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Objective

Vaginal morphology and pelvic floor muscle (PFM) strength may influence sexual stimulation, sensation, and
orgasmic response. This study aimed to determine the relationship between female sexual function and PFM strength
and vaginal morphology (represented by vaginal resting tone and vaginal volume) in women with stress urinary
incontinence (SUI).

Methods

Forty-two subjects with SUI were recruited for the study. Female sexual function was measured using the female
sexual function index (FSFI) questionnaire. PFM strength was measured by digital palpation. Vaginal resting tone
(mmHg) and vaginal volume (mL) were measured using a perineometer. The significance of the correlations between
female sexual function and PFM function and hip muscle strength was assessed using Pearson’s correlation coeffi-
cients. If a significant correlation between vaginal morphology and FSFI score was confirmed using Pearson’s correla-
tion, the cutoff value was confirmed through a decision tree.

Results

PFM strength was significantly correlated with desire (r=0.397), arousal (r=0.388), satisfaction (r=0.326), and total
(r=0.315) FSFI scores. Vaginal resting tone (r=-0.432) and vaginal volume (r=0.332) were significantly correlated with
the FSFI pain score. The cutoff point of vaginal resting tone for the presence of pain-related sexual dysfunction was
>15.2 mmHg.

Conclusion

PFM strength training should be the first strategy to improve female sexual function. Additionally, because of the
relationship between vaginal morphology and pain-related sexual dysfunction, surgical procedures to achieve vaginal
rejuvenation should be carefully considered.
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Vaginal size, caliber, and tone may affect sexual stimulation,
sensation, and orgasmic response [1]. Trauma to the vagina
and pelvic floor muscles (PFMs) because of aging, pregnancy,
and vaginal childbirth may contribute to vaginal laxity and
PFM dysfunction, resulting in reduced sexual quality of life
and loss of physical and sexual sensation during intercourse
[2-4].

Non-invasive treatment to strengthen PFM contractions
includes PFM training with or without electrical stimulation
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of the vagina and is the primary recommended treatment for
stress urinary incontinence (SUI) [5]. Although surgery can be
performed to tighten the introitus, pain at the incision site
can lead to dyspareunia after the procedure. Moreover, pelvic
reconstructive surgery may decrease the vaginal length and
introital diameter [6,7], negatively affecting female sexual
function and increasing the risk of dyspareunia.

The PFMs contribute to female sexual function, such as
the grip experienced by a partner and the degree of sensa-
tion experienced by women during vaginal intercourse [8].
Orgasm is defined as involuntary rhythmic PFM contractions
[9]. PFM dysfunction has been categorized as normal, high
tone (overactive), low tone (underactive), and non-function-
ing [10,11]. Overactive PFMs require relaxation of muscle
tension. In contrast, low-tone PFMs that cannot voluntarily
contract are typically categorized as underactive. “Non-func-
tioning” refers to the absence of PFM activity. These clinically
varying states of PFM tone affect female sexual function.

If vaginal morphological factors, such as vaginal tone and
volume, are excessively high or low, they may cause female
sexual dysfunction. Thus, it is necessary to determine the
optimal vaginal tone and volume for female sexual function.
In addition, because both vaginal morphological factors and
PFM activity affect female sexual function, it is necessary to
demonstrate the relationship between these variables.

Thus, this study aimed to determine the relationship be-
tween sexual function and vaginal morphology and PFM
strength in women with SUI. The study also aimed to estab-
lish the cutoff value for predicting the risk of female sexual
dysfunction using the decision tree method.

Materials and methods

1. Subjects

Before participating in the study, we explained all experimen-
tal procedures to the subjects, and they provided written in-
formed consent. The study was approved by our institutional
review board. In total, 42 women with SUI participated in
the present study. We included women 1) aged 30-60 years,
2) reporting leakage episodes more than once a week, and 3)
diagnosed with SUI by a urogynecologist. Subjects were ex-
cluded if they 1) did not meet the inclusion criteria, 2) were
pregnant/planning to become pregnant, 3) had a history of
pelvic or abdominal surgery within the last 6 months, and 4)
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had a neurological disease. The current study was conducted
between September and December 2018 at an obstetrics
and gynecology clinic in Seoul, South Korea.

An a priori power analysis of pilot data was performed us-
ing G*power (version 3.1.3; University of Trier, Trier, Germa-
ny) to calculate the necessary sample size. A power of 0.80,
o level of 0.05, and correlation p of 0.40 were considered
sufficient to identify a significant relationship between the
female sexual function index (FSFI) pain domain score and
vaginal volume and resting tone [12-14]. At least 37 subjects
were required to detect a significant relationship between
female sexual function and vaginal morphology.

2. Female sexual function index

Female sexual function was measured using the Korean ver-
sion of the validated FSFI [15,16]. The FSFl is a self-adminis-
tered questionnaire that consists of 19 items comprising six
domains: desire, arousal, lubrication, orgasm, satisfaction,
and pain. Each domain is scored from O or 1 to 6 points, and
the total FSFI score is a sum of the six domain scores (2-36
points), with higher scores indicating better female sexual
function [15].

3. Digital palpation: PFM strength

Digital palpation is one of the most common clinical meth-
ods for measuring PFM strength and a woman’s ability to
contract the PFMs effectively [17,18]. Subjects were asked
to contract their PFM in hook-lying position, and digital pal-
pation was used for subjective assessment. The examiner’s
index finger was inserted approximately 4 cm into the vagina
[19]. PFM strength was assessed by digital palpation using a
modified Oxford muscle grading scale (0: no contraction; 1:
minor muscle contraction-'flicker’; 2: weak muscle contrac-
tion; 3: moderate muscle contraction; 4: good muscle con-
traction; 5: strong muscle contraction against resistance) [19].

4.Vaginal volume and resting tone

Vaginal resting tone and volume were measured with a VVP-
3000 perineometer (QLMED Ltd, Seongnam, Korea) in the
hook-lying position for all subjects. The vaginal probe of the
perineometer (diameter, 24 mm; total length, 115 mm; and
active vaginal length, 66 mm) was linked to a pressure trans-
mitter with a microprocessor with latex tubing [14]. The vagi-
nal resting tone was defined as the initial pressure (mmHg) of
the compressed vaginal wall in the resting position. After the
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vaginal probe was inserted, subjects were asked to relax their
PFMs and abdominal and hip muscles and breathe quietly.
After measuring the vaginal resting tone, the vaginal volume
was measured. Vaginal volume is defined as the amount of
air injected into the vaginal probe until 60 mmHg pressure is
reached. Vaginal volume was measured twice, and the mean
injected air volume was recorded in millimeters.

5. Statistical analysis

The Kolmogorov-Smirnov Z-test was applied to identify the
normal distribution of variables. Pearson’s correlation coef-
ficients were calculated to identify the correlations between
FSFI scores and vaginal morphology and PFM strength. A
correlation coefficient (r) of >0.75 was considered “good to
excellent”, 0.50-0.75 was “moderate to good”, 0.25-0.50
was “fair”, and 0.00-0.25 was “little or no” relationship
[20]. For secondary analysis, multiple regression models using
stepwise selection included age, body mass index, duration
of symptoms, PFM strength, vaginal volume, and vaginal
resting tone as independent variables, with FSFI domains as
dependent variables. The coefficient of determination (R?)
showed the explanatory power of the variables. If a statisti-
cally significant correlation between vaginal morphology and
FSFI was confirmed using Pearson’s correlation, the cutoff
value was determined with a decision tree. A decision tree
analysis was used to identify factors that predicted sexual
dysfunction. The conditions of the decision tree analysis were
as follows: maximization of the decrease in impurity (minimi-
zation of the Gini index); minimum value of the parent node,
10; and minimum value of the child node, 5. All statistical

analyses were performed using SPSS software (ver. 18.0;
SPSS Inc., Chicago, IL, USA) with alpha set at 0.05.

Results

Table 1 shows the characteristics of the 42 participants re-
cruited in our study. Table 2 displays the average, standard
deviation, and range of all variables. Table 3 shows the cor-
relations of the six FSFI domain scores and the total FSFI
score with PFM strength, vaginal resting tone, and vaginal
volume. Significant correlations were confirmed between
desire (r=0.397), arousal (r=0.388), satisfaction (r=0.326),
and total (r=0.315) FSFI scores and PFM strength. Significant
correlations were confirmed between the FSFI pain score and

Table 1. Characteristics of the participants

Women with stress urinary
incontinence (n=42)

Age (y) 42.9+8.1
Height (cm) 161.9+4.7
Weight (kg) 60.4+8.8
Body mass index (kg/m?) 23.0+3.4
Menopause 8 (42)
Number of deliveries 1.8+0.9
Vaginal deliveries 34(42)
Cesarean section 5(42)
Duration of symptoms (y) 7.8+6.6

Values are presented as meanzstandard deviation or number (%).

Table 2. Descriptive statistics of pelvic floor muscle strength, vaginal resting tone and volume, and the female sexual function index score

Variable Average SD Range
PFM strength 2.07 0.97 0.00-4.00
Vaginal resting tone (mmHg) 13.20 4.85 5.70-31.50
Vaginal volume (mL) 77.45 8.77 50.80-105.30
FSFI-desire 2.24 0.93 1.00-5.00
FSFl-arousal 2.30 1.19 1.00-5.00
FSFI-orgasm 2.09 0.42 1.67-3.33
FSFI-lubrication 2.13 0.39 1.50-2.75
FSFl-satisfaction 2.53 1.20 0.67-5.00
FSFI-pain 3.07 1.39 0.00-5.00
FSFI-total score 14.36 3.58 7.50-23.83

SD, standard deviation; PFM, pelvic floor muscle; FSFI, female sexual function index.
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vaginal resting tone (r=-0.432) and vaginal volume (r=0.332).

In a stepwise regression model, age and PFM strength ac-
counted for 20.1% of the FSFI-desire score (Table 4). The
PFM strength accounted for 11.9% and 10.8% of the FSFI-
arousal and FSFl-satisfaction scores, respectively (Table 4). The
vaginal resting tone accounted for 18.7% of the FSFI-pain
score (Fig. 1 and Table 4). However, in the FSFI total score,
only age was entered into the model and accounted for
12.3% of the score. Post hoc power analyses using G*power
were calculated by setting the significance level P=0.05, to-
tal sample size=42, number of predictors=6, and effect size

°=0.404-0.628 (by calculating from squared multiple cor-
relation=0.288-0.386) [21]. The power value was computed
to be 0.820-0.961. Thus, the post hoc power analysis con-
firmed that the power (1-8 error probability) was sufficient
for multiple stepwise regression.

Because correlations between the FSFI pain score and
vaginal resting tone and volume were confirmed, we aimed
to determine which variables explained the FSFI pain scores
through the decision tree and to confirm the cutoff value (Fig.
2). Subjects with and without pain-related sexual dysfunction
were identified based on an FSFI pain score of 2.5 (pain score

Table 3. The correlation coefficients between pelvic floor muscle strength, vaginal resting tone, vaginal volume, and female sexual

function score

PFM strength

Vaginal resting tone Vaginal volume

r P r P r P
FSFlb-desire 0.397 0.009” -0.090 0.572 -0.024 0.879
FSFl-arousal 0.388 0.011? -0.035 0.825 0.085 0.593
FSFl-orgasm 0.155 0.328 0.074 0.642 0.095 0.548
FSFI-lubrication -0.154 0.331 -0.041 0.795 -0.164 0.299
FSFl-satisfaction 0.326 0.035” 0.100 0.529 0.122 0.440
FSFl-pain -0.134 0.397 -0.432 0.004” 0332 0.0327
FSFI-total score 0.315 0.042? -0.165 0.297 0.185 0.242

PFM, pelvic floor muscle; FSFI, female sexual function index.
9P<0.05.

Table 4. Results of stepwise multiple regression analyses determining the coefficients of independent model variables

R’ F P Model B B

FSFI-desire 0.201 4.907 0.013? Age -0.036 -0.317
PFM strength 0.298 0.311
Constant 3.181

FSFl-arousal 0.119 5.379 0.026” PFM strength 0.421 0.344
Constant 1.431

FSFl-orgasm No variables entered the model

FSFl-lubrication No variables entered the model

FSFl-satisfaction 0.108 4.864 0.033? PFM strength 0.406 0.329
Constant 1.691

FSFl-pain 0.187 9.195 0.004” Vaginal resting tone -0.124 -0.432
Constant 4704

FSFI-total score 0.123 5.623 0.0237 Age -0.155 -0.351
Constant 20.996

FSFI, female sexual function index; PFM, pelvic floor muscle.
?P<0.05.
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Fig. 1. Correlation between pain domain scores in the female sexual function index and vaginal resting tone (Shapes: O=pain score
greater than 2.5 points, X=pain score less than 2.5 points; colors: pain domain scores in FSFI). FSFI, female sexual function index; PFM,

pelvic floor muscle.
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Fig. 2. Classification tree for the presence of pain-related sexual dysfunction based on a pain score of 2.5 points in the female sexual

function index.
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<2.5 [n=11] vs. pain score >2.5 [n=31]) [22]. To classify the
presence of sexual difficulty in each domain, a score of 40%
or less of the maximum value of the pain domain (<2.5) was
selected as the pain score cutoff [22]. A classification deci-
sion tree to identify the presence of pain-related sexual dys-
function based on vaginal morphology (vaginal resting tone
and volume) was derived. Fig. 1 shows the classification tree
for pain-related sexual dysfunction, which had two terminal
nodes. The classification tree showed vaginal resting tone
as the first predictor of pain-related sexual dysfunction. The
cutoff point of vaginal resting tone for the presence of pain-
related sexual dysfunction was >15.2 mmHg. The accuracy
of the classification tree model was 78.6%.

Discussion

As vaginal morphology may be related to sexual function
and dyspareunia, we confirmed the relationship between
vaginal morphology and the pain score in FSFl. However,
no significant correlations were identified between vaginal
morphology and other FSFI subscores. PFM strength was
significantly correlated with more female sexual functions
(desire, arousal, satisfaction, and total FSFI scores). Although
the significant correlations between variables were moder-
ate to good, psychosocial factors and numerous other fac-
tors, including age, obesity, menopausal status, educational
level, income, interactions with a partner, and the physical
health status of the women could also contribute to female
sexual function [23,24]. Because various variables contribute
to female sexual function independently or in combination,
further study is needed on the influencing factors, includ-
ing physical, psychosocial, and environmental factors, on
female sexual function. Vaginal rejuvenation surgery is often
considered for enhancing vaginal tone and sexual friction in
women with a wide vagina or vaginal laxity due to aging or
vaginal delivery [25]. However, because of the relationship
between vaginal morphology and the FSFI pain score, surgi-
cal decisions regarding vaginal rejuvenation should be made
carefully. Moreover, more studies on the optimal vaginal tone
and volume for female sexual function need to be performed
to provide guidelines for vaginal rejuvenation surgery.

The present study confirmed significant correlations be-
tween the desire (r=0.397), arousal (r=0.388), satisfaction
(r=0.326), and total (r=0.315) FSFI scores and PFM strength.
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Also, in multiple stepwise regression, PFM strength was
entered in models for the desire, arousal, and satisfaction
domains. Although it is difficult to directly compare our
study with previous studies because of differences in mea-
surements of PFM strength and female sexual function, a
previous study showed similar significant correlations be-
tween PFM strength and the behavioral/emotive domain
score (r=0.441), physical domain score (r=0.322), and the
overall total score (r=0.387) of the Pelvic Organ Prolapse/
Urinary Incontinence Sexual Function Questionnaire (PISQ)
[13]. Various physiological mechanisms have been postulated
by which PFM strength could influence female sexual func-
tion. First, PFM weakness could affect the inability to achieve
orgasm, defined as involuntary rhythmic muscle contraction
[26]. Second, PFM weakness could imply insufficient contrac-
tions for arousal and vaginal friction [27]. Better arousal, de-
sire, and satisfaction indicate greater PFM strength in women
with SUI [28]. Third, PFM contraction could increase blood
flow to the clitoris [29] and enhance clitoral sensitivity [30].
Thus, our results could also be considered to improve female
sexual function through PFM strengthening or training in
women with SUI.

Concerning the relationship between vaginal morphology
and female sexual function, we confirmed significant correla-
tions between the FSFI pain score and vaginal resting tone
(r=-0.432) and vaginal volume (r=0.332). Also, in multiple
stepwise regression, vaginal resting tone was entered into
models for pain domain. Generally, vaginal size is measured
by sonography, and a large epidemiological study of gyne-
cological patients confirmed a mean total vaginal length of
9.6 cm and a mean genital hiatus of 2.9 cm [31]. However,
the relationship between these measurements and sexual
function is controversial. The size of the genital hiatus did
not significantly differ between women with and without
sexual dysfunction (FSFI total score <26) [32], and total
vaginal length was weakly correlated with FSFI total score
(r=0.122, P=0.027) [32]. In contrast, pelvic reconstructive
surgery decreases the vaginal length and genital hiatus size,
which could negatively influence female sexual function and
increase dyspareunia [6,7].

Across 14 studies, the mean preoperative PISQ-12 score
was not related to the mean preoperative total vaginal
length. The mean postoperative PISQ-12 was also not related
to preoperative total vaginal length, postoperative total vagi-
nal length, or change in total vaginal length [33]. Across nine
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studies, neither pre- nor postoperative genital hiatus was
related to PISQ-12 [33]. Although it is difficult to make direct
comparisons with previous studies because vaginal morphol-
ogy and female sexual function are assessed differently, our
results indicate that increased vaginal resting tone and de-
creased vaginal volume are associated with worse pain in fe-
male sexual function. Thus, vaginal resting tone and vaginal
volume need to be considered as risk factors of dyspareunia.

Excessively high or low vaginal resting tone or volume
could cause female sexual dysfunction. A decision tree analy-
sis was performed to confirm factors that predicted sexual
dysfunction to determine the optimal vaginal tone and vol-
ume for satisfactory female sexual function. Because of the
correlations between the FSFI pain score and vaginal resting
tone and vaginal volume, we aimed to determine which
variables classified subjects with and without pain-related
sexual dysfunction based on an FSFI pain score of 2.5 points.
We conducted a decision tree analysis, and the cutoff value
was determined. The cutoff point of vaginal resting tone for
pain-related sexual dysfunction was >15.2 mmHg; vaginal
volume was not involved in the decision tree model. Previous
studies reported that the PFMs could become overactive in
dyspareunia [34,35]. Thus, modifying the PFM tone should
be considered for treating dyspareunia. Our findings might
help establish quantitative goals and guidelines for therapy.

The present study has several limitations. First, the data
about other psychosocial factors, such as depression, anxi-
ety, or other psychological disorders that could cause female
sexual dysfunction were not measured. Second, in addition
to psychosocial factors, numerous factors including age,
obesity, menopausal status, educational level, income level,
interactions with a partner, and overall physical health could
affect female sexual function [23,24]. Third, because the
study subjects were limited to patients with SUI, it is difficult
to generalize the results to the overall female population.
Fourth, our small sample size is another notable limitation.
Further study is needed to verify the generalizability of our
results. Moreover, because decision tree techniques help de-
tect interesting patterns and relationships hidden in a large
volume of data, further studies with larger sample sizes are
needed. Since the possible causes of female sexual dysfunc-
tion are multifactorial, it is vital to explore the relationship
between more variables and female sexual function.

The results of the present study determined that PFM
strength and vaginal morphology are associated with female

www.ogscience.org

sexual function in women with SUI. The desire, arousal, sat-
isfaction, and total FSFI scores and PFM strength were suf-
ficiently correlated. The FSFI pain score and vaginal resting
tone and volume were also correlated. Thus, PFM strength-
ening or training should be considered the first strategy to
improve female sexual function. Further, because of the
relationship between vaginal morphology and the FSFI pain
score, surgical decisions [36] regarding vaginal rejuvenation
need to be carefully considered.
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