
OR I G I N A L A R T I C L E

Effects of magnetic stimulation on urodynamic stress
incontinence refractory to pelvic floor muscle training
in a randomized sham-controlled study

Tomonori Yamanishi1 | Tsuneki Suzuki2 | Ryo Sato2 | Kanya Kaga1 | Mayuko Kaga1 |

Miki Fuse1

1Department of Urology, Continence Center,
Dokkyo Medical University, Mibu, Japan
2Department of Urology, Dokkyo Medical
University, Koshigaya Hospital, Koshigaya,
Japan

Correspondence
Tomonori Yamanishi, Department of Urology,
Continence Center, Dokkyo Medical
University, 880 Kitakobayashi, Mibu, Tochigi
321-0293, Japan.
Email: yamanish@dokkyomed.ac.jp

Objective: The aim of the present study was to evaluate the effect of magnetic stimulation on

urodynamic stress incontinence refractory to pelvic floor muscle training in a randomized

sham-controlled study.

Methods: Female patients with urodynamic stress incontinence who had not been cured by

pelvic floor muscle training were randomly assigned at a ratio of 2 : 1 to either active treat-

ment or sham treatment for 10 weeks. The randomization was made using magnetic cards for

individuals indicating active or sham stimulation. The primary endpoint was changes in the

number of incontinence episodes/week, with secondary endpoints of the degree of inconti-

nence (in g/day; determined using the pad test), the total score on the International Consulta-

tion on Incontinence Questionnaire – Short Form (ICIQ-SF), the ICIQ quality of life (QOL)

score, and the abdominal leak point pressure (ALPP) on urodynamic study.

Results: Although 39 patients were enrolled in the study, 9 dropped out, leaving a total patients

for analysis (18 in the active treatment group, 12 in the sham treatment group). The number of

incontinence episodes/week, the degree of incontinence, total ICIQ-SF score, ICIQ-QOL score,

and ALPP were significantly improved after active treatment compared with baseline (all P < .05),

but did not change significantly after sham treatment. There was a significant intergroup differ-

ence with regard to changes from baseline in the ICIQ-SF and ALPP in favor of the active treat-

ment group (P < .05). There were no significant differences in any other parameters between the

2 groups. Treatment-related adverse events were not found in both groups.

Conclusion: Magnetic stimulation was effective in treating urodynamic stress incontinence.
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1 | INTRODUCTION

Pelvic floor muscle training (PFMT) is the treatment of choice for

stress urinary incontinence (SUI). The efficacy of PFMT for the treat-

ment of SUI has been reported in several randomized controlled

trials.1,2 Although improvements in SUI following PFMT have been

reported to be in the order of 50%-70%, the cure rates are no greater

than 15%-30%.3 Surgical treatment, such as the urethral sling (ten-

sion-free vaginal tape or tension-free obturator tape), is effective, but

these surgeries can cause adverse events such as bladder perforation,

hemorrhage, tape exposure, and de novo urgency,2,4 and many

patients may prefer non-surgical treatment. According to the Japa-

nese guidelines for female lower urinary tract symptoms (LUTS),2

PFMT is the treatment of choice, with surgical treatment is ranked as

the second-line treatment option even though both treatments are

graded as “Recommendation A.”

Electrical stimulation (ES) has also been reported to be effec-

tive for SUI, but because of the pain or discomfort associated with
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the electrode, ES has not been used as a first-line treatment

choice.5–7

Magnetic stimulation (MS) was developed as a safe and non-

invasive intervention for urgency incontinence and/or SUI as an

alternative to ES.8–21 The safety of MS has been reported in animal

studies.12,13 Significant improvements following active rather than

sham MS for the treatment of urgency incontinence have been

reported in multicenter single-blind randomized sham-controlled

studies.15,16 Furthermore, a reduction in the frequency of leakage and

urodynamic improvement, including an increase in maximum urethral

closure pressure, have been reported following MS in patients with

SUI.10,14 Although the efficacy of MS for the treatment of SUI has

been reported, few randomized sham-controlled studies have been

conducted investigating the use of MS in the treatment of SUI.17–21

Thus, the aim of the present randomized sham-controlled study

was to evaluate the effects of MS on USI refractory to PFMT in

women who did not want to undergo surgery.

2 | METHODS

Women with urodynamic SUI refractory to PFMT for more than

12 weeks and who did not want to undergo surgery were enrolled in

the present study. Women with urgency urinary incontinence due to

detrusor overactivity as determined by videourodynamic studies,

those with complications after pelvic surgery or trauma, those wear-

ing a pacemaker (an implanted-type cardiac defibrillator), those com-

plicated by malignancy, those with a residual urine volume !200 mL,

those deemed by the doctor in charge to be unsuitable for the pres-

ent trial, and women who were pregnant or suspected of being preg-

nant were excluded from the present study. None of the patients in

the present study had a history of incontinence surgery, such as

Burch operation, colposuspension, or urethral sling, including tension-

free vaginal tape or tension-free obturator tape.

The study procedures were approved by the Institutional Review

Board of Dokkyo Medical University, and informed written consent

was obtained from each patient before they entered the study. The

study was conducted in accordance with the Declaration of Helsinki.

The stimulation device was an armchair-type of magnetic stimu-

lator (Nihon Kohden, Tokyo, Japan; Figure 1). The magnetic coil was

positioned beneath the seat of the chair. Active stimulation was set

at 50 Hz in 5-s on/5-s off cycles. Sham stimulation was set at 1 Hz in

5-s on/5-s off cycles, with a maximum output of "42% of the active

stimulation (Table 1). Patients were randomly assigned to either

active or sham treatment groups in a ratio of 2 : 1. Randomization

was performed using magnetic cards for individuals indicating active

or sham stimulation. All patients underwent 20 min stimulation

weekly for 10 weeks.

The primary outcome was the change in the number of inconti-

nence episodes per week on a frequency-volume chart. Secondary

outcomes included changes in the degree of urinary incontinence

(measured in g), as determined using a 24-h pad test, changes in

International Consultation on Incontinence Questionnaire – Short

Form (ICIQ-SF) scores, including the total score and the quality of life

(QOL) subscore,22 and changes in the abdominal leak point pressure

(ALPP) in urodynamic studies.

Urodynamic studies were performed before MS therapy (after

PFMT), as well as after MS therapy. In the urodynamic studies, an 8-

Fr double-lumen catheter was inserted transurethrally into the blad-

der and vesical pressure was measured. A water cystometrogram was

recorded in patients in the supine position at an infusion rate of

50 mL/min, and rectal pressure was measured simultaneously using a

balloon catheter. Detrusor pressure was calculated by subtracting

rectal pressure from intravesical pressure. After filling the bladder

with 300 mL of water, patients were raised to a standing position

and ALPP was recorded by straining (Valsalva maneuver). The meth-

ods, definitions, and units used in these studies conform to the stan-

dards recommended by the International Continence Society (ICS),23

unless specifically noted otherwise. According to this standardization,

urodynamic SUI is defined as the involuntary leakage of urine during

increased abdominal pressure in the absence of a detrusor

contraction.

FIGURE 1 Chair-type magnetic stimulator
[Colour figure can be viewed at
wileyonlinelibrary.com]

2 YAMANISHI ET AL.



2.1 | Statistical analysis

Wilcoxon signed-rank tests were used for between-group compari-

sons and the Mann–Whitney U-test was used for intergroup compar-

isons. P < .05 was regarded as statistically significant.

3 | RESULTS

Thirty-nine patients were enrolled in the study, with 26 patients ran-

domized to the active treatment group and 13 randomized to the

sham group. Nine patients (8 in the active group, 1 in the sham

group) dropped out of the study due to unknown reasons (n = 8) and

moving away (n = 1). This left 18 patients in the active treatment

group and 12 in the sham group who completed the study. There

were no significant differences between the 2 groups with regard to

baseline characteristics (Table 2).

The number of incontinence episodes (times per week), the

degree of incontinence in the 24-h pad test, and ICIQ-SF total and

QOL scores decreased significantly after treatment compared with

baseline in the active treatment group (all P < .05); there was no sig-

nificant change from baseline in any of these parameters in the sham

treatment group (Table 3). ALPP increased significantly after treat-

ment compared with the baseline in the active group (P < .01), but

not in the sham group. There were significant intergroup differences

in changes in ICIQ-SF total score (P < .05) and ALPP (P < .01) from

baseline (Table 4).

No side effects attributable to MS were noted through an oral

questionnaire.

4 | DISCUSSION

ES has been reported to be effective for SUI, with reported success

rates in the range 60%-70%.5–7,24 Pelvic floor ES has been reported

to be safe, but has been associated with the occurrence of abdominal

cramps, diarrhea, pain, bleeding, an uncomfortable feeling, and urinary

tract infection.5–7 The mechanism underlying the effects of ES on

SUI may involve increased contractility of the pelvic floor muscles via

a direct effect of the stimulation on muscle fibers and pudendal

nerves.5 In addition, a randomized sham-controlled study has

reported that ES using an anal electrode is effective for the treatment

of post-prostatectomy incontinence.25 Although sacral nerve stimula-

tion and percutaneous tibial nerve stimulation have been reported to

be effective for the treatment of refractory overactive bladder (OAB)

or urgency incontinence, they have not been used for the treatment

of SUI.26,27

The conditions of ES and MS for SUI differ from those used to

treat OAB: low frequencies (5–10 Hz) are thought desirable for the

inhibition of detrusor contraction, whereas relatively high frequen-

cies, ranging from 20 to 50 Hz, have been reported to be effective

for urethral closure and contraction of pelvic floor muscles.6,7 Inter-

mittent stimulation is also recommended in order to avoid muscle

fatigue. Thus, in the present study we used a frequency of 50 Hz and

a cycle of 5-s on/ 5-s off for the active treatment. In the present

study, this stimulation protocol was used up to the maximum tolera-

ble level for 20 min each week.

MS has been used as a safe and non-invasive alternative to ES

for the treatment of urinary incontinence.8–21 The mechanism of

action of MS is considered to be the same as that of ES. MS is effec-

tive for the activation of deep proximal nerves, with little pain, that

are difficult to activate with ES. The electrical current produced direct

ES falls off as a function of the impedance of the tissue between the

stimulating electrodes and the neural tissue. Skin, bone, and subcuta-

neous tissue have high impedance. Thus, it is necessary to deliver

much higher electric currents to the skin to deliver sufficient electric

current to neural tissue, thereby activating pain receptors. However,

the magnetic field penetrates all body tissues without alteration, fall-

ing off in magnitude only as the inverse square of the distance.

Therefore, for the same current generated at the level of the neural

tissue, the current generated at the skin using MS will be less than

that used for ES.9 Furthermore, patients do not need undress

TABLE 1 Characteristics of active and sham stimulation

Active
stimulation Sham stimulation

Appearance Same

Pulse wave Intermittent
biphasic
sine wave

Pulse width (ms) 0.3

Frequency (Hz) 50 1

Stimulation pattern 5-s on/5-s off

Maximum amount
of stimulation
(mT peak)

272 114 (42% of active)

No. pulses/min 1500 30

No. pulses/20 min 30 000 600

Total no. pulses
over 10
treatments

300 000 6000

Intensity Maximum
tolerable level

Initial 65%, intensity
increased by 4%
over previous
stimulation with
subsequent sessions

TABLE 2 Baseline characteristics of patients in the active and
sham treatment groups

Active treatment
(n = 18)

Sham
treatment
(n = 12) P value

No. episodes
incontinence (week)

14.4 ! 13.9 6.72 ! 4.71 .080

Degree of
incontinencea

(g/d)

15.4 ! 15.8 12.5 ! 13.2 .911

Total ICIQ-SF score 15.8 ! 6.1 14.0 ! 4.1 .486

ICIQ-QOL score 8.2 ! 4.4 7.1 ! 2.3 .542

ALPP (cmH2O) 95.5 ! 32.2 111.3 ! 35.7 .393

Abbreviations: ALPP, abdominal leak point pressure; ICIQ-SF, Interna-
tional Consultation on Incontinence Questionnaire – Short Form; QOL,
quality of life.

Data are given as the mean ! SD. P-values were determined using the
Mann–Whitney U-test.
a The degree of incontinence was determined using a 24-h pad test.

YAMANISHI ET AL. 3



because the magnetic field passes through clothing. MS can be

applied both at the sacral root17 and in the pelvic floor region. How-

ever, it is difficult to fix the coil for a long time for the former, and

the commercially available stimulator is usually a chair-type stimulator

that stimulates the pelvic floor (Figure 1).15,16,18–21

Some previous non-randomized studies have reported on the use

of MS for SUI.10,11 In another study, Yokoyama et al.18 compared the

effects of ES, MS, and PFMT in 36 men with severe urinary inconti-

nence after radical prostatectomy and found that both MS and ES

achieved higher continence rates at 1 and 3 months compared with

PFMT, but the average 24-h leakage was <10 g in all groups after

6 months.

There have been few sham-controlled randomized studies of MS

for the treatment of urodynamic SUI.17,19–21 Fujishiro et al.17 applied

a single 30-min stimulation over the sacral root in their active and

sham stimulation groups, and reported a significant improvement in

SUI 1 week after active stimulation. In their randomized sham-

controlled study for the treatment of SUI in 62 patients, Gilling

et al.19 reported significant improvements in pad tests and in

Incontinence-Quality of Life (I-QOL) and King's Health Questionnaire

(KHQ) scores in the active treatment group. However, these improve-

ments did not reach statistical significance compared with the sham

treatment group. Recently, Lim et al.21 reported on 1-year follow-up

results of a multicenter randomized study of MS for the treatment of

SUI. At 2 months (after the randomized study), 45 of 60 (75%) sub-

jects in the active arm, compared with 13 of 60 (21.7%) subjects in

the sham arm, were treatment responders (P < .001). At 14 months

of follow-up, the highest percentage of treatment responders was

among subjects who received 32 sessions of active pulsed MS

(75.0%), followed by those who received 16 sessions and finally those

who did not receive any active pulsed MS (21.1%; P < .001).

The present study was a pilot study comparing the effects of

active and sham MS. Although the number of subjects in the present

study was small, only refractory patients were included in the study

and outcomes were evaluated objectively using the pad test and uro-

dynamic investigations. In the active treatment group, the number of

incontinence episodes, the degree of incontinence (pad test), ICIQ-SF

scores, and ALPP were all significantly improved at 10 weeks after

treatment. These results may suggest that MS is effective for urody-

namic SUI. In terms of the safety of MS, none of the patients experi-

enced any device-related adverse events.

It may be difficult to blind patients with regard to active versus

sham stimulation. In the present study, the sham device was set to

stimulate very weakly so that patients perceived some stimulation.

Therefore, a placebo effect or the effect of low-intensity stimulation

may have contributed to some of the improvements or had an addi-

tive effect to PFMT in the sham stimulation group.

It may be better to investigate the effects of MS without PFMT.

However, many patients already use PFMT as primary standard of

care before they visit Dokkyo Medical University. The present study

included SUI patients who were refractory to PFMT. Based on the

results of the present study, MS may have additive effects to PFMT,

with the combination of MS and PFMT appearing to increase the

contractility of pelvic floor muscles more intensively than PFMT

alone. MS may help patients perceive the sensation of contraction of

pelvic floor muscles when practicing PFMT.

A limitation of the present study is its small sample size (n = 39)

and insufficient statistical power, because this study was designed as

a pilot study. Thus, we could not prove the between-group differ-

ences with regard to the number of leaks and the amount of leakage

in the pad test (Table 4). If patients are treated more frequently

(e.g. 2 or 3 times a week), the cure rate may be increased. However,

it was very difficult to recruit patients and treat patients frequently

and then to divide patients between the active and sham treatment

TABLE 3 Number of leaks, results of the 24-h pad test, abdominal leak point pressure, and International Consultation on Incontinence
Questionnaire – Short Form scores before active or sham treatment and at Week 10

Active group Sham treatment

Before Week 10 P value Before Week 10 P value

No. incontinence episodes/wk 14.4 ! 13.9 9.6 ! 9.5 .049 6.7 ! 4.7 5.6 ! 4.5 .693

Degree of incontinencea (g/d) 15.4 ! 15.8 9.0 ! 12.2 .022 12.5 ! 13.2 10.2 ! 9.2 .599

ALPP (cmH2O) 95.5 ! 32.3 129.8 ! 26.6 .002 111.2 ! 35.7 112.5 ! 44.8 .948

Total ICIQ-SF score 15.9 ! 6.0 12.1 ! 6.4 .027 14.0 ! 4.1 13.4 ! 4.6 .468

ICIQ-QOL 8.2 ! 4.4 6.5 ! 4.7 .016 7.1 ! 2.3 6.8 ! 2.6 .875

Abbreviations: ALPP, abdominal leak point pressure; ICIQ-SF, International Consultation on Incontinence Questionnaire – Short Form; QOL, quality
of life.

Data are given as the mean ! SD. P-values were determined using the Wilcoxon matched-pairs signed-ranks test.
a The degree of incontinence was determined using a 24-h pad test.

TABLE 4 Changes from baseline in abdominal leak point pressure,
International Consultation on Incontinence Questionnaire – Short
Form scores, and 24-h pad tests at Week 10 in the active and sham
treatment groups

Active
treatment

Sham
treatment P value

No. leaks (week) #4.73 ! 9.74 #1.00 ! 3.10 .271

Degree of
incontinencea (g/d)

#6.38 ! 10.9 #2.31 ! 15.5 .122

ALPP (cmH2O) 34.3 ! 30.0 #1.18 ! 24.17 .007

Total ICIQ-SF score #3.8 ! 4.5 #0.6 ! 2.6 .049

ICIQ-QOL score #1.66 ! 3.23 0.25 ! 1.36 .377

Abbreviations: ALPP, abdominal leak point pressure; ICIQ-SF, Interna-
tional Consultation on Incontinence Questionnaire – Short Form; QOL,
quality of life.

Data are given as the mean change from baseline ! SD. P-values were
determined using the Mann–Whitney U-test.
a The degree of incontinence was determined using a 24-h pad test.
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groups. Therefore, the findings of the present study show only the

short-term effects of MS and do not show the durability of treatment

efficacy after treatment is discontinued. Further randomized con-

trolled studies with a large sample size are needed in the future.

4.1 | Conclusions

Although the sample size in the present study was small, active MS

treatment had significant effects, whereas sham MS treatment did

not have any effects on urodynamic SUI. MS appeared to be a safe

and useful therapy for urodynamic SUI, and it may be an effective

alternative to ES. Further randomized controlled studies with a large

sample size are needed to confirm the efficacy of the MS for the

treatment of SUI.
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