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Therapeutic efficacy of biofeedback
pelvic floor muscle exercise

in women with dysfunctional
voiding
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Dysfunctional voiding (DV), a voiding dysfunction due to hyperactivity of the external urethral
sphincter or pelvic floor muscles leading involuntary intermittent contractions during voiding, is not
uncommon in neurologically normal women with lower urinary tract symptoms (LUTS). We aimed
to investigate the therapeutic efficacy of biofeedback pelvic floor muscle training (PFMT) in female
patients with DV and to identify the therapeutic efficacy. Thirty-one patients diagnosed with DV.

All participates completed the 3-month biofeedback PFMT program, which was conducted by one
experienced physiotherapist. At 3 months after treatment, the assessment of treatment outcomes
included global response assessment (GRA), and the changes of clinical symptoms, quality of life
index, and uroflowmetry parameters. 25 (80.6%) patients had successful outcomes (GRA = 2),

and clinical symptoms and quality of life index significantly improved after PFMT. Additionally,
uroflowmetry parameters including maximum flow rate, voided volume, voiding efficiency, total
bladder capacity, voiding time, and time to maximum flow rate significantly improved after PFMT
treatment. Patients with the history of recurrent urinary tract infection in recent 1 year were found
to have unsatisfied therapeutic outcomes. In conclusion, biofeedback PFMT is effective in female
patients with DV with significant improvements in clinical symptoms, quality of life, and uroflowmetry
parameters. The history of urinary tract infection in recent 1 year is a negative predictor of successful
outcome.

Voiding dysfunction caused by anatomical or functional bladder outlet obstruction (BOO) among women has
received increasing attention recently’. Inappropriate activities of the urethral sphincter and/or pelvic floor
muscles (PFMs) during voiding can cause functional BOO, and in the patients with intact neurologic functions
it is called dysfunctional voiding (DV)?. The voiding flow pattern of DV is intermittent and/or fluctuating, and
it is one of the common nonstructural and/or non-neurogenic voiding dysfunctions in women®. DV prevalence
rates of between 2 and 35% in women with LUTS has been reported*. DV leads to not only bothersome storage
lower urinary tract symptoms (LUTS), such as urinary frequency and urgency, but also voiding difficulty, uri-
nary retention, and a higher risk of recurrent urinary tract infection (UTI) that significantly impact the patients’
quality of life>®.

Biofeedback pelvic floor muscle training (PFMT) is a conservative treatment that includes the assessment
of pelvic floor strength and the functional use of PEMs. Such treatment increases the contractility and holding
strength, coordination, velocity, and endurance of the PFMs via programmed voluntary muscle contraction
and relaxation practice’. Several types of exercises have been used for PEMT, including passive, active-assisted,
active-resisted, or simple contraction exercises. It can be performed with electrostimulation, biofeedback, and
vaginal cones'®!!. These positive effects are beneficial for patient with stress urinary incontinence, overactive
bladder, chronic pelvic muscle pain and pediatric DV'2-18,

Theoretically, PEMT could correct both the hypertonicity and poor relaxation of PEMs and modulate blad-
der sensation and detrusor overactivity. Only few data have indicated the positive outcomes of PEMT in female
adults with DV, with a response rate of 51-83%'°°. Therefore, we aimed to investigate the therapeutic efficacy
of biofeedback PFMT in female patients with DV and to identify the therapeutic efficacy.
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Figure 1. Videourodynamic characteristics of (a) Normal, (b) DV and (c) severe DV appearance.

Methods

Patients. Female DV patients who underwent biofeedback PEMT were retrospectively reviewed from 2017
to 2019. The Ethics Committee of Buddhist Tzu Chi General Hospital had approved the study. (IRB Num-
ber: IRB109-095-B). All methods were performed in accordance with the relevant guidelines and regulations.
Patients were informed about the study rationale and procedures; written informed consent was obtained from
all patients prior to enrollment and treatment. The diagnosis of DV was based on VUDS and according to Inter-
national Continence Society terminology®. In urodynamically normal appearance, it included low voiding pres-
sure with smooth urinary flow pattern, relaxed electromyography activity on external urethral sphincter, and
open bladder neck and urethra picture on real-time fluoroscopy (Fig. 1a). Patients with a high voiding pressure
with alow and/or intermittent urinary flow during voiding, a picture of open bladder neck but pelvic floor mus-
cle or membranous urethra level narrowing on real-time fluoroscopy and increased external urethral sphincter
electromyography activities were diagnosed with DV (Fig. 1b,c).

All cases had tried medication for initial LUTS before the PEMT, such as non-selective selective alpha blocker,
antispasmodic agent and anti-muscarinic/beta 3-adrenergic receptor agonist depending on patient’s condition
and medical compliance. The failure of conventional medical would be confirmed if one of following criteria
existed: (1) the patient reported no subjective improvement according to GRA <1, (2) impaired flow picture on
uroflowmetry (maximal flow rate < 10 ml/s with obstructive flow pattern), or (3) clean intermittent catherization/
urethral catheterization was needed due to retention. The patients received the biofeedback PEMT program after
the conventional medical treatment failed.

All eligible patients’ clinical history had been reviewed from medical chart, and brief neurologic examination
had been performed in the first interview (12 cranial nerves examination, bulbocavernosus reflex, anal reflex, and
somatic sensory of dermatomes and peripheral limbs). Renal and bladder sonography was completed to survey
upper urinary tract deterioration causing by high bladder pressure and high residual volumes. Cystoscopy was
performed to exclude the diagnosis of urethral structure. Patients who had traceable history of neurologic deficit,
remarkable abnormality on neurologic examination, the other anatomical BOO, active urinary tract infection/
vaginitis/pelvic inflammatory disease during the program, genital prolapse, interstitial cystitis, the history of
pelvic surgery for urinary incontinence or cancer, and radiation therapy were excluded from the study.

Training protocol. The biofeedback PFMT program was conducted by a single experienced physiothera-
pist, with total six office training course in a private therapy room during a 3-month treatment period. The
interval between the office courses was 2-3 weeks. A brief history interview was completed at the first visit. The
initial assessment was performed using the Modified Oxford Grading System to evaluate the strength of the PFM
via vaginal palpation®'. Surface 2-channel electromyography (EMG, Pathway” MR-25 Dual channel surface EMG
system, The Prometheus Group, Dover, New Hampshire, USA) electrodes were applied at the perineum to collect
the resting EMG signals of the PFM and abdominal rectus muscles (Fig. 2).

The PEM therapeutic modalities included the followings®. The initial steps were PEM isolation and discrimi-
nation training. The patients were instructed to strengthen the PFM under real-time visual EMG monitor, and
verbal instruction and reinforcement were provided to ensure that the patients voluntarily contracted the cor-
rect isolated PEM group without involvement of the accessory muscles of the buttocks, legs, or abdomen. Such
step focused on the elimination of accessory muscle substitution via the identification and modulation of the
associated muscle groups as well as enhancing sensory awareness and release variations to maximize conscious
control of muscle contraction. The next parts were PFM strengthening and endurance training: the patients
were instructed to appropriately tighten the PFM in several different positions (supine, sitting, and standing).
The physiotherapist placed 2 fingers into the vagina as digital exam and asked the patient to perform pelvic floor
contraction, just like to withhold voiding as she normally did. Adequate contraction would be determined accord-
ing to modified Oxford scale>1 (0 =no contraction, 1 =flicker, 2 =weak contraction, 3 =moderate, 4 =good and
5=strong) on digital exam finding. The endurance was set to 3-5 s in the beginning and was increased up to 10 s
to enhance and maintain PFM motor recruitment. It was followed by the relaxation of PFM to baseline EMG
level within 2 s to adequately relax the PFMs (Fig. 3).

The interval between each pelvic floor contraction was at least twice as long as that of endurance of contrac-
tion, which was referred to as down-training, a procedure inhibiting hypertonic muscle activity to lower elevated
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(a)

Figure 2. The application of surface 2-channel electromyography (EMG) electrodes over (a) abdominal rectus
muscles and (b) perineum.

Seconds

Channel A (green): abdominal rectus muscles; Channel B (blue): pelvic floor muscle

Figure 3. The example of electromyography on (a) inadequate PEM isolation, contraction and poor relaxation
at the first time of office visiting; (b) An adequate picture of EMG which indicated well PFM isolation and
relaxation after biofeedback PEMT at the 6th time of office visiting.

resting tone. There were 10 repetitions in one session, and 3 sessions in a course were recommended initially. It
could be up to 20 repetitions in each session and up to 6 sessions according to the patient’s ability. In the home
program, the patients practiced at least 3 sessions daily. Telephone interview had been performed weekly to assess
the compliance of home program and resolve the problem about the practice from the patient.

Outcome assessment. The primary treatment outcome was assessed by the information regarding Global
Response Assessment (GRA; categorized into-3,-2,-1, 0, 1, 2, 3, indicating markedly worse to markedly
improved status) of satisfaction at 3 months treatment period. Successful outcome was defined as GRA 22 (mod-
erate and marked improved). The secondary treatment outcomes comprised the changes of symptom scores,
and uroflowmetry parameters at 3 months after treatment. The symptom scores for assessment included total
International Prostate Symptom Score (IPSS-T), IPSS-S (storage subscore), IPSS-V (voiding subscore), Patient
Perception of Bladder Condition (PPBC) score, and quality of life (QoL) index, which had been validated for
female LUTS in published articles?***. Uroflowmetry parameters included total bladder capacity (TBC), voided
volume (VV), postvoid residual volume (PVR), maximum flow rate (Qmax), corrected Qmax (cQmax, defined
as Qmax/NTBC), voiding efficiency (VE, defined as VV/TBC), average flow rate (Qave), flow time of voiding
(T-flow), voiding time (T-voiding), time to Qmax during voiding (T-Qmax) and flow curve shape. The normal
values of Qmax was defined as 12 mL/s or 15 mL/s for TBC of 150 mL or 200 mL?**. The PVR was measured by
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‘ Baseline Follow-up p value
Clinical symptoms
IPSS-S 8.4+44 3.2+3.0 <0.001
IPSS-V 11.3+6.2 44+43 <0.001
IPSS-T 19.7+8.2 7.6£6.6 <0.001
IPSS-QoL 51+0.9 2.1+1.5 <0.001
PPBC 5.0+0.9 2.1%1.5 <0.001
Uroflowmetry parameters
Qmax 13.1+£7.3 202+7.4 <0.001
Low Qmax® 20 (64.5%) | 3(9.7%) <0.001
cQmax 0.8+0.3 1.1+0.3 <0.001
Vv 237.3+170.0 | 326.3+139.4 | 0.003
PVR 27.9+34.8 28.6+£23.9 0.916
TBC 265.3+187.7 | 346.6+137.2 |0.010
VE 0.89+0.12 0.93+0.86 0.062
Qave 6.8+3.3 11.6+4.6 <0.001
T-flow 37.0+£22.9 31.5+14.5 0.173
T-voiding 42.5+29.9 30.3+12.9 0.009
T-Qmax 13.3£13.3 6.7+2.6 0.012
Uroflowmetry flow curve shape
Bell-shaped 2 (6.5%) 22 (71.0%)
Staccato-shaped 18 (58.1%) 6 (19.4%) <0.001
Plateau-shaped 11 (35.5%) 3(9.7%)

Table 1. Changes of clinical symptoms and uroflowmetry parameters in female DV patients after PEMT at
3-month follow-up. IPSS International Prostate Symptom Score, IPSS-S IPSS storage subscore, IPSS-V IPSS
voiding subscore, IPSS-T Total IPSS, IPSS-QoL IPSS quality of life score, PPBC Patient Perception of Bladder
Condition, Qmax maximum flow rate, cQmax corrected maximum flow rate, VV voided volume, PVR
postvoid residual volume, TBC total bladder capacity, VE voiding efficacy, Qave average flow rate, T-flow flow
time, T-voiding voiding time, T-Qmax time to Qmax. *< 12 mL/s or < 15 mL/s for total bladder capacity of
150 mL or 200 mL.

the bladder sonography. The baseline clinical characteristics and urodynamic parameters were also analyzed to
identify the predictive factors of treatment outcomes.

Statistical analysis. The continuous variables were presented as means with standard deviations. Wilcoxon
sign rank test was used to distinguish the difference of variables between baseline and post-treatment status.
Wilcoxon rank sum test was used for statistical comparisons of variables in between-subgroup analysis. The
baseline clinical characteristics and urodynamic parameters were analyzed using the Wilcoxon rank sum test
for independent samples. Logistic binary regression was used to analyze the predictive factors of successful
outcomes. A p-value of<0.05 was considered to indicate statistical significance. All statistical analyses were
performed in a personal computer using the Statistical Package for the Social Sciences software for Windows
(version 25.0; SPSS Chicago, IL, the USA).

Results
A total of 31 female patients, with the mean age 55.6 £ 15.5 (range 18-77) years, completed the biofeedback
PFMT course and follow-up investigations. Table 1 showed the changes of clinical symptoms and uroflowmetry
parameters. After treatment, 25 (80.6%) patients had successful outcomes (GRA >2). All symptoms scores includ-
ing IPSS-T, IPSS-S, IPSS-V, PPBC, and QoL index significantly improved after biofeedback PEMT. Additionally,
uroflowmetry parameters including Qmax, proportion of low Qmax, cQmax, VV, TBC, Qave, T-voiding, and
T-Qmax significantly improved. There were 3 types of flow curve appearing in the cohort (bell-shaped, staccato-
shaped and plateau-shaped). Before the PEMT, 6.5% of patients revealed non-obstructive (bell-shaped) flow
curve, and 93.5% in obstructive pattern (Staccato-shaped: 58.1%; Plateau-shaped: 35.5%). After the 3-month
biofeedback PFMT, it showed less obstructive picture revealed (29.0%, Staccato-shaped: 19.4%; Plateau-shaped:
9.7%). There was no patient had remarkable upper tract deterioration as hydronephrosis before the program,
and no case who needed CIC or catheterization before and after the PFMT program.

The patients with successful outcomes had significantly higher percentage of recurrent UTT history in recent
1 year, and lower IPSS-V in baseline clinical characteristics, and higher cQmax in baseline uroflowmetry than
those with failure outcomes (Table 2). After treatment, the patients with successful outcomes had significantly
improved in Qmax, VV, TBC, VE, cQmax, Qave, T-voiding, and T-Qmax. However, the patients with failure
outcomes did not have significant changes in uroflowmetry parameters except Qave.
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Baseline clinical characteristics Success (N=25) Failure (N=6) p value
Age 58.16+13.42 45.00+20.37 0.061
Recurrent UTI 2 (8%) 3 (50%) 0.038
Constipation 10 (60.0%) 5(83.3%) 0.083
Diabetes Mellitus 2 (8.0%) 1(16.7%) 0.488
Body mass index 23.6+4.1 242453 0.763
Psychologic disabilities® 3(33.3%) 2 (12.0%) 0.241
Menopause 13 (52.0%) 3(50.0%) 1.000
Vaginal delivery 22 (88.0%) 4 (66.7%) 0.241
Parity 20+1.2 1.3+1.0 0.218
Cesarean delivery 2 (8.0%) 0 (0.0%) 1.000
Parity 0.2+0.6 0.0+£0.0 0.490
Strength of pelvic floor muscle® 2.7+0.9 2.8+1.0 0.794
PSS-S 8.1+4.6 9.5+4.0 0.502
IPSS-V 10.2+6.2 15.8+4.2 0.043
IPSS-T 18.3+8.3 25.3+6.9 0.059
IPSS-QoL 51+09 5.0+0.6 0.767
PPBC 51+0.8 4.7+15 0.540
Uroflowmetry parameters

Qmax

Baseline 13.8+7.7 10.1+4.7 0.276
A 7.8+8.1% 4.4+58 0.338
cQmax

Baseline 0.9+0.3 0.6+0.1 0.017
A 0.3+0.4* 0.2+0.3 0.598
\A%

Baseline 237.4+161.8 236.8+218.3 0.994
A 108.7 +145.1* 6.8+172.6 0.146
PVR

Baseline 229+252 49.0+59.5 0.337
A 3.9+26.1 -12.7+63.6 0.557
TBC

Baseline 260.3+171.0 285.8+265.2 0.771
A 102.2+146.8* —5.8+£220.1 0.153
VE

Baseline 0.91+0.10 0.83+0.17 0.197
A 0.04+0.01* 0.01+0.11 0.481
Qave

Baseline 6.5%3.2 79+3.4 0.369
A 51+4.7* 5.1+4.7*% 0.976
T-flow

Baseline 38.4+24.1 31.7+17.5 0.531
A - 6.2+255 3.7+£11.2 0.364
T-voiding

Baseline 439+32.6 36.8+16.0 0.610
A - 12.6+28.2* -3.0+6.9 0.132
T-Qmax

Baseline 14.8+14.5 7.2+2.6 0.219
A -8.0+13.9* 20+24 0.092
Uroflowmetry flow curve

Obstructive

Baseline 23(92%) 6(100%) 0.474
A 17(68%)* 3(50%) 0.208

Table 2. Clinical characteristics and uroflowmetry profiles in patients with different treatment outcomes.

UTI urinary tract infection, IPSS International Prostate Symptom Score, IPSS-S IPSS storage subscore, IPSS-V
IPSS voiding subscore, IPSS-T Total IPSS, IPSS-QoL IPSS quality of life score, PPBC Patient Perception of
Bladder Condition, Qmax maximum flow rate, cQmax corrected maximum flow rate, VV voided volume, PVR
postvoid residual volume, TBC total bladder capacity, VE voiding efficacy, Qave average flow rate, T-flow flow
time, T-voiding voiding time, T-Qmax time to Qmax. A: Changes of values/case number/proportion after
PFMT. *p value < 0.05 versus baseline value. *Defined as known psychologic disease with definite diagnosis
from psychiatrist and psychotic medication use. ®Modified Oxford Grading System score.
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Univariate Multivariate
Factors Odds ratio (95% CI) p value Odds ratio (95% CI) p value
Recurrent UTI 0.09 (0.01-0.75) 0.026* 0.01 (0.00-0.83) 0.042*
IPSS-V 0.82 (0.67-1.01) 0.065 0.71 (0.49-1.05) 0.086
cQmax 15.29 (0.45-561.28) 0.128 45.33 (0.09-23,643.67) 0.232

Table 3. Univariate and multivariate logistic regression analysis for the predictive factors of successful
outcomes of PEMT. UTI urinary tract infection, IPSS-V International Prostate Symptom Score voiding
subscore, cQmax corrected maximum flow rate. *p value <0.05.

Univariate and multivariate logistic regression analysis revealed that the history of recurrent UTI in recent
1 year is the only independent negative predictive factor of successful outcomes of biofeedback PFMT (OR 0.01,
p=0.042) (Table 3). DV female patients with the history of recurrent UTT were associated with poor treatment
outcomes of PEMT. No case had traceable past history of learned habitual disturbance in childhood, inconti-
nence, polycystic ovaries or inflammation disease as following: vaginitis or pelvic inflammatory disease, proctitis,
hemorrhoidal crisis (severe bleeding, incarceration, thrombosis).

Discussion

This study revealed that biofeedback PFMT is effective in more than 80% of female DV patients with significant
improvements in clinical symptoms, QoL, and uroflowmetry parameters. The patients with successful treatment
outcomes had significant improvements in not only clinical symptoms but also uroflowmetry parameters, which
indicated the clinical efficacy of biofeedback PFMT. Additionally, the history of urinary tract infection in recent
1 year is a negative predictor of successful outcome of biofeedback PEMT in female DV patients. Different treat-
ment strategy other than biofeedback PFMT might be considered in these patients.

Dysfunctional voiding is a voiding dysfunction due to functional BOO, usually causes bothersome LUTS and
intractable in clinical practice?. In women with intact neurological function, voiding is initiated when a voluntary
signal is sent from the suprapontine centers to activate the pontine micturition center to trigger voiding reflex.
This action is mediated through spinal centers and involves the relaxation of the external urethral sphincter
muscle and the PEM, followed by the contraction of the bladder via parasympathetic innervation?. Functional
BOO due to PFM spasticity (nonrelaxing or hypertonicity of external urethral sphincter/PFM) results in an
incomplete evacuation of urine®, which is considered a learned habitual disturbance occurring in response
to urgency or pelvic discomfort caused by inappropriate toilet training or some adverse events (such as infec-
tion, inflammation, trauma, or irritation) during childhood or early adult life*®-*!. Accordingly, non-invasive
biofeedback PFMT is aimed to correct the disturbance and resume the normal function of PEM during voiding.

In a previous study of the VUDS analysis, women with DV showed higher rates of detrusor overactivity and
bladder hypersensitivity, lower TBC and V'V, lower Qmax and VE, and higher PVR than normal patients*. If the
patients hold urine back during urgency episodes, a long-term increase in the external urethral sphincter activity
caused by the reflex inhibitory response to the occurrence of detrusor overactivity might result in the spasticity
of the external urethral sphincter. As a long-term effect of urgency caused by detrusor overactivity, the spasticity
of the external urethral sphincter results in DV. High voiding pressure status of BOO due to DV might induce
detrusor overactivity or bladder sensory impairment. Detrusor overactivity or sensory urgency dysfunction
might be the primary etiology of DV or secondary to DV, and it plays an important role in the pathophysiology
and development of DV?2 In this study, DV patients also had both bothersome storage and voiding symptoms,
low Qmax, low TBC, and poor QoL.

Biofeedback PFMT has been widely used to treat overactive bladder, urge and postpartum incontinence in
adult patients as well as DV in pediatric patients'****. In terms of storage symptom improvement, biofeedback
PEMT can modulate overactive bladder syndrome by increasing urethral pressure, leading to the inhibition of
the sacral preganglionic innervation to the bladder through the guarding reflex**. PEM contraction can also
stimulate the sympathetic nerve fibers of the internal urethral sphincter, thereby causing a decrease in detrusor
muscle pressure®®”. Our study revealed that both storage and voiding symptoms improved after biofeedback
PEFMT with the increases in bladder capacity and urinary flow rate. It indicated that the restoration of normal
PFM function might not only reduce the bladder outlet dysfunction but also the bladder dysfunction in DV.

As for the amelioration of voiding problem in DV, biofeedback PFMT may help resolve functional BOO.
During PFM exercise, the surface EMG provided a summary of the activities of the PEM (the external anal
and urethral sphincters), and most patients with DV were found to have nonrelaxing and hypertonic urethral
sphincter EMG activity. Either the striated external urethral sphincter or the PEM muscle or both can contribute
to DV and can be differentiated based on the VUDS findings of women with normal neurological function. In
this study, the benefits of biofeedback PFMT included not only the elimination of voiding symptoms but also the
remarkable improvements in uroflowmetry parameters (including Qmax, cQmax, Qave, VV, TBC, T-voiding,
and T-Qmax). The comprehensive PEMT program focused more on relaxation, which helps in achieving the
extinction of hypertonicity of the EUS and PFM as well as a more rapid PFM relaxation during the voiding stage.

In women with recurrent UTI, the incidence of lower urinary tract dysfunctions was high, and DV was diag-
nosed in 25% patients®®. Numerous risk factors and etiologies of recurrent UTT have been identified, including
anatomical characteristics, hormonal status, pregnancy, hygiene, and lifestyle habits®*. Whenever possible, to
correct the predisposing factors of recurrent UTI is needed in the treatment. A randomized study reported by

Scientific Reports |

(2021) 11:13757 | https://doi.org/10.1038/s41598-021-93283-9 nature portfolio



www.nature.com/scientificreports/

Minardi et al. revealed that biofeedback PEMT could not only improve on both emptying and storage symptoms
but also significantly decreased the prevalence of UTIs in female DV patient, while the relapse of symptoms
occurred after training stopped*. In the present study, the DV patients with the history of recurrent UTI within
1 year were associated with poor treatment outcomes of biofeedback PFMT. To provide the treatment of bio-
feedback PFMT might not be sufficient in these patients, and more compressive management for recurrent UTI
and different treatment strategy for DV might be needed.

There were several limitations in this study. First, this was a retrospective analysis with a small case number
in a single center, and the follow-up course was not scheduled uniformly. Second, we did not enroll the other DV
patients as control/placebo group for comparison. A large comprehensive prospective cohort study to validate
the efficacy of biofeedback PFMT in women with DV is needed.

Conclusion

Biofeedback PFMT is effective in more than 80% of female patients with DV with significant improvements in
clinical symptoms, quality of life, and uroflowmetry parameters. The patients with the history of recurrent UTI in
recent 1 year were associated with poor treatment outcomes. Different treatment strategy other than biofeedback
PFMT might be considered in these patients.

Data availability
To protect patient privacy and comply with relevant regulations, identified data are unavailable. Requests from
qualified researchers with appropriate ethics board approvals and relevant data use agreements for de-identified
data will be available.
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