Pre prints.org

Article Not peer-reviewed version

Assessing Fracture Detection: A
Comparison of Minimal-Resource and
Standard-Resource Plain Radiographic
Interpretations

Iskandar Zakaria , Teuku Muhammad Yus , Safrizal Rahman , Azhari Gani, Muhammad Ariq Ersan

Posted Date: 28 February 2025
doi: 10.20944/preprints202502.2257v1

Keywords: fracture; radiography; minimal-resource; standard-resource; diagnostic accuracy; diagnostic
testing

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/4268513
https://sciprofiles.com/profile/4269728
https://sciprofiles.com/profile/4209301

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 February 2025 d0i:10.20944/preprints202502.2257.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Assessing Fracture Detection: A Comparison of
Minimal-Resource and Standard-Resource Plain
Radiographic Interpretations

Iskandar Zakaria »*, Teuku Muhammad Yus 2, Safrizal Rahman 3 Azhari Gani 4
and Muhammad Ariq Ersan 5

! Department of Radiology, Faculty of Medicine, Universitas Syiah Kuala and Darussalam, Banda Aceh,
Aceh, Indonesia

2 Department of Radiology, Dr. Zainoel Abidin General Hospital, Banda Aceh, Aceh, Indonesia

3 Departement of Surgery, Orthopedic and Traumatology Division, Faculty of Medicine, Universitas Syiah
Kuala and Dr. Zainal Abidin General Hospital, Banda Aceh, Indonesia

4 Department of Internal Medicine, Faculty of Medicine, Universitas Syiah Kuala and Dr. Zainal Abidin
General Hospital, Banda Aceh, Indonesia

5 Graduated Student, Program Study of Doctoral Education, Faculty of Medicine, Universitas Syiah Kuala,
Darussalam, Banda Aceh, Aceh, Indonesia

* Correspondence: iskandarzakaria@usk.ac.id

Abstract: Background: The accuracy of fracture diagnosis through radiographic imaging largely
depends on image quality and the interpreter’s experience. In resource-limited settings (minimal-
resource), imaging quality is often lower than in standard-resource facilities, potentially affecting
diagnostic accuracy. Objective: This study aims to compare the diagnostic accuracy of plain
radiograph interpretations between minimal-resource and standard-resource methods and assess the
influence of interpreter experience on diagnostic precision. Methods: This cross-sectional study is
based on secondary data from patients’ medical records at the General Hospital of Dr. Zainal Abidin
(RSUDZA) Banda Aceh, Indonesia. Comparisons between minimal-resource and standard-resource
interpretations were made and validated using a reference standard (gold standard). Statistical
analyses included diagnostic testing, Chi-Square tests, and ROC curve analysis to evaluate
sensitivity, specificity, and accuracy. Results: The findings indicate that standard-resource
radiographs have significantly higher accuracy than minimal-resource radiographs (p<0.05).
Radiologists demonstrated the highest diagnostic accuracy compared to general practitioners and
radiology residents. Conclusion: The standard-resource method is superior in detecting fractures
compared to the minimal-resource method. Enhancing imaging quality and providing additional
training for medical personnel are essential to improving diagnostic accuracy in resource-limited
settings.

Keywords: fracture; radiography; minimal-resource; standard-resource; diagnostic accuracy;
diagnostic testing

1. Introduction

Bone fractures are among the most common clinical conditions in healthcare facilities,
particularly in emergency departments [1]. Early and accurate detection of fractures is crucial for
determining appropriate treatment strategies and preventing further complications [2]. Plain
radiography is the most frequently used imaging modality for fracture diagnosis due to its wide
availability, lower cost compared to advanced imaging modalities such as CT scans, and ease of
access across various levels of healthcare facilities [3]. However, the quality of radiographic

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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interpretation is highly influenced by available resources, including imaging equipment
specifications and the expertise of the interpreting medical personnel [4].

Despite its widespread use, there is significant variability in diagnostic accuracy depending on
the imaging method and the examiner’s experience [5]. In resource-limited healthcare settings
(minimal-resource), radiography is often performed using portable devices with low resolution and
without digital processing. This can result in suboptimal image quality, an increased risk of
misinterpretation, and delays in diagnosis that may affect clinical decision-making [6]. Conversely,
facilities with more comprehensive resources (standard) utilize high-resolution digital imaging with
advanced processing techniques, enhancing bone structure visualization and diagnostic accuracy [7].
However, limited research has directly compared the effectiveness of these two methods in detecting
fractures based on sensitivity, specificity, and diagnostic error rates [8].

Previous studies have emphasized the importance of imaging quality in fracture diagnosis. A
study by McLaughlin et al. (2022) found that low resolution, high noise, and poor contrast in
radiographs contribute to misinterpretation, particularly in detecting subtle or occult fractures [9].
Additionally, radiographic interpreters” experience level plays a critical role in diagnostic accuracy
[10]. Jones et al. (2021) reported that general practitioners working in resource-limited settings often
receive less training in radiographic interpretation than radiologists, leading to a higher likelihood of
diagnostic errors, including both false negatives (missed fractures) and false positives (misdiagnosed
non-existent fractures) [11]. Another study by Al-Worafi et al. (2023) highlighted that digital
radiography methods could improve diagnostic accuracy by up to 30% compared to conventional
methods in resource-limited conditions [12].

This study evaluates the diagnostic accuracy of minimal-resource versus standard-resource
methods for fracture detection, particularly in facilities with limited resources. The study assesses
both methods’ sensitivity, specificity, and overall accuracy, as well as factors influencing diagnostic
precision, including examiner experience. Using a cross-sectional design based on medical record
data, comparisons are made using reference standards such as CT scans or expert consensus from
senior radiologists. The findings of this study are expected to provide valuable insights for medical
professionals in selecting more effective imaging strategies and proposing measures to enhance
diagnostic accuracy in resource-limited healthcare settings.

2. Materials and Methods

This study is analytical observational research with a cross-sectional design, comparing the
accuracy of fracture detection between minimal-resource radiographic interpretation by general
practitioners and standard-resource interpretation by radiologists. Secondary data from medical
records and radiological examinations were compared against a reference standard determined by
expert radiologists. The study was conducted at the Medical Records and Radiology Department of
the General Hospital of Dr. Zainal Abidin, Banda Aceh, from October to November 2024, with data
collection in November 2024. The study population comprised patients who underwent radiographic
examinations of the upper and lower extremities at RSUDZA between January and April 2024. The
sample was selected using a total sampling method based on inclusion and exclusion criteria.

The inclusion criteria consisted of plain radiographs of long bone fractures in the upper and
lower extremities from the Emergency Department (ED), radiographs in anteroposterior (AP) and
lateral views, and patients over 17 years. The exclusion criteria included radiographs with incomplete
medical record data, fractures due to non-traumatic conditions, internal or external fixation cases,
and images that did not meet the radiological interpretation standards. Data were categorized based
on the interpretation method, where the minimal-resource method used portable, low-resolution
devices interpreted by general practitioners. In contrast, the standard-resource method utilized high-
resolution digital imaging interpreted by radiologists. Interpretations were conducted independently
and compared against the gold standard, which consisted of expert consensus from senior
radiologists or additional examinations such as CT scans.
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Evaluation of the interpretations involved measuring sensitivity, specificity, and interobserver
agreement using the kappa coefficient (k). Additionally, overall accuracy was compared with the
gold standard, and interpretation time was analyzed to assess the efficiency of each method. Data
processing included multiple stages: editing, coding, entry, saving, and analyzing, with statistical
analysis performed using the Chi-square test to compare the accuracy of minimal-resource and
standard-resource methods. Sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV), and overall accuracy were calculated [13]. All analyses were conducted using
statistical software such as SPSS.

This study received ethical approval from the Health Research Ethics Committee of RSUDZA
Banda Aceh, approval number 204/ETIK-RSUDZA/2024. The research was conducted following
ethical principles in medical research to ensure the protection and rights of study participants.

3. Results

This study compares the diagnostic accuracy of minimal-resource and standard-resource
methods in interpreting plain radiographs for fracture detection. The results indicate that standard-
resource imaging is significantly more accurate, with a statistically significant difference. Reader
experience is also crucial, with radiologists demonstrating the highest accuracy. Enhancing access to
standard-resource imaging, medical training, and technological support can help reduce diagnostic
errors, particularly in facilities with limited resources.

3.1. Characteristics of Study Subjects

Table 1 presents the characteristics of study subjects, categorized by age, gender, fracture
location, fracture type, imaging site, and sampling method. The majority of subjects were aged 60-64
years (18%), with a male predominance (67%) compared to females (33%). Fractures were most
commonly found in the lower extremities (40%), followed by the upper extremities (30%) and long
bones and vertebrae (15% each). 60% of subjects had fractures, while 40% did not. Imaging was most
frequently performed on the femur (31%), followed by the antebrachium (27.5%) and Crus (27%).
Randomization was used for 75% of subjects, while 25% were selected based on inclusion criteria.
This data provides a comprehensive overview of the study’s subject distribution.

Table 1. Characteristics of Study Subjects.

Characteristics Frequency Percentage (%)
Ages
15-19 11 6
20-24 29 15
25-29 11 6
30-34 11 6
35-39 22 11
40-44 18 9
45-49 22 11
50-54 4 2
55-59 11 6
60-64 36 18
65-69 25 13
Sex
Male 134 67.0
Female 66 33.0
Fracture Area
Upper Extremity 60 30.0
Lower Extremity 80 40.0

Long Bones 30 15.0
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Characteristics Frequency Percentage (%)
Vertebra 30 15.0
Fracture Type
Fracture 160 60.0
No Fracture 40 20.0
Location
Brachium 29 14.5
Antebrachium 55 27.5
Femur 62 31.0
Crus 54 27.0
Sampling Method
Randomization 150 75.0
Inclusion Criteria 50 25.0
Source data, 2024.

3.2. Radiographic Imaging Methods

Table 2 compares minimal-resource and standard-resource radiography based on technical and
diagnostic parameters. Minimal-resource imaging relies on low-power portable X-rays, producing
low-resolution images with poor contrast and high noise, often making fracture margins indistinct.
In contrast, standard-resource imaging uses stationary X-ray systems with digital radiography (DR),
offering higher resolution, balanced exposure, and optimal contrast, enabling clearer fracture
detection. Minimal-resource images are typically interpreted by general practitioners or non-
radiology medical personnel, with diagnostic accuracy ranging from 50% to 70%. Meanwhile,
radiologists evaluate standard-resource images, achieving 85%-95% accuracy. The minimal-resource
method is associated with higher diagnostic errors, particularly false negatives, and false positives,
whereas standard-resource imaging is more precise and consistent. Overall, standard-resource
imaging outperforms minimal-resource imaging regarding image quality and diagnostic reliability.

Table 2. Comparison of Minimal-Resource vs. Standard-Resource Radiography.

Aspect Minimal-Resource Standard-Resource
Radlc.)graphy Stationary X-ray with digital
Equipment Low-power portable X-ray :
e radiography (DR)
Specifications
Image Quality - . . .
Low (less th High h
Resolution ow (less than 300 dpi) igh (more than 600 dpi)
Image Quality - Not optlmal,'hl‘gh exposure Optimal, balanced exposure
Exposure variation
High 1
Image Quality - Low contrast, challenging to 8 contrast, a clear
e , distinction between bone and
Contrast distinguish soft tissue and bone

soft tissue
Simple procedure, no advanced Imaging protocol with digital

image processing processing
General practitioners or non-

Imaging Protocol

Radiograph Examiner radiology medical personnel Radiologists
Image Resolution Low (high pixelation) High (good detail)
Bone Contrast Poor (frac'tures ar'e difficult to Optimal (fractures are visible)
differentiate)
Noise Level High (blurry image) Low (sharp image)
o Hard to detect, indistinct fracture Clearly visible, well-defined
Fracture Visibility .
borders fracture margins
X-ray Exposure Not optimal, under/overexposed Optimal, balanced exposure

Image Processing None or very limited Uses digital filters
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Diagnostic Accuracy 50-70% (dependent on examiner  85-95% (more accurate and

Rate expertise) consistent)
Potential Diagnostic High (false negatives & false
& gh( Jgany Low (minimal false negatives)
Errors positives)
Source data, 2024.

3.3. Diagnostic Accuracy and Comparison of Results

Figure 1 compares the diagnostic accuracy of minimal-resource and standard-resource
radiographic interpretations based on sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), overall accuracy, and ROC curve analysis. Minimal-resource
imaging demonstrated 65% sensitivity and 60% specificity, significantly lower than standard-
resource imaging, which achieved 92% and 90%, respectively. The PPV and NPV for minimal-
resource imaging were 70% and 55%, respectively, whereas they reached 95% and 88% for standard-
resource imaging, indicating a higher diagnostic error rate for minimal-resource imaging. Accuracy
for minimal-resource imaging was only 63%, compared to 91% for standard-resource imaging. The
ROC curve revealed an AUC of 0.91 for standard-resource imaging, demonstrating superior
diagnostic performance compared to minimal-resource imaging, with an AUC of 0.62. These results
highlight the vulnerability of minimal-resource imaging to diagnostic errors, including false
negatives and positives, which could lead to delayed or inappropriate treatment.
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Figure 1. Comparison of Diagnostic Accuracy: Minimal-Resource vs. Standard-Resource Radiographic
Interpretation.

3.4. Reliability of Radiographic Interpretation

Figure 2 compares the reliability of radiographic interpretation between minimal-resource and
standard-resource methods based on interobserver and intraobserver agreement using the kappa
coefficient (k). The interobserver agreement showed that minimal-resource imaging had a x value of
0.89, while standard-resource imaging had a i of 0.88, indicating nearly perfect agreement and high
consistency among examiners. In intraobserver agreement, minimal-resource imaging had a k value
of 0.95, higher than the 0.79 observed for standard-resource imaging. This suggests that repeated
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interpretations in minimal-resource imaging were more stable, likely due to the simpler imaging
process. Although standard-resource imaging exhibited slightly more variation in repeated readings,
it remained superior in providing more detailed diagnostic information.

Interobserver & Intraobserver Agreement Comparison

0.95

I Minimal-Resource
W Standard-Resource

0.89 0.88

0.8 0.79

Kappa Value
o
o

o
S

0.2

0.0

Interobserver Agreement (Kappa) Intraobserver Agreement (Kappa)

Reliability Metric

Figure 2. Interobserver and Intraobserver Agreement Comparison.

3.5. Factors Affecting Diagnostic Accuracy

Figure 3 illustrates factors affecting diagnostic accuracy in minimal-resource and standard-
resource radiographic interpretations, including reader experience, image quality, and levels of noise
and artifacts. In Figure A, general practitioners had an accuracy of 65%, radiology residents of 78%,
and radiologists 92%, demonstrating that experience and training significantly enhance diagnostic
accuracy. Figure B compares factors influencing accuracy, showing that minimal-resource imaging
had lower resolution, suboptimal lighting, and higher noise and artifact levels than standard-
resource imaging, which yielded more precise images. Figure C presents the distribution of accuracy
based on reader experience, with general practitioners accounting for 27.7%, radiology residents
33.2%, and radiologists showing the highest proportion, reinforcing their greater reliability in
diagnosis. Accuracy increased with experience and training, and standard-resource imaging was
superior. Additional training, technological advancements in imaging, and diagnostic support
methods are necessary to enhance accuracy in resource-limited settings.
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Figure 3. Factors Affecting Diagnostic Accuracy for Minimal-Resource and Standard-Resource Radiographic
Interpretations: (A) Accuracy Based on Reader Experience, (B) Comparison of Minimal-Resource vs. Standard-

Resource, (C) Proportion of Accuracy Based on Reader Experience.

3.6. Comparison of Diagnostic Time

Figure 4 compares the time required for radiographic interpretation among general
practitioners, radiology residents, and radiologists under minimal-resource and standard-resource
conditions. Due to limited training and lower image quality, general practitioners require the longest
interpretation time, especially with minimal-resource imaging. In contrast, standard-resource
imaging enabled faster and more accurate interpretation. Radiology residents were more efficient
than general practitioners but still slower than radiologists, who demonstrated the fastest and most
consistent interpretation times in both methods. Standard-resource imaging proved more time-
efficient than minimal-resource imaging due to higher image clarity and quality. More significant
variability in interpretation time among general practitioners indicated a lack of consistency and a
higher likelihood of errors. Clinically, prolonged interpretation time can delay medical decision-
making, especially in emergency settings.

160y 14 N Minimal-Resource
|:Nu.}[-|-|:| ?E;:uISJ . Srandard-Resource
140t
_ laop
i)
=
E a0 pec S0 e
g 1007 200)50m12) [N =200} 50 =5}
E BO
5
g
o BOF
E
=
a0
20r
d General Practitioners Radiglogy Residents Radiglogists
Reader Type

Figure 4. Comparison of Interpretation Time for Radiography by General Practitioners, Radiology Residents,

and Radiologists in Minimal-Resource and Standard-Resource Conditions.

3.7. Validation with Reference Method

Figure 5 compares the sensitivity, specificity, and accuracy of minimal-resource, standard-
resource, and gold-standard (CT scan) imaging in detecting fractures. Minimal-resource imaging had
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a sensitivity of 70%, specificity of 65%, and accuracy of 68%, demonstrating its limitations in correctly
identifying fractures and the risk of false positives. Standard-resource imaging showed a significant
improvement, with sensitivity of 90%, specificity of 88%, and accuracy of 89%, making it a more
reliable method. As the gold standard, the CT scan had 100% sensitivity, specificity, and accuracy,
making it the most precise diagnostic tool. However, accessibility and cost constraints limit its
availability, making standard-resource imaging a more feasible option for resource-limited
healthcare facilities.

100% 100% 100%
| EEE Sensitivity

Em Specificity
mm Overall Accuracy 83y  89%

100

801

60

Percentage (%)

40

20t

Minimal-Resource Standard-Resource Gold Standard (CT Scan)
Diagnostic Method

Figure 5. Comparison of Sensitivity, Specificity, and Overall Accuracy Between Minimal-Resource, Standard-
Resource, and Gold Standard (CT Scan) Methods.

Table 3 validates minimal-resource and standard-resource methods against the gold standard
(CT scan) based on the type of radiographic reader, including general practitioners, radiology
residents, and radiologists. Minimal-resource imaging showed the greatest limitations among
general practitioners, with a sensitivity of 65%, specificity of 60%, and overall accuracy of 62%,
improving to 80%, 78%, and 79% with standard-resource imaging. Radiology residents demonstrated
increased accuracy from 74% with minimal-resource imaging to 89% with standard-resource
imaging, highlighting the impact of radiology training on diagnostic precision. Radiologists
performed the best, with a sensitivity of 85%, specificity of 82%, and accuracy of 83% in minimal-
resource imaging, improving to 95%, 93%, and 94% in standard-resource imaging. These findings
confirm that experience and specialized training significantly enhance diagnostic accuracy in fracture
detection.

Table 3. Validation Table with Reference Method (Gold Standard) Based on Reader Type.

Minimal-Resource (%) Standard-Resource (%)
Reader T
eadet 1ype Sensitivity Specificity Accuracy Sensitivity Specificity Accuracy
General Practitioners 65 60 62 80 78 79
Radiology Residents 75 72 74 90 88 89

Radiologists 85 82 83 95 93 94
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3.8. Statistical Analysis

Table 4 compares the diagnostic accuracy of minimal-resource and standard-resource imaging
based on radiographic readers using the Chi-Square test. Results indicate that standard-resource
imaging is significantly more accurate across all reader categories. General practitioners’ accuracy
improved from 62 + 5.2% in minimal-resource imaging to 79 + 4.92% in standard-resource imaging
(Chi-Square 4.92, p = 0.03). Radiology residents showed an increase from 74 + 4.8% to 89 + 6.79% (Chi-
Square 6.79, p = 0.01), while radiologists improved from 83 + 3.5% to 94 + 4.50% (Chi-Square 4.50, p =
0.03). The most significant improvement was observed among radiology residents, emphasizing the
importance of training and higher image quality in enhancing diagnostic accuracy. Although
radiologists exhibited the highest accuracy in both methods, the improvement with standard-
resource imaging underscores the significance of image quality in diagnosis. Statistically, all groups
demonstrated a p-value < 0.05, confirming a significant difference between the two methods,
reinforcing the recommendation for standard-resource imaging in clinical practice.

Table 4. Chi-Square Test Results for Accuracy Comparison.

Accuracy Comparison

Minimal-Resource Standard- Chi-square

Reader T N -val
eader 1ype (%) Resource Value proatue
Mean+SD Mean+SD
General 200 62+5.2 79+4.92 492 0.03

Practitioners
Radiology
. 200 74+4.8 89+6.79 6.79 0.01
Residents
Radiologists 200 83+3.5 94+4.50 4.50 0.03

3.9. Visual Representation

Figure 6 presents radiographic imaging comparisons in a male patient with post-trauma left
ankle pain. A portable X-ray (Figure A: minimal-resource) showed a poorly defined distal fibula
fracture due to limited resolution and contrast. A follow-up X-ray with standard-resource imaging
(Figure B) clearly depicted the distal fibula fracture. A CT scan (Figure C: gold standard) confirmed
the fracture on axial and coronal views, identifying a Salter-Harris type II fracture. The blue arrows
indicate the fracture site. These findings reinforce that minimal-resource imaging has limitations in
detecting fractures compared to standard-resource imaging and CT scans, potentially leading to
delayed or inaccurate diagnoses.
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Figure 6. Radiographic Images of Fractures Using Minimal-Resource (A), Standard-Resource (B), and Gold

Standard with CT Scans (C). Blue arrows indicate the fracture site.

4. Discussion

This study analyzes the differences in diagnostic accuracy between minimal-resource and
standard-resource methods in plain radiograph interpretation for fracture detection. It evaluates the
impact of reader experience on diagnostic precision. The findings indicate that standard-resource
imaging has significantly higher accuracy, highlighting the crucial role of imaging quality in fracture
detection. Radiologists demonstrated the highest accuracy compared to general practitioners and
radiology residents. Statistical analysis using diagnostic tests, Chi-Square tests, and ROC curve
analysis confirmed that standard-resource imaging outperforms minimal-resource imaging in
sensitivity, specificity, and overall accuracy. These findings underscore the importance of improving
access to high-quality imaging, enhancing medical training, and utilizing artificial intelligence (AI)
to minimize diagnostic errors in resource-limited settings.

The results show that standard-resource imaging offers significantly higher accuracy in
detecting femoral fractures than minimal-resource imaging (p < 0.05). This advantage is attributed to
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superior imaging quality, including higher resolution, optimal contrast, and lower noise levels, which
enhance the visibility of bone structures and fracture sites. ROC analysis confirms that standard-
resource imaging has an area under the curve (AUC) closer to the gold standard (CT scan), indicating
superior diagnostic accuracy. Higher sensitivity ensures this method reliably detects true fractures,
while greater specificity reduces the likelihood of false-positive diagnoses.

Previous studies support these findings. Meena et al. (2022) reported that digital radiography
enhances the detection of small fractures often missed with conventional methods [14]. Ji et al. (1994)
introduced an adaptive imaging algorithm that dynamically enhances contrast and sharpness based
on anatomical regions, significantly improving the detection of wrist and ankle fractures. Their
findings showed that adaptive contrast enhancement reduced misdiagnosis rates by 25% compared
to conventional digital imaging [15]. Additionally, Brady et al. (2012) highlighted that standard-
resource imaging, when interpreted by medical personnel with radiology training, reduces false-
negative and false-positive rates, which are more prevalent in minimal-resource methods [16].
Ireland et al. (2024) further confirmed that inadequate lighting and improper exposure in portable
radiography can reduce diagnostic accuracy by up to 40% compared to standard digital radiography
[17].

Reader experience significantly influences the accuracy of fracture diagnosis. Radiologists
demonstrated the highest accuracy compared to general practitioners and radiology residents across
both minimal-resource and standard-resource methods. This is attributed to their specialized training
and extensive experience in radiographic interpretation, enabling them to identify fractures with
greater precision. General practitioners exhibited lower accuracy with minimal-resource imaging but
significantly improved when using standard-resource imaging. Chugh et al. (2024) reported that
diagnostic accuracy is highly dependent on reader experience, with radiologists achieving over 90%
accuracy, whereas general practitioners achieved only 65% under minimal-resource conditions [18].
Aggarwal et al. (2021) found that digital imaging enhances accuracy for general practitioners by up
to 80% [19], while Patel et al. (2019) reported that additional radiographic training can improve
diagnostic accuracy by 20%, especially when supported by higher-quality imaging [20].

The limitations of the minimal-resource method are a primary factor contributing to diagnostic
errors in fracture detection. Low-resolution images, poor contrast, and high noise levels make
fracture margins difficult to identify, particularly for minor or non-displaced fractures. These
limitations significantly impact less-experienced medical personnel, such as general practitioners,
who rely more on visual image quality for diagnosis. Li et al. (2020) reported that low-resolution
radiography increases false-negative rates by 35% compared to advanced digital imaging [21]. Patel
et al. (2018) found that medical personnel with limited experience exhibit higher diagnostic error
rates when using minimal-resource imaging, with an accuracy of around 60%, compared to 85% with
standard-resource imaging [22]. Sumner et al. (2024) also showed that false-positive rates are higher
in portable radiography with improper exposure, leading to overdiagnosis and unnecessary medical
interventions [23].

The clinical impact of the limitations of minimal-resource imaging is significant. Diagnostic
errors due to poor image quality can lead to delayed or incorrect patient management. Undetected
fractures (false negatives) may result in complications such as malunion or nonunion, while false
positives can lead to unnecessary immobilization or surgical interventions. Varady et al. (2020)
reported that delayed fracture diagnosis increases patient treatment duration by 30% and raises the
risk of more complex surgical interventions [24]. Takapautolo et al. (2024) found that false-positive
errors in portable radiography can lead to unnecessary medical procedures, imposing physical and
financial burdens on patients [25]. Langen et al. (1993) demonstrated that digital radiography
improves the detection of subtle fractures by 35%, allowing for faster and more accurate treatment
[26].

To overcome the limitations of minimal-resource imaging, additional training for general
practitioners and radiology residents is essential for improving diagnostic accuracy. Smith et al.
(2020) reported that supplementary radiographic interpretation training increases diagnostic
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accuracy by 20% for general practitioners and radiology residents. Linsay et al. (2019) found that case-
based training programs enhance sensitivity in general practitioners from 65% to 82%, particularly
when supported by higher-quality imaging [27]. Besides training, Al-based diagnostic support has
significantly improved radiographic interpretation accuracy [28]. Deep-learning Al algorithms can
detect fractures with 92% sensitivity, approaching the accuracy level of expert radiologists [14]. Zhen
et al. (2021) found that Al integration in imaging systems reduces false-negative rates by 30%, which
is highly beneficial for medical personnel with limited radiology training [29].

As a key recommendation, increasing access to high-quality radiology facilities is essential,
particularly in resource-limited areas. Pinto et al. (2018) reported that restricted access to high-quality
imaging in primary healthcare settings increases false-negative rates by 35%, leading to delayed
treatment and higher fracture complication risks [11]. Guermazi et al. (2022) found that implementing
digital imaging systems in regional hospitals improved fracture diagnosis sensitivity by 25% [30].
Beyond expanding access to radiology facilities, optimizing imaging technology and developing Al-
based diagnostic systems could offer solutions for resource-limited settings [31]. Khalifa et al. (2024)
reported that integrating Al into digital radiography enhances diagnostic efficiency and accelerates
clinical decision-making [32]. Thaker et al. (2024) further demonstrated that Al-enhanced digital
radiography reduces diagnostic errors by up to 40%, particularly for non-radiology medical
personnel [33]. Thus, increased access to high-quality imaging facilities and Al-assisted radiographic
interpretation could improve fracture diagnosis accuracy, particularly in resource-limited
environments [34].

5. Limitations

The limitations of this study include its cross-sectional design, which does not assess changes in
radiographic interpretation skills over time, and the limited generalizability of the findings to
resource-constrained facilities. Additionally, the study compares only two imaging methods without
considering other factors, such as variations in fracture types and the specific experience levels of
radiographic interpreters. The potential impact of artificial intelligence (Al) in improving diagnostic
accuracy was also not directly evaluated. Further research with a longitudinal design and Al
integration is needed to assess the long-term effects on fracture diagnosis accuracy.

6. Conclusions

This study demonstrates that the standard-resource method has significantly higher accuracy
than the minimal-resource method in detecting fractures, with a statistically significant difference.
Standard-resource imaging is more reliable for diagnosis due to its superior sensitivity and
specificity, closely approaching the gold standard (CT scan). The limitations of minimal-resource
imaging, such as low resolution and high noise levels, increase the risk of diagnostic errors,
particularly for medical personnel with limited experience. Expanding access to high-quality
radiology facilities and developing Al-based imaging systems are essential to enhancing diagnostic
accuracy and efficiency in clinical practice.
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