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Abstract

Patel S, Dawood A, Whaites E, Pitt Ford T. New dimen-

sions in endodontic imaging: Part 1. Conventional and alterna-

tive radiographic systems. International Endodontic Journal, 42,

447–462, 2009.

Conventional radiographs used for the management of

endodontic problems yield limited information because

of the two-dimensional nature of images produced,

geometric distortion and anatomical noise. These

factors often act in combination. This review paper

assesses the limitations of periapical radiographs and

seeks to clarify three-dimensional imaging techniques

that have been suggested as adjuncts to conventional

radiographs. These include tuned aperture computed

tomography, magnetic resonance imaging, ultrasound,

computed tomography and cone beam computed

tomography (CBCT). Of these techniques, CBCT appears

to be an effective and safe way to overcome some of the

problems associated with conventional radiographs.
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Introduction

Radiographic examination is an essential component of

endodontic management (Forsberg 1987a,b), under-

pinning aspects of diagnosis, treatment planning, intra-

operative control and outcome assessment. Intra-oral

periapical radiographs are still most commonly exposed

during endodontic procedures (Walker & Brown 2005,

Glickman & Pettiette 2006), providing useful informa-

tion for the presence and location of periradicular

lesions, root canal anatomy (Fig. 1) and the proximity

of adjacent anatomical structures.

Despite their widespread use, periapical images yield

limited information. The aim of this paper was to

review these limitations before assessing alternative

imaging techniques, which have potential to overcome

some of these problems.

Limitations of conventional radiography

for endodontic diagnosis

Conventional images, whether captured on X-ray film

or digital sensors yield limited information for several

reasons.

Compression of three-dimensional anatomy

Conventional images compress three-dimensional anat-

omy into a two-dimensional image or shadowgraph,

greatly limiting diagnostic performance (Webber &

Messura 1999, Nance et al. 2000, Cohenca et al.

2007). Important features of the tooth and its sur-

rounding tissues are visualized in the mesio-distal

(proximal) plane only. Similar features presenting in

the bucco-lingual plane (i.e. the third dimension) may

not be fully appreciated.

The spatial relationship of the root(s) to their

surrounding anatomical structures and associated

periradicular lesions cannot always be truly assessed

with conventional radiographs (Cotti et al. 1999, Cotti

& Campisi 2004). In addition, the location, nature and
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shape of structures within the root under investigation

(for example, root resorption) may be difficult to assess

(Fig. 2) (Cohenca et al. 2007, Patel et al. 2007, Wha-

ites 2007a,b). Diagnostic information in this missing

‘third dimension’ is of particular relevance in surgical

planning (Velvart et al. 2001, Low et al. 2008), where

the angulation of the root to the cortical plate, the

thickness of the cortical plate and the relationship of

the root to key adjacent anatomical structures such as

the inferior alveolar nerve, mental foramen (Fig. 3) or

maxillary sinus should be understood.

In an attempt to overcome the limitations of plain

radiography, additional exposures with 10–15 degree

(Fig. 4) changes in horizontal tubehead angulation

(parallax principle) may be considered (Glickman &

Pettiette 2006, Patel & Pitt Ford 2007, Whaites 2007a).

Several intra-oral views taken at different angles may be

necessary for diagnosing traumatic dental injuries (for

example, root fractures, luxations and avulsion injuries)

(Flores et al. 2007a,b). Brynolf’s classic study found 3–4

parallax radiographs of the area of interest resulted in a

better perception of depth and spatial relationship of

periapical lesions associated with root apicies (Brynolf

1967). The parallax principle may also separate roots

which are in the same plane as the X-ray beam (Fig. 5),

for example, identifying the presence of a second mesio-

buccal canal in maxillary molars (Glickman & Pettiette

2006, Manogue et al. 2005). However, it should be

noted that multiple intra-oral radiographs do not

guarantee the identification of all relevant anatomy or

disease (Barton et al. 2003, Matherne et al. 2008), and

may not reveal much more than a single exposure.

The observer’s knowledge of the anatomy being

assessed and their experience of interpreting radio-

graphs taken from different views help them visualize

the area being assessed three-dimensionally. However,

this mental three-dimensional picture may not be a

true reflection of the anatomy being assessed.

(a) (b) 

(c) (d) 

Figure 1 Periapical radiographs of a root-treated mandibular right first molar with persistent symptoms. (a) Pre-treatment

radiograph reveal three well-obturated (two mesials and one distal) canals, (b) working length radiograph, (c, d) post-treatment

radiograph, note that two additional (mid-mesial and disto-lingual) canals have been identified and treated, arrows indicate the canal

entrance of each of the three mesial canals. These additional canals were not identified on the pre-treatment radiograph or in (c).
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Geometric distortion

Because of the complexity of the maxillo-facial skeleton,

radiographic images do not always accurately replicate

the anatomy being assessed (Gröndahl & Huumonen

2004). Ideally, radiographs should be taken with a

paralleling technique rather than the bisecting tech-

nique as it produces more geometrically accurate

images (Vande Voorde & Bjorndahl 1969, Forsberg &

Halse 1994). A series of investigations by Forsberg

(1987a,b,c) concluded that the paralleling technique

was more accurate than the bisecting angle technique

for accurately and consistently reproducing apical

anatomy (Fig. 6).

For accurate reproduction of anatomy, the image

receptor (X-ray film or digital sensor) must be parallel

to the long axis of the tooth, and the X-ray beam

should be perpendicular to the image receptor and the

tooth being assessed. This is usually possible in the

mandibular molar region where the floor of the mouth

comfortably accommodates the image receptor (Walker

& Brown 2005), although there may be compromises

in patients with small mouths, gagging or poor

tolerance to the receptor. In the maxilla, a shallow

palatal vault (Fig. 7) may also prevent ideal positioning

of the intra-oral image receptor even when using a

beam-aiming device. This lack of long-axis orientation

results in geometric distortion (poor projection geom-

etry) of the radiographic image. The ideal positioning of

solid-state digital sensors may be even more challeng-

ing as a result of their rigidity and bulk compared with

conventional X-ray films and phosphor plate digital

sensors (Wenzel 2006, Whaites 2007a). Over-angu-

lated or under-angulated radiographs (bisecting or

paralleling technique) may reduce or increase respec-

tively the radiographic root length of the tooth under

investigation (White & Pharaoh 2004, Whaites

Figure 2 Conventional periapical radiograph of an external

cervical resorption defect associated with the mandibular left

first premolar tooth. Has this resorptive lesion perforated the

root canal? The depth of this lesion cannot be determined from

conventional periapical radiographs.

Figure 3 Conventional periapical radiographs taken with the parallax technique of a mandibular left premolar and molar teeth

with a large radiolucent lesion. From the radiographs, it is not possible to determine the depth of the endodontic lesion, i.e. has it

perforated the lingual cortex and is there a second untreated canal?

Patel et al. New imaging: Part 1
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2007a), and increase or decrease the size (Fig. 5) or

even result in the disappearance of periradicular

lesions (Bender & Seltzer 1961, Huumonen & Ørstavik

2002). In ideal conditions when a ‘textbook’ parallel-

ing technique radiograph can be exposed, the operator

must anticipate a small degree (approximately 5%) of

magnification in the final image (Vande Voorde &

Bjorndahl 1969, Forsberg & Halse 1994). This mag-

nification is caused by the object (i.e. tooth) and the

image receptor being slightly separated (more so in the

maxilla) and the X-ray beam being slightly divergent.

The use of a long focus-to-skin distance may limit, but

will not eliminate this magnification (Whaites 2007a).

Positioning the image receptor parallel to the long

axis of the tooth may be possible with teeth that have

relatively straight roots (e.g. incisors and premolar

teeth). However, it is not uncommon for multi-rooted

teeth to have divergent or convergent root anatomy. In

these situations, it is impossible to eliminate completely

some degree of geometric distortion and magnification.

The net result is that diverging roots will not be

displayed accurately in a single exposure because of

varying degrees of distortion. This is particularly

relevant in the posterior maxilla (Lofthag-Hansen et al.

2007).

Anatomical noise

Anatomical features may obscure the area of interest,

resulting in difficulty in interpreting radiographic

images (Revesz et al. 1974, Kundel & Revesz 1976,

Gröndahl & Huumonen 2004). These anatomical

features are referred to as anatomical, structured or

background noise and may be radiopaque (for example

zygomatic buttress) or radiolucent (for example incisive

foramen, maxillary sinus). The more complex the

anatomical noise, the greater the reduction in contrast

within the area of interest (Morgan 1965, Revesz et al.

1974, Kundel & Revesz 1976) with the result that the

radiographic image may be more difficult to interpret.

The problem of anatomical noise in endodontics

was first observed by Brynolf (1967, 1970), who noted

that the projection of the incisive canal over the apicies

of maxillary incisors may complicate radiographic

interpretation. Several studies (Bender & Seltzer 1961,

Schwartz & Foster 1971) have concluded that periapical

(a) (b)

Figure 4 Conventional periapical radiographs taken using the parallax technique of the maxillary left central incisor tooth reveal

that the lesion in the mid-third of root canal remains centred confirming that it is internal rather than external cervical resorption.

The maxillary right crown incisor has been replaced with an implant-retained crown.
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lesions, which are confined to the cancellous bone are

not easily visualized on radiographs. This is another

example of anatomical noise, the area of interest being

masked by the denser overlying cortical plate. Lee &

Messer (1986) suggested that periapical lesions may be

successfully detected when confined to cancellous bone,

provided the cortical bone was thin and the anatomical

noise minimal. Such lesions may go undetected beneath

a thicker cortex. Anatomical noise also accounts for

some under-estimation of periapical lesion size on

radiographic images (Bender & Seltzer 1961, Schwartz

& Foster 1971, Shoha et al. 1974, Marmary et al. 1999,

Scarfe et al. 1999). Receiver operating characteristic

curve analysis has been suggested as an appropriate

statistical approach to assess the diagnostic accuracy of

imaging systems in detecting periapical lesions (Kullen-

dorf & Nilsson 1996, Kullendorf et al. 1996, Paurazas

et al. 2000). Paurazas et al. (2000) concluded that

separately prepared artificial periapical lesions within

cortical bone were more accurately detected than

equivalent-sized lesions confined to the cancellous bone.

There was also an increased likelihood of detecting

periapical lesions in both groups (cortical and cancel-

lous bone) as the size of the lesion increased.

(a) (b) 

Figure 5 Two mesial canals are distinguishable in the mandibular right first molar using two radiographs taken with the parallax

technique, also note how the periapical radiolucent lesions change in size and radio-opacity with a change of angulation of the X-

ray tube head.

Figure 6 (a) Radiograph taken using the bisecting angle technique and (b) paralleling technique of the same patient. Note the

difference in the appearance of the periapical region (yellow arrow), the difference in alveolar bone height (red arrow) and

appearance of the restoration (green arrow). Based on Fig. 10.32 in Essentials in Dental Radiology and Radiography, 4th edn:

Churchill Livingston Elsevier.

Patel et al. New imaging: Part 1
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The complexity of the anatomy of the maxillary

molar region (Fig. 8) may partially explain why Gold-

man et al. (1972) found that the greatest amount of

disagreement between examiners for detecting periapi-

cal lesions occurred in this region. Additional radio-

graphs may once again be exposed in an attempt to

overcome anatomical noise and visualize endodontic

lesions more clearly (Huumonen & Ørstavik 2002).

Anatomical noise is dependent on several factors,

including: overlying anatomy, the thickness of the

cancellous bone and cortical plate and finally the

relationship of the root apices to the cortical plate.

Brynolf (1967) compared the radiographic and histo-

logical appearance of 292 maxillary incisor teeth to

assess whether there was a relationship between the

radiographic and histological features of the periapical

lesions. Overall, there was a high correlation between

radiographic and histological findings, a conclusion

that may have been related to the low anatomical noise

in the area being assessed. The root apicies of maxillary

incisors lie very close to the adjacent cortical plate and

therefore erosion of the cortical plate probably occurs

very soon after periapical inflammation develops. In

other areas of the jaws where there is more anatomical

noise (e.g. the posterior mandible with its thicker

cortical plate), the relationship between histological

features and radiographic appearances may be less

clear (Pitt Ford 1984).

Temporal perspective

Radiographic images represent a ‘snapshot’ in time of

the area being assessed (Horner et al. 2002). To assess

the outcome of endodontic treatment, radiographs

exposed at different points in time should be compared

(Friedman 2002). Pre-treatment, post-treatment and

follow-up radiographs should be standardized with

respect to their radiation geometry, density and

contrast to allow reliable interpretation of any changes

which may have occurred in the periapical tissues as a

result of treatment (Gröndahl & Huumonen 2004).

Poorly standardized radiographs may lead to under- or

over-estimation of the degree of healing or failure

(Fig. 9).

Figure 7 Even with the best techniques it may not be possible

to obtain an accurate radiograph of the maxillary teeth using

a paralleling technique. In this case, the palatal vault is not

high enough to allow the digital sensor to lie parallel to the

long axis of the tooth resulting in distortion of the image even

though a beam-aiming device has been used.

(a) (b) 

Figure 8 (a) The zygomatic arch is obscuring the apical anatomy of the maxillary molar teeth, (b) the radiolucent lesion (yellow

arrow) on the mesial aspect of the mesio-buccal root may be difficult to accurately assess as it is superimposed over the radiolucent

maxillary sinus.

New imaging: Part 1 Patel et al.
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Customized stents have been used to increase the

reproducibility of radiation geometry when using

paralleling technique. Elastomeric impression material

is placed onto the bite block of the paralleling device,

which is then positioned in the most favourable

position and the patient asked to bite on it until it sets

(Duckworth et al. 1983, Rudolph & White 1988). The

same bite block may then be used for subsequent

radiographs to ensure that the X-ray film, tooth and

X-ray beam are consistently aligned. Even with these

techniques, serial radiographs will still show small

inconsistencies (Rudolph & White 1988). Stents may

not be helpful in children and adolescent patients with

developing dentitions and maxillo-facial skeletons.

Advanced radiographic techniques for

endodontic diagnosis

Alternative imaging techniques have been suggested to

overcome the limitations of intra-oral radiographs

(Cotti & Campisi 2004, Nair & Nair 2007, Patel et al.

2007). In endodontics, some of these techniques may

improve the diagnostic yield and assist clinical man-

agement.

Tuned aperture computed tomography (TACT)

Tuned aperture computed tomography works on the

basis of tomosynthesis (Webber & Messura 1999).

A series of 8–10 radiographic images are exposed at

different projection geometries using a programmable

imaging unit, with specialized software to reconstruct a

three-dimensional data set which may be viewed slice

by slice (Fig. 10).

Claimed advantages of TACT over conventional

radiographic techniques is that the images produced

have less superimposition of anatomical noise over the

area of interest (Webber et al. 1996, Tyndall et al.

1997). The overall radiation dose of TACT is no greater

than 1–2 times that of a conventional periapical X-ray

film as the total exposure dose is divided amongst the

series of exposures taken with TACT (Nair et al. 1998,

Nance et al. 2000). Additional advantages claimed for

this technique include the absence of artefacts resulting

from radiation interaction with metallic restorations

(see later section on Computed tomography). The

resolution is reported to be comparable with two-

dimensional radiographs (Nair & Nair 2007).

Webber & Messura (1999) compared TACT with

conventional radiographic techniques in assessing

patients who required minor oral surgery. They con-

cluded that TACT was ‘more diagnostically informative

and had more impact on potential treatment options

than conventional radiographs’. Nance et al. (2000)

compared TACT with conventional radiographic film to

identify root canals in extracted mandibular and

maxillary human molar teeth. With TACT, 36% of

second mesio-buccal (MB2) canals were detected in

maxillary molar teeth and 80% of third (mesio-lingual)

canals were detected in mandibular molars. None of

Figure 9 (a) This mandibular left molar tooth immediately after completion of root canal treatment, (b) the tooth is reviewed

6 months later, there appears to be no change is the size of the periapical radiolucencies, (c) if the angle of the X-ray tube head is

changed by 10� there are definite signs of periapical healing.

Patel et al. New imaging: Part 1
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these were detected on conventional X-ray films. The

poor results with conventional radiography may have

been partly because of the fact that parallax views were

not taken. However, Barton et al. (2003) concluded

that TACT did not significantly improve the detection

rate of MB2 canals in maxillary first molar teeth when

compared with two conventional radiographs taken

using the parallax principle. The detection rate of MB2

canals using either technique was approximately 40%;

the true incidence of MB2 canals was confirmed with

the aid of a dental operating microscope to be much

higher at 85%. It may be concluded that the complex

nature of the adjacent anatomy around posterior

maxillary molar teeth limits the use of TACT.

Recently, studies have concluded that TACT is

suitable for detecting vertical root fractures (Nair et al.

2001, 2003). In one of these studies (Nair et al. 2001),

oblique/vertical root fractures were induced in the mid-

third of endodontically treated mandibular single-

rooted extracted teeth. These teeth were then radio-

graphed using TACT and conventional digital sensors.

It was concluded that the diagnostic accuracy of TACT

was superior to conventional two-dimensional radiog-

raphy for the detection of vertical root fractures.

However, these results should be viewed with caution

as these artificially created fractures may have been

confirmed from a basic clinical examination.

Tuned aperture computed tomography appears to

be a promising radiographic technique for the future.

However, at present it is still only a research tool

(Nair & Nair 2007), and has mostly been evaluated

ex-vivo.

Magnetic resonance imaging (MRI)

An MRI scan is a specialized imaging technique which

does not use ionizing radiation (Fig. 11). It involves the

behaviour of hydrogen atoms (consisting of one proton

and one electron) within a magnetic field which is used

to create the MR image. The patient’s hydrogen protons

normally spin on their axis. The patient is placed within

a strong magnetic field, which aligns the protons

contained within hydrogen atoms along the long axis

of the magnetic field and the patient’s body. A pulsed

beam of radio waves which has a similar frequency to

the patient’s spinning hydrogen atoms is then trans-

mitted perpendicular to the magnetic field. This knocks

the protons out of alignment, resulting in the hydrogen

protons precessing like tiny gyroscopes, moving from a

longitudinal to a transverse plane. The atoms behave

like several mini bar-magnets, spinning synchronously

with each other. This generates a faint radio-signal

(resonance) which is detected by the receiver within the

scanner. Similar radio-signals are detected as the

hydrogen protons relax and return to their original

(longitudinal) direction. The receiver information is

processed by a computer, and an image is produced

(White & Pharaoh 2004, Whaites 2007b).

The main dental applications of MRI to date have

been the investigation of soft-tissue lesions in salivary

Figure 10 An oblique root fracture 2–3 mm below the marginal bone crest (left tooth surface) in a regular two-dimensional image

(left) and in two versions of tuned aperture computed tomography images (middle and right images) [from Nair M. in Gröndahl &

Huumonen (2004)].

New imaging: Part 1 Patel et al.
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glands, investigation of the temporomandibular joint

and tumour staging (Goto et al. 2007, Whaites

2007b). MRI has also been used for treatment

planning dental implant placement (Imamura et al.

2004, Monsour & Dhudia 2008). Recently, Tutton &

Goddard (2002) performed MRI on a series of patients

with dental disease. They were able to differentiate the

roots of multi-rooted teeth; smaller branches of the

neurovascular bundle could be clearly identified

entering apical foramina. The authors also claimed

that the nature of periapical lesions could be deter-

mined as well as the presence, absence and/or

thickening of the cortical bone. Goto et al. (2007)

compared measurements taken from three-dimen-

sional reconstructed MRI and CT images of a dry

mandible and hemi-mandible. They concluded that

the accuracy of MRI was similar to CT. MRI scans are

not affected by artefacts caused by metallic restora-

tions (for example amalgam, metallic extracoronal

restorations and implants) which can be a major

problem with CT technology (Eggars et al. 2005).

Cotti & Campisi (2004) suggested that MRI may be

useful to assess the nature of endodontic lesions and

for planning periapical surgery.

Magnetic resonance imaging has several drawbacks.

These include: poor resolution compared with simple

radiographs and long scanning times, in addition to

great hardware costs and limited access only in

dedicated radiology units. Different types of hard tissue

(for example enamel and dentine) cannot be differen-

tiated from one another or from metallic objects; they

all appear radiolucent. It is for these reasons that MRI is

of limited use for the management of endodontic

disease.

Ultrasound (US)

Ultrasound is based on the reflection (echoes) of US

waves at the interface between tissues which have

different acoustic properties (Gundappa et al. 2006).

Ultrasonic waves are created by the piezoelectric effect

within a transducer (probe). The US beam of energy is

emitted and reflected back to the same probe (i.e. the

probe acts as both the emitter and detector). The echoes

are detected by a transducer which converts them into

an electrical signal, from which a real-time black, white

and shades of grey echo picture is produced on a

computer screen (White & Pharaoh 2004). As the

probe is moved over the area of interest, a new image is

generated. Up to 50 images can be created per second,

resulting in moving images on the screen (Cotti et al.

2002). The intensity or strength of the detected echoes

is dependent on the difference between the acoustic

properties of two adjacent tissues (Fig. 12). The greater

the difference between tissues, the greater the difference

in the reflected US energy and the higher the echo

intensity. Tissue interfaces which generate a high echo

intensity are described as hyperechoic (e.g. bone and

teeth), whereas anechoic (e.g. cysts) describes areas of

tissues which do not reflect US energy. Typically, the

images seen consist of varying degrees of hyperechoic

and anechoic areas as the areas of interest usually have

a heterogeneous profile. The Doppler effect (the change

of frequency of sound reflected from a moving source)

(a) (b)

Figure 11 (a) A sagittal MRI scan of the head. Bone and teeth do not give a signal and therefore appear dark. The root canals can

be clearly visualized, as can the maxillary root apices relationship to the maxillary sinus. (b) An axial MRI scan, the soft tissues can

be clearly identified. Courtesy of Dr Crawford Gray, Aberdeen, UK.

Patel et al. New imaging: Part 1
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can be used to detect the arterial and venous blood flow

(Whaites 2007b).

Cotti et al. (2003) used US to assess if it was possible

to differentially diagnose periapical lesions. Eleven

periapical lesions of endodontic origin were examined

with US imaging, a provisional diagnosis was deter-

mined according to the echo picture (hyperechoic and

hypoechoic) and evidence of vascularity within the

lesion was determined using the colour laser Doppler

effect. The provisional diagnosis (seven cysts and four

granulomas) determined by US was confirmed to be

correct histologically in all 11 cases. Gundappa et al.

(2006) repeated the Cotti et al. (2003) study and also

concluded that US was a reliable diagnostic technique

for determining the pathological nature (granuloma

versus cysts) of periapical lesions. However, in neither

study were the apical biopsies removed in-toto with the

root apex [Cotti E. (2008), personal communication]

therefore making it impossible to confirm whether a

cystic appearing lesion was a true or pocket cyst. In

addition, the lesions were not serially sectioned making

accurate histological diagnosis impossible (Nair et al.

1996). The ability of US to assess the true nature and

type (for example true versus pocket cyst) of periapical

lesions is doubtful.

Ultrasound is blocked by bone and is therefore useful

only for assessing the extent of periapical lesions where

the there is little or no overlying cortical bone. Whilst

US may be used with relative ease in the anterior region

of the mouth, the positioning the probe is more difficult

against the buccal mucosa of posterior teeth. In

addition, the interpretation of US images is usually

limited to radiologists who have had extensive training

in the use and interpretation of US images.

Computed tomography (CT)

Computed tomography is an imaging technique which

produces three-dimensional images of an object by

taking a series of two-dimensional sectional X-ray

images. Essentially, CT scanners consist of a gantry

which contains the rotating X-ray tubehead and

reciprocal detectors. In the centre of the gantry, there

is a circular aperture, through which the patient is

advanced. The tubehead and reciprocal detectors

within the gantry either rotate synchronously around

the patient, or the detectors take the form of

a continuous ring around the patient and only the

X-ray source moves within the gantry. The data from

the detectors produce an attenuation profile of the

particular slice of the body being examined. The patient

is then moved slightly further into the gantry for the

next slice data to be acquired. The process is repeated

until the area of interest has been scanned fully

(Fig. 13).

Early generations of the CT scanner acquired ‘data’

in the axial plane by scanning the patient ‘slice by slice’

using a narrow collimated fan shaped X-ray beam

passing through the patient to a single array of

reciprocal detectors. The detectors measured the inten-

sity of X-rays emerging from the patient. Over the last

three decades, there have been considerable advances

in CT technology. Current CT scanners are called multi-

slice CT (MSCT) scanners and have a linear array of

multiple detectors, allowing ‘multiple slices’ to be taken

simultaneously, as the X-ray source and detectors

within the gantry rotate around the patient who is

simultaneously advanced through the gantry. This

results in faster scan times and therefore a reduced

radiation exposure to the patient (Sukovic 2003, White

& Pharaoh 2004). The slices of data are then ‘stacked’

(a)

(b)

Figure 12 (a) Palatal view of a patient with a 20 mm

diameter rubbery swelling. (b) Ultrasound image of the upper

left maxillary incisor region, clearly showing a perforation of

the labial cortical plate (yellow arrow) and a hypoechoic

(dark) region (marked ‘X’) representing the palatal swelling.

New imaging: Part 1 Patel et al.
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and reformatted to obtain three-dimensional images

and multiplanar images which can viewed in any plane

the operator chooses (for example axial, coronal or

sagittal) without having to expose the patient to further

radiation. The interval between each slice may also be

varied; closely approximated slices will give better

spatial resolution, but will result in an increased

radiation dose to the patient.

In addition to three-dimensional images, CT has

several other advantages over conventional radiogra-

phy. These include the elimination of anatomical noise

and high contrast resolution, allowing differentiation of

tissues with less than 1% physical density difference to

be distinguished compared with a 10% difference in

physical difference which is required with conventional

radiography (White & Pharaoh 2004).

Computed tomography technology has been applied

to the management of endodontic problems. Tachibana

& Matsumoto (1990) published one of the first reports

on the application of CT technology in endodontics.

They were able to gain additional information on the

root canal anatomy and its relationship to vital

structures such as the maxillary sinus using recon-

structed axial slices and three-dimensional reconstruc-

tion of the CT data. Velvart et al. (2001) compared the

information derived from CT scans and periapical

radiographs of 50 mandibular posterior teeth scheduled

for periapical surgery to the clinical findings at the time

of 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. Furthermore,

additional essential information such as the bucco-

lingual thickness of the cortical and cancellous bone,

the position and inclination of the root within the

mandible could only be assessed using CT. They

concluded that CT ‘should be considered before the

surgical treatment of mandibular premolars and molars

when on the dental radiograph the mandibular canal is

not visible or in close proximity to the lesion/root’.

Recently, Huumonen et al. (2006) assessed the

diagnostic value of CT and parallax periapical radio-

graphs of maxillary molar teeth requiring endodontic

retreatment. More periapical lesions were detected with

CT compared with periapical radiographs. In addition,

the distance between the palatal and buccal cortical

plates and the root apicies could only be determined

with CT. Huumonen et al. (2006) concluded that the

(a) (b)

(c) (d)

Figure 13 (a) Reconstructed three-dimensional CT image, (b–d) sagittal, axial and coronal reconstructed slices from a CT scan.
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information obtained from CT was essential for decision

making in surgical retreatment, for example, whether

to approach the palatal root palatally or buccally.

However, one should bear in mind that a very high

radiation dose is required to achieve a high enough

resolution to assess root canal anatomy in adequate

detail with CT.

Computed tomography may also be useful for the

diagnosis of poorly localized odontogenic pain. In these

circumstances, conventional radiographs of the peri-

apical tissues may not reveal anything untoward. In

these cases, CT may confirm the presence of a

periapical lesion (Velvart et al. 2001). The assessment

of the ‘third dimension’ with CT imaging also allows

the number of roots and root canals to be determined,

as well as where root canals join or divide. This

knowledge is extremely useful when diagnosing and

managing failing endodontic treatment. Huumonen

et al. (2006) found that CT detected 30 of the 39

endodontically treated maxillary molars had two me-

sio-buccal canals; 27 of these were unfilled of which 22

had periapical lesions. This type of information may be

relevant to endodontic retreatment decision making.

The uptake of CT in endodontics has been slow for

several reasons, including the high effective dose (Ngan

et al. 2003) and relatively low resolution of this

imaging technique. Other disadvantages of CT are the

high costs of the scans, scatter because of metallic

objects, poor resolution compared with conventional

radiographs and the fact that these machines are only

found in dedicated radiography units (for example

hospitals). Access may thus be problematic for dentists

in practice. CT technology has now become superceded

by cone beam computed tomography (CBCT) technol-

ogy in the management of endodontic problems.

Cone beam computed tomography

Cone beam computed tomography or digital volume

tomography is an extra-oral imaging system which was

developed in the late 1990s to produce three-dimen-

sional scans of the maxillo-facial skeleton at a consid-

erably lower radiation dose than CT (Arai et al. 1999,

Mozzo et al. 1999). CBCT differs from CT imaging in

that the entire three-dimensional volume of data is

acquired in the course of a single sweep of the scanner,

using a simple, direct relationship between sensor and

source which rotate synchronously around the

patient’s head. Depending on the CBCT scanner used,

the X-ray source and the detector rotate between 180�
and 360� around the patient’s head. Unlike CT

scanners, most CBCT scanners either scan the patient

sitting or standing up. The X-ray beam is cone-shaped

(hence the name of the technique), and captures a

cylindrical or spherical volume of data, described as the

field of view (Fig. 14). Voxel size typically ranges

between 0.08 and 0.4 mm3.

Its major advantage over CT scanners is the

substantial reduction in radiation exposure. This is

because of rapid scan times, pulsed X-ray beams and

sophisticated image receptor sensors. The pulsed X-ray

beam results in up to 570 projection or basis exposures

being taken as the X-ray source and detector rotate

around the patient. CBCT scanners are simple to use

and take up about the same space as panoramic

radiographic machines, which make CBCT scanners

well suited for dental practice (Scarfe et al. 2006). The

radiation dose may be further reduced by decreasing

the size of the field of view, increasing the voxel size

and/or reducing the number of projection images taken

as the X-ray source rotates around the patient.

Tomographic slices, as thin as one voxel thick, may

be displayed in a number of different ways. Typically,

images are displayed in the three orthogonal planes

axial, sagittal and coronal simultaneously. Selecting

and moving the cursor on one image simultaneously

alters the selected reconstructed slices in all three

planes, thus allowing the area of interest to be dynam-

ically traversed in ‘real time’. Coronal and axial views of

the tooth are readily produced, allowing the clinician to

gain a truly three-dimensional view of the entire tooth

and its surrounding anatomy. Surface rendering is also

possible to produce three-dimensional images.

The image quality of CBCT scans is superior to helical

CT for assessing the dental hard tissues (Hashimoto

et al. 2003, 2006, 2007). A recent study compared the

image quality of an experimental CBCT scanner to a

MSCT scanner and concluded that the CBCT had a

higher resolution for detecting small high-contrast (i.e.

hard tissue) structures such as ‘nerve canals’ carrying

neurovascular bundles (Bartling et al. 2007). A similar

conclusion was reached by Hirsch et al. (2003) when

his group compared limited CBCT with MSCT. However,

the lower exposure settings of CBCT results in poor soft-

tissue contrast compared with conventional CT.

Cone beam computed tomography is a major break-

through in dental imaging. For the first time, the

clinician is able to use a patient-friendly imaging

system to easily view areas on interest in any plane

rather than being restricted to the limited views

available up to now with conventional radiography.

CBCT technology is increasingly being used successfully
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for the management of endodontic problems (Cohenca

et al. 2007, Patel & Dawood 2007, Patel et al. 2007).

Part 2 of this review will discuss the technology and

endodontic applications of CBCT in detail.

Conclusions

• Even with the best intentions and refined technique,

images acquired using conventional intra-oral radio-

graphs reveal information in two-dimensions only

(height and width). Valuable and relevant information

in the third dimension (depth) is limited.

• Because of the inherent problems of positioning

image receptors in the ideal position in relation to the

anatomical area of interest, it may not be possible to

obtain an accurate, undistorted view of the area of

interest.

• The detection and assessment of the true nature of

endodontic lesions and other relevant features may be

impaired by adjacent anatomical noise. The effect of

this anatomical noise is unique for each patient and is

dependent on the degree of bone demineralization, size

of the endodontic lesion and the physical nature of the

anatomical noise (i.e. its thickness, shape and density of

the overyling anatomy).

• Serial radiographs taken with the paralleling tech-

nique are not always consistently reproducible. This

may result in under or over-estimation of actual

healing or failure of endodontic treatment.

In certain situations (for example resorptive lesions,

periapical surgery assessment) three-dimensional visu-

alization of the endodontic problem is desirable. In

these circumstances, three-dimensional imaging pro-

vided by CBCT is extremely useful.

(a)

(b) (c)

Figure 14 A limited volume CBCT scan using the three-dimensional Accuitomo scanner has been taken of maxillary central

incisor region revealing internal resorption of the maxillary left central incisor. The three orthogonal [axial (top left), coronal

(bottom left) and sagittal (bottom right)] views can be viewed simultaneously. A considerable amount of data especially from the

nonclinical views is obtained from CBCT scans. Compare this with the periapical radiographs in Fig. 4.
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