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Abstract

Introduction InToneTM (InControl Medical) is a nonimplanted

vaginal device providing biofeedback and electrical stimulation

of pelvic floor muscles. The purpose of this study was to assess

its efficacy and usability for treating urinary incontinence (UI).

Methods Women with UI (stress, urge, mixed) were recruited

for this pilot trial. InTone was used 5–6 days a week for

12weeks. Patients were assessed at baseline and monthly with

symptom questionnaires [Urinary Distress Index (UDI6),

Incontinence Impact Questionnaire (IIQ7)], bladder diaries.

and 24-h pad-weight testing (PWT). Efficacy was assessed by

comparing 12-week results to baseline values using chi-square

and Wilcoxon rank-sum tests. Usability was assessed with a

device-usage log and the System Usability Scale (SUS),

which evaluates patients’ global impression of usability.

Results Thirty-three women were enrolled; five patients with-

drew and were excluded. Median age was 50 years (range 35–

69). After 12 weeks of InTone therapy, median UDI6 and IIQ7

scores improved from 50.0 to 29.2 (p<0.001) and from 42.9

to 14.3 (p<0.001), respectively. Statistically significant reduc-

tions in median PWT (35.5–4.6 g, p<0.001), median daily

pad use (4.0–2.0, p<0.001), and median daily incontinence

frequency (4.3–1.0, p<0.001) were noted; 68 % of patients

achieved a > 50 % reduction in daily pad usage and PWT.

Device usability was good, with a median SUS of 86.3 and a

median expected use of 107 % (33–140 %).

Conclusions Twelve weeks of InTone usage resulted in sig-

nificant objective and subjective reductions in UI. Device

usability was very good.

Keywords Biofeedback . Electrical stimulation . Pelvic

floor muscles . Urinary incontinence

Introduction

Pelvic floor muscle exercises (PFME) are a mainstay in the

conservative management armamentarium for women with

any of the three main types of urinary incontinence (UI): stress

(SUI), urge (UUI), and mixed (MUI). The pelvic floor mus-

culature plays an active role in the support of the pelvic organs

and the function of the urinary sphincter mechanism.

Dysfunction of the pelvic floor musculature is a significant

etiologic factor in the development of UI [1]. By improving

pelvic floor muscle (PFM) strength, patients are able to in-

crease urethral resistance to defend against SUI and suppress

overactive bladder (OAB) contractions [2]. A Cochrane

Review confirmed the significant benefits of PFME for UI

[1]. To be maximally effective, however, PFME must be

performed properly and regularly. At least 30% of incontinent

women are unable to effectively contract their PFMs [3].

Biofeedback (BF), in which the patient is provided visual

and/or auditory cues regarding muscle contraction, may be

added to possibly facilitate PFME. While home-use BF de-

vices have been used, BF is generally performed as part of a

physical therapy (PT) protocol in a therapist’s office and often

necessitates multiple visits by the patient [4]. However, there

is conflicting evidence in the literature regarding the added

benefit of BF to PFME [5–7]. Burgio et al. noted that in older

women with predominantly UUI, there was no difference in

incontinence improvement with the addition of instrumented

BF over verbal feedback from a clinician (based on vaginal

palpation) [8]. In fact, patients using an easy-to-read set of

instructions on behavioral training with PFME had similar

outcomes to BF and verbal feedback groups. In their meta-

analysis of studies using BF for pelvic floor dysfunction
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(PFD), Fitz et al. found no significant added benefit of BF

over PFME with respect to incontinence improvement, al-

though they did note a few studies in which BF groups had

better quality of life (QoL) scores [9].

Electrical stimulation (ES) of the pelvic floor musculature is

another modality that has been used adjunctively with PFME. It

may help strengthen the urethral closure mechanism, which is

necessary during increases in intra-abdominal pressure (i.e.,

SUI) and inhibit spontaneous involuntary bladder contractions

(i.e., UUI) [10]. Similar to BF, conflicting evidence exists as to

the benefit of ES over PFME alone in treating UI [11–14]. It

may be particularly helpful in women who have tenuous con-

traction or difficulty inmaintaining a sustained contraction [15].

Patient compliance/willingness to perform the exercises is

another important factor in the success of pelvic floor thera-

pies. While it is possible for patients to attend a therapist’s

office for training sessions, it is apparent that fairly frequent

contact with the therapist (more than two sessions a month) is

associated with a significantly greater success rate than less

frequent contact [16]. This places a burden on the patient (and/

or family) for transport to and from the sessions. As well, these

in-office sessions must be supplemented by home exercising

on the part of the patient. Previously, a home PFME device

that provided either BF or ES was shown to provide symp-

tomatic benefit for women with SUI or MUI [15].

A new product for conservativemanagement of UI has been

developed that combines home PFME, BF, and ES. InToneTM

(InControl Medical, LLC) is a nonimplanted device inserted

into the vagina that provides both BF and ES to facilitate PFM

training (PFMT). The purpose of this study was to assess the

efficacy and usability of InTone in treating UI in women.

Patients and methods

Women aged 18–70 years with SUI, UUI or MUI were re-

cruited for this single-center, prospective, pilot study approved

by the Institutional Review Board of the Medical College of

Wisconsin. All patients underwent history and physical exam-

ination assessing the type of incontinence, degree of pelvic

organ prolapse (POP) if any, vaginal estrogenization, and PFM

strength using the modified Oxford scale [17]. The type of

incontinence was determined by patients’ answers to questions

describing SUI (leaking with coughing, sneezing, exercise/

activity), UUI (leaking with strong urge), and MUI (both SUI

and UUI). Patients with MUI were asked which type of incon-

tinence (SUI or UUI) was predominant. All patients completed

standardized symptom questionnaires: Urogenital Distress

Inventory (UDI6) and Incontinence Impact Questionnaire

(IIQ7), 48-h bladder diaries, and 24 -h pad-weight tests

(PWT) prior to study entry. A minimum of one incontinent

episode per day documented in the diary and 10 g of leakage

on 24 -h PWTwas needed for study eligibility.

Once enrolled in the trial, patients were provided an InTone

device, educated on proper device usage and cleaning, and

underwent their first InTone session. Women were instructed

to use the device once a day (12-min session) 5–6 days a week

for 12 weeks and were the assessed monthly for 3 months with

repeated symptom questionnaires as well as bladder diaries and

pad tests. In addition, at each visit, women underwent an

InTone session with possible increase in stimulation amplitude.

Womenwere not allowed to start newOAB or SUImedications

once enrolled. However, women stable on incontinence phar-

macotherapy remained on the medication at the same dosage.

Exclusion criteria were incontinence < 6 months duration,

pregnancy or delivery within previous 6 weeks, vaginal or

pelvic surgery within previous 6 months, POP greater than

stage 2 based on the Pelvic Organ Prolapse Quantification

(POP-Q) system, active urinary tract infection (UTI) or history

of recurrent UTIs (more than three in a year), recurrent vag-

initis (bacterial/fungal), pelvic pain/painful bladder syndrome,

implanted cardiac device or untreated cardiac arrhythmia,

underlying neurologic/neuromuscular disorder or inadequate

vaginal caliber (unable to accommodate device).

InTone device

InTone is a class II nonimplanted electrical continence device

made by InControl Medical that applies electrical stimulation

to the pelvic floor musculature and surrounding structures as

well as BF for re-education purposes. The stimulation probe is

cylindrical with an ergonomically designed tip, which is

inserted into the vagina (Fig. 1). A hand pump built into the

handle of the probe inflates the probe to a comfortable volume

in the vagina, allowing electrodes on the dorsal and ventral

sides of the device to be in direct contact with the vaginal

epithelium to stimulate PFMs. Patients insert the device and

inflate the pump while in the supine position. An attached

control unit provides visual BF and auditory cues to the

patient. Stimulation amplitude is set by the clinician to a

comfortable level for the patient. An InTone session is

12 min in duration: 7 min of BF-assisted pelvic muscle con-

tractions , and 5 min of ES (alternating frequencies between

13 and 50 Hz). At each subsequent visit, an attempt is made to

increase the stimulation level (as tolerated by the patient).

Outcome measures

The primary outcome measure was improvement in 24-h

PWT after 12 weeks of InTone use. Additional measures

assessed included improvement in symptom questionnaires

(UDI6, IIQ7), pad usage, and incontinence episodes according

to the bladder diary. We evaluated device safety and usability

by recording adverse events during the 12-week trial, as well

as assessing actual usage with a device log (InTone records
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each session of use). Percent of expected use was determined

by examining the device log and calculating percent use based

on aminimum expected use of 5 days a week for 12 weeks (i.e.,

60 sessions). At the end of 12 weeks, patients completed the

System Usability Scale (see Appendix), which is a 10-point

Likert index providing a global view of the patient’s assessment

of usability; a score > 68 is considered above average [18, 19].

Statistical analysis was performed using SAS version 9.3

(SAS Institute, Cary, NC, USA). Changes from baseline to

month 3 were compared for the entire group of patients

(primary outcome) using chi-square and Wilcoxon rank-sum

tests where appropriate. In addition, we secondarily compared

results between patients with predominantly SUI (pure SUI

and stress-predominant MUI) and predominantly UUI (pure

UUI and urge-predominant MUI). To plot PWT improvement

over time, a generalized linear model with generalized esti-

mating equations (GEE) was used to generate least-square

mean estimates of pad weights. A log-link function was used

because pad weights were not normally distributed.

The trial was planned to have 80 % power to detect an

effect size of 0.53 [53 % of one standard deviation (SD)] in a

two-sided test with 5 % type 1 error rate. This required a

sample size of 30 patients.

Results

A total of 33 women were enrolled in the trial (Fig. 2). Five

patients withdrew: one due to adverse events, three failed to

follow-up, and one required rectal surgery (unrelated to InTone

use). Twenty-eight patients completed the 3-month trial andwere

included in the analysis. Table 1 lists baseline demographics of

the 28 patients. Patients predominantly with UUI were signifi-

cantly older than SUI patients, but otherwise, there were no

significant differences between groups at baseline. Fourteen

patients (50 %) were postmenopausal and eight (28.6 %) were

using some form of estrogen replacement (four SUI, four UUI).

Twenty-three of 28 patients (82.1 %) had previously performed

PFME (18 SUI, five UUI), and ten (35.7 %) had also completed

some form of pelvic floor PT and/or tried some type of vaginal

incontinence device (six SUI, four UUI). Five patients (17.9 %)

had previously undergone suburethral sling placement, but no

patient had a history of prolapse surgery. Five patients (17.9 %)

had used OAB medications prior to the trial; two remained on

the medication during the trial (both UUI). One patient with SUI

continued her pretrial duloxetine use.

Table 2 shows baseline and 3-month subjective and objec-

tive results with comparisons between SUI and UUI patients.

After 3 months of InTone use, significant improvements in

UDI6, IIQ7, pad weights, pad usage, daily incontinent epi-

sodes, and PFM strength were noted for the entire group (all

patients). Thirteen patients (46.4 %) were using one or fewer

pads per day, with the majority (12) having had predominantly

SUI. Table 3 shows the percent improvement from baseline to

3 months in both subjective and objective variables. Objective

measures appeared to have a greater improvement than sub-

jective measures, and SUI patients appeared to have greater

incontinence improvement than UUI patients, although only

changes in UDI6 scores achieved statistical significance

Fig. 1 InTone device and control unit

Age: 21

Anatomic: 9

Incont Magnitude: 2

Cardiac Issues: 3

Recurrent UTI: 1

Hematuria: 1

Adverse event: 1

Loss to follow-up: 3

Surgery: 1

Fig. 2 Consolidated Standards of Reporting Trials (CONSORT) diagram
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Table 1 Patient baseline demographics (28 completers)

Variable Total Predom. SUI Predom. UUI P value

N=28 (%) N=21 (%) N=7 (%) SUI vs UUI

Agea 50.0 (35.0–69.0) 47.0 (35.0–66.0) 64.0 (54.0–69.0) <0.001b

BMIa 27.6 (18.0–42.3) 27.8 (18.0–39.1) 27.4 (23.3-42.3) 0.987b

Paritya 2.0 (0–9) 2.0 (0–4) 2.0 (0–9) 0.753b

Vaginal deliverya 2.0 (0–8) 2.0 (0–4) 2.0 (0–8) 0.699b

Postmenopausala 14 (50.0) 8 (38.1) 6 (85.7) 0.077c

HRT 8 (28.6) 4(20.0) 4(57.1) 0.145 c

Hysterectomy 8 (28.6) 6 (28.6) 2 (28.6) 1.00c

OAB meds 5 (17.9) 2 (9.5) 3 (42.9) 0.082c

Prior pelvic floor therapy 23 (88.5) 18 (94.7) 5 (71.4) 0.167c

Prior incontinence surgery 5 (17.9) 2 (9.5) 3 (42.9) 0.082c

BMI body mass index, OAB overactive bladder, HRT hormone replacement therapy.SUI stress urinary incontinence, UUI urge urinary incontinence.

Predom. predominantly
aMedian (range)
bWilcoxon rank-sum test used for continuous variables
cChi-square test used for categorical variables

Table 2 Baseline vs 3-month data (Wilcoxon rank-sum test)

Variable Baseline 3 Month Change P value

UDI6

Entire group 50.0 (0–66.7) 29.2 (0–75.0) −12.5 (−62.5 to 15.0) <0.001

SUI 50.0 (0–66.7) 22.9 (0–62.5) −20.8 (−62.52 to 12.5) <0.001

UUI 58.3 (25.0–66.7) 37.5 (25.0–75.0) 0 (−20.8 to 15.0) 0.625

IIQ7

Entire group 42.9 (9.5–90.5) 14.3 (0–81.0) −23.8 (−90.5 to 38.1) <0.001

SUI 50.0 (9.5–90.5) 9.5 (0–76.2) −23.8 (−90.5 to 19.0) <0.001

UUI 38.1 (14.3–81.0) 23.8 (4.8–81.0) −9.5 (−42.9 to 38.1) 0.563

PWT

Entire group 35.5 (10.1–634.0) 4.6 (0–274.6) −28.6 (−359.4 to 21.3) <0.001

SUI 34.1 (10.1–279.6) 3.7 (0–212.0) −30.0 (−268.5 to 18.3) <0.001

UUI 108.0 (17.1–634.0) 38.4 (0–274.6) −24.7 (−359.4 to 21.3) 0.078

Pad use

Entire group 4.0 (1.0–9.0) 2.0 (0–6.0) −2.0 (−5.0 to 0) <0.001

SUI 4.0 (1.0–9.0) 1.0 (0–6.0) −3.0 (−5.0 to 0) <0.001

UUI 4.0 (2.0–6.0) 3.0 (0–4.0) −2.0 (−4.0 to 0) 0.031

IED

Entire group 4.3 (1.0–11.0) 1.0 (0–8.5) −3.0 (−7.0 to −0.5) <0.001

SUI 4.0 (1.0–7.5) 0.8 (0–3.0) −3.0 (−6.0 to −0.5) <0.001

UUI 6.0 (1.5–11.0) 2.0 (0–8.5) −2.0 (−7.0 to −0.5) 0.016

PFM strength

Entire group 2.5 (0–4.0) 3.0 (1.0–5.0) +1.0 (0–2.0) <0.001

SUI 3.0 (0–4.0) 3.0 (1.0–5.0) +1.0 (0–2.0) 0.001

UUI 2.0 (1.0–3.0) 4.0 (1.0–4.0) +1.0 (0–2.0) 0.0625

Results presented as median (range). There were no significant differences between SUI and UUI patients except UDI6, 3-month UDI6 and change in

UDI6 were significantly lower and higher, respectively, in SUI patients

UDI6 Urinary Distress Inventory, SUI stress urinary incontinence, UUI urge urinary incontinence, IIQ7 Incontinence Impact Questionnaire, PWT24-h

pad-weight test, IEDIncontinence episodes per day, PFM pelvic floor muscles
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between groups (greater reduction in SUI patients). Figure 3

shows the time frame of PWT improvement for the entire

group as well as for SUI and UUI patients.

Adverse events consisted of infectious and device issues.

Infection-related complications occurred in nine patients: five

experienced UTI during the trial, and four developed vaginitis

(one Gardnerella and three Candida). One Candida infection

occurred in the patient who received antibiotic treatment for

Gardnerella. Most infections occurred within the first month of

device use and appeared to resolve with additional patient

instruction regarding proper cleaning procedures. One patient

withdrew due to infection. The average age of women in whom

infection occurred was 48 years; three patients were postmen-

opausal, and one was using hormone replacement therapy. Six

women reported problems with the InTone device: four involv-

ing depleted batteries and two pertaining to “electrical shock”

sensations. No patient withdrew because of device electrical

issues.

Device usability was considered very good, with a median

SUS score of 86.3 (range 22.5–100.0). There was no signifi-

cant difference between SUI and UUI patients. Median per-

cent of expected use of InTone was 107 % (range 30–140 %),

indicating excellent compliance with device usage.

Discussion

Previous studies demonstrated the benefits of PFMT for SUI,

UUI, and MUI [20, 13]. However, a significant percentage of

patients is unable to properly contract their PFMs [3], andwomen

often find PFME problematic due to a lack of confidence in

performing them properly, the time commitment needed, and

inadequate instruction [21]. Referral to a physical therapist for

more aggressive training can be of benefit in this regard but

requires multiple office visits by the patient in addition to contin-

ued exercising at home. While studies have shown that more

frequent contact with a therapist is beneficial with respect to

PFMT [16], for some patients, this can be very burdensome. To

help patients perform their PFME, adjunctive measures including

BF, the use of vaginal weights and even ES have been employed

with questionable improvement over PFME alone [20].

InTone combines the advantages of a physical therapist

(verbal cues, use of BF and ES) without the need for frequent

office visits. The inflatable nature of the vaginal probe allows

the patient to adjust the size to a comfortable fit, ensuring

contact between electrodes and vaginal walls. There is audi-

tory coaching for the patient to contract and relax at appropri-

ate times, as well as prompting for the ES. The use of auditory

cues has been demonstrated to enhance patient compliance

[22]. The rationale for ES use of InTone is to assist women in

identifying their PFMs and to provide direct stimulation of

PFM contraction, with the ability to increase the stimulation

amplitude over time, resulting in greater intensity of muscle

contraction. Increasing muscle contraction intensity is consid-

ered the most important factor in developing muscle volume

and strength [23]. ES can also stimulate the pudendal nerve,

which may inhibit detrusor overactivity [14]. In fact, Brubaker

et al. noted that intravaginal ES resulted in a “cure” of

urodynamic detrusor overactivity in ~ 50 % of patients,

whereas sham stimulation showed no significant change

[13]. However, whether or not the addition of ES to PFME

is of benefit is questionable. Knight et al. noted no difference

in pad-test results or PFM strength between PFME alone

versus PFME+ES [24]. Similarly, Dumoulin found no differ-

ence in PFM strength when BF/ES was added to PFME [25].

Our trial demonstrated that women who used InTone,

particularly for SUI, experienced significant reductions in

incontinence based on 24-h PWT, pad usage and incontinence

episode frequency based on bladder diary. Amedian reduction

Table 3 Median Percent Change/Improvement from Baseline to 3

Months

Variable Entire group Predom. SUI Predom. UUI P value

N=28 N=21 N=7 SUI vs UUI

PWT 90* 90* 60** 0.091

Pad use 60* 60* 50*** 0.230

IED 80* 90* 30*** 0.137

UDI6 40* 40* 0** 0.001

IIQ7 60* 60* 50** 0.100

PWT24-h pad-weight test, IED incontinence episodes per day, UDI6

Urinary Distress Inventory, IIQ7 Incontinence Impact Questionnaire,

Predom. predominantly, SUI stress urinary incontience,UUI urge urinary

incontinence

*P<0.001, **P>0.05 (not significant), ***P<0.05

Fig. 3 Timing of 24-h pad-weight testing improvement
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in PWT of 90 % was noted in the entire cohort, and this is

consistent with other studies that assessed PFME ± BF ± ES.

Symptom scores also showed significant improvements, al-

though to a lesser degree, than the objective measures.

Brubaker et al. similarly found greater objective than subjective

improvement in incontinence with transvaginal ES [13]. They

hypothesized that this may have been related to the presence of

MUI in one third of their patients (17/28 of our patients had

subjective MUI). With PFME, Lagro-Janssen et al. noted that

despite an 85 % cure/improvement, only 21 % of their patients

felt completely dry [26]. Thus, the lower subjective compared

with objective improvement seen in our patients after 3 months

of InTone use is not novel. In fact, the American College of

Sports Medicine recommends that at least 5 months of training

be performed to improvemuscle strength and function [27]. It is

therefore possible that with more time, further improvement in

symptom scores could occur [24]. We recommended to our

patients at the end of the 3 month trial to continue using the

device at least twice a week (more often if they were still

experiencing problematic incontinence). Twice-weekly muscle

training has been shown to be effective in maintaining PFM

strength [23]. We are planning to follow our patients for 5 years

to assess device usage and level of continence and whether any

alternate treatments are sought by our study participants.

UUI patients using InTone did not respond as well as SUI

patients, although they did have significant improvements in

several variables (pad usage, incontinence frequency). The

lack of a statistically significant difference in these outcomes

between SUI and UUI patients needs to be interpreted cau-

tiously, since UUI patients were few, and comparing SUI and

UUI patients was not a primary goal of this trial.While there is

data supporting the use of PFMT for UUI (including with

adjuncts such as BF and ES) [13, 28], it is far more robust for

SUI. Whether or not a longer duration of InTone use is needed

for UUI patients will be determined with longer follow-up.

The InTone device was perceived to be easy to use, as

noted by SUS scores. Considering that an average SUS score

is 68 [19], InTone appears to have above-average usability,

with a median score of 86.3. The device keeps a usage log that

can be queried by the physician/therapist to track compliance.

We noted excellent compliance, with the median percent of

expected use being > 100 % (i.e., patients actually used the

devicemore than the recommended five to six times per week).

This compares favorably with the 45 % patient compliance for

the addition of ES to PFME noted by Bidmead et al. [29].

Compliance with PFME alone or with device assistance can be

problematic, although it appears that the addition of adjunctive

measures does not necessarily improve compliance over

PFME alone [20]. However, Delgado et al. noted that use of

a pelvic muscle toner device appeared to help women gain

confidence that they were doing PFME properly andmotivated

them to continue [21]. When patients do a PFME regimen, it is

generally recommended that they exercise several times a day,

several days a week [23]. An advantage of InTone is that it

requires only one session a day, and patients do not need to

remember to do additional exercises.

Infection-related complications were noted in nine patients.

When an infection was diagnosed, the patient refrained from

using the device until her symptoms were resolved with antimi-

crobial treatment, and the patient made up for the number of

days of missed InTone use by adding them on to the end of the

trial. Infections occurred mainly in the first month of the trial. It

is possible that hygienic issues played a role and were thus

emphasized at follow-up contacts. Several patients experienced

problems with the device controller. At times, this led to prema-

ture stoppage of an InTone session. It was thought to be a battery

issue and was remedied with device replacement. Additionally,

two patients experienced an occasional electrical shock sensa-

tion that was corrected with device replacement. True electrical

shock is extremely unlikely given the low current actually used.

We believe that what the patient might actually be experiencing

is discomfort with the sensation of an involuntary muscle con-

traction: discomfort with intravaginal ES is a well-recognized

potential side effect [28]; however, no patient in our trial expe-

rienced any significant injury related to using the device.

Our study was a pilot trial to collect preliminary data on

InTone. Urodynamic testing (in order to further characterize

incontinence types) was not performed prior to the study

because our aim was to determine whether InTone could help

incontinence, regardless of type. Pretreatment urodynamic

testing might have provided a greater degree of insight into

the possible differences in outcomes. While our study was not

powered to determine a difference between SUI and UUI

patients, our results lead us to wonder if there might be a

difference in efficacy between SUI and UUI patients. Future

studies on InTone, therefore, may benefit from formal strati-

fication and comparison of patients based on incontinence

subtype, perhaps with the addition of urodynamic studies.

Our study was limited by the lack of a comparison group

doing PFME alone. Most women in the trial had done or were

currently doing PFME at the time of trial entry, and approx-

imately one third had already done some form of pelvic floor

PT and/or used a vaginal device previously. Nevertheless, the

demonstration, in a randomized trial, of superiority of InTone

over a comparison group undergoing a supervised regimen of

PFME, with at least monthly visits, would make the findings

much more significant. Our pilot trial provides preliminary

data on InTone that justifies such a trial.
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