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Abstract

Introduction and Hypothesis Measuring changes in the vaginal pressure profile (VPP) with the Femfit® by JUNOFEM dur-
ing various sports will help improve understanding of the magnitude of pressures generated during such activities and the
pelvic floor’s response to those pressures. This could aid in selecting safe exercises for women with pelvic floor dysfunction.
The primary aim of this study was to measure intravaginal pressure changes using a novel pressure sensor array (Femfit®)
during high-risk sports activities in elite female athletes with and without stress urinary incontinence (SUI). The secondary
aim was to quantify the amount of urine leakage during these activities using a newly developed innovative pad weighing
test (IPWT).

Methods We used the International Consultation on Incontinence Questionnaire—Urinary Incontinence Short Form (ICIQ-
UI SF) to assess participants and measured the VPP using the Femfit® device during ground jumps, trampoline jumps,
weightlifting, slow running and fast running. Urine leakage was assessed using the iPWT during the five sports activities.
Results The highest VPP (53.7 +21.6 mmHg) was recorded during ground jumps, followed by trampoline jumps. The
second-highest values (24.7 + 8.1 mmHg) were measured during fast and slow running, while the lowest values were observed
during weightlifting (11.6 +4.0 mmHg). Measurements of VPP during sporting activities revealed lower pressure values in
elite female athletes with SUI than in those without SUI. The overall mean urine leakage in the SUI group during the five
activities was 6.6 + 1.8 g.

Conclusion On the basis of the VPP and the newly developed iPWT, sports involving jumps and lunges have been identified
as revealing SUI and should therefore be included in testing female athletes. The iPWT may prove suitable for measuring
SUI in elite female athletes but requires further testing and validation. ClinicalTrials.gov Registration: NCT06224335.

Keywords Vaginal pressure profile - Newly developed innovative pad weighing test - Female athletes - Urine leakage

Introduction

Urinary incontinence is a condition characterised by the
involuntary leakage of urine, and the most common type is
stress urinary incontinence (SUI). SUI is defined as ‘invol-
untary loss of urine on effort or physical exertion (e.g. sport-
ing activities), or on sneezing or coughing’ [1].
Sportswomen who participate in high-intensity physical
activity experience various health problems during sports
activity, including urine leakage [2]. Several studies have

Handling Editor: Tony Bazi
Editor in Chief: Maria A. Bortolini

Extended author information available on the last page of the article

confirmed that high-intensity physical activity is a risk fac-
tor for SUI [3, 4]. SUI can also occur in younger athletes.
We based our selection of high-risk sports activities on a
systematic review. High-risk sports activities include tram-
poline jumping, weightlifting and running [5-9]. Therefore,
we selected these high-risk sports activities as provocation
manoeuvres in a newly developed pad test.

Normal pelvic floor muscle (PFM) function is defined as
a level of constant resting tone, with the ability to voluntar-
ily and involuntarily contract and relax the PFMs. Objec-
tive examination of the PFMs is essential. Manometry has
been the most commonly used assessment tool in research
and clinical settings. Its disadvantage is that it is often tied
to the lithotomy position and only measures the resultant
pressure from the vaginal canal area. It cannot distinguish
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between intravaginal and intra-abdominal pressure. Pelvic
floor ultrasound imaging measures PFM morphology and
function via trans-abdominal, trans-perineal, trans-vaginal
and trans-anal placement of the transducer in the lithotomy
position [10—-13]. For our research, we needed a device that
could examine the activity of the PFMs in motion.

The Femfit® device is designed to measure changes in
the vaginal pressure profile (VPP) during pelvic floor exer-
cises. The pressure sensor array consists of eight pressure
sensors along the length of the device, enabling a VPP to be
created in response to changing pressures within the vaginal
canal. Pressures are transmitted wirelessly via Bluetooth to a
mobile phone, where data can be visualised in real time and
uploaded to a secure server. Femfit® allows more targeted
measurement of PFM contraction, which is defined as asym-
metric, with the zone of strongest contraction occurring 3
to 4 cm from the vaginal opening, mainly in the anteropos-
terior direction [14—19]. These data are typically obtained
by pressure sensors 2 to 4, but this is dependent on posture
and anatomical variations. Significant reliability and validity
were found when comparing measurements of PFM con-
traction using Femfit® with a dynamometer, palpation and
ultrasound [17].

Measuring changes in the VPP during various sports will
help us understand the magnitude of pressures developed
and the response of the pelvic floor to those pressures. In
turn, this could aid in selecting safe exercises for women
with pelvic floor dysfunction. Few studies have been pub-
lished on measuring VPPs during sporting activities [18,
19]. No study to date has measured urine leakage in grams
during high-risk sports activities. A standard pad test does
not measure urine leakage at the high intensity of physical
activity [20, 21]. Therefore, we decided to develop a new
test to quantify urine leakage during several types of high-
intensity physical activity in female athletes.

The primary aim of this pilot study was to measure
changes in the VPP using Femfit® during high-risk sports
activities in elite female athletes with and without SUT and to
determine if there were differences between the two groups.
The secondary aim was to quantify the amount of urine leak-
age during the activities using a newly created innovative
pad weighing test GPWT).

Methods

This observational pilot case-controlled study involved
ten elite female athletes, five with and five without SUI,
from local sports clubs. For more than 2 years, they had
performed sports activities at least 3 days per week for
90 min per day. All athletes carried out sports activities at
a competitive level. The presence of SUI was determined
using the International Consultation on Incontinence
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Questionnaire—Urinary Incontinence Short Form (ICIQ-
UI SF). Institutional ethics approval was obtained for the
study. Each participant had her own Femfit®, which is a
single-user device that is self-inserted similarly to a tampon
according to the instructions.

Inclusion Criteria

The following inclusion criteria were used for this study:
women who (1) were nulliparous; (2) aged 18-35; (3)
engaged in high-intensity physical activity; and (4) per-
formed sport at least 3 days per week, 90 min per day, for
more than 2 years.

Exclusion Criteria

The following exclusion criteria were used for this study:
women who (1) were disabled; (2) performed various kinds
of sport; (3) had no regular sports activity; (4) performed
sports for less than 2 years; (5) had just given birth; (6)
had surgical treatment of gynaecological and urological ill-
nesses; (7) presented with urinary tract infection; (8) had a
respiratory tract disease; (9) did not sufficiently complete the
questionnaires; (10) refused to participate; (11) had a body
mass index greater than 30 (BMI=kg/m?, where kg =body
weight in kilograms and m =body height in metres); and
(12) had symptoms of overactive bladder (OAB).

Women with overactive bladder were excluded. None of
the participatns had a history of urgency, frequency, noc-
turia, or urge incontinence. Additionally, the exclusion cri-
teria raise concerns, particularly regarding the exclusion of
participants with overactive bladder, given that the question-
naire used (ICIQ-UI SF) is not designed to diagnose this
condition.

Outcome Measures

The primary aim of this study was to measure the VPP using
Femfit® during selected sports activities (e.g. jumps on the
ground, jumps on a trampoline, weightlifting, slow running
and fast running) in elite female athletes with and without
SUI and determine if there were differences between the two
groups. The secondary aim was to quantify the amount of
urine leakage during the activities using a newly developed
iPWT.

Description of Measurement Devices

Femfit® (version 2.3.1) is a pressure sensor array designed to
measure the pressure profile along the vagina (Fig. 1). It con-
tains eight pressure sensors encapsulated in soft biocompat-
ible silicone (MED-4901; NuSil). Femfit® has a total length
of 80 mm, maximum width of 24 mm, and thickness of only
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Fig.1 Femfit®

4 mm. These dimensions and the soft flexibility of the device
enable pressure measurement without stretching or deforming
the vaginal canal. The edges of the device cover a distance of
55 mm and are designed in a way that the device fits snuggly
in the vagina, reducing movement of the device in different
postures. Pressure data from the Femfit® device is transmit-
ted via Bluetooth to a mobile phone for for real-time display
and feedback from the user. Each pressure sensor samples at a
frequency of 40 Hz [18, 19, 22].

Significant reliability and validity were found when com-
paring measurements of PFM contraction using Femfit® with
a dynamometer, palpation, and ultrasound (Pearson’s coeffi-
cient=0.72, p=0.006 and Spearman’s rho=0.68, p=0.005,
respectively) [17]. Femfit® is validated to measure VPPs dur-
ing any physical activity and in motion. During testing, the
device was secured with fitted underwear, ensuring its stable
position.

Data Collection

Examination of Baseline Pelvic Floor Status with Femfit®
at Rest

We used the Femfit® device to examine the baseline sta-
tus of the PFMs because the device correlates well with
dynamometer, palpation, and ultrasound examinations.
Femfit® measurements of voluntary pelvic floor contrac-
tions were conducted for each participant using one of the
programmes available on the Femfit® app. Testing was done
in the standing position, with each type of contraction exam-
ined for 1 min. Participants performed maximum voluntary
contractions, the Knack manoeuvre, rapid contractions and
endurance contractions.

Squeeze measurements represent the maximum voluntary
contraction that occurs, while knack contractions represent
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the maximum voluntary contraction under stress (e.g. when
someone coughs). Moreover, rapid contractions represent
rapid measurements, while endurance contractions provide
insight into endurance measurements.

Examination of VPP with Femfit® During Physical Activity

Measurements of VPP were carried out during the following
sports activities, which were selected as provocative activi-
ties in previous studies [9]: jumps on the ground up to 10 cm
during 30 s, followed by relaxation for 30 s; jumps on a
trampoline up to 20 cm during 30 s, followed by relaxation
for 30 s; weightlifting with 25% of body weight (e.g. 60 kg
weight of the athlete corresponds to a load of 15 kg) for 30 s,
followed by relaxation for 30 s; slow running for 30 s then
relaxing for 30 s; and finally, fast running for 30 s and then
relaxing for 30 s.

A newly developed iPWT for female athletes with SUI
was used to detect urine leakage in grams during the same
sporting activities. This test was created by us and used for
the first time. The newly developed iPWT was applied to
all athletes. It involved emptying the bladder, consuming
500 mL of fluid over 15 min, waiting an additional 15 min,
and then performing the sports activities described above.
Pads were changed and weighed after each activity. The pro-
posed categories for urine leakage were as follows.

No SUI if the pad weighed 0 g

Mild SUI if the pad weighed 1-10 g
Moderate SUI if the pad weighed 10-50 g
Severe SUIL if the pad weighed > 50 g

Urine leakage was analysed by the increase in pad weight
(in grams).

The International Consultation on Incontinence
Questionnaire (ICIQ-UI SF)

The ICIQ-UI SF was developed by the ICS. The first two
questions monitor the frequency and quantity of leaked
urine, and the third question considers how urine loss
affects daily life. The ICIQ-UI SF score is the sum of the
scores from all questions (e.g. 0=no leak; 1-5 =slight;
6—12 = moderate; 13—-18 =severe; and 19-21 = very seri-
ous). The Cronbach’s alpha reliability for this questionnaire
is 0.95 [23].

Statistical Analysis
Femfit® data are obtained using eight sensors, each sam-
pling at 40 Hz, resulting in 40 measurements per second.

We analysed the difference between the maximum and mini-
mum pressures obtained during a 1-s interval for each sports
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activity. The average pressure from a 30-s interval for each
task, measured by sensors 1 to 8, was used for analysis. Pres-
sure was recorded in units of mmHg. Data are presented as
mean and standard deviation, and p values were calculated
using analysis of variance with Bonferroni corrections and
t-tests. The significance level was set at p <0.05.

Results

According to the inclusion and exclusion criteria, the study
included ten elite female athletes with an average age of
20 years, recruited from local sports clubs. All participants
had a normal weight. For more than 2 years, they had per-
formed sports activities at least 3 days per week for 90 min
per day. All athletes engaged in sports activities at a com-
petitive level, including high-risk activities such as jumping
and running. Five participants had SUI and five did not, as
confirmed by the total score of the ICIQ-UI SF. The groups
were homogeneous.

The research participants were also questioned about the
movement of the Femfit® during testing. They did not expe-
rience movement of the device during testing. The demo-
graphic data are shown in Table 1.

All female athletes were screened for parameters through
the Femfit® Starter programme, including squeeze, knack
manoeuvre, and fast and endurance contractions during
standing.

There were no significant differences between groups
with squeeze and fast contractions. For knack contractions,
there was a significant difference with sensors 2 and 3

Table 1 Participant demographics

Group Mean SD P

Age (years) 0 20.20 2.68 0.88
1 20.00 1.22

Weight (kg) 0 66.40 11.26 0.43
1 60.40 11.84

Height (cm) 0 165.20 8.75 0.35
1 169.0 3.64

BMI (kg/m?) 0 24.53 527 027
1 21.03 4.01

Years of sport 0 10.0 4.43 0.74
1 9.40 2.88

Days of sport 0 4.20 1.09 0.64
1 4.60 1.51

Hours of sport 0 2.66 1.44 0.42
1 2.06 0.70

ICIQ UI SF- total score 0 0.00 0.00 0.005
1 6.60 3.13

0 no urine leakage, 1 with urine leakage
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Table2 Mean IVP profile

- . Contraction types Squeeze Knack Rapid Endurance
(mmHg) during maximal
voluntary contraction (squeeze), Sensors Group Mean (SD) Mean (SD) Mean (SD) Mean (SD)
lgggﬁfa?j:‘c’iﬁfrfcggf and 1 0 3.92 (2.16) 4.57 (3.59) 375 (3.08) 3.39 (2.66)
1 2.19 (2.16) 1.64 (0.94) 1.50 (1.61) 1.55 (1.30)
2 0 5.54 (3.15) 5.36 (1.76)* 5.74 (3.97) 5.38 (5.3)
1 2.60 (2.21) 2.06 (0.88)* 2.30 (2.06) 1.82 (1.25)
3 0 6.75 (1.38) 5.71 (1.44)* 6.30 (1.70) 6.26 (1.73)*
1 6.36 (2.87) 3.59 (1.15)* 3.97 (1.87) 3.39 (1.52)*
4 0 6.75 (4.55) 5.56 (1.47) 6.52 (2.78) 4.54 (1.38)
1 6.36 (1.38) 3.74 (1.12) 5.83(1.28) 4.41(1.27)
5 0 9.57 (5.23) 6.00 (2.45) 8.82 (6.08) 6.34 (5.12)
1 7.98 (1.80) 4.98 (1.22) 6.78 (1.34) 4.98 (1.48)
6 0 7.60 (4.87) 6.35 (2.82) 9.00 (8.96) 7.73 (7.28)
1 7.80 (1.92) 5.35(1.69) 7.38 (1.54) 4.90 (1.27)
7 0 6.46 (5.01) 6.52 (2.98) 8.00 (8.53) 7.38 (6.82)
1 7.10 (1.49) 5.41 (1.53) 6.65 (0.93) 5.00 (1.30)
8 0 6.61 (5.23) 6.43 (3.19) 8.16 (10.12) 8.68 (9.44)
1 7.36 (2.74) 5.60 (2.27) 6.74 (1.40) 4.95 (1.82)

0 no urine leakage, 1 with urine leakage *p <0.05.

p-Analysis of variance with Bonferroni corrections. Nonsignificant results were obtained

Data are from the Starter programme — Examination of current pelvic floor status with Femfit® at rest

Table 3 Mean urinary leakage in grams during sports activity — in
groups of sportswomen with and without SUI

Sports activity Group Mean SD P

Jumps on trampoline 0 0.00 0.00 0.005
1 1.40 0.54

Weightlifting 0 0.00 0.00 0.014
1 1.40 0.54

Jumps on ground 0 0.00 0.00 0.001
1 1.20 0.44

Slow running 0 0.00 0.00 0.005
1 1.40 0.54

Fast running 0 0.00 0.00 0.004
1 1.20 0.44

Pad test total 0 0.00 0.00 0.007
1 6.60 1.81

0 no urine leakage, 1 with urine leakage

measuring higher pressures in women without SUI. Fur-
ther, a significant difference was observed for endurance
contractions, with sensor 3 measuring higher in women
without SUI (Table 2).

Urine leakage was measured in grams with an iPWT
test during sports activities. The mean values are shown in
Table 3. The ICIQ UI SF questionnaire measured urinary
leakage symptoms, and the mean score confirmed moder-
ate urinary leakage.

The overall urine leakage in the group with SUI from
the five activities was 6.6+ 1.8 g. A mean urine leakage of
1.4+0.5 g was observed during trampoline jumping, weight-
lifting and slow running. Moreover, a mean urine leakage
of 1.2+ 0.4 g was measured during ground jumping and fast
running. No urinary leakage was observed in the group with-
out SUI during the activities.

Five measurements were obtained from each participant
for a total of 50 measurements (Fig. 2).

IVP was recorded with sensors 1-6 and IAP with sen-
sors 7-8 in mmHg. The Femfit® recorded at 40 Hz, and an
average was calculated based on the difference between the
minimum and maximum pressure per second (Fig. 1).

The average pressure obtained from an interval of
30 s for each task with sensors 1-8 was used for analysis.
The highest mean IVP among the ten participants were
recorded when jumping on the ground and the trampoline
(53.7+21.6 mmHg), followed by fast and slow running
(24.7 + 8.0 mmHg), with the lowest values during weight-
lifting (11.6 +4.0 mmHg). IAP measurements followed
the same pattern: the highest observed for jumping on the
ground and the trampoline (59.6 + 14.3 mmHg), followed by
fast and slow running (27.1 +6.8 mmHg), with the lowest
values during weightlifting (10.3 +£2.5 mmHg). During all
sports activities tested, VPP was higher in the group without
SUI than in the group with SUI, but the differences were not
statistically significant (Tables 4 and 5).

The highest intravaginal pressures were found for tram-
polining, measured from sensors (6—8) indicating high IAP
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Fig.2 Averaged pressures over the activity for each sensor for all participants. A jumps on the ground, B jumps on the trampoline, C weightlift-

ing, D slow running, E fast running

Table 4 Average VPP (mmHg)

. . Sensor Jumps on Jumps on Weightlifting Slow running Fast running

during sports activities, ground trampoline

developed by each sensor for

each exercise for the whole Mean Mean Mean Mean Mean

cohort (SD) (SD) (SD) (SD) (SD)
1 10.0 (7.9) 6.3 (5.6) 6.8 (8.8) 8.2(6.3) 18.2 (13.1)
2 14.7 (12.2) 8.2(6.9) 7.3 (8.5) 9.1(6.3) 16.5(9.7)
3 16.6 (11.4) 13.2 (10.2) 5.73.3) 9.7(1.1) 15.8 (9.2)
4 24.5 (17.8) 15.9 (11.0) 6.6 (2.9) 14.6 (11.6) 17.7 (10.7)
5 37.0 (20.0) 30.8 (16.7) 9.3(2.6) 16.2 (8.5) 20.1 (9.3)
6 53.7 (21.6) 47.0 (20.2) 11.6 (4.0) 23.1(7.9) 24.7 (8.0)
7 58.7 (18.9) 52.6 (15.0) 10.5 (2.5) 24.0 (7.0) 27.1 9.7)
8 59.6 (14.3) 54.4 (11.7) 10.3 (2.5) 25.1 (4.9) 27.1(6.8)

p—Analysis of variance. Nonsignificant differences were obtained

— that is, activity when the pelvic floor muscles are most
stressed.

Discussion

High-risk sports activities in our study included trampoline
jumping, jumping, weightlifting, and fast and slow running.
For our research, we required a device that could examine
pelvic floor demand expressed by the VPP during these
sports activities.

No study to date has measured urine leakage in grams
during standardised high-risk sports activities. We also
decided to develop a new pad test to quantify urine leak-
age during these activities in female athletes. Our female
athletes experienced urine leakage only during sports, not
during normal activities. No urine leakage would have been
observed using the standard pad test. The newly developed
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iPWT can be used to investigate the association of urine
leakage with the VPP.

In the main measurements of our study, we found that
as intra-abdominal pressure rose, intravaginal pressure also
rose, increasing the load on the pelvic floor. The pressure
threshold for developing or worsening pelvic floor dys-
function remains unknown and is likely to vary between
individuals.

Measuring the changes in the vaginal pressure profile
(VPP) during a variety of sports will help with our under-
standing of the magnitude of pressures developed during
such activities and the response of the pelvic floor to those
pressures. In turn, this could aid in selecting safe exercises
for women with pelvic floor dysfunction. Few studies have
been published on measuring VPPs during sporting activi-
ties [15—19]. No study to date has measured urine leakage
in grams during high-risk sports activities using a newly
created pad test. Only standard pad tests have been used,
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Table5 Average VPP (mmHg) during sports activities, developed by each sensor for each exercise between sportswomen with and without SUI

Fast running

1

Fast running

Jumps on Jumps on Weightlifting Weightlifting Slow running Slow running
0

Jumps on
ground

Jumps on

1

Trampoline

Trampoline

ground

Mean (SD)
13.1 (3.4)
12.2 (5.9)
12.9 (5.6)
12.9 (4.1)
17.5 (6.5)
21.6 (7.3)
23.1(7.0)
23.9 4.5)

Mean (SD)

Mean (SD)

6.4 (2.3)
7.2 (4.4)

Mean (SD)
10.1 (8.8)

11.1 (7.7)
11.4 (8.0)

Mean (SD)

4.83.1)
53@3.7)

Mean (SD)
8.7 (12.5)
9.3(11.9)
6.1 (4.0)
7.2(3.7)

Mean (SD)

544.5)
7.3 (8.0)

Mean (SD)

7.2 (7.0)
9.2 (6.3)

Mean (SD)

6.5(5.6)

Mean (SD)

23.3(17.6)
20.8 (11.5)

14.4 (9.0)

1
2
3
4
5
6
7
8

14.8 (13.6)

14.5 (12.3)

18.7 (11.8)
22.4 (13.6)
227 (11.6)
27.9 (8.3)

8.1(6.5)

5327
6.1 (2.1)

12.7 (12.0)
17.6 (13.4)
26.8 (17.2)

13.8 (9.3)
14.2 (9.3)
34.8 (17.0)

15.2 (12.7)

17.9 (11.1)

12.1 9.3)
15.8 (7.3)
18.9 (4.8)
20.1 (4.0)
23.0 (4.8)

17.0 (14.2)

22.1 (15.8)
31.1 (21.8)
43.9 (17.3)
50.8 (12.8)
54.4 (9.8)

26.9 (21.1)
43.0 (18.3)

16.9 (10.3)
27.3 (8.6)
27.9 (7.6)
27.1 (4.5)

8.4 (2.6)
9.8 (3.9)

103 (2.5)
13.5 (3.4)
12.2 (1.5)
12.0 2.1)

38.0 (14.7)
46.4 (12.8)
49.7 (9.9)

56.06 (22.4)
58.7 (15.7)
59.2 (12.4)

63.6 (22.5)
66.7 (21.9)

312 (11.0)
30.4 (7.6)

8.8(22)
8.7 (1.9)

64.8 (17.3)

p—Analysis of variance. Nonsignificant differences were obtained.

0 no urine leakage, 1 with urine leakage. Data are from the Freestyle programme

but they do not assess high-intensity physical activity [20,
21]. High-risk sports activities in our study included tram-
poline jumping, jumping, weightlifting, and fast and slow
running. We selected these activities based on a systematic
review and meta-analysis [9].

The primary aim of this pilot study was to measure
changes in the VPP using the Femfit® during high-risk
sports activities in elite female athletes with and without
SUI and to determine if there were differences between
the two groups. The secondary aim was to quantify the
amount of urine leakage during the activities using the
newly created iPWT.

In our cohort, we had ten nulliparous female athletes
with a mean age of 20 years who engaged in high-intensity
physical activity.

The results suggest that the ability of the pelvic floor to
respond sufficiently to increases in IAP during high-inten-
sity activity appears to be reduced in athletes with SUI.
The higher intravaginal pressures measured while jumping
on the trampoline corresponded to the most urine leakage
in athletes with SUI, which is unsurprising because previ-
ous research has shown that female trampolinists often
experience the highest incidence of SUI. Jumping on a
trampoline causes a very strong continuous increase in
intra-abdominal pressure [17].

Interestingly, lower IVP overall was observed for
weightlifting (25% of body weight), yet those athletes
with SUIT still had a higher volume of leakage during this
activity, suggesting there is perhaps a threshold for leakage
that is dependent on more than just pressure generation.
However, these results should be interpreted with caution
due to the small sample size.

In an observational prospective study, Kruger [18]
measured vaginal pressures with Femfit® in 24 women
with a mean age of 37.5 years during exercises that may
also have a negative impact on the pelvic floor. This study
evaluated planks, bicycling, running, walking, push-ups,
lunges and squats. Running, push-ups, squats and stand-
ing cycling produced higher pressures on all sensors than
equivalent safe pelvic floor exercises. IVP was highest
during running. However, the pressure threshold for the
development or worsening of pelvic floor dysfunction
remains unknown and is likely to be individual-specific.
In our study, we observed the highest IVP with ground and
trampoline jumps.

Cacciari [17] tested intravaginal pressure changes using
Femfit® in 20 healthy women during the contraction of the
PFMs and during the Valsalva manoeuvre in the supine
and standing positions. They were compared with maximal
voluntary contraction assessed by dynamometry and palpa-
tion through the vagina. A positive significant correlation
was found between IVP and both dynamometry and vaginal
palpation.
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Shaw [24] measured IAP in 57 women while performing
different types of physical activity using a different measur-
ing device — The Gen?2 Intravaginal transducer. The women
performed 31 sports activities at light, moderate and high
intensities. IAP was measured during coughing, Valsalva,
lying down, sitting and during aerobic activities, including
walking, running, cycling and stepping. Other measurements
were taken while performing daily activities, lifting tasks,
stabilisation exercises and stretching activities. An important
finding was that coughing had a high maximum pressure
of 199.9 cmH,0 (153.7 mmHg) than the other activities.
The seated Valsalva had a similarly high maximum pres-
sure of 207.7 cmH,0 (159.7 mmHg) compared to the other
activities. In our study, we recorded the highest average
64.8 mmHg, with ground and trampoline jumps.

These results imply that it is important to recognise the
magnitude of IAP but also the response of the pelvic floor
to that increase in pressure.

The secondary aim of this study was to quantify the
amount of urine leakage using an iPWT.

The meta-analysis showed a 25.9% prevalence of urinary
incontinence in female athletes in different sports, as well as
a20.7% prevalence of SUI. The most prevalent high-impact
sport was volleyball, with a value of 75.6%, then jumps on
the trampoline at 72.7% and running at 44.0%. On the basis
of the above meta-analysis, we selected the most risky move-
ment activities for the iPWT [9].

Several authors have used a standard 1-h pad test in their
studies, including slow walking, standing from sitting,
coughing, running in place, standing from lying down and
hand washing. The pad is weighed after the entire test, not
after each activity. Except for coughing, it did not include
any activity that would significantly increase IAP [25].

We measured urinary leakage symptoms with the ICIQ
UI SF questionnaire, and the mean score confirmed moder-
ate urinary leakage. The overall sum of the mean urine leak-
age measurements from the five sports activities was 6.60 g.
We created an iPWT to test urine leakage during each sports
activity mentioned above. Five measurements were taken for
each patient; thus, the average values were obtained from
50 measurements. On average, 1.40 g of urine leakage was
measured during each activity: trampoline jumping, weight-
lifting and slow running. Meanwhile, 1.20 g urine leakage,
on average, was measured during ground jumping and fast
running.

Limitation and Strengths

The primary limitation of this study is the small number
of participants, which means the conclusions should be
interpreted with caution. The study’s strengths include the
development of the newly created iPWT and its applica-
tion during five types of high-risk sports activities. Another
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strength is the use of a device capable of examining pelvic
floor demand, as expressed by the VPP, during these sports
activities in female athletes with and without SUL

Conclusion

A unique capability of the Femfit® device is its ability to
measure intravaginal pressure along the entire length of the
vagina during any physical activity. Measurements of VPP
during sporting activities revealed lower pressure values in
elite female athletes with SUI than in those without SUIL. On
the basis of the VPP and the newly developed iPWT, sports
involving jumps and lunges have been identified as reveal-
ing SUI and should therefore be included in testing female
athletes. The newly developed iPWT may prove suitable for
measuring SUI in elite female athletes, but further testing
and validation are required.
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