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INTIlODUCTION 

The growth of the craniuui is highly differentiated. The brain 
and the visual organs for instance attain practically fully de- 
veloped size before the age of puberty. By comparison, the growth 
of the facial structure is functionally more intimately related to 
the growth of the body structure as a whole and therefore con- 
tinues to a considerable extent during adolescence. The midfacial 
structure and nasal cavity grow at  a rate which is coniiiiensurate 
with the need for increased oxygen requirement, whereas the 
jaws develop a t  a comparatively high rate to keep up with the 
increase in  iiietabolisiii which continues up to adult age. Froiii a 
functional viewpoint the c ran id  base forms the partition between 
the brain and the facial structure. Accordingly, the internal and 
external cranial base must develop at widely different rates in 
order to acconiniodate the different development of the brain 
and the facial structure. Expansion of the brain case during 
childhood is thus followed by a period of formative development 
during adolescence in which the cranial base continues to undergo 
:I considerable change. 

During the foriiiative development of the cranial base :ind the 
brain case, a lowering of the two medial and the posterior cr:iniul 
fossae occurs in  relation to the anterior one. As an  effect of this 
differential growth of the cranial base the glenoid fossil suffers 
;I rearward and a t  the saiiie time downw:ird displacenient in the 

- 
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craiiiuiii. I t  is evident therefore, thnt thc gr(i\vtii o f  tiie cr:inial 
h s e  will exercise :I iii:irked influence 0 1 1  the jaw \wsitioii :ind on 
the occlusion of the teeth (Wjijrl; 1!)4i, 1955 ) .  'Hie displ:icxiiient 
( 1 1  tiie teiii1)or:iI hone within the cranial structure with gr(i\vtli, 
arid liencc. of' t h e  teinl)or(~-tii:iiidi})ul:ir joint, v:iries in extent fro111 
c:rse to c;1se. 

I'ertical and 1iorizoiit:il growth of the  lower ,jaw varies with 
Ilic direction o f  the  growth :it t h e  condyle. 'I'he vertical coiii- 

lwiient o f  t he  growth of  the ~iiantlibui:ir condyle : i i id  the lowering 
o f  the iiietlinl cixnial fossa, and hencc o f  the tein1)or:il hone, 
deteriiiine tlie extent to which thc iii:indihle will be lowered in 
the facial pattern. 

The dorsal tlisplaceiiient o f  the teinpor:il hone anti the s:igitt:il 
gro\vth coiiipoiient o f  the iiiandibul:ir condyle :ire t h e  growth 
factors which together deteriiiine the longitut1in:il developnient of 
the lower face. In most cases these factors counteract e:ich other. 

'Hie lowering and extension of the i i i w i l l a  in  the facial pattern 
;ire effected by sutural  growth, accoiiip;inied hy :I s i inultmeous 
lieriosteul growth of the alveolar arches in height, length, ant1 
\vidth. The  gro\vth o f  the hones foriiiing tlie mid-f:ici:il structure 
:uid t he  iiiaxilh is associated with the growth arid develoi)iiient 
o f  trotli the cr:inial base and the  Iiiantlible (UjijrIi 1947, 1055; 
I,irztfegBrtl 1 %53; Rickefts  1055'). 

'Hie f'oriiiative growth of the brain case iii:iy be regarded ;is 
taking place with the anterior part  :IS relatively fixed in  the 
cranial structure. Analysis of the general growth pattern of the 
craniuiii :is a whole iiiay therefore be carried out with reasonable 
accur:icy in the sagittal and vertical directions from :I line joining 
nasion with selln :ind employing the centre of the sella as a fixed 
I;indiii:irk, in accordance with well-known x-ray ceplialoiiietric 
procedure. 

Modern x-ray technir~ue is nevertheless unable to reveal the 
1iiech:inisiii governing the growth of the individual bone elements 
in the facial skeleton. The growth of each separate bone, such 
:IS the in:indible or the  maxilla, is hound up with a change in 
for111 \diich t o  :I greater or lesser degree embraces a l l  bone sur- 
1:ices. 'I'liis re-generation is effected by a process of periosteal 
h n e  growth and through resorption. Hence i t  is not possible to  
use x-ray inelhods for analysing the growth niechanism of in- 
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divitlu~il I)ones in huii1:tns on the basis o f  coinparisons froiii the 
externel hone contours (Brrish 1924; Weinnitinn and Sichcr 1947 ; 
dloorc~ 1949 ; Gtins and Srrrntrt 1 % I  ; Btrer 19.54). 

'The pu r lme  of this article is to give :I preliii1in:iry :iccou11t 
o f  :I new iiiethod which h:is heen developed with I h e  ; i i in  o f  
f:icilitnting x-ray studies o f  the growth inech:inisiri o f  the ii1:ixiIl:i 
:ind innndihle in  Man. A description of the iiiethoct is given in  
the following hy referring to five c:ises with different growth 
patterns. In :i l l  cases the period of observation w a s  exict ly  two 
ye ar s . 

MKTHOI) 

The nietliod is bused on the use o f  inetallic iiiiplaiits, three o r  
f o u r  i n  each jaw. These x-ray indicators reiu:iin iu position, 
serving as reference points with the aid o f  which the x-ray plates 
iuay he orientated so that the growth pattern of each jaw 11i:iy 
he :inalysed. 

Vit:iIliuiii pins were used ; is  x-ray intfic;itors. 'I'hese pins, which 
were pointed a t  one end, had a diaiiieter of 0.62 111111 and :I length 
of 2.0 111111. Application of the pins in the jaw hone w i s  effected 
with nn instrument, the design : ind  riiethod of  use of which is 
illustrated in  Figs. 1 and 2. 

The instrument consists of :I cylinder and piston, the point 
of which has the same diameter :is the indicator pins. A hayonet 
fitting liniits the nioveinent of  the piston to the length o f  the 
pins. 'The indicator pins :ire kept in holes in :I block, point dowin- 
wards. They are  withdrnwn froiii their storage pl:iee directly 
with the instrument. 

The operator steadies the patient's head with his left :iriii :ind 
with his right hand presses the point of tbe instruiuent firiiily 
:\gainst the bone. The instrument is gr:i\ped like pencil and its 
sharp muzzle penetrates the periosteuiii and enters :I short 
distance into the hone, getting :I firin purc1i:ise which preveiits 
it froin shifting while the pin is being driven into the bone and 
t h u s  obviates any risk of the pin not entering straight. 

r l  local anesthetic is applied to the places where indic:itor l'ins 
:ire to he located. A sni:ill qwnt i ty  is applied lo each spot. 'I'he 
assistant drives home the  pin with 21 siiiurt tap of  :I lead 1ii:illet. 
No pain or aftereffects can he felt when the anesthetic wears off. 
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In the cases referred to l)elo\v, t he  indicators were located i n  
the right hand side of each jaw, the side close to  the filui. l'hey 
were plnced in  the :ilveolnr arch, level with the apical third of 
the roots ( s e e  Fig. 2 ) .  X-rny exposures were iii:ide with the  
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Fig. 1. 

1):itient's heutl oriented i n  ;I cepli:iloiiieter, the iiiet hod following 
the well-known procedure, under controlled conditions. Once the 
growth :it the  sy~tq)liysis is completed, during the first year of 
life, :in increase in the width of the corpus and :ilveol:ir arch 0 1  
the in:indihle t:ikcs pl:ice 1)y perioste;il bone formation ;iccoiii- 
Ixiiiied by :I corresponding resorption :it the inner surfaces. This  
periostenl growth varies considerably in  extent with different 



in d i vid u ;I 1 s . The posit ion of t t i  e in dicu t or s, which :I re e in bed (1 ed 
in the jaw h i e ,  is not affected in the transverse p1:ine l ~ y  this 
growth. In  other words, conditions of pro.jection rein:iin tin- 
c1i:inged. I n  the upper ,jaw, the growth in width is p r t l y  oi :I 

siiniI:ir nature, hut the 1)ossihility does exist of  :I trnnsverse 
widening hetween the two halves of  the niasill:r due to :I growth 
:it the s:tgitt:il suture. This woiiltl result i n  the indic:itors heing 

Fig. 2. 

brought closer to the plane of the filin. However, the error arising 
froni this is of niinor import:ince. A far inore important con- 
sideration is that the indicators do not shift. 

It has been found that under certain conditions the indicators 
may alter their position in the jaws. The chief reasons for this 
happening seem to be that the pins do not enter the bone cor- 
rectly or that they happen to be placed in the eruption path of 
the teeth and get carried along by them. It has also been found 
that due to the :iction of  resorption at the nasal floor, as describ- 
ed in the following, the indicators niap finish L I ~  in  the n:isal 
cavity. 
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Provided that the indicators did not alter their position in the 
j;iw, it would suffice with two indicators per jaw for the purpose 
of s-ray growth :mnlysis. However, to be on the safe side, three 
or four have been used in e:ich jaw. If the indicators are found 
to h:iw in:iint:tined their relative positions, this  is taken :is 1)roof 
that they h ive  not shifted. 

The  drawings, illustr:iting the growth of the  ,jaws, :ire iii:itle 

with the films enlarged by three. 
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Cctse SO. 1 ( + 2 + 3  0) 

Z2ncirtZ v!YJl l l i / f :  The first o f  five cases of  gimvth pattern to  be 
described concerns a boy of hariiionious facial structure and 
having noriiiul dental occlusion (Fis .  3 ) .  It will be seen from the 
genernl growth p i t te rn  in Fig. 4 that there is  :I pronounced 
yertical growth of the facial structure, resulting in  :I inarked 
lowering of the iiiandible in the facial pattern.  The protrusion 
of t he  jaws in the facial build remains unaltered. The prognathy 
:ingles suffer :I reduction owing to  sutural growth in length of 
the :interior cr:ini:il fossa. 

Three indicators were inserted in the upper jaw (Fig. 4, nos. 
1 - 3 ) .  The disp1:iceinenl of the indicators in  the facial growth 
tliagr:iiii (Fig. 4 )  indicates the extent of the sutural  growth. A 
fine line, tlr:iwn through the indic:itor locations for the two age 
stages denotes the direction o f  the  siitur:il growth. A s  it is  the 
s:itne for :ill three indicators in the upper jaw, i t  niny be con- 
cluded that the lowering o f  the  iriasil1:i is  ;I pirallel displace- 
ment ,  clespite that  the lowering o f  the  nasal floor is  greater a t  
the front t h i n  :it tlie re:ii-. I t  m i y  be inferred from this t ha t  the 
chmge  in position o f  the iii:ixilla due to growth cannot he deter- 
iiiineti fro111 c h i i g e s  in the inclin:ition of the nns:iI f loor.  

I n  'l':il)le I is  given :I iiietrical :innlysis of  the  displnceiiient o f  
the iiii1)I:ints in the i';icial growth di:igr:itii for a l l  cases discussed. 

'1'hree indicators were :ilso iuserted in the lower jaw (Fig. 4, 
nos. 4 6 ) .  In this c:ise, however, they were found t o  fo l lo~r  dif- 
I'erent I):iths. 'Hie lowering o f  tlie indic:itors is greatest at the  
posterior end o f  the  jaws. 'l'he foreiiiost indic:itor (No. f \ )  h:is 
undergone :I purely vertic;il displacenient, whereus the other two 



Fig. 3. 

Iiiive described :I downw:rrd :ind rearwnrd path,  cf. T:ible 1. This  
growth pat tern indicates tha t  the lower jaw h a s  undergone :I 

marked rotation despite of  the fact tha t  the  inferior contour of 
the  Iiiandihle is low7ered nearly parallel in the face (Fig.  4) .  An 
explanation of this is given in  the  following amilysis o f  t he  growlli 
1);ittern of the jaws. 

1 he growth pattern o f  each jxw etiierges i f  one coinpares x-ray 
exposures made :it different stages o f  developtiient, t:ilting the 
indicators fixed in the jaw hones :is reference points. X-ray f i l i i i \  
frotii the  two stages, which are  to he coiiipared, are placed one 
on top o f  the other :ind so located tha t  the indicator points in  
one o f  the ,jaws coincide :it :I time. See Fig. 5 for the :in:ilysis. 
A s  f a r  :IS the inclination concerns, the j ; i w s  are oriented with 
the correct relation to the  cr:rni:il hase, in :iccord:iiice with the 
1:tci:il growth di:igr:itii in  Fig. 4. 

The  iiic.re:ise in  size o f  the  ~i iaxi l l :~  :ind the  iii:indittle, :IS :tti:ily+ 
ctl iiietric:illy, is to he found in 'I'ahIe TI. 

Jlnntlihl(J: T h e  1ongitutlin:il growth o f  the  iii;indil)le is con- 
l'ined entirely to the  condyl:ir he:itl, which is fully in  :tccordanw 
with present-d:iy concept (Fig.  5 ) ,  Hence, there has heen no 
increiiient in length :it the chin region in this case. I n  other 
:ispects the growth p:ittern deviates in sever:tl w iys  frotii thc 

r .  
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current conception o f  inandibulnr growth. In this case, the con- 
dyl:ir growth is directed upward and to soiiie extent forward. 
According to the iiianner i n  which the diagram has heen orientat- 
ed, i.e. :iccording to the anterior part of the cranial hase. the 

I 
I 

I 
I 

I 
1 

Pig. 1. 

growth of  the teinporo-1ii:indibul:rr joint will h a w  the effect of 
lowering the iii:indihle and, at  the s:iiiie time, retracting it 
soi1iewh:rt. The lowering of the iiiandible in the face is therefore 
considerably greater dorsally than frontally. However, the rota- 
tion of  the mandible is acconipanied by a iiinrked resorption :it 
the lower margin in the iingulus region. As a result of this re- 
sorption, the inclination of the niandihular base line remains 
virtually unchanged in the face during the growth period, despite 
() f the 111 :I 11 (1 i hu I ;I r rot a t ion. 



Table I 
h'uciul Gronith 

Movement of the  metallic implants with gro\vtli, measured sagittally in relation 
to  tlie nasion-sella perpendiciilar (NSI'I, a n d  vertically in relation to  the  

nasion-selln line (E\'SL), i n  mm 

Metallic ( h s e  1 I Case 2 c a s e  3 Case 4 Cnsc 5 ' 
~i inplan t \  (4243 ,,) ( 5 5 7 1  g) (2627 g) 3111e)  1 ,5240g 1 

no. Sag. I'ert. Sag. Vert. Sag. \'ert. Sag. I'crt. Sag. Vert. 

-~ ~- ~. ~~ ~~ 

, 1- - 
I 

2 5  0 .5  ! 2 3 ~ 2.5 3 
2.5 0.5 2 3 2 .5  2..5 
2 .3  0 .5  2.5 5 -.,I 2 
2.5 (1.3 3 . 5  4 .5  :3.3 7 
5 . 5  2.5 4 1 1 . 5  6 
(i 2 (i 4.5 
7 1  
7 1  

.) .- 

2.3 2.5 ' 
2.5 2 
2.5 2 
2 5  !..j ~ 

2.5 11 

2.5 5 I 
I 

3 .5  4 
3 . 3  :I 

~ 

( h e  1 i c::tse 2 ' (:as<. 3 case 4 1 case 5 
(4243g) ' (5574 g) (2627 g: (3111 e )  , ( 3 2 1 0 g )  

.lIu.rilltc 
A 11 pos it io II a 1 gro\v1 h n t iiias il- 

Sutural  grow t I i  it t froii to ma s i I  - 

Appositional gro\vth a t  lower 

A ppositionnl grmvl I 1  o f  alveo- 

1 

l 2  ' 2  

lnry tuberosity ............... 1 . 1.5 2.5 ' 2.3 2.5 

Ia1.y junction 3 0 . 5  ! 3 .................. 

Iiortler of orh i t  ............... 2 0.5 :I 0 - > 

lar process a t  first molar . . .  2.5 1.5 1.3 i 1.3 1 . 3  
! 

Resorption of iiasal floor: 
fro ii tal I y ..................... 
tiorsally ..................... 

Appositional gro\vtli of alveo- 
lar process a t  first molar ... 

, Apposition !+) or resorption 
(-) of lower Iiortler: 

1 1 (1.5 

a t  the  \ympliysi\ . . 
at tlie gonial angle ... 

~ ~~ 

2 1 1 . 3  

0 . 5  1 0 
- 1  0 - 2  

2 - Arta otiontol. Smntiini ir i .  Vol .  1.7 
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'Hie periosteal growth a t  the posterior horder of the ranius is 
very slight, :ind there  is no :ippreci:ible resorption at  the anterior 
hortler. l'his growth 1):ittern iiiust he viewed in relntion t o  thc 
condylar growth direct ion. 

,Va.riZki: I t  will he seen f'roiii the dr:iwing, Fig. 5 ,  th:it thc 
growth occurs (1ors:illy and that there is no frontal  growth incre- 
iiient. The upper jaw is moved forward in the  f:ice due to growth 
o f  the suture towards the pli i t ine hone, while :I simu1t:ineous 
tlors:il elong:ition o f  the alveolar :irch is 1)rought :ibout l y  :I 
1)erioste:il deposition of hone on the in:ixill:iry I uberosity. 
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The suturnl lowering o f  the iiinxillu, the extent of which is  
shown I)y the iiioveiiieiit o f  the indicators in Fig. 4, increases the 
height of the froiit:il ~)rocccc .  'I'he fronto-tii:ixill~ir~ suture cnnnot 
be discernetl o n  the x-r:iy film, hut the increase in height rii:ig 
I)c estiiii:itetl fro111 the n:iso-froiitnl suture (Fig. 5 ) .  

'l'hc sutural lowering of the iii:ixilla is :iccoiiip:iiiied hy a pe- 
rioste:il deposition o f  hone on the floor of the orbit s o  that the 
lowering of  thc latter in the {:ice is less. 

On the other h m d ,  the lowering of the nnsnl floor in  the face 
exceeds the sutural lowering of the inaxilla. In other words, the 
1i:is:il f loor  is lowered :ippreci:ihly hy the action of  resorption 
:inti by perioste:il hone deposit on the hard palate. In  this parti- 
cul:ir case the process of resorption is iiiore pronounced in the 
front:il than in  the dorsal region, which results in the altered 
inclination of the nas:iI line referred to above. 

Tooth  Eriiption: The path of eruption of the teeth is in  this 
c i s e  cssenti:illy :it right :inglc to the plnne of occlusion. 

Citse .Yo. 2 ( X 7 1  9) 

Ftrci tr l  groi17th: The next case of growth :inalysis to he de- 
scribed concerns :I girl with :I iiinlocclusion characterized by 
iii:indibular overjet (Fig. 6 ) .  The inandible protrudes, as seen 
froi i i  Fig. 7 ,  considerably in  relation to the maxilla. The growth 
developiiient of  the facial structure is  r re dominantly sagittal. 
The vertical increiiient is negligible (Fig. 7 ) .  Owiiig to  the longi- 
tudinal growth of the mandible being very large in  proportion, 
t h e  snfiittal jaw relation is altered with developiiient. As shown 
in Fig. 7, clirus has grown in length in proportion to the lowering 
:ind 1)acltw:ird iiioveiiient of the  articular tuberculuiii. The con- 
dylar head, however, has moved forward against the :irticul:ir 
eniinence. This indicates a ventral displacement of the mandible, 
~)rob:ibly related to :I ~ii:irked increment o f  the overbite with the 
tlevelopinent. 

Four  indicators were inserted in each jaw. The change in 
position of these indicators in the facial diagraiii during the 
growth period, Fig. 7 and Table I, reveals that the m:ixilln hns 
1)eeii lowered and trnnsported forwirt i  by sutural growth without 
suffering any rotation. In this c:ise the direction of sutur:il 
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growth in contr:ist to th:tt of‘ the first c;isc‘ is chiefly in thc. 
s:igitt:rl plane. 

‘ h e  position:il chiinge of the ~n:indihle with growth, Fig. 7 
: ind Tahle I, is :ilso found to huve occurred chiefly in :I s:igittul 
direction a n d  is consider;ihlg greater in the inundible t1i:in in  
the innxilln. The disp1:iceiiient of the indic:itors :ilso shows th:it 
I h e  vertir:il lowering hiis heen greatest for those which were 
located furthest 1):tc.k i n  the jiiw and that  ;I cert:iin rotiition o f  
the lower jaw has taken pluce, :ilthough the  I:itter inoveinent is 
not so iiiarltetl :is in the first c:ise. 

dlrintJihl(~: I3x:iiiiin:ition of the growth incrciiient o f  the indi- 
vitlual jaws (Fig.  X : i n d  ‘1’:iI)le I J )  shows th:it the condy1:ii. growth 
h:is occurred rearwirds,  in the Iongitudin:il direction of the ,j:iw. 
Consequently, the ,j;iw h:is increased in length, whereits there h:is 
I ~ e e n  no :rppreci:ible increase in  height. M’ith the orientation 
used in Fig. X the direction of growth i n  the facial dingrain is 
45 O renrw:irtls. Here we find the growth chiinges i n  the innndi- 
1) 11 I :I r () i i  t 1 i n  es ;I \ \( )c i :I t e d with co 11 d y 1 :I r grc )w t h tl i f f e re n t in  11 :I - 
t u re  froi i i  that  observed in the f irst  case. Ap1)reci:thle 1)erioste:il 
growth has t:ilcen place :it the posterior 1)order of  the  raiiiuq, 

:iccoriip;inietl by ;I inarked resorption o f  it’s frorit:il border. It is 
;ilso found that  :I deposition of hone, :issoci:ited with the condylnr 
direction o f  growth, has taken pl:ice on the lower border of the 
iiiiintlible :it the goniul :ingle. This  is in contrast with the resorp- 
tion in that area observed in the previous case. On examining 
the general growth p i t te rn  (Fig.  7 ) one finds that  the inclination 
of the iiiundibular base line has diminished with growth. The 
explanation lies in the rotation of the mandible, in  conjunction 
with the bone deposition :it the angulus  region. 

.W(ixill(i: In general, the growth changes which huve taken place 
in the iiiaxilln are in accordance with the case no. 1. However, 
there is ;I wry Itiarlted resorption in length in  the :interior nasal 
spine region. The lowering of the nasal floor by resorption is 
much more pronounced than in the previous case. 

The growth m:ilysis reveals certain significant factors in the 
interpretation of the  vertical growth of the upper facial structure. 
In some individuals the lowering of the niaxilla is effected iiiaiiily 
by sutural  growth while in others it is  brought about chiefly 
by periosteal growth increiiient in height of the  alveolar arch. 
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Fig .  6 .  

Fig. 7 .  
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In the first mentioned case (Fig. 5 )  the n a w l  c;ivity iiicreiiscs 
in height mainly due to the sutural lowering of the ~~i:ixill:t, 
whereas in the latter case (Fig. 8 )  it is due iii:iinly to the lower- 
ing of the nasal floor through resorption. 

Ri te  d e v e f o p n e n t :  The deuelopnient o f  the hite is greatly in- 
fluenced by fuiictioiial forces, both dysplastic :in(] coiiipensutory. 
Case no. 2 clearly illustrates the influence of coiiipe1is:itory 
forces. The general growth pattern in Fig. 7 shows that tlic 
iiiandihul:ir prognathisin has increased in relation to the upper 
jaw. This tendency in the developiiient of the face is coi1ipens:ited 
by :I reduction in alveolar prognnthy in the lower jaw :ind by 
increased facial inclination of the iii:ixill:iry incisors. A s  :I result, 
the alveolar arches cliange in  shape. The :inthropologic:tl re- 
ference points, the subspinal and the suprninental points, cor- 
responding to the apical zones, are thus moved with dewlop- 
iiient. 

Tooth ertrption: The method described above :illows the con- 
ditions governing tooth eruption to be analysed with consic1er:iblc 
accuracy, which cannot be achieved with ordinary x-ray cephalo- 
metric methods. It should be noted that the direction of eruption 
depends to soiiie degree on functional influences. The eruption 
of the teeth thus follows :I forward path in  the maxilla and ;I 

reiirward p i t h  in the ni:indihle, :IS coinptired with the vertical 
eruption in the previous case. 

'I'he eruption of the third Iiiolnrs should :dso be noted. In case 
no. 1, where the resorption at the frontal margin of the raiiius 
is slight, the danger of impaction of the lower third iiiolars 
appears to he greater than in case no. 2, in which the raiiial re- 
sorption is considerable. The liiarked resorption at the frontiil 
1ii:irgin of the ranius and the inndecpite vertical grolvth of the 
iiiandihle :tppear to necessitate :t lowiering of the tooth geriiis 
of the third iuolars, :is observed in c:tse no. 2 (Fig. 8 ) .  It 11i:ry 
be concluded, therefore, that the mode of eruption of the  teeth 
is :issocinted with the growth pi t tern of the entire face. 

J3esides the iiioveiiient of the tooth geriii prior to calcification 
two iiiodes of eruption :ire considered: 1 ) due to tlic root for- 
I1i:ition by tvhich process the tooth is raised frol i i  the socket, 
2 )  due to :t heightning of the entire tooth together with the  
socket. 'l'he erupting force is in tlic first c:ise ex1)l:iincd 1)y thc 



Iriitotic division of tlie 1 ) i i l p  tissue (Orbt in  1953) .  In  tlie secontl 
case the force d nay he explninecl hy the Iiiitotic division of the 
periodont:il tissue. This suggests in contradiction t o  current 
helief that the hone deposition in the socket is :I second:rry 
process. 

Differenti:ited proliferation in the various regions of the 
periodontul iiieiiibr;iiie explains the vuriution in  eruptive dircc- 
tion mid mesial migration of individual teeth in the wine 111;in- 
ner :IS the differ en ti:^] growth of the connective tissue in the 
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cranial sutures causes the formative developnient of the h i i n  
case. 

The  prefunctional phase of the eruption presupposes a resorp- 
tion of bone tissue in  the direction of niovenient. It may be 
justified to consider this resorption : i s  much a primary function 
in tooth eruption as the proliferation of periodontal tissue. 130th 
processes iiiay he governed by biochemical factors siiiiilar to 
those which control the processes of simultaneous resorption 
and periostenl deposition of bone at the frontal and dorsal rainal 
margins. From this it would follow that the eruption of the 
teeth, :it least at the second stage, would he independent of the  
system of fibres in the periodontal nieinbrnne. The influence o f  
external forces on the eruption may be iissunied in principle 
to act in  a siniilar iuanner as  in  orthodontic tooth iiioyeiiieiit 
(Reitan 195 1 ) .  

Ftrricrl yroruth: The following case (Fig. I)) is that of :I ho?; 
having norinal occlusion of his teeth. The  growth of the facial 
structure is pronounced in both sagitt:il and Yertical directions. 
The direction of growth of the maxilla is 45” forward and down- 
wid, :iccoinp:inied by ;I slight rotation, :IS reve:iled I)?; the tlis- 
pluceinent of  the inc1ic:itors in  the facial growth tiiagraiii ( Fig. 
1 0 ) .  Consider:ible rotation is :issoci:itetl with the growth o f  l h c  
inandihle, which has heen lo\tered more t1ors:illy t h i n  ventr:illy. 

dlrtntlihlr: T h e  coiidyl:ir growth direction is chiefly vertical, 
:I cco I 11 1) :I nied Iy :ipp rec i:i b I e re sor 1) t ion i 11 t h e :in g 11 I 11 s region 
(Fig. 11) .  

JIti,rilltt: ‘l’he lowering of  the iii:ixill:i i s  iri:iinly duc t o  h i i l i i i . a l  

growth (Fig. 11 ) .  Iiicrwse in the height o f  the nasal cxvity is 
d u e  diiiost entirely to sutur:il growth. Hesorplion :it the nasal 
floor is insignificant. l‘he orbit has re1:rined its position vertir- 
:illy in the facial (1i:igr;iiii due t o  periostenl gro\vlh desl’ite o f  
iii:irlcetl sutur:il lowering of the iii:ixill:i. 

Y’hc bite tlerwlopruc~nt is norm:il and the eruption 1):itli o f  the 
teeth is vertical to  the occlus:il pl:iiie. 



Fig. 9. 

Pig.  10. 
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f2cwictZ yrow11i: I n  this cnse (Fig.  12 1 thr dentition is  ch:ir:ic- 
terized by :rpl:isiu of several teeth ( 8 ,  5 ,  4, $4, 5 ,  7, 8 and 8, 5 ,  
1-1, 4, 3 ,  7 ,  8 ) .  The growth of  the f x i d  s t ructure  is pronounced 
in hoth s:igittul and vertical directions. I t  is of ixirticulnr interest  
lo  note that  the lowering of  the 1iioxi1I:i due to sutural growth 
h:is been :iccoiup:inied by ;I pronounced rotation (Fig. 13 ) . The 
iiiundible is :ilso rotated. 

‘I’he influence which the growth of the cranial h s e  exerts o n  
t he  verticnl developiiient of the  facial s t ructure  is evident, :IS 



/ 

Fig. 1:J. 
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the teiiipornl bone together with t h e  articular fossa is ~iiarlted- 
1y lowered during growth in rel:ition to the line d r a w n  fro111 
nasion t o  sel la. 

J l m t l i b l c :  The growth of  the iit:indible ( Fig. 14)  differs fro111 
that of the previous eases, especiully :IS reg:irds the periostenl 
I)one forin:ttion on the lower border of t h e  syinphysis, whereas 
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the lower margin of the Iiiandihle shows no evidence of change 
i n  shnpe in the :ingulus region. 

A V m i l l ~ i :  I t  will he seen froiii the di:igr:iiii (Fig. 141 that :I 

lowering of the iii:ixill:i has occurred, due to the joint action of  
sutural growth nnd perioste:il bone deposition ;it the alveol:ir 
crest nccottip;inied by :I corresponding lowering of the nasal floor 
by resorption. It should he speciully noted that in this case no 
deposition of  bone h n s  occurred :it the floor of the orbit. The 
infraorliit:~l ridge has therefore been lowered in the f:tce, ;IS will 
Itc seen from f ig .  12. 

'I'hc. hitr t l r n r l o p n i ~ n t  is c1i:ir:iclerized hy :I rc1:itively in:irketl 
incre:ise in 1)rogn:ithy of the lower , j : iw.  The c1i:inge in sagitt:rl 
jaw relation due to growth h n s  heen coiiipensnteti in  the upper 
jaw hy :I facial tilting of the incisors. Eruption of the in:ixill:iry 
1nol:irs h a s  followed :I tiiesi:il direction, which in this case inay 
:rIso he reg:irded :IS ;I coiiipensatory effect. The :ictn:iI cause of 
this, however, inny he the :tpl:isi;i of  the iii;~xiIl:~ry preinol:trs. 
'I'he longitudinal growth of the ~ii:ixillary alveolnr arch :it the 
:ilreolar tuberosity is noriiiul, despite the lncli of three inolars. 
In the lower ,jaw, tooth eruption is vertic:tl despite o f  :ipI:isia o f  
preiiiol u s .  

C(tsr Y o .  .i ( 3 4 0  ( 1 )  

I'ncitrl yromth: The final case (Fig. 15) is one of Angle Class 11 
malocclusion. Here the quantitative growth of the face is average 
both :IS regards height and length (Fig. 1 6 ) .  No longitudinal 
growth increment of the clivus is discernible, nor any lowering 
of the inedial cranial fossae. The lowering of the mandible in  
the f:icial diagram depends, therefore, entirely on its own growth. 
The condylar growth in height is very marked, and the mandible 
is rotated in the same way :IS is described in  the previous case. 
The direction of growth of the ~naxi l la  is forward and down- 
ward, with a tendency to rotation. 

In case 3 and especially in case 4 it is possible to discern :I 

certain rotation of the iiiaxil1:r. In all the cases reported there 
is ;I definite rotation of the inandible, which is least, howevcr, 
in  case no. 2, in  which the growth has been directed rearwards. 
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3fnnrlible: ‘Ihe growth of the iii:indible (Pig. 1 7 )  is essentially 
vertical, :ind this growth pattern h:is heen :rcconip:inied hy re- 
sorption in the angulus region. 

Examination of  the x-ray filin will in ninny cases convey so~nc 
idea of  the progress o f  the m:indihul:ir resorption process, which 
111 :I y 1) r ovid e va1 u able c I i nic:r 1 inform :it ion. If t 11 i s i 11 for in :it ion 
is I:iclting, great care should be exercised in  clinical inter1)ret:i- 
tion o f  the inclination of the ni:rndibul:ir huse. 

Jfr rx i l l t r :  Sutural lowering of the  niaxi1I:i (Fig.  1 7 )  h:is occurred 
without :iny :il)lireci:ible resorption o l  thc n:isal floor. ‘I’he floor 
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of the  orbit ha s  been ruised by perioste:il growth and h a s  1101 
heen subjected to  any lowering in the face (Fig.  1 5 ) .  

7‘hr bifo is c1i:ir:icterizetl by :I retruded 1)osition in the f x h l  
profile o f  lhe  tii;~iidil~le in relation to  the iiiaxilln. The dento- 
:ilveol:ir st  i-iict Lire is nortii;il, without iii:i,j or dysp1:istic deviations. 
‘Hie hite de\elol)tiieiit ;ippe:irs l o  continue without :iny ;ippreci- 
:chic c1i:inge i n  t h c  oc.clusion. 

7’11~ c.rrrpfioit of  tlic teeth i n  the side segments o f  both jaws 
I‘ollows :I tiiesi:il dit~ection, pro1):il)Iy due lo  1)ressure exerted hy 
I h c  erit1)litig i i io lars .  

Eru1)tioti ;il)1)e:ii-s t o  tlel)end o i i  tlic rot:itioii:il lendency o f  the 
iii;itidil)le. I t  is :ilso influenced 1)y :I iiiecti:inic:il f:ictor, such :IS 

the 1)ressui-c ft~oiii :i(l,j:iceiit teeth,  ;ind functionirl forces such :IS 
the 1)ressiit.e o f  the tongue  : i t i d  Iii)\.  \‘:iri:itious of this kind in the 
cotidilions governing tooth crulition inerit :I det:iiled investig:ition. 

T h e  tiiec1i:inisiii governing the growth of the j ; i w  in hlan is 
subjected t o  aii in\estig:atioii with the aid oi :I new method o f  
x-r:iy ceph:iloiiietry in which iiietallic iiiip1:ints Ibrovide :I iiie:iiis 

of orientating the x-ray tlingraiii. 
A brief account is given of the  iiiethod a n d  the :ipplic:ition of 

the latter to mnlysis  of jaw growth m d  tooth eruption. The  
procedure is eseiiiplified by five clinical cases. The iiiethod has  
reve:iled inforinntion of interest, especially with regard to the 
vertical developiiient o f  the f:ice :ind the iiiode o f  eruption o f  
the t eet ti. 

imrm 
L’ACCHOISSEMENT FACIAL D’HOMME BTUDIl? AVEC L’AIDE DES 

REPBHES METALLIQUES IMPLANT& 

Le ~iii.c:inisiiie de 1’;iccroisseiiient des Iiiaxillaires ont Cti. i.tudi6 
r;idiogralitiiciueiiieiit avec l’:iide d’une iiitthode nouvelle, bus& 
sur 1’:ipplic:ition d’un systixiiie des repcres iiietnlliyues iiiip1anti.s 
( h n s  1’0s p o ~ i r  1’orient:ition des t6lCr:idios. 
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