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Abstract

Dentistry has witnessed tremendous advances in all
its branches over the past three decades. With these
advances, the need for more precise diagnostic tools,
specially imaging methods, have become mandatory.
From the simple intra-oral periapical X-rays, advanced
imaging techniques like computed tomography, cone
beam computed tomography, magnetic resonance im-
aging and ultrasound have also found place in modern
dentistry. Changing from analogue to digital radiogra-
phy has not only made the process simpler and faster
but also made image storage, manipulation (bright-
ness/contrast, image cropping, efc.) and retrieval
easier. The three-dimensional imaging has made the
complex cranio-facial structures more accessible for
examination and early and accurate diagnosis of
deep seated lesions. This paper is to review current
advances in imaging technology and their uses in dif-
ferent disciplines of dentistry.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Radiographs are a valuable diagnostic tool,
as an adjunct to clinical examination in the diagnosis
of dental diseases. Two dimensional periapical and
panoramic radiographs are routinely used in dental
practice. However, there are certain limitations of two-
dimensional radiographs, which can be overcome by
three-dimensional, imaging techniques such as cone
beam computed tomography, magnetic resonance im-
aging and ultrasound. The purpose of this article is to
review the advances made in digital dental imaging.
Correct use of newer radiographic techniques, where
indicated, can help early detection and appropriate and
timely treatment for various dental and oral patholo-
gies.

Shah N, Bansal N, Logani A. Recent advances in imaging
technologies in dentistry. World J Radiol 2014; 6(10): 794-807
Available from: URL: http:/www.wjgnet.com/1949-8470/full/v6/
110/794.htm DOI: http://dx.doi.org/10.4329/wjr.v6.110.794

INTRODUCTION

On 8 November, 1895 Wilhelm Conrad Réntgen ac-
cidentally discovered an image cast from the cathode ray
generator which was projected far beyond the possible
range of the cathode rays. A week after the discovery,
Réntgen discovered its medical use when he made
a picture of his wife’s hand on a photographic plate
formed due to unknown radiation, which he termed
as X-rays. It cleatly revealed her wedding ring and her
bones. The first original dental roentgenogram from a
portion of a glass imaging plate was taken by Dr. Otto
Walkhoff in January 1896 in his own mouth for an
exposure time of 25 min. Since then, dental imaging
has seen tremendous progress and its applications in var-
ious fields of dentistry. Broadly, imaging techniques used
in Dentistry can be categorized as: intraoral and extra-
oral, analogue and digital, ionizing and non-ionizing im-
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aging, and two-dimensional (2-D) and three-dimensional
(3-D) imaging,

2-D Conventional radiographs provide excellent im-
ages for most dental radiographic needs. Their primary
use is to supplement the clinical examination by provid-
ing insight into the internal structure of teeth and sup-
porting bone to reveal caries, periodontal and periapical
diseases, and other osseous conditions. A significant
constraint of conventional radiography is the super-
imposition of overlying structures, which obscures the
object of interest. Eventually it results in collapsing 3-D
structural information onto a 2-D image, which leads to
loss of spatial information in the third dimension.

The film-based radiography requires the presence
and maintenance of darkroom, chemical handling and is
associated with processing errors. All these disadvantages
are overcome with the advent of digital radiography.
This revolution is the result of both technologic innova-
tion in image acquisition processes and the development
of networked computing systems for image retrieval and
transmission.

The very first system that was introduced in digital
radiography in dentistry was Radio-visio-graphy (RVG,
formerly Trex-trophy Radiology Inc., Marietta, GA) by
Trophy" in France in 1987. Digital radiography refers
to a method of capturing a radiographic image using
a solid-state technology sensor, breaking it into elec-
tronic pieces, and presenting and storing the image us-
ing a computer. There are currently three types of digital
radiography systems available for use in dental imaging:
(1) CCD-Charge-Coupled Device (direct system); (2)
CMOS-Complementary Metal Oxide Semiconductor
(direct system); and (3) PSP-photo-stimulable phosphor
(indirect system). One of the most commonly cited posi-
tive features of digital radiography is the radiation dose
reduction up to 80%, when compared with conventional
plain film radiographym. It is estimated that the dose
reduction for intraoral digital imaging is in the range of
50%7-60%" when compared to E-speed film and for
extraoral digital imaging, 50%P-70%". when compared
to film-screen combinations. Other obvious benefits
include the short processing time, ze., the ability to
view the image more quickly, the elimination of the
darkroom, processing chemicals and the errors associ-
ated with improper darkroom maintenance, chemical
handling, solution replenishment and replacement, ez. It
allows manipulation of the image produced such as con-
trast, density, sharpness and image orientation, without
any additional radiation exposure to the patient or the
operatof.

Intraoral radiographic examination is the backbone
of imaging for the general dental practitioner. It com-
prises of three categories: periapical, bitewing and occlu-
sal projections.

The periapical radiograph provides detailed informa-
tion about the teeth and the surrounding tissues (Figure
1A). It is mainly utilized for assessment of pulp and root
canal morphology, supporting alveolar bone status in
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the inter-dental region, detection of periapical pathol-
ogy and crown/root fractures. It is especially useful for
endodontic treatment for pre-treatment evaluation of
roots and root canal morphology, calcifications, curva-
tures, periapical lesions, working length determination,
quality and extent of root canal obturation and monitor-
ing healing after treatment. For this purpose, a special
technique of periapical radiography was developed by
Gordon M. Fitzgerald, called as paralleling or long cone
technique. The film is placed parallel to the long axis
of the tooth to be radiographed and the central beam
of X-ray is directed at right angle to the film and the
teeth. The long cone of the tube increases the distance
between the source and the object, resulting in decreased
size of focal spot. This technique reduces the geometric
distortion and also avoids overlapping of other anatomic
structures, which can over shadow the teeth. For moni-
toring the healing of periapical lesion, the X ray image
needs to be standardized to keep the same horizontal and
vertical angulations at every follow-up visits. Several film
holding devices are available, which allow reproducing
the same angulation and getting comparable images.

An occlusal radiograph displays a large segment of a
dental arch that cannot be viewed on a periapical radio-
graph, such as a cyst. It helps to locate supernumerary/
impacted teeth and foreign bodies in the jaws and stones
in the ducts of sub-mandibular glands (Figure 1B).

Bitewing or inter-proximal radiographs are taken
to evaluate inter-proximal surfaces of 3-4 upper and
lower teeth simultaneously (Figure 1C). The film has a
flap on which the patient bites to keep the film in place
against the crowns of upper and lower teeth simultane-
ously (hence called bite-wing X-ray). Bitewing films are
particularly valuable for detecting inter-proximal caries in
the early stages of development before it manifest clini-
cally, reveal secondary caries below the restorations and
evaluating the inter-proximal bone condition.

The extra-oral radiographic examination used in
Dentistry includes panoramic radiographs, postero-ante-
rior and lateral skull view, Water's view and postero-an-
terior and lateral cephalometric examinations. Extraoral
radiographs help to examine larger areas of the jaws and
skull, monitor growth and development of cranio-facial
skeleton, to locate impacted teeth and large pathological
lesions and evaluate the temporo-mandibular joint.

Panoramic imaging has become a popular and impor-
tant diagnostic tool since its introduction in the 1950s. It
is a specialised tomographic technique used to produce
a flat representation of the curved surfaces of the jaws.
The basic imaging principle is that of curved surface
tomography. It visualizes the entire maxilla, mandible,
temporo-mandibular joints and associated structures on
a single film, ze., gives a panoramic or bird’s eye view
of the jawsig] (Figure 1D). It is used as a preliminary
screening radiograph to assess the dentition and bone
support, identify impacted teeth, view the position of
dental implants e#c. It also gives a basic assessment of the
osseous status of the temporo-mandibular joints and
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Figure 1 X-ray. A: An intraoral periapical X-ray helps to view the number and morphology of roots and root canals, periapical status and alveolar bone support inter-
dentally. In this case, a grossly carious lower molar with diffuse radiolucency around both the root apices, denoting a chronic abscess is seen; B: An occlusal view of
maxilla is useful to evaluate suture line of maxillary processes and extent of large pathological lesion such as a cyst and for location of impacted teeth. In this X-ray
an impacted left maxillary canine can be seen; C: A bitewing X-ray is useful to examine a segment of upper and lower arch simultaneously to detect inter-proximal
caries. In this X-ray, distal proximal surface of the lower 1st molar shows a carious defect; D: A panoramic radiograph gives a bird's-eye view of upper and lower jaws
with excellent view of temporo-mandibular joint and maxillary sinuses. In this X-ray, a large, multi-locular cystic lesion, involving an impacted and inverted 3rd molar,

extending up to the premolar region can be seen.

diagnoses maxillary and mandibular fractures. Panoramic
radiographs are also being tested as a cost-effective tool
to determine bone mineral density™",

However, it is subject to considerable and unpredict-
able geometric distortion and has relatively low spatial
resolution compared with intra-oral radiographs. Large
differences in image projection may occur in the anterior
region depending on the patient positioning and individ-
ual curvature of the jaws. Also, it does not display the
fine anatomic details available on intraoral periapical
radiograph. But it offers a dose advantage over large
numbers of intraoral radiographs'"".

Cephalometric radiographs show the entire side of
the head and help to evaluate the spatial relationships be-
tween cranial and dental structures (Figure 2). They are
of value in comparing the changes in growth and devel-
opment of dental and skeletal structures before, during
and after orthodontic treatment, including the soft tissue
profile (with lesser X-ray exposure)''?,

Digital subtraction radiography (DSR) is a technique
used to determine qualitative changes that occur between
two images taken at different points in time. Subtraction
method was introduced by B.G. Zeides des Plantes in the
1920s. The first image is the baseline image and the sec-
ond image shows the changes that have occurred since
the time the first image was taken”. DSR cancels out
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the complex anatomic background against which this
change occurs. In order for DSR to be diagnostically useful,
it is crucial that the baseline projection geometry and image
intensities be reproduced. Dove ¢ @/ reported that angu-
lation errors should be limited to two degrees. DSR helps
to detect the alveolar bone changes of 1%-5% per unit
volume and of crestal bone height change of 0.78 mm'"*'".,
Parsell ez al'” in 1998 found that digital subtraction ra-
diography with or without enhancement improved the
likelihood of a correct cancellous defect diagnosis when
compared to other methods to detect oral cancellous
bone lesions. However, it is only used for tresearch
purpose, as it is difficult to reproduce images with simi-
lar projection geometry every time.

Occipito-mental view, also known as Waters view, is
the most favourable for visualization of maxillary sinuses,
especially to compate internal radio-opacities. The fron-
tal sinuses and ethmoid air cells can also be viewed in
Waters view. When taken with open mouth position, it
can help to visualize the sphenoid sinuses. The submen-
to-vertex view is used in evaluating the lateral and pos-
terior borders of the maxillary sinuses and the ethmoid
air cells. It also visualizes the skull-base and condyles su-
perimposed on the condylar necks and mandibular rami.
It is particularly useful in diagnosis of fractures of the
zygomatic arch. The Caldwell view is useful in evaluating
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Figure 2 Cephalometric radiographs show the entire side
of the head and help to evaluate the spatial relationships

the frontal sinuses and ethmoid air cells. Reverse-towne
projection is used to determine fractures of the condylar
neck of the mandible.

LIMITATIONS OF 2-D IMAGES

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

All the above listed 2-D imaging techniques provide
information necessaty for routine dental practice. Howev-
et, in case of diagnostic dilemma and treatment planning
of special cases, advanced 3-D imaging modalities, reveal-
ing additional information is desirable. Various techniques
have evolved in the recent past that has revolutionized the
diagnosis and treatment planning in dentistry.

COMPUTED TOMOGRAPHY

The first commercial computed tomography (CT) scanner
was developed in 1972 by Sir Godfrey N. Hounsfield, an
engineer at EMI, Great Britain. Since then, the introduc-
tion of clinical X-ray computed tomography has trans-
formed medical imaging and may be described as the
greatest advancement in radiology, since the discovery of
X-rays. Computed tomography uses a narrow fan-shaped
X-ray beam and multiple exposures around an object to
reveal its internal structures which helps the clinician to
view morphologic features and pathology in three- di-
mensions””. It determines the mesio-distal as well as the
bucco-lingual extent of the pathology.

CT scanner consists of a radiographic tube attached
to a seties of scintillation detectors or ionization cham-
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between cranial and dental structures. A: A lateral cephalo-
metric X-ray is useful to determine cranio-facial structures and
their relationship with position of the jaws and teeth; B: Differ-
ent landmarks used to evaluate the planes and angles formed,
to arrive at a diagnosis and treatment planning for orthodontic
treatment/orthognathic surgery. Serial cephalograms can give
the amount and direction of growth of facio-maxillary complex.

bers. The patient is advanced in the circular aperture in
the centre of the gantry. The tube head and reciprocal
detectors within the gantry either rotate synchronously
around the patient, or the detectors may form a con-
tinuous ring around the patient and the X-ray tube may
move in a circle within the detector ring.

There are four generations of CTs. The Hounsfield’s unit
belonged to the first generation of CT scanners which
used a single detector element to captute beam of X-rays.
A second generation of CT systems introduced in
1975 used more than one detector and used small fan-
beam, as opposed to pencil-beam scanning in the first
generation. The first and second generations of CT
scanners used a translate-rotate design and were used
to scan only the head.

Third generation CT scanners introduced in 1976 use
a large, arc-shaped detector that acquires an entire pro-
jection without the need for translation. Third genera-
tion scanners are most extensively used today. Fourth
generation scanners replaced the arc-shaped detector
with an entire circle of detectors. In this design, the
X-ray tube rotates around the patient, while the detec-
tor stays stationary. As the fourth generation scanners
were more expensive and suffer from higher levels of
scatter, these are not used today. The incremental scan-
ning approach was subject to errors relating to patient
movement and limited Z-axis (vertical) image resolution
resulting in loss of fracture conspicuity. The develop-
ment of the power slip ring facilitated the development
of spiral (or helical or volumetric) CT in the late 1980s.
In spiral CT, the patient is moved continuously through
the rotating gantry and image data are acquired as a
“spiral” or “helix”rather than in the form of a seties of
slices". Compared with incremental CT scanners, spiral
scanners provide improved multiplanar image recon-
structions, reduced exposure time (12 s 25 5 min), and a
reduced radiation dose (up to 75%) .

Current CT scanners are called multi-slice CT scan-
ners and have a linear array of multiple detectors (up to
64 rows) that simultaneously obtain tomographic data at
different slice locations. It provides various advantages
including significant reduction in scan time, reduced ar-
tifacts, and sub-millimetre resolution (up to 0.4 mm iso-
tropic voxel)*. However, these scanners are extremely
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expensive and while beneficial for CT angiography and
cardiac imaging, may have limited application in maxil-
lofacial diagnosis.

CT was the first technology to allow visualization of
both hard and soft tissues of the facial bones by image
processing enhancement and the ability to acquire multi-
ple, non- superimposed cross-sectional images. CT scans
were used in medicine since 1973 but it became avail-
able for dental application only in 1987. CT provides
high contrast resolution and allows differentiation of
tissues with < 1% physical density difference compared
to 10% required to be distinguished with conventional
radiographym]. CT images have less noise (ze., they are
less grainy), which results from superior collimation of
the exit beam in CT machines. CT software programs
can highlight pathologic lesions from normal ana-
tomic structures using colour-enhancement features. CT
images have the ability to show slices of a given tissue,
with each slice thickness (1-2 mm) and location chosen
by the operator[zo].

Trope et " in 1989 used CT scans to differentiate
radicular cysts from granulomas based on marked differ-
ence in density between the content of the cyst cavity
and granulomatous tissue.

CT is considered the gold standard imaging technique
to assess injuries of the maxillofacial skeleton region. It
is an excellent tool for detecting complex facial fractures,
like those involving the frontal sinus, naso-ethmoidal
region[24], and the orbits™. CT helps in defining the dis-
placements of fractures prior to surgical reduction and
fixation. It helps to diagnose undisplaced fractures of
the mandible and the condyle, which are not apparent on
panoramic radiographs. Markowitz ez al* found coronal
CT to be the most accurate method in the diagnosis of
mandibular fractures, followed by mandibular series and
panoramic radiography. CT offers superb visualization
of impacted teeth and its relation to nearby anatomic
structures which guides the surgeon during surgical re-
moval of impacted teeth.

Aggarwal e/ al’™ used CT scans and ultrasound with
power Doppler flowmetry in the diagnosis of large peri-
apical lesions. They concluded that both, the CT scans
and ultrasound with power Doppler flowmetry can pro-
vide an additional but more accurate diaghosis of periapi-
cal lesions with validity equivalent to histo-pathological
diagnosism.

CT scan is also an excellent aid in detecting vertical
root fracture or split teeth which cannot be detected on
periapical radiographs, since CT is not sensitive to beam
orientation unlike conventional radiograph[zg].

CT helps to indentify multiple extra root canals
which when missed can lead to endodontic treatment
failure. Chronic apical periodontitis can be seen with the
CT scan in early and established stages. It is seen as an
enlargement of the periodontal space, which is seen as a
small osteolytic reaction around the root tipsm]. Velvart
et al”” in 2001 compared CT scans and periapical ra-
diographs of 50 mandibular posterior teeth scheduled
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for periapical surgery. They found that CT detected the
presence of an apical lesion and the location of the
inferior alveolar nerve in all cases, compared with 78%
and 39% respectively with periapical radiographs. Rob-
inson ¢ al’" evaluated mandibular first premolars on
120 routine dental. CT images for variations in root/
root canal morphology. They found that CT images
identified a greater number of morphologic variations
than did a panoramic radiograph™.

CT has been used as a research tool to compare the
volume of root canals before and after instrumentation
with different rotary nickel-titanium systems”” and for
volumetric analysis of root filling using various obtura-
tion systems"”

3-D images from spiral CT helped in evaluating the
close relationship between maxillary sinus disease and
adjacent periodontal defects and their treatment” ", Rigo-
lone ¢t a/’” obtained anatomic information using low
dose CT to plan peri-radicular surgery zia the ves-
tibular approach. CT scan also detects resorption of
adjacent roots.

CT scan can precisely distinguish between intrinsic
and extrinsic salivary tumors and is used for staging
these tumors”™. It is excellent for planning for implant
placement for ear prosthesis in patients with hemi-facial
microsomia® .

The greatest disadvantage of CT imaging is the high
radiation exposure. Other disadvantages of CT include
high costs of the scans and scatter because of metallic
objects. It has poor resolution compared to conventional
radiographs. CT has limitation in the diagnosis of dental
fractures (like small fissures) which are below the resolu-
tion capability of CT and may result in false-negative
readings.

TUNED APERTURE COMPUTED

TOMOGRAPHY
Tuned aperture computed tomography (TACT) is a

relatively simple, faster method for reconstructing to-
mographic images, which was developed by Webber
and colleaguesﬁs, It is based on the concept of tomo-
synthesis and optical-aperture theory™*". TACT uses 2-D
periapical radiographs acquired from different projection
angles as base images and permits retrospective genera-
tion of longitudinal tomographic slices (TACT-S) lin-
ing up in the Z axis of the area of interest. It produces
true 3-D data from any number of arbitrarily oriented
2-D projections. TACT has shown to be a promising,
effective alternative to other conventional modalities for
a number of clinical applications. The overall radiation
dose of TACT is not greater than 1 to 2 times that of
a conventional periapical X-ray film. The resolution is
stated to be similar with 2-D radiographs. Artefacts as-
sociated with CT, such as starburst patterns seen with
metallic restorations, do not exist with TACT.

In 1998, Nair ez a/*" reported TACT to be more ef-
fective imaging modality than film or individual digital
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images for the detection of recurrent caries. Webber ez
al* in 1999 also found TACT to be diagnostically more
informative. Nance et al reported that with TACT 36%
of extra canal [second mesio-buccal (MB 2)] were detect-
ed in maxillary molars and 80% of third (mesio-lingual)
canals in mandibular molars™. TACT has proved to be
effective in the determination of root fractures, especially
vertical fractures.

Nair e a/*" found that TACT was a more effec-
tive and accurate imaging modality for non- destructive
quantification of osseous changes within the healing
bony defects. It was found to be better than planar im-
ages for the detectability of trauma-induced radicular
fractures and mandibular fractures in in-vitro studies'™.
Liang et al® reported that TACT provides an alterna-
tive to conventional tomography for pre-surgical implant
imaging, However, TACT is still at trial stage for dental
applications but appears to be a promising imaging mo-
dality for the future.

Micro-computed tomography (micro-CT) is another
alternative CT technique that has been used in dental im-
aging. However, the use of micro-CT remains a teseatch
tool limited to animal and in vitro studies on small sam-
ples. Because of the high radiation dose required, micro-
CT cannot be employed for human imaging.

CONE BEAM COMPUTED TOMOGRAPHY

This imaging technique is based on a cone-shaped X-ray
beam centered on a 2-D detector. It performs one ro-
tation around the object and produces a series of 2-D
images which are re- constructed in 3-D using a modifi-
cation of the original cone-beam algorithm developed by
Aboudara ez a/*" in 1984. Major advantage of TACT
over CT is the considerably lower effective radiation
dose to which patients ate exposed. Radiation dose of
one cone beam computed tomography (CBCT) scan
may be as little as 3%-20% that of a conventional CT
scan, depending on the equipment used and the area
scanned™.

CBCT does not require an additional mechanism to
move the patient during the acquisition. Cone beam tech-
nology significantly increases the X-ray utilization and
requires far less electrical energy than fan-beam tech-
nology. X-ray tubes of cone-beam scanning are much
less expensive than that for conventional CT. Images
have isotropic voxels that can be as small as 0.125 mm.

Subjective image quality is high, even compared to heli-
cal CT, for the highest resolution modalities. CBCT
provides a high spatial resolution of bone and teeth
which allows accurate understanding of the relationship
of the adjacent structures.

CBCT has found varied application in all fields of
dentistry. High resolution of CBCT has helps in detect-
ing variety of cysts, tumors, infections, developmental
anomalies and traumatic injuries involving the maxillo-
facial structures. It has been used extensively for evaluat-
ing dental and osseous disease in the jaws and temporo-
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mandibular joints and treatment planning for dental
implants.

CBCT is categorized into large, medium, and limited
volume units based on the size of their field of view
(FOV). The size of the FOV depicts the scan volume of
CBCT machines. It depends on various factors like the
size and shape of the detector, beam projection geom-
etry and the ability to collimate the beam. Collimation of
the beam limits the X-radiation exposure to the region
of interest and ensures the most favorable FOV to be
selected, based on disease presentation. Smaller scan vol-
umes produce higher resolution images and lowers the
effective radiation dose to the patient. Size of the field
irradiated is the principal limitation of large FOV cone
beam imagingm].

Large field of view (FOV) units encompasses those
CBVTs with a FOV from 15-23 c¢cm. These units are
mainly useful in the assessment of maxillofacial trauma,
orthodontic diagnosis and treatment planning, temporo-
mandibular joint (TM]) analysis and pathologies of the
jaws. Medium FOV range from 10-15 cm and are useful
for mandibulo-maxillary imaging and for pre-implant
planning and pathological conditions. Small FOV units
(limited FOVs) of < 10 cm with some as small as 4 cm
X 4 c¢m in size are suitable for dento-alveolar imaging and
are most advantageous for endodontic applications[49].

APPLICATIONS OF CBCT IN VARIOUS
BRANCHES OF DENTISTRY

Oral and maxillofacial surgery

CBCT 1s majorly used in oral and maxillofacial surgery
for surgical evaluation and planning for surgery for im-
pacted teeth, cysts and tumors, orthognathic and implant
surgeries and diagnosis of fractures and inflammatory
conditions of the jaws and the sinuses.

CBCT is largely used diagnostic technique in assess-
ment of mid-face™ and orbital fractures”™. Tt allows
easy detection of non-displaced, inter-articular fractures
of the condylar head™. Artefacts from metal objects are
lower on CBCT images””, hence it provides better infor-
mation in cases involving gun-shot wounds™. However,
in cases of trauma to the cervical vertebrae, use of
CBCT is contra-indicated, as the patient is unable to
be in an upright position which is required for CBCT
imaging,

Detailed visualization of the inter-occlusal relation-
ship of 3-D virtual skull model makes CBCT a valuable
tool in orthognathic surgery planning. It allows for moz-
phological analysis and spatial relationship of the neigh-
boring structures during follow-ups to evaluate growth,
development and function. It provides pre-surgical in-
formation when planning for sinus floor augmentation
in preparation for implant placement””.

CBCT has been used for measuring the thickness of
the glenoid fossa™. Tt often reveals the possible disloca-
tion of the disk in the joint by defining the true posi-
tion of the condyle and the extent of translation of the
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condyle in the fossa". It has also been used for an image
guided puncture technique of the TM] which is a treat-
ment modality for TMJ disk adhesion””. CBCT provides
a dose and cost-effective alternative to helical CT for the
diagnostic evaluation of osseous abnormalities of the

™].

Endodontics

CBCT has been extensively used in Endodontics. Nu-
merous studies have reported its usefulness in diagnosis
of periapical lesions”™ ™ (Figure 3). Estrela et al* pro-
posed a CBCT-based periapical index, termed as CBCT-
PAI to measure and monitor periapical lesion size pre
and post-endodontic treatment.

CBCT enables in the differential diagnosis of cyst
from granulomas by measuring the density from the
contrasted images of the periapical lesion ™. Lofthag-
Hansen ¢/ a/* found that CBCT detected 62% more
periapical lesions on individual roots when compared
with periapical X-ray examinations. Vertical root frac-
tures are better evaluated with CBCT images compared
to periapical radiographs. CBCT can determines fractures
in bucco-lingual or mesio-distal directions'™*,

Patel ¢ /™ in their review of literature found CBCT
to be efficacious in endodontic surgery planning and
identification of root canals not seen on 2-D images.
Alshehri ez af™ in their review article on CBCT reported
it to be useful in cases such as inflammatory external and
internal resorption. CBCT not only detects the presence
of resorption, but also determines its extent. They also
found CBCT useful in determining root morphology;
to measure the number of roots, canals, and accessory
canals and to establish their working lengths, angulations
and in the location of separated instrument in the ca-
nal™,

For most endodontic applications, limited volume
CBCT is preferred over large volume CBCT for the
following reasons: (1) Increased spatial resolution to im-
prove the accuracy of endodontic-specific tasks such as
the visualization of accessory canals, root fractures, api-
cal deltas, calcifications, e#c.; and (2) Decreased radiation
exposure to the patient.

Implantology

CBCT has been used for preoperative and postopera-
tive dental implant assessment. Preoperatively, it can
accurately determine the quantity and quality of bone
available for placement of implantm’m. It also provides
more detailed and accurate information of the adjoining
vital tissues, so that these could be protected during the
placement of dental implant. Heiland ez al™ desctibed
a technique in which CBCT was used intra-operatively
in two cases to navigate the implant insertion following
microsurgical bone transfer.

Orthodontics
CBCT images have been used in orthodontic assessment
and cephalometric analysism. CBCT helps to determine
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root angulations, although variations are seen from the
true anatomy' . CBCT is valuable tool to assess the
facial growth, age, airway function and disturbances in
tooth eruptionm. CBCT can provide enhanced visualiza-
tion of roots, making it a valuable tool for assessing pre
and post-orthodontic root resorption.

CBCT evaluates the success of alveolar bone grafts
in patients with cleft lip and palate by determining the
bucco-palatal width and allowing the visualization of the
3-D morphology of the bone bridgem. Kim ez al™ used
CBCT to construct placement guides for mini-implants
between the roots of adjacent teeth in anatomically dif-
ficult sites.

Periodontics

CBCT has proved to be a practical clinical tool to detect
intra-bony and furcation defects, dehiscence, fenestra-
tion, and periodontal cysts” Tt provides detailed moz-
phologic description of the bone with minimal error
margins. CBCT has also been used to evaluate outcome

of regenerative periodontal therapy™.

LIMITATIONS OF CBCT

Image quality and diagnostic accuracy of CBCT is af-
fected by the scatter and beam hardening artifacts caused
by high density structures such as enamel and radiopaque
materials®". Scatter radiation reduces the contrast and
limits the imaging of soft tissues. Hence, CBCT is princi-
pally indicated for imaging hard tissues™

Because of distortion of Hounsfield Units, CBCT
cannot be used for estimation of bone density. Scan
times for CBCT are lengthy at 15-20 s and require the
patient to stay completely still.

CONCERN FOR RADIATION EXPOSURE

Intraoral radiographic films are available as D, E and
F. D is the slowest and F is the fastest speed films. Fast
films require least radiation as compared to slow speed
film. It is reported that switching from D to E speed
film reduces radiation by 30%-40% and from D to F by
60%. However, due to cost consideration of fast speed
films, majority of dentists prefer to use D speed films,
though the cost difference is only marginal[gﬂ.

Radiation exposure for panoramic radiograph is 14.2-
24.3 mSy, for lateral cephalogram, it is 10.4 mS and for
a full mouth intraoral X ray series is 13-100 mS. Digi-
tal X ray require a much lower radiation exposure, Ze.,
50%-75% less than equivalent film image. Digital pan-
oramic radiation dose is 0.020 mSv and for cephalogram
it is 0.007 mSv. CBCT units have radiation exposure in
the range of 87-206 mSv for a full craniofacial scan.
Based on these values, it is inferred that CBCT radia-
tion exposure is equivalent to or slightly higher than
traditional imaging[w.

However, CBCT must not be used routinely for
dental diagnosis or for screening purposes. The patient’s
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history and clinical examination must validate the use of
CBCT by demonstrating that the benefits to the patient
offset the potential risks. CBCT should only be used
when lower dose conventional dental radiographs fails to
provide adequate diagnostic information.

MAGNETIC RESONANCE IMAGING

Magnetic resonance imaging (MRI) is fast outpacing any
other modality for 7z vive viewing of soft tissues in the
human body without the need to resort to any invasive
procedures. MRI scan is a specialized imaging technique
which does not use ionizing radiation. Most MRI ma-
chines are graded on the strength of the magnet, mea-
sured in Tesla units, which is the equivalent of 20000
times the magnetic field strength of Earth. MRI units
for in vivo applications are in the range of 1.5 to 3 Tesla
units.

MRI involves the behaviour of hydrogen atoms (con-
sisting of one proton and one electron) within a strong
magnetic field which is used to create the MR image.
This causes the nuclei of many atoms in the body to
align themselves with the magnetic field. The machine
applies a radiofrequency pulse to depolarize the atoms
and the energy that is released from the body is detected
and used to construct the MR image by a computer.
The high contrast sensitivity of MRI to soft tissue dif-
ferences is the major reason MRI have replaced CT for
imaging soft tissues. Hydrogen is found in abundance in
soft tissue, but is lacking in most hard tissues™

MRI offers the best resolution of tissues of low
inherent contrast. Some cases of squamous cell carci-
noma of the tongue can only be visualized with MRL
Because the region of the body imaged in MRI is
controlled electronically, direct multiplanar imaging is
possible without reorienting the patient.

The main dental applications of MRI to date have
been the investigation of soft-tissue lesions in salivary
glands, TMJ and tumour staging. Its exceptional soft-
tissue contrast resolution makes it ideal for detection
of internal derangement of TMJ. MRI can also detect
joint effusions, synovitis, erosions and associated bone
marrow oedema. Odontogenic cysts and tumors can be
distinguished better on MRI than on CT. It also identi-
fies soft tissue diseases, especially neoplasia, involving
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Figure 3 Cone beam computed tomography. A: A cone
beam computed tomography scan gives a three-dimensional
view of the area of interest. In this case, the periapical lesion
is being evaluated; B: The image gives values in Hounsfield
unit of cementum and alveolar bone density to measure post-
treatment healing. CBCT: Cone beam computed tomography.
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tongue, cheek, salivary glands, neck and lymph nodes™.

MRI can also accurately distinguish between solid
and cystic lesions on the basis of signal characteristics
and enhancement patterns. Application of specific cri-
teria for diagnosis allows accurate distinction between
the keratocystic odontogenic tumour (KCOT) and other
odontogenic lesions”®”. The keratin-rich debris in a
KCOT shows characteristic central drop in signal on T2-
weighted images. In case of an infective lesion like a
periapical abscess which expands fast in the jawbones
and soft tissues, later degenerating into osteompyelitis,
MRI is the diagnostic method of choice™. Several stud-
ies have verified the high sensitivity of MRI in detecting
cancellous marrow abnormality in acute osteomyelitis.
This results in reduced T1 signal, increased T2 signal and
contrast enhancement of bone and the adjacent inflamed
soft tissues™.

A recent introduction in MRI technology is called
SWeep Imaging with Fourier Transform to visualize den-
tal tissues. Idiyatullin ez a/*” reported that it can simulta-
neously image both hard and soft dental tissues with high
resolution in short enough scanning times and hence is
practical for clinical applications. An interesting obser-
vation was that it can determine the extent of carious
lesions and simultaneously assess the status of pulpal
tissue, whether reversible and irreversible pulpitis, which
can impact clinical decision on treatment planning[%].

MRI has been shown to be reliable in depicting sialo-
dochitis and sialectasia, especially when globular changes
are present. A study by Browne in which 50 consecutive
patients presenting with facial swelling, thought clinically
to be due to salivary gland disease were chosen. Prior
investigation was undertaken in 29 patients, including
ortho-pantomography, ultrasound and sialography; none
provided additional information than MRI. Sialography
was carried out in three patients after MRI and the re-
sults agreed with MRI in all cases. They concluded that
MRI diagnosis of tumour was correct in all patients
and that MRI appears to be an efficient first line investi-
gation of facial swelling[(n].

Use of MRI technology has been reported to pro-
duce tooth surface digitization with an accuracy and
precision sufficient for production of dental restora-
tions”? and to detect root resorption[%] in Orthodontic
cases. Its use has been reported in characterization of
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the inflammation and healing processes in periodontal
tissues. Schara ¢z a/” demonstrated through their zz-vivo
study that reduction of inflammation and probing depth
in gingival tissues after non-surgical periodontal therapy
correlated with a decrease of ratio between post- and
pre-contrast signal intensity in T1 weighted MR images.
They concluded that MRI could provide a new possibil-
ity to characterize the type and healing process of peri-
odontal inflammation””.

The presence of a strong magnetic field can poten-
tially cause movement of ferromagnetic metals in the
vicinity of the imaging magnet. Because of this, MRI
may not be safe in patients with cardiac pacemakers,
implantable defibrillators, some artificial heart valves,
cerebral aneurysm clips, or ferrous foreign bodies in the
eye.

Artifacts caused by metallic dental restorations pro-
duced a major diagnostic problem in CT examinations
of malignant tumors in the maxillofacial region. Artifacts
from magnetic metals also appear on MRI™. However
it was found that severe artifacts that distutrbed the inter-
pretation of the images on MRI were only half that on
cr, Vijay et al” also reported that artifacts on MRI
as a result of dental fillings were rather localized and
did not degrade the entire image, unlike the streaking
seen on CT images. Okano e/ al™ proposed that the MRI
diagnosis of the TMJ can be performed in orthodontic
patients, preferably using ceramic brackets on the ante-
tior teeth and directly bonded tubes on the molars. How-
evert, the arch wires needed to be removed””.

MRI cannot always distinguish between benign and
malignant tumours, which could lead to a false positive
result”. Some patients suffer from claustrophobia when
positioned in the close confines of an MRI machine.
Other drawback of MRI is the long scanning time
required. Finally, MRI is expensive compared to other
conventional radiographic methods.

The use of dental MRI appears to be a safe tool for
3-D imaging without ionizing radiation. However, due
to high cost of MRI imaging, its use is limited to special
cases where its use is specifically indicated for correct
diagnosis.

ULTRASOUND

Ultrasound (US) is a non-invasive, inexpensive and pain-

less imaging method. Unlike X-rays, it does not cause
harmful ionizing radiation. US can be used for both hard
and soft tissue detection. The first data of diagnostic US
in dentistry was reported in 1963 by Baum ez a/. They
used a 15 MHz transducer to visualize the intetior struc-
tures of teeth; but the quality and clarity of the resulted
RF signal was not favorable.

US is based on the reflection of sound waves (echoes)
with a frequency outside the range of human hearing
(1-20 kHz), at the interface of tissues which have differ-
ent acoustic properties. Ultrasonic waves are created by
the piezoelectric effect within a transducer (probe). US
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waves transmit energy, as X-ray does, but it requires a
medium for its transmission, unlike X-rays which pass
readily through a vacuum. The echoes are detected by a
transducer which converts them into an electrical signal
and a real-time black, white and shades of grey picture is
produced on a computer screen ",

US can be an important diagnostic tool for patients
in whom MRI is contra-indicated, such as those with car-
diac pacemakers, claustrophobia and metallic prostheses.
Also, US can be used repeatedly as it is free of ionizing
radiation.

US is used to diagnose fractures of the orbital margin
and nasal bone, zygomatic arch, and the anterior wall of
the frontal sinus. It has been proposed as a complemen-
tary diagnostic procedure to augment CT in the assess-
ment of patients with mid-facial fracture. Ultrasonogra-
phy is also capable in the detection of extra-capsular sub-
condylar fractures. Adeyemo and Akaditi carried out a
systemic review of literature to find the diagnostic value
of ultrasound in detection of maxillofacial fractures. It
reported sensitivity and specificity of US in detecting or-
bital fractures in the range of 56%-100% and 85%-100%,
respectively. Studies on nasal fractures showed sensitivity
and specificity in the range of 90%-100% and 98%-100%,
respectively. Sensitivity or specificity of US for detecting
zygomatic fractures was higher than 90% and for man-
dibular sub-condylar/ ramus fractures were in the range
of 66%-100% and 52%-100%, respectively"’.

US helps to differentiate solid and cystic lesions in
the parotid gland. It can also detect Sialoliths in parotid,
submandibular and sublingual salivary glands. These ap-
pear as echo-dense spots with a characteristic acoustic

shadow!”

1 Us guidance can prevent injuring the facial
nerve during biopsy of the parotid gland.

US can demonstrate the internal muscle structures
more clearly than CT. It can also measure the thickness
of muscles which can be an important tool in diagnosis
and treatment for follow-up examination of inflammato-
ry soft tissue conditions of the head and neck region and
superficial tissue disorders of the maxillofacial regionms]
However, Serra et al through their review concluded that
ultrasound technique generally showed lower reproduc-
ibility in relaxed than in contracted muscles.

US is a reliable diagnostic technique in deter-
mining the pathological nature (granuloma gs cysts)
BP0 Tt has been used in guided

fine-needle aspiration, measurement of tongue cancer

of periapical lesions

thickness, and diagnosis of metastasis to cervical lymph
nodes'"". Chandak ez /""" in their study on head and
neck swellings found higher accuracy and sensitivity of
US imaging than the clinical diagnosis. They concluded
that US would be an important diagnostic tool in asso-
ciation with clinical examination to detect the nature of
the swelling“oﬂ.

Rajendran ez a/'" conducted a study to find out the
efficacy of high-resolution ultrasound and color power
Doppler as a monitoring tool in the healing of periapi-
cal lesions. They found that ultrasound with color power
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Doppler is an efficient tool for monitoring bone heal-
ing and would be a significant contribution to the trend
toward radiation-free endodontics"™. Tikku e /""" also
found that ultrasound and color Doppler imaging were
considerably better than conventional radiography in de-
tecting changes in the healing of periapical lesions. The
authors also confirmed that only ultrasound combined
with Doppler can differentiate venous from arterial flow,
quantify the amount of flow, identify the anatomy of
feeding vessels and offer a visual demonstration of vas-
cularity!"”,

Yoon et al'"” compared the difference in pulpal
blood flow between vital and root- filled teeth by using
US Doppler imaging, They found significant differences
in the maximum linear velocity, average linear velocity,
minimum linear velocity, pulsation index, and circulation
resistance between the vital and root-filled teeth. They
concluded that US Doppler imaging is an important
tool to detect pulpal blood flow in vital tooth!"".

Tagtekin ¢ a/''" while comparing DIAGNOdent
(655 nm diode laser) with ultrasound for caries detec-
tion found that all measurements with US were accurate,
reliable and significantly correlated between examiners.
Both methods of caries detection showed high repeat-
ability and accuracy'"".

Even though, US have limitations in detecting the
periodontal ligament, Mahmoud ¢ a/''"? through their
recent study found that it can be used for eatly di-
agnosis of the more severe form of periodontal dis-
case. They used a custom-designed high-frequency (30
to 60 MHz) US imaging system to reconstruct three-
dimensional surface images of periodontal defects in hu-
man' 7.

US can measure soft tissue thickness which could
help practitioners to select the proper orthodontic mini-
screw in clinical practice[m]. Dental implant placement
without incision and flap elevation require accurate
determination of soft tissue thickness. Location of im-
plant is difficult after healing, if the implants are deeply
submerged after thick connective tissue grafts. US plays
an important role in locating these submerged implants
accurately for surgical exposure for subsequent prosth-
odontic rehabilitation .

It is an alternative diagnostic method for imaging
of the TM]J disorders"”. US showed better visualiza-
tion of temporo-mandibular joint structures by using a
frequency of > 12 MHZ",

US has limited value in diagnosing undisplaced frac-
tures, complex maxillofacial fractures, posterior orbital
floor fractures and intra-capsular mandibular condyle
fractures due to overlapping of zygomatic arch"""!. US
are blocked by bone and therefore it can be used only if
there is a bony defect over the lesion through which
ultrasonic waves can traverse' .

Though placing the US in the anterior region of the
mouth is easy, positioning the probe in buccal mucosa of
posterior teeth is difficult.

US examination is usually applied only to the super-
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ficial tissues in the maxillofacial region because the facial
skeleton shields the deeper tissues. The correct interpre-
tation of US images requires a trained radiologist, who
has extensive training in the use and interpretation of US
images.

CONCLUSION

Recent advances in imaging technologies have revo-

lutionized dental diagnostics and treatment planning.
Correct use of appropriate imaging technology and their
correct interpretation, following the ALARA (As low
as reasonably achievable) principles and cost-effective-
ness, newer radiographic techniques can help to detect
pathologies in very early stages, which ultimately help
to reduce morbidity and mortality and improve the
quality of life of the patients.
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