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Abstract
Background: The purpose of this study was to clarify the reliability and validity of pelvic floor muscle (PFM) strength
assessment using the MizCure perineometer in healthy women.
Methods: Twenty healthy women (age 20–45 years) participated in this study. The vaginal pressure measured using
the MizCure and validated Peritron perineometers were repeated during PFM contraction in the supine and standing
positions. All women were evaluated twice by examiners 1 and 2. Following the measurements in the first session
(Test 1), they were repeated after an interval of between 2 and 6 weeks (Test 2). Within- and between-session intraand inter-rater reliabilities in vaginal pressure were analyzed using intraclass correlation coefficients (ICC) (1, 1) and
(2, 1), respectively. Validity was assessed by Pearson’s product-moment correlation coefficient and Spearman’s rank
correlation analysis.
Results: Within-session intra-rater reliabilities for both examiners 1 and 2 for all vaginal pressures in Tests 1 and 2
were 0.90–0.96 for both perineometers. Between-session intra-rater reliability for the MizCure was 0.72–0.79 for both
positions for examiner 1, and 0.63 in the supine position and 0.80 in the standing position for examiner 2. Inter-rater
reliability for Test 1 was 0.91 in the supine position and 0.87 in the standing position for the MizCure. The vaginal pres‑
sures using the MizCure and Peritron were significantly associated with the supine position (r = 0.68, P < .001) and the
standing position ( rs = 0.82, P < .001).
Conclusion: MizCure perineometer is a validated tool to measure PFM strength in both supine and standing posi‑
tions in healthy nulliparous women.
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Background
An important role of the pelvic floor muscles (PFM) is to
maintain urine continence and support the pelvic organs.
Voluntary PFM contraction is evaluated by assessing
pelvic floor elevation, muscle strength, endurance, and
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coordination [1]. In clinical practice, digital vaginal palpation is the technique most often used to assess PFM
function [2]. In addition, the perineometer and ultrasound imaging are used as the diagnostic tools.
However, the sensitivity of vaginal palpation for quantifying sustained contractions [3] and discriminating variations in force is less than that of other techniques, and
it has been shown to have limited reliability even when
performed by experienced examiners [4, 5]. Vaginal pressure measurement is a commonly used quantitative evaluation to measure PFM strength [3], and it is significantly
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lower in women with stress incontinence than in healthy
women [6]. It is also used as a teaching tool and as motivation for conducting training exercises [7]. Thus, vaginal
pressure measurement has high clinical importance. It is
necessary to perform an objective evaluation of the PFM
to be able to properly treat, give feedback, and document
changes in PFM function during rehabilitation [8]. Additionally, PFM evaluation is recommended by the International Continence Society and considered essential to
assess a post-therapeutic intervention effect [9].
The Peritron (Laborie, Mississauga, ON, Canada) perineometer is commonly available for clinical practice and
research. However, in order to import the Peritron into
some countries, complicated purchasing procedures
are required because this device is considered medical
equipment. Therefore, there are some barriers to its use
for evaluation and research. The MizCure (OWOMED,
Seoul, Korea) is sold as a PFM training and biofeedback
device. It can be easily purchased online by private individuals. The MizCure is generally used in some urology
and gynecology and urogynecology clinics for training. The MizCure uses different units of measurement,
which complicates any comparison of measurements
obtained between the MizCure and Peritron perineometers. Whether the measurements obtained using the two
perineometers, even with probes of similar diameters,
are correlated is not known. In a previous study using the
Peritron (Cardio-Design, Oakleigh, VIC Australia), it was
found to have good inter-rater reliability, intra-rater reliability, and validity [3, 10–12].
However, the reliability and validity of the MizCure
have not been verified. The purpose of this study was to
clarify the reliability and validity of PFM strength assessment using the MizCure perineometer in healthy women.

training, were excluded. The present study was approved
by the Scientific Ethics Committee of our institute (#0180056), and all patients provided their informed consent.

Methods

Test 1 First, before starting the tests, a transperineal
technique using two-dimensional (2D) ultrasound confirmed that each woman was able to contract the PFM
correctly based on 2D transperineal ultrasound measurements, including the anteroposterior diameter of the
urogenital hiatus (measured at rest and during PFM contraction) (Fig. 2). In our group, we demonstrated that 2D
transperineal ultrasound is useful to assess PFM function
in patients with pelvic organ prolapse [14]. Yang et al.
found a close correlation between reduced urogenital
hiatus diameter in the sagittal plane and the modified
Oxford grading scale [12]. The modified Oxford grading
scale is defined as follows: 0 = no contraction; 1 = flicker;
2 = weak; 3 = moderate; 4 = good; and 5 = strong [15].
Second, vaginal pressure was measured with the Peritron
and MizCure perineometers. The order of use of the two
vaginal manometers and the two test positions were each
performed randomly. Testing was conducted with the

Subjects

A convenience sample of 20 healthy women was recruited
for this study. A sample size calculation showed that 17
subjects were needed for a correlation greater than 0.7,
alpha level of 5%, power of 90%, and effect size of 0.6 [13].
In this study, the sample size was set at 20, taking into
account 3 dropouts. This study of intra- and inter-rater
reliabilities and agreement was performed at our institute
from September 2018 to December 2019. The patients
included in this study were nulliparous, non-pregnant
women, aged 20–45 years, with body mass index < 25 kg/
m2 and no gynecological complaints or disease verified,
with the ability to correctly contract the PFM. Women
with pelvic organ prolapse or who had undergone pelvic
reconstructive surgery, those who had symptoms of vaginal infection, intolerance to condoms, or allergy to the gel
used in the procedure, as well as those involved in PFM

Assessment tools and procedures
Assessment tools

Manometry 1 The Peritron 9300 perineometer (Laborie), shown in Fig. 1, was used in this study. The Peritron
perineometer has a conical vaginal probe, 26 mm (pressurized: 33 mm) in diameter and 110 mm in length, with
a measurable length of 55 mm. The vaginal probe is connected to the perineometer’s main body with an 80-cm
plastic tube. When the probe is compressed by vaginal
pressure, a pressure sensor measures the vaginal pressure.
The probe consisted of an air-filled silicone rubber sensor
and measured pressure in cmH2O. The occlusive pressure
readings obtained by the perineometer provide surrogate
measures of PFM strength.
Manometry 2 The MizCure perineometer (OWOMED,
Korea) is a conical vaginal insert, 21 mm (pressurized:
27 mm) in diameter and 79 mm in length, with a measurable length of 50 mm (Fig. 2).
The probe was connected to the perineometer’s main
body via a 75-cm silicone tube. When a silicone tube is
connected to the perineometer’s main body and the
power is turned on, air enters the probe and the probe
expands. When pressure is applied to the inside of the
vagina to the inflated probe sensor, the pressure sensor
measures the vaginal pressure. The inflation pressure
can be set to 140 or 150 mmHg. In the present study, the
inflation pressure was set to 140 mmHg. The unit measured pressure in mmHg.
Procedure
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Fig. 1 Perineometers used in this study: a Peritron 9300 perineometer (Laborie, Mississauga, ON, Canada) with a vaginal probe, 1: Perineometer’s
main body, 2: Diameter 26–33 (pressurized) mm, 3: Measurable length, 55 mm, 4: Length: 110 mm. b MizCure perineometer (OWOMED, Seoul,
Korea) with a vaginal probe, 5: Perineometer’s main body, 6: Diameter 21–27 (pressurized) mm, 7: Measurable length,50 mm, 8: Length 79 mm.
These pictures were taken our devices in our institute. All rights reserved

Fig. 2 Transperineal mid-sagittal plane ultrasound image in healthy women: At rest (a), during pelvic floor muscle contraction (b). Urogenital hiatus
diameter was measured as the distance between the anorectal junction and the inferior border of the pubic symphysis (white double headed
arrow). The levator ani muscle was determined based on the hyperechogenic region posterior to the anorectal junction. The correct pelvic floor
muscle contraction indicated the cranial ventral displacement of the levator ani muscle, and urogenital hiatus diameter was shortened. A anus, B
bladder, P pubic symphysis, R rectum

women in two positions: the supine position, with flexed
and slightly abducted legs, and the standing position,
with straight and slightly abducted legs. Before data were
acquired by the perineometers, the participant inserted
the probe, which was covered with a condom and lubricated with hypoallergenic gel, into her vaginal cavity. The
participants were instructed to place the probe inside the

vagina to a location where 0.5–1.0 cm of the probe was
visible from the outside of the introitus. PFM strength was
then evaluated by a maximum voluntary contraction, as
measured by squeeze pressure. The instruction used for
each contraction was ‘squeeze and lift the PFM as much
as you can’. Vaginal pressure testing was performed with
three repetitions of maximum voluntary contractions that
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each lasted for 3 s, with a 3-s rest between contractions.
A 2-min rest break was then taken. Visible co-contraction
of the transversus abdominis muscle was permitted, as
long as there was no pelvic tilting [16, 17]. Examiner 1
was a physiotherapist with 11 years of clinical experience.
Examiner 2 was a physiotherapist with 5 years of clinical
experience and 4 years of educational experience in a university institution.
Test 2 All women were evaluated twice. After the testing protocol was completed in the first session (Test 1),
all subjects repeated the protocol 2–6 weeks later (Test 2).
In Test 2, vaginal pressure measurements were performed
using only the MizCure perineometer. The order of the
two test positions (supine, standing) and the two examiners were each assigned randomly.
Statistical analysis

Within- and between-session intra-rater reliabilities in
vaginal pressure values (maximal voluntary contraction)
were analyzed using intraclass correlation coefficients
(ICC) (1, 1), and inter-rater reliability was analyzed using
ICC (2, 1). Validity was assessed by Pearson’s productmoment correlation coefficient and Spearman’s rank
correlation analysis of the vaginal pressure values of the
Peritron and MizCure. Pearson’s product-moment correlation coefficient was used when the data were normative, and Spearman’s rank correlation coefficient was
used when the data were non-normative. Statistical
analyses were performed using the free statistical analysis software R, version 2.12.0 (https://personal.hs.hiros

aki-u.ac.jp/pteiki/research/stat/S/), with the level of significance set at 5%.

Results
The median age of the 20 healthy female participants
was 26.5 years (range 23–45 years), and their median
body mass index was 19.4 (range 17.5–23.4) kg/m2. None
of the subjects included in the analysis had done PFM
training before participating in the research project or
between the two evaluation points. Table 1 summarizes
within and between-session vaginal pressure values
obtained by examiners 1 and 2 (MizCure and Peritron
perineometers). All raw data are referred to as Additional
file 1.
Within‑session intra‑rater reliability

Table 1 shows the within-session intra-rater reliability
using three repetitions of each maximum voluntary contraction by the MizCure and Peritron perineometers for
both Tests 1 and 2. For both examiners 1 and 2, all vaginal pressures in Tests 1 and 2 had ICC (1, 1) values of
0.90–0.96.
Between‑session intra‑rater reliability

Between-session intra-rater reliability values for the MizCure perineometer for examiners 1 and 2 are shown in
Table 2. The between-session intra-rater reliability of
examiner 1 was ICC (1, 1) = 0.72 for the supine position
and 0.79 for the standing position. The between-session
intra-rater reliability of examiner 2 was ICC (1, 1) = 0.63
for the supine position and 0.80 for the standing position.

Table 1 Mean and standard deviation of vaginal pressure values and within-session intra-rater reliability analysis
for vaginal pressure values for examiners 1 and 2 (N = 20)
Supine position

Standing position

Mean ± SD

ICC (1, 1) (95% CI)

Mean ± SD

ICC (1, 1) (95% CI)

37.5 ± 14.6

0.96 (0.93–0.98)
0.92 (0.85–0.96)

36.7 ± 10.3

0.95 (0.90–0.97)

25.1 ± 8.1

25.0 ± 9.0

0.92 (0.84–0.96)

25.1 ± 8.1

0.91 (0.82–0.96)

25.0 ± 9.0

0.93 (0.87–0.97)

36.4 ± 14.8

0.94 (0.89–0.97)
0.90 (0.80–0.95)

37.7 ± 10.5

0.94 (0.89–0.97)

26.5 ± 8.3

24.6 ± 10.7

0.95 (0.91–0.98)

25.5 ± 8.4

0.90 (0.82–0.95)

27.2 ± 10.6

0.93 (0.87–0.97)

Examiner 1
Test 1
  Peritron (cmH2O)
  MizCure (mmHg)
Test 2
  MizCure (mmHg)
Examiner 2
Test 1
  Peritron (cmH2O)
  MizCure (mmHg)
Test 2
  MizCure (mmHg)

Values are presented as mean ± standard deviation (SD)
Test 2 was performed 2–6 weeks after Test 1

ICC intraclass correlation coefficient, CI confidence interval
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Table 4 Correlation
analysis
of
measurements
in the supine position and the standing position

ICC (1, 1) (95% CI)

Correlation coefficient

Supine position

Standing position

r or rs

Examiner 1

0.72 (0.43–0.88)

0.79 (0.55–0.91)

Examiner 2

0.63 (0.28–0.83)

0.80 (0.57–0.91)

ICC intraclass correlation coefficient, CI confidence interval

Within‑ and between‑session inter‑rater reliabilities

Table 3 shows the inter-rater reliability analysis for vaginal pressure values for Tests 1 and 2. The inter-rater reliability for Test 1 was ICC (2, 1) = 0.96 for both the supine
and standing positions for the Peritron. The ICC (2, 1) for
MizCure was 0.91 for the supine position and 0.87 for the
standing position. The inter-rater reliability of the MizCure in Test 2 was ICC (2, 1) = 0.69 for the supine position and 0.95 for the standing position.
Validity

Significant correlations between the Peritron and MizCure perineometers in the measurements of vaginal
pressure were found in the supine position (Pearson’s
correlation coefficient of 0.68, P < 0.001) and in the standing position (Spearman’s correlation coefficient of 0.82,
P < 0.001). More details about these results are presented
in Table 4.

Discussion
PFM training has been shown to improve stress urinary
incontinence and pelvic organ prolapse [18, 19] and is
recommended by the International Continence Society
as Grade A [20]. However, about 30% of women report
failure to contract the PFM correctly [21]. Incorrect PFM
contraction is not expected to have a training effect.
Therefore, it is recommended that proper PFM training
should always include an objective assessment of correct
contraction.

Table 3 Inter-rater reliability analysis for vaginal pressure
values for tests 1 and 2
ICC (2, 1) (95% CI)
Supine position

Standing position

Peritron

0.96 (0.91–0.98)

0.96 (0.89–0.98)

MizCure

0.91 (0.79–0.96)

0.87 (0.72–0.95)

0.69 (0.38–0.86)

0.95 (0.89–0.98)

Test 1

Test 2
MizCure

ICC intraclass correlation coefficient, CI confidence interval

P value

Supine position

0.68a

< .001

Standing position

0.82b

< .001

a

Pearson’s product-moment correlation coefficient for MizCure vs Peritron

b

Spearman’s rank correlation coefficient for MizCure vs Peritron

In the present study, the reliability and validity of
PFM strength assessment using the MizCure perineometer were examined in healthy women. Using transvaginal devices, it is known that the measurement of PFM
strength depends on the size and placement of the probe,
the subject’s cooperation, and the examiner’s experience
and skills [22, 23]. If a small perineometer probe is used,
the placement of the intravaginal probe causes reliability
problems, because the probe may be located not completely adjacent to the pressure zone [24]. Thus, in the
current study, whether the MizCure can properly measure PFM strength was verified using the widely reported
Peritron.
In the previous study on the intra-rater reliability of the Peritron, the ICC (1, 1) was over 0.9 for the
supine and standing position measurements [3]. Therefore, the results of the present study suggest that the
within-session intra-rater reliability of the MizCure is
as good as that of the Peritron. Rahmani et al. and Ferreira et al. reported the inter-rater reliability of vaginal
pressure measurements using the Peritron. Rahmani
et al. reported that the between-session ICC (1, 1) was
0.88 [10]. Ferreira et al. reported that the mean vaginal
squeeze pressure had good inter-rater reliability, and the
difference between the examiners was not significant
[11]. In the current study, the between-session intra-rater
reliability of the MizCure was slightly lower than that
reported by Rahmani et al. [10]. This is primarily because
of the size and placement of the probes. In the current
study, the insertion and placement of the probe were
performed by the subject. The MizCure has a smaller
probe than the Peritron, and it is difficult to standardize
the position of the probe between subjects. The previous study showed that probe placement can affect measurement results [22]. The fact that intravaginal squeeze
pressure changes along the vagina [25] means that the
profile of vaginal pressure is not fully understood. This
suggests that probe placement may have affected reliability. The MizCure probe used in the current study
was 79 mm in length. The vaginal high-pressure zone
at rest and during PFM contraction is 2–4 cm from the
vaginal introitus [26]. The vaginal high-pressure zone
was shown to be related to the PFM contraction [25].
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Therefore, the MizCure probe is considered to cover the
high-pressure zone of the vagina. The other factor that
may have affected the results for the reliability of vaginal pressure measurements may be the skill of the examiner. With respect to this factor, the two examiners were
skilled physical therapists with urologic education. The
examiner checked the correct PFM contraction with 2D
ultrasound prior to measurement, and always checked to
prevent compensatory movement due to PFM contraction (e.g., pelvic tilt or excessive abdominal muscle contractions). Therefore, the effect of the two examiners on
the measured value was thought to be small.
ICC reliability criteria are defined as substantial for
0.61–0.80 and almost perfect for 0.81–1.0 [27]. From this
perspective, the present results indicate that the intrarater reliability of the MizCure within and between days
was substantial to almost perfect. The inter-rater reliability was similar. These results suggest that the use of
the MizCure perineometer to evaluate PFM strength can
minimize the effects of the examiner and provide good
intra-rater reliability.
The validity of the MizCure was evaluated using
Pearson’s product-moment correlation coefficient and
Spearman’s rank correlation coefficient. The correlation
between MizCure and Peritron measurements has not
been previously reported. The MizCure measurements
showed a significant correlation with the Peritron measurements: r = 0.68 for the supine measurements and
rs = 0.82 for the standing measurements. For the correlation coefficient, 0.4–0.69 is considered moderate and
0.7–0.89 high [28]. Therefore, the correlation coefficients
for the MizCure were moderate to high. The results suggest that the MizCure is a suitable tool for measuring
PFM strength. There have been reports in the past examining the validity of the Peritron and other perineometers
[29]. Barbosa et al. reported the following differences
among the other devices: acquisition of higher or lower
measurement values depends not only on the diameter of
the probes used, but also on other variables, such as individual vaginal diameter, probes of different materials, and
differences in the sensitivity of each piece of equipment
to vaginal pressure [29]. Therefore, a detailed examination of the characteristics of the MizCure perineometer
and the individual’s vagina will be necessary in the future.
A recent paper in the statistical analysis of correlation coefficients for reliability suggests different cut-off
values for ICC. Based on the 95% confidence interval of
the ICC estimate, values less than 0.5, values between 0.5
and 0.75, values between 0.75 and 0.9, and values greater
than 0.90 indicate poor, moderate, good, and excellent
reliability, respectively [30]. Applying the results of this
study, the 95% confidence intervals for inter-rater reliability for supine position measurement were 0.43–0.88

Page 6 of 7

for examiner 1 and 0.28–0.83 for examiner 2, as shown
in Table 2. In addition, as shown in Table 3, the 95% confidence interval for inter-rater reliability in the supine
measurement was 0.38–0.86. This shows that the lower
limit of the 95% confidence interval is low, and the variability is high. This is the lower bound of the 95% confidence interval is low. Due to the small number of subjects
in this study, this indicates a large variation in the confidence interval. In the future, it is necessary to examine
the results with a larger population.
The advantage of the MizCure perineometer is that it
is easy to purchase, portable, and simple to use. These
results suggest that the MizCure is a tool that can quantitatively reflect PFM function, since the reliability and
validity of the measured vaginal pressure values are good.
This may help select the measurement position for evaluation and treatment purposes and help the treatment
plan. From the current study, the MizCure might be a
device that can be used by physical therapists, nurses,
and physicians involved in pelvic floor rehabilitation to
assess PFM function.
However, as a limitation of this study, the results of the
present study are limited to healthy nulliparous women
with normal BMI without PFM dysfunction, such as
stress urinary incontinence or pelvic organ prolapse. And
all subjects were not asked about their sexual activity
prior to vaginal pressure measurement. This may affect
the results of vaginal pressure measurements. An additional limitation is the small number of subjects. A small
sample size reduces the power of the study and increase
the margin of error. Future study must be needed to
ensure our study.

Conclusion
The present findings suggest that MizCure perineometer is a validated tool to measure PFM strength in both
supine and standing positions in healthy nulliparous
women.
Supplementary information
Supplementary information accompanies this paper at https://doi.
org/10.1186/s12905-020-01127-x.
Additional file 1. All raw data.
Abbreviations
PFM: Pelvic floor muscles; 2D: Two-dimensional; ICC: Intraclass correlation
coefficient.
Acknowledgements
Not applicable.
Authors’ contributions
YT: Data collection, management, data analysis, manuscript writing and edit‑
ing. TK: Protocol and project development, manuscript writing and editing.

Abe‑Takahashi et al. BMC Women’s Health

(2020) 20:257

MO 1: Data collection, manuscript writing and editing. MO 2: Data collection,
manuscript writing and editing. HC: Manuscript writing and editing. MH:
Manuscript writing and editing. MT: Data collection, manuscript writing and
editing. NS: Protocol and project development, manuscript writing and edit‑
ing. All authors read and approved final the manuscript.
Funding
None.
Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.
Ethics approval and consent to participate
The present study was approved by the Scientific Ethics Committee of Hok‑
kaido University Hospital (#018-0056), and written informed consent was
obtained from all the participants.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Renal and Genitourinary Surgery, Graduate School of Medi‑
cine, Hokkaido University, Kita 15 Nishi 7; Kita‑ku, Sapporo, Hokkaido 060‑8638,
Japan. 2 Department of Physical Therapy, Faculty of Health Sciences, Hokkaido
University of Science, Sapporo, Japan. 3 Department of Physical Therapy,
School of Rehabilitation Sciences, Health Sciences, University of Hokkaido,
Tobetsu, Japan. 4 Department of Rehabilitation, Sapporo Maruyama Orthope‑
dic Hospital, Sapporo, Japan.
Received: 23 July 2020 Accepted: 10 November 2020

References
1. Bø K, Sherburn M. Evaluation of female pelvic-floor muscle function and
strength. Phys Ther. 2005;85:269–82.
2. Laycock J, Jerwood D. Pelvic floor muscle assessment: the perfect
scheme. Physiotherapy. 2001;87:631–42.
3. Frawley HC, Galea MP, Phillips BA, Sherburn M, Bø K. Reliability of pelvic
floor muscle strength assessment using different test positions and tools.
Neurourol Urodyn. 2006;25:236–42.
4. Morin M, Dumoulin C, Bourbonnais D, Gravel D, Lemieux MC. Pelvic floor
maximal strength using vaginal digital assessment compared to dynamo‑
metric measurements. Neurourol Urodyn. 2004;23:336–41.
5. Sartori DVB, Gameiro MO, Yamamoto HA, Kawano PR, Guerra R, et al. Reli‑
ability of pelvic floor muscle strength assessment in healthy continent
women. BMC Urol. 2015;15:29.
6. Amaro JL, Moreira EC, De Oliveira Orsi Gameiro M, Padovani CR. Pelvic
floor muscle evaluation in incontinent patients. Int Urogynecol J.
2005;16:352–4.
7. Bø K, Finckenhagen HB. Is there any difference in measurement of pelvic
floor muscle strength in supine and standing position? Acta Obstet
Gynecol Scand. 2003;82:1120–4.
8. Cacciari LP, Kruger J, Goodman J, Budgett D. Dumoulin C (2020) Reliability
and validity of intravaginal pressure measurements with a new intravagi‑
nal pressure device: the FemFit®. Neurourol Urodyn. 2020;39:253–60.
9. Abrams P, Andersson KE, Birder L, Brubaker L, Cardozo L, Chapple C, et al.
Fourth International Consultation on Incontinence Recommendations
of the International Scientific Committee: evaluation and treatment of
urinary incontinence, pelvic organ prolapse, and fecal incontinence.
Neurourol Urodyn. 2010;29:213–40.
10. Rahmani N, Mohseni-Bandpei MA. Application of perineometer in the
assessment of pelvic floor muscle strength and endurance: a reliability
study. J Bodyw Mov Ther. 2011;15:209–14.

Page 7 of 7

11. Ferreira CH, Barbosa PB, de Oliveira SF, Antônio FI, Franco MM, Bø K.
Inter-rater reliability study of the modified Oxford Grading Scale and the
Peritron manometer. Physiotherapy. 2011;97:132–8.
12. Yang SH, Huang WC, Yang SY, Yang E, Yang JM. Validation of new
ultrasound parameters for quantifying pelvic floor muscle contraction.
Ultrasound Obstet Gynecol. 2009;33:465–71.
13. Machin D, Campbell M, Fayers P, Pinol A. In sample size tables for clinical
studies 2nd edn. In: Axford JS, editor. The correlation coefficient. Boston:
Blackwell Science; 1997. p. 168–73.
14. Ouchi M, Kitta T, Suzuki S, Shinohara N, Kato K. Evaluating pelvic floor
muscle contractility using two-dimensional transperineal ultrasonog‑
raphy in patients with pelvic organ prolapse. Neurourol Urodyn.
2019;38:1363–9.
15. Laycock J. Clinical evaluation of the pelvic floor. In: Schussler B, Laycock J,
Norton P, Stanton S, editors. Pelvic floor re-education. London: Springer;
1994. p. 42–8.
16. Sapsford RR, Hodges PW, Richardson CA, Cooper DH, Markwell SJ, Jull GA.
Co-activation of the abdominal and pelvic floor muscles during voluntary
exercises. Neurourol Urodyn. 2001;20:31–42.
17. Neumann P, Gill V. Pelvic floor and abdominal muscle interaction: EMG
activity and intra-abdominal pressure. Int Urogynecol J Pelvic Floor
Dysfunct. 2002;13:125–32.
18. Braekken IH, Majida M, Engh ME, Bø K. Can pelvic floor muscle training
reverse pelvic organ prolapse and reduce prolapse symptoms? An
assessor-blinded, randomized, controlled trial. Am J Obstet Gynecol.
2010;203:170.e1-170.e7.
19. Dumoulin C, Cacciari LP, Hay-Smith EJC. Pelvic floor muscle train‑
ing versus no treatment, or inactive control treatments, for urinary
incontinence in women. Cochrane Database Syst Rev. 2018. https://doi.
org/10.1002/14651858.CD005654.pub4.
20. Dumoulin C, Hunter KF, Moore K, Bradley CS, Burgio KL, Hagen S, et al.
Conservative management for female urinary incontinence and pelvic
organ prolapse review 2013: summary of the 5th international consulta‑
tion on incontinence. Neurourol Urodyn. 2016;35:15–20.
21. Vermandel A, De Wachter S, Beyltjens T, D’Hondt D, Jacquemyn Y, Wyn‑
daele JJ. Pelvic floor awareness and the positive effect of verbal instruc‑
tions in 958 women early postdelivery. Int Urogynecol J. 2015;26:223–8.
22. Bø K. Pressure measurements during pelvic floor muscle contractions: the
effect of different positions of the vaginal measuring device. Neurourol
Urodyn. 1992;11:107–13.
23. Bø K, Finckenhagen HB. Vaginal palpation of pelvic floor muscle strength:
inter-test reproducibility and comparison between palpation and vaginal
squeeze pressure. Acta Obstet Gynecol Scand. 2001;80:883–7.
24. Dougherty MC, Bishop KR, Mooney RA, Gimotty PA, Landy LB. Variation in
intravaginal pressure measurements. Nurs Res. 1991;40:282–5.
25. Guaderrama NM, Nager CW, Liu J, Pretorius DH, Mittal RK. The vaginal
pressure profile. Neurourol Urodyn. 2005;24:243–7.
26. Cacciari LP, Pássaro AC, Amorim AC, Geuder M, Sacco ICN. Novel instru‑
mented probe for measuring 3D pressure distribution along the vaginal
canal. J Biomech. 2017;58:139–46.
27. Landis JR, Koch GG. The measurement of observer agreement for cat‑
egorical data. Biometrics. 1977;33:159–74.
28. Schober P, Boer C, Schwarte LA. Correlation coefficients: appropriate use
and interpretation. Anesth Analg. 2018;126:1763–8.
29. Barbosa PB, Franco MM, Souza Fde O, Antônio FI, Montezuma T, Ferreira
CH. Comparison between measurements obtained with three different
perineometers. Clinics (Sao Paulo). 2009;64:527–33.
30. Terry KK, Li MY. A guideline of selecting and reporting intraclass correla‑
tion coefficients for reliability research. J Chiropr Med. 2016;15:155–63.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

