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Abstract

Objectives: Force sense (FS) is a proprioceptive component related with functionality, but no specific tests have been
developed for pelvic floor (PF). We aimed to evaluate the test-retest reliability of a novel pelvic proprioceptive test (PPT) to
explore FS and its relationship with maximal voluntary contraction (MVC) in female athletes. Methods: A total of 42 female
athletes (from 18 to 45 years old) were evaluated with digital intravaginal palpation and graded according to modified
Oxford grading scale (MOGS) to ensure they had at least a grade 2 in MOGS and a correct PF contraction. All participants
completed the PPT twice, 10 minutes apart, to obtain FS proprioceptive error (cmH,0). MVC was also obtained with
manometry during the PPT. A perineometer-manometer was used for evaluations. Results: The test-retest reliability was
excellent for force sense (ICC = 0.94, p < 0.001), with an average of 6.2 + 4.6 cmH_0 of proprioceptive error. A strong
correlation was found between FS error and MVC (r = 0.82, p < 0.001). Conclusions: The novel PPT shows excellent test-
retest reliability for assessing FS in terms of absolute proprioceptive error in female athletes and correlates with MVC:
increased MVC strength is associated with reduced FS accuracy.
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Introduction

In sport, women often demonstrate high pelvic floor
muscle (PFM) force-generating capacity'. However, greater
maximal force alone does not ensure optimal pelvic floor
(PF) function. Although female athletes produce stronger
PFM contractions than non-athletes'?, they report pelvic
floor dysfunction (PFD) more frequently than sedentary
women?4, Rather than peak strength, the timing of activation
appears critical: earlier, feedforward PFM activation is
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associated with better PF function®.

In proprioceptive research, force sense is recognized
as a distinct component of proprioception, alongside joint
position sense and kinaesthesia. Force sense refers to the
ability to reproduce a required force level in a given muscle
group, and it arises from the integration of peripheral
afferent signals and central motor commands®. Specifically,
force sense arises from the combined input of muscle
spindles and Golgi tendon organs, proprioceptors that
detect changes in muscle length and tension, along with
the centrally generated sense of effort. This dual-source
integration allows the nervous system to estimate and
requlate force production accurately, even in the absence
of visual feedback’. For measurement, a target contraction
is typically established (commonly at 50% of maximal
voluntary contraction - MVC) and the force reproduction
error is calculated, either in Newtons or through the
computation of the reproduced error®.

As a key proprioceptive component, force sense has
been shown to be relevant to exploring the correct function
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of the muscular structures in other anatomical locations®.
As described by Proske and Gandevia, proprioception
encompasses not only the spatial awareness of body
segments but also the perception of tension and effort,
both of which are essential for motor control and functional
stability®. Therefore, assessing FS provides insight into
neuromuscular control mechanisms that extend beyond
strength, offering a more comprehensive understanding
of functional integrity in musculoskeletal structures such
as the PF. However, to date no studies have developed a
specific force sense test for PF structures.

The current evaluation tools remain limited to strength-
based assessments, such as MVC, obtained through
electromyography, dynamometry, or manometry'°.
However, these measures may not fully capture the
functional integrity of the PF musculature. In contrast,
feedforward responses are proprioceptive mechanisms
essential for maintaining spinal stability and continence
during sudden increases in intra-abdominal pressure
and ground reaction forces''. Moreover, motor learning
not only modifies feedforward control but also alters the
sensitivity of reflexive feedback responses to mechanical
perturbations'?'3, There is a recognized clinical need for
toolsthat assess proprioceptive componentsonthe PF,which
are crucial for anticipatory activation and neuromuscular
control. A new test could address this gap by providing a
novel method to identify potential proprioceptive deficits in
PF musculature.

The design of this novel test for the sport population
requires exploring the viability and consistency of the
measurements over time in female athletes, as a population
with a typically increased capacity to force development
compared to sedentary women'2, Furthermore, it would be
useful to establish potential relationships with traditional
maximal strength measurements and reference data in
healthy sports population to have a comparison point for
other populations like female athletes with PFD.

This study aimed to evaluate the test-retest reliability
of the proprioceptive test focused on force sense of pelvic
floor (PPT, proprioceptive pelvic test) in female athletes,
apart from exploring the relationship of this novel test with
the strength of PF musculature, assessed through MVC.

Methods
Design

A test-retest reliability and observational study was
designed. From December 2024 to January 2025, female
athletes were invited to participate in the study through
mailing from their regional sport federations, sport teams,
and social media. The evaluation sessions were carried out
in the Physiotherapy laboratory of the University of the
Balearic Islands.

Participants

To calculate sample size, we considered a finite population
because there were 1.061.489 sport licences from female
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athletes in Spain at the time of the study, according to the
National Statistics report from the National High Sport.
Based on recommendations for reliability studies using
intra-class correlation coefficients (ICC), we assumed an
expected variability of 12%, a margin of error of 10%, a
confidence level of 95% (C195%) (a = 0.05), and a statistical
power of 80%. Under these conditions, a minimum of 41
healthy female athletes was required to ensure sufficient
precision in ICC estimation's.

As eligibility criteria, participants should be between
18 and 45 years old, nulliparous, and actively training and
competing in any sport, with a minimum of two years of
sports experience. As exclusion criteria, female athletes
should not be pregnant, have pelvic floor disorders,
history of pelvic surgery or neurogenic lower urinary tract
dysfunction, or physiotherapy treatment focused on PFD in
the previous 6 months. Also, women should have at least
grade 2 on the modified Oxford grading scale (MOGS) in the
digital intravaginal palpation to ensure the test feasibility
and the correct PF contraction.

Procedures

In a single session, all participants were evaluated to
obtain height and weight using a digital scale with £100 g
precision (Tefal, France) and a t201-t4 adult height scale
(Asimed, Spain), respectively, and completed an anonymous
online questionnaire to collect information about sports
characteristics. The MOGS was assessed in all participants
through digital vaginal palpation to confirm eligibility and
ensure correct PF contraction. All eligible participants
completed the PPT test twice, separated by a 10-minute
interval.

Anonymous online questionnaire: It was created on the
JotForm platform®, to collect information regarding age and
sport (sport modality and years of sport experience). They
also informed about PFD symptomatology by completing
the ICIQ-SF (International Consultation on Incontinence
Questionnaire)'®, Wexner scale for bowel incontinence',
and FSDI (Female Sexual Function Index)'®. The existence
of prolapses was discarded during the digital palpation of
MOGS. To maintain the anonymity of data, participants
were asked to generate a personal code, only retrievable
by themselves.

Modified Oxford grading scale (MOGS): Apart from
ensuring the eligibility of participants, this assessment
was used to familiarize participants with correct pelvic
floor muscle contraction. The participants were asked to
empty their bladder before the test. They were in crook
lying position, undressed from the abdomen downward.
The evaluator inserted the first two phalanges of the
second and third fingers smeared in lubricant gel with a
gloved hand into the anterior third of the vaginal opening
and requested a maximal voluntary contraction (MVC) by
giving the command “contract the anus, do as if you wanted
to hold a strong desire to void”, as recommended'®. The PF
muscle strength was graded on the Modified Oxford Grading
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Scale (MOGS) as O (nil), 1 (flicker), 2 (weak), 3 (moderate),
4 (good) to 5 (strong)®°.

Pelvic proprioceptive test (PPT): A perineometer-
manometer Phénix™ Liberty G3 (Vivaltis, Paris, France),
equipped with a high precision pressure transducer and a
vaginal pressure manometry probe, was used. Participants
were positioned identically to the MOGS evaluation. The
probe was covered with a lubricated condom and inserted
approximately 3.5 cm proximal to the vaginal introitus,
without pain or discomfort. Prior to testing, the probe
was calibrated by manually inflating it to 50 ¢cmH,0 and
zeroing the pressure which facilitated probe insertion and
ensured that all participants experienced the same baseline
intravaginal pressure. The test beganwithtwo 5-secondMVC
trials, with the same command used for MOGS, separated
by 10 seconds of rest. The 50% of the highest MVC was
considered the Target (in cmH,0). After 30 seconds, force
sense was evaluated through two 5-second contractions
at the target level, also separated by 10 seconds. To
standardize instructions across participants, a voice-
recorded audio was used to guide the entire test. Both PPT
and MOGS assessments were conducted and supervised
by the same examiner, who ensured correct pelvic floor
contraction andthat the probe remained properly positioned
throughout the procedure. The examiner remained present
during the entire test, including rest periods, as the probe
was not removed between measurements. To minimize bias,
the pressure values were recorded wirelessly by a second
researcher who remained blinded to the examiner and did
not disclose the results.

Although three trials are typically recommended in
standard protocols for force sense assessment in other
superficial muscle groups, two trials were used because
a a noticeable decline in performance was observed when
using three trials during a previous pilot session. In that
session, a consistent decline in performance was observed
in the third repetition, with values deviating more from the
target. Additionally, some participants reported subjective
fatigue. This high fatigability of the PF muscles is due to
their postural function and anatomical constraints?'. The PF
muscles are composed of slow-twitch fibers, responsible for
postural tone because they can contract slowly but maintain
the contraction for a long time; and fast-twitch fibers,
that activate during sudden increases in intra-abdominal
pressure®?, These fast-twitch fibers are less resistant to
fatigue and can sustain only a few contractions for short
periods. Therefore, the protocol was adapted to include
only two trials ensuring measurement reliability without
compromising muscle performance.

After 10 minutes of resting period, all participants
repeated the PPT. For each repetition, proprioceptive error
in force sense (cmH_,0) was calculated as follows:

FS error = (ITarget-Trial 11+ Target-Trial 21) /2
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Statistical Analysis

Descriptive characteristics of values fromtests were given
as mean and standard deviations for quantitative variables
and frequencies for categorical variables. Normality of data
was assessed using the Kolmogorov-Smirnov test. The test-
retest reliability of the PPT was assessed using the ICC,
specifically the two-way random-effects model for absolute
agreement, single measurement - ICC (2,1). Reliability was
reported with the ICC value, its 95 % confidence interval
(CD), and the standard error of measurement (SEM), given
the continuous nature of the force sense data. ICC was
interpretated as follows: poor, ICC < 0.5; moderate, 0.5
< ICC < 0.75; good, 0.75 =< ICC < 0.9; and excellent, ICC <
0.9. The SEM was calculated using the pooled standard
deviation (SD) of force sense errors across both sessions
and the ICC value, following the formula: SEM=SDpooled x
V(1-1CC). MDC (smallest detectable change) was calculated
as 1.96xSEMxV2 to indicate the change needed to exceed
measurement error?®. Additionally, the standard error of
estimate (SEE) was reported to complement the reliability
analysis. The relationship between force sense and MVC was
explored with Pearson correlation and 95%oCl, interpreted
as follows: negligible, r < 0.10; weak, 0.10 =< r < 0.40;
moderate, 0.40 < r < 0.69; strong, 0.69 < r < 0.90; very
strong, r = 0.90 (24). The SPSS statistical package version
24 was used for statistical analysis, with significance
established at p < 0.05.

Results
Descriptive data

A total of 42 female athletes (30.0 + 9.2 years old; 58.6
+ 8.5 kg; 1.66 £ 0.05 m; 21.2 + 2.6 kg'm™) participated in
the study. Data from PPT are shown in Table 1. The values
from repetition1 and repetition2 were similar for absolute
proprioceptive error in force sense and MVC. Regarding
MOGS, the average was 3.4 + 0.8 grades, distributed as:
2.4% of participants in grade 2, 59.5% in grade 3, 26.2%
ingrade 4, and 11.9% in grade 5. Consistently, these female
athletes had a MVC of 7.5, 24.6, 25.2, and 34.4 cmH,0,
respectively, as an average of the two repetitions.

Force sense test-retest reliability

For the absolute proprioceptive error in force sense
during the PPT, the ICC for the test-retest reliability was
excellent, with 0.94 (95%Cl = 0.88 — 0.97, p < 0.001), SEE
was 2.2, SEMwas 1.09, and MDC was 3.0 cmH,0 (Figure 1).

Relationships between force sense and maximal voluntary
contraction

A strong significant correlation was observed between
absolute proprioceptive error in force sense and MVC (r:
0.82; 95%Cl: 0.73 - 0.89, p < 0.001).
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Figure 1. Test-retest reliability for proprioceptive pelvic test measurements; A: Identity line for force sense; B: Bland—Altman plot for
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Table 1. Mean and standard deviation values for force sense error and maximal voluntary contraction during two repetitions of the
proprioceptive pelvic test in female athletes.

Repetition1 Mean (SD) | Repetition2 Mean (SD)
FS error (cmH,0) 6.5 (4.6) 6.0 (4.6)
MVC (cmH,0) 26.3 14.1) 24.7 (14.9)

FS, Force sense error represents the absolute difference between target and reproduced intra-vaginal pressure, indicating proprioceptive
accuracy; MVC, maximal voluntary contraction reflects the maximal intra-vaginal pressure generated during voluntary pelvic floor
muscle contraction; SD, standard deviation.

Discussion measurement, if they are higher than this value?3.
In our study, the average absolute proprioceptive error
The main findings of this study indicate that the novel =~ Was ~6 cmH,O, with higher errors observed in participants
proprioceptive pelvic test demonstrates excellent test- with higher MVC values. These results indicate that, in
retest reliability for exploring force sense in female athletes, ~ female athletes, increased PF MVC strength is inversely

in terms of absolute proprioceptive error (magnitude associated with force sense accuracy. Because no previous
of proprioceptive error). These values are related with  studies have explored PF proprioception throughout force

traditional measurements of maximal strength like MVC, sense, there is no possibility to compare data. Previous
showing that greater PF muscle strength was linked to studies observed similar correlations in the knee joint,
larger force sense error. with more force sensitive errors for those participants with

Closely related to the excellent reliability, the smallest higher maximal isometric voluntary contraction?-2", Their
detectable change (MDC) was 3.03 cmH,0, which clinicians results, consistent with ours, suggest that participants with
can use to judge whether change exceeds measurement greater muscle strength is linked to reduced force sense
error. This is an important issue for clinical practice acuity. The most plausible physiological explanation is
because it makes possible to use this novel proprioceptive that athletes with stronger PF muscles may rely more on
test at different moments. Health professionals could motor output than on sensory feedback, potentially leading
monitor force sense among female athletes to detect “real” to less precise force modulation. This phenomenon has
differences, instead of random variations derived from the been described in other musculoskeletal systems, where
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adaptations to strength training may alter neuromuscular
control strategies and reduce proprioceptive acuity®.
Such adaptations may involve changes in muscle fiber
composition, recruitment patterns, and fatigue resistance,
which are typical in athletic populations Future studies are
warranted to confirm these mechanisms.

Previous studies have shown that greater strength does
not necessarily imply appropriate PF function, particularly
in athletic population®. Arbieto et al., compared PF and
abdominal muscle strength, as well as PF function, between
female professional athletes and non-athletes. These
authors observed that athletes exhibited stronger PF and
abdominal muscle, but the urinary incontinence in athletes
and non-athletes was 54% and 35%, respectively?. Thus,
although stronger PF musculature is common in sports
populations', these groups often present with a higher
prevalence of PFD?. Since our study focused on healthy
female athletes, we cannot extend these findings to women
with PFD. Once ensured the viability and consistency of the
novel PPT in the present study, it should be exploredin other
populations to evaluate its sensitivity and responsiveness
to those and other disorders.

Regarding MVC pressure measured with the manometer,
we observed 25.5 + 14.4 cmH,O as average of all the
repetitions performed by the athletes. Previous studies
in sportswomen of a similar age range reported values
ranging from 21 to 131 cmH,0%. In our study, the probe
was emptied before being introduced into the vagina and
thus, the air of the probe was progressively increase up
to 50 cmH,0. Once this pressure was reached, the values
were zeroed. This procedure ensured that all participants
experienced the same proprioceptive stimulus, wich was
a crucial factor for exploring proprioception. In previous
studies, the intra-vaginal pressure prior to the MVC was not
zeroed, being the potential explanation of the differences in
MVC pressure compared to our results?®3°, In line, the study
by Hilde et al., where the probe was set to O cmH_0 prior
to be introduced into the vagina and zeroed before asking
MVC, values ranged from 8 to 15 cmH,O. Considering
that participants of that study were non-sport first-time
mothers 6 weeks after vaginal delivery, these values would
be coherent with our study?'.

When comparing MVC assessed by digital palpation and
manometer, our results were consistent with previous
studies®° because women with lower MOGS grades generally
showed lower MVC values. Perhaps, some differences may
arise because manometry, when performed controlling the
effect of the intraabdominal pressure to ensure a correct PF
contraction (as in our study), measures exclusively vaginal
squeeze pressure (occlusion component)*2, whereas MOGS
only considers the perineal lift in addition to occlusion33.
For this reason, the use of combined techniques has been
recommended to evaluate pelvic floor muscle strength34.
Furthermore, the distribution of participants among MOGS
grades was also comparable to previous studies®°, with
most participants (61.9%) classified in grades 2 or 3.

In our study, MVC and force sense were evaluated by
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using manometry. Although this tool measures the intra-
vaginal pressure, this evaluation, as digital intravaginal
palpation, is based on methodology already used and
validated in previous studies?®3°35 As observed, MVC
values obtained by manometry were consistent with MOGS
grades, with lower manometric pressures corresponding to
lower palpation scores. In our study, although MOGS data
confirmed results observed in MVC and force sense with
manometry, it was mainly used to ensure the correct PF
contraction®®.

In this study, force sense was assessed through intra-
vaginal pressure using a manometer, expressed in cmH_0.
Although this unit does not represent muscular force in
Newtons, it provides a clinically accepted proxy for PF
muscle output. Pressure-based evaluations are among
the most used methods by physiotherapists to assess PF
function®4, often preferred over direct force measurements
due to their practicality, reliability, and correlation with
digital palpation®#37. However, it should be emphasized that
c¢mH,0 reflects pressure rather than absolute force, which
may limit direct comparisons with proprioceptive research
in other anatomical regions where force is typically reported
in Newtons.

Our study has limitations. Firstly, participants were
healthy female athletes, which limits the generalizability of
the findings to other population. However, this constitutes an
initial step to develop a new proprioceptive test that should
be continued in future studies. Second, MVC was assessed
using manometry, which provides pressure values (cmH,0)
rather than absolute force in Newtons. Third, reliability of
the test was assessed within a single session, reflecting only
within-session consistency. This design does not capture
potential between-day influences such as diurnal variation,
hormonal fluctuations, or menstrual cycle phase. Future
studies should consider these factors to better determine
the responsiveness of the test to training-induced changes.

The novel pelvic proprioceptive test demonstrated high
reliability and consistency for assessing force sense in
terms of absolute proprioceptive errors of pelvic floor in
healthy female athletes. Health professionals may use this
novel test as the only tool to the moment to specifically
explore proprioception of PF musculature. It introduces
the evaluation of an aspect of PF function that allows to
qguantify the proprioceptive acuity of this musculature. The
implementation of this evaluation may hold substantial
potential for optimizing the PF functional status in female
athletes. Future studies should explore its responsiveness
in detecting PFD, modifications in sports practice or other
factors related to PF function, such as postpartum or
incontinent women.

We concluded that the novel PPT demonstrates excellent
test-retest reliability for assessing force sense through
absolute proprioceptive error in female athletes. Moreover,
PPT outcomes were associated with traditional maximal
strength measurements of the PF, as athletes with greater
PF strength tended to show higher proprioceptive error,
reflecting lower force sense acuity.
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