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Evaluation of the Effectiveness of Dynamic Neuromuscular Stabilization Training in Children Diagnosed
with Lower Urinary Tract Dysfunction and Comparison with EMG Biofeedback Treatment: A Pilot Study

Emine Nacar'*, Sinem Suner Keklik?, Ahmet Taner Elmas®

Purpose: This study was designed to evaluate the effectiveness of dynamic neuromuscular stabilization (DNS)
training in children with non neurogenic lower urinary tract dysfunction (LUTD) and compare it with biofeedback
(BF) treatment.

Materials and Methods: A total of 15 participants aged 6—15 years with non neurogenic LUTD were divided into
three groups: Group I, DNS exercise training; Group II, BF training; and Group III, DNS plus BF training. Dys-
functional Voiding and Incontinence Scoring System (DVISS) scores, uroflowmetry parameters, uroflow curve,
post void residual (PVR) values, and deep trunk muscle strength were evaluated at baseline and at 4, 8, and 12
weeks after treatment.

Results: Total DVISS scores significantly decreased after 12 weeks in Groups I and III, while Group II showed
significant decreases at 4 and 8 weeks (P < .05). Improvements in deep trunk muscle strength at 4 and 8 weeks
were significantly greater in Groups I and III than in Group II (P <.05). In Group I, average flow rate increased at
4 weeks and flow time decreased at 12 weeks (P < .05). PVR decreased significantly at 12 weeks in Group I and
at 8 weeks in Group III (P < .05).

Conclusion: DNS and BF training are effective in improving symptoms in patients with non neurogenic LUTD;
however, groups receiving DNS exercises were superior for several parameters.

Keywords: children; lower urinary tract dysfunction; dynamic neuromuscular stabilization; biofeedback; pelvic

floor rehabilitation

INTRODUCTION

ower urinary tract dysfunction (LUTD) is charac-
Lterized by urgency, holding maneuvers, inconti-
nence, varying voiding frequency, and voiding diffi-
culty. VTt affects approximately 17-22% of children.®
With growth, lower urinary tract function matures and
socially acceptable continence is typically achieved by
age 5.”) More than half of children with LUTD have
secondary vesicoureteral reflux and over two thirds
experience recurrent urinary tract infections (UTIs).
@LUTD may progress to chronic kidney disease and
is associated with adult dysfunctional voiding; child-
hood LUTD may be a risk factor for adult overactive
bladder.* ® Early detection and treatment are therefore
crucial.”) In otherwise healthy children, LUTD etiolo-
gy is often functional.” Thus, movement based com-
plementary therapies are important.®) The International
Children’s Continence Society (ICCS) recommends
standard urotherapy as first line treatment for non neu-
rogenic LUTD, including education, adequate fluids,
timed voiding, and bowel programs.”’ Specific urother-
apy interventions include pelvic floor muscle (PFM)
awareness, biofeedback (BF), and neuromodulation.
@ BF trains PFMs by converting myoelectric signals
into visual and auditory feedback, revealing inadequate
pelvic floor movements during voiding.”” Many stud-
ies suggest voluntary PFM control can be crucial for

LUTD treatment,"*'" though BF is only one of multiple
retraining approaches.”? PFM rehabilitation is widely
used for pelvic floor dysfunctions in both adults and
children,"® aiming for correct contraction and relaxa-
tion."¥ PFMs function with the diaphragm, abdominal,
and paraspinal muscles as a core unit.”> Given these
links, contemporary LUTD treatments include core sta-
bilization rather than isolated PFM exercises,'*'” and
effective core function appears important for non neu-
rogenic LUTD."?

Dynamic neuromuscular stabilization (DNS), abdomi-
nal bracing, and hollowing are strategies to strengthen
core muscles."® Core stability requires precise muscle
coordination with the integrated stabilizing system of
the spine (ISSS) and central regulation of intra abdom-
inal pressure (IAP), rather than strengthening a single
muscle group."” DNS leverages genetically encoded
neonatal movement patterns and diaphragmatic func-
tion to restore optimal ISSS and IAP through devel-
opmentally inspired positions and breathing, aiming to
normalize motor patterns and reduce joint overloading.
(192022 DNS is applied in various rehabilitation set-
tings,"** yet evidence in pediatric LUTD is limited.
This study evaluates DNS, BF, and DNS+BF in non
neurogenic LUTD and compares outcomes.

PATIENTS AND METHODS
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Table 1. Clinical and demographic characteristics of the patients.

Groups I(n=4) II(n=7) III (n=4) P-value
Age (years) 9 (7-13.5) 8(8-9) 7.5 (6.5-10) .753@
Weight (kg) 32 (25-44.5) 30 (22-32) 33 (30.5-38.5) 495@
Height (cm) 138 (130.5-152.5) 132 (125-138) 135 (131-143) 428
Body mass index (kg/m?) 16.85 (14.46-19.02) 17.11 (14.56-18.93) 18.2 (16.76-19.94) 6579
Age of toilet training (years) 2.5(1.75-3) 2.5(2-3) 2.75(1.5-4) 978
Sex: Female, n (%) 3(75.00) 4 (42.86) 4(100.00) 1420
Sex: Male, n (%) 1(25.00) 3(57.14) 0(0.00)

No family history of urinary incontinence, n (%) 2 (50.00) 4(57.14) 2 (50.00) .662®
Mother history, n (%) 1(25.00) 1(14.29) 1(25.00)

Father history, n (%) 1(25.00) 0(0.00) 0(0.00)

Sibling history, n (%) 0(0.00) 2(28.57) 1 (25.00)

Constipation, Yes, n (%) 2(50.00) 4(57.14) 3(75.00) 754
Post void residual > 10 cc, Yes, n (%) 4 (100.00) 4(57.14) 3(75.00) 3279
Regular physical activity, Yes, n (%) 0 (0.00) 0(0.00) 1 (25.00) 229

Categorical data are n (%); numerical variables are median (25-75% IQR). P value compares groups; P < .05 significant. (a) Kruskal-Wallis test. (b) Chi square test.

Participants

This single blind, prospective, randomized controlled
clinical study included 15 eligible patients who, pres-
ent- ed to the Pediatric Nephrology clinics of Indnii
University Turgut Ozal Medical Center between Octo-

ber 2022 and February 2023. Ethics approval was ob-
tained (Decision No: 2022-06/12, Dated:22.06.2022)
and the study adhered to the Declaration of Helsinki.
Written informed consent was obtained from children
and parents. Inclusion criteria: normal growth and de-
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Table 2. Intragroup and intergroup variation of Dysfunctional Voiding and Incontinence Scoring System (DVISS) scores.

DVISS I(n=4) (=7 III (n = 4) P-value
TO 16.5 (15/18.5)A 18 (15/19)A 14.5 (12/16.5)A 211
T 7.5 (6/8)a 13 (11/18)b 7(6.5/7.5)a 005

T2 5(3/7) 11 (10/14)B.b 22125 003

T3 3(2/4.5)B 9 (8/10)B,b 1(0/2.5)B.a 008
p 010 001 .009

Numerical variables: median (IQR). Lowercase a, b and uppercase A, B indicate post hoc differences between groups and time points, respectively. P*, Kruskal-Wallis;

P**, Friedman. P < .05 significant.

velopment; no psychological/behavioral disorders or
related chronic medications; normal mental, motor de-
velopment and neurological examination; no congenital
kidney/urinary tract anomalies or abnormal ultrasound;
DVISS score > 8.5.%%

Exclusion criteria: lumbosacral skin findings sugges-
tive of occult dysraphism; secondary monosymptomat-
ic nocturnal enuresis; uroflowmetry (UFM) with voided
volume < 100 mL and/or below 50% or above 115% of
expected bladder capacity (EBC).***”

Procedure

Children > 5 years were evaluated by a pediatric neph-
rologist with urinalysis, UFM (= 2), urinary ultrasound,
and 2 day voiding diaries. Anatomical or neurologic
incontinence was excluded. UTIs were treated prior
to enrollment. Participants were allocated to Group I
(DNS), Group II (BF), or Group III (DNS+BF) by non
probability random sampling using registration num-
bers. All received 12 weeks of training; assessments
at weeks 0, 4, 8, and 12. DVISS, uroflow parameters,
PVR, and UFM curve were measured by blinded clini-
cians; deep trunk muscle strength was assessed by the
treating physiotherapist. Of screened children, 21 with
neurogenic LUTD, 1 with secondary monosymptomat-

ic nocturnal enuresis, 2 with chronic medications, and
3 who discontinued were excluded. Fifteen children
(6-15 years) completed the study (Figure 1). All had
persistent symptoms despite prior standard urotherapy
and anticholinergics.

Intervention

All participants received standard urotherapy education
(bladder/PFM physiology, fluids, diet for constipation,
timed voiding/defecation, avoiding retention maneu-
vers, family education). Other PF affecting exercise/
physiotherapy was discouraged.

Group I (DNS): supervised individual sessions, 45 min-
utes, three times weekly for 12 weeks, delivered by a
DNS certified physiotherapist. The DNS protocol in-
cluded diaphragmatic breathing and developmentally
based exercises (e.g., Baby Rock, Rolling, Side Lying,
Oblique Sitting, Tripod, Kneeling, Squat, Prone, Czech
Get Up}?, with progressive task complexity across
weeks.”® Group II (BF): animated EMG biofeedback
once weekly, 20 minutes per session (12 sessions)
using the Aymed Medical Locum Wireless System
v.2.69.0.12. After basic PFM instruction, surface elec-
trodes were placed at 3 and 9 o’clock on the perineum
with a reference electrode on the inner thigh. Children

Table 3. Intragroup and intergroup variation of uroflowmetry parameters and post voiding residual values.

Parameter I(n=4) H(n=7) I (n=4) P-value
Qmax TO (ml/s) 28.96 (25.12-35.96) 18.46 (17.15-20.99) 16.41 (15.6-28.95) .062
Qmax T1 25.5 (16.71-34.96) 17.5 (16.54-22.62) 19.53 (17.4-28.27) .506
Qmax T2 25.9(19.59-32.33) 17.8 (15.68-23.5) 21.16 (19.87-27.44) 171
Qmax T3 25.05(19.52-31) 18.2(15.92-21.32) 21.36 (19.55-26.54) .065
P** (Qmax) 115 615 440

Qavg TO (ml/s) 6.55 (6.29-7.09)A 8.46 (6.63-10.83) 11.03 (8.31-12.31) 102
Qavg T1 8.36 (8.25-8.57) 7.34 (7.16-9.65) 9.5 (8.82-9.79) 236
Qavg T2 9.68 (9.41-9.81)B 7.86 (4.79-9.2) 9.46 (9.23-9.68) .082
Qavg T3 9.52(9.27-9.55) 8.6 (7.85-9.56) 9.54 (9.24-9.7) 222
P** (Qavg) .007 653 552

Voided volume TO (ml) 257.55 (148.15-380.6) 236.5 (111.2-297) 251.85 (148.1-399.95) 612
Tl 220.95 (130.9-348.2) 285 (110.4-295.3) 216.15 (158.45-258.8) 732
T2 228.85(138.95-335.7) 226.6 (104.5-265) 220.65 (161.7-274.1) .506
T3 218.75 (139.5-303.75) 215.4 (120.4-231.5) 199.15 (153.75-247.1) 443
prk Al6 615 .682

Flow time TO (s) 46.35 (22.15-68.5)A 29.1 (15.5-35.7) 29.4 (13.75-43.75) .559
Tl 30.65 (15.5-48) 20.5 (14.7-30.2) 21.55 (15.45-28) .696
T2 29.85 (14.95-54) 24.8 (16.7-37.4) 20.15 (15.6-26.15) .807
T3 27.45 (15.2-45.15)B 22.6 (16.8-28.6) 18.25 (15.25-22.5) 578
pr .048 697 272

Time to Qmax TO (s) 5.75 (3.4-8.05) 9.6 (3.1-11.2) 6.5 (5.1-7.55) .620
Tl 5.7 (5-8.05) 8.7 (4.2-11.3) 6.5 (5.65-7.5) 542
T2 6.1 (5.15-7.75) 5349 5.35(5.05-5.75) .804
T3 5.8 (4.85-7.8) 5.8 (5.2-8.6) 5.4 (5.15-5.7) 534
Pk 719 478 .101

PVR TO (ml) 35 (17.5/58.5)A 10 (0/15) 35.5(21.5/50.5)A .051
Tl 5(0/27.5) 10 (0/15) 3.5(0/8.5) .698
T2 0 (0/20) 10 (0/15) 0(0/0)B 234
T3 0(0/17.5)B 10 (0/10) 0 (0/0)B 232
.014 487 .032
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Values are median (25th/75th centile). P*, Kruskal-Wallis; P**, Friedman. Bold P indicates P <.05. A/B indicate within group time differences.
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Table 4. Intragroup and intergroup variation of uroflowmetry curve types.

UF curve: bell I(n=4) II(n=7) III (n=4) P-value
TO, n (%) 0(0.0%) 2(28.6%)A 0(0.0%)A 267

T1 2(50.0%)  2(28.6%)A 3 (75.0%)B .328

T2 2(50.0%)  2(28.6%)A 3(75.0%)B .328

T3 2(50.0%)  5(71.4%)B 3 (75.0%)B .706
PH* 112 .029 .029

P*, Chi square; P**, Cochran’s Q. Bold P indicates P < .05. A/B denote within
group time differences.

performed cycles of 10 s contraction and 30 s relaxa-
tion, guided by animations and on screen feedback to
improve control and endurance.®”

Group III (DNS+BF): DNS protocol as in Group I (45
minutes, three times weekly) plus weekly BF (20 min-
utes) as in Group II.

Measurements

Baseline demographics, toilet training age, family his-
tory, constipation, PVR, and physical activity were re-
corded. Outcomes at weeks 0, 4, 8, 12:

- Lower urinary tract symptom score: DVISS (Turk-
ish validated), 13 symptoms + 1 QoL item; total 0-35;
higher indicates worse; cut off 8.5 (90% sensitivity/
specificity).?**9

- Uroflowmetry parameters: Intelligent System UFM
Device (Aymed). Measured Qmax, Qavg, voided vol-
ume (VV), time to Qmax, and voiding time under pri-
vacy and comfort.***

- Post void residual (PVR): Logiq P9 USG within 5
minutes post UFM; ellipsoid formula (AP x transverse
x longitudinal x 0.52). Age specific thresholds applied,;
rectal diameter measured for constipation (transverse >
30 mm).*"3?

- Flow curve type: UFM curve categorized (bell, tower,
plateau, staccato, fractional); bell considered normal.*®
- Deep trunk muscle strength: Transversus abdominis
(TrA) and deep neck flexors (DNF) by Stabilizer Pres-
sure Biofeedback Unit. TrA assessed prone at 70 mmHg
baseline; abdominal hollowing for 5 s X 3, average pres-
sure change recorded.®” DNF assessed supine with 20
mmHg baseline; craniocervical flexion held 10 s; best
of three recorded; compensations prompted repeat.®?

Statistical Analysis

IBM SPSS 26.0 was used. Normality assessed visual-
ly and analytically (Shapiro—Wilk, skewness/kurtosis,
CV). Nonparametric tests were applied. Categorical
data: n (%); numerical data: median (IQR). Cochran’s
Q for within group categorical comparisons; chi square
for between group categorical comparisons. Friedman
test for within group numerical comparisons; Kruskal—
Wallis for between group numerical comparisons. Sig-

nificance P < .05; Bonferroni adjusted pairwise tests
used where appropriate (Mann—Whitney U with P <
.016).6¥

RESULTS

Sociodemographic and baseline clinical characteristics
were similar across groups (P > .05) (Table 1).
DVISS decreased significantly at 12 weeks (T3) in
Groups I and 111, and at 4 weeks (T1) and 8 weeks (T2)
in Group II (each P < .05). The reduction at T3 was
greater in Group III than Group II (P < .05) (Table 2).
In Group I, Qavg increased at T2 and voiding time
decreased at T3 (P < .05). Between group changes in
UFM parameters were not significant (P > .05). PVR
decreased significantly at T3 in Group I and at T2 in
Group III (P < .05); between group differences in PVR
change were not significant (Table 3).

Bell shaped UFM curves improved significantly at T3
in Group II and at T1 in Group III (P < .05), with no
between group differences (Table 4).

TrA values decreased significantly at T2 and T3 in
Groups I and II versus Group II (greater change; P
< .05). DNF increased significantly at T2 and T3 in
Groups I and III versus Group II (P < .05). No signifi-
cant TrA or DNF changes occurred in Group II (Table
5).

DISCUSSION

Both DNS and BF improved urinary symptoms, with
DNS containing protocols showing superiority in sev-
eral objective parameters. BF has been reported to im-
prove voiding patterns and QoL in pediatric LUTD,“*
though meta analytic data show inconsistent effects on
daytime incontinence and UFM parameters.®® Here,
BF reduced symptoms and improved UFM curve type,
but did not significantly change UFM parameters, PVR,
or deep stabilizer strength, despite a 12 session program
(contrasting with reports that four sessions might suf-
fice).*”Given PFMs’ integration within the core unit,
combining PF and core training can yield superior
outcomes versus standard urotherapy alone, including
reductions in PVR, EMG activity during voiding, and
normalization of UFM curves."*'” Notably, objective
UFM improvements can lag behind symptom relief, po-
tentially reflecting neuroplastic adaptation and muscle
remodeling that require at least 8 weeks.®**” Our DNS
and DNS+BF groups showed earlier and broader objec-
tive gains than BF alone.

DNS emphasizes coordinated activation of diaphragm,
TrA, multifidus, PF, and cervical flexors to optimize
IAP and trunk stability,”"*"*? which may underlie

Table 5. Intragroup and intergroup variations of transversus abdominis and deep neck flexor values.

Measure I(n=4) II(n=7) Il (n=4) P-value
TrA TO (mmHg) 62 (61/62)" 60 (56/64) 60 (59/60)* 312
Tl 54 (54/55) 60 (54/62) 54 (52/56) 11
T2 54 (53/54)%* 60 (56/62)° 53 (52/55)* 014
T3 54 (53/54)° 60 (54/62)° 53 (52/54)°* 017
Pk 012 072 015

DNF TO (mmHg) 24 (2325 26 (24/28) 27 (25129 250
Tl 31(29/33) 26 (24/30)° 36 (32/41) 012
T2 34 (32/38)"" 26 (26/28)" 38 (32/46)° .005
T3 34 (32/38)*" 26 (26/30)" 38 (33/46)*° .004
P .007 138 .014

Numerical variables: median (IQR). Lowercase a, b and uppercase A, B show post hoc differences between groups and time points, respectively. P*, Kruskal-Wallis; P**,

Friedman. P < .05 significant.
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greater improvements in UFM metrics and PVR. We
observed strengthened DNF and TrA with DNS but not
with BF, paralleling greater clinical gains and support-
ing the role of core stabilization in managing functional
LUTD.

Limitations include small sample size and no post treat-
ment follow up. Some LUTD symptoms not included in
DVISS were not assessed. Strengths include a 12 week
program and objective measures. To our knowledge,
this is among the first studies evaluating DNS in pediat-
ric LUTD:; larger, follow up studies are warranted.

CONCLUSIONS
DNS and BF training improved symptoms in children

with non neurogenic LUTD, with DNS based protocols
showing superiority in several objective parameters.
Core stabilization appears to be a valuable adjunct in
pediatric LUTD rehabilitation.

SUMMARY
In children with lower urinary tract dysfunction, both

biofeedback and DNS improved symptoms, but DNS
based training led to greater gains in some objective
measures like flow parameters, PVR, and deep core
muscle strength.
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