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The pelvic floor muscles (PFM) form 
the floor of the pelvic and abdomi-
nal cavity1. PFM are considered to 

have the dual function of controlling 
bladder continence and providing stabil-
ity in the lumbo-pelvic region2,3; i.e., each 
play an important role in generating, 

maintaining, and increasing intra-ab-
dominal pressure and maintaining blad-
der continence. Evidence has confirmed 
the co-activation of the pelvic floor and 
abdominal muscles for development of 
intra-abdominal pressure and trunk load 
transfer2-6. Consequently, PFM dysfunc-

tion has been commonly associated with 
urinary disorders or lumbo-pelvic pain. 

Assessment of PFM function before 
and after treatment has been generally ac-
cepted as an important parameter in 
clinical and scientific issues to analyze 
whether the training protocol has been 
effective7. Various clinical methods have 
been used to assess PFM function in 
women attending physical therapy. Man-
ual muscle testing, assessed by vaginal 
palpation, is one of the most common 
clinical methods currently used to evalu-
ate PFM contraction1,7-9. However, the 
digital palpation method may not be ap-
propriate for use in certain populations in 
which vaginal examination may be 
against social norms or unpleasant10,11. 

More recently, there has been inter-
est in the use of transabdominal (TA) 
ultrasound to evaluate PFM func-
tion1,10-14. TU ultrasound of the TA imag-
ing has several clinical advantages, the 
method is safe, non-invasive, and com-
fortable for the patient and the patient 
does not need to undress. This may be 
important in specific populations where 
vaginal assessment may not be desirable 
or possible. The lifting aspect of the pelvic 
floor is quantified and measured as an 
indicator of PFM function in TA ultra-
sound imaging1,10-14. Although several 
studies have investigated the comparison 
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of digital palpation to the other mea-
surement tools for PFM evaluation, such 
as perineometery15,16, vaginal balloon17, 
electromyography7, and transperineal 
ultrasound10,11,18,19, few studies have been 
conducted to determine the association 
between TA ultrasound measurement 
and digital muscle testing of PFM ac-
tion10,12. 

With the use of different designs 
and testing procedures, controversial re-
sults have been reported regarding the 
correlation between TA ultrasound 
measurement and vaginal palpation. Al-
though Thompson et al10 found signifi-
cant correlation between TA ultrasound 
measurements and manual testing for 
PFM contraction, others have not asso-
ciated the TA ultrasound and digital pal-
pation measures11.  In one study con-
ducted by Sherburn et al12, during the 
observation of bladder base displace-
ment on ultrasound, digital vaginal ex-
amination was simultaneously per-
formed by another examiner to confirm 
correct muscle activation. In the second 
study reported by the same researchers, 
no simultaneous vaginal palpation was 
performed during the evaluation of 
PFM contraction using TA ultrasound11. 
However, in both studies the digital pal-
pation scores and TA ultrasound mea-
surements for PFM contraction were 
recorded during different contractions. 
No study has performed digital palpa-
tion and TA ultrasound for PFM evalu-
ation during the same contraction. In 
addition, subjects with lumbo-pelvic 
pain have not yet been included in such 
studies. 

The purpose of this study was to in-
vestigate the association between digital 
palpation and TA ultrasound measure-
ment for the assessment of PFM con-
traction when recorded simultaneously 
during the same contraction and in sep-

arate contractions in a mixed population 
(asymptomatic women and women with 
urinary disorders or lumbo-pelvic pain). 

Methods

Subjects

A total of 19 women between the ages of 
22 and 40 years (mean = 30.63, SD = 
5.68) participated in the study. To have a 
wide range of manually graded muscle 
strength, the subject population in this 
study was a mixed population including 
7 asymptomatic women, 3 women with 
urinary incontinence, and 9 women 
with chronic low back pain. Subjects 
with low back pain or urinary inconti-
nence were selected among the individ-
uals seen in the physical therapy clinics. 
The asymptomatic women were selected 
from among those who accompanied a 
patient or from staff at the University of 
Social Welfare and Rehabilitation Sci-
ences. All the subjects signed an in-
formed consent approved by the Human 
Subjects Committee at the University of 
Social Welfare and Rehabilitation Sci-
ences before participating. 

The asymptomatic subjects had no 
complaint of pain or dysfunction in the 
low back, pelvis, or lower extremities 
and no symptoms of incontinence. Low 
back pain patients were included if they 
had a history of low back pain for more 
than six weeks before the study or had 
intermittent pain and had experienced 
at least three episodes of pain, each last-
ing more than one week, during the year 
before the study. Exclusion criteria were 
pregnancy, history of spinal surgery and 
spinal or pelvic fracture, urinary tract 
infection, vaginal infection, and known 
neurological disorders. The physical 
characteristics of the subjects are shown 
in Table 1. 

TABLE 1.  Demographic data of the subjects (N=19).

Variables	 Mean (SD)	 Min	 Max

Age (years)	 30.6 (5.7)	 22	 40
Weight (kg)	 65.2 (10.01)	 50	 85
Height (cm)	 160.2 (5.3)	 151	 171
BMI (kg/m2)	 25.4 (3.9)	 19.7	 33.3
Number of pregnancies*	 1 (5)	 0	 5

* The number of pregnancies: Data are median (range)

Procedures

Two examiners blinded to the subjects’ 
health status tested the subjects. One 
measured PFM contraction on TA ultra-
sound and the other performed digital 
palpation. Two trials were performed 
for TA ultrasound measurement: during 
the first trial first examiner performed 
manual muscle testing by vaginal palpa-
tion and simultaneously the second ex-
aminer measured the displacement that 
occurred on TA ultrasound during the 
same contraction. During the second 
trial, the second examiner performed 
TA ultrasound measurement following 
the digital palpation testing in another 
contraction. The examiners and their 
results were blinded from each other. All 
testing procedures were performed in 
the biomechanics laboratory of the 
physical therapy department at the Uni-
versity of Social Welfare and Rehabilita-
tion Sciences.

Transabdominal Ultrasound 
Measurement

The transabdominal ultrasound used in 
this study was an imaging unit set in B-
mode (Ultrasonix-ES500, Canada) with 
a 3.5 MHz curved array transducer. The 
procedure described by others10-14 was 
followed to measure the amount of blad-
der base movement as an indicator of 
PFM contraction. All women were as-
sessed by the same examiners. A stan-
dardized bladder filling protocol was 
used prior to imaging. One hour before 
the measurement, the women were 
asked to fill their bladder by consuming 
600–750 ml of water within half an hour 
(completed half an hour prior to test-
ing), without voiding until after the ul-
trasound assessment. The subject’s posi-
tion was crook-lying supine with one 
pillow under the head. The ultrasound 
probe was transversely placed in the 
midline on the supra-pubic region and 
was angled in a caudal/posterior direc-
tion to obtain a clear image of the infe-
rior-posterior aspect of the bladder. A 
marker was placed at the bladder base 
on the junction of the hyper- and hypo-
echoic areas in the region of the greatest 
displacement visualized during a PFM 
contraction. The marker was first placed 
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on the bladder base at the rest. The par-
ticipants were instructed to draw in and 
lift the PFM to perform a voluntary PFM 
contraction, and the marker was then 
placed on the bladder base at the point 
of maximal displacement during the 
PFM contraction. The amount of blad-
der base displacement from resting po-
sition at the end of each contraction was 
measured in millimeters (mm). If the 
bladder base was found to descend dur-
ing PFM contraction, the displacement 
was given a negative value. The ultra-
sound transducer was not moved during 
the testing procedure. 

Digital Palpation Testing

Digital muscle testing is one of the most 
common clinical methods used by phys-
ical therapists to assess PFM strength 
and the woman’s ability to perform cor-
rect PFM contractions1,7-9. The PFM 
contraction was assessed by digital pal-
pation testing using a modified Oxford 
muscle grading scale. The detailed pro-
cedure for this test has been described 
by Sapsford et al8. The modified Oxford 
scale is a 6-point measurement scale: 0 = 
nothing, 1= flicker, 2 = weak squeeze, 3 
= moderate squeeze and lift, 4 = good 
squeeze and lift, 5 = strong squeeze and 

lift. All the subjects were assessed by the 
same examiner. The subject’s position 
and the instructions for performing the 
PFM contraction were the same as those 
used during the ultrasound measure-
ment. 

Data Analysis

MedCalc® statistical software was used 
for data analysis. The association be-
tween TA ultrasound measurement and 
digital palpation testing (modified Ox-
ford scale) to evaluate PFM contraction 
was assessed using Spearman’s coeffi-
cient of correlation.

Results

The demographic data for the subjects is 
presented in Table 1. The measurements 
taken using TA ultrasound and digital 
palpation for PFM contraction are sum-
marized in Table 2. The presented data 
are mean (SD) for TA ultrasound mea-
surements and median (range) for vagi-
nal palpation testing, which was consid-
ered ordinal. 

Table 3 presents the correlation be-
tween the TA ultrasound measurements 
and digital palpation testing (modified 
Oxford scale). There was a significant 

correlation between manually graded 
PFM strength and TA ultrasound mea-
surement when simultaneously per-
formed (rho=0.62, p=0.01, 95% CI for 
rho: 0.23 – 0.83) (Table 3, Figure 1). 

A significant association was also 
found between TA ultrasound measure-
ment and digital palpation testing when 
tested in separate contractions (rho= 
0.52, p=0.02, 95% CI for rho: 0.08 – 0.78) 
(Table 3, Figure 2). 

Discussion

The modified Oxford muscle grading 
scale, used in this study, is a frequently 
used digital assessment of PFM contrac-
tion. Digital examination is a straight-
forward and clinically practical means 
of PFM assessment and requires no spe-
cial equipment. It has been often com-
pared with other measurement ap-
proaches for evaluation of the PFM 
contraction such as perineometery15,16, 
vaginal balloon17, electromyography7, 
and transperineal ultrasound10,11,18,19. 
However, vaginal palpation is inappro-
priate for use in certain populations10,11. 

Real-time ultrasound imaging is a 
reliable and valid method used by phys-
ical therapists to evaluate muscle struc-
ture, function, and activation patterns. 

TABLE 2.  Descriptive statistics for digital palpation and TA ultrasound measurements.

	 Mean (SD) 	 Lowest	 Highest	 95% CI for 
Variables	 Median (range)	 value	 value	 mean/median

TA ultrasound measurement in trial 1 (mm)*	 4.9 (6.9)	 –6.2	 23.8	 1.6–8.3
TA ultrasound measurement in trial 2 (mm)*	 7.4 (6.5)	 0.1	 23.8	 4.3–10.6
Digital palpation testing (modified Oxford scale)**	 3 (3)	 2	 5	 3–4

TA = Transabdominal, * = Data are mean (SD), ** = Data are median (range), 95% CI = 95% confidence interval  
Trial 1 = Ultrasound measurement simultaneous with digital palpation testing in same contraction 
Trial 2 = Ultrasound measurement following digital palpation testing in separate contraction

TABLE 3.  Correlation between digital palpation testing and TA ultrasound measurements.

	 Digital palpation testing  
Variables	 (modified Oxford scale)

	 rho	 P-value	 95% CI for rho

TA ultrasound measurement simultaneous with digital palpation	 0.62	 <0.01	 0.23–0.83
TA ultrasound measurement following digital palpation	 0.52	 0.02	 0.08–0.78

TA = Transabdominal, CI = confidence interval 
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The value of ultrasound imaging in a 
clinical rehabilitation setting is that it al-
lows for real-time study of the muscles 
as they contract20. It provides direct 
feedback to the therapist and patient and 
assists them in the correct activation of 
the muscles. This is especially important 
when the activation pattern of deep 
muscles such as deep trunk and pelvic 
floor, which are difficult to access, is in-
vestigated. 

Transperineal ultrasound has been 
previously used to assess the PFM con-
traction by measuring the amount of 
bladder neck elevation during PFM con-
traction10,11,18,19. However, the transperi-
neal method may be unsuitable for use 
in certain populations where placing the 
ultrasound transducer on the perineum 

is unpleasant. The location of the probe 
on the perineum can also limit some 
functional maneuvers. 

More recently, TA ultrasound has 
been used by therapists to assess the lift-
ing aspect of the pelvic floor by observ-
ing movement of the bladder base dur-
ing PFM contraction. This technique is 
comfortable for the patient, quick, and 
easy to apply. The patient does not need 
to get undressed and the probe is not 
placed at the perineum. This makes TA 
ultrasound a valuable tool for PFM eval-
uation in specific populations where 
vaginal palpation or perineal examina-
tion may not be possible or desirable, 
e.g. children, adolescents, men, victims 
of sexual abuse, and some ethnic groups. 
The reliability of TA ultrasound for mea-

surement of bladder base movement 
during PFM contraction has been estab-
lished previously10,12.

The result of this study showed a 
significant association between TA ul-
trasound measurement and digital pal-
pation testing for PFM evaluation when 
simultaneously or separately tested (Ta-
ble 3, Figures 1, 2). Similar findings have 
been reported elsewhere10,12. Dietz et al18 
also reported a positive correlation be-
tween the measurements taken using 
transperineal ultrasound and manual 
muscle testing. In contrast, Sherburn et 
al12 found no significant relationship be-
tween ultrasound measures and digital 
palpation. This difference could arise 
from the fact that different approaches 
have been used in the previous studies. 
In the study conducted by Sherburn et 
al12, during the observation of bladder 
base displacement on ultrasound, vagi-
nal examination was simultaneously 
performed by another examiner. But in 
the study of Thompson et al10, no simul-
taneous vaginal examination was car-
ried out during ultrasound measure-
ment. The subject population was also 
different in the earlier studies. However, 
in both studies the strength of PFM was 
manually graded separately from ultra-
sound measurement. 

The significance of this study was in 
assessing and comparing the relation-
ship between digital palpation and TA 
ultrasound when recorded simultane-
ously during the same contraction or in 
separate contractions. Our data indicate 
stronger correlation between the mea-
sures when they are evaluated simulta-
neously (Table 3, Figures 1, 2). We think 
vaginal palpation gives better feedback 
as to PFM contraction. Thus, a stronger 
association was found between the mea-
sures when they were performed simul-
taneously during the same contraction. 

The significant correlation between 
the measures in separate tests, (rho=0.52, 
P=0.02), complements the results of the 
previous studies. Peschers et al7 and Bø 
and Finckenhagen17 believed that digital 
palpation was the only way to ensure a 
correct PFM contraction and consid-
ered it a gold standard. Although digital 
examination is important for palpating 
components of pelvic floor dysfunction, 
it is not the only method to assess PFM 

FIGURE 1.  Correlation between digital palpation testing and TA ultrasound 
measurement when simultaneously performed.  TA = transabdominal.

FIGURE 2.  Correlation between digital palpation testing and TA ultrasound 
measurement when tested in separate contractions. TA = transabdominal.
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action. The result of the study conducted 
by Sherburn et al12 demonstrated that 
the bladder base elevation observed on 
TA ultrasound confirms whether cor-
rect PFM muscle contraction has been 
performed. Concomitant digital palpa-
tion may therefore not be necessary in 
assessing PFM contraction. 

The value of the TA view is that it 
allows for evaluation of both sides of the 
pelvic floor at once. Another advantage 
of using the TA ultrasound is that any 
pressures by the transducer against  
the abdominal wall, and movement of 
the abdominal wall, are dissipated by the 
fluid-filled bladder and so do not affect 
the PFM displacement values. Addition-
ally, the probe placement in TA ultra-
sound method does not restrict move-
ment of the lower limbs, which is 
important in the assessment of the sub-
jects with lumbo-pelvic pain. 

Limitations

TA ultrasound may be criticized be-
cause of the lack of a fixed bony land-
mark as a reference point. Measures of 
displacement are only expressed relative 
to a chosen starting point rather than an 
anatomical landmark. In this study sim-
ilar to the others, a distinct edge of the 
endopelvic fascia in the region of its 
greatest observed displacement that was 
clearly observable during the movement 
was selected for measurement. 

Another area of concern in this 
study is the sample population. The par-
ticipants in previous similar studies 
were mainly asymptomatic or inconti-
nent women. Patients with lumbo-pel-
vic pain were not included in those stud-
ies. With regard to the dual function of 
PFM in controlling continence and pro-
viding trunk stability, the sample popu-
lation in this study was a mixed popula-
tion of asymptomatic women and those 
with urinary incontinence or chronic 
low back pain.

Conclusion

This study investigated the association 
between digital palpation and TA ultra-
sound for the assessment of PFM con-
traction when measured simultaneously 

during the same contraction and during 
separate contractions. Our data indicate 
a significant correlation between vaginal 
palpation and TA ultrasound measure-
ment when simultaneously or separately 
tested. Stronger correlation was found 
between the measures when performed 
simultaneously. This suggests that these 
two methods of evaluation measure 
comparable parameters. TA ultrasound 
can be used as a valuable tool for mea-
suring PFM function.
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