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Utilizagéo de vestimentas de protegdo radioldgica para redugdo de dose absorvida: uma revisgo integrativa
da literatura

Flavio Augusto Penna Soares?, Aline Garcia Pereira?, Rita de Cassia Flor®

Objective: The present study was aimed at evaluating the relation between the use of radiation protection gear and
the decrease in absorbed dose of ionizing radiation, thereby reinforcing the efficacy of its use by both the patients and
occupationally exposed personnel. Materials and Methods: The integrative literature review method was utilized to
analyze 21 articles, 2 books, 1 thesis, 1 monograph, 1 computer program, 4 pieces of database research (Instituto
Brasileiro de Geografia e Estatistica and Departamento de Informatica do Sistema Unico de Salde) and 2 sets of
radiological protection guidelines. Results: Theoretically, a reduction of 86% to 99% in the absorbed dose is observed
with the use of radiation protection gear. In practice, however, the reduction may achieve 88% in patients submitted to
conventional radiology, and 95% in patients submitted to computed tomography. In occupationally exposed individuals,
the reduction is around 90% during cardiac catheterization, and 75% during orthopedic surgery. Conclusion: According
to findings of several previous pieces of research, the use of radiation protection gear is a low-cost and effective way
to reduce absorbed dose both for patients and occupationally exposed individuals. Thus, its use is necessary for the
implementation of effective radioprotection programs in radiodiagnosis centers.
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Objetivo: Avaliar a relagéo entre o uso de vestimenta de protegéo radiologica e a diminuigdo da dose absorvida de
radiagéo ionizante, reforgando a eficacia do seu uso tanto para pacientes quanto para individuos ocupacionalmente
expostos. Materiais e Métodos: O estudo foi desenvolvido utilizando-se o método de revisao integrativa de literatura,
e teve como materiais: 21 artigos, 2 livros, 1 tese, 1 trabalho de conclusao de curso, 1 programa de computador, 4
pesquisas em base de dados (Instituto Brasileiro de Geografia e Estatistica e Departamento de Informatica do Sistema
Unico de Satide) e 2 diretrizes de protecao radioldgica. Resultados: A utilizagao da vestimenta de protecao radiold-
gica, teoricamente, reduz 86% a 99% a dose absorvida. Na pratica, a redugdo nos pacientes pode ser de 88% na
radiologia convencional e chegar a 95% no exame tomografico. Nos individuos ocupacionalmente expostos, a redugéao
durante um cateterismo cardiaco € em torno de 90% e durante uma cirurgia ortopédica é de 75%. Conclusao: Con-
forme demonstrado em vérias pesquisas, o uso de vestimenta de protegéo radiologica € eficaz e de baixo custo e reduz
a dose desnecessaria nos pacientes e nos individuos ocupacionalmente expostos. Logo, sua utilizacdo € necesséria
para a implementagéo de um efetivo programa de protecao radiolégica em um servigo de radiodiagnéstico.
Unitermos: Protegéo radiologica; Dose em tomografia computadorizada; Redugéo de dose; Vestimenta de protegao
radiologica.
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The use of ionizing radiation for diag-
nostic and therapeutic purposes has been
increasing as a result of developmentsin
equipment and easier access to radio-
graphic exams. In Brazil, such utilization
has been increasing at yearly rates of ap-
proximately 10%, with imaging diagnosis
studies having increased 45.27%® be-
tween December/2000 and 2006 according
to datareported by Datasus (the | T Depart-
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ment of the Brazilian Public Health Sys-
tem). In the same period, in the State of
Santa Catarina, such increase reached
57.16%. As regards imaging diagnosis
equipment available in Brazilian health
centers, there was a 5.48% increase be-
tween 2002 and 2005, according to Insti-
tuto Brasileiro de Geografia e Estatistica
(IBGE) (Brazilian Institute of Geography
and Statistics)®.

The use of radiation in medical diagno-
sisishighly beneficial, allowing the detec-
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tion of tumors and fractures (at conven-
tional radiography, computed tomography
and mammography), and for the treatment
of diseases (radiotherapy) such as cancer.
Radiation also is present nuclear medicine,
for the investigation of the physiology of
organs and systems of the human body.
However, theinteraction between radiation
and human tissues may cause biological
effects. Such effects were noted immedi-
ately after the discovery of the X-rays,
when skin disorders appeared on the skin
of people exposed to X-rays, afact which
prompted scientists to investigate the pos-
sible causes of such disorders. The mani-
festation of such biological effects occurs
in two different manners: the determinis-
tic effect, caused by high doses of radia-
tionsin ashort time span, and the stochas-
tic effect caused by low radiation doses
received over along time span. Such ef-
fects lead to diseases already diagnosed
such as radiogenic cataracts, radioderma-
titisand sterility, among others. Therefore,
professionalsworking in radiology centers
should at all times resort to radiological
protection principles and carefully avoid
exposure to radiation, and also protect the
patients from unnecessary exposure to ra-
diation.

The term “dose” utilized in the present
article can be understood as absorbed dose,
which is defined as the amount of energy
deposited on matter by the photons or ion-
izing particles per unit of mass, and so has
the unit Joule per kilogram (J/kg), also re-
ferred to as gray (Gy). On the other hand,
the equivalent doseistheratio between the
mean absorbed dose in the organ or tissue
and the radiation weighting factor, with
such factor taking into consideration the
tissue/organ radiosensitivity. Intheinterna-
tional system, its unit for the equivalent
dose is also Jkg, however in order to dif-
ferentiate it from the absorbed dose, it re-
ceived the special name of sievert (Sv).
Another term of interest in the radiation
measurement process is “radiation expo-
sure unit”, which is defined as the amount
of electrical charge produced in an amount
of mass by the passage of radiation, and its
unitintheinternational system istheroent-
gen (R).

Thesimple, effective and low-cost way
to protect occupationally exposed individu-
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asaswell asthe patients submitted to ion-
izing radiation, isthe use of radiation pro-
tection gear (RPG). Itisimportant to clarify
the use of the RPG acronym. It isused in
substitution of “individual protection
equipment” as, according to theAssociagdo
Brasileira de Normas Técnicas (ABNT)
(Brazilian Association of Technical Stan-
dards)® and the regulating Standard No.
6©, theterm“ gear” isutilized to designate
protection of the whole body and also of
the chest, asin the case of lead aprons. The
other types of equipment used for radiation
exposure protection are not mentioned in
this regulating standard, with the sole ex-
ception of lead gloves. Even so, in order to
be considered individual protection equip-
ment according to the law, lead aprons and
gloves must be compliant with rigorous
manufacturing criteria, and only after test-
ing and certification by the Ministério do
Trabalho e Emprego (MTE, 2006)© (Min-
istry of Labor and Employment) they can
receive the denomination seal. For such
reason, the herein utilized acronym RPG
comprises all accessories for radiological
protection such as: goggles, gloves, aprons,
thyroid protection shield, gonadal protec-
tion shields, vestsand skirts, among others.

The present article is an integrative re-
view that isaimed at identifying in the lit-
erature, publicationsrelated to theforms of
protection of individuals occupationally
exposed to ionizing radiations, as well as
protection of patients submitted to medical
exposures, demonstrating the efficiency of
protectors and encouraging their utiliza-
tion.

MATERIALSAND METHODS

The present bibliographic research was
based on the assumptions of an integrative
review. Theintegrativereview isdefined as
that in which previously published re-
searches are synthesized and generate con-
clusion on a theme of interest”). Such
method was chosen asit alowsawide and
systematic analysis of scientific papers,
with characterization and analysis of theo-
retical foundations and production trends
related to theuse of RPGs. Inthisresearch,
thereview comprised thefollowing phases:
theme identification; definition of inclu-
sion and exclusion criteria; summary of

selected themes and evaluation of studies
included in the integrative review; catego-
rization of the studies; resultsinterpretation
and presentation of knowledge review®.

The bibliographic survey was carried
out at the Centro Latino-Americano e do
Caribe de Informagdo em Ciéncias da
Salde (Bireme), Lilacs, PubMed/Medline,
ScienceDirect, and SpringerLink data-
bases. The search in the databases was de-
veloped over the period of 2008-2009,
considering the following search descrip-
torsin the Portugueselanguage: reducéo de
dose (dose reduction); aventais de chumbo
(lead aprons); radiologia (radiology); raios
X (X-rays); protecdo radiolégica (radio-
logical protection); dose absorvida (ab-
sorbed dose); vestimentas de protecéo
radiolégica (radiation protection gear).
The latter was found in a monograph, and
although it is not an indexed term, it is
being utilized for being easily understand-
able. Inthe search in the English language,
the utilized descriptorswerethefollowing:
lead apron; dose reduction; protective gar-
ment; protective gear; x-ray; computed to-
mography; apron; fluoroscopy; radiation
protection.

The selection of publications was car-
ried out by means of careful reading of
abstracts and ensuing text reading, in order
to evaluate the relationship with the theme
to be researched. The computer program
IPEM report 78 of Institute of Physics and
Engineering in Medicine (IPEM)® was
also utilized for calculating air kermarates,
with the purpose of scientifically corrobo-
rating the results presented in the studies.
Thus, the sample comprised 21 articles,
most of them in English. Other sources
such asthesis, monographs and books con-
tributed with reports on the biological ef-
fects associated with radiation, forms of
protection, and the practical results of the
utilization of RPGs that comprised the
document sources in the analysis process.

RESULTS

Importance of the use of RPGs

The interaction of ionizing radiation
with the human organism may generate
biological effects, which vary with the de-
gree of cellsradiosensitivity and absorbed
radiation dose. According to Biral®?, the
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radiosensitivity degreeisinversely propor-
tional to the cell differentiation, i.e., cells
with little differentiation in their function
are more radiosensitive, such as, for ex-
ample, the epidermis cells, erythroblasts
and spermatogonial cells. There are how-
ever, cells that challenge that rule: the oo-
cytes and lymphocytes. Depending on the
radiosensitivity, theionizing radiation may
directly affect the cells (ionization) or in-
directly (action of freeradicals), with dam-
agesto the DNA strands, ateration of their
genetic material, aswell ateration of their
proteins, enzymes, and modification of
permeability of the cellsS membrane and
activation of the oncogenes. The human
body has mechanismsto repair the damage
caused by radiation, however, when they
fail, the results are the incapacity of cells
reproduction or their definite modification.
In some cases, cellular death®™ may occur.

Absorbed dose reduction in patients

In order to minimize the primary and
secondary radiation dose, RPGs are worn
by patients. According to the ABNT Stan-
dard NBR |EC 61331®, the RPGs are di-
vided into devices for patients and for oc-
cupationally exposed individuals. The
RPGs for patients comprise: lead aprons,
gonadal aprons, scrotal shields, ovarian
shields and lead curtains. The gonads con-
tain germ cellswith high cell division rates
and high radiosensitivity, therefore thereis
great preoccupation in protecting such
gland fromionizing radiation. Studieshave
demonstrated that the use of protective
equipment during computed tomography
exams considerably reduces the exposure
to radiation in up to 95%*2. Hohl et al.*®
have demonstrated a reduction of 87% in
an abdominal computed tomography study.
Raissaki® has studied the application of
gonadal protectors in pediatric radiology,
observing an absorbed dose reduction of
approximately 50% in girls' and 95% in
boys' gonads.

One of the studies devel oped by Parker
et a.®, on dose reduction in multislice
computed tomography angiography, re-
vealed that the dose in the breast region,
during a study for suspected pulmonary
embolism, may be reduced by approxi-
mately 60.6% with the utilization of atung-
sten-antimony shield.
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The crystalline and the thyroid gland
are other organs of the human system that
requireradiological protection, because of
their great radiosensitivity. Hopper et
al.®® in their study, have demonstrated
that the utilization of a bismuth shield
during a chest computed tomography re-
duced by 60% the radiation on the thyroid
gland and by 40% on the crystalline. In
another study devel oped by Hopper”, the
utilization of bismuth eye shields reduced
the radiation in the crystalline by 48.5%,
while the thyroid shield reduced the dose
in such gland by 67.3%, with the utiliza-
tion of such protectors not causing any
hindrance to the quality of the images. As
regards the crystalline, other studies have
demonstrated that the protection of such
region reduced the dose by approximately
30-40%819, According to studies devel-
oped by Brniseet a9, the use of chest
shielding reduces the dose by 57% in this
region during askull study. The use of the
same shielding in a pediatric chest study
reducesthe dose by 29%?. Such dataand
those from other studies may be better
compared on Table 1.

Studies on dose reduction as afunction
of the utilization of RPGs in conventional
radiology are scarce; however, in such stud-
ies, one observes the utilization of chest
shielding during a radiographic lateral
study of the chest reduces the radiation
dose by 88% in the uterus and ovaries re-
gion®,

Absorbed dose reduction
in occupationally exposed individuals

For occupationally exposed individuals,
thetypesof RPGs compriselead protective
aprons with lead thicknesses ranging from
0.25t0 0.50 mm, protection gloves, leaded
eyewear and thyroid shield®. In occupa-
tionally exposed individuals, adose reduc-
tion can be observed with the utilization of
RPGs during interventional procedures.
According to Scremin et al.*, the number
of interventional procedures requiring ra-
diographicimages, such asthose performed
in hemodynamics services, has increased
over the past few years due to the fact that
such technique does not necessarily require
surgery, involving lessrisk for the patients.
Their study is focused on occupational
exposure and has demonstrated that the use
of a protective lead shielding in the form
of acurtain, reducesin up to 90% and 80%
thedosereceived in the chest region respec-
tively by the physician and by the assisting
nurse during a cardiac catheterization.

During orthopedic surgeries involving
interventional radiology, the hands of the
physician are amongst the parts most ex-
posed to primary radiation®?. A procedure
that isquitefrequently performed is percu-
taneous vertebroplasty, which consists of
the insertion of a canula into the injured
bone and injection of bone cement to re-
store it. A radiographic equipment is uti-
lized to guide such canula, with almost

Table 1 Radiation dose reduction due to use of protection during computed tomography.

Reduction (%)

Exam Study Protected region Female Male
Whole abdomen Hidajat et al.*? Testicles — 95
Thoracic spine Hopper et al.(1® Breasts 57 —
Pediatric Raissaki 200414 Gonads 50 95
Pelvis Hopper et al.(® Testicles — 51
Abdomen/pelvis routine Hohl et al.®® Gonads — 87
Chest Hopper®? Thyroid 67.3 —
Hopper®? Breasts 52.4 —
Pediatric chest Fricke et al. Breasts 29 —
Skull Brnié et al.*” Breasts 57 —
Hopper et al.® Eyes 40 —
Pediatric skull Perisinakis et al.®® Crystallines 30-40 —
Cervical spine Hopper et al.®® Thyroid 60 —
Eyes and face Hopper®? Orbits 48.5 —
Paranasal sinuses Hein et al.®9 Crystallines 40 —
Heart Parker et al.*® Breasts 60.6 —
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continuous emission of radiation. Synowitz
& Kiwit®® observed that the use of protec-
tiveglovesduring the procedureresulted in
a 75% dose reduction in the hands of the
surgeon.

Most of the studies are focused on the
crystalline, the thyroid and the gonads,
which are highly radiosensitive. However,
few studies approach the radiation dose to
thelower extremities of the membersof the
medical team. An Irish study indicatesthat,
with the utilization of protective lead cur-
tains mounted on the sides of the patient
table, it is possible to reduce by 64% the
radiation dose to the lower extremities®®,

With the software IPEM Report 78 of
IPEM® for the simulation of the spectrum
emitted by tungsten targets, it ispossibleto
evaluate the RPGs effectiveness and the

influence of different material thicknesses
on theradiological protection level. Simu-
|ationswere performed with 55, 75, 95 and
115 kV, as they comprehend the range of
voltages normally utilized in conventional
radiography. The air kerma dose was cal-
culated by unit of pGy/mAsat 75 cm from
the bulb, including theinherent attenuation
of 2.5 mm thick aluminum in the equip-
ment.

Based on the results obtained by the
software, one have observed that the 0.25
mm thick lead protection reduces the dose
by at least 86.82% (115 kV), reaching up
10 99.06% (55 kV) at lower energies. With
the use of 0.5 mm-thick lead shielding, the
dose reduction ranges between 95.79%
(115kV) and 99.94% (55 kV). Table2 and
Figure 1 show the data comparison.

Table 2 Reduction of the air kerma rate as a function of maximum energy and thickness of protection

for a tungsten spectrum.

Voltage (kV) Protection Air kerma (UGy/mAs) Reduction (%)
55 None 71.98 —
0.25 mmPb 0.68 99.06
0.50 mmPb 0.04 99.94
75 None 122.20 —
0.25 mmPb 5.57 95.44
0.50 mmPb 1.12 99.08
95 None 177.10 —
0.25 mmPb 17.62 90.05
0.50 mmPb 5.45 96.92
115 None 234.80 —
0.25 mmPb 30.95 86.82
0.50 mmPb 9.89 95.79
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Figure 1. Energy spectrum of a tungsten target tube with inherent 2.5 mmaAl filtration at 75 kV.
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Additionally to the reduction of air
kerma, the use of RPGs considerably elimi-
nates|ow-energy photons, asshownin Fig-
ure 1. Thisimplies even greater absorbed
dose reduction levels, as the low energies
are contained by elementswith high atomic
number, such as lead.

DISCUSSION

The analyzed set of pieces of research
clearly demonstrates contribution of stud-
ies on the developments in radiological
protection, considering that, after the dis-
covery of X-radiation by Roentgenin 1895,
while radiographies were performed, skin
disorders started to manifest in workers.
Crocker®" wasthe pioneer in study on dis-
eases attributed to radiation exposure. In
1897, this physicist related the occurrence
of dermatitis and skin ulcers with the pro-
longed use of the Crookes' bulb near the
body. Knowing that the lesions were simi-
lar to severe sun burns, for which the sug-
gested protection was to cover the body
with something black, he proposed that
occupationally exposed individualsutilized
red glovesor covered their hands and faces
with red paint. At that time, it was a com-
mon belief that such pigments were effec-
tive barriers against ionizing radiation.

In 1902, Rollins proposed three waysto
decreaseworkers and patients' exposureto
radiation, as follows: utilizing absorbing
eyewear, encapsulating the X-ray tubesin
lead and limiting the field of irradiation to
the region of clinical interest by means of
protective materials. However, such recom-
mendations were not followed for along
time. Starting in 1913, the British and Ger-
mans produced radiological protection ref-
erence guidelines, recommending the uti-
lization of protective equipment by work-
ers. In the period between 1922 and 1928,
North Americans and the British published
recommendations for workers, indicating
dose tolerance levels and determining bar-
riersfor worker protection. In 1928, during
the Second International Congress of Ra-
diology in Stockholm, the International
Commission on Radiological Protection
(ICRP) was created, with the purpose of
defining guidelines on radiological protec-
tion to be adopted by most of the countries
in the world®.

Radiol Bras. 2011 Mar/Abr;44(2):97-103
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According to Archer®), after the Con-
gressin Stockholm, the National Bureau of
Standards (NBS) of the United States of
Americaestablished the Advisory Commit-
tee on X-Ray and Radium Protection
(ACRP), a committee that published its
first report in 1931, with thetitle of X-Ray
Protection. In 1964, the ACRPwas reorga-
nized and transformed into the widely
known National Council on Radiation Pro-
tection and Measurements (NCRP). In
1961 the ACRP and NBS joined in the
publication of areport titled Medical X-
Ray Protection up to Three Million Volts,
that later came to be known as NCRP No.
26, introducing many of the common radio-
logical protection principles and methods
that are still utilized today. In this same
report, the concepts of work load and us-
age factor were established, in order to
more concisely describe accidental expo-
sure and the use of barriers to avoid them.

The NCRP Report No. 49 (1976) was
the first guideline utilized by American
competent expertsasareferenceto specify
radiation protectors in medical X-ray im-
aginginstallations. In the nineties, the need
to modify such report became noticeable,
as it did not approach new technologies
such as computed tomography and mam-
mography.

The dose limit values, work load and
occupation factors, among others, were
modified, and two new reportswereissued,
the reports N0.116 and No.147%9,

In Brazil, the international regulations
were effectively adopted by means of the
Ministry of Health Ordinance 453®Y, in
July of 1998, highlighting the utilization of
radiation provided it is beneficial for the
health at individual and/or society levels.

Another important contribution demon-
strated by studies on radiation protection
wastheknowledge onthebiological effects
of ionizing radiations. Such studies reveal
the cellsradiosensitivity and effects on the
human body. The ionizing radiation is an
electromagnetic wave that interacts with
matter transferring energy to the electrons
of its atoms. With the energy gain, such
atoms start leaving their orbits, changing
their electronic or even atoms layers, dis-
sipating theenergy intheform of additional
radiation, or ionizing other atoms. Such
production of free radicals may induce ra-
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diobiological effects such asinduced chro-
mosomal breaks. Such biological damage
depends on the deposited energy (absorbed
radiation dose) on the tissue or organ and
on the radiosensitivity of such tissue or
organ.

The biological effect on the human
body manifests in two manners. One of
them is the deterministic effect, caused by
the high radiation dose that |eads the cell
to a partial or total loss of its biological
function, i.e, cellular death. Theirradiated
individual may present with temporary or
permanent sterility, radiodermatitis, nau-
sea, fatigue, cataracts, among other effects.
The other form of manifestation is the sto-
chastic one, where small doses of radiation
over along period of time cause genetic
mutations. In cases where such mutation
occurs in germ cells, the damage causes a
hereditary change. In cases where the mu-
tation occursin somatic cells, there will be
a high probability of an individual to de-
velop cancer, particularly in most sensitive
regions such as breasts, gonads, bone mar-
row and lymphatic tissues. The utilization
of RPGs is of utmost importance to mini-
mize such an effect™.

Another significant contribution dem-
onstrated in the present review refersto the
implementation of measures for radiologi-
cal protection. The studies mention the
Standards of Comissdo Nacional de
Energia Nuclear (CNEN)®? (National
Committee on Nuclear Energy) that, based
on three fundamental principles of radia-
tion protection, established measures
against possible effects that may be caused
by ionizing radiation, asfollows: justifica-
tion — the medical exposure to radiation
will only be acceptable if it results in ben-
efits for the society or to the individual;
doselimitation —the exposureto radiation
must be restricted to the region of interest,
never exceeding the allowed dose limits;
optimization —the doseto the patient shall
be the lowest possible, without affecting
the images quality. This latter principle is
related totheALARA (AsLow AsReason-
ably Achievable) philosophy, that implies
in adways decreasing the dose of radiation
exposure both for the patient and the occu-
pationally exposed individual.

According to Geldeichter®, al these
principles support the main radiological

protection mechanisms: distance from the
radiation source, time of exposure the
source and shielding. Thefirst two mecha-
nisms consist of measures that minimize
the exposure, and the third one consistsin
fixed barriers or accessories that block the
trajectory of the X-ray beams, absorbing
them. Two types of barriers are utilized in
radiological protection: room shielding for
collective protection, and RPGs for indi-
vidual protection. The RPGs are placed
between the source of radiation and the
patient, so asto attenuate the radiation that
reaches the body. The same applies for
occupationally exposed individuals wear-
ing them. Such gear are manufactured from
materialswith high atomic level (normally
lead or itscompounds) to block the passage
of X-rays photons, besides other washable
material that protects the radiation absorb-
ing material.

As regards the dose reduction prin-
ciples, the images acquisition timein ara-
diological study cannot be reduced as a
function of the established radiological
technique, asit would imply in loss of im-
agequality; and theincreasein thedistance
from the radiation source is not aways
possible, asthe distance between the source
and the command table poses a limitation.
Thus, the use of RPGs at in centers of ra-
diology and imaging diagnosis is actually
the only effective way to reduce exposure
to ionizing radiation of occupationally ex-
posed individuals, as well as medical ex-
posure of patients.

Ordinance 4539, initsitem 5.5 estab-
lishes that for each X-ray unit there must
be a RPG, and such RPG must assure pro-
tection to the chest of patients, including
the thyroid and gonads, with at least 0.25
mm of lead-equivalent material (mmPb).
Additionally, at item 5.10a, the Ordinance
determinesthat in case an individua needs
to assist a debilitated patient, such indi-
vidual must wear alead apron with amini-
mum of 0.25 mmPb. Asregards profession-
as, theitem4.26a(ii) item determinesthat,
during radiological procedures, profession-
als must protect themselves against scat-
tered radiation by wearing RPGs or protec-
tive barriers with no less than 0.25 mmPb
attenuation. As regards fluoroscopy, item
4.17d determines that the examination
room must be equipped with ainferior/lat-
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eral lead curtain or skirt to protect the
worker against the radiation scattered by
the patient, with a thickness = 0.5 mmPb,
at 100kVp; and item 4.40 establishes that
lead gloves with at least 0.25mmPb must
be worn.

Itisaknown fact that radiology profes-
sionals resist the use of RPGs, as they are
not comfortable because of their heavy
weight, which may cause back painif worn
for long periods of time®?. However, it is
necessary that occupationally exposed in-
dividua swear RPGsduring interventional
procedures, as well as in procedures in
which theindividual isdirectly exposed to
the primary or secondary beam. Addition-
ally, the professional must be aware that
whenever possible the patient must wear
the RPG during computed tomography
scans, conventional radiographic studies,
or during interventional proceduresin or-
der to protect areas that are exposed to ra-
diation, be such radiation primary or sec-
ondary, and that the use of RPG will not
affect the image quality. Considering the
troubles associated with wearing the RPGs,
new materials have been developed to
make such gear lighter so as to reduce the
professionals fatigue and back pain® and
the discomfort in wearing them, thus con-
tributing to areduction in the resistance to
the use of RPGs.

Studies demonstrate that the use of lead
apronsiseffective, asthey attenuatealarge
amount of ionizing radiation. Theoretically,
it is possible to prove that the lead shield-
ing (0.25 mmPb) at 75 kV is capable of
reducing the dose to the patient or to occu-
pationally exposed individuals in up to
95%. In practice, the material is not al-
ways homogeneous, therefore the attenua-
tion ends up being lower than the theoreti-
cal attenuation, but even so this material is
important and still efficient. According to
Hopper®, a thyroid shield is capable of
attenuating up to 67.3% of the X-radiation.
Taking into account that the RPG is not
awaysin perfect conditions, it isnecessary
to perform some tests, as defined on item
4.45b(x) of Ordinance 453V, with the
purpose of evaluating the quality of the
material utilized at the center.

Because of the radiobiological effects,
such as radiogenic cataracts, sterility, cel-
lular death and genetic mutations that may

102

occur with the utilization of ionizing radia-
tion, any gains related to attenuation of
radiation issignificant, and for such reason
the utilization of RPGs is indispensable.

CONCLUSIONS

Inthe present study, the efficiency of the
utilization of RPGs by the patient and by
occupationally exposed individuals was
analyzed, observing that theincreasing uti-
lization of radiation implies increased ne-
cessity of radiologica protection, with al
results clearly demonstrating that the utili-
zation of RPGs is directly related to dose
reduction, both for the occupationaly ex-
posed individual and the patient. The use
of RPGs has shown to be effective and
followsthe ALARA principle, i.e., the ra-
diation is utilized at the minimum neces-
sary doses for the patient and the profes-
sional in the area.

The utilization of RPGsimpliesareduc-
tion of the absorbed dose, particularly in
the patients’ gonads, with areduction rang-
ing between 87% and 95%¥, and thy-
roid gland, with a reduction ranging from
60%19 to 67,30%17. In occupationally
exposed individuals, therewas asignificant
reduction in the exposure of the surgeons’
hands (75%)®@. Also lower extremities
were analyzed, with areduction of 64%°
of the absorbed dose.

Relatively few studies on X-rays were
found in the literature, indicating the need
for more studies on the RPGs effectiveness,
particularly in conventional radiology. Fur-
ther studies approaching quality indices,
compliance tests and technical specifica-
tions of RPGs for patient protection must
be defined. As regards occupationally ex-
posed individuals, continued education on
the subject is recommended at the centers,
so that the health professionals become
increasingly aware of the relevance of the
utilization of such garments for protection
of their own health and safety against ion-
izing radiations at work.
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