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Soft tissue examination is a crucial aspect of dental diagnosis and treatment planning Unlike hard dental tissues
which are examined well with conventional imaging modalities, soft tissues are not easily assessed visually. Advanced
imaging modalities are beneficial in providing valuable information about oral and maxillofacial soft tissues.
Conventional radiographs provide limited soft tissue details like some swelling or soft tissue calcification. Cone-beam CT
(CBCT) provides detailed 3D information mainly on hard tissue with poor soft tissues contrast.

This review aim was to evaluate the use of CBCT as an imaging modality for assessment of soft tissue in the dento-
maxillofacial region by reviewing the existing literature and formulate recommendations to be considered in future research.
The following data were extracted from articles: methodology, applications and clinical significance which clarify the use
of CBCT for evaluating soft tissue in the dento-maxillofacial region. Literature searches were performed in web of Science
and PubMed. A total of 55 studies were included, most of the studies were review or original articles.

CBCT could be only used in linear measurements of soft tissue thickness. it is a valuable tool in obstructive salivary
gland diseases, sinusitis, and help surgeons to avoid damaging vital structures. Finally, CBCT is not the imaging modality
of choice when a detailed soft tissue imaging of the head and neck is required.

It is recommended that attempts should be made to use all the possible means to decrease the amount of scatter
and hence, enhancing the contrast resolution and image quality of CBCT.
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Introduction

In recent years, there has been a push
to develop a three-dimensional imaging tool
that can replace conventional CT scanners
with reduced radiation exposure and lower
costs. This led to the introduction of Cone
Beam CT (CBCT), which has transformed
the field of tomographic imaging and enabled
volumetric image reconstruction.'>?

CBCT is a radiographic technique

which had acquired significant importance
since its initial use in dental practice in the
United States in 2001. * The impact of CBCT
in dentistry has been significant, as it has
improved  diagnostic  accuracy  and
investigation in various ways. This includes
both routine assessment and more complex
evaluations of unusual pathologies and
congenital deformities. Additionally, CBCT
has been instrumental in surgical guidance
through the use of third-party software
applications.*
As a matter of fact, CBCT scanners provide
enhanced diagnostic precision owing to the
high spatial resolution produced by the small
voxel size of the CBCT machines. It is
regarded as an ideal tool for hard tissue
imaging of the maxillofacial region.
However, CBCT demonstrates some
limitations. Among those, is the radiation
dose in comparison to the 2D imaging tools
and the inability to properly disclose the soft
tissue of the maxillofacial region.>: ¢

In addition to the poor soft tissue
contrast because of the higher noise and the
low-contrast detectability compared to
multidetector CT (MDCT) and magnetic
resonance imaging (MRI). The use of MDCT
could improve contrast resolution, but at the
cost of increasing radiation exposure. MRI,
on the other hand, is a more time-consuming
and expensive alternative.*’

Also, MRI generates high soft tissue
contrast and provides very detailed images of
soft tissues including the dental pulp, nerves,
and gingiva. MRI provides relevant
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additional  diagnostic  information  of
inflammatory processes in soft and hard
tissues. However, until now, few reports have
been published on the application of MRI in
dentistry.® Although MRI is evolving in the
diagnosis of odontogenic diseases such as
periodontal and periapical disease, there is no
consensus that MRI alone can meet the dental
clinical need.’

CBCT images can evaluate dental and
maxillofacial areas in oblique and
multiplanner views, due to cross-sectional
nature and their absolute coordinates-based
3D reconstruction.!® CBCT modality
provides ~valuable insight into bone
morphology/dimension, and to some extent
into bone quality during the implant planning
phase. However, there are disadvantages
such as higher direct and indirect radiation
exposure, image artifacts from metallic
objects, limited dynamic range, and its
inherent non-quantitative nature. Therefore,
CBCT is valuable during the pre-implant
planning phase, but CBCT has limited value
to identify complications after implant
placement compared to ultrasound.'’

Ultrasound is a non-ionizing, non-
invasive, real-time, and chairside modality
that provides cross-sectional images for the
evaluation of soft and hard tissue. Although
it has positive features, ultrasound has low
spatial resolution and commercially available
transducers had been large.!!

Recent efforts in clinical and
preclinical dental studies '*!#, have shown
that ultrasound is a feasible, valid, and
accurate device for diagnosis of pathologies,
as well as to obtain soft and hard tissue
dimensions. Also, ultrasound is used as an
adjunct tool for assessment of tissue
perfusion. 1517

Ultrasound has been widely used in
dentistry as a diagnostic tool for oral cancer,
muscle dynamics, salivary gland diagnosis,
bone structure dimension, lesion diagnostics,
and vital structure localization.!?
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Contrast resolution is the capability of
an imaging technique to distinguish variances
in tissue attenuation, as measured in
Hounsfield unit (HU).!® Low-contrast
detectability in CBCT equipment relays on
both the dynamic range and temporal
resolution of the detector as well as the X-
radiation scatter and quantum noise."”

Two major factors diminish the
contrast resolution of CBCT. Firstly,
scattered radiation, while it can contribute to
increasing the noise in the image, is also a
significant factor in reducing the contrast of
CBCT systems. Scattered X-ray photons can
reduce material contrast by adding
background signals that do not represent the
anatomy, thereby diminishing the quality of
the image.® 2

The second point to consider pertains
to intrinsic flat panel detectors (FPD), which
can be prone to several artefacts that affect
their linearity and response to X-rays. These
artefacts include saturation, which occurs
when pixel effects become nonlinear beyond
a certain level of exposure, dark current,
which refers to the accumulation of charge
over time (with or without exposure), and bad
pixels, which are unresponsive to exposure.
Furthermore, there may be pixel-to-pixel
gain variation across different areas of the
panel, resulting in uneven sensitivity to
radiation across the entire region.

Although, CBCT shows low contrast
resolution and failure to discriminate soft
tissue in some instances. Nevertheless, it has
been examined in different dento-
maxillofacial applications for the appraisal of
soft tissues and proved efficient in a
considerable number. Our objective was to
evaluate the use of CBCT as an imaging
modality for assessing soft tissue in the
dento-maxillofacial region by reviewing the
existing literature.
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1. Applications of CBCT in Soft Tissue

Imaging in Different Dental and
Maxillofacial Fields

1.1 In Implantology and Periodontology The

expanding requirement for dental implants to
replace missing teeth requires a method
capable of attaining profoundly accurate
alveolar and implant site measurements to
affirm cautious preoperative assessment and
treatment planning. Not only the osseous
component should be assessed prudently but
on top the soft tissue component or in other
terms the periodontal phenotype including
the gingival thickness, the available
keratinized = mucosa, and the bone
morphotype 2! 22

Soft tissue thickness measurements
before or after implant placement have been
achieved through several methods. e.g., as
transgingival probing, ultrasonography (US),
CBCT imaging, and CBCT imaging in
adjunct to optical 3D images obtained either
by direct intraoral scans or impressions
scanned and digitized using desktop
scanners.”® Several studies have assessed the
validity of CBCT in assessment of soft tissue
thickness prior to implant surgeries 2% 2% 26
and demonstrated its effectiveness compared
to other methods.>*

A soft tissue CBCT (ST-CBCT)
approach was described by Januario et al 2’ to
predict and assess the gingival thickness.
They used lip and cheek retractors during
scanning to avoid the downfall of the soft
tissues on the gingiva, since, both soft tissues
have the same contrast resolution and
consequently, cannot be separated 2 27 A
cotton roll could be also used, elating the lip
from the alveolus enhancing the vision of the
gingival soft tissue. One way to measure
gingival thickness is by directly examining
cross-sectional CBCT images, while another
method involves creating soft tissue masks
and overlaying CBCT scans if follow-up
measurements are needed (Figure 1). 25%
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C: A dehiscence of 4.26 mm is observed. '8

Fig 1. Cross-sectional cuts of a CBCT image used to obtain the measurements using cotton rolls to separate the lips from the
gingiva. A: Measuring the gingival thickness (GT) from the central hole on the composite button to the bone or tooth surface
(thickness = 1.11 mm; yellow line, perpendicular to the long axis of the tooth). B: Red arrow shows the labial bone fenestration.

In immediate implant placement with
augmentation using guided bone
regeneration and connective tissue grafting
both, the horizontal soft tissue width or the
gingival width was also appraised using
CBCT.*

Although the employment of CBCT
was proved effective and correlated to other
methods in detection of gingival thickness, 3!
its use is still controversial because of the
increased cost, more radiation exposure, and
decreased imaging quality induced by metal
artefacts. Alternatively, US with the use of
non-ionizing radiation, real-time imaging and
low-cost have been examined.>?

CBCT scans conceivably could be
used in combination with intraoral scanning
to acquire 3D models. In Kuralt M et al.??
approach, the DICOM files obtained from a
CBCT scan and exported as an
stereolithiography (STL) were registered
with the STL of the soft tissue and teeth
model acquired using an intraoral scanner
(Figure 2).

The soft tissue thickness was
envisioned and assessed wusing color
mapping. By visualizing and estimating the
palatal areas, the optimal grafting site can be
identified, making the previously proposed
approach an effective means of facilitating
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pre-surgical  planning for  periodontal
surgeries and implantology. Since this
approach does not require any additional
invasive procedures, it helps minimize the
risk of complications and improve patient
outcomes.”?

Fig 2. Cross-sectional lcut showing registration of STL file
on CBCT using OnDemand software.

1.2In Maxillofacial and Guided Surgery

1.2.1 In guided surgeries and surgical guide
fabrication In the advancement of digital
technology, the precision of computer guided
implant  surgery together has been
established. Accuracy of designing and
fabrication of surgical guide enhances the
treatment outcomes especially in serious hard
and soft tissues situations that requires
special consideration.®
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CBCT plays a crucial role in the production
of surgical guides, either used alone in dual
scan protocols for completely edentulous
patients or combined with digital 3D optical
scans for other cases. The dual scan protocol
involves taking two scans of the patient while
wearing a radiographic guide with a fiducial
guide and then with the radiographic guide
alone. The two scans are then matched and
registered using the fiducial markers,
providing sufficient information about
mucosal thickness. However, in the case of
partially edentulous patients, a combination
of CBCT and 3D digital models is required to
obtain dental and soft tissue information.>

1.2.2 In Orthognathic Surgeries
Maxillofacial surgeons now use CBCT
software programs in virtual 3D orthognathic
treatment planning to predict post-surgery
soft tissue profiles and educate patients. This
involves registering CBCT scans and 3D
photographs of patients preoperatively using
specialized software like "Dolphin 3D"
Imaging Software (Dolphin Imaging &
Management Solutions, Chatsworth, CA,
USA), which can estimate soft tissue changes
after surgery. However, according to Resnik
et al.'s study, the ability to accurately predict
3D soft tissue changes is limited and prone to
errors.” Also, Shobair N et al reported the
limited accuracy of Dolphin 3D in the soft
tissue prediction of bimaxillary-orthognathic
surgery.>
According to the systematic review carried
out by Paredes de Sousa Gil et al %,
superimposition of CBCT scans empowers
3D assessment of mnasal and labial
morphological changes in particular the
nasolabial fold in orthognathic surgeries, and
consequently could be used as an efficient
tool for assessing both skeletal and soft tissue
changes.

The complex nature of soft tissue
changes following orthognathic surgery
requires a three-dimensional analysis. CBCT

Validity of CBCT for Soft Tissue Examination in the Maxillofacial Area: A Review of the Current
Literature | Shaimaa Mohamed Abu el Sadat Ali & Sara M. Elkhateeb. SEPTEMBER2024.

has been demonstrated to accurately confirm
soft tissue changes and the impact of a
minimally invasive surgical approach in the
nasolabial area following segmented and
non-segmented Le Fort I osteotomy. This is
achieved through the evaluation of 3D
volume surfaces by registering scans taken
prior to the surgery, as well as one month and
one year after the surgery, and measuring the
difference in soft tissue measurements at the
nasolabial fold. 3® Special software programs
used for virtual orthognathic surgeries are
used for the process of segmentation and
registration,*

Although, CBCT delivers appropriate
knowledge about skeletal structures and is
sometimes used to measure soft tissue
changes. Yet, and as a result of its low
contrast resolution and deficiency of data of
skin consistency and color, the precision of
the assessment of facial soft tissues is not
warranted. Hence, other modalities as Laser
surface scanning and light emitting diode
(LED) white light scanning, were presented
themselves as alternative tools. Besides, the
LED white light scanning does not use any
type of hazardous radiation causes no harm to
the human eyes. Three-dimensional facial
scanning could be a useful measure to
evaluate the soft tissue after orthognathic
surgeries and specially the alar soft tissue. *°

2.In Sinonasal and Miscellaneous Oral and
Maxillofacial Lesions MDCT is still
considered the modality of choice for
examining sinonasal complex and in
particular advanced sinus lesions. “V
However, CBCT scans can easily show
maxillary  sinus  cavities that  are
radiographically partially or fully obliterated
demonstrating lesions involving the sinus
cavity. CBCT could be a valuable tool in
displaying the ostiomeatal complex,
inflammatory lesions (mucosal thickness,
sinusitis, pseudocysts, and polypoid masses),
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antrolith and osteomas involving the sinuses
(figure 3).4?

Fig 3. Coronal CBCT cut showing polyp in the right
maxillary sinus.

In essence, CBCT is mainly
recommended for oral and maxillofacial
lesions that are confined to the bones because
of the excellent bony details provided by the
modality (figure 4).

Fig 4. Coronal cut shows a buccolingual bony expansion of
ossifying fibroma with the displacement of the mandibular

canal (white arrow).43
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Even though, the soft tissue contrast
of CBCT scans is poor, sufficient information
could be established to reach a preliminary
differential diagnosis and deciding the
requirement for more advanced imaging
modalities (figure 5). #*%

Fig 5. Coronal and axial cuts showing expansile bony central
giant cell granuloma causing breaching of the buccal cortex
and undulating border.

The role of CBCT in soft tissue
assessment in the sinonasal area is
constrained to particular conditions, like the
detection of opacification in the paranasal
sinuses and airway obstruction.

However, when it comes to
examining maxillofacial lesions, it 1is
recommended to use MDCT with or without
contrast or MRI for a more accurate and
detailed imaging of lesions that are either
aggressive or classified as vascular
anomalies. The enhanced contrast resolution
of both MDCT and MRI superiorly display
infiltration in malignant lesions or invasion
of adjacent structures in vascular anomalies.
CBCT has its limitations in detecting
aggressive benign lesions, especially those
that invade cortical boundaries or affect
neighboring soft tissues like osteomyelitis.
CBCT is most favorable for benign
pathology that is confined to bone due to the
enhanced spatial resolution, availability, and
lower cost and radiation dose.®

3.In CBCT Sialography The major salivary
glands can be investigated using ultra-
sonography, CT, MRI and sialography.
Drage and Brown “6 were the first authors to
describe 3D-CBCT sialography in two
patients with obstruction in salivary gland
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formerly examined with conventional
sialography. CBCT sialography is the best
modality in revealing the ductal system of the
gland in cases that have obstructive salivary
gland diseases, as a substitute to conventional
sialography. It revealed the existence of
calcifications, mucous plugs, strictures,
dilatations and to investigate normal glands.
As with CT scan or CBCT, 3D-CBCT
sialography can define the quantity and the
accurate location of salivary stones,
involving those less than 2 mm in diameter.
The major benefit of this modality is that it
provides precise illustration of salivary ducts
and injuries through three-dimensional
reconstruction and multiplanar reformatting
(MPR). It is appropriate as a guide to
therapeutic endoscopic procedure.*’

Many authors stated that CBCT
sialography is a highly sensitive and cost-
effective technique for illustrating changes in
the fine ductal anatomy because of its
comparatively high spatial resolution and
relatively low radiation dose.® Despite the
advantages of CBCT yet, it exhibits
limitations as it cannot examine the function
of the gland or explore the prenchemya.
Additionally, it is only possible to perform
CBCT approximately 3-6 weeks after an
acute infective or inflammatory episode, and
there is a risk of duct perforation, stone
mobilization, infection, and allergic reactions
to the iodine contrast medium.*®

4.In Orthodontics

4.1 Virtual patient simulation The
combination of three-dimensional data from
diverse anatomical structures (skeleton,
dentition, and facial soft tissues) allows for
the development of a 3D virtual patient.
Furthermore, it permits the simulation of
treatment outcomes on the patient's face,
leading to better communication with both
colleagues and patients. Virtual patient
planning in  orthodontics could be
accomplished by integrating CBCT with
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facial scans, or CBCT with intraoral or
extraoral digital scans, or combining intraoral
scans with facial scans. Several studies have
investigated the superimposition methods of
3D diagnostic records to obtain virtual
patients. The ability to create a virtual patient
is a crucial advancement in the diagnostic and
treatment approach in orthodontics. #

5.1 Assessment of midfacial soft tissue

after maxillary expansion The use of CBCT
has been employed to examine changes in
midfacial soft tissue resulting from maxillary
expansion and to investigate the correlations
between variations in hard and soft tissues
following maxillary expansion treatment.
Numerous studies have utilized 3D CBCT
images to assess alterations in both skeletal
and soft tissues of the face. ® 3! Fusion of
CBCT images pre and post orthodontic
treatment was used also to evaluate both the
skeletal and soft tissue changes and to
investigate potential correlations between
hard tissue expansion amounts and soft tissue
projection.’> 33Camps-Perepérez et al. >*
conducted a systematic review to examine the
dependability of CBCT imaging in the
evaluation of Dento-maxillofacial structures,
nasal airway, periodontal and soft tissue
changes after surgically assisted rapid palatal
expansion. It came out with the conclusion
that CBCT imaging can be used as a
consistent tool to estimate soft tissue
outcomes which reflects the underlying dento-
alveolar changes.

4.2Assessment of the thickness of the
masseter muscle CBCT has been employed
to detect post-orthodontic  treatment
thickness of the masseter muscle. Prior to
this, imaging modalities such as MRI and CT
were utilized for visualization of the masseter
muscle. Nevertheless, CBCT is considered a
3D reconstruction tool with a lesser radiation
dose and high spatial resolution. It is quite
obvious that the soft tissue is less clearly
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projected in CBCT compared to the CT or
MRI images, which may pose a challenge in
the segmentation process, particularly when
using manual segmentation techniques.’

5.In Cleft lip and palate patients Cleft lip
and palate (CLP) are the highest communal
craniofacial anomaly and needs an
incorporated multi-disciplinary and staged
procedures to management. Nine-years of
age is the typical age for orthodontic
involvement when frequently a quick palatal
expansion is essential to treat maxillary
transverse deficiencies. The use of CBCT in
evaluating CLP patients is highly beneficial
as it aids in determining the need for
secondary alveolar bone grafting, confining
the location of unerupted teeth, monitoring
the movement of teeth adjacent to the cleft,
and assessing bone condition for potential
future prosthesis placement.®

6.In  removable prosthodontics The
fabrication of an obturator prosthesis can be
a challenging process due to the need for a
perfect impression of both the affected and
healthy areas in patients with maxillary
defects. Traditional impressions are being
replaced by imaging methods such as MDCT
and CBCT. CBCT, in particular, provides
precise  radiographic and  volumetric
information with the added benefits of being
cost-effective and involving lower radiation
doses. It can even be used to create virtual
impressions.  However, the CBCT's
visualization of oral soft tissue and teeth may
be somewhat Ilimited due to contrast
resolution and potential artifact production.>®

Compared to CBCT, intraoral scanners
(I0Ss) have the advantage of providing high-
resolution data without producing artifacts in
the oral soft tissues, dentition, and
restorations. Even though obtaining digital
impressions of edentulous arches can be
challenging, it is still achievable. By
combining CBCT and intraoral scans, virtual
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casts that include the soft and hard tissues,
dentition, and the defective area can be
created to facilitate the design of obturators.>
Kuralt et al. > proposed a novel approach for
evaluating bone and mucosal changes in the
foundation area of removable partial dentures
(RPDs) by superimposing CBCT scans with
optical scans. This method allowed for the
assessment of both hard and soft tissues
underlying the RPDs over a period of 9
months. The study concluded that CBCT, in
combination with 3D optical images, was a
viable approach for assessing changes in the
bone and soft tissues in RPD foundation
areas.

7.In soft tissue calcifications Soft tissue
calcification (STCs) is a rare occurrence in
the maxillofacial region and is typically
found as an incidental finding during routine
radiographic examinations or while obtaining
Dento-maxillofacial images for other dental
purposes. Detecting the type of soft tissue
calcification requires a comprehensive
understanding and proficiency in recognizing
the anatomical location, morphology, and
distribution. CBCT allows for a 3D and
precise assessment of these calcified
structures. Although CBCT scans exhibit
lower contrast in soft tissues, they offer
greater  sensitivity than  conventional
radiography in detecting various
calcifications such as carotid artery
calcifications, calcified triticeous cartilage,
calcified lymph nodes, and dystrophic
calcification of the tonsils (figure 6). °’
According to the recommendations of the
Academy of Oral and Maxillofacial
Radiology, CBCT images represent a valued
tool for defining the location of STCs. >
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(yellow circle). 3

Fig 6. Axial and coronal sections. A) Coronal cut showing multiple radiopaque masses along the dermal layer lateral to the
buccinator muscle indicated by yellow arrows. B) Axial cut with yellow arrows showing 3 small concentric nodules in the buccal
cheek. * C) Sagittal section displaying multiple small radiopaque masses in the left palatine tonsils consistent with tonsilloliths

But because CBCT has poor soft
tissue contrast, the location of a calcification
is  frequently explained in  relation
neighboring bony structures such as the
cervical vertebrae, the hyoid bone and
pharyngeal airway. Missias et al. °7 in 2018
study, showed that 62.6% of the studied
subjects disclosed at least one type of
calcification. It is essential to identify these
entities on CBCT scans as their occurrence
may intensify patient mortality and
morbidity.

7.In Incidental findings Incidental findings
in CBCT scans may be initially detected
during CBCT studies performed for implant
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placement or other diagnostic purposes. It
might be assumed that CBCT imaging is less
likely to ‘result in the identification of
incidental findings when compared to other
medical imaging modalities due to the
discernability of soft tissue. Though, several
studies reported the prevalence of incidental
findings on CBCT. However, these studies
differ depending on the population studied,
the age groups, the field of view, and
category of findings>*® In order to
comprehensively review CBCT images,
incidental findings can be categorized
according to their anatomic relations and
clinical significances. CBCT images may
only reveal dental structures in the maxillary
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and mandibular arches or may a larger field
of view to display paranasal sinuses, nasal
fossa, pharyngeal airway, TMJ. Images of the
entire skull may disclose the base of the skull
and temporal bone, the cervical spine, and the
soft tissues of the neck.> >

Incidentally detected findings can
include various abnormalities in the
paranasal sinuses, such as thickening of the
mucosa, air-fluid levels, mucous retention
cysts, mucoceles, and opacification.
Additionally, variations in the maxillary
sinuses may be identified, including
deviations in the nasal septum, concha
bullosa, Haller cell, Onodi cell, and agger
nasi. % Vertebral degenerative changes and
soft tissue calcifications (e.g., calcified
stylohyoid ligaments, calcified pineal glands,
tonsilloliths etc.).?

Incidental findings are classified
based on their clinical significance, which
can be low, intermediate, or high. Low
significance findings usually do not require
any further action, while those of
intermediate  significance may  require
follow-up. Findings with high significance
typically warrant intervention.®

Calcification  of  atherosclerotic
plaques is considered of a high risk finding in
particular the carotid arteries which may
result in the sluggish of blood to the brain,
and hence considered a serious finding.
Although the condition is controversial, it
might lead to stroke. Thus, can assist in the
identification of cases that are not diagnosed
with cardiovascular disease and consequently
could be lifesaving.® Sunil Mutalik and
Aditya Tadinada ® concluded that the
occurrence of  intracranial carotid
calcifications rises when extracranial
calcifications are discovered. In dental
practice, the volumes acquired often show the
extracranial carotid vessel area. Therefore,
the presence of extracranial calcification may
indicate the presence of intracranial carotid
calcification and require further
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investigations and referrals. It is important
that findings in CBCT are not overlooked and
are the responsibility of the person who
requested the scan. Practitioners should be
trained to identify any significant findings or
seek the assistance of an oral and
maxillofacial radiologist to ensure a thorough
assessment of the volume.

8.In Forensic Studies Facial approximation,
also known as facial reconstruction, involves
creating a representation of a person's face
based on skeletal remains, which can help in
identifying the individual. This method is
used as a last resort in forensic examinations
when other identification methods fail to
recognize skeletal, or human remains. In
other words, facial approximation is an
alternative method used when no other
options are available. Facial approximation is
typically carried out by utilizing average
facial soft tissue thickness (FSTT). FSTT is
influenced by various factors including sex,
age, Body Mass Index (BMI), malocclusion
types, population origin, and more.
Therefore, the development of a
comprehensive and standardized database of
facial soft tissue thickness is crucial to
improve  the  accuracy of  facial
reconstruction.®!

Manual or computer-based methods
can be used for facial reconstruction, both of
which rely on two critical components: skull
morphology and facial soft tissue databases.
CBCT can be utilized to establish databases
of FSTT and analyze its correlation with
influential factors to predict facial soft tissue
characteristics in specific ethnicities or
populations.® The CBCT measuring protocol
provides standardization and reproducibility
of measurements of the facial soft tissue. The
skeletal tissues obtained using CBCT could
help in the prediction of the soft morphology
in combination with the age, sex, and skeletal
maturation.>
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While other modalities like needle
puncture and ultrasound require direct
contact with the skin, CBCT is a non-contact
method that can be wused on living
individuals. Furthermore, unlike CT scans
which require a supine position, CBCT can
scan subjects in an upright position. It is well-
known that facial morphology can differ with
changes in body position, and as a result,
various approaches can yield different results
in FSTT assessment. Out of all the methods
available, CBCT is considered to be
superior.%?

Dao-Ngoc et al. ®  anticipated a
technique that was considered to be reliable
for facial skin structure segmentation and
thickness measurements, with no soft tissue
deformation. The technique showed a
quicker and simpler method other than
ultrasonic scanning techniques. The method
demonstrated the capability of being an
adjunctive tool for CBCT-driven studies as
such; forensics, anthropometrics, and few
medico-dental applications.

Recent trends for the enhancement of soft
tissue contrast in CBCT scans Several
methods have been proposed to enhance the
soft tissue perception in CBCT scans
amongst are:

l.Increasing the contrast-to-noise ratio
(CNR) ratio:Studies have shown that the use
of an anti-scatter grid can increase the
contrast-to-noise ratio (CNR) ratio in CBCT.
However, the practice of using a high grid-
ratio for CNR enhancement has been
discontinued because the noise produced
outweighs the contrast enhancement. To
address this issue, Sanghoon Cho et al.,%
proposed a method to increase CNR and
improve the visibility and detection of soft
tissue in the head and neck region without
increasing radiation dose to patients. This
was achieved by reducing the number of
projections and increasing the exposure to
compensate for the decrease in the number of
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projections. As a result, image quality was
enhanced without an increase in patient
radiation dose, and noise levels were reduced
compared to a conventional scan with an anti-
scatter grid.

2.Dual energy imaging technology
(DECT)A new DECT (dual-energy
computed tomography) scanner that utilizes a
single X-ray source, and split spectral filters
has been developed. This scanner separates
the polychromatic x-ray photons into two
adjacent beams with different energy spectra.
The use of filter-based DE-CBCT (dual-
energy cone beam computed tomography)
imaging with an x-ray source featuring two
focal spots operating at the same tube voltage
helps to reduce metal artifacts and improve
the overall image quality produced by CBCT
scanners.®

Conclusions

1. CBCT could be only used in linear
measurements of soft tissue thickness
only in the subsequent fields;
periodontology  and  implantology,
orthodontics, orthognathic surgeries,
forensic studies.

2. Volumetric assessment of soft tissue
using CBCT is quite challenging and fails
in certain instances.

3. CBCT is a valuable tool in obstructive
salivary gland diseases.

4. ~CBCT could be used in the combination
with modalities as US, 3D optical tools
and laser scanners for enhanced
diagnostic ability of the soft tissue.

5. CBCT is not the imaging modality of
choice when a detailed or definite soft
tissue imaging of the head and neck is
required.

Recommendations

1. Future research in unexplored dental and

non-dental applications should be carried
out to examine the validity of soft tissue
imaging.
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Attempts should be made to use all the
possible means to decrease the amount of
scatter and hence, enhancing the contrast
resolution and image quality as follows:
Hardware-based techniques like anti-
scatter grids or air gap collimation placed
between the patient and the detector.
Software-based techniques
(Reconstruction  Algorithms):  scatter
correction algorithms, advanced iterative
reconstruction algorithms or scan protocol
optimization by either field-of-view
(FOV) limitation or tube current
modulation:

Artificial intelligence (Al) based methods
which still under investigation and need
huge CBCT datasets images.

. Dual energy-CT (DE-CT) should be

implemented in the dental field as it’s
widely used in the medical field and
proved to be efficient in improving the soft
tissue contrast.
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