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INTRODUCTION 

In cephaloinetric roentgen analysis the reference line most 
frequently applied in the anterior cranial base, is the nasion- 
sella line, NSL (Brodie 1941, Bjork 1947, 1955, Lindegdrd 1953, 
Ricketts 1955, and others). The stability of this line during 
growth relies on the two reference points nasion and the center 
of sella turcica. 

The stableness of the sella point in relation to the sphenoid 
bone during growth is difficult to prove and not known, although 
Baume (1957) made an attempt histologically to demonstrate a 
change in position of sella in relation to the body of the sphenoid 
bone during growth of the Rhesus monkey. 

Nasion moves forward during growth in relation to the sphe- 
noid bone by increase in length of the anterior cranial fossa as 
well as by increase in thickness of the frontal bone. Keith & 
Campion (1922), on the basis of investigations of skull material, 
thought that generally nasion also takes an upward course during 
its forward growth. Bjork (1955) found no general tendency in 
the change of the nasion level during adolescence as estimated 
from a longitudinal study on roentgenographic material. Ford 
(1958) gained no definite evidence of an upward movement of 
nasion from studies on groups of cranial material involving dif- 
ferent ages from infants to adults. Bjork (1958 b) presents in- 
dividual cases which reveal that nasion may ascend as well as 
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descend during growth, depending either on a change in position 
of the different skeletal units of the cranial base or resulting 
froin the growth increment at  the fronto-nasal articulation. 

The deflective shape of the cranial base, expressed in teriiis 
of degrees of the angle nasion-sella-basion (n-s-bn), represents 
the form of the external cranial base, and this angle can easily 
be measured on profile roentgenograms. Different methods for 
determining the infernal shape of the cranial base from profile 
roentgenograms have been einployed (Pankow 1951, Moss d 
Greenberg 1955, and others). Based on the early developiiient of 
the anterior cranial fossa, de Cosier (1951) suggested a reference 
line from tuberculuin sellae through the cribriforni plate to the 
internal surface of the frontal bone. BjGrk (1955) observed that 
the contour of the cribriforni plate remained nearly unchanged 
during the adolescent period, but some variations were noticed 
in the formative developiiient of tuberculuiii sellae and jugum 
sphenoidale during growth in some cases. As  reference point in 
the anterior cranial base Bjork therefore applied ethmoidale, 
which is a landmark on the cribriforiii plate. Through the points 
ethinoidale and sella the reference line, ESL, was drawn (Bjork 
1958 b), and the angle ethinoidale-sella-basion (eth-s-ba) was 
eiiiployed in iiieasuring the internal form of the cranial base. 
This procedure is in agreement with the fact that the cribriforiii 
plate is the first component of the anterior cranial base to reach 
its final developmental state (Scott 1955, Ford 1958). The pur- 
pose of the present investigation is to find the covariation be- 
tween the external and the internal foriii of the cranial base and, 
if possible, to uncover some general tendencies in growth of the 
various coiiiponents of the above mentioned regions of the skull. 

MATERIAL 

The material consists of 464 cephalometric profile roentgeno- 
grams of Danish males ranging from 3 to 25 years of age. The 
head plates were made from subjects having different types of 
occlusion, although cases disclosing pathologic facial and cranial 
skeletal developiiient were omitted. The work was carried oiut 
at the Orthodontic Department of the Royal Dental College, 
Copenhagen. The major part of the inaterial was collected from 
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the files of this department, but in order to cover a wider range 
of age the sample m a s  supplemented with children of kinder- 
garten age and with tin adult group of students, varying in zige 
froiii 19 to 25. The age distribution of the whole sample appears 
from Table 1. The age grouping has been iiinde in such a way 
that the three years group comprises individuals having passed 
the age of three, but not the age of four and so on. Except for 
the youngest group there :ire thirty or more individuals in each 
group. 

METHOD 

The profile roentgenograiiis were obtained by using the head 
holder described by Bjiirk (1958 a ) .  The focus-niedian plane 
distance is kept at 180 ciii and the iiiedian plane-film distance 
at  10 ciii. The iiieasureiiients are subiiiitted without correction 
of iiiagnification which is calculated to about 5.6 per cent in the 
iiiedian plane. 

Registration 

The analysis of the present iiiaterial was based on linear and 
angular iiieasureiiients registered directly on the head plates. 
Attempts were iiiade to attain roentgenograiiis of high quality, 
and exposures showing blurred contours have not been included 
in the analysis. On the 464 filiiis selected the points and lines 
mentioned in this paper could be localized without difficulty. 

Most of the reference points used, such as nasion, ethnioidale, 
basion, the :interior nasal spine and gnathion, and the reference 
lines through these points, are situated in the iiiidsagittal plane. 
However, other landmarks, such as the upperiiiost point in the 
roof of the orbital cavity and pterygoiiiaxillare, are projections 
into the iiiidsagittal plane. This is d s o  the case with the bilateral 
contours of the inferior iiiargin of the body of the niandible. 
Double contours, especially of the iiiandibular angle, the rainus 
and the roof of the orbital cavity, frequently appear in lateral 
roentgenographic projections, and in such cases the point or the 
line lying half way between theiii is eiiiployed for registr- ‘I t‘ ion. 

Definitions of cephaloiiietric roentgenographic reference points 
and reference lines, as listed below, conform with the definitions 
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used :it the Royal Dental College, Copenhagen (B jdrk  1958 a ) .  
In addition, the position of the uppermost point of the roof of 
the orbital cavity and the position of the foremost point of the 
nasal bone are registered. Measuring points and reference lines 
lippear froiii Fig. 1. 

Fig. 1. Reference points arid reference lines used 011 lateral 
eephalometric x-ray films. 

Reference points 

Bnsion ( bn) : The perpendicular projection of the anterior border 
of foramen iiiagnuiii (endobasion) on a tangent through the 
lower contour of the foramen. 

Ethmoidnle ( e t h ) :  The lowest median point of the contour of the 
anterior cranial fossa, corresponding to the cribriforiii plate 
of the ethnioid bone. 
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Gnnthion 1 gn):  The loweriiiost point of the iiiandibular syiii- 
physis. 

N(1snl apex ( n n ) :  The most protruding point of the nasal bone. 
NflSioR ( n ) :  The iiiost anterior point of the iiasofrontal suture. 
Orbitnl roof ( o r f )  : The upperiiiost point in the roof of the orbiial 

cavity. 
Pterygomaxillrire ( p m )  : A point which represents the dorsal sur- 

face of the iiiaxillary body at the level of the nasal floor. The 
point is localized on the dorsal contour of the niaxilla, where 
this contour is crossing that of the hard and soft palate. 

Selln (s): The center of the bony crypt forming the sella turcica. 
The surface of the sella turcica is deteriiiined independently 
of the contours of the clinoid processes, and is limited upward 
by a line froiii tuberculuiii sellae to dorsuiii sellae. The center 
is defined as the midpoint of the greatest diameter froiii tuber- 
culuiii sellae. 

Spinal point ( s p ) :  The apex of the anterior nasal spine. 
Subspinde (ss): The deepest point of the anterior contour of the 

maxillary alveolar process (corresponding approximately to 
the apical zone). 

Reference lines 

Ethnioidnle-selln line (ESL) : The line drawn through ethiiioidale 
and sella. 

.llandibnlnr Zinc (ML)  : The tangent to the base of the mandibular 
body drawn through gnathion. 

Nnsnl line ( N L ) :  The line drawn through the spinal point and 
pterygoiiiaxillare. It represents the floor of the nasal cavity 
and the base of the maxilla. 

Nasion-sella line (NSL) : The line connecting nasion and sella. 
It represents the anterior cranial base. 

Selln-basion line (s-ba) : The line connecting sella and basion. 
It represents the iiiedial part of the posterior cranial base. 

All measurements, linear as well as angular, are read to the 
nearest half of a iiiilliiiieter and to the nearest half of a degree 
respectively. On the basis of the aforeinentioned reference points 
and reference lines the following linear and angular iiieasure- 
iiients are eiiiployed : 
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Linecir niensurements (Table 1 ). 

1. n-s: The external length of the anterior cr:tni:il base meas- 
ured froin nasion to selln. 

2. Frontal bone thickness: The dis tmce measured from n:ision 
to the nearest point on the internal contour of the frontal 
bone. 

3. Anterior cranial fossn length: The internal length of the 
anterior cranial base, which arises a s  the difference between 
the n-s length and the frontal bone thickness. 

4. s-bn: The length of the 1iiedi:il posterior cranial base meas- 
ured from sella to basion. 

5 .  eth-h'SL: The perpendicular distance from ethinoidiile to 
NSL. The value of this measureiiient is positive when eth- 
inoidale is situated below N S I ,  and negative when et1iiiioitl:ile 
is situated above h'SL. 

6. orf-NSL: The perpendicu1:ir distance froiii the uppermost 
point of the roof of the orbital cavity to NSL. 

7 .  eth-NL: The perpendicular distance froin elhinoidale to XI., 

dngirlar nie~isirrenients (Table 2) .  

1. n-s-btr: The external cranial base angle. 

2. eth-s-b!i: The internal cranial h s e  angle. 

3 .  eth-s-n: The angle between the two reference lines ESL 
and NSL. 

4. NSLINL: Rotation of the iiiaxilla defined :IS the angle between 
hrSL and NL. 

5 .  ESL/NL: Rotation of the maxilla defined :is the angle between 
ESL and NL. 

6. NSL/nfL: Rotation of the inandible defined :IS the angle be- 
tween NSL and ML. 

7 .  ESL/ML: Rotation of the iiiandible defined a s  the angle be- 
tween ESL and ML. 

8.  s-n-ss : Maxillary progna t hisni. 
9. s-n-nu: Protrusion of the nasal bone. 
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PART I. GROWTH CHANGES 

Cross sectional growth studies involve several problenis, limit- 
ing their application. By this iiiethod it is possible to acquire an 
understanding of the central growth tendency on the basis of 
the mean \ d u e s  at  different age levels, but this tendency can 
only be approxiiiiated. The first reason is that the standard error 
o/ the mean is large when the number of individuals in each 
group is small. Secondly, the study coiiiprises individuals in 
various age groups, which may differ biologically in many re- 
spects, whereby the group mean values are attended with syste- 
matic errors, which iiiay not be included in the standard errors. 
The third reason is that each age group holds individuals with 
one year’s dispersion of rzge, which also may influence the group 
mean values. 

Cross sectional data naturally give no information of the in- 
dividual variation in growth. A more exact study of the facial 
growth would have to be carried out on longitudinal material. 
However, as will be shown in this paper, indicative results are 
obtained d s o  froiii cross sectional data. 

In the following, attention will be directed towards the linear 
growth of cranial base dimensions, and subsequently changes in 
form of the cr:inial base will be discussed. 

Dimensions (Table 1) 

The iiieasureiiient iiiost coiiiiiionly used to represent the length 
of the trnterior cranial base is the distance n-s. This external 
length of the cranial base consists of two elements, the length 
of the anterior cranial fossa and the thickness of the frontal bone. 
On profile roentgenograiiis :in exact anatomical subdivision in 
these two parts cannot be accurately iiiade, as is the case in stu- 
dies of cranial iiiaterial (Ford, 1958). Thus, on roentgenograms 
the thickness of the frontal bone is iiieasured directly, and the 
length of the anterior cranial fossa is calculated by subtracting 
the frontal bone thickness froiii the R-s distance. This indirect 
iiieasureiiient was found to serve the purpose of this work. 

The growth in thicltness of the frontal bone approxiiiintes a 
linear function during the entire period from 3 years to adult 
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age. :IS deiiionstrated by the distance curve for this dimension 
(Fig. 2).  This finding agrees with the results presented by Rochr 
(1953), in which the growth in thickness of the frontal bone 
was calculated on roentgenograiiis from a longitudinal material. 

mm A 
Length of 

fosro - 58  . anterior cranial . . - 
56 /*/’ 

mm 
A Frontal bone 

thickness 

I4  . 

I 2  - 

10 - 

” /  
4 8 8 10 12 14 19-25 

47. 

Fig. 2. Distilnee curve showing the increase of frontal 
bone thickness I)?. age measured ;it nasioii. 

54 : / 1 



Like the nnsion-selh length, the posterior crcrninl brrse (s-hi), 
which is measured in the median sagittal phne and iiiainly con- 
stitutes the clivus, shows :I continuous enlargement until full 
development is acconiplished (Fig. 5 1. 

Fig. 1. Distance curve sliowing the increase of the nasion- 
sella leiigth by age. 

4 6 0 ' 10 12 14 19-25 
A#* 

Fig. 5. 1)istance curve showing the increase o f  the 
posterior cranial base length 1)y age. 
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As regards the mechanism of growth these curves reveal that 
the periosteal apposition on the external surface of the frontal 
bone is a nearly continuous process during the entire growth 
period, while the sutural growth in length of the anterior cranial 
fossa largely is finished at  the age of 7 to 8 years. 

rnm 

sI 1 Distance from 
eth to NL 

46  . 

44 - 

42 

4 0  . 

4 6 8 I0 I2 14 ID-25 

Fig. 6. Distance curve showing the increase of upper 
fncial height by age. 

After this developiiiental stage only minute sutural growth 
takes place, a process which ceases entirely as puberty is reached. 

The growth increase of the posterior cranial base, expressed 
here by the length of the clivus, reveals that the chondral growth 
of the spheno-occipital synchondrosis generally goes on nearly 
up to adult age (cf. ;McKern dL. Stemnrt, 1857). 

The abovementioned growth curves as well as that in Fig. 6, 
:ire smoothed, as scattering of group mean values occurs. How- 
ever, the qu:ilitative difference between the diagrams is of such 
a nature that the tendency becoiiies quite apparent. The path of 
the curves corresponds well to the roentgenologic data by Roche 
(1953) and to data calculated by Ford (1958) from cranial ilia- 
terial. An accurate estimation of the annual fluctuation of growth 
increase can only he carried out from velocity curves constructed 
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on the basis of longitudinal material. Therefore :I discussion of 
this kind of changes is not within the scope of the present paper. 

The stability of the nasion-sella line ( N S I , )  in relation to the 
median contour of the anterior cranial fossa, is investigated by 
iiiensuring the perpendicular distance from the ntrsion-sellti line 
to ethmoidale (cribriform plate). Bjork (1955) found this di- 
iiiension to remain constant froin 12 to 20 years of age in Swedish 
males. His study was carried out  on longitudinal material, :ind 
ethiiioidale was calculated to be situated on :in average 2.2 f 0.15 
111111 below the nasion-sella line. In the present material the 
corresponding mean value of the total saniple is 3 . 0  f 0.08 111111. 

The difference between these two calculations, 0.8 111111, is signi- 
ficant a s  based on the standmd errors of the iiieans. The dissi- 
iiiilarity which is very small. iiiay arise from systematic error 
in locating the reference point. ethnioidde, by the different in- 
vestigators. 

The age changes for lineur dimensions measured appe:rr in 
Table 1, and the distance from ethiiioidale to NSL is given i n  
Coluiiin 5. The probability that the differences between iiie:in 
vnlues of the age groups arise by chance for this diiiiension is 
less than one per cent, calcuhted by :in:ilysis of variance. The 
iiie:ins for the youngest and the oldest groups are of the s:iiiie 

magnitude, but higher values appear :it interiiiediate age levels. 
Whether this difference is due to the ageing or not is question- 
able, as the divergence is siiiall and iiiay be due to systeiiintir 
errors, a problem which connot be solved by the probability test 
:is mentioned above. The interpretation of these findings is there- 
fore that the nasioii-sella line reinnins in a rather stable position 
in  relntion to the anterior cranial fossu during growth from S 
years of age to  final development. 

The stableness of the nasion-sella line in relation to the roof 
of the orbital cavity is also exaniined. In order to  do this the 
perpendiculnr distance from the ncrsion -sell0 line to  the upper- 
most point of the orbital ccruity is investigated. Froin the tot:il 
material this dimension is calculated to 13.5 k 0.08 111111 on :in 

:iverage. As indicated by Table 1, Coluiiin 6, no significant fluc- 
tuation is observed of group iiiean values. (The probability, that 
the iiiean wilues differ iiierely a s  :I result of chance has  heen 
c:ilculated by iinalysis of variance to be between 1 nnd .5 per 
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cent). A noticable differcnce from 3 years to adult age is there- 
fore not demonstrated. 

The findings described above indicate that the distances off- 

NSL and eth-NSL generally remain rather constant after the 
age of three. If in the course of the growth period nasion had :I 

central tendency to niove upward in relation to the internal an- 
lerior cranial base, both these distances would be expected to 
change, which they do not do. However, this does not mean that 
a vertical displacement of nasion does not take place in individual 
cases. Bjiirk (1958 b )  demonstrated upward as well :IS downward 
changes in the level of nasion as related to the anterior cranial 
foss:i in the individual. The extent of the vertical movement of 
nasion in the individual should be esamined on 1ongitudin:il 11i:i- 

terial covering the entire developmental period. 
Meredith (1958) studied growth of the upper anterior facial 

height, nasion-anterior n:isal spine, based on a longitudinal 
material froin 5 to 12 years of age. As nasion individually may 
inove upward a s  well a s  downward during growth, attempt has 
been innde to adopt :I iiieasureinent of the upper facial height 
which is not influenced by vertical displacement of nasion. A 
dimension which fills this purpose is the perpendicuhr distance 
from ethiiioidale to the nasal line (Tab. 1, Col. 7 ) .  The distance 
curve of this upper facial height (Fig. 6 )  reveals a continuous 
growth of decreasing intensity :IS adult age is approached. 

Form (Table 2) 

As nasion is n reference point on the external cranial base, the 
shape of the cranial base, ineasured through the angle n--s--ha, 
consequently serves :IS a n  expression of the external form (Bjiirk 
1951, 1955, Lindegdrd 1953, Ricketts 1955) .  The internal form 
has also been exaiiiined by various authors (Pnnkoru, Moss and 
others). Bjork (1958) eiiiployed the angle eth---s-ha in nieasur- 
ing the internal form of the cranial base. In the present study 
a comparison of the developinent of the internal and the external 
forin of the cranial base has been carried out. In Table 2, Coluinn 
1 the angle nasion-sella-basion and in Table 2, Coluiiin 2 the 
angle etliiiioidale--sells-nasion are calculated at successi\-e age 
levels. The group means of both angles fluctuate, and the two 
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Table 3. Angular measurements in degrees comprising 
the total sample of 464 cases. 

A n g 1 e s I 1  2 ~ 3 4 
,I1 SE SI) P 

n-s--bn 

cth-s-I1 
KSI./XL 
ESL/NI. 

' XSL/JIL 
ESL/JIL 

1 elh-s-I,;1 

s-11-ss 

:,-11-n a I 

131.5 
127.3 

4.2 
6.6 
2.4 

33.5 
29.3 
80.2 

108.7 
_ _ - ~  

' 0.21 ' 4 3  , > 0.05 I 0.21 4.9 < 0.01 
~ (1.12 2.6 , < 0.01 

0.16 ~ 3.4 > 0.05 
0.18 , 3.8 1 < 0.05 
0.85 ~ 5.8 1 < 0.001 
0.93 6.3 , < 0,001 
0.16 3.5 > 0.05 
(1.33 7 2 < 0.001 

RI = arithmetical mean. SE = standard error of the mean. SD = standard 
deviation. P denotes the pro1)ability of differences between age groups 
being due t o  chance only. 

angles present a slight decreasing tendency with age. The analysis 
of variance indicates (Tab. 3, Col. 4) that the probability of dif- 
ferences between group iiiean values of the angle n-s-brr iiierely 
due to chance exceeds 6 per cent, i.e. the group iiienns are not 
significantly different. The probability, that differences between 
group iiiean values of the angle eth-s--ba are due to chance, is 
less than 1 per cent, which is significant. The aforementioned 
data therefore seeiii to indicate that the internal cranial base 
generally flattens out in childhood, but definite conclusions will 
not be drawn froiii this cross sectional iiiaterial, because the dif- 
ferences between the group iiieans are siiiall and because the 
calculation is based on different children in each age group, why 
the differences may be due to  the systeniatical errors in the 
s:unipl ing . 

The angle eth-s-n formed by intersection of the two refer- 
ence lines NSL and ESL is seen in Table 2, Column 3, and the 
saiiie angle calculated from the total iiiaterial appears in Table 3, 
Row 3. Based on the standard error of the iiiean a significant 
difference is found between group means, but here again the 
differences are sniall and may be caused by the coinposition of 
the iiiaterial as discussed above. 

In addition, Table 2 presents iiieaii values at each age level of 
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:I nuiiiber of facial angles which are applied in the subsequent 
covariation analysis. In Table 3 mean values for the total material 
:ire demonstrated. The prob:ibili ty, that the group mean values 
differ merely :is :I result of chnnce, is shown in Coluiiin 4 of this 
Table. 

Froiii Table 3, Rows 4 and 5 it is apparent that the angle he- 
tween the nasal line and the anterior cranial base, i.e. the degree 
of rotation of the maxilla, generally does not change with age 
on an  average no matter which reference line in the cranial base 
is used, the NSL or the ESL.  

The angle between the inferior surface of the body of the 
iiiandible and the anterior cranial base, i.e. the degree of rot a t '  LO!> 
of the iiiandible, rewxils :I significant decrease with age a s  nicas- 
ured to both reference lines, the ESI, and the NSI,  (Tab. 3, Rows 
(5 and 7 ) .  

The maxillary prognathisiii reiiiains unchanged in all age 
groups, while the protrusion of the nasal bone presents a marked 
and definite increase with age as measured by the angle s-n-na 
(Tab. 3, Rows 8 :ind 9). 

Definite conclusions drawn from the findings described above 
are that :in nnterior rotation of the iiiandible takes place and 
that the nasal bone becomes more protruding with age. These 
age changes are so strikingly evidenced that they are claiiiied 
Lo exceed the systeiiiatical error. Conversely, the reinnining angles 
studied :ire subjected to reservations, because iiiinor develop- 
inenti11 changes of central tendency fail to appear with con- 
vincing certainty from cross sectional analysis. 

PART 11. COHRELATIONS (TABLES 4 AND 5 )  

The problem of primary interest in this analysis is the degree 
of coordination between the external and internal form of the 
cranial base. This interrelation is a criterion of individual vnria- 
tion in the development of the two forms. When the external 
and internal cranial base angles, eth- -s-bn and n-s-ba, behave 
similarly, correlation between the two is positive and has a high 
value. Table 4 shows product iiionient correlation coefficients 
between the angles eth-s--ba and n-s-bn calculated for each 
particular age group separately. The figures indicate that correla- 
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Table 4. Correlatioii between 11-s-ba angle and eth-s-ba angle 
at different age levels. 

Number of AgC 
1 Cases 

r 

3 13 + 0.90 
4 30 + 0.79 
5 40 + 0.93 , 
7 31 + 0.82 I 

I 

G 3 1 + 0.92 1 

I n 
9 

10 
1 1  
12 
13 
14 

19-25 

43 
40 
6 1 
49 
33 
30 
30 
34 

~ ~ ~~~~~ 

r = the product moment correlation coefficient. 

+ 0.89 
+ 0.89 

+ 0.84 
+ 0.81 
+ 0.82 
+ 0.80 
+ 0.81 

+ 0.85 

~~ ~~ 

tion is rather similar at the different age levels, but here again 
l'luctuations iiiay be iiiasked as the analysis is carried out on 
various groups comprising different individuals. 

Correlative estimates of the entire niaterial with the various 
age groups involved appear in Table 5. The coefficient of cor- 
relation between the external cranial base angle, n-s-ba, and 
the internal cranial base angle, eth-s-bn, is found to be + 0.86 
for the total sample (Table 5, Row 1 ) .  The figure denotes that 
in individual development the external and internal foriiis of the 
cranial base tend to be intimately coordinated. Evaluated by the 
coefficient of determination (r2), 74 per cent of the variations 
in form of the cranial base can be explained by this correla- 
tion. Although N S L  on an average serves as a reliable representa- 
tive of the anterior cranial base, studies of individual develop- 
ment by cephaloiiietric analysis necessitate corrective adjust- 
iiients of N S L  to the internal base of the cranium. A method for 
correction of N S L  in individual growth analysis has been de- 
scribed by Bjork (1958 a) .  

Variations of the vertical level of nasion in relation to the 
anterior cranial fossa may be shown froiii correlative estimates 
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Tahle 5. Correlation of external and internal cranial Iiase angles. 

Correliit ions r 

I 3 1  etli--s-lia and etli-s-ti 
4 II-S-bii and NSL/NI, 

I 
5 etli-s-lia and ESI,/SI, 

etli--s--bn and ESL/hll. 
’ 6 ’ ti-s--ba and NSL/r\lL 

~~ - -~ ~~~~ ~ ~-~ 
I 7  

r = thc product moment correlation coefficient. 
denotes that the probability of I* differing 
99.9 per cent. 

from zero is more fll:ltl 

between the perpendicular distances measured from the upper- 
most point of the roof of the orbital cavity to NSZ, and from 
ethmoidale to N S L  (Table 5 ,  Row 2 ) .  These two points :\re si- 
tuated on either side of N S L ,  and the correlation coefficient be- 
tween the two diiiiensions is - 0.54. When N S L  is positioned :it 
a high level, therefore, its distance from the roof of the orhital 
cavity will consequently be small, and in case of a low position 
of NSL, a corresponding inverse relation appears. 

The question arises ;IS to whether the variation of the verticil 
level of nasion is coordinated to the form of the cranial base. In 
order to study this relation the internal craniiil base angle. ath--- 
s-bn, is correlated to the angle fornied by intersection of E S L  mid 
N S L ,  i.e. the angle eth-s--n (Table 5, Row 3 ) .  The correlation 
is - 0.37 and signifies that nasion, which is not coiiiiiion to both 
angles, tends to niove domnwnrd during growth when the in- 
ternal cranial base flattens out and npwnrd when 11 deflection 
of the internal cranial base takes place. This indicates that the 
deflection of the internal cranial base is partly iiiasked hy the 
position of nasion. Further evidence to support this finding zip- 
pears in Table 3, where the standard deviation of the cranial 
base angle is higher when measured internally than externally 
viz. 4.9 and 4.6 degrees respectively. The error i n  locating the 
ethnioidal point affects this correlation in negative direction, but 
this cannot be expected to account for the entire neg a t’ ive co- 
ordination in question. Fig. 7 shows a diagram of this correlntion. 
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cth-s-n 
n\- - - -7-  : 

et h - s - ba 
, , , I #  , I , , ,  I ,  I , ,  I ,  I , I , ,  I , ,  

no ns 120 125 lm 136 no 148 
M.1213 6.49 

Fig. 7. The negative correlation between the two cranial base angles, 
ethmoidale-sella-nasion and ethmoidale-sella-basion, illustrated with the 

95 per cent contour ellipse and the orthogona1 regression line. 

The 95 per cent contour ellipse and the orthogonal regression 
line, which is the main axis of the ellipse, illustrate the distribu- 
tion. 

Based on the preceding findings it may be concluded that the 
internal angle of the cranial base is a better expression of form, 
than is the external angle. Finally, the vertical change of nasion 
with growth partly compensates for changes in the internal form 
of the cranial base. 

Since both reference lines, NSL and ESL, individually may 
alter their position, as the correlation is less than 1.0, the question 
must be raised as to which one of the two lines is the more suit- 
able for the purpose of investigating developmental covariations 
between the cranial base and the facial skeleton. In Table 5 ,  
Row 4, the correlation coefficient between the external cranial 
base angle, n-s-ba, and the angle of rotation of the upper jaw, 
NSL/NL, is presented. The value of r is calculated at +0.32, 
which agrees with investigations performed by Lindegdrd (1953) 
who found the corresponding correlation coefficient to amount 
to f0.33. If this value is compared to the correlation coefficient 
between the internal cranial base angle and the maxillary ro- 
tation, which is determined as the correlation between eth-s-ba 

17 - Acfrc odont. Seand. Val .  17 
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and ESL/NL, the result is an increased coefficient of correlation, 
viz. +0.48 (Table 5, Row 5).  

An appraisal of the coordination between the forin of the 
cranial base and the angle of rotation of the lower jaw (Table 5 ,  
Rows 6 and 7 )  shows that the correlation coefficient between 
the angles n-s-ba and NSZ,/ML is as sniall as +O.lS though 
the correlation coefficient rises to +0.30 when coordination is 
calculated between eth-s-ba and ESL/ML. Because sella is 
coninion to NSL and ESL, the preceding observation indicates 
that individual upward or downward nioveinent of nasion reduces 
the estimated coordination between cranial base form and facial 
rotation. Therefore, coordination is more intimate when cal- 
culated on the basis of ESL as reference line of the anterior 
cranial base. 

As a conclusive result of these findings ESL should be preferred 
as reference line to NSL in correlative studies of coordination 
between deflection of the cranial base and the rotation of the 
facial skeleton. 

SUMMARY 

A comparative study of the external and internal form of the 
cranial base was carried out froin profile roentgenogranis of 464 
Danish males. The material comprises individuals froin 3 to 15 
years of age and adults varying in age froin 19 to 25 years. The 
investigation is divided in two constitutive chapters. In the first 
part the general growth tendencies of various dimensions and 
angles of the cranial base are analyzed, and in the second divi- 
sion coordinations between external and internal form of the 
skull base are studied. 

Growth changes (Tables 1 and 2. Figs. 2-61 

In profile roentgenograms the external length of the anterior 
cranial base is divided into two components: the length of the 
anterior cranial fossa and the thickness of the frontal bone. The 
frontal bone thickness is recorded separately, and the length of 
the anterior cranial fossa is indirectly estimated by subtracting 
the thickness of the frontal bone from the nasion-sella distance. 
The length of the posterior cranial base is measured in the 
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median plane from sella to basion. Distance curves of the dif- 
ferent dimensions of the cranial base are calculated and give 
the following results: 

1. Growth of the frontal bone thickness is a continuous and 
linear process from 3 years to adult age. 

2. The anterior cranial fossa reveals a marked increase in 
length until approximately 7 years of age, mcceeded by a slight 
increase in length which goes on to the age of puberty. 

3. Growth of the external length of the anterior cranial base 
from sella to nasion is a combination of the aforementioned two 
types of growth presenting a relatively marked length increase 
up  to 7 years and thereafter almost linear enlargeinent until 
adult age. 

4. The posterior cranial base shows an approximately linear 
increase up to adult age. 

Regarding the form of the cranial base and some related struc- 
tures, the following results appear: 

5. The external form of the cranial base, measured through the 
angle n-s-ba, as well as the internal form of the cranial base, 
recorded by the angle eth-s-ba, on an average stay unchanged 
from 3 years to adult age. Minute fluctuations cannot be evaluated 
from the present material. 

6. The tip of the nasal bone displays a continuously increasing 
protrusion of about 16 degrees from 3 years to adult age when 
recorded by the angle s-n-nu. 
7. Both the nasion-sella line and the ethmoidale-sella line 

are applied as reference lines of the anterior cranial base (Fig. 1). 
Attempts have been made to test the stability of the former as 
related to the latter during growth by utilizing the perpendicular 
distance from ethinoidale to NSL. This distance is nearly con- 
stant on an average in the total period of growth froin 3 years 
to adult age. Similarly it is found that the perpendicular distance 
from the roof of the orbital cavity to NSL remains nearly un- 
changed with age. This indicates that nasion during growth 
generally moves forwards in the length direction of the anterior 
cranial fossa. Individually, however, it may be anticipated that 
nasion inay ascend as well as descend during growth, a finding 
which is evidenced by the subsequent correlative investigationa 
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Covariatione (Table 5) 

8. Coordination between the external and internal forin of the 
cranial base is calculated as the correlation between the angles 
n-s-ba and eth-s-ba. The correlation coefficient of the total 
material is +0.86. Grossly the external and internal forms of the 
skull base behave similarly, but relatively large individual devia- 
tions may occur. 

9. The question of how the vertical level of nasion is coordin- 
ated to the internal form of the cranial base is studied. In rela- 
tion to the anterior cranial fossa, nasion moves upwards when 
extensive deflection of the internal cranial base is found and 
downwards when the cranial base flattens out. This seems to 
indicate that the external forin of the cranial base recorded by 
employing nasion partly masks the internal form of the base of 
the skull. 

10. It appears from this study that rotation of the upper face 
as well as of the lower face is more intimately coordinated with 
the form of the cranial base when ESL is applied as reference 
line than when NSL is applied. Correlative investigations be- 
tween the form of the cranial base and the face, therefore, should 
be founded on the internal forin of the cranial base. 

The author wishes to acknowledge with thanks the help of Professor 
Arne Bjork. In the preparation of this paper, his interest and supervision 
have been of great value. 

RESUME 

BASE CRANIENNE EXTERNE ET INTERNE. 
Croiseance moyenne et rapports de forme. 

Une coinparaison entre la forme externe et la forme interne 
de la base crhienne a C t C  exCcutCe sur des radiographies de pro- 
fil de 464 sujets danois du sexe masculin dont un groupe hgC de 
3 21 15 ans et un groupe d’adultes de 19 h 25 ans. Les recherches 
sont subdivisdes en deux parties. La premibre partie analyse la 
tendance gCnCrale de croissance des diffCrentes dimensions et des 
diffCrents angles de la base du crilne, et la deuxibine partie exa- 
mine les rapports entre la forme externe et la forme interne de 
la base du crilne. 
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Cbengements dam la croiesanee (Tableaux 1 et  2. Figures 2-6) 

La longueur externe de basis cranii anterior est subdivisCe sur 
les radiographies en deux ClCinents, la longueur de fossa cranii 
anterior et 1’Cpaisseur d’os frontale. L’Cpaisseur de 1’0s frontale 
est mesurCe sCparCment et la longueur de fossa cranii anterior 
est apprCciCe indirecteinent en soustrayant 1’Cpaisseur d‘os fron- 
tale de la distance nasion-sella. La longueur postdrieure de la 
base du crlne est niesurhe dans le plan niddian, de sella $I basion. 
Les courbes de distances de ces diffkrentes dimensions de la base 
crhnienne sont calculCes et elles donnent les rCsultats suivants: 

1. La croissance d’dpaisseur d’os frontale est continue et assez 
linCaire de 3 ans jusqu’b l’lge adulte. 

2. Fossa cranii anterior prCsente une forte augiiientation de 
longueur jusqu’b l’lge d’environ 7 ans, et ensuite une auginenta- 
tion de longueur minime jusqu’h l’lge de pubertd. 

3. L’augmentation de la longueur externe de basis cranii an- 
terior, de sella B nasion, prCsente une conibinaison des deux types 
d’augmentation susdits, avec une augmentation de longueur re- 
lativernent forte jusqu’a 1’8ge d’environ 7 ans, suivie d’une aug- 
mentation assez lineaire j usqu’Q l’lge mfir. 

4. Basis cranii posterior augmente d‘une iiianikre assez lindaire 
jusqu’h Idge mh. 

En ce qui concerne la forine de la base du crlne et quelques- 
unes des structures ayant un rapport avec elle, les resultats sui- 
vants paraissent: 

5. La fornie externe de la base du crlne, mesurCe par l’angle 
n-s-ba, de m h e  que la forine interne de la base du crane, mesurCe 
par l’angle eth-s-ba, sont en moyenne presque inchangees depuis 
l’lge de 3 ans jusqu’h l’lge adulte. 

Les fluctuations moins grandes ne se laissent pas apprdcier 
sur l’ensemble considCrC. 

6. La protrusion de la pointe d’os nasale, niesurCe par l’angle 
s-n-nu, saccroit d’environ 16 degrCs d’une facon continue de 3 ans 
jusqu’a l’lge adulte. 
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7. Coiiiiiie plan de rCfCrence dans la base antdrieure du crlne, 
on a eiiiployC la ligne nasion-sella et la ligne ethnioidale-sellit 
(Figure 1). On a essay6 d’apprCcier la stabilitd de cette dernicre 
ligne par rapport 31 la preiiiihre pendant la croissance en utilisant 
la distance perpendiculaire d’ethmoidale h N S L .  Cette distance 
est en iiioyenne assez constante pendant toute la pCriode de crois- 
sance depuis 3 ans jusqu’h l’lge adulte. De m&me la distance 
perpendiculaire du toit de l’orbite B N S L  reste presque invariable 
avec l’lge. Ceci indique que nasion pendant la croissance se d& 
place d’une ilianibre gCnCrale vers l’avant dans le sens longi- 
tudinal de fossa cranii anterior. Individuelleinent, on peut ce- 
pendant s’attendre B ce que nasion puisse s’6lever ou s’abaisser 
pendant la croissance, se qui est iiiontr6 par les etudes correla- 
tives ci-dessous. 

Covariatione (Tableau 5 )  

8. Le rapport entre la foriiie externe et la foriiie interne de la 
base du crlne est calculC coiiiiiie la corrdlation entre les angles 
n-s-ba et eth-s-ba. Le coifficient de corrClation pour l’enseiiible 
etudiC est +0.86. En gros, la foriiie externe et la foriiie interne 
de la base du crlne se coiiiportent de iiianihe seniblable, iiiais 
des divergences individuelles relativeiiient grandes peuvent se 
produire. 

9. La question du rapport entre le niveau vertical de nasion 
et la forme interne de la base du crlne est 6tudiCe. En cas d’une 
forte courbure de la base interne du crlne, il seiiible que nasion 
se dCplace vers le haut par rapport h fossa cranii anterior, et vers 
le bas lors de l’aplatisseiiient de la base interne du crlne. Autre- 
inent dit la foriiie externe de la base du crane, inesurCe par rap- 
port A nasion, iiiasquerait en partie la forme interne de la base 
du crlne. 

10. I1 ressort de cette Ctude que la rotation du haut du visage 
ainsi que celle du bas du  visage est associhe plus Ctroiteiiient A la 
foriiie de la base crlnienne lorsque ESZ, est eniployCe coiiiine 
ligne de rCfCrence au lieu de N S L .  Ceci implique que les Ctudes 
corrClatives entre la forme de la base crlnienne et la forme du 
visage devront Ctre basCes sur la forine interne de la base du 
crlne. 
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ZUSAMMENFASSUNG 

EXTERNE UND INTERNE SCHBDELBASIS. 
Wachstum und Association in Formentwicklung 

Ein Vergleich zwischen der externen und der internen Schadel- 
basisform wurde nach Profilrontgenbildern von 464 danischen 
Knaben - aufgeteilt in zwei Altersgruppen: eine von 3-15 
Jahren und eine erwachsene Gruppe von 19-25 Jahren - aus- 
gefuhrt. Die Untersuchung besteht aus zwei Abschnitten. Ini 
ersten Abschnitt wurde die generelle Wachstunistendenz der ver- 
schiedenen Diniensionen und Winkel der Schadelbasis analy- 
siert; ini zweiten Abschnitt wurde die Association zwischen der 
iiusseren und der inneren Schiidelbasisforni untersucht. 

Wachetnmsveriinderungen, (Tali. 1 11. 2. Abb. 2- 6) 

Die externe Lange der Basis cranii anterior ist auf den Rijnt- 
genfilmen in zwei Kornponente geteilt: die Lange der Fossa 
cranii anterior und die Dicke des 0 s  frontale. Die Dicke des 0 s  
frontale wurde fur sich geniessen, und die Lange der Fossa cranii 
anterior wurde indirekt bestimmt, indeni die Dicke des 0 s  fron- 
tale voni Abstand Nasion-Sella subtrahiert wurde. Die posteriore 
Schadelbasislange wurde iiii Medianplan von Sella bis Basion 
geniessen. Die Distanzkurven dieser verschiedenen Dinlensionen 
der Schadelbasis .wurden berechnet und ergaben folgende Resul- 
tate: 

1. Das Wachstuiii des 0 s  frontale ist kontinuierlich und ziem- 
lich gradlinig von 3 Jahren an bis zuiii erwachsenen Alter. 

2. Die Fossa cranii anterior zeigt starkes Langenwachstuni bis 
zuni Alter von etwa 7 Jahren, und danach bis zuin Pubertatsalter 
verliingert sie sich nur unbedeutend. 

3. Das externe Langenwachstuni der Basis cranii von Sella bis 
Nasion zeigt eine Kombination von beiden obengenannten Wachs- 
tuinstypen iiiit einer relativ starken Liingensteigerung bis zuiii 
Alter von 7 Jahren und danach eine zienilich gradlinige Steige- 
rung bis Zuni erwachsenen Alter. 
4. Die Basis cranii posterior verlangert sich ziemlich . gradlinig 

bis zuni erwachsenen Alter. 
In Bezug auf die Schadelbasisforiii und auf einige der Struk- 
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turen, die in Relation zu dieser stehen, ergeben sich folgende 
Resultate : 

5. Sowohl die externe Schadelbasisform, gemessen durch den 
Winkel n-s-ba, als auch die interne Schadelbasisform, gemes- 
sen durch den Winkel eth-s-ba bleibt, in1 Durchschnitt gesehen, 
von 3 Jahren an bis zum erwachsenen Alter ziemlich unver- 
andert. Kleinere Fluktuationen lassen sich nach dem vorhande- 
nen Material nicht beurteilen. 

6. Der 0 s  nasale zeigt wahrend des Wachstuins, gemessen 
durch den Winkel s-n-nu, eine kontinuierlich zunehmende Pro- 
trusion von ca. 16 Grad von 3 Jahren an bis Zuni erwachsenen 
Alter. 

7. Als Referenzplan in der anterioren Schadelbasis wurde so- 
wohl die Linie Nasion-Sella, als auch die Linie Ethmoidale- 
Sella (Abb. 1) angewandt. Die Stabilitat der ersten iin Verhalt- 
nis zu der anderen wahrend des Wachstums wurde versuchs- 
weise beurteilt, indem der rechtwinklige Abstand von Ethinoidale 
bis NSL gezogen wurde. Dieser Abstand ist durchschnittlich 
wahrend der ganzen Wachstumperiode von 3 Jahren an bis 
zum erwachsenen Alter nahezu konstant. Ebenso bleibt der recht- 
winklige Abstand vom Augenhohlendach bis zur NSL fast un- 
verandert mit dem Alter. Dieses deutet darauf hin, dass sich der 
Nasion - generell gesehen - wahrend des Wachstums nach 
vorn in die Langenrichtung der Fossa cranii anterior .verschiebt. 
Individuell kann inan aber doch erwarten, dass sich der Nasion 
wahrend des Wachstums sowohl hebt, als auch senkt. Dieses wird 
unten bei der korrelativen Untersuchung gezeigt. 

Kovariation (Tab. 5 )  

8. Die Association zwischen der externen und der internen 
Schadelbasisform wurde durch Korrelation zwischen den Win- 
keln n-s-ba und eth-s-ba berechnet. Der Korrelationskoeffizient 
fur das ganze Material ist + 0,86. Ini allgenieinen verandern sich 
die aussere und die innere Schadelbasisform in Ubereinstimmung 
zu einander, aber individuell konnen relativ grosse Abweichungen 
vorkommen. 

9. Die Frage, wie das vertikale Niveau des Nasion mit der in- 
ternen Schadelbasisform associiert ist, wurde behandelt. Es zeigt 
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sich bei starker Beugung der internen Schadelbasis, dass sich der 
Nasion nach oben in Relation zu Fossa cranii anterior verschiebt 
und bei Abflachung der internen Schadelbasis nach unten. Dar- 
aus folgert man, dass die externe Schadelbasisform - bis zuni 
Nasion gemessen - die interne Schadelbasis zuni Teil verdeckt. 

10. Es zeigt sich ferner, dass die Rotation sowohl des Ober- 
als auch des Untergesichtes grossere Association init der Schadel- 
basisform hat, wenn ESL anstatt NSL als Referenzlinie ange- 
wandt wird. Deshalb musste bei korrelativen Studien zwischen 
Schadelbasisforni und Gesichtsforni die interne Schadelbasisforiii 
ah Grundlage dienen. 
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