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Measurement of vaginal pressure profile

during horseback riding and its effect

on pelvic floor function in a woman with

stress urinary incontinence: a case report
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Summary: Stress urinary incontinence (SUI), the complaint of involuntary leakage during effort or exertion, occurs at least weekly in one third
of adult women. Additional studies have demonstrated that horseback riding promotes pelvic floor training in women with stress incontinence,
leading to increased resting pelvic floor tension and stronger tension during active pelvic floor muscle contraction. No study to date has
measured the vaginal pressure profile using FemFit® during different types of horseback riding or assessed its effects on pelvic floor function in
a woman with mild symptoms of SUI. This case report describes a 46-year-old woman with SUl who practiced recreational horseback riding over
a period of 12 weeks. Significant differences were observed between the gallop and all other types of riding, with the highest values recorded
during the gallop. Examination of pelvic floor muscle function (via manometer, 2D/3D ultrasound using volume contrast imaging software)
revealed an increase in maximal voluntary contraction from 27.5 (1.4) to 45.7 (2.2) cm H,O and its duration from 5 (0.2) to 8 (0.4) s. A decrease in
the hiatal area was noted during contraction (from 16.5 (0.8) to 15.0 (0.7) cm?) and during the Valsalva maneuver from 19.6 (0.9) to 18.8 (0.9) cm>.
Horseback riding with pelvic floor muscle activation positively improved pelvic floor muscle function and reduced urinary leakage symptoms. It
would be beneficial to perform similar measurements on larger groups of female horse riders.
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Suhrn: Unik mocu pri fyzickej aktivite sa vyskytuje najmenej raz tyzdenne u jednej tretiny dospelych Zien. Dalsie $tudie preukazali, ze jazda na
koni zlep3uje funkény stav svalov panvového dna v pokoji aj pri fyzickej aktivite. ZvySuje aj pokojovy tonus svalov panvového dna. Doposial
nebola realizovana Ziadna studia, v ktorej by bol hodnoteny vaginalny tlakovy profil pomocou Femfitu® pocas réznych typov jazdy na koni.
Nebol hodnoteny vplyv jazdenia na funkciu panvového dna u Zeny s miernymi priznakmi stresovej inkontinencie mocu (SUI - stress urinary
incontinence). Tato pripadova studia opisuje 46-ro¢nu zenu so SUI, ktora sa venovala rekreacnej jazde na koni pocas 12 tyzdnov. Boli pozorované
vyznamné rozdiely medzi cvalom a vietkymi ostatnymi typmi jazdy, pri¢om najvyssie hodnoty boli zaznamenané pocas cvalu. Vysetrenie funkcie
panvového dna bolo realizované (pomocou manometra, 2D/3D USG) . Bolo zistené zvySenie maximalnej volovej kontrakcie z 27,5 (1,4) na 45,7
(2,2) cm H,0 a jej trvania z 5 (0,2) na 8 (0,4) s. Pocas kontrakcie bolo zaznamenané zmen3enie urogenitalneho hiatu (z 16,5 (0,8) na 15,0 (0,7) cm?)
a pocas Valsalvovho manévra z 19,6 (0,9) na 18,8 (0,9) cm? Jazda na koni s aktivaciou svalov panvového dna pozitivne zlepsila funkciu svalov
panvového dna a znizila priznaky Uniku mocu. Bolo by prospesné vykonat podobné merania na vacsej skupine jazdkyn.

Kltcové slova: vaginalny tlakovy profil - jazda na koni - stresova inkontinencia mocu - tréning svalov panvového dna
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MEASUREMENT OF VAGINAL PRESSURE PROFILE DURING HORSEBACK RIDING

Fig. 1. Intravaginal pressure profile (mmHg) during different types of horse riding.

A —walking riding, B — balanced seat, C - rising trot, D - gallop

Introduction

Urinary incontinence (Ul) is an involun-
tary, objectively demonstrable leakage
of urine, which is unhygienic and a so-
cial problem. The most common types
of Ul are stress, urgency, and mixed uri-
nary incontinences [1]. Additional stud-
ies have demonstrated that horseback
riding promotes pelvic floor training in
women with stress incontinence, leading
to increased resting pelvic floor tension
and stronger tension during active pelvic
floor muscle contraction.

In recent years, interest in horseback
riding as a leisure and recreational activ-
ity for women has increased. Horseback
riding is a physical activity with mod-
erate exertion, classified at 3-6 meta-
bolic equivalents, with aerobic costs
rising as the horse’s speed increases [2].
Riding positively influences gross and
fine motor skills, optimizes whole-body
muscle tone, improves posture, and ac-
tivates the deep stabilization system.
It also has significant benefits for the

static, anticipatory, and dynamic com-
ponents of balance [3-6].

The slowest movement of a horse
is known as horse walking. During
horse walking, the rider's body ex-
periences a swinging motion, and
the horse’s average stride speed is
100 m/min [7]. The trot is a faster move-
ment than horse walking. During a trot,
a horse typically reaches a speed of
290 m/min. The gallop is a fast form of
horse movement. It typically occurs at
a speed of 300-600 m/min [7].

Electromyography (EMG) biofeed-
back studies using a vaginal probe
have shown that pelvic floor tension in
women increases as the horse’s speed
increases. The highest tension was re-
corded during a gallop in the two-point
position; slightly lower tension was ob-
served in the sitting position, and the
tension returned to resting state when
the horse stopped [8,9]. Based on these
findings, it has been hypothesized that
horseback riding positively affects the

prevention of pelvic floor dysfunction in
women [10,11].

No study to date has measured the
vaginal pressure profile using FemFit®
during different types of horseback rid-
ing or assessed its effects on pelvic floor
function in a woman with mild symp-
toms of SUI [12].

The primary aim of this case study
was to measure changes in the vaginal
pressure profile using FemFit® during
horseback riding. The secondary aim
was to quantify changes in pelvic floor
function following the horseback riding
programme in a woman with mild symp-
toms of SULI.

Case presentation

A 46-year-old woman with mild symp-
toms of SUI began practicing recre-
ational horseback riding. She weighed
53 kg, was 160 cm tall, and had two prior
vaginal deliveries. She reported expe-
riencing mild SUI symptoms for 5 years
without worsening.
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She experienced urinary leakage, on
average, twice a week while walking.
The amount of urine leakage was mini-
mal. The impact on her quality of life was
assessed as a visual analogue scale score
of 4. The International Consultation on
Incontinence Questionnaire-Urinary In-
continence Short Form (ICIQ-UI SF) score
was1+0+4=>5.

The woman had a sedentary occu-
pation. She exhibited a sagging pos-
ture when sitting and standing. Other
kinesiological findings were within nor-
mal limits. As part of her leisure routine,
she walked five times a week for 60 min.
She had no other serious illness and did
not participate in any other sporting
activities.

Prior to this intervention, she had
no experience riding horses. The horse-
back riding sessions were conducted
twice a week, each lasting 45 min, over
a 12-week period. The horse used was
a Lipizzaner, and the participant rode in
a hard saddle.

Methodology

New intervention - the 12-week
horseback riding program with
endurance contractions of the
pelvic floor muscles

During horseback riding, repeated en-
durance contractions of the pelvic floor
muscles were performed. These included
exercises during the horse walk, walking
ride, trot with a balanced seat, fast trot
with a rising seat, and gallop. The exer-
cises involved 5-8 s of submaximal vol-
untary pelvic floor muscle contractions,
followed by 5 s of relaxation.

New examination - vaginal
pressure profile measurement
during horseback riding.
Intravaginal pressure (IVP) profile
measurement using the FemFit®
The FemFit® (version 2.3.1) is a pressure
sensor array designed to measure pres-
sures along the vaginal length (Fig. 1).
It contains eight pressure sensors that
enable measurement of the vaginal

pressure profile, from the apex of the va-
gina to the introitus. The pressure sen-
sors are encapsulated in soft, biocom-
patible silicone (MED-4901; NusSil).

The device has a total length of
80 mm, a maximum width of 24 mm,
and a thickness of only 4 mm. Pressure
data from FemFit® are transmitted via
Bluetooth to an Android mobile phone
for data logging, real-time display, and
user feedback. Each pressure sensor
operates at a sampling frequency of
40 Hz [13-15].

During the horseback riding sessions,
the freestyle program available in the
FemFit® app was used as follows. During
the first testing session, we performed
4 types of riding: the horse walk (walking
ride) for 1105, the trot (balanced seat) for
120 s, the fast trot (rising trot) for 120 s,
and the gallop for 120 s.

The described measurements were
taken both before and after the 12-week
horseback riding program.

Assessment of functional status
of the pelvic floor muscles using

a perineometer (Peritron-Ontario,
L4V, Canada)

Pelvic floor muscle strength, endurance,
rapid contraction, and relaxation were
assessed using a perineometer, which
measures muscle function in units of
water column height (cm H,0). Con-
traction strength was categorized as
follows: up to 10 cm H,0 was consid-
ered weak, 10-30 cm H,O was moder-
ate, and 40-60 cm H,0 was strong. Cor-
rect resting tone calibration was crucial,
with saturation set to 100 cm H,0O after
stabilization [16].

Assessment of functional status
of the pelvic floor muscles

via perineal 2D and 3D/4D
ultrasound

The examination was conducted using
a Voluson-i BT 11 Console with vol-
ume contrast imaging software (GE
Healthcare Austria GmbH & Co OG, Zipf,
Austria) and a RAB4-8-RS 3D/4D probe

(4-8 MHz). Both 2D and 3D/4D images
were captured at rest, during maximal
contraction, and during the Valsalva
maneuver.

Examination with 2D USG: Measure-
ments included the anteroposterior and
laterolateral dimensions of the hiatus
(in cm). Urethral mobility and anorectal
angle were also assessed.

Examination with 3D USG: Mea-
surements included the hiatus area (in
cm?). Examinations were performed by
a trained urogynecologist in collabora-
tion with a physiotherapist [17].

Assessment of symptoms of
urinary incontinence

The International Consultation on Incon-
tinence Questionnaire-Urinary Inconti-
nence Short Form (ICIQ-Ul SF) was de-
veloped by the International Continence
Society. The first two questions assess
the frequency and amount of urine leak-
age, while the third evaluates how much
the leakage interferes with patients’
daily lives. The ICIQ-UI SF score is cal-
culated by adding the individual ques-
tion scores, which are categorized as fol-
lows: 0 = no leakage, 1-5 = mild leakage,
6-12 = moderate leakage, 13-18 = se-
vere leakage, and 19-21 = very severe
leakage. The Cronbach’s alpha for the
ICIQ-UI SF is 0.95, indicating excellent
reliability [18].

Questionnaire description:

1. How often do you leak urine?
Answer options:

*never-0

- about once a week or less often — 1
- two or three times a week - 2
-about once aday - 3

- several times a day - 4

-all the time -5

2. How much urine do you think leaks?
Answer options:

+none-0

-a small amount - 2

- a moderate amount - 4

-alarge amount-6
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3. How much does leaking urine inter-

fere with your everyday life?

« Answer: a number between 0 (not at
all) and 10 (a great deal)

The ICIQ score is the sum of scores from

questions 1, 2, and 3.

Results of examinations before
and after the intervention
ICIQ-UI SF

After completing the 12-week horse-
back riding programme, which included
two sessions per week, the partici-
pant’s score on the ICIQ-UI SF decreased
from 5 to 2, indicating an improvement
in symptoms. She experienced no uri-
nary leakage during walking. The im-
pact on quality of life remained at
a score of 2. However, she expressed
concern about a possible recurrence
of symptoms. The ICIQ-UI SF score was
0+0+2=2.

Manometer examination

At the end of the 12-week horseback
riding programme, the participant’s max-
imal voluntary contraction (MvC) value
increased from 27.5 to 45.7 cm H,0. The
duration of MvC also improved, rising
from 4.5 to 8 s, as did the number of repe-
titions of all types of contractions, which
increased from 5 to 10.

2D and 3D/4D ultrasound
examinations

At the end of the 12-week horseback rid-
ing programme, ultrasound examina-
tion showed the following reductions in
hiatal area compared with the initial as-
sessment: from 17.1 to 16.9 cm? at rest,
from 16.5 to 15.0 cm? during contraction,
and from 19.6 to 18.8 cm? during the Val-
salva maneuver. Similarly, the partici-
pant’s anorectal angle showed the fol-
lowing decreases: from 105.8° to 101.2°

Tab. 1. Input and output examination of pelvic floor muscle function.

Pelvic floor muscle function
Manometry

MvC (cm H,0)

MvC duration (seconds)

repetition of endurance contractions
repetition of speed contractions
UsG

hiatal resting area (cm?)

hiatal area contraction (cm?)
hiatal area Valsalva (cm?)
anorectal angle at rest (°)
anorectal angle in contraction (°)

anorectal angle at Valsalva
maneuver (°)

urethral mobility (cm)

Before

27.5(1.4)
4.5(0.2)
5(0.2)

5(0.2)

17.1(0.8)
16.5 (0.8)
19.6 (0.9)
105.8(5.2)

83.8 (4.1)

93.8 (4.6)

0.9 (0.1)

at rest, from 83.8° to 75.7° during con-
traction, and from 93.8° to 66.2° during
the Valsalva maneuver. Additionally,
urethral mobility decreased from 0.9 to
0.8 cm over the 12 weeks (Tab. 1).

Statistical analysis of data from
eight FemFit ® sensors

IVPs were recorded from the first to sixth
sensors, while abdominal pressure was
recorded from the seventh and eighth
sensors, both measured in mmHg. Fem-
Fit® recorded 40 measurements per sec-
ond, and an average for each second
was calculated based on the difference
between the minimum and maximum
pressure values in mmHg. Data are pre-
sented as a mean with standard devia-
tion. Statistical significance was assessed
using the t-test and analysis of variance
(ANOVA).The significance level was set at
P <0.05.

After

45.7 (2.2)
8(0.4)
10(0.5)

10 (0.5)

16.9 (0.8)
15.0(0.7)
18.8(0.9)
101.2(5.0)

75.7 (3.7)
66.2 (3.3)

0.8 (0.1)
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Tab. 2. Intravaginal pressure profile during horse riding with pelvic floor muscle activation, measured before
and after 12 weeks of regular horse riding from 8 sensors.

Horse-riding

activities 1 2 3 4 5
walking riding 26.7 22.6 19.4 13.8 11.1
before (17.1) (12.5) (11.1) (7.7) (5.1)
walking riding 11.9 17.5 15.8 11.2 9.2
after (12.8) (19.0) (15.3) (11.9) (7.7)
balance seat 13.8 14.5 16.6 14.3 15.7
before (25.5) (21.5) (19.1) (13.9) (10.9)
balance seat 21.1 719 89.5 60.9 36.2
after (36.1)* (48.5)* (75.8)* (35.8)* (21.2)*
rising trot 50.5 47.9 42.6 31.8 29.2
before (30.1) (29.0) (26.1) (19.4) (17.2)
ising trot after 63.5 56.5 704 61.0 39.2
9 (38.4) (44.7) (61.0)* (44.0)* (25.2)
allop before 84.2 959 88.3 85.7 59.6
gatiop (23.6) (223) (51.2) (49.4) (61.3)
allop after 96.2 108.9 108.3 105.7 79.6
gaflop (93.6)* (1023 (103.2)* (99.4)* (81.3)*

* P <0.05 from ANOVA test between all groups after 12 weeks of regular horse riding,

6 7 8
9.2 7.5 7.0
(3.9) (3.0 (2.7)
2.4 87 8.4
(7.3) (6.8) (6.6)
17.4 16.5 17.4
(10.8) (9.2) (7.8)
26.3 234 245
(12.8) (10.1) (10.8)
29.1 24.9 23.0
(17.5) (15.0) (13.6)
26.1 214 221
(16.2) (12.1) (12.6)
47.2 324 284
(32.5) (23.1) (23.9)
57.2 434 384
(52.5)* (43.1) (43.9)

1-8 = eight pressure sensors that enable measurement of the vaginal pressure profile,
from the apex of the vagina to the introitus

Results
IVP profile using FemFit®
We assessed the participant’s IVP profile
using the FemFit® device during horse-
back riding, with measurements taken
before and after the 12-week interven-
tion in the following positions: walking
riding, balanced seat, rising trot, and
gallop. The lowest pressure values were
recorded during walking riding, higher
values during the balanced seat, even
higher values during the rising trot, and
the highest values during the gallop.

Significant differences in IVP profile
scores were observed between the gal-
lop and all other riding positions, with
the highest values recorded during the
gallop.

In comparisons before and after the
12-week programme, significantly higher
IVP profile values were recorded during

the balanced seat from sensors 1-5 and
during the rising trot from sensors 3-4,
and during the gallop from sensors 1-6.
However, no significant changes were
observed during walking riding after
12 weeks of riding. Additionally, there
were no changes in intra-abdominal
pressure (IAP) from sensors 7-8 during
the study (Tab. 2, Fig. 1).

Discussion
The primary aim of this case study was to
measure changes in the vaginal pressure
profile using FemFit® during horseback
riding. The secondary aim was to quan-
tify changes in pelvic floor function fol-
lowing the horseback riding programme
in a woman with mild symptoms of SUI.
We examined changes in vaginal
pressure profiles using the FemFit® de-
vice during horseback riding with pelvic

floor muscle activation. Measurements
were taken before and after a 12-week
program in the walking riding position,
balanced seat position, rising trot posi-
tion, and gallop. IPV values were lowest
during walking riding, higher during
the balanced seat, much higher during
the rising trot, and highest during the
gallop.

In comparisons before and after the
12-week programme, significantly higher
IVP profile values were recorded during
the balanced seat from sensors 1-5,
during the rising trot from sensors 3-4,
and during the gallop from sensors 1-6.

We examined changes in pelvic floor
function after the horseback riding
programme:

Manometry examination revealed
increases in the MvC value (indicating
improved pelvic floor muscle strength),
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MvC duration (indicating improved mus-
cle endurance), and number of repeti-
tions performed across all types of con-
tractions (indicating enhanced ability to
perform rapid contractions).

Ultrasound examination demon-
strated reductions in hiatal space at rest,
during contraction, and during the Val-
salva maneuver. Additionally, decreases
were observed in anorectal angle values
and urethral mobility over the 12-week
period. These changes suggest an im-
proved ability to manage load in the pel-
vic floor muscle area and better coordi-
nation of the pelvic floor muscles.

Before the intervention, the partici-
pant experienced urinary leakage on av-
erage twice a week during walking. The
amount of leakage was minimal. The im-
pact on quality of life was rated at 4.

After 12 weeks of regular horseback
riding, no urinary leakage during walk-
ing was recorded. The impact on quality
of life remained at 2, although she con-
tinued to express concern about a po-
tential recurrence of symptoms.

Safer et al. [9] measured pelvic
floor muscle activity using EMG bio-
feedback during horseback riding in
14 healthy women. Horseback rid-
ing was performed and measured
during walking, trot, and gallop ma-
neuvers, with the pelvis positioned in
both sitting and thigh sitting postures.
EMG biofeedback results in the tested
women were comparable, and differ-
ent riding paces showed significantly
different EMG activity levels. The high-
est activity was recorded during the gal-
lop in the sitting position (26-42 pV),
while the lowest was observed during
horse walking in the sitting position
(5-12 pV). During the trot in the sit-
ting and thigh seat positions, activity
ranged from 16-30 pV. In our study, be-
fore the intervention, IVP during walk-
ing riding was 9.7 mmHg and IAP was
8.3 mmHg. In the balanced seat, IVP was
11.3 mmHg and IAP was 13.7 mmHg. At
the rising trot, IVP reached 52.2 mmHg
and IAP was 36.4 mmHg. During the

gallop, the highest pressures were ob-
served, with IVP at 105.7 mmHg and IAP
at 43.4 mmHg.

Carboni et al. [10] examined the ef-
fects of horseback riding and pelvic floor
muscle exercises in 12 women with an
average age of 24 years. Horseback rid-
ing was performed for 30 min per week
over 12 weeks, alongside pelvic floor
muscle training, which included exer-
cises for MvC, endurance, and relax-
ation of the pelvic floor muscles. The
mean modified Oxford score (measured
by vaginal palpation) increased from
2.74 before the intervention to 4.04 after
the intervention, and the MvC manome-
try reading improved from 63.54 cm H,O
before the intervention to 98.17 cm H,0
after the intervention. Both differences
were statistically significant. The combi-
nation of therapeutic horseback riding
and pelvic floor muscle training appears
effective in treating and preventing pel-
vic floor dysfunction. Similarly, in our
study, we observed a positive effect of
horseback riding on pelvic floor muscle
function in a woman with SUI. Manome-
try results before and after the interven-
tion showed an increase in the partici-
pant’s readings from 27.5t0 45.7 cm H,0.

Limitations and strengths

It would be beneficial to perform similar
measurements on larger groups of fe-
male horse riders. The strengths of this
study include the objective examination
of the rider’s pelvic floor functional sta-
tus before and after 12 weeks of riding, as
well as the objective measurement of the
IVP profile along the entire length of the
vagina during horseback riding.

Conclusion

During horseback riding, involuntary ac-
tivation of the pelvic floor muscles was
lowest during walking, higher during
the balanced seat, higher still during the
rising trot, and highest during the gal-
lop. In comparisons before and after the
12-week programme, significantly higher
involuntary activation was recorded

during the balanced seat, rising trot, and
gallop.

Following the 12-week horseback
riding programme, pelvic floor muscle
strength and endurance had improved,
and the ability to perform rapid con-
tractions had increased. There was also
a greater capacity to manage load in the
pelvic floor muscle area and improved
coordination of the pelvic floor muscles.

After 12 weeks of horseback riding, no
urinary leakage was recorded.

These results suggest that recre-
ational horseback riding involving pelvic
floor muscle activation may positively in-
fluence pelvic floor muscle function and
alleviate symptoms of SUL.
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