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Abstract

The discovery of X-rays by Wilhelm Roentgen was a groundbreaking
development in medical history. This revolutionary discovery was quickly
adopted in dentistry, making radiographic imaging an indispensable tool
for diagnosis and treatment processes. Initially, radiology education was
provided by medical professionals, but over time, it was integrated into the

field of dentistry.

Radiographic imaging, which began with manual methods, has largely
transitioned to digital systems today. Particularly in oral, dental, and
macxillofacial radiology and orthodontics, these two fundamental disciplines
complement each other in diagnosing and treating complex cases. In
orthodontic treatment planning, radiological imaging provides a detailed
assessment of bone structures, tooth positions, and jaw relationships, guiding
the treatment process.

Advanced imaging techniques such as digital radiography, cone-beam
computed tomography (CBCT), and magnetic resonance imaging (MRI)
have become prominent. These technologies enable more precise diagnoses
and allow for the development of highly personalized treatment plans. The
integration of orthodontics and oral, dental, and maxillofacial radiology
has significantly advanced diagnostic and treatment processes in modern
dentistry.

The discovery of X-rays by Wilhelm Conrad Roentgen in 1895 marked
a revolution in medical history. Roentgen captured an image of his wife’s
hand using a 15-minute exposure and was awarded the Nobel Prize in
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Physics in 1901 for his groundbreaking discovery (Fields Jr & Goaz, 1995;
Ozden & Unver, 1946).

Shortly after Roentgen’s discovery, this new invention gained attention
worldwide, including in Tiirkiye. Articles were published in daily newspapers
to inform the public about X-rays. The first individuals to work with X-rays
were photographers and physicists (Fields Jr & Goaz, 1995). In Tiirkiye,
the first use of X-rays in medicine occurred in 1896 when Captain Dr. Esat
Feyzi Bey and Captain Dr. Rifat Osman Bey at the Military Medical School
captured an image of a student’s hand. In 1897, during the Ottoman-Greek
War, these doctors used Crooks tubes to locate bone fractures and bullets in
wounded soldiers (Ozden & Unver, 1946; Pirnar & Dicle, 1995).

However, the introduction of X-rays into dentistry in Tiirkiye was not as
rapid as in medicine. In 1924, dentists Hasan Hayri Bey and Sezai Ziihtii Bey
submitted a report to the Ministry of Health, which led to the acquisition
of an X-ray device for a dental school. Despite acquiring the device, the
first radiology department was established in a separate building in the
dental school’s garden under the directive of Professor Server Hilmi Bey.
The department was led by Hiiseyin Talat Bey and later separated from the
school following the university reform of 1933 (Canger & Celenk, 2012).

Radiology courses were incorporated into the dentistry curriculum in
1927. Dr. Mehmet Selahattin Erk was assigned to teach radiology to both
medical and dental students (Erden, 1948; Giirkan, 1951).

With technological advancements, imaging methods in dentistry have
evolved from printed images to digital systems, making them essential tools
in diagnosis and treatment planning. Digital imaging offers advantages
such as high-resolution images, real-time assessment, and efficient storage
of patient records. Additionally, innovations such as reduced radiation
exposure, three-dimensional imaging techniques, and artificial intelligence-
supported analysis continue to enhance the field.

Digital radiography converts X-ray images into electrical signals. The
goal of digital radiography is to detect dental diseases and provide treatment
insights, much like film-based techniques that offer information about dental
structures and surrounding tissues. Two main methods are used in digital
imaging: direct and indirect techniques (Yeler et al., 2006).

Direct digital imaging is divided into two systems according to whether
the image is formed directly on the screen after irradiation or whether there
is an intermediate phase. The system with an intermediate phase is also
called quasi-direct (Hintze et al., 1994).
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Radiovisiography (RVG) (Trophy Radiology, France) was the first
imaging technique in a direct digital radiography system and was introduced
by Dr. Frances Mouyens in 1984. Since then, different imaging systems
have been introduced to the market with different resolution values, matrix
sizes, sensor types and pixel values while keeping the working principle the
same (Parks & Williamson, 2002).

The indirect digital imaging system includes CCD cameras and computers.
The working principle is that radiography provides scanning with a CCD
camera and directs it to the computer screen, where it is displayed on the
computer screen (Yeler et al., 2006).

1.Radiological Imaging Tools Used in Dentistry and Orthodontics

Accurate diagnosis and effective treatment planning in dentistry rely
heavily on imaging techniques. The evolution from traditional radiographic
techniques to digital systems has brought significant advancements,
allowing for the evaluation of not only teeth and surrounding tissues but
also bone structures, sinuses, joints, and soft tissues. Key developments such
as reduced radiation doses, high-resolution imaging, and widespread use of
three-dimensional imaging have improved diagnostic accuracy.

Today, the following imaging methods are commonly used in dentistry
for diagnostic and therapeutic purposes:

- Panoramic Radiography

- Digital Periapical Radiographs

- Occlusal Radiographs

- Lateral Cephalometric Radiography

- Antero-posterior Cephalometric Radiography
- Postero-anterior Cephalometric Radiography
- Hand-Wrist Radiographs

- Cone-Beam Computed Tomography (CBCT)
- Ultrasound Imaging

- Magnetic Resonance Imaging (MRI)

1.1. Lateral Cephalometric Radiographs

Lateral cephalometric films, which are essential for a comprehensive
and detailed orthodontic treatment planning, should be taken only when
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necessary, like all radiographic records. The relationship and analysis of all
structures in the cranial region from the films taken helps to determine the
diagnosis and treatment method. (Proffit & Fields, 2013) (Figure 1)

In their 1992 study, Atchison et al. reported that orthodontic treatments
can change the treatment planning by approximately 20% with the analysis
of lateral cephalometric films. (Atchison et al., 1992) Today, this rate is still
acceptable. Most of the anomalies present in individuals may be masked by
the surrounding soft and/or hard tissues and this may lead to misleading
treatment plans.

In cases where lateral cephalometric films are used as follow-up films, they
are also known to be helpful treatment tools in determining the direction
and speed of growth and/or the course of treatment.

Figure 1. Lateral Cephalometric film

1.2.Cephalometric Analysis

The main purpose of cephalometric films is to guide the orthodontist in
diagnosis and treatment by determining the conditions that occur as a result
of dental, skeletal and/or combination of these problems in patients.(Figure 2)
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Figure 2. A manually prepared cephalometric drawing

Cephalometric analysis was first popularized by Down’s after World War
II. Although it was initially difficult to establish norms for reference values,
this was overcome by calculating reference values for individuals with perfect
facial proportions and occlusion (Proftit & Fields, 2013).

Analyses such as Down’s (Downs, 1956), Steiner (Steiner, 1953), Wits
(Jacobson, 1976), Jarabak, Sassouni (Sassouni, 1958) are still relevant and
actively used today.

The Steiner analysis was the first orthodontic analysis developed by
Cecil Steiner in the 1950s. In the analysis, he prepared not only individual
measurements but also a treatment plan that guides the comparison of these
measurements. In his analysis, he mentioned the orthodontically important
SNA, SNB and ANB, which indicates the relationship between the jaws. He
also utilized angular and linear measurements of the upper incisor NA and
lower incisor NB to evaluate the protrusion of the incisors. (Steiner, 1953)

Down’s analysis (Downs, 1956) is a measurement consisting of five
skeletal and five dental measurements without soft tissue measurement and
treatment plan. The skeletal measurements examine the position of the
maxilla and mandible relative to each other and to the cranium, while the
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dental measurements examine the relationship of the teeth to each other and
to the jaw bones.

Tweed analysis begins with three planes that form the triangle known
as the Tweed triangle. These planes are the Frankfort horizontal plane, the
mandibular plane, and the plane formed by the long axis of the lower incisor
(Jain et al., 2017). The Frankfort plane is drawn using the midpoint of the
skeletal orbital points on both sides as a reference, along with a point 4.5
mm above the geometric center of the ear rod. The mandibular plane is
drawn tangentially along the lower border of the mandible. The third plane
is drawn using the long axis of the lower incisor as a reference. By combining
these three planes, the Tweed triangle is formed. The three angles located at
the three vertices of this triangle serve as references for the evaluation in this
analysis. These angles are called FMA, FMIA, and IMPA.

1.3.Postero-Anterior Radiographs

Unlike lateral radiographs, frontal radiographs are used to determine
maxilla, mandible and various facial asymmetries and to evaluate vertical
directional measurements in the craniofacial region and oral structures
(Jacobson, 1995). When used in conjunction with lateral cephalometric
evaluations, they can be informative for the craniofacial and dentofacial
complex in all 3 dimensions (Athanasiou, 1995)

Although postero-anterior radiographs are one of the leading 2D
imaging methods used by orthodontists in facial asymmetries, they are not
preferred by clinicians (Figure 3). In the literature, this radiography group
has been used in the evaluation of syndromes and craniofacial asymmetry
(Grummons et al., 1987; Svanholt & Solow, 1977).
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Figure 3. Postero-anterior cephalometric vadiography

1.4.Panoramic Radiographs

Panoramic (orthopantomography) radiographs are the most commonly
used radiographs in dentistry to visualize the maxilla and mandible and dental
structures on a single film (Kog & Ozbek, 2021) (Figure 4). Nowadays, it
is known that almost every dental clinic has at least one radiography device.

In Panoramic radiographs;
- Teeth,

- Maxilla

- Maxillary sinus

- Mandibular

- Nasal septum,

- Nasal cavity,

- Zygomatic arc,

- Orbital base,

- Articular eminence,

- Styloid processes,
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- Cervical vertebrae,
- Hyoid bone,

- Nasal soft tissue,

- Soft palate,

- Uvula,

- Tongue,

- Nasopharyngeal,

- Glossopharyngeal and palatoglossal airways can be monitored.

Figure 4. Panovamic Radiography

1.5.Digital Periapical Radiographs

Periapical radiographs perform imaging in a more specific area than other
radiographs. They provide a detailed representation of the relationships of
the teeth with the crown, root and surrounding tissues (Ozcan, 2017).

The aim of use in orthodontics is;
Evaluation of the development, eruption time and position of teeth
Dimensions of the teeth, assessment of the presence of shape anomalies

Evaluation of root resorption of deciduous teeth in deciduous and/or
mixed dentition

Evaluation of root formation stages of permanent teeth
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Evaluation of the inclination of the tooth roots.

1.6.0Occlusal Radiographs

It is a film group that helps to see the teeth and jaw bases in the upper
and lower jaw in a single film. It can be used to monitor erupting teeth,
fractures in the maxilla or mandible, determine the position of plus teeth,
evaluate soft and/or hard tissue problems, and control the separation of
the suture palatine media to control the skeletal change of the maxillary
expansion appliance. (Scheller-Sheridan, 2013) (Figure 5).

P

.

Figuve 5. Example of occlusal radiograph

1.7.Cone Beam Computed Tomography (CBCT)

Towards the end of the 1960s, computed tomography was first used in
the UK (Hounsfield, 1973). The first clinical application was performed
by Dr. James Ambrose (Ambrose, 1973).The examination of craniofacial
structures was first performed by Mozzo and colleagues (Mozzo et al.,
1998).

The scanning process can be performed standing, sitting and/or lying
down (Caloss et al., 2007; Scarfe & Farman, 2008), the artifact has a less
clear image (Scarfe & Farman, 2008), the scanning time is short (Scarfe &
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Farman, 2008; Scarfe et al, 2010), the data obtained are in DICOM (Digital
Imaging and Communications in Medicine) format (Kau et al., 2009) and
can be transferred to an external memory (White & Pharoah, 2008) are
among the advantages of cone beam computed tomography.

It is known that the images obtained with CBCT are identical to the
original images (Lagravere et al., 2008). This provides more precise and
reliable results. It can also be used to determine the status of the anomaly
and the depth of the defect in individuals with cleft lip and palate (Baba et
al., 2002) and to evaluate the effect of rapid upper jaw expansion on the
respiratory tract (Garrett et al., 2008; Lagravere et al., 2010; Lagravere et
al., 2008). CBCT is also used in the construction and evaluation of dental
implants.

CBCT is currently used for various purposes in all branches of dentistry
and is gradually replacing other radiographic imaging techniques.

1.8.Hand-Wrist Radiographs

Wrist radiographs were recorded shortly after the discovery of X-rays
and started to be used in the assessment of skeletal development. The main
reason for their use in the evaluation of skeletal development is that as many
bones with ossification periods as possible can be visualized together in a
single film and these films can be obtained more easily than other parts of
the body.(Figure 6)

Figure 6. Example of a wrist radiograph
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1.9.Ultrasonography

It can be defined as mechanical energy consisting of acoustic waves at
frequencies higher than the hearing level of the human ear. In medicine
for diagnostic purposes, it is generally preferred in cases such as pregnancy
where radiation applications are harmful (Atict & Ertag, 2014).

Ultrasound can be used in various fields in dentistry. The main ones are
evaluation of orthodontic root resorption (El-Bialy et al., 2004 ), treatment
of temporomandibular joint disorders (Erickson, 1964), periodontal healing
(Ikai et al., 2008).

Insufficient mandibular growth can lead to impaired dental occlusion and
deformations in facial aesthetics (Proffit et al., 2006). In cases of advanced
mandibular insufficiency, the main treatment options are orthognathic
surgery or distraction osteogenesis (Molina, 2009), and functional
appliances may be preferred to prevent complications related to surgery
(Moulin-Romsée et al., 2004). There is a need for alternative methods that
can provide faster and more effective results in the treatment of mandibular
insufticiency. In this context, studies evaluating the effectiveness of low-
intensity intermittent ultrasound are limited (Khan et al., 2013). El-Bialy
et al. examined the effectiveness of low-intensity intermittent ultrasound on
mandibular growth and reported that the growth was higher in the applied
group (El-Bialy et al., 2006). Oyonarte et al. reported that low-intensity
intermittent ultrasound affects mandibular growth at the bone and cartilage
level (Oyonarte et al., 2013).

1.10.Magnetic Resonance Imaging (MRI)

It works in a completely different structure than other imaging systems.
It works on the principle that water molecules in tissues move as a result of
radio waves (Brooks & Miles, 1993; Edwards, 1993).

Since it is a noninvasive technique, it is widely used in dentistry. However,
although it is a sensitive technique, its specificity is not as high.

MRI has many advantages:
It does not emit ionizing radiation
It can be used for soft tissue examination

It allows cross-sectional examination of images (Kondoh et al., 1998;
Nebbe et al., 1998)
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Although it is mostly used in temporamandibular joint imaging
in dentistry, it can also be used in cases of cleft lip and palate, cysts and
malignant lesions in the maxillofacial region (Edwards, 1993).

1.11.Stereophotogrammeters

The basis of stereophotogrammetry is the steroscopic vision principle
that exists in all living things in nature. According to this principle, the
third dimensions of the objects existing in nature are overcome by
visual perception from different angles and objects are perceived in 3D.
Stereophotogrammetry is based on obtaining a 3D image by combining
images taken with at least 2 imaging devices at equal distances from the
object (Gorgiilii et al., 2015; Ras et al., 1995; Tzou & Frey, 2011)

In today’s technologys, it is ideally used in the examination of soft tissues
(Gorgiilii et al., 2015; Kau et al., 2010).

In the field of orthodontics, it is used;

When analyzing soft tissue differences by age race sex (Tanikawa et
al., 2016)

In smile aesthetic evaluations (van der Meer et al., 2014)

In 3D soft tissue image archives of individuals (Rosati et al., 2010;
van der Meer et al., 2014)

In asymmetry assessments (Edler et al., 2003)
In omage comparisons before and after treatment, (Rosati et al., 2010)
In Growth and development studies (Wong et al., 2008)

In the assessment of various syndromes (Fourie et al., 2011).
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