.6 years (SD=6.2; range: 21-48), aligning with the
working age range of 20-80 years.>' The primary objective was to assess chest radiograph quality using criteria such as
patient information, anatomical coverage, full inspiration, artifacts, overlapping structures, radiographic exposure,
rotation, and collimation, essential for diagnostic excellence. Notably, 88.2% of radiographs utilized digital imaging,
reflecting a shift toward advanced technology. However, only 15% met all quality requirements, highlighting discre-
pancies between individual criterion compliance and overall quality achievement.

Novel Features of the Study

The present study introduces an important improvement in the evaluation of CXR quality through a comprehensive and
quantitative classification system termed Perfect, Good, Moderate, and Inadequate (PGMI). This distinctive approach to
CXR assessment is influenced by the high standards employed in mammography quality assurance. It seeks to enhance

Table 3 Artifact Acceptance Rates by Gender

Accept % /(N) | Not accept % /(N)
Male 57.7% (384) 42.3% (281) | 100% (665)
Female | 21.1% (75) 78.9% (280) | 100% (355)
Count | 45.0% (459) 55.0% (561) | 100 (1020)

Table 4 Distribution of Collimation Acceptance

Levels
Acceptance Level | Frequency | Percent %
Perfect 78 7.6
Good 183 17.9
Moderate 224 22.0
Inadequate 535 525
Total 1020 100.0
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the precision of evaluations by a methodical and comprehensive analysis. Historically, CXR evaluations have been
subjective; however, our application of this methodology offers a level of precision that facilitates the correct identifica-
tion of deviations in the quality requirements of CXR imaging.

The PGMI categorization system for rotation and symmetry was meticulously developed with specific measurement
criteria for each category: ‘Perfect’ required no apparent deviation from ideal norms, while “Good’ permitted modest
variations of up to 5 mm; (Figure 3A).”Moderate’ included errors between 5 mm and 9 mm, while ‘Inadequate’ included
deviations beyond 10 mm (Figure 3B). The implementation of these quantifiable criteria signifies a transition from less
precise methodologies, providing a framework that highlights minor fluctuations that could influence diagnostic out-
comes. This stringent methodology not only improves the understanding of each CXR but also fosters a culture of
precision in radiographic evaluation techniques.

The PGMI framework is can also be used to assess collimation quality to minimize radiation exposure to ensure
safety and enhance image clarity. Optimal collimation necessitates a span of 5 cm above the shoulders and below the 12th
rib, encompassing both acromioclavicular joints. This standard delineates compliance with clinically pertinent domains.

We computed the OEA, AEA, and EEA. The OEA is the multiplication of the chest width (biacromial distance) and
trunk width (Figure 4A). The AEA is defined by the horizontal and vertical film dimensions (Figure 4B). The EEA,
indicative of unnecessary exposure, is the difference between AEA and OEA. Overexposure ratio was defined as follows:
Overexposure = (Exposed Area - Optimum Area)/Optimal Area. To classify the degree of overexposure, specific ranges
were established to evaluate quality. A score ranging from 0 to 0.2 is classified as “Perfect”, representing optimal
exposure with minimal overexposure. Scores between 0.201 and 0.4 are categorized as “Good”, indicating acceptable
levels of exposure. Scores within 0.401 to 0.6 are labelled as “Moderate”, highlighting suboptimal exposure that may
affect diagnostic quality. Finally, any score exceeding 0.601 is classified as “Inadequate”, reflecting excessive exposure
that compromises both image quality and patient safety. This structured approach ensures consistent assessment of

exposure levels across radiographic evaluations.

Figure 3 Assessment of Rotation and Symmetry in CXR Using PGMI Categorization. (A) Moderate Deviation: Asymmetry is noted with measurements of 1.23 cm and
2.27 cm from the midline to the clavicles, falling into the ‘Moderate’ category (5-9 mm deviation). (B) Good Alignment: Improved symmetry with distances of 1.74 cm and
1.90 cm, classified as ‘Good’ (deviation under 5 mm) per PGMI criteria.

| 25.9cm

Figure 4 (A) illustrates the calculation of the (OEA) for radiographic exposure. The OEA is determined by multiplying the biacromial width (29.7 cm) by the trunk length
(25.9 cm), resulting in a total area of 769.2 cm? (B) illustrates the calculation of the Actual Exposed Area (AEA) as 36.8 cm x 363 cm =1335.8
cm236.8cmx36.3cm=1335.8cm2. The overexposure Ratio is determined by subtracting the OEA from the AEA and dividing by the OEA: (1335.8-769.2) / 769.2 = 0.74.
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We aim to improve radiography quality, patient safety, and diagnostic accuracy by incorporating these novel
approaches into standard practice. This work is distinguished by the application of PGMI technology, emphasizing
critical aspects for enhancing CXR quality. PGMI serves as a comprehensive instrument that evaluates both rotation and
collimation, hence greatly influencing diagnostic image quality and patient safety.

Overall Results

The compliance rate observed in the study was 15%, which is consistent with previously reported low rates, including
14% in Okeji et al*® and 22% in Suwal et al*® as displayed in Table 5. Chand R B’s study®* demonstrated an adherence
rate of 52%, suggesting improved compliance. Low compliance is frequently attributed to multiple errors within a single
image, particularly in regions such as organ superimposition (23%) and image annotations (29%). The frequent
inconsistencies notably impact overall acceptance rates, indicating difficulties in upholding diagnostic imaging standards.

Rotation and Symmetry

Our results indicate an 82% rotation and symmetry compliance rate, which is higher than the average of previous studies
(53%), and comparable to Chand R B’s 78.2%.>* This exceeds the rates reported by Abubakar et al (32.3%)’> and Okeji
et al (28%).%* Rotation and symmetry are essential for assessing heart size, tracheal deviation, and costophrenic angles.
Right-sided rotation leads to an underestimation of heart size, whereas left-sided rotation results in an overestimation.>*
Lung soft tissue thickness, influenced by rotation, may distort the representation of lung disease, while chest asymmetry
complicates assessments of tracheal deviation.>” The detailed categorization in our study enhanced the understanding of
alignment challenges.

Appropriate Collimation

The collimation adherence rate in our study was 55%, which is lower than the 58.8% reported by Abubakar et al** and
significantly below the rates observed by Okeji et al.** This disparity highlights the necessity for enhancements that
ensure that radiation is restricted to the relevant clinical area. The quantitative evaluation of the PGMI system under-
scores the necessity of thorough training and strict compliance with collimation standards, which are critical for reducing
radiation exposure and enhancing diagnostic image quality.

Adequate Inspiration

CXRs are routinely conducted at end-deep inspiration to optimize lung volume visualization and reduce blurring of lung
bases.’® Insufficient inspiration may resemble erroneous pathologies, including mediastinal or cardiac enlargement.’”
Proper inspiration is evidenced by the visibility of at least 9 posterior or 7 anterior ribs on a PA CXR. Figure 5 indicates
that the majority of patients in the study exhibited 9 or 10 visible ribs, representing 39% and 38% of the cases,
respectively.

Table 5 Comparative Analysis of Compliance with Diagnostic Imaging Quality Standards Across Multiple Studies

Previous Image Adequate Rotation Organ Appropriate Anatomy Appropriate Artifacts | All

studies Annotation | Inspiration | and Superim | Exposure and Visualization Collimation Criteria
Symmetry | position Penetration and Coverage

This study 29% 81% 82% 23% 95% 96% 55% 45% 15%

Suwal et al*® - 929 44.4% 57.8% 82% 97.6% - - 22.2%

Chand R B,** - 65.2 78.2% 85.3 76% 96.2% - - 52.3%

Okeji et al;?? 95% 97% 28% 61% 77% 97% 14% 31% 14%

Abubakar et al;** 72.9% 83.8 32.3% 65.4 78.6% 91.3 58.8% 17%

Total 65.6% 84% 53% 73.1% 81.7% 95.6% 34.3% 31% 28.4%

https:
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Figure 5 Distribution of Respiration Levels by Visible Rib Count.

This study attained an inspiration compliance rate of 81%, which is lower than the rate reported by Okeji et al
(97%)>* but higher than that of Chand R B (65.2%).** Suwal et al documented a compliance rate of 92.9%, whereas
Abubakar et al*? reported a slightly lower rate of 83.8% in their study. The observed variations indicate discrepancies in
protocol adherence, methodologies, or the quality of equipment utilized across studies.

Artifacts Management
The management of artifacts plays a crucial role in determining the diagnostic value of radiographs. Artifacts were
present in 55% of the images, potentially obscuring essential diagnostic details. Earlier research indicated reduced rates,
with Okeji et al*® reporting 31% and Abubakar et al reporting 17%.** Significant gender disparities in artifact acceptance
were observed, with males demonstrating a higher acceptance rate of 57.7% in contrast to females at 21.1%.

The prevalence of artifacts varied, with most cases (96.4%) exhibiting 1 to 4 artifacts, while only 3.6% displayed as
many as 14 artifacts (Figure 6). The average number of artifacts per image was 1.9 (SD = 2.8), indicating significant
variability.

50.0%
45.0% 44.6%
40.0%
35.0%
30.0%

25.0%

Frequency

20.0%
15.0%
10.0%

5.0% 09%  07% 0.2%

0.0%
1 2 3 4 5 6 7 8

Number of artifacts per image

Figure 6 Frequency Distribution of Artifacts in Chest Radiographs.
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Figure 7 Examples of various artifact types and quantities identified. (A) Internal radiopaque circular and linear artifacts from brassieres (red circles); (B) External
radiopaque artifacts from metallic clothing accessories (**); (C) Internal metallic artifacts from jewelry (*) and brassieres.

The most common artifact identified was related to brassieres (Figure 7). Requiring patients to remove objects from
the waist up during routine CXR reduces artifacts, particularly with digital receptors, which are more capable of detecting
subtle details, such as t-shirt stencils, compared to traditional films.*®

Appropriate Exposure and Penetration
Digital and analogue CXR devices vary in exposure efficacy, which is essential for precise diagnosis. Digital radiography
attained optimal exposure in all 900 cases owing to sophisticated processing capabilities. Conversely, Table 6 indicates
that analogue systems achieved accurate exposure in 56.7% of cases, with 30% underexposed and 13.3% overexposed,
potentially obscuring essential diagnostic information.

The results indicate that digital systems exhibit superior performance, achieving “Appropriate Exposure and
Penetration” rates of 95%, which exceed the findings of previous studies by Suwal et al (82%), Chand R B (76%),*
and Abubakar et al (65.4%).>* The enhancement is linked to the extensive implementation of digital technology, currently
utilized in 88.2% of radiographs. The findings underscore the significance of adopting digital systems in clinical

environments to improve diagnostic precision and minimize errors associated with exposure concerns.

Organ Superimposition and Coverage

The research indicated a low efficacy in minimizing scapula superimposition over the lung field, achieving a success rate
of merely 23%. The observed rate is considerably lower than those documented in previous studies: Suwal et al (57.8%),
Chand R B (85.3%),%* Okeji et al (61%), and Abubakar et al (65.4%).>® The low success rate suggests problems with the
implementation or adherence to appropriate CXR techniques, especially the failure to advance the shoulders forward to
avoid scapula overlap. This step is essential for improving the visibility of lung abnormalities and the accuracy of
diagnoses. Enhanced training and stricter compliance with protocols are crucial for optimizing the quality of PA CXR in
clinical practice.

Table 6 Comparison of Exposure Levels in Digital and Analogue
CXR Systems

Exposure level | Digital (N/%) | Analogue (N/%) | Total (N/%)
Normal 900 (100%) 68 (56.7%) 968 (94.9%)
Under exposure 0 36 (32.5%) 36 (3.5%)
Over exposure 0 16 (13.3%) 16 (1.6%)
Total 900 (100%) 120 (100%) 1020 (100%)
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Limitations of the Study

This research possesses multiple limitations. The cross-sectional, retrospective approach restricts the capacity to
determine causality or evaluate alterations in radiography quality over time. While 1020 CXR radiographs from 12
CCDHESs were examined, the emphasis on centers designated for expatriate screenings may restrict the generality of the
findings to other locations or healthcare environments. Furthermore, the study focused on quantitative evaluations rather
than examining qualitative elements that can provide more profound understanding of the reasons behind quality
disparities, such as radiographer training or protocol adherence.

Conclusions

This study assessed the adequacy of factor of CXR for expatriates in Jordan in accordance with ACR and EC guidelines.
Despite advancements in digital radiography, only 15% of CXRs adhered to all quality standards, exhibiting particularly
low compliance in organ superimposition at 23% and image annotation at 29%. A novel quantitative classification
method, derived from mammography, has been introduced to enhance assessment. The results highlight the necessity for
improved training and rigorous compliance with protocols. Future research should investigate qualitative factors
influencing image quality and evaluate the long-term effects of targeted interventions on diagnostic accuracy and patient
safety.

Data Sharing Statement

The data that support the findings of this study are available from the corresponding author upon reasonable request.

Ethical Approval
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