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Pulsed Signal Therapy® for the treatment of musculoskeletal 
conditions: a millennium paradigm
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Abstract
Reports and reviews from various sources, including the World Health Organization and United Nations
Population Division, confirm the general increasing trend in the ageing population groups worldwide. There are
over 150 types of musculoskeletal conditions, with rheumatoid arthritis, osteoarthritis, osteoporosis, low back
pain and limb trauma, accounting for the greatest impact on the population at large. Osteoarthritis (OA) is
predicted to become the fourth leading cause of disability by the year 2020. The most common medication
prescribed for OA is non-steroidal anti-inflammatory drugs (NSAIDs). These have long been associated with
numerous adverse effects, are costly and short-term in their ‘therapeutic’ effect. Pulsed Signal Therapy® (PST™)
is an innovative treatment modality for musculoskeletal conditions. It has been commercially available since
1992, is currently employed in at least 800 clinics and/or medical institutes, and to-date, no adverse effects
have been reported. Furthermore, it is non-invasive, non-pharmacological, painless, with long-term follow-up,
and sustained efficacy. When connective tissue is injured and physiological signalling is disturbed or absent,
PST™, as the external, biophysical signal (stimulus) of physiological energy parameters and waveform, passively
induces ‘fluid flow’ in the injured area, creating ‘streaming potentials’, that induce biophysical-biochemical
coupling, subsequent signal transduction, to activate repair and regenerative processes. In doing so, it restores
the innate, physiological signalling to enable these regenerative and repair processes to continue naturally.

Key words: biophysical-biochemical coupling, electromagnetic, mechanotransduction, musculoskeletal condi-
tions, osteoarthritis, PST, Pulsed Signal Therapy. 

INTRODUCTION

Over 150 disorders and syndromes, which are usually
progressive and associated with pain, may be classified
as musculoskeletal conditions.1 They are generally
broadly categorized as joint diseases, physical disability,
spinal disorders and conditions resulting from trauma.1

Of these, those conditions with the greatest impact on
society include rheumatoid arthritis (RA), osteoarthritis

(OA), osteoporosis (OP), low back pain and limb
trauma, because they are the leading causes of mor-
bidity, disability and job loss, and are also costly to health
systems.1 Moreover, as the ageing of most population
groups continues to increase, their impact is expected
to increase accordingly.1

Osteoarthritis (OA) is a non-inflammatory joint dis-
ease of one or more small joint systems, which mainly
affects articular cartilage.2 It is associated with ageing
and mostly affects the weight-bearing joints – that is,
the joints that have been continuously stressed
throughout the years, including the knees, hips, fingers
and lower spine area.2 Primary OA is related to ageing
and cartilage degradation occurs as a result of wear and
tear.3 Secondary OA either occurs as a result of another
disease, disorder or condition, for example, obesity, or
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is traumatically induced.3 Osteoarthritis represents one
of the most common chronic diseases in the world,
affecting all racial and ethnic groups. There are numer-
ous medical modalities currently available for OA treat-
ment, ranging from simple home treatments, including
paraffin baths and heat, to those at the other end of the
treatment spectrum, namely surgery. The prescription
drugs available for OA treatment such as NSAIDs, have
long been associated with undesirable, untoward effects,
high costs and short duration of ‘therapeutic’ effects.
More recently COX-2 inhibitors, referred to in the
Epilogue, have been introduced and have summarily come
under scrutiny for their adverse effects. It is not surprising
therefore that scientists continue their endeavour to
find a more desirable form of treatment modality for OA.

Pulsed Signal Therapy® (PST™) is a patented medical
technology, developed over 20 years of intense scientific
research. It has been commercially available since 1992
and is currently employed in at least 800 clinics and/or
medical institutes, worldwide. A score of clinical trials
and studies have demonstrated PST™ therapeutic success
and long-term benefits for the treatment of musculo-
skeletal conditions, most notably OA. Over ten well-
designed in vitro studies have confirmed these clinical data.
PST™ has been shown not only to be safe and effective,
but is painless, non-invasive, non-pharmacological, with
long-term follow-up, sustained efficacy and an absence
of any known adverse effects.4

Before dwelling into an insight of the electrophysiol-
ogy of the joint, biophysical-biochemical coupling and
the role of PST™, perhaps a brief introduction to PST™
as a treatment modality may be warranted.

THE FUNDAMENTALS OF PST™

PST™ is based on pulsed electromagnetic field therapy,
but differs in its array of unique energy parameters

(refer to Table 1 for a comparison). All PST™ devices
have received regulatory approval as medical devices
according to the International Medical Device Directive
(MDD) 93/42/EEC and EN ISO 13485. They consist of
a magnetic field generator, connected to a ring-shaped
coil, or other applicator, by means of an electronic
interface, that produces a pulsed DC magnetic field of
0.28 W, with field intensity not greater than 20 Gauss
(maximum) and frequency 5–24 Hz, and emits a pro-
prietary signal, quasi-rectangular in waveform (Fig. 1).
There are a number of different devices available,
with coil sizes optimally suited for the treatment of the
specified joint(s) or body area(s). In general, there are
devices for the treatment of the peripheral joints/
extremities (knees, shoulders and wrists), the spine
(cervical, thoracic and lumbar axial vertebral bodies),
tinnitus and dental disorders, including temporoman-
dibular joint disorder (TMJ). There are also other devices
specifically designed for veterinary use. The development
of a multifunctional kombi device, PST-Osteo® (arthro-
sis, osteoporosis, fibromyalgia), was completed in early
2004, for the treatment of osteoporosis (OP), fibro-
myalgia and/or OA. With this device, the entire body, from
the shoulders to the pelvic girdle, is ideally treated. As
the patient lies in the device, the coil is lowered to the
anterior aspect of the thorax, as far as possible, around
the body accordingly. In this way, induction of PST™
treatment is attained with greater efficacy and efficiency.

Table 1 Comparison of energy characteristics
 

 

Device parameter Magnetic field therapy PST™

Electromagnetic properties Piezoelectric Biological signal
Energy form Alternating current Direct current
Frequency 44–77 Hz 1–30 Hz
Waveform Sinusoidal Quasi-rectangular
Field Strength 2G 12.5G
Energy driver Voltage control Pulsed DC
Duty cycle < 50% > 50%
Pulse frequency Continuous Pulse-modulated
Frequency source Fixed frequency source 6 frequency sources
Implementation Diode (biasing) Free-wheeling diode

Figure 1  Pulsed Signal Therapy® (PST™)
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PST™ ‘ON WHEELS’!

In a society governed by time and money, the PST™
original equipment was embodied in a miniaturized
format to enable patients to administer treatment at
his/her own convenience at home, office – virtually,
anywhere! The treating physician, or therapist, carries
out the first treatment with the PST Mobil®, and instructs
the patient accordingly. Thereafter, it is safely and
conveniently packaged into a wheeled cart, as used on
board airplanes, for easy transport.

BIOPHYSICAL-BIOCHEMICAL 
COUPLING IN RELATION TO PST™

The joint is composed of connective tissue – soft (car-
tilage), dense (ligaments and tendons) and hard (bone).
As a structural tissue, cartilage consists of approximately
60–80% water and an intercellular matrix of basic sub-
stances, namely proteoglycans, glucoproteins and colla-
gen (filaments), manufactured by the cartilage cells
(chondrocytes).5 Attached to the proteoglycans are several
glycosaminoglycan (GAG) chains, possessing negatively
charged sulphate (SO4

2–) and carboxyl (COO–) groups.
Biophysically, when a healthy joint is subjected to a

load or mild stress (walking, for example), hydrogen pro-
tons (of water) are forced through the extracellular matrix
(ECM), into the synovial space, leaving a net, negative
charge within the matrix. This mechanotransduction
causes a small, pulsed energy signal, piezoelectric signal
(‘streaming potential’), to be generated in the ECM.

Biochemically, one can envision cells to be ‘hard-wired’
to respond to external stimuli, including fluid flow.
Although several hypotheses have been proposed linking
physical forces to intracellular signalling pathways, in
many cases, the molecular mechanisms of mechano-
transduction remain elusive. Some research studies
have suggested that the biochemical coupling occurring
at the cellular membrane occurs through the integrin-
cytoskeleton-nuclear matrix scaffold, ionic channels within
the cell membrane, G-protein-dependent pathways, and/
or linkage of the cytoskeleton with the phospholipase A,
and/or C, pathways.6–8 Recently, for example, Tschump-
erlin et al. from the Department of Environmental
Health, Harvard Medical School, Massachusetts, US,
found that compressive stress shrinks the lateral inter-
cellular space surrounding epithelial cells, triggering
cellular signalling via autocrine binding of epidermal
growth factor family ligands to the epidermal growth
factor receptor.9 Autocrine ligands are constantly shed,
collapsing into the lateral intercellular space, increasing

the local ligand concentrations, enabling sufficient receptor
signalling to occur.9 In another recent study, Vassilios
et al. working on cells of the mammalian brain, reported
that the transient receptor potential (TRP) super-family
of ion channels act as cellular sensors, translating external
signals (stimuli) into changes in membrane excitability
and increased intracellular calcium.10 These receptor-
operated channels are activated by G-protein-coupled
receptor (GPCR) and receptor tyrosine kinase (RTK)
stimulation. To prevent continuous calcium influx,
Clapham et al. further demonstrated that growth factor
stimulation initiates a response termed ‘rapid vesicular
insertion of TRP’ (RiVIT), whereby TRPC ion channels
are rapidly translocated to the cell surface from vesicles
held in reserve just under the plasma membrane.10 Ergo,
these and other studies show that biochemical coupling,
signalling pathways and the response elicited as a result
thereof, are diverse and dependent on the type of tissue
targeted and the ‘incoming’ biophysical signal – different
signals trigger different coupling mechanisms in different
tissues, to activate appropriate pathway(s). Communica-
tion of the signal to adjacent cells may occur through cell
processes connected by gap junctions.6,11

The pending question: Where does PST™ play a role?
When a joint surface is progressively worn down as a
result of non-physiological loading, including over-
weight, incorrect positioning, inactivity and changes
in the synovia, due to infection, attrition and eventual
destruction of the cartilage eventually occurs. As a result, the
innate mechanotransduction, biophysical-biochemical
coupling, signal transduction and resultant effector cell
response, is weak, fails to elicit a response, or is totally
absent, such that regeneration and repair processes
gradually decrease and/or cease. In such cases, PST™
acts as the external biophysical signal (stimulus) of
physiological energy parameters and waveform. It pass-
ively induces ‘fluid flow’, creates ‘streaming potentials’,
to trigger biochemical coupling, signal transduction
and elicitation of the repair and regenerative processes
(Fig. 2). In cartilage, for example, this passive induction
and transduction into an electric (electromagnetic)
phenomenon, results in the stimulation of chondrocytes
to produce essential matrix components, including
proteoglycan and collagen, without having to subject the
affected tissues to any load.

TREATMENT PROTOCOL AND 
INDUCTION OF TREATMENT

The most unique feature of PST™ is undoubtedly its
patented signal. Intense scientific investigations into



Pulsed Signal Therapy

APLAR Journal of Rheumatology 2004; 7: 292–305 295

Figure 2 Mechanism of action of Pulsed Signal Therapy.
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the electrical properties of tissue, including conductivity,
enabled development of this signal of unique energy
parameters. Unless a signal’s energy parameters lie within
the physiological range of the particular tissue, the
desired tissue response/process will not be induced.
Ergo, since the unique PST™ signal is in the ‘biological
window’ of connective tissue, it mimics the electrical
(electromagnetic) signalling naturally occurring in the
body and sets the regenerative and repair processes in
motion.

A full therapy course consists of nine or twelve
one-hour daily treatments, administered on consecutive
working days, with allowed interruption of a maximum
of 48 hours over the weekend. Twelve treatments are
carried out for the vertebral column (cervical/thoracic/
lumbar spine, shoulders, hips) and/or full body (thorax).
PST™ administration is strictly reserved for qualified
physicians and health professionals who have been
licensed to do so, after successful completion of a
specially formulated training course. This course was
designed in conjunction with the treatment protocol and
provides hands-on training with each specific device,
and in addition, knowledge on how to conduct a
double-blind trial, how to obtain an accurate history
of the patient and how to perform a thorough physical
examination, before and after treatment.

STUDIES SUPPORTING PST™ 
THERAPEUTIC POTENTIAL

Over 25 rigorously controlled clinical trials have been
conducted globally with PST™ at well-respected univer-
sities, medical clinics and/or centers, as well as their
affiliated medical institutions (Tables 2 and 3). These
have served to consistently verify PST™ long-term follow-
up success. In addition to clinical trials, expansive
in vitro and scientific imaging, research studies (Table 4),
have been carried out to elucidate PST™ postulated
mechanisms of action, its efficacy and the safety profile
of its unique patented signal.12 These in vitro studies
have also substantiated and confirmed the in vivo clinical
trials.

Clinical and in vitro studies
These have included double-blind and other open-label
randomized clinical trials in over 100,000 patients,
including Europe (France, Italy and Germany), the US
and Canada (Tables 2 and 3). In addition to OA, temporo-
mandibular joint pain and morbus tinnitus have
been widely studied in Europe, leading to regulatory
approval under the international MDD 93/42/EEC and

ISO 9001.13 A four-year study was launched in 1990, at
a Yale University-affiliated teaching hospital, to investi-
gate PST™ therapeutic benefits for sport and other
traumatic joint injuries, with encouraging data and
results.14,15 The clinical benefits were confirmed in 1997
in a study conducted in Canada with PST™, investigat-
ing its effects in the treatment of chronic pain due to
traumatic soft tissue injury (degenerative joint disease,
muscle/ligament/tendon injuries, disc degeneration-
herniation).16 As a result, a large number of sport-type
injury clinics have been established in Europe and Asia
since 1996, and PST™ is available at most European
soccer team sites, including the German athletic team
that requested PST™ at the Sydney 2000 Olympic Games
and the German water polo team for the Olympics in
Athens, 2004, as well as many other world-class sportsmen
and women, teams and international events (Oliver-Sven
Büder, German shotputter; Nicolas Kiefer, German
tennis player; Mark Dzemski, a boxer; Jamir Rednapp,
Tottenham Hotspur, Liverpool, England footballer;
Darren Gough, Essex England cricketer; international ski
teams; FC Kaiserslautern and Borussia Mönchenglad-
bach football teams; Stuttgart and Hamburg Ballet
groups [Germany], to name a few).

In these clinical trials, pain was evaluated using
WOMAC, and later OMERACT III, validated instruments
of outcome measurements. Functionality was measured
using WOMAC and modified Ritchie scales, as well as
global evaluations of improvement by the patient and
physician.

With the ageing population, another connective
tissue disorder that has established itself as an endemic
health problem is osteoporosis (OP). According to a
special report ‘Fighting Osteoporosis’, 30 April, 2004,
OP is a disease of global proportions and affects
more than 200 million people worldwide. It affects both
women and men, over 20 million women and 5 million
men in the US alone.17 Statistics show that every
30 seconds, someone in the European Union suffers a
fracture as a result of OP, that one in three women, and
one in eight men, will suffer at least one OP-related
fracture during their lifetime, and that approximately
one-third of women aged 60–70, and two-thirds of
women aged 80 or older, are affected. In the US alone,
over 2 million men, 65 or older, suffer from OP. By the
year 2050, the number of hip fractures worldwide is
expected to rise from 1.7 million (in 1990) to 6.3 million.17

Although a diverse number of medications are cur-
rently available on the market for the prevention and
treatment of OP, they are not met without serious
side-effects, including thrombosis, cardiovascular effects,
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