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Abstract 

Recent advancements in diagnostic imaging have 

revolutionized clinical decision-making across oral and 

maxillofacial surgery (OMFS), oral medicine and 

radiology (OMR), and orthodontics. This review 

synthesizes emerging technologies—including Cone 

Beam Computed Tomography (CBCT), Magnetic 

Resonance Imaging (MRI), ultrasonography, and AI-

enhanced imaging platforms—and evaluates their impact 

on precision diagnostics, treatment planning, and surgical 

navigation. In OMFS, image-guided surgery and 3D 

modeling have enhanced anatomical visualization and 

operative accuracy, particularly in orthognathic and 

oncologic procedures. OMR has seen a paradigm shift 

with the integration of molecular imaging and digital 

workflows, improving early detection of pathologies. 
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Orthodontics benefits from 3D cephalometric analysis, 

intraoral scanning, and dynamic occlusal mapping, 

enabling personalized treatment strategies. The article 

also addresses ethical considerations, radiation safety, 

and the need for interdisciplinary training to optimize the 

clinical utility of these tools. Future directions include 

AI-driven diagnostics, real-time imaging integration, and 

expanded accessibility in resource-limited settings. 

Keywords: Cone Beam Computed Tomography 

(CBCT), Image-Guided Surgery, Artificial Intelligence in 

Dental Imaging, 3D Cephalometric Analysis, Oral and 

Maxillofacial Radiology, Orthodontic Imaging, Digital 

Workflow in Dentistry, Surgical Navigation Systems, 

Diagnostic Accuracy, Radiation Safety, Personalized 

Treatment Planning, Molecular Imaging, Intraoral 

Scanning, Ethical Imaging Practices, Interdisciplinary 

Integration. 

Introduction 

Diagnostic imaging has undergone a remarkable 

transformation, fundamentally reshaping the landscape of 

dental and maxillofacial care. Once limited to two-

dimensional radiographs, today's imaging technologies 

offer clinicians high-resolution, multi-dimensional views 

of anatomical structures and pathological conditions with 

unprecedented clarity and precision. 

From conventional X-rays to advanced modalities like 

Cone-Beam Computed Tomography (CBCT), Magnetic 

Resonance Imaging (MRI), and Artificial Intelligence 

(AI)-enhanced diagnostics, the evolution of imaging tools 

has empowered dental professionals to diagnose, plan, 

and execute treatments with greater accuracy and 

confidence. These innovations are particularly impactful 

across three core specialties: 

Oral and Maxillofacial Surgery (OMFS): Imaging 

plays a critical role in trauma assessment, implant 

planning, tumor localization, and surgical navigation. 

Techniques like CBCT and multi-detector CT provide 

detailed visualization of bone structures, while MRI and 

PET scans assist in evaluating soft tissue and systemic 

conditions. 

Oral Medicine and Radiology (OMR): This specialty 

thrives on diagnostic precision. Digital radiography, 

ultrasonography, and hybrid imaging modalities (e.g., 

PET/CT) allow for early detection of oral diseases, 

systemic manifestations, and functional abnormalities. AI 

integration further enhances image interpretation and 

anomaly detection. 

Orthodontics: Modern orthodontics relies heavily on 

imaging for treatment planning, growth assessment, and 

appliance customization. 3D cephalometry, intraoral 

scanners, and CAD/CAM technologies enable clinicians 

to simulate outcomes, monitor progress, and fabricate 

personalized devices with digital precision. 

The synergy between technological advancement and 

clinical application is evident in the growing adoption of 

tools like 4D imaging, AI-driven analytics, and quantum-

enhanced imaging. These innovations not only improve 

diagnostic accuracy but also reduce patient discomfort, 

minimize radiation exposure, and streamline workflows. 

This review explores the latest advancements in 

diagnostic imaging and their transformative impact on 

OMFS, OMR, and Orthodontics. It highlights how these 

tools are reshaping clinical protocols, enhancing patient 

outcomes, and setting new standards for precision in 

dental care 1,3,12. 

Imaging Modalities and Their Evolution 

I. X-Ray Radiography 

X-ray radiography is the cornerstone of dental imaging. It 

enables visualization of hard tissues such as bones and 

teeth, making it indispensable for identifying: 

 Dental caries 

 Periodontal bone loss  
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 Jaw fractures and skeletal anomalies  

Over time, this modality has evolved into fluoroscopy, 

which provides real-time imaging, and angiography, 

which visualizes blood vessels using contrast agents—

especially useful in maxillofacial vascular assessments 

1,2. 

 

II. Computed Tomography (CT)  

CT imaging offers high-resolution, cross-sectional views 

of anatomical structures. It eliminates the distortion seen 

in traditional radiographs and is particularly valuable for: 

 Evaluating complex facial fractures 

 Planning orthognathic and reconstructive surgeries 

 Assessing sinus pathology 

Multi-detector CT (MDCT) further enhances diagnostic 

speed and image quality by allowing rapid acquisition 

and panoramic reconstructions, which are crucial in 

trauma cases and surgical planning 3. 

III. Cone Beam CT (CBCT)  

CBCT was introduced in 1998 specifically for dental and 

maxillofacial applications 4. It provides 3D imaging with 

significantly lower radiation doses compared to 

conventional CT. Its clinical utility includes: 

 Implant site assessment 

 Temporomandibular joint (TMJ) evaluation 

 Craniofacial anomaly diagnosis 

 Airway analysis in sleep apnea cases 

CBCT’s compact design and affordability have made it a 

standard tool in dental clinics 5. 

 

IV. Magnetic Resonance Imaging (MRI)  

MRI is a non-invasive, radiation-free modality ideal for 

soft tissue visualization.  

It excels in imaging: 

 Muscles 

 Nerves 

 Salivary glands 

 TMJ disc position and pathology 6 

Advanced forms like functional MRI (fMRI) and 4D 

MRI allow dynamic imaging of physiological processes, 

such as muscle movement and blood flow, which are 

valuable in diagnosing neuromuscular disorders and 

vascular anomalies 7. 

 

V. Positron Emission Tomography (PET) 

PET imaging detects metabolic activity and biochemical 

changes, making it highly sensitive for: 

 Tumour detection 

 Inflammatory processes 

 Systemic disease monitoring 

When combined with CT (PET/CT fusion), it provides 

both anatomical and functional data, enhancing 

diagnostic accuracy in oncology and systemic disease 

evaluation 8,9.  
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VI. Single-Photon Emission CT (SPECT)  

SPECT uses gamma rays to generate 3D images of 

internal structures.  

It is particularly useful for: 

 Identifying subtle bone fractures 

 Evaluating TMJ disorders 

 Detecting ischemic changes in tissues 

Its ability to visualize physiological changes at the organ 

level makes it a valuable adjunct in complex diagnostic 

cases 10, 11. 

 

VII. Ultrasonography 

Ultrasound imaging is real-time, non-invasive, and free 

of ionizing radiation. It is commonly used to assess: 

 Salivary gland pathology 

 Soft tissue lesions 

 Tongue movement and swallowing function  

In orthodontics, ultrasonography is emerging as a tool to 

evaluate muscle dynamics and swallowing patterns, 

aiding in functional diagnosis and treatment planning 14. 

 

Applications in Dental Specialties 

 Oral and Maxillofacial Surgery (OMFS) 

Imaging plays a pivotal role in OMFS by enabling: 

 Accurate localization of fractures and lesions 

 Preoperative planning for implants and grafts 

 Navigation during complex surgeries 

Image-guided surgery and stereolithographic models 

derived from CT/CBCT data allow surgeons to simulate 

procedures and enhance precision. Additionally, robotic-

assisted surgery integrated with imaging systems enables 

minimally invasive access to deep-seated lesions, 

improving outcomes and reducing recovery time 3. 

 Oral Medicine and Radiology (OMR)  

OMR relies heavily on imaging for diagnostic accuracy. 

Key advancements include: 

 Digital radiography and DICOM standards, which 

streamline image storage, sharing, and analysis 15 

 Use of PET and MRI to detect systemic diseases with 

oral manifestations, such as autoimmune conditions 

or malignancies 16 

 Integration of AI and machine learning, which 

enhances image interpretation, automates anomaly 

detection, and supports early diagnosis 17 

These tools are transforming OMR into a data-driven 

specialty with improved diagnostic efficiency. 

Orthodontics  

Modern orthodontics is deeply intertwined with imaging 

technologies.  

Applications include: 

 3D cephalometry and CBCT for precise skeletal and 

dental measurements 18 
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 CAD/CAM systems and 3D printing for designing 

customized brackets, aligners, and retainers 19 

 Platforms like SureSmile and OrthoCad enable 

virtual treatment simulations, progress tracking, and 

appliance fabrication with digital accuracy 20,21 

These innovations reduce chair time, improve patient 

comfort, and enhance treatment predictability. 

Emerging Technologies 

A. 4D Imaging  

4D imaging adds the dimension of time to 3D scans, 

allowing dynamic visualization of physiological 

processes. It is particularly useful in: 

 Fetal development monitoring 

 Cardiovascular assessments 

 Real-time TMJ and muscle function analysis 7 

B. AI-Powered Imaging  

Artificial Intelligence is revolutionizing diagnostics by: 

 Enhancing image resolution 

 Automating detection of pathologies 

 Supporting clinical decision-making through 

predictive analytics 

AI tools are being integrated into radiology software to 

assist clinicians in faster and more accurate diagnoses 17. 

C. Quantum Imaging  

Quantum imaging is an emerging frontier that leverages 

quantum mechanics to achieve ultra-high sensitivity and 

resolution. Though still in experimental stages, it holds 

promise for: 

 Detecting minute pathological changes 

 Imaging at molecular and cellular levels 

 Reducing radiation exposure while improving 

clarity22. 

Conclusion 

The integration of advanced imaging technologies into 

dental and maxillofacial disciplines—namely Oral and 

Maxillofacial Surgery (OMFS), Oral Medicine and 

Radiology (OMR), and Orthodontics—has ushered in a 

new era of precision-driven care. These tools have not 

only enhanced the clarity and depth of anatomical 

visualization but have also redefined how clinicians 

diagnose, plan, and execute treatments. 

Elevated Diagnostic Precision: Modern imaging 

modalities such as Cone-Beam Computed Tomography 

(CBCT), Magnetic Resonance Imaging (MRI), and 

Positron Emission Tomography (PET) allow clinicians to 

detect minute structural and functional abnormalities that 

were previously difficult to visualize. For example: 

 CBCT provides high-resolution 3D views of 

craniofacial structures, enabling accurate assessment 

of bone density, root morphology, and sinus 

anatomy. 

 MRI excels in soft tissue imaging, making it 

invaluable for evaluating TMJ disorders, nerve 

pathologies, and salivary gland lesions. 

 PET scans reveal metabolic activity, aiding in the 

early detection of malignancies and systemic 

conditions with oral manifestations. 

Enhanced Treatment Planning: Imaging tools now 

serve as the backbone of digital treatment workflows. In 

OMFS, CT and CBCT data are used to create 

stereolithographic surgical guides and virtual simulations 

for reconstructive procedures.  

In orthodontics, 3D cephalometric analysis and intraoral 

scanning allow for: 

 Precise bracket placement 

 Customized aligner fabrication 

 Real-time progress tracking 

These advancements reduce guesswork and improve the 

predictability of outcomes. 

Improved Patient Outcomes: With better visualization 

and planning, treatments are more targeted and less 

invasive. Patients benefit from: 
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 Shorter procedure times 

 Reduced post-operative complications 

 Lower radiation exposure (especially with CBCT and 

ultrasonography) 

 Greater comfort and satisfaction 

Moreover, AI-powered imaging systems are beginning to 

assist clinicians in identifying anomalies, suggesting 

treatment paths, and even predicting long-term 

outcomes—bringing a layer of intelligence to diagnostics 

that was previously unimaginable. 

Looking Ahead: The Future of Imaging 

As technology continues to evolve, the future of dental 

imaging promises: 

 Personalized diagnostics using AI and machine 

learning to tailor treatment plans to individual 

anatomical and genetic profiles 

 Minimally invasive interventions guided by real-

time imaging and robotic assistance 

 Interdisciplinary integration, where imaging data is 

seamlessly shared across specialties for holistic 

patient care 

In essence, imaging is no longer just a diagnostic tool—

it’s a strategic asset that empowers clinicians to deliver 

care that is smarter, safer, and more patient-centric. 

References  

1. Bradley, W. G. (2009). History of Medical Imaging. 

Proceedings of the American Philosophical Society, 

153(4), 453–464. 

2. Radioisotopes in Medicine. (n.d.). In the World 

Nuclear Association. Retrieved June 6, 2025, from 

https://world nuclear.org/information-library/non-

power-nuclear-applications/radioisotopes-

research/radioisotopes-in-medicine. 

3. Fareen, H. F., & Kumar, P. (2021). Latest 

advancements in imaging techniques of oral and 

maxillofacial surgery – A review article. 

International Journal of Scientific Development and 

Research, 6(3).  

4. Nakajima A, Sameshima GT, Arai Y, Homme Y, 

Shimizu N, Dougherty H Sr. Two- and three-

dimensional orthodontic imaging using limited cone 

beam-computed tomography. Angle Orthod. 2005 

Nov;75(6):895-903. doi: 10.1043/0003-3219 (2005) 

75[895:TATOIU]2.0.CO;2. PMID: 16448229. 

5. Scarfe, W. C., Farman, A. G., & Sukovic, P. (2006). 

Clinical applications of cone-beam computed 

tomography in dental practice. Journal of the 

Canadian Dental Association, 72(1), 75–80.  

6. Mansfield, P., & Maudsley, A. A. (1977). Medical 

imaging by NMR. British Journal of Radiology, 50 

(591), 188–194. https://doi.org/10.1259/0007-1285-

50-591-188. 

7. Healthy Blue. (2025). Use of 3-D, 4-D or 5-D 

Ultrasound in Maternity Care. Retrieved from 

https://provider.healthybluela.com/medpolicies/abcbs

/active/mp_pw_a053265.html  

8. National Institute of Biomedical Imaging and 

Bioengineering. (n.d.). Positron Emission 

Tomography (PET). Retrieved June 6, 2025, from 

https:// www.nibib.nih.gov/ science-education/ 

science-topics/positron-emission-tomography  

9. Townsend, D. W., & Beyer, T. (2002). A combined 

PET/CT scanner: The path to true image fusion. 

British Journal of Radiology, 75(Spec No 9), S24–

S30. https://doi.org/10.1259/bjr.75.suppl_9.750024  

10. Kuhl, D. E., & Edwards, R. Q. (1963). Single-photon 

emission computed tomography: Concept and 

development. Radiology, 80(3), 334–342. https:// 

doi.org/10.1148/80.3.334 

11. National Institute of Biomedical Imaging and 

Bioengineering. (n.d.). Single Photon Emission 

Computed Tomography (SPECT). Retrieved June 6, 

https://doi.org/10.1259/0007-1285-50-591-188
https://doi.org/10.1259/0007-1285-50-591-188


 Dr. Sarah Fatima, et al. International Journal of Dental Science and Innovative Research (IJDSIR) 

 

 
©2025 IJDSIR, All Rights Reserved 

 
 

P
ag

e1
1

8
 

P
ag

e1
1

8
 

P
ag

e1
1

8
 

P
ag

e1
1

8
 

P
ag

e1
1

8
 

P
ag

e1
1

8
 

P
ag

e1
1

8
 

P
ag

e1
1

8
 

P
ag

e1
1

8
 

P
ag

e1
1

8
 

P
ag

e1
1

8
 

P
ag

e1
1

8
 

P
ag

e1
1

8
 

P
ag

e1
1

8
 

P
ag

e1
1

8
 

P
ag

e1
1

8
 

P
ag

e1
1

8
 

P
ag

e1
1

8
 

P
ag

e1
1

8
 

  

2025, from https:// www.nibib.nih.gov/science-

education/ science-topics/single-photon emission-

computed-tomography-spect  

12. Baxi, S., Shadani, K., Kesri, R., Ukey, A., Joshi, C., 

& Hardiya, H. (2022). Recent advances diagnostic 

aids in orthodontics. Cureus, 14(11), e31921. https:// 

doi.org/10.7759/cureus.31921 

13. Fikret Şatıroğlu, Tülin Arun, Fulya Işık, Comparative 

data on facial morphology and muscle thickness 

using ultrasonography, European Journal of 

Orthodontics, Volume 27, Issue 6, December 2005, 

Pages 562–567, https://doi.org/10.1093/ejo/cji052 

14. Chien‐Lun Peng, Paul‐Georg Jost‐Brinkmann, 

Noriaki Yoshida, Rainer‐Reginald Miethke, Che‐

Tong Lin, Differential diagnosis between infantile 

and mature swallowing with 

ultrasonography, European Journal of Orthodontics, 

Volume 25, Issue 5, October 2003, Pages 451–

456,  https://doi.org/10.1093/ejo/25.5.451 

15. Reliability of Digital Versus Conventional 

Cephalometric Radiology: A Comparative 

Evaluation of Landmark Identification Error 

McClure, Scott R. et al. Seminars in Orthodontics, 

Volume 11, Issue 2, 98 – 110 

16. National Institute of Biomedical Imaging and 

Bioengineering. (n.d.). Magnetic Resonance Imaging 

(MRI). Retrieved June 6, 2025, from https:// www. 

nibib.nih.gov/ science-education/ science-topics/ 

magnetic-resonance-imaging  

17. Liu, Y., Zhang, Y., & Jin, C. (2020). Deep learning 

for radar design and imaging: Recent advances and 

future trends. IEEE Signal Processing Magazine, 

37(6), 40–50. https://doi.org/ 10.1109/ MSP.2020. 

3020414  

18. Comparison between traditional 2-dimensional 

cephalometry and a 3-dimensional approach on 

human dry skulls Adams, Gregory L. et al. American 

Journal of Orthodontics and Dentofacial Orthopedics, 

Volume 126, Issue 4, 397 – 409 

19. Taneva E, Kusnoto B, Evans CA: 3D scanning, 

imaging, and printing in orthodontics . Issues in 

Contemporary Orthodontics. Bourzgui F (ed): 

IntechOpen, London, UK; 2014. 10.5772/60010 

20. Joffe L: OrthoCAD: digital models for a digital era. J 

Orthod. 2004, 31:344-7. 10.1179/ 1465312042 250 

26679 

21. Mah J, Sachdeva R: Computer-assisted orthodontic 

treatment: the SureSmile process. Am J Orthod 

Dentofacial Orthop. 2001, 120:85-7. 10.1067/ mod. 

2001.117686 

22. Pirandola, S., Andersen, U. L., Banchi, L., Berta, M., 

Bunandar, D., Colbeck, R.,... & Wallden, P. (2018). 

Advances in quantum cryptography. Advances in 

Optics and Photonics, 12(4), 1012-1236. https:// 

doi.org/10.1364/AOP.3.001012  

23. Abhishek, A., Shukla, A. K., Bharti, N. R., Gupta, 

R., & Jain, A. (2025). Modern diagnostic radio 

imaging: Advances, applications, and clinical risk 

considerations. International Journal for Research 

Trends and Innovation, 10 

 

https://doi.org/10.1093/ejo/cji052
https://doi.org/10.1093/ejo/25.5.451
https://doi.org/

