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Abstract

The validity of orthodontic diagnosis and treatment planning depends on the accuracy of the photos, models and radiograps to be obtained from the
patient. One of the most important parts of diagnosis and treatment planning is the use of appropriate imaging method. Although lateral
cephalometric radiographs are still the most preferred imaging method, other methods such as hand-wrist radiographs, panoramic radiographs, cone
beam computerized tomography (CBCT), magnetic resonance imaging (MRI), and ultrasound are also frequently used. For this reason, it is
important to know the advantages and disadvantages of all imaging methods for orthodontists in order to select the most suitable method for the
patient. Although 2D imaging modalities are still frequently preferred in terms of their accessibility, CBCT use may come to the fore when precise
imaging of hard tissues is desired. In cases where TMJ region and soft tissues are to be imaged, the use of MRI and ultrasound should be considered.

Orthodontists should follow up the up-to-date usage areas of the developing imaging methods.
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1. Introduction

Orthodontic treatment aims to position the dentition within the
skeletal and soft tissue environment for optimal facial and
dental aesthetics. Although the design of primitive orthodontic
appliances dated back to ancient times, systematic
identification of orthodontics was carried out by Kingsley in
the 1800s (Kingsley, 1880; Profitt, 2013). The occlusion
concept, which simply expresses contact between teeth, was
introduced in the late 1800s, and the classification of this
relationship was carried out by Edward H. Angle, the father of
modern orthodontics (Angle, 1899; Angle, 1907). This
classification, which was mainly based on the relationship of
molar teeth, had been effective in the transition of orthodontic
treatments to a more advanced stage. Nevertheless, it was
observed that satisfactory results could not be achieved due to
incompatibilities in the jaw and facial structures even if ideal
occlusion was achieved. With the spread of lateral
cephalometric radiographs after World War II, it had been
shown that the problem in Class II and Class III malocclusions
was not only due to the placement of the teeth, but also the
position of the jaws was effective in this case. Therefore, the
treatments started to target not only the correction of the teeth
but also the correction of the skeletal structure (Profitt, 2013).

The validity of orthodontic diagnosis and treatment
planning depends on the completeness of the material to be
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obtained from the patient. One of the most important parts of
diagnosis and treatment planning is the use of appropriate
imaging method. Although lateral cephalometric radiographs
are still the most used imaging method, other methods such as
hand-wrist radiographs, panoramic radiographs, cone beam
computerized tomography (CBCT), magnetic resonance
imaging (MRI), and ultrasound are also frequently used. The
important thing is that the orthodontist should decide which
radiographs are required to suit the needs of each patient.

2. 2D imaging modalities

2.1. Lateral cephalometric radiographs

Cephalometry was a tool used by anatomists for measuring
skulls and studying craniofacial development long before the
emergence of orthodontic science (Chaconas and Fragiskos,
1991; Uzel and Enacar, 2000). For the first time, Pacini (1922)
obtainted lateral cephalometric films by fixing the individuals'
heads with bandages, and made some dimensional and angular
measurements on these films for anthropometric purposes and
investigated certain indices. Later in 1931, standardized remote
X-ray techniques were developed by Hofrath in Germany to
examine the results of prosthodontic reconstruction, and by
Broadbent in the USA to study craniofacial growth. In this
way, cephalometry had entered clinical use and had become
one of the most important tools of orthodontic clinic and
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research (Uzel and Enacar, 2000; Quintero et al., 1999; Profitt,
2013; Hans et al., 2015).

After the cephalometry entered the orthodontic literature in
1931, analysis methods were developed one after another.
Researchers such as Tweed, Downs, Steiner, Sasounni,
Ricketts, Jarabak and Fizzell, McNamara created
cephalometric analysis methods (Uzel and Enacar, 2000).
Cephalometric films are generally obtained in the head
position, where the Frankfort Horizontal plane, clinically
detected, is parallel to the ground, where the head is fixed with
the ear and nasion sticks of the cephalostat. Cephalometric
analysis is carried out according to the various reference planes
obtained using intracranial points on these films. Some hard
tissue reference points used in cephalometric analysis are
exemplified in Fig. 1.

Fig. 1. Examples for cephalometric hard tissue landmarks. A: The
deepest point of concavity on the maxilla between ANS and prosthion.
B: The deepest point of concavity on the mandibular symphysis
between infradentale and pogonion. Na: Nasion, the most anterior
point of the front nasal suture. S: Sella, the midpoint of sella turcica.
Go: Gonion, point of intersection of the ramus plane and the
mandibular plane. Me: Menton, the midpoint on the inferior border of
the mental protuberances. Pog: Pogonion, the most anterior point of
the bony chin in the median plane. Gn: Gnathion, the most
anteroinferior point on the symphysis. ANS: the most anterior point
of anterior nasal spine. PNS: the most posterior point of posterior
nasal spine. Po: Porion, The most superior point of the meatus
acusticus externus. Co: Condylion, most posterior/superior point on
the condyle of mandible. Or: Orbitale, most inferior point on margin
of orbit. Ar: Articulare, junction between inferior surface of the
cranial base and the posterior border of the ascending rami of the
mandible

Cephalometric analysis methods are used for orthodontic
diagnosis, to determine facial growth patterns, to evaluate
changes during and after orthodontic treatment. (Ulgen, 2001;
Kayasu and Koklii, 2012). Current uses of cephalometry are
(Gill and Naini):

Morphological analysis: Orthodontic anomalies arise not
only from the positional disorders of the teeth, but also from
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the size and position of jaws and facial structures.
Cephalometric analysis methods are frequently used to make
the correct diagnosis. Various linear and angular measurements
are used for this purpose. Thus, the relationship between the
jaws with each other and the cranial base can be evaluated in
both sagittal and vertical directions. Cephalometric analysis is
used not only for the evaluation of skeletal structure but also
for the evaluation of dental relations and soft tissue (Holdaway,
1983; Bergman, 1999).

Analysis of facial growth pattern: Accurate diagnosis of
facial growth pattern is to determine the treatment timing and
the appropriate treatment method. It is not possible to stop
growing, but it is possible to direct it with appropriate
treatment mechanics. Therefore, various measurements can be
used to determine the treatment method that will not conflict
with the patient's growth model and can give an effective result
(Erverdi, 2017).

Evaluation of treatment results: Cephalometric analysis
can be used not only in diagnosis, but also to evaluate the effect
of functional appliances and other treatment mechanics,

Evaluation of impacted teeth: Although panoramic
radiographs and 3D imaging methods are frequently preferred
for this purpose, cephalometric radiographs can also be used to
have an idea about the bucco-lingual positions of anterior teeth.

Evaluation of skeletal maturation: It is very important to
determine the skeletal development of the individuals to treat
the anomalies related to the lower and middle face areas at the
appropriate time. In treatments targeting growth modifications,
the most appropriate period is considered to be the pubertal
peak period. Although different methods are used to evaluate
the skeletal maturation of individuals, one of the most
frequently used methods is the evaluation of cervical vertebra
maturation stages (CVMS) on lateral cephalometric
radiographs. CVM stages were first introduced by Lamparski
(1972). Then Baccetti et al. (2002) developed the method, by
examining the shape and size of the bodies of the cervical
vertabrae 2-4. They have identified five maturation stages.
Baccetti et al. (2005) evaluated CVM phases in six groups in
another study (Fig. 2). Studies showed that this method was
reliable in predicting individual growth and evaluating the
growth spurt of the mandible (Hassel and Farman, 1995;
Flores-Mir et al., 2006; McNamara and Franchi, 2018). The
most important advantage of the method is that it does not need
any other material in addition to cephalometric radiographs, it
is easy to apply and practical. However, it should be kept in
mind that it is subjective because of visual evaluation (Tiirkoz
etal., 2017).

2.2. Hand-wrist radiographs

One of the most frequently used methods for determining
skeletal maturation is the evaluation of hand-wrist radiographs.
The presence of a large number of bones in the region and its
ability to provide detailed assessment often make it preferred
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compared to other methods (Bowden, 1976; Fishman, 1979).
Evaluation of skeletal maturation using hand-wrist radiographs
can be performed with two approaches.

First approach is based on comparison of radiographs for
determining the skeletal age of individuals using hand-wrist
atlas. The atlas of Greulich and Pyle (1959) contains hand and
wrist radiographs, taken from girls and boys, from birth to
adulthood, with an interval of six months. Each bone of the
patient’s hand-wrist is compared with the corresponding bones
in the atlas and is assigned an age in months. In this atlas, again
for girls and boys separately; separate tables are given for
skeletal age as normal, retarded or accelerated. These tables
show how many percent of the child's growth is completed at
each age. In Tanner et al. (1983) method, specific ossification
centers in the hand and wrist (radius, ulna and certain
metacarpal and phalanges) are evaluated and classified for
certain stages. The total bone age is determined by calculating
the score obtained from each bone.

Fig. 2. Cervical vertebrae maturation stages. A. CVMS 1: Inferior
surfaces of all vertebras are flat and get narrower from posterior
towards anterior. B. CVMS 2: Formation of a concavity at the lower
border of the second vertebra has started and anterior heights of the
vertebras have increased. C. CVMS 3: Lower border of the third
vertebra is also becoming concave. D. CVMS 4: Lower border of the
fourth vertebra is also concave and slight concavity is observed at the
fifth and sixth vertebras. Also, vertebras are now rectangular in shape
at this stage. E. CVMS 5: Concavity of the fifth and sixth vertebras
has distinctively deepened, vertebras are rectangular in shape and the
gap between them has decreased. F. CVMS 6: Length of the vertebras
exceeds their width and concavities are deep (Baccetti et al., 2002)

The second approach aims to reveal the skeletal
development period of the individual by evaluating the
formation of various hand bones and the epiphysis/diaphysis
relationship on hand-wrist radiographs. The expansion of the
epiphyses is associated with diaphysis and is an ongoing
process. The epiphysis first emerges as the ossification center
in the middle of the diaphysis and begins to expand to the sides.
The capping phase is the phase between the expansion of the

epiphyses and their union with the diaphysis. The formation of
the sesamoid bone begins on the medial of the proximal
phalanx of the thumb (Fishman, 1982). The formation of the
sesamoid bone occurs about 1 year before the pubertal peak.
Pubertal peak growth is considered as the period when the
epiphysis of the medial phalanx of the 3™ finger is capping
through the diaphysis (MP3cap). The evaluation of the growth
period by evaluating ulnar, radius, carpal, metacarpals,
phalanges, and the sesamoid bone on hand-wrist radiographs
was examined by various researchers and various
classifications was introduced (Bjork and Helm, 1967;
Bowden, 1976; Fishman, 1982). These methods aimed to
determine the treatment approach by evaluating the skeletal
maturation of the individual, not the calculation of the skeletal
age. Examples of hand-wrist radiographs showing various
stages are presented in Fig. 3.

Fig. 3. Stages of maturation according to the hand wrist radiographs.
A. PPy>= (equality of epiphysis and diaphysis of proximal phalanx of
the 2" finger), B. MP3= (equality of epiphysis and diaphysis of medial
phalanx of the 3rd finger), C. Pisi (ossification of os pisiforme), D. S
(formation of the sesamoid bone), E. MPscap (epiphysis of medial
phalanx of the 3™ finger covering diaphysis), F. DP;U (fusion of
epiphysis and diaphysis of distal phalanx of the 3™ finger), G. PP;U
(fusion of epiphysis and diaphysis of proximal phalanx of the 3
finger), H. MP3U (fusion of epiphysis and diaphysis of medial phalanx
of the 3" finger), I. RU (Fusion of radial epiphysis with diaphysis)

2.3. Panoramic radiographs

Panoramic radiography is the technique that provides a single
tomographic image of the facial structures containing both the
maxillary and mandibular dental arches and the tissues that
support them. Panoramic radiographs have the advantages of
being able to apply in patients who cannot open their mouth,
showing teeth, mandible and maxillary and a large part of other
facial bones together, having a much lower radiation dose
compared to full mouth periapical films, and completion in a
short time (Orhan and Aksoy, 2015).

Panoramic radiographs are frequently used for orthodontic
diagnosis and treatment planning. Panoramic radiographs
provide an extensive examination of the patient's
temporomandibular joint, including all maxillary and
mandibular arches. These radiographs can be used to detect
dental anomalies, to detect hypodontia and supernumerary
teeth, and to evaluate impacted teeth. (Graber 1967; Altug and
Erdem, 2007). Panoramic radiographs can also be used to
detect variations in root morphology and resorption (Apajalahti
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and Peltola, 2007). Diagnostic features of panoramic
radiographs for the evaluation of skeletal pattern were
evaluated by various researchers (Akcam et al., 2003;
Nohadani and Ruf, 2008). Although some parameters were
shown to be useful, their reliability was found to be low.
Therefore, cephalometric radiographs should be preferred in
determining the skeletal pattern. Panoramic radiographs are
also helpful in assessing the quality and quantity of alveolar
bone for placement of temporary anchorage devices (TAD) and
implants, and in determining their distance to vital structures.

3. 3D imaging modalities

Three-dimensional (3D) imaging methods have found
widespread use in orthodontics, as in other areas of dentistry in
recent years. It has been frequently emphasized in previous
studies that two-dimensional images are insufficient to reflect
the three-dimensional cranial system. 2D imaging methods
may be insufficient to reflect anatomical asymmetry, and errors
in head positioning can cause distortion of the image (Hans et
al., 2015). For example, while determining the "mandibular
plane" used in cephalometric analysis, an imaginary plane is
created by averaging the right and left lower borders of the
mandible. Especially in such cases where bilateral structures
are averaged, it is difficult to make accurate evaluation of the
patient (Palomo et al., 2005). Therefore, 3D imaging
modalities are becoming increasingly common in the
visualization of both hard and soft tissue, in orthodontic
practice.

3.1. Computed Tomography (CT)

CT was developed by Godfrey Hounsfield in 1972 and
basically consists of a well-collated X-ray tube that produces a
fan-shaped X-ray, scintillation detectors that measure the
number of photons that pass through the patient, and
orientation chambers. Since CT allows the imaging of normal
and abnormal soft tissues and bone tissues, it is useful in the
evaluation of temporomandibular joint (TMJ) diseases, the
evaluation of syndromes and deformities associated with
craniofacial region and the decision of treatment plan before
maxillofacial and orthognathic surgery. Compared to
conventional imaging methods, CT is advantageous for
allowing the 3D examination of structures without
superposition of surrounding tissues, having high contrast
resolution which allows two tissues with different physical
density to be separated more easily, having no distortion and
magnification. Meanwhile, the need to use contrast agents to
display soft tissues, high radiation dose, and reduced image
quality due to the scattering in the image caused by metallic
objects are considered to be the main disadvantages of CT
imaging (Orhan and Aksoy, 2015).

3.2. Cone Beam Computed Tomography (CBCT)

The high cost and the high radiation dose of conventional CTs
prevented their use in dentistry routine in spite of method’s
high image quality. Mozzo et al. (1998) introduced CBCT to
overcome these disadvantages of CTs. Today, CBCT is
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frequently preferred as a routine clinical procedure because it
takes up less space, its cost is much lower than CT and the
radiation dose is less (Erten and Yilmaz, 2018). For CBCT
imaging, instead of the fan-shaped X-ray used in CT, the cone-
beam X-ray photons are used. The shape of the beam can be
circular or rectangular. Unlike the multiple rotation used to
obtain images in a spiral CT, a single 360° rotation is sufficient
to display the relevant area in the CBCT. In this way, X-rays
are used more efficiently, and 3D images are obtained with the
use of much less X-ray components (Orhan and Aksoy, 2015).

Ionizing radiation is a known human carcinogenic factor
and its biological effects are more important in young patients
because of their higher radiosensitivity. Although the radiation
dose to which the patient is exposed is much lower in CBCTs,
indications for the use of CBCT should be well established in
orthodontics, especially in the pediatric population. American
Academy of Oral and Maxillofacial Radiology (AAOMR)
(2013) stated that exposure of patients to ionizing radiation
must never be considered “routine” and it is important to
perform a thorough clinical examination prior to performing or
ordering any radiographic study.

Oenning et al. (2018) introduced the DIMITRA
(dentomaxillofacial pediatric imaging: an investigation toward
low-dose radiation-induced risks) project and justified the
importance to move from the principles of ALARA (As Low
as Reasonably Achievable) and ALADA (As Low as
Diagnostically Acceptable) to ALADAIP (As Low as
Diagnostically Acceptable being Indication-oriented and
Patient-specific). In this report, it is reported that CBCTs can
be used for the evaluation of impacted and supernumerary
teeth. Binita et al. (2010) stated that CBCTs can provide more
detailed information in the initial diagnosis of pathologies such
as impacted and supernumarary teeth than traditional
radiographs. CBCTs may also be preferred in cases where it is
necessary to determine bone quality and distance to anatomical
structures such as placing temporary anchorage devices or
evaluating orthodontic treatment results.

Another area in which CBCTs are used in orthodontics is
the determination of root resorptions. Dudic et al. (2009)
evaluated the resorption of 275 teeth in 22 individuals with
panoramic radiographs and CBCTs. They concluded that
apical root resorption after orthodontic tooth movement is
underestimated when evaluated on panoramic radiography.
CBCT can be considered as a useful diagnostic method
compared to conventional radiography. There are many
craniofacial anomalies that affect facial morphology and the
development of the maxilla/mandible. In craniofacial
syndromes, the response to treatment varies depending on the
pathogenesis of the underlying anomaly. Another area in which
CBCT is beneficial is the ability to display defects in detail in
anomalies such as cleft lip and palate and provide detailed
imaging of craniofacial morphology in the presence of the
syndrome associated with cranial region (Garib et al., 2012;
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Dalessandri et al., 2011). Depending on the superiority of
CBCTs in hard tissue imaging, CBCT can be preferred to
visualize the bone component of temporomandibular joint
region such as glenoid fossa, condyle morphology, articular
eminence (Stimbiillii et al., 2012; Ejima et al., 2013).

The upper airway affects the growth and development of
the jaws. Determination of airway dimensions is limited in
conventional 2D cephalometric images. Meanwhile, CBCT
allows 3D visualization and volumetric analysis of the upper
airway and provides reliable results (Zimmerman et al., 2019).
In adults with skeletal incompatibility between the jaws, ideal
treatment is orthognathic surgery. Especially in recent years,
3D imaging methods and softwares produced for this purpose
have increased remarkably for orthognathic surgery planning
and follow-up. Sharath Kumar et al. (2017) stated that 3D
virtual head models are accurate and realistic tools for
documentation, analysis, treatment planning and long term
follow up for orthognathic surgery procedures and may provide
a realistic prediction model.

With the introduction of CBCT in craniofacial imaging, it
provided detailed/ 3D imaging and measurement opportunities
in many areas of orthodontics. However, the accuracy of the
measurements obtained from CBCT should be investigated
when used in these areas. While investigating the accuracy and
consistency of the linear and angular measurements of the
CBCT, it was compared with the measurements made with the
help of a skull caliper. Although there were minor differences
in some measurements, it has been reported that cephalometric
radiographs created from images taken with CBCT can be used
instead of conventional methods (Van Vlijmenet al., 2010).
Navarro et al. (2013) compared the manual, digital and lateral
CBCT cephalometric analyzer. According to their results, all
evaluated methods were reliable and valid, however, the lateral
cephalograms from the CBCTs proved the most reliable. In
another study, Cattanco et al. (2008) aimed to compare
conventional and cone-beam computed tomography generated
cephalograms. They concluded that CBCT-synthesized
cephalograms can successfully replace conventional
radiographs. Many studies reported that CBCTs may be an
alternative to conventional radiographs and are superior in
many ways. However, when deciding on the imaging method,
the simplest technique which providing the necessary
information, but protecting the patient rom unnecessary
radiation, should be preferred.

3.3. Magnetic Resonance Imaging (MRI)

MRI is based on the principle of creating a signal by inserting
hydrogen atoms, which are densely present in water and
adipose tissue, into a strong magnetic field by vibrating with
radiofrequency (RF) energy (Oyar, 2008). The absence of
ionizing radiation, taking images on any desired plane without
changing the patient's position, and having a high soft tissue
discrimination power have made MRI an important imaging
method in medical practice. However, the technique's high

sensitivity to movement, high cost of the imaging and the
difficulty for claustrophobic patients was demonstrated as
factors limiting the use of MRI. (Brown and Semelka, 1999;
White et al., 2000; Konez, 1995).

The fact that different tissue densities can be displayed with
high contrast sensitivity without giving ionizing radiation to
the patient has extended MRI applications especially in the
examination of soft tissues (Orhan et al. 2006; Ozbek et al,
2016). MRI is accepted as the gold standard in the imaging of
the TMJ region along with the arthrography (Orhan et al.,
2005; Orhan et al., 2006) (Fig. 4). The advantages such as high
diagnostic quality of MRI in the TMJ region, being pain-free
and non-invasive, and no ionizing radiation to the patient have
allowed it to be used for the evaluation of spatial changes
occurring in the joint area with functional orthopedic treatment
(Ruf and Pancherz, 1998; Pancherz et al., 1999; Ruf et al.,
2002; Cesur et al., 2020).

Fig. 4. Imaging of the TMJ region and mandibular condyle in sagittal
(A) and coronal (B) sections on MR images

Method’s high ability in soft tissue imaging also allows the
visualization of masticatory muscles. Orhan et al. (2005)
determined an increase in signal intensity ratio (SIR) in lateral
pterygoid and temporal muscle activity in patients with disc
displacement. Boom et al. (2008), on the other hand, examined
the relationship between masseter and medial pterygoid muscle
volumes and the vertical size of the face and stated that there
was a strong correlation between these muscles and the
posterior facial height. MR imaging of the masticatory muscles
is exemplified in Fig. 5. Studies conducted in recent years
revealed that, MRI also enables cephalometric analysis (Eley
et al., 2012; Eley et al., 2013; Markic et al., 2014; Heil et al.,
2017). Markic et al. (2014) compared the efficacy of
panoramic radiography, cephalometric radiography, MRI,
CBCT and CT using cadaveric human heads in evaluating the
length of the mandibular ramus and condylar process, and
reported that all 3D imaging methods gave similar results.
Accordingly, the researchers recommended the use of MRI as
it is non-ionizing. Eley et al. (2012) described a low flip angle
gradient echo MRI sequence which provides high image
contrast between bone and other tissues but reduces the
contrast between individual soft tissues. This permits the
“‘black bone ’to be easily distinguished from the uniformity of
the soft tissues. They claimed that “Black Bone” MRI offered
an improved method of cephalometric landmark identification
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over routine MRI sequences, and provides a potential non-
ionizing alternative to CT for
cephalometrics (Eley et al., 2013).

three-dimensional

Fig. 5. MR imaging of the lateral pterygoid muscle in sagittal section

3.4. Ultrasound

Ultrasonography (USG) is an imaging technique that uses
sound waves to examine soft tissue and parenchymal organs.
This technique uses sound waves with frequencies well above
the audible sound frequency (2-20 MHz). (Aldrich., 2007).
Ultrasonography (USG) has been utilized in several areas of
medicine. Recently, it has found use in dentistry for reasons
such as being non-invasive, non-ionizing and enabling
dynamic imaging. Although data on the use of orthodontics
have increased in recent years, its use is still limited. USG can
be used for purposes such as the evaluation of masticatory
muscles (Close et al., 1995; Raadsheer et al., 1996; Bertram et
al., 2001) (Fig. 6), the imaging of the TMJ region (Gateno et
al., 1993) (Fig. 7), the evaluation of tongue volume and
function (Shawker and Sonies, 1984; Wojtczak, 2012), the
visualization of upper airway (Singh et al., 2010), the
determination of soft tissue thickness at orthodontic miniscrew
placement sites (Cha et al., 2008; Parmar et al., 2016), the
evaluation of midpalatal suture (Sumer et al., 2012; Gumussoy
etal., 2014) after RPE/SARPE procedures and the examination
of changes in periodontal tissues (Zimbran et al., 2013).

Fig. 6. Visualization of the masseter muscle by USG
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Fig. 7. Displaying the TMJ region by USG

USG is very useful in displaying the thickness and areas of
the masticatory muscles and allows cross-sectional
measurement of the muscles (Raadsheer et al., 1996; Close et
al.,, 1995; Bertram et al., 2001). With USG, the length,
thickness, cross-sectional area and volume measurements of
the muscles can be performed (Durao et al., 2017). The most
obvious disadvantage of the technique is that it allows only
superficial muscles to be displayed. Therefore, ultrasound
imaging of the lateral and medial pterygoid muscles is more
difficult (Eren and Gorgiin, 2016). Another limitation of the
technique is that the probe cannot cover the entire cross-
sectional area of the muscle. For this reason, many researchers
measured the ultrasonographic thickness of the muscles instead
of the cross-sectional areas (Kliaridis and Kalebo, 1991;
Raadsheer et al., 1994; Raadsheer et al., 1996). In addition to
the evaluation of masticatory muscles, USG is also used for the
evaluation of tongue thickness, volume and function. 2D USG
imaging is used for tongue function evaluation such as
swallowing and speech as well as for estimating tongue
thickness, and tongue volume (Shawker and Sonies, 1984;
Wojtczak, 2012). 3D USG is performed for the evaluation of
tongue function (Bressman et al., 2005).

In orthodontic treatment, miniscrews, placed inside the
alveolar bone, are especially useful in cases where anchorage
is critical. One of the factors affecting the stability of
miniscrews is the thickness of the surrounding soft tissue. Cha
et al. (2008) and Parmar et al. (2016) evaluated gingival tissue
thicknesses with the help of USG and concluded that
evaluation of the gingival tissues could help in selecting a
proper miniscrew in orthodontic practice. In the current
literature, there are also studies showing that USG use in the
evaluation of midpalatal suture after RPE or SARME in
patients with transversal maxillary deficiency (Sumer et al.,
2012; Gumussoy et al., 2014). Although the results of these
studies showed that the technique could be useful in imaging
midpalatal sutures, it had not been possible to obtain certain
results.
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