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ABSTRACT

Background: Stress Urinary Incontinence (SUI) is one of the common conditions in women which negatively
affect life quality such as bladder control. Such common conditions are associated with gait abnormalities, and
this association was not fully understood. Thus, the current study aims to compare the physical characteristics
and gait parameters of women with and without SUI to uncover the condition's functional limitations. Methods:
We compared women diagnosed with SUI and a control women group. All participated individuals had
anthropometric. Results: Women in the SUI group had insignificant body weight and age than the non-SUI
group. While women in the SUI group had greater BMI (p < 0.05). The frequency of gait abnormalities was
higher in the SUI group (80% SUI vs 20% control, p <0.001). Compared to controls, women with SUI had lower
cadence (-27.5 steps/min, p < 0.001, effect size = -0.65), walking speed (-0.5 m/s, p < 0.001, effect size = -0.70)
and step length (-24.5 cm, p < 0.001, effect size = -0.60). On the other hand, SUI group had higher duration of
double support (+120 ms, p < 0.001, effect size = 0.55) and step duration (+150 ms, p < 0.001, effect size =
0.65). Conclusion: Women with SUI had slower walking, taking shorter steps, and spending more time in double
support and step durations. SUI had compensatory adaptations in the gait to improve walking stability. Thus, the
need for gait rehabilitation, pelvic floor therapy, and weight control are recommended.

KEYWORDS: Stress Urinary Incontinence; Gait Analysis; Biomechanics; Postural Stability; Pelvic Floor
Dysfunction.

INTRODUCTION

Urinary incontinence, or Ul, is a common health issue. Particularly among adult women, UI has a profound
impact on quality of life. Such disorder is characterized by involuntary loss of urine, which causes different
implication degrees and hinders daily activities 1. Urinary incontinence (UI) can lead to complications
concerning an individual’s physical, emotional, falling and limits mobility 2. On the physical side, constant
moisture can lead to skin irritations (such as dermatitis) and infections (such as urinary tract infections or UTIs).
Having such condition might cause one to feel sadness, embarrassment, anxiety, and depression, and individuals
might avoid social gatherings or physical activity due to the fear of leakage to the point of social isolation and a
withdrawal of the quality of life 3, 4. Unmanaged UI could also lead to a sedentary lifestyle that can, in turn,
lead to bigger problems like obesity or immobility 5, 6. Among all types of Ul, Stress urinary incontinence
(SUI) represents the most common type and accompanied by urine loss when a person engages in certain
physical activities like coughing, sneezing, or even exercising 7, 8.

Globally, the incidence of urinary incontinence within this demographic has been documented to exhibit
considerable variation across different studies, with reported rates varying from 14.4% to 80% 9. In Egypt, the
global prevalence of Ul is 25-45%. There is a notable Egyptian study indicating a prevalence of 54.8% among
women, with 14.8% of the cases as SUI 8.

The SUI in women causes deficiencies in walking mechanisms and consequently reduce leakage while walking.
This leads to shorter strides (stride length), changes in pace (cadence), and adjustments in the distance between
their legs while walking (step width). The former compensatory mechanisms work together to maintain control
and stability 10.
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Management strategies are therefore needed to meet the UI challenges. Although prior research has documented
the association between Ul and depression, social isolation, and other psychosocial factors, there has been scant
exploration of the relationship between SUI and gait parameters.

Many investigations have been conducted to evaluate the relationship between Ul and functional fall risk. For
instance, Schniepp, Huppert 11 studied fall prediction in neurological gait disorder through clinical assessment
and gait analysis in patients with vestibular and cerebellar diseases. A cross-sectional observational study by
Betteridge, Mobbs 12 examined the walking patterns in lumber spinal stenosis by using wearable accelerator
device to countify the spatiotemporal gait metrics. A study by Bortone, Sardone 13 estimated a heterogenous
component in gait measurement as an indicator for adverse health related outcomes in clinical, cognitive and
physical domain in frail older adults. The SUI not only impacts bladder control but also affects the individual’s
control over the patterns and stability of their ambulation. It is important to grasp that developing holistic
management plans must incorporate the interplay between urinary difficulties and issues with movement 14.
Limited studies are conducted to estimate the relation between SUI and gait parameters by spatiotemporal gait
analysis in adult women.

This study aims to provide more insight into how SUI can change gait mechanics. Understanding SUI is critical
to addressing this gap through analysis spatial and temporal aspects. This study between urology and physical
therapy can provide new ways in treating pelvic floor and urological disorders. The value of this research lies in
its capacity to inform intervention and rehabilitation frameworks on SUI-related conditions Rehabilitation
frameworks on SUI-affected conditions.

MATERIALS AND METHODS

The participants were referred from Mansoura University Hospital, Obstetrics and Gynecology Department. This
research was carried out at the Faculty of Physical Therapy - Delta University, Motion Analysis Laboratories.
The ethical committee of the Faculty of Physical Therapy, Kafr El-Sheikh University granted study approval
with the approval number [KFSIRB200-249]. All subjects gave written consent after they were fully briefed on
the study aims, the study procedures, possible advantages, privacy, and how data would be used.

Sample size determination:

Sample size calculation used a Z-score of 1.96 along with mean and standard deviation from earlier studies which
showed a mean of 12.5 and standard deviation of 3.3. Given these figures and a margin of error of 4.17, a 95%
confidence interval was estimated which justified 124 participants to be included in the study 15.
Participants' Selection:

We analyzed data from 124 participants in this observational comparative research study focusing on examining
the gait parameters of women with and without Stress Urinary Incontinence (SUI). The studied individuals were
separated into two groups: 62 women with SUI and 62 women without SUI. The diagnosis of SUI in the SUI
patients was made by a gynecologist and corroborated by a urologist through the use of the Incontinence Severity
Index (ISSI). Inclusion criteria: Participants in the study needed to be 40 to 60 years old, have a BMI of 30 or
more, and have no gynecological conditions that could bias the study results. Furthermore, only multiparous
women with a diagnosis of mild SUI who signed the informed consent form were included. Exclusion criteria:
Certain individuals were excluded from the study if they were pregnant, had neurological disorders including
Parkinson’s disease or multiple sclerosis, had significant issues with their musculoskeletal system, or had prior
pelvic surgery. Additionally, the exclusion criteria considered severe cognitive impairment, significant medical
conditions that impacted the gait, or any form of pain while ambulating.

Procedures:

Different tools and materials were used for data collection. For self-assessment, the ISSI was used to gauge the
severity of the UI. Additionally, a Force Platform and STT Systems Three-Dimensional Motion Analysis System
(3DMA) System were used to evaluate gait parameters, including cadence, speed, step length, double support
time, and step time. Each participant began with a comprehensive history-taking session. This included detailing
chief complaints and explaining the onset, aggravation, and patterns of symptom streams. Furthermore, the
voiding habits of the patient and other relevant facets of the patient’s lifestyle were discussed.

Following this, the administrators of the ISSI attempted to gauge the seriousness of the Ul symptomatology. As
the manufacturers of the ISSI provided instructions, the participants were asked to either stand or walk on the
platform while the GRFs were being recorded. Regarding the STT (3DMA) system, participants were equipped
with reflective markers following the STT Helen Hayes Protocol, and the system was adjusted to the initial
position prior to each session to guarantee the collection of reliable and valid data.

Demographic data collection: Along with age, weight, height, and BMI, demographic information was also
collected. (BMI) The Body Mass Index was calculated using the following formula: (Weight, kg) /(Height, m2).
Incontinence Symptom Severity Index (ISSI)

While allocating groups, those with stress urinary incontinence were classified dependent on their Incontinence
Symptom Severity Index (ISSI) score. They filled out the ISSI questionnaire which includes validated questions
meant for assessing Ul symptom severity. The questionnaire used a Likert scale of frequency problems from 0
to 4. The items asked about the severity of urinary leakage, its impact on daily activities, and its impact on daily
activity. Increased scores indicated increased severity of the symptoms. For the last four weeks, the participants
had to indicate what symptoms they had. They could fill the questionnaire by themselves, but for those who had

Genetics and Molecular Research 25 (16s): 2



difficulties with literacy, interviewers were there to help. Data collected also had the ISSI total scores. Data were
kept safe and stored for analysis in an encrypted file (Excel) electronic database 15.

Three-dimensional motion analysis

Using the STT (3DMA) system, which employs multiple high-speed cameras with variable frame rates ranging
from 50 to 1000, a comprehensive 3D motion analysis was performed. Markers were accurately tracked and data
precision was enhanced due to the careful arrangement of cameras around the capture area. Prior to data
collection, a calibration procedure was completed with a calibration wand to correct for lens and camera
placement, ensuring accurate 3D marker tracking. In order to improve accuracy of joint kinematics and decrease
errors associated with soft tissue artifacts, reflective markers were positioned on the appropriate anatomical
landmarks according to standardized six degrees-of-freedom (6DOF) protocols. For advanced biomechanical
analysis, the motion capture system was combined with force platforms. Data processing was executed by STT
proprietary software, which supports various file formats of Optitrack, Vicon, Simi, C3D, TRC, which provides
data compatibility and effective data management. Certain techniques were applied for filtering, and the
sampling rates were modified to the specific movement analyses requirements as required to reduce noise and
improve the data quality. For consistency and to minimize outside factors, all evaluations were performed in a
controlled lab environment. The system software provided data acquisition and analysis for the study in real
time. Its permanent license and compatibility with Windows 10 and 11 ensured seamless functioning during the
entire study 16.

Force platform

To evaluate participants' posture control and movement mechanics, grounding reaction forces through the
platform's load cells was evaluated. Each platform's load cells helps gauge biomechanical parameters. A force
platform (Sensor Medica) was used to measure static and dynamic balance through biomechanical parameters.
Participants uniformly performed a range of standardized assignments consisting of quiet standing and dynamic
balance activities. This was done while capturing force data at 1000 Hz. The data acquisition system used
integrated software for simultaneous viewing and calculation of important values such as center of pressure
(COP) displacement, sway velocity, and force distribution. For the sake of uniformity in performance, detailed
instructions were given and participants had a chance to orient themselves to the platform prior to the testing
phase. Prior to participants taking part in the study, ethical approval was obtained from the institutional review
board, and all participants provided informed consent 17.

Statistical analysis:

The statistical analysis covered multiple methods. For both the variable index of severity of urinary incontinence
symptoms and the absence/presence of certain gait abnormalities, the frequencies and percentages were
calculated. Descriptive statistics were calculated for the physical variables and the changes in gait. Continuous
variables across the two groups were compared using Student's t-test. Correlation, regression analysis, and
principal component analysis (PCA) were performed using data for studied variables under women with SUI to
evaluate the association between the severity of SUI and various gait parameters. All statistical tests were
performed at a significance level of p<0.05 in order to yield dependable, robust outcomes. The tools used for
statistical assessment were SPSS for Windows, version 26 (SPSS, Inc., Chicago, IL) and XLSTATA2025.

RESULTS

In terms of the incontinence symptom severity Index (ISSI), and specific gait abnormalities (SGA), Table 1
depicts a clear distinction between the experimental and control groups. For the (ISSI), all 62 members of the
control group scored zero, indicating a homogenous distribution. This suggests that this group has no sense of
self-sufficiency at all. However on the ISSI, no member of the experimental group received a score of 0. They
scored between 1 and 6, with a noticeable concentration at higher index values. With 22 participants (35.5%)
scoring both 4 and 6, and 12 people (19.4%) scoring both 4 and 6, the highest frequency was found at an index
value of 5. This distribution strongly suggests that the experimental group's perceived self-sufficiency increased
significantly because of the intervention.

Table 1. Frequencies and percentages of ISSI, and SGA for the control and experimental groups.

Index ISSI SGA
value EG CG EG CG

Fer. Perc. Fer. Perc Fer. Perc Fer. Perc
0 0 0.0 62 1000 | - | || -
1 48 |- | - 3 4.8 62.0 100.0
2 81 |- | - 59 952 |- | -
3 | 2 B e B B I e
4 12 194 | | e | e | e e | e
5 22 355 | -—— | | | - -
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6 12 194 | [ em [ [ [ [

Total 62 100.0 62 100.0 62 100.0 62 100.0

ISSI: Incontinence Symptom Severity Index; SGA; specific gait abnormalities; EG: Experimental group; CG:
Control group; Fer: frequency; perc: percent.

In terms of overall self-evaluation, the control group likewise had a consistent outcome, with all 62 participants
(100%) scoring on the SGA 1 index. But there was a noticeable change in the experimental group. 59 participants
(95.2%) changed to an SGA 2 index score, whereas only 3 participants (4.8%) kept their SGA 1 index score.
This suggests that, in comparison to the control group, the experimental group's general self-assessment has
improved or changed for the better. This indicates the accuracy of the selection of items for both the experimental
and control groups according to Incontinence Symptom Severity Index.

Table 2 present descriptive statistics for physical and walking variables, clearly differentiating between women
without SUI and women with SUI. Both groups comprise 62 participants. According to the data, the average age
of the 62 women in the control group (without SUI) is roughly 50.18 years, with a range of 40 to 59 years. The
majority in this population are overweight, as indicated by their mean body mass index (BMI) of 26.86 kg/m?.
In terms of walking variables, the average step length was 70.34 cm, and the average walking speed was 1.34
m/s, with different values for "Double Support Duration" and "Step Duration."

The mean age of the experimental group (women with SUI) is 50.84 years, which is comparable to the control
group's age range of 40 to 60. Their average body mass index (BMI) was found to be slightly higher, at 27.88
kg/m?. This could suggest that this group is more likely to be overweight or obese. In terms of gait patterns, their
average step length was much shorter (46.56 cm) and their average walking speed was significantly lower (0.93
m/s).

Table 2. Descriptive statistics for physical and walking variables for women with and without SUI.

Variable (Women without SUTI) (n=62) (Women with SUI) (n=62)
Min Max Mean SD Min Max Mean SD

Age 40.0 59.0 50.18 5.71 40.0 60.0 50.84 5.38
BW 1.56 1.75 1.67 0.04 1.50 1.71 1.62 0.05
BH 58.0 90.0 75.3 9.43 60.0 84.0 72.69 5.67
BMI 20.57 29.76 26.86 2.96 21.77 32.87 27.88 2.10
CAD 90.00 120.0 105.8 7.20 56.00 110.0 80.21 7.86
WS 1.20 1.50 1.34 0.11 0.70 1.00 0.93 0.09
SL 6.0 82.0 70.34 10.14 40.0 54.00 46.56 4.09
DSD 200.0 300.0 242.6 31.49 240.0 360.0 292.7 38.39
SD 600.0 800.0 716.0 60.89 800.0 990.0 910.6 55.41

Min: Minimum; Max; Maximum; SD: Standard deviation; Age: Age (Year); BW: Boody weight (kg); BH:
Boody height (cm); BMI: Boody mass index (kg/m2); CAD: Cadence (steps/min); WS:Walking speed (m/s);SL:
Step Length (cm); DSD:Double Support Duration (ms); SD:Step Duration (ms).

The gait variables showed clear differences between the two groups. The women with SUI had a slightly higher
mean body mass index (BMI) and a significantly lower mean walking speed (0.93 m/s vs. 1.34 m/s), even when
their ages, heights, and overall weights were similar. Additionally, the SUI group had a lower mean walking
cadence (80.21 m/s vs. 105.8 m/s) and significantly shorter mean step length (46.56 cm vs. 70.34 cm).
Furthermore, the SUI group had significantly higher "double support duration" and "step duration" values,
indicating a slower and more cautious gait.

Table 3 shows a detailed comparison and outlines the differences between the two groups of women both with
and without SUI. Women with SUI and without SUI, as \showed comparable age and body weight measurements
(Age, p = 0.508; Body Weight, p = 0.060). However, the two groups differed with respect to the rest of the
measurements, especially Body Height (p<0.001), which shows that women with SUI tend to be shorter. Women
with SUI also had a higher Body Mass Index as well with SUI, which shows that BMI could be a potential
contributory factor (P = 0.029).

Women with SUT also demonstrated poor performance compared to the other group with respect to the all of the
measured walking variables and clinical scores (p <0.001 for all). Women with SUI had lower Cadence, Walking
Speed and Step Length. Moreover, they had their own unique walking patterns. Women with SUI exhibited their
own unique walking patterns. Particularly, they had their own unique walking patterns. SII scores and the
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Specific Gait Abnormality score were higher in the SUI group and thus proved that the condition caused
significant clinical changes in perception and the observable walking.

Table 3. T test for physical and walking variables for Women with and without SUIL.

0,
Age 0.661 0.996 1311 2.634 0.664 0.508
BW 2.661 1397 5.433 0.111 21.905 0.060
BH 20.059 0.008 20.0755 20.042 26.922 <0.001
BMI 1.108 0.461 0.104 1.932 2.208 0.029
CAD 225.548 1.353 28227 22.869 218880 | <0.001
ws 20.406 0.018 20.441 20371 22776 | <0.001
SL 23.774 1.388 226,536 21012 17127 | <0.001
DSD 50.03 6.306 37.548 62.515 7.934 <0.001
SD 194.54 10.455 173.85 215.24 18.607 <0.001
ISSI 4306 0.177 3.951 4.661 24.260 <0.001
SGA 0.951 0.027 0.896 1.006 34.636 <0.001

Age: Age (Year); BW: Boody weight (kg); BH: Boody height (cm); BMI: Boody mass index (kg/m2); CAD:
Cadence (steps/min); CI: Confidence Interval; Walking speed (m/s); Step Length (cm); Double Support Duration
(ms); Step Duration (ms);ISSI: Incontinence Symptom Severity Index; SGA; specific gait abnormalities.
Correlation analysis in Table 4 reveals a statistical significant negative correlation between the Incontinence
Symptom Severity Index (ISSI) and Double Support Duration (DSD) (where r = -0.386, p = 0.002). This data
indicates that with increasing the severity of incontinence symptom, the double support duration were decreased.
Conversely, cadence (p = 0.678), walking speed (p = 0.600), step length (p = 0.952), step duration (p = 0.761),
and the variable (p = 0.973) had no statistically significant linear correlation with ISSI. These findings indicated
that among the gait parameters, only DSD had a direct significant inverse relationship with the severity of
incontinence symptoms.

Table 4. Correlation coefficient between ISSI and walking variables for women with SUIL

Incontinence symptom severity index (ISSI)
Variable

Correlation coefficient p-value
CAD 0.054 0.678
WS -0.068 0.600
SL -0.008 0.952
DSD -0.386 0.002
SD -0.039 0.761
SGA -0.004 0.973

CAD: Cadence (steps/min); Walking speed (m/s); Step Length (cm); Double Support Duration (ms); Step
Duration (ms);ISSI: Incontinence Symptom Severity Index; SGA; specific gait abnormalities.

Table 5 shows the results of linear regression models for each of the listed gait variables on ISSI. Except for
DSD, which had statistically significant (p <0.001), all models had insignificant statistical values (p > 0.05)
according to the F-test. This indicates that each of these variables as dependent variables had a non-significant
regression on ISSI.

Table 5. Regression analysis for walking variables (dependent) on ISSI (independent).

Regression model Regression coefficients
Variable R2 F statistic | p-value Constant b
Value p-value Value p-value
CAD 0.05 0.174 0.678 78.91 <0.001 0.302 0.678
WS 0.07 0.279 0.600 0.952 <0.001 -0.004 0.600
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SL 0.01 0.004 0.952 46.66 <0.001 -0.023 0.952

DSD 0.39 10.51 0.002 338.32 <0.001 -10.608 0.002
SD 0.04 0.094 0.761 917.28 <0.001 -1.564 0.761
SGA 0.01 0.001 0.973 1.955 <0.001 -0.001 0.973

CI: Confidence Interval; Age: Age (Year); BW: Boody weight (kg); BH: Boody height (cm); BMI: Boody mass
index (kg/m2); CAD: Cadence (steps/min); Walking speed (m/s); Step Length (cm); Double Support Duration
(ms); Step Duration (ms);ISSI: Incontinence Symptom Severity Index; SGA; specific gait abnormalities.
Nevertheless, there were significant differences in these models' capacity to explain the variance in the dependent
variable (measured as R2). While the "double support duration" model had =~ 39% of the variance (R2 = 0.39%),
additional factors such as step length and specific gait disturbances had = 1 to 7% of the variance. This suggests
that none of these models aside from DSD had a considerable amount of the variance.

Examining the regression coefficients () and corresponding p-values, we find that the double support duration
variable on ISSI had a relative large positive coefficient and a highly significant coefficient (p-value = 0.002),
suggesting that an increase in ISSI was linked to an increase in the DSD.

We included ten components in the principal components analysis of the physical, walking, and ISSI variables.
Such analysis was based on dividing the total variance of the studied variables into unrelated orthogonal
components.

Table 6. Eigenvalue, variability (%), Cumulative % for five components, and component loadings for
physical and walking variables for women with and without SUI for the first third components.

PC PC1 PC2 PC3 PC4 PC5
Eigenvalue 2.079 1.938 1.657 1.145 0.986
Variability (%) | 20.791 19.385 16.565 11.449 9.856
Cumulative % 20.791 40.176 56.741 68.190 78.046
Factor loadings

Variable PC1 PC2 PC3 PC4 PC5
Age 0.248 0.697 -0.019 -0.473 -0.090
BH -0.419 0.593 0.404 -0.384 0.019
BW 0.440 0.781 0.276 0.244 0.041
BMI 0.760 0.314 -0.045 0.555 0.029
CAD -0.101 0.325 -0.519 -0.182 0.579
WS -0.550 0.301 -0.088 0.154 -0.489
SL -0.507 0.245 -0.452 0.271 0.371
DSD -0.263 0.019 0.728 0.143 0.126
SD -0.545 0.364 -0.286 0418 -0.278
ISSI 0.367 0.056 -0.568 -0.284 -0.412

Age: Age (Year); BW: Boody weight (kg); BH: Boody height (cm); BMI: Boody mass index (kg/m2); CAD:
Cadence (steps/min); Walking speed (m/s); Step Length (cm); Double Support Duration (ms); Step Duration
(ms);ISSI: Incontinence Symptom Severity Index; SGA; specific gait abnormalities.

Table 6 presents the eigenvalues, variance percentage, and cumulative percentage of variance for the first five
components as they contained 78.046% of the total variance. And since each component has an Eigen value that
expresses its importance and must be greater than 1 to be statistically significant, two components (PC1 and
PC2) were discovered with an eigen value larger than one with values of 2.079 and 1.938, respectively. These
components were retained and accounted for 40.18% of the total variation among the traits with variance
percentage 20.791 and 19.385 for first and second component, respectively.

The distribution of traits in the PCA biplot in fig. 1 explained the high variability of traits for principal
components PC1 and PC2. In PC1 BMI, WS, SL, and SD have positive loadings, while Age, BH, and BW have
positive loading in PC2.
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Figure 1. Biplot for the first two principal component (PC1 and PC2) for studied variables. Age: Age (Year);
BW: Boody weight (kg); BH: Boody height (cm); BMI: Boody mass index (kg/m2); CAD: Cadence (steps/min);
Walking speed (m/s); Step Length (cm); Double Support Duration (ms); Step Duration (ms);ISSI: Incontinence
Symptom Severity Index

DISCUSSION

The current findings show the impact SUI has on the gait and physical characteristics of women. Among the
findings of the study, women with SUT had a lower cadence, velocity, and step length, along with greater double
support and step duration, compared to women without SUIL. The gait abnormalities have clinical relevance and
the accompanying statistical significance indicates a greater risk of falls and a greater reduction in functional
mobility.

Although studies on urinary incontinence exist, none have considered the possible correlations with gait. One
study even reported the absence of references to locomotion in 76 reviews, textbooks, or guidelines on the
subject. This gap suggests many possibilities for examining the connection between the severity of the symptoms
and different aspects of the gait 18. Theoretical and biomechanical links indicate that the mechanics of gait which
may both cause and reflect the degree of stress urinary incontinence 19. Many gait parameters allow for
quantitative measurement, and connections to different demographic and clinical variables have been recorded.
The current investigation found observable differences in gait variables between the two groups. Even when their
ages, heights, and overall weights were comparable, the women with SUI had a mean body mass index (BMI)
that was slightly higher and a mean walking speed that was significantly lower. Moreover, the SUI group
exhibited a lower average walking cadence accompanied by a significantly shorter average step length. In
addition, the SUI group demonstrated significantly greater values in 'double support duration' and 'step duration’,
suggesting that their gait is slower and more cautious. This finding may be due to repositioning strategies and
changes in motor control during walking due to pelvic floor dysfunction, indicating a possible connection
between the instability of gait and the stress urinary incontinence symptom severity 9.

Moreover, pelvic floor muscles (PFMs) help with trunk and postural stability during walking. Besides their
continence role, PFMs are integrated as a deep core muscle subsystem with transversus abdominis, multifidus,
and diaphragm as they span the lumbopelvic region. If weakness or dysfunction occurs within the subsystem,
especially the pelvic floor muscles, the stability of the trunk is compromised. Consequently, the decreased or
delayed PFM activation may hinder optimal load shift between the pelvis and trunk, which may compromise
postural control, alter gait pattern, and increase compensatory actions.

These data correlate with the literature demonstrating that changes in gait may be related to the increased degree
of stress urinary incontinence symptom severity in women. Thus, changes in gait may be an objective indicator
of the evolution of symptoms and the impact of treatment 20. This comparative analysis shows clear differences
among women with SUI and women without SUI across the different parameters. Although Age and Body
Weight did not have statistically significant variances ensuring group comparability for these baseline metrics,
other physical characteristics did. In particular, body height showed a significant difference indicating women
with SUI are possibly shorter.

Additionally, women with SUI had a higher Body Mass Index (BMI), indicating that SUI could be associated
with higher BMI. The literature reports similar findings, noting that managing one’s weight may reduce symptom
severity, and improve quality of life 21, 22. The possible correlation between elevated BMI and the occurrence
of SUI can be attributed to the added intra-abdominal pressure and weakness of the pelvic floors, which imply
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that the management of weight may address the symptoms and be of help in directing future studies toward
possible interventions 23, 24.

The scientific explanation lie in complex neuromuscular interactions and compensatory mechanisms that link
pelvic floor function with locomotor control 25, 26. The past literature shows an association of UI with reduced
physical function. Research shows that women with SUI employ compensatory strategies that may lead to altered
gait patterns as well as an increased risk of falling and sustaining injuries 27. Research has reported that the SUI
group had a greater prevalence of gait abnormalities and suggests that this may be reflective of more careful and
inefficient patterns of gait adopted due to fear of leakage when moving. Moreover, the differences in weight and
BMI between the two groups strengthen the evidence that obesity might aggravate the symptoms of UI. Previous
studies have indicated that increased BMI is associated with higher intra-abdominal pressure which may worsen
urinary leakage. This emphasizes the importance of weight management as a component of the overall treatment
plan for women with SUI 28. Our correlation analysis shows a positive statistically significant correlation
between incontinence symptoms severity index (ISSI) and double support duration (DSD). This suggests that
higher levels of incontinence symptom severity are associated with longer durations of double support.
Multiple studies show that, in general, the measurement of gait correlates with the severity of stress urinary
incontinence. Therefore, it is possible that objective measurements of gait could provide useful information in
the assessment and monitoring of symptom progression in women. 29.

Correlation coefficients provided a valuable contribution to this study by providing insight into the relationship
between the severity of the Ul and performance in gait. The negative correlations for cadence, velocity, and step
length suggest that with greater SUI severity, there is decline in performance within the gait pattern, which aligns
with and is in support of other research findings. The correlation emphasizes the need to tackle urinary symptom
and mobility issues at the same time 30.

Future studies should use longitudinal designs more often to assess causality, use standardized protocols for gait
assessment, and examine possible mediators such as pelvic floor muscle function, comorbidities, and hormonal
status 29. Furthermore, research involving larger and more diverse groups is necessary to evaluate the
generalizability across various populations of women.

In this analysis, [ want to draw attention to the results of linear regression models pertaining to each mentioned
gait variable on the ISSI. With the exception of DSD, which stands out as being highly statistically significant,
the remainder of the models appear to lack statistical significance. This suggests that each of these variables, as
dependent variables, show no significant regression on ISSI. Other studies noted a similar trend, suggesting that
the effect of these gait parameters on ISSI severity continues to be non-significant across varying analytic
frameworks 31, 32. Hence, upcoming research should focus on longitudinal studies, larger cohorts, and the
standardized measurement of both gait metrics and the severity of incontinence to shed light on possible
relationships and mediating factors related to time.

Nonetheless, these models differ significantly in their ability to explain variance in the dependent variable. The
“double support duration” model explains roughly 15% of variance, while extra variables such as step length and
certain gait disturbances explain only 1 to 7% of the variance. This shows that the DSD model has adjusted for
a large portion of the variance, which is helpful to understanding the correlation between the mechanics of gait
and the severity of symptoms.

The variables of Interest, the DSD, and the ISSI, are the focus of the investigation. Considering the regression
coefficients () and related p-values, we note that the double support duration variable on ISSI has a considerably
high and positive coefficient, in addition to a very significant coefficient. This suggests that as the DSD increases,
there is a positive relationship to an increase in ISSI. The scientific reason might show changes in the neural
control of the lower urinary tract and the function of the pelvic floor 33, 34. Subsequent research should clarify
the mediating impact of neural pathways and longitudinal data to ascertain whether changes in gait parameters
precede worsening the ISSI or vice versa. Moreover, combining validated quality-of-life and symptom scales
with objective gait analysis may elucidate the clinical significance of these associations in different cohorts of
women.

Using principal component analysis on the physical, walking, and ISSI variables warrants an explanation. Since
principal component analysis divides the total variance among the studied variables into orthogonal, unrelated
components, we created ten components. The first five components are shown in Table 6, which has been
reported to contain 78.046% of the total variance (eigenvalues, percentage of variance, and cumulative
percentage of variance). Given that every component possesses an Eigen value indicative of its significance, and
that this value has to be greater than one for it to be considered statistically relevant, two components (PC1 and
PC2) were found that have eigen values greater than one, specifically 2.079 and 1.938. These components were
retained, accounting for 40.18% of the total variance among the traits, with variance percentages of 20.791 for
the first component and 19.385 for the second component.

The PCA biplot illustrated in Figure 1 accounts for the great variance of features across principal components 1
and 2. In regard to component 1, positive loadings are attributed to BMI, WS, SL, and SD, and in component 2,
Age, BH, and BW loadings are positive. These findings may indicate the layers of variation in body composition
and metabolic factors pertaining to pelvic floor function, and future research ought to quantify these relationships
in a broad range of populations 35, 36.
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Another explanation could be the variability across studies in measuring the severity of symptoms, including the
different characteristics of the samples, the different assessment tools, and how this may impact the relationship
between urinary incontinence symptoms and gait parameters in women. 37, 38. This analysis confirms the
complex and multi-faceted nature of SUI and the impact on gait. However, to gain a clearer picture, it is necessary
to explore the mediating influence of neural pathways along with other clinical factors.

Recent preliminary evidence suggests that the evaluation of gait parameters and symptom severity in women
with stress urinary incontinence is viable, meriting further investigation of these relationships. Future research
should focus on the creating standardized protocols for gait assessment so that comparisons can be made across
studies. Other approaches include the use of longitudinal cohorts to elucidate potential the relationships of gait
and stress urinary incontinence over time; the use of a multimodal approach, including imaging and
biomechanical analyses, to understand the causal architectures of stress urinary incontinence; and the conducting
of intervention studies to assess whether changes in gait parameters relieve urinary symptoms.

Limitations and Future Directions

While this study investigates the relationship between SUI and gait parameters in women, there are still important
aspects of this topic that need to be acknowledged. The sample may be acceptable for preliminary analysis,
although it may still be biased, and may not fully represent the population of women with SUI. A more diverse
and expanded sample may allow for the generalization of the results and a more comprehensive understanding
of the effects of SUI on gait in different populations. Furthermore, the cross-sectional design of the study limits
our ability to make causal inferences.

Longitudinal studies would provide greater clarity about these connections. Self-reporting SUI may pose
problems in this case, as respondents may report their symptoms incorrectly or even fail to capture or even report
their symptoms, resulting in a false grouping for a variety of participants. Urodynamic tests could provide better
insight to the level of intensity related to UI.

Moreover, the study did not take into account the effect of psychological factors, including anxiety and
depression, which may impact the outcomes of both the UI and gait. Such factors should be addressed in future
studies in order to provide a more comprehensive understanding of the determinants of gait in women with SUIL.
Finally, the study focused on specific aspects of gait and did not take into consideration other dimensions of
mobility such as balance and the dynamic execution of activities of daily living. The addition of these factors
would enhance understanding of SUI and its effects on the overall functional physical well-being of the
individual.

There is a need for more research on the effectiveness of pelvic floor rehabilitation and gait training on urinary
symptoms and gait performance. More robust randomized control trials would provide stronger evidence for the
effectiveness of these interventions in improving clinical care of women suffering from SUI. Future research
should also examine the role of psychological factors such as anxiety and depression in relation to Ul and gait.
To address SUI problems, healthcare professionals working with impacted women should take a
multidisciplinary approach. It is important to incorporate professionals like physical therapists, urologists, and
mental health specialists to assist in managing mobility and other SUI-related difficulties.

Patients should be informed about the possible influence of SUI on gait and mobility. Educating women on the
value of physical activity and pelvic floor strengthening exercises can empower them to manage their symptoms.
As best practice, routine screening for gait abnormalities should be incorporated into standard care for women
with a diagnosis of SUI. Early detection of gait issues helps take preventative measures to avoid falls and improve
quality of life. Because of the connection between greater Body Mass Index and stress urinary incontinence,
weight loss should be incorporated into the management plan. Positive lifestyle changes can enhance urinary
incontinence and gait outcomes.

The proposed strategies and future studies will further our understanding of SUI and its implications on women’s
health. Ultimately, this will improve the management and quality of life of the impacted individuals.

CONCLUSION

This study showcased how SUI impacts certain physical characteristics of women, including their gait patterns.
Women suffering from SUI had increased body weight and BMI. Moreover, this group had a higher prevalence
of gait abnormalities, indicative of possible problems related to stability and mobile functionality. The factors of
lower cadence, slower walking speed, shorter step lengths, and longer durations of double support and step
duration, suggested control with compensation to protect and maintain balance. The study results noted the value
of combining body weight management, pelvic floor rehab, and gait training, as all are necessary for improving
functional mobility and reducing fall risk. Future research aimed at enhancing the quality of life for women with
SUI should emphasize investigating the primary causes of these changes in gait and determining possible
solutions.
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