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Summary: Objective: The ability to locate pelvic floor muscles (PFM) is essential for the effectiveness of pelvic floor muscle training programs. 
The aim of this study was to investigate the accuracy of a modified coccygeal movement test that incorporates an objective assessment of 
abdominal muscle co-activation (CMT+) (Index test) compared to transabdominal ultrasound (TAU) scanning (Gold standard) in diagnosing 
accurate PFM contraction. Methods: Pregnant women attending the hospital for a  routine in the middle 2nd trimester scan who are able 
to understand the study rationale and information were considered eligible for inclusion. TAUs were performed by one out of two trained 
operators. CMT+ was performed by an experienced physiotherapist. The CMT+ assessor and participants were blind to the TAU result. Results: 
A total of 117 participants were recruited into the study with a mean BMI of 30.86 kg/ m² (4.5) and 23.16 kg/ m² (3.7), resp. CMT+ (Index test) 
correctly identified 5 out of the 9 participants who were not able to contract and 107 out of the 108 who were able to contract their PFM resp. 
(sensitivity = 55.6%, specificity = 99.1%, positive predictive value = 83.3% and negative predictive value = 96.4%; LR+ = 60 and LR–  = 0.45). 
Conclusion: CMT+ is an easy to perform test with high specificity and negative predictive value that has the additional benefit of assessing any 
concomitant abdominal muscle co-activation. Therefore, CMT+ is a potentially useful initial screening test to identify those who cannot perform 
a correct pelvic floor muscle contraction, and would benefit from specialized assessment and structured training. 
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Souhrn: Cíl: Schopnost lokalizovat svaly pánevního dna (PFM –  pelvic floor muscles) je nezbytná pro účinnost programů tréninku svalů pánevního 
dna. Cílem této studie bylo zkoumat přesnost modifikovaného testu pohybu kostrče, který zahrnuje objektivní posouzení koaktivace břišních 
svalů (CMT+) (Indexový test) ve srovnání s transabdominálním ultrazvukovým vyšetřením (TAU –  transabdominal ultrasound) (zlatý standard) při 
diagnostice přesné kontrakce PFM. Metody: Za způsobilé k zařazení do studie byly považovány těhotné ženy, které se dostavily do nemocnice 
na rutinní vyšetření v polovině II. trimestru a byly schopny porozumět zdůvodnění a informacím studie. TAU prováděl jeden ze dvou vyškolených 
operatérů. CMT+ prováděl zkušený fyzioterapeut. Hodnotitel CMT+ ani účastníci studie výsledek TAU neznali. Výsledky: Do studie bylo zařazeno 
celkem 117 účastnic s průměrným věkem a průměrným BMI 30,86 kg/ m² (4,5) a 23,16 kg/ m² (3,7). CMT+ (Indexový test) správně identifikovalo 
pět z devíti účastnic, které nebyly schopny kontrakce svalů pánevního dna, a 107 ze 108, které byly schopny kontrakce svalů pánevního dna 
(senzitivita 55,6 %, specificita 99,1 %, pozitivní prediktivní hodnota 83,3 % a negativní prediktivní hodnota 96,4 %; LR+ = 60 a LR–  = 0,45). Závěr: 
CMT+ je snadno proveditelný test s vysokou specificitou a negativní prediktivní hodnotou, který má další výhodu v posouzení jakékoli souběžné 
koaktivace břišních svalů. CMT+ je proto potenciálně užitečným úvodním screeningovým testem k identifikaci těch, kteří nemohou provést 
správnou kontrakci svalů pánevního dna a kteří by měli prospěch ze specializovaného vyšetření a strukturovaného tréninku.

Klíčová slova: pánevní dno –  koaktivace –  transabdominální ultrazvuk –  svaly pánevního dna –  CMT+

have symptoms and the negative im-
pact on their quality of life in the longer 
term [1]. Pelvic floor exercises are an im-
portant element in the prevention and 

women report urinary incontinence 
after childbirth. Moreover, most women 
who have symptoms of incontinence 
by 3 months postnatal will continue to 

Introduction
There is a  recognized association be-
tween pregnancy and pelvic floor dis-
orders. Studies show that 25– 30% of 
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muscles and were instructed to try to 
contract their pelvic floor as if they were 
trying to stop passing wind.

TAU –  gold standard
A Pro Focus UltraView –  2202-7  ultra-
sound machine was used to acquire all 
TAU scans of bladder base elevation, as 
an indicator of PFM contraction. Two ul-
trasound assessors were specially trained 
before the study to undertake this assess-
ment. Ultrasound assessments were per-
formed after completion of the mid tri-
mester scan while the woman was lying in 
a supine position with a full bladder. The 
assessor turned the screen away from the 
women and the transducer was placed 
over the supra-pubic region and slightly 
angled caudally until a satisfactory view 
of the inferior/ posterior part of the blad-
der was obtained. The TAU assessor then 
asked the participant to “squeeze” with 
no further comments, instructions, or 
feedback. Movement of the bladder base 
was observed and documented as surro-
gate markers for PFM and abdominal wall 
muscle contractions (Fig. 1).

Based on the direction(s) of bladder 
base displacement, the TAU assessor cat-
egorized participants as:
1. Valsalva;
2. nothing;
3. �PFM contraction with abdominal mus-

cle co-activation;
4. correct isolated PFM contraction.

The TAU assessment was repeated 
twice and the higher score of the two as-
sessments was used as the result for the 
transabdominal scan assessment (gold 
standard). 

CMT+

All CMT+ assessments were performed 
by the same trained assessor who was 
blind to the TAU assessor’s findings. 
CMT+ assessments were performed on 
top of the participants’ normal clothing 
while they were in a standing or sitting 
position. The assessor placed the the-
nar and hypothenar eminences against 

contract their PFMs, they seemed to co-
contract their abdominal muscles at the 
same time. Hence, we proposed modify-
ing the CMT to include the simultaneous 
assessment of abdominal wall muscles 
for any co-contraction (CMT+).

Transabdominal ultrasound (TAU) is 
a noninvasive reliable and valid method 
for assessing pelvic floor function by ob-
serving a cranial movement of the blad-
der base as an indicator of a correct PFM 
contraction [13] and was shown to have 
significant correlation to digital palpa-
tion when measured simultaneously [14]. 
Therefore, the aim of this study was to in-
vestigate the accuracy of CMT+ using TAU 
as the gold standard comparator.

Methods
The study plan was reviewed by the Re-
gional Scientific Ethical Committee and 
an ethical approval waiver was issued 
due to the low risk and noninvasive na-
ture of the study. A valid informed writ-
ten consent was obtained from all par-
ticipants prior to recruitment.

Participants
All pregnant women attending the hos-
pital for their routine in the middle 
2nd  trimester scan appointment, who 
were able to understand the reason for 
the study, and in the presence of one 
of two specially trained TAU assessors, 
were considered eligible for inclusion 
into the study.

Women were approached and in-
formed about the study whilst waiting 
for their routine ultrasound scan and 
were only included if they agreed and 
signed a  consent to participate in the 
study. For each participant, the weight 
in kilograms and height in centimeters 
were recorded and the BMI was calcu-
lated. Once included, participants were 
given an information leaflet about pel-
vic floor exercises and a short (3– 5 min) 
verbal instruction about what a correct 
pelvic floor contraction entail. They were 
specifically asked to relax the gluteal 
muscles, hip adductors and stomach 

treatment of pelvic floor dysfunction [2]. 
In their systematic review, Bø et al. con-
cluded that there was no strong evi-
dence that exercise regimes, apart from 
pelvic floor muscle training (PFMT), can 
reduce stress urinary incontinence in 
women [3]. There is also a positive link 
between the increase in pelvic floor 
muscle (PFM) strength and improve-
ment in stress urinary incontinence [3].

Currently, it is recommended that 
pregnant women are advised to perform 
PFMT early in their antenatal care  [4]. 
Furthermore, people hear about ben-
efits of pelvic floor exercises from the 
media and social networks, yet this in-
formation is seldom backed up by guid-
ance as to how to ensure that they can 
locate their PFMs correctly. This issue is 
of great importance in view of evidence 
from several studies confirming that 
25– 30% of women are unable to locate 
and contract their PFMs correctly, where 
they often contract other muscle groups 
(gluteal, thigh or abdominal muscles) 
instead [5– 7].

Vaginal examination has been the tra-
ditional clinical test for assessing the 
ability to contract the PFM. However, ul-
trasound and magnetic resonance imag-
ing (MRI) are considered the gold stand-
ard objective tests to assess and quantify 
this  [8]. Using dynamic MRI, Bø et al. 
showed that during a PFM contraction, 
there was an inward lift of the coccyx in 
a ventral –  cranial direction, whereas dur-
ing straining, the coccyx was displaced 
in a caudal-dorsal direction [9]. This find-
ing was later supported by Grassi et al. 
and Fujisaki et al. [10,11]. Based on these 
findings, we previously explored the fea-
sibility of clinically assessing the move-
ment of the coccyx as an indicator of an 
accurate PFM contraction (CMT –  the 
Coccygeal Movement Test)  [12]. In our 
first study we demonstrated that CMT 
was a  reproducible, easy to perform 
test, that has the potential to be a useful 
screening test for the assessment of PFM 
contraction. However, we observed that 
although some women can locate and 
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using SPSS 11.0 statistical software. Re-
sults are given with their 95% confi-
dence intervals. A  significance level of 
0.05 was chosen. Based on the number 
of true positive, true negative, false pos-
itive and false negative CMT+ observa-
tions compared to TAU, the sensitivity, 
specificity, positive and negative pre-
dictive values, and likelihood ratio of 
a positive (LR+) and negative (LR– ) were 
calculated.

Results
A total of 122  subjects were informed 
about the study whilst waiting for their 
in the middle 2nd trimester scan. Of these, 
120 consented to participate and were 
included into the study. Complete data 
were available for 117 participants who 

An outward or no coccygeal displace-
ment indicated “straining” or “nothing” 
respectively (positive test –  no PFM con-
traction). An inward displacement of 
the coccyx, or the tissues around it, was 
considered indicative of a “correct PFM 
contraction” (negative test). We docu-
mented if there was an inward move-
ment associated with abdominal wall 
contraction but still classified them as 
able to contract their PFM. The assessor 
was allowed to guide the patient if they 
were using their gluteal muscles exces-
sively hindering their ability to palpate 
the tissues around the coccyx.

Statistical analysis
All measurements were entered using 
EpiData and analyses was performed 

the upper part of the subject’s sacrum 
with the index and ring finger on the 
gluteal muscles and the middle finger 
on or close to the coccyx as previously 
described [12].

The assessor then placed the non-
dominant hand on the participant’s 
lower abdomen to palpate any contrac-
tion of the lower abdominal muscles, 
as an indicator of abdominal muscle 
co-contraction (co-activation) (Fig.  2). 
The CMT+ assessor asked the patient to 
“squeeze” her PFM and then decided if 
the test indicated:
1. Valsalva;
2. nothing;
3. �PFM contraction with abdominal mus-

cle co-activation;
4. correct isolated PFM contraction.

Fig. 1. Probe placement and bladder base visualization at the time of transabdominal ultrasound.
Obr. 1. Umístění sondy a vizualizace dna močového měchýře v době transabdominálního ultrazvuku.

Fig. 2. Hands placement when performing a CMT+ either in the standing or sitting positions.
Obr. 2. Poloha rukou při provádění CMT+ ve stoje i vsedě.
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the command “squeeze” twice  [12]. In 
this study the CMT+ assessor could guide 
the patient if they were using their glu-
teal muscles excessively hindering the 
ability to palpate the tissues around the 
coccyx. Although only speculative, it is 
possible that such guidance might have 
enabled these participants to perform 
a correct contraction, having not been 
able to do so when assessed a few min-
utes prior to that on TAU. In a real clini-
cal setting, the assessor will have the op-
portunity to do multiple testing while 
giving feedback, and this is expected to 
reduce false positive and false negative 
results.

When asked to do a “PFM contraction”, 
only 73% of participants did an isolated 
contraction of the pelvic floor according 
to TAU assessment. Hence, 27% did a Val-
salva, nothing or abdominal muscle co-
activation when attempting a PFM con-
traction. These findings are supported 
by other studies showing that approxi-
mately 25– 30% of all women are unable 
to contract their PFMs correctly based 
on a short verbal instruction [5– 7].  Al-
though studies by Sapsford et al.  [15] 
have indicated that specific abdominal 
exercises activate the PFMs (in subjects 
with no symptoms of pelvic floor muscle 
dysfunction) and some physiotherapists 
use activation of the transversus ab-
dominis as an indicator for “pelvic floor 
muscle activity”, it is important to em-
phasize that the pubococcygeus is the 
primary muscle that must be trained. In-
deed, contraction of the transversus ab-
dominis will potentially increase the in-
trabdominal pressure and add strain to 
the pelvic floor.

In our study, participants classified as 
being able to contract the PFM with con-
comitant depression of the bladder base 
on TAU or co-activation of the abdomi-
nal wall muscles were considered being 
able to contract their pelvic floor mus-
cles because the main aim of our work 
was to assess the ability of CMT+ to iden-
tify patients who are able to do so. Nev-
ertheless, the clinical consequences of 

value 96.4%; LR+ = 60 and LR–  = 0.45) 
(Tab. 2). 

Discussion
Based on this study, CMT+ had a  bet-
ter specificity (99.1%) than sensitiv-
ity (55.6%). Furthermore, the test had 
a  high negative predictive value, so it 
was fairly accurate in identifying women 
who could locate their PFM. Despite the 
lower positive predictive value (83.3%), 
there was only one participant out of 
108  was mis-diagnosed as not able to 
contract their pelvic floor (False posi-
tive). We believe that this is an accepta-
ble false positive rate, particularly, that 
the only clinical consequence is poten-
tially an unnecessary second confirma-
tory test, such as a vaginal examination 
or pelvic ultrasound scan. Nevertheless, 
in this study we obtained a false nega-
tive (incorrect diagnosis that they are 
able to contract their PFM when the 
gold standard test suggested they were 
not able to) in 4 participants. It is impor-
tant for screening tests to have very few 
false negatives. In the initial CMT study 
the assessor was only allowed to give 

contributed to the final analysis. Partic-
ipants had a  mean BMI of 23.16 kg/ m² 
(SD 3.7; range 18– 35), mean age of 
20.86  (SD 4.5; range 20– 44) years and 
70 of the participants were primigravi-
das. Because the main aim of the study 
was to evaluate if there was a pelvic floor 
contraction or not, the findings of both 
the TAU and CMT+ were dichotomized to 
either “not able to contract” (Valsalva or 
nothing = positive test) or “able to con-
tract” (PFM contraction with abdomi-
nal muscle co-activation or correct PFM 
contraction = negative test) (Tab. 1). 

On TAU, 105 (90%) had the same result 
on both attempts. However, 12  (10%) 
had two different observations on ul-
trasound scanning, and the test result 
category changed, from not being able 
to contract to being able to contract, 
in 4  of these particiants. Compared to 
TAU (gold standard), CMT+ (Index test) 
correctly identified 5  of the 9  partici-
pants who were not able to contract and 
107  of the 108  who were able to con-
tract their PFM respectively (sensitivity 
55.6%, specificity 99.1%, positive predic-
tive value 83.3% and negative predictive 

Tab. 1. Gold standard and index test results.
Tab. 1. Výsledky zlatého standardu a indexového testu.

N = 117

Not able to contract (positive test) Able to contact (negative test)

1. straining 2. nothing
3. PFM contraction 

with abdominal 
muscle co-activation

4. PFM  
contraction

TAU 6 3 22 86

CMT+ 5 1 19 92

PFM – pelvic floor muscles/svaly pánevního dna, TAU – transabdominal ultrasound/transab-
dominální ultrazvuk

Tab. 2. CMT+ true and false negative and positive test results compared to TAU.
Tab. 2. Pravdivé a falešné negativní a pozitivní výsledky testu CMT+ v porovnání 
s TAU.

TAU
Total

positive negative

CMT+ positive 5 1 7

negative 4 107 110

Total 9 108 117

TAU – transabdominal ultrasound/transabdominální ultrazvuk
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contraction is yet to be tested, it is a min-
imally invasive screening test to iden-
tify patients who would benefit from 
a more specialized structured approach 
for their pelvic floor muscle assessment 
and training.
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priate monitoring and feedback  [8,16]. 
Hay-Smith et al. found that, of 43 RCTs 
they reviewed, only 15 stated that a cor-
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perform and useful to identify women 
who can locate their PFMs. In their study, 
Ben Ami and Dar showed that the most 
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PFM instruction was the “posterior in-
struction” of squeezing the anus as if 
trying to stop passing flatus  [18]. We 
believe that a  combination of a  verbal 
“posterior instruction” and CMT+ could 
be a good foundation for structured in-
struction and objective assessment in 
relation to a correct PFM contraction in 
most patients.

Maher and Iberle reported that they 
were able to palpate the tip of the coc-
cyx in all 37  participants regardless of 
BMI  [19]. This was also the case in this 
study. The 117 participants in this study 
had a range of BMI from 18 to 35 and it 
was possible to palpate a caudal or ven-
tral movement of the tissue around the 
coccyx in all our study participants.

There are several strengths to our work. 
All attendees for a  in the middle 2nd tri-
mester scan were informed about the 
study and the majority agreed to par-
ticipate, hence mitigating the potential 
risk of selection bias. We also attempted 
to minimize methodological biases by 
blinding participants and the CMT+ asses-
sor. The TAU assessors were given clear in-
structions not to provide patients with 
any feedback or additional information 
apart a  simple unified instruction. Fur-
thermore, participants were not able to 
see the ultrasound scan screen. However, 
we appreciate that the study had some 
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physiotherapist (SS) did the CMT+ and it 
is unknown if a less experienced assessor 
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