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1. INTRODUGAO

As radiografias intrabucais na pratica odontolégica sao fundamentais como
métodos complementares de diagndstico (1), em consonancia com a importancia da
sua utilizacao e considerando os riscos inerentes ao uso das radiagdes ionizantes, as
indicagdes para realizacdo de exames radiograficos devem ser avaliadas para evitar
gue o paciente seja exposto a radiagao de forma injustificada. Tal conduta segue um
dos principios basicos da protegao radioldgica, ao qual garante ao paciente o minimo
de dose de radiagcdo e apenas quando tal é cientificamente comprovada como
necessaria, garantido, no Brasil, pela resolugdo RDC N° 611, de 9 de margo de 2022
(2).

A Comissao Internacional em Proteg¢do Radioldgica e a Agéncia Internacional
de Energia Atdmica recomendam fortemente a redugao da exposigéo a radiacéo e a
utilizagcado de estratégias para reducédo do risco (3,4). Para seguir os preceitos de
protecdo radioldgica, a justificativa do exame radiografico deve mensurar os
beneficios e os riscos que a exposicao causara ao paciente. Considerando também a
otimizagdo do exame, evitando a necessidade de novas exposi¢des. Confirmando o
beneficio clinico, é necessario criar barreiras para minimizar as areas expostas a
radiagao ionizante (1).

As precaugbes radioprotetoras sao responsabilidade do cirurgido-dentista,
sendo necessaria a avaliacdo da indicagao clinica levando em consideracdo o exame
adequado para cada situagao clinica, uma boa técnica radiografica, redugao da area
exposta aos raios X, por meio dos coletes de chumbo e colimadores, bem como
utilizando uma dose de radiagao mais baixa para uma imagem diagnosticamente
aceitavel orientado pela indicagdo e especifico ao paciente, seguindo o principio
ALADAIP (As Low As Diagnostically Acceptable being Indication-oriented and Patient-
specific) (5,6,7). Métodos para barrar a radiagdo devem ser seguidos de forma
criteriosa pelos profissionais da saude, uma vez que a radiacdo causa inUmeros
maleficios a saude geral tanto ao operador quanto ao paciente (8).

Dentre todos os instrumentos que o profissional pode utilizar como barreira
radioprotetora, o colimador é extremamente importante para para reduzir a quantidade
de radiagdo desnecessaria dispersa ao paciente. Os aparelhos odontolégicos para
realizagc&o de radiografias intraorais contam com um colimador integrado com formato

circular, que restringe parte da radiagao ionizante, no entanto, devido ao seu formato,



uma grande area € exposta a radiagdo sem necessidade (9). Ja a colimagao
retangular se mostra com muito mais eficiéncia ao barrar a radiagdo desnecessaria
(10).

Para oferecer uma maior seguranga e menor area irradiada, o colimador
retangular apresenta uma funcgéo satisfatoria e indispensavel para o correto manejo
durante o exame radiografico, contribuindo para preservar o paciente de doses de
radiacdes desnecessarias devido a diminuicao da area exposta (11).

A utilizagdo de colimagdo retangular é altamente recomendada devido a
reducdo de dose de radiacéo clinicamente relevante para os pacientes, oferecendo
uma maior segurancga para radiagao ionizante quando comparado com a colimagao
circular (12). Em diversos paises a utilizacdo de colimadores retangulares é
obrigatéria, visando preservar o paciente de radiagado, com exposigao fora da area de
interesse (13).

Considerando a demanda de aumentar a protecao do paciente com uma maior
restricdo da area irradiada obtida por meio de um colimador retangular e considerando
que as laminas de chumbo sdo facilmente encontrado nos filmes intrabucais de
processamento radiografico manual, sendo na maioria das vezes descartado, e sendo
um material de alta densidade capaz de absorver a radiagdo (1), propde-se o
desenvolvimento de um artefato radioprotetor para reduzir a area irradiada reciclando
as laminas de chumbo para a confec¢ado de um colimador retangular que podera ser
acoplado no cilindro localizador dos equipamentos de radiografia utilizados em

clinicas odontoldgicas.
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3. ARTIGO

DEVELOPMENT OF AN OPEN PROJECT RECTANGULAR COLLIMATOR
FOR USE WITH INTRAORAL DENTAL X-RAY UNIT

ABSTRACT

Objectives: To develop an open project rectangular collimator to be attached to an
intraoral dental X-ray unit, using recycled lead sheets as a radiation-absorbing element.
Methods: The collimator was dimensioned for use with the Procion® brand model lon
70X-Mobile Column equipment, with 70 kV-3mA Class 1 type B common head and the
autoclavable radiographic film holder devices Indusbello and Kerr™ brand number
900170. After defining the collimator dimensions, a STL (Structure Triangular Language)
file for 3D printing was generated and a calculation was performed to define the number
of recycled lead sheets used to absorb radiation. The reduction in radiation dose in
patients undergoing analysis was estimated from geometrical considerations and
simulations carried out with Spektr 3.0 software.

Results: The rectangular collimator here proposed reduced radiation dose in patients in
65% percent when using four layers of recycled lead sheets (saturating at 70% reduction
in radiation dose in the limit of eight or more lead sheets). The rectangular collimator
does not negatively impact the quality of the radiologic image.

Conclusions: The rectangular collimator here designed is available as an open project
for 3D printing and may be built using materials easily accessible to dentists, thus
facilitating its use in clinical practice and benefiting patients by reducing exposure to

ionising radiation.

Keywords: radiation protection, radiology, radiation dose.
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Introduction

Intraoral radiographs in dental practice are essential as complementary diagnostic
methods', due to the importance of their use and considering the risks inherent in the
use of ionising radiation, the indications for performing radiographic examinations must
be evaluated to prevent the patient from being exposed to radiation unjustifiably. Such
conduct follows one of the basic principles of radiological protection, which guarantees
the patient a minimum dose of radiation and only when scientifically proven to be
necessary. Both the International Commission on Radiological Protection (ICRP) and the
International Atomic Energy Agency (IAEA) have strong recommendations for risk
reduction strategies?*. In order to follow the precepts of radiological protection, the
justification for the radiographic examination must consider the benefits and risks that
the exposure will entail for the patient. Then, after confirming the clinical benefit, it is
anyway salutary to create barriers to minimise the dose of ionising radiation incident on
the patient”.

Radioprotective precautions are the responsibility of the dentist, and it is
necessary to evaluate the clinical indication, reduce the area exposed to X-rays (for
instance, using lead vests and collimators), and reduce the dose of ionising radiation to
an acceptable minimum without compromising image quality, following the ALARA (As
Low As Reasonably Achievable) principle®®. In addition, methods to block radiation must
be carefully followed by health professionals since radiation causes numerous harm to
general health, both to the operator and the patient’.

Among all the instruments that the professional can use as a radioprotective
barrier, the X-ray tube collimator is extremely important to focus and restrict the area to
be irradiated. Standard X-ray devices for performing intraoral radiographs have an
integrated collimator with a circular shape. However, due to its shape and angular
aperture, a large area is exposed to radiation unnecessarily®. On the other hand, a
rectangular collimator at the exit point of the X-ray tube can be made in such a way as
to block unnecessary radiation®. In fact, to offer greater safety and a smaller irradiated
area, the addition of a rectangular collimator may help to preserve the patient from
unnecessary radiation doses due to the reduction of the exposed area™®.

The use of rectangular collimation is highly recommended due to the clinically
relevant radiation dose reduction for patients, offering greater protection when compared
with circular collimation’. In several countries, the use of rectangular collimators is
mandatory, aiming to preserve the patient from radiation, with exposure outside the area
of interest'.

Considering the demand to increase patient protection with as great as possible
restriction of the irradiated area (as can be obtained using a rectangular collimator which
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precisely fits the are of the intraoral radiologic film to be exposed) and considering that

lead sheets are a common and easily found part of manual processing intraoral films,
most of the time being discarded after use, it is proposed the construction of a
radioprotective device to reduce the irradiated area by using recycling lead sheets as the
absorbing element of a rectangular collimator to be attached to the guiding cylinder at

the end of the X-ray tube of the radiography equipment used in the dental clinic.
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Materials and methods

The particular collimator described here was dimensioned to be used with the
Procion® intraoral dental X-ray device, model lon 70X-Mobile Column with 70kV-3mA
Class 1 type B common head, and with the autoclavable radiographic film holder devices
from Indusbello and Kerr™ number 900170. To determine the size of the rectangular
collimator aperture, the distance from the radiation source to the film placed in the plate
holder device was estimated, and all calculations were made considering geometrical
optics principles.

The three-dimensional (3D) prototype was designed using computer-aided design
(CAD) software, and the file was generated in STL format for printing. The body of the
rectangular collimator was printed using a model i3 Mega (Anycubic) 3D printer and a
Fused Filament Fabrication/Fused Deposition Modeling (FFF/FDM) printing system. The
structural part of the collimator was printed with polylactic acid (PLA) polymer using
filaments of 1.75 mm diameter. The radiation absorbing material was recycled lead
sheets 0.045mm thick from Carestream Dental IP-21 F-Speed radiographic film (Size 2,
Adult or Standard).

The composition of the absorbing metallic sheets (here referred to as lead sheets)
was determined by energy-dispersive X-ray fluorescence spectroscopy (EDX7000,
Shimadzu). Simulations were performed using the Spektr 3.0 software to determine the
number of layers of lead sheets and their effect on radiation dose in a patient.
Simulations were performed considering the a X-ray tube of 70 kVp, with a aluminium
filter. The radiation dose at a fixed distance from the X-ray source was simulated
considering absorption from zero to ten 0.45 mm superimposed lead sheets’. The
rectangular aperture of the collimator was considered in estimating the radiation dose
reduction.

Test exposures of 0.56 seconds duration were performed with and without the
collimator by exposing a radiographic film Carestream Dental Intraoral Occlusal 10 — 41,
57mm x 76mm, held at a fixed distance from the X-ray source, to assess the functionality
of the rectangular collimator to block unnecessary radiation. A MOM brand synthetic jaw
was used to evaluate the efficiency of the rectangular collimator in terms of its impact on

image quality, comparing images obtained in the presence and absence of the collimator.

The radiographic film processing was performed using the manual technique in a
darkroom, following the manufacturer's guidelines. The temperature of the liquid was
measured with a digital thermometer and indicated 24.8°C, for which the correct time for
processing in the developer was 2 minutes and 54 seconds. Film development is
followed by washing for 30 seconds in water to remove excess developer, fixing for 10
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minutes, and finishing with a 10-minute wash in water and drying of the film. This process

was repeated following exactly the same procedure for every radiographic film test used

in this work.
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Results

The size of the rectangular collimator opening was defined based on geometric

parameters, including the distance between the radiation source and the radiographic

film fitted to the plate holder device (Figure 1).
A-A (1:2)

274, 137 Horizontal Film

Vertical Film

Figure 1 Schematic representation of the X-ray tube (red) and guiding cylinder (brown), along with some measurements (in mm). At
the right, the position of the intraoral radiographic film is represented, with the linear dimension of the film to be exposed to radiation
along two orthogonal directions (horizontal and vertical). The corresponding apertures of the collimator rectangular window are 24.3
mm and 33.0 mm, respectively.

The 3D design of the collimator was carried out using computer-aided design
software, and later two parts that fit together were 3D printed (see Figure 2). Figure 2
also shows how the lead sheets are arranged in the collimator, the opened window and

finally the attached intraoral film holder.
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Figure 2 (a) Prototype designed for 3D printing. Prototype printed with lead sheets before (b) and after (c) placing the lid. (d)
Collimator with superimposed lead sheets and opened rectangular window. (e) Collimator attached to the X-ray tube guide cylinder
and Kerr™ plate holder device. (f) Collimator coupled to the X-ray tube guide cylinder and the Indusbello™ plate holder device.

The metal sheets used in the construction of the rectangular X-ray collimator are
composed of lead (>95%), with a small content of tin and antimony, as revealed by the
X-ray fluorescence analysis. The reduction in radiation dose was calculated according
to the number of superimposed layers of lead sheets, indicating a 65% reduction in
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radiation dose when using four layers and up to 70% reduction when using eight or more

layers as absorbing material (Figure 3).
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Figure 3 Radiation dose at a fixed distance from the X-ray source versus the number of layers of the absorbing material (lead sheets).
The radiation dose is given relative to the value calculated in the absence of the rectangular collimator.

After testing and manual processing of the intraoral radiographic films, a visual
analysis of the radiation exposure area was performed, which is revealed by the high-
density radiolucent area. In the exposures where the rectangular collimator was not
used, it is observed that the radiation completely affected a circular area much greater
than the area of clinical interes (Figure 4a). By using the rectangular collimator, the
exposed are is reduced to exactly fit the film dimensions in the intraoral plate holder
(Figure 4b).

a b

Figure 4 (a) Occlusal film exposed to radiation without collimation. (b) Occlusal film exposed to radiation with rectangular collimation.
The dimensions of the exposed are in (b) correspond to those of the intraoral film for which the collimator was designed. Observe
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how radiation is reduced outside the area of clinical interest.

Tests performed with and without the rectangular collimator show no reduction of
image quality or loss of important structures in the images when the collimator is used
(Figure 5).

a b

Figure 5: (a) Exposure of a periapical film on a MOM brand synthetic mandible without the collimator. (b) Exposure of a periapical
film on a MOM brand synthetic mandible with the collimator.
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Discussion

During the elaboration of the design of the collimator prototype, the correct
positioning of the radiographic film in the cone of incidence of ionising radiation was
taken into account. Accordingly, the dimensions of the collimator rectangular window is
such that radiation is restricted to incidence on the radiologic film in the plate holder
device of choice as well as to the guiding cylinder of the X-ray tube.

Positioning failure when using rectangular collimation is one of the concerns of
dentists, according to a study by Senior et al.'> Other study suggests that the use of an
intraoral radiographic film holder device combined with a circular collimator decreases
the frequency of radiographic errors and there was an increase in incidence errors when
using rectangular collimation without a plate holder device'. The design of the
rectangular collimator here described was made so that the plate holder device is fitted
to the guiding cylinder, thus preventing incorrect positioning. In this sense, visually
evaluating the results of radiographic exposures with and without the rectangular
collimator shows an important ionising radiation reduction outside the are of a clinical
interest when using the rectangular collimator. Simulations indicate a reduction of
exposure to ionising radiation from 65% to 70% using four to eight layers of lead sheets
as radiation barrier, respectively. This result is in good agreement with Shetty et al
systematic review, which reports a significant reduction in radiation dose, from 40% to

92%, when using a rectangular collimator'".
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Conclusions
The 3D-printed rectangular collimator here proposed and built using recycled lead
sheets promoted a 65% reduction in radiation exposure using four sheets of lead foil (up
to 70% reduction when eight sheets of lead were used), without impacting negatively on
the overall quality of the radiologic image.
The STL files for 3D printing of the rectangular collimator were made freely
available at https://www.thingiverse.com/thing:5841403. These files can be easily edited

to conform to particular models of X-ray tubes and plate holders in case these are
different from those used in this work.

The rectangular collimator here designed and made available as an open project
for 3D printing may be built using materials easily accessible to dentists, thus facilitating
its use in clinical practice and benefiting patients by reducing exposure to ionising

radiation.
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4. CONSIDERAGOES FINAIS E PERSPECTIVAS

A utilizagdo da colimagao retangular € comprovadamente mais segura para
pacientes e operadores no que se refere a protegcdo contra a radiacido ionizante. A
disponibilizagao do arquivo do colimador retangular, passivel de edi¢gao e impresséo 3D,
tornara esse recurso para protecao a radiagdo mais acessivel aos cirurgides-dentistas.

Vislumbra-se, no proximo momento, a criacdo de dispositivos que possibilitem a
identificacdo da area irradiada por meio de iluminagao especifica partindo do colimador,
de forma que seja possivel a conferéncia e a corregdo de posicionamento prévio a
exposicao e, desta forma, colaborar ainda mais com a protecao a radiacéo, visto que
podera evitar exposicoes extras desnecessarias.

Tendo em vista os beneficios da colimagao retangular, propbe-se a elaboragao
de colimadores adaptados a outros tamanhos de filmes radiograficos intrabucais, como
por exemplo os pediatricos, de forma a se adequar as possibilidades de exposi¢des e

aumentar a protecéo a radiacdo na maioria dos casos possiveis.



