	
	
	



Effectiveness of pelvic floor muscle training alone or combined with either a novel biofeedback device or conventional biofeedback for improving stress urinary incontinence: A randomized controlled pilot trial
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Abstract 
Purpose: To (i) compare the acceptance of a newly developed, novel biofeedback device (PelviSense) with that of conventional biofeedback (CB) using an intravaginal probe for the treatment of stress urinary incontinence (SUI) in women, (ii) examine the feasibility and safety of using the PelviSense device as a pelvic floor muscle (PFM) training (PFMT) adjunct, and (iii) compare the PFMT adherence and effectiveness of CB, the PelviSense device, with PFMT alone for women with SUI.
Methods: An assessor-blinded, three-arm, randomized controlled pilot trial was conducted among 51 women with SUI. Women were randomly allocated to one of three study groups (PelviSense-assisted PFMT, CB-assisted PFMT, or PFMT alone [control]). Outcome measures included the International Consultation on Incontinence Questionnaire-Short Form, the 1-hour pad test, and the Modified Oxford Scale.
Results: Participants in the PelviSense-assisted PFMT group expressed good device acceptance. PFMT adherence was greater in the PelviSense-assisted PFMT group than in the unassisted or CB-assisted PFMT groups. Between-groups analysis revealed significant effects on improved SUI symptoms, urine loss severity, and PFM strength for the PelviSense-assisted PFMT group compared with the CB-assisted and PFMT alone groups.
Conclusions: The pilot trial results demonstrated moderate to high PFMT adherence in the PelviSense-assisted PFMT group and supported the safety of using the PelviSense device. The preliminary results of the pilot trial showed that PelviSense-assisted PFMT was more effective for reducing SUI symptoms among women than unassisted or CB-assisted PFMT.
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Highlights

1.
The results from this pilot trial were encouraging regarding adherence, safety, and the acceptability of the PelviSense device.

2.
This pilot study demonstrate that the methodology is feasible for a fully powered study in recruitment and retention.

3.
The preliminary results show that the PelviSense device may be effective in reducing the symptoms of UI and the severity of urine loss in women with SUI.
1. Introduction
Stress urinary incontinence (SUI), defined by the International Continence Society (ICS) as a complaint of involuntary loss of urine on effort or physical exertion including sporting activities, or on sneezing or coughing [1]. SUI is highly prevalent among women older than 18 years and has large impacts on general health, well-being, and quality of life (QoL) [2]. A review of population-based studies revealed that the reported SUI prevalence ranges from 5% to 70%, with most studies reporting a prevalence between 25% and 45% [3]. In Hong Kong (HK), a cross-sectional survey performed in 2009, including 20,000 Chinese women of all ages, reported an SUI prevalence of 18.9% [4].


Pelvic floor muscle (PFM) training (PFMT) is a first-line conservative treatment option for urinary incontinence (UI) in women [5]. Increasing PFM strength and tone can permanently elevate the levator plate within the pelvis, lifting the pelvic viscera and restoring normal reflexes and other protective continence mechanisms [6]. Level 1 (systematic review and meta-analysis) evidence indicates that PFMT efficacy improves when performed together with electromyography (EMG)-based biofeedback (referred to as conventional biofeedback [CB]) 
 ADDIN EN.CITE 
[2, 6, 7]
. Therefore, PFMT is often combined with CB to assist women in (i) learning how to contract PFMs correctly, (ii) modulating the contraction (contracting the muscles more quickly and strongly), and (iii) retaining the motivation to perform PFMT [6]. However, the CB devices that are currently used in clinical practice are often not preferred by women because they are invasive and require the insertion of a vaginal probe, which can be painful, uncomfortable, and unsuitable for women with a history of rectal bleeding, hemorrhoids, menopause-related vaginal dryness, or atrophic vagina [8]. Given the limitations associated with existing CB devices, a group of researchers from South Korea developed a chair-shaped, extracorporeal, biofeedback device featuring sensors placed in the middle of the chair to assist women with UI perform PFMT [9]. Although the chair-shaped, extracorporeal, biofeedback device was found to be safe and effective for improving PFM strength and reducing urine leakage [9], the study lacked a control group. Therefore, these results must be interpreted with caution, and whether performing PFMT using the chair-shaped, extracorporeal, biofeedback device is superior to PFMT alone or CB-assisted PFMT has not been established. Furthermore, the chair-shaped, extracorporeal, biofeedback device is not portable, precluding the use of such a device at home.


The limitations of existing conservative treatments for SUI management and a preference for the use of non-invasive strategies require the development of a safe, non-invasive, and effective SUI intervention. To fill this need, the research team developed the PelviSense device for use as a PFMT adjunct, featuring a wearable EMG sensor. The objectives of this study were to (i) compare the acceptance of the PelviSense device with a vaginal probe–based CB device for the treatment of SUI; (ii) examine the feasibility and safety of using the PelviSense device as a PFMT adjunct; (iii) compare the PFMT adherence and effectiveness of a vaginal probe-based CB (CB-assisted), the PelviSense device (PelviSense-assisted), and PFMT alone for women with SUI; and (iv) generate sufficient data to perform a power estimation for a future, large-scale randomized controlled trial (RCT).
2. Methods

2.1 Design of the PelviSense
The PelviSense consists of a high-precision, oval-shaped, wearable EMG sensor that displays the electrical activity associated with PFM contractions on the user’s mobile device (Supplementary Figure 1). The reusable wearable sensor is designed to be placed in the user’s perineal region. When positioned correctly, the width of the sensor is oriented along the medial-lateral axis, and the length is oriented along the anterior-posterior axis of the perineal region. The sensor detects PFM activity as the difference in voltage between two surface electrodes and transmits this activity to the data acquisition unit, which processes the signal and conveys the output to a smartphone via a Wi-Fi connection. The mobile app provides real-time muscular feedback, displayed as EMG waveforms in microvolts. The reusable sensor is attached to disposable, dry surface electrodes that provide high-quality signals without requiring conductive gels. Compared with disposable electrodes used with conductive gels, disposable dry electrodes have a longer service life. A printed circuit board (ESP32 controller) and rechargeable lithium batteries are embedded within the wearable sensor. A circuit diagram for the PelviSense device is presented in Supplementary Figure 2. The EMG sensor integrated into the PelviSense device was cooperatively launched by DFRobot and OYMotion and detects muscle and neural activities in humans to report EMG signals that reflect the strengths of muscle contractions. 
2.2 Study design
This study was conducted as an assessor-blinded, parallel-group, three-arm, randomized controlled pilot trial. This pilot trial received prospective ethical approval from the Hospital Authority (HA) Research Ethics Committee (Ref. No.: KC/KE-19-0296/FR-1) and the institutional review board of HK Polytechnic University (HSEARS20191107001). This pilot trial was registered at ClinicalTrials.gov (reference number: NCT04638348) before the recruitment of the first participant.

2.3 Participant recruitment
Study participants were recruited from the public and two community centers in HK. Women were considered eligible to participate in the study if they (i) were not pregnant; (ii) were aged 35 to 60 years; (iii) were diagnosed with mild to moderate SUI, as indicated by a score ≤12 on the International Consultation on Incontinence Questionnaire-Short Form (ICIQ-UI SF); and (iv) obtained a Mini-Mental State Examination score ≥24. Women were excluded from this study if they were (i) diagnosed with severe pelvic organ prolapse; (ii) within the 6-month postpartum period; (iii) experiencing urine retention as a medication side-effect; (iv) experiencing incontinence secondary to other medical conditions or previous surgeries; (v) obese, as defined by a body mass index ≥30; (vi) experiencing complicated UI due to radiation to the pelvic region; (vii) presenting with severe psychological problems that would impair their ability to participate in this study; or (viii) experiencing mixed or urge UI.
2.4 Randomization and blinding
Eligible women were randomized to one of three groups: PelviSense-assisted PFMT, CB-assisted PFMT, or PFMT alone (control condition). Randomization was performed using permuted blocks of 3 stratified by age. Due to the nature of the interventions, participants and exercise instructors were not able to be blinded to the study interventions. However, the researchers who performed assessments of study outcomes and data analyses were blinded to the group assignments.

2.5 Interventions
Participants in all three study groups underwent supervised training sessions once per week for 4 weeks, and each supervised PFMT session lasted 45 minutes. Following the supervised training period, women performed unsupervised home exercises for 24 weeks. During the first supervised training session, participants in the PelviSense-assisted PFMT and CB-assisted PFMT groups were trained to position the wearable EMG sensor of the PelviSense device to the perineal region covering the pubococcygeus and puborectalis muscles (Figure 3) and the vaginal probe of the CB device inside the vagina, respectively, by research personnel (a physiotherapist). In subsequent training sessions, the research personnel visually inspected the fixation of the surface electrodes of the PelviSense and the vaginal probe of the CB device to ensure that the sensor and probe were positioned and oriented properly. Women allocated to the PelviSense-assisted PFMT group performed PFMT using the PelviSense device. An image of women allocated to the PelviSense-assisted PFMT group performing PFMT is presented in Fig. 1. Women allocated to the CB-assisted PFMT group performed PFMT using a CB probe device that was inserted into the vagina. An image of women allocated to CB-assisted PFMT group performing PFMT is presented in Fig. 2. The CB device used in the study was a Conformité Européenne (CE)-approved home-use Kegel biofeedback pelvic muscle trainer (KM518; CE marking indicates that a product is deemed to meet European health, safety, and environmental standards).Women allocated to the PFMT alone group performed PFMT without the use of any biofeedback devices. PFMT training was provided through group-based exercises by a physiotherapist trained in pelvic floor rehabilitation. An image of PFMT alone group performing PFMT is presented in Fig. 3. Women performed PFMT exercises starting in antigravity positions (lying on their sides, supine, prone, or kneeling on all fours) and progressing to against-gravity positions (sitting and standing). The following PFMT exercises were performed: (i) contract the urethra; (ii) control the bowel action (or the passage of wind); and (iii) contract the urethral orifice, control the bowel action, and draw the vagina upwards [10]. For the supervised training sessions, all women performed eight contractions for each PFMT exercise (i.e., 24 total contractions at each session), and each contraction was held for 5 to 6 seconds, followed by relaxation for 10 seconds. The exercise progressed when the participants were able to hold a contraction for 10 seconds in a particular position.
At the end of the 4-week supervised training period, all participants received a booklet with photos and instructions for their respective intervention training sessions. For the unsupervised home exercise program, women performed PFMT based on their group assignment (i.e., unassisted or together with biofeedback provided by either PelviSense or CB). Unsupervised home exercises consisted of at least eight contractions, three times per day, for 5 days each week. Research personnel made weekly telephone calls to each participant to optimize their adherence to home exercise.
2.6 Outcome measures
Outcome assessments were performed at baseline and after 4, 12, and 24 weeks. The primary feasibility measures were: (1) acceptability of the PelviSense device, obtained as feedback from participants. Participants were required to complete a form containing open-ended questions relating to the ease of use and the pros and cons of the PelviSense device in comparison to the CB device. (2) Recruitment rate recorded as the time necessary to recruit the desired number of study participants. (3)  PFMT adherence, as measured using a tool designed to quantify adherence with home exercise as “low,” “moderate,” or “high” using a 0–10-point scale and developed specifically to monitor long-term PFMT adherence women with UI  [11]. (4) The retention rate, calculated as the percentage of enrolled study participants who completed all outcome assessments. (5) Safety, measured as the number of adverse events and the number of participants reporting adverse events.
Secondary outcome measures included the ICIQ-SF, the 1-hour pad test, and the Modified Oxford Scale (MOS). The disease-specific ICIQ-SF is a self-reported questionnaire that measures SUI symptom severity and the overall impact of UI [12]. The ICIQ-SF has a maximum score of 21 points, with higher scores indicating more severe incontinence. The ICIQ-SF is easy to complete and has adequate validity (r = 0.93) [13] and good test–retest reliability (α = 0.95) [14]. The Translated Chinese version of the ICIQ-SF has adequate internal consistency (Cronbach’s alpha = 0.71–0.96) and reliability (kappa = 0.72–0.93) among the HK population [15]. The 1-hour pad test was used to quantify the severity of urine loss using a protocol proposed by the ICS [16]. All participants were instructed to empty their bladders before wearing pre-weighed pads. After emptying their bladders, they were instructed to drink 500 ml water. The participants then performed the following activities for 30 minutes: walking, climbing up and down one flight of stairs, standing up from sitting (10 times), coughing vigorously (10 times), bending to pick up an object from the floor (5 times), and washing their hands for 1 minute under running water [17]. The weight of the pad was measured after 1 hour to quantify urine loss (in g). The valid and reliable MOS [18] was used to grade PFM strength via digital palpation of the vagina while the participant was in a bent-knee, reclined position. The MOS grading system is used to score a voluntary contraction of the PFM from 0 (no contraction) to 5 (strong contraction with a good lifting effect) [19]. A research assistant (physiotherapy student) measured the PFM strength of all participants using the MOS. Before the start of the study, the research assistant was trained by a physiotherapist trained in pelvic floor rehabilitation (PK) on the use of the MOS as an outcome measure.
2.7 Statistical analysis
A sample size calculation is suggested for pilot/feasibility studies testing a null hypothesis [20]. A sample size of 30 to 40 is considered sufficient for pilot studies involving group comparisons intended to estimate between-group effect sizes or obtain estimates for use in power calculations to design larger trials [21]. The sample sizes for pilot studies are also recommended to be guided by time and cost constraints [21]. Based on available funds and the time frame for this pilot study, a sample size of 51 (17 in each group) was used.

Statistical analysis was performed on an intention-to-treat basis using SPSS. Missing data were replaced using the last observation carried forward approach. Numbers and percentages were calculated to compare PFMT adherence across groups. Two-way repeated-measures analysis of covariance (ANCOVA) or factorial ANCOVA using time as a repeated factor and the number of prior births as a covariate was used to determine the interaction effect between groups. Significance was defined as p ≤ 0.05. The primary outcome measure for our future RCT will be SUI symptom severity, as measured using the ICIQ-SF. Therefore, the effect size between the PelviSense-assisted PFMT and PFMT alone groups will be used to estimate the required sample size for our future RCT.
3. Results

3.1 Participant characteristics and baseline data
Sixty women volunteered to participate in the study. Nine women were excluded because they did not meet the inclusion criteria. The flow of participant recruitment, enrollment, and retention throughout the study is summarized in Figure 4. No significant differences in baseline characteristics were identified between groups. The demographic characteristics of study participants are presented in Table 1.
3.2 Primary feasibility measures

3.2.1 Device acceptance: Participants in the PelviSense-assisted PFMT group expressed good PelviSense device acceptance and reported that the device was easy to use. In particular, one participant wrote, “The PelviSense is easy to use and I like it because it tells me if I am working the correct muscles.” Regarding the pros and cons of the PelviSense device in comparison to the CB device, participants appreciated the non-invasive nature of the PelviSense and made no negative comments about this device. One participant wrote, “I like PelviSense because it motivates me to exercise and I can see my muscles getting stronger, on my phone.” Another wrote, “I like PelviSense because I don’t have to push it into the inside of me to train the muscles important for preventing urine leakage.” Feedback provided by participants regarding PelviSense device acceptance is summarized in Supplementary Table 1.

3.2.2 Recruitment and retention rates: The goal of recruiting 51 participants was achieved within 3 months. The retention rates were 100% in the PelviSense-assisted and PFMT alone groups. The retention rate was 71% in the CB-assisted PFMT group.
3.2.3 Adherence to interventions: Adherence to the study interventions is summarized in Table 2. After 24 weeks, 18% (3 of 17) of participants in the PelviSense-assisted PFMT group categorized their treatment adherence as high (score of 8–10), whereas 71% (12 of 17) of participants categorized their treatment adherence as moderate (score of 3–7). No participants in the CB-assisted or PFMT alone groups categorized their treatment adherence as high, whereas 59% (10 of 17) of participants in the PFMT alone group and 34% (4 of 12) of participants in the CB-assisted PFMT group categorized their treatment adherence as moderate.
3.2.4 Safety: No adverse events were reported by participants in the PelviSense-assisted or PFMT alone groups; however, participants assigned to the CB-assisted PFMT group reported the following adverse events: itching and blisters in and around the vaginal region (nickel allergy; n = 2); burning and painful urination (n = 2); skin lacerations (n = 2); and discomfort with vaginal probe insertion (n = 1). 
3.3 Effect of interventions

Descriptive statistics for the ICIQ-UI-SF, 1-hour pad test, and PFM strength for all groups at baseline and after 4, 12, and 24 weeks of intervention are presented in Supplementary Table 2. Between-group differences (time × group interaction using two-way ANCOVA) are reported in Table 3. The between-group analysis of the 1-hour pad test results revealed a significant effect for the PelviSense-assisted PFMT group compared with the CB-assisted (−3.83 [−7.56, −0.10]; p < 0.05) and PFMT alone (−11.04 [−14.0, −7.99]; p < 0.01) groups. PFMT alone was significantly more effective than CB-assisted PFMT for the severity of urine loss, as measured by the 1-hour pad test (7.21 [10.90, 3.53]; p < 0.01). The between-group analysis of ICIQ-UI-SF scores revealed a significant effect for the PelviSense-assisted PFMT group compared with the CB-assisted (−3.81 [−6.17, −1.45]; p < 0.01) and PFMT alone (−2.47 [−4.49, −0.48]; p ≤ 0.01) groups. No significant difference in SUI symptoms measured by the ICIQ-SF was observed between the unassisted and CB-assisted PFMT (1.32 [−0.77, 3.42]; p > 0.05) groups. PFM strength significantly improved in the PelviSense-assisted PFMT group compared with the CB-assisted (2.13 [3.35, 0.51]; p < 0.05) and PFMT alone (2.53 [3.85, 1.23]; p < 0.05) groups. No significant difference in PFM strength was observed between the unassisted and CB-assisted PFMT (1.09 [3.37, 1.18]; p > 0.05) groups.
3.4 Sample size for the future RCT

G-Power analysis (3.1.9.2), set for an F-test, was used to estimate the sample size required for the future RCT. Using the calculated estimated change in ICIQ-SF score between the PelviSense and PFMT alone groups (d = 0.29; Table 3), the sample size required to achieve 80% power at the 5% significance level while accounting for a 20% attrition rate (the dropout rate in our pilot study was 11%), the required sample size was calculated as 142 (71 per group).
4. Discussion

The purposes of this pilot trial were to compare the acceptance of the PelviSense device with those of the CB device, compare PFMT adherence and SUI treatment outcomes among groups performing PFMT alone or with biofeedback provided by the PelviSense or CB device, and generate data for use in a power estimation for the design of a future, large-scale RCT. The pilot trial found that participants in the PelviSense-assisted PFMT group expressed good device acceptance. PFMT adherence was higher in the PelviSense-assisted PFMT group than in the unassisted or CB-assisted PFMT groups. Participants assigned to the PelviSense-assisted PFMT group did not report any adverse events while using the device and indicated that the PelviSense device was easy to use. The pilot trial findings indicated that PelviSense-assisted PFMT was superior to CB-assisted and PFMT alone for reducing the severity of urine loss, improving SUI symptom severity, and enhancing PFM strength. PFMT alone was significantly more effective than CB-assisted PFMT in improving the severity of urine loss (as measured by the 1-hour pad test). No significant difference between unassisted and CB-assisted PFMT was observed in PFM strength.

The success of PFMT for the treatment of UI is hampered by a lack of PFMT adherence, often due to the inability to contract the correct muscles and a lack of motivation to perform the exercises. A systematic review [15] examining the long-term effects of PFMT on the treatment of UI in women found that PFMT adherence varied between 10% and 70% [16]. Non-adherence to PFMT predicts negative short- and long-term clinical outcomes (incontinence) and wastes health care resources. Our pilot trial found that PFMT adherence was higher in the PelviSense-assisted PFMT group than in the CB-assisted or PFMT alone groups. Participants assigned to the PelviSense-assisted PFMT group reported moderate (12/17) to high (3/17) adherence to the intervention, whereas 4 of 17 participants in the CB-assisted and 10 of 17 participants in the PFMT alone groups reported moderate adherence, and no participants in either group reported high adherence. The improved adherence rate reported by participants in the PelviSense-assisted PFMT group supports the assertion that PFMT performed using the PelviSense device will improve SUI outcomes by improving PFMT adherence.


The study also found that participants had good acceptance of the PelviSense device. A systematic review identified a lack of motivation as the most commonly identified factor associated with a decrease in PFMT adherence and an increase in the dropout rate for studies examining interventions (such as PFMT and biofeedback) for improving UI [22, 23]. Given the high to moderate adherence to PelviSense-assisted PFMT and the good device acceptance, we anticipate that performing PFMT with the PelviSense device will lower UI severity in women with SUI.

Our results demonstrated that PelviSense-assisted PFMT was superior to CB-assisted and PFMT alone for improving SUI symptoms, reducing the severity of urine loss, and increasing PFM strength. However, these results must be interpreted with caution because this trial was conducted as an underpowered pilot trial. Small, underpowered studies are at an increased risk for Type I errors (false positive) [24]. However, the findings of this pilot trial are very encouraging and justify the need to conduct a future, adequately powered, full-scale RCT to evaluate the effectiveness of performing PFMT using the PelviSense device for the management of SUI.
No adverse events were reported by participants in the PelviSense-assisted or PFMT alone groups. However, women assigned to the CB-assisted PFMT group reported adverse events, including nickel allergy (n = 2), urinary tract infection (burning and painful urination; n = 2), discomfort with vaginal probe insertion (n = 1), and skin damage near the vaginal region (n = 2). Although women were informed that group changes would not be permitted after the random allocation, 9 of 17 women assigned to the CB-assisted PFMT group requested a group change, 7 of whom reported adverse events related to the intervention. Of these seven participants, five eventually discontinued the intervention. A Cochrane review also identified adverse effects associated with the use of intravaginal probes, resulting in the discontinuation of treatment [6]. The risk of treatment discontinuation is an important consideration because PFMT adherence has been cited as a crucial factor for the successful treatment of SUI [25]. Moreover, the reported adherence to PFMT among participants in the CB-assisted PFMT group was low compared with both the unassisted and PelviSense-assisted PFMT groups. The vaginal probe used for CB-assisted PFMT could serve as a potential source of bacterial or viral contamination, contributing to health care–related infections due to failure to adequately clean the probe before use. Due to the adverse reactions associated with the intravaginal use of the CB device and considering the potential hygiene issues and infection risks associated with intravaginal probe use, no CB-assisted PFMT group will be included in our future full-scale RCT. In addition, the primary objective of evaluating differences in adherence to PFMT when using the PelviSense device compared with a CB device was achieved in the pilot trial.
Of the 60 women who volunteered to participate in the pilot study, nine women had to be excluded following the screening process as they reported predominant stress UI. The participants who were excluded were unhappy about being excluded and expressed that they desired treatment due to severe UI (especially during coughing and sneezing). The centers were also unhappy about having to exclude participants with mixed SUI rather than pure SUI. Both the centers and the participants requested that excluded participants be allowed to be included in the control group to potentially learn some PFMT exercises and benefit from the study. The etiologies of mixed incontinence include both intrinsic sphincter deficiency, leading to SUI and detrusor overactivity and resulting in urge incontinence [26]. In mixed UI, the causes of SUI and urge incontinence are linked, and detrusor overactivity is a reflex response stimulated by urine leakage into the proximal urethra during increased intraabdominal pressure [27]. Because women with mixed UI have both pelvic floor dysfunctions and detrusor activity, we plan to include women with stress-predominant mixed UI for our future RCT.
The rigorous methodological procedures and use of an objective measure (1-hour pad test) for quantifying intervention effectiveness are the primary strengths of this trial. Reporting bias associated with a no-treatment control condition was minimized in the current study by including an active control group. The primary limitation of this pilot trial is the small sample size; our trial was underpowered, preventing any conclusive inferences regarding the effectiveness of the interventions. However, a sample size of 30 to 40 is considered sufficient for pilot studies involving group comparisons intended to facilitate estimates of between-group effect sizes [21]. The other limitation of the study is that differences in baseline parity status and body mass index scores were identified between groups and were not balanced in the analysis. However, due to the design (pilot) and sample size of this study, balancing these differences in the analysis may not have been an appropriate approach.

Conclusions

This study provides preliminary support for the feasibility and safety of using the PelviSense device as an adjunct for PFMT for the treatment of SUI in women. The PelviSense device has a higher acceptance rate than the CB device. Preliminary results demonstrated that the PFMT performed with assistance from the PelviSense device is superior to PFMT performed either alone or with assistance from a CB device for improving continence, reducing the severity of urine loss, and increasing PFM strength, as measured using the ICIQ-SF, 1-hour pad test, and MOS, respectively. PFMT alone had superior benefits compared with PFMT assisted by the CB device for improving the severity of urine loss. The effectiveness of the PelviSense device should be evaluated in a future, large-scale, adequately powered RCT.
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Table 1. Demographics characteristics of study participants 

	Characteristics 
	Groups 

	
	PelviSense-assisted PFMT (n = 17)  
	CB-assisted PFMT (n = 17) 
	PFMT alone
(n = 17) 

	Mean age  (SD)
	49.3  (5.5)
	52.5 (6.2)
	46.8 (8.3)

	Ethnicity, n (%) 

    Chinese 

    Non-Chinese 
	 

17 (100) 

0 (0) 
	 

17 (100) 

0 (0) 
	 

17 (100) 

0 (0) 

	Number of births, n (%) 

     0 

     1 

     2 

     3 
	 

1 (5.9) 

4 (23.5) 

9 (52.9) 

3 (11.8)
	 

8 (47.1) 

3 (17.6) 

4 (23.5) 

2 (11.8)
	 

5 (29.4) 

3 (17.6) 

6 (35.9) 

3 (11.8)  

	Mean BMI  

(SD, range) 
	22.5  

(3.9, 19.0 – 33.0) 
	29.1 

(6.0, 24.3 – 39.9) 
	25.2 

(5.3, 18.3 – 34.6) 


BMI: Body Mass Index; CB: Conventional Biofeedback; PFMT: Pelvic Floor Muscle Training; SD: Standard Deviation

Table 2. Adherence to PFMT 

	Groups
	High 
	Moderate 
	Low 

	PelviSense-assisted PFMT (n = 17)
	18% (3/17)
	71% (12/17)
	11% (2/17)

	CB-assisted PFMT (n = 12)
	0% (0/12)
	34% (4/12)
	66% (8/12)

	PFMT alone (n = 17)
	0% (0/17)
	59% (10/17)
	41% (7/17)


CB: Conventional Biofeedback; PFMT: Pelvic Floor Muscle Training

Table 3. Between-groups comparisons at 24 weeks 

	Groups for comparison
	     Outcome Measures

	
	ICIQ-SF
	1-hour pad test
	PFM strength

	
	MD

(95% CI)
	d
	p
	MD

(95% CI)
	d
	p
	MD

(95% CI)
	d
	p

	PelviSense 

vs PFMT alone 
	-2.47

(-4.49, -0.48)
	0.29
	0.018*
	-11.04

(-14.0, -7.99)
	0.30
	0.000*
	2.53 

(3.85, 1.23)
	0.27
	0.026*

	PelviSense

 vs CB 
	-3.81

(-6.17, -1.45)
	0.32
	0.003*
	-3.83

(-7.56, -0.10)
	0.22
	0.044*
	2.13

(3.35, 0.51)
	0.28
	0.020*

	PFMT alone vs CB
	1.32

(-0.77, 3.42)
	0.19
	0.201
	7.21

(10.90, 3.53)
	0.12
	0.001*
	1.09

(3.37, 1.18)
	0.11
	0.186


CB: Conventional Biofeedback; Cohen’s d: Effect size; ICIQ-SF: International Consultation on Incontinence Questionnaire-short form; PFMT: Pelvic Floor Muscle Training; * p < 0.05.
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Figure 1: Women in the PelviSense-assisted PFMT group performing PFMT in a standing position. 
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Figure 2. Women in the conventional biofeedback-assisted group performing PFMT
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Figure 3: Women in the PFMT group performing PFMT alone 


	


Figure 4. The flow of participants through the study process
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