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Pressures on the fetal head during normal labor
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1 Introduction

Human birth is one of the most dangerous pe-
riods of life exposing the child to the risk of
intrapartum hypoxia or of mechanical birth
trauma. Brain damage due to strong head
compression may be the result of reduced brain
perfusion by elevation of the intracranial pres-
sure with consecutive ischemia, edema and hem-
orrhage [6, 7] or of direct cerebral trauma with
rupture of blood vessels by excessive molding of
the skull [1, 5]. Despite the indisputable progress
in perinatal medicine [12], mechanical birth
trauma continues to contribute to perinatal
mortality and morbidity even today [11]. But our
knowledge about the nature and extent of the
forces that will cause brain damage of the child
is very limited. Exact data regarding the normal
strain to which the fetal head is subjected during
spontaneous parturition are still lacking. Pre-
vious studies [2, 4, 8, 10] are contradictory and
for technical shortcomings, the few published
results are not sufficient to allow definitive con-
clusions. Therefore, we designed an instrument
suitable to quantify the load of the children's
head during its passage through the birth canal.
The data of normal deliveries will form the basis
for studies that will investigate the relationship
between birth related injuries and excessive head
compression during parturition.

2 Methods
An instrument was developed which permitted
the continuous monitoring of the pressure be-
tween the wall of the birth canal and the pre-
senting fetal head during the second stage of

Curriculum vitae

ANDREAS REMPEN, M. D.
was born in 1956 in Olpe
( Westphalia). From
1975 to 1981 he studied
medicine at the Univer-
sities of Cologne, Ulm
and Freiburg where he
passed his state board ex-
aminations in medicine.
He recieved his M. D. de-
gree in 1981. From 1981
to 1983 he attended the
University Clinic of Obstetrics and Gynecology of Müns-
ter. Since 1983 he has worked at the University Clinic
of Obstetrics and Gynecology of Würzburg. In 1989 he
became board certified in Obstetrics and Gynecology. In
1990 he became "Privatdozent" at the Julius-Maximi-
lians-University of Würzburg and was appointed
"Oberarzt".

labor where the highest strain can be expected
because of the mother's bearing down efforts
and uterine contractions.
The instrument is placed on the baby's present-
ing part with its ends on either side of the head
when the cervix is nearly fully dilated. It consists
of a flat metal bow coated with a heat shrinkable
tube to prevent maternal or fetal injuries as well
as damage of the transducers. Pressure trans-
ducers are mounted on the outer side of both
mobile ends of the device, respectively, working
according to the strain gage principle. The max-
imum thickness of the device at the region of the
pressure transducers is 2 mm. The amplified sig-
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nals calibrated against units of pressure (kPa),
were registered on a four channel recorder at a
paper speed of one centimeter per minute syn-
chronously to the tracings of the cardiotoco-
graph that were derived by an intraamniotic
fluid-filled catheter and a scalp electrode [3].
Additional data such as station and position of
the fetal head etc., were simultaneously noted.
An example of the resulting four curves is shown
in figure 1. The signals were stored on line in
intervals of one second in a personal computer
for further calculations and statistical analysis.
From the pressure curves of the amniotic cavity

and the surface of the fetal head, several param-
eters such as the basal tone, the maximum and
mean pressure during uterine contraction and
the pressure amplitude during uterine contrac-
tion termed active pressure, were calculated (fig-
ure 2). For a given period of labor, the mean
maximum pressure and the mean active pressure
was calculated by dividing the sum of the pres-
sure peaks and of the pressure amplitudes, re-
spectively, by the number of uterine contractions.
The mean pressure during uterine contractions
and the basal tone was calculated by dividing
the sum of the areas under the pressure curves

ι I

Figure 1. Section of an original recording of amniotic pressure [1], fetal heart rate [2] and pressures at the level
of the right [3] and left [4] parietal region of the fetal head.

kPa

active
pressure

maximum pressure

mean pressure ̂ t
n,flactjon

basal tone

contraction interval mm·
Figure 2. Parameters of amniotic pressure and of pressure between the fetal head and the vaginal wall.
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during contraction and during the intervals, re-
spectively, by the duration of the corresponding
sections of the pressure tracings. Statistical cal-
culations were performed by the Wilcoxon test
for dependent variables. Informed consent had
been given by all women before registration.

3 Results

The measurements of 44 spontaneous deliveries
near term in the second stage of labor with vertex

presentation were evaluated. The analysis is com-
prised of 42 children with an occiput anterior
and two newborns with an occiput posterior
position. Table I summarizes several important
obstetric features of the study population.
Calculation of the pressure parameters during
the bearing down period for each side of the fetal
head separately, revealed significant higher val-
ues at the anterior parietal region in comparison
to the opposite side of the head (figure 3). Over-
all, the biparietal pressure that is given by av-

Table I. Obstetric features of the study population (n = 44).

Character mean (range) or number (%)

Maternal age (years)
Gestational age (weeks)
Parity: I

Analgesia: pudendal block
peridural analgesia

Duration of second stage (h)
Duration of bearing-down (min.)
Bearing-down efforts
Birth weight (g)
Biparietal diameter (cm)
Head circumference (cm)

27
39
20
22
18
14
1

20
11
3,436
9.5

35

(19-37)
(36-41)
(48)
(52)
(43)
(33)
(<l-6)
(2-66)
(2-35)
(2,315-4,450)
(8.8-10.1)
(31-39)

kPa * p<0,05

Basal Mean Maximum
Pressure Parameter

Active

Figure 3. Parameters of pressure (mean values) at the anterior (·] and posterior [D] parietal region of the fetal
head in the bearing-down period of 44 spontaneous deliveries with vertex presentation.
Basal = basal tone, Mean = mean pressure during contraction, Maximum = peak pressure, Active = pressure
amplitude during contraction.
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eraging the recordings of the right and left side,
was on the average nearly twice as high as the
amniotic pressure during the bearing down pe-
riod (figure 4).
The continuous recording allowed an analysis of
pressure changes during the progress of labor.
On the average, we found a three to fourfold
increase of the mean pressure on the head during
its descend from the pelvic inlet to the pelvic
outlet considering both the periods of uterine
contraction and the intervals between the con-
tractions, respectively (figure 5). The mean am-
niotic pressure at the time of uterine contraction
showed only a twofold rise during the course of
labor but remained unchanged in the intervals
throughout the second stage of labor. The pres-
sure parameters in the uterine cavity and on the
fetal head did not differ singificantly at the level
of the pelvic inlet whereas at the level of the
pelvic outlet, the head pressure exceeded the am-
niotic pressure twice with regard to the mean
pressure during uterine contraction and nearly
threefold with regard to the basal tone.
The pressure values from the head showed a
marked interindividual variation as can be de-
rived from the courses of mean pressure during
the contraction and the following interval of
eight spontaneous deliveries with regard to the
monitored number of the last contractions before

partus (figure 6). A distinct rise of head pressure
is obvious in most cases, but the pressure in the
uterine cavity often remained unchanged.

4 Discussion
The simultaneous recording of the amniotic and
head pressure revealed a parallel behavior of the
tracings as expected so that a rise and fall of
intrauterine pressure during contraction was ac-
companied by a similar course of the pressure
on the fetal skull. During the second stage of
normal labor, we found higher pressures at the
level of the head than in the uterine cavity at the
same time. This is in accordance to previous
studies [2, 4]; however, quite different absolute
pressure values were recorded from the level of
the head. Comparison of our series to the liter-
ature is limited because of differences in the study
population and the technical equipment used for
pressure measurement.
The explanation for the pressure difference be-
tween both sides of the fetal head is given by the
complex anatomy of the curved birth canal.
Thus, the anterolateral parietal bone is pushed
against the hard pubic arch of the bony pelvis
leading to the relatively high pressure values;
whereas, the posterolateral parietal bone faces
the concave hollow of the sacrum and the soft

kPa ρ<0,00005

Basal Mean Maximum Active
Pressure Parameter

Figure 4. Parameters of pressure (mean values) at the level of the fetal head (averaged from the left and right
parietal region) [·] and in the amniotic cavity [G] in the bearing-down period of 44 spontaneous deliveries with
vertex presentation. For abbreviations see Fig. 3.
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kPa Basal Tone kPa Mean Pressure contraction)
18

n-7
15

Figure 5. Basal tone [left] and mean pressure during contraction [right] (mean values + SEM) of the averaged
head pressure [HPm] and the amniotic pressure [AP] with regard to the station of the fetal head in the birth
canal in the second stage of labor of 7 spontaneous deliveries.
PI = pelvic inlet, MP = midpelvis, PF = pelvic floor,
a* = difference between PI and PF significant (p < 0.05),
b* = difference between HPm and AP at PF significant (p < 0.05).
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Figure 6. Individual courses of mean pressure (= during uterine contraction and the following interval until the
next contraction) at the level of the fetal head (averaged from the left and right side) [left] and in the amniotic
cavity [right] of 8 spontaneous deliveries during the last bearing-down efforts before partus.

tissue of the pelvic floor resulting in lower pres-
sure values. In prior studies, it has been shown
that the recorded pressure on the fetal skull
varied with regard to the location of the trans-
ducer in craniocaudal direction of the skull [2,
4]. During descent of the fetal head through the
birth canal, the highest pressures were obtained
at the level of its largest circumference, but when
the head had reached the pelvic floor the aver-

aged values 3 cm below the largest head circum-
ference exceeded those of the equator [4]. Thus,
it has to be taken into account that due to the
uneven surface of the baby's head and due to
the complex composition and unique shape of
the birth canal, pressure on the fetal head is
distributed very imhomogeneously so that the
recorded values are significantly influenced by
the position of the instrument on the surface of
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the fetal skull. The location of the transducer
must always be considered in the assessment of
the recorded pressures from the fetal head.
Moreover, a defined reference position is essen-
tial for comparison of individual deliveries and
differentiation of physiological from pathologi-
cal conditions. We choose the parietal regions as
the reference location for pressure recording be-
cause at this area the instrument is always in
contact to the wall of the birth canal and because
the especially designed device can be applied to
the head in an easy and harmless manner while
remaining reliably fixed.
The continuous recording of pressure from the
head constantly from the same area demon-
strated a marked rise of strain on the presenting
part during its descend through the birth canal.
The simultaneous recordings in the intrauterine
cavity did not show a corresponding behavior of
amniotic pressure. The slight increase of the
mean amniotic pressure during uterine contrac-
tion with progessing delivery is explained by
stronger bearing down activities towards the end
of labor. Because of these discrepancies between
the amniotic fluid pressure and head pressure, it
is concluded that the rising load on the head
during the course of labor is mainly due to the

increasing resistance of the birth canal which
becomes narrowed towards the pelvic outlet, and
of the soft tissue that is progressively strechted
as labor proceeds.
The differences in pressure values between indi-
vidual deliveries are impressive. In prior studies
using other techniques, marked variations of
pressure between the head and the birth canal
have also been reported [2, 9]. Because in our
series the simultaneously recorded amniotic pres-
sure did not differ in the same manner, the var-
iation of the head load can not be inferred from
differences in uterine pressure. The standardized
position of transducer location excludes techni-
cal factors as the main cause of these variations.
Therefore, we regard individual properties ex-
pressing themselves in a different resistance of
the birth canal, as the major reason for the
observed pressure deviations. Indirect deduction
of the head strain from the recordings of internal
tocometry is not reliable. The individual quan-
tification of head pressure during vaginal deliv-
ery requires direct measurements at the level of
the fetal head. The possible influence of individ-
ual factors on head pressure during delivery such
as mother's age or fetal size etc., deserves further
investigations.

Abstract

The pressure recordings from both parietal regions of
the fetal head during the second stage of labor of 44
spontaneous deliveries with vertex presentation were
evaluated and compared to the simultaneously re-
corded pressures in the amniotic cavity by calculating
pressure parameters during and between uterine con-
tractions. Analysis of the bearing down period revealed
on the average higher values at the anterior side in
comparison to the posterior side of the skull. This is
explained by the complex anatomy of the curved birth
canal. Overall, the head pressure values averaged from

Keywords: Amniotic pressure, fetus, head pressure, monitoring, labor.

the recordings of both parietal regions were about
twice as high as the corresponding amniotic pressure
values. During the descend of the head through the
birth canal, an increase of pressure on the fetal head
was observed that is mainly due to the rising resistance
of the narrowing pelvis and stretched tissue of the
passageway. A marked interindividual deviation of
head pressure was found that was independent from
amniotic pressure variations thus preventing indirect
deduction of head strain from internal tocography.

Zusammenfassung

Die Druckbelastung des fetalen Kopfes unter der nor-
malen Geburt
Es wurde ein Instrument entwickelt, das eine konti-
nuierliche Registrierung des Drucks zwischen der
Wand des Geburtskanals und beiden Parietalregionen
des fetalen Kopfes während der Austreibungsphase
gestattet. Das Meßinstrument besteht aus einem dün-
nen Metallbügel mit zwei Druckwandlern, die an der

Außenseite der beiden beweglichen Enden angebracht
sind. Die verstärkten Signale wurden simultan zu den
Kurven des Kardiotokographen aufgezeichnet und zur
weiteren Analyse in einem Computer gespeichert (Abb.
1). Für verschiedene Geburtsphasen wurden Parameter
wie der Basaltonus oder der Mittel-, Maximal- und
Aktivdruck während der Uteruskontraktion aus den
Druckkurven der Amnionhöhle und der Oberfläche
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des fetalen Kopfes berechnet (Abb. 2). 44 Spontange-
burten aus Schädellage wurden ausgewertet. Während
der Preßperiode zeigten die Messungen am Kopf hö-
here Werte an der vorderen Scheitelbeinregion im Ver-
gleich zur hinteren Scheitelbeinregion (Abb. 3). Dies
ist durch die komplexe Anatomie des gebogenen Ge-
burtskanals zu erklären. Der aus den beiden Seiten
gemittelte Kopfdruck war ungefährt doppelt so hoch
wie der Amniondruck (Abb. 4). Mit dem Tiefertreten
des Kopfes vom Beckeneingang zum Beckenausgang
fand sich im Durchschnitt ein drei- bis vierfacher An-
stieg des gemittelten Kopfdrucks sowohl in der Phase
der Wehen als auch in den Wehenpausen, während der
mittlere Amniondruck zur Zeit der Uteruskontraktion

nur einen zweifachen Anstieg zeigte und in den Inter-
vallen unverändert blieb (Abb. 5). Somit kann die
ansteigende Kopfbelastung im wesentlichen auf einen
zunehmenden Widerstand des sich verengenden und
mit fortschreitender Geburt zunehmend gedehnten Ge-
burtskanals zurückgeführt werden. Im Gegensatz zum
intrauterinen Druck zeigten die Druckwerte in Höhe
des Kopfes eine enorme interindividuelle Streuung
(Abb. 6), die aus einem unterschiedlichen Widerstand
des Geburtskanals herzuleiten ist. Die Quantifizierung
der Kopfbelastung während der Geburt kann somit
nicht aus der internen Tokometrie indirekt abgeleitet
werden sondern erfordert die direkte Messung.

Schlüsselwörter: Amniondruck, Fetus, Geburt, Kopfdruck, Überwachung.

Resume

Pressions sur la tete fetale au cours du travail normal
On a mis au point un instrument permettant la sur-
veillance en continu de la pression entre la paroi de la
filiere genitale et les deux zones parietales de la tete
foetale au cours de la seconde partie du travail. L'ap-
pareil consists en un arc de metal fin avec deux capteurs
de pression situes ä la face externe des deux extremites
mobiles. Les signaux amplifies sont enregistres de fa-

simultanee avec les traces du cardiotocographe et
mis en memoire dans un ordinateur pour une analyse
ulterieure (fig. 1). On a calcule a partir des courbes de
pression de la cavite amniotique et de la surface de la
tete foetale, respectivement, pour une periode donnee
du travail, des parametres tels que le tonus de base ou
la pression moyenne, maximale et active au cours de
la contraction uterine (fig. 2). On a etudie 44 accou-
chements spontanes en presentation cephalique.
Pendant la periode de descente les mesures au niveau
de la tete revelent des valeurs de pression plus elevees
au niveau de la region partietale anterieure que celles
de la region parietale posterieure (fig. 3). Cela s'ex-
plique par l'anatomie complexe de la courbe de la

filiere genitale. Les pressions cephaliques obtenues en
faisant la moyenne des enregistrements des deux cotes
sont environ deux fois plus elevees que la pression
amniotique (fig. 4). En moyenne, on a trouve une
augmentation de trois a quatre fois de la pression
cephalique moyenne pendant la duree des contractions
uterines par rapport au relachement, au moyen, alors
que la pression amniotique moyenne ne s'eleve que
deux fois pendant les contractions uterines et ne se
modifie pas pendant le relachement (fig. 5). Ainsi, on
en conclut que l'augmentation de la compression de la
tete est principalement secondaire ä Felevation des
resistances de la filiere genitale qui se retreat et qui
s'etire progressivement au cours de revolution du tra-
vail. Contrairement a la pression intra-uterine, les va-
leurs des pressions au niveau de la tete presentent des
variations interindividuelles importantes (fig. 6) qui
peuvent interferer avec les resistances differentes de la
filiere genitale. C'est pourquoi la quantification de la
compression de la tete au cours de I'accouchement ne
peut pas etre deduite indirectement ä partir de la to-
cometrie interne mais necessite des mesures directes.

Mots-cles: Foetus, pression amniotique, pression cephalique, surveillance, travail.
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