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Summary: This study discusses the mor- 
phologic evolution of the cranio-facial 
and cervical bone structures throughout 
life. A cephalometric study was made on 
lateral radiographs. The population stu- 
died included 84 males and 102 females. 
Ages ranged from 21 to 101. The cranial 
structures, superior facial structure, man- 
dible and cervical vertebral colunm were 
successively examined. The anteroposte- 
rior diameter of the calvarium does not 
seem to undergo any modification during 
life. On the other hand, a highly signifi- 
cant increase of  the thickness of this 
structure can be noted. The upper facial 
structure presents some modification, 
namely a significant increase of its poste- 
rior height. The palatine processus seems 
to change direction and pivot downwards 
and forwards. The maxillary sinus does 
not undergo any changes. The mandible, 
which is stable in its major axes, shows 
more malleable sectors which are more 
especially situated at the level of its 
body. The study of the cervical vertebral 
column reveals a loss of overall height, 
and an increase in the lordosis. The most 
numerous and most evident morphologic 
modifications were observed around the 
age of fifty in both males and females. 
The fact that these transformations are 
always commoned and greater in the lat- 
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ter reveals the plausible influence of the 
menopause. It appears that bone struc- 
tures of membranous origin are the site 
of significant modifications compared 
with structures of endochondral origin, 
which benefit from a greater stability. 

L'influence de la s~nescence 
sur la morphologie cr~_nio-faciale et 
cervicale chez l 'Homme 

R~sum~ : Le but de ce travail est de 
mettre en 6vidence l'rvolution de la mor- 
phologie des structures osseuses crfinio- 
faciales et cervicales chez l 'Homme au 
cours de la vie. Une 6tude crphalomr- 
trique a 6t6 rralisre h l'aide de clichrs 
radiographiques norma lateralis. La 
population de recherche 6tait constiture 
de 84 sujets masculins et de 102 sujets 
frminins.  L ' rchel le  globale des ages 
s'rtendait de 21 ~t 101 ans. Les structures 
crgniennes, le massif facial suprrieur, la 
mandibule et la colonne vertrbrale cervi- 
cale ont 6t6 examinrs successivement. Le 
diam~tre antrro-postrrieur de la calvaria 
ne semblait pas prrsenter de modifica- 
tions au cours de la vie. En revanche, on 
observait une augmentation hautement 
significative de l'rpaisseur de cette struc- 
ture. Le massif facial suprrieur prrsentait 
quetques modifications et particulirre- 
ment une augmentation significative de 
sa hauteur postrrieure. Les processus 
palatins semblaient changer de direction 
et pivoter vers le bas et vers ravant. Le 

sinus maxillaire ne prrsentait  aucune 
modification notable. La mandibule res- 
tait stable dans ses proportions grnrrales, 
mais prrsentait des secteurs plus mal- 
16ables, siturs surtout au niveau du corps. 
L'rtude de la colonne vertEbrale cervicale 
montrait une perte de hauteur globale et 
raugmentation de la lordose. 11 faut noter 
que les modificat ions les plus nom- 
breuses et de plus grande amplitude s'ob- 
servaient aux alentours de la cinquantai- 
ne, tant chez l ' homme que chez la 
femme, mais qu'elles 6taient toujours 
plus nettes chez cette derni~re, ce qui 
6voque rinfluence probable de ta mrno- 
pause. I1 appara~t que les structures 
osseuses d'origine membraneuse sont le 
si~ge de transformations plus importantes 
que celles d'origine enchondrale qui 
brnrficient d'une plus grande stabilitr. 
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The subject of this study was the mor- 
phologic changes in craniofacial and cer- 
vical bone structures throughout life. 
During the ontogenic phase, bone modi- 
fications in the head and neck can be 
observed and have been reported in many 
studies [3, 4, 7, 17, 19, 26, 38]. However, 
this is not so for the adult and subsequent 
senescent phases, whereas mechanomor- 
phosis of these bone structures, both cra- 
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Relevant points and axes for 
Figs. 2-8 and 14 

1, most anterior point of verti- 
cal part of frontal bone; 2, most 
posterior point of occiptal squa- 
ma; 3, nasion (Na); 4, point S; 
5, basion (Ba); 6, anterior nasal 
spine (ANS); 7, anterior palati- 
ne canal (APC), posterior mar- 
gin; 8, posterior nasal spine 
(MNS); 9, spine of lingula 
(SL); 10, mental foramen 
(MF); 11, genion (Ge); 12, pogo- 
nion (Pog); I3, posterosuperior 
pole of odontoid process of 
axis; 14, posteroinferior pole of 
image of vertebral body of C5; 
15, most anterior point of pos- 
terior border of cervical spine; 
A, mandibular plane of Downs; 
B, main axis of mandibular 
symphysis; C, anterior ptery- 
gold line (Thilloy); D, neuro- 
vascular axis SL-MF 
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Figs. 1, 2 
1 Cranio-facial and cervical bone structures as shown in lateral radiograph. 2 Anatomic and constructed cephalome- 
tric points 
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Fig. 3 
Cranial structures 
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Figs. 4, 5 
4 Superior facial structures. 
5 Anterior and posterior dimen- 
sions 

nial and facial, continues on a lifelong 
basis [20, 2]. It is directly linked to the 
molding ability of orofacial fmaction and 
its variations.  This observat ion is in 
agreement with the theories maintained 
by Moss [22, 25, 32, 33] according to 
which skeletal morphology is the result 
of  the action of  soft tissues in general, 
and by Couly [6, 7] who revealed their 
modeling effects on their skeletal envi- 
ronment. This morphogenetic  process 
[11, 15, 16, 17, 28, 30, 31, 34, 37] conti- 
nues throughout life. However, functio- 
nal involution sets in progressively and is 
accompanied by various parafunctions, 
resulting in the appearance of a neuropa- 

thology of the elderly subject [1, 5, 8, 18, 
23, 35, 36, 40, 41]. The modeling action 
will hence be modif ied and lead to a 
morphologic evolution of the bone struc- 
tures. To these modi f ica t ions  o f  the 
modeling process can be added the signs 
of ageing of  the bone tissue itself [12, 13, 
14, 21, 24, 42]. This brings about altera- 
tions of its physical and chemical proper- 
ties which modify its responses when 
subjected to mechanical constraints. In 
addition, the bone is not only plunged 
into a new functional context, it is also 
faced with the problems of  the menopau- 
se and the male climacteric which create 
different conditions of hormonal impre- 
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gnation. Given +:hese conditions, interre- 
lated modifications of the specific mor- 
phology of bone units can be expected to 
be observable throughout life. It is pro- 
posed in this study to investigate succes- 
sively the morphologic variations of the 
cranial sites (calvarium and skull base), 
the superior facial structures, the man- 
dible and the upper cervical vertebral 
column (Fig. 1). 

Fig. 6a-g 
Mandibular variables for ramus mandibulae 

Material and methods 

The data used for study were lateral. A 
cephalometric examination was made on 
traced copies of these views which 
enabled metric, angular and surface 
measurements to be made. Each radio- 
graph represented all the cranial bone 
structures, including the mandibulofa- 
cial, hyoid and spinal structures down to 
the 6th cervical vertebra. Each of these 
structures was studied to reveal its mor- 
phologic evolution during the life span. 
Several observations by different authors 
[9, 10, 39] were employed  for this 
cephalometric study. They had reported 
the stability of certain bone structures 
during the ontogenic phase, postulating 
their stability during later life and there- 
fore their suitability as reference points 

and axes. They were the direction of the 
anterior crest of the pterygoid process 
[39] and the neurovascular axis: lingula - 
mental foramen [9]. 

Measurements were made using anato- 
mic or constructed cephalometric points 
(Fig. 2). 

Variables studied (Figs. 3-8) 

The variables used for study of the cranial 
structures (Fig. 3) are labeled C and are 
the following: C1, the sagittal diameter of 
the calvarium, C2, the thickness of the 
calvarium at its summit, C3, the surface 
of the frontal sinus, C4, the measurement 
of the spheno-occipital angle (Na-S-Ba), 
C5, the measurement of the distance Na- 
S, and C6 of the distance Na-Ba. 
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Fig, 7a, b 
Variables for the body of mandible 

5) 

Fig, 8 
Vertical dimension of cervical 
vertebral column 

The variables used for the study of 
the superior facial structures (Figs. 4, 5) 
are labeled M: M1 being the angle for- 
med by the plane of the palatine process 
and the anterior line of the pterygoid pro- 
cess, M2, the anne formed by the plane 
of the palatine process and the os incisi- 
vum (ENA-CPA-ENP), M3 the surface 
of the maxillary sinus, M4 the vertical 
dimension of the anterior portion of the 
superior facial structures (distance Na - 
plane of the palatine process), M5 the 
vertical dimension of the maxillary sinus, 
M7 the sagittal dimension and M8 the 
size of the posterior portion of the super- 
ior facial structures (distance ENP-S). 

The mandibular variables are labeled 
Md and are as follows: 

For the ramus mandibulae (Fig. 6a- 

g): Md2 is the distance from the extreme 
posterior point to the anterior edge of the 
ramus to point ES; Md23, the distance 
from the extreme anterior point of the 
posterior edge of the ramus to point ES; 
Md24, the minimal distance between the 
anterior and posterior edges of the ramus; 
Md21, the angle formed by the mandibu- 
lar plane and the tangent to the inferior 
portion of the posterior edge of the ramus 
and the back of the condylar process; 
Md22, the angle formed by the tangent to 
the posterior pole of the mandibular 
condylar process and the tangent to the 
posteroinferior portion of the ramus; 
Md25, the angle formed by the major 
axis of the condylar process and the 
straight lingula - mental foramen line; 
Md29, the angle formed by the major 

axes of the condylar process and the 
coronoid process. 

For the body of the mandible (Fig. 7a, 
b), the variables studied were: Mdl, the 
distance from the lingul to the mental 
foramen; Md20, the angle (between the 
mandibular plane and the tangent to the 
inferoposterior portion of the ramus); 
Mdl3, the distance from the basilar edge 
to the mental foramen taken perpendicu- 
lar to the mandibular plane; Md7 and 
Md8, (angles of the major axis of the 
mental symphysis to the mandibular plane 
and the lingula mental foramen axis res- 
pectively); Md9 and Mdl0, the respective 
distances from the major axis of the men- 
tal symphysis to the pogonion point (PG) 
and to the extreme posterior point of the 
mental symphysis; finally Mdl 1, the dis- 
tance between the PG and the mental 
foramen. 

As regards the cervical vertebral 
column (Fig. 8) the R1 variables were 
studied, the distance from the supero- 
posterior pole of the odontoid process of 
the axis to the postero-inferior pole of 
the vertebral structures from C5 and R2, 
the apex of the vertebral arch enabling 
the degree of cervical lordosis to be 
assessed. 

Sample population 

The recruitment of subjects studied was 
from a private odontology practice and 
from University Hospital and dental cli- 
nics. The 206 subjects was composed of 
84 males and 122 females whose ages 
ranged from 21 to 101 (21 to 89 for 
males and 21 to 101 for females). 
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Figs. 9, 10 
9 Calvarial morphology. 10 Skull base 

Determination of samples 

A study was planned of the possible inter- 
relation between the involution of the ske- 
leton and age according to gender. The 
original file, identified as A, was compo- 
sed of 84 male subjects and 122 female 
subjects listed in order of age. It was divi- 
ded into two files, one for males (file H) 
and the other for females (file F). File H 
was subdivided into three groups: subfiles 
D for males from 21 to 49 (18 subjects), E 
for males from 50 to 69 (36 subjects) and 
G for males of 70 and over (30 subjects). 
In the same way- file F was subdivided 
into subfiles I for females aged between 
21 and 49 (52 subjects), J for females 
from 50 to 69 (28 subjects) and K for 
females of 70 and over (42 subjects). 

This division into subfiles allows the 
following comparisons : H and F, compa- 
risons of a general nature revealing the 
possible interrelation between skeletal 
modifications and gender. Comparisons 
between D and E, D and G, E and G, 
based on the male population, allow com- 
parison between different age groups and 
the revealing of a possible relationship 
between this factor and modifications of 
skeletal morphology in the male. Compa- 
risons between I and J, I and K, J and K 
allow the same observations in females. 
Files D and I, E and J, G and K compare 
individuals of the same age but of diffe- 
rent gender to reveal a possible relation- 
ship between skeletal modifications and 
gender at different stages in life. Compa- 
rison between subfiles I and J, reveals any 
potential relationship between skeletal 
involution and the menopause. 

Statistical methodology 

As previously stated, the variables stu- 
died were a metric, angular and surface 
nature. Since the value of the angular 
variables is barely influenced by diffe- 
rences in height, this type of variable 
can be used as it stands. Variables of a 
met r ic  and sur face  nature ,  be ing  
influenced by the varying height of  
individuals, were used after conversion 
to an identical unit which is the average 
value of a linear variable selected as 
reference, in this case the length of the 
cranial base NaBa. This solution, which 
s imply  p roduces  a change  of unit,  
allows the comparison of averages (Stu- 
dent's reduced discrepancy test or t test) 
and variances (Snedecor's F test) bet- 
ween subfiles composed of variables of 
ident ical  nature. For the s tat is t ical  
study, a descriptive analysis of the dif- 
ferent variables in the various files was 
carried out, together with a comparative 
analysis of the different subfiles by 
means of comparison between the ave- 
rages and the variances, a correlative 
analysis of the different variables with 
age, and a correlative analysis between 
the variables. 

Results 

The results are presented in four parts: 
cranial structures (calvarium and skull 
base), the superior facial structures, the 
mandible (ramus and body) and the cer- 
vical vertebral column. 

Cranial structures 

Calvarium (Fig. 9). Examination of the 
calvarium was performed by the study of 
variables C1, C2 and C3. Smaller in the 
female than in the male, C1 (anteropos- 
terior diameter of the calvarium) shows 
very similar average values in both the 
thi'ee male and the three female samples. 
This structure does not seem to undergo 
any modification during the lifetime of 
either sex. Moreover, no correlation of 
this variable with age in either file H or 
file F. On the other hand, C2 (thickness 
of the calvarium) shows significant dif- 
ferences. In the male, a highly sign~cant 
increase of this thickness, can be noted 
between samples D and E, i.e. between 
young and middle-aged males. This 
modification seems to take place around 
the age of fifty. It eventually stabilises 
and then seems to progress at a very 
slow pace to finally show an extremely 
significant difference between the two 
samples  r epresen ta t ive  of  the two 
extremes of adulthood. The preponde- 
rant positive correlation between age and 
this var iab le  in fi le H (R=0.482)  
confirms this evolution. In females a 
thickening is noted on a larger scale. An 
extremely significant difference is noted 
between samples I and J. As in males, 
this thickening seems to become maxi- 
mal by around the age of fifty and to 
barely progress from then on. The positi- 
ve correlation between age and C2 in file 
F is extremely preponderant (R = 0.641). 
The surface of the frontal sinus (C3) 
does not seem to be related to the ageing 
process in either sex. 
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Fig. l l  
Superior facial structures 

Skull base (Fig. 10). The basicranial 
structures were studied by means of 
variables C4, C5 and C6. The spheno- 
occipital angle (Na-S-Ba) (C4), which is 
similar in males and females, appears to 
remain stable on a lifelong basis. The 
anterior portion of the base of the cra- 
ninm (distance Na-S) does not differ bet- 
ween the two samples in either males or 
females. However, this part of the cranial 
base seems to show a slight reduction 
which is evenly spread out throughout 
life. The distance Na-Ba (C6) does not 
present any significant differences in the 
male, though it exhibits a regular, age- 
linked decrease. In the female,  this 
decrease occurs on a much larger scale. 
As in the male, it seems to establish itself 
gradually throughout life, but accelerates 
around the seventh decade. The existen- 
ce of a moderate, age-linked, negative 
correlation in the male (R=-0.243), more 
significant in the female (R=-0.360) 
confirms the conclusions of the compa- 
rative study. What is happening? Is there 
a migration from the basion point or the 
nasion point  or f rom both? In this 
context the decrease in C5, even if slight, 
clearly exists in both sexes and is more 
evident in the female than the male. It 
can be imagined that, with age, a back- 
ward migration of the Na point and a 
decrease in the distance Na-Ba could 
confirm the existence of remodeling in 
the ffontonasal area. 

Superior facial structure (Fig. 11) 

The evolution of the overall dimensions 
of this facial edifice was studied by 
means of variables M4 and M8. The ver- 
tical dimension of the anterior portion of 
the superior facial structure (M4) does 
not show any significant variation in 
either males or females. This region 
benefits from a relative stability, confir- 
med by the correlative study which does 
not establish any relationship between 
age and the evolution of this dimension. 
However, the height of the posterior por- 
tion of this facial structure (M8), which 
is stable in the male, presents a very 
significant increase in the female towards 
the age of fifty. The correlative study 
confirms the findings of the comparative 
tests since the increase in this dimension 
is not age-linked in the male (R=0.049) 
but is significantly so in the female 
(R=0.242). At this stage of life a very 
significant posterior distancing of the 
nasal spine from point S takes place. The 
palatine process, which are stable in their 
anterior portion (M4), seem, particularly 
in the female, to change direction and 
pivot downwards and forwards. 

Study of the palatine process and inci- 
sive bone corresponds to variables M1 
and M2. The angulation of the palatine 
process in relation to the anterior line of 
the pterygoid process [39] does not pre- 
sent any noteworthy variations in the male 
but has a significant tendency decrease in 
the female towards the age of fifty. The 
evolution of this variable thus corrobo- 
rates the observations made for M8. The 
reduction of this angle tends to confirm 
the foreward pivoting of the palatine 
bones. Conversely, the absence of signifi- 
cant differences observed for M2 in the 
various samples in both males and 
females demonstrates the relative invaria- 
bility of  the angulation of the incisive 
bone in relation to the palatine process. If 
an attempt is made to synthesise these 
observations, then if there is an adaptation 
to new functional conditions that occur 
during life, it appears in a more evident 
manner in the palatine process and the 
anterior region of the superior facial struc- 
ture benefits from a relative stability. 

The evolution of the maxillary sinus 
corresponds to the study of variables M3, 
M5 and M7. The average values of M3, 

the visible surface of the sinus, remain 
very similar in the various samples and 
show very little evolution of this facial 
cavity throughout life in either sex. 
These average values would seem to 
decrease simultaneously in males and 
females. Although more distinct in the 
latter, this modification remains negli- 
gible in all cases and never reaches the 
threshold of significance of the compara- 
tive tests in the different age groups. 

The study of M5, the variable quanti- 
fying the vertical dimension of the maxil- 
lary sinus and of M7, quantifying its 
sagittal dimension, does not reveal any 
sign of evolution in either sex. The study 
of these three last variables demonstrates 
the stability of the proportions of the 
sinus. Nor does the correlative analysis 
reveal any signs of evolution. It would 
therefore seem, within the limits of this 
investigation, that the functional involu- 
tion that gradually sets in during existen- 
ce and, in particular, the involution of 
mastication caused by the loss of teeth 
and by the diminished performance of 
the muscles has only a slight influence 
on the size of this facial cavity. 

Mandible (Fig. 12) 

The studies of the ramus and of the body 
of the mandible are successively set out. 

Ramus. The overall dimensions of the 
ramus were assessed by variables Md2, 
Md23 and Md24. 

The study of Md2 shows that the dis- 
tance from the lingula to the anterior 
edge of the ramus does not undergo any 
modification in either sex throughout 
life. Similarly, Md23, the distance from 
the posterior edge of the ramus to the lin- 
gula, remains stable. Lastly, Md24, the 
total anteroposterior breadth of the ramus 
closely linked to the two previous mea- 
surements, does not show any significant 
modifications. A decrease, however, can 
be noted in the average values of this 
overall value of the ramus; it is slight but 
real and even reaches the threshold of 
significance in females towards the age 
of seventy. 

However, the ramus does not seem to 
undergo any noteworthy modifications in 
its anteroposter ior  dimensions with 
increasing age, as confirmed by the 
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Fig. 12 
Mandibular morphology 

absence of any significant correlations 
between age and the three last variables. 

The characteristics of the condylar 
process region are assessed by variables 
Md21, Md22 and Md25. The condylo- 
mandibular angle assessed by Md21 does 
not show any noteworthy variation in 
either sex throughout life. Moreover, it is 
not age-linked in any of the files of the 
correlative study. This means that open 
or closed angles are met  in both the 
young and the elderly age groups. Exa- 
mination of Md22 reveals a modification 
in the male reaching the threshold of 
significance and a slightly more substan- 
tial modification in the female, resulting 
in the appearance of a certain concavity 
on the posterior edge of the ramus. This 
zone would therefore appear to be the 
site of remodeling activity corresponding 
to a process of reabsorption. This modifi- 
cation can be compared with the slight 
decrease of the anteroposterior dimen- 
sion of the ramus revealed by the study 
of Md24. Indeed, there is no correlation 
between Md22 and Md21, which signi- 
fies that the angle determined by the 
straight lines tangential to the condylar 
process and to the postero-anterior por- 
tion of the ramus can evolve without the 
condylo-mandibular angle undergoing 
any modifications, k is therefore not a tilt 
of the condylar process structure onto the 
lower part of the ramus, but a site of 
reabsorpt ion producing a cavi tat ion 
effect at this level. Finally, the tilt of the 
major axis of the condylar process in 
relation to the axis of the inferior alveolar 
neurovascular canal does not reveal any 

modification. Therefore, apart from the 
appearance of this resorption site on the 
posterior edge of the ramus, this portion 
of the mandible seems to remain relative- 
ly stable throughout life and, in particu- 
lar, the sagittal tilt of the condylo-lingular 
structure. 

The tilt of the major axis of the coro- 
noid onto the neurovascular axis ES-TM 
(Md26) is only slightly subject to modifi- 
cations; apart from a slight erosion of its 
extremity which could lead to a displace- 
ment towards the back of its summit, the 
coronoid process  remains general ly 
stable throughout life. As for the sagittal 
angle it forms with the major axis of the 
condylar process (Md29) no variation is 
revealed. This confirms the stability of 
the two aforementioned structures. The 
condylo-coronoid area therefore appears 
to remain stable throughout life in both 
sexes. 

Body. The Mdl variable corresponding 
to the lingula - mental foramen distance 
shows great stability all through life. 
Again, the actual region of the mandibu- 
lar angle as such (Md20), does not seem 
to be the site of significant modifications, 
which is confirmed by the correlative 
study. The variable Mdl3 illustrates the 
morphology of the basilar ridge of the 
mandible in the anterior region. The dis- 
tance from the basilar ridge to the mental 
foramen (Mdl3), which is considered as 
a stable landmark, increases in both 
sexes. Although it does not reach the 
threshold of significance in the male, the 
increase in this distance appears in a 

linear manner throughout life. Converse- 
ly, in the female it increases in a very 
significant manner around the age of fifty 
to remain subsequently stable. It therefo- 
re seems that the basilar edge of the man- 
dible, in its anterior portion, is the site of 
an appositional process in both sexes but 
particularly in females around the age of 
fifty. These findings are confirmed by the 
correlative study (R = 0.269). 

In the symphyseal region, several 
variables were selected which illustrate 
the morphologic evolution of this region. 

The two variables Md7 and Md8 
assess the tilt of the major axis of the men- 
tal symphysis on the mandibular plane 
(Md7) and on the lingula - mental fora- 
men axis (MdS). Both show the amplifica- 
tion of this tilt with increasing age in a 
very significant manner. They show a 
significant correlation for Md7 (R = - 
0.215) and a very significant correlation 
for Md8 (R = -0.348), both negative 
values confirming that the reduction of the 
angle is linked with the ageing process. 

Also in the symphyseal area, the evo- 
lution of the distance between the major 
axis of this structure and the pogonion 
point (Md9) was followed, then with the 
genion point (Mdl0). Stable in the male, 
Md9 shows a highly significant increase 
in the female towards the age of fifty, 
which continues in the higher age groups. 
This evolution is confirmed by the corre- 
lative study (R = 0.202) and seems to be 
related to an appositional bone process in 
the region of the pogonion. As for Mdl0, 
also stable in the male, it progressively 
increases throughout life in the female 
and ends up establishing a significant dif- 
ference between the age groups at either 
end of the spectrum. The region of the 
mental spine in the female is the site of 
an ossification process which increases 
with age. Moreover, a positive correla- 
tion exists between the increase of this 
distance and age, (R = 0.216), unrelated 
to a precise age group, demonstrating the 
progressive nature of this evolution pre- 
viously revealed by the comparat ive 
study. The distance from the pogonion 
point to the mental foramen (Mdl  1) 
increases slightly, but the difference bet- 
ween age groups does not reach the thre- 
shold of significance. However, there 
seems to exist a tendency towards bone 
apposition in this region. 
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~__ % 
Figs. 13, 14 
13 Severe cervical lordosis in sixty- 
year-old female. 14 Morphologic 
evolution of cranio facial and cervi- 
cal bone structures 

Cervical vertebral column (Fig. 13) 

The study of variable R1, measuring the 
dimensions of the cervical spine, reveals 
a loss of overall height in both males and 
females. In the male the reduction in 
height is evident and regular during life 
and results in a very significant differen- 
ce between the young and the elderly 
subjects. In the female, the evolution 
shows a different profile : the loss of 
height appears abruptly towards the age 
of fifty to continue at a slower pace. This 
evolution finally results in a highly 
significant difference between the age 
groups at either end of the spectrum and 
shows a more substantial cervical com- 
pression than in the male. This differen- 
ce between the sexes is also revealed by 
the correlative study, where a correlation 
which is moderate in the male (R = - 
0.251) and significant in the female (R = 
-0.488) can be noted. 

The extent of  cervical lordosis is 
measured by variable R2 which indicates 
the apex of the spinal arch. Already 
slightly more pronounced in the female 
than in the male in youth, its evolution 
during life does not appear to be identi- 
cal in both sexes. It increases slowly in 
the male until approximately the seventh 
decade and then accentuates significant- 
ly to result in a very marked difference 
between the age groups at either end of 
the spectrum. In the female, the most 
substantial increase takes place much 
earlier, around the age of fifty; it subse- 

quently continues to produce a highly 
significant difference between the youn- 
gest and the oldest subjects. This is the- 
refore an important modification of spi- 
nal morphology which cannot be avoi- 
ded by either sex. In the male as in the 
female ,  the spinal  apex is s t rongly 
influenced by the ageing process; these 
positive value correlations (R = 0.321 in 
the male and R = 0.382 in the female) 
confirm that the accentuation of cervical 
lordosis is age-linked. 

Discussion 

Senescence appears as a stage of deve- 
lopment. It is a biologic phenomenon 
continuing the work of the previous 
stages - embryogenesis, the growth and 
maturation of structures - and these main 
guidelines can also be found in the evo- 
lution of the craniofacial and cervical 
complexes. Among these can be reco- 
gnized the craniomandibular structures 
stemming from the primitive chrondo- 
cranium, serving as a basis for the deve- 
lopment of surrounding structures of  
membranous origin and of an adaptative 
nature. 

The extremely prepotent and unchan- 
ging correlations between certain mandi- 
bular structures and the cranial base 
reflect their stability and genetic rela- 
tionship. In dais instance it concerns the 
correlations between the length of the 
neurovascular lingula - mental foramen 
distance and the angulation of the cranial 

base on one hand and between the total 
length of the mandible and the distance 
Na-Ba on the other. It is possible that 
remodel l ing  occurs  with age in the 
region of point Na, but it is a point at the 
limit of the facial structure and the basis 
cranii and of which the evolution seems 
to be more probably linked to a remode- 
ling of the frontonasal region. 

Around this craniomandibular struc- 
ture, which is generally stable morpholo- 
gically, more malleable and adaptive 
structures are formed (Fig. 14), notably 
the calvarium whose thickness increases 
considerably with age. Another structure 
of an adaptative nature is the superior 
facial structure. This buffer area situated 
between the mandible and the skull base 
shows stable elements such as the maxil- 
lary sinus and the premaxilla. However, 
its adaptative response to the new func- 
t ional  context  which is es tabl i shed 
during life is demonstrated by a modifi- 
cation of the direction of the palatine 
process and by a remodeling of this 
region. The mandible, which is stable in 
its major axes and in its proportions, 
shows more malleable sectors capable of 
modification. They are more especially 
situated at the level of its body. Indeed, 
remodeling is noted in the symphyseal 
region in its basal portion and in the 
region of the basilar ridge in its anterior 
portion. These structures are both sites 
of a bone apposition process which can 
significantly modify the mandibular pro- 
file. 
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Conversely, no significant variances 
were revealed as regards the ramus, 
apart from a remodeling of its posterior 
edge associated with a slight decrease of 
its sagittal dimension: the main functio- 
nal structures of the mandible, coronal 
and condylo-lingular structures do not 
appear to be subject to significant varia- 
tions. 

Morphologic modifications of the 
skeleton of the head and neck therefore 
occur throughout life. The possibility of 
bone remodeling implies that if the 
elderly are subject to osteolysis, they are 
also capable of osteogenesis. The combi- 
nation of these two processes, whether 
concomitant or not, results in a new cra- 
niofacial and cervical morphology [30, 
31]. The most numerous and most evi- 
dent morphologic modifications are 
observed around the age of fifty in both 
males and females. The fact that these 
transformations are always more nume- 
rous and greater in the latterl and that 
they coincide with the fifth decade, 
reveals the plausible influence of the 
menopause. Finally, it appears that bone 
structures of membranous origin are the 
site of significant modifications compa- 
red with structures of enchondral origin, 
which benefit from greater stability. 

Conclusions 

All the findings made during this study 
confirm an extremly close relationship 
between function and structure in all 
stages of life. The neuro-musculature, 
together with the vascular, neural and 
glandular elements which make up the 
formative organs carrying out the model- 
ling process on the skeletal frame, are 
subject to the ageing process. This can 
be observed at all levels of integration of 
living matter, be it molecular, cellular, 
tissular or organic, and as repercussions 
on the formative ability of these ele- 
ments. Morphologic variations of the 
cranial, facial and spinal bone elements 
have hereby been revealed. However, 
we are convinced that fonctional evolu- 
tion also causes architectural modifica- 
tions of the cranio-facial and cervical 
edifice mad results in significant modifi- 
cations of the interrelation between the 
bony elements. 
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