
Efficacy and safety of a musically modulated electromagnetic
field (TAMMEF) in patients affected by knee osteoarthritis

E. Battisti1, E. Piazza1, M. Rigato1, R. Nuti2, L. Bianciardi3, A. Scribano2, 
N. Giordano2

1Department of Medical Physics, 2Department of Internal Medicine, Endocrine-Metabolic 
and Biochemical Sciences, and 3C.I.R.D.I.B., University of Siena, Italy

Abstract
Objective

Numerous studies have demonstrated the utility of extremely low frequencies (ELF) electromagnetic fields in clinical
practice. Moreover, the effects of these fields seems to depend on their respective codes (frequency, intensity, wave-
form). In our study we want to value the effects of the TAMMEF (Therapeutic Application of a Musically Modulated

Electromagnetic Field) system, which field is piloted by a musical signal.

Methods
Ninety subjects, affected by primary osteoarthritis of the knee, were enrolled in the study and randomly divided into

three groups of 30 patients each: A exposed to TAMMEF, B exposed to ELF, C exposed to a simulated field. All 
subjects underwent a cycle of 15 daily sessions of 30 minutes each and a clinical examination upon enrolment, after

7 days of therapy, at the end of the cycle and at a follow-up 30 days later. 

Results
All the patients of groups A and B completed the therapy without the appearance of side effects: they presented a 

significant improvement of the subjective pain and the functional limitation, which remained stable at the follow-up
examination. In group C, there was no improvement of the pain symptoms or articular functionality.

Conclusions
This study suggests that the TAMMEF system is efficacious in the control of pain symptoms and in the reduction of
functional limitation in patients with knee osteoarthritis. Moreover, the effects of the TAMMEF system cover those

produced by the ELF field.
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Introduction
The effects of the various types of low
frequency electromagnetic fields used
in clinical practice depend on their
codes (frequency, intensity, waveform,
the number of impulses per train and
the interval between one train and
another). The electromotor forces in-
duced at a given point of a biological
system act on the electric charges pre-
sent which respond, causing functional
modifications in the cellular microen-
vironment (1-3). 
The overall biophysical effect can be
appreciated only by observation, since
the level of complexity of the system
does not allow one to predict what
mechanisms of action will predomi-
nate.  However, it is possible to com-
pare the effects of a certain field with
those of an all-inclusive reference field
whose parameters continually change
in time so that all possible codes can
occur in a single application. 
Our group has already shown the effi-
cacy and tolerability of the extremely
low frequency (ELF) field in patients
affected by osteoporosis (4), rheuma-
toid arthritis (5) and osteoarthritis (6).
Recently to evaluate the utility of ap-
plying the widest possible magnetic
field, we introduced the new TAMMEF
(Therapeutic Application of a Musical-
ly Modulated Electromagnetic Field)
system. The field is obtained from re-
corded musical passages; thus its para-
meters (frequency, intensity, wave-
form) are modified in time, randomly
varying within the respective ranges, so
that all possible codes can occur during
a single application(6).
The aim of this study is to evaluate the
efficacy of the TAMMEF system in the
treatment of knee osteoarthritis. In par-
ticular, we wished to ascertain if the
effects of the field piloted by a musical
signal are comparable with those of
field with frequency of 100 Hz and a si-
nusoidal waveform. Both fields are
generated by an opposing pair of heter-
onomous polar expansions and thus
present the characteristic spatial con-
formation. 

Methods and patients
Methods
The instruments used to generate the

ELF and TAMMEF fields are similar. 
An audiotape player sends the relative
monochannel-microphone signal to
two low frequency amplifiers A and B,
both with adjustable gain. The current
from amplifier A, modulated according
to the recorded signal, feeds two elec-
tromagnets with iron-silicon cores join-
ed posteriorly by a ferromagnetic arc.
The anatomical region to be treated is
placed between the opposing faces (3x
4 cm) of the polar expansions. The cur-
rent from amplifier B feeds a loud-
speaker that plays the pilot musical
passage. The music can also be heard
through headphones, with automatic
exclusion of the loudspeaker. The gain
of amplifier A is regulated so that when
the audiotape contains a sinusoidal sig-
nal with frequency of 100 Hz, the elec-
tromagnetic field is equal to the ELF
field used (about 3 gauss midway be-
tween the poles when this distance is
30 cm). This set-up is then left unchan-
ged whatever the contents of the audio-
tape used subsequently. The patient is
allowed to regulate the gain of amplifi-
er B, with the volume preferred, whe-
ther the music is being transmitted over
a loudspeaker or into a headset.

Patients
Ninety subjects (63 females and 27
males), between 59 and 76 years old,
affected by primary osteoarthritis of the
knee, were enrolled in the study (Table
I) and randomly divided into three
groups: A =30 patients subjected to
TAMMEF, B=30 patients subjected to
ELF and C =30 patients subjected to a
simulated field. Group C was introduc-
ed because of the possibility that the
TAMMEF effects would be indistin-
guishable from those of the ELF, and
thus to test for the presence of a sub-
stantial placebo effect. All the patients
including in group C listened to the
music.
The diagnosis of osteoarthritis of the
knee was made according to the criteria
of the American College of Rheumatol-
ogy (7). Evaluation of the stage of the
disease was based on the radiographic
system of Kellgren and Lawrence(8).
The clinical examination was based on
the Lequesne index of algo-functional
severity (9), a validated questionnaire
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specific for knee osteoarthtritis. On the
basis of the point of the score of the Le-
quesne index, the patients were divided

into three subgroups, as shown in Table
II. All the subjects were out-patients
and, correctly informed of the experi-

mental plan, gave their written consent.
All the patients underwent a cycle of 15
daily sessions of 30 minutes each, with
application of the magnets in contact
with the lateral zones of the knee. In
the past, all the patients had been treat-
ed occasionally or cyclically with anal-
gesic (paracetamol) or non-steroidal
anti-inflammatory drugs (diclofenac,
or piroxicam, or celecoxib, or rofecox-
ib), but they had suspended any drug at
least 15 days before the beginning of
the cycle. The clinical examination was
performed when the patients were en-
rolled in the study, after 7 days of ther-
apy, at the end of the cycle and at a fol-
low-up, 30 days later (10).
The evaluation of the possible thera-
peutic effects has been effectuated us-
ing the Lequesne test as modified by
the authors: we have divided the evalu-
ation of pain from the evaluation of
articular function because of the well-
known subjectivity of pain to the place-
bo effect (11). 

Statistical analysis
The differences between the means of
the various parameters at 0, 15 and 45
days were tested by Student’s t test or
Mann-Whitney-U test as appropriate. 

Results
Above all, we specified that no signifi-
cant differences were found between
the three groups of patients, concerning
private data and their degree of disease.
All the patients of group A and B com-
pleted the therapeutic cycle, without
s i d e - e ffects that might have required
suspension of the treatment. With re-
gard to the efficacy of the therapy, it
should be underlined that none of these
patients had to take analgesic-antiin-
flammatory drugs during the cycle and
that all the patients presented a signifi-
cant improvement of both subjective
pain and regional functional limitation. 
In particular, in the TAMMEF group,
the subjective pain progressively de-
creased in all subjects even after the
first week and regressed completely at
the end of treatment in 27 (90%) of the
30 patients. In the remaining 3 patients
(10%), the pain symptoms, albeit not
totally regressed, decreased significant-
ly with respect to the basal values and
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Table I. Personal and clinical characteristics of the examined patients.

Sex Pt. no. Mean age Disease
(%) (yrs.) duration

M 27 (30%) 53.5 ± 7.6 10.8 ± 2.3

F 63 (70%) 59.4 ± 7.1 11 ± 3.5

Total 90 (100%) 58.9 ± 7.4 11 ± 3.1

Table II. Clinical characteristics of the examined patiens (Pts) according to the Lequesne
index of algo-functional severity.

Pt. no. Slight disease Moderate disease Serious disease
( % ) ( % ) ( % ) ( % )

A B C A B C A B C A B C

Pts with knee 30 30 30 15 13 15 12 13 12 3 4 3

osteoarthritis (%) 100% 100% 100% 50% 43% 50% 40% 43% 40% 10% 14% 10%
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to those recorded after the first week
(Fig. 1a). In the ELF group, the time
course of subjective pain was equiva-
lent to that of the TAMMEF group,
with complete regression in 23 patients
(76.6%) and a significant reduction in
the remaining 7 patients (23.4%) (Fig.
1b). 
With regard to the evaluation of articu-
lar functionality, there was a significant
partial recovery of mobility in all pa-
tients, starting from the first week (thus
concomitant with the improvement of
subjective pain). At the end of the
cycle, in the TAMMEF group, 21 pa-
tients (70%) manifested a total recov-
ery of the partially compromised artic-
ular functionality, while 9 patients
(30%) showed a significant further im-
provement with respect to the already

positive trend recorded after the first
week of therapy, although they did not
achieve a total functional recovery
(Fig. 2a). In the ELF group, there was a
total functional recovery in 19 patients
(63.3%), while in 11 patients (36.7%)
the change was similar to that of the
TAMMEF group (Fig. 2b). 
The clinical follow-up, one month after
the end of the cycle, revealed that in 28
group A patients (93.3%), there was no
appreciable variation in the regression
or improvement of pain symptoms
from what was recorded at the end of
the magnetotherapy; in the other 2 sub-
jects (6.7%), affected by severe osteo-
arthritis, there was a clear relapse of
pain. However, this was not accompa-
nied by a concomitant worsening of
articular functionality, which continued

to show the same recovery as recorded
at the end of the therapy one month
previously. There was a very similar
pattern in group B: in 27 patients
(90%), there was no change from the
situation at the end of therapy, whereas
3 subjects (10%) reported a relapse of
the pain symptoms. 
The time course of the articular pathol-
ogy was clearly different in the 30 sub-
jects of group C. Only 3 of them (10%)
presented a slight subjective improve-
ment of the symptoms in the first 5
days of the cycle, while the other 27
patients (90%) reported no significant
pain reduction. After the first week,
application of the simulated magnetic
field had to be suspended in 12 group
C patients (40%) because of its inef-
fectiveness, while the remaining 18 pa-
tients (60%) completed the cycle. At
the end of treatment and at the clinical
follow-up one month later, all the pa-
tients who completed the cycle report-
ed no improvement of pain symptoms
or articular functionality; indeed, there
was a slight worsening of pain (Figs.
1c-2c). 

Discussion
All the patients treated with TAMMEF
or ELF completed the therapeutic cy-
cle and manifested a significant im-
provement of the clinical picture. The
two electromagnetic fields had equiva-
lent effects and produced a so-called
“tail effect”, continuing after the sus-
pension of therapy, as if the biophysical
action interfered with the pathogenetic
mechanisms of the disease, probably
by inhibition of the inflammatory pro-
cess(4, 5). Moreover, the effects of low
frequency electromagnetic fields on
cartilage have been evaluated recently
by various authors (12,13): they dem-
onstrated in vitro that electromagnetic
fields exposure exerts a chondroprotec-
tive effect on articular cartilage, in-
crease the rate of differentiation of these
cells and enhance synthesis of normal
matrix proteins. The lack of efficacy in
the group C patients confirms the ther-
apeutic effects of the two fields. In-
deed, considering the known relation-
ship between the pain pathways and the
psychic habitus of the patient (14-16),
only the slight improvement of pain
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symptoms initially shown by the group
C subjects could be attributed to the
placebo effect. 
It should be mentioned that all the
patients subjected to TAMMEF appli-
cations stated that they enjoyed listen-
ing to the music and they manifested a
psychological attitude of trust and sat-
isfaction. It also seems that these pa-
tients showed more evident and quick-
er responses, although this was not sta-
tistically significant and is reported
only as an impression and a possible
topic for future research.
Our results confirm the efficacy and
tolerability of low frequency magnetic
fields as previously reported (4-6, 10,
17), also support the hypothesis that the
effects of magnetic fields with parame-
ters that change in time, like those pro-
duced by the music-piloted TAMMEF
system, are equivalent to the effects of
the ELF field(6).
Moreover, in relation to current studies
on interactions between the nervous,
endocrine and immune systems ( 1 8 ,
19), it may be possible to combine the
electromagnetic stimulus with the cor-
responding acoustic stimulus, i.e. lis-
tening to the pilot musical passage. In
fact, the two mechanisms, triggered in
different sites and acting by different
but simultaneous and coherent chan-
nels, might produce responses that
reinforce one another(20).
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