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Use of Uterine Electromyography (EMG) for Estimation of Uterine Contractility and Cervical 
Dilation During the 1st Stage Labor in Pregnant Women

B. D. Ford, University of Arizona College of Medicine, Phoenix
R. E. Garfield, PhD, University of Arizona College of Medicine & Banner University Medical Center-Phoenix, Dept. of Obstetrics and Gynecology

Methods

EMG records from nulliparous pregnant women
(n= 195) with normal progression of 1st stage
labor and vaginal delivery were enrolled. A single
measurement of EMG activity was taken from
electrodes placed noninvasively on the
abdominal surface some time during labor,
whether before or following 100% effacement,
and up to 10cm dilation. Uterine electrical bursts,
which are known to produce uterine contractions,
were measured and analyzed via ADInstruments
(Castle Hill, Australia) equipment and software.
The bursts characteristics were recorded and
analyzed to obtain values of bursts/30 minutes
(min), power density peak frequency, route mean
square (RMS) and total power. Plots of cervical
dilation (x axis) vs. each burst characteristic (y
axis) record were made. To estimate
relationships between power of EMG and
effacement and cervical dilation linear regression
analysis was used. To obtain predictive values of
cervical dilation from values of power (x axis) or
to obtain predictive values of power (y axis) from
cervical dilation lines were drawn to connect
points on the linear regression line using the
formula y = a + bx, where x and y are the
variables, b is the slope of the regression line
and b is the intercept point of the regression line.
dependent variable.

Abstract

Introduction: Labor and delivery in pregnant
women occurs in three stages: The 1st stage
begins with the onset of uterine contractility and
progressive cervical dilation. The onset and
development of labor are commonly monitored with
crude and inaccurate instruments and methods: a
force transducer (tocodynamometer or TOCO)
strapped to the abdominal surface to measure
uterine contractility and digital exams to estimate
effacement and cervical dilation. Electrical activity
is the underlying basis for uterine contractility as it is
in all muscles including the heart, skeletal and
smooth muscles and electrical activity can be
accurately estimated with electromyography (EMG,
electrophysiological methods). In the uterus,
electrical activity consists of bursts of spikes and
the characteristics of the bursts are responsible for
the frequency, duration and force of contractions
Methods: EMG records from pregnant nulliparous
women with normal 1st stage of labor Study 1:
(n=195), 1 record/patient) before and following
100% effacement and during cervical dilation (1 to
10 cm) were obtained from a data base maintained
by R.E. Garfield. Uterine electrical bursts were
recorded and analyzed with ADInstruments (Castle
Hill, Australia) hardware and software. The following
EMG burst characteristics were examined vs.
effacement and cervical dilation: burst frequency
(bursts/30 minutes), power density peak frequency,
total power, and route mean squared (RMS).
Statistical differences were determined by one-way
ANOVA and Pearson’s correlation coefficient to
determine data linear relationships to consider
significance (<0.05). Results: All EMG
characteristics progressively and significantly
increased (P<0.001) during cervical dilation. In
another group (Study 2), cervical dilation or power
values were obtained from linear regression
analysis of EMG power vs. effacement and cervical
dilation. Conclusions: 1. Electrical activity (bursts)
directly dictate contractions of uterus and thereby
indirectly regulate cervical effacement and dilation;
2. Analysis of uterine electrical activity by EMG can
be used to monitor uterine contractions and cervical
dilation, the two cardinal signs for the onset and
progress of labor. 3. This study has many potential
benefits for pregnant women and their babies.

Results

Discussion and Conclusions

1. Measured Uterine Electrical bursts directly
dictate contractions of the uterus and therefore
indirectly govern cervical effacement and dilation.
2. Analysis of EMG can be used to monitor
uterine contractions and cervical dilation, the two
cardinal signs for the onset and progress of labor.
3. EMG accurately tracks the onset and progress
of labor.
4. The onset of the active phase of labor occurs
at the time of full cervical effacement.

Objective

The goals of this study were to assess: 1) The
potential for measuring uterine electrical activity
during the 1st stage of labor as the basis for
contractility of the uterus; 2) The causal
relationship of contractility to and changes in
cervical effacement and dilation in pregnant
patients , and 3) Define how predicted values of
cervical dilation can be obtained from electrical
signals and how predicted values of electrical
signal characteristics can be obtained from
cervical dilation.

Implications

This study contains several important and
significant benefits for monitoring pregnant
women during birth of their fetuses.
Particularly significant are the potential
abilities of EMG to identify mechanisms
involved in the onset and progress of term
and preterm labor, selection of treatments,
improve perinatal outcomes, save costs and
maternal and fetal lives.

Figure 1 represents background
information indicating bursts of uterine
electrical activity produce contractions
registered with IUP, TOCO, or RMS
(calculated from bursts). Figures 2 and 3
show electrical characteristics plotted
against cervical effacement and dilation.
The results of extrapolation from y axis to x
axis or x to y values are shown in Figure 4.
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Figure 1, Background: Recording of electrical activity
(bursts, top tracing) corresponds to contractions measured
with IUP (intrauterine pressure), TOCO and RMS (route
mean squared) in patient during 1st stage of labor. X axis is
time measured in minutes. Fetal heart rate (FHR) is an
estimate of fetal wellbeing. Note how bursts relate to IUP
and RMS but not always TOCO.

Figure 2. Plot of electrical burst number per 30 minutes vs.
effacement and cervical dilation during 1st. stage of labor.
Linear Regression Analysis demonstrates significant
differences P<0.001

Figure 3. Plot of electrical burst power vs. effacement and
cervical dilation. Regression Analysis demonstrates
significant differences P<0.001

Figure 4. Plot of Power density spectrum (PDS) peak frequency (y axis) vs.
effacement and cervical dilation (x axis) relationship. Regression Analysis
demonstrates significant differences P<0.001 This figure demonstrates
that it is possible to obtain either x values from y values or y values from x
values using linear regression analysis and the formula y = a + bx, where x
and y are the variables, b = the slope of the regression line and a = the
intercept point of the regression line and the y axis.
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