
T h e  Significance of the Shape of the Foetal Head in the 
Mechanism of Labour. 

BY 

ERIK RYDBERG. 
Stockholm. 

(Continued from page 621.) 

THE SHAPE OF THE FOETAL HEAD. 
The shape and elastic properties of the foetus are of as great 

significance as those of the birth canal for an understanding sf 
the mechanism of labour. This fact has not attracted sufficient 
attention, and in obstetric descriptions very seldom is any infor- 
mation given about the head, other than the measure of certain 
of the diameters and circumferences, and the general statement 
that the shape of the head is ovoid; sometimes illustrations are 
given of the oval shapes of some certain plane sections through it. 

A fuller comprehension is met with in the works of Sellheim, 
de Snoo, Moir and Young. These authors consider that the 
junction of the foetal trunk with the head has such properties 
that the head will have varying degrees of flexibility in different 
directions. What is, in principle, important in these theories is 
that the rotation is traced back to an asymmetry in the foetus, 
whether this is conceived as being due to its elasticity or its 
shape, for the rotations can only be explained as being the result 
of asymmetry in both the foetus and the birth canal, as has 
already been expressly pointed out. 

Of the last-mentioned authors, the one who has paid the 
greatest attention to the shape of the head is Moir. He considers 
that the moulding of the head takes place prior to the internal 
rotation, and that it is the shape of the moulded head which is 
significant when it is a question of establishing the importance 
of the shape of the head for this torsion movement. The same 
opinion is expressed by Young, and both describe the moulded 
head as almost cylindrical in shape,IR i.e. symmetrical in 
reference to a longitudinal axis. Consistently with this concep- 
tion they seek the explanation of the internal rotation in other 
properties of the foetus than the shape of the head. 

The fact that the foetal head has been described sometimes 
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as an ovoid, sometimes as an ellipsoid, and sometimes as a 
cylindrical body, shows in itself that its shape has obviously not 
been so carefully investigated as would be desirable if conclusions 
are to be drawn as to how its shape may be conceived as deter- 
mining its movements during labour. The investigations of 
which the results will be presented below, aimed from the begin- 
ning at  carefully enquiring into the actual shape conditions of 
the foetal head and their mechanical significance. 

I t  seems quite obvious to me that even the eye tells us at 
once that the heads of both full-grown human beings and new- 
born children may be roughly likened to a kidney in shape, being 
curved, with the convexity above the mento-occipital diameter. 
Variations within certain limits are met with, and in general 
the curved form is most marked among the pronouncedly long- 
skulled heads. Further, the human head is flattened at the sides, 
and this characteristic is also found in the heads of newborn 
children. 

The head of the newborn child is characterized by the fullness 
of the cheeks, the round bulge of the forehead and the relative 
smallness of the nose. I t  exhibits a more evenly rounded surface 
than the head of the full-grown individual, and the curved shape 
is nearly always very conspicuous. 

For the purpose of making a closer investigation of the shape 
of the foetal head, I made a series of casts of the heads of dead 
foetfis, among which, as far as could be seen, some had not 
undergone any moulding to speak of during labour while others 
exhibited more or less moulding. Some casts were made from 
foetfis which had been born in breech presentations. The shapes 
were investigated by the methods described below. 

In  making the casts of the dead foetfis, I used the Poller'* 
method for the matrix. In  this method a special glue-like 
substance is used, which is as elastic as rubber when it sets, and 
if sufficient is used to form a thick coating on the object to be 
cast, the matrix retains its shape after the object has been 
removed. For the cast I used a plaster which set without any 
change in volume. 

For purposes of a closer study of the shape of the occipital 
region in particular on a somewhat more compreh'ensive material, 
and in order to eliminate as far as possible all modifications of 
shape due to the process of labour, I made casts of the occiputs 
of a series of living children, all some days old. Among these 
was a pair of twins which had both been born in breech presenta- 

796 

Association ATIDE 
Centre de Documentation ARIANE



FIG. 2. 
Cast of a normal-shaped foetal head without visible moulding after partus. 

cf. Figs. 3 and 4 .  
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FIG. 3 
A plan of the general curvature of the surface of the foetal head. As a 
basis for this figure has been taken the same head as is reproduced in 
Fig. 2. The white part of the surface is curvea convexly in the sagittal 
direction, also in the transverse direction-apart from slight irregularities 
in the face. The grey surface is saddle-shaped, i.e. convex in onc 
direction, concave in the direction perpendicular to it. P =parabolic curve- 
the boundary between these two superficial areas. The course of this line 
is given approximately. It cannot usually be determined with any great 

exactness. 
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FIG. 4.  

Level curves from the head reproduced in Fig. 2, on which the diagram in 
Fig. 3 is based. The outer contour is in the sagittal plane; the other curves 
form the lines of intersection between the surface of the head and planes 
parallel to  the sagittal plane, a t  distances from i t  of 2, 3 ,  3.5, 4.5 and 5 cm. 
respectively. 0 indicates the point which lies farthest from the sagittal 

plane, the distance being 5.2 cm. 
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F I G .  5. 
Typical deformation of the foetal head due t o  prolonged occipito-posterior 

position. 
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tions. For these matrices I used “Paribar”, a wax-like material 
used by dentists when they take impressions for prostheses. When 
slightly warmed this substance is of a consistence very suitable 
for the purpose, and it sets rapidly when cooled. In these cases, 
too, I used plaster of Paris for the casts. 

Fig. z reproduces a cast of a normal head, as found in a 
newborn child after an easy labour. The curved shape seems to 
me to be quite clear and characteristic, and I have arranged the 
lighting in such a way that the forward-upward convexity is 
clearly shown. The diagrams in Figs. -3 and 4 are derived from 
this cast. 

A good idea of the shape of the foetal head is obtained if a 
narrow lead tape is placed in contact with the surface of the cast, 
and the curves in various places are compared. The following 
procedure is suitable. The lead tape is first placed over the 
convexity of the head in the sagittal plane, so that it is in contact 
with the surface from the point of the chin to the point on the 
occiput which is at the greatest rectilinear distance from the chin. 
The straight line through the head joining these two points is 
thus the mento-occipital diameter. If the two end-points of the 
lead tape are now fixed, and the lead tape is revolved round 
this diameter as an axis, it will be found that after one-quarter 
revolution the middle part of the tape is some distance away from 
the surface of the head. If we continue the rotation, we find that, 
when it is over the suboccipital part of the head, the middle part 
of the tape is still away from the surface, and has possibly got still 
further away from it. We also see that the curve of the surface 
in this part of the head is quite different from that of the vertex 
on most heads; the suboccipital surface is often pronouncedly 
saddle-shaped, sometimes it is shaped like the surface of a cone, 
while the forehead, vertex, and the upper surface of the occiput 
are convex in every direction. The diagram in Fig. 3 illustrates 
the superficial curvature of the head, the cast of which is repro- 
duced in Fig. 2.  The curved line running immediately in front 
of the ear and back to the Protuberantia occipitalis externa 
marks the boundary between the part of the surface of the head 
which is convex in all directions, and the part which is concave 
in one direction and convex in the direction perpendicular to it, 
i.e. saddle-shaped. In geometry this line is called the parabolic 
curve. This boundary is not always determinable as a line, but 
in some heads forms a more or less wide band, and, as has just 
been mentioned, sometimes the whole of the lower posterior 
surface is conical in shape, right up to the immediate neighbour- 
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hood of the boundary between the neck and head, where there 
is always a saddle-shaped area. 

Another method of illustrating the curves of the head is to 
draw level-cui-ves parallel with the sagittal plane. This is done 
best with the instrument used in craniometry, the so-called 
craniograph. With this apparatus a cranium or a plaster model of 
a head can be fixed in an arbitrary position, and with a special 
tracing apparatus the shape of any desired sections through it 
can be recorded. In Fig. 4 is recorded a craniographic diagram 
of the head reproduced in Figs. z and 3. Each of the curves 
is the line of intersection between the surface of the head and a 
plane parallel to the sagittal plane. I t  can be seen how-exclud- 
ing the smallest one, which encloses the tuber parietale-the 
closed oval curves exhibit a greater upward-forward convexity 
and a flattening or concavity downwards-backwards. The two 
curves lying nearest to the sagittal plane are open downwards 
because, like the bordering curve of the sagittal plane, they pass 
into the neck. 

If we regard the surface of the head as a whole, disregarding 
the small irregularities constituted by the eyes, nose and mouth, 
we find two places with maximal curvature, which may be 
regarded as the poles of the head, namely the point of the chin 
and the point corresponding to the protuberantia occipitalis 
externa. That the last-mentioned marks the back pole-if by 
that is meant the greatest bulge of the surface of the occiput-is 
very clearly apparent from the casts of the necks of living 
children, and still more clearly from a skull. 

The mento-occipital diameter does not, then, form the line of 
connexion between the anterior and posterior poles of the head, 
but the curvature of the head finds expression in the fact that the 
posterior pole lies below the posterior terminal point of this 
diameter. 

From this investigation of the normal shape of the foetal head, 
it appears that it has a decided and characteristic asymmetry, 
the bulk of its mass lying above the mento-occipital diameter. 
Therefore, when, as often happens, the head is compared with 
an ovoid, that is not a good description. An egg-shaped body 
would, of course, have a surface with axial symmetry, another 
geometrical expression for which is a rotation surface. 

As the head has a curved surface with different curvatures in 
different places, and the curvature is such that the whole head 
has the appearance of a bent oval body, the suggestion imme- 
diately presents itself to try to find an expression for the curve 
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of the head regarded as a whole. Here, however, we encounter 
difficulties of a fundamental nature, for no natural definition of 
an axis or a transverse section through such a geometrically 
irregular body as the head readily suggests itself. I have had, 
therefore, to content myself with this more general description 
of the surface of the head. 

The shape of the head and its attachment to the neck result 
in the preceding part of the foetus in the vertex presentations 
being curved backwards. I t  is of particular importance that, by 
anteflexion of the head, the mento-occipital diameter can easily 
be made to lie in the longitudinal direction of the foetus, but that 
then the whole of the part of the foetus comprising the head and 
neck preserves the backward bend due to its asymmetrically 
curved surface, and that this asymmetry cannot be eliminated 
however strong the anteflexion. 

The typical shape of the unmoulded head, as described, may 
be modified during labour by moulding. In cases in which 
rotation takes place anteriorly, the heads which have been sub- 
jected to great moulding very regularly exhibit such changes 
that the curved shape is more apparent than in  the unmoulded 
heads, the shape being often nearly cucumber-like, owing to the 
great elongation of the occiput and the flattening of the vertex. 

As far as my experience goes, the moulding of the head into 
a cylinder shape is practically never met with; at most a very 
limited section of the upper surface and the side surfaces of the 
head appear almost cylindrical, but as a whole the heads which 
have rotated normally to the occipito-anterior position always 
present the curved kidney, or cucumber-like shape. 

A straightening out of the curvature of the head to a conical 
shape is found in foe& which have been in the occipito-posterior 
position for a long time, whether the labour finished in this 
position or the position was artificially changed to the occipito- 
anterior immediately before the forceps delivery. If the moulding 
is pronounced, the forehead in these cases is found to be pressed 
in, the suboccipital and occipital regions raised, and the capm 
succedaneunz high up on the vertex. Fig. 5 shows a head oj 
this kind. Viewed from certain positions, the vertex gives an 
impression of curving in a direction opposite to the normal. 

In cases of initial 
occipito-anterior presentation, the shape of tEe immediately new- 
born child’s head does not diverge in its general character very 
much from the shape it assumes after the course of a few days, 
or from the shape of the head in cases where no moulding has 
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taken place. The modification which the shape of the head 
undergoes during labour cannot be of any great importance for 
the course of movement, except in just those cases where a real 
change in the general character of the shape of the head takes 
place, and this only happens in cases of prolonged occipito- 
posterior position. The mechanical importance of the changes in 
shape in these cases will be dealt with below. 

THE EXPLANATION OF THE MOVEMENTS OF THE FOETAL HEAD 
FROM ITS OBSERVED SHAPE AND THE SHAPE AND ELASTICITY OF 

THB BIRTH CANAL. 
VC’e have now come to the essential object of this paper-to 

investigate whether the movements of the head during labour can 
be explained by its shape and the shape and elasticity of the 
birth canal. 

First and foremost, it must be understood that “to explain” 
cannot mean the same here as to prove mathematically that the 
head must make such movements. We know that the movements 
vary from case to case, but that some few quite characteristic 
types can be distinguished, one of which is decidedly more usual 
than all the others. Our object is to explain why a certain type 
of movement is the most usual and what factors determine the 
type of movement. We must naturally, then, consider the problem 
mathernatically, if we are to take our subject scientifically at all; 
but we must make no attempt to determine the movement as if 
the problem were an ordinary quantitative mechanical one. 

There hardly appears to be any experimental method for 
attacking the problem. What can be discovered in this way has 
already been shown by the experiments of Dubois and Edgar. 
Trials with models evidently cannot be looked on as experimental 
research in this field, for the models are purposely made so that 
their mechanical properties are just those which are hypothetically 
supposed to be present in life. A trial with models can, there- 
fore, possibly contribute to giving a certain idea of the mechanical 
factors which may be conceived as regulating the coiirse of 
movement in labour, but they really show nothing a t  all of what 
takes place in nature. In  reality the models which have been 
made hitherto are nothing more than apparahses which illustrate 
very simple mechanical processes, hypothetically considered to 
be analagous to something which takes place during labour-nor 
is it claimed that they are anything more. 

800 

Association ATIDE 
Centre de Documentation ARIANE



FOETAL HEAD IN THE MECHANISM OF LABOUR 

The only practicable method of attacking a problem of this 
kind seems to be to turn our attention directly on the natural 
process, to determine carefully everything which can be deter- 
mined, and to investigate what assumptions we must make in 
order to deduce from them, and from the known mechanical 
properties of the foetus and of the birth canal, a movement 
similar to that actually observed in nature. If such a method 
could be applied, and the movement could be determined with 
sufficient accuracy, without any arbitrary and improbable 
assumption being necessary, we should be in a position to 
formulate a mechanical theory of labour. As has just been 
emphasized, mathematical exactitude can never be attained, for 
the actual pressure and tension conditions cannot be determined 
with accuracy. 

We will now try to carry out an investigation on the lines 
indicated above. The known factors are the original shape of 
the head and that of the birth canal, and, to a certain extent, 
the expansion possibilities of the latter, based on anatomical facts 
and on general experience. The task will be to investigate how 
far this knowledge helps to explain the actual movement, and 
what further assumption as to the mechanical properties of the 
birth canal, and possibly also of the foetus, must be made for 
this movement to appear as a necessary result. 

When we pass to an investigation of thc course of the process 
of labour we must first consider the mechanical conditions 
obtaining before the onset of the pains. As a rule the head is in 
advance, usually anteflexed, sometimes in a position midway 
between flexion and extension. I t  must be emphasized here that 
a head which is in a midway position, i.e. with the fronto- 
occipital diameter at right angles to the pelvic axis, is anteflexed 
from the mechanical point of view, for the longest diameter-the 
mento-occipital-inclines sharply downwards even in this 
position. The ante-flexion-in the mechanical sense-can 
therefore be regarded as having commenced before partus in 
nearly all cases. This circumstance affords an explanation of 
why the deflection positions are so relatively rare. 

During the beginning of the first stage of labour, no great 
change takes place in the position of the head; the cervix is 
distended and retracted over the bag of waters as a result of 
the shortening of the walls of the uterus. No sharp border-line 
exists between the first and second stage, for the head follows 
and occupies the cervical canal, as this latter distends and passes 
over into the lower uterine segment. The mechanical effect of 

801 

Association ATIDE 
Centre de Documentation ARIANE



JOURNAL OF OBSTETRICS AND GYNAECOLOGY 

the surface of the head on the birth canal is at first very 
inconsiderable, especially when the membranes are unruptured ; 
the real mechanical interplay between the head and the birth 
canal begins only when the us uteri is well dilated. 

The rupture of the membranes undoubtedly marks a change 
in the mechanical situation, but the point of time when it takes 
place has no observable influence on the type of the movement 
itself. The rapidity of the propulsion of the head is, however, 
obviously affected thereby, and it has long been the custom to 
rupture them, if they are still intact at the end of the second 
stage, often with the very obvious result that the head advances 
more rapidly. The usual explanation-that the bag of waters 
has a dilating effect on the cervix, in that it acts as a kind of 
wedge-does not satisfactorily represent the mechanical process 
when the cervical canal is dilated and the us uteri opens. The 
very first condition that the bag of waters shall be comparable 
with a wedge, i.e. that its surface and that of the birth canal 
shall slide freely over each other, is not satisfied. I t  is simply 
impossible to describe the process of loosening and displacement 
which takes place at  the onset of labour in simple mechanical 
terms. The wedge-like effect does not arise until the foetal head 
moves along the walls of the birth canal, exerting pressure 
against them. Experience also shows that, even when a rupture 
of the membranes has been effected before the O S  uteri is dilated, 
this hastens the delivery, and in some quarters it is a normal 
method of facilitating the process. The obstetrical value of, and 
justification for, this method will not be discussed here, but the 
correctness of the observation itself-that lalour is shortened 
thereby-can scarcely be doubted. For the type of movement as 
such, for the play of forces between the birth canal and the 
advancing foetus, the membranes are certainly of such slight 
importance that we can ignore their existence here. To be on 
the safe side, we can say that we are confining our consideration 
of the mechanism of labour to cases in which the membranes 
rupture at  an early stage, but that we think we are justified in 
the assumption that the process is only slightly modified when 
the membranes do not rupture at an early stage. 

To gain, from the beginning, a clear idea of the mechanical 
course of labour, we will make the following preliminary assump- 
tions : (I) The shape of the foetal head is conceived as constant. 
(2)  The frictional resistance is negligible. 

Actually the first assumption is, of course, approximately 
true in many easy labours. We will first investigate the course of 
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movement, on the presumption that the shape of the head is 
constant, and we will then discuss how the rather considerable 
moulding which is sometimes met with may be conceived as 
affecting the movement. 

The other assumption we will consider for the present to be 
valid, so that our consideration of the process may be simplified, 
and later we shall discuss how, and'to what extent, the frictional 
resistance may be considered to affect the movement. 

Labour involves movement, accompanied by deformation 
work. The birth canal is enlarged in all directions under the 
influence of the pressure exercised on it by the head. Here it 
must be expressly emphasized that the birth canal is not only 
dilated in the transverse direction, but is also elongated. The 
deformation is determined both by the shape of the body 
exercising the pressure-the foetal head- -and the original shape 
and elasticity of the passage which is deformed-the birth canal. 
During labour the change in shape takes place slowly; the kinetic 
energy of the foetus itself certainly plays no part, but the whole 
process may be characterized as pseudostatic. If, in conformity 
with our postulate, we disregard the friction, we can look on the 
whole process as a series of successive states of equilibrium. In  
our discussion, therefore, movement implies only changes of 
position, and as such it consists of translation and rotation. We 
comprehend translation as a movement along a line approxi- 
mately coinciding with the pelvic axis. 

To obtain a survey of the mechanical course of labour, we will 
first imagine the whole of the actual varied process as made up 
of simpler component processes, in which the translation and 
rotation movements of the foetal head take place separately and 
successively. If these component movements can be imagined 
sufficiently small, the tension conditions of the walls of the birth 
canal will obviously be the same in any position as when the 
head undergoes continuous translation through the birth canal, 
which is the total of our small imaginary translation movements, 
and during the whole passage is allowed to rotate freely under 
the influence of the tension in every phase of the movement. 

We now proceed from a position in which there is equilibrium, 
and suppose the head to make a short translation movement along 
the direction of the pelvic axis. We can then say, about the new 
position, that in all probability equilibrium is disturbed, for if 
we had checked the rotation of the head, the birth canal would 
not-except at  most in some improbable and rare special 
cases-have undergone such an elastic deformation that there 
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would be equilibrium round all the imaginable axes. We can 
foresee that, owing to the fact that neither the foetal head nor 
the birth canal has a symmetry axis, the head, if it is allowed 
to rotate after the translation movement, will make a rotation 
movement, a relaxation of the tension in the walls of the birth 
canal taking place. 

We cannot say in what direction this rotation movement will 
occur unless we make certain assumptions as to the deformability 
of the birth canal. We now assume that, in this respect, the 
properties of the birth canal are the simplest imaginable, namely 
that the walls behave like an isotropic elastic membrane, i.e. their 
deformability is the same in all directions. This implies that the 
condition of tension due to their deformation is dependent on the 
purely geometrical changes in shape. Such a membrane offers 
greater resistance-consumes a greater quantity of energy- when 
it is deformed irregularly than when it is stretched uniformly, if 
in both cases the surface is of the same size after deformation. 
Apart from the enlargement of surface, the amount of energy 
consumed will thus depend on the change in shape, and the 
tension energy for a certain given size of surface is at  a minimum 
when the membrane is stretched uniformly. 

The mechanical principle on which we base the argument 
when investigating how the head will rotate under the conditions 
given may be formulated as follows: If a body of which the 
shape is not spherical is pushed along a bent tube whose walls 
behave like an isotropic elastic membrane, and if the body is so 
large that the tube is deformed when it is pushed down, reaction 
forces arise in the walls of the tube, which tend to turn the 
advancing body so that (in the absence of friction) the tension in 
the tube is a minimum. I t  is characteristic of a state of stabile 
equilibrium that the rotation of a body round an arbitrary axis, 
in both directions, can only take place with the consumption of 
energy, or, in other words, it involves work. 

We will now imagine that the foetal head engages as usual in 
vertex presentation, and that its movement through the birth 
canal can be ordered in such a way that it takes place by 
means of short translations, with subsequent rotations in the 
direction imposed by the tension of the birth canal. It is then 
seen that the rotation will at first take place in such a direction 
that the longitudinal direction of the head tends to correspond 
with that of the birth canal every time, for when translation 
movement is finished, a turn in this direction obviously results 
in a reduction of the surface area of the walls of the birth canal, 

804 

Association ATIDE 
Centre de Documentation ARIANE



FOETAL HEAD 1N THE MECHANlShl OF LABOUR 

and rotations are continuous throughout the whole passage, for 
the birth canal is bent and its direction is continually changing. 

I t  is also seen that the head will rotate in such a way that its 
convexity, i.e. the top of the skull, approaches the posterior 
surface of the birth canal. That this rotation implies a relaxation 
in tension appears from the fact that the curvatures of the 
surfaces of the birth canal and of the foetal head diverge from 
each other less aftcr a rotation in this direction than before it, 
and that after this rotation the surface area of the birth canal is 
reduced. 

This last statement-as to the reduction of the surface area- 
demands somewhat closer consideration. We will imagine a 
kidney-shaped body cncloscd in an elastic tube and lying so 
that its own longitudinal direction and its curvature coincide 
with those of the tube; it is then lying as thc foetal head lies at 
the end of a normal labour with occipito-anterior presentation. 
Now, if we turn the body round a central longitudinal axis, 
passing through a point in the middle of the body, then clearly 
the circumference of the ring-shaped segment of the canal which 
encircles the centre part of the body is not changed; on the other 
hand, the two extreme ends of the body will be  displaced eccen- 
trically in the canal, and this clearly causes a distention of the 
walls of the tube, which reaches its maximum when the body 
has made a half turn. From this it is seen that we have a 
position of stabile equilibrium when the body is lying as we 
conceived in the initial position, when the curvature of the canal 
and that of the body coincide, and there is a position of labile 
equilibrium after half a revolution. 

The rotation of the head during the imaginary passage is to 
be apprehended as an accommodation movement to a position 
of equilibrium, which is continuously disturbed during the trans- 
lation movements of the head. From this argument it follows 
that, from the given shape of the foetal head and of the birth 
canal, we can deduce a movement which conforms to that 
observed in real life in the majority of cases, if we assume that 
the shape of the head is constant, that the deformability of the 
walls of the birth canal is that of an isotropic elastic membrane, 
and that the influence of the friction is negligible. Under these 
conditions the rotations of the foetal head are just the movements 
conditioned by accommodation according to the principle of 
minimal energy consumption. 

The above argument has been based on an imaginary experi- 
ment with a model, in which the real birth canal is replaced by 
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a curved tube, whose walls have the properties of an isotropic 
elastic membrane. We made this assumption, not because it was 
a necessary condition if the type of movement is to resemble 
that during real labour, but because it is impossible to determine 
exactly the actual mechanical properties in the birth canal, which 
vary from case to case; and on this account it is necessary 10 
imagine the birth process in a simplified form, if it is to be 
considered from a mechanical point of view at all. I t  is, how- 
ever, obvious that, as the general type of head movements 
during partus are the same as those in our imaginary birth 
canal, we are entitled to attribute them to the shape of the foetal 
head and the character of the birth canal as a curved elastic tube. 

The asymmetry exhibited by the foetal head signifies in itself 
that it has a rotation tendency in the directions indicated, if it 
passes through a curved, elastic tube. If the tube has two 
symmetrical halves like the natural birth canal (before the 
passage of the head), which is symmetrical with respect to the 
sagittal plane, the type of movement will certainly, on the whole, 
conform to that in a tube of homogeneous material, even if the 
distensibility is very different longitudinally from what it is trans- 
versely; ring-shaped reinforcements of the walls can only have a 
modifying effect on the rate of the accommodation movement, 
not change its general type. Only under the assumption that 
quite special limitations in expansion possibilities in the tube are 
present can the type of movement be conceived as different. If, 
for instance, we imagine that the tube was flattened along its 
entire length by hard, only slightly deformable supports, then 
the head might be conceived as making quite different rotations 
from those which are actually met with; for then in all positions 
the tension energy absorbed would clearly be dependent not only 
on the state of deformity in the walls of the tube, but also on 
the tension in these supports. 

We have previously investigated the elastic properties of the 
last part of the birth canal and found that, on the whole, it may 
be regarded as an annularly reinforced part of the canal. For 
the rest the anatomical features of the birth canal argue against 
any other special limitations in its deformability being present, 
except those imposed by the skeleton. As shown above, we 
must assume that, when the head has descended into the pelvis, 
it is the tension state of the soft parts of the birth canal which 
determines its course during the further passage; and, if this is 
the case, we have an explanation of the typical movement 
described by the head during mrturition. 
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We can therejore state that the shape of the foetal head and 
that of the birth canal afford a sufficient explanation of the 
normal type of inoveinent during labour. 

I t  can easily be proved by experiments with models that a 
kidney-shaped body in an elastic, curved tube makes a movement 
similar to that of the foetal head during labour. To show this 
it is only necessary to obtain a curved rubber tube and push a 
solid body of this shape and of suitable size through it. If it is 
lubricated, so that the surface friction is not too great, the body 
will turn during the passage through the tube in such a manner 
that its longitudinal axis coincides with that of the tube, and its 
convex surface will lie towards the convex side of the tube. 

In  the above discussion we have intentionally not given any 
axes for the rotation of the head, for in reality the axes change 
from one moment to the next. I t  is, however, seen at once that 
the movement of the longitudinal axis of the head to coincide 
with the direction of the birth canal will be the same as a 
rotation round a transverse axis, if this movement takes place 
alone; and the movement to a position with the top of the skull 
lying posteriorly and the occiput up under the symphysis will 
be almost in agreement with a rotation round a vertical axis 
through the head, if this movement takes place alone after the 
head has been strongly anteflexed. I t  is also easy to understand 
that, at the beginning of the descending movement of the head, 
the anteflexion preponderates, and that therefore it may present 
itself as an isolated turning movement, while the rotation leading 
to the forehead lying posteriorly-the internal rotation-takes 
place slowly at first and does not appear as a decidedly observ- 
able rotation until after the head has descended so far that the 
greater part of it is enveloped by the birth canal and thus the 
curvature of the head and that of the birth canal make them- 
selves more strongly felt. 

If from the beginning the head lies in the occipito-posterior 
position, the second rotation movement will be more than a one- 
quarter revolution, but its direction is equally definitely deter- 
mined as in the case of primary occipito-anterior position. Only in 
a case of engagement in the antero-posterior diameter, with the 
occiput directed backwards, could it be expected that the occiput 
would persist in the posterior position during the shorter part of 
the movement; but a state of equilibrium in this position is not 
stable, as rotation in both directions results in the shape of the 
head accommodating itself to the shape of the birth canal some- 
what better than in the extremely unfavourable position in which 
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the curvature of the head and that of the birth canal are in 
exactly opposite directions. 

We know that, as a rule, a primary occipito-posterior 
position passes over into occipito-anterior during the course of 
labour, and the explanation lies in the following circumstances : 
firstly, the framework of the pelvis as a rule prevents the head 
from engaging with the occiput directly posteriorly , unless the 
foetus is rather small; secondly, this position is not stable if it 
should arise by reason of fortuitous influences during the later 
course of the labour. 

The movement which is described as the third rotation of the 
head may be conceived in the same way as the first rotation, 
namely as an  adjustment of the longitudinal axis of the head, so 
that it follows the direction of the progressive movement, if we 
determine this as translation along a path which approximately 
follows the pelvic axis. The birth canal curves sharply at the 
end, and the direction changes so rapidly that the movement 
becomes approximately the same as a rotation round the 
symphysis. 

I t  is very probable that the position of the foetal head during 
labour is influenced to some extent by the position of the mother ; 
and, further, it is not inconceivable that the foetus itself may 
actively affect the position of the head by its own movements. 
These influences are, however, obviously of secondary import- 
ance, as appears from the regular stability of the process, and 
this receives further confirmation from the fact that the usual 
type of movement in labour is the same whether the mother lies 
on her side or back, Another point is that an initial labile 
position of the foetal head may be affected by letting the mother 
make suitable changes in position, and it is, indeed, usual to try 
in this way to hasten the rotation movement which changes an 
initial occipito-posterior position to the more favourable occipib- 
anterior position. 

I t  is certainly of great importance that the propulsive force 
acts intermittently, as this results in alternating tension and 
relaxation of the birth canal, and in the movements of the head 
becoming oscillating. The effect of this must be that equilibrium 
is attained more rapidly, and that dead points are passed more 
quickly than if the forces worked continuously. Finally, the 
oscillation of the head to and fro results in the close contact 
between the foetal head and the surface of the birth canal being 
occasionally interrupted, whereby effective lubrication is brought 
about. 
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This brings us to an important mechanical factor, which has 
previously only been mentioned in passing, namely friction 
resistance. I t  is very difficult to estimate its actual magnitude, 
but the friction coefficient is certainly very low, for the lubrica- 
tion is very well provided for, and several lubricants of varying 
viscosity and consistence are present : vernix caseosa, mucus, 
blood and liquor amnii. 

An extremely complicated problem presents itself if an exact 
answer is sought to the question of how the friction affects the 
direction of the movement. I t  seems most probable that, if the 
friction is relatively great in relation to the tension in the walls 
of the birth canal, the rotation component in the movement will 
be relatively small in relation to the translation. This has proved 
to be the case in experiments with models. If we take two curved 
rubber tubes of the same shape and treated with the same 
lubricants, one of which has a firmer, thicker wall than the 
other, and make the experiment of passing the same curved 
kidney-shaped body through these two tubes, it is seen that the 
body attains a position of equilibrium sooner in the firmer tube 
than in the softer one. In  the same tube the speed of the 
rotations will depend to a great extent on the effectiveness of 
the lubrication. We have every reason to assume that the 
friction has a modifying effect on the movement during labour, 
and that it not only has a checking influence on the movement 
as a whole, but that it also determines the rclative magnitudes 
of the translation and rotation components. By analogy with 
experiments with models we must expect that the rotations of 
the head will be more complete and relatively more rapid in 
proportion as the friction is small in relation to the tension of the 
birth canal. It must, however, be assumed that the part of thc 
energy consumption ascribed to friction is very small, and 
there is the greatest probability that the friction resistance has, 
as a rule, only a slight effect on the course of the movement. 
Matters are different in the cases in which the deformation is very 
slight, i.e. when the birth canal is greatly enlarged as the result 
of many previous labours, or when the foetus is much below the 
normal size. In  these cases the friction may possibly be a factor 
to reckon with, and it may modify the movement to a greater 
degree. 

In  this connexion some obstetrical facts of interest will be 
mentioned : 

As is known, the head is subject to greater flcxion in an earlv 
stage of labour when the soft parts are rigid. 
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Complete internal rotation is much more frequently absent in 
multiparae than in primiparae. * 

It  is in reality only in multiparae with relaxed and wide 
birth canals that, in isolated cases, it may be observed that a 
normal-sized foetal head is born in the transverse position. On 
the other hand, very small foetQs are often born without any 
regular rotations of the head. 

In  general it may be said that the mechanism is less regular, 
and the rotation of the head less complete, in cases in which ths 
birth canal is wide and relaxed, and also when the foetus is 
premature. 

Many variations in the mechanism of labour may be due to 
the relation between the work of friction and deformation being 
greatly changed. I t  is, however, obvious that, to the same 
extent as the head is less fixed in a relaxed and wide birth canal, 
all possible casual influences make themselves more strongly felt : 
changes in the position of the mother, the weight of the foetus 
itself, and the checking effect of the following foetal body, 
certainly exercise a relatively great influence on the position of 
the head in such cases. 

Ostermann, Sellheim, Moir, Young, and de Snoo all trace 
the internal rotation to a limitation of the mobility of the foetal 
head. The explanations of all these authors have in common 
that the rotation is associated with asymmetry in the flexibility 
of the head, but the head itself is not taken to be asymmetrical 
in shape. 

A more detailed investigation of the shape of the foetus shows 
that in vertex presentation the preceding part of the foetus is 
curved in a backward direction, which is conditioned in the first 
place by the asymmetrical curvature of the surface of the head. 
This curvature of the preceding part of the foetus is to be looked 
upon as a shape property, for the motility of the atlanto-occipital 
joint and the flexibility of the neck result in the curvature of the 
lower posterior surfacc being very variable, but the posteriorlv 
directed curvature in itself cannot be eliminated, however much 
the head is anteflected-it would not be eliminated even if we 
could move the point of attachment of the neck forward to the 
chin or face. The asymmetry in the preceding part of the foetus 
is not only determined by the way in which the trunk is united 

:h This circumstance has been investigated by Edgar, who finds that the 
sutura sagittalis is in an oblique position when the head is born three times 
as often in the case of multiparae as in the case of primiparae. 
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to the head and by the anatomical construction of the place of 
attachment -the head itself is asymmetrical in shape, and the 
neck is such that it forms a continuation, variable in form, of 
the asymmetrical surface of the head. ‘I‘he established asym- 
metry of the shape of the preceding part of the foetus affords a 
sufficient explanation of the movements of the head during 
labour, and it is not necessary for an explanation of the internal 
rotation to assume that any constrained position of the head, in 
which the chin is pressed against the chest arises, or a condition 
of tension in the muscles and ligaments of the neck. Both these 
last two factors must, however (if they have any influence on 
the movement), be assumed to have a turning effect in the same 
direction as the asymmetry of the head; the question is only 
what importance is to be ascribed to them. Finally, it will be a 
question of making an estimated comparison between the tension 
forces in the contact surface between the head and the birth 
canal, and the condition of tension which may be conceived as 
arising within the foetus itself and between its mobile parts. i t  
appears obvious to the author that general obstetrical experience 
indicates that it is the play of forces between the head itself and the 
surface of the birth canal that exercises the dominating influence 
on the movement, and it is indisputable that, for the rest, the 
foetal body has a high degree of plasticity and flexibility. There- 
fore it seems extremely probable that in the usual type of labour 
at  least, the neck and body only passively adapt themselves to 
the movements. 

I t  is probable that the internal rotation under ordinary condi- 
tions is nothing but pure accommodation between the surface of 
the head and the walls of the birth canal; with greater resistance 
the anteflexion of the head increases, and it may then be con- 
ceived that the posterior surface of the neck comes into contact 
with the birth canal before the rotation is completed. When 
extreme anteflexion of the head arises--and this occurs above 
all in cases of prolonged occipito-posterior position--it cannot 
be denied that possibly a condition of tension in the foetal verte- 
bral column, or a constrained position of the head, with the chin 
pressed against the chest, may contribute to the internal rotation, 
but it can very well be conceived also that, even in these cases, 
the play of forces determining the movement takes place entirely 
between the wall of the birth canal and the relatively hard 
surface of the head. Personally, the author is inclined to assume 
that under all conditions the shape of the foetal head is the 
essential factor in its movements. 
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I t  remains to investigate the mechanical conditions in the 
less usual or entirely abnormal forms of labour. 

Normal rotations are not met with in all cases of primary 
occipito-posterior position, but in a certain minority of cases the 
head is born in the occipito-posterior position, and the question 
then is what forces can be conceived as having a checking effect 
on the normal rotation to the occipito-anterior position. 

We have hitherto presupposed that the shape of the head does 
not change during partus. This is, of course, only approxi- 
mately true, but under normal conditions, and in the occipito- 
anterior position, the moulded head does not diverge in its 
general shape from the unchanged shape observed in children 
after Caesarean section, or after very easy labours in multiparae. 
Even if it is considerably elongated, it retains its curved shape, 
but, as is well known, the height and breadth may be consider- 
ably reduced, and the length increased in the same proportion. 
Heads which remain stationary for a long time, and possibly 
are even born in the occipito-posterior position, are subjected 
to quite different moulding. Fig. 5 reproduces a cast of this kind 
of head. In  this case labour had ceased with the head in the 
occipito-posterior position, and then delivery had been completed 
by means of a rotation with the forceps to the occipito-anterior 
position, and final extraction. In  this type of head it is found 
that the characteristic normal curvature is levelled out, so that 
the head resembles a sugar-loaf in shape; in this case there is 
even an indication of a forward curvature of the upper part of 
the vertex. The change in shape in this case is essentially due to 
the caput succedaneuwz, which is very large and is situated just 
in front of the occipital region. 

I t  has recently been pointed out by G ~ o d a l l ’ ~  that the caput 
succedaneuwz may check the rotation of the head in cases of 
posterior engagement. In  accordance with the theory advanced 
above, this is because such a change in shape of the head, as in 
the case just mentioned, leads to the asymmetry which causes 
the internal rotation being eliminated. We may conceive this in 
the folIowing manner. During its descending movement the 
head mouIds and widens the birth canal, but at the same time 
is itself subjected to moulding, though in ordinary cases this is 
only relatively small and without any considerable significance 
for the rotation tendency. If the head stops, or is delayed in its 
movement for some reason or other, so that the deformation of 
the birth canal ceases or takes place slowly, the caput succe- 
daneum grows as long as the pains continue, i.e. the head 
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gradually undergoes such a change in shape that it accommodates 
itself to the shape of the birth canal just in the place where 
it happens to be. The skull also is somewhat plastic and not 
seldom undergoes considerable moulding. In  cases in which thl= 
head is not rotated, this necessarily implies that the asymmetry 
which gives rise to the rotation is reduced or eliminated. 
Now labour proceeds more slowly in the occipito-posterior posi- 
tion. In  this case thc rotation probably governs the rapidity of 
the progressive movement. A non-rotated hcad has a larger 
transverse section in relation to the direction of the progressive 
movement; it therefore moves more slowly, is deformed mean- 
while unfavourably, and we have a vicious circle, which has a 
stabilizing effect on the position. The head which is reproduced 
Fig. 5 has just the straight conical shape typical of cases in which 
labour is arrested in the occipito-posterior position; it is often 
found also that the forehead is strongly flattened, which, how- 
ever, is not the case in this head. 

Face presentation must be looked upon as a relatively rare 
variation of the engagement itself. If the head has once got into 
a position where the facc advances first, it is obvious that this 
can hardly be changed, for as soon as the head begins to descend, 
the direction of the longitudinal axis will be more and more 
stabilized, and the preceding pole will be centred towards the 
middle of the birth canal, for the same reason as in occiput 
presentation. With face presentation, also, rotation takes place 
in such a way that the convexity of the head will coincide with 
that of the birth canal, and the mechanical process is to be 
apprehended in quite the same way. 

With brow presentation, the most unfavourable of all posi- 
tions, the head is from the beginning in a relatively unstable 
position. Its instability finds expression in the fact that this type 
of delivery is very rare-one case in 2,000 to 3,000 deliveries. 
If the position is prolonged, a stabilization is established, owing 
to the characteristic changes in the shape of the head (whereby 
it comes to resemble a wedge with the point at  the forehead) and 
owing to a corresponding deformation of the birth canal. 

There is nothing noteworthy as regards the mechanism of the 
passage of the head in breech presentation, for this usually takes 
place more or less spontaneously, in such a way that the top 
of the skull rotates posteriorly, and the suboccipital surface 
anteriorly until it comes to rest against the anterior surface of the 
birth canal, as in the occipito-anterior position. The rapid pas- 
sage of the head and the strong dilatation of the birth canal by 
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the body are factors leading to the result that the mechanism in 
itself has not the regular nature which is characteristic of the 
vertex presentations, but the usual method of conducting the last 
phase of this type of labour aims at artificially bringing the head 
into the most favourable position, both with regard to flexion 
and internal rotation. 

The theory as to the mechanism of labour advanced here 
involves a hypothetical factor, namely that the deformability of 
the soft birth canal is similar to that of a tube of an elastic 
material and of the same shape. I t  is surely not too much to say 
that this hypothesis is in itself reasonable and is supported by what 
can be observed during obstetrical work. With this assumption, 
the movements of the foetal head during labour are fully ex- 
plained by its shape alone. The conception that the shape of the 
head is the essential and decisive factor is strongly supported by 
all obstetrical experience, which testifies unmistakably as to the 
dominating importance of the head for the whole course of labour 
both under normal and pathological conditions, and to the high 
degree of plasticity and passivity of the foetal body and neck. 

In the course of this investigation I have been given the 
opportunity of making casts of dead and living children, which 
had been born at the two large maternity hospitals in Stockholm. 
To the heads of these institutions, Professors Ahlstrom, Olow 
and Lundqvist, I wish to express my hearty thanks for permis- 
sion to do this. The craniographic measurements were made at 
the anatomical department of the Caroline Institute, and I owe 
Professor Car1 Hesser a great debt of gratitude for the permis- 
sion to carry out this part of the investigation at his institute. 

Professor W. Weibull, of the Royal College of Technology, 
complied with my request to be allowed to discuss the mechanicai 
problem with him, and I wish to give expression here to my 
sincere gratitude for the generous manner in which he placed at 
my disposal his time, his learning, and his ability to penetrate 
difficult problems on the border-line between two sciences. 

SUMMARY. 
A historical survey and a critical examination are presented 

of the most important theories which have been advanced in 
explanation of the mechanism of labour, and it is suggested that 
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hitherto no fully satisfactory and generally accepted explanation 
has been found. 

The author has made a close investigation of the shape of 
the foetal head and shows that it has a decided and characteristic 
asymmetry, in that the bulk of its mass is situated above the 
ments-occipital diameter. 

An investigation as to how this asymmetry may be conceived 
as determining the movements of the head during labour, shows 
that the usual mechanism can be traced to it, if it is assumed that 
the deformability of the birth canal corresponds on the whole 
with that of a curved tube of a homogenous elastic material. 

Cases in which the normal internal rotation is absent are also 
explained, if the atypical deformation of the foetal head appear- 
ing in these cases is obvious. 

The author believes that the shape of the foetal head is the 
factor which chiefly determines its movements during labour, 
and that an incomplete forward flexibility of the foetus at most 
may have some importance in cases of prolonged occipito- 
posterior position. 

REFERENCES. 
28. Poller. “Das Pollersche Verfahren zum Abformen an Lebenden und 

Toten sowie an Gegenstanden.” Urban U .  Schwarzenberg, Berlin U .  

Wien, 1931. 
29. Goodall. “The caput succedaneum : a hindrance to labour.” ]own.  

Obstet. and Gynaecol. Brit. Enap., 1933, xl, 1021. 

Association ATIDE 
Centre de Documentation ARIANE




