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Abstract

Maxillofacial radiology plays a pivotal role in diagnosing and managing a diverse array of conditions affecting
the intricate anatomy of the oral and facial regions. This review manuscript critically examines the limitations
inherent in current maxillofacial radiology practices. The exploration encompasses challenges such as
superimposition of structures, two-dimensional representation, insufficient soft tissue contrast, and concerns
related to radiation exposure. Despite technological advancements, these limitations persist, influencing the
precision and reliability of diagnoses. The review emphasizes the importance of understanding these constraints
for accurate interpretation and highlights the potential impact on treatment planning. Strategies to mitigate these
limitations, including the adoption of advanced imaging modalities and the development of standardized
protocols, are discussed. As maxillofacial radiology continues to evolve, collaborative efforts among clinicians,
radiologists, and researchers are essential to address these limitations and enhance the overall efficacy of
diagnostic imaging in this complex anatomical region.
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Introduction

Maxillofacial radiographs, are a cornerstone of modern dentistry. They have revolutionized the way we diagnose,
plan treatments, and monitor oral health conditions. However, it is essential to recognize that while dental
radiographs are incredibly valuable, they are not without their limitations. In this review, the limitations of dental
radiographs to ensure a well-rounded understanding of their role in clinical practice is explored. The objective of
this review is to shed light on these limitations, empowering dental practitioners to make informed decisions when
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using radiographs. By understanding these constraints, we can adopt a more comprehensive approach to patient
care, which includes not only the use of radiographs but also clinical examination, patient history, and
collaboration with specialists when needed, so that patients receive the highest quality of care through well-
informed diagnosis and treatment planning.

Importance Of Dental Radiographs

Dental radiographs, have been an invaluable tool in dentistry for many years. They have revolutionized the field
by providing a non-invasive means of visualizing the internal structures of the oral cavity. The significance of
dental radiographs lies in their ability to aid dental practitioners in diagnosing various conditions, developing
treatment plans, and monitoring the progress of treatments. They offer a unique glimpse into the hidden aspects
of the oral and maxillofacial region, making them an indispensable asset in clinical practice.

These images assist in the identification of dental caries, periodontal disease, impacted teeth, fractures, cysts,
tumors, and a multitude of other oral and facial conditions. They are also crucial in preoperative planning for
procedures like root canals, extractions, and dental implant placement.

Furthermore, dental radiographs enable dental professionals to assess the development of dentition in children,
the progression of oral diseases, and the overall health of the oral cavity. In emergency cases, they can be pivotal
in identifying life-threatening conditions such as abscesses or foreign objects lodged in the oral and maxillofacial
region.

However, while dental radiographs are a cornerstone of dental diagnostics, it's imperative to acknowledge that
they are not without limitations. These limitations can impact their diagnostic accuracy and necessitate a
comprehensive approach to patient care, which involves considering clinical findings, patient history, and
sometimes the integration of additional imaging modalities.

Limitation 1- 2D representation

One of the fundamental limitations of dental radiographs is their two-dimensional representation of a three-
dimensional anatomical structure.! (Fig 1) While these images are incredibly valuable, they provide only a flat,
static view of the oral and maxillofacial region.

Relationship of the tooth to the surrounding anatomical structures cannot be assessed accurately which limits its
diagnostic performance.? The objects are visualized in the mesial-distal and apical- coronal plane; however the
buccal-lingual plane is not possible to assess.> Because of the complexity of maxillofacial skeleton, 2-D
radiographic images do not accurately replicate the anatomy that is being assessed. Anatomical structures
surrounding the teeth may superimpose causing anatomical or background noise, leading to difficulty in
interpreting periapical radiographs. 2-D radiographs show less severe bone destruction than is actually present.
Radiographs do not reveal the soft-tissue to hard-tissue relationships.

For instance, it may be difficult to distinguish between a buccal and lingual lesion on a radiograph, and this can
affect the choice of treatment approach. In cases of impacted teeth, it might be challenging to assess the precise
relationship of the tooth to surrounding structures, potentially leading to difficulties during extraction.
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Fig 1: Two-dimensional representation of a three-dimensional structure
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Limitation 2 — Superimposition

Superimposition is a significant limitation in dental radiography, and it occurs when multiple anatomical structures
overlap in a radiographic image, obscuring the details of interest. The superimposition of structures is a common
occurrence, especially when imaging complex anatomical regions like the oral cavity. Teeth, bones, and soft
tissues can overlap, making it challenging to differentiate between them and evaluate each structure individually.

Superimposition can lead to diagnostic errors. For example, it may obscure the presence of dental caries, as
overlapping structures can mimic the appearance of cavities. In orthodontics, superimposition can hinder the
accurate assessment of tooth positions and the relationship between teeth.

In the case of impacted teeth or foreign objects, superimposition can obscure the precise location of these
structures, making surgical planning more challenging. Superimposition of structures in maxillofacial radiology
refers to the overlap of multiple anatomical features in a single image, making it challenging to distinguish
between them. This phenomenon can limit the accuracy and reliability of diagnoses in several ways:

1. Difficulty in Localizing Lesions: When multiple structures overlap (Fig 1), it becomes difficult to precisely
locate and identify lesions or abnormalities. This can be critical in the context of detecting tumors, cysts, or other
pathological conditions in the maxillofacial region.

2. Misinterpretation of Anatomy: Superimposition can lead to misinterpretation of the spatial relationships
between different structures. For example, the overlap of teeth, bones, and soft tissues might create the illusion of
abnormalities or pathologies that do not actually exist.

3. Incomplete Assessment of Structures: Superimposition can result in the incomplete visualization of certain
structures. This is particularly problematic when assessing complex anatomical features, such as the
temporomandibular joint or the maxillary sinus, where overlapping structures may obscure portions of interest.

4. Inaccuracy in Measurements: Superimposition makes it challenging to obtain accurate measurements of
specific structures. This limitation is particularly relevant in orthodontics, where precise measurements are crucial
for treatment planning.

5. Difficulty in Differentiating Pathological and Normal Structures: Overlapping structures can make it
difficult to differentiate between normal anatomical features and pathological conditions. This may lead to both
false-positive and false-negative interpretations, impacting the overall diagnostic accuracy.

6. Challenges in Treatment Planning: For conditions requiring surgical intervention or other treatments,
accurate anatomical localization is crucial. Superimposition can hinder the development of precise treatment
plans, potentially leading to suboptimal outcomes.

Limitation 3 — Lack of depth perception

Dental radiographs are invaluable for capturing detailed images of teeth, bones, and surrounding structures, but
they have a critical limitation — they lack depth perception.

Ina 2D image, it's challenging to gauge the exact location and depth of structures within the oral and maxillofacial
region. This limitation can lead to diagnostic challenges in various clinical scenarios.

For example, when assessing the depth of dental caries, it can be difficult to determine whether a lesion is confined
to the enamel or has progressed into the dentin. This distinction is crucial for treatment planning. When planning
extractions, especially in cases of impacted teeth, understanding the precise location in the three-dimensional
space is essential to avoid damage to adjacent structures like nerves or adjacent teeth. Periodontal defects,
including bone loss, can be challenging to assess accurately without depth perception. A 2D image might not
reveal the full extent of bone loss around a tooth.

Limitation 4 — Radiation exposure

Any radiation exposure poses a potential risk to both patients and healthcare workers alike.* X-rays are composed
of high-energy photons within the electromagnetic spectrum. X-rays are notable in comparison to lower energy
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photons since they are powerful enough to break molecular bonds and ionize atoms.2 This ionization produces
free radicals, chemically active compounds that can indirectly damage DNA.¢ Medical staff and patients can be
exposed to x-ray radiation either as scattered x-rays or by direct exposure to the x-ray beam. Scattered x-rays give
up part of their energy during the scattering process, and thus energy deposited in tissues from scattered x-rays is
lower than directly from the x-ray source. For reference, 20 mSv/year roughly equates to 2 to 3 abdominal and
pelvic computed tomography (CT) scans or 7 TO 9 years of background radiation. Exposure surpassing this
threshold averaged over five years has been associated with a 1 in 1000 lifetime risk of fatal cancer.® 78

Radiation exposure can produce biological effects as either a dose-dependent effect or a dose-dependent
probability.2 Dose-dependent effects are referred to as deterministic effects and occur when a specific exposure
threshold has been exceeded. A dose-dependent probability is referred to as a stochastic effect and represents an
outcome that occurs with a certain probability but without a defined threshold at which these effects are
triggered.!2 Examples of deterministic effects that have been documented in the fields of interventional radiology,
cardiology, and radiation treatment include radiation-induced thyroiditis, dermatitis, and hair loss.!! Stochastic
effects are discovered many years after radiation exposure and include the development of cancer.!2 It is important
to note that deterministic effects are determined by the cumulative amount of radiation exposure an organ or tissue
experiences over time (the lifetime equivalent dose). In comparison, there is a chance that a specific x-ray causes
DNA damage that later develops into cancer, a stochastic effect. As the number of x-rays a patient is exposed to
increases, the chance of a stochastic effect increases; however, the lifetime equivalent radiation dose does not play
arole in stochastic effects. Researching the effects of long-term low-dose exposure to ionizing radiation is difficult
because literature is based on epidemiologic data from large radiation exposures at doses that are much higher
than is used in the medical setting. Current literature suggests that medical radiation may result in a modest
increase in the risk of cataracts, cancer, and possibly hereditary diseases.”

Limitation 5 — Sensitivity to patient positioning

One of the significant limitations of dental radiographs is their sensitivity to patient positioning. Accurate
positioning is crucial to obtaining clear and diagnostically valuable images.*?

Dental radiographs are highly sensitive to patient positioning. Even small errors in positioning can lead to
inaccurate or unusable images. This limitation can impact the quality of radiographs and the ability to make precise
diagnoses. Common positioning issues include incorrect angulation, vertical or horizontal shifts, and improper
alignment of the X-ray beam. Such errors can result in distorted images, superimposition of structures, and a lack
of clarity in the radiograph. Patient movement during exposure is another factor that can affect the quality of
radiographs. Even minimal patient motion can lead to blurred images, making it challenging to interpret the
findings accurately. The sensitivity of dental radiographs to patient positioning is particularly relevant in
orthodontics, where precise measurements of tooth alignment and occlusion are essential. Inaccurate positioning
can lead to misinterpretations and incorrect treatment decisions.

Limitation 6 — Limited field of view

Dental radiographs provide valuable information, but they are limited in terms of the field of view they offer. This
constraint can affect the ability to diagnose certain conditions, particularly those that extend beyond the area
covered by a standard radiograph. Dental radiographs, whether intraoral or extraoral, have a defined field of view,
which means they capture a specific portion of the oral and maxillofacial region. This limitation becomes evident
when dealing with conditions that extend beyond this limited scope.

For instance, in cases of extensive trauma, such as a fracture that involves multiple regions of the jaw, a standard
radiograph may not provide a complete view of the injury. The same limitation applies to patients with extensive
pathology or tumors that span beyond the radiographic field. In orthodontics, where assessing the alignment of
the entire dental arch is essential, the limited field of view can hinder the comprehensive evaluation of tooth
positions, particularly in cases involving malocclusions that extend throughout the arch. Additionally, in the
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context of implant planning, the limited field of view can make it challenging to assess the entire available bone
volume, potentially leading to less accurate implant placement.

Limitation 7- Time sensitivity

Dental radiographs capture a specific moment in time, and this time sensitivity can be a limitation in some clinical
scenarios. Dental radiographs, whether intraoral or extraoral, provide a static representation of the oral and
maxillofacial region at the time of exposure. This means they do not capture dynamic changes that may occur
over time.

In some situations, this time sensitivity can be a limitation. For example, when assessing conditions that evolve
rapidly, such as dental caries, radiographs may not always reflect the current state of the lesion. A carious lesion
may progress between the time of the radiograph and the patient's clinical examination, potentially leading to an
inaccurate diagnosis. In endodontics, the progression of periapical lesions or changes in root canal conditions may
not be fully represented in a single radiograph. A lesion may grow or shrink between the time of the radiograph
and the initiation of endodontic treatment, affecting treatment planning. Additionally, temporomandibular joint
(TMJ) disorders can exhibit dynamic symptoms and changes in the joint's condition. Radiographs provide a static
view and may not capture the full range of TMJ motion or the patient's discomfort during joint movement.

Limitation 8 — Limited information of function

Dental radiographs provide valuable anatomical information, but they have limitations when it comes to assessing
the functional aspects of the oral and maxillofacial region.

While dental radiographs excel at providing detailed information about the anatomical structures of the oral and
maxillofacial region, they offer limited insight into the functional aspects of these structures. This limitation can
be particularly relevant in certain clinical scenarios:

. Chewing and speech: Radiographs do not capture the dynamic movements involved in chewing and
speech. They cannot assess issues related to occlusion, bite forces, or speech articulation, which are crucial for
evaluating a patient's ability to eat and communicate effectively.

. Temporomandibular joint function: Radiographs provide static images of the TMJ's structure but do not
offer insights into its dynamic function. They cannot show the range of motion, disc displacement, or the patient's
experience of pain and dysfunction during joint movement.

. Muscle function: Radiographs cannot assess the function of the muscles involved in facial expression
and mastication. Issues such as muscle spasms or tension, which can contribute to various orofacial problems, are
not apparent in static radiographic images.

. Occlusal function: Evaluating occlusal issues, including malocclusions, premature contacts, and the
distribution of forces during biting, requires functional assessments that radiographs cannot provide.

Strategies to Overcome Limitations

Dental practitioners can employ various strategies to overcome the limitations of dental radiographs and enhance
the quality of patient care.

Dental radiographs are essential tools in dentistry, but they have inherent limitations. To provide the highest
quality of patient care and make accurate diagnoses, dental practitioners can implement several strategies:

1. Multimodal imaging: Utilize multiple imaging modalities, such as intraoral and extraoral radiographs,
panoramic radiography, and cone-beam computed tomography (CBCT), to gain a more comprehensive view of
the oral and maxillofacial region. Each modality offers unique benefits, and the choice should be tailored to the
clinical scenario.

2616



Tuijin Jishu/Journal of Propulsion Technology
ISSN: 1001-4055
Vol.44 No. 6 (2023)

2. Clinical correlation: Combine radiographic findings with clinical examination, patient history, and other
diagnostic tools to build a complete picture of the patient's condition. Clinical findings can help validate and refine
radiographic interpretations.

3. Consultation with specialists: When dealing with complex cases, consider consulting with specialists such
as oral and maxillofacial surgeons, orthodontists, endodontists, and prosthodontists. Their expertise can provide
valuable insights into treatment planning.

4. Radiographic report collaboration: Collaborate with radiologists and oral radiologists to interpret
radiographic findings accurately. Radiographic reports can provide additional insights and confirm or refute
clinical suspicions.

5. Patient education: Educate patients about the limitations and benefits of radiographs, helping them
understand the importance of these diagnostic tools in their treatment plan.

6. Minimize radiation exposure: Follow best practices for radiation safety, including the use of the ALARA
(As Low As Reasonably Achievable) principle to minimize patient and staff radiation exposure.

7. Continuing education: Stay updated on the latest advancements in dental radiography through continuing
education courses and training. Familiarity with emerging technologies and best practices is essential for
delivering the highest standard of care.

8.  Quality assurance: Implement quality assurance protocols to ensure that radiographic equipment is properly
calibrated and maintained, leading to clearer and more accurate images.

9. Patient positioning: Train staff in precise patient positioning techniques to reduce errors caused by incorrect
alignment or movement during image capture.

10. Advanced imaging software: Use advanced imaging software to enhance the diagnostic quality of
radiographs, including image enhancement, 3D reconstructions, and measurements.

By implementing these strategies, dental practitioners can effectively address the limitations of dental radiographs,
ensuring that patients receive accurate diagnoses and optimal treatment plans, while also prioritizing their safety
and well-being.

Conclusion

In conclusion, this review has explored the significant limitations associated with maxillofacial radiology,
shedding light on challenges that clinicians and radiologists encounter in the diagnosis and management of
conditions affecting the oral and facial structures. The identified limitations, including superimposition of
structures, two-dimensional representation, and radiation exposure concerns, underscore the complexity of
imaging in this anatomically intricate region.

While advancements in imaging technology have addressed some limitations, such as the introduction of cone-
beam computed tomography (CBCT) to provide three-dimensional views, there is a continuing need for
innovation. Researchers and practitioners must remain vigilant in seeking solutions to enhance the precision and
diagnostic capabilities of maxillofacial radiology.

It is imperative for clinicians to be cognizant of these limitations when interpreting imaging results, as
misinterpretations may lead to inaccurate diagnoses and subsequent treatment plans. Additionally, the potential
risks associated with radiation exposure highlight the importance of judicious use of imaging modalities,
particularly in vulnerable populations.

Moving forward, future research should focus on refining existing imaging techniques, exploring emerging
technologies, and developing standardized protocols to improve the overall efficacy of maxillofacial radiology.
Collaborative efforts between clinicians, radiologists, and researchers are essential to overcome these limitations
and ensure that diagnostic imaging in maxillofacial radiology continues to evolve, providing accurate and
clinically relevant information for optimal patient care.
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