
Anterior Fontanel: Size and Closure in Term
and Preterm Infants

G. Duc, MD, and R. H. Largo, MD

From the Universitdts-Kinderspital Zurich. Zurich

ABSTRACT. Size and closure of the anterior fontanel
from birth to 24 months of age and their relationships to
growth parameters, bone age, and gestational age are
reported in 111 term and 128 preterm infants. Great
variability of both fontanel size and age when fontanel

closed was observed. There were no significant differ-

ences in size and age at closure of the anterior fontanel
between term and preterm infants or between the sexes'
At ages beyond term, fontanel size was negatively corre-
lated with weight and length; however, only a few corre-
lations reached statistical significance' No significant
relationships were noted between anterior fontanel size
and head circumference or bone age. Age at closure of

the anterior fontanel was also not significantly related to

any of the growth parameters or bone age. Pediatrics
1986;78:904-908; anterior t'ontanel, preterm infant.

Assessment of the size of the anterior fontanel is
part of the routine examination of the infant. This
assessment is used together with the head circum-
ference measurement as an index of cranial devel-
opment from birth and to the second year of life.
An unusually small fontanel for age may be second-
ary to brain growth retardation,r craniosynostosis,2
or hyperthyroidism.3 A large fontanel without in-
creased cranial pressure may be a feature of a
variety of disorders,' such as skeletal anomalies (eg,

achondroplasia,s cleidocranial dysostosis,6 osteoge-
nesis imperfecta7, chromosomal anomalies (eg, tri-
somies 9p, 13, 18,21),4 hypothyroidism,s or intra-
uterine malnutrition.e In the last group, a large
fontanel was found to be associated with decreased
epiphysial ossification.e

Only few data have been published on normal
anterior fontanel dimensions for age, from birth
through the second year of life,5'10 and on the rela-
tionship between postnatal fontanel size and phys-
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ical growth parameters and bone age.e The purpose
of the present study was to answer the following
questions: (1) How does the anterior fontanel de-
velop with respect to size and closure from birth to
24 months of age in healthy term infants? (2) What
is the significance of prematurity and sex distribu-
tion with respect to anterior fontanel development?
(3) What is the relationship between size and age
at closure of the anterior fontanel and physical
growth parameters, bone age, and gestational age?

INFANTS

In the Second Zurich Longitudinal Study, various
aspects of somatic, psychologic, and neurologic de-
velopment are studied from birth to adulthood. The
study consisted of a cohort of 111 term neonates
(56 boys and 55 girls) and 131 preterm neonates
(77 boys and 54 girls) randomly selected between
October 1974 and September 1978 in the University
Hospital and the Pflegerinnenschule of Zurich.
During the first 2 years, none of the term group
and three of the preterm group (two boys and one
girl) were lost to study at the age of 3 months after
term because of adoption (two infants) and death
(one infant) (total loss 7.2%).

The medical characteristics of the infants at birth
are presented in Table 1. The sample selected was
representative for the Swiss neonatal population
for the following reason: weight, length, and head
circumference at birth, both for the term and pre-
term group, were comparable to the Swiss perinatal
growth chart.l1 For the preterm infants, 15.3% had
a birth weight below the tenth centile of the Swiss
growth chart, and for term infants, 9Vo werc below
the tenth centile.

For the term infants, pregnancy, labor, and neo-
natal adaptation were free of complications. The
deliveries were spontaneous and vaginal with vertex
presentation. The preterm infants (gestational age
between 27 and 36 weeks) represented a high-risk
group with a significantly lower perinatal optimal-
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TABLE 1. Medical Characteristics of Infants at Birth

Variables
and Sex

Term Infants Preterm Infants P <

Mean SD Range Mean SD Range

Gestational age (wk)
M
F

wt (e)
M
F

Length (cm)
M
F

Head circumference (cm)
M
F

Perinatal optimality score
(optimum : I20)

M
F

No. of infants
M
F

28.7-36.8 .001
27.1-36.8 .001

1,110-2,940 .001
1,050-3,460 .001

37.5-50.0 .001
36.0*53.0 .001

26.2-34.5 .001
25.5-35.5 .001

72-rt3 .001
76-109 .001

40.0
40.0

3,405
3,203

50.9
50.0

34.8
34.1

111 .1
112.8

37.6-42.6
37.1-41.8

2,700-4,330
2,420-4,120

46.5-54.0
46.5-53.0

31.0-36.5
31.0-36.3

106-1 18
106-118

33.9
33.2

2,056
1,850

44.7
43.2

31.4
30.0

95.6
94.6

1 .1
1.0

359
340

1 .6

L.2
1.0

4.6
. i .o

2.2
2.6

452
500

2.5
J . J

1.8
2.3

10.0
11 .6

53
56
55

ity score (a modified version of the Prechtl scalel2)
than the term infants (Table 1). For example,8370
ofthe preterm infants had respiratory distress syn-
drome at birth and 28% required artificial ventila-
tion. The distribution of socioeconomic status de-
fined by paternal occupation and maternal educa-
tion was comparable in both the term and preterm
group to that ofthe population ofthe city ofZurich.

During the first 2 years after birth, no significant
differences in weight, length, and head circumfer-
ence between preterm and term infants were ob-
served. Neurologic development was assessed at 1,
3, 6, 9, 12,18, and 24 months of age. Based on an
extensive neurologic examination as defined by
Prechtl and Beintema,l3 16 boys and five girls in
the preterm group (16%), but none of the term
infants, were diagnosed as having cerebral palsy by
6 months of age. Ten boys and four girls showed
signs of a mild spastic diplegia, four boys and one
girl had moderate spastic diplegia, one boy was
moderately ataxic and hypotonic, and another one
had a severe spastic tetraplegia (due to congenital
rubella). A detailed description of motor develop-
ment in these infants is given elsewhere.la

METHODS

Gestational age was determined by maternal
dates and the method of Dubowitz and associates.15
The perinatal optimality score was a modified ver-
sion of Prechtl's scorel3 consisting of three sub-
scores (pregnancy, birth, and neonatal period) and
a total score.to

The size of the anterior fontanel, weight, Iength,
and head circumference were measured at birth
(within 24 hours), at term, and at the ages of 1, 3,

Fig 1. Centiles of anterior fontanel size from termto 24
months of age for both sexes. Inset, Measurement of
oblique diameter.

6, 9, 72, 18, and 24 months after term (within 2
weeks of the exact date). Fontanel dimensions were
recorded as oblique diameters of the fontanel (Fig.
1). Both oblique diameters were measured twice
with a caliper.l6 The measurements were recorded
to the nearest millimeter. The average of both
diameters was used as mean fontanel size. The
closure of the anterior fontanel was defined by the
inability to ascertain the oblique diameters.

Weight was assessed by means of an infant scale
of the balance beam tlpe with an accuracy of 0.01
kg. Supine length was measured on a Harpenden
supine measuring table. One observer firmly held
the crown of the head against the headboard and
positioned the head so that the upper margin of the
external auditory meatus and the lower margin of
the orbit of the eye were perpendicular. The other
observer stretched the body and the legs ofthe child
and brought the sliding footboard into firm conracr
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with the soles of the feet. The measurements were
read to the nearest millimeter. A narrow (6-mm)
plastic tape calibrated in millimeters was used to
measure the head circumference. The tape was
placed around the child's head at the same level on
each side. It crossed the forehead superior to the
supraorbital ridges and passed the prominence of
the occiput posteriorly. The tension of the tape was
such that the hairs were firmly pressed against the
skull. The largest circumference was noted.

Radiographs of the right knee were taken at the
ages of 3, 6, 9, 12, 18, and 24 months in 47 term
infants (22 boys and 25 girls) and 56 preterm in-
fants (33 boys and 23 girls). Informed consent for
taking the radiographs was obtained from the par-
ents in all children. Bone age was assessed by the
method of Roche et al.1e

Statistical analyses were performed by two-tailed
f test, Spearman rank correlations, and y2 test. Z
scores for weight were calculated as follows: (birth
weight mean weight)/standard deviation of
weight for the corresponding gestational age at
birth.1l

RESULTS

Size and age at closure of the anterior fontanel
in term and preterm infants from birth to 24
months of age are given in Table 2. After reaching
term, fontanel size in preterm infants did not differ
significantly from that of term infants. The varia-
bility was Iarge but similar in both groups. A slight,
increase of the median size was observed at the age
of 1 month in term infants only. This increase
might be due to the fact that the fontanel size was
assessed within 24 hours after birth, ie, at an age
molding of the skull was not yet resolved. The
subsequent progressive decrease in size was similar
in both groups and comparable in boys and girls.
Percentile curves for fontanel size based on the
data of the term group are given in Fig 1.

Closure of the fontanel was first noted in about
l% of the babies at 3 months after term. The
anterior fontanel was closed in 38% of the infants
at 12 monthsin96% at 24 months. The median age
of fontanel closure was 13.8 months in the term
group. Boys ofthe term group tended to have higher
percentages of closed fontanels than the girls.
There were no consistent significant differences
between term and preterm infants (Table 2). The
wide range of ages at which fontanel closure may
occur is demonstrated in Fig 2. No relationship
could be established between the fontanel size at
an early age and the age of its closure. Therefore,
the size of the fontanel was not predictive of the
age at which the fontanel would be closed. Some of

TABLE 2. AnteriorFontanelSize andlncidenceofClo-
sure From Birth to 24 Months of Ase in Term and
Preterm Infantsx

Age (mo)
and Sex

Term Infants Preterm Infants

Fontanel Closed
Size Fontanel

(mm)  (%)

Fontanel Closed
Size Fontanel

(mm)  (%)

Term
M 19.3 + 6.6
F 20.9 + 7.9

I
23.5 + 7.4
24.0 + 5.1

20.4 + 7.5
21 .1  +  6 .8

t9.4 + 7.6
18.6 + 7.3

M 14.2 + 6.4
F 14.9 + 7.3

t2
12.5 + 5.9
t3.2 + 6.7

9.1 + 3.6
8.2 + 2.7

(7.5 + 3.5)
(20.5)

22.6 + 7.6
2t .2 + 6.5

22.5 + 7.6
21.8 + 6.5

2t .4 + 9.3
19.6 + 7.0

19.4 + 8.1
17.0 + 6.6

15.6 + 7.7
t4.2 + 6.2

13.3 + 7.5
10.5 + 5.2

tt.g + 7.2
11.0 + 5.9

(13.3 + 5.8
(7.5 + 3.5)

M
F

M
F

o
M
F

q

M
F

18
M
F

.)/

M
F

0
0

0
0

2
0

1 Q

2

2 l
13

/ 1 1

35

72
b /

96
98

0
0

0
0

0

7
4

,4

13

4t

79
84

96
96

* Results are means + SD. No. of term infants: 56 boys,
55 girls; No. ofpreterm infants: 75 boys, 53 girls. Results
in oarentheses are data collected on less than four infants.
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Fig2. Age at closure of anterior fontanel (cumulative
percentage).

the large fontanels at the ages of 1, 3, and 6 months
closed earlier than small fontanels.

The relationships between fontanel size and
growth parameters as well as bone age at birth and
for the first 24 months after term in term and
preterm infants are shown in Table 3. At birth and
at term, there were low positive correlations be-
tween fontanel size and weight and length. To take
the appropriateness of birth weight for gestational
age into account, Z scores were computed. A low,
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Term Infants
At term
I
3
o
q

12
18
24

Preterm infants
At birth
At term

I
3
6
q

t2
18
24

TABLE 3. Correlations Between Size of Anterior Fon-
tanel and Weight, Length, Head Circumference, and
Bone Age From Birth to 24 Months of Age in Term and
Preterm Infants of Both Sexes

Age (mo) Correlations Between Fontanel Size
and

Wt Length Head Bone
Circumference Age

DISCUSSION

Examination of the anterior fontanel is used
routinely when considering disturbances in intra-
cranial pressure and disorders of cranial develop-
ment. The diagnosis of abnormal fontanel size as a
clue to altered morphogenesis assumes the knowl-
edge of normal variations in its size from birth to
its closure. For term infants, too few data have as
yet been collected on fontanel size ranges from 1 to
2 years of age. No study of fontanel size for pre-
mature infants from birth to the age of 2 years has
been published. This paper presents data on normal
anterior fontanel size and its closure from birth to
the second year of life and on its relationship to
prematurity, sex, physical growth parameters, and
bone age.

The fontanel dimensions were recorded as the
average of both oblique dimensions as proposed by
Elsdserl6 and not in terms of mean length (anterior
posterior dimension) and width (transverse dimen-
sion)5'leu or area.e Edges of fontanel and parietal
bones are easier to define using fingertips than
fontanel corners. Measurements of surface area of
the fontanel are too cumbersome for routine ex-
amination but can be derived from oblique dimen-
sions as shown by Philip.'zo

The broad range of normal variability in fontanel
size for age has been previously noticed.5 The tend-
ency for the fontanel to enlarge during the first
postnatal month (Fig 1 and Table 1) need not
necessarily raise concern in the presence of normal
development of head circumference. Early
observersl6'21 found that the dimensions of the an-
terior fontanel increased from birth to about 9
months of age, a finding explained by the high
incidence of rickets in the children studied in the
19th century.2l In agreement with other authors,s a
progressive decrease of fontanel size was noted in
our infants beyond the first month after term.

To our knowledge, five studies have reported
on closure of the anterior fontanel in term in-
fants.ro'21 2a Each of these studies suffered from
methodologic deficiencies such as large time inter-
vals,21 small sample size,23'2a and poorly defined
populations and examination methods.10,22 The var-
iation in time of fontanel closure was remarkable
in our study (Fig 2). For example, the fontanel was
considered to be closed as early as 3 months of age
in 1% of the infants and was still open in 4% at the
age of 24 months. Reviewing the literature before
1923, Scammon22 reported a lower percentage of
closed fontanels during the first and second years
of life, which might be explained by a high incidence
of rickets at that time. If the presence of an unu-
sually small or large fontanel can be a valuable clue

.01  .11
- . r7  - . 14
- .11  - . t 2
-.09 -.05
- .07 - .19*
- . r2  - . 16
- .15  - . 10
- .19 - .03

.16  .13

.06 .09
- .10  - . 16
- .11  - . 11
- .16 - .19*
- . r7  - . r7
- . t4  - .15
- . I J  - . I D

o n }  i H L- . J J  |  - . O ,  I

.13
-.04
-.05

.07

.03
-.09
-.07
-.03

.22*

.06

.06

.07

.08

.08

.05

.04

.10

-.05
.01

-.10
-.06

-.23

-.07
- .11

.04

.21
n.7

.08
* P < . 0 5 .

t P < . 0 1 .

nonsignificant positive correlation was noted be-
tween fontanel size and Z scores of birth weight.
When the term and preterm infants were divided
into two groups, namely, those with a birth weight
above the tenth percentile (appropriate for gesta-
tional age) and those with a birth weight below the
tenth percentile (small for date), the latter showed
a slightly larger, but not significantly different,
fontanel size than those infants appropriate for
gestational age. After term, weight and length were
consistently negatively correlated with fontanel size
in term and preterm infants. However, the corre-
lation coefficients were low, mostly nonsignificant,
and of no clinical relevance. No consistant relation-
ships were observed between fontanel size and head
circumference or bone age.

At birth, a significant correlation was found be-
tween fontanel size and gestational age for prema-
ture infants only (P < .01). Later, fontanel size was
not related to gestational age neither in term nor
preterm infants. No relationship could be estab-
lished between age at fontanel closure, on the one
hand, and weight, length, head circumference, or
bone age, on the other hand. Therefore, in heavy
and tall babies with a large head and an advanced
bone age, fontanels did not close significantly ear-
lier than those of smaller babies with a retarded
bone age.
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for the clinician in the recognition of a variety of

disorders, caution should be used in ascribing more

significance to such a sole finding' considering the

high variability in a normal population'
"Sire 

und timing of closure of the anterior fontanel

did not differ between preterm infants reaching

term and term infants. Sex distribution had no

effect on fontanel size, as already noticed for term

infants.s Closure tended to occur earlier in term

boys compared with girls, but none of these differ-

".r.", 
*"r, statistically significant' The same trend

has been reported for mean age of fontanel clo-

sure."
In a series of studies on fontanel area and growth

parameters in intrauterine growth retardation'^Philipn''o'" 
suggested that the disturbance is likely

related to delay of both enchondral and membra-

nous ossification as evidenced by an inverse rela-

tionship between fontanel area and the degree of

epiphyseal ossification of the knee' In the present

.iuiv, in which the majority were appropriately

grown newborn infants, no consistent correlation

iru, observed between postnatal fontanel size

(oblique dimensions) and bone age (knee) (Table

3), as previously reported for the 1-year-old infant'23' 
An lnrrerse correlation between birth weight and

large fontanel has been observed in intrauterine

grolwth-retarded children'e In our study, with

Lostly appropriately grown newborn infants, fon-

tanel size, weight, and length were positively cor-

related at birth and consistently negatively corre-

lated with each other at postterm ages in term and

preterm infants. However, these correlations were

io* arrd statistically nonsignificant (Table 3)' A

statistically significant relationship between fon-

tanel closure and height at 1 and 2 years of age has

been previously observed for girls but not for boys'z1

No significant relationship could be established

among iontanel size, timing of closure, and head

circuriference. Fontanel size was not predictive of

the age at which the fontanel would be closed' Size

and timing of anterior fontanel closure were not

significantly related to head circumference' A small

u.td/ot closed fontanel was not necessarily accom-

panied by a small head circumference' It ought to

te e-phasized that these findings refer to a normal

population. As outlined in the introduction' under

putirotogi. conditions, clinically relevant relation-

,trip. -uy be noted between size and closure of the

anterior iontanel and other growth parameters such

as head circumference, eg, in a child with hydro-

cephalus.
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