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R‘evnew of Shortwave: Dlath“e‘rm:y
Contmuous and Pulsed _Patterns

.Shezla‘ Kitchen

ShisMwave didthiermy; contlnuoua pattam ehortwave dlamermy.
puleed pauern physlologlcal effeéts, clinicat eﬂlcacy. hazards,

Summary - :
Both comlnuous and pulssd rormﬁ of shortwave dlathefmy (SWD)
are’ used: by physlothefapists In.the traelmeht of. a rarige of
condltions . including soff-tissuo 'lestons” and, (h§ arthritises:
THe knowr ‘physlologléal effacts,; clinical: efﬂcacy and heazards
assaclated with:the use of these twd forms of SWD.are-considered
and ifio need for further research both in the ﬂe!d of basic 3c|enbe
and cllnlcal applicaﬂon Is hlghughted i

Continuous ahortWa § dmthermy haa Bbeﬂ sed in the
F ditions for a cbnsxdérabie period

thefid: umlted Aummbes of papm Have: appéared i thie
litetatire, Tooking st this aspect: Pulsed’ sHortwavs
d:atheﬁny, oftéh referred to as puleed e]cctromng‘nbtwy

enétgy: (PEME), pulsed electramaghetic fieid: (PBMF)

or-pulged: electromagnetic dhérgy treatnicri (PEMET) N

wae first lntroduced in the'odrly 19504 i ,
very: popular Witk Chmcal therap:sfb but roqearch into
its effects apd. clinical efﬁcacy pre conspmuous by thisir
scarcity. A liking for. thip parucular modality dppears-to
have: arisen mthout any under]ymg aclenhﬁc ev:dence
for its ef'ﬁcacy T N

Background

Shortwave electromagnet:c rhdj atlone range m frequency.
froti ted “to' 100 MHz; commonly - kiown. 'as. radi¢
frpquency waves; the shiortest wave band i5- ased ik
thefuppuhc diathérniy. Showt radio’ waves lie between
mncrowaves atd. ntediut ‘radio waves on the electro-'
magnetic spectrum. Radio’ waves' cani’ be used in the
medicél cdnﬁext to heat tisaues, to stimulate tissue repaif;
to. destroy carcmogemc tissue and in. tigsite: imbging:

Thase mdst commonly used by therapiats to heat or treat
tissud are of the frequem:y of 27:12 MHz (Delpizzo and
Joyver, 1987; Low. and. Reed,’ 1990y and. dre commonly
termed ehortwaw-a dmthermy (SWD). :

Shortwave energy can be dehvemd ih either a contmuous
or pulsed mode. Contittious shortwave dmthermy can bé
delivered through either the capacitive or inductive
methods: Tt is an alternating current, normally of a
Frequency of 27. 12 MHz, and is used pn‘memly for 1ts
heating capac)ty :

. treatment

LITEHATURE HEVIEW

in the form of a train, of pulses
The pulae leugthe norma]ly vary from 26 t0:400 micro-

deconds and the niumber of pu]ses 11e between 16 and 800

per second. Thus'the lérigth of the rest penodw depends
on. the. relation én the pulse frequency, ‘and
¢ ime; nor ally ‘conséidéred in'seconds, The
parametere moat frequently qu::ted aré the pulse
duration-and the sumber of pulses pér seeond Botli'the
9lectromap,natr ind ele "trostaﬁic fieldé may be used in

The puleing of shortwave d:athermy results in the need
to report Both’ peak dnd \average power’, values,. it is
possibie for the }ieak power delivered to tissue to be'high
while the averagd povier is low, diie to short pulse lefigtia
and/or fow- pilses. Pulse& SWD can be given at levels
sufficient 5 produce heating of the tidsues but g more
corimonly Used i clihical practicé at leveld whick are
¢laifrivd to haVe filiifnal ‘heating effécts dnd mcw. lt i
sgested; posnibly” hﬂv athermal eﬁ%cta_ o

In otder to clarify thé'type of treutment whlch ig bemg

- given to thie subject, parametors should be fully dascrihed.

Thisse dhbuld include fréqiiency (Horinally 27.12 MHz),
averige - power; , tinfib - of . irradiation “and: ‘method, of
application for tontinuous wave therspy; the type of field
ueed should also be. 1nd1catcd Peak power, average power,
pilsed Iength, and rest period or number of pulses per
second ehould be added for pulséd therapy

In clinical practice) Howave it'seems heatmg levele are
commonly determined. by:tlie thermal. reaction of the
individual subject; owingte the difficulty of éstablishing

‘precice energy levels: Pulsed therapy parametera should

howaver he clearly noted

Many. authots; part:cularly in earher work deecribe
puléed: ahortwave didthermy. by referrmg to the
manufdéturer's: name. for- a ‘piece of equipment rather
than: by defining the parametérs used; othérs refer to
dosage levélsby quoting Tevels’ marked on the machine,
such as penetratlon levela =6 on the: Dxapulse machine.
This: ia: not” & satipfactory practite as inadequate
documﬂntatloﬂ ‘of. the parameters results; making. it
difficult o compare: data or-even kiiow exactly what
dosaiges have. heen given. A number of médchiries
avdilablé on the market Have been described:in detail
by Haytie' (1984) and’ Low dnd Read (1990) and-the
Department of Health (Evalvation. Reéport; 1987) has
published évaluations: of soine equipment. It io very
important to note that not all’ shortivave dlathermy
machines exhibit similar dosage: characteristics; for
example, the maximum power output from machines of
different’ makes may differ. Inadequate description of
parameters can thiss result in apparently eimilar dosages
actually being quite differont. When they are known,
details of physical perameters will be provided
throughout the rest of this text,
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Physiological Effects of SWD

The physiological effects of SWD can be divided into
thermal and athermal ‘effects. Continuous’ SWD i3
normally considered to have thermal effects only,
wheresa pulsed SWD may have both' thermal and
athermal offecta. Thére.-ia conssderable debate
surrounding the area of ithermal effects, some workers
congidering that any effoct pmduced by the energy is due
at least in part to ‘low levela of thermal change, and others
suggesting that the pulsed,nature of the energy may
activate certain tissue mechanisms. Adey (1981) points
out that any absorptwn of electromagnetac energy will
resu)t in an increase in thermal energy; what matters
in phy'-‘nolomcal termais whethei‘ an ndequate increase,
in the region of a couplc of dcg'reas, is gcncratcd whlch
could {acilitate some of the responses seen to occur in
ctpcnmcntal organisma. Much work has been undér.
taken in the last ten years on the ‘effocts of electro.
magnetic fields on cellular activity (Frohlich, 1988 Adey,
1988), 'sorme of which may shéd light on- the eﬁ‘ects of
pulsod Mw Jevel shurtwave disthermy.:

Thermal Mechanisms

Elactromagnetic waves of the h1gh f requency of SWD are
unable to depolarise either nerve or muscle and. cause
heating 'hrough the conversion of elcctromagnetlc

energy to thermal energy. Delpizzo and- Joyner (1987),

describe licat as bemg produced through three
echanisms: :

@ Oriontatiog of electrical dipoles pre-existent in tissue.

@ Pylarisotion of atoms and molecules to pwduce electric
dipolea,

QDmpl ricement or drift of conduetion e]'eci'rona‘ ond ion.

‘The firgl two involve friction associated with movement
and the last, displacement and collision. Heating can
only be produced by internal-electyical fields; but both
the clectric and the mpgnetic fiolds of SWD can produck
heating as the magnetic fields result in the productlon
of eddy currents within the tissue.

The level of heating developed is dépendent on tissue
properties, known as the ‘complex permittivity' of the
_tizsue. Thia represents the dielectric constant and the
heat loss factor of the tissue. Complex permittivity is
frequency dependent and-therefore the propagation and
attenuation of electromagnetic waves is also frequency
dependent (Schwan, 1970). Patterns of heating produced
in various tissue structures are discussed by Guy (1982),
who consider the biophysical effecta of SWD currents on
tissues: Not all devices are equally effective in heating
underlying muscle; Lehman et al (1983) evaluated a
number of commercially available applicators and found
that the heating patterns generated varied greatly
between the different models: they noted that some of
the commercially available models were inferior to the
experimental models, tending to heat surface fat rather
than underlying musgcle.

Alterations in tissue temperature due to the application
of continuous SWD in ndrmal human subjects has been
examined by a number of workera. The condensger field
method has been evaluated by Verrvier et al (1977),
Flansen and Kristensen (1978) and Abramson et af (1960).
Al measured the. cutaneous and intramuscular

temperatures, the latter at a depth of 1 cm. A comparison
of the results obstaived by theae three groups of warkera
is given in table 1

Table 1; Allerqtlons In \lssue temperature

i Intra-
Duratlon - .muscular
of Ireat-  Cutansous temperature
Aroa ment  temperature  at.1cm
Authors  Iredted Dosaga (minuigs)  {*C)  depth [°C)
Vartler Caf  Maximum subject 20 9.28 224
et al. could tolerate '
(1977)
Hangen Call "“1wait...a ] 513 4.00
and. pleasant warmth' : '
Kristenaen
(1979)
Abramson- Forg.  Governed by thermal 30 130 190
efal” - arm comfon ‘an arbltraty :
(1960}  sefting of 25 on the

- oulpul.volt metor'

The differing experimental protocols can be seen to result
in very different tissue temperatures. Abramson et !
(1960) also highlight the close link between temperatureg
developed and blood flow — higher temperatires
resulting. in increased flow. Thus it appears that
increased flow may result in lower tissue temperafuree,
heat" beitg remdved as a result of the increase in
circulation: Tune_ appedrs. to’ he: A factor .in the
development of tissue. temperature and. circulatory
changes; the very low temperatures, following a longer
period of madtataon, noted by Abramson et al (1960),
constrast. with the higher temperatures. tecorded . by
Jansen and Knsteneen (1973) who irradiated the: part
for a short period of time. Other factors which may affect
the results include body structure; the vascularity of the
area aﬁ‘ectmg the final tempetature, and the dosage,
which.in thesd instdnces ia not fully defined. .. :

Temperatures resulting from the use of the mducto}
thermy- methiod have also heeq examined; Lehmann
et al (1969) demonstrated temperaturé rises of 9.50°C
at-a depth of 1 cm in the human thigh and.Véfrier et al
(1977) recorded mean temperature rises of 5.06°C
(cutaneous) and 4.40°C (intramusculdr depth of 1 cm)in
the humnan calf at a mean dose of 3,44 amperes. Minimal
and makimal doses of each form of SWD were compared
by Verrier et al (1977); energy applled by the inducto-
thermy method produce some degree of heating of muscle
at both extremes of dosage. Tt was, however, 1mpoaaible
to detect any temperature alterations when applying a
minimal dose of SWD uging the condenscr field method.

Both the econdenger field and m.ductothcrmy thethods of
administering SWD give results which vary; Verrier et
al (1977) note that tissue heating 18 not selective; both
the skin and the intramuscular valued béing within
similar bounds. There is an interesting' difference,
however, between the temperatures achieved through use
of the condenser field and inductéthermy methods.
Despite the varied parameters, these data suggest that
the induetothermy method gives rise to greater tissue
temperature riges than the condenser field method; this
is shown clearly by Verrier et ol (1977) who compared the
two, vging similar doses of 3.44 and 3.39 amperes
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respectively. This result may partially reflect the work:
of Guy et.al (1974) which suggested that the majority of
capaci tov electrode faeatmg artangefnenty remmmended
by mamufacmrerq dte 'likely.. td prodhce maxnmum
heating in the Sperficial fat layer of the part and not
the skin nnd muscles s

Pulsed SWD can aléo preduce temperatum chan ges; the
tetuperatures developed dppear to-be dependent on the
total average power delivered; high peak power and high
frequency leading:to greater. increases-in temperature:,
Erdman. (1960). demonstrated: increases: in. skin.
temperature of 0.5 °C and 1.6 °C respectively for peak

powers of 410-watts (frequency: 400 pulses per second).

and 1,025 watts (frequency: 600 pulses per second) over
the epxgaetric. region in the human subject. An agsociated.

incresse. in temperature in the foot nccurred, averaging:
2 °C; Morriseey . (1966) and leverman and. Pendleton-

(1968) demonstrated temperature increase at doses of 80.
watts:and 65. watts average power reepectively The atter
noted similar heating. levels with both.continuous and
pulsed SWD at aimilar average powara. Lower levela of
energy: dad not- produce significant heating. -

iin‘tigstne temperatuie cah produce & nun‘lber

of ﬁﬁysxblog‘lcal changeq, related here to the hterature :

evaIuating the ef’fécts df SWD e e
Blood Flow MR

Blood flow Was often been exammed ih conJuucu on’ Wlth'
tempsrattire  alterations; : Lehmann. (1971)  showed:

through'tHe tss of dnimal studies that témperdtire and:

bload flolw are telated: He stated that a‘temperature of-

41:7C i nécessary to produgce any significant change in;
blood flow and'4b° C is necessary to produce.a 'maximal
reaction: Abramsofi. ¢t al. (1960) démonstrated van
increase; boinetiries approaching double, ik-blood flow
in theirsubjects following the applicatibn of heating for
a-pariod of 30 minutes; in: contiast to Hansen .and:
Kiistensen (1973); who applied the SWD for 'a period of.
five minutes only and showed smaller incfeases in flow..
Both. Wyper dnd Mchen (1976) and Millard (1961)
demonstrated somé incréase in blood flow- follawmg the
application of bothi continuatis and pulsed SWI but noted:
that it Kad.to Bo miich less than could be prodiced by
gentle or moderate, exercise. The results produced by
Wyper and McNiven (1976) ehowed that SWD did not
result i in sxgmf)cant incieddes in b]ood ﬂow whl]e atent
fold increase occurred w1th moderate exercige., M)llard
(1961) compared the v uee of SWU (condenscr field method
dosage set at maximum skin temperature to]erance for
a 20 mmute permd) wnth gcntle exeruse 'Ibmperatures\
and blood flow were meaaured in tH¢ okin, quadriceps’
muscle, tibialis anterior muscle and knee Jjoint of notrnal
hurhan subjécts. Reeults,vaned widely; the quadnccps
muscle;; the: most vascular of the structures, showed
greatest varmblhty Agam Millard (1961) notes that siy
changes are small compared with the effects of 'a few
mmutea gentle exercise’

Harris. (1963) examinéd. the effect of crmtmuous SWDon
theblood flow of people with rheumatoid arthritis and
naoted. that the increase was greatest in those. having
the least: disease nctivity. The dose was adjusted to
produce ‘maximum skin tolerance to heat’ Such results
indicate the need to evaluate trestment modalities in
relation to the tavget population.

Pulsed SWD has also been shown. to produce increases
in blood- flow; Silverman and. Pendleton (1968)
demonqtrated ‘thit both’ pulsed and eontinuous SWD
produced equal changes in temperature and blood. flow
whien, the, average power delivered was the same.
Morrissey (1968) showed.that at.low aversge powets
(40: watta) heating could not be démonstrated: whercag
abt high- average: emevrgy. levels. (B0: watts) both tisane
temperatire and blood flow increased: Thia emphasisen
the need for full and aceurate deseriptions of paramcters

in frials; this is of 'particu)ar- importance when

attempting to determiie whether pulsed SWD is ltkcly
to have athermal effects:? - - S .

The numbers in these tnala are vuncd Wyper and
MecNiven (1976) uséd only one person to evaluate the
use of continuous SWD and up to eight for the rethsining
methoda, whereas Millard: (1961) used: 150 ‘subjects
throughnut the course of hig study nf both infra-red and
SWD. It igf however, uncledar how many snbjects were.
inivolved at. each- stage of. the: work: Erdrian .(1960)
employed 20 subjects drid Morr:ssey (1966) recruited 28,
No- indication of numbers is.given by Silverman and
Pendleton (1966). Thes numbers are small, and taken
indiMdirally make generalisation. difficult; however, clear
explanations of prototol and dosage parnmefera would
facilitate compatison of differant wark-and the replication
of studwa, thue allowing'sdme conclusiona to be drawn.
The graat variety. of methodolngics adds fo thie problem
ad it muat be remembéred that each- eonligurstion: of
subject and ereatment may reault m dlﬂ”erent heating
patterm e i :

Neurologlcal Mechamsms

SWD ja claimed to be ef‘fecti,ve in the reduction of ‘Pain
(Low and: Reed, 1990; Lehmann: and de Lateur, 1982),
though these writers note the empiricel hasis for such
a suggestion. Benson and Copp (1974) assessed the pain-
threshold of normal subjects;.using-an algesimeter to
induce local pressure, nessured in kg/em? continuous
SWD was given. to the shoulder region. The condenser
field. methiod was. used for. 20 minutes at- ‘thermal
intensity’; details of electrode size and spacing only are
given. The pain threshold rose with the use-of SWD,
was  maximum immediately followirig cessation of
treatment, but returned to riormal st between 15 snd 30
minutes sfter the treatment

Ncrve conductwn haa heen ahown fo reapond to nD.
alteration in temperature, Abmmqon et al (1966)
demonstrated a significant. increase in motor nerve
conduction in the median and ulnar nerves of nnrmal
haman sub1ects following, the npphcanon of continuoua
SWD, Tn contrast, the reaults obbamed by Currier and
Nelson (1.969) were nat atatmncallv significant. They,
tested the peroneal nerve, applying. heat proximally to
ilie'sacral regiop. The heating patterns develaped by eacli
of these experimenta are likely to have been different
due to. different physieal arrangements of elvctrodes
and body tissues; this could gccount for the different
resulis,

Athermal Mechanisms

Any athermal cffecta are the subject of considerable
controversy; Low and Reed (1990) jutimate that ‘all
explanations advanced to explain the mechanisms of
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pulsed shortwave are entirely speculative’. However, they
go on to list the gross physiological effects as an increase
in the number and activity of cells in the injured region,
resorption of haematoma, reduced inflammation
and swelling, an increased rate of fibrin and collagen
deposition and organisation, and increaced nerve growth
and repair. These claims are based on a very limited
numbet of clinical studies (Wagstaff ¢t al; 1986; Barclay
et al, 1983; Goldin et al, 1981; Wilson, 1972, 1974; Kaplan
and Weinstock, 1968) and a few: experimental studies
(Cameron, 1961; Nadasdf, 1960; Rji, 1984); the effects
have not been reproduced. in all trials (Livesley et o/,
1991; Grant et af, 1989; Brown and Baker, 1987;
Krog et al, 1979; Pasila ¢ al, 1978; Constable ez al,
1971,

Much work has been done in the laat ten. years on the
effects of électromagnetic energy on biological systema.
This has in¢luded extensive work on the effects. of very
low frequeticy currents and microwave: (Adey, 1988).
Research work has led to the developmenit of the coricept:
of ‘frequeiicy windows". Tsong (1989) discusses work which
suggesta that cells are capable of absorbing.energy from
oscillating electrical ficlds of defined frequencies. and
amplitudes and using this energy to perform chemical
work, If thie proves to be so it becomea very . clear
that the details of dosage may be very important in
determining whether a treatment procedure appears to
have an effect. It is alsn likely that. damaged cells may
respond differently to stimulation, posaibly respondmg
at lower energy levels. Such a.concept would indicate
clearly the need to evaluate apecifically the effects of
pulded shortwave diathermy on human tissues, both
normal and damaged, and.not q:mply extrapolate
from other work in the area.’

Efficacy of SWD ‘
The efficacy of both continuous and pulsed SWD in the
treatment of lésions of different’types can bé evalu,ar;ed
through the use of both experimental mddels and chinical
trials, the first suggesting. appropl iate lineed of
mvestlgatmn in human qrudtes

Experimental Models

A limited number of animal studies have been conductcd
looking at’the efficacy of both continuious arid pulsed
SWD or tissue lesions of different typea The results have
varied greatly snd provide no definite anawers about the
efficacy of these modalities in clinical practice. Most
studies have been conducted on Joose-skiniied animals
such as dogs, rabbits dnd rats, in whom healing of skin
lesions differs from that in humana by being mainly
through skin contraction over the wound (Basford, 1989).
Studies whith rely on the measurerhent of wound size
over time in such modela may not therefore apply divectly
to humsn subjects. A iumber of @xperimental studics
have also used norrmal human subjects; again caution
may be neceasary when extrapolating to the clinical
aituation where tissue damage will exist. Work
examining the efficacy of ultrasound and laser have
suggested that damaged tissue may respond to
treatments of lower intensity than would affect normal
tissue (Dyson and Luke, 1986; Karu, 1988). -

Seoft Tissues -
Mixed resulis have occurred in mala evalua
healing using continuous and pulsed | SWD; ]3 )
(1990) conducted a controlled trial to examive histolggicd]
changes following application of continuous’ SWD. to
surgically induced 1éginng in a dog model. SWI wag
administered for five minutes, daily, from day two to eight
at an ‘intensity of bearable heat’ Tissue was excised for
-examination at day 15 and it was found that the collagen
presént at the site was of a more maturo type, fewer
fibroblasts were present and normal muscle fibres-were
generally identified-adjacent to the lesjon; atrophied and
necrosed musele fibreg were seen in the control animals,

Pulged- SWU is- thought to facilitate tissue healing.
Cameéron (1961) conditcted A eontrolled trinl to evaluate
the effect of pilaed SWD on healing wounds in dogs and
noted that hcalmg, at a cellular-level, was fove advanced
in those receiving treatment. Fonn (1969) examined the
effect of Diapuleson cliemically indaced haematomas-in
the ears of rabbits- and- found that -resolution was
accelerated in those enimalp receiving active traatrent:

Details.of dosage are, however, poorly defined.in this
paper, g penetration setting of ‘4’ on the Diapulse being’
indicated, . Raji (1984) conducted a double-blind trial,

evaluating the eﬂ'icacy of a.pulged electromagnetic field
(PEMF) in accelerating the. recavery of sectioned cimuion
peroneal nerves in rates; ful] details:of surg-mal pracedure;
care and the.assessment: of regeneration are: given.

Animals treated with PEMF showed faster recovery than
the control, placebo, treated group; both. in terrs of
function. and histological analysis; values.. <being
statistically significant. In this report, PEMF is mamly-
‘described inl terms of the unit veed — pulse frequency
400; Diapulse 4, peak.. power — thua- information
regarding . the dosage used is inadequate, making it
very difficult to compare this result with others or o
use the information to inform the. debate. concernmg
the efficacy of this form of treatment. :

Other workers have bean unable to provide evidence of
the efficacy of pulsed SWD in animal experimerits; Brown
and Baker (1987) créated muscle injuries in 82 rabbits
by means of injection with’ Xylocaine® . Half the animals
were treated with pulsed SWD, and treatmient
parametere were varied during the course of the
treatment in line with the suggestions of the
manufsctirers of the machirie (250 W Megnatherm
machine). No statistically signifieant difference was seen
inthe hlstolnglcal dondition of the lesions at eight or 16
days. The latter result wia deopite the fact that subjective
assessment suggestéd that thode animals treated
demonatrated slightly better ticaling Jevels. This result
confirmed the work of Constable et al (1971) who were
unable to demonetraté any difference in the tensile
strength of healing wounds in guinea piga treated with
pulsed SWD when compared with controls. Ktog et al
(1979) confirmed this view through the evaluation of the
effect of pulsed SWD on the healing on experitental skin
flaps.in rats in a double-blind contralled trial, Pull details
of procedure and dosage ave given. Seven days after
surgery -the ‘animals were sacrificed; nn statiatical
difference was found hetween the two groups in terms
of microcirculation, which would be expected to influence
the survival of the flapa.
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Agam, bhese expenmeuts examining the healing that .

oceurs m Boft tishue legions when treated w1th 8WD vary-
ini the diniérisions they fieahire, the téeatitient protbco]a
ubed’ and’ the. leslone! ¢reated. Details of dosage and

procedires are’ ot always; cotfiplete. ‘Négative ‘results .

could result fmm mapproprxate prdtotols but at present
therd is-no’ ev;dence for thid."

J omts N

Pulged SWD may ‘be’ uaed to treat JOl‘nt comhtwna,
Vanharantd (1982) - studied joint: range and’' ostey

arthritic ¢hatigen: 'in:the rabbit résultmg ft6m periodid .

1mmoblhbatwn of thie’ knee joints: half ‘receivéd
continvous' SWD by the condenser fiold: techmque at
50 W power: They were treatéd five times & week betweeh

periods of 1mmob1haation Those - animals recewmgu

SWD.. demonstrated greater lifitation : of "o1ovément,
during: free. periods and showed;equal: osteo-arthritie
chariges. ‘when ‘compared. with the untreated animalg:
The author pastulatee that this could bé due to the heat.
oncourdging. the. proliferatiofs. of collagénous; tissue
and;the. evelopm@nt of adhesions. anid; notes that this;
may, suggeat. that care should be exemsed when uging.
SWD: with pedple wha have; osten:arthritis as it-might:
exncarbaée their-eondition: This fesult contradicts: the
report of Nadasdi (1960) which suggested that arthritis

inrate was less when they had been exposed to pulsed-

SWD during the period of experimental joint datnage,
which was chemically induced: Such’ contriiry restiltd
may point to.the need for: great. care with the “choice of
paranetéty, the first study making veé of cofitiniuous
SWD. and the setdnd pulaed Clearly further work is
needéd ‘in thia area RN

L
1 P

Chmcal Tnala

Whild animat studies ¢an prov\de mf‘ormatlon about the’
actiohs of different forms ofitreatment on tissues it is
necessary to ovaluate the effocts of thése modalities in-
the human subjéct. Normal: subjects: may be studied:

but. ultimately-it is essential to perform studied on:
patient populations in order to establish the efficdcy of:
treatment on specific pathologme at dlfferont etagee of
the dmeaae process

Soft Tmsues A o o

Soft tigsue injuries have for memy years been tmated W1th
continuous-SWD but are now frequently treated withl
pulded energy: The rmajority of fecent studies: evdluate.

the pulsed' modality. Ginsberg (1961) used pulsed SWD,

(pulsé durdtioti 65 microsdconds, rests 1,685 microsgoonds

and average power-40 watts) in the resolution of 94 cages’

of calcification’in bursitis; 80% of patierita experienced’
symptomatic relicf and 42 of the 46 cases subjected to
Xrays before and aftér treatment showed signs of
reeorptlon Wilson (1972, 1974) studied acute inversion'

injuries of the ankle; in 1974 madtchéd pairs were"

allocated; at random.td two groups. The first group:-
reteived’ continuous SWD and a base treatwent of
exercise and walking instruction; the second received’
pulsed ehergy and the same base treatment, No control

or placebo groups were used as the author indicated that.

a. prior. comparison between an active and placebo,

pulséd treatmments in a similar population had shown thaf

pulsed SWD was eﬂ“ectwe in reducing pain and d1sab1|1ty
(Wilson;. 1977]. Contintious SWD was delivered for two
15-minute. per:ods w1thm the i\our. once dally Pulsed

- engrgy was given for orie Hour daily, Detaila of treatment

are’ given A notlceable dlf‘ference between the: two
treatmient regﬁ’nena fies:in the total power delwered
contifiioud SWD. résulted in 22% wait-hours energy
being ‘recéived while thode on the pulsed programme
received 16y watt- houre Those recmvmg pulsed energy
dleplayed gredter 1mprovement. (82 8%) in terma “of
swellmg, pain and dwabthy tharn those inthe continuous
SWD: aroup’ (44.2%). Wilson: (1974) notes that grcatcr
1mprovement occuried using the lower energy
transmigsion and suggesta that thm‘may md1cato that
pulsed energy acts\ in waya other than through heatmg

Raplan and Weinstdck (1968) condiitted a double. blind
conttolled trial to evaluate the efféct of pulsed SWD'
on post stirgital oadema following foot’ Butgery;. thned
veceiving ‘treatmernt demonstrated less paid and
oedema: thdn the, control groip. Resolution of bruising:
and bwelling otciirred more rapidly- in. those réceiving

‘treatment in & randomised,. ontrolled. trial of -boys

undergoing. orchtdopexy (Bentall and Eckatein, 1976);
thesé two parameters wero fouiid to resolve more rap:dly
in those treated with pulsed enerdy. Significantly
improved healing of Burgical woundas following a varicty:
of typea of oral surgery’ were claimed by, Aronofaky (1971);.
mﬂammat:on, pain‘dnd healing were evaliiated by the:
clinician. :The methods of aaaesameni- used. relied on
clinical experienee and thug were subjective. Details of
dosage (pulse lengt}i, 65 microssconds, pulse: frequency
600, peak power 975 watts, averdge powet 38 wattg),
length sind fraguendy of tréatment ate giver and i control
group ricorporated into the desigh. N icolle and Bentall
(1982} produced: sifnilar results following bi-latoral
blephamp]asty, 21 consecutive patients. were treated uni-.
laterally with contifwious puleed SWD (27.12 MH?, 1,000
pulees per second, 100 microseconda pulle duratmn)
Nitieteen subjécts ahowed ‘significant banefit in terms of
awelllng and inflammation on the treated sudo when
compared with. the untreated control side,, . -

Goldin et al ( 1981) examinéd the healing. of grafta in a
controlled trial. The: parameters were given as peak
output 975 watts, 400 pulses per second, pulse duration
66 microseconds, mean energy output 26.3 watts, Healing -
was evaluated at seven days and pain monitored during
the period of treatment.. Heahng in thoge receiving active
treatment was more advanced. There is no dwcuasmn
abput the pain measurements -

Fmally, Barclay ef ¢/ (1983) evalustéd thé pulsed énergy
on 230.patients with a vatiety of hiand injitics, randomly
allocated to ejther treatment or on-treatment groups,

Swellmg, disability and pain were asseased. Diosage
parameters are givern in full (27.12 MHz, 65-microsecond.
pulbes, 1,600-microsecond vest. phasés, 975 watts peak
power; estitated. to recéive about 4 watts total energy).

Those treated responded. by showing gréater healing,
especially with. respect to the, parameter of swelling;

this liad marked cffects on the pain experienced and

the function demanstrated:
'

Not: all researchers have been able to demonatrate such
positive results: Pasila ¢t al (1978), Barker ef al (1985),
Grant et ol (1989) and McGill (1988) were unable to
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Some treatmerit parameters and a full description of the
clinical protocol and ‘@ssessment are given, No’ otlier
active physiotherapy treatment was given. However,
those wha were thought to riced such tnapagemeént were
withdrawn from' the study after thrée days becaise
the authots wers concerned about ethical jssuds; this
will undoubtedly lave affécted the results. N6 differencé
was found between those receiving either the active or
placebo tredtment but these results must be viewad with
caution in the light of the limited information concerning-
dosage parameters and the withdrawal of certain subjects

from the trial. . L o -
Grant et:al (1989) evaluated petoneal trauma following
childbirth, comparing ultrasound dnd pulsed electro-
magnetic energy. Patients were randomly: allocated: to:
either of these tradtments or to matched placebn groups:-
The patameters given:included. frequency and duration:
(27 MHz, 100 pulses per sccond, 65-microsecond pulse
width, duration ten minutes) but not intensity or.power.
Pain and healing were asséssed immedidtely after
treatment; atiten days and: after three moriths; 90% of:

all the wornén, including those in the placebo group,”

felt that.the treatment had helped, but there were no
ohjective differences between the groups. .
Livesley et al(1991) éxamined the use of pulsed SWD'in
the treatment of rinimally displdced fractures of the
peck of the huméris iri a vandonised éontroled trial,
Active ' troatment parameters given include pulse
frequericy of 35, but not duration, and a peak power of
300 watts, Intonsity is given in terms of the Curapulse
machitie, ‘intensity levél 3’ being indicated. Both groups.
additionally received standardised physiotherspy
treatment. No significant difference was found between
the placebo and active treatment groups.

Differences in treatment -parameters and protocols,
though not excessive, may account for the diversity of
results obtained by these workers. A comparison. of the-
different parameters used by researchers examining the
efficacy of pulsed SWD is given in table 2. It can be seen
that in many instances the information given is deficiont;
there are, howevet, no clear differences between the-
offective and ineffective groups which could be said to
indicate reasons for euccess. or failure to achieve

significant clinical results.

Joint Studies

Osteo-arthrosis (OA) is frequently treated by the use of

either continuéus or pulsed SWD. A number. of studies
have evaluated the efficacy of auch treatments. Quirk et
al (1985) studied 38 patients with OA of tho kneg,
randomly allocating them to. three treatment groups;"
interferential stiraulation plus exercise, continuous SWD
plus extercise, and oxercige only. Numbers of interventions
varied, being less for the Jast gronp; SWD was given by
the condenser field méthod for 20 minutes. No further
detaila of treatment are given. The results indicated that
all three groups showed a significant and similar

¢ deevesse in'pain levels and an improvement in the mesn

measure of their clinical condition. This s in keeping
with work of Clarke et ol (1974) who compared. ice,
continious shortwave diathermy and placcho shortwave
diatherny treatments for OA kieés; they noted equal
improvement in all three groups af. three months
after treatment. Chamberlain et al (1982) eompared
continuous SWD plus exercise with exercise alone and
found both equally effective in relieving symptoms four
weeks . after treatment, however; the. effect was only
maintained at 12 weeks in those who continued the
exercises, suggesting that the exercise. may have. been
the effective intervention. Trials are needed, which
separate the exercise element from. the heat element,
though soing feel that ethical problems may ensue
(Quirk et.al, 1985) ,
Ttja difficult'to- make eny jidgements concerning the
clinical - efficacy of these modalities based on’ these
studies; Poor definition of parametérs and the complexity
of some of these trials, involving tuitiberd of treatment
modalities; praclude compsrisons: and replication.
Experimerital studies- are heeded  which attempt to

aatablish the types of dosags pardmeters whith are likely:

to be most effective; these should he followed byt clinical
trials: it which the eéntrol and. recording- of thes#
detaild ig stringent. - RS

Pain Relief N L
Pain rolief due to the use of SWD has beén' assessed in
a number of different conditions; Nwuga (1982), Gibson
et al (1985)-and Wagstaff et al (1986) have studied the
efficacy of both conti nudus and pulged SWD 6h low bael:
pain. Nwuga (1982) demonstrated that the use of

continuous SWD dnd continuous SWD plus.exercisé were,

equally effective in relieving low back pair and suggested
that this indicates that continuous SWD ix. effective in

wirll

the. treatment of low back: pain. Gibsor: et al (1985)

evaluated the efficacy of continuoba SWD, oateopathie:

treatment. and placebo continuous SWD: patients were:

randomly allocated to three groups, and stratified for age

and duration of symptoms; no details are given for any.
of the types of treatment. All three groups demonstrated:

similar levels of improvement, about half of the patidnts
showing significant degrees of reliof after both two weeks:

and 12 weeks. The writers suggest that a placebo efféct:
may have been responsible for improvement in all cases,

Waggtaff c't':a.,l (1988) randomly allacated people with low
back pain to three groups, receiving either. continuous

SWD or pulsed magnetic eneigy of different frequencies:’

Most details of treatment are given, though the power
delivered to patients recciving continuous SWD is
lacking. All patients veceived similar instructions about
exercige and were given back care advice. All patientsg
demonstrated significant pain relief, measured with a’

visual analogue scale, though those receiving pulsed.
energy experienced greater relief. No placebo or control,

group was used, making it difficult to draw firm
conclusions. The difference between the continous and
pulsed groups could be attributed to the use of pulsed
energy but it ja not possible to judge whether continuous
energy had any effect due to the confounding effects of
the exercise and advice. The authors, however, appeal to
the work of Nwuga (1982) to suggest that continuous
SWD is effective in tredting low back pain,
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Table 2; Pulsed-shortwave dlathermy: Detalls of dosage parameters used In-clinical trlals

o]
)

" Length of - -

. Peak A;feragé-,' longth' freduency - time.

" Pulde  Pulse . Rest

e . Condition - . lroatimenr - ' .. power " peer: © (Mmlerd: per - (micro- ' L
Authors lreated .. (minutes) . Frequency (W)  "(W)." sebords) . second . socbnds). Othér dotalld
PulhndSWD gff_a(;.i‘lvéﬂ . . O . L . ,
Qinsberg.(1861)  Bursils . 10, - o = 1025 40 - 85 600 ~ 1665  Addiional fowar -

o ‘ : doss t¢ liver and
adrenals:. . .- :
Max no of visits
S ; " S C : : " .. apparenlly 34 .
Aronofsky (1971) Surgical wound 15 24 houre. .. 975 38 -85 600 N/ :
o o ’ pre-op... - : o -
© then at 24,
- AB and ¢ .

o .72 hours' o A :
Wilgon (1§74 Inversioh injury - 60 ‘Oallyfor. - 975 — .65 NA 1600 v
oo ofankly . o ddays " L T o
Bdntall and Ofchldopexy 20 - Indally™: = = T~ . 500 "Dose: Jevel-§ ...
Eckstain (1875) - for 4 days: .- _ o Diapulsa. Additional
. : . - Co ‘ 10 min lowér dose

s o ‘ B - " to eplgastrium’
Goldin of al .. . Skin:grafts.., . 30 Preopthen 975 263 65 400 NAC R
(1981). . ' 8-hourly for S o S
Nicolls arid. - Blepharoplasty Continuous. 24 houra;; —  "=: 100 ~ 1000 N/A-

Bentall (1983) .
Barclgy of al’
(1983) "
Puised SWD Ineffectiva. . .
Paslld ot /.. "~ Ankle and foot, 20. . _
(1978) ... 8prains, ’ ddays | =

Barket ot al  Lateral ligament 46 Dally for .~
(1988). 0 . .Injurles: .. - ' 3 days. +

Hand ifjutles: 2 x 30~ Daliyt6* - 875
R discherge

Daliy for ... —

Qrant of al Perdnéal traua 10 Max 6t 3  —
(1989): A : In 36 hrs
McQilF (1968)  Ankid spraine 3 x 15° ° 3'consec ‘ ‘—
L L . : days © .
Liveslay et al ' Fracturs head 30 Dally for 300
(1992)-.. - - of humetus. 10 days.. -

>4 8  NA 1800
= = = Biapulse’’
40t - : ~ T tCurapuled.
- R 640; - =~ . Theraflold beta:: !
. .« - seiting'high’ .
- &5 S 1000 = o -
196" - 82 (Hz) — -
— — B = Intensity 3
P — - Curapulser

Foley-Nolan- et at (1990) conducted ‘a double-blind,
controlled study to examine the efféct of pulsed SWD o
peraigtent neck pain. Subjects had petsistent pain of eight
weeks or more duration; pulsed SWD was applied via a
cervical collar for 2 minimum of eight hours per day. The
mean power supplied wds 1.6 mW/em?, the pulée width
6(Q microsécotids and the fréquéncy 460 cycles per decond.
Pajn and renge of movemient were assessed after three
and sit weeks" treatmenti Those receiving active
treatment démonstrated an indrease in range. and
a decrease in' pgdin which continued over the: full
period. - :

Post-srirgica) pain haa been studied by Roed et ! (1987),
who conducted & randomised double-blind controlled trial
to evaluate the effect of using PEME to relieve pain
following. inguinal herniorrhaphy. They etate that no
heating effect would result from the active treatment,
which recorded a maximum output power of ore watt.
Full details of method are given. No significant analgesic
effect could be detected. Svarcova et al (1988) examined
the use of pulsed SWD, ultrasound and galvanic current

in the relief of pain in 180 subjects suffering from OA
of the hip joint. Half of each group also received. active
drug: treatment and the other half placebo drug
treatment. The authors-concluded that pain relief was
considerable for all groups and no significant differences:
could be found between the groupa: Sylvester (1990)
claims also significant pain relief:in patients sufferirig
from osteo-arthritis-of the hip whe# treated with either
continuous SWD and exereise or hydrotherapy; no detail
of the SWD treatment is given and, as exercise is given
in both tréatments, it is impossible to know whether the
SWD contributed to the result in any. way. :

Resuits again are mixed and'the quality of informatiori
provided in the studies is very varied. Somié déscriptions
of protocol and dosage ard incomplete and numbers vary
from 14 and 23 (Sylvester, 1990; Wagstaff et al, 1986) to
109 (Gibaon et al, 1986). Random allécation and control
groupa are sometimes used and lielp in controlling
variables. The choice of dosage parameters employed
varies and appears to do so according to the preferences
of the workers rather than being based on previous
work and results,
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Hazards

Shortwave diathermy results in thermal and, possibly,
athermal effects on the tissues. Used carelessly, damage
can be caused to the operator or subject. Delpizzo and
Joyner (1987) note that the thermal effects of SWD can
lead to » nurber of hazards, the nature of which depends
on the specificity, of the organ (specialised tisaves such
as the testes and ovaries may be at risk from SWD —
Michaelsor;- 1990; Delpizzo and Joyner, 1987), the
intensity and duration of the exposure and the size and
health condition of the individual,

Burns and scalds can arise as the result of overdoges or
can- arise using normal levels of radiation. Guy et ol
(1974) and Christensen and Durney (1981) have shown
that the subcutaneous fat layer is more casily heated
than nivscle tissue when using capacitor type
applicators. Delpiazo and Joyner (1987) recommend that
such applicators should not be used for obege patients.
The use of applicators making use of the magnetic fields
are to be recommended for such subjects. Scalds can
easily arise and care should be taken always to use dry
towelling materials; all synthetic tmaterials should be
avoided, clothing and dressings removed and the part
exposed to view. Jf moisture appears, the writers
recommend stopping the treatment, drying the area and
then continuing.

Adverse effects from the use of electromagnetic therapy
have been noted; a Canadian survey (DHW, 1980)
demonstrated that about 4% of patients suffered from
increased p‘ﬁi'n, burns and pacemaker interference.

Cancer cells reapond to heating by proliferation, when
the temiperature achieved is in the region of 40—41 °C,
or by death whey the temperature vises above this level
(Burr, 1974). The temperature -developed in 2 tumour
tends to be higher than in the surrounding tissues (Babbe
and Dewitt, 1981) and thus; even when very mild thermal
heating is being delivered, there is a risk of accelerating
cancerous growth with therapeutic diathermy.

SWD has been shown to cause abortion and abnormal
fetal development in animal models (Edwards, 1967,
* 1978). Brown-Woodman ez a! (1989) demonstrated reduced
fertility levels in rata following vepeated exposure to
radiofrequency fields close to a SWD device. Kallen ot al
(1982) demonatrated an above average rate of abortion
and abnormal feta) development in physiotherapists in
Sweden, following the use of SWD equipment. More
racently, Toskinen et al (1990) suggested that analysie
of data conceruning therapiste exposed to SWD showed
an'.insignificant relatjonship between exposure and
spontaneous abortion but a significant asasociation
with congenital malformations, though only in the
low ‘exposure category. However, they conclude that
‘the finding of an association between the exposure
to shortwaves and congenital malformations does not
justify conclusions of .a causal relationship. This
evidence, in association with a limited number of
other very small studies, would suggest that it is
wige, though any danger is not proven, to avoid SWD
exposure during pregnancy.
Metals intensify electromagnetic fields and therefore
should not be allowed to enter the f{ield; cardiac
pacemakers may suffer interference; and logs of pain and
thermal sensation contra-indicate SWD (Delpizzo and

Joyner, 1987). Copper-bearing intra-uterine devices may,
however, be used by both patienis and operators as
contraceptive devices; Nielson et af (1979) caleulated the
likely rise in temperature in these devices when placed
in therapeutic field. They calculated that the rise in
temperature would be appreciably less than 1.6 °C and
suggest that there is no reason for such devices to be
removed prior to treatment.

Care should be taken when positioning machines within
the clinical setting as it is possibie to produce excessive
energy fields due to reflectivns from metallic filing
cabinets, wall mountings and other equipment (Delpizzo
and Joyner, 1987). Those operating SWD ‘machinery
should be within recommended limits if they remain
approxjmately 1 m from the applicatora and 0.5 m from
the cables (Delpizzo and Joyner,. 1987 DHW, 1983).
McDowell and Lunt (1991) examined Megapulse
machinery in terms of the fields surrounding machines
and possible interference with other equipment such ag
telephones. He noted that the Nationa) Radiation Pro-
tection Board limits were exceeded only at distances of
less than 50 cm from machines, and thus presented no
hazard to staff. Interference with sensitive equipment
is possible but the levels are such that damage is
unlikely; a 1 m distance is recommended as a precaution.

This view is backed by studies in both the USA (Ruggera,
1980) and Canada (Stuchly et o/, 1982). Exceptiona have
however been noted, some machines displaying unwanted
power densities (Ruggera, 1980). Regular testing of
equipment is recomimended to avoid such ‘rogue’
machines being allowed to operate unchecked.

A code of practice for the safe use of SWD is provided
by Delpizzo and Joyner (1987) for the use of therapists
in Australia; thig reflects the guide lines produced by the
Canadian Department of Heslth and Welfare (DHW)
[Canada), 1983). The Electrotherapy Safety Committee
of the Chartered Society of Physiotherapy is currently
producing a similar document for uee by therapists.

Conclusion

Both continuous and pulsed SWD have been used for
some time in the management of people with a variety
of conditions. Although it is generally accepted that an
increase in temperature, such, as may be produced by
eontinuous. SWD, will result jn a number of well-
documented physiological effects, few clinical trials have
been conducted which examihe the efficacy of such
treatment in isolation from other therapeutic measures,
There is scant evidence for the efficacy of pulsed SWD;
:u: is still not clear whether such treatments are effective
in aid_ing healing and relieving symptoms in both the
experimental situation and in cliniea) conditiona. Trials
are required which systematically exsniine different
dosage parameters and treatment protocols in both
situations. Specific clinical conditions must be examined
and both acute and chronic complaints should be
evaluated. Ways need to be found of minimising the
confounding effects of adjunct therapy if it proves
unacceptable to remove them altogether.

F_urther well defined and controlled trials are needed to
discover the cffects and benefits that these forms of
treatment may offer in certain defined situstions.
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