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ABSTRACT

Short Wave Diathermy (SWD) equipment is used irsiptherapy and applied therapeutically using radio
frequency (RF) radiation of 27.12 MHz. This artipleesents the results of a survey related to SWWbwmg data
about the equipment, conditions of use, visualanspn and analysis of accompanying documents,nhags
reference the requirements of the Brazilian staddddBR IEC 601-1 and NBR IEC 601-2-3. Electriediéty tests
were also carried out for the equipment and thetaitetion. The results showed that manufacturers ro
completely follow the standards and there is a lafkknowledge of these standards by the physiopiss
Electrical safety tests presented measured valfiegjwipment leakage current within the limits of gtandards,
but installation presented fails. One can concltidat it is necessary a greater awareness by manufas and
professionals regarding the standards includingctleal safety in order to assure the correct use SWD
equipment.
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INTRODUCTION administrating kinds or types of energy
intrinsically dangerous to the human body (MS,
Short wave diathermy (SWD) therapy is an1994). Although little information related to the
electromagnetic resource used in physiotherapy f@ossibilities of adverse effects by means of SWD
the treatment of many diseases and pathologies.i$ available, all kinds of electrotherapy present an
is a form of RF radiation that operates in 27.12nherent risk to the patient, if they are applied
MHz and can be applied in continuous or pulsedhcorrectly or if malfunctioning equipment is used.
mode. It is used in therapy to produce a localndividuals are exposed to a certain quantity of
heating of tissue by conversion of electromagnetielectromagnetic energy everyday. However, the
energy into thermal energy (HECS, 2003). use of electrotherapeutic modalities exposes
Electromagnetic energy, in the operationtherapists, patients, students and other individuals
frequency of SWD, is known to present manyto additional fields. An adequate practical use
biological effects. Exposure to RF radiation carprevents additional exposures, eliminates problems
result in beneficial or potentially damagingand supplies an efficient treatment bringing more
effects. The Brazilian Health Ministry classifies benefits to the patient.
SWD equipment as high risk (class 3), forThe efficiency of a treatment depends on the
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quality of the equipment and its correctthe equipment.

functioning. Factors related to the equipment as

utilization frequency, intense moving among many

sites, inadequate handling, sudden temperatuM ATERIALSAND METHODS

changes and equipment aging, cause incorrect

functioning that can lead to problems ofSurvey and Preventive Maintenance

calibration (KLD, 2004). The best way to Initially, the evaluation of the SWD therapy
overcome these problems is to submit thequipment was done by means of a survey
equipment to periodic calibration and verification(diagnosis  verification) in 4  educational
tests. To guarantee the efficiency of the treatmemtstitutions and 3 private clinics of Curitiba
there is the need to implement some proceduré¢Brazil), along with the physiotherapists that were
that allow physiotherapists to assure a gooth charge of the equipment and using the available
functioning of their apparatus. equipment to carry on the verification.

Considering the procedures above, there arghe survey was implemented through specially
several standards from the Brazilian Associatiorleveloped questionnaires based on the standards:
of Technical Standards (ABNT), which establishNBR IEC 601-1 (ABNT, 1994) and NBR IEC
certain  functioning parameters and test$01-2-3 (ABNT, 1997).

specifications for SWD equipment. The NationalThe questionnaires contain questions with which
Agency for Sanitary Vigilance (ANVISA) from general information about the equipment
the Health Ministry has defined on Resolution n{manufacturer, model, operation and functioning,
444/1999 the adoption of the Brazilian technicalocation, tests, maintenance, among others) is
standard NBR IEC 601-1 (Electro Medicalrequested, as well as information about its
Equipment - Part 1. General safety requirements)tilization. The questionnaires were applied to 10
(ABNT, 1994) and the particular Brazilian physiotherapists and answered by all of them.
technical standards NBR IEC 601-2 for class andhe preventive maintenance is used for the
type tests (Muhlen, 2001). For SWD equipmentincreasing of equipment lifetime, having as
the standard NBR IEC 601-2-3 (Electro Medicalconsequence the reduction of costs and the
Equipment - Part 2: Particular requirements for théncreasing of equipment quality (Webster, 1998).
safety of short wave therapy equipment) is usedcor a preventive maintenance program, the
This standard amends and complements the NBiRformation that identifies the equipment (name,
IEC 601-1 and specifies the safety requirements @hanufacturer, model, age, etc.) the location or
short wave therapy equipment. It establishesector to which it belongs, the state of the
functioning parameters, control and tests of thequipment (if it is in use or deactivated), the level
equipment (ABNT, 1997). of its utilization, etc. are all necessary. This
The administration and managing of SWDinformation was gathered by means of
equipment is a very little exploited issue byquestionnaires as it was previously described.
physiotherapists, possibly due to their lack ofAs researcher responsibility, record cards were
knowledge in technical tests as well as in theised to store data concerned to the visual
functioning of the equipment. Authors relate thainspection of the equipment (12 items),
little literature is available about revision tests angonsultation to the accompanying documents (16
quality control of electrotherapy equipment,items), environment description in which they
including SWD (Shields et al., 2003). operate and electrical safety tests.

The objective of this article is to present andat the end, 20 units of SWD therapy equipment
discuss the main results obtained through awere evaluated, from 7 manufacturers and 11
evaluation of SWD equipment having as referencedifferent models.

the Brazilian standards mentioned above. All the clinics agreed with the realization of the
The evaluation includes: a survey (generasurvey and made their equipment available to the
information, visual inspection and environment)necessary tests.

as well as electrical safety tests. The evaluation

was done in physiotherapy clinics to obtain thevisual Inspection

conditions of use and functioning of SWD The inspection is a procedure used to check out the
equipment along with the available equipment aphysical integrity of the equipment and to
well as with the physiotherapists responsible fouarantee the appropriate requirements of safety
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and performance, including those requested bBiotek, USA) designed to be used for biomedical
standards (Vieira, 1998). equipment. This analyzer when connected to the
According to the Brazilian standards (ABNT, receptacles (outlets) inside the room and the
1994; ABNT 1997), the SWD equipment mustequipment measures the voltages of the
have marks and identifications over both internateceptacles as well as the leakage currents from
and external sides of the instrument. Among therthe chassis to the earth for the equipment under
are: power output declared in watts, loadest.
resistance to which the power is availableQOther characteristics analyzed, regarding electrical
operation frequency in megahertz, model osafety, were the existence of the third conductor
equipment reference type, mains (power supply(protective earth conductor) of the installation and
voltage, equipment power input, network poweitthe verification of the plug of the equipment that
output, classification, operation mode and warningnust not have an adaptor from 3 to 2 pins.
symbols over access covers. As it was previously
commented, the equipment is inspected based on
the 12 items related with the studied standardRESULTS
(ABNT, 1994; ABNT 1997).

General Information
Accompanying Documents The physiotherapists responsible for the SWD
All  equipment must be accompanied byequipment answered the questionnaire to find out
documents that show, at least, the instructions ahe general characteristics of use, whose main
use, a technical description and an address eésults are quantified below.
reference, to which the user can reporConcerning the date of the equipment purchase, it
him(her)self. The accompanying documents musfas known only for 4 (20%) of the instruments.
be considered part of the equipment (ABNTWhen therapists were asked about their knowledge
1994). The documents must contain generaf the short wave therapy Brazilian standards
information of utilization (installation, handling (ABNT, 1994; ABNT, 1997), it was verified that
and application), technical description (utilization100% of the therapists did not have any
frequency, power, load resistance, operatioknowledge about them.

mode) and warnings. Considering the frequency with which the
instruments were periodically sent to maintenance,
Environment I nspection it was observed that: from 10 interviewed

The environment in which the equipment isphysiotherapists, 2 (20%) have answered that the
utilized must be inspected and controlled to assuligstruments are not sent to maintenance, 6 (60%)
that metal objects are not present in the room artghve said that they go to maintenance annually, 1
instead, stretchers and wood supports should §&0%) does not know and, 1 (10%) that the

used. equipment is sent to maintenance every 6 months
The electrical installations of the rooms areor when it presents some kind of malfunction.
considered below. When questioned if, by the occasion of a new
purchase of equipment, any kind of test is carried
Electrical Safety Tests out, the following result was obtained: 6 (60%)

Medical procedures usually expose the patients figave not answered, 1(10%) has related that he(she)
a series of hazards, among them the possibility afses fluorescent lamp, 1 (10%) has answered that
an electric shock (Webster, 1998). he(she) turns the equipment on; 1 (10%) has
The electrical safety tests verify if the levels ofdeclared that he(she) executes the appropriate tests
leakage current from the enclosure (chassis) of thsf the equipment and 1 (10%) has said that he(she)
equipment to the earth, among others, are withimakes the application according to the equipment
the specified limits (1Q0A for SWD instrument) (transcript from the answers).

according to the standard NBR 601-1 and specifithe question “how does one know if the
standards of series NBR 601-2 from ABNT. equipment is in good condition?” has shown: 5
Measurements were also done on the supplp0%) physiotherapists answered that they do not
voltages of the electrical installations in the siteknow, 2 (20%) by verifying the heat from the
where the equipment is used, making use of aprobes, 1 (10%) through the given maintenance
electrical safety analyzer (Turbo tester fromand by watching its functioning, 1 (10%) by means
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of an assessment of an electrical engineer and,ahswer was: 1 (10%) physiotherapist did not say
(10%) when the instrument does not show angnything, 6 (60%) said that they lower the
noise, keeps its intensity and frequency anéhtensity and 3 (30%) reported that they interrupt
presents a good conduction in the test with lampsthe therapy.

Concerning the item “uses and cares on the

application with short wave therapy” 12 questions/isual Inspection

were elaborated, being one of them subjectivedcrom 20 verified instruments, 13 (65%) presented
From the 10 physiotherapists, 9 (90%) apply théoth kinds of emission (continuous and pulsed)
therapy over the clothes of the patient, 1 (10%and 7 (35%) presented just the continuous mode.
applies the therapy with metallic implants, 5AIl the instruments presented specifications of
(50%) have said that the cables stay over metallimanufacturer and model.

parts, 6 (60%) say that they use wood stretcheRegarding to the kind of electrodes being used, 7
and 4 (40%) use metallic stretchers. (35%) were from thechliephackype and 12 were
Also, all 10 (100%) physiotherapists do not apphfrom the pad type. One instrument had no
the SWD in patients with implanted electricelectrodes. Another instrument did not heat; one
devices, test the patient’'s sensitivity before thdad a brokerschliephackelectrode support; one
application of therapy, do not use other equipmentas without one of the supports that should be in
along with the SWD instrument, use temporizer tomumber of 4 and in one else the cables did not
control the therapy, they take out hearing devicesonnect firmly.

before the therapy and report that the cables do ndhe other items inspected in the equipment are
stay in contact with the patient and the equipmergresented on table 1 and are related to data which
does not overheat frequently. is supposed to be marked on the equipment,
Finally, regarding the subjective question “what isaccording to the standards NBR 601-1 and NBR
done when the patient reports that it is too warn601-2-3 (ABNT, 1994; ABNT, 1997).

on the local of the application of the therapy?” the

Table 1 - Inspection of marks on the equipment (n=20)

Verified Items Presence Absence
Classification 45% 55%
Warning Symbols 60% 40%
Operation Frequency 35% 65%
Declared Power Output 30% 70%
Network Power Output 50% 50%
Temporizer Presence 70% 30%
Standards Citation 20% 80%
Accompanying Documents Verification evaluated and the results analyzed. Three (15%) of

In this item, it was observed that, from the 20he instruments remained in a separated local
evaluated instruments, 12 (60%) werefrom other electrothermophototherapy devices,
accompanied by their documents and 8 were noalthough next to these; and 17 (85%) stayed in a
Also, only two presented guarantee certificates. local or room along with those devices. Just in one
The data for the accompanying documents werglace there was a Faraday cage and in it there
taken from the previously commented standardawere 6 SWD and one microwave diathermy
and they are described on table 2. instruments.

Environment Electric Safety Tests

The rooms (in a total of 12), in which the SWDFor the rooms, it was verified the presence or not
instruments were operating, were visuallyof electrical installation with 3 conductors, e. g.,
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including the protective earth conductor. From 1Zrom 20 verified receptacles, 9 (45%) have
evaluated rooms, 11 had receptacles with PBresented problems of wiring change between
conductors and only one had with 2 conductorgphase and neutral, 4 (20%) have not presented the
However, not all of the instruments used in therotective earth conductor and 7 (35%) were found
rooms whose receptacles had 3 conductomwithin the recommended practice (127 volts
presented plugs with 3 pins. between phase and neutral conductors, 127 volts
From 20 instruments, 12 (60%) had plugs with detween phase and earth conductors and nearly
pins, 6 (30%) with two pins and 2 (10%) with zero volts between neutral and earth conductors).
three pins but in a same horizontal line.

Table 2 - Accompanying documents (n=12)

Verified Items Presence Absence
Mains (Power Supply) Frequency 91.7% 8.3%
Operation Frequency 91.7% 8.3%
Declared Power Output 91.7% 8.3%
Power Input 16.7% 83.3%
Network Power Output 16.7% 83.3%
Classification 58.3% 41.7%
Warning Declarations 41.7% 58.3%
Operation Mode 91.7% 8.3%
Equipment Description 100% 0%
Use Instructions 100% 0%
Application Cares 66.7% 33.3%
Technical Characteristics 91.7% 8.3%
Indications and Counter Indications 91.7% 8.3%
Indication for Receptacles with Three Conductors 5%7 25%
Maintenance Address 58.3% 41.7%
Standards Citation 66.7% 33.3%

Concerning the item “leakage current’, 16the users for 16 (80%) of the devices. This finding
instruments were tested. All tested devicesssociated with the absence of guarantee
presented values within the limits specified by theertificates and other documents related to the
NBR 601-1 and NBR 601-2-3 for the measurecequipment, make it difficult to the process of
cases (ABNT, 1994; ABNT, 1997), which was preventive maintenance, since for this purpose it is
10QuA. The four instruments that were not testechecessary that all documents and information
had plugs non-compatible with the input of therelated to the equipment is recorded and filled in.
analyzer used for the measurements. All 10 physiotherapists that were interviewed did
not know about the ABNT standards, which
specify tests and requirements for the installation
DISCUSSION and use of SWD therapy equipment. This can
make the set up of an appropriate local for the
With the implementation of the verification andtreatment more difficult, the same may happen
the tests, a great variety of answers and resulth the control of some safety parameters
were obtained. specified by the standards, as well as to verify if

The equipment purchase date was not known b€ instrument that is being used is working
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properly, since the standards bring importanfABNT) which specify parameters of control and
specifications for that control. functioning for the correct practice of SWD

It was observed that there is great controverstherapy as well as with electro medical equipment
mainly concerning the periodicity of maintenancejn general, it is noticed that the standards, in most
tests used at the acquisition, conditions of goodases, are not known by the professionals of the
functioning and equipment handling. biomedical area and consequently they are not
The visual inspection is an important item offollowed. This allows the increasing of the hazards
equipment control. Many problems can befor the user as much as for the patients.

detected visually (Webster, 1998). The instrument$¥hus, awareness by the physiotherapists that make
were inspected in order to identify possible failureuse of this therapy is necessary, concerning the
in its use condition, which could adversely affectverification and control of their instruments, in
the safety of the patient as well as the operatoorder to assure their correct functioning and to
The instruments must contain specificationsavoid risks for the patient’s treatment.

according to the NBR IEC 601-1 and NBR IEC2.The manufacturers must also specify the
601-2-3, but it is noticed that most of them do notnformation required by the standards, considering
present all the specifications. Also, 5 (25%) of thehe documents of the equipment and the necessary
evaluated instruments were presenting mechanicalarks on it. That would greatly help the process of
problems, demonstrating failure in the preventivgreventive maintenance.

maintenance process. Considering the 2G8.Considering the item electrical safety, it is
instruments visually evaluated, none was entirelymportant for the physiotherapists that the project
in conformity with the standards. and the implementation of the electrical
The absence of accompanying documents makesiiitstallations are carried out only by qualified
impossible for the user to consult them when therprofessionals, thus avoiding problems and possible
is a real need and in addition to that, it bringsisks involving the equipment and the installation,
difficulty for the implementation of a maintenanceprotecting both patient and operator from damage.
program as commented previously. For only 1Zhe manufacturers also must have a deeper
(60%) out of 20 instruments the presence of theoncern about the project and the construction of
documents was observed. their instruments, whose requirements of electrical
The environment must be visually evaluated tsafety are defined in standards, so that these needs
assure that the emitted radiation by the SWhare followed and rigorously respected under the
equipment does not cause any interference in othpenalty of not proportioning electrical protection
devices and that metallic objects present in theshen in use.

area do not cause concentration of radiation

(Shields et al., 2003). None of the 12 environments

inspected was considered absolutely suitable tACKNOWLEDGEMENTS

support the SWD therapy application, either by the

presence of metal objects that collaborate with the. R. Gruber thanks CAPES-Brazil for the
concentration of radiation or by the presence ofcholarship.

other electrothermofototherapy equipment that can

be influenced by the SWD radiation. RF radiation

emitted can interfere with other electrotherapyRESUM O

devices in a range of 3m to 5m (CSP, 1994). It is

pointed out that only the documents of one SWlkquipamentos de diatermia por ondas curtas
equipment manufacturer recommended the use gHOC) sdo utilizados em clinicas de fisioterapia e
a Faraday’s cage. aplicados terapeuticamente, utilizando radiacao de
Concerning the electrical safety tests, it wasadiofrequiéncia (RF) em 27,12 MHz. Este artigo
observed that there are some faults on the electtipresenta os resultados de uma pesquisa
installations what can expose the patient to electrigiagnéstica para equipamentos de DOC mostrando
shocks and/or damage to the equipment. dados relativos aos equipamentos, condi¢cbes de
Finally, taking into account the results and theyso, inspegéo visual e analise dos documentos
discussion above reported, some generglcompanhantes tendo como referéncia os

conclusions can be presented. N requisitos descritos nas normas brasileiras NBR
1.In spite of the existence of Brazilian standards
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IEC 601-1 (geral) e NBR IEC 601-2-3 Shields, N.; O'Hare, N.; Boyle, G. and Gormley, J.
(especifica). Além disso, apresentam-se os(2003), Development and application of a quality
resultados de testes de seguranca elétrica efetuadcﬁ?”(;roé_ plroEcedu(r:e for tigogzvégve diathermy units,
nos equipamentos e nas instalacdes onde gg'cuY- B0l ENG. LOMpYtal, 62-68. .
mesmos sdo utilizados. Os resultados em ger ebster, J. G. (1998)Medical instrumentation:

. ~ application and designNew York: John Wiley and
mostraram que os fabricantes n&o seguem a ons

normas para as especificagdes tanto  djejra, 3. B. M. (1998),Setor de manutencdo de
equipamento quanto do ambiente e doOS equipamentos  eletromédicos:  avaliagio e
documentos acompanhantes, e que ha falta de@mplementacdoM. Sc. Thesis, CPGEI/CEFET-PR,
conhecimento das normas por parte dos Curitiba, Brasil.

fisioterapeutas. Os testes de seguranca elétrica

envolvendo correntes de fuga dos equipamentos Received: July 29, 2005;
bti | dentro dos limites especificados Revised September 0>, 200
obtiveram valores dentro p Accepted: November 22, 2005.

pelas normas, porém algumas instalacfes elétricas
apresentaram falhas. Conclui-se que deve haver
uma maior conscientizacdo por parte dos
fabricantes e dos profissionais em relacdo aos
requisitos das normas incluindo a seguranca
elétrica, com o intuito de assegurar 0 correto
funcionamento do equipamento e nao fornecer
riscos para o tratamento do paciente.
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