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Summary

Normal head growth and changes in head configuration were studied
longitudinally in two groups of 40 preterm infants born at 32 and 36 weeks of
gestation and in 30 term infants during the first six months of life. All infants
had appropriate head circumference, weight and length for gestational age,
their body temperature was kept within a thermoneutral range, caloric intake of
125 cal/kg/ day was attained on the seventh day of life, and no illness was pre-
sent.

No growth in head circumference in the first six days of life was found in
any of the groups studied. The maximum growth rate in head circumference of
1.4 mm/day in preterm infants was attained on the l lth day after birth. Growth
velocity in preterm infants corresponded to that in term infants at comparable
postmenstrual ages. Head circumference in the first three months postterm of
preterm infants born 32 weeks, but not of those born at 36 weeks of gestation,
was significantly larger than in full term infants at the same postmenstrual ages.
This difference was due to different head shapes in preterm and term infants. A
percentile standard curve of extrauterine growth in head circumference for
premature infants born between 32 and 37 weeks of gestation is presented.

Head flattening from side to side, indicated by increasing AP/BP index, in
preterm infants progressed from birth until 4 weeks after term. Thereafter heads
assumed a more spherical shape. Term infants also showed some head flatten-
ing in the first weeks after birth, but their heads remained significantly less
dolichocephalic than that of preterm infants. Term infants nursed in the prone
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position had more head flattening at six months of age than term infants nursed

in the supine position.

Zusammenfassung

Das normale Kopfwachstum und die Veriinderungen der Schlidelkonf,gu-

ration wurden longitudinal w;ihrend der ersten 6 Lebensmonate bei 40 friih-

geborenen und 30 termingeborenen Kindern untersucht. Alle Kinder waren bei

der Geburt beziiglich Kopfumfang, Gewicht und Liinge innerhalb der Norm.

lhre Kdrpertemperatur war immer im thermoneutralen Bereich. Keines der

Kinder wies in der Neonatalperiode Adaptationsstdrungen oder Infekte auf.

Die volle Kalorienzufuhr von 125 Cal/kg/Tag wurde am siebten Tag erreicht.

In den ersten 6 Lebenstagen blieb bei den frthgeborenen wie auch den

termingeborenen Kindern eine Zunahme des Kopfumfangs aus. Eine maxi-

male Wachstumsrate des Kopfumfangs von 1,4 mm/Tag wurde bei den Friih-

geborenen am ll. Lebenstag beobachtet. Nach dem Termin entsprach die

wachstumsgeschwindigkeit des Kopfumfangs friihgeborener Kinder derjeni-

gen termingeborener gleichen postmenstruellen Alters. In den ersten 3 Mona-

ten nach Termin war der Kopfumfang der Kinder, die in der 32. Schwanger-

schaftswoche geboren worden waren, signifikant grosser als derjenige der ter-

mingeborenen Kinder gleichen postmenstruellen Alters. Diese Differenz war

durch die unterschiedliche Kopfform bei friih- und termingeborenen Kindern

bedingt. Eine Normkurve fiir das extrauterine Wachstum des Kopfumfangs bei

friihgeborenen Kindern wird vorgestellt.
ber Kopf frtihgeborener Kinder erfuhr von Geburt bis 4 Wochen nach

Termin eine zunehmend dolichozephale verformung (Zunahme des AP/BP-

Indexes); danach nahm der Kopf wieder eine rundere Form an. Termingebo-

rene Kinder wiesen in den ersten Lebenswochen ebenfalls eine seitliche Abfla-

chung des Kopfes auf; ihr Kopf wurde aber signifikant weniger verformt als

derjenige friihgeborener Kinder. Termingeborene, die in Bauchlage gehalten

r.rid..r-" wiesen mit 6 Monaten eine ausgepragtere dolichozephale Kopfform

auf als Kinder, die in Rtckenlage aufgezogen wurden.

R6sum6

La croissance et le changement de la configuration de la t€te ont et6 suivis

longitudinalement chez 40 pr6matures n6s d La32e et 36e semaine de gestation

et 30 nouveau-nes i terme. Le poids, la tail le et le p6rimdtre crAnien etaient

normaux pour les dges de gestation respectifs. Tous les sujets, apparemment

sains. reEuient au moins 125 calories par kg et par jour d la fin de leur premidre

semaine de vie. Leur temperature corporelle fut maintenue dans les l imites de

la thermoneutralite.
Durant les six premiers jours de vie, le p6rimdtre crAnien resta inchange
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dans tous les groupes. La croissance maximale de la circonf6rence crAnienne

(1,4 mm par jour) fut mesuree chez les prematures le I le jour de vie. La rapidit6

de la croissance crAnienne fut la m6me dans les trois groupes d Age de gestation

comparable. Le p6rimdtre crAnien mesur6 durant les trois premiers mois aprds

terme 6tait chez les pr6matur6s de 32 semaines significativement plus large que

chez les enfants de mdme Age nes 2r terme. Cette difference, explicable par une

modification de la configuration du crane, ne fut pas observ6 chez les enfants

n6s d 36 Semaines de gestation. Une courbe standard de la croissance extra-

ut6rine de la tdte pour les pr€matur6s n6s d 32 et 36 semaines a ete 6tablie'

Les prematurds ont present6 durant les 4 premieres semaines aprds terme

un applatissement progressif de la t€te mesure par augmentation de I ' index

antero-posterieur/biparietal. Par la suite, la t€te a assum6 une forme sym6tri-

que. Les enfants nes a terme demontrent aussi un leger applatissement crinien

lat6ral durant les premidres semaines de vie, leur t€te est cependant moins

dolichoc6phale. Les enfants 2t terme couches en position ventrale presentent un

applatissement lat6ral plus prononce d I'Age de six mois que les enfants couches

en position dorsale.

The growth spurt of the human brain starts in midpregnancy, according to

DossINc and SlNts [7]. The vulnerability of head growth, and by inference, of

brain growth [8] has been documented for preterm infants following low

caloric intake, hypothermia 16, l2l, and diseases [16] for example idiopathic

respiratory distress syndrome [0]. Differences in head growth between small

for dates and appropriate for gestational infants have also been reported 12,3,
el.

Available standard curves of distance and velocity growth in head circum-

ference for preterm infants I I , 5, 1 I , I 5, I 7] are not entirely satisfactory because

they are based on a mixed population of healthy and sick infants under unde-

fined caloric intakes and therapeutic regimens. The aim of the present study is

to establish the normal pattern of head growth in healthy preterm and term
infants during the first six months of life under the following standardized
conditions:

l. All infants were at birth appropriated for gestational age in head circumfer-

ence, weight and length according to LUBCHENCo et al. [14].
2. These infants did not present any signs ofdiseases.
3.A caloric intake of 125 cal/kg/day was attained in preterm infants by one

week of life.
4.Temperature in preterm infants was kept within thermoneutral range.

A second aim of the study is to describe the progression and subsequent
resolution of head flattening during the first 6 months of life for term and pre-

term infants. A similar analysis has been published for preterm infants during

the first weeks of life only [4].
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Subjects and methods

Three groups ofchildren were studied between 1974 aruJ 1976l.

a) l9 preterm infants (ll boys and 8 girls) born between 3131 and 32l, weeks ofgestation (PT 32).

There were two sets of twins.

b) 2l preterm infants (l I boys and 10 girls) born between 35r/, and 36/, week ofgestation (PT 36).

There were two sets of twins.

c) 30 full term infants (15 boys and 15 girls) born between 38 and 41 weeks ofgestation (FT). There

was one set of twins.

Data from the first Zurich longitudinal study of413 healthy term infants, born between 1955

and 1957 were also included (FT 1955) [ l3]. An estimation of gestational age was made on the basis

of history and clinical assessment according to DuBowlrz et al. [8]. All infants at birth were appro-

priate for gestational age in weight, length and head circumference according to LUBCHENCO et al.

it+1. None of tnem had signs of infection, needed artificial ventilation, or exchange transfusion.

In preterm infants feeding with enriched human milk (0.9 cal/ml) was started on the first day

(20 ml/kg) and increased daily to reach 125 cal/kg/day by one week of age. In addition the preterm

rntants received 60-80 ml/kg of glucose l07o intravenously during the lirst three days of life. Food

intake in term infants consisted of a daily increase of 60 ml milk (0.7 callml) in the lirst week after

birth. Caloric intake by the eighth day of life was about I l0 callkg/day. The body temperature of

the preterm infants was kept between 36.1'C and 37.0'C using servo-controlled incubators. No

child ever had a temperature under 36.0'C.

During the hospitalisation the preterm infants were left alternatively in supine and prone

position. AfGr discharge the mothers olpreterm infants were advised to keep the sleeping infant in

the prone position.' 
Measurements of preterm infants were made at birth. every second day until the l2th day and

on the 2lst and 28th clay, and subsequently every second week until term and thereafter at I month

: t 2days ,3mon ths  *2daysand6mon ths  +2days .Fu l l t e rm in fan t swe remeasu reda tb i r t h , eve ry

day uniil the sixth day and then at I month + 2 days, 3 months t 2 days and 6 months t 2 days. The

fol lowing measurements were made:

l. hea<l circumference corresponding to the mean of three separate measurements made with e

linen tape covered with plastic; the tape was checked every second week for accuracy,

2. anteposierior (AP) and biparietal (BP) diameters measured in centimeters with a caliper'

3. weight measured on a balance calibrated to 10 g and

4. length measured with the infant flat on both legs extended in a measuring device containing a

builCin centimeter rule.

The measurements were made by two persons: 80% were done by R L'

All data of preterm infants are given at the ages corrected for gestational age. Because of the

small number of infants. males and females are grouped together. In order to compare the head

circumferences in preterm with term inlants. a so-called <corrected head circumference for preterm

infantsl [4] had to be calculated for the following reason. The head circumierence in preterm

infants encompasses a more elliptic area than in term infants. Since a perimeter is greater the more

elliptic the enclosed area is, the following formula was used to calculate a corrected head circumfer-

ence for preterm iniants:

..corrected head circumference" :]AF x nf!x C I'il

head circumference FT
E . ^ f ^ r  aFuuLaI \ 

TllFtr;r-EFr
Factor C is needed for correction, since the plane enclosed by the head circumference is not exactly

spherical in term infants. Factor C is 1.06 in our FT growth.
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Fig. I . Mean and standard deviation of head circumference. o a PT 32 preterm infants born at 32

weeks ofgestation, o o PT 36 preterm infants born at 36 weeks ofgestation, r r FT full term

infants, n l FT 1955 full term infants born 20 years ago (Hnnnrt [3]). Standard curve for

intrauterine growth of head circumference (LuncnrNco [4]) is indicated for comparison (dashed

lines) (see Table l).

Results

1. Distance growth of head circumference (Frg. I and Table l)

Both groups ofpreterm infants born at 32 week ofgestation (PT 32) and 36 weeks ofgestation
(PT 36), and the full term infants (FT) showed no signilicant growth in head circumference during

the first six days of life. An increase or decrease of up to I cm in head circumference was seen in

individual cases. The head circumference of PT 32 in the following weeks was slightly larger than

ftat of PT 36 and noticeably larger than that of FT infants. The head circumference of PT 32 at the

same postmenstrual ages was significantly greater than that of FT infants at term (p<0.001), I

month (p <0.001) and 3 months postterm (p <0.05).
No significant differences were found between the head circumference in term inlants ofthe

presentstudyandterminfantsbornin 1955.Thecorrectedheadcircumferenceof PT32infants in

the flrst three months postterm was even significantly smaller than the head circumference in FT

infants at comparable postmenstrual ages.

2. Growth velocity of head circumJbrences (Fig.2)

The preterm infants showed, in the flrst three days after birth. a decrease in head circumfer-

ence of 0.2-0.8 mm/day. Growth velocity thereafter increased continuously and reached a max-

imum of 1.4-1.5 mm/day on the l lth day. It dropped from this age to 1.0 mm/day at term, 0.9 mm/

day at 2 weeks. to 0.5 mm/day at about 8 weeks and to 0.3 mm/day at about 20 weeks postterm.

ln term infants there was a decrease in head circumference of 0.2 mm/day in the lirst two days
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Table l. Mean and standard deviation of head circumference for full term infants (FT), preterm
infants born at 32 weeks (PT 32) and at 36 weeks ofgestation (PT 36). Head circumference corrected
for different head shape is indicated in parenthesis (see Fig. l)

Age
(weeks)

Group of infants

FT ep) PT 32 p PT 36

Birth 34.4t 1.0 <0.01 35.2t0.7

4 36 e+ '  o l33l , i l l i3l ,
13 40 .4+ 1 .0  

<0 .05  41 .0+0.6
<0.01  (36 .9  +  1 .0 )

26 43.2+ t. l ,

34 .9  +  0 .8

<o ool , l l i i  i&

<o oo, ,13ii l l,
4 ' l  s+  L<o 05 r+i.i i  i .Jr

43.6 +0.9
(42.9 + 1.0)

mm per  doy

+ 1 . 4

t t - z

+  1 . 0

+O.B

+O.6

+O.4

+O.2

-o.2
-o.4
- 0.6
-0.8

I

I

term

A g e  1  3  5  7  9  1 1  1 3 1 5 1 7  3 4 3 6 38 40 l 3 26
doys  - -  I  weeks

Fig. 2. Growth velocity of head circumference. 1-1 pf 32 preterm infants born at 32 weeks of
gestation, o -- o PT 36 preterm infants born at 36 weeks of gestation, I I FT full term infants.
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Table 2. Mean and standard deviation of anteroposterior (AP) and biparietal (Bp) diameter and
AP/BP-index for preterm infants born at 32 week (pT 32) and at 36 weeks ofgestation (pT 36). in
l e r m i n f a n r s o l ' r h e p r e s e n r 5 r u d y ( F T )  a n d i n f u l l  r e r m i n f a n r s b o r n i n  1 9 5 5 ( F i  I 9 5 5 )

Age* PT 32 ep+ PT 36 epr FT +p- FT 1955

AP (cm)

Birth 10.4 + 0.3
4 t3.4 +03

13 14 .4+0.4
26 15 .2+0.4

10.8  +  0 .3 I  1 .6  +  0 .6
13.2  +  0 .3  <0 .01  12 .8  +  0 .6 12.7 +0.6

13.8  +  0 .6l 4 . l  + 0 . 4
15.0  +  0 .5

14.0 + 0.6
15.0  +  0 .5  <0 .001 14 .6  +0 .6

BP (cm)

Birth 8.0 + 0.3 8.8 + 0.7 9.4+0.4
4  8  9+0.3  <0 .001 9 .4+0.5  <0 .05  9 .7+0.5  s .6+0.4

13 9 .1  +0 .4  <0 .001 10 .2+0.4  10 .4+0.4  <0 .05  10 .6+0.5
2 6  1 0 . 9 * 0 . 4  < 0 . 0 1  l l . 3 + 0 . 5  l l . 3 + 0 . 3  < 0 . 0 1  | . 6 + 0 . 5

AP / BP-inder

Birth 1.29 + 0.05
4 l .5 l  10 .06  <0.001

13 l  48 + 0.07 <0.001
26 I 40 + 0.06 <0 001

.24 + 0.08

.41+0.08  <0.001

.38 + 0.06 <0.05

.33 + 0.04
34 t0.07 < 0.001 I .30 + 0.05
34 + 0.06 < 0.001 1.26 + 0.06

24 +0.07
32 + 0.06 1.32  +  0 .05

* week after term

A P
B P
1 . 5

L

1 . 3

1 . 1

Weeks 32  36  40  4

pos tmenst ruo l * l  o f te r  te rm

Fig. 3. AP/BP index indication head flattening from birth to 4 weeks postterm and subsequent
resolut ionof  th isprocess.  a apr32preterminfantsbornat32weeksof  gestat ion.o-  opr36
preterm inlants born at 36 weeks ofgestation. r r FT full term infants, i t pT 1955 full term
infants born 20 years ago (Hrrrnr_r fl3l).
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Table 3. Smoothed percentiles of the standard curve for extrauterine growth in head circumference

Age
(weeks)

Smoothed percentiies of both sexes (cm)

Gesttttional period

97ft90rh75th25rh

29.9
3 r . 5
33.0
34.4

-)-l

35
37
39

z7.9
29.5
3  t .0
32.4

28.5
30. I
3 1 . 6
33.0

29.2
30.8
32.3
- t J .  /

30.6
32.2
) J .  I

35.  l

31 .3  31 .9
32.9  33 .5
34.4 35.0
35.8 36.4

Alier term

33.7
34.9
35.8
36.6
37.0

34.3
35.5
36.4
37.2
31.6

35.0
36.2
3 T . l
37 .9
38.3

35.7
36.9
31 .8
38.6
39.0

36.4
37.6
38.5
39.3
39.7

31 . t  37 .7
38.3  38 .9
39.2 39.8
40.0 40.6
40.4 41.0

Table 4. Weight and length for preterm infants born at 32 weeks (PT 32), at 36 weeks of gestation

(PT 36). in full term infants ofthe present study (FT) and iull term infants born in 1955 (FT 1955)
(mean and standard deviation)

Age (weeks
after term)

w32 IrT 36 FT 1955

Weighr (kg)

Birth
4

l 3
26

1 . 6 3 + 0 . 1 7
4 . t 7  + 0 . 3 1
5.70 + 0.40
7.6 t  +0 .54

2.36+0.32
4.10  +  0 .49
5.89 + 0.69
7.97 :r 0.80

3.33  +  0 .35
4.02+0.40
5.77  +0.60
7.55  +  0 .91

3.82 + 0.45
5.58 + 0.63
7.40 + 0.85

Lengrh (cm)

Birth
4

t 3
L O

42.2  +  t .5
52.9:.t .6
60.1  i  1 .9
66.3  +  1 .8

46.2 t2 .0
53.7  tz . l
60 .1+2.4
67.5  +23

50.3  +  1 .6
53.9  +  1 .9
60.3 j  2.5
6 1  . 2 + 2 5

53,4 + 1.9
60.3 + 2. I
6 ' ,7 ,0+2.1

after birth. Growth velocity thereafter increased in the same manner as in preterm infants. The rate

of head circumference growth in the second week of life was not determined since term infants left

the hospital on the 6th day. The average growth velocily was l.l mm/day between the 6th and 28th

day oflife. Growth velocity after the fourth week corresponded to that found in preterm infants.

3. Head diameters and AP / BP index (Table 2 and Fig. 3)

The anterioposterior diameter (AP) of PT 32 infants was larger than that of PT 36 and marked-

ly larger than that of FT infants at the same postmenstrual ages. The largest biparietal diameter (BP)
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Fig. 4. Standard curve for extrauterine growth of head circumference ( ). Standard curve for
intrauterine growth of head circumference ( ) (LuncnnNco [14]). Normal head growth in a
healthy preterm infant (o. ..o). Accelerated head growth in an infant with hydrocephalus (o o).
Diminished head growth in an infant with respiratory distress and subsequent bronchopulmonary
dysplasia (o-o)

in contrast was found in FT and the smallest in PT 32 infants. Thus head flattening from side to side,
indicated by the AP/BP index, in the first six months of life was more distinct the more prematurely
an infant was born. The progressive head flattening from birth to 4 weeks postterm in preterm
infants is documented by an increasing AP/BP index. The preterm infant at 4 weeks postterm had
the longest and narrowest head in the first six months of life. Thereafter his head assumed a rounder
shape.

There was also some head flattening in term infants in the first three months after birth. The
FT infant at I month showed a head shape similar to that of term infants born 20 years ago (FT
1955). However. the FT infant at six months who were kept in prone position showed a signilicantly
more dolichocephalic head shape than the FT 1955 kept preferentially in supine position.

4. Standard curve rt)r extrauterine grohth in head circumference for preterm inJants
(Table 3 and Fig. 4)

The data after the 6th day of life of the PT 32 and PT 36 infants were used to establish a
standard curve for extrauterine growth in head circumference as there was no significant difference
in head circumference between both groups. Smoothed percentiles were calculated lssuming a
normal distribution of the measured values. The standard curve can be used in preterm infants.
born between 32 and37 weeks of gestation, after the 6th day of life to estimate extrauterine growth
in head circumference. The curve may be applied also to infants born before 32 or after 37 weeks of
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gestation as far as growth velocity (steepness ofthe percentiles) is concerned, but not for the abso-
lute values ofhead circumference.

5. Weight and length (Table 4)

- 
There was no signilicanr difference in weight and length at comparable postmenstrual ages

between preterm and term infants in the first six months ol.hl.e.

Discussion

. N9 significant growth in head circumference was found during the first six
days after birth in any of the groups studied, namely healthy p.."t.r- infants
born at 32 weeks (pr 32) and at 36 weeks ofgestation (pr 36) and in healthy
term infants (FT). An increase or decrease of up to I cm in head circumference
in individual cases was seen during the first days after birth. However, the head
circumference on the 6th day had usually returned to the value recorded at
birth. The absence of growth during this period is probably due to the fbllowing
reasons:

l.the caloric intake was less than 100 callkglday and the protein intake less
than 2 g/kg/ day until the 6th day after birth,

2. the newborn lost up to l0% of his birthweight in the first days,
3' after birth most infants had an cedematous swelling of the extracranial tissue

which disappeared in the following days.

. After this period of suppressed head growth the extrauterine rate in head
circumference was higher than the intrauterine growth rate at the same oost_
menstrual ages. Therefore, intrauterine standards of head circumference (e.g.
LuscHnNco et al. [14]) cannot be appried to extrauterine head growth (Fig. i,
Furruunn tl0]). A standard curve of extrauterine growth in head-circumference
for preterm infants was constructed using the data of our preterm group (Table
3). Fig.4 shows the clinical use of this growth graph. Head growth-in ihealthy
preterm infant, compared with the standard of intrauterine treaa growth givei
the false impression of developing hydrocephalus, but is normal iccording to
our extrauterine growth curve. Accelerated head growth in an infant with
hydrocephalus internus, confirmed by pneumoencepharography, can be crearly
identified by using the extrauterine growth curve. An infanf suffering from
hyaline membrane disease for four weeks, followed by bronchopulmonaiy dys-
plasia, shows normal head growth according to the intrauteiine curve, but
diminished head growth according to the extrauterine growth curve. The head
circumference of this child at the age of rvz years was bilow the 3rd percentile.

The head circumference in the first three months postterm - p..,..rn
infants born at 32 weeks of gestation (pr 32) was significanily lu.g.. than that in
term infants at comparable postmenstrual ages. If the head circirmference was
corrected for the different head shape in preterm and term infants [4], these
corrected values in preterm infants were significantly smaller than the head
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circumference in term infants. We do not believe that the true or corrected head
circumference is an index for accelerated or diminished head growth in preterm
infants. Such a statement can only be made if, in addition to head circumfer_
ence and AP and BP diameter, the head height is also taken account. Growth
velocities of head circumference, weight and length demonstrate thar preterm
infants with sufficient caloric intake and thermoneutral environment do not
differ from healthy terminfants in somatic growth. According to Furruune [10],the period of maximum head growth in preterm infants depends on gestational
age, caloric intake and presence of respiratory illness. He observed maximum
head growth in preterm infants with severe respiratory distress 32 days after
birth and in preterm infanrs with mild respiratoiy distress and a higher caloric
intake within l9 days after birth. BneNnr [3] reported maximum erJwth rate in
preterm infants at 34 weeks of gestation regardless of the chronological age. our
data indicate that maximum head growth in preterm infants is atiained within
I I days after birth if there is no i l lness, the temperature is kept between 36. and
37'C, and a caloric inrake of 125 cal/kg/day is attained at the 7th day of l i fe.
we agree with Furrlruna [10] that growth velocity and timing of maximum
head growth might be more sensitive parameters to study the effects of illness
and treatment on head growth than head circumference.

Beurr.r and Sranr.s [4] documented the well-known head flattening from
side to side in preterm_infants. The age at which the resolution of this process
occurs is not known. our data show progressive head flattening in preterm
infants from birth until 4 weeks postterm (Fig. 4). The head assum-ed thereafter
3 Tor: spierical shape. This phenomenon occurred because the preterm infant
laid with his head turned laterally unti l about 4-g weeks after term. He started
then to rotate his head towards a midposition. The heads of the term inlants also
showed some flattening in the first weeks after birth, but remained significantly
less dolichocephalic than those of preterm infants at comparable ages.

whether the infant was kept in supine or prone position also ahected head
configuration. Term infants kept in prone position huo their heads turned
laterally more than those kept in supine poritio.r. consequentry the infants
lying on their abdomens during the first six months of life developed signilicant-
ly more head flattening than the infants lying on their backs.
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