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Abstract 

Sorbe B, Dahlgren S (Dept of Obstetrics 
and GynecologJJ, Central Hospital of Eskil- 
stuna, S-631 88 Eskilstuna, Sweden). Some 
important factors in the molding of the 
fetal head during vaginal delivery - A photo- 
graphic study. 

In t J Gynaecol Obstet 21: 205-212, I983 
The molding of the fetal head was studied 

in 319 vaginal deliveries. A photographic 
method was used to document the size and 
form of the infants’ heads immediately post- 
partum and 3 days later. Six different dia- 
meters were measured but only three changed 
significantly during early neonatal restitution. 
A molding index was calculated and com- 
pared with the conventional occipitofrontal 
circumference. Infants born by primiparous 
women showed significantly higher degrees 
of molding of the head than those born by 
multiparous women. Oxytocin stimulation 
during labor as well as instrumental deliveries 
resulted in increased fetal head molding. 
The importance of fetal presentation at 
birth, the duration of labor, the age of the 
mother and birth weight of the infant was 
also analyzed with regard to the molding of 
the fetal skull during labor. 
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Introduction 

The fetal head changes from a nearly 
circular shape to an elliptical one during 
labor [ 11. In hypertonic inertia the parietal 
bones of the fetal skull are displaced to a 
greater extent than in normal labor or hypo- 
tonic inertia. The molding of the head during 
the first stage of labor is caused by the 
uterus rather than the bony pelvis [ 121. 
At the greatest circumference of the head 
the pressure in normal labor is three to 
four times greater than the corresponding 
amniotic pressure and tonus [ 131. The 
head may be molded as is passes through 
the birth canal or after birth, by the force 
of gravity, as the infant lies on one side 
or the other. The steady increase in fetal 
biparietal diameter (BPD) during the third 
trimester of pregnancy is followed after 
birth by a sudden decrease which may be 
due to molding [ 8 ] 

The mechanical forces of labor subject 
the infant’s head to considerable compression, 
shearing, and molding. Intrapartum and neo- 
natal death can occur from mechanical 
trauma to the brain during birth. The inci- 
dence of trauma as the cause of perinatal 
death was estimated by Irving in 1930 to be 
2% [ 91. Roberts [ 171 showed that more than 
10% of infants suffer trauma in the peri- 
natal period, but only a small fraction of 
these show conspicuous neurologic deficits 
later. 
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Traumatic forces do not act diffusely or 
equally throughout the brain, but focal 
regions of maximal injury develop. The 
region of the brain in greatest jeopardy 
is determined by the spatial orientations 
of the head as it descends through the mater- 
nal pelvis [ 5 I. 

To describe quantitatively the restitution 
of the newborn’s skull from the molded 
state during the early neonatal period, Krie- 
wall et al. have elaborated a molding index 
by measuring three different diameters 
(the mentovertical, the biparietal and the 
suboccipitofrontal diameters) and combining 
them in a mathematical model [ 101. 

This study has been undertaken to investi- 
gate some important factors in the molding 
of the fetal head. A photographic method 
has been used to document the sizes and 
shapes of the fetal skulls. Measurements 
of six different diameters have been per- 
formed and a modified molding index has 
been used to evaluate the remolding process 
during the early neonatal period. A compar- 
ison is made with the conventional occipito- 
frontal circumference (OFC), which is often 
used as a measure of head size and in assess- 
ing postnatal head growth in newborn infant: 
[161. 

Materials and methods 

During the period from January 1, 1971 
to April 30, 1974, the fetuses of 319 women 
with vaginal deliveries were studied regarding 
head size, shape, molding and remolding. 
Infants delivered by cesarean section were 
excluded form the study. There were 202 
primiparas (63.3%) in the series. The fre- 
quency of instrumental deliveries (vacuum 
extractions) was 5.7%. 

The deliveries of 175 women (54.9%) 
were assisted by low frequency vibration 
dilation of the cervix and/or the lower uterine 
segment [ 61. In the vibrated group there 
was a higher proportion of primiparas (mean 
parity 1.2) and protracted labors compared 
with the non-vibrated group (mean parity 

2.0). Thus, it has not been possible to evalu- 
ate the effect of the vibratory dilation per se 
on the molding of the fetal head. 

To document the size and shape of the 
head two photographs (lateral and vertical 
projection) was taken of each infant immedi- 
ately after delivery and 3 days later. A special 
stand was constructed to keep the focus- 
object distance constant during the photo- 
graphic procedure and a suitable non-shrink- 
able photographic paper (AGFA Brovira- 
Speed - 3 12 S) was used. In order to clear 
the measuring land marks the hair of the 
infants was smoothed with water if neces- 
sary . 

Six diameters were measured on each 
fetal skull using the two photographs and 
the values noted immediately postpartum 
and 3 days later were compared. 

The measurements from the photographs 
have been compared with obstetric caliper 

Fig. 1. Vertical photograph of a fetal head. The biparietal 
(1 I*** 1) and the frontooccipital (2- - -2) diameters are 
indicated as they were measured in the study. 
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Fig. 2. Lateral photograph of a fetal head. The orbito- 
occipito (3- - -3), the suboccipitobregmatic (4.*.*4), 
the maxillovertical (6****6) and the orbitovertical 
(S- - -5) diameters are indicated as they were measured 
in the study. The three diameters used in the modified 
molding index are indicated by dotted lines. 

measurements (Table I). Significantly longer 
diameters were obtained by the photographic 
method. The standard deviations of the mea- 
surements (10 different observers and one 
fetus) were comparable in four diameters 
but different in two (the frontooccipital 

Table I. A comparison of fetal head measurements by the 
photographic method and by conventional obstetric calipers. 
The measurements were performed by ten different obser- 
vers but on a single child. 
- - 

Diametera Fetal head measurements 

Photographic Obstetric P 
method calipers (t-test) 
___- - 

Mean S.D. Mean S.D. 
(cm) (cm) (cm) (cm) -I 

1 11.43 0.21 10.57 0.15 0.06 
2 12.89 0.76 11.86 0.34 0.003 
3 13.57 0.44 12.35 0.39 0.0008 
4 11.49 0.27 11.03 0.64 0.04 
5 14.07 0.28 12.08 0.46 0.00001 
6 15.41 0.23 13.84 0.19 0.00000008 

-- 

aThe numbers of the fetal head diameters refer to those 
indicated in Figs. l-2. 

and the suboccipitobregmatic diameters). 
The reproducibility of the photographic 
method appeared to be better for the sub- 
occipitobregmatic diameter, but the caliper 
method was superior in the assessment 
of the frontooccipital diameter. 

A modified molding index was calculated 
according to the principals of Kriewall et al. 
[ 101, using the biparietal, the suboccipito- 
bregmatic and the maxillovertical diameters 
in the formula: 

(maxillovertical diameter)2 
M.I. = -~ 

(biparietal x (suboccipitobregmatic 
diameter) diameter) 

The conventional occipitofrontal circum- 
ference (OFC) was also measured and com- 
pared with the modified molding index. 

Student’s t-test and linear regression 
analysis were used in the statistical analysis. 
The level of significance was set to P < 0.05. 

Results 

The whole series consisted of 3 19 women: 
202 primiparas and 117 multiparas. The mean 
ages of the primiparas and multiparas were 
23.2 + 4.5 (S.D.) years and 28.0 + 4.5 years, 
respectively. This difference in age was 
statistically highly significant (t = 8.79; 
P< 0.001). 

The mean parity of the multiparous women 
was 2.50 + 0.82 (range 2-6). In 302 out of 
the 3 19 women (94.7%) the fetuses presented 
in occiput anterior vertex positions, in 11 
(3.4%) in occiput posterior positions, in two 
(0.6%) in deep occiput transverse positions 
and in four (1.3%) as breech presentations. 
The frequency of instrumental (vacuum 
extraction) deliveries was 5.7%. 

The registrated duration of labor from 
admittance to delivery is shown in Table II. 
The mean birth weights of the infants did 
not differ between primiparous and multi- 
parous women: 3528 g and 3560 g, respec- 
tively (P = 0.30). 
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Table II. The duration of labor for primiparous and multi- 
parous mothers. 

Duration of labor Y 
(r-test) 

Primiparas Multiparas 
(N = 202) (N = 117) 

Mean SD. Mean S.D. 

First stage 
of labor (h) 6.27 3.54 3.27 2.57 <O.OOl 

Second stage 
oflabor (min) 53.56 34.83 15.54 21.11 <O.OOl 

- 

Among the six measured fetal skull dia- 
meters (Figs. l-2) there were only three, 
viz. the suboccipitobregmatic, the orbito- 
vertical and the maxillovertical, that changed 
significantly between the two measurements 

Table III. The individual fetal skull diameters immediately 
postpartum (Photo I) and 3 days later (Photo II). 

Fetal skull diameters P 
_. (t-test) 

Photo I Photo II 

Mean S.D. Mean S.D. 
(cm) (cm) (cm) (cm) 

(The entire series (N = 3 19) 
1 10.50 0.45 10.50 0.47 0.44 
2 13.40 0.67 13.36 0.56 0.26 
3 13.14 0.62 13.13 0.49 0.38 
4 11.54 0.62 11.71 0.57 0.0008 
5 12.91 0.68 12.69 0.62 0.0003 
6 14.24 0.65 14.05 0.60 0.002 

Ifimiparas (N = 202) 
1 10.51 0.47 10.55 0.46 0.20 
2 13.43 0.70 13.42 0.54 0.46 
3 13.14 0.63 13.17 0.55 0.35 
4 11.54 0.64 11.81 0.60 0.0002 
5 13.02 0.63 12.78 0.59 0.0006 
6 14.33 0.63 14.12 0.55 0.003 

Multiparas (N = 117) 
i 10.52 0.39 
2 13.35 0.53 
3 13.15 0.56 
4 11.51 0.57 
5 12.76 0.66 
6 14.07 0.61 

10.51 0.48 0.40 
13.35 0.54 0.49 
13.06 0.40 0.11 
11.56 0.49 0.24 
12.68 0.61 0.21 
13.99 0.60 0.20 

(immediately postpartum and 3 days post- 
partum). This was true of the complete 
series and of primiparas, but in multiparous 
women there were no significant changes 
in any of the six diameters (Table III). 

Infants born of primiparous women had 
significantly (P < 0.005) longer orbito- and 
maxillovertical diameters immediately post- 
partum than those born of multiparous 
women. Three days postpartum the infants 
of the primiparas had significantly longer 
suboccipitobregmatic diameters than those 
born of multiparas (P < 0.001) (Table IV). 

The mean occipitofrontal circumference 
(OFC) was 34.58 * 1.80 (S.D.) cm in the 
entire series. In this respect, the infants of 
primiparous and multiparous women differ- 
ed significantly (P < 0.01) with measure- 
ments of 34.50 + 1.53 cm and 34.98 + 1.40 
cm, respectively. 

The molding indices for the entire series, 

Table IV. The differences in the individual fetal skull 
diameters between infants born by primiparous and by 
multiparous mothers immediately postpartum (Photo I) 
and 3 days later (Photo II). 

Fetal skull diameters? P 
(r-test) 

Primiparas Multiparas 

Mean S.D. Mean SD. 
(cm) (cm) (cm) (cm) 

Photograph I 
1 10.51 0.47 10.52 0.39 0.39 
2 13.43 0.70 13.35 0.53 0.15 
3 13.14 0.63 13.15 0.56 0.46 
4 11.54 0.64 11.51 0.51 0.33 
5 13.02 0.63 12.76 0.66 0.003 
6 14.33 0.63 14.07 0.61 0.003 

Photograph II 
1 10.55 0.46 10.51 0.48 0.23 
2 13.42 0.54 13.35 0.54 0.15 
3 13.17 0.55 13.06 0.40 0.05 
4 11.81 0.60 11.56 0.49 0.0005 
5 12.78 0.59 12.68 0.61 0.14 
6 14.12 0.55 13.99 0.60 0.07 

‘The numbers of the fetal head diameters refer to those 
indicated in Figs. 1-2. 
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Table V. The modified molding index of the fetal heads 
immediately postpartum (Photo 1) and 3 days later (Photo 
II). 

Photo 1 Photo II P 

I\lean (M.1.) S.D. (M.1.) Mean (M.I.) S.D. (M.I.) 

The etlrire series (N = 3 19) 
1.70 0.16 1.61 0.12 <O.OOl 

Primiparas (N = 202) 
1.73 0.16 1.61 0.12 CO.001 

Multiparas (N = 117) 
1.66 0.15 1.61 0.11 = 0.02 

primiparas. and multiparas, are shown in 
Table V. As can be seen from the table, 
a considerable amount of remolding takes 
place during the first 3 days after delivery. 
The infants of primiparas showed significant- 
ly higher degrees of molding (1.73 + 0.16) 
immediately after delivery than those of 
multiparas (1.66 + 0.1 S), but this difference 
had disappeared 3 days later. 

Infants born after oxytocin-stimulated 
labors had significantly higher molding 
indices both immediately postpartum and 
3 days later (Table VI). 

Table VI. The relationship between oxytocin stimulation 
in hypotonic inertia and the molding index (ML) of the 
fetal heads. 

Photo 1 Photo 11 P 
-- (r-test) 

Mean (M.1.) SD. (M.1.) Mean (ML) S.D. (M.I.) 

The oxytocin stimulated group (N = 70) 
1.74 0.16 1.63 0.10 <O.OOl 

l%e “normul”iubor group (N = 249) 
1.68 0.15 1.60 0.11 <O.OOl 

Mean (M.I.) S.D. (M.I.) Mean (M.I.) S.D. (M.I.) P 
(f-test) 

Oxytocin stimulation and “normal labor” (N = 3 19) 
Photo I 
1.74 0.16 1.68 0.15 <O.Ol 
Photo II 
1.63 0.10 1.60 0.11 CO.05 

The importance of fetal presentation at 
birth and the use of the vacuum extractor 
with regard to fetal head molding is illus- 
trated in Table VII. Infants born in occipito- 
posterior and breech presentations have 
significantly less molded heads than those 
born in occipitoanterior presentations and 
above all those delivered by vacuum ex- 
traction. 

The duration of the first stage of labor 
did not influence the degree of fetal head 
molding. In the entire series and among 
primiparous women, however, there was 
a significant correlation between the dura- 
tion of the second stage of labor and the 
molding of the fetal head (r = 0.26; P < 
0.001). 

There was no correlation between the 
ages of the mothers, the birth weights of 
the infants and the molding indices of the 
fetal heads. 

The correlation coefficient of the molding 
index and the occipitofrontal circumference 
(OFC) was r = -0.015 (P = 0.42). There 
was an inverse relation (r = -0.138; P = 
0.02) between OFC and the duration of the 
first stage of labor but no correlation at all 
with the second stage of labor (P = 0.23). 

Table VII. The importance of fetal presentation at birth 
for the molding of the fetal head. 

Presentation Photo I Photo 11 P 
(t-test) 

Mean S.D. Mean S.D. 

Occiput 1.70 0.16 1.61 0.12 CO.001 
anterior 
(N = 302) 

Occiput 1.55 0.06 1.47 0.15 = 0.10 
posterior 
(N= 11) 

Breech 1.44 0.11 - 
(N=4) 

Vacuum 1.77 0.20 1.62 0.16 -Co.05 
extraction 
(N= 18) 
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Discussion 

The fetal skull is deformed and elongated 
during labor [ 11 I. As early as 1946 Baxter 
[ 21 pointed out that the compression force 
applied at the suboccipitobregmatic cir- 
cumference of the fetal head results in some 
diminution of the related diameters and is 
accompanied by a compensatory move- 
ment of elongation along the mentovertical 
diameter. According to this view, only three 
of the six fetal skull diameters we measured 
changed significantly during the remolding 
process in the early neonatal period. These 
were the two vertical diameters (orbito- 
vertical and maxillovertical) and the sub- 
occipitobregmatic one. This is also in agree- 
ment with the findings of Kriewall et al. 
[ lo], but these authors also noted a signifi- 
cant change in the biparietal diameter. How- 
ever, in multiparous women there were no 
significant changes in any of the six fetal 
skull diameters (Table III). The three dia- 
meters which did not change significantly 
during restitution may still play a part in the 
molding and restitution process. The changes 
in the individual diameters may be small 
and/or obscured by failure to make the 
relevant measurements with our photo- 
graphic method. The mean decrease in the 
maxillovertical diameter during the post- 
partum restitution of the fetal head was 
approximately 2 mm. Moloy [ 151 noted a 
locking of the frontal and parietal bones at 
the coronal suture and, to a lesser extent, 
of the occipital and parietal bones at the 
lambdoidal suture. This mechanism of lock- 
ing allows bending and displacement in the 
vault because there are compensating chang- 
es in the base. On the other hand, McPherson 
et al. [ 141 think that misalignment may 
occur as a result of deformations of the 
parietal bones alone, i.e. inward displace- 
ment of the frontal and occipital bones is 
not mandatory. In order to describe the 
deformations of the fetal head quantitatively, 
these authors made a finite element analysis 
of the parietal bone of the fetal skull and 

then found that the thinner, more flexible 
preterm parietal bone is capable of under- 
going larger deformation (2-4 times) than 
term parietal bone under the same pressures. 
This may be a contributing factor to the 
increased incident of birth trauma in the 
preterm fetus. 

A modified molding index based on the 
biparietal, the maxillovertical and the sub- 
occipitobregmatic diameters was used to 
study the dynamic changes in the shape of 
the fetal head. It is difficult to define land- 
marks within the bregma and to touch it with 
the calipers without deforming the soft 
tissue. As was shown in Table I, the photo- 
graphic method used by us is superior in 
assessing this diameter compared to measure- 
ment with the calipers. The suboccipito- 
bregmatic diameter is the presenting one in 
occiput anterior vertex deliveries, which in 
our series constituted 94.7% of all fetal 
presentations. Thus we found it reasonable 
to use this diameter in our revised molding 
index. The maxillovertical diameter was 
used instead of the mentovertical as de- 
scribed by Kriewall et al. [ 101 because 
of more clearly defined landmarks for mea- 
surements by the photographic method. 
Furthermore, these two landmarks are con- 
nected to each other in a firm way contrary 
to the mentovertical diameter where the 
landmarks are separated by the mandibular 
joint. 

To define the curvature of the skull in a 
three-dimensional sense, it was also necessary 
to include the biparietal diameter in the 
formula despite the fact that there was no 
significant change in this diameter (P = 0.26) 
immediately postpartum and 3 days later. 
This contrasts with the findings of other 
authors [2,4,7,8,10]. 

The molding index of the entire series 
decreased from 1.70 immediately postpartum 
to 1.61 3 days later (P < 0.001). Fetuses 
born by primiparas showed significantly 
(P < 0.01) more molding of the head than 
those born by multiparas. Three days post- 
partum the two groups had identical molding 
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indices, however. Kriewall et al. [ 101 report- 
ed a molding index of 2.07 for infants born 
by primiparous mothers and 1.88 for those 
born by multiparous ones, and this difference 
was statistically significant (P < 0.05). 

According to Bore11 and Fernstrom [31, 
the shift and displacement of the cranial 
bones vary in degree during the passage of 
the fetal head through the birth canal. There 
is considerable molding at the pelvic inlet 
but comparatively little or no molding in 
the lower portion of the birth canal. The 
molding of the fetal head is probably effected 
by an annular zone of high tonus in the 
lower uterine segment [3]. The maximum 
pressure during contraction at the largest 
circumference of the fetal head is much 
higher for multigravidas than for primi- 
gravidas with normal contractions. This 
does not seem to be of decisive importance 
in the molding of the head. Multigravidas 
with normal contractions show about twice 
as high a mean rate of cervical dilation as the 
primigravidas. 

Oxytocin stimulatio,l was used for hypo- 
tonic inertia. Infants born after such labor 
had significantly higher molding indices 
(1.74) than those born after normal labor 
(1.68) (P < 0.01). Three days postpartum 
there was still a significant (P < 0.05) differ- 
ence between the molding indices of the 
two groups (Table VI). 

The tonus at the largest circumference 
of the head is an important factor in the 
more severe molding of the fetal head with 
hypertonic inertia during the first stage of 
labor. 

The frequency of the contractions alone 
does not seem to be of importance. The 
rate of cervical dilation is of importance in 
producing the greater deformation of hyper- 
tonic inertia but it is of no great importance 
in hypotonic inertia. 

Cerebral hemorrhage (rupture of the 
tentorium cerebelli) is 15 times more com- 
mon as a cause of infant death in primary 
inertia than in normal labor. The explan- 
ation seems to be the high pressures to 

which the fetal head is subjected in hyper- 
tonic inertia [ 11 I. 

Fetal head presentation seems to be of 
importance in fetal head molding as can be 
seen from Table VII. Fetuses born in occipito- 
posterior presentations showed significantly 
less molding of the head (M.I. 1.55) than 
those born in occipitoanterior vertex pre- 
sentations (M.I. 1.70). Though few in num- 
ber, fetuses born in breech presentations 
seemed to have undergone less molding 
of the head (M.I. 1.44) than those born in 
head presentations. As could be expected, 
infants delivered by the vacuum extractor 
underwent more molding of the head (M.I. 
1.77) than those delivered during a spon- 
taneous second stage of labor. Kriewall 
et al. [ 101, on the other hand, found a mean 
M.I. (molding index) of 1.93 for occipito- 
anterior presentations and 2.05 for occiput 
transverse and occiput posterior deliveries. 
The difference was not statistically signifi- 
cant and the compared groups were too 
small, however. 

Rosenbaum found in a 1970 study [ 181 
that 221 children born via the occipito- 
posterior position had lower Bayley mental 
scores at 8 months and lower Binet IQs at 
4 years than 220 children born via the oc- 
cipitoanterior position. 

The duration of the first stage of labor 
did not seem to influence the degree of 
fetal head molding, and this is in agreement 
with the findings of other authors [ lo]. 
On the other hand, the length of the second 
stage of labor correlated with the degree 
of molding in the fetuses born by primi- 
parous mothers (P < 0.001). 

During the second stage of labor the 
highest pressure acts below the largest cir- 
cumference of the fetal head and counter- 
acts the deformation.. of the head during 
the first stage of labor [ 1 11. 

The occipitofrontal circumference (OFC) 
was also measured on every infant in this 
study. There was no significant correlation 
between the OFC and the molding index 
(P = 0.42). It is quite obvious from this 
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that the OFC and M.I. (molding index) are 
not comparable or interchangeable in the 
description of fetal head size and shape in 
the early neonatal period. Together with a 
flattening of the biparietal diameter post- 
natally, Brans et al. [4] also found a re- 
duction in OFC during the same period. 
This change in head shape and size is as- 
cribed to gravity as infants are nursed on 
one side or the other and to a loss of body 
water. 

Some degree of molding does occur merely 
with positioning of the fetal head within 
the uterus prior to labor. The continuing 
repetitive Braxton-Hicks contractions 
throughout pregnancy may be a previously 
unrecognized factor involved in the change 
in head shape of infants born before labor. 

The modified molding index used in this 
study seems to be superior to the individual 
diameters and the commonly used occipito- 
frontal circumference for describing the 
dynamic changes in the size and shape of 
the fetal skull immediately postpartum 
and during the early neonatal period. Mea- 
surements of the suboccipitobregmatic dia- 
meter are more reproducible when the photo- 
graphic method is used than with the use 
of the calipers. A photographic document- 
ation of the fetal head in suitable projections 
can therefore be recommended in future 
studies in the field of fetal head molding 
during labor. 
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