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1>ragbe. Hoe kan men de ont­
fluytinghe van de Binne-mond, 
van de Baer-moeder weten? 

AntYD: Door het ghevoelen. 
vra;j;e. Op wat maniere bn 

men d:1t ghevoelen ? 
AntYD: Oat kan men wel ghe­

voden, als men de twee voorfre 
vingheren, die met Olie befrreken 
moeten zijo, in het lichaem van 
de baerende V rouwe brynght. 

From: ':-impt endePhcht dcr Vrocd-Vrouwcn'' b,v Cornehs Keldcrman. 
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Chapter 1 

INTRODUCTION 

Little appears to be kno'\vn about the relationship between behavior of 
the uterine cervix and myometrial activity during the first stage of labor.ns 
Considering the extensive medical and social problems related to dysfunctional 
behavior of the cervix during parturition, the lack of knowledge of cervical 
physiology and pathophysiology during labor is surprising. Labor dystocia, i.e. 
the failure of the cervix to dilate despite adequate uterine contractions, is the 
single factor that has contributed most to the increase in cesarean deliveries. On 
the other hand. preterm delivery is the most significant contributor to perinatal 
morbidity and mortality in the Western \vorld.74 A better understanding of the 
physiology of cervical dilatation in relation to uterine contractions might 
contribute to the solution of these obstetric dilemmas. 

In order to improve the knowledge of the physiologic changes of the 
cervix during parturition. a reliable technique for monitoring cervical behavior 
during labor is indispensable. Until recently digital examination of the cervical 
os by the attending obstetrician \vas the only method available to assess the 
condition of the cervix during parturition. Using digital palpation of the cervix. 
Friedman demonstrated that the curve of cervical dilatation plotted against time 
is sigmoid-shaped:'~ Although useful in e...-eryday clinical practice. digital 
examination has major shortcomings. The inter-observer variability IS 

considerable 11
" and the intermittent nature of the procedure does not allo\v an 

assessment of the dynamics of the cervix during labor?' Despite these 
disadvantages, the knowledge of cervical changes during labor depends almost 
exclusively on data obtained by' digital examination. 

For research purposes ultrasound cen·imetry seems to be the method of 
choice for measurement of cervical dilatation during labor. 59 The ultrasound 
ccrvimeter uses t\VO miniaturized transducers that are attached to the cervix to 
measure cervical dilatation during the first stage of labor. The method offers 
continuous recording of cervical dilatation during labor and can easily be 
combined with measurement of intrauterine pressure. thus allo\ving the 
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assessment of cervical dynamics during labor. Interesting and promising results 
have been published in a preliminary report.59 For the first time. cen·ical 
dilatation patterns ·were objectively established. Hovvever_ insufficient clinical 
data are available to assess the potentials of ultrasound cervimetry and a 
thorough evaluation of its value is imperative. 

A second handicap for the study of cervical behavior during labor is the 
lack of insight into the mechanisms of control of cervical dilatation. 18 Several 
observations suggest that prostaglandins are involved in the achievement of 
successful effacement and dilatation of the cervix. once cervical ripening is 
established. Prostaglandins have been shown to be important regulators of the 
physiology of the cervix during pregnancy, in particular during the last 
trimester. 1° Concentrations of prostaglandin E::: en F ~u rise markedly at the onset 
of labor55

·
56 and the accumulation of prostaglandins is less in labor progressing 

slowly than in labor of normal duration. 96 Ho\vever. thorough studies of 
prostaglandin-mediated cervical changes during. labor are lacking. 

This thesis presents the results of several experimental and literature 
studies to evaluate cervical behavior during labor. The following questions were 
specifically addressed: 

- can ultrasound cervimetf3' be used for the study of cervical behavior 
during labor? 

- do prostaglandins play a role in the control of the cervix during the 
first stage of physiologic labor? 

Ultrasound cervimet0· was compared to various other methods used for 
measurement of ccn·ical dilatation during labor and evaluated in an experimental 
study of 67 \\·omen in labor. The role of prostaglandins in the ce:r;ix was 
assessed on the basis of the available literature and investigated in an 
experimental study in 32 primiparous \vomen in physiologic labor. The 
interpretation of cervical dilatation and intrauterine pressure signals required the 
development of a program for computer-aided analysis which is also presented 
in this thesis. 
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Chapter 2 

ASSESSMENT OF CERVICAL DILATATION DURING 
LABOR-

2.1 Introduction 
The problems associated vvith measurement and recording of cervical 

dilatation during labor constitute major obstacles for the study of cervical 
behavior during labor. In addition to the simple method of digital examination 
of the cerYical os, a variety of more or less complicated instruments have been 
de-veloped to assess cervical dilatation for clinical and scientific purposes. This 
chapter presents and discusses the various methods for assessment of cervical 
dilatation as reported in the literature. in an attempt to evaluate their validity and 
usefulness. 

2.2 Digital centimctr:y 
Our current knovvledge of cervical behavior depends largely on data 

obtained by repeated digital palpation or 'digital cervimetry' during labor. Both 
vaginal and rectal examination have been used. The latter method was advocated 
by Kroenig63 to prevent ascending uterine infection. Semmel weiss' classic work 
involving the relationship bctv-veen vaginal examination and puerperal infection 
is well appreciated. 104 However_ there is no evidence that palpation of the cervix 
vvith a finger introduced into the rectum prevents ascending infection: during 
rectal examination the vaginal wall and contents are brought into close contact 
with the cervical canal. When appropriate aseptic measures are taken, vaginal 
examination docs not endanger the patient and reveals more details than 
palpation by way of the rectum. 73 Women's preference for vaginal over rectal 
examinations was clearl:y demonstrated.-- Some authors, however. continue to 

* Th~ ma.in substmcl! of this cha.pt ... 'l" \V:J...'> publishd in V:m D~ssd T, Frijns JI-L K.ok FT. 
W:JJ.knburg 1-IC. A.ssl'!ssm~nt of cl!r•>ica.l dilo.t:ttion during labor: a. r~vi.::w. Eur J Obstct Gyn.::col 
R~!prod Bioi 1991:41:165-71. 
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recommend rectal cxamination.s2 

Results ofmeasmement of cen:ical dilatation by digital examination are 
markedly influenced by experience of the examiner and inter-observer variability 
is considerable. 38 An experiment ,.vith a set of cervical dilatation simulators 
demonstrated marked inaccuracy in the assessment of cervical dilatation .. even 
in a group of experienced obstetricians and midvvives. 119 

Many reports in the literature stress the importance of graphic recording 
of progress in cervical dilatation for clinical management of labor. 19
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Using data obtained by digitaL mainly rectaL examination Friedman constructed 
the novv classic cervical dilatation curve.3~-~3.H35 ·36 as shown in figure 2.1. 
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Although digital examination offers valuable clinical information on the 
progress of labor. its intermittent character does not allo-w an assessment of the 
dynamics of cervical dilatation. For that reason many attempts have been made 
to construct devices, cervimeters, for objective and continuous measurement of 
cervical dilatation based on (electro)mechanicaL electronic and ultrasonic 
principles. An historical overvie"\v of the various instruments published since the 
early fifties is presented in Table 2.1. 

Table 2.1. H1stonca/ ovcn.'lcw of ccrvimctnc tcchmqucs. 

Author Year 

Wolf 1951 

Smyth 1954 

$1'-'ll'-'T 1956 

Fricdmilll 1956 

Sknc'< 1957 

Lilll!Jcdcr 1959 

SK-ncr 1%1 

Vc'""illll 1%1 

Kuxd.> ct al. 196~ 

Fri'-'dmilll 1963 

Tcrvi.lJ J%3 

w~ 1967 

Krcm~""lltoov 1968 

RlCC' 19~4 

I.Jicwall 19"74 

Rtchnrd><c'n 1976 

Zad"r ct al. 1976 

Kokct u.l. 1976 

)I.·IO>o ct nl 197$ 

Priodple 

clc.:tromu,.:ncll.: 

dcctromcch!UUCu.l 

mc-c1mnical 

mc·ch:micul 

ffi'-'d"UllUcul 

dcctromcch:micul 

ck-ctr"m"chanicul 

ckctrc'm"chumcu.l 

clcctNmcchcmkal 

c1c.:tr()mcch:mical 

mc•chanicul 

dc-ctrom.:chani~-ut 

mcch:mical 

dcctNmnglh'ric 

dcctre>ma!JI.'-'tic 

mcdlli1Ucul 

ultr;:J>c'ffi'-' 

ultrJ..'-'nl'-' 

ultro.<"nk 

Reported 

accurac~· 

0.5mm 

'n"t" 

'mm 

1 em 

!-~em 

0.3 em 

0.6 em 

2.3 (Elcctro)mcchanical ccrvimcters 

:vlctbod of 

mca~urcmcnt 

intruv~,:um.l. .:ul.ipcw 

mtruvngino.l culip= 

intrJ.vuginal caliper• 

intrJvugmul cnlipcro 

mtravngmol co.lipc'<" 

mtruc"J.)';in:ll culipc""r> 

intrJ.VUginul Cll.hpCN 

intra\'<lgmu.l caliper• 

intruvugmul caliper<' 

mdu~--ti"n "'"'!~ 

Mdbod of 

record in:;: 

pncu.mullc 

pn."umutic 

phe>tockctri~ 

d"~-trico.l 

ne>n~ 

n.;on" 

ck-ctri~nl 

"kctrical 

dcctrico.l 

!\"umber of 

patienh 

55 
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Two main prototypes of mechanical cervimeters have been described_ 
the calipers- and the string-type. 
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In the basic calipers-type cervimeter_ calipers equipped with a 
centimeter rule at the distal end are used to measure the distance bet\.veen 
opposing cervical rims (Fig. 2.2). The Krementso\' cervimeter.61 called an 
'orificiometer' _ has a ring at each proximal caliper end in which the fingers of 
the examiner can be placed. It enables the examiner to verify his findings by 
vaginal examination. The Tervihi cervimeter11

-; consists of t\VO pairs of Kelly 
clamps. attached separately to the cervical edges, and connected in a hinge-like 
\vay. The Friedman cervimeter36 is 
equipped with bulldog clips for 
attachment to the cervical rims. 
Measurement is continuous, but 
readings are obtained at 2 to lO 
minute intervals and plotted 
manually against time. In contrast 
to the Krementsov and T er\'ila 
cervimeters. which were 
apparently never applied m 
clinical studies. the Friedman F1gurc 2.2 .• 'vfechamcal cer.·Jmcrcr accordmg ro 

device was used in 25 \vomen in 
labor. The cervical dilatation 

Fncdman 

curves obtained in these patients sho\.v a sigmoid shape. Disadvantages of these 
simple mechanical cervimeters are the discontinuity: of readings. the lack of 
recording facilities and the quite heavy mechanical construction that interferes 
with dilatation during measurement. 

In later years low-weight calipers with cervical attachment clips were 
combined \.vith potentiometers to convert the movements of the caliper arms into 
an electrical signal that could be recorded on a polygraph (Fig. 2.3). 
Electromechanical cervimeters of this basic type were described by V ossius.13

"' 

Svoboda 116 and Richardson et al.9s.99 The electromechanical Friedman 
cervimeter_3

- is attached to the cervix by a retractable row of needles. At a preset 
dilatation the needle attachments to the cervix are automatically released. In the 
instrument developed by Langreder66 movements are recorded b::r' means of a 
photoelectric cell. The cervimeters described by Warm136 and Kazda and 
Brotanek53 have a similar design. A pair of calipers is connected to an invisible 
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F1gur.: 2._:::., E!cctromcchamcal cern meter accordmg 
ro S1cncr. 

hinge in a heavy extra·vaginal part 
an internal containing 

potentiometer. 
Brotanek report 

Kazda and 
successful 

recordings in 90 patients \vithout 
presenting data. Siener has 
reported se·veral cervimeters. The 
original Siener cervimeter, 10s· 109

'
110 

also reported by Embrey and 
Siener.~0 offers the opportunity for 
both measurement of cervical 

dilatation and measurement of cen·ical dilatation forces, after fixation of the 
calipers. Siener has used the concept of the electromechanical calipers 
cen:imeter to construct even more sophisticated devices: the cervical 
dynamometer10~ and the 'erv.:eiterte Zen:ixwehen-messer' ('expanded cervix­
contraction meter'). 105 The cen·ical dynamometer allowed measurement of the 
pressure of the fetal head on the cen·ix after fixation of the intravaginal arms of 
the cervimeter. The 'expanded cen:ix-contraction meter' combined a calipers 
cervimeter -vvith a metal construction for measurement of fetal descent. Some 
mechanical calipers cervimeters 
use a pneumatic instead of an 
electrical 
system. 105 

signal transmission 

The string-type cervimeter 
consists of strings or cords, 
attached to the cervix (Fig. 2.4). 
Changes m dilatation cause 
changes in length of the strings 
which are transmitted to a 
kymograph by a mechanical 
pulley-guided system 106 or 
electrically by a linear differential 
transformer. 111 

Some instruments are 

F1gurc 2.4. Srrmg-typc ccnnmctcr accordmg to 
S1cncr. 
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described for assessment of cen·ical properties other than dilatation. Glass and 
co\vorkers used the medical engineering. principle of indentation to design an 
electromechanical device for measurement of the relative softness of the cervix. 39 

An instrument to measure the amount of pressure of the fetal head on the cervix 
has been reported by Noack and Blaschkov,:ski.~" 

2.4 Electromagnetic ccrvimctcrs 
Electromagnetic cervimeters \vere described by Wolfw in a congress 

report and later by Rice!T in a doctoral thesis. With these ce:rYimeters cervical 
dilatation is measured using two 
small induction coils. attached to 
opposing cervical rims (Fig. 2.5). 
An electrical current_ sent through 
one of the coils. establishes a 
magnetic field that is detected in 
the opposite coil and then 
recorded. Kriewall has used a 
permanent magnet dipole as a 
magnetic field 
Hall-effect 
transducers as 

source and t\\"O 
magnetic-field 
detectors.6

: The 
signals deriYed with this technique 
are processed to determine the 
distance between the transducers. 
These publications concernmg 

F1gurc 2.5. ElcctromagnctJC ccr~-·Jmctcr accordmg to 

Wolf 

electromagnetic cervimeters are not easily accessible. and data on the clinical 
application of this type of cen:imeter could not be found. 

2.5 Ultrasound ccrvimctry 
AbdominaLs•uo:.1~"> vaginal.3

•
6

.J and transperinear18
"
70 routes haYe been 

used to visualize cen·ical dilatation by means of ultrasound during pregnancy. 
Most attempts are directed towards the diagnosis of premature labor 1 or cenrical 
incompetence.50 However_ no reports could be found in the literature dealing 
with systematic ·visual assessment of cervical dilatation during labor. 
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A different approach uses an ultrasound cervimeter consisting of tvvo 
transducers attached to opposing rims of the cervix (Fig. 2.6). An ultrasonic 
signal generated by one transducer is received by the opposing one. Since the 
ultrasound velocity is known. the transmission time allows computation of the 
distance betvveen the transducers. The first ultrasound cervimetcr \vas described 

F1gurc 2.6. r..:ttrasomc ccnnmetcr accordmg to Kok. 

by Zador et al. in 197 4, 139
•
140 who 

used spring-loaded clips to attach 
the transducers to the cervix. A 
total of 24 readings of women in 
labor were reported, but no 
specific data were given. 
Apparently. practical problems 
V.'ere encountered. because further 
clinical studies vvith this device 
could not be found. A similar 
cervimeter has been presented by 
Kok et al. in 1976 in preliminary 
reports.::"59 The problems with the 
fixation of the transducers to the 

cervix v.vere eliminated by using special spiral-shaped transducers that vvere 
screwed into the cervical rim. The obtained data were analyzed off-line by a 
computer. and accuracy and precision in vitro and in vivo were shown to be 
good in a well-documented study of 62 women in labor. 6° Cervical dilatation 
appeared to follow· a wave pattern reflecting the intrauterine pressure curve. 
Maximal cervical dilatation coincided with the maximal intensity of each 
contraction. Generally. the derived curve of cervical dilatation during labor 
showed the sigmoid shape postulated by Friedman.38 A decelerative phase ·\vas 
never detected. Using a similar device Moss et al. investigated 13 \vomen in 
labor. 75 Contrary to the findings reported by Kok et aL60 this author observed 
that tl1e peaks of uterine contraction and cervical dilatation \.Yere out of phase. 

2.6 Conclusion 
The available reports indicate that mechanical cervimeters are 

cumbersome in clinical practice and cannot be used for continuous measurement 
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of dilatation. Most electromechanical dcYices offer the possibility of continuous 
registration but they have the disadvantage of a heavy mechanical intravaginal 
part. which may interfere \';ith cervical dilatation. Electromagnetic ccrvimeters 
with clinical applicability have not been described. Ultrasound visualization of 
the cervix may be helpful in monitoring the patient at risk for prcterm delivery. 
but it does not allov.- continuous registration of dilatation during labor. The 
ultrasound ccrvimetcr allo\VS continuous and reliable recording of cervical 
behavior with little discomfort to the patient_ but clinical experience and data arc 
still limited. Ultrasound cervimetry may be a useful research tool for the study 
of the cervical response to the uterine contractions during labor. 
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Chapter 3 

ULTRASOUND ASSESSMENT OF CERVICAL 
DYNAMICS DURING THE FIRST STAGE OF LABOR 

3.1 Introduction 
Little is kno\Yn about c..;:rvical dilatation patterns during labor. As 

discussed in chapter 2, the scarce available knowledge is obtained by digital 
exo.mination of the cen:ix. v>hich is an unsuitable method of o.ssessment for the 
study of cervical behavior during labor. Using rectal and \·aginal examinations 
Friedman demonstrated that the cervical dilatation curve is sigmoid-sho.ped and 
has a btent phase o.nd an acceleration phase (as shown in the previous chapter 
in fig. 2.1). The first is characterized by an absent or slow rise in cervico.l 
dilo.tation during severo.} hours. whereas during the latter a sudden increo.se of 
cervical dibto.tion speed occurs.3

:'-

As outlined in chapter 2. the ultro.sound cervimeter appears to be a 
Yo.luablc tool for the inYestigation of cen:ico.l bchaYior during labor. ln 
combination w·ith a tocogro.ph. the ultrasound cervimeter proYidcs continuous 
quantative data on cervical dynamics during labor. On the whole. the cervical 

dilatation curves obtained by ultrasound cerYimctry (fig. 3 .lJ \vere found to be 
comparable to the cun·es described b:;.' Friedmo.n. 5

<:> Ultrasound cervimetry results 
showed. th.:tt in the eo.rly lo.tent phase the cen..-ix did not sho\v dilatation 
re.:tctions in response to uterine contro.ctions. Then. starting later in the latent 
phase o.t the so-called reaction point. a temporary gain in cervico.l dilato.tion is 
noticed during the contractions. Finally_ after the acceleration poinL where the 
acceleration phase begins, cervical dilatation speeds up until full dilatation is 
reached. 

This chapter cYaluates the value of ultrasound cen·imetry for the study 
of the cervical dynamics durin~ spontaneous and oxytocin-induced labor. In 
order to describe cen.--ical dilatation and intrauterine pressure patterns_ the 
following Yariablcs describing the dynamics of labor will be assessed: the 
reaction and accclero.tion point. contraction work to reach full dilatation and the 
mean increase in cen·ical dilatation during contractions. 
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3.2 Material and Methods 
Patients 

Subjects \vcre recruited from pregnant women under obstetric care m 
the antenatal clinic. The women selected met all of the following criteria: 
1. uncomplicated pregnancy with a single fetus in cephalic position: 2. duration 
of pregnancy between 38 and 42 vveeks: 3. admission to the labor room in the 
first stage of spontaneous labor or for elective induction of labor. Spontaneous 
labor was defined as the occurrence of regular painful contractions every 3 to 
5 minutes in a \VOman with a cervix score according to Burnhill of 6 or more? 
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ultrasound/ 
transducers 

ccrvimctcr 

I 
Fzgurc 3.2. Dtagram showmg the combined usc of ultrasound ccnnmctry and zntrautcrznc 
tocography. 

Elective induction of labor \.Vas defined as induction of labor in the absence of 
a medical-obstetric indication for termination of pregnancy 130 and was performed 
in the presence of a cervix score of 6 or more only. 

Sixty-se•'en term parturients gave their informed oral consent and were 
enrolled in the study. Of the 67 recordings, 5 were of insufficient quality. 
mainly due to early disconnection of the cervical transducers~ 62 recordings 
\vere used for further analysis. They were divided into four groups: nulliparous 
women in spontaneous (n=9) or oxytocin-induced labor (n=26). and parous 
women in spontaneous (n=ll) or oxytocin-induced labor (n=l6). 

Instrumentation 
For the study described in this chapter the cervimeter developed in the 

Erasmus University School of Medicine and Health Sciences17 \vas combined 
\vith intrauterine tocography 59 (fig. 3.2). The basic principle is simple. Two 
ultrasound transducers (fig. 3 .3), composed of barium titanate. set in stainless 
steel cylinders with a length of 5 mm. a diameter of 4.5 mm. and a \Veight of 
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F1gun..: ~'.~'· The 
ultrasound transduc~:rs . 

\vere connected to a 

0.3 g, are attached to the loterol rims of the external 
cervical os \Vith a specially designed guide tube. Pulsed 
0.6 MHz ultrasound signals arc generated \Vith a 200 
Hz repetition frequency in one transducer and received 
by the other. As the ultrasound velocity is known 
(approximately 1500 m/s in all tissues involved."0 the 
tran::lling time of a pulse between the transducers can 
be used to calculate the distance between the 
transducers that represents cervical dilatation. 

In practice, the membranes were ruptured and 
an electrode was attached to the fetal scalp for fetal 
heart rate monitoring. A water-filled, open-tip pressure 
catheter was introduced into the uterine cavity through 
the cervix. The electrode and the intro.uterine catheter 

Hewlett Packard 80300 fetal monitor. The t\\O coiled 
cervimctcr transducers \Yere screwed into the lateral rims of the cervix at 3 and 
9 o'c lock_ respectively, with a special guide tube and connected to the 
cen·imeter. Cervical dilatation, intra-uterine pressure and fetal heart rate \Yerc 

f+J 
~ 

160 bpm 

120 

100 mm(H_g) 

0 

--r N- -

FI:?Jirc ~;·4· Ongmal rracmg obtamcd from a parou:;; woman :;;howmg the fda! h~:art raw (lop!. 

CCITJcal dilotatJOn (J1uddlc! and mtrautcrm,; prc~·:;;urc rhottom! signals. 
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recorded simultaneously on a pol)'graph vvith a paperspeed of 3 em/min 
(fig. 3.4). The electrical outputs of the ccrvimekr and the tocograph were 
sampled \vith a frequency of l Hz and stored for off-line computer analysis. 

Signal anal_vsis 
In order to eliminate the high-frequency noise component in the lo\v­

frequency signaL low-pass filtering vvas performed before analysis. Both 
intrauterine pressure and cervical dilatation signals are characterized by a 
constant or slowly rising resting level interrupted by episodic vvave-likc 
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' 
' ' ' ' 
' 
' 
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~ 

' 

nu;-.:inmm 
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' : 
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ond 

F1gure 3.5. Ongmal s1gna! (top) and first denvat1vc 

(bottom). The start ond end or max;mum of a s;gnal 

change arc determmcd usmg the first dcnvatn·e. 

cervical dilatation reaction i.s represented 

elevations. Because of the 
similarity in shape of pressure and 
dilatation signals. an identical 
principle of analysis. based on the 
first and third time deri·vative. 
could be applied. An empirically 
determined threshold of the first 
time derivative of the filtered 
signal of the intrauterine pressure 
curve of 0.2 mmHg/sec and of the 
cervical dilatation curve of 
0.007 em/sec was considered to 
mark the beginning and end of the 
signal changes (fig. 3 .5). The 
max1mum of a contraction or 
by the value 0 in the first time 

derivative curve. The principles of filtering and analysis will be discussed in full 
detail in chapter 6. The gain (em) in cervical dilatation during a myometrial 
contraction v.--ill be referred to as the ccn--ical dilatation reaction. The ccn·ical 
reaction time is defined as the time (sec) between the onset of a myometrial 
contraction and the start of the corresponding cervical reaction. The reaction 
point is defined as the cervical dilatation (em) at \vhich a cervical reaction 
occurs for the first time. The acceleration point marks the end of the latent 
phase and the beginning of the cervical acceleration phase and is defined by the 
dilatation (em) at which the third derivative of the filtered dilatation signol 



reaches the value 0. Mean contraction \vork per em of cervical dilatation is 
estimated by summation of all active pressure areas (mmHg..sec) over 1 em of 
cervical dilatation. 

Statistical analysis 
Data are presented as medians (range) or arithmetic means (SD), as 

appropriate. Differences in relative frequencies bet\veen groups \vere analyzed 
with the Fisher test. Student's t (t-.vo tailed) and Wilcoxon's rank-sign test were 
used to assess differences, and linear regression analysis to evaluate relationships 
bet\veen measured continuous variables. A p-value of 0.05 was taken as the 
level of statistical significance. 

Table 3.1. Charactenstics and numbers of contractions and ccr;·lcal dilatation reacnons (mcdwn 

<range> or n values). 

nulliparous women parous \Vom.::n 

spontaneous induced labor spontaneous induced labor 

labor (n e:o 26) labor (n = 16) 

(n = 9) (n = 11) 

maternal ag.e 28 23 28 28 
(yr) <17-33> <17-33> <23-37> <19-40> 

gcsbtional 40 39.5 40 40 
age (v,:ks) <38-42> <38-42> <38-42> <38-42> 

ce-rvix score 8 7 s 6.5 
<3-8> <5-8> <7-8> <4-8> 

birthwcight 3335 3185 3435 3455 
(g) <2500-3750> <2590-4130> <2530-3935> <2430-4215> 

contractions 469 2565 280 1486 
(n) 

dilatation 377 1913 283 806 
reactions (n) 
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3.3 Results 
Application of the ultrasound transducers \vas succesful in all women 

but early disconnection occurred in 5 subjects. No specific complaints were 
noted, and no complications occurred. Characteristics of the 62 parturients 
studied are summarized in Tab. 3.1. There \vere no significant differences in 
clinical characteristics between groups. 4800 myometrial contractions, and 
3 3 79 cervical dilatation reactions \vere included in the analysis. The significant 
differences in recorded contractions and dilatation reactions betv..reen groups are 
caused by the smaller number of patients and the shorter duration of the first 
stage of labor in women with a spontaneous onset of labor compared with 
women in whom labor was electively induced. 

In general, the dilatation curves showed a latent phase followed by an 
acceleration phase characterized by a fast augmentation of cervical dilation. 
Quantative data on cervical dilatation patterns are summarized in Table 3.2. A 
dilatation reaction was present in all women with spontaneous labor at the start 

Table 3.2. Vanables of ccrv1cal d1latat10n m the four study groups (mean values ± SD). 

dilatation at start 
ofr<!cording (em) 

duration of 
r~cording (em) 

r~action point 
(em) 

acc..::kration point 
(em) 

1 vs. 2, p <: 0.05 
3 and 4 vs. 5. p < 0.05 

nullip::rrous \vomen 

sponta.n<!ous 

labor 
(n ~ 9) 

3.4 ± 1.5 

2.8 ± 2.1 

4.5 ± 1.2 J 

induc~d 

labor 
(n = 26) 

3.3 ~ 0.5 

5.1 ± 2.0 

3.6 ± 1.0 1 

4.8 = 1.0 4 
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p::rrous \VOm~n 

sponta.n<!ous 

labor 
(n ~ 11) 

4.0 ± 1.0 

1.2 = 0.7 

indued labor 
(n ~ 16) 

2.7 ± 0.8 

4.2 ± 2.4 

2.9::!:: 0.4 z 

3.4 ± 0.8 ~ 



of the recording, and for that reason the cen:ical reaction point could not be 
determined in this group. In nulliparous vvomen in v..rhom labor vvas induced. the 
reaction point occurred at a significantly greater cervical dilatation than in 
parous parturients. In the majority of nulliparous women dilatation reactions 
remained identical during the first stage of labor. whereas an increase in the 
magnitude of the dilatation reactions was observed in approximately half the 
number of parous women. None of the parturient women studied shovved a 
significant alteration in cervical reaction time in the course of the first stage of 
labor. The efficiency of contractions. expressed as the quotient of the dilatation 
reaction and the active pressure area. did not change as labor progressed. In 
nulliparous women the acceleration point appeared to be similar in spontaneous 
and in oxytocin-induced labor. All parous women in spontaneous labor \Vere 
apparently already past the acceleration point at the beginning of the recording. 

The area of active uterine pressure remained constant during labor in 
all groups. The mean contraction vvork per em of cervical dilatation before the 
acceleration point was approximatel:y 2.5 times that after the acceleration point 
in all groups studied (Tab. 3.3). The mean contraction work in parous \vomen 
vvith induced labor was approximately 60% of that in nulliparous women with 
induced labor. before as vvell as after the acceleration point. The speed of 
cervical dilatation before the acceleration point was similar in all groups. 
vvhereas after the acceleration point it appeared to be significantly increased in 
parous women vvith induced labor. 

3.-i Discussion 
In contrast to experience vvith various types of (electro)mechanical 

cervimeters as described in chapter 2. ultrasound cen·imetry allows continuous. 
accurate and precise measurement of cervical dilatation and the application of 
the instrument carries little discomfort to the patient.r:s Continuous automated 
recording of dilatation data allovvs detection of the reaction and acceleration 
points. thus defining the first stage of I a bor. Other investigators have defined the 
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Tab!.:_:::. __ :::._ ContractiOn work per em ofccrvJcaL d!latanon and ddatat1on sp;;;;d before and after the 

accdcratwn pomt (means± SD!. 

contraction work 

p..:r em bdor..:: the 

J.cc..:kration point 
(mmHg.s..:c lOJ) 

contraction \VOrk 

p..:r em J.fter th..: 
J.cc..:krJ.tion point 

(mmHg.s..:c I 03
) 

ratio of eontrJ.ction 

work befOre vs. 
aft.,_-r :lccck'I"J.tion 

point 

dibtation sped 

b..::for..: th..:: 
a..::..::ekr:1tion point 

(cm .. hr) 

dilatation sp..:..:d 

afkr th..: 
acc..:kration point 

(cm..1lr) 

ratio of dilatation 

:::p..::ed b..:for..: vs. 
J.fter :1ccd..:ration 

point 

1 vs. 2. p < 0.05 

nulliparous wom..:n 

spontan..:ous 

labor 
(n ·" 9) 

55.2 ::t: 23.1 

23.4 ± 11.1 

2.17 

0.7±0.3.1 

2.9 ::t: 1.2 ~ 

4.5 

induc..:d labor 

(n =- 26) 

81.8::: 37.2 1 

30.5 ± 12.7 1 

2.68 

0.5 ± 0.5 ~ 

2.4 ::: 1.0 

6.1 

3 and 4 vs. 5. no significant ditTcr..:nc..: 
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parous wom..:n 

spontan..:ou.s 

lJ.bor 
(n ~ 11) 

induc..:d bbor 

(n ~ 16) 

50.6 ± 24.0 : 

20.7 ± 6.4 ~ 

2.44 

0.6 ::t: 0.4 5 

3.5 ± 0.8 ~ 

12.5 

6 and 7 vs. 8. p < 0.05 



beginning of the acceleration phase as the cervical dilatation at which the speed 
of dilatation increases to a fixed value, e.g. to more than 1.2 cm/hr in 
nulliparous and more than 1.5 cmlhr in parous women.9° Considering the shape 
of the dilatation curve, the mathematical method of using the third derivative 
seems to be more correct. The difference between the methods used precludes 
a comparison between the results presented in this chapter and those obtained 
by others. 

The dilatation curves obtained in this study show patterns comparable 
to the sigmoid-shaped curves described in the original vvork of Friedman,31 but 
we. like others43 have never observed a deceleration phase. The deceleration 
phase may be an artefact due to the subtraction method used in the digital 
assessment of advanced cervical dilatation. Initially, the examiner estimates the 
distance betvveen the palpating fingers. whereas later, when dilatation exceeds 
6 em or more. the examiner cannot feel the opposing rims anymore and 
subtracts the remaining rim from 1 0 em. 

The results of tl1e study indicate the occurrence of important functional 
changes in the uterine cervix during the first stage of labor. First, in oxytocin­
induced labor cervical reactions to myometrial contractions appear at 3-4 em of 
cervical dilatation. These dilatation reactions can be considered indicative of 
increasing cervical elasticity. Second, the finding that more contraction work is 
needed for 1 em of dilatation before than after the acceleration point suggests 
the occurrence of changes in the cervix with the acceleration point as a 
landmark. Third. the observation that acceleration of cervical dilatation occurs 
at an earlier stage and myometrial w·ork is less in parous than in nulliparous 
women with induced labor indicates different cervical behavior due to the 
process of labor and delivery. However, parous women in induced and 
nulliparous women in spontaneous labor, did not differ in this respect. In 
contrast to the findings of Siener. 107 no significant decrease in cervical reaction 
time during the course of the first stage of labor was demonstrated. 

The increase in cervical elasticity during labor is probably due to the 
histochemical changes occurring in the cervix during labor. The cervical changes 
appear to be independent of uterine contractions. 67

"
115 An extensive collagenolytic 

process in the cervix during parturition has been described in morphologic 51 and 

28 



biochemical studies.93 The recently proposed hypothesis that the course of the 
latent phase is largely determined by prostaglandin-mediated proteoglycan 
changes in contrast to the collagenolysis-dependent acceleration phase,95 may 
offer a new perspective to understand the considerable differences in cervical 
behavior that exist between parturients. No histological or biochemical data are 
available to explain the functional differences between the cervices of parous 
and nulliparous •vomen. 

The results sho•v that ultrasound cervimctry can be used for the study 
of the physiology and pathophysiology of cervical behavior during labor. It 
allo•vs an assessment of variables of cervical dilatation in relation with 
intrauterine pressure during labor. In particular, the reaction and acceleration 
points emerge as markers of changes of the biophysical properties of the cervix. 
The development of appropriate soft ware for on-line analysis of these variables 
of cervical dilatation would be helpful for investigations into the intracervical 
events that explain the changes in cervical behavior around the reaction and 
acceleration points. 
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Chapter ..j. 

PROSTAGLANDINS AND CERVICAL DILATATION 

4.1 Introduction 
As demonstrated in chopter 3. striking ;:tlterations in cervical behavior 

occur during labor. These behaYioral alterations of the cervix may rctlect 
structural changes. Prostaglandins play a key-role in the physiologic processes 
that determine the structure of the cervix. 10 These compounds han:: been sho\Yn 
to be important in the ripening of the cervix before the onset of acti\·e lo bor and 
the clarification of the s:;.:nthesis and metabolism of these compounds has 
contributed considerably to our tmderstanding of the biological control of of the 
cervix during labor.-:! In contrast to the vast body of literature on the relation 
between prostaglandins and ripening of the cervix. little is kno\Yn about the role 
of prostaglandins during cervical dilatation. Indirect evidence suggests tho.t 
prostaglo.ndins could also be invoh:ed in the achievement of successful 
effacement and dilatation of the cervix. once cervical ripening is established. 
Concentrations of prostaglandin E::: en f:::e< rise at the onset of labor55 and the 
accumulation of prostaglandins is less in dysfunctional labor thon in bbor of 
normal duration.'";; 

This chapter explores the relationship between prostaglo.ndins and 
cen·ical properties during labor on the bosis of the aYailable literature. The 
histological. biochemical and biophysical charo.cteristics of the cervix before .::tnd 
during pregnancy and during labor \vill be reviewed. follo·wed by a discussion 
of what is kno\vn about the mode of action of prostaglandins on the ccn·ix. 
Finally. this dato. will be synthesized in order to develop o. model that may 
explo.in the relationship bct\YCcn prostaglandins and the control of cen·ical 
behavior during parturition. 

-t2 Morphologic and functional characteristics of the uterine cervix 
The nonpregnant cervix 

The human cervix measures about 2.5 em in diameter and 1s 
predominantly composed of connective tissue. almost entirely consisting of 
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collagen (Fig. 4.1). Some 2% of the connecti·ve tissue contains elastic fibers 
arrayed as a band from the periphery to the external os and upward toward the 
internal os.(;" The elastic fibers are located beneath layers of smooth muscle 

F1gurc 4.1 .. H1crograph of the ccn-·1x of a non-pregnant woman. showmg dense connective trs:mc 
-..nrh man.v fibroblasts. and smooth muscle fibers. 

cells. that account for 10-15% of the cervical substance. The main part of the 
smooth muscle cells of the cervix is organized in a layer that forms an extension 
of the myometrium along the periphery of the supra vaginal portion of the cervix, 
\Yith some additional scattered muscle fibers throughout the cervical body. The 
single layer of smooth muscle cells divides into two at the level of the vaginal 
rct1ection: one part follows the vaginal retlection. the other continues for a short 
distance along the periphery of the vaginal portio. The smooth muscle content 
decreases from approximately 25% in the upper to 6% in the lower segments of 
the cervix.~5 The function of elastic and smooth muscle fibers in the nonpregnant 
cervix is not clear. but they could be inYolved in maintaining cervical shape. 

The fibrous connective tissue that forms the main constituent of the 
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cervix is arranged in a superficial loose area and a dense core zone 1~6 and 
consists of a framework of collagen fibers, embedded in a ground substance or 
extracellular matrix. The collagen fibers determine the elasticity and the 
resistance to tearing, the ground substance supports the tissue plasticity, or 
distensibility .135 The collagen fibers are arrayed in parallel bundles, ·which run 
in all directions and are strongly' intert\vined. The network is infiltrated by cells~ 
mainly fibroblasts, that make up some 20% of the connective tissue volume.113

· 

The basic molecule of collagen is tropocollagen, composed of three parallel 
individual polypeptide chains wrapped around one another like the strands of a 
rope.6 In the native collagen fibril the parallel oriented tropocollagen molecules 
are staggered. 

The cervical ground substance is mainly composed of proteoglycans. 
containing a core protein to \vhich up to a hundred macromolecular 
polysaccharides. or glycosaminoglycans. are attached. The dominating 
proteoglycan in the nonpregnant cervix is a small dermatan sulphate. named 
decorin. that makes up more than 75% of the ground substance. whereas 
hyaluronate constitutes a smaller fraction. 1 ~4 The heparan sulphate component 
seems to originate mainly from the vascular connective tissue. 1~3 The close 
interaction between collagen fibrils and the negatively charged protcoglycans 
creates stable collagen complexes, to which the connective tissue cells are 
connected via fibronectin. 103 The balance between internal S\velling pressure, 
caused by hydrophilic proteoglycans, and collagen tension, provided by the 
collagenous ultrastructure. determines the shape of the cervix. 78 Changes in 
biochemical composure can thus markedly affect cervical appearance. 

In vivo measurements of the force needed for dilatation5
""

100 as well as 
in vitro stretch studies using strips of cervical tissue~~ have been performed to 
investigate the biophysical characteristics of the nonpregnant cervix. Both 
approaches show the nonpregnant cer\'ix to be a rigid and noncompliant organ. 
The stretch modulus. i.e. the slope of the stress-strain curve or length-tension 
diagram, is high and the curve sho\VS no yield point up to 12500 mg/mm~ 
(Fig. 4.2).~~ Corresponding to the morphologic structure of the cervix. the stretch 
modulus is significantly lo\ver in the periphe!)' of the cervix compared to the 
region ncar the cervical canal.~ 1 

The pregnant cen:ix 
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F1gurc 4.2 Jdcalccd stress-strom curve obtamcd m vitro with c!asttc and colLagen fibnls m 
parallel. Lc, the rcstmg length (redrawn from Conrad·"'). 

During pregnancy marked structural and functional changes take place 
in the uterine cervix. Howe·ver_ the first 34 to 36 weeks of pregnancy are 
normally characterized by a relati·,..-e inertia. vvhich is in agreement vvith its static 
task of keeping the uterus closed. During the final \veeks of pregnancy 
conspicuous changes occur in the shape and consistence of the cerYix. generally 
referred to as 'cervical ripening'. These changes include increased softening and 
distensiblity _ effacement and early dilatation. 16 

The function of elastic and muscle fibers in early pregnancy and later 
during cervical ripening seems to be limited. Mature cross-linked fibers may 
form a kind of cuff and contribute to keeping the cervix closed. 6

" and a 
sphincter-like function has been claimed for the smooth muscle celb;_:;::;: 
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Electromyogrnphic investigations have sho\vn a circular pattern of electrical 
activity in the cervix. in porticular in unripe cervices of nulliparous women in 
early' labor. This may represent circular muscle fiber activity. ·which might 
interfere with effective dilatation. Considering the constant number of smooth 
muscle cells in the cervix throughout pregnancy. such a sphincter-function has 
been questioned by others.')S.ll.1 

It is generally agreed that connectin· tissue changes. including collagen 
degradation and alterations in the pattern of glycosaminoglycons. arc at the 
center of cerYical ripening. The swelling and softening of the cervix can be 
explained by a decreased resistance, due to collagen changes. to increased 
S\Velling pressure. caused by the changing proteoglycan pattern. Ho\vever. the 
precise sequence of intracervical events is unclear and subject to much debate 
and controversy. Conflicting reports arc the rule because of small series and 
differences in laboratory methods.4·t·15·95• 1 ~ 5 

Collagen breakdown is characterized biochemically by a loss of cross­
links between fibers. cleavage of the triple tropocollagen helix by collagenase 
and elastase. and further degradation by other non-specific protcinases. The 
percentage of collagen breakdown during pregnancy as reported in the literature 
varies from 0 to 70%~5-': 3 and the concentration rather than the absolute amount 
of collagen appeors to be subject to change. t: Degradation of collagen seems to 
occur mainly in the third trimester of pregnancy_ although a substantial reduction 
during the first trimester has also been reported. 1

:
3 Because Roth et al. were 

unable to demonstrate collagenase activity during pregnancy. they argue that 
enzymatic collagen degradation does not play an important role in physiologic 
cervical maturation."5 

The changes in the final part of gestation in the distribution pattern of 
glycosaminoglycans as reported in the literature also vary \videly. A substantial 
increase in hyaluronate and a dccrea.se in derma tan sulphate. n:.m os \Yell as no 
change in hyalurate concentrations have been reported. 1 ~ 3 Rising. amounts of 
hydrophilic hyaluronote offer a logical explanation for the increase in water 
content of the cervix with subsequent loosening. of the connective tissue. 1 ~ 5 

Fibroblasts arc claimed to be responsible for these changes in the proteoglycan 
pattern before parturition."~ 

In short. it seems that the cervical connective tissue. in particular in the 
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last part of pregnancy, is rapidly remodeling itself rather than breaking down in 
an absolute sense_ thus developing a new architecture appropriate to new 
phy'siologic needs. 4

" 

Little work has been done to characterize the biophysical properties of 
the pregnant human cervix. The available data indicate that pregnancy reduces 
the stretch modulus, particularly \.vhen parturition is at hand.~~-~3 Several 
instruments for assessing mechanical properties of the cervix in vivo have been 
describcd.~Jl~.C"'" By means of a so-called cervicotonometer Cabrol demonstrated 
tl1at, compared to nonpregnant patients, markedly reduced dilating forces \Vere 
needed in term and preterm pregnant patients.~.~ Using the medical engineering 
principle of indentation it has been sho\vn that cervical softness increases 
throughout pregnancy ,39 a finding familiar to practising obstetricians using 
cervical palpation. 

The cervix in labor 
Follo\ving preparation by the marked histochemical alterations during 

pregnancy, the rapid dilatation during labor forms a striking finale. In the 
course of a few hours the closed cervix opens up and gives way to the fetus and 
placenta. The organization of the unlinked elastic fibers. that retract up\.vard and 
inward during effacement has been claimed to be helpful for efficient 
dilatation,69 Like in the lung, elastin might serve als a frame\YOrk for the smooth 
muscle fibers to contract against. There is some electromyographic evidence of 
an active role of smooth muscle cells in human cen:ical dilatation, a common 
phenomenon in many species. 13s However_ the combined evidence docs not 
support an important role of elastic fibers and smooth muscle tissue. A more 
important function of the fiber and smooth muscle cell network could be to 
restore the shape of the cervix after parturition. 

Several observations support the ...-iew that collagen changes determine 
the progress of parturition. Morphologic studies have indicated the existence of 
an extensive collagenolytic process51 and several authors have reported markedly 
increased leYels of cervical collagenase during labor.93 The duration of cervical 
dilatation was found to be significantly correlated \Yith the collagen content of 
the prelabor cerYix?" The timing and degree of collagen degradation is obscure. 
One author claims that collagen breakdown occurs during pregnancy without 
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further changes during delivery . 1 ~3 but most reports describe significant decreases 
in cervical collagen content during labor. 58 These studies suggest that the 
cervical changes during parturition are a continuation of those that occur during 
pregnancy. 41 Howe•'er. Rath et al. consider proteoglycan changes and. to a lesser 
extent. collagen remodeling as the cause of cervical ripening. whereas 
collagenolysis by specific catabolic enzymes. such as collagenase. is held 
responsible for the rapid dilatation of the cervix at parturition.')5 

In vitro measurements of compliance of cervical tissue obtained from 
women in labor are not available. Cervical behavior during labor has been 
studied by means of ultrasound cervimetry (chapter 3). The development of on­
line soft ·ware for analysis of ultrasound cervimetry and intrauterine tocography, 
as described in chapter 6, holds a promise for future investigations into cervical 
dynamics. 1 ~8 

4.3 Mode of action of prostaglandins in the uterine cervix 

Since the discovery of prostaglandins by Von Euler131 the literature on 
these compounds has been grovving exponentially. Although the derivatives of 
eicosanoic (20-carbon) pol;.'unsaturated fatty acids are novv usually called 
eicosanoids, the familiar term 'prostaglandins' vvill be used in this thesis for these 
locally acti,·e biochemical mediators released by cells on demand in response to 
appropriate chemical or physical stimuli. Prostaglandin-mediated effects on the 
uterus include induction and synchronisation of contractions. but the main effect 
on the cervix is ripening. It is beyond the scope of this chapter to present a 
detailed review of the physiology and pathophysiology of prostaglandin 
metabolism in human labor: excellent overviews have been published. 10.s1 The 
discussion vvill be limited to an evaluation of what is known of the physiologic 
effects and biochemical mode of action of prostaglandins on the cervix during 
pregnancy and parturition. 

Ph_vsiologic effects 
Prostaglandins have been shown to affect many tissues and organs and 

to induce a broad array of functional responses.83
•
84 They are local messengers 

synthesized and released from tissues on demand and they exert a locally 
confined action. Much of our kno\vledg.e regarding the physiologic properties of 
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prostaglandins 1n cervical ripening are inferred from pharmacologic 
observations. 15 The ripening effect of intracervicaL5_so intravaginaLzs.-to.9z.w 
cxtraamniotic 17 and oraf2 administration of prostaglandins has been extensively 
applied in the termination of pregnancy in varying clinical conditions. 
Assessment of the specific bioactivity of prostaglandins is difficult because 
s:ystemic measurements do not accurately retlect local synthesis and activity. 
First. highly active catabolic SJ'Stems in lung. kidney and liver reduce the half­
life of biologically· active prostaglandins in the circulation. Second. prostaglandin 
production by platelets distorts findings in peripheral blood samples. Assessment 
of prostaglandin metabolites in urine samples or in amniotic t1uid seems 
preferable,54 but such measurements cannot distinguish bet\veen uterine and 
cervical production sites. 

Most authors agree on a gradual increase in uterine prostaglandin 
production during the last weeks of pregnancy. Concentrations of PGE~ and 
PG F~o: in amniotic fluid were shovvn to correlate directly with the cervical 
score in \vomen at term who \vere not in labor. 14 At the onset of parturition there 
is a marked increase in the concentrations of PG E~ and PG F~a in amniotic 
11uid.5556 In labor progressing slowly or not at alL accumulation of 
prostaglandins occurs to a far smaller extent than in normally progressing 
labor. 96 Exogenously administered prostaglandins have been demonstrated to 
induce and shorten labor in patients with unripe 11 ~ as well as ripe cervices. 121 

There is evidence of a direct link between prostaglandins and increased cervical 
compliance.3 t.s-: 

Biochemical mode of action 
It is largely unknown how prostaglandins produce their effects on the cervix. It 
is unlikely that one single mechanism is reponsible for the \vide \'ariety of 
effects of prostaglandins. e.g. induction of uterine smooth muscle contractions 
and ripening of the cervix. Research is complicated by the fact that 
prostaglandins exhibit a highly' organ and concentration dependent action. 

Several biochemical mechanisms by vvhich prostaglandins may act on 
the uterine cervix have been presented. but most are mainly hypothetical. All 
prostaglandins have specific binding sites. but little is kno\vn about the 
immediate post-receptor consequences of prostaglandin binding to their receptor 
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sites. 101 Prostaglandins may act by regulating the c-AMP level and calcium 
metabolism of a target cell after binding to a specific receptor. thus eliciting 
prompt effects. 101 This model seems to fit the smooth muscle cell in particular. 
Prostaglandins could also act through enzyme induction. As an example of this 
mechanism. prostaglandin F :a \Vas shown to augment the activity of hyaluronic 
acid synthetasc. 7<> An interesting. but unproven. suggestion is that prostaglandins 
might cause a collagenolytic effect by attacking the interplay bct\veen collagen 
and proteoglycans. 1

:
6 

The target cells involved in cervical remodeling arc leucocytes51 and 
fibroblasts. 1

:
5 After treatment with prostaglandin E:: fibroblasts sho\ved signs of 

increased cellular activity. e.g. a fine granular loosening of the cytoplasm. 
vacuoliscd enlarged mitochondria and an increased number of cytoplasmatic 
vesicles close to the cell surface. The marked invasion of leucocytes into the 
cervix suggests that these cells participate in the \Vidcspread collagenolysis in 
the cervix found in intrapartum cervical biopsies. 51 Osmcrs ct al. have shown 
that it is likely that the cells critically involved in collagen degradation during 
cervical dilatation arc not resident fibroblasts but rather polymorphonuclear 
leucocytes emigrating from blood vesscls.s" Fibroblasts arc claimed to be 
responsible for the changes in the proteoglycan pattern before parturition. 
whereas the main effect of leucocyte action would be collagenolysis during 
active labor. 95 

Prostaglandins and cefi,·ical dilatation 
There could be three ways in which endogenous prostaglandins may 

bring about cervical changes. First. they could produce effects by inducing 
uterine contractions: second. they could promote collagen breakdo·wn: third. they 
could induce changes in the glycosaminoglycan composition of the cervix. 

Changes in cervical compliance at parturition seem to be independent 
of uterine activity. 115 This finding has been confirmed in experimental animal 
studies. Transsccted sheep cervices ha,·e been shown to ripen in response to 
prostaglandins. which indicates that the presence of uterine activity. although 
problably helpful. is not a prerequisite of cervical ripcning.<>7 

Thc finding that PGE:-trcated cervices showed no augmented 
collagenase actiYity and no increase in the concentration of collagen breakdo\Yn 
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fragments. compared to placebo-treated cervices. suggests that prostaglandins 
11ave no direct stimulatory effect on collagenase actiYity in vivo.35

'
9

.J 

The occurrence of changes in the glycos::tminoglycan pattern combined 
\Vith the ability of fibroblasts to produce hyaluronic acid synthetase after 
prostaglandin stimulation points to a relation between prostagbndins and the 
regulation of the glycosaminoglycan composition of the cervix. 11 In addition. the 
changes in glycosaminoglycans are likely to influence the mechanical strength 
of the collagen fibrils and make them more amenable to breakdown by 
proteolytic enzymes. 13 

~A Conclusion 
In summa!')'_ cervical ripening is characterized by· histochemical 

modification rather than breakdown of collagen and seems to be affected by 
prostaglandin-mediated fibroblast action that induces protcoglycan changes 
(fig. 4.3). The concept that collagen breakdo\-vn is the central issue in the 
cervical changes of pregnancy is currently under discussion and seems to apply 
less to the latent phase than to active labor. The collagenolytic changes during 
active labor. in particular during the acceleration phase. may retlcct collagenase 
activity of leucocytes. The precise rok of prostaglandins in this part of 
parturition is unclear. Cervical ripening_ including the latent phase of labor. 
might mainly depend on a prostaglandin-induced change of cervical ground 
substance by fibroblasts. whereas active dilatation might be a result of 
collagenase activity of leucocytes. The subsequent actiYation of these tv-vo 
different physiologic mechanisms may explain the occurrence of the acceleration 
point_ that 1S the sudden mcrcase m cervical dilatation speed that 
characteristically occurs in advanced labor. 3 ~ This concept_ if true. provides a 
scientific rationale for treatment of a variety of clinical conditions. such as 
prctcrm labor and dystocia. It would be \YOrth\vhile to investigate the effects of 
prostaglandins on the cervix during labor in order to improye our understanding 
of cervical physiology and pathophysiology during parturition. 
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pregnancy and labor. 
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Chapter 5 

EFFECTS OF PROSTAGLANDIN E, GEL ON THE 
DYNAMICS OF THE UTERINE CERVIX DURING 

LABOR 

5.1 Introduction 
The efficacy of labor is determined to a large extent by the structure 

and behavior of the uterine cervix?' As outlined in chapter 3, ultrasound 
cervimetry is a valuable teclmique for the study of cervical behavior during 
labor. Using computer analysis. variables describing cervical dilatation and 
intrauterine pressure can be obtained. \\lith regard to the changes in the cervix 
the reaction point_ defined as the first occurrence of a cervical dilatation reaction 
during the course of labor, seems particularly interesting. as it may ret1ect 
structural changes in the cervix during the early latent phase of labor. As 
discussed in the previous chapter, the prostaglandins E::! and F :a contribute to 
the ripening of an unfavorable cervix, and to the achievement of efficient labor 
once cervical ripening has occurred:17

•
65 Some reports indicate that collagen 

breakdovvn mainly occurs during the final part of pregnancy without further 
significant changes during parturition,m vvhereas others suggest that the process 
of cervical ripening continues during parturition, in particular during the latent 
phase of labor (chapter 4).95 If the latter concept is true. local cervical 
application of prostaglandins during the latent phase of labor would be expected 
to facilitate cervical dilatation independent of uterine contractions, which \.vould 
mean an earlier occurrence of the reaction and acceleration points. 

In an attempt to adduce evidence to support or refute this concept. a 
randomized, double blind, placebo-controlled study vvas designed to determine 
the effects of locally applied prostaglandin E1 gel on cervical behavior during 
labor. The gel \vas administered to two groups of 16 women each before and 
after tl1e reaction point, respectively, and the differences in variables of cervical 
dynamics were assessed by on-line computer analysis of data, obtained by 
ultrasound cervimetry and intrauterine tocography. 
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5.2 Material and methods 
The participants in the study were recruited from health)' nulliparous 

pregnant women under obstetric care in the antenatal clinic_ who met the 
following criteria: l. uncomplicated pregnancy of 38-42 \Veeks: 2. live fetus in 
cephalic presentation: 3. a reactive non-stress test at inclusion: 4. a cervical 
score according to Burnhill'' of 6-8 and cervical dilatation not exceeding 3 em: 
5. informed consent after written and oral information. 

Stud}' protocol 
On admission in early labor the first 16 women recruited for the study 

were randomly allocated to intracervical application of prostaglandin E:! 
(dinoproston 0.5 mg in polyde:"trine geL Cen:iprostR) or matched placebo gels_ 
The gel \.Vas applied immediately after the start of ultrasound cervimetry and 
intrauterine tocography using the commercially available catheter. In the next 16 
\.vomen the same protocol was applied with the difference that the administration 
of the gels was delayed until immediately after the first cervical response to a 
myometrial contraction had been detected by on-line computer analy·sis of the 
uterine contraction and cervical dilatation signals. Labor was monitored as usual 
by the attending obstetrician. Randomization v.;as carried out through the 
Clinical Trial Coordination Office of Organon International (Oss_ The 
Netherlands). The study protocol was approved by the Research Revieyv Board 
of the V·lesteinde Hospital. 

Recording and data ana(vsis 
The technique of ultrasound cervimetry:::-:- in combination with 

intrauterine tocography has been described in detail in chapter 3. On-line 
analysis of the cervical dilatation and intrauterine pressure signals \Vas applied 
as outlined in chapter 6. The following variables characterizing cervical 
dynamics were obtained: 1. the mean ccrYical dilatation reaction, defined as 
the mean gain in cervical dilatation during individual myometrial contractions 
(em): 2. the time of the reaction point_ defined as the first occurrence of a 
cervical dilatation reaction after the start of the recording (minutes): 3. the time 
of the acceleration point_ which marks the end of the latent phase and the 
beginning of the acceleration phase of cervical dilatation and is determined by 

42 



the value 0 in the third derivative of the dilatation signal (minutes): 4. the 
dilatation time. defined as the time bet\veen onset of recording and full 
dilatation (minutes): 5. the contraction '"':ork estimated by the summation of 
the active pressure area of uterine contractions over the duration of the first 
stage of labor (kPa.s): 6. mean contraction work calculated as the contraction 
\.York per hour of labor (kPa). 

Statistical anal_vsis 
The code was broken after both parts of the study vvere finished. Data 

are presented as medians (range) throughout. Because the measured variables 
could not be accepted to follow a Gaussian distribution. Wilcoxon's rank-sum 
test \Vas used to assess differences between groups. A p-value of 0.05 was taken 
as the level of statistical significance. 

Table 5.1 .. Haternal age. ecnical ::;core aeeordmg to Burnhdl. gc::;tatJonal age and birthwc1ght m 

the group::; :studied. 

gd bdOr..: r..:action point gd aJ:l..:r r.::action point 

PGE, plac.::bo PG E, plac.::bo 
(n c 8) (n = S) (n = S) (n = 8) 

mat~mal ag.:: (yr) 23 21.5 25 23 
<20-30> <18-30> <20-28> <lS-26> 

g~stational ag..: (\'.b) 39.5 40.0 40.5 40.0 
<38.0-41.5> <38.5-42.0> <39.5-42.0> <38.5-42.0> 

.::.::n:ix scor.:: 7 7 7.5 7.5 
<6-S< <6-S> <6-S> <6-S> 

birthw..:ight (g) 3575 3335 3200 3175 
<3080-4260> <2950-3775> <2590-3820> <2770-3440> 

5.3 Results 
Characteristics of the groups studied are sho\vn in Tab. 5.1. No 

significant differences \.vere found \Vith regard to maternal age. cervical score at 
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the start of recording, gestational age and birth \veight. All women were 
delivered vaginally of healthy .live infants. Uterine hyperstimulation, defined as 
a persisting elevation of the uterine tone followed by fetal distress. was not 
encountered. 

The cervical dilatation curves obtained in the four groups are presented 
in fig. 5.1. It should be noted that in the group of women treated before the 
reaction point. the start of the recording coincides \Vith the application of 
prostaglandin E::! gel or placebo. whereas this \vas not the case in the group 
treated after the reaction point. Asymmetric dilatation of the cervix causes small 
deviations in the diagonal alignment of the ultrasound transducers during labor. 
which explains why full dilatation is often measured as approximately 8 em. In 

PG£2 gel before reaction point placebo gel before reaction point 

Tl""' (hrl 

PGE2 gel after reaction point placebo gel after reaction point 

F1gure 5.1. Partograms of women treated by PG E .. or placebo gel before or after the react/On 
pomt (start recordmg: 0 hJ. 
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Table 5.2. T1me mter:als from start ofrccordmg to rcact1on and acceleration pomt. full dilatation 

and mean ccrncal dilatatiOn reactions. 

gd b~for~ r..:::3ction point 

PG E, pbc~bo 

(n ~ 8) (n ~ 8) 

r..:::3ction point (min) 34.5 40 
<8-101> <5-164> 

;J.CCd~r;J.tion point 159.5 209.5 
(min) <113-490> <102-450> 

full dibtltion (min) 310.5 346.5 
<138-765> <279-489> 

m~an c..:::rvical 
6 5.5 

dilat::ttion r..::3ction 
<3-8> <4-9> 

(mm) 

gd ::tft~r r~3ction point 

PGE, 
(n "S) 

240.5 
<109-450> 

397.5 
<294-645> 

5 
<3-12> 

pbc..::bo 
(n ~ S) 

314 
0::172-756> 

400.5 
<222-843> 

6 
<3-12> 

five women one or both ultrasound transducers became disconnected before full 
cervical dilatation was reached. but the recordings \.vere of sufficient duration to 
be used for analysis. 

In the \.Vomen treated before the reaction point with prostaglandin E::: 
geL the reaction point. the acceleration point and the moment of full dilatation 
occurred earlier than in women treated by placebo geL but the differences did 
not reach statistical significance (Tab. 5.2). The mean cervical dilatation reaction 
appears to be indentical in all the studied groups. The same applies for the 
differences in the times of the acceleration point and the moment of full 
dilatation in the women receiving gel after the reaction point. 

Contraction work showed a large variability. Although it tended to be 
less in \vomen vvho had received prostaglandin E::: gel before the reaction point 
compared with placebo, no significant differences were demonstrated (Tab. 5.3). 
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Table 5.~"· ContractiOn work and conrractwn work per hour. 

contraction work 
(kPa.s) 

contraction \York p..::r 
hour (kPa) 

5.4 Discussion 

gd bdor.: r.:action point 

PGE, 
(n ~ S) 

25.1 
<10.5~107.2> 

73 
<2.9-10.2> 

plac.:bo 
(n ~ S) 

47.7 
<34.4-92.5> 

8.0 
<5.8-11.5> 

gd aft~r reaction point 

PGE, 
(n ,, S) 

62.8 
<35.0-92.3> 

8.8 
<5.4-0.2> 

pbc.:bo 
(n ' 8) 

70,0 
<28.9-104.0> 

8.9 
<4.2~10.9> 

The assessment of the role of prostaglandins in the behavior of the 
cervix during the first stage of labor is hampered by difficulties in the 
determination of the local actiYity of prostaglandins and by problems associated 
\Vith in vivo measurement of cervical changes. 119

'
1:s The present study was 

designed to avoid both obstacles. Ultrasound cervimetry and intrauterine 
tocography were used in combination \Vith on-line computer analysis. as outlined 
in chapter 6. In order to study the local effect of prostaglandins on the cervix 
prostaglandin E: gel \vas applied intracervically during physiologic labor. On­
line detection of the reaction point was used to time the application of the gel 
in the second study group. As discussed in chapter 3. the reaction point reflects 
structural changes in the cervix during the early latent phase of labor. If local 
application of prostaglandins modifies the cervix during the early latent phase. 
the reaction point would be expected to occur earlier in the prostaglandin-treated 
women compared to placebo-treated subjects. If prostaglandins influence the 
cervix during the entire latent phase. an earlier occurrence of the acceleration 
point \vould be expected in those vvomen receiving prostaglandin E: gel after the 
reaction point compared to those receiving placebo. Because no reaction point 
was demonstrable in multiparous women (chapter 3). nulliparous women were 
selected for the studies described in this chapter. 

We noted a trend towards an earlier increase in cerYical compliance 
after administration of prostaglandin E: gel considering the earlier occurrence of 
the reaction and acceleration points in women treated \vith prostaglandin E: gel 
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before the reaction point. Ho'>vever, the differences between the prostaglandin 
and placebo-treated subjects in both groups \vere not statistically significant. The 
mean cervical dilatation reaction did not differ between prostaglandin and 
placebo treated \Yomen. indicating that cervical compliance is not altered by 
application of prostaglandin E: in physiologic labor. Also. no effect of 
administration of prostaglandins E~ gel on the markers of the efficacy oflabor, 
the duration of labor and the total and mean contraction \VorL \Vas apparent. 

Differences in methodology make our results difficult to compare to 
those obtained by others. Various methods have used in attempts to modulate 
the structure of the cervix in order to improve dilatation: the use of porcine 
relaxin: 14 ~ cervical injections of hyaluronidase:·~~ and vibration applied to the 
cervix."'·3 None of these has been shown to influence cervical dilatation during 
normal labor. Most papers on the application of prostaglandins for obstetric 
purposes report on the induction of labor, usually in \vomen \Vith an unripe 
cen·ix.":: Studies that include women \vith a ripe cen:ix compare the effects of 
prostaglandins with those of other methods, e.g. oxytocin administration~6 or to 
spontaneous labor. 65 This approach offers no information on the specific 
additional effect of prostaglandins in reducing cervical resistance. 

In conclusion. the available evidence shows no evidently 
facilitating effect of prostaglandin E:: gel application on cervical behavior, when 
administered during physiologic labor in nulliparous women. Apparently. the 
prostaglandin-mediated structural changes of the cervix occur before the start of 
labor. The effects of prostaglandins on cen'ical dystocia remain to be 
investigated. 
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Chapter 6 

ON-LINE COMPUTER ANALYSIS OF CERVICAL 
DILATATION AND INTRAUTERINE PRESSURE 

DURING HUMAN LABOR 

6.1 Introduction 
Using off-line computer analysis of data obtained by a combination of 

ultrasound cervimetry and simultaneous measurement of intrauterine pressure, 
it was shovvn in chapter 3 that cervical dilatation follo•vs a typical course with 
the reaction point and acceleration point as characteristic landmarks. These 
points ret1ect structural changes in the cenrix during parturition. In order to 
study the physiologic processes in the cervix that control cervical dilatation 
during labor. a research protocol was de,,eloped that involved the application of 
prostaglandin E:: gel during labor before and after the reaction point (chapter 5). 
This requires on-line computerized detection of the reaction point during labor. 
This chapter reports the development of a software package that performs a full 
on-line analysis of cervical dilatation and intrauterine pressure signals. thus 
providing the necessary data for the research protocol described in chapter 5. 

6.2 Problems and general approach 
The electrical outputs of a cervimeter and a tocograph, measuring 

cervical dilatation signals and intrauterine pressure, respectively, are sampled. 
The analysis of the signals requires the detection of uterine contractions and 
cervical dilatation reactions. The results of the basic analysis can be used for the 
determination of the reaction and acceleration points, the time and contraction 
work needed to reach full dilatation. and the gain in cervical dilatation during 
single uterine contractions. 

The intrauterine pressure signal has a constant resting level \Vith 
episodic elevations during contractions (Fig. 6.1). The shape of the cervical 
dilatation signal is similar with the exception that the baseline is steadily rising 
as labor progresses. Therefore. both signals can be considered as a series of 
comparable segments, each segment consisting of a resting period of variable 
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cervical 
dilatation 

(=) 

intrauterine 
pressure 
(mmH;) 

time (min) 

15 

15 

F1gurc 6.1. Ccrncal dliatatJOn (top) and mtrauterme pressure (bottom) . .Vote the gradual nsc of 

the cerncal diLatation basclmc. 

duration follovved by an elevation phase. called wave. Each wave is primarily 
characterized by its beginning, maximum and end. These reference points can 
be determined using the first time derivative of the pressure and dilatation signal 
(see paragraph 6.5.). Hovvever. in practice this detection method is hampered by 
the many rapid changes in the first derivative, caused by high-frequency noise 
in the original signal (fig. 6.2). The average povver spectrum of the noise shows 
a broad bandwidth compared to the slowly varying signals. so a low pass filter 
should be used to increase the signal-to-noise ratio. A differentiating filter then 
allov.'s the detection of the reference points defined above and an appropriate 
algorithm enables further on-line analysis of both signals and their 
interrelationship. 
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6.3 Data acquisition and storage 
Measurement of intrauterine pressure is performed by a fluid-filled open 

tip catheter connected to the pressure transducer of a standard tocograph 
(I-Ie\.vlett-Packard 80300A). The catheter is inserted into the uterus through the 
vagina and cen:ix after rupture of the membranes. The output signal is an 
electrical representation of the intrauterine pressure. 

Cervical dilatation is assessed by means of a custom-made ultrasound 
cervimeter. ~7 This cervimeter consists of two spiral-shaped ultrasound transducers 
screvved into the opposing rims of the dilating cervix. A 0.6 MHz signal burst 
is generated \·vith a 200 Hz repetition frequenc:yr by one transducer and detected 
by the opposite one. The distance .6./ between the transducers, representing 
cervical dilatation, IS described by 
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(I) 

in -..vhich v is the ultrasound velocity (approximately 1500 m/s in all tissues 
invoh,ed60 and /)..t the travelling time of a pulse bet\.Veen the transducers. The 
output voltage of the equipment is proportional to !:1t and is thus a measure of 
h.l. The original dilatation and intrauterine pressure readings are vvritten on the 
two channel polygraph of the tocograph and simultaneously digitized at a 
sampling rate of 1Hz by a 16-bit RTI 815-Multifunction Input/Output Board 
(Analog Devices) in an 80X86-based personal computer programmed in Turbo 
Pascal 5.0Ql). In order to allO\V subsequent on-line analysis the sampling and 
storage of the digitized signals is interrupt-driven. The raw and analyzed data 
are stored on hard disk and displayed on the computer screen. 

6.4 Data filtering 

The similarity of the pressme and dilatation signals allows the use of 
the same filtering and analysis algorithm. Because of the lo\.v frequencies 
involved, digital instead of analogous filtering is used. To avoid the 
accumulation of errors and output delays of low pass filtering \.vith subsequent 
differentation, a differentiating digital filter with lov.' pass characteristics was 
developed. The ideal transfer function Gw(CO) for this type of filter \.Vith cut-off 
frequency CO/B is: 

l :" "' (w5-2) 
G "(w)= B 

<iJs Ws 
(-<w<-) 

B 2 

(2) 

wh.;:rl!: oo = 21tf (f = frl!qucncy) 

oo, = 21tf, (f, = sampling frcqu..::ncy) 
:md B >2. 

The coefficients gn for the non-recursive (finite-duration impulse response) 
digital filter vv·hich is optimal in the least integral square error's sense can be 
computed using the Fourier series method: 11s 
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B 

wh¢n::: n = cocffici¢nt number (n > 0) 
T = 2nlro, 
j = imaginary unit 

(3) 

Since signal sampling is performed at a 1 Hz rate (ro,=2n rad/s), Eq. 3 reduces 
to: 

_ 2 (2nn)- 1 . (2nn) gn --cos -- --sm --
nB B 1tn2 B 

(4) 

In order to approach the ideal transfer function described in Eq. 2 as closely as 
possible, all positive integer values of n should be included in the computations. 
In practice, hoovever. the Fourier series has to be truncated to minimize 
computing time. In generaL a truncated Fourier-series tends to have excessive 
ripples near the points where G-(w) has sharp jumps, even though it is best in 
the least integral square error's sense. The ripple, known as Gibbs' 
phenomenon. 118 becomes more prominent when the number of filter coefficients, 
or taps, is decreased. Reduction of the Gibbs' phenomenon can be achieved by 
a \Vindo\.v function at the cost of a broadening of the transition zone near the 
cut-off frequency. For the present application truncation at n = 60 in 
combination with a Hamming-window with coefficients hn 

2nn 
h =0.5 •(1 +cos(-)) 

n N 
(5) 
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proved a reasonable trade-off, resulting in a 121 tap filter with a delay of 60 
seconds betvveen the input and output signaL A cut-off frequency of 0.03 l-Iz 
(B = 33) turned out to be optimal for both signals. A lower cut-off frequency 
results in decreased maxima in the filtered signals, whereas higher cut-off 
frequencies did not improve the signal-to-noise ratio sufficiently. In this way the 
points of time, at which reference points are reached, were assessed reliably. The 
corresponding value of intrauterine pressure or cervical dilatation vYas obtained 
after elimination of noise effects by low pass filtering with the same cut-off 
frequency of 0.03 Hz. The ideal response of this filter is: 

21t 
<I"' I~-) 

33 
21t 

(-< I"' I <1t) 
33 

(6) 

The filter coefficients, determined by the same Fourier series and Hamming 
window· method, 118 are given by: 

_1_sin(21tn)- (1 +cos(21tn)) (1 ~n~60) 
1tn 33 33 
2 (7) 

B 

In order to determine the acceleration point a smoothed partogram curve is 
obtained by low pass filtering of the dilatation signal with a cut-off frequency 
of 0.00 l Hz (Eq. 7). 

6.5 Data analysis 
The cervical dilatation waves can be divided into four types. Most waves, 

referred to as standard waves, are characterized by a monotone rise and fall 
(Fig. 6.3). Shifts consist of isolated rises or falls in pressure or dilatation 
(Fig. 6.3b). Composite slope waves have (multiple) bending points, but a single 
maximum (Fig. 6.3c). Camel waves contain multiple maxima (Fig. 6.3d). 
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F1gurc 6.~" The vanous wm·c types. 

Fig. 6.4 sho\.\'S. the algorithm that classifies the detected \.Vaves. Basically. the 
slopes of each wave are subdivided into a sequence of rising or falling sections. 
A section is demarcated by the time interval in \vhich the absolute value of the 
first derivative of the original signal exceeds the empirically determined values 
of 0.2 mmHg/s for pressure P. or 0.007 cm/s for dilatation D. respectively. As 
long as the sign of the first derivative dDidt or dPidt does not change. the 
consecutive sections are considered to form one slope provided that the time 
bet\.veen the end of one section and the start of the next one does not exceed the 
empirically determined vvaiting time tw 1 = 80 s. A wave starting with a falling 
slope is a negative shift. When a '\Vave starts with a rising slope ·without a 
subsequent falling slope within the empirically determined \vaiting time 
t,..2 = 40 s it is called a positive shift. Camel waves are detected when two 
consecutive waves fall within tw: and have at least a difference of 5 mmHg or 
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F1gure 6.4. Bas1c algor1thm of analysiS.showmg the d~;tccuon pnnc;oplc of SHIFT. C.4.A!EL. 
C(ompos1tc) and (standard) WAVE. 

0.25 em in starting levels. In the event of a slope consisting of multiple sections. 
a composite-slope wave is identified. v,·hereas a standard -..vave is detected in all 
other cases. 

Separate data storage for intrauterine pressure and cervical dilatation is 
performed per segment, consisting of a signal fragment from the end of a wave 
or shift to the end of the next one. This segment data record contains the wave 
characteristics: shift. standard wave, camel -..vave. or composite-slope wave with 
the corresponding number of positive and negative sections. The data record also 
holds the wave reference points, beginning. maximum and ending. with 
corresponding ·values of pressure and dilatation. Additionally the mean resting 
levels of pressure and dilatation and the time between begin and end of a wave 
are recorded. The segmental data storage record is completed -..vith the integrated 
height of each -..vavc together with the squared integrated difference bet"\veen the 
original and filtered signals. The latter is a measure of the amount of the high 
frequency energy that is filtered away. This proved a reliable determinant for the 
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detection of active pushing efforts by the patient. The dilatation data are 
validated by eliminating those dilatation '\vaves that are not generated by 
contractions according to the criteria explained in Table 6.1. The results of the 
basic analysis described above constitute the material for further processing in 

Table 6.1. Vahdatwn cntenafor detect1on of pressure and dilatatiOn wave couples. 

1 * th<! pr ... -ssur.: wav~ starts h<:forc the corresponding dilatation \.vavc 
2* the ma.-.;;imum of the pr<!:Ssure waVI! occurs .Utcr the lx:ginning of the corresponding 

dili:t!ation wave 
3* the maximum of the dilatation wave occurs \Vithin 20 sec of the ma'\.imum of the 

corresponding pressure \Vave 
4* the ma-.;:imum of th~ dila1a.tion wave occurs bdbre the ~d of the corresponding 

pressure wave 

order to obtain clinically useful information. The reaction point is detected at the 
beginning of the first sequence of three consecutive validated cervical reactions. 
This precludes the erroneous detection of a reaction point when a pressure wave 
is accidently associated by a gain in cervical dilatation. Additional low pass 
digital filtering of the cervical dilatation signal with a cut-off frequency of 0.00 I 
Hz was used to obtain a smoothed ce:rvicograph curve. The point of maximum 
concavity in the partogram represents the acceleration point and is represented 
by' a zero transition from positive to negative of the third derivative of the low 
pass filtered dilatation signal. This third derivative was computed for every 
ith sample using: 

-.!y(i-2) + y(i-1) - y(i+l) 
2 

+ .!y(i+2) 
2 

(8) 

where ~v(i) is the ith sample of the low pass filtered dilatation signal. The mean 
cervical dilatation reaction was defined as the mean gain in cervical dilatation 
during individual myometrial contractions (em) and was calcutated by 
determining the mean difference between the begin and maximum dilatation of 
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all validated cervical dilatation reactions. The contraction work was estimated 
by summing up the active pressure areas of all uterine contractions over the 
duration of the first stage of labor. The mean contraction work was then 
calculated as the contraction work divided by the number of hours of labor. 
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Figure 6.5. Computer screen display dunng recordmg. The top panel shows the filtered signals. 
At the bottom right numcncal data of the analy:::cd signals lS d1splayed. 

6.6 Practical applications 
During labor the computer screen continuously displays the cervical 

dilatation and pressure signals (fig. 6.5). Simultaneously the analyzed data of 
each contraction and cervical dilatation reaction are displayed. Data can be 
displayed graphically, e.g. partograms, or plots of cervical dilatation against 
cumulative contraction work (fig. 6.6). 

57 



30 

20 

cervical 
dilatation 
(em) 

10 

o~~~~~~~~J-~~~~~~~ 
0 5 10 15 20 25 

contraction work (10
3 

kPa.s) 

F1gure 6.6. Ccrncal dilatatiOn agamst contraction work m a nulliparous woman. 

Computer-aided ultrasoundcervimetry combined with intrauterine tocography 
allows clinical and scientific applications. The clinical benefits include 
replacement of pelvic examinations, which can be uncomfortable and painful for 
the \VOman in labor. Continuous monitoring of cervical dilatatation might be 
helpful in monitoring women at risk for premature delivery. An automatic alarm 
in case of progression of cervical dilatation is technically feasible. The on-line 
analysis of the cervical dilatation and intrauterine pressure signals allovvs an 
objective diagnosis of labor arrest. As the arrest of labor is the single factor that 
has contributed most to the increase in cesarean deliveries.' standardized criteria 
for this diagnosis might be helpful in lowering. the number of cesarean sections. 
Ho\-vever_ the opportunities for investigations into the physiology of the cervix 
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during labor probably outweigh the clinical benefits. In particular, 
pharmaceutical intervention studies in which cervimetry is used to determine the 
time and effect of the medication could be worthwhile. Another field of interest 
is the evaluation of various drugs used to stimulate uterine contractions and the 
fine tuning of their dosage schemes. 
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Chapter 7 

GENERAL CONCLUSIONS 

The aim of the present thesis was to investigate the behavior of the 
uterine cervix during the first stage of labor. In order to study cervical behavior. 
a method for reliable assessment of cervical dilatation in relation with 
intrauterine pressure had to be identified and evaluated. In a review of the 
literature ultrasound cervimetry emerged as the most promising method available 
for the study of cervical behavior during labor. Using this method in nulliparous 
and parous women in labor, cervical dilatation patterns were continuously 
assessed. Cervical dilatation was found to follow a typical course, that is 
comparable to the sigmoid-shaped cunre, based on digital cervimetry, with the 
exception that a deceleration phase was never observed. Analysis of the obtained 
data strongly suggested the occurrence of structural cervical changes during 
labor. Nulliparous labor was found to be characterized by a reaction point, at 
which the cervix starts to react at myometrial contractions during the early latent 
phase of labor. This finding indicates an augmentation of cervical elasticity. The 
cervical dilatation curves were characterized by an acceleration point, which 
again suggests that structural changes occur in the cervix during the first stage 
of labor. 

Prostaglandins are kno·wn modulators of cervical function during 
pregnancy. but detailed knowledge about their specific role during cervical dila­
tation is scarce. A hypothetic model was developed on the basis of the available 
literature. In this model the latent phase of labor was considered to be the last 
part of the phase of cervical ripening and to depend on prostaglandin-induced 
changes of the cervix. probably alterations in the cervical ground substance. On 
the other hand. active dilatation was considered to be a result of collagenase 
dependent cervical changes. possibly ret1ecting the activity of leucocytes. This 
model was tested by comparing the effects of intracervical application of 
placebo and prostaglandin gels during labor. For that purpose the gels were 
administered before or after the reaction point and the differences in cervical 
behavior were assessed by computer-aided analysis. No evident effects 
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werenoted, leading to the conclusion that apparently the prostaglandin-mediated 
changes of the cervix are completed at the beginning of labor. The latent phase 
of labor cannot be considered to be merely an extension of cervical ripening. 
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SUMMARY 

This thesis consists of 6 chapters dealing with various aspects of 
prostaglandins and cervical dynamics during labor. 

CHAPTER 1 is a brief introduction describing the background and the 
objectives of the reviews and investigations presented in this thesis. The main 
questions to be addressed are the usefulness of ultrasound ccrvimetry as a tool 
for the study of cervical behavior during parturition, and the role of 
prostaglandins in the control of the cervix during the first stage of physiologic 
labor. 

CHAPTER 2 revie\VS the various techniques used for assessment of cervical 
dilatation during labor or 'cenrimetry', including digitaL (electro)mechanicaL 
electromagnetic and ultrasound cervimetry. The validity and usefulness of 
instrumental cervimetry is assessed on the basis of the available literature. 
Cervimetry using ultrasound transducers allows continuous and reliable 
recording of cervical dilatation during labor vvith little discomfort to the patient. 
In comparison with other instrumental techniques for measurement of cervical 
dilatation ultrasound cenrimetry seems to be the most promising method 
available. 

CHAPTER 3 presents a study in which cervical dynamics during the first stage 
of labor were assessed by a combination of ultrasound cervimetry and 
intrauterine tocography. Sixty-two parturients were divided into four groups: 
nulliparous women in spontaneous (n = 9) or oxytocin-induced labor (n = 26), 
parous women in spontaneous (n = 11) or oxytocin-induced labor (n = 16). 
Intrauterine pressure and cervical dilatation were continuous!)' recorded and 
assessed by off-line computer analysis. 

All women with spontaneous labor shovved cervical responses to uterine 
contractions at the beginning of the recording. The first cen·ical response to a 
uterine contraction occurred at significantly smaller dilatation in parous than in 
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nulliparous '\vomen with induced labor (2.9 and 3.6 em, respectively). Also 
acceleration of cervical dilatation occurred at less dilatation in parous. than in 
nulliparous women (3.4 em and 4.8 em, respectively), and myometrial work per 
em of cervical dilatation v.ias less in parous than in nulliparous parturients.. 

The results indicate significant differences between cen·ical dilatation 
patterns in nulliparous and parous women, which may be due to structural 
cervical changes caused by labor and parturition. 

CHAPTER 4 explores the relationship between prostaglandins and the control 
of cervical beha·vior. The histological, biochemical and biophysical 
characteristics of the cervix before and during pregnancy and during labor are 
reviewed, followed by a discussion of what is known about the mode of action 
of prostaglandins on the cervix. Cervical ripening is characterized by 
histochemical modification rather than breakdown of collagen and seems to be 
affected by prostaglandin-mediated fibroblast action that induces proteoglycan 
changes. The concept that collagen breakdown is the central issue in the cen·ical 
changes of pregnancy' is currently under discussion and seems to apply less to 
the latent phase than to active labor. The collagenolytic changes during active 
labor_ in particular during the acceleration phase. may reflect collagenase activity 
of leucocytes. The precise role of prostaglandins in this part of parturition is 
unclear. Cervical ripening, including the latent phase of labor, might mainly 
depend on a prostaglandin-induced change of cervical ground substance by 
fibroblasts, whereas active dilatation might be a result of collagenase activity of 
lcucocytcs. It is concluded that it would be worthvvhile to investigate to what 
time and extent prostaglandins exert an effect on the cervix during labor in order 
to improve our understanding of cervical physiology and pathophysiology during 
parturition. 

CHAPTER 5 presents an investigation into the effects of prostaglandin E:: gel 
on the dynamics of the uterine cervix during labor by means of computer-aided 
ultrasound cervimetry and intrauterine tocography. 

Thirty-two parturients were randomly assigned to intracervical 
application of prostaglandin E:: or placebo gel during labor in a double blind 
fashion. In the first group of 16 women the gel \vas applied at the onset of 
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labor, in the second group of 16 women after the reaction point_ defined as the 
occurrence of the first cervical response to myometrial contractions. The 
follo\.ving variables determined by on-line analysis of data obtained by 
ultrasound cervimetry and intrauterine tocography were analyzed: the reaction 
and acceleration point, the mean cervical dilatation reaction, the dilation time 
and the mean and total contraction work.No significant differences could be 
demonstrated with regard to the investigated variables between the prostaglandin 
and placebo-treated subjects in both groups. The results indicate that 
prostaglandins administered during physiologic labor do not augment cervical 
compliance. Apparently', the prostaglandin-mediated changes of the cervix are 
completed at the beginning of labor. 

CHAPTER 6 describes a new method for on-line digital filtering and analysis 
of cervical dilatation and intrauterine pressure signals during labor. The 
similarity of the pressure and dilatation signals allows the use of one filtering 
and analysis algorithm for both, based on the first and third time derivative. In 
order to allo"v subsequent on-line analysis the sampling storage of the digitized 
signals was interrupt-driven. To avoid the accumulation of errors and output 
delays of lo"v pass filtering with subsequent differentation, a differentiating 
digital filter with a cut-off frequency of of 0.03 Hz was developed. A smoothed 
partogram curve was obtained by additional low pass filtering of the dilatation 
signal with a cut-off frequency of 0.001 Hz. The four types of dilatation and 
pressure waves. standard waves, shifts, composite-slope \.vaves and camel \.vaves, 
\Verc detected by an appropriate algorithm. Basically, the slopes of each wave 
were subdivided in a sequence of rising and falling sections. A section is 
demarcated by the time interval in which the absolute value of the first time 
derivative of the original signal exceeds the empirically determined values of 
0.2 mmHg/s for pressure or 0.007 cm/s for dilatation, respectively. The results 
of the basic analysis constitute the material for further processing in order to 
extract useful information, such as the reaction and acceleration point. 
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SAMENVATTING 

Dit proefschrift bestaat uit 6 hoofdstukken \.Vaarin verschillende 
aspecten worden behandeld van de veranderingcn van de cervix tijdens de baring 
en in het bijzonder de rol die prostaglandines hierin spelcn. 

HOOFDSTUK 1 gceft ecn korte inlciding, waarin de achtergronden en 
doelstellingen worden beschreven van de in dit proefschrift gepresenteerde 
literatuurstudies en onderzoeken. Met name vvordt gekeken naar de bruikbaarheid 
van ultrasone cervimetrie gecombineerd met intrauteriene tocografie voor de 
studie van het gedrag van de cervix uteri tijdens de baring. Tevens zal de 
invloed van prostaglandines op het gedrag van de cervix tijdens de 
ontsluitingsfase van de baring bestudeerd worden. 

HOOFDSTUK 2 behandelt de verschillende technieken die in de literatuur zijn 
bcschreven om de ontsluiting van de cervix tijdens de baring te mcten. Voor 
deze zogenaamde 'cervimetrie' zijn naast het vaginaal toucher vooral 
(electro )mechanische. eleetromagnetische en ultrageluidstechnieken gebruikt. De 
validiteit en bruikbaarheid van de verschillende vormen van instrumentele 
cervimetrie \.vordt aan de hand van de gevonden literatuur bepaald. De 
cervimeters, waarbij gebruik gemaakt wordt van aan de cervix bevestigde 
ultrageluids-transducers, lijken verhoudingsgewij s het best bruikbaar en tevens 
het patient-vriendelijkst te zijn. 

HOOFDSTUK 3 om vat een onderzoek naar de dynamische eigenschappen van 
de cervix tijdens de ontsluiting door middel van ultrasone cervimetrie en intra­
uteriene tocografie. 62 patienten werden onderverdeeld in vier groepen: 
nulliparae met spontaan begonnen baring (n = 9), nulliparae na oxytocine­
inleiding van de baring (n = 26), multiparae met spontaan begonnen baring (n 
= 11) en multiparae na oxytocine-inleiding van de baring (n = 16). Intra-uteriene 
druk en ontsluiting werden continu gemeten en naderhand met de computer 
geanalyseerd. 
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Alle vrouwen met spontaan begonnen baring blekcn reeds een op de 
\Vei:en reagerende cervix te hebben bij het starten van de registratie. In de 
ingeleide groep bleek dat bij multiparae de cervix bij ecn geringere mate van 
ontsluiting begint te reageren vergeleken met nulliparae (3.4 en 4.8 em 
respectievelijk). De hoeveclheid arbeid per centimeter ontsluiting \Vas bij 
multiparae ook minder dan bij nulliparae. 

Op basis van deze resultatcn wordt gcconcludeerd dat er aanzienlijke 
vcrschillen ZIJn tussen nulliparae en multiparae wat bctreft het 
ontsluitingspatroon. Deze zouden kunnen berusten op structurele veranderingcn 
van de cervix tijdens de baring. De techniek van ultrasone cervimetrie, 
gecombineerd met meting van intra-utericne druk. bleek gocd te bruikbaar voor 
het bestuderen van de dynamische eigenschappen ·van de cervix tijdens de 
baring. 

HOOFDSTUK 4 is ge\vijd aan de relatie tussen prostaglandines en het gedrag 
van de cervix tijdens de baring. De histologische. biochemische en biofysische 
eigcnschappen van de cervix voor en tijdens de zwangerschap en tijdens de 
baring worden besproken. gevolgd door een literatuurstudie naar de specifieke 
rol \·an prostaglondines in de cervix. Het rijpen ·van de cervix onder invloed van 
prostaglandines lijkt meer door een histologische herstructurering dan door 
absolute atbraak van collageen bepaald te worden. Fibroblasten spelen hierin een 
bclangrijke rol. Tijdens de actieve ontsluitingsfase staat collageenafuraak onder 
in-vloed van collagenase dot door leucocytcn geproduceerd vvordt ccntraal. De 
rol van prostaglandines in dit gedceltc van de baring is onduidelijk. Op grond 
van de resultatcn van dcze litcratuurstudie lijkt het veelbelovend om te 
onderzoeken tot wanneer en in welke mate prostaglandines een effect hebbcn op 
de cervix tijdens de ontsluiting. Een dergelijk onderzoek zou het inzicht in de 
(patho)fysiologische processen van de cervix tijdens de baring vergroten. 

HOOFDSTUK 5 bespreekt een onderzoek naar de effecten van prostaglandine 
E~ gel op de dynamischc eigenschappen van de cervix tijdens de baring door 
mid del van gecomputeriscerde ultrasone ccrvimetrie en intra-uteriene tocografie. 

Aan 32 vrouwen werd gerandomiscerd en dub bel-blind prostaglandinc 
E~ of placebo gel intracervicaal toegediend tijdens de baring. Aan de cerste 16 
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barenden \.verd de gel toegediend bij het begin van de baring. wanneer de 
registratie werd begonnen. De tweede groep van 16 barenden kreeg de gel direct 
na het reactiepunt, gedefinieerd als het optreden van de eerste cervicale reactie 
op een contractie. De bepaalde parameters \varen: het reactie- en acceleratiepunL 
de gemiddelde ontsluitingsreactie en de tijd en de totale hoeveelheid arbeid om 
volledige ontsluiting te bereiken. 

Er werden geen significante verschillen gevonden tussen de met 
prostaglandine E::: gel en de met placebo gel behandelede barenden, noch in de 
v66r, noch in de mi. het reactiepunt behandelde groep. 

De resultaten wijzen uit dat de toediening van prostaglandines ti_jdens 
fysiologische baringen geen duidelijke veranderingen in de dynamische 
eigenschappen van de cervix teweeg brengt. Blijkbaar zijn de door 
prostaglandines gelnduceerde veranderingen van de cervix in f)·siologischc 
omstandigheden op dat tijdstip voltooid. 

HOOFDSTUK 6 beschrijft een nieuwe methode voor het on-line digitaal 
filteren en analyseren van de door middel van ultrasone cervimetrie en intra­
uteriene drukmeting verkregen gegevens. De gelijkvormigheid van druk- en 
ontsluiitingssignaal staat toe dater een algoritme wordt gebruikt voor het filter en 
en de analyse van beide. Het verzamelen en opslaan van de meetgegevens is 
interrupt-gestuurd, zodat on-line analyse in de resterende tijd mogelijk is. Een 
digitaal differentierend filter met een afsnijdfrequentie van 0.03 Hz voorkomt dat 
een opeenstapeling van output-vertragingen ontstaat. Het analyse-algoritme 
detecteert vier verschillende vormen van \vet::en (en gezien de gelijkvormigheid 
dus ook cervicale ontsluitingsreacties): de normale weeen. ''shifts''. 
samengestelde wee en en kameleweeen. De hellingen van deze \.Vet:: en bestaan uit 
een seric van dalende en stijgcnde deelhellingen. Een deelhelling wordt in de 
tijd begrensd door de absolute vvaarde van de eerste afgeleide van het signaaL 
die voor de intrauteriene boven de empirischc waarde van 0.2 mmHg/s moet 
liggen en voor de ontsluiting boven de 0.007 cm/s. De geanalyseerde data 
\.YOrden per segment opgeslagen, \Vaarbij een segment loopt van het begin van 
een \.Vee of ontsluitingsreactie tot het begin van de volgende. De gegevens van 
de basisanalyse worden on-line be\.verkt om bruikbare informatie, zoals het reactie­
en acceleratiepunt. te verkrijgen. 
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