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Introduction: Biofeedback therapy is a non-invasive approach used to treat children with dysfunctional voiding (DV) and 
daytime enuresis (DE). It improves voluntary relaxation of the pelvic floor muscles and normalizes voiding patterns. This 
study aimed to evaluate clinical indications, treatment responses, and changes in uroflowmetry parameters and voiding 
curve patterns in children receiving biofeedback therapy.
Methods: This retrospective study included children aged 5–18 years with DV or DE who underwent at least two pre-treatment 
uroflowmetry (UFM) and electromyography (EMG) evaluations between April 2023 and March 2024. A standardized 
biofeedback protocol was administered weekly by a trained nurse under the supervision of a pediatric urologist. Voiding 
symptoms, EMG activity, and uroflowmetry parameters were assessed. McNemar and Wilcoxon signed-rank tests were used 
for statistical analysis.
Results: A total of 42 female patients (mean age: 12±3.2 years) were evaluated. Non-monosymptomatic enuresis (31%) and 
DV-related urinary tract infections (24%) were the most common indications. Daytime incontinence was present in 33% of 
patients, and 62% had a history of urinary tract infections. Although complete response rates were low, improvements were 
observed in EMG relaxation (83%) and bell-shaped voiding curves, which increased markedly from 26.3% to 84% by the 8th 
session. Voided volume and Qmax increased significantly (p<0.05). Children with ≥5 voids per day showed a significantly 
higher treatment response (p=0.031).
Discussion and Conclusion: Biofeedback therapy effectively improves voiding parameters and pelvic floor muscle relaxation; 
however, complete dryness remains limited, particularly in patients with nocturnal enuresis.
Keywords: Biofeedback; dysfunctional voiding; EMG activity; enuresis; urinary patterns.

Enuresis is a frequent presenting complaint in pediatric 
urology clinic visits. The International Children’s 

Continence Society (ICCS) defines monosymptomatic 
enuresis (MSE) as nocturnal urinary incontinence in children 
aged over five years without accompanying lower urinary 

tract symptoms [1]. Approximately 10% of 7-year-old children 
and 5% of 10-year-old children experience this condition, 
with a persistence rate of 0.5–1% into adulthood [2,3].

Non-monosymptomatic enuresis (NMSE) is defined as 
nocturnal enuresis accompanied by lower urinary tract 
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symptoms such as daytime urinary incontinence, urgency, 
or increased voiding frequency. NMSE accounts for 
approximately 30% of all enuresis cases [4,5]. Dysfunctional 
voiding is a prevalent lower urinary tract symptom 
affecting 3.8% of boys and 6% of girls aged 7 years [6]. 
These conditions highlight the importance of targeted 
therapeutic strategies.

Urotherapy serves as the cornerstone of non-invasive 
treatment for pediatric urinary incontinence and voiding 
dysfunction. Standard urotherapy integrates lifestyle 
modifications, regular voiding habits, adequate fluid 
intake, prevention of constipation, and pelvic floor 
muscle training. Biofeedback therapy can be an effective 
intervention for children with dysfunctional voiding and 
non-monosymptomatic enuresis (NMSE) with urgency 
and incontinence symptoms. It facilitates awareness and 
control of pelvic floor muscle activity through auditory 
or visual feedback, aiming to normalize voiding patterns. 
It is particularly beneficial for children with dysfunctional 
voiding characterized by overactive pelvic floor muscles 
[7]. The International Children’s Continence Society (ICCS) 
has outlined the definitions, indications, and practice of 
urotherapy in children and adolescents with dysfunctional 
voiding or NMSE [1,8,9].

Our study focuses on evaluating the indications, treatment 
response rates, and changes in uroflowmetry parameters 
and voiding curve patterns in children undergoing 
biofeedback therapy. Additionally, it aims to identify the 
critical number of sessions necessary to predict clinical 
response, providing insights into optimizing treatment 
protocols for pediatric patients with voiding dysfunction.

Materials and Methods 
This study was conducted in accordance with the principles 
of the Declaration of Helsinki. Ethical approval was 
obtained from the institutional ethics committee (Approval 
No:17.04.2025-495), and informed consent was obtained 
from all patients or their legal guardians before participation. 
Medical records of patients receiving biofeedback therapy 
between April 2023 and March 2024 were reviewed. 
Children aged 5–18 years with dysfunctional voiding or 
enuresis who had undergone at least two pre-treatment 
uroflowmetry and electromyography (EMG) evaluations 
constituted the study group. A retrospective analysis was 
conducted of the outcomes of our biofeedback training 
program administered to patients who were unresponsive 
to initial management between April 2023 and March 2024. 
Children under 5 years of age and those with anatomical or 
neurogenic bladder conditions were excluded.

At our center, all patients with lower urinary tract symptoms 
and enuresis initially undergo a 1-month behavioral 
therapy program. Behavioral therapy includes encouraging 
adequate fluid intake during the day, scheduled voiding, 
management of constipation, and avoidance of tea, coffee, 
and carbonated drinks. For children with MSE, fluid intake 
is restricted for two hours before bedtime. Following 
behavioral therapy, patients with persistent symptoms 
receive either medical treatment or biofeedback therapy, 
depending on the treating physician’s preference.

A urinary tract infection (UTI) was defined as ≥100,000 
CFU/mL of bacteria in a midstream urine sample. Bladder 
capacity was determined as the maximum voided volume 
recorded in voiding diaries. UFM-EMG was performed at 
least twice, and patients with abnormal voiding curves and 
increased EMG activity were diagnosed with dysfunctional 
voiding. UFM-EMG curves were classified as normal, 
staccato, tower, intermittent, or plateau based on ICCS 
recommendations [4]. Patients were assessed at the 4th 
and 8th weeks. For patients who were noncompliant with 
therapy by the 4th week, treatment was discontinued. 
The remaining patients received biofeedback therapy for 
up to 8 weeks, with reevaluation at the end of this period. 
Therapy was extended to 12 weeks for patients showing 
improvement without achieving full recovery. For patients 
without progress by the 8th week, therapy was terminated.

Surface EMG electrodes were placed at the 2 o’clock and 
10 o’clock positions of the anal sphincter to detect pelvic 
floor muscle activity. Biofeedback training involved the 
use of a computer animation that allowed children to 
manipulate on-screen objects by contracting or relaxing 
the pelvic floor muscles. Each session lasted 20 minutes and 
consisted of 10-second contraction and relaxation cycles. 
All UFM measurements and biofeedback sessions were 
conducted by the same nurse. Children attended weekly 
biofeedback sessions and were instructed to perform 
pelvic floor exercises at home three times per week for 20 
minutes. Symptoms and incontinence were reassessed 
using bladder diaries before each session.

Parents and children were instructed to record voiding 
frequency, fluid intake, episodes of incontinence, and 
the number of wet nights before the subsequent session. 
Regular voiding every 3 hours with adequate fluid intake 
was encouraged. Proper toilet positioning and adherence 
to home exercises were repeatedly emphasized.

The evaluated outcomes in this study included treatment 
results according to indication, reduction in urinary 
tract infection (UTI) frequency, normalization of voiding 
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curves, normalization of EMG activity, maximum voiding 
flow rate (Qmax), and voiding time.

Treatment success was defined according to ICCS criteria as 
clinical response assessed by the percentage reduction in 
wet nights: no response (<50% reduction), partial response 
(50–99% reduction), or full response (100% reduction with 
no wet nights) [4].

Statistical Analysis

Statistical analyses were conducted using SPSS 26.0, with a 
confidence level of 95%. Pre- and post-treatment changes 
in categorical variables were analyzed using the McNemar 
test. Changes in numerical variables were assessed using 
the Wilcoxon test. Age-related treatment response was 
analyzed using the t-test, and associations between 
treatment response and categorical variables were 
examined using the chi-square test. A p-value of <0.05 was 
considered statistically significant.

Results
The mean age of the participants was 12±3.26 years 
(min–max: 5–18). All patients were female. The most 
common indication was NMSE (n=13, 31%), followed 
by dysfunctional voiding–associated UTI (n=10, 23.8%). 
Demographic characteristics are presented in Table 1.

The most common daytime symptom was incontinence 
(n=14, 33.3%) (Table 2). A history of UTIs was present in 26 
patients (61.9%). Among the medications used, prophylactic 
antibiotics were the most prevalent, prescribed to 17 patients 
(70.8%), followed by anticholinergics in 8 patients (33.3%).

Biofeedback therapy did not demonstrate an effect on 
constipation, fecal incontinence, or voiding frequency. 
Data on constipation and voiding frequency before and 
after treatment are presented in Table 3.

Biofeedback therapy was effective in reducing daytime 
and nighttime incontinence and the frequency of UTIs. 
Complete response rates were 22.2% for UTIs, 16.7% for 
daytime incontinence, 0% for nocturnal enuresis, and 7.7% 
for NMSE (p>0.05). Patients with a voiding frequency of 
≥5 times per day showed a significantly higher treatment 
response compared with those with a voiding frequency of 
<5 times per day (p=0.031) (Table 4, 5).

Table 2. The patients' symptoms and medications.

 		  n		  %

Daytime symptom
	 Incontinence	 14		  33.3
	 Retention	 8		  19
	 Urge	 9		  21.4
	 No	 11		  26.2
History of urinary tract infections 
	 No	 16		  38.1
	 Yes	 26		  61.9
Medications used
	 Anticholinergics	 8		  33.3
	 Prophylaxis	 17		  70.8
	 Laxatives	 6		  25
	 Other medications	 4		  16.7

Table 1. Demographic characteristics of patients

 		  n		  %

Age (year)		  12±3.26
Indication
	 Non-monosymptomatic enuresis	 13		  31
	 UTI	 10		  23.8
	 Monosymptomatic enuresis	 7		  16.7
	 Daytime incontinence	 6		  14.3
	 Dysfunctional voiding	 2		  4.8
	 Pollakiuria	 2		  4.8
	 Dysfunctional voiding	 2		  4.8
	 Post-void residual urine	 1		  2.4
Form of onset
	 Primary	 14		  43.8
	 Secondary	 18		  56.3
Referring clinic
	 Pediatric nephrology	 24		  57.1
	 Pediatric urology	 17		  40.5
	 Pediatric surgery	 1		  2.4
Parental status
	 Together	 41		  97.6
	 Mother deceased	 1		  2.4

UTI: Urinary tract infection.

Table 3. Effect of biofeedback therapy on constipation and 
voiding frequency

 		  Before		  After		  p 
		  treatment	 treatment	

		  n	 %	 n	 %	

Constipation
	 No	 34	 81	 37	 88.1	 0.453
	 Yes	 8	 19	 5	 11.9	
Fecal incontinence
	 No	 41	 97.6	 41	 97.6	 1.000
	 Yes	 1	 2.4	 1	 2.4	
Voiding frequency
	 Less than 5/day	 16	 38.1	 17	 42.5	 0.727
	 5 or more/day	 26	 61.9	 23	 57.5	
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Initially, increased EMG activity was common; however, by 
the 12th session, most patients demonstrated significant 
relaxation (83.3%), while only 16.7% continued to show 
increased activity (Table 6).

At the first session, 26.3% of patients exhibited a 
bell-shaped voiding pattern, which increased to 84% by 
the eighth session. This rate plateaued at the eighth session 
and persisted through the twelfth session (Table 6, Fig. 1).

Table 6 and Figure 1 present changes in three parameters—
voided volume (mL), Qmax (mL/s), and voiding time 
(seconds)—over eight sessions. A statistically significant 
increase in voided urine volume and Qmax values 
was observed when these parameters were compared 
successively from the 1st to the 8th session (p<0.05). No 
significant change was observed in voiding duration 
(Figs. 1, 2).

Table 4. Changes in incontinence and UTI frequency following treatment

 		  n	 Mean	 p 
			   rank	

Frequency of daytime urinary incontinence after treatment (days)<Frequency of daytime urinary	 11	 7.05	 0.025 
incontinence before treatment (days)	
Frequency of daytime urinary incontinence after treatment (days)>Frequency of daytime urinary	 2	 6.75 
incontinence before treatment (days)		
Frequency of daytime urinary incontinence after treatment (days)=Frequency of daytime urinary	 28 
incontinence before treatment (days)		   	
Frequency of nighttime urinary incontinence after treatment (hours)<Frequency of nighttime	 12	 8.88	 0.008 
urinary incontinence before treatment (hours)	
Frequency of nighttime urinary incontinence after treatment (week)>Frequency of nighttime	 3	 4.50 
urinary incontinence before treatment (week)		
Frequency of nighttime urinary incontinence after treatment (week)=Frequency of nighttime urinary	 26 
incontinence before treatment (week)		   	
Frequency of UTI after treatment (years)<Frequency of I UTI before treatment (years)	 14	 9.21	 0.012
Frequency of UTI after treatment (years)>Frequency of UTI before treatment (years)	 3	 8.00	
Frequency of UTI after treatment (years)=Frequency of UTI before treatment (years)	 18	  	

Wilcoxon test. UTI: Urinary tract infection.

Table 5. Response rates to treatment 

 			   Response to		  p 
			   treatment	

		  Yes		  No	

		  n	 %	 n	 %	

Age (mean±SD)a	 12±294	 12.12±3.34	 0.932
Comorbiditiesb

	 No	 2	 11.1	 16	 88.9	 0.438
	 Yes	 5	 21.7	 18	 78.3	
Constipationb

	 No	 5	 15.2	 28	 84.8	 0.606
	 Yes	 2	 25	 6	 75	
Fekal incontinenceb

	 No	 7	 17.5	 33	 82.5	 1.000
	 Yes	 0	 0	 1	 100	
History of UTIb

	 No	 3	 18.8	 13	 81.3	 1.000
	 Yes	 4	 16	 21	 84	

			   Response to		  p 
			   treatment	

		  Yes		  No	

		  n	 %	 n	 %	

Voiding frequencyb

	 Less than 5	 0	 0	 16	 100	 0.031
	 5 or more	 7	 28	 18	 72	
Medications usedb	
	 Anticholinergics	 1	 14.3	 6	 85.7	 1.000
	 Prophylaxis	 4	 25	 12	 75	 0.273
	 Laxatives	 2	 33.3	 4	 66.7	 0.270
	 Other medications	 1	 25	 3	 75	 1.000
Indicationb

	 UTI	 2	 22.2	 7	 77.8	 0.130
	 Daytime incontinence	 1	 16.7	 5	 83.3	
	 Monosymptomatic enuresis	 0	 0	 7	 100	
	 Non-monosymptomatic enuresis	 1	 7.7	 12	 92.3	
	 Other	 3	 50	 3	 50

a: t-test; b: Chi-square test. UTI: Urinary tract infection.
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Discussion
Biofeedback therapy has been reported as a non-invasive 
and potentially effective approach for the treatment of 
dysfunctional voiding and daytime enuresis in children [7–

9]. It helps children become aware of normal voiding cycles 
and teaches them to consciously relax their pelvic floor 

muscles during urination [10,11]. The success of biofeedback 
largely depends on the motivation of children and their 
families, adherence to the program, and compliance with 
standard behavioral therapy. Additionally, the presence of a 
trained urotherapy nurse is crucial. In this study, treatment 
sessions were conducted by a single experienced nurse, and 
indications were mainly determined by a single pediatric 
urologist or nephrologist, which likely contributed to the 
consistency of our results.

Numerous studies have reported varying outcomes regarding 
the efficacy of biofeedback. Some have demonstrated 
significant improvements in dysfunctional voiding and 
NMSE, whereas others have reported limited or no benefit 
[4,12–15]. Reported success rates for the treatment of daytime 
symptoms and NMSE range from 28% to 64%. For example, 
in a prospective controlled study evaluating intra-anal 
biofeedback for resistant MSE, 60% of patients achieved a 
partial response by the third month, while none achieved 
complete dryness [16]. According to the International 
Children’s Continence Society (ICCS), desmopressin and 
alarm therapy are recommended as first-line treatments 
for MSE, whereas biofeedback is considered appropriate 

Table 6. Changes in electromyographic activity, voiding patterns, and uroflow parameters during biofeedback therapy

Session	 EMG		  EMG		  Bell-shaped	 Voided	 Qmax	 Voiding 
		  relaxation		 increase		  voiding		  volume (mL)	 (mL/s)	 time 
						      pattern				    (sec)

		  n	 %	 n	 %	 n	 %

1st		 11	 26.3	 31	 73.7	 11	 26.3	 193.47±156.99	 13.7±11.8	 77±136
8th		 24	 56.0	 7	 16.7	 35	 84.0	 247.48±168.43	 17.6±14.9	 40±55
12th	 24	 56.0	 7	 16.7	 35	 84.0	 202±111	 15.5±6.8	 20±9.9

EMG: Electromyography.

Figure 1. Changes in parameters.

Figure 2. Comparison variables before and after sessions. (a) Voided volume, (b) Qmax, (c) Voiding duration.

a b c
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for children with dysfunctional voiding. In NMSE, correction 
of voiding posture and prioritization of daytime symptom 
treatment are essential, as emphasized in the updated 
ICCS standardization document on the management 
and treatment of nocturnal enuresis [17]. Our findings 
are consistent with ICCS recommendations; although 
biofeedback reduced the frequency of wet episodes, it did 
not result in complete dryness.

Improvements in uroflow patterns and EMG relaxation are 
consistent with the expected effects of biofeedback therapy. 
In our study, bell-shaped voiding curves increased to 84% by 
the eighth session and remained stable thereafter [9,18–20]. 
However, despite these improvements, complete dryness 
was not consistently achieved. These results further support 
ICCS recommendations, which endorse biofeedback for 
dysfunctional voiding while emphasizing the prioritization 
of daytime symptom management in NMSE [17].

Patients who voided five or more times per day showed 
better responses to biofeedback therapy compared with 
those with lower voiding frequency. This finding is consistent 
with previous studies suggesting that voiding frequency 
and bladder capacity may guide treatment strategies [21]. 
Interestingly, the use of anticholinergic medications, which 
was common in our cohort, appeared to be a negative 
predictor of treatment success, although this association did 
not reach statistical significance in our study.

Constipation remains a challenging comorbidity. Although 
some studies suggest that biofeedback may improve 
functional constipation, meta-analyses report limited 
efficacy in this context [22–24]. Similarly, our findings 
showed no significant change in constipation symptoms, 
indicating a need for more targeted interventions.

Significant improvements in uroflowmetry (UFM) 
parameters following biofeedback therapy have been 
previously documented, including increased voided volume 
and maximum flow rate (Qmax), along with reduced voiding 
time [25,26]. These findings are consistent with our results, in 
which voided volumes increased significantly by the eighth 
session. However, variability in Qmax and voiding time may 
reflect external factors such as stress or urgency during 
testing.

Regarding treatment duration, one study reported 
improvements after a mean of 2.2 sessions, with peak 
improvement in voiding patterns observed by the eighth 
session and sustained through the twelfth session [27]. In 
our cohort, bell-shaped voiding patterns were observed in 
43.5% of patients by the third session, increasing to 84% 
by the eighth session and remaining stable thereafter. 

These findings support an 8–12-week treatment period 
to optimize outcomes, maintain motivation, and avoid 
unnecessary prolongation of therapy.

This study has several limitations. As the cohort included 
only female patients, the generalizability of the findings 
is limited. The relatively short follow-up period precluded 
assessment of long-term treatment efficacy. Moreover, the 
absence of a control group limited the ability to evaluate 
the effectiveness of biofeedback therapy in a comparative 
context. Most participants were children with refractory 
symptoms who had not responded to prior medical and 
behavioral therapies; therefore, leaving them untreated was 
considered ethically inappropriate, making a randomized 
controlled design unfeasible. Another limitation was 
the inability to systematically monitor adherence to the 
recommended home exercise program. Despite these 
limitations, our study demonstrates the effectiveness 
of biofeedback therapy, particularly in refractory 
dysfunctional voiding, and highlights the importance of 
identifying patient profiles most likely to benefit, as well as 
the need to develop standardized clinical protocols.

Conclusion
In this study, biofeedback therapy was found to be effective 
in the treatment of dysfunctional voiding and in reducing 
the frequency of urinary tract infections (UTIs). Episodes 
of incontinence in children with daytime incontinence 
were reduced by this non-invasive treatment modality. 
However, biofeedback was not successful in achieving 
complete dryness or in the treatment of MSE. Overall, the 
results support the effectiveness of biofeedback therapy 
in normalizing voiding patterns and facilitating conscious 
relaxation of the pelvic floor muscles.
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