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1. Introduction 

Understanding the physiology of the uterus during term and preterm parturition is essential 
to solving clinical problems related to gestation and labor. The uterus is a smooth muscle 
organ. It undergoes specific changes during gestation and is known for its unique 
contractility during the labor.  
At the term the uterus is 10 to 20 times heavier than it is before pregnancy (from 50 g to 1000 
g). This enormous expansion during pregnancy is mostly due to the increase of the size of 
muscle cells (hypertrophy) and less due to the proliferation of muscle cells (hyperplasia). 
The uterus should accommodate the growing fetus, and support the fetus through sustained 
muscle tone, without generating propagated contractions. This state of quiescence – the 
absence of the coordinated contractions – is critical to the successful outcome of pregnancy. 
Therefore the delicate balance should be obtained between the maintenance of tone and the 
resistance to propagated uterine contractions until the end of gestation and the onset of 
labor. At the onset of labor the uterus becomes active and at the labor’s end it empties its 
contents through rhythmic, forceful, organized and synchronous contractions that are 
crucial for the successful outcome of pregnancy. 

1.1 Uterine structure and activity 

Functionally the pregnant human uterus can be divided into two parts: the upper part (the 
uterine corpus) and the lower part (the cervix). The uterine corpus is mainly composed of 
smooth muscle and can be divided into upper part named fundus, which is contracting and 
thickening during labor, and the lower part of uterus corpus named isthmus. During the 
labor, isthmus’ main part is the junction between the fundus and the cervix; it thins and 
dilates around fetus (Schwalm & Dubrauszky, 1966; Chard & Grudzinskas, 1994). 
The uterine corpus is composed of three layers. The uterine mucosa or endometrium is the 
innermost layer that lines the cavity of the uterus (inner wall). Its function is nourishing the 
fetus during pregnancy. The middle layer of the uterus is a smooth muscle named 
myometrium. The outermost layer, or serosa, is a thin fibrous layer contiguous with 
extrauterine connective tissue structures such as ligaments that give mechanical support to 
the uterus within the pelvic cavity (Devedeux et al., 1993; Chard & Grudzinskas, 1994).  
The smooth muscle of myometrium is formed by three distinct anatomical layers of 
smooth muscle fibers organized in different ways. The outermost layer has longitudinal 
and circular orientation of fibers. In the middle layer of myometrium the origins of muscle 
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fibers are tubes of horns. These muscle fibers are diagonally interlaced with each other. 
The innermost layer comprises muscle fibers which are mostly in a circular orientation. 
The distinct organization of anatomical layers of smooth muscle fibers ensures efficient 
contractility. While the majority of uterus corpus is composed of smooth muscle fibers, in 
cervix the actual count of smooth muscle fibers is from 10% - 40%. The smooth muscle 
fibers in cervix lay mostly in a circular orientation (Pajntar et al., 1998; Pajntar et al., 2001; 
Rudel & Pajntar, 1999; Word et al., 2007; Oláh, 1994). The role of the smooth muscle in 
cervix is namely that by contractions of muscle fibers contributes to the closing of cervical 
canal during pregnancy, while in the course of labor muscle fibers dilate, or through a 
different kind of contraction actively participate in the dilatation and retraction of the 
cervix. Few weeks prior to the onset of labor uterine contractions, the cervix undergoes 
tangible changes in consistency and length. Results from different studies using serial 
measurements of cervical length indicate that cervical ripening precedes myometrial 
contractions of labor by several weeks, suggesting that parturition in women is a process 
of long duration and that uterine contractions of labor are late events in the parturition 
progress (Word et al., 2007). 

1.2 Labor and its monitoring 

Labor is a physiologic process during which the products of conception (i.e. the fetus, 
membranes, umbilical cord and placenta) are expelled from the uterus. The onset of labor is 
defined as regular, painful uterine contractions resulting in progressive cervical effacement 
and dilatation. Labor is achieved with rhythmic uterine contractions of sufficient frequency, 
intensity and duration and changes in the connective tissue resulting in dilatation of the 
cervix (Pajntar et al., 1998).  
The labor is divided into three stages that delineate milestones in a continuous process. The 
first stage begins with regular uterine contractions and ends with complete cervical 
dilatation at 10 cm. The first stage is subdivided into the latent phase and the active phase. 
The latent phase begins with mild, irregular uterine contractions that soften and shorten the 
cervix. The contractions become progressively more rhythmic and stronger. The latent phase 
is followed by the active phase of labor, which usually begins at about 3-4 cm of cervical 
dilation and is characterized by rapid cervical dilation and descent of the presenting fetal 
part. The first stage of labor ends with complete cervical dilation at 10 cm (Kilpatrick S.J. & 
Russell K.L., 1989; Albers et al., 1996). The mean frequency of contractions over the active 
phase of labor is four contractions in 10 min, rising to five in 10 min in the late first stage 
(Sabry-Rizk et al., 2000). The duration of contractions remains remarkably constant, between 
70 s and 90 s. The second stage begins with complete cervical dilatation and ends with the 
delivery of the fetus (Chard & Grudzinskas, 1994). The third stage of labor is defined by the 
time period between the delivery of the fetus and the delivery of the placenta and fetal 
membranes.  
During the labor the medical staff monitors the state of the woman and the fetus (FDA, n.d.). 
The monitoring of the response of the fetal heart to the uterine activity is named 
cardiotocography. To monitor the fetal brain activity a fetal electroencephalographic 
monitor is used. Ultrasonic devices can be used to determine and monitor accurately the 
position of the fetal head and the configuration of the cervix as well as the fetal heart rate. 
During the labor the blood pressure, the temperature of the patient and contractions are 
routinely and constantly monitored. Especially when complications occur, e.g., when labor 
shows poor progress, quantitative assessment of uterine contraction efficiency can guide the 
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physician to choose a uterine contractions induction or augmentation, a Caesarean section, 
or other therapies. The devices for monitoring uterine contractions range in complexity from 
simple self-awareness of contractions to complex electronic pressure sensors. The currently 
used devices for monitoring uterine contractions are noninvasive tocodynamometer or 
‘toco’ and invasive intrauterine pressure catheter. By tocodynamometers changes in 
abdominal contour are detected as an indirect indication of uterine contractions. The 
disadvantages of currently available ‘tocos’ are their uncomfortableness and inaccurateness 
(Schlembach et al., 2009). The intrauterine pressure catheters provide the best information 
concerning uterine contractions, but their invasiveness can increase the risk of infection and 
insertion requires rapture of the membranes (Maner &Garfield, 2007).  
A lot of effort has been put in quantitative evaluation of uterine contractions to measure 
their efficiency. For example Montevideo units (MVU) was defined as a measure of uterine 
contraction intensity expressed as the sum of the intensity of each contraction within a 10-
min period, with intensity defined as the peak pressure achieved by the contraction minus 
the baseline tone (Chard & Grudzinskas, 1994). Although MVU are commonly used in 
practice, they do not differ between labor outcomes (Cesarean section according to dystocia 
vs. vaginal delivery) in patients with abnormally progressing labor undergoing 
augmentation (Euliano et al., 2009). Another method is estimation of cumulative uterine 
contractions intensity defined as uterine activity units (UAU) per fixed time unit (Gibb et al., 
1984; Miller et al., 1976). A correlation between UAU and MVU, was shown (Gibb et al., 
1984). The method closely related to UAU is the uterine activity integral (UAI) and is 
defined as the integral of the intrauterine pressure above the baseline over the contraction 
duration (Bakker et al., 2007). 
One of the simplest methods for monitoring the progress of labor is a partogram. It is a 
graphical representation of the head station and cervical dilatation in centimeters against the 
duration of labor in hours. This graph is used by labor medical staff and is based on the 
assumption that it facilitates early recognition of dystocia, thereby optimizing the timing of 
appropriate intervention, such as amniotomy, oxytocin augmentation, or, most importantly, 
Caesarean section (Sharf et al., 2007; Neilson et al., 2003; Windrim et al., 2007; Luria et al., 
2009; Sizer et al., 2000; Basu et al., 2009). The method which could be used to help medical 
stuff to decide how the management of the labor should proceed is the Bishop Score. The 
Bishop Score (total score) is achieved by the vaginal examination and is composed of five 
components: fetal station, cervical dilation, cervical effacement, cervical position and 
cervical consistency (Bishop, 1964; Marconi et al., 2008; Newman et al., 2008). 
Intrapartum assessment of uterine activity is routinely employed to guide active 
management of labor and delivery. The goal of such management is 2-fold: first the 
progress in labor resulting in vaginal delivery, and secondly the identification of 
unsuccessful labor that requires Caesarean delivery (Euliano et al., 2009). While the gold 
standard for assessing labor progress is serial cervical examinations, the risk of infection 
coupled with the inherent inaccuracy of the measure limits its use to the 2-3 hours 
intervals. Although sufficient for normal labors, in the slowly dilating patient, the 
inaccuracies of such judgment can complicate the diagnosis of labor arrest (Euliano et al., 
2009). Only the continuous cervical dilation and fetal head station monitoring would 
improve the labor monitoring of this kind (Euliano et al., 2009). For now, no method is 
available for non-invasive monitoring and quantification of uterine contractions (Vinken et 
al., 2010; Euliano et al., 2006), therefore accurate measuring methods and uterine 
contractions understanding is a challenge for research groups for years.  
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1.3 Uterine electromyography 

Among approaches that has been applied to improve the methods for monitoring gestation 
and labor changes in uterine activity, noninvasive and invasive procedures based on 
recording of uterine electrical signals was developed. Their aim was mainly to 
quantitatively evaluate the uterine activity. An outcome was the method that was called 
uterine electromyography (EMG) or also electrohysterography (EHG).  
Uterine electromyography (uterine EMG) is a monitoring technique developed for medical 
diagnostics in obstetrics, like some other better known techniques, electrocardiography and 
electroencephalography. The technique is used for providing information about uterine 
activity during the pregnancy and labor. This is accomplished by measuring the action 
potential changes that are associated with the uterine contractions. Nowadays it is well 
established that uterine contractions are the results of the electrical activity propagation 
through the uterine muscle cells (Vinken et al., 2010). During the measurement of action 
potential changes the measuring electrodes are in most cases placed on the maternal 
abdomen. The first reports of uterine EMG studies were published in 1912 (Veit, 1912). Since 
1950s uterine electromyography has been extensively investigated. The uterine 
electromyography was recorded either internally with endouterine electrodes, or externally 
with abdominal electrodes, both in animals and humans (Devedeux et al., 1993). It was 
assumed that abdominal electromyograms could be useful for clinical evaluations of uterine 
activity during pregnancy due to its noninvasive nature (Devedeux et al., 1993). For 
registration of the cervical EMG activity adapted spiral fetal scalp electrodes were used, 
which were inserted directly in cervical tissue from the vaginal side (Pajntar et al., 2001; 
Pajntar et al., 1998; Rudel & Pajntar, 1999). It was ascertained that the EMG signal records 
from the cervix reflected the actual activity of cervical smooth muscle cells. Therefore 
cervical EMG signal can be either independent from myometrial contractions or related to 
them (Rudel & Pajntar, 1999; Pajntar et al., 1998).  
The abdominal uterine EMG records had poor quality comparing to uterine EMG records 
measured invasively. The amplitude of externally recorded bursts of spikes (from 50 to 200 
µV) was about five times lower than the amplitude of the bursts obtained from the internal 
electrodes. The amplitude of the uterine EMG recorded from the abdominal wall can be 
affected by various conditions: the type and location of electrodes, the distance between 
them, as well as the skin impedance of the patient. Attenuation of myometrial signals occurs 
more for some patients and less for others, depending on a variance in subcutaneous tissues 
and a variance in conductivity of the skin – electrode interference. A thicker layer of the 
tissue between the myometrium and pickup electrodes will result in the better signal. In 
addition, poor conductivity due to high impedance, possibly related to salinity levels or 
other chemical factors on the skin surface, serves to reduce the measured uterine signal 
strength and to increase the background noise in the recordings of some patients. Therefore 
the amplitude and other connected parameters cannot be used directly to compare uterine 
EMG from different patients. Only the trend of variation of amplitude-based parameters can 
be useful in clinical applications (Jezewski et al., 2005; Maner et al., 2003).  
The uterine EMG is a non-stationary signal (Terrien et al., 2008). The complete information 
concerning the uterine electrical activity can be obtained by recording the abdominal signal 
in frequency range from 0 to 5 Hz (Jezewski et al., 2005). The uterine EMG signal frequency 
spectrum is mainly composed of two frequency intervals, one of low frequencies between 
0.1 and 1.2 Hz and the other of high frequencies between 1.2 and 4.7 Hz. They has been 
named fast wave low (FWL) and fast wave high (FWH) (Leman et al., 1999; Terrien et al., 
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2008). Although the definition of FWL and FWH was made by observation of monkey’s 
uterine activity, it is often used in human uterus activity analysis as well. The FWL is 
presumed to be related to the propagation of the electrical activity along the uterus and 
FWH is related to excitability of the uterus. The main frequency position of FWH may 
change as the gestation progresses (Terrien et al., 2010), as well as between individuals and 
species (Devedeux et al., 1993). The characterization of FWL and FWH may be used to detect 
a potential risk of preterm delivery, even in the early gestational stage (Leman et al., 1999; 
Terrien et al., 2008; Jezewski et al., 2005).  
Most of the studies have focused on the analysis of contractility of uterus using two or four 
electrodes. It is generally supposed that the increase in contractility is mainly observable 
through an increase in frequency and/or amplitude (Terrien et al., 2009). But for 
investigation of propagation of electrical activity through the whole uterus the increase of 
system electrodes is necessary (Terrien et al., 2009). 
Mainly uterine EMG signal was studied only on specific parts of the records - characteristic 
intermittent “bursts” of action potentials that correspond to mechanical contractions of 
uterus (Maul et al., 2003). The EMG segments taken during bursts of uterine activity were 
usually analyzed with observing amplitude distribution of the signal (Garfield & Maner, 
2007; Doret et al., 2005; Jezewski et al., 2005) or calculating the power density spectrum and 
its modus and/or median frequency (Jezewski et al., 2005; Doret et al., 2005). Recently, 
approaches based on wavelet transform were used to detect a risk of preterm labor (Hassan 
et al., 2010).  
It was demonstrated that during most of the pregnancy, uterine activity was minimal, 
consisting of infrequent and low amplitude electromyographic bursts. During term and 
preterm labor bursts of electromyographic activity were frequent and of large amplitude 
(Buhimschi et al., 1997). It was assumed that root mean square RMS value denotes the 
woman’s risk for preterm delivery, independent of other possible causes (Verdenik et al., 
2001). The importance of an independent activity of the smooth muscle cells in the cervix 
was also shown by a calculation of RMS values (Pajntar & Verdenik, 1995); namely the RMS 
value calculated over the intervals of cervical EMG signal is significantly greater in very 
unripe cervices then in riper cervices at the onset of amniotomy and oxytocin induced labors 
(Pajntar & Verdenik, 1995). 
The shifting of the uterine EMG signal energy to higher frequencies as delivery approaches 
is also one of the phenomena observed in the literature (Buhimschi et al., 1997; Doret et al., 
2005; Garfield et al., 2002; Maner & Garfield, 2007; Vinken et al., 2010; Maner et al., 2003). In 
particular, the modus frequency of the uterine EMG signal power spectral density (PSD) 
was commonly tested. Maner et al. reported that the modus frequency of power density 
spectrum increases as the measurement-to-delivery interval decreases from more than 4 
days before the labor to less than 24 hours (Maner et al., 2003). It was shown that nifedipine 
is an effective tocolytic agent for suppressing preterm contractions with the shift of modus 
frequency of PSD to lower frequencies when it is expected to rise, with approaching 
delivery (Vinken et al., 2010). Fele-Žorž et al. showed that also the value of median 
frequency is higher, when the gestation is coming to the end, which may be associated with 
term delivery (Fele-Žorž et al., 2008).  
For classifying the EMG signals recorded from patients in different state (non-laboring, in 
labor) the researchers used artificial neural networks, which are usually used for solving 
artificial intelligence problems without necessarily creating a model of a real biological 
system (Maner & Garfield, 2007). The bursts of uterine EMG were grouped in different 
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groups due to the patient’s state during the recording: preterm-non-laboring, term-non-
laboring, term and preterm labor. The bursts were quantified by their duration, the mean 
value and/or standard deviation and the modus frequency of PSD. For each EMG record 
also the number of bursts per unit time was evaluated. According to all these measures the 
artificial neural networks classified the majority of bursts correctly (Maner & Garfield, 2007; 
Diab et al., 2009). 
Oczeretko et al. showed that spontaneous uterine activity of non-pregnant uterus evaluated 
by inside uterus pressure measurements contains nonlinear features (Oczeretko et al. 2005). 
Therefore techniques that are able to characterize the dynamic behavior of underlying 
physiological system were applied also on uterine EMG signals. It was shown that the 
nonlinear synchronization measures, like the mutual correlation dimension and the cross-
approximate entropy, may have a diagnostic value (Oczeretko et al. 2010). The results of 
synchronization between contractions were promising, especially when for evaluation the 
fundal and the cervical signals were used. The Sample entropy was proven to be a 
promising method to differ between preterm and term labors (Fele-Žorž et al. 2008). It was 
also shown that it would be possible to evaluate the progress of the labor with Sample 
entropy (Vrhovec et al. 2010; Vrhovec 2009). Sabry-Rizk et al. examined the nonlinear 
dynamics of the uterus EMG signals on normal and abnormal labor contractions in the first 
stage of the labor. An attractor structures have been calculated on abdominal EMG signals at 
various relaxation and contraction periods. The observed black inertness of attractors was 
called nucleus. Precisely, by studying its fractal behavior it was shown that the size of the 
nucleus increases with cervical dilatation until it takes over the entire phase-space. The 
weak labor contractions, typical for failure in progress in the first stage of labor, showed 
predominantly periodic structures with or without small-size nuclei (Sabry-Rizk et al. 2000). 
Maner et al. used wavelet transform on the bursts' traces and then calculated fractal 
dimension of the resulting transformed EMG burst-trace. They showed that this wavelet – 
decomposition - generated fractal dimension can successfully discern between patients who 
will deliver spontaneously within 24 h and those who will not; moreover, it can classify 
antepartum versus labor patients (Maner et al. 2006). But all nonlinear methods do not 
perform as expected, as it was shown with maximal Lyapunov exponent and correlation 
dimension (Fele-Žorž et al. 2008). Fele-Žorž et al. showed on 27 min long EMG signals 
segments, that there is no significant difference between preterm and term labors according 
to Lyapunov exponent and correlation dimension.  
Researchers on the field agree that for efficient labor synchronization of uterine electrical 
activity is of crucial importance. Uterine EMG activity on different parts of the uterus can be 
observed from the abdominal surface using multi-electrode measuring systems. Jiang et al. 
simultaneously measured uterine EMG activity by 16 digitized channels. During the study 
297 contractions were observed obtained from twenty patients who went under labor. They 
calculated energy on the frequency range between 0.2 and 0.45 Hz and between 0.8 and 3 
Hz. The results were imaged by calculating the intermediary value of those measured by the 
electrodes. Visual presentation displayed the synchronization of uterine contractions (Jiang 
et al. 2007). It was postulated that observation of synchronization together with the classical 
time – frequency analysis may increase the prediction of labor (Terrien et al., 2010). Using 
eight channel measuring system and continuously calculating frequencies of movement 
patterns from normalized and filtered signals, the authors identified the center of uterine 
activity; Euliano et. al. (Euliano et al., 2009) followed the direction of its propagation and 
movement. Interestingly, the study reports that the center of uterine activity had a 
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predominant fundal direction in women who delivered successfully. This implies that the 
lower uterine segment begins to relax earlier than the upper portion of the uterus in women 
who deliver vaginally (Euliano et al. 2009; Buhimschi 2009). 

1.4 Dystocia and its recognition 

Arrest in the active phase of labor or dystocia is labor abnormality refers to prolonged or 
slowly progressing labor. It is common in nulliparous women, as indicated by the number 
requiring augmentation, operative vaginal delivery, or cesarean section (Joseph et al., 2003; 
Kjaergaard et al., 2009). Women with a diagnosed dystocia had more often non-clear 
amniotic fluid, more post-partum hemorrhage, significantly increased odds of 
chorioamnionitis and their children were more often given low one-minute neonatal Apgar 
scores as compared to women delivered without a diagnosed dystocia (Kjaergaard et al., 
2009; Pitkin, 2003). Although many reasons were identified such as inappropriate position 
or size of the fetus, congenital anomalies, cephalopelvic disproportion, abnormal uterine 
contractions and others (Chard & Grudzinskas, 1994), diagnosis of dystocia and optimal 
management recommendations are still under consideration (Shields et al., 2007). 
One of the reasons for slow diagnosis of dystocia in labor progress is a lack of qualitative 
measurement methods for evaluating the uterus activity during labor (Euliano et al., 2009). 
The measurement of the uterine EMG activity provides information about myocyte electrical 
activity directly and investigations have indicated that it is a sensitive method having a 
potential in a clinical practice as a supplement tool used for monitor labor (Garfield & 
Maner, 2007; Doret et al., 2005; Jezewski et al., 2005). In the previous studies researchers 
evaluated the characteristic of the final number of burst segments, which did not describe 
the progress of the labor (Garfield & Maner, 2007; Doret et al., 2005; Jezewski et al., 2005). 
Although majority of studies are done on bursts, there are studies which showed that 
during labor the activity between bursts is also related to the course of labor (Pajntar et al., 
1998; Verdenik et al., 2001). In this work we presented how the characteristics of uterine 
EMG bursts change during the last eight weeks of gestation and the evaluation of normally 
progressing labor as well as labor with a diagnosis of dystocia using continuously 
monitored uterine EMG signals. Two types of uterine EMG signal segmentation were used: 
successive non-overlapping segments of uterine EMG record and successive burst segments 
of EMG activity. By analyzing the successive non-overlapping segments of uterine EMG 
record we could avoid the time-consuming procedure of the bursts of EMG activity 
extraction. For interpretation of the uterine EMG signals Sample entropy (SampEn), the 
measure of time series complexity, was used. 

2. Uterine EMG measurements and patients 

For the purpose of the studies we used two databases. Measuring protocol that was used for 
recording of the “contractions” database, is described in details in Karlsson et all (Karlsson 
et al., 2007). The measurements were performed at the Landspitali University hospital in 
Iceland using a protocol approved by the relevant ethical committee. The “contraction” 
database was recorded by Karlsson et all (Karlsson et al., 2007) and was given to us for 
analysis. The subjects were seven healthy patients monitored from 32nd week of gestation to 
labor. The “contraction” database consists of 45 EMG signals recorded during the 
contractions. The EMG signals were recorded on the woman’s abdominal wall by a 16-
channel multi-purpose physiological signal recorder resulting in 12 bipolar EMG signals. 
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From each record we extract just one bipolar signal obtained with subtraction of two 
channels on the median vertical axis of the uterus. The signal sampling rate was 200 Hz; the 
recording device had a low pas filter with a cut-off frequency of 100 Hz. The EMG signals 
were first band-pass filtered (0.1 – 3 Hz). Each record was resampled to get as similar 
sampling frequency (10 Hz) as possible for the two data sets. 
Measuring protocol that was used for uterine EMG recording of the “labor” database is 
described in details in Pajntar et all (Pajntar et al., 1998) and was approved by the National 
Medical Ethics Committee of Slovenia. In the study 45 patients, that have undergone their 
first labor at the age from 19 to 29 years, were included. After admission to the delivery 
room the value of Bishop Score was assessed for each patient. The values of the cervical 
dilatation and the fetal head station were recorded into the partogram that was carefully 
drawn over the whole course of the labor. During the labor, according to the protocol 
(Pajntar et al., 1998), quantitative information concerning uterine efficiency was provided 
invasively, by continuous measurement of the amniotic internal uterine pressure (IUP) with 
an internal uterine pressure catheter. The EMG signals were recorded on the cervix; 
however, in some cases an obstetrician also measured the EMG signals of the uterine corpus. 
Uterine EMG and IUP were measured contemporary. All signals (EMG and IUP) were 
sampled at 18.2 Hz, low-pass filtered at 5 Hz and saved. The “labor” database was recorded 
by Pajntar et all (Pajntar et al., 1998) and was given to us for analysis. We selected all labors 
that were, according to the partogram traces and the labor documentation, recognized as 
normally progressing labors or labors with a diagnosed dystocia. Therefore the database 
was divided into two groups: the first group consists of 15 normally progressing labors, 
whereas the second one consists of 13 labors with a diagnosed dystocia (Table 1). After a 
careful visual inspection of corresponding EMG records we rejected those records 
containing long or numerous noise periods. Finally, six EMG records of normally 
progressing labors (lasting from 1:48 to 4:18 h) and five EMG records of labors with a 
diagnosis of dystocia (lasting from 4:51 to 9:51 h) were included in the study.  
 

type of labor (No.) 
Bishop 
score 

length of active 
phase 

weight of a 
newborn [g] 

size of the head 
of a newborn 

[cm] 

normally progressing 
labors (15) 

6 (8 2)
2h 40min 

(4h 15min  1h 30min)
3640 (4360 2850) 34.75 (37 33) 

labors with a diagnosis 
of dystocia (13) 

6 (9 3)
5h 18min 

(7h 30min  3h) 
3590 (4280 3100) 35 (38 33) 

Table 1. The labors were divided into two groups according to the partograms and labor 
documentations. The characteristics (Bischop score at the acceptation to the delivery room, 
length of the active phase, the weight and the size of the head of a newborn) of both labor 
types are listed as the median, the maximal and the minimal value in the brackets. The 
significant difference between the normally progressing labors and labors with a diagnosis 
of dystocia is present only in the length of the active phase (p=0.002). See section 3.3 for 
statistical details. 

The uterine EMG signals were band-pass filtered using the second order Butterworth digital 
filter of 0.3 Hz – 3 Hz. After filtering, we decreased the sampling rate of the records by 
keeping every second sample. Values of SampEn were then calculated throughout the entire 
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labor records in two ways. Firstly, each uterine EMG signal was divided into successive 
non-overlapping segments that lasted 8.2 min, contained 4500 samples and at least one 
uterine contraction. From these 4500 samples we calculated one value of SampEn. Secondly, 
all burst segments that correspond to successive uterine contractions were extracted from 
uterine EMG signal. The concurrently recorded intrauterine pressure (IUP) was used in 
order to ease the identification of contractions in recorded time. After identification, burst 
segments of the uterine EMG activity were manually extracted. All bursts segments were 
visually inspected and we rejected those burst segments that did not exhibit concurrent 
increase in IUP. The recorded uterine contractions lasted from 27.1 s to 224.3 s, therefore 
corresponding burst segments of the uterine EMG activity contained from 431 to 2095 
samples. In this case we calculated one value of SampEn for individual burst segment. 

3. Methods 

Time- and frequency- domain methods have been used for evaluation of uterine EMG 
signals for years (see chapter 1.5), but they have not been designed to yield information on 
systems’ inherent dynamic properties (Kuusela et al. 2002). Nonlinear time series analysis 
techniques can be more useful when characterizing the dynamic behavior of physiological 
systems (Rezek & Roberts 1998). There are many studies in which the complexity of a 
physiological signal was found as an important characterization of an underlying 
physiological process and was even proposed as a diagnostic tool (Abasolo et al. 2006; Costa 
et al. 2003; Costa et al. 2005; Pincus et al. 1993; Radhakrishnan & Gangadhar 1998; 
Radhakrishnan et al. 2000; Rezek & Roberts 1998; Richman & Moorman 2000; Xu et al. 2007; 
Zhang et al. 2001). In this work, both time- and frequency- domain methods, as well as 
nonlinear methods (measures of complexity) were used. All the analyses were made in 
MATLAB software (version R2010a; Inc, 2010 U.S.). 

3.1 Time- and frequency- domain methods 

The power spectral density (PSD), was calculated using the Welch method. Hamming 
window was used, which was the same length as the segment of uterine EMG signal. We 
evaluate median frequency of PSD and modus frequency of PSD. Additionally root mean 
square (RMS) was calculated.  

3.2 Measures of complexity 

The techniques of time series analysis measuring the complexity can be grouped: 1) 
information theory estimates of complexity like entropy; 2) chaos – based estimates of 
complexity like Lyapunov exponent; 3) Komologrov estimates like Lempel-Ziv complexity 
(Šliupaitė et al. 2009). In our work we concentrate on information theory estimates of 
complexity. In particular we focus on entropy methods especially on Sample entropy and 
Approximate entropy. However we also tested Lampel-Ziv complexity. 

3.2.1 Approximate entropy  

Approximate entropy (ApEn) was introduced as a quantification of complexity in sequences 
and time series data, initially motivated by applications to relatively short, noisy data sets 
(Rezek & Roberts, 1998; Pincus, 1991; Hornero et al., 2005). ApEn detects changes in 
underlying episodic behavior not reflected in a peak occurrences or amplitudes. Moreover it 
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can be applied to finite stochastic, noisy deterministic and composite processes. Regular 
signals are expected to have low ApEn values (Rezek & Roberts 1998), while complex ones 
take on higher ApEn values. The exact algorithm is described elsewhere (Pincus, 1991).  

3.2.2 Sample entropy  

Richman et.al (Richman & Moorman 2000) showed that ApEn values are inconsistent due to 
two important expected properties. First ApEn depends on record length and is uniformly 
lower than expected for short records. Secondly, it lacks relative consistency. Meaning, if the 
value of ApEn of one data set is higher than another data set, it should remain higher for all 
conditions although it does not. Therefore a related complexity measure was developed as 
improved ApEn where self-matches are not included in calculating the probability 
(Richman & Moorman 2000). The exact algorithm of Sample entropy (SampEn) is described 
elsewhere (Richman & Moorman, 2000). 

3.2.3 Lampel-Ziv complexity 

Lampel-Ziv complexity (LZ) C(n) measures the generation rate of new patterns along a 
digital sequence (Zhang et al. 2001; Lempel & Ziv 1976). The signal has to be transformed 
into a sequence whose elements are only a few symbols. In the context of biomedical signal 
analysis, typically the discrete-time signal segment {x(t)},{ t={1,…, N} is converted into a 
binary sequence P=s1, s2, s3, …, sn, where si is 0 if x(i)<Td otherwise it takes value 1. Usually 
the median is used as a threshold Td (Radhakrishnan & Gangadhar 1998). The sequence P is 
scanned from left to right and the complexity counter c(n) is increased by one every time a 
new subsequence of consecutive characters is encountered in the scanning process. After 
normalization, the complexity measure reflects the rate of new pattern occurrences with 
time. The exact algorithm is described elsewhere (Radhakrishnan & Gangadhar, 1998). 

3.2.4 Uterine activity integral  

Uterine activity integral (UAI) is defined as the integral of the intrauterine pressure above 
the baseline over the contraction duration (Bakker et al. 2007) and it represents uterine 
contractions intensity. The UAI are calculated from the IUP record for each successive 
uterine contraction. The IUP record has a specific shape; the values of IUP increase from the 
basal value at the beginning of uterine contraction and decrease back to the basal value at 
the end of uterine contraction. Usually the IUP record is first detrended to avoid possible 
linear trends in the signal. The UAI is then calculated as the area under the IUP curve 
during contraction while the basal tone is excluded from calculation.  

3.3 Statistical analysis 

Statistical analyses were performed by using SYSTAT software (version 11; Inc, 2004; 
Chicago). Descriptive data are presented as medians unless otherwise indicated. 
Nonparametric Friedman Two-Way Analysis was used to compare the measures between 
normal labors and labors with a diagnosis of dystocia, as well as to compare the measures 
between latent and active phase of the labors. The p value < 0.05 was accepted as significant. 
The values being calculated with SampEn and ApEn showed a specific trend of each labor 
group. Therefore we fitted polynomials to SampEn and ApEn values calculated in the first 
stage of labor. The fit of the polynomials was conditioned with statistic measure how 
successful the fit was with R–square. We required R–square 0.50 ± 0.10 or better at the 
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lowest polynomial degree. First the polynomials were circumscribed to the values of 
SampEn and ApEn, which were calculated on successive non-overlapping segments of the 
EMG signal, since the values of SampEn and ApEn in this case were less spread out at the 
visual inspection. The polynomial degree was fixed. With fixed polynomial degree the 
polynomials were circumscribed also to the values of SampEn and ApEn, which were 
calculated on the burst segments of the EMG activity that correspond to successive uterine 
contractions. R–square of the fit of polynomial was calculated.  

4. Before and during the labor evaluations using uterine EMG signal 

The records of uterine EMG signals from “contraction” database were measured during the 
last two months of gestation. The uterine EMG signals were recorded only during uterine 
contractions; therefore the analyses were done on the burst segments of EMG activity. The 
recording of uterine EMG signals in “labor” database began at the patient’s arrival to the 
delivery room. Therefore the EMG records have different lengths and are recorded in 
different phases of the labor although all EMG signals were recorded during the first stage 
of labor without discontinuance. As such they are not easy to compare even in the same 
labor group. To get an impression how the labors of normally progressing labor and labor 
with a diagnosed dystocia look like, we outlined a labor per group, to characterize each 
labor group.  

4.1 End of gestation and the latent phase of the labor 

We compared the bursts segments of EMG activity record in the last two months of 
gestation and the latent phase of the normally progressing labor. For the comparison we 
used the “contraction” database and 73 burst segments of the uterine EMG activity extracted 
from the latent phase of normally progressing labors in “labor” database.  
 

 
Fig. 1. The values of SampEn calculated during 32 - 33, 34 - 35, 36 - 37, 38 and 39 week of 
gestation. 

The values of SampEn, calculated on all 45 EMG bursts obtained from 32nd to 39th weeks of 
gestation, are shown in Figure 1 and their basic statistics is given in Table 2. The values of 
SampEn calculated from EMG bursts recorded in 32nd and 33rd week of gestation were 
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gathered in one group. They ranged from 0.43 to 0.76 (median value is 0.56). The values of 
SampEn calculated from EMG bursts recorded in 34th and 35th week of gestation were very 
similar (min 0.45, max 0.66, median 0.54) and showed no statistically significant difference 
from those measured in weeks 32 and 33. The values of SampEn calculated from EMG 
bursts recorded in 36th and 37th week of gestation ranged from 0.33 to 0.53; the median value 
(0.38) was significantly lower than in previous two cases. SampEn values obtained from 
EMG bursts in 38th week of gestation ranged from 0.39 to 0.56 with median value 0.45. The 
values of SampEn calculated from EMG bursts recorded in 39th week of gestation ranged 
from 0.16 to 0.38. The median value was 0.32. It was significantly lower than median 
SampEn value calculated in any other period of gestation. In the latent phase of the labor the 
values of SampEn increase. The values of SampEn calculated from EMG bursts record in the 
latent phase ranged from 0.07 to 1.03 with median value 0.71. This value is much higher 
then the median values obtained in any period of gestation.  
 

Week of gestation 32-33 34-35 36-37 38 39 Latent phase  

Minimal value  0.43 0.45 0.33 0.39 0.16 0.07 

Maximal value  0.76 0.66 0.53 0.56 0.38 1.03 

Median value 0.56 0.54 0.38 0.45 0.32 0.71 

Table 2. Characteristic values of SampEn during weeks of gestation and latent phase of the 
labor. 

The SampEn has already been presented as a promising method for analyzing the term and 
preterm labor. Fele-Žorž et al. (Fele-Žorž et al., 2008) used 20 min long EMG records 
measured before 26th week of gestation and they have shown that the values of SampEn for 
term labor records are higher than those for preterm labor. Moreover, due to our results the 
SampEn values calculated on EMG bursts significantly drop in 36th - 37th week of gestation 
and are even lower approaching the term; while the beginning of the labor is characterized 
by relatively high SampEn values. 

4.2 Normally progressing labor 

A typical progress of normal labor with a short latent phase is presented in Figures 2. The trace 
of the normally progressing labor is outlined as the partogram in the Figure 2A. The time in 
hours is on the abscissa; on the ordinate there are cervical dilatation (squares) and head station 
range (circles). The observation of the labor started at 1.8 cm cervical dilatation. The latent 
phase of the labor lasted for 40 minutes. In the active phase of the normal labor dilatation of 
cervix was progressing in the course of time and the head of the fetus was evenly drooping 
with no delays. The grey zone in Figures 2 marks the border between the latent and the active 
phase. It is marked according to partogram from 3 to 4 cm cervical dilatation.  
In Figure 2B the number of contractions in 8.2 min long observation intervals (which 
correspond to successive non-overlapping segments of the EMG signal) in the course of time 
is shown. In the latent phase of the normally progressing labor only one contraction was 
present in 8.2 min long observation intervals. With labor progression the number of 
contractions in 8.2 min long intervals increased to 3 contractions at the end of the latent 
phase. The number of contractions was stationary around 4 contractions in 8.2 min long 
intervals during the active phase.  
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Fig. 2. The progress of normally progressing labor evaluated with different methods.  
A: Partogram. B: The number of contractions in 8.2 min long observation intervals.  
C: Values of SampEn calculated on successive non-overlapping segments of uterine EMG 
signal that lasted 8.2 min and polynomial fit (p1x2 + p2x + p3). D: Values of SampEn 
calculated on the burst segments of uterine EMG signal. 

The trend of SampEn values calculated on successive non-overlapping segments is shown in 
Figure 2C. The SampEn values in the latent phase of the labor range from 0.74 to 1.15. As the 
active phase begins the SampEn values start to decrease. They reduce to the value 0.42 in 
approximately one hour when cervical dilatation already amounts 9 cm. According to all 
labors from our database we can conclude that at the transition from latent to active phase 
of the normal labor the values of SampEn start to decrease. The declining trend in values of 
SampEn continues with approaching the childbirth in the course of normal labor. This 
means that in active phase the uterine EMG activity starts to reduce its complexity, which 
becomes very low at the childbirth (Vrhovec, 2009; Vrhovec et al., 2010). The specific trend 
of SampEn values, calculated during normally progressing labors, is even more evident by 
the polynomial fitted to SampEn values. On the values of SampEn shown on Figure 2C the 
polynomial of second degree was fitted. The goodness of the fit R–square was 0.63.  
The values of SampEn calculated on the burst segments of EMG activity are shown on 
Figure 2D start to decrease at the transition from the latent to active phase of normally 
progressing labor. The values of SampEn are more spread, if they are calculated on the burst 
segments of the uterine EMG activity, compared to the values of SampEn, calculated on 
successive non-overlapping segments of uterine EMG signal (Figure 2C). According to 
spread SampEn values calculated on the burst segments of the uterine EMG activity, we can 
conclude that the complexity of uterine EMG bursts differs from contraction to contraction. 
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The ApEn values give similar results to the SampEn values, while no specific trends were 
found in values of median frequency, modus frequency, RMS or LZ in the course of normally 
progressing labor whatever type of uterine EMG signal segmentation had been used.  

4.3 Examination of the labor with a diagnosed dystocia 

The trace of a labor with a diagnosed dystocia is outlined as the partogram in Figure 3A. The 
observation of the labor started at 1.5 cm cervical dilatation. The latent phase of the labor 
lasted for 2 hours. The border between the latent and the active phase is marked as the grey 
zone according to the partogram from 3 to 4 cm cervical dilatation. The grey zone is marked 
also in the rest of the parts of Figure 3. In the active phase of this labor the fetal head did not 
descend for two hours. Afterwards it continued the dropping trend (Figure 3A). Similar fetal 
head descend arrest can be noticed in the active phase of all labors in this labor group. 
 

 
Fig. 3. The progress of normally progressing labor evaluated with different methods.  
A: Partogram. B: The number of contractions in 8.2 min long observation intervals.  
C: Values of SampEn calculated on successive non-overlapping segments of uterine EMG 
signal that lasted 8.2 min and polynomial fit (p1x4 + p2x3 + p3x2 + p4x + p5). D: Values of 
SampEn calculated on the burst segments of uterine EMG signal. 

The number of contractions that were present in 8.2 min long observation intervals (which 
correspond to successive non-overlapping segments of the EMG signal) in the course of time 
is shown in Figure 3B. During the latent phase of this labor the number of contractions 
included in successive non-overlapping segments increased to 3. The number of 
contractions remained around 3 contractions in the active phase.  
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The values of SampEn calculated on successive non-overlapping segments of uterine EMG 
signal are shown in Figure 3C. The SampEn values in the latent phase of the labor range 
from 0.85 to 1.3. The values of SampEn start to decrease already in the latent phase, at 
approximately 2 cm cervical dilatation, and proceed in a decreasing trend in the active 
phase to the value 0.2. During the delay in the active phase the values of SampEn rise again 
and range from 0.2 to 0.95. As the fetal head descend proceeds, the values of SampEn drop 
again to the value 0.25. To confirm the specific trend of SampEn values calculated on the 
uterine EMG record of the labor with a diagnosed dystocia, we fitted the polynomial. On the 
values of SampEn that are shown on Figure 3C the polynomial of the fourth degree was 
fitted. The goodness of the fit R–square was 0.63.  
In Figure 3D the values of SampEn calculated on the burst segments of the uterine EMG 
activity are shown. In the latent phase of the labor they ranged from 0.51 to 1.49. In the 
active phase the values of SampEn decreased to the value 0.40. During the dystocia the 
values of SampEn rose to the range from 0.40 to 1.20. When approaching the end of dystocia 
the values of SampEn dropped to the value 0.30 at the end of recorded EMG signal. The 
values of SampEn are more spread, if they are calculated on the burst segments of the 
uterine EMG activity, then if they are calculated on successive non-overlapping segments of 
uterine EMG signal. Also in the case of the labor with a diagnosed dystocia the values of 
SampEn differ from contraction to contraction, which leads to conclusion that the 
complexity of EMG bursts differs between contractions.  
The ApEn values give similar results as the SampEn values. They start to decrease in the 
latent phase of the labor and keep decreasing to the value 0.23. During the dystocia the 
values of ApEn rise to the value 1.18. Approaching the end of the delay the values of ApEn 
dropped to the value 0.50. Values of median frequency, modus frequency, RMS or LZ did 
not show any specific trends in the course of labors with a diagnosed dystocia regardless of 
type of uterine EMG signal segmentation had been used. 

4.4 Evaluation of labor progress 

The progress of labors was evaluated by the number of contractions present in 8.2 min long 
observation intervals and UAI of contractions. Beside these two evaluations the values of 
median frequency, the values of modus frequency, the values of RMS, the values of 
SampEn, the values of LZ, as well as the values of ApEn were used for evaluation of the 
course of labor. The evaluation of the labor with the listed methods was done on the bases of 
two types of segmentation: successive non-overlapping segments of uterine EMG signal and 
the burst segments of the uterine EMG activity.  
The number of contractions increased in the course of a normally progressing labor. The 
number of contractions had the increasing trend up to the transition between the latent 
phase and the active phase of the labor. The UAI of contractions did not yield any specific 
trend that could be noted in the course of a normally progressing labor; ordinarily UAI 
differed from contraction to contraction. Similarly an evaluation of the labor progress made 
with the values of median frequency, the values of modus frequency, the values of RMS and 
the values of LZ did not yield any specific trends that could be noted in the course of a 
normally progressing labor.  
However the values of SampEn started to decrease at the transition from the latent to the 
active phase of the normally progressing labor. The decreasing trend of SampEn values 
continued with approaching the childbirth. The type of segmentation of uterine EMG 
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signal (successive non-overlapping segments of the EMG signal and the burst segments of 
the uterine EMG activity) did not affect the main behavior of SampEn values in the course 
of a normal labor. The SampEn values were more spread when they were calculated on 
the burst segments of the uterine EMG activity compared to the values of SampEn, 
calculated on successive non-overlapping segments of uterine EMG signal. According to 
the spread values of SampEn, calculated on the burst segments of the uterine EMG 
activity during the labor, we conclude that the complexity of EMG signal differs from 
contraction to contraction even in the same labor phase. A specific trend of values of 
SampEn calculated in the course of a normally progressing labor was confirmed with 
polynomial fit. When we fitted the polynomials, we required R–square 0.50 ± 0.10 or 
better at the lowest polynomial degree. First we fitted the polynomials on the SampEn 
values, calculated on successive non-overlapping segments of the EMG signal, since the 
values were, according to visual inspection less spread out. The polynomial fit was of the 
first degree in the case when recorded latent phase was short. In normally progressing 
labors with a longer latent phase, the values were fitted with polynomial of the second 
degree (Table 3). The mean value of R–square was 0.52 (min: 0.47; max 0.67). If the 
polynomials were fitted on the values of SampEn calculated on the burst segments of the 
uterine EMG activity, the mean value of R–square was 0.07 (min 0.01; max 0.21). These 
results confirm that the values of SampEn are much more spread out when calculated on 
the burst segments of the uterine EMG activity. 
When the normally progressing labors were evaluated with ApEn, the results were similar 
to those evaluated with SampEn. At the transition from the latent to the active phase of 
labor the values of ApEn started to decrease. The decreasing trend of ApEn values 
continued with approaching the childbirth in the course of a normal labor. The values of 
ApEn were more spread when they were calculated on the burst segments of the uterine 
EMG activity compared to the values of ApEn, calculated on successive non-overlapping 
segments of uterine EMG signal. The specific trend of values of ApEn, calculated in the 
course of normally progressing labor, was confirmed with polynomial fit. The polynomial 
fit was of the first or second degree, depending on the length of the recorded latent phase 
(Table 3). 
In the course of labor with a diagnosed dystocia, the number of contractions increased up to 
the transition between the latent and the active phase of the labor, while in active phase of 
the labor it remained constant. The UAI of contractions did not yield any specific trend in 
the course of labor with a diagnosed dystocia as well as the values of median frequency, the 
values of modus frequency, the values of RMS and values of LZ. 
The values of SampEn started to decrease with approaching the end of the latent phase or at 
the transition from the latent to the active phase of the labor. The decreasing trend of 
SampEn values continued in the active phase until, according to the partogram, the dystocia 
occurred. During the dystocia of the labor the values of SampEn rose. When approaching 
the end of the dystocia the values of SampEn dropped. The values of SampEn were, when 
visually inspected, more spread when for calculation the burst segments of the uterine EMG 
were used, although the trends were similar to the trends of SampEn values calculated on 
successive non-overlaping segments of the uterine EMG signal. The specific trend of 
SampEn values calculated in the course of labor with a diagnosed dystocia was confirmed 
with polynomial fit of degree. The polynomial fit was of the third degree in the case, when 
the record of the labor with a diagnosed dystocia had short latent phase. The labors with a  
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diagnosed dystocia and longer recorded latent phase were fitted with polynomials of the 
fourth degree. The mean value of R–square was 0.51 (min 0.45; max 0.63). The 
successfulness of the fit on the values of SampEn calculated on the burst segments of the 
uterine EMG activity, using the same degree of polynomials as in previous uterine EMG  
 
 Normally progressing labors Labors with a diagnosed dystocia 

 Active phase 

Polynomial fit of degree (SampEn) 1 or 2 4 

R–square (SampEn) 0.52 (0.47  0.67)  0.51 (0.45  0.63) 

Polynomial fit of degree (ApEn) 1 or 2 4 

R–square (ApEn) 0.52 (0.41  0.61) 0.43 (0.38  0.57) 

Values of SampEn 0.21 (0.02  1.03)* 
0.71 (0.07  1.79)*  

0.42 (0.01  1.40)* 
0.69 (0.15  1.58)* 

Values of ApEn 0.49 (0.09  1.26)* 
0.77 (0.17 1.24)* 

0.67 (0.12  1.46)* 
0.76 (0.20  1.44)* 

Median frequency value 0.36 Hz (0.18 Hz  0.75 Hz) 
0.44Hz(0.18 Hz  2.06 Hz)* 

0.39 Hz (0.21 Hz  1.96  Hz) 
0.36 Hz(0.18 Hz  1.92 Hz)* 

Modus frequency value 0.25 Hz (0.07 Hz  0.68 Hz)* 
0.36 Hz(0.14 Hz  2.38 Hz)* 

0.28 Hz (0.18 Hz  1.92 Hz)* 
0.28 Hz (0.04 Hz  2.42 Hz)* 

RMS value 80.48µV (10.84 µV  470.09µV) 
70.20 µV (2.91µV  836.03µV)*

65.20 µV (7.40 µV  413.15 µV) 
65.36µV (7.140 µV  386.65 µV)* 

LZ value 0.6338 (0.3937  0.8360) 
0.6720 (0.2699  1.4426) 

0.6621 (0.4854  0.8684) 
0.6927 (0.3616  1.5127) 

 Late latent phase 

Values of SampEn 0.45 (0.04   1.16)* 
0.58 (0.09  1.44)* 

0.68 (0.05  1.29)* 
0.87 (0.32  1.49)* 

Values of ApEn 0.70 (0.17  1.31)* 
0.70 (0.23  1.24)* 

0.93 (0.17  1.41)* 
0.89 (0.44  1.37)* 

Median frequency value 0.39 Hz (0.25 Hz  1.24 Hz) 
0.39 Hz (0.21 Hz  0.99Hz) 

0.39 Hz (0.21 Hz  1.31 Hz) 
0.39 Hz (0.21 Hz  1.63 Hz) 

Modus frequency value 0.32 Hz (0.18 Hz  1.35 Hz) 
0.32 Hz (0.04 Hz  1.31 Hz)* 

0.28 Hz (0.04 Hz  1.42 Hz) 
0.28 Hz (0.18 Hz  1.70 Hz)* 

RMS value 54.54 µV (5.50 µV  342.32 µV) 
54.35 µV (9.15 µV  318.37 µV)*

40.60 µV (9.17 µV  227.51 µV) 
 38.94 µV (8.52 µV  180.06 µV)* 

LZ value 0.6149(0.4450  0.7281)* 
0.6659 (0.3891  1.1583)* 

0.6796 (0.4935  0.8765)* 
0.7261 (0.3821  1.3288)* 

Table 3. A comparison between normally progressing labors and labors with a diagnosed 
dystocia. The values listed in the table are the median, the minimal and the maximal value 
in the brackets. The values calculated on burst segments of the uterine EMG activity are 
bolded. The significant difference between labor groups is marked with *. 
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signal segmentation, was 0.29 (min 0.19; max 0.51). From the results of polynomial fit we can 
conclude that in the case of labors with a diagnosed dystocia the degree of polynomial fit 
was usually two degrees higher than in the case of normally progressing labors.  
When the labors with a diagnosed dystocia were evaluated with ApEn, the results were 
similar to those evaluated with SampEn. The values of ApEn started to decrease with 
approaching the end of the latent phase or at the transition from the latent to the active 
phase of the labor. The decreasing trend of ApEn values continued in the active phase until, 
according to the partogram, the dystocia occurred. During the dystocia of the labor the 
values of ApEn rose. When approaching the end of the dystocia, the values of ApEn 
dropped. The values of ApEn were more spread when they were calculated on the burst 
segments of the uterine EMG activity. The specific trend of values of ApEn calculated in the 
course of the labor with a diagnosed dystocia was confirmed with polynomial fit. The 
polynomial fit was of the third or fourth degree (Table 3), depending on the length of the 
recorded latent phase. From the results we can assume that in the case of labors with a 
diagnosed dystocia the degree of polynomial fit is usually one or two degrees higher than in 
the case of normally progressing labors. 
Median, maximal and minimal values of all chosen measures for labor evaluation are 
presented in Table 3. The values of SampEn calculated on the uterine EMG records of 
normally progressing labors are significantly lower than the ones calculated on the 
uterine EMG records of labors with a diagnosed dystocia, regardless of the used 
segmentation (successive non-overlapping segments of the EMG signal or burst segments 
of the uterine EMG activity) or the labor phase (latent or active). Significantly higher 
SampEn values calculated in the latent phase of the labor with a diagnosed dystocia, 
compared to the ones calculated on normally progressing labor records, imply SampEn 
potential as a diagnostic tool. Namely, high values of SampEn in the latent phase of the 
labor suggest the dystocia occurrence. The same significant difference between the labor’s 
groups in the latent phase could be observed when ApEn or LZ was used as a measure for 
labor evaluation (Table 3).  
In the latent phase of the labor with a diagnosed dystocia also significantly lower RMS 
values and the values of modus frequency were obtained, compared to the ones calculated 
on normally progressing labor records (Table 3). The differences were significant only, if the 
values were calculated on the burst segments of the uterine EMG activity. According to 
Table 3 there is no difference between the labor groups in the values of median frequency 
calculated in the latent phase, regardless of used segmentation. The values of median 
frequency showed a significant difference between a normally progressing labor and the 
labor with a diagnosed dystocia only in the active phase, when they were calculated on 
burst segments of the uterine EMG activity.  

5. Discussion and conclusions 

It is well known that in active phase of normal labor uterine muscles contractions, that are 
strong and long enough, should be present. Although lot of effort has been put in 
quantitative evaluation of uterine contractions to measure their efficiency (Gibb et al., 1984; 
Miller et al., 1976), studies have shown that various contraction-based measures 
(Montevideo units, uterine activity units) do not differ between labor outcomes (Euliano et 
al., 2009). 
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On the other hand obstetricians agree that a contractile pattern of the uterine muscles, that 
provide sufficient descending pressure gradient force, is obvious in active phase of normal 
labor. Therefore recognition of ineffective uterine muscles contractile patterns may be 
helpful in diagnosis of dystocia. Measurement of the uterine EMG activity provides 
information about myocyte electrical activity directly and investigations have indicated that 
it is a sensitive method having a potential in a clinical practice as a supplement tool used to 
monitor labor. Through the years researchers have studied different characteristics of the 
uterine EMG activity. Mostly they were based on time- and frequency- domain methods. 
Generally, time- and frequency- domain methods are useful and have been widely adopted 
in studies of the physiological signals (Rezek & Roberts, 1998), but they have not been 
designed to yield information on systems’ inherent dynamic properties. For this purpose 
nonlinear time series analysis techniques can be more suitable (Richman & Moorman, 2000). 
Indeed, there are many studies in which the complexity of a physiological signal was found 
as an important characterization of an underlying physiological process and was even 
proposed as a diagnostic tool (Abasolo et al., 2006; Rezek & Roberts, 1998; Zhang et al., 
2001). The uterine EMG is a non-stationary signal (Terrien et al., 2008); therefore we 
evaluated the uterine EMG signals recorded in the last two months of gestation, during 
normally progressing labors and during labors with a diagnosed dystocia by measures of 
complexity (ApEn, SampEn and LZ) as well as by time- and frequency- domain methods 
(median frequency, modus frequency and RMS). 
The SampEn has already been presented as a promising method for distinguishing the term 
and preterm labor according to 20 min long EMG signals measured before 26th week of 
gestation (Fele-Žorž et al., 2008). They have shown that the values of SampEn for term labor 
records are higher than those for preterm labor. Moreover, due to our results the SampEn 
values calculated on EMG bursts significantly drop in 36th - 37th week of gestation and are 
even lower approaching the term; while the beginning of the labor is characterized by 
relatively high SampEn values. 
Observations of normally progressing labors showed that the values of SampEn calculated 
on successive non-overlapping segments of the EMG signal or burst segments of the uterine 
EMG activity start to decrease at the transition from the latent to the active phase. The 
decreased trend of SampEn values continued with approaching the childbirth. Therefore we 
could conclude that the uterine EMG activity is regulated in the course of normally 
progressing labor (Vrhovec, 2009; Vrhovec et al., 2010). Observations of the labors with a 
diagnosed dystocia showed specific trend in SampEn values. The trend of SampEn values is 
similar to the trend observed in the case of normally progressing labors, until in the case of 
labors with a diagnosed dystocia, according to the partogram, the dystocia occurs. During 
the dystocia the values of SampEn rise. With approaching the end of the dystocia the values 
of SampEn drop again. 
The values of SampEn were more spread when they were calculated on the burst segments 
of the uterine EMG activity compared to the values of SampEn calculated on successive non-
overlapping segments of uterine EMG signal. According to the spread values of SampEn 
calculated on the burst segments we conclude that the complexity of EMG signals differs 
between contractions. Whatever type of segmentation was used to evaluate the labor 
(successive non-overlapping segments of the EMG signal and the burst segments of the 
uterine EMG activity), the trends were similar, typical for the type of labor. A specific trend 
of SampEn values calculated in the course of both labor groups was confirmed with 
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polynomial fit. The polynomial fit is of the first degree in the case when normally 
progressing labors have a limit recorded latent phase. Normally progressing labors with a 
longer latent phase are fit with polynomial of the second degree. The polynomial fit is 
usually of the fourth degree when the labor has a diagnosed dystocia. As it could be 
observed in Tables 3 the same conclusions and the results can be outlined when the values 
were calculated with ApEn or when they were calculated with SampEn. 
The correlation between EMG parameters and course of gestation shows that with duration 
of pregnancy the frequency of recorded electrical activity becomes lower, which is expressed 
as lower median frequency of uterine electrical activity (Verdenik et al., 2001). However, 
another study show that when the gestation is coming to an end, the higher value of median 
frequency occurs, which may be associated with term delivery (Fele-Žorž et al., 2008). 
According to our results the values of median frequency do not yield any specific trend in 
the course of labors. But statistical evaluation of all values of median frequency calculated 
on EMG segments that were recorded during both labor groups showed some differences. 
However, the values of the median frequency are significantly lower in labors with a 
diagnosed dystocia calculated on the burst segments in the active phase compared to the 
latent phase of the labor. The values of median frequency show a significant difference 
between both labor groups in the active phase, when they are calculated on burst segments 
of the uterine EMG activity.  
Shifting of the uterine EMG signal energy to higher frequencies as delivery approaches is 
the phenomenon observed in the literature (Buhimschi et al., 1997; Doret et al., 2005; 
Garfield et al., 2002; Maner & Garfield, 2007; Vinken et al., 2010; Maner et al., 2003). In 
particular, the modus frequency of the uterine EMG signal power spectral density (PSD) is 
commonly tested. Term and preterm labors can be successfully monitored and evaluated for 
preparedness for labor. The modus frequency of PSD increased as the measurement-to-
delivery interval decreased from more than 4 days before the labor to less than 24 hours 
(Maner et al., 2003). According to our results the values of modus frequency do not yield 
any specific trend in the course of labor. Anyway, the statistical evaluation of all values of 
modus frequency calculated on EMG segments that were recorded in both labor groups 
show some characteristics. The values of the modus frequency calculated on the burst 
segments are significantly higher in the active phase in the case of normally progressing 
labors compare to the labors with a diagnosed dystocia. However values of the modus 
frequency calculated on the successive non-overlapping segments are lower in the active 
phase in the case of normally progressing labors compare to the labors with a diagnosed 
dystocia.  
It was shown that RMS value changes only a few days before the true labor begins 
(Verdenik et al., 2001). According to our results the values of RMS do not yield any specific 
trend in the course of both labor groups. Results of statistical evaluation show that the 
significantly higher RMS values are in the active phase compared to the latent phase of both 
observed labor groups, when for calculation burst segments of the uterine EMG activity are 
used. However, the significant difference is shown only in the case when the values of RMS 
are calculated on successive non-overlapping segments of the EMG signal and a normally 
progressing labor is observed. Although the RMS values have some diagnostic potential, all 
useful analyses can be done afterwards.  
The values of LZ do not yield any specific trend in the course of normally progressing labors 
or labors with a diagnosed dystocia. Although the values of LZ have some diagnostic 
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potential, all useful information can be calculated afterwards. The results of LZ between the 
labor groups are significantly different in the latent phase of labor regardless of the used 
segmentation. The median value of the LZ values is higher in the case of labors with a 
diagnosed dystocia regardless of the used segmentation (successive non-overlapping 
segments of the EMG or the burst segments of the uterine EMG activity). The values of LZ 
are also significantly different between the latent phase and the active phase calculated on 
burst segments of labors with a diagnosed dystocia. The median value of the LZ values is 
higher in the case of normally progressing labors calculated on the on burst segments of 
labors in the latent phase. According to calculated values of LZ, non of used segmentations 
shows any promising results. 
The majority of the studies are done on bursts segments of uterine EMG. However there is 
one study that showed that during the labor the activity between bursts is also related to the 
course of labor (Pajntar et al., 1998; Verdenik et al., 2001). They proposed that the analysis of 
uterine EMG signals during bursts only is not as efficient as it would be if the activity 
between contractions is included (Pajntar et al., 1998; Verdenik et al., 2001). We use two 
segmentations of uterine EMG signal: segmentation on successive non-overlapping 
segments of the EMG signal and segmentation on the burst segments of the uterine EMG 
activity. From the results we can assume that segmentation on successive non-overlapping 
segments of the EMG signal is better in the case when the SampEn values or the ApEn 
values are used for characterization. However, the segmentation on the burst segments of 
the uterine EMG activity is a better choice in the case of values of modus frequency, values 
of median frequency and values of RMS.  
Previous studies showed that uterine activity can be successfully monitored during 
pregnancy and labor using uterine EMG. Uterine EMG signals give direct assessment of 
uterine contractility and as such have great potential as a diagnostic or labor monitoring 
tool. Due to specific characteristic of uterine EMG signal during pregnancy and labor, the 
methods for uterine EMG signal evaluation should be carefully picked out. In this chapter 
we summarized the methods based on uterine EMG signals for the determination of the 
labor progress. The main focus was the evaluation of normally progressing labor as well as 
labor with a diagnosis of dystocia using continuously monitored uterine EMG signals. 
According to our results time series complexity measures, especially SampEn and ApEn, 
calculated on successive non-overlapping segments of the uterine EMG signal, are most 
promising for uterine EMG signals interpretation during labour. 
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