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The review article is devoted to the usage of extracorporeal magnetic stimulation in the treatment of urological diseases.
Based on the analysis of scientific publications in the PubMed, Medscape, Google Scholar databases, modern data on the
mechanism of the therapeutic effect of this method, the method of performing the procedure, the results of clinical studies of its
effectiveness in the treatment of urinary incontinence, bladder hypoactivity, chronic pelvic pain syndrome, erectile dysfunction
and premature ejaculation are presented.
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The recent development of physiotherapeutic and
physical methods of influence has resulted in an increase
in the efficacy of treatment of patients diagnosed with
urological diseases [1-4]. One such method, extracor-
poreal magnetic stimulation (ECMS), involves the use of
special equipment for the generation of high-intensity al-
ternating magnetic fields, which affect the afferent and
efferent nerve fibers [1]. Impulses in the efferent nerve
fibers induce contractions of muscle structures such as
the pelvic floor, while activation of afferent fibers affect
the sensitivity of the pelvic organs [4-8]. ECMS is believed
to induce neuromodulation of the lower urinary tract func-
tion in this manner [1, 2].

The effects of ECMS are largely dependent on the fre-
quency of the magnetic field applied, with lower frequen-
cies (5-10 Hz) of alternating magnetic fields resulting
in excitation of the afferent fibers of the vesicoprostatic
nerve and transmission of impulses to the spinal cord.
In the spinal cord, the impulses switch to the supraspinal
pathways and propagate to the centers of urination in the
brainstem. Such an effect can lead to a decrease in the
tone of the centers of urination, indirect inhibition of the
parasympathetic efferent pathway activity, and detrusor
contraction. Existing literature refers to this mechanism
as inhibition of the detrusor-activating reflex [9]. Expo-
sure to an alternating magnetic field also results in de-
polarization of the autonomic sympathetic fibers of the
vesicoprostatic nerve and an increase in the activity of
nuclei in the thoraco-lumbar and sacral sections of the
spinal cord. As a result, an increase in the sympathetic
activity of the efferent pathway of the hypogastric nerve,
beta-3-adrenergic receptor activity, and detrusor relax-
ation is observed [10].

J.S. Koh et al. [11] suggested that an additional thera-
peutic effect of low-frequency ECMS in an overactive
bladder was the inhibition of involuntary detrusor con-
tractions caused by stimulation of the sacral nerves, sub-
sequent activation of the inhibitory interneuronal reflex,
and inhibition of type C nerve fiber activity that affected
the increase in bladder tone. This may also help explain
the efficacy of ECMS in patients with overactive bladders
and spinal injuries [11-13].

Conversely, exposure to high frequencies of ECMS
(50-100 Hz) results in excitation of the sympathetic ef-
ferent fibers of the vesicoprostatic nerve, leading to in-
creased tone and contraction of the pelvic floor muscles
including the external urethral sphincter responsible for
urinary retention [10].

In case of mixed urinary incontinence, a combination
of low- and high-frequency exposure in each session
is recommended as this approach enables the effective
management of urge and stress urinary incontinence [14].

Myostatin serves as an endogenous inhibitor of
muscle tissue growth, and an increase in its levels may
result in impaired contractility of the pelvic muscles.
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Previous studies have demonstrated a decrease in the
concentration of myostatin in the blood serum after ECMS
[13, 15-17], suggesting that this procedure helps to re-
store the function of the pelvic floor muscles at the bio-
chemical level.

The occurrence of a refractory conduction period af-
ter contraction of the pelvic floor muscles during high-
frequency ECMS can block pathological and pain im-
pulses [18], and this mechanism is particularly important
when using ECMS in patients with chronic pelvic pain.

The ECMS procedure is relatively comfortable for pa-
tients, with no need for undressing or application/inser-
tion of sensors into the vagina or rectum. The patient sits
on a special chair during the procedure, and the intensity
of the magnetic field strength is adjusted on an individual
level to achieve a painless effect on the muscle structures
and pelvic organs [19].

ECMS has beneficial effects on the psychosocial sphere of
patients, thus improving their quality of life. Previous studies
have reported, that after ECMS-therapy a statistically signifi-
cant decrease in Beck's Depression Inventory-Il scores and
episodes of physical and social restrictions associated with
urinary incontinence was observed. [20, 21].

Sequential contraction and relaxation of the pelvic
floor muscles during ECMS can help patients understand
the correct algorithm for training their pelvic floor mus-
cles, and ECMS can also be combined with the biofeed-
back method [13, 22].

Stress urinary incontinence

The use of ECMS for the treatment of stress urinary
incontinence was first approved in the USA in 1998 when
N.T. Galloway, a notable urologist and pioneer of this
method, evaluated its efficacy in the treatment of stress
urinary incontinence in a sample of 83 women [23]. In this
study, the patients were asked to sit on a special chair,
with the source of alternating magnetic waves placed un-
der the seat. The ECMS procedure was executed by the
application of a frequency of 5 Hz for the first 10 min-
utes, followed by a break of 1 to 5 minutes, and then
exposure to a frequency of 50 Hz for the next 10 minutes.
The procedures were repeated twice a week for 6 weeks,
and control examination 3 months after the end of treat-
ment was carried out in 50 out of 83 treated patients.
The findings showed that 17 (34%) female patients ex-
hibited no episodes of urine leakage, 16 (32%) patients
had to use one urological pad per day, and the remaining
17 (34%) patients had to use more than one pad per day.
The number of used urological pads decreased from 2.5 ini-
tially to 1.3 per day after the end of ECMS therapy course, and
the average weight of the pads decreased from 20 to 15 g.
Similar results confirming the efficacy of ECMS in women
with stress urinary incontinence were also observed by
other researchers. A. Unsal et al. [24] reported that, in
their study, 38% of patients exhibited no signs of stress
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urinary incontinence and 41% of patients demonstrated
a decrease in its severity one year after ECMS, indicat-
ing that its effects persisted for at least one year. It has
been suggested that, in patients with stress urinary incon-
tinence, the therapeutic effects of ECMS are associated
with an increase in intraurethral pressure. T. Yamanishi et
al. [25] observed an increase of 34% (from 72.0 to 96.5 cm
of water column) in maximum intraurethral pressure and
20.9% (from 68.3 to 82.6 cm of water column) in maxi-
mum urethral closure pressure after a course of ECMS.
A meta-analysis of clinical studies including 232 pa-
tients with stress urinary incontinence showed a decrease
in the frequency of urinary leakage (mean: 1.42 per day)
and the amount of urine lost (mean reduction in the
weight of the urological pad: 4.99 g) after a course of
ECMS. Moreover, none of the treated patients exhibited
any complications associated with the use of ECMS [26].

Urge urinary incontinence

ECMS has also been successfully used to treat patients
with urge urinary incontinence. In their pilot study including
patients diagnosed with the same, T. Yamanishi et al. [25]
performed cystometry before and during a 15-minute
session of ECMS at a frequency of 10 Hz and reported a
significant increase in bladder filling volume at the first
urge to urinate and also in maximum cystometric capa-
city after completion of the procedure. A. Unsal et al. [24]
also confirmed the efficacy of ECMS, with 7 (41.2%) out
of 17 patients in their study reporting cessation of urinary
incontinence and another 8 (47.1%) observing a decrease
in its severity upon completion of treatment.

T. Yamanishi et al. [27] conducted a randomized con-
trolled trial to examine the effects of ECMS at 10 Hz for
25 minutes in women with urge urinary incontinence.
The sessions were performed twice a week for 7 weeks,
and the study sample included 151 patients in the treat-
ment group and 50 women in the control group. The fin-
dings showed a decrease in the number of episodes of
urge urinary incontinence (from 2.65 to 1.53 per day) and
the average volume of urinary output during incontinence
(from 14.03 to 4.15 g) after a course of ECMS. No signifi-
cant changes were noted in the control group.

Mixed urinary incontinence

A combination of high- and low-frequency ECMS is
recommended in female patients with mixed urinary in-
continence. D.D. Chandi et al. [14] examined the efficacy
of this treatment method and found that 66.7% of patients
experienced a decrease of more than 50% in the frequency
of urination or the frequency of urinary incontinence epi-
sodes. However, the results of the 24-hour pad test be-
fore and after treatment did not differ significantly.

P.M. Groenendijk et al. [28] varied the frequencies of
ECMS with the form of urinary incontinence, with patients
diagnosed with urge urinary incontinence receiving a low
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frequency of 10 Hz for 20 minutes and those exhibiting
stress incontinence receiving a higher frequency of 50 Hz.
In the mixed form, ECMS was performed at a frequency of
10 Hz for the first 10 minutes and then at a frequency of
50 Hz for the next 10 minutes. The treatment was found
to be successful in 60% of patients with urge urinary in-
continence and in 66% of patients with stress and mixed
urinary incontinence.

Urinary incontinence after radical prostatectomy

T. Yokoyama et al. [29] conducted a comparative study
examining the efficacy of ECMS and electrical stimulation
of the pelvic muscles in the treatment of patients with uri-
nary incontinence after radical prostatectomy. The control
group consisted of patients who performed Kegel exercis-
es only. The group of patients receiving ECMS or electrical
stimulation exhibited a higher level of urinary retention
after treatment compared to the control group after a pe-
riod of 2 months. Comparable results in the three groups
were achieved only 6 months after surgery.

Rapid achievement of urinary retention through ECMS
after radical prostatectomy was also noted by M. Nowak
et al. [30]. In their study, 105 patients were divided into
two groups, with the experimental group receiving ECMS
and the control group performing Kegel exercises. After
removal of the urethral catheter in the early postopera-
tive period, 16.8% of all patients exhibited complete urine
retention. Moreover, 51%, 64%, and 82% of the experi-
mental group and 44%, 50%, and 68% of the control group
achieved urinary retention after 4 weeks, 3 months, and
6 months, respectively. Pad test results after 12 months
were significantly better in the experimental group com-
pared to the control group (p = 0.004). The researchers
concluded that ECMS significantly accelerated the recov-
ery of urinary continence in patients after radical prosta-
tectomy.

R.E. Amdiy et al. [31] also confirmed the efficacy of
ECMS in the treatment of stress urinary incontinence in
patients with a history of radical prostatectomy. In their
study, ECMS was performed in 27 patients at frequencies
of 10 and 50 Hz for 20 minutes 2-3 times a week, with a
full course of treatment including 12 procedures. At the
end of treatment, 3 (11.1%) patients still exhibited urinary
incontinence, 4 (14.8%) patients used one pad per day, and
20 patients (74.1%) presented with complete urine reten-
tion. The total score on the ICIQ-SF questionnaire after the
end of treatment decreased from 12.9 to 3.7.

C.A. Anderson et al. [32], in their meta-analysis of
studies evaluating the efficacy of pelvic floor muscle
training, biofeedback, electrical stimulation, ECMS, use
of compression devices, and lifestyle changes in the treat-
ment of urinary incontinence after radical prostatectomy,
observed controversial findings and concluded that ad-
ditional randomized trials were required to evaluate the
long-term effects of different types of therapy.
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Chronic pelvic pain and chronic prostatitis

The efficacy of ECMS in the treatment of chronic pelvic
pain in men who underwent ineffective standard medical
therapy with antibiotics, a-blockers, and non-steroidal
anti-inflammatory and neurotrophic drugs was evaluated
by M.H. Yang et al. [4]. In their study, 23 patients under-
went a 6-week course of ECMS (3 sessions per week) at
10 and 70 Hz for 15 minutes. The findings showed a 36.4%
(from 25.0 to 15.9 points) decrease in the total scores on
the National Institutes of Health Chronic Prostatitis Symp-
tom Index (NIH-CPSI), a 44.1% (from 11.8 to 6.6 points)
decrease in the pain domain scores, and a 26.1% (from 4.6
to 3.4 points) decrease in the urination disorders domain
scores. At the same time, the quality of life of patients
improved by 31.4% (from 8.6 to 5.9 points). The efficacy
of treatment increased with the combined use of ECMS
and the biofeedback method. The decrease in pain and
severity of lower urinary tract symptoms persisted for 6
to 12 months after completion of ECMS course, with the
greatest efficacy being observed in relation to reduction
of the severity of pain [18, 33]. The efficacy of combined
ECMS in the treatment of patients with chronic pelvic pain
was confirmed by T.H. Kim et al. [34] who used a combi-
nation of low-frequency stimulation at 10 Hz for the first
15 minutes and 50 Hz for the next 15 minutes.

Erectile dysfunction and early ejaculation

ECMS can also be used quite successfully for the
treatment of patients with erectile dysfunction. In this
case, the magnetic coil can either be built into a special
chair or be portable, where it is applied to the base of
the dorsal surface of the penis. A. Shafik et al. [35] used
an alternating magnetic field at a frequency of 20 Hz to
influence the cavernous nerve. The study sample was di-
vided into the treatment group and a control group without
electromagnetic exposure. Penile rigidity was observed in
the treatment group, while no such change was seen in
the control group. Upon repetition of the exposure phase,
patients in the experimental group exhibited erections
while those in the control group did not. These findings
indicate the efficacy of direct exposure of the cavernous
and deep dorsal nerves to an alternating magnetic field in
the achievement of an erection.

R.B. Pelka et al. [36] randomly distributed patients
to the treatment or control groups (n =10 each), with
the former receiving an alternating magnetic field pulse
frequency of 18 Hz. At the end of the treatment course,
8 patients (80%) in the experimental group reported an
overall improvement in the quality and duration of erec-
tion, while the remaining 2 patients (20%) reported only a
slight improvement. In the control group, 3 patients (30%)
observed an overall improvement, while no changes were
seen in the remaining 7 (70%) patients.

D.Yu. Pushkar et al. [37] suggested using ECMS at
a frequency of 6-8 Hz with rest intervals of 3-4 s for
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the treatment of erectile dysfunction. To achieve an ef-
fect, 8—10 procedures each lasting 15-20 minutes were
necessary.

ECMS is also used in the treatment of early ejacu-
lation [38]. The mechanism of action involves reduc-
tion of the tone of the ejaculation center in the spinal
cord. When exposed to a frequency of 20 Hz, a persis-
tent increase in intravaginal latent ejaculation time was
noted, and this was directly related to the duration of
the treatment course. The results of such treatment
were comparable with behavioral and pharmacological
therapies.

However, many aspects of the efficacy of ECMS in the
restoration of erectile function remains unclear, and ad-
ditional research is necessary in order to identify the op-
timal modes of exposure [31].

Urinary bladder hypoactivity

Sacral stimulation is an effective treatment for detrusor
hypoactivity [39]. The mechanism of action involves neu-
romodulation of the functioning of micturition centers [40].
In their pilot study, R.E. Amdiy et al. [41] showed the pos-
sibility of using ECMS in patients with detrusor hypoactiv-
ity, with an improvement in symptoms and a decrease in
the volume of residual urine being observed in 37.5% of
patients receiving ECMS at the same frequency as that
used for sacral stimulation.

CONCLUSION

The efficacy of ECMS in the treatment of diseases of
the pelvic organs has been established, and this method
has been shown to be advantageous when compared to
other conservative methods of treatment for urological
diseases due to its non-invasive nature and painless ef-
fect on deeper structures. Moreover, this method is easy
to use, has a minimum number of contraindications, and
does not require expensive consumables.

The physiological effects of ECMS depend largely on
the frequency used, with low frequencies (5-15 Hz) of
an alternating magnetic field being effective in the treat-
ment of urge urinary incontinence through reduction
of the tone of the micturition centers in the sacral spi-
nal cord and relaxation of the detrusor and pelvic floor
muscles. High frequencies (50 Hz), on the other hand,
affect motor neurons of the pelvic floor muscles, induc-
ing contraction and resulting in a better understanding
of the correct algorithm of contractions in the patient.
The mechanism of action of ECMS includes neuromod-
ulation of the nervous system activity through excita-
tion of the afferent nerves of the organs and muscles
of the pelvic floor.

Further practical research is necessary in order to de-
termine indications, identify suitable patients, and estab-
lish the most effective modes of exposure to ECMS.
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