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ABSTRACT

These systematic papers explore the precision as well as the technological growth related to x rays in terms of
orthopedic diagnoses, such as the diagnosis of fracture, joint problems, and spinal injuries. Research from 2020-
2024 focused on enhancements resulting from digital radiography, a three-dimensional display, and Al in
diagnostics. Ongoing studies suggest that Al applications in imaging significantly enhance the detection and
accuracy of fractures while revealing system limitations and the need for optimization and adaptation at the
clinical level. The following review would wish to reinforce the idea of enhancement and development of
adequate X-ray imaging in orthopedic diagnostics to the benefit of patients, while encouraging the use of
effective imaging in the clinical environment.
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1.1 Introduction

X-ray imaging has significant value in diagnosis of common orthopedic disorders and injuries: imaging being
one of the most common tools for diagnosis of bone fractures, joint disorders and spinal conditions. For this
reason, it is a critical tool in the diagnosis of injuries like fractures, arthritis, osteoporosis, and other
musculoskeletal diseases (Yang et al., 2020). Given that a small fracture or malalignment would make a huge
difference to the outcome for a patient, imaging clarity is paramount for correct diagnosis and subsequent
treatment planning in X-ray work. More precise diagnosis results when the X-ray imaging is used thus
facilitating decisions concerning the conservative and the surgical management options (Irede et al., 2024).

The aim of the present work is to evaluate the efficacy of X-ray imaging in orthopedics and potential of recent
innovations to enhance diagnostic performance of this essential imaging modality. This paper gives a review of
the usefulness of advancements in the field of x-ray imaging alongside focusing on four innovations, including
digital radiography, 3D imaging, artificial intelligence, and radiation dose reduction.

1.2 Rationale of the Study

X-ray remains widely used in orthopedic diagnosis, but it has many disadvantages despite being basic,
especially when the situation is nontrivial. Thanks to new technologies, such as digital radiography, 3D, and
artificial intelligence, there is a possibility to increase diagnostic etching accuracy. The present work is therefore
anchored on a research gap that seeks to explore the various ways in which the said advancements have affected
diagnostic stakes, filled gaps and created solutions for informed decision in clinical practice.

1.3 Objectives of the Study

Here are three specific objectives for the study:

e To evaluate the current accuracy of X-ray imaging techniques in diagnosing orthopedic conditions,
focusing on bone fractures, joint abnormalities, and spinal issues.

e To assess the impact of recent technological advancements, such as digital radiography, 3D imaging, and
artificial intelligence, on the accuracy and reliability of X-ray diagnostics.

e To identify key challenges and opportunities associated with integrating advanced imaging technologies in
orthopedic practice, aiming to support more accurate and efficient patient diagnoses.
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1.4 Significance of the Study

The present paper could be useful in understanding the changes and advancement in orthopedic X-ray imaging
and how improvements are made to overcome the drawbacks of a conventional technique. The research should
prove useful to health care workers, radiographers, and makers of medical technology since it shows how
accurate artificial intelligence tool recognize the diseases and can lessen anatomic error and enhance patient
satisfaction. Lastly, this work improves the functionality of X-ray imaging as a better diagnostic technique in the
field of orthopedic surgery.

2. METHODOLOGY

2.1 Search Strategy

In order to search for the literature on contrast and accuracy of X-ray imaging and new technologies used in
orthopedic diagnosis, electronic databases were scanned systematically. Moreover, only biomedical and engine
searches PubMed, IEEE Xplore, Scopus, and Google Scholar were used. It has been performed utilizing the
following terms, ‘X-ray imaging’, ‘orthopedic diagnostics’, ‘diagnostic accuracy’, ‘technological
enhancements’, ‘Al in X-ray’, ‘digital radiography’, ‘three-dimensional X-ray imaging’, and ‘reduction of the
radiation dose’. The articles were only sourced from the last ten years in order to contain current cutting-edge
technology. English language was only considered during paper selection to ensure compatibility in language
during review.

2.2 Data Selection and Analysis

The papers used in this review were identified applying the following inclusion/exclusion criteria. For a given
article to be included in the study, it had to present an evaluation of the diagnostic accuracy of X-ray imaging for
orthopedic applications; description of technological updates in X-ray or a comparison of X-ray imaging with
other forms of imaging. The exclusion criteria included investigations of other medical imaging techniques or
studies with limited information on the examined modality performance. Outcomes aimed at for data extraction
included diagnostic capabilities, technology developments and therapeutic efficacy. Data were identified and
classified to evaluate the effects of advancement in technology on diagnostic precision.
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Figure 1: PRISMA diagram
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3. Results and findings

3.10verview of Included studies
The review incorporated clinical study, diagnostic accuracy study, and technological review. Several clinical
demonstratives evaluated actual use of X-ray imaging in orthopedic diagnosis and diagnostic accuracy of X-ray
techniques. It found out that technological reviews provided overviews on the developments and improvements
being made to X-ray imaging.
Here's a table summarizing the key details of each study for your literature analysis on the accuracy and
technological advancements in X-ray imaging for orthopedic diagnostics:

Volume 27, No. 2§, 2024

Table 1: Summaryof Included studies

Author(s) Year | Title Focus Methodology Findings
Yang et al. 2020 | Diagnostic Deep learning in | Systematic High diagnostic
accuracy of deep | fracture diagnosis review and | accuracy of deep
learning in meta-analysis learning in detecting
orthopaedic orthopedic fractures
fractures
Irede et al. 2024 | Medical imaging: | Critical review of | Literature X-ray shows
A Critical Review | X-ray imaging in | review limitations in soft
on X-ray Imaging | infection detection tissue infection
for the Detection detection, requiring
of Infection complementary
methods
Sharma 2023 | Artificial Al advancements in | Review of | Al algorithms
intelligence for | fracture diagnosis current improve fracture
fracture diagnosis developments detection  accuracy,
in orthopedic X- but challenges
rays include training data
quality
Kraus et al. 2024 | Al for  X-ray | Al application for | Systematic Al demonstrated
scaphoid fracture | scaphoid  fracture | review and | high accuracy in
detection detection meta-analysis scaphoid fracture
detection,
comparable to
radiologists
Tran 2020 | Serial X-Ray | Diagnostic accuracy | Review X-ray is valuable for
&Mierzwinski- Radiography  for | and clinical utility osteomyelitis
Urban Osteomyelitis of X-ray for detection, but
Diagnosis osteomyelitis accuracy varies;
often used alongside
MRI
Alzubaidi etal. | 2024 | Comprehensive Deep learning | Comprehensive | Highlights Al
review of deep | applications and | literature benefits in
learning in | challenges in | review diagnostics but notes
orthopaedics orthopedics limitations like
interpretability  and
trustworthiness
Nowroozi etal. | 2024 | Al diagnostic | Comparison of Al | Systematic Al models show
accuracy in | vs. clinicians in | review and | accuracy comparable
fracture detection | fracture detection meta-analysis to clinicians,
from plain especially in routine
radiographs fracture diagnosis
Endara-Mina et | 2023 | Comparative use | Comparison of | Systematic Ultrasound can be an
al. of ultrasound and | ultrasound vs. X-ray | review and | effective alternative
radiography  for | for fractures narrative for certain fractures,
fracture detection synthesis though X-ray
remains the standard
Zhang et al. 2022 | Al diagnostic | Al diagnostic | Systematic Al significantly
accuracy for | performance across | literature enhances diagnostic
orthopedic various orthopedic | review and | accuracy, especially
fractures fractures meta-analysis with specific fracture
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types
Chenetal. 2022 | Al in orthopedic | Role of Al in X-ray | Narrative Al aids radiographic
radiography analysis in | review interpretation,  yet
analysis orthopedics standardization and
clinical integration
remain challenges

3.2: Impact of Technological Advancements on X-Ray Imaging Accuracy Over Time
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Figure 2: Improvement of the X-ray imaging technology for orthopedics

The graph representing improvement of the X-ray imaging technology for orthopedics throughout the years.
Prominent changes include; Digital radiography, the implementation of 3D imaging (CBCT), Al, and dose
reduction technology are associated with improvements in the diagnostic arena’s accuracy. This trend depicts

how in general it achievements of improvement in enhancing the accuracy of X-ray images in orthopedics have
built up.

3.3 Comparison of Accuracy Levels Across Different X-Ray Imaging Techniques
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Figure 3: Comparison of Accuracy Levels Across Different X-Ray Imaging Techniques

Here is the bar graph of Diagnostic accuracy of different imaging techniques X-ray with Al the High accuracy
then the 3D imaging digital X-ray and the normal X-ray. This visualization also shows the major improvement
of technology for improving the diagnostic reliability of orthopedic imaging.

4. DISCUSSION

4.1 Accuracy of X-Ray Imaging in Orthopedic Diagnostics:

X-ray imaging has been an indispensable part of orthopedic diagnosis since its inception and application with
the primary indication for bone fractures, joint disorders, and spinal problems. Today orthopedic X-ray is used
in the diagnostic process, as the accuracy of its diagnostics is the main factor affecting the planning of further
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treatment, in conditions such as fractures, arthroplasty, and degenerative diseases of the skeletal system
(Sharma, 2023).

4.1.1 Traditional X-Ray Imaging Accuracy

Orthopedic X-ray imaging has proved very useful in the diagnosis of various orthopedic conditions. It yields
sharp vistas of bones and enables clinicians to notice breaks as well as joint abnormalities and presence of
diseases such as arthritis. X-rays are also very common in trauma imaging because they give relatively fast
results that can be used in determining the kind of bone injuries present (Kraus et al., 2024). To achieve the aim
of the present case it is essential to have the clearly seen bone fracture with the possibility of assessment of
displacement of the fractured tissue in order to decide about further treatment based on casting, surgery or
rehabilitation (Tran et al., 2020).

Along with fractures X-ray imaging is applied to diagnose joint pathology and bone deformations a dynamically
and statically in such diseases as osteoarthrosis, scoliosis, and osteoporosis. Narrowing of the joint spaces or
bone spurs appearance can also be seen in osteoarthritis and can be seen on plain films (Alzubaidi et al., 2024).
Scoliosis or spinal fractures, or degenerative disc disease can also be detected using x-ray imaging of the spine.

4.1.2 Challenges Affecting Accuracy

However, several factors can hinder the accurate diagnosis in the traditional X-ray imaging method that is
popular among many practitioners. It is seen that one of the biggest problems they face is related to image
quality (Nowroozi et al., 2024). When images are blurred, of low resolution or taken with poor exposure settings
or due to patient movement, it may result in misinterpretation or failure to notice pathology. For instance,
fractures can be obscure if the image produced by the X-ray is overexposed or underexposed. Also, the X-ray
films may produce distorted pictures due to the quality of the equipment and a technician who was operating the
machine (Endara-Mina et al., 2023).

The other source of error is patient positioning and as observed from this study, improper positioning of a
patient in relation to the image intensifier does affect the accuracy of measurements made during orthopedic
surgeries. Mispositioning of the patient poses a high risk of getting erroneous images or images which are
superimposed due to the existing fractures or abnormal structure of joints (Zhang et al., 2022). For instance, a
crack might look smaller in a limb if the limb is not set right, which might result in the condition being either
under-diagnosed or diagnosed for a wrong ailment. To prevent this, proper positioning protocols have to be
observed and specific attention to experienced radiologic technologists (Chen et al., 2022).

As for interpretation, it has to be pointed out that the X-ray images’ interpretation is partially dependent on the
radiologist. Issues can be encountered when translating the images due to such things as thin or thin cortical
fractures, superimposition of one bone over the other or other conditions such as osteoporosis whereby fractures
could be barely seen (Alotaibi et al., 2022). Research done in this field has revealed that even when given the
same X-ray images, radiologists at different experience level produce different results which calls for diagnostic
training as well as second opinion where necessary (Ghosh et al., 2024).

4.1.3 Comparative Studies with Other Imaging Modalities

Although X-ray imaging is very reliable, it is not the best modality for every orthopedic condition. For instance,
when identifying uncomplicated soft tissue lesions including ligament or cartilage lesions, X-rays may not be
enough (Fan et al., 2023). In these cases, MRI or CT is more sensitive in picking up the lesion. MRI for
instance, reveals anatomic structures of soft tissues and is more accurate in the diagnosis of joint and soft tissue
pathology that is may not be evident on X-ray findings (Joshi& Singh, 2020).

In comparison to the X-ray photography, CT scans offer three dimensional images which are helpful in
understanding most complicated fracture patterns and bone abnormality. Computed tomography is especially
effective in visualizing fractures in certain parts of the body such as a pelvic and vertebral column, especially
were simple, single part fractures may be challenging to decipher using conventional radiographic techniques
(Ibad et al., 2023).

However, use of X-ray imaging remains several times more advantageous in diagnosing orthopedic issues. It is
widely available, quicker, and cheaper than both MRI and CT scans, and therefore is the primary modality of
choice for many orthopedic examinations (Suérez et al., 2024). However, X-ray cannot be totally dismissed as a
standard and precise diagnostic modality if used appropriately sometimes with other imaging modalities which
are otherwise if required (Piorkowski et al., 2023).

4.1.4. Technological Advancements in X-Ray Imaging

Several improvements have been made over the last three decades, with the general introduction of advanced
technology that increases the precision and speed of X-ray imaging in orthopedic diagnosis. They have solved
some of the challenges associated with the conventional usage of X-ray, such as image quality, dosing of
radiation to the patients, and diagnostic acuity (Saini et al., 2021). Technological growths are digital
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radiography, three-dimensional imaging, artificial intelligence and technologies that minimize radiation (Moza
etal., 2024).

4.2 Digital Radiography

Perhaps the most significant development in the recent history of X-ray imaging is moving from an analog film-
based system to digital radiography (DR). Compared with the conventional film-based systems, the Digital X-
rays have a number of advantages such as short exposure time, better image resolution, and simple archive
(Sayed et al., 2023). Digital radiography differs in that the X-ray image is recorded electronically rather than on
photographic film with digital sensors leading to images that are available almost instantly for interpretation.
This make it easier to diagnose, which is very important in a case like in trauma unit where fractures have to be
easily identified (Harbi, n.d.).

Furthermore, digital radiography results in enhanced image resolution and contrast, which will help to better
diagnose such abnormalities as fractures, joint diseases and other orthopedic disorders. X-ray images maybe
enhanced by using different zooming techniques as well as brightness, and edge enhancing to enable the
radiologists say detect some form of problems that are otherwise invisible on the standard X-ray films (Naik et
al., 2024). Further, digital images can be transferred within the network which can be useful in tele-medicine
and second opinion from the specialist which could be important in rural areas (Jayakumar et al., 2022).

4.2.1 3D Imaging and Computed Tomography (CT) Integration

Modern improvements in the category of three-dimensional image have enabled X-ray system to extend better
diagnostic results. Regular radiographs create an average picture that is limited to two dimensions; therefore,
cases with multiple distortions and injuries of joints, the assessment is sometimes challenging (Nair et al., 2024).
The use of 3D imaging in coordination with traditional x-ray means that this problem has received a solution
though the modality delivers a much broader review of the bones (Li et al., 2024).

An example of 3D imaging in orthopedic diagnosis is u cone beam computerized tomography also referred to as
CBCT. CBCT is an integration of X-ray imaging with certain mathematical algorithms to create high quality
medical images in form of 3D reconstructions of bones and joints (Radecka&Lubkowska,2023). This
technology is particularly useful in revealing complicated fractures, evaluating shape abnormalities and more
accurately, and in planning surgeries. CBCT systems are typically used in dental and orthopedic practices to
obtain better visualization of the osseous tissues, particularly in the spinal column, hip and shoulder girdles and
limbs (Longo et al., 2021).

4.2.2 Artificial Intelligence (Al) and Machine Learning

X-ray imaging systems coupled with Al and ML have taken a new dawn in orthopedic diagnosis. Al
technologies can recognize X-ray images promptly and with high efficiency; therefore, it can be useful for
radiologists to identify distortions like fractures or dislocations, as well as early symptoms of such diseases as
osteoporosis or arthritis (Song et al., 2023). These algorithms employ massive number of images of X-rays,
labeled for the purpose of learning how to identify features and characteristics representative of certain diseases
(Jessome, 2020).

There is evidence to believe that advanced X-ray systems with the additive of Al techniques could enhance the
diagnostic resolution and could precisely identify certain irregularities. Some specific tasks like fracture
detection, or joint abnormalities, for example, have also been revealed to be unarguably diagnosed by Al or
sometimes out-perform the radiologist (Barua et al., 2023). In addition, Al tools can also decrease the mental
burden of radiologists by drawing the attention of clinicians on potentially abnormal images that need further
assessment and analysis of potentially consistent results. This results in quicker and more accurate evaluations
in a concern, especially in centers where the radiologist is pressed for time (Barua et al., 2023).

4.2.3 Radiation Dose Reduction Technologies

X-ray imaging has also seen other significant innovation in that there are specific technologies have been
developed to minimize the dosage of radiation given to patients. Conventional radiography uses a minimum
amount of radiation to capture good quality images, though high radiation dosage poses some risk; hence, this
product is more appropriate for patients with frequent imaging requirements (Yang et al., 2020). To this effect,
current X-Ray systems have incorporated methods which tend to reduce the amount of radiation emitted while
still providing a quality image (Sharma, 2023).

For example, most digital X-ray systems are effective in delivering high resolution images with lower radiation
levels than the film-based systems. Newer models in AEC system make the X-ray machines can regulate the
exposure of radiation in accordance with the size and body part of the patient, plus the desired quality of the
image (Kraus et al., 2024). The concepts of pulsed fluoroscopy, and low dose protocols are new methods in
bench marking radiation exposure during interventional musculoskeletal and joint imaging (Tran&Mierzwinski-
Urban, 2020).
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These improvements have helped minimized the exposure of the patients to radiation, especially the elderly
patient with osteoporosis or a patient undergoing a continued treatment of an orthopedic condition requiring
more frequent imaging (Nowroozi et al., 2024). Further, these technologies assist in keeping the consequences
of medical radiation to the environment reduced.

4.3 Impact of Technological Advancements on Diagnostic Accuracy
New developments in X-ray imaging especially in orthogonal imaging have brought significant improvements
in the diagnostic process within the specialties of orthopedic practice. Digital radiography, 3D imaging, artificial
intelligence, and radiation dose reduction technologies have brought the improved diagnostic capacity
collectively for several orthopedic diseases (Endara-Mina et al., 2023).

Table 2: Summary of Key Technological Advancements in X-Ray Imaging and Their Impact on Diagnostic
Accuracy

Technology Description Diagnostic Benefits Limitations
Digital Digital capture of X-ray images, | Improved image clarity and | Initial high setup cost
Radiography eliminating film speed of access
(DR)
3D Imaging | 3D reconstruction of X-ray | Enhanced visualization of | Higher radiation dose in
(CBCT) images using cone-beam | complex  fractures  and | some cases
computed tomography deformities
Artificial Al algorithms for image analysis | Increased  accuracy  in | Requires large datasets
Intelligence and anomaly detection fracture and abnormality | for training
identification
Dose Reduction | Techniques for reducing radiation | Safer for patients with | May compromise image
Technology exposure frequent imaging needs quality at very low
doses

4.3.1 Digital Radiography and Image Enhancement

In the last decade radiological systems have migrated from filmed based to digital X-ray and this enhanced
diagnostics’ accuracy greatly. Digital radiography yields superior image quality in terms of contrast and
resolution, which allows the radiologist to visualize some fracture lines, joint space narrowing, or the early
changes of osteoarthritis, or osteoporosis (Zhang et al., 2022). The brightness adjustment and zoom functions,
the reformation aids, all help in the interpretation of difficult images making diagnostic more accurate. These
capabilities help lower chance of missed or misread diagnosis especially when fractures are obscure, thus in
musculoskeletal imaging digital images are preferred to conventional film screen images (Chen et al., 2022).

4.3.2 3D Imaging and Enhanced Visualization

Application of 3D imaging volume imaging incorporating especially the cone-beam Computed Tomography
CBCT has significantly defined the diagnostic procedures in orthopedics. Due to detailed information on bones
and joint, 3D imaging helps medical practitioners to offer better analysis on intricate fractures, abnormal joint
structure, and bone alignment complications (Alotaibi et al., 2022). Of especially interest is the ability to assess
the state of conditions in such areas as the spine, pelvis, or extremities, where 2D X-ray images may not be
sufficient. Even with this on, there are benefits of a three-dimensional nature, as in treatment planning, which
could involve operations or fracture care (Ghosh et al., 2024).

4.3.3 Artificial Intelligence (Al) and Machine Learning

Advanced systems such as Al systems enhance diagnostic accuracy. Al algorithms can read images of X-ray
rapidly and come up with near-miss abnormalities sometimes even better than radiologists in tasks such as the
identification of fractures (Fan et al., 2023). It is even more important in high Kardashev-niche situations when
the identification of abnormalities by citizens, physicians, and other healthcare workers is more prone to errors
due to fatigue and the enormous number of images that need to be analyzed.Thus, these technologies have
increased the diagnostic feasibility of x-ray imaging in providing increased value to the patients through better
and faster orthopedic diagnoses (Joshi& Singh,2020).

4.4. Future Directions and Challenges

In the future, as technology enhances, X-ray imaging in orthopedic diagnostics will also record more
achievements and improvements on the diagnosis and treatment of the patients. However, there are some areas
that are still giving some smart advance and breakthrough problems that have to be solved (Ibad et al., 2023).
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4.4.1 Future Directions

One of the more exciting development areas is the expansion of the use of artificial intelligence and machine
learning in orthopedic imaging. Al algorithms are predicted to become even smarter and it may be used to help
radiologists determine diagnosis, may alert doctors of impending sickness progression of a patient, and
recommend the type of treatment that may be appropriate for a patient depending on their imaging results.
Additionally, integration of the Al with 3D imaging solutions will potentially even determine more accurate
assessment of fracture patterns, joint and soft tissue abnormalities (Suarez et al., 2024).Another focal area is the
growth of portable and mobile X-ray equipment that will enhance accessible in regions such as underserved and
rural ones. Together with the indicated Clinical Decision Support Systems and artificial intelligence-based
diagnostic devices, it will be possible to receive fast and accurate diagnoses in practice-oriented areas, from
rural clinics to emergency response facilities.

4.4.2 Challenges

However, the following challenges are still evident despite the current technological innovational; Highly
sensitive data is about to be processed by the newly developed Al-based systems, the use of which presupposes
the availability of extensive databases of, inter alia, patient images and medical histories (Saini et al., 2021). The
next key area of focus involves adequate guarantees that those systems meet laws within the health care sector
and that the patient data is secure.

Also, the use of both digital imaging and Al enhances accuracy; however, there is a lack of compliance in
integration algorithms across devices and treatment facilities. Another challenge is to train radiologists fit for
operationalizing new technologies in the workforce (Sayed et al., 2023).

5. CONCLUSION

The objective of this systematic review is to establish the effect of technology development on the precision of
Orthopedic X-ray imaging in the diagnosis of orthopedic ailment. Advancements like digital radiography, 3D
imaging, integration of Arterial Intelligence, and reducing radiation exposure being used enhance diagnostic
dimension for getting better diagnosis of fractures, abnormalities or disorders of joints and other orthopedic
ailments. These improvements refer not only to image quality but also to diagnostic system speed, which
translates into better accuracy in clinical decision-making. The constant development of X-ray technology is
crucial to enhancing the clinical facet and help patients, and meet various problems related to the lack of
availability and variation in interpretation of X-rays in the scope of orthopedics.

REFERENCES

1. Alotaibi, M. G. M., Almusawi, R. M. H., Alkhaldi, H. A. H., Hakami, M. S., Almutery, B. K., Alsahli, M.
A, ... &Almotleq, D. S. M. (2022). Musculoskeletal Radiology: Diagnosis and Management of Orthopedic
Conditions. Journal of Namibian Studies: History Politics Culture, 32, 2350-2360.

2. Alzubaidi, L., Khamael, A. D., Salhi, A., Alammar, Z., Fadhel, M. A., Albahri, A. S., ... & Gu, Y. (2024).
Comprehensive review of deep learning in orthopaedics: Applications, challenges, trustworthiness, and
fusion. Artificial Intelligence in Medicine, 102935.

3. Barua, K., Mahmud, T., Barua, A., Sharmen, N., Basnin, N., Islam, D., ... & Hossain, S. (2023, December).
Explainable ai-based humerus fracture detection and classification from x-ray images. In 2023 26th
International Conference on Computer and Information Technology (ICCIT) (pp. 1-6). IEEE.

4. Chen, K., Stotter, C., Klestil, T., &Nehrer, S. (2022). Artificial intelligence in orthopedic radiography
analysis: a narrative review. Diagnostics, 12(9), 2235.

5. Endara-Mina, J., Kumar, H., Ghosh, B., Mehta, A., Dey, R. C., Singh, P., ... &Quinonez, J. (2023).
Comparative use of ultrasound and radiography for the detection of fractures: a systematic review and
narrative synthesis. Annals of Medicine and Surgery, 85(10), 5085-5095.

6. Fan, X., Zhu, Q., Tu, P, Joskowicz, L., & Chen, X. (2023). A review of advances in image-guided
orthopedic surgery. Physics in Medicine & Biology, 68(2), 02TRO1.

7. Ghosh, S., Mallick, J., Chakraborty, M., & Gupta, S. (2024). Automated Bone Fracture Detection in X-ray
Imaging to Improve Orthopaedic Diagnostics in Healthcare. Procedia Computer Science, 233, 832-840.

8. Harbi, M. Digital X-Ray Imaging: Emphasis Can Be Placed On Developments in Digital X-Ray
Technologies and Their Applications in Diagnosis and Treatment.

9. Ibad, H. A., de Cesar Netto, C., Shakoor, D., Sisniega, A., Liu, S. Z., Siewerdsen, J. H., ... &Demehri, S.
(2023). Computed tomography: state-of-the-art advancements in musculoskeletal imaging. Investigative
radiology, 58(1), 99-110.

10. Irede, E. L., Aworinde, O. R., Lekan, O. K., Amienghemhen, O. D., Okonkwo, T. P., Onivefu, A. P,
&Ifijen, 1. H. (2024). Medical imaging: A Critical Review on X-ray Imaging for the Detection of
Infection. Biomedical Materials & Devices, 1-45.

https://ijmtim.org 283



International Journal of Medical Toxicology & Legal Medicine Volume 27, No. 2S, 2024

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Jayakumar, S., Sounderajah, V., Normahani, P., Harling, L., Markar, S. R., Ashrafian, H., & Darzi, A.
(2022). Quality assessment standards in artificial intelligence diagnostic accuracy systematic reviews: a
meta-research study. NPJ Digital Medicine, 5(1), 11.

Jessome, R. (2020). Improving patient flow in diagnostic imaging: a case report. Journal of Medical
Imaging and Radiation Sciences, 51(4), 678-688.

Joshi, D., & Singh, T. P. (2020). A survey of fracture detection techniques in bone X-ray images. Artificial
Intelligence Review, 53(6), 4475-4517.

Kraus, M., Anteby, R., Konen, E., Eshed, I., & Klang, E. (2024). Artificial intelligence for X-ray scaphoid
fracture detection: a systematic review and diagnostic test accuracy meta-analysis. European
Radiology, 34(7), 4341-4351.

Li, Y., Liang, Z., Li, Y., Cao, Y., Zhang, H., & Dong, B. (2024). Machine learning value in the diagnosis of
vertebral fractures: A systematic review and meta-analysis. European journal of radiology, 111714.

Longo, U. G., De Salvatore, S., Candela, V., Zollo, G., Calabrese, G., Fioravanti, S., ... &Denaro, V.
(2021). Augmented reality, virtual reality and artificial intelligence in orthopedic surgery: a systematic
review. Applied Sciences, 11(7), 3253.

Moza, B., Mukherjee, D., Singh, M., Pahwa, V., Ujjainia, P., Pathak, S., ... & Srivastava, A. Advancements
in the Imaging Techniques for Detection of Skeletal Pathologies: A Comprehensive
Review. TuijinJishu/Journal of Propulsion Technology, 45(1), 2024.

Naik, A., Kale, A. A., &Rajwade, J. M. (2024). Sensing the future: A review on emerging technologies for
assessing and monitoring bone health. Biomaterials Advances, 214008.

Nair, A. M., Shreekumar, S., Sanap, T., Sarkar, R. K., &Narawade, V. E. (2024). Bone Fracture Detection
using Atrtificial Intelligence-A Systematic Review. Grenze International Journal of Engineering &
Technology (GIJET), 10.

Nowroozi, A., Salehi, M. A., Shobeiri, P., Agahi, S., Momtazmanesh, S., Kaviani, P., & Kalra, M. K.
(2024). Artificial intelligence diagnostic accuracy in fracture detection from plain radiographs and
comparing it with clinicians: a systematic review and meta-analysis. Clinical Radiology.

Piérkowski, A., Obuchowicz, R., Urbanik, A., & Strzelecki, M. (2023). Advances in musculoskeletal
imaging and their applications. Journal of Clinical Medicine, 12(20), 6585.

Radecka, A., &Lubkowska, A. (2023). The significance of dual-energy x-ray absorptiometry (DXA)
examination in cushing’s syndrome—A systematic review. Diagnostics, 13(9), 1576.

Saini, D., Chand, T., Chouhan, D. K., & Prakash, M. (2021). A comparative analysis of automatic
classification and grading methods for knee osteoarthritis focussing on X-ray images. Biocybernetics and
Biomedical Engineering, 41(2), 419-444.

Sayed, M., Knapp, K. M., Fulford, J., Heales, C., &Algahtani, S. J. (2023). The principles and
effectiveness of X-ray scatter correction software for diagnostic X-ray imaging: A scoping
review. European Journal of Radiology, 158, 110600.

Sharma, S. (2023). Artificial intelligence for fracture diagnosis in orthopedic X-rays: current developments
and future potential. SICOT-J, 9.

Song, S. Y., Seo, M. S., Kim, C. W.,, Kim, Y. H., Yoo, B. C., Choi, H. J., ... & Kim, D. H. (2023). Ai-driven
segmentation and automated analysis of the whole sagittal spine from x-ray images for spinopelvic
parameter evaluation. Bioengineering, 10(10), 1229.

Suérez, K. M., Chela, S. M., Alomia, A. M., Sarango, D. I., &Suérez, Y. A. (2024). Impact of innovations
in surgical techniques and advanced imaging on postoperative recovery and reduction of complications in
patients with long bone fractures: a systematic review. International Journal of Research in
Orthopaedics, 10(6), 1.

Tran, K., &Mierzwinski-Urban, M. (2020). Serial X-Ray Radiography for the Diagnosis of Osteomyelitis:
A Review of Diagnostic Accuracy, Clinical Utility, Cost-Effectiveness, and Guidelines.

Yang, S., Yin, B., Cao, W,, Feng, C., Fan, G., & He, S. (2020). Diagnostic accuracy of deep learning in
orthopaedic fractures: a systematic review and meta-analysis. Clinical radiology, 75(9), 713-e17.

Zhang, X., Yang, Y., Shen, Y. W,, Zhang, K. R., Jiang, Z. K., Ma, L. T., ... & Liu, H. (2022). Diagnostic
accuracy and potential covariates of artificial intelligence for diagnosing orthopedic fractures: a systematic
literature review and meta-analysis. European Radiology, 32(10), 7196-7216.

https://ijmtim.org 284



