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This study was designed to evaluate the effect of pulsed signal therapy (PST) on patellofemoral
pain syndrome associated with patellar chondropathy. A prospective randomized double-blind
placebo controlled trial included 25 patients (41 knees) between 20 and 50 years with pain due to
isolated patellofemoral syndrome with chondropathy. PST group received nine 60-min daily
sessions of PST treatment. Control group received the same protocol of blinded placebo treatment.
The main outcome was change from baseline Kujala score at 3 months. After 3 months, patients in
the control group received effective treatment (placebo post-treatment). All patients were then
followed, for up to 12 months. Seventeen knees (5 males and 12 females, mean age 36.7 £7.9)
received placebo and 24 knees (8 males and 16 females, mean age 35.5 & 8.9) received PST. By the
third month, PST group exhibited a mean change from baseline of 9.63 £7.5 Kujala points,
compared to 0.53 + 1.8 in the placebo group (P < 0.001). A significant progressive improvement
was seen in the PST group between the 3rd and 6th and between the 6th and 12th month
(P <0.016). Patients initially allocated in the control group also improved at 3 months (P < 0.001)
and 6 months (P=0.005) post-effective treatment. In conclusion, PST in patellofemoral pain
syndrome with chondropathy was effective compared to placebo at 3 months, showing an important
improvement of Kujala score. The improvement was progressive and maintained up to 12 months.
PST is safe and should be considered as a non-invasive option for management of this condition.
Bioelectromagnetics. 40:83-90, 2019. © 2019 Bioelectromagnetics Society.
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INTRODUCTION

Pulsed signal therapy (PST) is an extension of
pulsed electromagnetic field therapy (PEMF) consisting
in a patented pulse frequency for bones and soft tissue
(PST MOBIL, Bio Magnetic Therapy Systems, Munich,
Germany). PST has been used empirically to treat
various diseases, including arthrosis of various joints,
spine pain syndromes, tendinopathy, sports injuries, and
even as an adjunct in rheumatic diseases [Moretti et al.,
2012; Massari et al., 2015; Collarile et al., 2018].

The biological effect of electromagnetic fields
on different tissues has been a focus of research in
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some studies, with cartilaginous tissue being the
most studied. This treatment has been shown to
increase proteoglycan and collagen synthesis in
vitro [Liu et al, 1996; Ongaro et al., 2011;
Veronesi et al., 2015; Anbarasan et al., 2016].
Electromagnetic stimulation generates electrical sig-
nals in chondrocytes, simulating a mechanical force.
This effect is similar to physiological electrical
behavior when cartilage receives a load [Bassett
and Pawluk, 1972]. Specifically, during compres-
sion, hydrogen ions (positively charged) are ex-
pelled along with the fluid, leaving
glycosaminoglycans (negatively charged) in the
matrix. In theory, this electrical signal stimulates
chondrocytes to produce matrix components. Elec-
tromagnetic stimulation has been used successfully
in patients with arthrosis, where the physiology of
the cartilage has changed [Trock et al., 1993, 1994;
Nelson et al., 2013; Wuschech et al., 2015; Bagnato
et al., 2016]. This alteration decreases the activity
of the compression system that generates electrical
stimulation, in turn leading to increased matrix
synthesis. The proposed PST’s mechanism of action
generates pulses with lower frequencies (in compar-
ison to traditional pulsed electromagnetic fields;
PEMF) with variable frequency and amplitude;
thus, cell signaling would be more biological,
eliciting more physiological responses. Electromag-
netic stimulation has been shown to reduce pain in
randomized, controlled, and double-blind studies
[Trock et al., 1993, 1994; Nelson et al., 2013;
Wuschech et al., 2015; Bagnato et al., 2016].
However, there are no studies in the literature
analyzing the effect of electromagnetic fields on
patellar cartilage disorders (the thickest hyaline
cartilage in the human body) and their associated
pain syndromes.

A prospective randomized double-blind placebo
controlled clinical trial was therefore developed aim-
ing to evaluate the effect of PST therapy on patellofe-
moral pain syndrome associated with patellar
chondropathy. The hypothesis was that knees treated
with PST would show functional Kujala score im-
provement in comparison to placebo at 3 months of
follow-up.

METHODS

The study was approved by the Research Ethics
Committee of the Clinical Hospital (Hospital das
Clinicas), University of Sao Paulo (Universidade de
Sao Paulo — USP) under number 0253/11 and was
registered at ClinicalTrials.gov under number
NCT02012413. All patients who participated in this
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study signed the terms of free and informed consent.
The study was designed as a prospective randomized
double-blind controlled study.

Patients aged between 20 and 50 years and
presenting patellofemoral pain syndrome and patellar
chondropathy confirmed by magnetic resonance im-
aging (MRI) were eligible for this study. Exclusion
criteria included: tibiofemoral and trochlear chondral
degeneration according to MRI; established arthrosis
of the tibiofemoral joint; use of drugs with direct
action on the cartilage or bone in the last 6 months
(such as disease modifying osteoarthritis drugs—
DMOADs—for example, chondroprotective drugs
and bisphosphonates); prior surgery on the studied
knee; knee invasive procedures, such as knee infiltra-
tion, in the previous 12 months; disease in the
contralateral limb that would cause an excessive
burden on the studied limb (such as limb shortening,
angular deformity >10°, and articular loss of motion);
and contraindications to performing PST, including a
pacemaker, cancer, infectious disease activity, severe
heart failure, arrhythmias, angina, epilepsy, and
pregnancy.

The presence of all of the following criteria was
required for diagnosis of patellofemoral pain syn-
drome: typical complaint of anterior knee pain with a
duration longer than 3 months (when going up or
down stairs, squatting, remaining for long periods with
bent knees), pain on palpation of the patellar articular
surface, and pain on patellar compression (reproducing
the patient’s complaint) [Nunes et al., 2013].

Enrollment of patients occurred between 2013
and 2014. A total of 40 patients who had been
diagnosed with patellofemoral pain syndrome were
assessed for eligibility. The final patient population
was comprised of 25 patients with a total of 41 knees,
since 10 patients did not meet the inclusion criteria
and 5 declined to participate (see CONSORT flow-
chart, Fig. 1).

Patients were randomized by a computer-
generated list allocated in enclosed envelopes into two
groups, the placebo-control and PST groups. Patients
with both knees included in the study received
randomization for the right knee, and the left was
automatically allocated into the other group (patients
were unaware of this fact). Since 16 patients had both
knees included, the final distribution of patients into
groups was not equalized. This method in bilateral
cases was selected to best demonstrate any differences
between groups (same patient could perceive differ-
ences if they existed). Twenty-four knees were
allocated to PST group and 17 to the placebo group.
Group allocation was performed by one of the authors
(ALPS).
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Fig. 1. CONSORT enroliment flowchart.

PST application was directed to the patellofe-
moral joint (Fig. 2). The PST application protocol was
as follows: nine daily 1-h applications, with five in
the first week, a break for the weekend, and four more
the following week. The PST application was to
position the device PST MOBIL (Bio Magnetic
Therapy Systems, Munich, Germany) around the area
that was to receive the magnetic fields, leaving the
patient in a comfortable position and connecting the
device, which emitted pulsatile signals that were
imperceptible to the patient. Each application was
controlled by a card provided by the manufacturer and
lasted for 1 h. The applications were all performed by
the same physiotherapist (ALPS). The PST proprie-
tary patented signal consisted of a pulsed direct
current magnetic field of 0.28 W, predominantly 5-15
gauss (max 20 gauss), pulsed modulated frequency of
5-24 Hz (with six frequency sources) with a quasir-
ectangular (not sinusoidal) waveform. Various fre-
quency/amplitude combinations were switched over
automatically and transmitted under continuous con-
trol during the treatment period. Every session had the
exact same signal pattern, therefore, being totally
reproducible. Induction of treatment took place during
the first 10 min, followed by a proprietary patented
protected configuration of pulsed signals that

delivered the therapy over the remaining 50 min. The
protocol of nine sessions was defined and suggested
by the manufacturer [Markoll, 2001].

The control group patients underwent sham PST
treatment with the device connected using a placebo
card that did not generate magnetic pulses. Patients in
the PST group received the nine applications on the
knee with the device connected and the treatment card
generating pulses. The device operated silently, and it
was not possible for the patient to determine whether
they were receiving the placebo or treatment, thus
maintaining patient blinding. For patients with both
knees included, nine sessions of the treatment were
performed on one side and nine more sessions of the
placebo on the other. These protocols were performed
in sequence rather than simultaneously.

All of the patients were instructed (for the
duration of the study) not to use drugs that directly
acted on the cartilage (e.g., chondroprotectors, such as
glucosamine and chondroitin) in order to avoid
confounding biases regarding the effects of the treat-
ments and to maintain their usual level of physical
activity. Neither group received physiotherapy exer-
cises in the follow-up period. All of the participants
were instructed not to change their usual level of
physical activity.
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Fig. 2. Patient receiving PST treatment directed to patellofe-
moral joint.

Kujala score questionnaire [Kujala et al.,
1993] was obtained at baseline and after 3, 6, and
12 months in both groups. If significant clinical
superiority of the PST group was proven at any time
point, it was decided for ethical reasons that the
placebo group should receive the effective PST treat-
ment and would again be followed up for 1-year post-
treatment, with the Kujala score ascertained at 3, 6, and
12 months; after receiving effective PST treatment, the
placebo group was referred as placebo post-treatment
group in results. The Kujala score is commonly used
for anterior knee pain, and consisted of 13 questions
that addressed patient pain and limitations of perform-
ing activities such as walking, sitting, stairs, squatting,
running, and jumping, and swelling, atrophy, patellar
stability, and range of motion.
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Statistical Analysis

A sample size calculation used the following
parameters: alpha of 5% (probability of incorrectly
claiming statistical significance—type I error), beta
of 20% (probability of incorrectly concluding no
statistical significance—type Il error), Kujala base-
line standard deviation in the population between 9
and 13. To adequately detect a minimum Kujala
improvement of 8-10 points (effect size) that was
previously established as a significant -clinical
superiority by the authors [Van Der Heijden et al.,
2016], approximately 20 knees in each group were
needed. This effect size in Kujala score was
equivalent to improving from not being able to
climb stairs to being able to without any difficulty.
The IBM software Statistical Package for the Social
Sciences (SPSS 23, IBM, Armonk, NY) for Mac
was used for statistics. The main hypothesis test
was two-sided and used level of significance of 5%.
The primary outcome was the change from baseline
in the Kujala score at 3 months and was tested with
Kolmogorov—Smirnov. For comparison between
groups (PST vs. Placebo), the Mann—Whitney test
was used based on the resulting data distribution.
The outcome was chosen to be the change from
baseline value instead of total Kujala score, because
of the relatively small sample size (although ade-
quately powered for the outcome) that could cause
a false negative test when comparing the baseline
Kujala between groups. To study the total Kujala
score behavior inside each group during follow-up
at 3, 6, and 12 months, ANOVA-repeated measures
with post hoc contrast analysis was used in the
placebo post-treatment group. In the PST group,
this analysis was made with Friedman test based on
Shapiro Wilk distribution testing. Because this post
hoc analysis used 3 tests (comparison between
3 months and baseline, 6 months and 3 months, and
finally 12 months and 6 months), significance was
corrected with Bonferroni and was considered 0.05
divided by 3, therefore 0.016.

RESULTS

Patient groups were homogenous in terms of
age, lower limb side, trochlea type, or patellar height
at baseline (Table 1). At the end of the third month,
all knees allocated in the PST group showed improve-
ment. Among patients with bilateral knee allocation,
all but one exhibited greater improvement in the PST-
treated knee. Thirteen of the placebo group knees
showed no change in score, three showed little
improvement, and one worsened.



TABLE 1. Baseline Patient Characteristics in PST and
Placebo Groups

Placebo
PST (n=24) (n=17)  P-value
No. (%) with data 24 (100) 17 (100)
Age, mean -+ SD, years 355+£898 36.8+£7.99 0.64*
Side, No. (%) 0.23**
Right 13 (54.2) 6 (35.3)
Left 11 (45.8) 11 (64.7)
Trochlear dysplasia, No. (%) 0.5**
Absent 11 (45.8) 6 (35.3)
Type A 13 (54.2) 11 (64.7)
Patellar height, 1.08 £0.12 1.1+0.12 0.67*
mean =+ SD, Caton-
Deschamps
Chondral lesion, No. (%)
Outerbridge grade 1 4 (16.7) 6 (35.3)
Outerbridge grade 11 8 (33.3) 6 (35.3)
Outerbridge grade III 7 (29.2) 2 (11.8)
Outerbridge grade IV 5 (20.8) 3(17.6)

Kujala score, mean+SD 74.04 £13.03 80.29£9.39 0.14***

*t-student test.
**Chi-square test.
***Mann—Whitney.

The Kujala score change from baseline to the
third month (Table 2, Fig. 3) was 9.63 (£7.5) points
in the PST group, compared to 0.53 (£1.8) points in
the placebo group, which was significantly different
(P <0.001).

With a clear superiority of the PST group
established at the third month (improvement of 8§-10
points in the Kujala score), the blinding was removed
and patients from the placebo group started receiving
the PST treatment, as previously pre-determined in
the methodology, and were followed for 12 more
months. The results for each group over time are
shown in Table 3. An improvement was also observed
in the third month after PST treatment of the placebo
group (Table 3). In addition to being maintained up to
12 months, the improvement was progressive, with
statistically significant improvements from the third
month to the sixth month in both groups, and from the
sixth month to the 12-month follow-up endpoint in
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the PST group. The improvement in the Kujala score
at the last follow-up endpoint was 15.67 and 10.12
for the PST and placebo post-treatment groups,
respectively.

DISCUSSION

The main finding of this study was that there
was clinical improvement obtained from PST treat-
ment compared to placebo in patients with patellofe-
moral pain syndrome with patellar chondropathy at
3 months.

The improvement in patients treated with PST
was progressive and maintained throughout the
12 months of study, with a mean change from baseline
of 9.63 at the third month and 15.67 at the 12th
month, which is clinically relevant. As an example, a
10-point difference in Kujala represents the change
from a patient who is able to climb stairs without
difficulty to a patient that cannot climb stairs.
Moreover, 94% (16) of patients that had one knee
included in the PST group and a contralateral knee
included in the control group reported greater im-
provement in the knee treated with PST at the third
month. Similarly, patients initially allocated to pla-
cebo group also showed improvement at the third
month after effective treatment, sustained up to
12 months.

PEMF therapy has been used clinically for over
30 years, and although it has achieved interesting
results in some studies, it is still not widely used for
any pathology. The in vitro results of PEMF used on
chondrocytes have shown increased cell viability
[Anbarasan et al., 2016], decreased cellular degenera-
tion [Tan et al., 2015], upregulation of adenosine
receptors [Varani et al., 2008], changes in chondro-
cyte morphology [Jahns et al., 2007], and a chondro-
protective effect against IL-1 and increased
proteoglycan synthesis [Ongaro et al., 2011; Veronesi
et al., 2015; Anbarasan et al., 2016]. The effect seems
to be lost in arthritic chondrocytes [Sadoghi et al.,
2013]. Randomized controlled studies on PEMF used
for arthrosis showed improvement in joint stiffness,

TABLE 2. Kujala Score Improvement From Baseline to the Third Month in the PST and Placebo Groups

PST (n=24) Placebo (n=17) P-value
Kujala pre, mean + SD 74.04 +13.03 80.29 +£9.39
95% confidence-interval (68.53-79.54) (75.47-85.12)
Kujala post 3-months, mean + SD 83.67+9.38 80.82+9.52
95% confidence-interval (79.59-87.89) (75.93-85.72)
Mean change from baseline to 3 months £ SD 9.63 £7.48 0.53£1.81 <0.001

Significance test were made with Mann-Whitney U-test.

Bioelectromagnetics
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Fig. 3. Kujala scores pre-intervention and 3 months post-
intervention in the PST and placebo groups.

but no improvement in pain relative to the placebo
[Thamsborg et al., 2005; McCarthy et al., 2006; Ay
and Evcik, 2009; Ozguclu et al., 2010]. More recent
studies have reported significant improvements on
visual analog scale (VAS) with the use of PEMF
therapy, including a systematic review with studies
employing high quality methodologies that showed
PEMF to be more effective than placebo for pain at 4
and 8 weeks and for function at 8 weeks [Ryang We
et al., 2013]. Improvement in pain, stiffness, and

physical function has also been found in elderly cases
with knee osteoarthritis [Iannitti et al., 2013; Cadossi
et al., 2014; Collarile et al., 2018].

PEMF is the generic term used when referring to
electromagnetic field therapy and can be performed at
variable frequencies. It appears that better efficacy in
terms of the histological effect on chondrocytes is
achieved when a higher frequency is used, that is,
75Hz as opposed to 37 Hz [Veronesi et al., 2014].
These heterogenous frequencies used may explain
some of the variability found in the results reported in
the literature. It is unclear which electromagnetic field
application parameters are the most effective. Further
studies are required to determine the most appropriate
frequency to be used in selected groups of patients.
On the other hand, PST therapy has a patented
variable low-frequency field application that is known
only to the manufacturer, so it may be considered a
PEMF-type therapy but it cannot be modified. This
fact may be regarded as a disadvantage (i.e., it may
not be the ideal frequency) or as an advantage (i.e.,
the procedures are homogenous and the reproducibil-
ity is maximal).

A study comparing PEMF associated with a
home exercise program to the program alone for
patellofemoral pain syndrome showed that in the
PEMF group, both function and pain were signifi-
cantly better at 6 and 12 months [Servodio Iammar-
rone et al., 2016]. This was the only other study with
electromagnetic fields for patellofemoral pain syn-
drome found in the literature. The present study is the
first to use PST in a similar setting, demonstrating
that PEMF treatment can be effective to treat patients
with this clinical condition.

It is necessary to compare the improvement
obtained in the present study with treatment com-
monly used for this condition. Muscle rehabilitation

TABLE 3. Kujala Scores Over Time Inside PST and Placebo Post-Effective PST Treatment Groups

PST (n=24) Placebo post-effective treatment (n=17)

Kujala baseline, mean &+ SD 74.04 £13.03 80.82£9.52
95% confidence-interval (68.53-79.54) (75.47-85.12)
Kujala at 3-months, mean + SD 83.67 +=9.38 87.88+6.11
95% confidence-interval (79.59-87.89) (84.74-91.03)
P value pre x 3 months <0.001 <0.001

Kujala post 6 months, mean £ SD 88.75+7.44 89.82 £6.62
95% confidence-interval (85.61-91.89) (86.42-93.23)
P value 3 months x 6 months <0.001 0.005

Kujala post 12 months, mean £ SD 89.71 £6.56 90.94 +5.98
95% confidence-interval (86.94-92.48) (87.86-94.02)
P value 6 months x 12 months 0.016 0.058

Significance tests with post hoc contrast analysis were made with Friedman test for PST group and ANOVA for placebo post-effective

treatment.
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physiotherapy is the primary tool currently used to
treat such patients when surgery is ruled out. The
results of 6 weeks of physiotherapy show Kujala
scores improved by 20 points over 12 months
[Petersen et al., 2016], which is very close to the
results obtained with PST. A Cochrane systematic
review investigated the effect of exercise as a
treatment for patellofemoral pain syndrome. Pooled
data from seven studies, including 483 patients,
showed improvement in the functional range (Kujala
equivalent) of 12.21 after 3 months. Data from 3
studies with 274 patients showed an improvement of
17.98 after 12 months [Van Der Heijden et al., 2016].
The clinical improvement obtained in the present
study in patellofemoral pain syndrome with PST is
therefore very close to the improvement found when
using exercise therapy (9.63 after 3 months and 15.67
after 12 months), which supports the clinical signifi-
cance of the findings. Although electromagnetic field
therapy is more expensive, it is passive and does not
demand patient adherence to an active protocol of
exercises, which are demanding in time. Besides, it
has been shown that PEMF therapy enhances thera-
peutic exercise outcomes [Servodio Iammarrone
et al., 2016]. Future studies should combine PST and
physiotherapy to ascertain the potential benefits of
combining both therapies.

The limitations of the study include the unblind-
ing in the placebo group after the 3-month evaluation,
the absence of proof of PST’s action mechanism, and
the relatively small number of patients despite the
statistical significance. We must emphasize that the
unblinding in the third month was pre-determined as
part of the study design if preliminary analysis
showed a clear superiority of one of the groups. The
number of patients enrolled was small; however, the
required estimated number of patients to be included
based on the a priori sample size calculation was
fulfilled. The study randomized each knee of 16
patients with bilateral chondropathy to a different
group. It could be argued that this could impair
adequate analysis of the Kujala score, because one
knee limitation could affect the score of the other. But
all patients were actively participating in physical
exercises at a gym, and their disability consisted
mainly of pain, which could be unilaterally assessed
in the score, as long as the patients did not have a
significant functional limitation such as not being able
to use stairs, running, etc., which was the case in our
study. Moreover, although the lack of a physiotherapy
group may be considered a weakness, the objective of
this study was to clearly test the isolated effect of PST
treatment. Another study in the future comparing PST
and physiotherapy is needed. MRI evaluation of the
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knee at the 12-month follow-up period would provide
useful information regarding the patellar cartilage
status following the PST treatment. However, due to
insufficient funding this was not possible to perform.

Further studies are necessary to define how PST
generates clinical improvement and to determine
whether structural change of the patellar cartilage
occurs. Notwithstanding the above, in terms of being
a short-term noninvasive therapy that has clinically
significant effects for up to 12 months, PST is an
interesting tool for the treatment of this complex
syndrome.

CONCLUSION

PST therapy in patients with patellofemoral pain
syndrome and patellar chondropathy was effective
compared to placebo at 3 months, showing an
important improvement of Kujala score. The improve-
ment was progressive and maintained up to 12 months.
PST is safe, effective, and should be considered as a
non-invasive option for the management of patellofe-
moral pain syndrome and patellar chondropathy.
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