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Centiles for adult head circumference

K M D Bushby, T Cole, J N S Matthews, J A Goodship

Abstract
Reference range for head circumference on
the Tanner charts do not go beyond age 16. In
this study the head circumference and heights
of 354 adults in two British centres were
measured. The centile charts constructed from
these measurements show that adult head
circumference is related to height. The mean
head circumference of a male of average
height is above the 97th centile for a 16 year
old on the Tanner charts. The paediatric
charts are therefore inappropriate for use in
adult males.

(Arch Dis Child 1992;67:1286-7)

Measurement of the occipitofrontal head cir-
cumfer,ence is an integral part of most paediatric
and many medical examinations. It is often of
particular importance in making a diagnosis in
the dysmorphic child with developmental delay.
The London dysmorphology database lists 250
syndromes associated with microcephaly and
114 with macrocephaly.' Many of these condi-
tions are inherited and therefore accurate assess-
ment and counselling of relatives should include
measurement of head circumference. In the
investigation of a child with an apparently
isolated abnormality of head circumference
examination should also include parental head
circumference as studies have shown that up to
50% of normal variation in head size is familial.2
The centile charts used routinely in Britain have
data only up to age 16 years.3 We have produced
centile charts appropriate for use in adults.

mean and SD. So, for example, the 97th centile
was calculated to be mean +1 88xSD. A
further concern was that the mean and SD
might depend on various recorded variables
such as age and height. Thus the method for the
simultaneous modelling of means and variances
described by Aitkin was used.4
The use of this methodology also enabled a

check to be made for evidence of a systematic
effect of the centre (or observer) on the means (a
bias) or on the variance (different precisions).

Results
Following Aitkin's recommendation a model
was assumed for the means which allowed for all
the factors mentioned above and some of their
second order interactions and different models
for the variance were considered.4 There was no
evidence that age, height, or sex had any effect
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Data collection
Data were collected on the head circumference,
height, and age of 354 white adult volunteers
attending the outpatient clinics of dental
hospitals in Newcastle upon Tyne and Cardiff.
Care was taken to exclude patients attending for
conditions that might affect cranial anatomy.
Two hundred and seven patients were measured
in Newcastle (93 males and 114 females) and
147 in Cardiff (66 males and 81 females). The
median age was 40 years (range 17 to 83). The
subjects in Cardiff were measured by a single
observer, whereas in Newcastle two observers
measured approximately equal numbers.

Analysis
The approach was guided by the assumption
that the head circumferences are normally
distributed, a feature which was checked in the
course of the analysis. Under this assumption
the centiles were set using estimates of the
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Figure I Head circumference plotted against height in 159
adult males. The line describing the mean ofthe distribution
is 42-4+0-08673xheight.
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Figure 2 Head circumference plotted against height in 195
adultfemales. The line describing the mean ofthe distribution
is 41 02+0 08673 x height.
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on the spread of the measurements. Moreover,
there was no indication that the different
observers had different precisions. (In a small
sample, 20 subjects were measured twice: the
SD of the intraobserver measurement error was
0-133 cm.)
As there was no need to include any variables

in the model for the variance, Aitkin's approach
reduces to ordinary multiple regression,4 which
was then used to examine the effect of age,
height, and centre on the mean head circum-
ference. No evidence was found of any effect of
age nor of centre.

Figures 1 and 2 shows the data collected with
the calculated centiles for males and females.
There was clear evidence that mean head
circumference increased with increasing height
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Figure 3 Centile chartfor head circumference against height constructedfrom our data for
use in adult males. For comparison, on the Tanner charts the 97th centile for head
circumference for a boy of 16years is 57 7 cm and the 50th centile 55 cm.

Females
63-. ........ ...... ....:---.

63.. .. .,, . .- -. -' ' ' ''.-."'.'.!

........ :9-7.-. ................
^ 60

.. .. ...C)

50 _______________________
140150 160 170 10 190 200

Height (cm)
Figure 4 Gentile chart for head circumference against height constructed from our data for
use in adultfemales. For comparison, on the Tanner charts the 97th cenltile for a girl of 16
years is 56 4 cm and the 50th centile 54 2 cm.

(slope 0-08673 cm/cm, SE 0-01031 cm/cm,
p<O 0001) and that a male would have a head
circumference that was on average 1-38 cm
larger than that of a female of equal height
(mean difference 1-378 cm, SE 0-211 cm,
p<0000 1).
The relations given in the figures are reason-

able for heights between 140 and 190 cm
(females) and 150 to 200 cm (males). The SD
about the line is 1-41 cm.
The centiles were constructed assuming the

normality of the head circumference measure-
ments, and this was confirmed by the normal
probability plot of the jack-knife residuals. The
Shapiro-Wilk test' did not discredit the hypo-
thesis of normality (W=0 986, p=0-69, using
Royston's approximation6).

Discussion
We have produced centile charts for adult head
circumference based on measurements from
two British centres (figs 3 and 4). From our
measurements it is apparent that it could be
quite misleading to make an assessment of an
individual's centile for head circumference
without taking height into account. This is in
agreement with the data of Bale et al who
showed a correlation between head circumfer-
ence and height in a small number of normal
subjects.7 A relationship between brain weight
and height has also been demonstrated in adult
life as well as during childhood.8
Most importantly, we have shown that in

adult males especially it is quite misleading to
use the end of the paediatric charts to plot
parental head circumference, as the mean head
circumference of a male of average height is
above the 97th centile at age 16 on the Tanner
charts. This discrepancy is not so marked in
females, probably reflecting the fact that the
adolescent growth spurt occurs earlier in females
than in males and that head circumference in
males continues to grow into early adulthood.
These charts provide a more accurate reference
range to detect abnormal head circumference in
adults.
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patients with neurofibromatosis type 1 indirectly stimulated this
study. We would also like to thank Professor Barnes in the
department of operative dentistry, University of Newcasde upon
Tyne, and Dr Edmunds in the oral health clinic of the dental
hospital in Cardiff for allowing access to their patients and staff.
The values from the Tanner charts are reproduced by permission
of Castlemead publications. KMDB is an MRC Training Fellow.
Reprints and copies of the centile charts are available from Dr
Bushby.
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