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bstract

bjectives  To compare pelvic floor muscle strength in nulliparous sports students measured using the modified Oxford Grading Scale and a
eritron manometer; and to compare the manometric measurements between continent and incontinent subjects.
esign  Cross-sectional study. All subjects were evaluated twice on the same day; first by vaginal digital examination and subsequently by
aginal pressure using a Peritron manometer.
articipants  Forty-three nulliparous female sports students [mean age 21 (standard deviation 4) years] from the Sports Faculty of the
niversity of Porto.
esults  This study found a significant moderate correlation between the Oxford Grading Scale score and peak pressure on manometry

r  = 0.646, P  = 0.002). Mean maximal strength for the entire group was 70.4 cmH2O (range 21 to 115 cmH2O). Out of 43 subjects, 37%
n  = 16) demonstrated signs of incontinence. On manometry, no significant differences were found in vaginal resting pressure or peak pressure
etween the continent and incontinent groups.
onclusions  There was moderate correlation between peak pressure on manometry and the Oxford Grading Scale score. Peritron manometer

easurements of pelvic floor muscle contractions showed no significant differences in vaginal resting pressure and peak pressure in continent

nd incontinent subjects.
 2012 Chartered Society of Physiotherapy. Published by Elsevier Ltd. All rights reserved.
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Pelvic floor muscles (PFM) play an important role in the
aintenance of continence and support of the pelvic organs

1]. Correct contraction of the PFM causes elevation and
cclusion of the urogenital hiatus to resist downward forces
uring increased intra-abdominal pressure. Lack of contrac-
ion or delayed or weak contraction of the PFM may lead to
rinary incontinence [2]. Urinary incontinence is defined by
he International Continence Society (ICS) as the complaint

f any involuntary loss of urine [3].

A correct PFM contraction is characterised by an ante-
ior and cephalad movement [1]. Several studies have shown
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hat PFM exercise is effective to treat urinary incontinence in
omen [4,5]. Thus, it is essential for physiotherapists con-
ucting PFM rehabilitation programmes to measure function
nd strength [6].

Due to the location of the PFM inside the pelvis, it is
ifficult to observe PFM function. Hence, vaginal palpa-
ion is often used to evaluate muscle strength, and also
o teach patients how to perform a correct contraction
7]. Several vaginal palpation rating scales have been used
n clinical practice [6], but the most common in physio-
herapy seems to be the modified Oxford Grading Scale
8,9].

Maximum strength is measured through a maximum vol-

ntary contraction (MVC), where an individual attempts to
ecruit as many muscle fibres as possible to develop force
10]. Instruments such as manometers can be used to provide
bjective data for the evaluation of PFM strength.
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Table 1
Baseline characteristics in both groups.

Variable Continent group (n = 27) Incontinent group (n = 16) P-value

Age (years) 19.9 (1.7) 22.8 (5.9) 0.131b

Body mass index (kg/m2) 21.1 (1.7) 21.1 (2.2) 0.997a

Age at menarche (years) 12.4 (1.1) 12.6 (1.3) 0.494a

Data are presented as mean (standard deviation).
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a Independent sample t-test.
b Mann–Whitney test.

The primary aim of this study was to compare PFM
trength in nulliparous sports students measured using the
odified Oxford Grading Scale and a Peritron manometer.
he secondary aim was to compare the manometric measure-
ents between continent and incontinent subjects.

ethods

articipants

This study received ethical approval from São João
ospital Ethical Committee, Porto, Portugal. Forty-three
ulliparous female sports students [mean age 21 (standard
eviation 4.0) years] from the Sports Faculty of the University
f Porto participated in the study, and provided written con-
ent. The sample characteristics are summarised in Table 1.
ll the subjects performed high levels of physical activity,

lassified according to the International Physical Activity
uestionnaire – Short Form [11].
The subjects were recruited via questionnaires, briefed

verbal and written explanations) about the nature of the
tudy, and screened for eligibility. Exclusion criteria included
eing pregnant, previous pelvic surgery, neurological prob-
ems, ongoing urinary tract infections, diagnosis of pelvic
rgan prolapse, or inability to contract the PFM properly.

rocedure

Each subject answered a two-part questionnaire. The first
art was designed to investigate demographic characteris-
ics, and the second part was the International Consultation
n Incontinence Questionnaire – Short Form (ICIQ–SF) [12].
he ICIQ–SF is a clinical instrument used to assess the pres-
nce or absence of urinary incontinence, developed by the
CS and translated and validated for the Portuguese language
13].

linical  evaluation

The subjects were taught to contract their PFM as strongly
s possible and then to relax completely. PFM contraction was

ssessed by digital examination of the vagina using the five-
oint Oxford Grading Scale: 0, no contraction; 1, flicker; 2,
eak; 3, moderate; 4, good; and 5, strong. This was performed
sing two fingers, with the two distal phalanges inside the

r
p
t
m

ntroitus vagina. After digital examination, vaginal pressure
as measured at rest and at MVC using a Peritron manometer

Cardio Design, Victoria, Australia). For both methods of
ssessment, three consecutive squeezes were recorded with

 10-second interval between efforts [7]. Two measurements
ere taken on the same day with a 1-hour interval.
All measurements were performed in a crook lying posi-

ion, and subjects were asked to contract their PFM as hard
s possible; the best of three contractions was registered. Co-
ontraction of the gluteal, hip adductor or rectus abdominal
uscles was discouraged through previous instruction. To

nsure valid measurement during the examination, no visible
ontraction of the other muscles was allowed. Only contrac-
ions with simultaneous observable inward movement of the
erineum were considered valid [14].

tatistical  analyses

To analyse the differences in baseline characteristics
etween the groups, the independent sample t-test was used
o compare parametric data, and Mann–Whitney’s U-test was
pplied to data that demonstrated a non-normal distribution.
pearman’s correlation test was used to compare the val-
es obtained with the Peritron manometer and the modified
xford Grading Scale. P  < 0.05 was considered to indicate

tatistical significance.

esults

Fifty-five female sports students were initially recruited
nto the study and signed an informed consent form. How-
ver, one subject was pregnant, six had never had sexual
ntercourse, and five could not perform a proper PFM con-
raction. Thus, the final sample consisted of 43 nulliparous
ports students.

For the entire study sample, digital assessment of PFM
trength using the Oxford Grading Scale system was dis-
ributed as follows: weak (n  = 1), moderate (n  = 6), good
n = 10) and strong (n  = 26). Manometer measurements
evealed an average score of 70.4 cmH2O (range 21 to
15 cmH2O). There was a significant moderate positive cor-

elation between the Oxford Grading Scale score and peak
ressure on manometry (r  = 0.646, P  = 0.002). Fig. 1 shows
he correlation between the Peritron manometer measure-

ents and the Oxford Grading Scale scores.
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Fig. 1. Peritron manometer measurements vs Oxford Grading Scale scores.

Table 2
Type of urinary incontinence among nulliparous sports students (Interna-
tional Consultation on Incontinence Questionnaire–Short Form), n = 16.
Multiple answers possible.

n

Loss of urine during coughing/sneezing 4/16
Loss of urine during physical activity 9/16
Loss of urine before reaching the toilet 3/16
Loss of urine after finishing urination and once dressed 3/16
Loss of urine for no obvious reason 0
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will affect urethral, vaginal and rectal pressures, creating a
oss of urine when asleep 0
oss of urine all the time 0

Out of 43 subjects, 37% (n  = 16) displayed signs of incon-
inence, as revealed by the first question on the ICIQ–SF.
f these 16 subjects, five reported urge incontinence, nine

eported stress incontinence and two reported mixed urinary
ncontinence (Table 2).

Table 3 shows mean vaginal pressure at rest and during
VC (cmH2O) for both groups. No significant differences
ere found between the two groups. The MVC manometer

eadings suggested that the incontinent group had weaker
FM than the continent group; however, this difference was
ot statistically significant.

iscussion

This study found a high prevalence of urinary inconti-
ence symptoms in nulliparous female sports students. This
s in agreement with previous survey studies conducted by
o et  al.  [15]. Previous studies using manometer evaluation
emonstrated that intravaginal balloon devices could produce
eliable pressure recordings when measuring PFM func-
ion through vaginal pressure measurement [14]. The results

rom studies evaluating inter-rater reliability of other palpa-
ion scoring systems and squeeze pressure using Spearman’s
orrelation rho ranged from r  = 0.60 to r  = 0.90 [16–18].
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sherwood and Rane performed a blinded comparison of
FM strength assessed by perineometer and Oxford Grad-

ng Scale digital examination, and found good agreement
kappa = 0.73, 95% confidence interval (CI) from 0.67 to
.79] in a sample of 263 women [19].

Correlation analysis is used to determine whether the
alues of two variables are associated. Spearman’s correla-
ion was used to determinate the degree of linear correlation
etween the two sets of data. This is appropriate when dif-
erent methods are used to measure one construct, and the
uestion is how two measurements obtained by different
nstruments co-vary [20].

However, Bland and Altman illustrated that a strong cor-
elation does not necessarily indicate agreement between the
wo sets of data [21]. The present study used the values
eported by Richman et  al.  to indicate the strength of the
elationship between variables (0.80 to 1.00, high reliability;
.60 to 0.80, moderate reliability; <0.59, questionable reli-
bility). As such, moderate correlation was found between
igital evaluation of PFM strength using the Oxford Grading
cale and readings of maximum squeeze pressure obtained
ith a manometer (Spearman’s rho 0.65) (Fig. 1).
The results of this study suggest acceptable reliability,

lthough Fig. 1 illustrates that for every grade defined by
he Oxford Grading Scale, there is a relatively wide distribu-
ion of pressures measured by the manometer, indicating that
hese scores are not interchangeable. However, other studies
nly showed fair inter-rater reliability for the Oxford Grading
cale using Cohen’s kappa (0.37), despite a higher Spear-
an’s rho value [7,22]. This may be due to differences in the

alculation of Spearman’s rho and Cohen’s kappa where the
ormer is an indication of linear association without respect
o scaling (data can demonstrate perfect correlation where
ne set of data is double the values of the other set of data)
here kappa is a measure of agreement.
Frawley et  al.  tested intratester reliability of the Peritron

anometer, and found intraclass correlation coefficients for
queeze pressure readings of 0.95, 0.91, 0.96 and 0.92 for
rook lying, supine, sitting and standing positions, respec-
ively. They reported high reliability of MVC measured by
he Peritron manometer [23]. Additionally, a recent study also
howed moderate inter-rater reliability [22].

A concern in all studies of this nature is whether the device
n question is isolating and measuring the desired parame-
er. It seems that this issue is of particular importance for

anometers as the PFM form one wall of the abdominopelvic
avity.

As highlighted by Hundley et  al., it is not claimed that
anometers are able to isolate pelvic floor musculature as

recisely as other more technically elaborate devices, but a
egree of imprecision does not preclude their value as mea-
urement devices [17]. As the increase in abdominal pressure
ownward movement, some authors have suggested that a
alid measurement can be ensured by simultaneous obser-
ation of inward movement of the perineum [24,25]. In the
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Table 3
Mean vaginal resting pressure and during maximal voluntary contraction (cmH2O) in continent and incontinent groups.

Measurement Continent group (n = 27) Incontinent group (n = 16) P-value

Vaginal resting pressure 37.7 (11) 36.3 (14) 0.465a

Maximal voluntary contraction 72.6 (24.3) 66.6 (23.2) 0.497a
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ata are presented as mean (standard deviation).
a Mann–Whitney test.

urrent study, correct PFM contraction was obtained through
oth proper instruction and observation.

Vaginal digital examination is a low-cost method and
s relatively easy to conduct, representing advantages over
he use of a manometer. Vaginal digital examination can be
ecommended as a good technique for physiotherapists to
nderstand, teach and give feedback to patients about the
orrectness of PFM contraction. Clear correlation between
eak PFM strength during MVC and urinary incontinence

ymptoms has not been established.
The bladder neck receives support from a strong and toned

FM, resistant to stretching, thereby limiting its downward
ovement during effort and exertion, preventing leakage of

rine. This PFM tone can be reported by vaginal resting pres-
ure measurements. Bø et  al., in an uncontrolled magnetic
esonance imaging reconstruction study, showed a signifi-
ant reduction in the internal surface area of the levator ani
fter PFM training, suggesting an increase in passive stiff-
ess of the levator ani, which is indicative of the state of PFM
one [24]. In contrast with this study, dynamometric studies
ave shown that women with urinary incontinence demon-
trate less PFM tone and maximal strength compared with
ontinent women [26]. The present study found no differ-
nces in vaginal resting pressure and PFM strength between
he continent and incontinent groups. The small sample size
nd the large standard deviation may explain why no sig-
ificant difference in PFM strength was found between the
roups.

Factors contributing to urinary incontinence in young nul-
iparous women are not fully understood. In this study, most
ubjects were incontinent during physical activity (n  = 9).

 heavy training routine could be a risk factor for urinary
ncontinence due to the increase in intra-abdominal pressure
nd the impact from ground reaction forces, which could
ontribute to stress urinary incontinence.

A strength of this study was the use of a Peritron manome-
er, which has been shown to have very good reliability
nd moderate inter-rater reliability in a homogeneous group
f young, nulliparous sports students. Limitations of this
tudy include the small sample size; type II error may have
ccurred, particularly when considering the difference in the
VC measurements between continent and incontinent sub-

ects. Moreover, the assessors for vaginal digital examination
nd manometer readings were not blinded, and the study had
 non-randomised design. Another limitation of this study
s that the findings may only be valid for young nulliparous
ports students, and the results may differ in older women
ith pelvic floor disorders.

[

onclusion

This study found moderate correlation between digi-
al evaluation of PFM contraction strength and Peritron

anometer measurements. No differences in vaginal resting
ressure or MVC pressure were found between the continent
nd incontinent groups. Further studies with young, nulli-
arous sports students are needed to support these findings.

thical approval:  Ref. No. #2010/09/30. São João Hospital
thical Committee, Porto, Portugal.
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