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Abstract

Modern dentistry uses dental radiography to make accurate diagnoses, plan treatments, and keep an eye
on the health of the mouth and face. Modern imaging technology has greatly lowered radiation exposure
while also making pictures clearer, diagnoses more accurate, and patient safety better. This review gives
a full picture of dental radiology, from the basic principles of radiation physics to the main imaging
techniques, radiation safety measures, clinical uses in different dental specialities, and new technologies
like digital imaging and artificial intelligence. To achieve optimal patient outcomes and ensure
evidence-based clinical decision-making, it is essential to understand the diagnostic efficacy of dental
radiology.

Keywords Dental radiology, diagnostic imaging, CBCT, digital radiography, radiation safety, clinical
dentistry

1. Introduction

Dental radiology is an important part of modern dentistry because it is a basic tool for accurate
diagnosis, effective treatment planning, and long-term patient management. However, a clinical
examination might miss a number of hidden pathological diseases, such as periapical lesions, impacted
teeth, interproximal caries, and alveolar bone loss, to name a few. Radiographic imaging enhances
diagnostic precision and clinical decision-making by enabling physicians to visualise structures that
would otherwise remain inaccessible (Molteni., 2021).

The X-rays that Wilhelm Conrad Rontgen found in 1895 were the beginning of modern dental radiology.
Early radiography techniques had a lot of problems, like long exposure times, bad picture quality, and
higher radiation risks. Over the years, improvements in imaging technology have made patients much
safer, lowered their radiation exposure, and made the pictures look better. Because of these changes,
dental radiology is now a very reliable and useful branch of medicine (Tubiana et al., 1996).

Dental radiology now includes a wide range of imaging techniques, from traditional intraoral
radiography to cutting-edge three-dimensional methods like cone-beam computed tomography
(CBCT). These imaging tools help many different types of dentists, such as those who work in
restorative dentistry, orthodontics, periodontics, endodontics, and oral and maxillofacial surgery.

WWW.DIABETICSTUDIES.ORG 238


http://www.diabeticstudies.org/

The Review of DIABETIC STUDIES
Vol. 20 No. S10 2024

Dentistry radiology is an important part of modern dental care. This review will try to explain its basic
ideas, common procedures, and how useful it is for clinical diagnosis (Molteni., 2021).

2. Principles of Dental Radiology

2.1 Basic Radiation Physics

X-rays are a type of ionising electromagnetic radiation that can go through biological tissues. They are
the basis of dental radiography. When electrons moving quickly hit a metal target, usually tungsten,
inside the X-ray tube, X-rays are made. This interaction changes kinetic energy into electromagnetic
radiation, which makes X-rays that are great for use in diagnostic imaging. X-rays interact with oral
and maxillofacial structures in different ways depending on the tissues' density, thickness, and atomic
makeup. There are three possible outcomes: absorption, scattering, or transmission. Dense tissues like
enamel, dentin, and cortical bone look radiopaque on X-rays because they absorb a lot of radiation.
Radiolucent soft tissues, on the other hand, let more radiation pass through. A solid understanding of
how these principles work together is necessary for making accurate clinical diagnoses and correctly
interpreting pictures (Tafti and Maani., 2023).

2.2 Image Formation and Quality

Some of the technical and biological factors that affect the quality of a dental radiograph are contrast,
density, sharpness, and spatial resolution. These standards decide how clear it is to see changes in
diseases and anatomical structures. The main things that affect picture density and contrast are exposure
settings like milliamperage (mA), kilovoltage peak (kVp), and exposure time. The sensitivity of the
image receptor, whether it's digital or film-based, also has a big effect on the quality of the picture and
the amount of radiation it gets. To avoid diagnostic mistakes caused by distortion, magnification, and
overlapping structures, it is just as important to put the patient in the right position and line up the beam
correctly. Optimising these factors ensures the production of high-quality diagnostic images while
adhering to established radiation protection standards and minimising radiation exposure to an
acceptable threshold (Hegde et al., 2023).

3. Dental Radiographic Techniques

Radiographs taken with a dental x-ray machine help dentists see things in the mouth that they couldn't
see with just their eyes. Different types of imaging are needed for different types of diagnosis. These
types are usually divided into intraoral and extraoral imaging. The selection of imaging technique is
determined by diagnostic requirements, the specific anatomical region of interest, and clinical
indications (Chaitanya et al., 2024).

3.1 Intraoral Radiography

Intraoral radiographs are often used by dentists because they give clear pictures of the teeth and bones
in the mouth. Intraoral radiography is the most common type of imaging used in dental practice because
it has great spatial resolution and can show teeth and the alveolar bone next to them in great detail. This
method makes high-quality diagnostic images by putting the image receptor inside the patient's mouth,
which brings it closer to the target area. Intraoral radiography is great for checking for dental caries,
periodontal bone levels, periapical disease, and treatment outcomes. They are an important part of
endodontic, restorative, and preventative dentistry because they are used so often (Hale., 2018).

There are three main types of intraoral radiography:

3.1.1 Periapical Radiographs

Radiographs from the periapical region show the whole tooth, including the crown, root, and bone
around the root. It is very important to use them to find pulpal pathology, root fractures, and periapical
infections. These pictures are absolutely necessary for planning endodontic treatment and checking on
the results afterward (Martins et al., 2014).

3.1.2 Bitewing Radiographs
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The main goals of taking bitewing radiographs are to find interproximal caries and check the levels of
alveolar bone, especially in people with periodontal disease. They are an important part of preventive
dental care and are used a lot during regular checkups (Grieco et al., 2022).

3.1.3 Occlusal Radiographs
Occlusal radiographs are useful for finding impacted teeth, cysts, fractures, foreign objects, and
developmental problems because they show a lot of the maxilla or mandible. These tools are very useful

in paediatric dentistry when patients can't have intraoral periapical imaging or when the patient is a
child (Ozmen et al., 2024).

3.2 Extraoral Radiography
Extraoral radiography methods are widely used to look at larger craniofacial structures. Positioning the
image receptor outside the oral cavity enables the visualisation of larger anatomical structures, as
opposed to intraoral imaging. These procedures are very helpful when a full anatomical overview is
needed, like when diagnosing a difficult case, doing orthodontics, or performing oral and maxillofacial
surgery (Kumar et al., 2011).

3.2.1 Panoramic Radiography

The maxillofacial region, which includes the jaw, temporomandibular joints, maxillary sinuses, and
growing teeth, can be seen in a two-dimensional panoramic image. It is commonly used for planning
oral surgery and implant placement before surgery, evaluating orthodontics, and doing an initial
assessment of a patient. This imaging technique has many benefits, such as making patients more
comfortable, exposing them to less radiation, and covering a wide area of anatomy. In contrast, the
images are worse than intraoral radiography because they are larger, distorted, and have a lower spatial
resolution. Even with these warnings, panoramic imaging is still a great way to check your teeth on a
regular basis (Kapila et al., 2011).

3.2.2 Cephalometric Radiography

Cephalometric radiography is very important for figuring out what is wrong with your teeth and making
a plan for treatment. It provides consistent frontal and lateral views of the head and face, facilitating the
assessment of dental alignment, facial developmental patterns, and skeletal relationships.
Cephalometric analysis is often used to look at craniofacial development, keep track of how well
treatment is going, and see how well treatment works. Longitudinal studies and orthodontic research
significantly benefit from its standardisation, as it facilitates consistent measurements (Ghodasra et al.,
2023).

3.3 Advanced Imaging Modalities

Recent advances in imaging technology have made dental radiology much better at diagnosing
problems. The use of modern imaging methods has made it much easier to see complex anatomical
structures in three dimensions. This has made diagnosis and treatment planning more accurate in many
areas of dentistry (Shah et al., 2014).

3.3.1 Cone-Beam Computed Tomography (CBCT)

Cone-beam computed tomography (CBCT) has changed dental imaging forever. It lets you see
craniofacial anatomy in three dimensions with great detail and much lower radiation doses than regular
computed tomography (CT). With CBCT, you can accurately see how teeth are positioned, how root
canals are shaped, and how bones are shaped. This type of imaging is used a lot in oral and maxillofacial
surgery, orthodontics, endodontics, and implant dentistry. Because it can give precise volumetric data,
it can help doctors make more accurate diagnoses, plan surgeries better, and get more predictable
clinical results. Even though CBCT has its benefits, it must be fully justified in order to follow rules for
protecting against radiation (Venkatesh and Elluru., 2017).

3.3.2 Magnetic Resonance Imaging (MRI)

Magnetic resonance imaging (MRI) is the best way to look at the temporomandibular joint (TMJ),
salivary glands, and other soft tissues. Magnetic resonance imaging (MRI) is safer than imaging
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methods that use X-rays because it doesn't use ionising radiation. MRI is great for looking at disc
position, inflammation, and soft tissue pathology in great detail because it shows soft tissues in high
contrast. Magnetic resonance imaging (MRI) is very important for complicated diagnostic cases where
there are problems with soft tissues, but it isn't used very often in everyday dental practice because it
costs too much and is hard to get (Larheim., 2005).

3.3.3 Ultrasonography

Ultrasonography, a non-invasive imaging method that does not use radiation, is one of the most common
ways to check the health of the soft tissues in the maxillofacial area. It is very good at finding problems
in soft tissues that are close to the surface, cystic lesions, lymph nodes, and salivary glands.
Ultrasonography is not commonly employed in dentistry due to its restricted penetration into osseous
and aerated tissues. In some clinical situations, though, it is a useful extra diagnostic tool. Because it
can take pictures in real time and doesn't use ionising radiation, it is a safe and useful alternative for
some diagnostic needs (Rama et al., 2015).

4. Clinical Applications of Dental Radiology

Dental radiography is an important part of many dental specialities because it is an important tool for
accurate diagnosis, effective treatment planning, and long-term patient care. Doctors can find problems
earlier, keep an eye on how diseases are progressing, and judge how well treatments are working more
accurately when they can see both hard and soft tissues (Xu., 2023).

Restorative Dentistry

Radiographic imaging is a very important part of restorative dentistry because it can help find dental
caries, especially recurrent lesions and interproximal cavities, which are hard to see with the naked eye.
Radiographs can also help find small problems, secondary caries, and see how close lesions are to the
pulp. They can also help figure out how strong current restorations are. These results help with making
plans for long-term repairs and maintenance (Abdelaziz., 2023).

Endodontics

Radiology is a big part of both diagnostic and therapeutic endodontic procedures. This method lets you
see the shape of the root canals, diseases in the periapical space, and the health of the pulp and periapical
area. Radiographic imaging is necessary to keep track of how treatment is going and to see if root canal
therapy worked. This imaging helps find any infections or anatomical problems that are still there
(Setzer and Lee., 2021).

Periodontology

Radiographic examination is an essential tool in periodontology for assessing the quantity of alveolar
bone and monitoring the progression of periodontal disease. Imaging can show patterns of bone loss,
furcation involvement, and periodontal problems that might not be easy to see right away. These
findings lend support to accurate diagnosis, prognosis prediction, and the development of treatment
strategies (Jacobs et al., 2024).

Orthodontics

Radiographic imaging is very important for orthodontists to use to look at patterns of craniofacial
development, skeletal linkages, and dental progress. Tools like panoramic and cephalometric
radiographs are very useful for planning treatments, keeping track of when teeth come in, and figuring
out how well they work. Advanced imaging technologies make it even easier to get an accurate
diagnosis in patients with complicated orthodontic problems (Ghodasra and Brizuela et al., 2023).

Oral and Macxillofacial Surgery

Radiographic imaging is very important for maxillofacial and oral surgery because it helps doctors
figure out what is wrong with cysts, tumours, impacted teeth, and broken bones. Advanced imaging
techniques, especially CBCT, give surgeons a lot of three-dimensional information that helps them plan
surgery and lower the risk of complications during the procedure (Weiss and Read-Fuller., 2019).
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Pediatric Dentistry

Radiology is very important in paediatric dentistry because it helps find developmental problems early,
keep track of tooth eruption patterns, and overall development. During radiographic evaluation of
paediatric patients, adherence to radiation safety protocols is upheld, facilitating the early identification
of caries, supernumerary teeth, and developmental anomalies (Domyati et al., 2023).

5. Radiation Protection and Safety

Making sure that radiation safety is a part of dental care is very important. ALARA (As Low As
Reasonably Achievable) is the main idea behind radiography techniques. Taking precautions includes
wearing a lead apron or thyroid collar, making sure that equipment is set up correctly, and following the
rules for exposure. Patients and doctors can both lower their risk of radiation exposure by staying
informed and following international safety rules (Frane and Bitterman., 2023).

6. Digital Radiography and Artificial Intelligence

Digital radiography has made imaging more efficient, reduced radiation exposure, and improved
diagnostic accuracy. Digital technology lets you store, improve, and quickly share images. Al is quickly
becoming a part of dental radiology for helping with diagnosis, automating caries diagnosis, and
checking bone levels. Al-powered solutions may improve treatment outcomes and make diagnoses
more consistent (Al-Khalifa et al., 2024).

7. Advantages and Limitations of Dental Radiology

Advantages

One of the best things about dental radiology is that it can find oral problems early on, often before
clinical signs show up. When dental caries, periapical lesions, and periodontal bone loss are identified
early, treatment can commence swiftly, resulting in improved outcomes. Radiographic imaging gives
doctors a clear picture of anatomical structures that can't be seen during a clinical exam, which makes
diagnosis even more accurate. This clarity makes it possible to be more accurate in diagnosing, planning
treatment, and keeping an eye on the disease's progress or treatment success. Also, dental radiography
procedures are usually quick, painless, and don't require much time off for patients. Digital imaging
technology has improved workflow efficiency, made diagnostic information easier to get, and reduced
radiation exposure even more without lowering image quality (Alharbi and Alhasson., 2024).

8. Ethical and Legal Considerations

Ethical dental radiology includes getting informed consent, keeping patient information private, and
giving a reason for exposing someone to radiation. Dentists must follow all local, state, and federal laws
to keep their credibility and protect their patients (Weiss and Read., 2019).

9. Future Directions in Dental Radiology

The main areas where dental radiography is expected to improve in the future are integration with digital
workflows like 3D printing and virtual treatment planning, as well as ultra-low-dose imaging and
powerful artificial intelligence applications. Personalized imaging procedures based on a patient's
specific risk factors could make diagnoses even more accurate (YILDIRIM., 2024).

Limitations

There are many uses for dental radiology, but it does expose patients to ionising radiation, which can
hurt living things if not used properly. Even though dental imaging uses very low doses of radiation, it
is still very important to follow all safety rules for radiation exposure to keep it as low as possible.
Another possible problem is not understanding the results of radiography, especially when anatomical
structures overlap, the picture is distorted, or the image quality is poor. Correct interpretation requires
the right education, hands-on experience, and clinical correlation. Also, traditional radiographic
methods have problems when it comes to seeing soft tissues, which can make them less useful for
diagnosis in some cases. Doctors may need to use special imaging methods like magnetic resonance
imaging (MRI) or ultrasound to get a complete picture of the problem (Hwang et al., 2018).
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10. Conclusion

Dental radiography is an important part of modern dentistry because it gives important diagnostic
information that helps doctors give the best care to their patients. Digital innovation, safety measures,
and the constant advancement of imaging technology have all greatly improved the accuracy of
diagnoses and the effectiveness of treatments. As technology gets better, dentists will still need dental
radiology to give patients the best care possible.
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