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ABSTRACT This paper tests the suggestion put forth by Tanner ( ’ 5 5 )  and Eichorn 
and Bayley (’62) to the effect that the brain participates i n  the parapubertal spurt of 
growth which characterizes many of the dimensions of the human body. To this end, 
longitudinal data consisting of oriented head roentgenograms of 11 boys were exam- 
ined. Two measurements were taken directly from each lateral head film: ( 1 )  skull 
length, measured from glabella to opisthocranion, and ( 2 )  endocranial length, the 
maximum length of the endocranial contour in the mid-sagittal plane. 

While many of the individual cumulative curves depicting growth in skull length 
exhibit a parapubertal acceleration, all oP the curves for endocranial length comprise 
segments of a parabolic arc representing a single decelerating phase of growth. 
Mean incremental curves, mathematically fitted, further emphasize the differences in 
velocity and pattern of size attainment €or the two dimensions tested. The data here 
presented, then, fail to implicate the brain in the general spurt of growth evident for 
the external dimensions of the head a t  adolescence. 

It is suggested that two discrete systems are evident in the growth of the skull: 
a rapidly growing neural system essentially completed by adolescence, and a facial 
system of slower growth and longer duration. The conventional measurement of 
skull length cuts across both systems, appraising neural growth and the cerebral 
skeletal envelope prior to adolescence, and then superimposing the facial component, 
the forward projection of the frontal sinus, during adolescence and post-adolescence. 

Since the publication of Scammon’s 
(’30) curves of differential tissue growth 
(fig. l ) ,  it has been generally accepted 
that the curve of brain growth does not 
exhibit the parapubertal acceleration which 
characterizes many of the dimensions of 
the human body. Scammon was of the 
opinion that the external dimensions of 
the head also adhered to the “neural” pat- 
tern of growth; nevertheless, subsequent 
studies by Goldstein (’36, ’39), Shuttle- 
worth (’39), Nanda (’55), Dokladal (’59), 
Eichorn and Bayley (’62), and Miklashev- 
skaya (’66), among others, have demon- 
strated the presence of an adolescent spurt 
in head growth in American and European 
populations. Thus the dichotomy, equating 
the brain with the neural mode of growth 
and the external dimensions of the head 
with the somatic pattern, became estab- 
lished and reinforced. 

Recently, however, Tanner (’55) and 
Eichorn and Bayley (’62) have challenged 
the conclusion that the brain does not par- 
ticipate in the adolescent acceleration. 
These authors have analyzed the incre- 
mental growth of head circumference in 
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relation to the increases reported for scalp 
thickness (Young, ’59a) and for the thick- 
ness of the bones of the cranial vault 
(Roche, ’53; Young, ’57) during the para- 
pubertal period. They contend that the in- 
creases in the thickness of the bones and 
the surrounding soft tissues are insufficient 
to account for the magnitude of the incre- 
ments observed for the external dimensions 
of the head; hence, the inference that ac- 
celerated brain growth must be a contrib- 
uting factor. 

Tanner and Eichorn and Bayley well rec- 
ognize the tenuous nature of the evidence 
from which their inference is drawn. The 
best evidence would result from a direct 
longitudinal study of the brain itself, per- 
haps through the use of periodic pneumo- 
encephalograms to reveal the surface area 
of the brain in two planes. Since this pro- 
cedure is too drastic to warrant its appli- 
cation solely for research purposes, it is 
still necessary to resort to indirect evidence 
to ascertain the longitudinal pattern of hu- 

1 This investigation was supported by Public Health 
Service Research grant DE 00221, from the Natlonal 
Institute of Dental Research, Bethesda, Maryland. 
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Fig. 1 Percentile curves of differential tissue 
growth (after Scammon, '30). 

man brain growth. In this connection, data 
to be obtained from the endocranial sur- 
face of the skull represent a closer approxi- 
mation to size changes in the brain than 
is to be obtained from external measure- 
ments of the head. Experimental investi- 
gations of the factors influencing the 
growth of the cranium indicate that the 
brain bears a functional relationship to the 
growth of the inner table of the vault bones 
(Washburn, '47; Massler and Schour, '51; 
Young, '59b; Moss and Young, '60). Logi- 
cally then, measurement of the endocran- 
ial diameters of the vault ought to afford a 
reasonable approximation of changing 
brain size, conceding that some of the 
space is taken up by the membranous cov- 
erings and the cerebrospinal fluid. 

In order to test the Tanner-Eichorn and 
Bayley hypothesis, therefore, longitudinal 
data consisting of oriented head roentgen- 
ograms taken on 11 boys were examined. 
Two measurements were taken directly 
from each lateral head film: ( 1 )  skull 
length, measured from glabella to opistho- 
cranion, and (2) endocranial length, the 
maximum length of the endocranial con- 
tour in the mid-sagittal plane (fig. 2). The 

cumulative curves of growth for skull 
length and endocranial length for each of 
the 11 subjects are shown in figure 3a,b. 
The curves for each subject are numbered 
to facilitate a direct comparison of growth 
performance in the two diameters of the 
skull. 

It is evident that the subjects with ex- 
ternally large skulls possess comparably 
large vaults endocranially. This fact is not 
surprising since the brain comprises the 
overwhelming content of the calvaria. Of 
greater significance for the present discus- 
sion, however, are the discernible differ- 
ences in the slope and configuration of the 
two sets of curves. While the individual 
curves for skull length exhibit a steep slope 
and show increases well beyond 15 years 

6 YEARS 

22 YEARS 

Fig. 2 Lateral cephalometric tracings of x- 
rays taken on the same male subject at 6 and 22 
years of age. AI and A2 represent the maximum 
ectocranial length (glabella-opisthocranion) at 
each age; B1 and Bz represent the maximum en- 
docranial length. 
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Fig. 3a Cumulative curves of growth for ectocranial length based on longitudinal data 
for 11 male subjects. 
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Fig. 3b Cumulative curves of growth for endocranial length based on longitudinal data 
for 11 male subjects. 

of age, the endocranial curves are rela- tion of a parapubertal acceleration, all of 
tively flat and tend to plateau around 15 the curves for endocranial length com- 
years of age. While many of the curves prise segments of a parabolic arc repre- 
depicting growth in skull length (subjects: senting a single decelerating phase of 
1,2, 5, 6, 8, 9, 10) show at  least a sugges- growth. 
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As the term denotes, the cumulative 
curve adds the increment of gain at each 
successive time interval to the growth pre- 
viously attained; consequently, this type of 
curve tends to mask small changes in rate 
of growth which might be taking place at 
adolescence. An averaging of the individ- 
ual cumulative curves would further ob- 
scure the pattern of growth because the 
gross size differences of the subjects would 
increase the variance. Since it is the com- 
parative rate of gain of ectocranial length 
versus endocranial length during adoles- 
cence which is the point at issue, the in- 
crements of growth at annual intervals 
were calculated for each dimension. Table 
1 lists the mean gain, the standard devia- 
tion and the number of subjects for whom 
data were available at each chronological 
age. Data on at least ten subjects were 
obtained from ten through 17 years of age, 
the period critical for the present analysis. 
It is to be noted that the greatest differ- 
ences occur from 12 through 16 years 
when the annual increments for external 
skull length exceed those for endocranial 
length by more than a millimeter. The 
peak difference (1.34 mm) occurs during 
the period from 14 to 15 years of age. 

The mean incremental curves of growth 
for these two dimensions of the skull are 
clearly divergent in pattern (fig. 4). For 
external skull length, the increments are 
sustained through 16 years of age, after 
which time they exhibit a progressive de- 
crease until roughly 22 or 23 years of age. 
For endocranial length, however, the incre- 
ments decrease sharply after ten years of 
age. The slight increase indicated for the 
years 16-18 probably represents an arti- 
fact since it appears too late to be regarded 
as evidence of an adolescent acceleration. 
Further, it occurs at a time when the in- 
cremental growth of the external dimen- 
sion is falling off rapidly and, therefore, 
it is unlikely that it would be reflected in 
an external measurement of the skull. 

Curves fitted mathematically to the in- 
cremental data merely emphasize the dif- 
ferences in velocity and pattern of size 
attainment. Figure 5 shows the results of 
fitting curves to the mean increments using 
a quadratic equation. The curve for skull 
length is convex while that for endocranial 
length is concave. The greatest distance be- 
tween the curves is found in the circum- 
pubertal period. 

The material here presented, then, fails 
to implicate the brain in the general spurt 

TABLE 1 
Annual growth increments (mm) 

Endocranial length Difference between 
means 
(N 7 10) 

Skull length 
Sample - 
size Mean S.D. Mean S.D. Age 

years 
5-6 
6-7 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
20-2 1 
21-22 
22-23 
23-24 
24-25 
25-26 

1 
3 
5 
7 
9 

10 
10 
10 
10 
11 
11 
10 
6 
5 

1.20 0.00 
1.72 1.75 
1.90 1.25 
1.27 0.85 
1.63 0.85 
1.85 1.01 
1.42 0.88 
1.75 1.10 
1.50 0.74 
1.76 0.92 
1.57 0.46 
1.30 1.14 
1.00 0.54 
0.91 0.88 
0.70 0.47 
0.54 0.30 
0.30 0.23 
0.36 0.14 
0.24 0.00 
0.24 0.00 
0.24 0.00 

1.20 0.00 
1.04 0.37 
1.82 0.74 
0.44 0.58 
1.39 0.91 
1.09 0.58 
0.53 0.61 
0.71 0.94 
0.48 0.85 
0.42 0.58 
0.31 0.79 
0.54 0.66 
0.50 0.78 
0.17 0.41 

-0.05 0.22 
0.00 0.35 

-0.08 0.20 
-0.08 0.20 
-0.16 0.18 
-0.06 0.08 
-0.12 0.00 

0.76 
0.89 
1.04 
1.02 
1.34 
1.26 
0.76 
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Fig. 4 Mean incremental curves of growth for ectocranial and endocranial lengths based 
on the 11 male subjects. 
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Fig. 5 Mathematically derived curves fitted to the incremental data for ectocranial and 
endocranial lengths using a quadratic equation. 

of growth characterizing the external di- 
mensions of the head at adolescence. But 
more broadly, the parameters tested sup- 
port the contention that two discrete sys- 
tems are evident in the growth of the skull: 
a rapidly growing neural system essentially 
completed by adolescence, and a facial sys- 
tem of slower growth and longer duration. 

The glabellar area of the frontal bone 
has been shown to be a functional compo- 
nent of the facial skeleton (Moss and 
Young, '60). The development of the fron- 
tal sinus is a structural accommodation 
necessitated by the forward growth of the 
face. An anterior bulging of the outer cor- 
tical plate of the frontal bone takes place 
as an adjustive mechanism to maintain 
articulation of the frontal and nasal bones. 
This phenomenon is especially apparent in 
the male in whom the globular infantile 
forehead becomes receding after adoles- 
cence due to the development of a promi- 

nent glabellar area (fig. 2). Thus, the con- 
ventional measurement of skull length 
(GB-OP) cuts across both systems, assess- 
ing neural growth and the cerebral skeletaI 
envelope prior to adolescence, and then 
superimposing the facial component, the 
forward projection of the frontal sinus, 
during adolescence and post-adolescence. 
The composite nature of the curve of 
growth for skull length is shown schemati- 
cally in figure 6. 

ECTOCRANIAL 

ENDOCRANIAL 

Fig. 6 Schematic diagram showing the com- 
posite character of the curve of growth for ecto- 
cranial length. The ectocranial curve incorporates 
neural growth, appositional growth of the cortical 
plates, and the development of the frontal sinus. 
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