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Background: Pelvic floor training with biofeedback has been shown to significantly reduce symptoms of urinary incontinence. The
present study aimed to evaluate the effectiveness of pelvic floor training with the ACTICORE1 biofeedback device, which uses a
noninsertable pelvic floor sensor with a digital interface.
Materials and methods: A multicenter randomized controlled clinical pilot study in Germany was conducted between October
2021 and January 2022. The intervention group was instructed to use ACTICORE1 for 6 min daily to train the pelvic floor for 12
weeks. The control group was instructed not to do any pelvic floor training. Over 18-year-old men and women with urinary
incontinence and an International Consultation on Incontinence Questionnaire score (ICIQ) of ≥5 were included in the study. The
primary endpoint was the ICIQ score 12 weeks after enrollment. The secondary endpoints were the ICIQ score and quality of life
using the EG-5D-3L questionnaire 4, 8, and 12 weeks after patients’ enrollment.
Results: A total of 40 individuals with urinary incontinence were recruited for the present study (35 females, 5 males; 40% lost to
follow-up). In terms of biometric data, both groups did not differ. At 4, 8, and 12 weeks, the ICIQ scores of those in the ACTICORE1
group decreased from 12.9 to 7.5. The ICIQ score in the control group decreased from 11.0 to 10.5. The intraindividual improvement
of patients in the ACTICORE group was statistically significant.
Conclusion: Biofeedback training with ACTICORE1 significantly reduces symptoms of urinary incontinence after 12 weeks.
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Background

Urinary incontinence is commonly found in adult women
and men. Results of a Germany-wide study show that 13%
of individuals across all age groups are affected by urinary

incontinence. Women are more frequently affected (15 vs.
10%)[1]. The prevalence increases with age. In the group of
18-year-olds to 40-year-olds, about 6% of participants
reported being incontinent. A total of 23% of individuals
over the age of 60 years suffered from urinary
incontinence[1–3]. Therefore, the disease has a significant
socioeconomic impact.

Pelvic floor training is an effective form of therapy for
urinary incontinence, in particular for stress and mixed
incontinence. Training supported by biofeedback has been
shown to significantly reduce incontinence episodes and is
included in the current S2E guideline as recommendation C,
level of evidence IV[1–3].

It is the aim of the ongoing study to evaluate the efficacy
of pelvic floor training through biofeedback methods using
ACTICORE1 for the improvement of urinary incontinence
and associated symptoms and quality of life.

HIGHLIGHTS

• ACTICORE1 is a device for pelvic floor biofeedback
training.

• ACTICORE1 uses a noninsertable pelvic floor sensor with
a digital interface.

• Biofeedback training with ACTICORE1 significantly
reduces symptoms of urinary incontinence.
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Materials and methods

A multicenter randomized controlled clinical pilot study, the
ACU-1 trial, was performed to evaluate the efficacy of pelvic floor
training through biofeedback methods using ACTICORE1 for
the improvement of urinary incontinence. The study was con-
ducted between October 2021 and January 2022. Patient
enrollment took place at the German Pelvic Floor Center at
Alexianer Hospital St. Hedwig Berlin (Germany) and the
University Hospital Brandenburg an der Havel (Germany).

The study was approved by the Ethics Committee of Berlin
(Eth-14/21) and Brandenburg (S12(bB)/2021) in 2021 in accor-
dance with the Declaration of Helsinki.

This trial was registered in the German Clinical Trials Register
(DRKS00024913). All the participants taking part in the study
signed a standard written consent form. The study design was
controlled by the CONSORT checklist (Supplemental Digital
Content 1, http://links.lww.com/MS9/A218) for randomized
clinical trials[4].

Follow-up data were obtained by sending questionnaires
(ICIQ+EG-5D-3L) by e-mail at 4, 8, and 12 weeks after
enrollment[5–7].

Study population

The intervention group was instructed to use ACTICORE1 for
pelvic floor training for 6 min daily for 12 weeks. The control
group was instructed not to perform pelvic floor training for
12 weeks.

Inclusion criteria

Over 18-year-old men and women with urinary incontinence and
an ICIQ score of ≥5 were included in the study.

Exclusion criteria

Exclusion criteria primarily included health conditions likely to
preclude adequate ACTICORE1 training due to insufficient
muscle tissue, poor nerve response, and pain.

Patients were excluded if they refused to participate in the
study, were unable to understand the content and scope of the
study, had vulvodynia, were paraplegic due to traumatic injury to
the cervical, thoracic, lumbar, and sacral nerves and spinal cord,
and had an open sacral or perineal secretory wound after rectal
resection or amputation, or who had rectal resection or ampu-
tation, thoracic, lumbar, and sacral levels, congenital paraplegia,
an open sacral or perineal secretory wound after rectal resection
or amputation, rectal resection and amputation, an ICIQ score
<4, and with an ASA score > III.

Patients in the control group who desired another form of
pelvic floor muscle training were excluded from the study.

Primary endpoint

The primary endpoint was the ICIQ score 12 weeks after
enrollment.

Secondary endpoints

The secondary endpoints were the ICIQ score and quality of life
using the EG-5D-3L questionnaire 4, 8, and 12 weeks after
patient enrollment.

ACTICORE1

The ACTICORE1 (ACTICOREAG) is a Conformité Européenne
(CE) certified approved medical device. The ACTICORE1 app is
a digital home training program for strengthening the pelvic
floor muscles. The patient must sit on a sensor, which does not
have to be inserted (Figure S1, Supplemental Digital Content 2,
http://links.lww.com/MS9/A219). The muscle movements are
visualized via Bluetooth on a mobile device. Muscle activities
facilitate the game movement of the avatar, called ANI – a digital
personal coach (Jump ‘n’ Run/platform games). The ACTICORE
training program was developed according to the P.E.R.F.E.C.T
Scheme by Dr Jo Laycock[8].

Statistical analysis

For nominally scaled variables, absolute and relative frequencies
were calculated per group. Demographic variables were descri-
bed. All continuous biometric variables were tested for normal
distribution using aQ–Qplot. For normally distributed variables,
the mean, SD, minimum, and maximum were calculated. For
non-normally distributed variables median, interquartile range,
minimum, and maximum were calculated per group. For the
visual representation boxplots were chosen for nonparametric
calculated variables. For the calculation of non-normally dis-
tributed dependent variables (intraindividual progression for the
primary endpoint), the Wilcoxon test (two-tailed) between two
time points and the Mann–Whitney U test for independent
variables for group comparison of two groups (two-sided) was
used. Since conservatively, it is not assumed that the values of the
ICIQ are normally distributed, a nonparametric test procedure
(Wilcoxon rank sum test) was performed.

The evaluation data set was the intention-to-treat population.
This data set included all individuals who were enrolled and ran-
domized to the clinical trial. Missing values were not replaced in
this analysis. Statistical significance is assumed if the null hypoth-
esis is acceptedwith a significance level of P≤0.05 (two-sided). For
the calculation, we used the program RStudio with R version
4.0.5, and the package WMWssp version 0.4.0 were used.

As a pilot study, no power calculation took place. A sample
size of 30 subjects for each study arm was considered sufficient to
allow sample size calculation for a subsequent study. Due to the
COVID pandemic and slow patient recruitment, an amendment
was made that decided to reduce the sample size from 60 to 40.
Rapid implementation of a follow-up study was sought.

Randomization

Randomization lists were used and pseudorandom numbers were
generated in R (ver. 4.0.2). The principal investigator performed
randomization after patients gave informed consent. No stratifi-
cation took place.

The groups are not balanced in terms of sample size
(ACTICORE group, n= 21 vs. control group, n= 19). Because
the sample size was reduced due to COVID, the order of the
original randomization list resulted in a small imbalance.

Results

A total of 40 individuals were recruited for the present study, 35
of whom were female and 5 male. In 30 cases, patients suffered
from stress incontinence. The average initial ICIQ score was 11.5.
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Twenty-one patients were enrolled in the ACTICORE group and
19 in the control group. Figure S2 (Supplemental Digital Content
3, http://links.lww.com/MS9/A220) depicts the CONSORT 2010
(Supplemental Digital Content 1, http://links.lww.com/MS9/
A218) flow diagram. The rate of lost to follow-up was 40%.
These individuals did not complete the questionnaires sent to
them and did not give any reasons for not doing so.

Univariate analysis of baseline characteristics

The baseline information of all enrolled individuals (n=40) is
summarized in Table S1 (Supplemental Digital Content 4, http://
links.lww.com/MS9/A226). Both groups were not statistically
significantly different from each other after univariate analysis.

The baseline data for patients who met the primary endpoint
(n=24; per protocol analysis) are summarized in Table 1. Both
groups were not statistically significantly different from each
other after univariate analysis.

Univariate analysis of endpoints

The initial ICIQ score of patients in the ACTICORE group was
12 (9.0–13.0), and that of the control group was 11.0 (8.0–13.5).
The ICIQ score of those in the intervention group decreased to
7.5 at 12 weeks. The ICIQ score in the control group decreased
from 11.0 to 10.5. Univariate analysis showed a statistically
significant difference between the 2 groups at 8 weeks (inter-
vention group, ICIQ 8; control group, ICIQ 11.5; P=0.033).
Significance at 12weeks (primary endpoint) was not reached (lost
to follow-up in the ACTICORE group, n= 11). Table 2 sum-
marizes information on ICIQ data.

Regarding quality of life using the EG-5D-3L, no significant
differences were found between both groups and intraindividu-
ally (Table 3).

Study participants in the ACTICORE group showed a statis-
tically significant intraindividual improvement in urinary incon-
tinence symptoms (ICIQ score from 12 to 7.5). An improvement
of 4.5 ICIQ score points was considered a clinically important
difference, according to Nyström et al.[6] (2015; minimal clini-
cally important difference 2.52). A box plot thereon is depicted in
Figure 1.

Discussion

Although scientific research projects existed before, the term
ʻbiofeedbackʼ was not used until 1969, when the Biofeedback
Research Society (now the Association for Applied Psycho-
physiology and Biofeedback) was founded[9]. From the begin-
ning, research was conducted in a variety of areas, focusing on
visceral learning as well as the development of neurofeedback.
The use of biofeedback to treat urinary incontinence, described,
for example by Cardozo et al.[10], also began in the early 1970s.
Unfortunately, from today’s perspective, some research projects
have even caused harm, for example, the attempt to influence
homosexuality through biofeedback[11]. The effectiveness of
feedback and biofeedback was confirmed in ameta-analysis of 17
studies, where pelvic floor muscle training took place in the
control group (RR: 0.75; 95% CI: 0.66–0.86)[12,13].

In general, ACTICORE1 is not the only biofeedback trainer
using an app. But this device can increase adherence due to its
nature as a jump ‘n’ run/platform game. Several devices are
available for biofeedback training of the pelvic floor. For example,
the so-called Elvie-Trainer, Perifit, or the TensCare Perfect PFE
Trainer are devices that also enable home training as a digital

Table 1
Patient characteristics (per protocol analysis)

ACTICORE group Control group

Basic data n= 10 n= 14 P a

Age 42.5 [35.5–54.5] 41.0 [35.5–48.5] > 0.9
Sex

Female 9 (90%) 13 (92.9%) > 0.9
Male 1 (10%) 1 (7.1%)

ASA Score
I 6 (60%) 9 (64.3%) 0.6
II 3 (30%) 5 (35.7%)
III 1 (10%) 0 ( 0%)

BMI
kg/m2 24.6 [23.0–26.8] 23.6 [22.3–24.8] 0.3

Cause of UI
Stress incontinence 8 (80.0%) 12 (85.7%) 0.7
Urge incontinence 2 (20.0%) 1 (7.1%)
Mixed incontinence 0 (0%) 1 (7.1%)

Amount of transvaginal births
0 3.0 (30.0%) 5 (35.7%) 0.7
1 5.0 (50.0%) 4 (28.6%)
2 2.0 (20.0%) 3 (21.4%)
3 0 ( 0%) 2 (14.3%)

Perineal tears
0 6 (60.0%) 5 (35.7%) 0.5
1 4 (40.0%) 8 (57.1%)
3 0 ( 0%) 1 (7.1%)

Perineal cut 4 (40.0%) 2 (14.3%) 0.2
Wearing of incontinence inserts 5 (50.0%) 6 (42.9%) > 0.9
Conduct of heavy physical work 1 (10.0%) 2 (14.3%) > 0.9
No feeling of prolapse 8 (80.0%) 8 (57.1%) 0.9
Negative impact of UI on sexuality (NAS) 10 (2.0–20.0) 32.1 (0.0–60.0) 0.6
Nycturia
No suffering of nycturia 4 (40.0%) 4 (28.6%) > 0.9

1 UPN 4 (40.0%) 6 (42.9%)
1–2 UPN 1 (10.0%) 2 (14.3%)
2–3 UPN 1 (10.0%) 1 (7.1%)
3 UPN 0 ( 0%) 1 (7.1%)

Continuous measurements are presented as mean (SD), median [IQR]; ASA, American Society of
Anaesthesiologists physical status classification; NAS, numeric analog scale; UI, urinary incontinence;
UPN, urination per night.
aFisher’s exact test; Wilcoxon Mann–Whitney test; χ2test for independence.
Table 1 Univariate analysis of patients who met the primary endpoint (per protocol analysis).

Table 2
Summarized ICIQ data

ACTICORE group Control group

n= 21 n= 19 P*

Initial ICIQ 12.0 (9.0–13.0) 11.0 (8.0–13.5) 0.5
ICIQ after 4 weeks 10.0 (7.0–12.5) 11.0 (10.0–14.5) 0.2

Missing: 6 Missing: 8
ICIQ after 8 weeks 8.0 (6.5–9.5) 11.5 (10.0–14.2) 0.033

Missing: 10 Missing: 7
ICIQ after 12 weeks 7.5 (6.2–10.2) 10.5 (8.2–13.8) 0.2

Missing: 11 Missing: 5

(P< 0.05) value bold.
Continuous measurements are presented as mean (SD), median [IQR]; ICIQ, international consultation
on incontinence questionnaire.
*Mann–Whitney U test.
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health application. Unfortunately, to our knowledge, a long-term
evaluation with PubMed-indexed and registered clinical studies
on this has not taken place. Only short-term evaluation was

performed on the Elvie-Trainer without using validated
questionnaires on incontinence[14]. This development naturally
reflects the digitization of healthcare worldwide. However,

Table 3
Summarized EQ-5D-3L data

Initial data on EQ-5D-3L Data on EQ-5D-3L after 12 weeks

Characteristics ACTICORE group, N= 10a Control group, N= 14a P-Wertb ACTICORE, N= 10a Control group, N= 14a P b

mobility > 0.9 0.14
0 0.0 (0.0%) 0.0 (0.0%) 2.0 (20.0%) 0.0 (0.0%)
1 8.0 (80.0%) 12.0 (85.7%) 6.0 (60.0%) 13.0 (92.9%)
2 2.0 (20.0%) 2.0 (14.3%) 2.0 (20.0%) 1.0 (7.1%)

self_care > 0.9 0.2
0 0.0 (0.0%) 0.0 (0.0%) 2.0 (20.0%) 0.0 (0.0%)
1 10.0 (100.0%) 14.0 (100.0%) 8.0 (80.0%) 13.0 (92.9%)
2 0.0 (0.0%) 0.0 (0.0%) 0.0 (0.0%) 1.0 (7.1%)

usual_activity 0.3 0.3
0 0.0 (0.0%) 0.0 (0.0%) 2.0 (20.0%) 0.0 (0.0%)
1 9.0 (90.0%) 9.0 (64.3%) 6.0 (60.0%) 10.0 (71.4%)
2 1.0 (10.0%) 5.0 (35.7%) 2.0 (20.0%) 4.0 (28.6%)

pain_discomfort 0.4 0.092
0 0.0 (0.0%) 0.0 (0.0%) 2.0 (22.2%) 0.0 (0.0%)
1 7.0 (70.0%) 7.0 (50.0%) 5.0 (55.6%) 6.0 (42.9%)
2 3.0 (30.0%) 7.0 (50.0%) 2.0 (22.2%) 8.0 (57.1%)
NA 1 0

anxiety_depression 0.2 0.075
0 0.0 (0.0%) 0.0 (0.0%) 2.0 (20.0%) 0.0 (0.0%)
1 7.0 (70.0%) 6.0 (42.9%) 6.0 (60.0%) 6.0 (42.9%)
2 3.0 (30.0%) 8.0 (57.1%) 2.0 (20.0%) 8.0 (57.1%)

Health status 77.5 (9.5) 78.6 (8.6) 0.8 76.5 (11.3) 72.1 (11.9) 0.4
NA 0 1

an (%); continuous measurements are presented as mean (SD).
bFisher’s exact test; Wilcoxon Mann–Whitney U test.
NA, not applied.

Figure 1. The results of the primary endpoint are shown in box plotting.
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clinical evaluation of these digital health applications should be
mandatory to prescribe (or purchase) devices that have been
shown to contribute to clinical improvement.

ACTICORE1 has already been evaluated with a pilot trial on
fecal incontinence. The results show that pelvic floor training with
ACTICORE1 provides adequate pelvic floor training. Nonin-
feriority of ACTICORE1 training compared to Kegel exercises
was found[15]. Following the evaluation of ACTICORE1 in fecal
incontinence, the present study aimed to investigate the benefit
of pelvic floor muscle training with this device in urinary
incontinence.

In this study, at 4, 8, and 12weeks, the ICIQ score of those in the
ACTICORE1 group decreased from 12.9 to 7.5 and in the control
group from 11.0 to 10.5. The lack of intraindividual improvement
in the control group was expected because participants were asked
not to exercise the pelvic floor. The slight increase in ICIQ may
reflect a spontaneous improvement in incontinence symptoms. On
the other hand, a value of 0.5 ICIQ scoring points does not seem to
be considered a minimal clinically important difference[6]. Both
groups’ statistical significance differed only after 8 weeks and not
after 12 weeks (primary endpoint). That can be explained by the
high rate of lost to follow-up in the ACTICORE group (52%).
Nevertheless, participants in the intervention group achieved an
improvement in urinary incontinence symptoms (ICIQ scoring
points of 5.4 after 12 weeks) that exceeded the published minimal
clinically significant difference of 2.52[6].

The intraindividual improvement of patients in the
ACTICORE group was statistically significant and may reflect
the positive effect of biofeedback training demonstrated in the
literature[12,13].

ACTICORE1 has the advantage that the sensor does not have to
be inserted in comparison to other devices. The gaming aspect may
increase the adherence of patients and can also be considered a
benefit. On the other hand, adherence was not sufficient among the
participants of the ACTICORE group (lost to follow-up rate of
52%). One explanation could be the fact that ACTICORE1 was
provided free of charge to the patients. This might have led to a
lower motivation to complete the questionnaires in comparison to
those of the control group. They received ACTICORE1 free of
charge after 12 weeks (lost to follow-up rate of 26%). Another
explanation could be that individuals of older age may not have as
much affinity for digital health applications as younger patients.
When analyzing the per protocol analysis population (Table 1), it is
notable that these participants are almost 10 years younger com-
pared with the overall study population (42.5 [35.5–54.5] years vs.
52 [39–60] years). These results may be due to a higher affinity for
ACTICORE1.

ACTICORE1 also has further disadvantages. As a digital health
application, it is only usable for patients who own a smartphone.
Some people just do not like smartphone games at all.

In this study, quality of life was assessed during the same
periods as the ICIQ score. No statistically significant inter-
individual and intraindividual improvements were measured
when using the EQ-5D-3L questionnaire. The fact that the
improvement of urinary incontinence symptoms in the
ACTICORE group did not lead to an improvement in quality of
life is notable. It might be explained that the EQ-5D-3L ques-
tionnaire does not focus on incontinence symptoms. Therefore,
future studies should use, for example, the validated King’s
Health Questionnaire from 1997, as it addresses patients’
incontinence[16,17]. Another explanation could be that urinary

incontinence does not affect the quality of life to the extent
that therapists and physicists may assume. Thus, although
incontinence is widespread, its impact on quality of life might be
overestimated.

The inclusion of both sexes and all forms of urinary incon-
tinence may be considered a limitation of the study. However,
after univariate analysis, the groups did not differ regarding these
variables. The small sample size can be criticized. However, the
trial aimed to facilitate a power calculation for a subsequent
project. A total of 40 individuals seems to be an appropriate
sample size. As a further limitation, there was no adherence
measurement and no stratified randomization.

Conclusion

Biofeedback training with ACTICORE1 significantly reduces
symptoms of urinary incontinence after 12 weeks.
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