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4 
Reproducibility of vaginal surface electromyography of the pelvic 
floor; a comparison of women with and without vaginistic reactions 

To be able to investigate changes in muscle activity in women with vaginismus a 
research method is required that is both reliable and acceptable for the use in women 
with complaints related to the pelvic floor muscles. Electromyography may be suitable 
for this goal. This study assessed the reproducibility of vaginal EMG measurements of 
the pelvic floor muscles during rest and muscle exercises. Results of fifty-five women 
who performed on different days six short flick contractions and three ten second hold 
contractions were analyzed. There were no differences in baseline or amplitude of the 
contractions between exercises. We conclude that vaginal surface EMG is a reliable 
measurement method for the detection of changes in muscle activity. 



Chapter 4 

Introduction 

Most descriptions of diagnostic criteria for vaginismus include a muscle spasm of the 
pelvic floor muscles that surround the vagina (e.g. American Psychiatric Association, 
1994; World Health Organization, 1992). However, there is no empirical evidence for 
this muscle spasm and in most women with vaginismus it has never been confirmed 
(Reissing, Binik & Khalife, 1999). To be able to investigate changes in muscle activity 
in women with vaginismus, a research method is required that is both reliable and 
acceptable for the use in women with complaints related to the pelvic floor muscles. 
Electromyography may be suitable for this goal. 

Electromyography requires the placement of an electrode as close as possible to 
the source of the signal to be able to detect the electrical potentials of depolarizing 
muscle membranes. This electrode can be placed intra-muscular or on the skin or 
mucosa overlying the muscle. A surface electrode is easier to place and more 
comfortable for the patient but registers activity of a greater underlying area and is not 
able to register activity of a specific muscle (Siroky, 1996). Vaginal surface electrodes 
record activity of the pelvic floor muscles through the vaginal mucosa. These 
measurements are comparable to those derived from peri-urethral needle recordings 
(Lose, Tanko, Colstrop & Andersen, 1985). 

Vaginal surface electromyography of the pelvic floor has advantages and 
disadvantages. The main advantage is the non-invasive aspect of the measurement. By 
using a vaginal plug device with stainless steel electrodes embedded in its surface (e.g. 
Biotechnologies, Inc., Stafford, PA), shaving and abrading the skin in the perineal area 
can be avoided. The main disadvantage, with regard of the use in women with 
vaginismus, is the exclusion of women who are not willing or able to insert a probe in 
their vagina. 

When using surface EMG, the EMG-signal itself serves as an important criterion 
for the EMG registration. The signal has to be powerful, with a good signal /noise ratio, 
and has to be reproducible during contraction of the muscle. Contamination with 
activity of surrounding musculature has to be minimized (Franssen, 1995). To be valid 
as a measurement method in experimental settings, the changes in pelvic floor EMG 
should be caused by the experimental manipulation. If so, pelvic floor EMG could be an 
effective measure to detect specific changes in muscle activity. The reproducibility of 
the measurements gives information about the reliability of the method. 

Several studies investigated the reproducibility of surface EMG. Both 
contraction and relaxation of muscle groups can be reliably established (e.g. Basmajian 
& De Luca, 1985; Giroux & Lamontagne, 1990; Veiersted, 1991). Surface EMG of the 
pelvic floor muscles was investigated by Thorp, Bowes, Droegemueller, and Wicker 
(1991). They used a vaginal acrylic plug to investigate pelvic floor muscle activity in 
healthy women. They found a mean baseline of 1.8 uV (SD = 1.08) for vaginal flick 
contractions and 2.1 uV (SD = 0.97) for vaginal ten second hold contractions. During 
exercises, the mean contraction was 11.7 uV (SD = 3.67) for the flick and 9.0 uV (SD 
3.16) for the hold contractions. They repeated the measurement in 8 women and found 
high correlations between the exercises (r = 0.89 to 0.96). The authors concluded that 
results of the measurements taken at different times were reproducible. 

However, in a later study Thorp, Jones, Wells and Ananth (1996) found a 
difference between two sessions of pelvic floor muscle exercises on the EMG 
measurements, indicating an increase in activity during the contractions of the second 
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session. They concluded that the vaginal EMG test is not useful for research or clinical 
practice because of the wide ranges and the high standard deviation found in healthy 
volunteers during flick and sustained contractions. 

This study addresses the reproducibility of baseline values and voluntary 
contractions of the pelvic floor muscles, measured with a vaginal surface EMG device 
developed by Perry (1987). The aim is to investigate the usefulness of this kind of 
measurement in women with vaginismus. The evaluation of the reproducibility was 
based on the results of two measurement sessions. We expected no differences in 
baseline or between contractions of the different experimental sessions. With regard to 
within-subject aspects of the measurements, we suppose, based on the lack of feedback 
about their performance, some variation in performance of the muscle exercises. 
Although this variation may occur both during and between sessions, we don't expect 
this variation to cause substantial differences. 

Methods 

Subjects and setting 
Data of subjects who participated in two different studies were used. Subjects were 
women with no history of pelvic floor problems (N = 11 ) and women with vaginistic 
reactions (N = 44). The women with vaginismus met the criteria of the Diagnostic and 
Statistical Manual of Mental disorders (DSM-IV). All women in the vaginismus group 
had been diagnosed by a general practitioner or a gynecologist earlier. The diagnostic 
procedure included a physical examination. All but one control subject underwent a 
gynecological exam, with normal results. None of the control subjects had a history of 
sexual or pelvic floor problems, and all were able to insert menstrual tampons without 
difficulty. All women in the control group had experienced vaginal intercourse. All 
women were nullipara. Subjects were not tested during menstruation. During the first 
experimental session, women signed an informed consent form. Subjects were assured 
confidentiality, anonymity and the opportunity to withdraw from the experiment at any 
time. 

Procedure 
Prior to their scheduled experimental appointments, subjects were given written 
information on all experimental procedures. During the first individual appointment 
they read and signed an informed consent form. The experimenter then placed pellet 
electrodes on the abdominal and adductor muscle groups. Women inserted a vaginal 
probe and placed pellet electrodes on the gluteal muscles in private. During the 
experiment women were in supine position. After an adaptation period of 5 minutes, 
baseline values were measured during 30 seconds. Subjects then performed 6 short flick 
contractions. They were instructed to perform short but maximal contractions with their 
pelvic floor muscles. A beep was used as signal to start each contraction. Then they 
were instructed to perform a maximal contraction with their pelvic floor muscles after 
the beep and to hold this contraction ten seconds, until the second beep. They performed 
3 ten second hold contractions with their pelvic floor muscles. They were instructed not 
to use other muscle groups. After a resting period and another baseline measurement, 
women repeated these exercises. They were now allowed to contract other muscles 
groups that may influence the contraction of the pelvic floor muscles. Then they 
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performed two sets of exercises for the surrounding muscle groups that are beyond the 
scope of this article. After an exit-interview an appointment for a second session was 
made. The first and second session consisted of the same exercises. 

Physiological recordings 
Depth and placement of the vaginal EMG device is controlled by the shape of the 
device, which has a bulb on the end. Subjects were instructed to insert the probe such 
that the bulb would touch their labia. Before use, the probe and pellet electrodes were 
sterilized in a solution of Cidex activated Glutaraldehyde (Geer, 1980). 

Since B0 and Stien (1994) found pelvic floor muscle activity during voluntary 
contraction of the adductor, gluteal and abdominal muscle groups, surface electrodes 
were used to register abdominal, gluteal and adductor muscles group activity. Bipolar 
EMG recordings were made by means of Ag-AgCl pellet electrodes (5mm detection 
surface). The electrodes were placed in accordance with the instructions of Fridlund and 
Cacioppo (1986) and Zipp (1982). 

Vaginal EMG was measured using a highly sensitive AC front-end with variable 
amplification factor ranging from A = 1000 to A = 7000, used at A = 1000. The other 
EMG-signals (abdominal, adductor and gluteal muscle regions) used standard DC front-
ends with a variable amplification factor ranging from A = 1000 to A = 7000, these 
front ends used at A = 1000. All front-ends were coupled through an isolation amplifier 
to a contour follower, using a 25msec time constant. The different signals were fed to a 
computer through a Keithley 570 Measurement and Control System, controlled and 
timed with a custom-build MsDos program. 

All EMG signals were recorded continuously during baselines and during 
muscle exercises. EMG signals were recorded using a preamplifier with a frequency 
range of 1 Hz - 1000Hz, and a gain of 1000. The output of this amplifier was lead to a 
variable-gain contour follower with the time constant set at 25 msec, and the gain set at 
60 for the pelvic floor and 30 for the surrounding muscle groups, resulting in an overall-
gain of respectively 60,000 and 30,000. The output of the contour follower (commonly 
referred to as 'integrated EMG') was sampled at a rate of 10 samples per second using a 
personal computer (IBM compatible 80486/33) and a Keithley System 570 for 12-bit 
analogue/digital conversion, with an input range of -/+ 5 volt. All physiological 
measures were recorded on a WEKAGRAPH OEM 821060 thermo writer (paper speed 
100mm/min.). 

Data reduction and analysis 
Baseline measurements were averaged over 30 seconds. Changes in EMG were 
calculated as the difference in |iV from the preceding baseline. The six short flick 
contractions and the three 10 second hold contractions were averaged resulting in a 
mean for the flick and a mean for the sustained contractions. Standard deviations were 
calculated. Differences in means between testing sessions with standard errors were 
computed. Paired t-tests (two tailed) were used to compare means between testing 
session. P < 0.05 was considered significant. Spearman's rho (p) was computed for 
within-subject rank correlations. 

The BMDP 4V program (1990 edition) was used to investigate differences 
between women with and without vaginistic reactions. The BMDP 3D program was 
used for matched t-tests, and the 6D program for correlations. 
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Results 

Subjective report 
All women reported that insertion of the vaginal device was possible without pain or 
discomfort. Women reported they felt more relaxed during the second experimental 
session because they had a better idea about what to expect of the experimental 
situation, the insertion of the vaginal probe, and the exercises. 

Women with and without vaginismus 
There were no differences in amplitude of the baseline measurements (first session: 
F (1,53) = 0.07,/? = 0.79; second session (F(l,53) = 0.35,/? = 0.56) or the contractions 
(first session: flick contractions F (1,53) = 1.56, p = 0.22; sustained contractions 
F (1,53) = 0.19,/7 = 0.67; second session: flick contractions F (1,53) = 1.10, p = 0.30; 
sustained contractions F (1,53) = 0.47, p = 0.50) between the women with and without 
vaginistic reactions. For that reason the data of the two groups were merged for further 
analyses. To allow inspection of the data of women with and without vaginismus, 
scatterplots of the baselines, flick- and sustained contractions are presented in Figure 1. 

Between-session test-retest reliability 
Results of the muscle exercises for the pelvic floor muscles only are presented in 
Table 1. There were no differences in baseline or amplitude of the contractions between 
the first and the second investigation. The correlation between the baselines (r = 0.72, 
p < 0.001), flick contractions (r = 0.84,/? < 0.001) and sustained contractions (r = 0.90, 
p < 0.001) of the first and second experimental session was satisfactory. 

mean in uV SD in uV range in uV 
base first 1.56 0.86 4.44 
base second 1.49 0.82 3.40 
flick first 4.02 2.85 15.36 
flick second 3.89 2.56 14.03 
hold first 3.98 4.15 26.37 
hold second 3.70 2.97 17.98 

coefficient of 
variation 

difference in means 
in uV 

P 

diff base 8.92 0.07 0.41 
diff flick 12.35 0.13 0.55 
diff hold 6.95 0.28 0.29 

Table 1. Pelvic floor muscle activity during exercises for pelvic floor muscles only. 

Although subjects were instructed not to use other muscle groups during the 
exercises, more than half of the women showed some activity in at least one of the 
measured muscle groups. However this activity was negligible compared to the activity 
of these muscle groups during the other sets of exercises. Only twenty-one women 
showed no difference from baseline for the surrounding muscle groups. Their results are 
presented in Table 2. The results of this sub-group did not differ from the data of the 
women who did show some muscle activity. 
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Figure 1. Scatterplots of the baselines, flick- and sustained contractions. 
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mean in uV SD in uV range in uV 
base first 1.59 0.75 2.56 
base second 1.50 0.73 2.60 
flick first 3.65 1.45 5.25 
flick second 3.67 1.81 7.20 
hold first 3.45 1.81 6.06 
hold second 3.60 2.16 8.23 

coefficient of 
variation 

difference in means 
in n"V 

P 

diff base 7.62 0.09 0.55 
diff flick -63.90 0.02 0.94 
diff hold -10.18 0.15 0.66 

Table 2. Pelvic floor muscle activity of a subgroup (N = 21) who showed no activity of surrounding 
muscle groups during the exercises for pelvic floor muscles only. 

Results from the second set of exercises, when women were allowed to use other 
muscles to increase the pelvic floor contractions are reported in Table 3. There was 
more pelvic floor muscle activity during the exercises with surrounding muscle groups 
compared to the activity during the exercises for the pelvic floor muscle only (first 
session: flick contractions: t (54) = -4.94, p < 0.0001, sustained contractions: 
t (54) = -4.92,p < 0.0001; second session: flick contractions: t (54) = -5.24,p < 0.0001, 
sustained contractions: t (54) = -5.33, p < 0.0001). Again, there were no significant 
differences between the first en second session in baseline level or amplitude of the 
contractions. 

mean in uV SD in uV range in uV 
base first 1.29 0.71 3.20 
base second 1.35 0.70 3.28 
flick first 5.24 3.70 19.61 
flick second 5.12 3.38 18.28 
hold first 5.65 4.38 19.60 
hold second 5.26 3.78 17.31 

coefficient of 
variation 

difference in means 
in uV 

P 

diff base -9.93 -0.06 0.46 
diff flick 12.82 0.12 0.57 
diff hold 5.78 0.39 0.20 

Table 3. Pelvic floor muscle activity during exercises for the pelvic floor muscles. Other muscle groups 
may be used to support the pelvic floor muscle contractions. 

Within-subject test-retest reliability 
Within-session inspection of data per person revealed variation in amplitude of the 
repeated contractions. Between sessions, for some women differences in means of 
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pelvic floor muscles activity were found (flick contractions N = 8, sustained 
contractions N = 3). Based on the fact that group correlations between the two sessions 
were reasonable strong, within-subject rank correlations were computed to get more 
insight into the meaning of the differences. These correlations were high (range 
p = 0.58 - 1.00, median flick contractions p = 0.917; median sustained contractions 
p = 0.924). Figure 2 shows a representative example of the within-subject differences. 

b. 

Figure 2. Example of the exercises of one subject during the first (a) and second (b) experimental session. 

Discussion 

We assessed the usefulness of vaginal surface EMG as measurement method in women 
with vaginismus and showed reproducibility of baselines, flick contractions and 
sustained contractions. Women with and without vaginismus were instructed to contract 
their pelvic floor muscles, and they did. There were no group differences found in either 
baseline or amplitude of the flick and sustained contractions between sessions. 
However, some within-subject differences in muscle activity during performance of the 
exercises were found. As was demonstrated with the rank correlations, these differences 
consisted of variation within a set of repeated contractions and of maximal amplitude 
between the two sessions. 
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The pelvic floor developed from a muscle group primarily responsible for tail 
waggling in quadrupeds, to a group of muscles that support the weight of the pelvic 
contents and resist intra-abdominal pressure during stress in biped humans (Norton, 
1994). Both resting tone and voluntary contraction are important for its daily function. 
When investigating the pelvic floor, both fast-twitch fibers, necessary during acute 
stress, and slow-twitch fibers, providing constant tone, have to be tested. A series of 
short contractions is comparable to daily activity of the pelvic floor muscles. 
Combination with sustained contractions gives complete information about the 
condition of the pelvic floor (Fay, Jones & Porter, 1976). 

As is described by Fay et al. (1976) it is difficult to obtain truly maximal pelvic 
floor contractions. This is clearly demonstrated during a reflex contraction (e.g. when 
coughing) which evokes still more pelvic floor activity, suggesting that even during the 
maximum voluntary contractions many motor units are held in reserve. Although reflex 
activity plays a dominant role in vaginistic reaction, the voluntary contraction is 
important as well. As is known from other pelvic floor function like for example the 
maintenance of continence, voluntary activity of the pelvic floor muscles should be 
considered part of a control strategy (Fay et al., 1976). 

Since the aim of the study was to investigate the usefulness of this measurement 
method in a group of women with vaginismus, no external feedback about the 
performance of the exercises was given during the experimental sessions. For this 
reason only internal cues could be used during the exercises. These cues or the 
interpretation of these cues may vary on different days and be influences by for example 
motivation. We suppose that in a following study, the results could be improved by 
feedback and encouragement during the experimental session. 

Despite the fact that the contractions were not exactly identical, the amplitude of 
the contractions indicated that women tried to reach a personal performance level, and 
succeeded. Despite individual differences in ability to perform the exercises, the results 
did not support the idea that a lack of voluntary control over pelvic floor muscles is a 
characteristic of women with vaginismus as is for example proposed by Hall (1952). 

We conclude that the vaginal EMG measure and surface measures of abdominal 
and adductor muscles can be easily applied and will result in stable and reliable data. 
This measurement technique is useful for the detection of changes in pelvic floor 
muscle activity. 
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