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ABSTRACT
Objectives. To perform a randomized comparative study to investigate the clinical effects of extracorporeal
magnetic innervation (ExMI) and functional electrical stimulation (FES) on urinary incontinence after retro-
pubic radical prostatectomy.
Methods. Thirty-six patients with urinary incontinence after radical prostatectomy were randomly assigned
to three groups (12 patients each in the FES, ExMI, and control groups). For FES, an anal electrode was used.
Pulses of 20-Hz square waves at a 300-!s pulse duration were used for 15 minutes twice daily for 1 month.
For ExMI, the Neocontrol system was used. The treatment sessions were for 20 minutes, twice a week for
2 months. The frequency of the pulse field was 10 Hz for 10 minutes, followed by a second treatment at 50
Hz for 10 minutes. For the control group, only pelvic floor muscle exercises were performed. Objective
measures included bladder diaries, 24-hour pad weight testing, and a quality-of-life survey, at 1, 2, and 4
weeks and 2, 3, 4, 5, and 6 months after removing the catheter.
Results. The leakage weight during the 24 hours after removing the catheter was 684, 698, and 664 g for
the FES, ExMI, and control groups, respectively. At 1 month, it was 72, 83, and 175 g (FES versus control,
P !0.05) and at 2 months was 54, 18, and 92 g (ExMI versus control, P !0.05) in the FES, ExMI, and control
groups, respectively. Finally, 6 months later, the average 24-hour leakage weight was less than 10 g in all
groups. Quality-of-life measures decreased after surgery, but gradually improved over time in all groups. No
complications were noted in any of the groups.
Conclusions. ExMI and FES therapies offered earlier continence compared with the control group after
radical prostatectomy. We consider ExMI and FES to be recommendable options for patients who want quick
improvement of postoperative urinary incontinence. UROLOGY 63: 264–267, 2004. © 2004 Elsevier Inc.

Radical prostatectomy is a common procedure
for the treatment of clinically localized pros-

tate cancer. However, urinary incontinence is a sig-
nificant potential source of morbidity after sur-
gery.1 In particular, early urinary incontinence
affects 30% to 50% of patients for 3 weeks to 6
months and has a significant effect on their quality
of life.2 Nevertheless, patients may not want inva-
sive therapy during this early period and therefore

it usually takes 1 year to achieve normal conti-
nence.

Functional pelvic floor electrical stimulation (FES)
has been reported to be effective for urinary inconti-
nence, and the effects have been demonstrated by a
placebo-controlled, double-blind study.3,4

Magnetic stimulation has been developed for
stimulating the central and peripheral nervous sys-
tem noninvasively.5 Recently, this new technology
has been applied to pelvic floor therapy and the
treatment of urinary incontinence.6 Extracorpo-
real magnetic innervation (ExMI) can directly
stimulate the pelvic floor muscles and sacral roots
without insertion of an anal or vaginal plug.

The present study was designed to compare the
effects of ExMI and FES and evaluate the use of
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these instruments for early urinary incontinence
after radical prostatectomy.

MATERIAL AND METHODS

From January 2001 to September 2002, a total of 36 patients
with urinary incontinence after retropubic radical prostatec-
tomy were enrolled in this study. The local ethics committee
approved the protocol procedure, and each patient provided
written informed consent before entry into this study. The
catheter was removed 10 to 14 days after radical prostatec-
tomy. Patients who had urinary incontinence after radical
prostatectomy were randomly assigned to three groups (12 in
each group: FES, ExMI, and control). Patients who had less
than a 100-g pad weight after the 24-hour pad test 1 day after
removing the catheter were eliminated from this study. No
patient was prescribed anticholinergic drugs during this
study.

For FES, the electrode was inserted into the anus, and
pulses of 20-Hz square waves at a 300-!s pulse duration and a
maximal output current of 24 mA were used for 15 minutes
twice a day for 1 month. The electrical stimulator was de-
signed for home use and was 62 mm long, 42 mm wide, and 23
mm thick and weighed 150 g. Stimulation up to the maximal
tolerable level was given.

For ExMI, the Neocontrol system (Neotonus) was used.
Treatment sessions were for 20 minutes, twice a week for 2
months. The frequency of the pulse field was 10 Hz, intermit-
tently for 10 minutes, followed by a rest period of 2 minutes,
and a second treatment at 50 Hz intermittently for 10 minutes.
The magnetic coil was set on an armchair-type seat, and the
patients were instructed to sit on the seat so that the perineum
was positioned at the center of the coil and so that they would
feel the highest contraction of the anal sphincter during the
stimulation. The stimulating intensity was gradually increased
up to the tolerable limit.

For the control group, only pelvic floor muscle exercises
were performed. Pelvic floor muscle exercises first consisted
of placing the patient in the supine position and inserting a
finger into the rectum. The patient was instructed to contract
the anal muscles around the finger while the examiner’s sec-
ond hand was placed lightly on the lower abdomen to detect
tensing of abdominal musculature. Verbal instruction was
used to teach selective contraction of the anal sphincter mus-
cles with relaxation of the abdominal muscles. Verbal and
written instructions for home practice of these exercises were
given to the patients.

The objective measures included bladder diaries, 24-hour
pad weight testing, and a validated quality-of-life survey,7 at 1,
2, and 4 weeks and 2, 3, 4, 5, and 6 months after removing the
catheter. The quality-of-life survey data were scored using a
range of possible scores of 22 to 110 (representing 22 ques-
tions with answers scored between 1 and 5). The conversion
used a formula applying the total scores on a 0 to 100 scale,
which were then rounded to 1 decimal place.

All results are expressed as the mean " SD. The Mann-
Whitney U test was used for intergroup comparisons. P values
of less than 0.05 were considered statistically significant.

RESULTS

Participants in the FES, ExMI, and control
groups were similar with respect to age (mean
67.2, 68.2, and 66.2 years, respectively) and patho-
logic stage (Table I). These patients were moti-
vated, alert, and independent in their activities of
daily life. The weight of incontinence leakage was

measured daily in each group using a voiding diary
and a pad test. The average leakage weight for 24
hours just after removing the catheter was 684,
698, and 664 g in the FES, ExMI, and control
groups, respectively. No statistically significant
difference was found among the three groups. At 1
month later, the 24-hour pad test weight was 72,
83, and 175 g (FES versus control, P # 0.029;
ExMI versus FES, P # 0.75; ExMI versus control, P
# 0.18). At 2 months later, it was 54, 18, and 92 g
(ExMI versus control, P # 0.028; FES versus con-
trol, P # 0.39; ExMI versus FES, P # 0.12). At 3
months, it was 34, 7.3, and 50 g (ExMI versus
control, P # 0.135; FES versus control, P # 0.977;
ExMI versus FES, P # 0.088). At 4 months, it was
20, 3.8, and 24 g (ExMI versus control, P # 0.258;
FES versus control, P # 0.783; ExMI versus FES, P
# 0.121). At 5 months, it was 7.1, 3.3, and 11.5 g
(ExMI versus control, P # 0.257; FES versus con-
trol, P # 0.713; ExMI versus FES, P # 0.143) in the
FES, ExMI, and control groups, respectively. Fi-
nally, 6 months after catheter removal, the 24-hour
leakage weight was less than 10 g in all groups (Fig.
1). No statistically significant differences were
noted between the FES or ExMI group and the
control group after 3 months.

The quality-of-life measures decreased to 55.1,
57.8, and 51.6 in the FES, ExMI, and control
groups, respectively, 1 week after removing the
catheter, but gradually improved over time in all
groups (Fig. 2). No statistically significant differ-
ences were noted among the three groups.

Overall, 86.1% of patients were free of pads at 6
months (91.7%, 83.3%, and 83.3% in the ExMI,

TABLE I. Patient characteristics

Characteristic

FES
Group

(n ! 12)

ExMI
Group

(n ! 12)

Control
Group

(n ! 12)

Patients (n) 12 12 12
Age (yr) 67.2 " 6.7 68.2 " 4.9 66.2 " 7.6
Incontinence

volume (g)
1 day after
catheter
removal

684 " 336 698 " 403 664 " 389

Stage
pT2a 3 2 2
pT2b 5 5 5
pT3a 3 4 3
pT3b 1 1 2

Nerve sparing
procedure

No 7 8 7
Monolateral 5 4 4
Bilateral 0 0 1

KEY: FES # functional electrical stimulation; ExMI # extracorporeal magnetic
innervation.
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FES, and control groups, respectively). No compli-
cations were found in any of the groups. In partic-
ular, in the FES group, no patient complained of
discomfort or irritation from the probe, and all pa-
tients were able to continue this treatment for 1
month.

COMMENT

Postoperative early urinary incontinence (up to
6 months) affects 30% to 50% of patients undergo-
ing radical prostatectomy.2 The etiology of post-
prostatectomy incontinence is complex. Chao and
Mayo8 showed urodynamically that 57% of pa-
tients had pure sphincteric insufficiency and 39%
had sphincteric weakness combined with detrusor
dysfunction. Leach et al.9 reported that 39.5% of
patients had pure sphincteric insufficiency and
20% had detrusor instability or poor compliance.

Treatment options for early postprostatectomy
incontinence are limited.10 To address the negative
impact of incontinence on patient quality of life
successfully during this time, a noninvasive, easily
instituted, treatment protocol with high patient ac-
ceptance is required. Pelvic floor muscle exercises
have been used successfully to treat stress, ur-
gency, and mixed incontinence in women. How-
ever, Franke et al.11 reported that pelvic floor mus-
cle exercises reinforced by biofeedback did not
affect the return of continence within 6 months
after radical prostatectomy. They concluded that
Kegel exercises probably were not beneficial for
improving continence in the early postoperative
period.

Electrical stimulation has been developed for the
treatment of urge incontinence, as well as stress
incontinence.3,4 The results of electrical stimula-
tion have been reported to be effective for stress
incontinence and urge incontinence, with success
rates of 6% to 90% and 50% to 80%, respective-
ly.3,4,12 In our study, the incontinence volume in
the FES group significantly decreased compared
with that of the control group 1 month later (dur-
ing treatment).

Recently, ExMI has been applied for the treat-
ment of urinary incontinence as a noninvasive
method. ExMI is painless, and no electricity enters
the body, only a magnetic flux. In contrast, electri-
cal stimulation injects a current into the tissues,
and the current lessens as a function of the imped-
ance of the tissue between the stimulating elec-
trodes and the neural tissue. So far, ExMI treat-
ment has been regarded as a minimally invasive
therapy for urinary incontinence. We treated the
patients twice a week for 2 months according to

FIGURE 1. Changes in mean pad test in FES, ExMI, and control groups. *P !0.05.

FIGURE 2. Changes in mean quality-of-life survey
score in FES, ExMI, and control groups.
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our previous protocol.13 Although the observed
trend was in favor of the control group at 1 month,
we observed no difference in the patients treated
with ExMI and the controls in this study. The lack
of statistically significant improvement may have
been a result of the relatively small number of ran-
domized patients. A larger group of patients may
be required to demonstrate a slight difference at 1
month. However, the decrease in incontinence vol-
ume was statistically significant 2 months later be-
tween the ExMI and control groups.

In this study, we could not demonstrate a statis-
tically significant difference among the quality-of-
life scores for the three groups. One possibility is
that the patients could not compare each treat-
ment. However, it is important to note that the
ExMI and FES therapies offered earlier continence
after radical prostatectomy. We believe that these
results can be useful for the informed decision
making of patients with postprostatectomy incon-
tinence.

The optimum pulse duration has not yet been
determined. It has been reported that frequencies
of 20 to 50 Hz are effective for stress urinary incon-
tinence and significantly increased the maximal in-
traurethral pressure during stimulation.14 How-
ever, frequencies of 5 to 20 Hz have been reported
to be optimal for the inhibition of detrusor contrac-
tions.15 For FES, we used only 20 Hz for 15 min-
utes each session. For ExMI, two different (10 and
50 Hz) frequencies were used at the same session
for 10 minutes each. These pulse durations were
considered to have been effective for stress, as well
as urge, incontinence.

One of the limitations of this study was the lack
of urodynamic evaluations. Objective data, such as
the number of pads used daily or the 24-hour pad
test, may aid in quantifying the severity of inconti-
nence when following up the response to thera-
peutic measures.16

In future studies, we plan to investigate whether
these treatments are effective for patients with per-
sistent incontinence after radical prostatectomy.

CONCLUSIONS

ExMI and FES therapies offered earlier conti-
nence compared with the control group for urinary
incontinence after radical prostatectomy. We con-
sider ExMI and FES to be recommendable options

for patients who want quick improvement of post-
operative urinary incontinence.
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