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       Abstract 

 

       Diagnostic radiology constitutes an indispensable element of the diagnostic process and treatment planning in 

orthodontics. Panoramic and cephalometric radyographies, in conjunction with cone beam computed tomography, 

facilitate a comprehensive examination of tooth and jaw structures. These methodologies are employed in critical 

applications, including the identification of malocclusion types, the evaluation of growth and development stages, the 

assessment of impacted teeth positioning, and the monitoring of alterations occurring during orthodontic treatment. 

However, given the potential risks of radiation exposure, it is imperative to prioritize the acquisition of the most 

informative images while minimizing the radiation dose. The utilization of advanced imaging techniques should be 

reserved exclusively for circumstances where their application is medically justified, and patient safety must remain 

the paramount concern. 
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       Introduction 

 
       Diagnostic radiology constitutes the diagnostic 

branch of radiology, a field that plays an indispensable 

role in orthodontic treatment planning and patient follow-

up. Contemporary radiological methodologies facilitate 

meticulous evaluation of teeth, jaw bones, and the 

adjacent tissues, thereby enabling precise identification 

of orthodontic concerns and the formulation of 

efficacious treatment modalities (1,2) 

 

             The Application of Diagnostic Radiology 

 

1. Evaluating the alignment and positioning of the 

teeth 

2. Determining the type of malocclusion 

3. Planning of orthognathic surgery 

4. Examination of the location of impacted teeth 

and their relationship with surrounding tissue 

5. Root resorption in orthodontic treatment follow-

up, monitoring the effect of orthodontic 

appliances 

6. Evaluation of changes occurring in bone 

7. Examination of cysts, tumors and inflammation 
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8. Diagnosis and follow-up of syndromic conditions 

(3,4) 

 

       The issue of the minimal radiographic recording 

system that is planned to be used in determining the 

diagnosis and treatment in orthodontics has been 

discussed by researchers for years, yet no consensus has 

been reached (4-7). The presence of risk should be 

accepted when evaluating the cytocastic effects of 

radiation, which occur even at low doses. This is due to 

the fact that patients exposed to radiation usually consist 

of children and young adults with high radiosensitivity 

(4).  When determining the necessary radiographic 

records, orthodontists should adopt the principle of 

"lowest reasonably achievable" radiation and choose the 

method that provides optimal information with 

appropriate indications for the patient (4,8). The 

radiographs obtained in a standard orthodontic clinic 

consist of panoramic, cephalometric, and wrist 

radiographs, which are two-dimensional (2). However, 

these techniques have disadvantages, such as 

magnification, overlapping of anatomical points, and 

artifacts related to patient positioning. In light of these 

limitations, three-dimensional (3D) methods can be used 

in orthodontic diagnosis and treatment planning (6, 9). 

       The upper canines, which are planned to be retained 

for treatment in orthodontics, are the most frequently 

impacted teeth after the lower jaw third molars, and the 

frequency of impacted canines varies between 1% and 

4% (10). The maxillary canines teeth are developed in 

the deeper regions of the jawbone and must traverse a 

greater distance to reach the oral cavity than other teeth 

(11). In addition to panoramic, periapical, lateral 

cephalometric, and posteroanterior cephalometric 

radiography, cone beam computed tomography (CBCT) 

can be used as a reliable method for visualizing these 

orthodontically important teeth (8,12). It has been 

reported that images obtained with CBCT result in 

alterations to treatment plans created using 2D 

radiographs (8). Maxillofacial surgeons have 

recommended CBCT as a fundamental method for 

diagnosing impacted maxillary canines. However, 

orthodontists predominantly favor conventional 

radiographic techniques over CBCT for routine 

diagnostic purposes (13). 

 

       Radiologic Techniques 

 

1. Panoramic Radiography 

 

       Panoramic radiography is frequently regarded as the 

preferred initial imaging modality for orthodontic 

patients in the field of dentistry (14). This technique, 

classified as an extraoral method, generates two-

dimensional data regarding the facial-jaw skeleton, teeth, 

and hard tissue elements of the temporomandibular joint 

(TMJ). This technique provides crucial insights into 

various conditions that affect orthodontic treatment 

planning. These include the examination of impacted or 

supernumerary teeth, dental age determination, and 

comprehensive evaluation of the entire dentition (15). 

       The panoramic radiographic image is formed by the 

synchronized movement of the X-ray tube and detector 

along a specific trajectory in the opposite direction 

around the patient's head (Figure 1). During this process, 

the X-rays, which are moving away from the tube, rotate 

around the jaw and teeth, while the detector on the 

opposite side records the received data. During this 

movement, only structures in a specific focal plane (focal 

trough) are clearly visualized, while areas outside this 

plane appear blurred. This technique is employed to 

generate a detailed two-dimensional image of the jaw, 

teeth, and surrounding structures (15,16). 

 

 
Figure 1. Example of a panoramic radiograph. 

 

       In the discipline of orthodontics, panoramic 

radiographs play a critical role in determining the density 

of bone tissue, trabeculation, the ratio of spongiosis and 

cortical bone, and the distance of the maxillary sinus, 

mental foramen, and mandibular canal to the alveolar 

crest prior to mini screw placement (2). In the evaluation 

of the eruption status of the teeth, a decision is made for 

extraction or surgical exposure of the impacted tooth 

based on their position in relation to the midline and 

alveolar crest (17). 

       According to the findings of studies cited in the 

literature (18-20), upper canine teeth are more frequently 

impacted in the palatinal region. It has been documented 

that these teeth are responsible for inducing root 

resorption in adjacent teeth (20-22).  The limitations of 

panoramic radiography in providing information 

regarding the buccopalatinal position of teeth underscore 
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the necessity of additional diagnostic modalities in the 

evaluation of impacted canines and the associated root 

resorption (23). In such cases, the utilization of 3D 

imaging techniques, such as CBCT, is recommended 

(24).  Furthermore, in cases where the angle of the 

impacted maxillary canine tooth with the midline exceeds 

30 degrees, and/or there is suspicion of inducing root 

resorption in an adjacent tooth, it is advised to employ 

CBCT in the smallest imaging area (17). 

 

2. Periapical, Bitewing and Occlusal Radiographs 

 

       In addition to panoramic radiography, periapical, 

bitewing, or occlusal radiographs should be utilized 

solely when additional detail is required. Periapical 

radiography is the most informative and simplest of the 

techniques using X-rays. These radiographs offer 

superior visual clarity, facilitating the discernment of root 

structure (length, inclination), periapical tissues, and 

bone structure of the teeth. The comprehensive nature of 

this information is paramount in the field of orthodontics. 

This modality facilitates meticulous examination of the 

location of impacted teeth, root resorption, periapical 

lesions, periodontal problems, and post-treatment 

complications. While this technique offers the advantage 

of high-resolution evaluation of the targeted area, it is 

limited in its ability to provide information regarding the 

buccolingual position of the tooth. A comprehensive 

evaluation is only achieved when this technique is 

employed in conjunction with other methods (2,25,26). 

       In a patient with adequate oral hygiene, panoramic 

radiography is sufficient if no obvious pathological 

condition is present. However, if there is suspicion of 

caries at the interface of the teeth, bitewing radiography 

should be obtained. In the case of a deep caries, 

periapical radiography should be obtained from the 

affected area. In the presence of periodontal disease, 

periapical or bitewing radiographs should be obtained 

from the affected area (2). 

       In panoramic radiographs, the anterior maxilla is 

frequently distorted by factors such as magnification and 

superimposition. This results in various pathologies, 

impacted/erupting and supernumerary teeth being 

missed. Occlusal radiography, on the other hand, 

facilitates the detection of these structures in the maxilla, 

their palatinal/lingual positioning, maxillary expansion, 

and asymmetries. Furthermore, mandibular imaging 

provides crucial information regarding the buccolingual 

position of impacted teeth (27-30). Panoramic 

radiography is employed to obtain the requisite data for 

diagnosis, with the objective of minimizing radiation 

exposure. Periapical or other radiographs are requested 

only in select circumstances (2). 

 

 

3. Cephalometric Radiography 

 

       Cephalometric radiography is a diagnostic tool 

employed in the analysis of malocclusions, the evaluation 

of basic skeletal incompatibilities, and the assessment of 

facial and dental proportions. This radiographic 

technique facilitates the elucidation of the anatomical 

origins of malocclusions. It demonstrates the relationship 

between the cervical vertebrae, cranial base, cranium, 

and jaws, as well as any degenerative changes (2,31). 

While cephalometry remains a cornerstone of orthodontic 

imaging, the use of lateral cephalometric radiography 

offers a distinct advantage in evaluating vertical 

relationships, though it provides limited insight into the 

transverse dimensions and bilateral assessment of 

malocclusions (32). The recommended approach 

involves the utilization of lateral cephalometry when the 

objective is to ascertain skeletal relationships and 

measurements or to determine the inclination and 

position of the upper and lower incisors (4). 

       Lateral cephalometric radiography is a diagnostic 

tool that allows for the observation of changes in airway 

volume in the sagittal plane, particularly in patients 

diagnosed with obstructive sleep apnea. The literature 

has examined alterations in the airway following 

orthodontic treatment using lateral cephalometry (33, 

34). Nevertheless, the utilization of surface area or 

volume measurements in the diagnosis of airway 

narrowing has been regarded as more precise, and 

CBCTs have been employed for this purpose (35). 

       Posteroanterior cephalometric radiographs are 

employed to evaluate facial asymmetries by examining 

dentoalveolar and skeletal relationships in the transverse 

direction. However, patient positioning is a significant 

challenge, and its effect on the measurements made must 

be considered (36). 

 

       4. Radiography of the hand and wrist 

 

       The identification of the stage of growth and 

development constitutes the most fundamental element of 

orthodontic evaluation and treatment planning. For this 

purpose, hand-wrist radiographs are widely used in 

orthodontic clinics and are considered the gold standard 

for determining the pubertal growth stage. However, it is 

important to note that this procedure does involve the 

administration of additional radiation to the patient, an 
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undeniable fact that has been documented in the extant 

literature (37).  

       A review of the literature on this subject, conducted 

as part of the preparation of the clinical practice 

guideline, revealed that measurements of cervical 

vertebral maturation made using lateral cephalometric 

radiography can be used as an alternative to wrist x-rays 

and provide reliable information (4, 37-42). 

 

  5. Cone Beam Computerized Tomography 

 

       The CBCT was originally developed for utilization 

in the field of dentistry in 1987, and its functionality in 

the domain of orthodontics was thoroughly examined and 

documented during the Orthodontic and Aesthetic 

Science and Technology Congress in 2002 (43,44). 

       In the domain of orthodontics, conventional 

radiographs are often supplemented by CBCT imaging 

when a more comprehensive evaluation is necessary (see 

Figure 2). In contradistinction to 2-dimensional 

radiographs, CBCT images offer several notable 

advantages. These include the absence of superposition 

and magnification, the acquisition of cross-sectional 

images in different planes, the monitoring of the airway 

volume, the determination of the exact position of 

impacted teeth, and the presence of soft tissue contrast 

(45,46). 

       Furthermore, the bone density and mineralization 

amounts can be calculated on CBCT. Indications for 

CBCT include the following: ectopic impacted/erupting 

teeth, cleft lip and palate, obstructive sleep apnea, 

orthognathic surgery planning, patients with facial 

asymmetry, syndromic conditions and deformities, and 

bone tissue evaluation of the TMJ. The presence of 

ectopic teeth, their location, and the potential for 

resorption of permanent tooth roots can be assessed on 

CBCT. Furthermore, the direction in which the impacted 

tooth should be moved to prevent damage to neighboring 

teeth can be determined. The knowledge of the actual 

three-dimensional position of the impacted tooth is of 

paramount importance, as it affects the treatment method 

to be applied by the orthodontist in a timely manner and 

the necessary anchorage efficiency (2,8). 

       The efficacy of orthodontic treatment, as evidenced 

by the reduction in the dimensions of the buccal cortical 

bone resulting from accelerated palatal expansion, can be 

assessed through the use of CBCT (47). While CBCT has 

been found to produce precise outcomes in the 

assessment of alveolar bone defects, it has also been 

observed to yield false positive results in the detection of 

fenestrations (48, 49). 

 

 
Figure 2. This figure illustrates a cone beam computed 

tomography image. 

 

       While some orthodontists advocate for the routine 

use of CBCT in addition to panoramic and cephalometric 

radiography, it is imperative to acknowledge the 

significant increase in the level of radiation absorbed by 

patients. When acquiring CBCT images from patients, it 

is imperative to utilize the smallest feasible imaging area 

to minimize the overall radiation exposure (2). 

 

6. Magnetic resonance imaging 

 

       Magnetic resonance imaging (MRI) is an imaging 

technique that uses radiofrequency waves as opposed to 

x-ray-based methods (Figure 3).In dentistry, MRI is 

mainly used to evaluate soft tissues in the neck region, 

TMJ disc dislocations and pathologies, TMJ anomalies, 

and salivary glands. Recent studies have demonstrated its 

application in the visualization of dentoalveolar 

structures, periapical and periodontal inflammation, 

caries, and the location of impacted teeth. The absence of 

ionizing radiation allows for reproducible recordings, 

especially in pediatric and adolescent patients (50, 51). 

 

 
Figure 3. Example of a magnetic resonance image. 

 
       Cephalometric analyses can also be performed on 

MRI; however, they require specialized equipment and 

settings, which may not be available in all healthcare 
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institutions. Another limiting factor is the need for a 

trained radiologist to interpret cephalometric data. 

Consequently, cephalometric radiographs are frequently 

the preferred modality due to their convenience, 

practicality, and accessibility. However, in certain cases 

where more detailed visualization of soft tissues is 

required, MRI can be utilized (50). 

       Metal components in orthodontic appliances, such as 

brackets and wires, pose a concern as they are susceptible 

to heating and movement during MRI procedures, 

potentially causing discomfort to patients. Additionally, 

these appliances may introduce artifacts in MR images, 

complicating interpretation. Therefore, in certain 

circumstances, it may be advisable to remove these 

appliances prior to undergoing MRI (50, 52). 

 

       Minimization of Radiation Dose 

 

       Despite the widespread use of diagnostic radiology, 

it is imperative to minimize patient exposure. In 

accordance with the ALARA (As Low As Reasonably 

Achievable) principle, the acquisition of the greatest 

amount of diagnostic information should be balanced 

with the requirement of the lowest possible radiation 

dose. The utilization of advanced techniques, such as 

CBCT, should be reserved exclusively for cases where 

there is a clear medical necessity, and the potential risks 

of radiation exposure to patients must be meticulously 

evaluated (53,54). 

 

       Conclusion 

 

       Diagnostic radiology is vital for both diagnosis and 

treatment planning in the orthodontic treatment process. 

Methods such as panoramic, cephalometric and CBCT 

help to determine the extent and severity of orthodontic 

problems and allow monitoring of treatment 

effectiveness. Careful and informed use of these 

technologies increases both patient safety and treatment 

success. 
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