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Effect of pulsed short-wave diathermy on pain and
function of subjects with osteoarthritis of the knee: a
placebo-controlled double-blind clinical trial
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Objective: To examine the effects of pulsed short-wave diathermy (PSWD),
delivered at an intensity sufficient to induce a thermal sensation and at an athermal
intensity, in comparison with a placebo short-wave diathermy treatment, on reported
pain, stiffness and functional ability and on mobility performance of patients with
osteoarthritis of the knee.
Design: A placebo-controlled double-blind trial with sequential allocation of patients
to different treatment groups.
Setting: Outpatient physiotherapy department.
Subjects: One hundred and three consecutive patients, mean age 73.7 (±6.6) years
with osteoarthritis of one or both knees for at least three months.
Interventions: All participants received three 20-min-long treatments per week for
three weeks. One group received PSWD with mean power of 18 W (thermal effect),
one group received PSWD with mean power of 1.8 W (athermal effect), and one
group received sham short-wave diathermy treatment. Patients were assessed
before the initial treatment, immediately following the last treatment, and at a
three-month follow-up.
Main measures: Outcome measures included the WOMAC Osteoarthritis Index,
which assessed reported pain, stiffness, and functional ability, and four measures of
mobility performance: Timed Get Up and Go test (TGUG), stair-climbing, stair-
descending and a 3-min walk.
Results: A difference across time was observed for the pain and stiffness categories
of the WOMAC Osteoarthritis Index (p = 0.033 and p= 0.008, respectively), with no
differences between groups. No other significant differences across time or between
groups were observed in any of the other measures.
Conclusion: The findings do not demonstrate pulsed short-wave diathermy, as it is
utilized in clinical settings, to be effective in the treatment of osteoarthritis of the
knee.
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Introduction

Osteoarthritis (OA) of the knee joint occurs in over
6% of adults aged 30 and above, often resulting in
extreme pain, stiffness, joint swelling, and loss of
lower limb muscle strength.' These impairments
result in marked functional limitations that ac-
count for the highest percentage of disability in
walking, stair-climbing and housekeeping among
the noninstitutionalized elderly population.2

Patients with OA of the knee are offered a

variety of electrotherapy modalities including
short-wave diathermy (SWD), which utilizes elec-
tromagnetic radiation at 27.12 MHz, delivered in
either a continuous (CSWD) or a pulsed (PSWD)
mode.34 It is generally accepted that the major
physiological effects of CSWD are related to an

induced increase in tissue temperature. These
effects include vasodilatation, elevation of pain
threshold, reduction in muscle spasm, acceleration
of cellular activity and increased soft tissue ex-

tensibility.4-6
The existence of physiological effects unrelated

to an increase in tissue temperature, that is,
athermal affects, which might be achieved with
PSWD is based primarily on research suggesting
that cells are capable of absorbing energy from
oscillating electrical fields of defined frequencies
and/or amplitudes, which provokes or enhances
cellular activity.7 8 Although PSWD has been
reported to have positive effects on tissue healing,
resorption of a haematoma, reduction of inflam-
mation and swelling, and increase of collagen
deposition and nerve growth, these effects are still
under debate due to the small number of conflict-
ing studies on which they are based.6'8 9 Further-
more, studies demonstrate that PSWD may also
induce an elevation of tissue temperature that is
dependent on the total average power deliv-
ered.' 0"'

Despite the uncertainty concerning the general
effectiveness of PSWD, surveys indicate that it is
an extremely popular treatment modality.4 12,13
PSWD, as opposed to CSWD, is particularly
popular in the treatment of OA, as early animal
studies indicate that increasing joint temperature
may increase proliferation of intracapsular con-
nective tissue and formation of adhesions, which
would be detrimental in arthritic conditions,
especially in the acute stage.'4

Despite the popularity of this modality, the
effectiveness of SWD and in particular PSWD
for the treatment of OA have been only sporadi-
cally examined, and most studies are characterized
by poor experimental design.4 15 16 A recent rela-
tively well-controlled study in patients with OA
indicated no differences in pain level between the
active and placebo PSWD treatments, although
both tended to improve during treatment and
worsen after its withdrawal.17 The purpose of the
present study is to examine whether there are any
differences between PSWD, whether delivered at
an intensity sufficient to induce a thermal sensa-
tion or at an athermal intensity, and a placebo
treatment in terms of their effect on pain, stiffness,
and functional ability of patients with OA of the
knees.

Methods

Subjects
All patients living in the community and referred

to a large outpatient physiotherapy department
with a diagnosis of OA of the knee between
November 2002 and May 2003 were screened for
eligibility. Inclusion criteria were: (1) age 65 and
above; (2) primary OA of one or both knee joints;
(3) grade 2-3 knee OA, based on the Kellgren-
Lawrence classification,'1 as evidenced by a radio-
graph and interpreted by a trained rheumatologist
blind to treatment allocation; (4) knee pain for at
least three months; (5) independent ambulation
with or without an assistive device; (6) no phy-
siotherapy treatment for knee problems in the last
month; (7) no previous knee surgery or knee joint
injection in the last three months; (8) no change in
medication in the last month; (9) normal sensation
for warmth in the knee region; (10) no other
orthopaedic or neurological disease that could
affect pain and/or disability; and (11) no contra-
indication to SWD, particularly no presence of
metal implants, pacemakers, joint effusion or
malignancy.

Procedure
The study was approved by the Institutional

Ethical Review Board, and all of the subjects who
met the inclusion criteria and who agreed to
participate in the study gave their written informed
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consent. Figure 1 presents the overall plan of the
study. Initial screening for eligibility in accordance
with the inclusion criteria was carried out by the
secretary of the physiotherapy department, who
reviewed the referrals, conducted a phone inter-
view, and obtained a recent (up to three months
old) knee radiograph to be assessed by the
rheumatologist on the team (MN). The patient
was then referred to a physical therapist (RZ), who
explained to the patients the purpose and placebo-
controlled design of the study, obtained their
informed consent, and performed the initial assess-
ment. This therapist was also responsible for
conducting the subsequent assessments, while
remaining blind to the patients' group allocation.
Following the initial assessment, patients were
referred to a physical therapist (RP), who was
responsible for sequential allocation of the patients
by order of acceptance in to the study to one of
three groups, (two PSWD treatment groups and
one SWD placebo group). This therapist was also
responsible for carrying out all treatments, but was
not involved in any of the assessments or data
analysis.

Intervention
All SWD treatments were conducted without

revealing to the subjects the type of treatment
undertaken. Treatments were administered with
one of two Curapuls 670 machines (manufactured
by Enraf-Nonius, Delft, The Netherlands), which
operate at a frequency of 27.12 MHz. The power
output of the machines was examined prior to
beginning the study. During the treatment, the
subjects sat comfortably with a single Circuplode
inductive electrode applied at a 3-cm distance from
the anterior aspect of the knee. The machine's
panel was directed out of the patients' view.
Patients complaining of pain in both knees were
given identical treatment for both knees.

All participants received three 20-min-long
treatments per week for three weeks, for a total
of nine treatments. No other treatment was offered
to the patients during this period. The difference
between the groups was in dosage only. For the
high-intensity PSWD (H-PSWD) treatment, the
machine's programme was set at 'chronic osteo-
arthritis' and delivered electromagnetic waves with
a pulse duration of 300 js; a pulse frequency of

H-PSWD L-PSWD S$WD

n=37 n=-41 n=37

Dropped due to t pain n,=2 nr3 n=3

Dropped, unrelated reason r-3 n-O 1n=1

Entered study, n=103

Second Assessment n=32 38 n=33

Refused n,4, no improvement n=1, no improvement n=1, feeling better

Lost for follow-up n-1 n-O n=1

Third Assessment n=27 n=37 n=31

Figure 1 Overall plan of the study.
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300 Hz; peak power of 200 W; and mean power of
18 W All subjects treated with this dose reported a
comfortable feeling of warmth. For the low-
intensity PSWD (L-PSWD) treatment, the ma-
chine's programme was set at 'acute osteoarthritis'
and delivered electromagnetic waves with a pulse
duration of 82 is; a pulse frequency of 110 Hz;
peak power of 200 W; and mean power of 1.8 W
All subjects treated with this dose reported no
feeling of warmth. The placebo treatment with the
sham SWD (SSWD) consisted of turning on the
SWD apparatus and setting the timer for 20 min
without raising the power. All the patients were
told was that a feeling of warmth was not
necessary for the treatment to be effective.

Assessment
Patients were assessed three times: (1) before the

initial treatment (pre-test); (2) at the end of the last
treatment (post-test); and (3) 12 weeks following
the last treatment (follow-up). General biographi-
cal data were obtained in the initial evaluation.
Patients reported analgesic and anti-inflammatory
medications taken in the last week prior to each
assessment. Each assessment included a disease-
related health status questionnaire and four tests
examining functional mobility. For all functional
mobility tests the subjects wore shoes, and those
who habitually used a cane while walking were
permitted to use it during the tests. Test order was
maintained in all assessments, and patients were
allowed 3-5 min rests between the mobility tests.
The following outcome measures were included in
each evaluation:

* WOMAC Osteoarthritis Index (version VA
3.0) This is a disease-specific, patient-centred
health status questionnaire, used to evaluate
pain, stiffness and functional ability of the
subjects.'9'20 Each of the 17 items of the
questionnaire was scored by the patient on a
10-cm rule, with responses rounded to the
nearest whole number. Overall scores and scores
of the items composing each category were used
for analysis.

* The Timed Get Up and Go (TGUG) test For
the TGUG test, subjects were seated on the
same straight chair with their feet flat on
the floor. A stopwatch was used to measure
the time it took the subjects to stand up, walk

3 m, turn around, and return safely to a sitting
position on the chair. The test has been shown
to be a reliable measure of functional mobility
for subjects with knee OA.21

* Timed stair-climbing Number of seconds
(measured with a stopwatch) taken to climb a
flight of 15 stairs, with each step 15 cm high.
Subjects were allowed to use the rail as neces-
sary.

* Timed stair-descending Number of seconds
taken to descend the same flight of stairs, as
measured with a stopwatch.

* Three-minute wvalk Number of meters subjects
walked during a 3-min walk. The test was
performed in a 14-m-long corridor, with pa-
tients walking back and forth. Time was mea-
sured with a stopwatch, and distance was
measured to the nearest metre.

Analysis
Statistical analysis of the test variables employed

preplanned contrasts within repeated measures
analysis of variance (ANOVA), where treatment
group, time and their interaction served as inde-
pendent variables. Excel (Microsoft Corporation,
Redmond, WA, USA) and JMP (SAS Institute,
Cary, NC, USA) were employed for data manage-
ment and data analysis.

Results

Figure 1 presents the overall plan of the study, the
number of subjects in each group, attrition num-
bers, and the causes for attrition during the course
of the study. No adverse reactions to the treatment
were reported by the subjects. Subjects' character-
istics by treatment group are presented in Table 1.
All means and standard deviation scores of the
outcome measures by treatment group are pre-
sented in Table 2. Mean and standard deviation of
change scores between the pre- and post-tests and
between the pre-test and follow-up are presented in
Table 3.
ANOVAs of the WOMAC overall and func-

tional ability scores indicate no interactions be-
tween groups and time and no significant
differences between groups or test time. ANOVAs
of the WOMAC pain and stiffness scores indicate
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Table 1 Subjects' characteristics by treatment group

H-PSWD (n 32) L-PSWD (n = 38) S-SWD (n = 33)

Age (mean +SD) 72.66+6.36 74.79+6.58 73.33 +6.91
Gender (F/M) 29/3 31/7 22/11
Painful knee (R/L) 16/11 15/20 14/13
Knees treated (1/2) 6/26 10/28 10/23
Used a cane 1 6 1
Subjects' daily drug intake at second assessment

Analgesic 5 3 2
NSAID 9 6 6

Changes in drug intake at the three-month follow-up
Started NSAID 1 1
Stopped NSAID 2 3 3

NSAID, nonsteroidal anti-inflammatory drag; H-PSWD, high-intensity pulsed short-wave diathermy; L-PSWD, low-intensity
pulsed short-wave diathermy; S-SWD, sham short-wave diathermy.

no significant interaction between group and time,
and no significant differences between groups. The
effect of test time, however, was significant, with
p = 0.033 and p = 0.008 for pain and stiffness,
respectively. Preplanned contrasts within each
group indicate a change over time for stiffness
only in the group receiving placebo treatment
(comparison between pre- and post-test, and
between pre-test and follow-up: p = 0.0008 and
p = 0.0265, respectively). Preplanned contrasts
within each group indicate a trend for a change
between pre-test and follow-up (p = 0.0855) for
pain only in the group receiving L-PSWD.
ANOVAs of all functional mobility outcome

measures (TGUG, 3-min walk, stair-climbing and
stair-descending) indicate no interactions between
groups and time and no significant differences
between groups or test time.

Discussion

The results of the present study demonstrate no
differences between the effects of PSWD and an
SWD placebo treatment on the self-reported
measures of pain, stiffness and functional activity
(WOMAC) or on objective measures of functional
performance. This was true whether the PSWD
was delivered at intensity sufficient to induce a
thermal sensation (H-PSWD) or at an athermal
level (L-PSWD). The results also indicate a
decrease in reported joint stiffness and pain over
time, which did not differ between groups. No

changes in functional performance over time were
observed in any of the groups.

Despite the prevalent use of SWD for the
treatment of arthritic conditions,4 literature re-
views conducted in 1999 and in 2001 revealed only
two studies utilizing an experimental model of
arthritis in animals and 10 clinical trials investigat-
ing the effect of SWD on osteoarthritic condi-
tions.15'16 To the best of our knowledge, no further
studies on this issue have been published since.
However, more surprising is that in spite of the
popularity of PSWD, only one animal study and
two clinical studies have focused on the effective-
ness of this form of SWD delivery for the treat-
ment of OA. Whereas the early animal study
demonstrated that PSWD significantly inhibited
inflammation during experimental joint damage,22
the clinical studies are less conclusive. In the earlier
of these two studies, different electrotherapy mod-
alities (ultrasound, direct current and PSWD) were
compared when delivered with either an anti-
inflammatory medication or with a placebo
drug.23 While pain was reportedly reduced in all
groups, this was significant only when physiother-
apy was combined with drug treatment. The results
as to the effectiveness of PSWD were thus incon-
clusive, especially because the groups were not
sufficiently controlled and the SWD treatment
dosage was unconventional, involving an extremely
high-pulse frequency (46 MHz) and short (2-min)
treatment durations.

In a more recent well-controlled study, Moffett
et al.'7 compared the effectiveness of PSWD with
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Table 3 Change scores between pre- and post-tests and pre-test and follow-up by group (means+SD)

H-PSWD L-PSWD S-SWD

Pre- to Pre-test to Pre- to Pre-test to Pre- to Pre-test to
post-test follow-up post-test follow-up post-test follow-up

Pain score (0-10) -0.41+2.05 -0.86+2.47 -0.40 +2.16 -0.77 +2.58 -0.53 +1.76 - 1.04+2.62
Stiffness score (0-10) -0.56+3.85 - 1.11 +3.10 -0.47 +3.02 -0.55 +3.95 -1.94+3.17 -1.65 +3.5
ADL score (0-10) -0.06+1.72 -0.46+1.98 -0.10+1.56 -0.31 +1.83 -0.12+1.54 0.06+1.81
Overall -0.18 +1.71 -0.55 +1.94 -0.20 +1.54 -0.42 +1.91 -0.37 +1.42 -0.81 +1.97
Functional tests
Get up & go (s) 0.06+5.41 -0.64+5.00 - 1.00+3.78 0.94+7.57 -1.76+4.42 -0.63+3.62
3-min walk (m) - 1.34+27.58 -8.24±40.33 -2.00+18.63 -3.27 +23.48 5.94+20.28 3.00+19.32
Upstairs (s) -0.17 +4.91 -0.46+6.23 -0.63 +7.03 0.67 +6.21 -0.57 +3.02 -0.53 +3.17
Downstairs (s) 0.90+6.23 -0.53 +6.01 0.26+3.53 0.46+4.21 -1.37 +4.82 -0.24+3.24

H-PSWD, high-intensity pulsed short-wave diathermy; L-PSWD, low-intensity pulsed short-wave diathermy; S-SWD, sham
short-wave diathermy.

placebo PSWD and no treatment for the relief of
pain in patients with OA of the knee or hip. The
active treatment protocol involved PSWD at a
mean wattage of 23 W with pulse frequency set at
82 Hz (the relevant data concerning pulse duration
and peak wattage were not reported). The treat-
ment was administered three times per week for
15 min over a three-week period, for a total of nine
treatments. Outcome measures included a general
health questionnaire and a self-report on pain and
general benefit, which were assessed pre and post
treatment and at one- and three-month follow-ups.
Results indicated no differences in pain level
between the active and placebo treatments,
although both tended to improve during treatment
and worsen after its withdrawal. There were no
significant differences between groups over time in
the other outcome variables.
Given the high incidence of knee OA and

referral to physiotherapy for SWD treatment, the
authors of the present study took it upon them-
selves to revisit this important study with some
modifications. The first modification relates to the
treatment dosage. Although the existence of the
athermal effects of SWD are controversial, PSWD
is generally considered to be an appropriate
treatment modality due to its ability to deliver
electromagnetic energy to the tissues with no
concurrent increase in tissue temperature.6 How-
ever, studies have demonstrated that PSWD may in
fact produce a heating effect, which is dependent
on treatment dosage. Thus, Bricknell and Watson24
have demonstrated that when pulse frequency and

duration were maintained at a constant setting of
400 Hz and 400 ,us, respectively, a definite thermal
sensation was reported at an average power of
10.88 (+3.22) W In another study, where peak
power and pulse duration were maintained at a
constant setting of 190 W and 400 rs, respectively,
and only pulse frequency was varied, a 'possible'
thermal sensation was obtained at an average
power of 13.8 (±7.1) W and a 'definite' thermal
sensation at an average power of 21.2 (+8.2) W'°
Thus, there is a high probability that the mean
power of 23 W used by Moffett et al. 17 did in fact
induce a temperature increase in the tissues.

It has been demonstrated in an experimental
model of OA using rabbit knees that increases in
joint temperature induced by SWD may adversely
affect knee mobility. 14 Thus, in order to fully
examine the possible positive outcomes of
PSWD, it seems imperative that a truly athermal
dosage be used. Therefore, in the present study a
comparison was made between treatments with a
mean dose of 18 W, which induced a definite
thermal sensation, and an athermal mean dose of
1.8 W It should be noted that these dosages were
chosen in accordance with the recommendations of
the manufacturer of the SWD machine used, as
these were the preprogrammed dosages for acute
OA (1.8 W) and chronic OA (18 W).
The second modification in this study relates to

the outcome measures used. Rather than using a
general health questionnaire, we chose to employ
the WOMAC Osteoarthritis Index, which is a
disease-specific health status measure used exten-
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sively to evaluate treatment efficacy in patients
with OA of the knee.'9 Furthermore, it is suggested
that because self-report measures of function are
limited to determining the perception of one's
ability to perform a given task, whereas perfor-
mance-based measures assess the person's actual
ability to do so, a comprehensive examination
should probably include the latter measures as
well.25 It has been demonstrated that such perfor-
mance-based measures can identify limitations in
the physical function of community-dwelling older
women earlier and more frequently than can self-
reported measures. Thus, the performance-based
outcome measures that are most closely related to
the disabilities associated with knee OA were also
incorporated into the present study.

Despite the differences in research methodology,
the present study supports the conclusion of the
previous study, indicating no therapeutic benefit of
PSWD in the treatment of OA of the knee. Only
stiffness and pain were reported to change across
time, but given that for both parameters there were
no interactions between group and time, a placebo
effect can be assumed. This assumption is further
strengthened not only by the lack of change in
reported disability, but also by the lack of con-
current improvement in functional performance.

However, several study limitations must be
noted. While patients were allocated to treatment
groups by sequential order of acceptance into the
study by a therapist blind to the patients' condition
and not involved in patient assessment, this is not a
randomized study and some bias is nonetheless
possible. A post-hoc power analysis never ap-
proached the desired value, indicating that the
sample size was not sufficient to show significance.
While this may be largely attributable to the
subclinical magnitude of differences between treat-

ment effects (mostly less than 1.0 points in the
10-point VAS), further studies with larger popula-
tions are warranted. Additionally, although all the
subjects were diagnosed as suffering from OA of
the knees at a medium level of severity, the
chronicity of their conditions was not delineated.
It is possible that subcategorizing the subjects by
chronicity and other relevant variables such as
gender and muscular strength might have shown a
different pattern of response.

Lastly, the present study utilized the parameter
settings recommended by the manufacturer which
is probably the reason for them being used in many
physiotherapy clinics. The conclusions must, how-
ever, be limited to the methodology used. It may
be, for instance, that in order for PSWD to be
effective, it is necessary to significantly increase
treatment time so as to compensate for the very
short duration of total exposure to the electro-
magnetic field. In the final analysis, however, even
when taking these limitations into consideration,
the findings of the present study seriously question
the efficacy of PSWD as it is currently applied in
the clinical setting for the treatment of knee OA.
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