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SUMMARY
Comparison of different dose reduction system in com-
puted tomography for orthodontic applications.
To correlate different CT system: MSCT (multislice com-
puted tomography) with different acquisition parameters
(100KV, 80KV), different reconstruction algorithm (ASIR)
and  CBCT (cone beam computed tomography) exami-
nation in terms of absorbed X-ray dose and diagnostic ac-
curacy.
80 KV protocols compared with 100 KV protocols result-
ed in reduced total radiation dose without relevant loss of
diagnostic image information and quality. CBCT protocols
compared with 80 KV MSCT protocols resulted in reduced
total radiation dose but  loss of diagnostic image information
and quality although no so relevant.
In addition the new system applies to equipment ASIR ap-
plicable on MSCT allows 50% of the dose without com-
promising image quality.

Key words: Multislice computed tomography, cone beam
CT, radiation dose, orthodontics.

RIASSUNTO
Confronto tra diversi sistemi di riduzione della dose
di radiazione in tomografia computerizzata per ap-
plicazioni ortodontiche.
L’obiettivo del presente lavoro è di correlare sistema TC 
differenti quali TC multistrato con differenti parametri di ac-
quisizione (100KV, 80KV) e differenti algoritmi di ricostru-
zione (ASIR) e CBCT (tomografia a fascio conico) in ter-
mini di dose assorbita in raggi X e di accuratezza diagno-
stica. Il protocollo con 80 KV rispetto a quello con 100 KV
ha portato una riduzione di dose di radiazioni totale sen-
za perdita rilevante di  informazioni diagnostiche di quali-
tà. Nella CBCT si ha una riduzione di dose di radiazione
totale, con modesta perdita di informazioni e di qualità del-
l’immagine.  Il nuovo sistema di riduzione della dose ASIR
applicabile alla TCMS consente di abbassare fino al 50%
della dose di radiazioni senza compromettere assolutamente
la qualità delle immagini.

Parole chiave: TC multistrato, TC a fascio conico, dose ra-
diazione, ortodonzia.

Introduction

CT images are not part of routine orthodontics re-
cords, but the cranio-facial complex can’t be correctly
investigated by traditional X-ray techniques due to
superimposition of the bones structures. 
The Italian law, Article 2 of Legislative Decree
230/95, regulates all activities carrying a risk of io-
nizing radiation. Therefore, our study continues this

line of research by modifying the acquisition para-
meters in order to reduce the absorbed X-ray
(19,20). 
For these reasons the demand for Dentascan exams
and the use of this technique on children is increa-
sed constantly from 1982 when the use of spiral CT
was proposed by Timms in orthodontic treatment. The
risk factors associated with being exposed to ionized
radiation must be considered and more attention to
be paid to this diagnostic tool to optimise the technique
and reduce dose to the lowest possible level. 
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The CT, a radiological  three-dimensional technique
based on computer assessment of the radiation-ab-
sorbing  characteristics of the various tissues of the
body, offers many advantages (15-18): 
• it provides true tomography images of excellent

contrast resolution;
• tissue density differences of 0.5% are resolvable; 
• all the photons that have penetrated the body are

used in the formation of the  images;
• X-ray beams  are highly collimated into a band

varying from 2-13 mm, so that very little tissue,
other than that being imaged, is irradiated.

The problems in adapting helical-CT scans for or-
thodontic use include high cost, scanning time and
most importantly, high radiation exposure, which is
of particular concern given that the orthodontic tre-
atment often involves young or adolescent patients.

Techniques

MSCT
The MDCT scanner sufficient for  orthodontic ap-
plications is at 16 slice.
The scanner equipped with 16 detector rows has a
minimal rotation time of 0.5 sec. given a collimation
between 0.75 and 1.5 mm with dose calibrated. The
scanning tecnique should be applied consists of: pre-
liminary scan performed in the anteroposterior
(AP) and laterolateral (LL) projections, with the fol-
lowing acquisition parameters: 100 KV or 80 KV,
with 200 mA (1). The subsequent scans should ta-
ken with a 1.25 mm slice thickness, 0.6 mm inter-
val, 11.25 mm table speed/rotation, 100 mA, 13.7
cm FOV, 512x512 matrix and 0° gantry angle (Fig.
1).  Data acquisition, planning of examinations and
printing of axial images and standardized multipla-
nar reconstructions should be performed on a dedi-
cate workstation. The radiologists should have im-
mediate access for visualization and further multi-
planar and 3D reformatting on the workstation. Ad-
ditional reconstructions could benecessary to clarify
the diagnosis or demanded by the referringclinician,
and should be performed and printed by radiologists.
The examinations and additional reconstructions
should sent via a fast 100-MB/seclocal area network-
Ethernet to the PACS. The radiologic evaluation pro-

cess should be based exclusively on image inter-
pretation at the workstation rather than on hard co-
pies or PACS. 
Dose estimated data is possible to obtain from the
console of the CT scanner: 
• CTDI (Computer Tomography Dose Index) =

dose measured in central and peripheral region
of the subjects as a direct result of a CT section
acquisition T millimetres thick;

• DLP (Dose Length Product)= total dose deposited
over the length of the acquisition. 

CBCT
Cone beam computed tomography (CBCT) has re-
cently been introduced as an alternative imaging te-
chnology for acquiring 3D data for diagnostic tasks
such as implant treatment planning (4, 5). This te-
chnology requires less expensive components than
conventional CT and is reported to produce lower pa-
tient exposures (2).
The technique also allows, in principle, to obtain the
data acquisition of a volume quickly and with low
dose.
In the cone-beam technique is necessary to produ-
ce the X-ray photons only the number of times equal
to the number of slices needed to cover the volume
of interest. The system has an automatic exposure
control (AEC), which allows automatic selection of
the intensity of X-rays of departure in accordance
with the size of the patient and changes in  accor-
dance with the thickness.
Cone-beam CT scanners utilize a two dimensional
detector, which allows for a single rotation of the gan-
try to generate a scan of the entire region of interest,
as compared to conventional CT scanners whose mul-
tiple “slices”. must be stacked to obtain a comple-
te image (9, 10). In comparison with conventional
fan-beam or spiral-scan geometries, cone-beam
geometry has higher efficiency in X-ray use, inhe-
rent quickness in volumetric data acquisition, and po-
tential for reducing the cost of CT. The cone beam
technique, on the other hand, requires only a single
scan to capture the entire object with a cone of X-
rays. Thus, the time required to acquire a single cone-
beam projection is the same as that required by a sin-
gle fan-beam projection. The quality of the recon-
structed CT image depends significantly on the qua-
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lity of the data that is acquired during the scan. The
characteristics of the two-dimensional detector
used by a cone beam CT scanner affect therefore di-
rectly the quality of the CT scan (Fig. 2).
Its high spatial resolution, smaller size and lower cost
has made CBCT a natural fit dentomaxillofacial ima-
ging. The image obtained consists of an image on
a 2D axial volume acquisition. Moreover, the ac-
quisition of a volume can not only aimed at recon-
struction of the arch and the like but rework simil-
panoramich and Telecrane. In this way, with only one
purchase you can get three types of tests (recon-
struction of the arches, and ortopanoramic - Tele-
crane) saving the administered dose, time and ob-
viously cost savings (11-13).
Technical limits of the cone beam CT is a revised ver-
sion of the images in real time, which requires at le-
ast half minute of acquisition. The processing time
of images on the dedicated console appears com-
parable for the two techniques.

The primary axial reconstructions require a few se-
conds. The secondary reconstructions are performed
in real time by an operator or directly on a dedica-
ted workstation.

ASIR (Adaptive Statistical Iterative Reconstruction)
ASIR is a revolutionary patented image recon-
struction algorithm (GE medical systems) that allows
to overcome the concept of reconstruction back pro-
jecton that, starting from the birth of CT technolo-
gy, has characterized the principles of operation.
At the base of Asir is the concept of dualism in which
the trend-particle physics studies the waves elettro-
magnetic including X-rays, the principle is that not
all the phenomena of the waves Electromagnetic you
can think of a photon as a point particle, some phe-
nomena can be explained only by modeling the pho-
ton as a wave, which is why we say that electro-
magnetic waves living in wave-particle duality
(19).

Figure 1 
MSCT Image obtained with the low dose protocol of 80 KV in axial images (A), panorex recontruction (B) and
volumetric reconstruction (C). In this kind of image the anatomy, the exact position, the spatial relationship and
the orientation of the impacted tooth are perfectly clear.
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With ASIR we introduce the concept of a statistical
measure of the signal produced by the photon system
X detection, exceeding the simple measure of the at-
tenuation in Hounsfield units of the photon after pas-
sing through the patient’s anatomy comes on the de-
tector, which is why you move from a mathemati-
cal model for solving systems of linear equations a
mathematical model heuristic and iterative, the
operator can thus determine the value of standard de-
viation, that may cause the opening of the bell cur-
ve that you want. Please use as a basis for statisti-
cal model.
The benefit brought by Asir, comparable to that ob-
tained with the generation before subsidy-driven 64-
slice CT and demonstrated in numerous scientific stu-
dies can be summarized in:
- increase of 40% of low-resolution contrast

- reduce the Xray-dose of approximately 50%
- reduction in the number of artifacts
- percentage applicable to all anatomic areas and all
types of examination (Fig. 3).
So  reducing the dose of approximately 50% you get
images with the same resolution as the higher KV.

Results

80 KV protocols compared with 100 KV protocols
resulted in reduced total radiation dose without re-
levant loss of contrast and resolution of images. 80
KV protocols allow good quality of images for or-
thodontics diagnosis and treatment.
At the Department of  Diagnostic Imaging of the Uni-

Figure 2 
CBCT Image obtained in panorex reconstruction (A), volumetric reconstruction (B) axial images (C), and para-
sagital reconstruction (D). In this kind of image the anatomy, the exact position of the mandibular canal are per-
fectly clear.
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versity of Rome “Tor Vergata”, the standard setting
of the equipment was modified for use in orthodontic
diagnosis. The choice of the lower dose of 80 KV
was made as a necessary compromise to reach a good
diagnostic accuracy.  According to our experiences
in the 80 KV MSCT scanning we obtained a mean
CTDI of 6.29 mGy and a total scan time of 19 sec.
In the 100 KV scanning we obtained  a mean of
CTDI of 13.22 mGy and a total scan time of 20 sec.
In the CBCT we obtained  a mean of CTDI of
1.04mGy and a scan total scan time of 29 sec.
The 80 KV scanning has a significantly lower af-
fective radiation dose compared to the 100 KV scan-
ning ( p< 0.05). The CBCT scanning has a signifi-
cantly lower affective radiation dose compared to the
80 KV MSCT scanning ( p< 0.05) (1).

No significant differents was found for image re-
construction time between 100KV and 80KV pro-
tocols. CBCT reconstruction time was  least twice
than MSCT.
In the retroanalysis, the images of all patients were
used for comparing the protocols in terms of ima-
ge quality. The mean score for 80 KV scanning ima-
ges was 1.1 +/- 0.5 , 1.3 +/- 0.5 for dose obtained by
100 KV scanning and 1 +/- 0.5. The median image
quality was 2 (good) for MSCT both protocols and
3 (satisfactory) for CBCT. 
Both the protocols of examination introduce the same
resolution and the same quality of the image. In the
80 KV scanning (time T0) we obtained a mean DLP
of 43.1 mGy per cm, CTDI of 6.29 mGy and a to-
tal scan time of 19 sec (Table 1). The 80 KV scan-

Figure 3 
MSCT Image obtained with the ASIR system with dose reduction but good image quality. Axial images (A), pa-
norex recontruction (B) and parasagital reconstruction (C). In this kind of image the anatomy, the exact posi-
tion, the spatial relationship and the orientation of the impacted teeth are perfectly clear.
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ning has a significantly lower effective radiation dose
(p< 0.05) compared to 100 KV scanning (time T1)
(Tables 2-3 ) (1).

Discussion

The data obtained indicate that the parotid glands,
the thyroid and the mouth are the anatomical struc-
tures most exposed to radiation during Dentascan CT
examinations, both of the upper and low jaw bone,
in line with what has been reported in previous stu-
dies (7, 8).
The images obtained with the 80 KV protocol
were good enough for orthodontic diagnosis, so we
decided to compare these images not with those ob-
tained with 100 KV,  setting typically used in Den-
tascan examinations, but with the low dose protocol
of 100 KV (1, 6, 15,18, 21).
When milliamperes are kept constant, the radiation
dose delivered by an X-ray tube increases, as the X-
ray energy, that is the kilovoltage, increases. This ef-
fect is largely exploited in diagnostic imaging per-
formed on babies or children, where a low radiation
dose is required. As X-ray energy ( kilovoltage) de-
creases, the contrast between the structures crossed
by the X-ray beam increases (9-11). This concept pro-
ved to be useful in our experience, as it enabled a mar-
ked reduction in the dose administered without af-
fecting image quality. 
The dose value obtained are significantly lower than
the minimum values reported in the literature that
contains numerous studies on dosimetry in odonto-
stomatologic radiology, often with comparisons
between conventional CT, CBCT and OPT (16, 17,
20).
Even when compared with the doses reported for

Table 1 - Descriptive and statistical analysis of dosimetric evaluation at time T0 and T1.

Time T0 Time T1 Change

Mean SD Mean SD Mean P

CTDI 6.231 1.945 13.282 4.104 -7.051 .000***

DLP 42.710 14.277 100.382 34.619 -57.672 .000***

Image quality 4.18 .81 4.41 .80 -0.23 .417

p<0.05 * Statistically significant p<0.01 ** Statistically significant
p<0.001 *** Statistically significant ns = Non statistically significant

Table 2 - Dosimetric values at time T0.
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CBCT, with the obvious approximations linked to
the different dosimetric techniques, our results
were comparable, and the absorbed dose measured
in our study was even lower in some anatomical si-
tes (12, 14). 
The measurements taken for each examination all
proved to be in the same order of dose, which con-
firms the reliability of the values obtained. A 50%
to ten-fold reduction of the radiation dose was seen
in the 80 KV protocol compared with what is reported
in the literature. Image quality with the lower kilo-
voltage remains acceptable both as regards quanti-
tative measurements and the evaluation of bone qua-
lity. CBCT , which are  characterized by a reasonably
low radiation dose, are only indicated in basic im-
plant and trauma diagnostics. Anatomically complex
cases or masses requiring more detailed studies can
only be analysed with blade-beam CT scanners,
which produce higher-quality images (Fig. 4).
In orthodontics we are just beginning to establish the
potential diagnostic and therapeutic applications of
three dimensional images. Evolution of the te-
chnology and software will allow further studies to
demonstrate  that valuable diagnostic results may be
obtained with even lower kilovoltage and tube cur-
rent in the near future. Future technical developments,
such as further increases in axial resolution combi-
ned with intelligent dose modulation protocols, may
help strengthen the role of CT in the assessment in
the orthodontic use (3, 4). 

Table 3 - Dosimetric values at time T1.

Figure 4 
Comparation between CBCT (A) and MSCT with 80KV protocol (B). Periodontal ligament spaces easily recogni-
zable in the dental CT but not satisfactory in the CBCT.
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Three-dimensional investigations are necessary in or-
thodontic daily practice every time conventional X-
ray techniques are not enough, such as impacted ma-
xillary canines or incisors, supernumeraries teeth,
trauma and orthopaedic treatment. 
MSCT ASIR allows new scanning modes to set new
dose standards and clinical cases showing 40% ave-
rage dose reduction vs MSCT. It improve image IQ
on very low dose exams and allows to decrease dose
while improving image quality. With specific clini-
cal indications whereby high-contrast lesionsare sur-
rounded by low-contrast structures, dedicated low-
doseprotocols have been routinely used in an effort
to minimizeradiation dose. For example, several stu-
dies have suggested that low-dose CT may be ade-
quate for renal calculus evaluation, CT colonogra-
phy, and pulmonary CT angiography . It can be sa-
tisfactory applied to the dento-maxillo-facial district.
Although satisfactory for the dedicated evaluation
of the intended anatomy, these protocols were im-
plemented with the realization that image quality
would be significantly reducedoutside the area of in-
terest.
Although desirable for all patients, dose reduction
is of particularlyhigh priority for young patients (5),
patients who are pregnant,and patients requiring mul-
tiple follow-up or multiphase studies. However,
low-dose imaging with ASIR reconstructionsappe-
ars to have potential in displaying similar or better
overall image quality compared with routine-dose.
New imaging methods will replace the way we look
at a variety of common diagnostic and treatment is-
sues in daily orthodontic practice. 
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