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CHAPTER 8 

Effects of Pressure Gradient 
on the Fetal Cranium 

LENNART LINDGREN 

l. Introduction 

During labor the fetus is influenced mainly by two stress factors, 
decreased oxygenation and pressure of the uterine contractions. The 
uterine contractions decrease the amount of oxygen to the fetus. The 
fetal reaction to the decreased supply of oxygen may be studied by 
determination of PH, P02 , and PC02 , and by recordings of the fetal 
heart rate during labor. 

Among the various parts of the fetus, the head is especially 
influenced by pressure. We have long known that labor causes cranial 
deformations. Much has been written about cerebral birth lesions of the 
newborn. 1

•
2 In a conservatively treated population of 24,000 deliveries, 

rupture of the tentorium was found in 17% of the perinatal deaths.3 

At one time it was supposed that these lesions were found only in labors 
associated with contracted pelvis or with abnormal positions of the fetal 
head, but such lesions are also seen in labors without signs of pelvic 
contraction and in vertex presentation. The purpose of this paper is to 
describe the eff ects of pressure on the fetal cranium. 

The increased amniotic fluid pressure that occurs during contrac
tion of the uterus sets the fetus in motion. The umbilical cord may be 
compressed between the body of the fetus and the uterine wall or 
between different parts of the fetus. The supply of oxygen to the fetus 
decreases further. Early fetal heart rate deceleration (according to 

LENNART LINDGREN • Women's Clinic, St. Erik's Hospital, 112 82 Stockholm, 
Sweden. 
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Hon4
) or Type I dip (according to Caldeyro-Barcia5

) has been inter
preted as the effect of pressure on the fetal head, but it is conceivable 
that the cause of this deceleration may be compression of the umbilical 
cord by movement of the fetus. 

The uterus has three essential fonctions in the reproductive process. 
It is an important factor in the mechanism of conception, it retains the 
ovum during pregnancy, and it drives the ovum out during delivery. 
The last two fonctions oppose each other and make great demands on 
the uterus. The fetal cranium plays an important part in the biome
chanics of dilatation of the cervix. Severa! methods of measuring and 
recording the uterine pressure and tension have been worked out to 
clarif y the mechanism of dilatation of the cervix. These factors of 
pressure and tension influence the fetal head both directly and indi
rectly, and their effects are influenced in turn by the anatomy of the 
uterus. 

2. Adaptation of the Uterus to Labor 

According to Goerttler,6 the corpus of the uterus consists of three 
layers of smooth muscles, a longitudinal subserous layer and a longi
tudinal submucous one (verified by Pauerstein et al. 7)-both of which 
are relatively thin-and an intermediate thicker layer. Goerttler found 
that the muscle bundles of the intermediate layer of the corpus are 
arranged as a spiral network, but Wetzstein8 found that the muscle 

Figure 1. The arrangement of principal muscle fibcrs in the human uterus. There are 
three chief groups: longitudinal (shown at the top, left), circular fibers in an ascending 
clockwise spiral, and circular fibers in an ascending counterclockwise spiral. Note the 
annular musculature in the lower part of the uterine corpus. From K. Gocrtder.6 Courtesy 
of Gegenbaurs Morphologisches Jahrlntch. · 

Association ATIDE 
Centre de Documentation ARIANE



Effeds of Pressure Gradient on Fetal Cranium 359 

1. NONPREGNANT 2. TENTH WEEK 3. FIFTEENTH WEEK 4. TWENTIETH WEEK 
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Figure 2. Schematic representation of the lower parts of the uterus du ring pregnancy and 
labor. Note the lower part of the middle muscle layer of the corpus in the nonpregnant 
uterus and during the first half of pregnancy (a-f). During the second half of pregnancy 
this muscle cone is pulled upward and the lower uterine segment (the distance between 
a and h) is developed. When the cervix is taken up (7), normally the muscle cone is located 
just below the largest circumference of the fetal head. From C. P. Wendell-Smith. 10 

Courtesy of British journal of Obstetrics and Gynaecology. 

bundles cross each other in ail directions. Both found that the muscle 
bundles of the lower part of the corpus uteri have an annular direction 
(Fig. 1 ). From the six th mon th of pregnancy on, the annular musculature of 
the isthmus and the lower part of the corpus (Fig. 2) are pulled upward 
during growth and distension87 of the uterus; the lower uterine segment 
is thus formed. 9

•
10 The lower uterine segment is bound to the cervix by 

the upper part of the nondilated cervix before labor and to the corpus 
by the muscle cone of the lower part of the corpus, corresponding to 
the annular musculature. At the end of labor, the height of the lower 
uterine segment is about 4 cm (Fig. 3), according to Danforth and lvy. 11 

The corresponding height of the cervix is about 6 cm vs. 3-4 cm before 
labor. Before the onset of labor the muscle cone is situated near and 
below the largest circumf erence of the presenting part of the fetus. At 
that time, the uterine wall of the muscle cone has been measured to be 
about 12.5 mm thick and the corresponding upper uterine wall about 
6 mm. This compares with 9 mm in the nonpregnant corpus. At the 
beginning of labor in vertex presentation, the muscle cone is pulled 
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Figure 5. Cross section of the uterus just after the delivery. Note the upper limit of the 
lower uterine segment, the muscle cone of the lower part of the corpus. The distance 
from the external os to the muscle cone is JO cm (cervix, 6 cm; lower uterine segment, 4 
cm) corresponding to the distance from the lowest pole of a fetal head of normal size to 
the "equator" of the fetal head. Note the muscle cone where the uterine wall is thicker 
( 12! mm) than the cervix (5 mm) and the lower uterine segment (7 mm). The uterine wall 
of the corpus measures 6 cm before the onset of labor. From D. N. Danforth and A. C. 
Ivy. 11 Courtesy of the C. V. Mosby Company. 

above the largest fetal head circumference, the "equator" (see Section 
5.5). 

The portio vaginalis and lower cervix consist mainly of fibrous 
elastic and collagenous tissue. 12 Muscle tissue comprises only about 
10-15% of the tissue of the cervix. 12

•
13 In the portio, there is very little 

or no muscle tissue. Rorie and Newton 14 found that the content of 

Association ATIDE 
Centre de Documentation ARIANE



Effects of Pressure Gradient on Fetal Cranium 561 

smooth muscle was 6.4% of the tissue of the lower third of the cervix, 
18.0% of the middle third, and 28.8% of the upper third of the cervix 
on average. The upper part of the cervix corresponds to the lower 
uterine segment. They found 68.8% muscle tissue in the corpus. The 
content of actomyosin of the uterus varies in a corresponding manner, 
as shown by Naeslund et al. 15 These investigations have been confirmed 
by Sandberg et al.16 We found 3.6 mg actomyosin per gram of muscle 
tissue in the cervix, 8.5 mg in the lower uterine segment, and 14.5 mg 
in the corpus on average. The content of actomyosin in various parts 
of the uterus corresponds almost exactly to the content of muscle tissue. 

The content of fluid of the cervix begins to increase early in 
pregnancy. The uterus thus starts to prepare for labor. Further prep
aration occurs immediately before the onset of labor or during the 
initial stage of labor. 17 During pregnancy the collagenous fibers increase 
in amount. They are separated from each other through an accumu
lation of tissue fluid and the resorption of some fibers. These changes 
result in the softening of the cervix, which is of great importance in 
reducing the resistance of the cervix during labor. The condition of an 
unripe cervix may explain why the cervix helps to keep the uterine 
cavity closed during pregnancy, a concept advanced by Danforth. 18 

3. Biomechanics of Dilatation of the Cervix 

At the onset of labor, except in some cases of contraction of the 
pelvis, the presenting part of the fetus is engaged in the pelvis. Between 
the contractions in vertex presentation, the uterine wall is in contact 
with the presenting part of the fetus also above the equator of the 
fetal head. 19 During uterine contraction the pressure of amniotic fluid 
increases, the uterus becomes more spherical, and the contact between 
the uterine wall and the fetal head above the equator is lost. The fetal 
head moves downward and the external cervical os dilates during the 
contraction phase, as shown by cervimetry.20

-
22 The tissue of the cervix 

is overstretched and may be tom, generally without rupture of the 
cervix. Simultaneously, tension occurs tangentially in the uterine wall,23

·
24 

partly by the thrust of the presenting fetal part and partly by shortening 
of the uterine muscle cells (brachystasis). During the relaxation phase, 
the presenting f etal part ascends and cervical dilatation decreases, but 
not to the same degree as before the contraction; the contact between 
the fetal head and the uterine wall above the equator returns. 

During the first stage of tabor in vertex presentation, the fetal head 
is exposed to pressure by the uterine wall. During the second stage, the 
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corresponding pressure is applied by the wall of the vagina and the 
surrounding tissues, resisting thrust. At the end of the second stage, 
resistance is due to the pelvic floor. In breech presentation, pressure 
forces the rump toward the lower uterus, analogous to the fetal head 
in vertex presentation. The fetal head is affected by the pressure of the 
amniotic fluid during the first stage. At delivery the aftercoming fetal 
head passes through the cervix after it has been dilated by the breech. 
The circumference of the breech, especially in double footling pres
entation, however, is somewhat less than that of the fetal head. The 
patient's bearing-down efforts result in increased pressure of relatively 
short duration to cause the fetal head to dilate the cervix completely. 
Later, there is a corresponding increase in pressure by the pelvic floor 
against the fetal head during expulsion. 

4. Effect of Amniotic Fluid Pressure on the 
Fetal Cranium 

Intrauterine pressure, the pressure of the amniotic fluid, has been 
measured for more than 100 years since Schatz25 first introduced 
experimental obstetrics by using a water-filled bag for this purpose. 
Since then several methods have been devised.26

-
33 Abdominal toko

graphy has also been used. 34
-

38 The pressure of the amniotic fluid, 
quantitatively measured, gives information about the effect of the 
contractility of the whole uterus, but not of the action in various parts 
of the uterus. The maximum pressure measured during the contraction 
is used in making comparisons. Normally, it varies between 30 and 70 
mm Hg. The lowest pressure between the contractions, the resting 
pressure or tonus, varies normally between 8 and 12 mm Hg. 

It is important to know if the pressure in the uterine cavity is 
uniform throughout, ignoring differences in the hydrostatic pressure. 
The uterine cavity is closed at its caudal extremity by the presenting 
part of the fetus after engagement has occurred. In this case the 
presenting part of the fetus acts as a cork. During uterine contraction, 
the uterine fundus exerts pressure on the upper pole of the fetus, and 
this pressure is transmitted axially downward, contributing to the 
dilatation of the cervix.39- 42 By X-ray examination, Borell and Fern
strôm43 found changes in the habitus of the fetus during contraction as 
well as displacements or depressions of the parietal bones of the fetus, 
especially in breech presentation (Fig. 4). 

In order to determine uniform distribution of pressure, it is 
necessary to measure the pressure in more than one place within the 
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Figure 4. Deformation of the parietal bones in breech presentaùon during the first stage 
of labor. Note the depression of the parietal bone relati,e to the occipnal bone I at the 
arrow). The depression is 3 mm. 
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uterine cavity. The method of intrauterine tokometry44
•
45 is used for 

this purpose. Three strain gauge receptors (tokographs) are introduced 
through the cervix and are placed between the fetal membranes and 
the uterine wall. The pressure-sensitive sicle of the tokographs are 
turned toward the fetal membranes. Ail tokographs show the same 
values for the pressure of the amniotic fluid (Fig. 5). If the sensitive 
sicle of the tokograph is turned toward the uterine wall, the pressure 
of the amniotic fluid is recorded with the superimposed pattern 
corresponding to local muscle contractions (Fig. 6). The observations 
can be verified in mode! experiments. A leather ball with a rubber inner 
bag of 13-cm diameter is used (Fig. 7). One tokograph is introduced 
into the rubber bag. Another is placed between the rubber bag and the 
leather bag. The sensitive side of this tokograph is turned toward the 
rubber bag and the rubber bag is filled with air. Both tokographs show 
the same value of pressure (Fig. 8). If the sensitive sicle of the tokograph 
between the bags is turned toward the leather bag, different pressure 
readings are obtained (Fig. 9). 

_____ __._ __ .....__ _ ___. __ ....._ __ ........ _ ____. min 

Fig1,1re 5. Pressure of the arnniotic fluid recorded by three tokographs in the uterine 
cavity in asyrnrnetric uncoordinated uterine action. Arn R,, Pressure of the amniotic fluid 
to the right in the upper part of the uterine cavity; Arn R2, pressure of the amniotic fluid 
to the right in the lower part of the uterine cavity; Am L, pressure of the amniotic fluid 
to the left in the upper part of the uterine cavity. Recording before rupture of the fetal 
membranes. The sensitive side of the tokographs is turned to the fetal membranes. Ali 
three tokographs showed the same vaJue of pressure. 
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Figure 6. Pressures in the uterine cavity during the first stage of labor. Recording before 
rupture of the membranes. {A) Pressure of the amniotic fluid, the pressure-sensitive side 
of the tokograph turned to the fetal membranes; {B) pressure-sensitive side of the 
tokograph turned to the uterine wall; {C) pressure of the amniotic fluid, measured 
according to Williams and Stallworthy. The tokograph {B) records higher pressure than 
the pressure of the amniotic fluid in comparison to the pressure recorded in (A) and (C). 
Note that the deflections (the motility pattern) of the uterine wall are obtained by the 
tokograph {B) mainly during the contraction phase in the same manner as in recording 
by intrauterine electrohysterography in Fig. 18. 

Figure 7. Schematic diagram of the 
experimental mode!. One tokograph 
is placed in the rubber bag. Two to
kographs are placed between the leather 
bag and the rubber bag. The sensitive 
sicle of the tokograph to the left is 
turned to the rubber bag. The sensitive 
sicle of the tokograph to the right is 
turned to the leather bag. 
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Figure 8. Pressure curves from the experimental mode( in Fig. 7. The upper curve shows 
the pressure in the rubber bag. The lower curve shows the pressure between the leather 
bag and the rubber bag (to the left in Fig. 7). The tokographs show the same pressure, 
illustrating that the pressure in the rubber bag is transmitted unchanged. 

ln another experiment, the pressure of the amniotic fluid is 
recorded with the sensitive side of the tokograph toward the uterine 
wall. The uterine cavity is then emptied of amniotic fluid. The tokograph 
records the contractility pattern corresponding to local muscle contrac
tions (Fig. 10). 

ln one additional experiment, this time in breech presentation, the 
tokograph was introduced through the cervix and placed between the 
fetal head and the uterine wall at the fondus. The sensitive side of the 
tokograph was turned toward the f etal membranes and the fetal head. 
Another tokograph was placed in the middle of the corpus. Both 
tokographs showed the same pressure values (Fig. 11). 

From these experiments, the following conclusions can be drawn: 
(l) during labor, hydrostatic (or hydrodynamic) conditions exist in the 
uterus; (2) as a rule, the fetus acts as a liquid body; and (3) usually, no 
fetal axial pressure exists; .this is important for dilatation of the cervix. 

But how can deformation of the fetal parietal bones be explained 

mm Hg 

~ 200! 100 
200 

0 
100 

0 

Figure 9. Pressure curves from the experimental model in Fig. 7. The upper curve shows 
the pressure between the rubber bag and the leather bag when the sensitive side of the 
tokograph is turned to the leather bag (to the right in Fig. 7). The pressure of the 
tokograph with its sensitive side turned 10 the leather bag shows higher pressures than 
the tokograph in the rubber bag. 
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Figure 10. Pressures in the uterine cavity with small amount of amniotic fluid . Recording 
after rupture of the membranes. Upper curve: the sensitive side of the tokograph is 
turned to the fetus. Middle curve: the sensitive side of the tokograph is turned to the 
uterine wall. Lower curve: pressure of the amniotic fluid is recorded according to Williams 
and Stallworthy. The arrow indicates outflow of large amount of amniotic fluid . 

in breech presentation? The pressure around the fetal head is equal. 
The resistance of the different skull bones to the increasing pressure 
of the amniotic fluid during contractions is not the same. In this case, 
the resistance of the parietal bones is less than other cranial bones, and 
they are depressed. 

mm Hg 
100 -------------------------------

Figure 11. Pressure of the amniotic fluid in breech presentation. Co, Pressure in the 
middle of the uterine cavity; F, pressure between the fetal head and the uterine wall in 
the fondus. Both tokographs show the same values of pressure. 
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5. Effect of Lower Uterine Segment and 
Cervix Pressure on the Fetal Cranium 

5.1. Historical 

Whereas the pressure of the amniotic fluid h.as been widely studied 
and many different methods of recordings have been devised, only a 
few techniques are useful for the study of the pressure in the lower 
uterus in labor. Karlson46 elaborated a method of recording intrauterine 
pressure by using carbon granule receptors. He simultaneously recorded 
the pressures in the corpus, the lower uterine segment, and the cervix. 
The method did not provide quantitative measurements. Ingelman
Sundberg and the author, in collaboration with Ljungstrôm,47 worked 
out a method for measuring intrauterine pressures during labor by 
using strain gauges. We found relatively high pressures in the lower 
uterine segment, but the method must be developed further in order 
to be adapted to the anatomy of the uterus. Smyth20 and Schwarcz et 
al. 48 worked out methods for recording the head-to-cervix pressures*; 
they used small flat water-filled bags. They also found higher pressures 
in the lower parts of the uterus than in the amniotic fluid. In order to 
obtain reliable values of measurements, the design of the receptor is 
important.44

•
45

•
49

•
50 The shape of the fetal head and the course of the 

movements of the presenting part of the fetus as it negotiates the birth 
canal must be taken into consideration. 

5.2. The Passage of the Fetal Head through the Birth Canal 

Be fore labor, the passage of the fetal head is hindered by the 
cervix, the lower uterine segment, and the muscle cone of the lower 
part of the corpus. At the beginning of labor, when the cervix is 
effaced and the fetal head is engaged in the pelvis, the muscle cone is 
in contact with the fetal membranes just below the equator of the fetal 
head. 19 Thus, the whole lower uterine segment and the cervix is situated 
below the equator (Fig. 12). During the first stage, first the muscle cone 
and then the lower uterine segment and the cervix are pulled up to and 
over the equator of the fetal head. The whole lower uterine segment 

* In the following discussion we will use the phrase "head-to-cervix pressure" not only 
when the pressure is measured between the fetal head and the cervix but also for the 
pressure measured between the fetal head and the lower uterine segment. 
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and the cervix are dilated and tensed successively. This results in 
increased pressure on the fetal head. With increasing dilataùon of the 
external os, the amount of uterine wall tissue in contact with the fetal 
head below the equator progressively decreases. During contractions, 
the tissue of the lower uterine segment and the cervix is stretched and 
becomes thinner; this also diminishes the amount of tissue below the 
equator of the fetal head in the first stage. When the uterus contracts, 
the fetal head descends and the cervix dilates. During relaxation, the 
fetal head ascends and the cervical dilatation decreases but usually not 
to the same degree as before the contraction. As labor progresses, the 
fetal head successively descends and by the end of the first stage it 
reaches the ischial spines or below. The station reached depends on the 
supports of the uterus and the extent to which uterine ligaments are 
stretched. Anterior occipital rotation occurs. The subsequent passage 
of the fetal head is described below in discussion on the second stage 
of labor. 

5.3. The Shape of the Fetal Head 

The shape of the fetal head corresponds closest to an ellipsoid or 
a paraellipsoid. Its radius varies as to size and radius of the curvature. 
During the process of cervical dilatation, an equivalent length of tissue 
will not be pulled up over the equator of the fetal head as the cervix 

MC 

MC 

Figure 12. Schematic picture of the lower part of the uterus during recording. MC, The 
muscle -cone. Various locations of tokographs are marked. On the left, the muscle cone 
is located below the equator of the fetal head before labor. On the right, the muscle cone 
is pulled above the equator of the fetal head and the cervix has started to dilate. 
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dilates. The length of tissue, which is pulled up over the equator, 
increases per cm of dilated cervix during the progress of dilatation. 
This is so because of the shape of the fetal head (Fig. 13). This 
phenomenon affects the form of the partogram, which was first 
introduced by Friedman.s1.s2 The observation helps to explain why 
dilatation of the cervix progresses slowly at the beginning of the first 
stage (during the acceleration phase) as well as at the end of the first 
stage (during the deceleration phase) in normal labor. 

5.4. The Construction of the Tokograph 

The fetal head is a solid body and is normally not very amenable 
to deformation. In order to obtain meaningful information, it is 
necessary that we correctly assess the curvature of the fetal head.44 The 
difficulties seem to be greater if we use a large receptor than a small 
one. One error is that the receptor may measure a pressure other than 

0 2 4 6 8 . . . . . 
cm 

Figure 15. Schematic picture of the fetal head engaged in the lower part of the uterus 
at the onset of the first stage of labor. The degree of dilatation of the cervix is noted in 
centimeters. For each centimeter of dilatation, the width of the tissue of the cervix that 
is pulled upward per centimeter of dilatation is noted. Note the length of 0.5 cm from 1 
to 2 cm of dilatation and 4.3 cm from 9 to 10 cm of dilatation. The width of the tissue that 
is pulled up per centimeter of the dilatation increases as dilatation progresses. 
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the head-to-cervix pressure during contraction when the fetal head 
descends. The receptor must follow the descent and the ascent of the 
fetal head. The soft tissue of the body acts as a fluid when it is not 
under tension. Tension can change the form of the soft tissue and then 
it may actas a solid body. 

Let us briefly describe the receptor used in the following measure
ments. lts sensitive part, the tokograph, consists of a strain gauge en
closed in a circular chamber measuring 18 mm in diameter (Fig. 14a,b). 
The gauge is fixed to the central part of the membrane placed inside 
the chamber and attached to its sidewalls (Fig. 15). A small cylinder or 
piston, 5 mm in diameter, is fixed to the strain gauge. The intermediate 
space in which the cylinder is located has a diameter of 6 mm, leaving 
a space of 0.5 mm around the cylinder. The upper surface of the 
cylinder is level with the upper surface of the chamber. This is important 
because the recording would not be true if it were not so. The radius 
of the upper convex surface of the chamber is 50 mm and that of the 
lower concave surface is 40 mm (Fig. 14b). The former corresponds to 
the average radius of the average-sized fetal head; the latter is intended 

"" 

Figure 14. (a) Frontal view of the tokograph, and (b) side view of the tokograph. 
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Figure 15. Schematic drawing of the toko
graph. C, The cylinder (piston); Ch, the 
chamber; M, the distance between the cyl
inder and the chamber; G, the strain gauge; 
W, wires. 

to prevent a lever effect. The surface of the tokograph cylinder extends 
only 0.10-0.15 mm above the surface of the cylinder and has the same 
radius of the curvature as the upper surface of the chamber. 

Up to four tokographs have been attached to a segment of flexible 
steel, 10-mm wide. This composite instrument can be introduced 
through the cervix into the uterine cavity; it does not act as a lever (Fig. 
16). 

5.5. Pressures during Normal Contractions 

In ail patients studied by intrauterine tokometry, the maximum 
pressure was measured at or just below the equator of the fetal head. 
As a rule, the pressure measured was three to four times higher than 
the corresponding pressure of the amniotic fluid (Fig. 17). Pressures 
decrease toward the lower pole of the fetal head. The pressure curves 
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of the lower uterine segment parallel the pressure curves of the amniotic 
fluid. This observation has been interpreted to mean that the pressures 
of the lower uterus are transmitted pressures from the amniotic fluid 
and are due to the passive resistance of the tissue of the lower uterine 
segment and the cervix. 

Under normal circumstances, the uterine muscle cells are active 
during the contraction phase but inactive during the relaxation phase; 
this has been confirmed by electrohysterography (Fig. 18) and is 
observed in pressure measurements (see Fig. 6). With irregular con
tractions the uterus contracts continuously.53

•
54 Normally, the contrac

tions of the muscle cells start simultaneously on both sicles of the upper 
part of the uterus close to the intramural site of the fallopian tube.55 A 

Figure 16. X-ray picture showing the receptor-instrument in situ. Side view during 
contraction of the uterus in labor. 
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Figure 17. Normal contraction in the first stage of labor. Am, Pressure of the amniotic 
fluid; Ekv, pressure between the uterine wall and the largest circumference (equator) of 
the fetal head; - 6, pressure 6 cm below the equator. Recorded at 5 cm of the dilatation 
of the cervix. Birth weight 3740 g. Occipitobregmatic circumference 34 cm. 

wave of contraction occurs and propagates over the whole corpus uteri 
at a rate of 1-2 cm/sec and reaches the muscle cone after 15-30 
sec. 

In the early first stage of labor, the muscle cone of the lower part 
of the corpus uteri is situated below the equator of the fetal head. 
During normal contraction, the muscle cone is pulled upward before 

Figure 18. Recording by intrauterine electrohysterography. Am, Pressure of the amniotic 
fluid (recorded by intrauterine bag) ; Co, uterine corpus; LS, lower uterine segment; Cx, 
cervix. One double contraction and the beginning of one normal contraction are recorded. 
Note the deflections of the uterine corpus during the contraction phase and between the 
double contraction and the lack of deflection during the relaxation phase. Note also the 
deflections in the lower uterine segment and in the cervix, mirror images of each other 
(interpreted as artifact). From Ingelman-Sundberg and Lindgren, 1950.53 
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the propagation wave of contraction has reached the cone to cause it to 
contract. The muscle cone is tensed or pulled up over the equator and 
is thus not able to hinder the dilatation. The tangential tension in the 
uterine wall caused by the brachystasis, which pulls the tissue of the 
lower uterus upward, has been measured24 (Fig. 19). As the cone is 
pulled up over the equator, the lower uterine segment is also advanced 
upward. The tissue of this segment is tensed and cannot act against the 
dilatation of the cervix by muscle contractions. These facts are important 
for determining the effects of pressure on the fetal cranium. When the 
tissue of the lower uterine segment has been pulled up over the equator 
of the fetal head during the first stage, the tissue of the cervix has 
reached to and/or just below the equator. The musculature of the cervix 
is not able to contract actively because the tissue of the cervix is under 
tension during the contraction and the content of muscle tissue is small. 
The maximum head-to-cervix pressure at the equator of the fetal head 
during contraction in normal labor has been measured at 125-175 mm 
Hg in nulliparas and 200-250 mm Hg in multiparas. The corresponding 
lowest pressure occurring between contractions, the tonus, has been 

mm Hg 
60 @•o 

grams 
300 

fid: 
0 

Figure 19. Simultaneous recordings of radial and tangential pressures in the cervix du ring 
the first stage of labor. Upper curve: pressure of the amniotic fluid (measured by 
intrauterine bag). Middle curve: tangential tension in the uterine wall (measured by the 
method of Siener). Lower curve: head-to-cervix pressure (measured by intrauterine 
tokometry). Courtesy of the C.V. Mosby Company. 
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measured at 20-40 mm Hg; it is 20-30 mm Hg before and 30-40 mm 
Hg after rupture of membranes on the average. 

Above the equator of the fetal head, the tonus is higher than the 
pressure of the amniotic fluid between the contractions. The width of 
the area of contact between the fetal head and the uterine wall above 
the equator has been calculated as being 0.5-3.5 cm. During a contrac
tion, the pressure often increases very rapidly above the equator, much 
faster than it does below the equator (Fig. 20). At higher pressure of 
the amniotic fluid, the pressure above the equator increases Jess, 
decreasing with relaxation to the same value as the pressure of the 
amniotic fluid (Fig. 21). The higher above the equator the tokograph 
is situated, the earlier will the amniotic fluid pressure change be seen 
(Fig. 22). At high enough pressure of the amniotic fluid ail tokographs 
above the equator measure the same pressure during contraction, the 
pressure of the amniotic fluid. These findings have been tested and 
confirmed in experimental models (Fig. 23).56 

In order to obtain conditions comparable to the pelvic anatomy 
during labor, a wooden sphere was used. The diameter of the sphere 

mm Hg 

Am ] 

+½ ·:1 

"1 -2½ 0 

min 

Figure 20. Normal contraction of a nullipara. Recorded at 6 cm of cervical dilatation. Am, 
Pressure of the amniotic fluid; + ½. head-to-cervix pressure½ cm above the equator; - 2½, 
head-to-cervix pressure 2½ cm below the equator. Note the steep rise of pressure above 
the equator. The head-to-cervix pressure at + ½ reaches its peak before the maximum of 
the amniotic fluid pressure, and the head-to-cervix pressures at - 2½ reaches its peak at 
the same time as the pressure of the amniotic fluid. For further explanation, see the text. 
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Figure 2 I. Diagram of the recording in Fig. 20. Diagram of the contraction phase. Note 
the steep increase of pressure ½ cm above the equator ( + ½) at the beginning of the 
contraction and the decrease of pressure afler a pressure of 35 mm Hg in amniotic fluid 
has been reached. 

was 8 cm, corresponding to a circumference of 25 cm at its equator. A 
rubber sheet 0.2-cm thick, 50-cm long, and 22 cm in circumference was 
eut and stretched over the sphere. The tokographs were placed in a 
channel between the rubber sheet and the sphere so chat the surface of 
the tokograph extended only a couple of millimeters over the surface 
of the sphere. The sensitive part of the tokograph was turned to the 
rubber sheet. The rubber sheet was hung on a stand. Weights up to 9 
kg were applied to the lower pole of the sphere by a hook. The pressure 
between the sphere and the rubber sheet was measured at various 
levels. The highest initial pressure was measured around the equator 
of the sphere. The sphere did not move when it was loaded with less 
than 8 kg. The increase of pressure below the equator of the sphere 
gave a linear increase in pressure. Above the equator, the pressure rises 
steeply; the pressure below the equator rises less. The explanation for 
the steep increase of pressure above the equator depends on stretching 
the rubber sheet during loading; this stretching also influences the 
diameter of the rubber sheet above the equator to increase the pressure 
and the surface contact above the equator. 
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Figure 22. Head-to-cervix pressures compared to the simultaneous recorded pressure of 
the amniotic fluid during the contraction phase in a nullipara. Recorded during four 
contractions at 5-6 cm of dilatation of the cervix. EKv, Equator of the fetal head; ½. + 1, 
and + 2 correspond to ½, 1, and 2 cm above the equator; - 3, 3 cm below the equator. 
Note the head-to-cervix tone at various levels. The highest head-to-cervix tone is measured 
at the equator and decreases above this level. Note the steep rise of head-to-cervix 
pressure ½ cm above the equator and the decrease after 35 mm Hg of amniotic fluid 
pressure is reached. At + 2, the pressure of the amniotic fluid is recorded du ring the 
whole contraction ; at + 1, 35 mm Hg; at +½. 60 mm Hg of amniotic fluid pressure. 

In another experiment, loading was done by increasing the amount 
of water over the wooden sphere. The same pressure conditions were 
found as by loading with weights, but at higher water pressure the 
sphere-to-rubber-sheet pressure above the equator decreased. This 
observation can be explained by the distension of the rubber sheet by 
the pressure of water. The results of the experimental model support 
the clinical experimental observations that the fetal head is engaged in 
the pelvis between contractions but not during moderate or strong 
contractions in normal labor. The findings also explain the experience 
that vacuum extraction57

·
58 done with the cervix not fully dilated is not 
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effective between the contractions. It should be avoided because of the 
risk of injuries to the fetal head resulting from increased pressure 
between the fetal head and the uterine wall. 

5.6. Pressure Components between the Fetal Head and the 
Uterine Wall 

The pressure measured between the fetal head and the uterine 
wall can be divided into two components, one in vertical direction 
corresponding to the resistance to the thrust of the fetal head and the 
other in horizontal direction corresponding to the resistance to cervical 
dilatation (Fig. 24). The resistance to dilatation is greatest at the equator 
of the fetal head. The resistance to the thrust is uniform at various 
levels of the fetal head and is quantitatively smaller than the resistance 
to dilatation. Therefore, the high resistance to dilatation affects the fetal 
cranium more than the resistance to thrust. 

5.7. Balance of Forces 

During a contraction, the increased pressure of the amniotic fluid 
acts on the inside of the uterine wall as well as on the surface of the 
fetal head that is turned to the uterine cavity. This results in increased 
force pressing the fetal head through the birth canal. This force is 
counterbalanced by the resistance of the lower uterus to prevent 
premature labor. The resistant structures include the muscle cone of 
the lower part of the corpus uteri, the lower uterine segment, and the 
cervix. The annular muscle cone acts as a sphincter. Muscular resistance 
is aided by the musculature of the lower uterine segment, but to a lesser 
degree. The resistance of the cervix is passive because of the small 
muscle content of the tissue. The consistency of the cervix is important. 
In order for it to yield to the pressures and the tensions of labor the 
cervix must ripen. Ripening involves the cervix increasing its fluid 
component. 17 The integrity of the cervix is also important. Patients 
whose cervix has been reduced by amputation (at operative procedure 
for prolapse) or by conization (for cancer in situ) are at increased risk 
of premature labor. 

In order to clarify the play of forces occurring in the lower uterus 
during contraction, an investigation of the balance of forces has been 
done. 45 The head-to-cen'ÎX surface area below the equator of the fetal 
head has been divided into three sections and the average pressure for 
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Figure 23. Experimental mode! with wooden sphere. A rubber sheet of diameter of 8 cm 
is drawn over the wooden sphere. Top: the sphere is loaded by weights. Above the equator 
the contact of the wooden sphere and the rubber sheet is increased by loading of weights. 
Bottom: water fills the space above the sphere. Between the rubber sheet and the wooden 
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Figure 24. Schematic diagram of the head-to-cervix pressure above and below the equator 
of the fetal head. The length of the arrows represents the average value of pressures. R, 
the radius of the equator of the fetal head ; Ta, Ti,, T" T<1 , and Te, the median radii of the 
segments; L., Lb, Le, and L<l, the height of the segments ; t , pressure of the amniotic 
fluid; Z, the longitudinal radius of the fetal head; Q. , Qb, Qc, and Qd, the head-to-cervix 
pressure; Q..., Q..b, Q,._, and ~ . pressure components acting to effect descent of the fetal 
head; Q,., Q,b, Q,c, and Q,d, pressure components representing the resistance to dilatation 
of the cervix. Note the different direction of pressures above and below the equator. 

each section was measured (Fig. 24). The resistance to thrust of the 
fetal head has been calculated according to the formula 

~3Q, X L X 2,rr = P X ,rR2 

where Q, is the resistance, L is the length, and r is the radius of each 
section. The pressure of the amniotic fluid, P was also measured. R is 
the radius of the equator of the fetal head. 

sphere, tokographs are located, and the rubber sheet is distended. 0, Equator of the 
wooden sphere ; + l½ and + 2, l½ cm and 2 cm above ; - l and - !½, 1 and !½ cm below 
the equator of the wooden sphere. ln the upper picture, the pressure between the rubber 
sheet and the wooden sphere increases steeply above the equator ( + 2) by loading with 
weights. ln the lower picture, the corresponding pressure ( + 2) increases rapidly at first, 
then stops; the decrease results from increased loading with water. From D. Holmlund. 
Courtesy of Scandinavian Society of Urology and Nephrology. 
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In a normal uterine contraction, when the uterine wall is distended 
above the equator of the fetal head, the pressure of the amniotic fluid 
acts only as a driving force. The forces have been determined in 20 
patients and two examples follow. ln one case, a secundipara, the 
resistance of the lower uterus was calculated at 5 cm of cervical dilatation 
during one contraction. The maximum pressure 1.5 cm below the 
equator was 210 mm Hg; 3 cm below this level, it was 100 mg Hg; and 
at 6 cm below, the simultaneous maximum pressure was 60 mm Hg. 
The formula given above was solved arithmetically to obtain 

1.2 + 4.1 + 1.4 = 6.8 kp 

In another patient, a nullipara, the same numerical test gave 

1.0 + 2.6 + 1.0 = 4.6 kp 

For the 20 patients, the average force was 

1.4 + 3.5 + 1.0 = 5.8 kp 

The results showed that the force of the pressure of the amniotic fluid 
is balanced by the resistance of the tissue of the lower uterus. From 
these results we can conclude that, at least in these randomly selected 
cases, no additional force (such as fetal axial pressure) contributes to 
the dilatation of the cervix. The single condition most responsible for 
this balance of forces is the movement of the fetal head during the 
contraction. Friction between the fetal head and the uterine wall is also 
a factor. 

5.8. The Coefficient of Friction 

During a contraction, the frictional component is represented by 
the f etal head gliding toward the f etal membranes be fore the y ru pt ure 
or toward the uterine wall after the membranes rupture. This condition 
has been investigated in collaboration with Holmlund.59

·
60 According to 

Coulomb's law, 

F=fXN (1) 

where F is the friction, fis the coefficient of friction between the fetal 
head and the uterine wall , and N is the pressure that forces the fetal 
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head toward the lower uterus. In the cervical canal, the force N is 
dependent on tangential tension in the uterine wall. If the pressure PN 
(caused by head-to-uterine-wall pressure) and the area a (on which the 
pressure acts) are known, the force N is calculated according to the 
formula 

(2) 

We know the driving force K is equal to the friction F plus the force N; 
the coefficient of friction f can thus be determined according to Equation 
(1). We can presume a balance between the driving force and the 
friction. 

The radii, the height of the segments, the pressures, and the 
pressure components are shown in Fig. 24. The pressures have been 
measured at three points below the equator. The head-to-uterine-wall 
area has been calculated in the following manner: The contact area has 
been divided into the four segments of the ellipsoid-formed fetal head. 
The maximum head-to-uterine-wall pressures during contraction, Q., 
Qb, Qc, and Qd, act on the points F., Fb, Fe, and Fd. The area of each 
segment can be expressed by the formula 

a = L X 21Tr (3) 

where L is the length and r the radius of each segment. The force N. 
in Equation (2) can be written: 

(4) 

and the force N for all segments: 

(5) 

During normal labor, there is no contact between the fetal head and 
the uterine wall above the equator at the peak of an effective contraction. 
Therefore, the force Fd is Nd X O = O. The driving force is 

K =Px 1TR2 (6) 

where P is the amniotic fluid pressure and R the radius of the equator 
of the fetal head. Equations (5) and (6) are balanced and thus 

(7) 
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Table I. Calculations of the Coefficient of Friction 

Ca"" Rupture of Birth weight Occipitobregmatic R z r, .. r, Td 

No. Parity membranes Labor (g) c1rcumference (cm) (cm) (cm) (cm) (cm) (cm) 

+ Normal 3560 33.5 5.3 7.3 5.3 4.8 3.1 
2 + Normal 3090 32.0 5.1 7.0 5.1 4.6 2.8 
3 0 Normal 3110 34.0 5.4 7.3 5.3 4.8 3.1 
4 Il + Normal 3910 35.0 5.3 7.2 5.3 4.8 2.8 
5 li 0 Normal 3740 34.0 5.4 7.3 5.3 4.8 3.1 

The numerical values have been tested in five patients. Three of them 
were nulliparas (two with ruptured membranes) and two were primi
paras (one with ruptured membranes) (Table 1). The coefficient of 
friction as calculated for these patients varied between 0.19 and 0.21, 
and averaged 0.20. In a larger series of 24 patients, the coefficient of 
friction varied between 0.18 and 0.25, averaging 0.22. 

It seems probable that this low coefficient of friction is due to 
vernix caseosa, which decreases the friction in the cervical canal. lt can 
be compared with the coefficient of friction that was observed between 
the wooden sphere and the rubber sheet in the experimental model 
(see Section 5.5) and calculated as 0.4. The low coefficient of friction 
in the birth canal explains why the pelvic bones offer essentially no 
resistance to the thrust of the f etal head in patients with an adequate 
pelvis. The low coefficient of friction is important for internai rotation 
of the fetal head during labor. 

5.9. Resistance of the Cervix to Dilatation 

From these data on the components of pressure (Fig. 24), it appears 
that the pressure of resistance is greatest just below the equator of the 
fetal head and that this pressure decreases toward the lower pole of the 
fetal head. Moreover, the pressure component (Q,.), which matches the 
resistance to cervical dilatation, is similarly distributed. By contrast, the 
component corresponding to the resistance to thrust of the fetal head is 
commonly somewhat higher at the middle level of the diagram. Thus, 
the most important resistance to the dilatation of the cervix is at the 
equator of the fetal head where the tissue of the uterine wall is most 
distended. 

The pressure curves of the lower uterus follow the curve of the 
amniotic fluid pressure (Fig. 25), as mentioned in Section 5.5. This 
observation has been interpreted to mean that the resistance of the 
lower uterine segment and that of the cervix are passive. Another 
possibility would be that all parts of the uterus are contracting simul-

'• 
(cm) 
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een the Fetal Head and the Cervix in Normal Labor 

Am(mm Q,(mm Qb(mm Q,(mm Qd (mm Dnvmg force Codfici<nt of 
- cm) Lb (cm) Le (cm) Ld (cm) Hg) Hg) Hg) Hg) Hg) S (kp) (lp) friaion 

2 l 
2.0 
22 
2 l 
2.1 

3.0 
3.0 
3.0 
3.0 
3.0 

2.4 40 180 65 25 
2.3 45 160 50 11 5 
2.5 85 250 185 20 
2.4 60 2 10 100 60 
2.4 60 185 150 20 

CERVIX 3 cm 

mm Hg 

25. 1 4.8 0.19 
24.7 5.0 0.2 1 
57.4 10.5 0.19 
33.7 7.2 0.21 
35.2 7.5 0.2 1 

1001 Am O _ ___________ ________ ____ 

... ~l--------
-6 ~l ________ _______ ________ _ 
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1j 

CERVIX 5cm 

-6 ~1----------------------
mm Hg CERVIX 7 cm 
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'-----~---~----------~---_,_---~----min 

Figure 25. Pressures in various phases of the first stage of labor. Am, Pressure of the 
amniotic fluid ; EKv, head-to-cervix pressure at the equator; -6, pressure 6 cm below the 
equator. Note the little d iffe rence in the head-to-cervix pressure at the equator for the 
same pressure of the amniotic flu id , and the progressively increasing pressure at - 6 as 
the first stage advances. 
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taneously. This interpretation seems to be less probable because the 
uterine contractions do not start simultaneously in all parts of the 
uterus, as has been shown by intramuscular recordings of pressure55 

and by the results of electrohysterography. 61 The small amount of 
muscle tissue 12

-
14

•
18 and actomyosin 16 in the lower uterine segment and 

in the cervix, coupled with the high pressure in the lower parts of the 
uterus (reflecting the stretching of the musculature), make active 
contractions impossible.62 But do the pressure curves of the lower 
uterine segment and the cervix parallel the curves of the amniotic fluid 
pressure exactly? 

In Fig. 26, which shows the same pressure recording as in Fig. 17, 
vertical lines have been drawn for each 5-mm increment of amniotic 
fluid pressure. ln Fig. 27, the pressures of the lower uterus (taken from 
the contraction in Fig. 26) have been plotted against the corresponding 
pressure of the amniotic fluid. Both at the equator of the fetal head 
and 6 cm below the equator, the pressures do not exactly follow the 
pressure of the amniotic fluid. This applies during the contraction 
phase and during the relaxation phase. The arrows directed upward 
ref er to the pressures du ring the contraction phase; th ose directed 
downward correspond to the relaxation phase. In Fig. 28a-e, pressure 
relationships of all contractions are plotted from a primipara (secun
digravida) as she progressed from 3 to 9 cm of the dilatation. If there 
is a systematic error based on dislocation of the receptor, the arrows 
should have been directed upward in the recordings both at the equator 

mm Hg ~, -Ami 1 - ~ ..... 
O· 'I" .... 

I " 
i \.. 

1 '\. 
I ' / "'-

EKv ~ --
0 SOT' 

1 .,-s 1 ~ 

:- o- , min 

Figure 26. Normal contraction in the first stage of labor. Am, Pressure of the amniouc 
fluid; EKv, hea,d-to-cervix pressure; -6, pressure 6 cm below the equator. The same 
contraction as in Fig. 17. Vertical lines are plotted for each 5 mm Hg of variation in the 
pressure of the amniotic fluid. Note that the pressure curves nearly follow each other. 
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Figure 27. Diagram of the recording in Fig. 26, calculated from the pressure records. 
The upward arrows correspond to the pressures during the contraction phase and the 
downward arrows to the pressures during the relaxation phase. 

and 3 cm below, but this is not always the case. Even if some glidings 
of the receptors might occur, it has no importance in this connection. 

At higher amniotic fluid pressures, the correlation curves deviate 
asymptomatically at the level of the equator (see Fig. 29). This obser
vation also appears in many of the records from both nulliparas and 
multiparas. Elastic and muscle tissues are stretched and rupture may 
occur without interruption of the labor course, a phenomenon that is 
necessary for the dilatation of the cervix. Friedman6 3 informed me that 
scar tissue was found on histological examinations of the cervix of 
multiparas but not of the cervix of nulliparas. This supports the above 
interpretation. 

5.10. Displacement of the Fetal Skull Bones in the First Stage 
of Normal Labor 

Borell and Fernstrôm64 found by X-ray examination that the parietal 
bones were displaced in relation to the occipital and frontal bones (Fig. 

Association ATIDE 
Centre de Documentation ARIANE



388 

He11d-to-<:ervix pressure 

(mm Hg) 
a 

140 

120 

100 

80 

60 

40 

20 

0+-~~~.--~,........,~--. 
0 10 30 50 70 90 

Am (mm Hg) 

Head-to-<:ervh< pressura 

(mm Hg) 

200 

180 

160 

140 

120 

100 

80 

60 

40 

20 

0 +-r-r--r-r--,---r-~ ...... 
0 10 30 50 70 90 

Am (mm Hg) 

C 

Lennart Lindgren 

Haad-to-<:ervlx pressura b 
(mm Hg) 
140 

120 

100 

80 

60 

40 

20 

o+-~~~.--~,........,.-.--. 
0 10 30 50 70 90 

Am (mm Hg) 

Haad-to-cervix pressura 

(mm Hg) 
200 

180 

160 

140 

120 

100 

80 

60 

40 

20 

0+-...--..--.-,,-,-,.-,---r-. 
30 50 70 90 

Am (mm Hg) 

d 

Figure 28. Head-to-cervix pressures in comparison to the pressures of the amniotic fluid . 
Secundigravid primipara. Ali contractions are plotted from 3 to 9 cm of dilatation of the 
cervix. Am, Pressure of the amniotic fluid ; EKv, pressure at the equator; - 3, pressure 
3 cm below the equator. The upward arrows correspond to the contraction phase and the 
downward arrow to the relaxation phase. Note the differences of pressures during the 
contraction and the relaxation phases in the various contractions and also the various 
head-to-cervix pressures in the contraction and the relaxation phases at the equator and 
3 cm below in different contractions. Note that the head-to-cervix pressure at the same 
pressure of the amniotic fluid is about the same at the equator of the fetal head throughout 
the first stage. Note the increase of head-to-cervix pressure at 3 cm du ring the progress of 
the first stage, reflecting decreasing head-to-cervix area and balancing the force of pres
sure of the amniotic fluid and the resistance of the cervix and the lower uterine segment. 
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Figure 28. (Continued) 
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Figure 29. Head-to-cervix pressure in comparison to the pressure of the amniotic fluid. 
Based on the material in Figs. 33 and 34. Amniotic pressure, pressure of the amniotic 
fluid; EKv, pressure at the equator; - 3, pressure 3 cm below the equator. The dotted 
lines mark the pressures after rupture of the membranes. Note the higher head-to-cervix 
pressure at the etjuator and at 3 cm below the equator after rupture of the membranes. 
Note also the asymptotic deviation of the correlation curve at increasing pressure of the 
amniotic fluid . 

30). Before labor, no deformations were observed (Fig. 31). By contrast, 
no corresponding displacement was seen in one parietal bone relative 
to the other in normal labor without pelvic contraction. The parietal 
bones project onto the occipital and frontal bones; this projection is 
greater with regard to the occipital bone than to the frontal bones (Figs. 
30, 32, and 37). ln breech presentation during the first stage (as 
mentioned above), deformation consists of depression of the parietal 
bones. The displacement of the cranial plates causes the molding of the 
fetal head.65 These displacements of the skull bones are explained by 
the high pressure at the equator of the fetal head and by the fact that 
the pressures are lower above and below the equator. No displacement 
was thus observed in the parietal bones relative to each other; this is 
because the pressures are equally distributed along the plane of the 
fetal head. 
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Figure 30. Deformation of the parietal bones in early first stage of tabor. PR and PL, parietal bones; 0, occipital bone; F, frontal 8. 
bone; P, promontory. The parietal bone (PR) projects 4 .mm from the occipital bone and 2 mm from the frontal bone (note the 1 
arrows). The sum of the deformations is 6 mm. No deformation is observed in one parietal bone relative to the other. = 
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Figure 31. The fetal cranium before the onset of tabor. Pl , Parietal bone; O, occipital 
bone; F, frontal bone. No deformation is observed (note the arrows). No increased head
to-cervix pressure has occurred. 

During the first stage, these deformations increase (Fig. 32). The 
pressure of the amniotic fluid increases slightly, but the maximum 
pressure at the equator remains about the same on average throughout 
the first stage of labor (Figs. 33, 34, and 35). From these observations, 
one can conclude that the length of time is an important factor in the 
degree of displacement achieved when the fetal cranium is subjected to 
high pressure at its equator. This deformation may result in rupture of 
the tentorium cerebelli. ln normal labor, such rupture is seldom ob
served. Normally, the sum of the displacement of the parietal bone 
relative to the occipital and frontal bones is about l 0- l 5 mm but not 
more than 20 mm. 

5.11. Displacement of the Fetal Skull Bones during Uterine 
H ypercontractility 

With uterine hypercontractility, spastic contractions occur in the 
muscle cone of the lower part of the corpus. The resistance to dilatation 
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Figure 32. Deformation of the parietal bones in late first stage of labor (same patient as in Fig. 30). PR and PL, parietal bones; 0, 
occipital bone; F. frontal bone; P, promontory; S, symphysis. The parietal bone projects 8 mm from the occipital bone and 5 mm 
from the frontal bone (note the arrows) . The sum of the deformations is 13 mm. No deformation is observed between the parietal 
bones. 
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Figure 33. The average maximum head-Lo-cervix pressure during Lhe firsl slage of normal 
labor in nulliparas. EKv, The equaLOr of Lhe feLal head ; - 3, 3 cm below Lhe equaLOr; 
- 6, 6 cm be)ow the equator. The dotted lines correspond to the pressure conditions after 
rupture of the membranes. Note that the average head-to-cervix pressure at the equator 
is about the same throughout the first stage. The pressures at levels below the equator 
increase during the first stage. ote that the head-to-cervix pressures at the equator are 
higher after rupture of the membranes, but at levels below the equator, the pressures are 
lower in comparison to the pressures before rupture. The values are based on recordings 
in 75 women. 

of the cervix is increased; in spite of regular contractions, the labor is 
delayed.66 The spastic contractions result in high (sometimes very high) 
pressures between the muscle cone and the equator of the fetal head 
(Fig. 36). Pressures up to more than 700 mm Hg have been measured. 
Large deformations of the parietal bone of more than 25 mm relative 
to the occipital and frontal bones have been observed (Figs. 37 and 38). 
The type of the displacement is the same as in normal labor. Ruptures 
of tentorium with associated cerebral hemorrhage have been observed 
in infants delivered of mothers who had had uterine tetany. The height 
of pressure is important. In these cases of hypercontractility the labors 
are delayed; thus, the factor of time may affect the degree of displace
ment also. 

With uterine hypercontractility, the fetal head is engaged in the 
pelvis during contractions as well. The normal movement of the fetal 
head downward does not occur during the contraction phase. The 
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Figure 34. The average maximum head-to-cervix pressure du ring the first stage of normal 
tabor in multiparas. Based on 25 women . See the legend to Fig. 33. 

uterine wall above the equator does not lose contact with the f etal head 
during contraction. The force Nd (see Section 5.8 and Fig. 24) is greater 
than zero. Dilatation of the cervix slows or stops at 5-7 cm. The 
partogram often corresponds to secondary arrest according to Fried
man. 51 ·52·67 Stimulation by oxytocin or vacuum extraction worsens the 
condition. During the time when the cervix is dilating, it becomes 
thicker; this contrasts with normal labor in that the cervix thins during 
the first stage. In cases with violent uterine activity, a contraction or 
constriction ring may be palpated abdominally above the symphysis. 
The clinical picture corresponds to that of constriction or contraction 
ring dystocia.68

-
72 The patient bas severe pains, especially in the back. 

With less violent uterine contractions, the cervix is dilated slowly and 
the spastic muscle cone is pulled up over the equator of the fetal head; 
the spastic contractions disappear at about 7 cm of cervical dilatation 
(Fig. 39). 
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Figure 35. The pressures between the fetal head and the uterine wall at different levels 
in comparison to the pressure of the amniotic fluid in the first stage of normal labor. 
Head-to-cervix pressures are measured at the uterine wall, the lower uterine segment, 
and the cervix. EKv, The equator of the fetal head; - 3, 3 cm below the equator; -6, 6 
cm below the equator. The numbers 3-4, 5-6, 7-8, and 9-10 correspond to the degree 
of dilatation of the cervix. Based on 100 women. Note the small difference of pressures 
at the equator at various pressures of the amniotic fluid and various phases of the first 
stage. The various pressures 3 and 6 cm below the equator increase during the progress 
of the first stage. 

Association ATIDE 
Centre de Documentation ARIANE



400 Lennart Lindgren 

Figure 36. Uterine hypercontractility. Am, Pressure of the amniotic fluid; EKv, pressure 
between the equator of the fetal head and the uterine wall; - 3, pressure 3 cm below the 
equator. Note the motility pattern and the high pressure at the equator. 

The cause of the uterine hypercontractility is unknown. It may 
result from an inverse conduction gradient. 55 The uterine contractions 
start in the lower part of the uterus, probably in the muscle cone instead 
of the upper part of the uterus. The contractions of the muscle cone 
act to close the uterine opening. This occurs before the pressure of the 

Figure 37. Deformation of the parietal bones in uterine hypercontractility. P, Parietal 
bone; 0, occipital bone; FI, frontal bone. The parietal bone projects 15 mm from the 
occipital and 12 mm from the frontal bone (note the arrows). The sum of the deformations 
is 27 mm. 
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Figure 38. Deformation of the parietal bones in uterine hypercontractility. P, Parietal 
bone; 0 , occipital bone; F, frontal bone. The parietal bone projects 17 mm from the 
occipital bone and 6 mm from the frontal bone (note the arrows) . The sum of the 
deformation is 23 mm. 

amniotic fluid has expanded the uterine wall above the equator and 
before the brachystasis has tensed and pulled the muscle cone upward. 

Active modern obstetric practice does not generally permit hyper
contractility to develop fully because the labor will be terminated earlier 
by cesarean section for such reasons as delayed first stage, fetal heart 
rate abnormalities, or other indications. Because of its effect on the 
fetal cranium, the woman who develops this problem ought to be 
delivered by cesarean section as soon as it is diagnosed. This recom
mendation holds even if this kind of abnormal uterine action can be 
treated successfully by epinephrine,44

·
70 ether, chloroform, or beta-block 

stimulator. 
These observations suggest that the spastic contractions of the 
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Figure 39. Uterine hypercontractility in various phases of the first stage of labor. Am, 
Pressure of the amniotic fluid; EKv, pressure between the equator of the fetal head and 
the uterine wall; - 6, pressure 6 cm below the equator. No treatment. At 7 cm of dilatation 
of the cervix, the hypercontractility disappears. 

lower uterus are located in the annular muscles of the lower part of the 
corpus. There is no substantiation that spasm occurs in either the cervix 
or the lower uterine segment. 

5.12. Displacement of the Fetal Skull Bones in Hypotonie 
Inertia 

Hypotonie inertia is characterized by low amplitude and frequency 
of contractions, low uterine tonus, and low uterine activity. 7g Stimulation 
by oxytocin or prostaglandin often results in rapid cervical dilatation 
(Fig. 40). The deformation of the parietal bones relative to the occipital 
and frontal bon es is small (Fig. 4 l) even after prolonged first stage. 
The risk of rupture of the tentorium is also small before stimulation. 
After uterotonic stimulation, the pressure conditions within the uterus 
are normalized. Overstimulation ought to be avoided because the effects 
of excessive pressure on the f etal head may be deleterious. 
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Figure 40. Hypotonie inertia treated by oxytocin. Am, Pressure of the amniotic fluid; 
EKv, pressure between the equator of the fetal head and the uterine wall; - 3, pressure 
3 cm below the equator. The low pressures of the amniotic fluid result in low head-to
cervix pressure at the equator. After treatment by oxytocin, the pressure of the amniotic 
fluid and the head-to-cervix pressure rises. 

5.13. Other Kinds of Abnormal Uterine Action 

In myometrial fibrillation, normal uterine activity often occurs (Fig. 
42). Uterine tonus and frequency of contractions are increased to levels 
that are higher than in normal labor. The intensity of contractions is 
low. Despite the high frequency, the force acting to dilate the cervix is 
not great enough for effective dilatation.74

•
75 The deformation of the 

fetal skull bones is small. It is about the same degree and type as in 
hypotonie inertia even though the first stage of labor is prolonged. 
Sometimes the deformation does not diff er at ail from that which occurs 
in normal labor because of increased tonus and delayed first stage. 

In labor characterized by asymmetric uncoordinated uterine action, 
pressure conditions of the uterus and the deformations of the fetal 
skull bones are similar to those in normal labor. The abnormal state is 
most often spontaneously normalized. 
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Figure 41. Deformation of the parietal bones in hypotonie inertia. PR and PL, parietal 
bones ; 0, occipital bone; F, frontal bone; P, promontory; S, symphysis. The parietal bone 
(PR) projects 3 mm from the occipital bone and 2 mm from the frontal bone (note the 
arrows). The sum is 5 mm. 

In patients with cervical rigidity, the more violent kind of uterine 
contractile pattern is rare. The pressure of the fetal head on the lowest 
part of the cervix may be greater than the pressure on the middle of 
the cervix, but seldom as great as at the equator of the fetal head. 
Deformation of the fetal skull bones is small. It occurs especially in 
those cases treated with a cervilator76

•
77 that will result in rapid dilatation 

of the cervix. 

Figure 42. Uterine fibrillation. Am, Pressure of the amniotic fluid ; EKv, pressure between 
the equator of the fetal head and the uterine wall; - 3, pressure 3 cm below the equator. 
The uncoordinated uterine action is regularized spontaneously. The intensity of contrac
tion and the head-to-cervix pressure increase and the tonus decreases. 
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5.14. Size of the Fetal Head 

The maximum pressure at the level of the equator of the fetal 
head increases with increasing head circumference (Fig. 43). This cornes 
about because the tissue of the lower uterus must enlarge more for a 
big fetal head than for a smaller one. It results in higher head-to-cervix 
pressure with increasing f etal head size. The resistance to deformation, 
however, is Jess if the fetal cranium is small in comparison to bigger 
ones. Therefore, the risk of rupture of the tentorium may be greater 
in small craniums, especially in th ose of premature f etus. The degree 
of the deformation reflects both the magnitude of the head-to-cervix 
pressure and the size of the f etal cranium. A relatively normal skull 
deformation in a small f etus, such as a premature baby, may cause 
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Figure 43. Average maximum pressure at the equator of various sized fetal heads during 
normal first stage of labor. Head-to-cervix pressure, pressure between the equator of the 
fetal head and the uterine wall. 1-p, Nulliparas; m-p, multiparas. Dotted lines, after 
rupture of the membranes. The average maximum pressures increase with increasing size 
of the fetal head. 
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rupture of the tentorium. This may be especially so in breech presen
tation79 because the fetal head is exposed to rapid pressure changes 
during its passage through the cervical canal in the second stage of 
labor. For this reason, cesarean section may be indicated in these cases 
of premature labor. 

5.15. Parity 

In multiparas, the pressure at the level of the equator of the fetal 
head is higher than in nulliparas. At lower levels of the head, the 
pressure is relatively lower in comparison to nulliparas (Fig. 44). These 
conditions appear to result from the biomechanically advantageous 
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Figure 44. Pressures between the fetal head and the uterine wall in comparison to the 
simultaneous pressure of the amniotic fluid . Head-to-cervix pressure, pressure between 
the fetal head and the uterine wall ; Am, pressure of the amniotic fluid ; EKv, pressure at 
the equator of the fetal head ; - 3 and -6, pressures 3 cm and 6 cm, respectively, below 
the equator; 1-p, nulliparas; m-p, multiparas. Note the higher pressures at the equator 
and the diminished pressures at lower levels in multiparas in comparison to nulliparas. 
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Figure 45. Effect of spontaneous rupture of the membranes. Am, Pressure of the amniotic 
fluid; EKv, pressure at the equator of the fetal head; -3, pressure 3 cm below the equator 
of the fetal head. Note the greater decrease of the pressure at level - 3 in comparison to 
that at the equator. 

situation prevailing for rapid dilatation of the cervix. The scar tissue of 
the cervix in multiparas yields higher resistance, but it gives way more 
easily than the elastic tissue in nulliparas. No difference has been 
observed, however, with regard to the deformation of the skull bones 
in multiparas. The high pressure at the level of the equator in multiparas 
makes for a shorter first stage. No more detailed studies, however, have 
been done. 

5.16. Rupture of the Membranes 

After rupture of the membranes, the pressure at the equator 
of the fetal head increases relative to the amniotic fluid pressure. 
Pressures at lower levels decrease (Figs. 45, 33, and 34). Thus, the fetal 
membranes make the pressures in the lower parts of the uterus more 
uniform. Artificial rupture of the membranes is inappropriate as a rule 
as long as the muscle cane of the lower part of the corpus remains 
below the equator of the fetal head during contractions. When there is 
an inverse gradient of contraction, dilatation of the cervix may be 
delayed. At 5 cm and more, the cervix and the lower uterine segment 
resist dilatation because they cannot generate active muscular response. 
Artificial rupture of the membranes accelerates the rate of dilatation 
when the cervix is dilated to 5 cm or more in normal labor, according 
to our investigations.80 ln uterine hypercontractility with inverse gra
dient, however, artificial rupture of membranes ought not be done 
because the pressures increase above and below the equator to make 
biomechanics of cervical dilatation worse. No difference in the degree 
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of deformation of the skull bones has been seen after rupture of the 
membranes, but this has not been studied in detail. 

After rupture of the membranes, caput succedaneum occurs. This 
may be due to the higher head-to-cervix tonus at the equator of the 
fetal head. The elevated pressure at lower intervals may explain why 
caput succedaneum as a rule occurs only in the area overlying the 
external os of the cervix. 

5.17. Abnormal Fetal Positions 

In occiput posterior position, the fetal head is usually deflexed so 
that the larger ( 12 cm) occipitofrontal diameter presents rather than 
the usual (9.5 cm) suboccipitobregmatic diameter. The cervix must 

Figure 46. Deformation of the parietal bernes in occiput posterior position. P, Parietal 
bone; 0, occipital bone; F, frontal bone. The parietal bone projects 5 mm from the 
occipital bone and 7 mm from the frontal bone. The sum is 12 mm. 
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Figure 47. Deformation of the parietal bones in brow presentation. P, Parietal bone; 0, 
occipital bone; F, frontal bone; or, orbit; m, mouth. The parietal bone is depressed with 
regard to the occipital bone by 2 mm and the frontal bone by 6 mm. The sum of the 
depressions is 8 mm. The mouth is open (note the arrow). The fetal cranium is so deflexed 
that the highest pressure of the uterine wall acts on the parietal bones and the mandible. 
This contrasts with occiput posterior and normal position in which the corresponding 
pressure acts on the occipital and frontal bones. 

dilate more as a consequence. Relative to the flexed head of the occiput 
anterior position, the pressure of the ring of uterine wall around the 
fetal head acts at the occipitofrontal plane. This deforms the occipital 
bone close to the parietal bone end and the frontal bone near the face. 
Because the pressure acts mainly on the occipital and frontal bones, the 
type of deformation of the parietal bones is the same as in occiput 
anterior positions, that is the parietal bones project (Fig. 46). 

In brow presentation with the large occipitomental diameter 
(13.5 cm) presenting, the cervix must dilate still more for the passage 
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Figure 48. Deformation of the parietal bones in face presentation. P, Parietal bone; O, 
occipital bone; F, frontal bone; PP, pars petrosa; or, orbit; m, mouth. The parietal bone 
is depressed with regard to the frontal bone by 8 mm, but no displacement is observed 
with regard to the occipital bone. This is due to the fact that the whole occipital bone is 
above the area of contact of the head with the uterine wall so that the pressure of the 
uterine wall acts mostly on the parietal bones, which are thus depressed. 

of the fetal head. The ring of the uterine wall around the fetal head 
acts on the parietal bones, which are depressed (Fig. 4 7) in contrast to 
the effect of the pressure in vertex and occiput posterior presentation. 

In face presentation, the suboccipitobregmatic diameter (9.5-10 
cm) of the fetal head also depresses the parietal bones (Fig. 48). In this 
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case, the highest pressure of the uterine wall also acts on the parietal 
bones. 

In abnormal positions of the fetal head, the deformation of the 
parietal bones is greatest near the frontal bones (Figs. 46-48) in contrast 
to that seen with vertex presentation (Figs. 30, 32, 37, 38, and 41) and 
breech presentation (Fig. 4). The difference increases with the degree 
of deflexion. 

6. Second Stage of Labor 

At the end of the first stage, the tissue of the cervical portion is in 
contact with the equator of the fetal head in vertex presentation.81 The 
lower pole of the vertex is below the ischial spines. The resistance to the 
thrust of the fetal head is now from the vaginal wall and surrounding 
tissues. The pressure between the equator and the stretched portio is 
the same as it was during the first stage (Fig. 49). Below the equator of 
the fetal head, the resistance of the vaginal wall is Jess. When the fetal 
head descends with expulsive efforts, the pressure of the vaginal wall 
diminishes and the resistance to thrust becomes rather small. The 
deformàtion of the parietal bones decreases (Fig. 50). 

The delivery is now impeded only by the pelvic floor. The pressure 
of the pelvic floor is rather high, especially in nulliparas (300-350 mm 

100] mm Hg 

Am ----

0 30 60 90 sec 

Figure 49. Expulsive forces in normal labor. Am, Pressure of the amniotic fluid ; EKv, 
pressure at the equator of the fetal head; - 3, pressure 3 cm below the equator. The 
cervix is immediately pulled over the equator and at EKv the head-to-portio of cervix 
pressure is measured . At - 3 the pressure between the fetal head and the vagina is 
measured. 
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Figure 50. Deformation of the parietal bones du ring the second stage of labor. P, PR, and 
PL, parietal bones; 0, occipital bone; F, frontal bone; S, symphysis. The fetal head has 
reached the pelvic floor. The displacement of the parietal bone has decreased in 
comparison to that of the first stage and measures 2 mm with reference to the occipital 
bone and 3 mm to the frontal bone (note the arrows). The sum is 5 mm. No deformation 
is observed between the parietal bones (to the left). 

Figure 51. Expulsion at the end of the second stage of normal tabor. Am, Pressure of the 
amniotic fluid; EKv, pressure at the equator of the fetal head; -3, pressure 3 cm below 
the equator. Note the higher pressure al - 3 in comparison to that at the equator. This 
higher pressure counteracts the deformation of the parietal bones obtained during the 
first stage. 
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Hg). In multiparas this pressure has been found to be about the same 
as the head-to-cervix pressure (200-250 mm Hg). At the outlet of the 
birth canal, the highest pressure of the pelvic floor is below the equator 
of the fetal head (Fig. 51). This situation helps to decrease the 
deformation of the parietal bones. In nulliparas the high pelvic floor 
pressure may impose a risk of tentorial tear and cerebral hemorrhage 
by the rapid deforming of the skull bones. In support of this are 
investigations3

•
82 showing that women with secondary inertia, caused in 

part by increased resistance of the pelvic floor, are delivered of infants 
who have increased perinatal mortality from cerebral hemorrhage. No 
X-ray studies have been made, however. The resistance of the pelvic 
floor can be reduced by pudendal block and episiotomy. 

7. Obstruction of the Birth Canal 

Women with contraction of the pelvis (especially those with a 
narrow inlet) have a longer first stage in comparison to women with a 
normal pelvis. This applies when they are matched with regard to 
parity, size of the fetus, rupture of the membranes, uterine contractility, 
etc. This observation is explained by the fact that one of the main 
factors for dilatation of the cervix, "the wedge effect" of the f etal head, 
decreases or does not occur because descent of the fetal head is hindered 
by the pelvic bones. Dilatation of the cervix depends mainly on the 
longitudinal tension in the uterus caused by brachystasis. The pressure 
toward the lower parts of the uterus and the fetal head is Jess. 

If there is a narrow pelvic inlet, the thrust of the fetal head is 
hindered by the promontory and the pubic bones. During contractions, 
the pressure of the pelvic bones affects a smaller area on the fetal 
cranium, compared to the pressure exerted by the uterine wall at the 
equator of the fetal head in normal labor. This local pressure effect 
results in deformation between the parietal bones (Fig. 52) different 
from that seen in normal labor. 83 Sometimes no other deformation 
occurs, although other skull bones can be involved, especially if labor 
is prolonged (Fig. 53). As a rule, the deformation between the parietal 
bones does not occur before full cervical dilatation. It often takes some 
time after full dilatation before it is seen. 

With a narrow outlet, deformations of the skull bones similar to 
those observed with narrow inlet occur (Figs. 54 and 55). This localized 
effect of pressure is caused by the symphysis, the ischial spines, the 
sacral bone, and the coccyx. 
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Figure 52. Deformation of the skull bones with a narrow pelvic inlet. PR and PL, parietal bones; 0, occipital bone; F, frontal bone; 
P, promontory; S, symphysis. Deformation between the parietal bones is observed (the arrow to the right) . No deformation is seen 5' 
between the parietal bone and the occipital and frontal bones (note the arrows to the left). 5. 
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Figure 53. Deformation of the skull bones with a narrow pelvic inlet. PR and PL, parietal bones; 0, occipital bone; FR and FL, 
frontal bones; P, promontory; S, symphysis. Deformation between the parietal bones is seen (the arrow to the right) as well as 
between the parietal bones on one side and the frontal and occipital bones on the other. 
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Figure 54. Deformation of the skull bones with a narrow pelvic outlet. PR and PL, parietal bones; 0, occipital bone ; F, frontal bone ; 
P, promontory; S, symphysis, S 1, synchondrosis of the occiput; SP, ischial spines. Deformation is observed between the parietal bones 
(the arrow to the right) and between the other skull bones (to the left). 
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Figure 55. Deformation of the skull bcmes with a narrow pelvic outlet. PR and PL, parietal bones; 0, occipital bone; F, frontal bone; 
P, promontory; S, symphysis; SI, lambdoid suture; TU, ischial tuberosities. Deformation is seen between the parietal bones (the 
arrow to the right) and between the other skull bones (to the leftl. 
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The various kinds of displacements can be distinguished by X-ray 
examination during labor. One can thus distinguish disproportion from 
abnormal uterine activity. With pelvic contracture, deformation between 
the two parietal bones occurs, but this is not encountered with abnormal 
uterine activity. 

In asynclitism, local pressure effect occurs on the pelvic bones 
especially at the promontory. One of the parietal bones is depressed. 
This is similar to the deformation between the parietal bones seen in 
association with a narrow inlet (Fig. 56). 

An ovarian tumor obstructing the pelvis may also give a local 
pressure effect to a limited area of the fetal cranium, displacing the 
fetal skull bones (Fig. 57). 

Transverse arrest occurs usually in a platypelloid or an android 
pelvis. If there is no anterior narrowing in the midpelvis or in the outlet, 
the fetal head reaches the pelvic floor without undergoing anterior 
rotation. If the expulsive efforts are weak and no anterior rotation 
occurs, the high resistance of the pelvic floor (described in Section 6) 
prevents the delivery. The pressure exerted by the soft tissues of the 

Figure 56. Deformation of the skull bones in amerior asynclitism. Note the deformation 
between the parietaJ bones (at the arrow). 
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Figure 57. Deformation of the skull bones with a dermoid cyst of the ovary obstructing 
the pelvis. P, and P2, parietal bones; 0, occipital bone; F, frontal bone. Note the teeth in 
the dermoid cyst (at the arrow). The parietal bone (P2) is depressed. 

pelvic floor acts rather equally on bath parietal bones and no defor
mation occurs (Fig. 58). 

8. Effect of Pressure on the Fetal Cranium 
and the Fetal Heart Rate 

Decelerations of the fetal heart rate during labor have been related 
to compression of the umbilical cord. Spontaneous movements of the 
fetus may result in variable decelerations,4 which may occur indepen-
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Figure 58. Transverse arrest. P, Parietal bone; E, ischial tuberosities; S, sacrococcygeal 
articulation ; m, mouth. No deformation between the parietal bones is observed (the arrow 
pointing clown). 

dently of uterine contractions. Late deceleration4 or Type II dip,5 which 
occurs during the relaxation phase of the contraction, has been related 
to placenta! insufficiency and fetal hypoxia. Uterine contractions de
crease the supply of oxygen to the fetus . The resulting fetal hypoxia 
may initiate fetal movements. These in turn may compress the umbilical 
cord. Contractions cause the fetus to move in both the first and second 
stages of labor. Compression of the umbilical cord can occur between 
some part of the f etus and the uterine wall. Earl y deceleration also may 
be due to stimulation of the vagus by the high pressures exerted at the 
equator of the fetal head during labor. The deformation of the fetal 
skull bones support this interpretation. However, early deceleration has 
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not been especially prominent in uterine hypercontractility associated 
with large deformations of the fetal skull bones or in contracted pelvis. 
Another objection to the interpretation that high pressures cause early 
deceleration is that early deceleration is also observed in breech pres
entation. Depression of the parietal boues seen in breech presentation 
(described above) do not contradict, but actually support, the interpre
tation that pressure may cause early deceleration. 

9. Summary and Discussion 

The effect of pressure gradients have been investigated by intra
uterine tokometry. The construction of the pressure receptor (the 
tokograph) has taken into account the biomechanic and biodynamic 
conditions of labor. The tokographs have been adapted as much as 
possible to the anatomy of the uterus and to the movements of the fetus 
during contractions; this has been of essential importance. The principal 
findings are supported by results from experimental models. 

The f etal head takes part in the biomechanics of dilatation of the 
cervix. The cervix can be dilated, however, without any opposing 
presenting fetal part, such as in transverse lie, ectopie pregnancy, or in 
the nonpregnant horn of the double uterus. With a narrow pelvic inlet, 
when the fetal head cannot descend during the contraction phase, 
dilatation of the cervix occurs only by the mechanism of brachystasis. 
This involves longitudinal stretching of the uterine wall and the 
dilatation is therefore delayed. The cervix may be dilated by a submucous 
fibromyoma even in a nonpregnant uterus, disregarding the cyclic 
changes of the internai os.86 This example illustrates the importance of 
a solid body in the uterus, such as the fetal head, for dilating the cervix. 

During contraction, the fetal head is subjected to the pressure of 
the amniotic fluid, which is counterbalanced by the resistance of the 
lower parts of the uterus. It is the resistance to dilatation of the cervix 
at the equator of the fetal head that exerts the greatest pressure eff ect 
on the fetal cranium. The other component of pressure, the resistance 
to thrust of the fetal head, has less impact on the fetal cranium. The 
dilatation eff ect varies greatly among different women. As the fetal head 
glides towards the uterine wall, friction occurs; the coefficient of friction 
has been calculated as 0.2. The low coefficient of friction in the birth 
canal explains why the pelvic boues cause essentially no resistance to 
the thrust of the fetal head in patients with adequate pelvis. 

The intrauterine pressure acting on the fetal head causes defor-
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mation of the fetal skull bones. The degree of the deformation depends 
on the following factors: 

1. Magnitude of pressure 
2. Duration of the pressure effect 
3. Resistance of the skull bones 
4. Site on the cranium at which the pressure acts 
5. Size of the area on which the pressure is acting 

These various factors determine the several types of deformation 
that will occur. The specific type of deformation is important for the 
clinical diagnosis of cause and for its treatment. 

Thus, the deformation of the parietal bones relative to the occipital 
and frontal bones in vertex presentation is greater in women who have 
uterine hypercontractility than in those with normal labor. In hypotonie 
inertia the deformation is small. These examples illustrate the impor
tance of the magnitude of pressure. 

During a normal first stage of labor, the deformation increases 
even though constant pressure is being exerted. This phenomenon 
indicates that the length of time that the pressure is acting is also 
important; it emphasizes the significance of the increasing pressure 
below the equator as well. 

In breech presentation, the parietal skull bones are depressed in a 
manner that is opposite to the effect of head-to-cervix pressure in 
vertex presentation. This observation indicates that the resistance of 
the parietal bones to pressure is less than that of other skull bones. 

ln vertex presentation, the deformation of the parietal bones is 
greater near the occiput relative to that occurring near the frontal 
bones. During the second stage, the pressure at the equator of the fetal 
head decreases and the deformation also decreases. At the end of the 
second stage, the highest pressure acts below the equator, contributing 
further to the decrease in deformation. In occiput posterior position, 
the same type of displacements occur as in occiput anterior. In these 
cases the high pressure of the uterine wall is acting on the occipital and 
frontal bones. In brow and face presentation, the corresponding pressure 
acts on the parietal bones, which are depressed. This contrasts with 
vertex presentations in which the parietal bones project. Ali these 
examples indicate that the site at which the pressure acts is important. 

In pelvic contractures associated with both narrow inlet and narrow 
outlet, the fetal cranium is subjected to pressure exerted by the pelvic 
bones on a confined area. This condition results in deformation between 
the parietal bones. This is diff erent from the pressure eff ect seen in 
women without contracted pelvis or in breech presentation. This 
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observation is important in clinical work in order to differentiate 
disproportion from abnormal uterine action. Deformation of other skull 
bones relative to the parietal bones also occurs in pelvic contracture, 
especially if labor is delayed. In asynclitism and tumor obstruction, local 
pressure effects may displace the fetal skull bones in a manner that is 
different from the eff ects of the uterine wall pressure. In transverse 
arrest, no deformation occurs because the pressure of the pelvic floor 
on the fetal head remains about the same. 

Multiparas show higher pressure at the equator of the fetal head 
than nulliparas. After rupture of the membranes, the pressure at the 
equator of the head increases, but it decreases at lower levels of the 
fetal head. No observations have shown larger deformations in multi
paras either with intact or ruptured membranes. Since the first stage of 
labor is shorter in multiparas and some investigations show (even if the 
results are controversial) that the rate of cervical dilatation increases 
after rupture of membranes, it is possible that the shorter first stage 
compensates for the effect of the higher pressure. 

The pressure on the equator of the fetal head increases with its 
size. However, the resistance of the skull bones increases with increasing 
size of the f etal head. Which of the se factors bas the greater effect in 
deforming the fetal skull bones has not been investigated. Clinical 
experience suggests that the resistance pressure is smaller than the 
head-to-cervix pressure. Cerebral hemorrhage resulting from laceration 
of the tentorium is more common among small f et uses than in larger 
ones. In breech presentation, especially in double footling presentations, 
damage occurs as the fetal head is rapidly passing through the terminally 
dilating cervix. This phenomenon constitutes one reason for undertak
ing cesarean sections in premature labors with breech presentation. 

At the end of the second stage, the fetal head is subjected to high 
pressure about 3 cm below its equator. The pelvic floor of the nullipara 
exerts especially high pressure on the fetal head. No investigations of 
the deformation of the skull bones during this stage of labor bas yet 
been clone. Episiotomy and pudendal block may reduce the resistance 
of the pelvic floor. 

It is evident from these investigations that the fetal cranium is 
subjected to pressures of various kinds and magnitudes. Such pressures 
result in various types of deformations of the fetal skull bones during 
the labor process. Various kinds of cerebral lesions may result. Clinical 
asphyxia is not only caused by fetal hypoxia but also by cerebral birth 
injuries. Cerebral palsy and mental retardation may also be caused by 
birth injuries. 

Furthermore, we may conjecture that the fetal brain can be influ-
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enced by the effects of pressure during labor. Stimulation of the vagus 
occurs and may result from the amniotic fluid pressure in breech 
presentation, from pressures exerted by the uterine wall and the pelvic 
floor, from pressures of the pelvic bones in a narrow pelvis or fetal 
malposition, or from tumors obstructing the pelvis. Early deceleration 
or Type I dip patterns have been interpreted as being caused by these 
pressure effects. 

Since pressure against the fetal head increases as bradycardia 
develops, we can assume there is a relationship. The high head-to
cervix pressure and the still higher pressure of the pelvic floor, especially 
in nulliparas, coupled with the appearance of early deceleration toward 
the end of the second stage in some cases, support this interpretation. 
Moreover, Caldeyro-Barcia and collaborators have observed that such 
decelerations often appear following rupture of the membranes when 
the head-to-cervix pressure increases. In breech presentation the am
niotic fluid pressure deforms the skull bones. This may explain why 
early deceleration may result from effects of intrauterine pressures. 
Early deceleration, however, does not always occur in spite of high 
intrauterine pressure and large deformation of the fetal skull bones. As 
the position of the fetus changes during the contractions, compression 
of the umbilical cord is probable. We know this may cause decelerations 
of the fetal heart rate. 

Thus, from our current knowledge we cannot distinguish the type 
of altered fetal heart rate that constitutes the index of brain damage. 
It is possible that determining the location of the umbilical cord by 
ultrasound examination may help solve this controversial issue. Fetal 
EEG has revealed some signs of the effects of intrauterine pressures on 
the fetal brain. 84 After rupture of the membranes, consistent EEG 
changes were observed in ail cases studied. 85 Sorne fetuses exhibited 
random and rhythmic epileptiform activity. In our clinical work, how
ever, we need advanced warning of fetal brain damage. Unfortunately, 
we have no such signais as yet that are as useful as those we have for 
assessing fetal asphyxia caused by decreased oxygenation. Further 
investigations may perhaps give them to us for application in our clinical 
activities to solve some controversial issues concerning the effects of 
pressure gradients on the f etal cranium. 
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