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IT has long been known to obstetricians 
that compression-force applied in the sub- 
occipito bregmatic circumference of the 
foetal head results in some diminution of the 
related diameters and is accompanied by a 
compensatory movement of elongation in 
the rnento-vertical diameter. There is very 
little description of this mechanism in the 
literature, and this paper attempts to 
describe how this compensatory movement 
is brought about, together with its limita- 
tions in vertex presentation. 

The study of the 
bones and sutures of the vault can best be 
made by removing the intact vault still 
attached to a portion of the base. I t  is clear 
that the mobility of any two bones along 
any suture line will depend largely on the 
breadth of the connecting membrane 
between their opposing edges. It is also 
clear that mobility will be something less 
than this breadth, for in the case of the 
lambdoidal , coronal and frontal sutures the 
breadth of the uniting tissue decreases as 
the base is approached, and where over- 
lapping is actually produced the thickness 
of the bone edges must be another limiting 
factor. The maximum amount of move- 
ment along these different suture lines can 
be measured, and is found to take place at 
that point of any bone which is most remote 
from its base, and this is , of course , due to 
the decreasing breadth of the suture from 
apex to base. The interesting fact about 
the movements of these bones of the vault 
lies in the observation that while the upper 

Anatomical factors. 

portions of the frontal and occipital bones 
readily respond to forces which tend to 
depress them, they cannot be made to 
overlap easily by sliding one bone under 
the other, and unless very great force is 
used only slight overlapping is achieved. 
The impression gained from manipulation 
of the bones is one of great resistance to any 
sliding motion. Measurement shows the 
occipital bone to be capable of an inward 
movement of a inch (6 mm.) at its apex and 
an inward movement of equal magnitude 
occurs where each frontal bone reaches the 
lateral margin of the bregma. From the 
apex to the base of each bone the depression 
rapidly decreases. Overlap cannot be 
accurately measured, but would appear to 
be no more than 4 inch (3 mm.) at any 
point where it can be produced. It is some- 
times impossible to make the parietal bones 
overlap along the sagittal suture except by 
the merest fraction of an inch or with the 
aid of such force as must rupture the 
membranous tissue. The reason why the 
depressing movement should be so much in 
excess of the sliding movement is possibly 
due to 3 factors. Firstly, a true sliding 
motion would be possible only if each bone 
were entirely mobile instead of being fixed 
at its base. Secondly, the manner in which 
the underlying sinuses are attached to the 
suture tissue tends to limit a sliding move- 
ment more readily than the movement of 
depression. This fact is easily demon- 
strated by dissecting the dural septum with 
its enclosed sinus from it; attachment along 
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the floor of the suture. When this has been 
done the mobility of the bones is greatly 
increased and they can be made to overlap 
easily. Thirdly, the decreasing mobility of 
contiguous bones from apex to base tends 
to prevent them from sliding one below the 
other, and where the breadth of the bridg- 
ing tissue is less than the thickness of the 
bones, overlap is impossible. 

It has been noted that there is some 
variation from skull to skull of the full time 
foetus. The sutures are wider in some 
than in others, and occasionally any one 
suture may vary irregulirly in width from 
lace to lace. These differences are not 
necessarily related to weight, but the 
widest sutures seen were in a foetus weigh- 
ing g pounds 4 ounces. Mobility or 
plasticity is largely dependent on the width 
of the sutures, and in some cases overlap 
can be achieved by manipulation of the 
bones, but taken over all it rarely amounts 
to more than & inch (3 mm .) . 

If the scalp be 
reflected from the skull of a full time 
normal foetus so that the suture lines are 
exposed, the immediate effects of com- 
pression may be accurately observed. 
When a force of moderate magnitude is 
applied in the suboccipitobregmatic cir- 
cumference there is a movement of the 
occipital and frontal bones which consists 
of a bending inwards so that they encroach 
upon the cranial cavity. This movement is 
maximal at the apex or highest point of 
these bones. There is at the same time an 
upward movement of the vertical portions 
of the parietal bones and an apparent 
tendency of the skull to bulge over the area 
represented chiefly by the posterior ends of 
the parietals and representing the pre- 
senting part in normal labour. As a result 
of this, the edge of each parietal bone 
diverges from the other as it passes back 
from the bregma. The frontal bones tend 
to come together, and when the force is 
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considerable very slight overlapping occurs 
along the frontal suture. Overlapping of 
the bones along the lambdoidal and coronal 
sutures is not evident, or very slight. It 
may appear and feel much more pro- 
nounced than it really is if the inward 
movement of the frontal and occipital bones 
and the outward movement of the parietal 
bones are exaggerated. Overlap can be 
accurately gauged only when the edges of 
opposing bones are brought as far as 
possible into the same plane, and when 
this is done it is sometimes surprising to 
find divergence where one confidently ex- 
pected overlap. The biparietal diameter 
is not significantly reduced by moderate 
compression-force, but when the force is 
raised reduction of this diameter brings the 
parietal bones close together and they may 
slightly overlap along the sagittal suture. 
The suboccipitobregmatic diameter may 
be reduced by as much as f inch (6 mm.). 

The shape and structure of the parietal 
bone are such that pressure exerted over 
the parietal eminence produces a lengthen- 
ing of the bone when measured with cali- 
pers from sagittal edge to base, and this is 
due to straightening out of that part of the 
curve which lies between a line passing 
through the eminence parallel with the 
sagittal suture and the sagittal suture itself, 
corresponding, in fact, with that area of the 
vault usually referred to as the vertex. The 
thickness of the parietal bone is fairly 
uniform from base- to eminence, but de- 
creases at first gradually and then more . 
rapidly from eminence to sagittal suture. 
This decreasing thickness of the portion 
comprising the vertex is an important 
factor in the mechanism of elevation in so 
far that it helps to determine the direction 
of movement when a force is applied to the 
eminence. The vault is raised not by bend- 
ing, but by unbending (Fig. I). 

The parietal bones were removed from 
the skull of a recently dead full time foetus 
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.-. to note that a pressure of 14 pounds over 
each parietal eminence would correspond 
approximately to the compression force 
which might be expected to result from a 
traction force of about 60 pounds with the 
forceps applied to the sides of the head. 

The parietal eminence is equidistant from 
the bregma and the posterior fontanelle, but 
lies nearer to the mid-point of the sagittal 
suture than to either of these points. This, 
combined with the fact that the bone is not 
only convex from side to side but from back 
to front,. results iqan increase greater along 
the anterior and posterior margins than 
along its middle. 

The greatest increase was obtained with 
weights between 4 pounds and 7 pounds. FIG. I. 

Coronal section through parietal eminences. The 
uninterrupted line indicates unmoulded contour. LBS. 14 
The chain-dotted line shows effect of applying force I ( *  

to each eminence to the limit of normal moulding, . 4. 
i.e. without producing significant diminution of 

bi-parietal diameter. 

weighing between 7 pounds and 8 pounds. 
The bones examined were from breech 
cases, and had not been subjected to any 
moulding by the natural forces. The 
membranous suture tissue was pared from 
the edges of the bone, which was then 
washed free of blood in saline and dried 
with absorbent material. One bone was 
placed on a sheet of paper, concave 
surface downmost, and its outline traced FIG. 2. 
with a pencil' 
the Other hand, and care taken to no 
pressure upon it. Weights ranging from I 
pound to 14 pounds were then Placed On 
the convex surface, and the outline traced 
with each increment. A typical result is Iateral suture. 
shown in Fig. 2. The straightening-out 
movement is confined to that part of the Additional weights up to 14 pounds pro- 
bone lying between the tuberosity and duced little more increase. There can be 
sagittal suture, and resulted in an average no other mechanism contributing to this 
increase in length of about +IT inch (5 mm.) increase of the mento-vertical diameter 
in the small series tested. It is of interest since the temporo-parietal sutures and the 

The bone was with Tracing of parietal bone showing effect of placing 
weights over the eminence. Note that the elonga- 
tion takes place in the upper vertical portion of the 
bone. There is no alteration in antero-postesior 
measurements, nor is there any movement at the 
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sutures of the base are much too firmly 
bound to yield without rupture. Moloy', in 
his radiological study of moulding, has 
found separation along this lateral suture in 
cases of severe moulding, a finding which 
must appear as uncommon to anyone 
who has attempted to measure the force 
necessary to effect this separation. Some 
increase in intracranial tension may be a 
factor promoting elevation of the vertex, 
but it is not possible to demonstrate this. 
The maximum increase in the mento- 
vertical diameter would seem to be only 
about & inch (5 mm.). It would appear, 
therefore, that the displacement of cranial 
content produced by the inward movement 
of the occipital and frontal bones is 
compensated for by an increased volume 
represented by z wedge-shaped areas ex- 
tending the length of each parietal bone, 
with a base Jk inch (5 mm.) at the sagittal 
suture and the apex at the lateral margin of 
the vertex. There is no reliable volumetric 
method of comparing the displacement with 
the compensation, but the impression is 
gained that they must be about equal. 

There are certain obvious fallacies in 
measuring parietal elevation in the way 
described above. That it gets very near to 
the truth can be shown by fixing the foetal 
head against resistance and applying the 
blades of the forceps to the sides of the 
head. Traction forces between 60 pounds 
and 70 pounds increase the mento-vertical 
diameter by about 3 inch (6 mm.). 

Limitations of parietal elevation. In  
an interesting paper describing antero- 
posterior compression of the foetal head, 
Milne Murray writes : " It  may safely be 
assumed that these (cranial contents) are 
practically incompressible and that if their 
containing space is limited in one direction 
a corresponding expansion must be found 
for them elsewhere. This expansion is 
undoubtedly provided by an elongation of 
the skull in a vertical direction." He 

2x5 
further believed that the elongation was 
proportionate to the compression. By 
screwing up clamps placed over the occiput 
and the face he had established experi- 
mentally that the antero-posterior diameter 
could be reduced from 46 inches (10.8 cm.) 
to 3 inches (7.6 cm.) without affecting the 
biparietal diameter. At the limit of re- 
duction one eye protruded from its socket, 
but he did not appear to regard this as a 
compensatory mechanism to extreme force, 
which, in fact, it is, and is also evidence 
of the inadequacy of mento-vertical 
elongation to compensate excessive antero- 
posterior diminution. There can be little 
doubt that vertical elevation is a limited 
mechanism and affords very little margin 
before compression of the cranial contents 
begins. 

If antero-posterior compression is carried 
out experimentally with a stricter regard 
for the conditions pertaining to labour in 
cases of flat pelvis, the results are rather 
different from those obtained by Milne 
Murray. If we assume, as we are entitled 
to, that in the mechanism of labour in cases 
of flat pelvis there is also a compression 
force in- the transverse diameter of the 
head, and that, because of the lateral shift 
of the head, this force falls anterior to the 
bi-parietal diameter, the conditions can 
be fairly accurately reproduced. When 
the head is compressed transversely and 
anterior to the bi-parietal diameter, 
moderate antero-posterior compression fails 
to produce any telescoping effect, and this is 
due to the fact that the side to side com- 
pression slightly reduces the bi-temporal 
diameter so that when antero-posterior . 
compression is applied the edges of the 
frontal and parietal bones impinge upon 
each other in the lower parts of their suture 
lines, and so greatly limit any movement 
calculated to reduce the antero-posterior 
diameter except by the use of very great 
force. Moloy' describes this locking effect 
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occurring, not only anteriorly but also 
posteriorly, along the lambdoidal suture. 
In the writer’sown experiments, it occurred 
only if the transverse compression were 
applied first, as it probably is in the 
circumstances of labour described above. 
The manner in which the frontal and 
parietal bones articulate favours antero- 
posterior movement. 

An interesting and significant observation 
was made when carrying out this experi- 
ment. When antero-posterior compression 
is begun, the first movement of the frontal 
and occipital bones is to bend inwards, and 
when the apices of these bones have become 
depressed to the extent of about inch (6 
mm.) continued Compression causes them 
to drag on the parietals, and the edges of 
these bones can be seen to be pulled down. 
This drag on the parietals must indicate the 
limit of safe antero-posterior compression. 

Excessive inward movement of the 
occipital and frontal bones tends to prevent 

FIG. 3. 

The uninterrupted outline shows normal skull 
contour. The dotted outline represents excessive 
moulding-the parietal bones are being pulled 
down by the inward bending of the occipital and 
frontal bones. The chain-dotted outline shows 
theoretical effect of reducing compression force and 
restoring norma! moulding effect by releasing 
tension on membranous sutures (Diagrammatic). 

elevation of the vertex by dragging on the 
parietals so that in a well-balanced response 
to compression both movements will share 
equally the intervening membranous suture 
and each movement will be stopped simul- 
taneously when the suture is fully stretched, 
or there will be interplay below this level 
(Figs. 3 and 4). It is probable also that 

FIG. 4. 

Maximum normal moulding. The uninterrupted 
line indicates unmoulded skull contour. The chain- 
dotted line shows depression of occipital and frontal 
bones with elevation of parietal. The membranous 
suture is fully stretched and equally shared by 

each movement. 

pressure over the convexities of the frontal 
and occipital bones will cause some slight 
lengthening of these bones, but, with the 
head fully flexed these convexities lie 
above and below the main incidence of 
Compression so that they are not likely to 
respond to the same degree as the parietals. 
At the same time, it must be observed that, 
with the head fully flexed, the incidence of 
compression will fall chiefly on the upper 
mobile portions of the frontals where they 
form the anterior angle of the bregma, so 
that depression is easily accomplished , and 
is in some respects the favoured movement. 
It is probably for this reason that the 
parietals are often brought close together 
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along the anterior end of the sagittal suture, 
and where the head has been exposed to 
relatively great compression force there is 
commonly slight overlapping here. In such 
circumstances, overlapping of the parietal 
bones along the sagittal suture must indicate 
that reduction of the cranial cavity has 
begun. 

In  the case of the occipital bone, the main 
incidence of compression will fall below the 
tuberosity and will tend to lengthen the 
bone by straightening out the curve. The 
pull on the parietals along the lambdoidal 
sutures would therefore only begin some 
time after the anterior pull had begun. 
Approximation and even slight overlapping 
of the parietal bones is much more easily 
produced at the anterior end of the sagittal 
suture than a t  the posterior end. 

There was one other observation made 
which is not without interest. When 
pressure is made on the occipital bone so 
that it is depressed inwards, the apex of the 
bone " claws " down the tentorium. Very 
great force is required to effect this experi- 
mentally, however. Nevertheless, it is 
possible that, in some cases, particularly 
where a wide membranous suture allows 
greater mobility of the bone, powerful 
suprapubic pressure on the aftercoming 
head or its extraction by excessive traction 
on the shoulders may give the bone 
sufficient impetus to tear through the 
junction of falx and tentorium. It  is inter- 
esting to note in this connection that, when 
compression-force is so great as to produce 
excessive moulding, the parietal bones are 
anchored down by the inward mo'vement 
of the frontal and occipital bones. In. these 
circumstances, intracranial tension will 
continue to rise with the compression-force, 
and as a first effect of the z opposed forces 
-the downward pull exercised by the 
occipital and frontal bones and the upward 
thrust of rising intracranial tension towards 
the least resistant part of the skull , together 
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with the effect of bi-parietal compression- 
bending of the vertex will occur. While 
this mechanism may contribute to the tear- 
ing of the dural septa, it is not the whole 
story, for tears are very difficult to produce 
experimentally. 

It is not uncommon to see foetal heads 
with appearances of great elongation. 
Recently the writer delivered a rickety 
dwarf after a prolonged and difficult 
labour. The foetus was stillborn and the 
head greatly elongated, particularly on the 
left side. On cutting the scalp transversely 
from ear to ear through the summit of this 
convexity the elongation was found to be 
due chiefly to the accumulation of blood 
clot and sanious fluid between the scalp and 
the skull. There was no haemorrhage 
beneath the pericranium , nor was the scalp 
infiltrated with blood or oedematous fluid. 

SCALP 
/ 

BLOOD % CLOT 

FIG. 5 .  
Coronal section through parietals showing con- 
ditions present in a case where great elongation of 
the skull was apparent. Note that the blood clot 
and serous fluid lie between the ,scalp and the  
pericranium. The scalp tissue itself is little 

changed. 

The left parietal bone was raised above the 
level of the right along the sagittal suture , 
this being more pronounced anteriorly than 
posteriorly and the maximum elevation 
estimated at & inch (5 mm.). There was 
slight overlapping of the bones anteriorly, 

. 
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but they tended to diverge posteriorly. 
Slight overlapping was also present along 
the frontal and lambdoidal sutures, and 
was probably no more than I& inch (1.5 
mm.). The falx and tentorium were intact 
and no macroscopic lesion found in the 
brain. This case illustrates the possibility 
of mistaking the effects of injury for those 
of moulding (Fig. 5). 

In conclusion, it should be stated that the 
observations described in this paper refer 
to the full-time foetus weighing between 7 
pounds and 8 pounds. There is some 

evidence that postmaturity greatly reduces 
the movement of parietal elevation. 

I am indebted to Professor R. W. John- 
stone for criticism and advice. This paper 
is published through the courtesy of Dr. 
Johnstone, Medical Officer of Health, 
Greenock. 
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