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Data from dental extraoral and cone beam computed tomography (CBCT) exposures in Portugal (2019) were gathered, and
patient doses for standard adult exams were evaluated. In panoramic X-rays, 442 units (34% of the existing licensed units) were
tested, with a third quartile value (PKA) of 82 mGy.cm2. For cephalometric radiography (88 units), the third quartile value
(Ki) was 0.3 mGy for the posteroanterior projection and 0.2 mGy for lateral projection. In CBCT (69 units), the doses for the
placement of an upper first molar implant were evaluated with a third quartile value (PKA) of 820 mGy.cm2. Due to the wide
range of values (74–3687 mGy.cm2), the CBCT data were divided by FOV dimensions: for small FOV (average FOV of 7 ×
8 cm), a value of 580 mGy.cm2 was obtained and for medium FOV (average FOV of 13 × 12 cm) a value of 1167 mGy.cm2. The
number of annual panoramic X-rays made in Portugal was 208 per 1000 inhabitants, which is higher than the value for other
countries.

INTRODUCTION

Dental radiography is the most frequently con-
ducted X-ray examination and accounts for, at
least, one-third of all radiological examinations
in most countries(1). Although not as frequent as
intraoral radiography, but with greater radiation
dose, panoramic radiography is used to view teeth
and jaw bones in a single image, using a narrow beam
rotating around the patient’s head. Some units are
equipped with fixed-arm detectors for cephalometric
radiography, lateral and posteroanterior/anteroposte-
rior (PA/AP) images of the skull at fixed distance, for
orthodontic analysis. Starting in the early 2000s, cone
beam computed tomography (CBCT) equipment,
allowed for digital volumetric tomography in dental
practices, using a cone or pyramid-shaped X-ray
beam and a flat-panel detector, to create 3D imaging
of structures of the dentomaxillofacial region.
Effective dose from dental CBCT can exceed from
5 to 40 times the dose from dental panoramic
radiography(2).

The increasing frequency of extraoral and CBCT
exams, due to the increase of dental practitioners (the
number of dentists in Portugal has increased from
1538, in 1990, to 10491, in 2018(3)) and the increasing
higher number of CBCT units (from 2016 to 2018
the existing licensed CBCT equipment in Portugal
increased 37%(4)), results in a greater contribution to
population doses, which justifies a continuous update
of data, focusing on:

(a) the evaluation of doses in CBCT radiogra-
phy and

(b) the evaluation of exam frequency in extraoral
and CBCT exams.

ICRP(5) recommends that national and regional
diagnostic reference levels (DRLs) should be revised
at regular intervals of 3–5 years, or more frequently
when substantial changes in technology become avail-
able, as in the case of CBCT technology. To establish
national DRL’s, a representative number of X-ray
units from that country must be evaluated. There-
fore, it is important to use an easy and well-defined
method to measure the relevant parameters within
an acceptable time(6). To create DRLs, air KERMA-
Area Product (PKA) values obtain on standard set-
tings can be used for panoramic and CBCT radiogra-
phy and incident air KERMA (Ki) in cephalometric
radiography.

The UK Health Protection Agency(7), of an audit
of 41 CBCT units, proposed as achievable dose
(based on the dose used for the placement of an
upper first molar implant) a third quartile value
(PKA) of 250 mGy.cm2, normalized to a beam area of
4 × 4 cm at isocenter. However, the normalization of
the PKA nullifies the substantial effect of Field of View
(FOV) size on patient dose(8), which is of the most
important to understand patient dose in these type
of units(9).

In Portugal, reference levels for standard radio-
logical examinations have not been published by the
regulatory authority. According to the Portuguese
Health Directorate (regulatory authority in 2018),
there were 1305 extraoral and CBCT units licensed
in Portugal in 2018, which represents 131 units per
million population(10). No data are available from
the present regulatory authority (APA—Portuguese
Environment Agency).

This study aims to contribute to establishing
national DRLs in extraoral radiography and CBCT.
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Table 1. Typical exposure conditions used and measured values.

Panoramic Ceph. AP/PA Ceph. lateral CBCT all units CBCT small CBCT medium CBCT large

Typical exposure conditions

Tube voltage (kVp) Avg. 72 80 77 85 87 86 90

Max. 85 97 97 100 100 100 90

Min. 60 62 64 60 70 60 90

Tube Current (mA) Avg. 9 10 10 6 6 7 7

Max. 16 16 16 12 12 11 10

Min. 2 4 5 3 3 3 4

Exp. time (s) Avg. 13.3 7.0 6.9 13.0 11.9 11.9 13.2

Max. 20.0 20.0 20.0 24.0 21.6 24.0 20.0

Min. 7.0 0.4 0.4 2.3 2.3 3.6 6.4

FIRDa (m) Avg. 0.5 1.4 1.4 0.6 0.6 0.6 0.6

Max. 0.7 1.8 1.8 0.7 0.7 0.7 0.7

Min. 0.5 1.0 1.0 0.5 0.5 0.5 0.6

Measured values

PKA (mGy.cm2) Avg. 62 — — 819 394 1113 2126

Max. 513 — — 3992 965 3992 3687

Min. 8 — — 74 92 74 566

3.◦ Q. 82 — — 820 580 1167 —

SD 26 — — 886 263 991 2206

Ki (mGy) Avg. — 0.3 0.2 — — — —

Max. — 1.8 1.1 — — — —

Min. — 0.1 0.1 — — — —

3.◦ Q. — 0.3 0.2 — — — —

SD — 0.3 0.2 — — — —

Image resolution (lp/mm) Avg. 2.8 — — 0.15 0.15 0.15 0.12

Max. 3.0 — — 0.16 0.16 0.16 0.13

Min. 2.0 — — 0.10 0.13 0.13 0.10

SD 0.2 — — 0.01 0.01 0.01 0.02

Beam Areab (cm × cm) Avg. 12.0 × 0.4 — — 13 × 9 7 × 8 13 × 12 —

Max. 13.8 × 3.6 — — 14 × 14 10 × 14 14 × 14 20 × 8

Min. 13.6 × 0.2 — — 4 × 4 4 × 4 14 × 4 17 × 14

Units

Total 442 88 88 69 31 36 2

Dose third quartile values in bold.
SD, standard division.
aFocus to image receptor distance.
bPresented values as length × width.

METHODS

To characterize extraoral procedures in Portugal,
data from radiation dose and image quality were
studied during 2019, using information from 442
panoramic X-rays, accounting for 34% of all licensed
equipment in the mainland and islands. In total, 88
of the units had cephalometric radiography detectors,
and 69 had CBCT detectors.

In panoramic and CBCT radiography the radi-
ation beam was located with Gafchromic XR-QA2
film (which also allowed calculation of the beam
area) and measured with calibrated semiconductor
dosimeters (Raysafe X2). The adult standard mode,
used by the institution, was used to study the
panoramic and cephalometric radiography expo-
sures. In CBCT, the exposure mode used was the
upper first molar implant visualization. Exposure

settings were changed to test radiation physical
parameters, as requested by the regulatory authority,
to access equipment conformity (regulations based in
the suspension levels proposed by RP 162(11)). Image
quality was also evaluated using Pro-Project phan-
toms: Pro-Dent in panoramic and cephalometric
radiography and Pro-Dent CT in CBCT.

The Pearson’s correlations coefficients were calcu-
lated using Microsoft Excel’s Analysis ToolPak.

RESULTS

Typical exposure conditions used by the different
institutions and statistical data of the measured
values are described in Table 1. Dose frequency
distributions for panoramic and CBCT radiography
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Figure 1. PKA histogram distribution for panoramic X-rays units.

Figure 2. PKA histogram distribution for CBCT X-rays units, distributed by FOV dimensions.

(distributed by FOV dimensions) are described in the
histograms in Figures 1 and 2.

The 442 panoramic X-rays were from 29 different
manufactures, with 82 different models. Digital
detectors were found in 97% of the tested units
(6% CR systems and 91% DR systems) and 3%
screen-film systems. Most of the units operate at
70–75 kVp (78%). At 80 kV, the average magnitude
of output at 1 meter was 36.6 μGy/mAs and the
average half-value layer (HVL) was 3.6 mm Al. 8%
of the tested units exceed the conformity criterions,

in terms of tube voltage accuracy (3%), exposure
time accuracy (0.6%), repeatability of radiation
output (0.9%), HVL (0.3%) and PKA with a value
>100 mGy.cm2 (3%). One unit presented a PKA
value of 513 mGy.cm2, with a beam width of 3.6 cm.
The units that had a measured PKA >100 mGy.cm2

and also had PKA indicated values above that level.
Additional 8% of the units showed insufficient image
high-contrast resolution (value <2.5 lp/mm)(10).
When excluding this out of conformance units from
the dose calculations, the average PKA lowers from 62
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Table 2. Pearson’s correlation coefficients between PKA and
exposure parameters for CBCT and panoramic X-rays.

PKA-Tube loading PKA-Beam area

CBCT 0.31 0.48
Panoramic 0.43 0.76

to 58 mGy.cm2. The average PKA for image receptor
was 73 mGy.cm2 for screen-film systems, 62 mGy.cm2

for CR systems and 58 mGy.cm2 for DR systems.
In cephalometric radiography most of the units

operated with a tube voltage between 75 and 80 kVp
(40%).

CBCT values were collected from 19 different
manufactures, corresponding to 29 different models.
Regarding tube voltage, 71% of the units operated
at 85–90 kVp. No equipment with CBCT detector
failed to meet the conformity criterions related
with radiation exposure parameters (tube voltage,
tube loading, filtration, etc.). Regarding the PKA
values indicated by the equipment, 27% of the tested
equipment did not have PKA-meter included, and the
average difference between the measured PKA and
the indicated PKA was 17%. Following the division
proposed by Lundlow et al.(12), the PKA values were
divided by FOV—small, medium and large (Table 1).
Small FOVs are defined as any field with a height

≤10 cm. Medium FOVs include a range of volume
heights from 10 to 15 cm. Large FOVs have volume
heights > 15 cm.

Table 2 shows the Pearson’s correlation coeffi-
cients, for the CBCT and panoramic X-rays, of PKA
with beam area and mAs. Tube voltage was not
included in the calculations, giving the fact that, in
the case of CBCT radiography, there were only 12
different kV values for the 69 dose measurements,
leading to conclude that tube voltage, when consid-
ered independently from the other radiation exposure
parameters, is not the most influential parameter in
dose variation for this type of exam. The Pearson’s
correlation coefficient is used to measure the strength
of a linear association between two variables, where
the value r = 1 means a perfect positive correlation
and the value r = −1 means a perfect negative
correlation.

Surveys to the dental institutions were made to
determine the average annual number of exams. Then
it was multiplied by the total number of licensed
panoramic X-ray units to estimate the total dose and
frequency of exams in the Portuguese population (no
valid data were found for CBCT and cephalometric
radiography). In Table 3, the frequency of radiogra-
phies and the collective dose to the population per
1000 inhabitants is shown.

Data from PKA values in Table 1 and frequency of
examinations in Table 3 can be compared with similar
data from other countries in Table 4.

Table 3. Frequency of annual examinations and annual dose to the population in panoramic dental X-ray.

Portuguese population
(millions)(13)

Number of dental panoramic
X-ray units(4)

Panoramic radiographies
per 103 inhabitants

Panoramic dose (Gy.cm2)
per 103 inhabitants

10.3 1253 208 16.4

Table 4. DRLs and number of examinations per population for dental panoramic and CBCT proposed in other countries.

Country PKA (mGy/cm2) X-ray exams per 103 inhabitants

Dental panoramic CBCT Dental panoramic CBCT

Finland 120(14) 360(15) 57(16) —
France 200(14) — 37(16) —
Germany 76(6) — — —
Greece 101(17) — — —
UK 81(18) 265(18) 50(16) —
Switzerland — 683(19) 30(16) —
Spain — — 26(16) 0.01(16)

Austria — — 164(16) 0.05(16)

Korea 146(11) 3203 (16 × 18 FOV)(11) — —
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DISCUSSION

For panoramic radiography, the existence of PKA indi-
cated values >100 mGy.cm2 lead to conclude that
some manufacturers are not aware of this conformity
criterion when setting the adult standard mode expo-
sure parameters (this was independent of equipment
age). Comparison of the third quartile distribution
of dose (Table 1), for panoramic exposures, with the
third quartile distribution of dose from other coun-
tries (Table 4), shows that the obtained value is similar
to the values from Germany and the UK and lower
than the values of other countries.

Cephalometric radiography presented a superior
value for average incident air KERMA in the pos-
teroanterior projection (the average tube voltage used
in the posteroanterior projection was higher), which
was also expected, as the exposed patient thickness
is smaller in lateral projection. The distance between
the radiation focus and the image receptor (FIRD)
demonstrates a wide range of distances used.

Data from Table 1 revealed that CBCT exams are
produced with an average tube voltage higher than
panoramic X-rays, but with a lower average tube load-
ing (related with lower exposure times). The inexis-
tence of no conformities related with radiation expo-
sure parameters can be attributed to the younger age
of this type of equipment when compared with most
of the panoramic X-rays. The kVp and mAs used
do not differ significantly with FOV variation. The
image high contrast resolution is similar in small FOV
and medium FOV (there is a reduction for the large
FOV, but the low number of units studied do not
allow for a valid conclusion). The observed difference
between PKA measured and PKA indicated by the
equipment can be attributed to a measured beam
area 15% larger (on average) than the indicated FOV.
The doses used in visualizing an upper first molar
implant showed an increase of PKA when larger FOV
dimensions are used. The PKA values ranged from
74 to 3687 mGy.cm2. This wide range of values is
directly related with the wide range of FOV’s. Even
different models from the same manufacturer had
significant differences in the area of the exposure
field. This lack of normalization results in the prob-
able exposure of anatomical regions not needed for
diagnostic information, which is contrary to the prin-
ciples of radiation protection. Another contribution
to the high range of doses is the insufficient training
in radiological protection and overall awareness of the
users, which use the same FOV size independent of
the anatomic region in exam.

The Pearson’s correlation coefficients in Table 2
present a positive correlation between the measured
PKA values and the beam area dimensions for CBCT
and panoramic X-rays. Panoramic X-rays have the
highest value (r = 0.76), meaning that dose reduction
could be achieved with a more efficient collimation of

the radiation beam (maintaining image quality). The
beam width presented a wide range of values, ranging
from 0.2 to 3.6 cm, with 11% units having a superior
beam width than the average value of 0.4 cm. The
beam height also presented a wide range of values,
from 8.5 to 16.2 cm, proving the existing lack of
normalization, from manufactures, in the radiation
beam area necessary to produce a panoramic image.
The correlation between PKA values and mAs was
also positive, but weaker.

Further studies are needed to explain the high
number of panoramic exams in Portugal (Table 3)
when compared with other countries (Table 4). Medi-
cal diagnostic can serve as explanation, but economic
reasons, technological improvements (like the small
percentage of screen-film systems), or again, the lack
of training can also explain the disagreement.

CONCLUSIONS

The determined dose to patients for the Portuguese
dental exams—panoramic, cephalometric radiogra-
phy and CBCT—agree with data from other coun-
tries. However, the higher frequency of annual exams,
when compared with other countries, should be the
object of further study. The lack of normalization in
FOV used by CBCT manufacturers can result in the
probable exposure of anatomical regions not needed
for diagnostic information.
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