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The mandibular line (ML) seems to show stability with both the anterior cranial base (NSI,) 
and with the Nasal Line (NL) during foetal lifr. The jaw angle, gn--go-co also shows angular 
stability during the same period. These findings suggest that the lower jaw follows the angular 
changes found in the cranial base, nasal septum and the upper jaw, the primary factor being 
possibly the cranial base. There is a reduction in the prognathic development of the lower 
jaw in the period investigated. Increased lower face prognathism seems to be associated 
with an anterior rotation of the lower jaw. Lower anterior facial height increases more than 
upper anterior facial height whereas horizontal growth of the lower face shows less increase 
than the anterior cranial base, nasal septum and upper jaw. Increased lower face height is 
followed by a long lower jaw, a large jaw angle and an increased distance between the condyle 
and NSL. Increase in the sm-NSP distance seems to be associated with a relative anterior 
position of the condyle, increased length of the mandibular body and inrreased height of thc 
mandibular ramus. 

The lower face is defined as the anatomical area lying between the Nasal Line 
(NL) and the Mandibular Line (ML). The lower face contains the oral cavity. 

Levihn (1961) found a small but gradual increase in the sm-ii-s angle, 
i.e. in the prognathic development of the lower jaw, between 12 and 40 weeks 
intrauterine life and nearly a doubling of the ss-n-sm angle (from 8.0 to 
15.5') in the same period. 

Rrodie (1953) in postnatal material found that the mandihular border 
showed no appreciable angular changes to the cranial base during growth. 
In those cases where he found angular changes there was a tendency for the 
mandibular border to become more parallel with the anterior cranial base. 

The present investigation is a metric anthropological and roentgen- 
anatomical study of the lower facial skeleton in its sagittal growth process. 
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Cephaloinetric landmarks, angles and reference lines have heen used. This 
has been made possihle hy the dissection technique used and by the applica- 
tion of contrast mediuni for the roentgenographic technique. 

MATERIAL AND METHODS 

The present study relates to 159 human foetuses, 87 from the Institute of 
Anatomy, University of Bergen (Bergen material) and 72 from the Anatomy 
Department, Queens University of Belfast, Northern Ireland (Belfast ma- 
terial). Chronologically the foetal materials correspond to approximate foetal 
ages of 10 to 33 weeks. 

The material and methods have been previously described in detail (Kwinns- 
land, 1971). 

RESULTS 

Developmental changes 

All variables have been correlated to the Occipito Frontal diameter (HL) 
and expressed in terms of the correlation index (rm). For all measurements 
a polynomic regression equation has been used varying from 1st to 4th 
degree depending on which value of r, gives the hest possihle description 
of association hetween the variables in cases where this is an improvetnent 
on a linear regression equation. The regression equation used is stated for 
each individual variable in the scatter diagram, as is the correlation index 
(rm). A correlation index value (r,) of 0.50 has been selected as the lowest 
value to express a significant association. Where r m 2  0.50 a regression line 
has been drawn in the scatter diagram. The abscissa always denotes the 
Occipito Frontal diameter (HL). 

For reference points, reference lines, angles and linear measurements 
used in the investigation, the reader is referred to Fig. 1. 

Angular measurcment.s 

Mandibular Line - Nasal Line (ML-NL) (40) (Fig. 2). The mandibular 
plane angle expressing the relationship between the anterior and posterior 
height of the lower face. This angle shows great individual variation but no 
general tendency to change with the various stages of development. This 
angle has been measured in the Bergen material only. 
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Fig. 1. Reference points, reference lines, angular and linear measurements. 
n - nasion: point of intersection of the most caudal point on the frontal bone and the mid- 
sagittal plane (M.S.P.). s - Sella: the center of the sella turcica in the M.S.P. ans - anterior 
nasal spine. pns -posterior nasal spine. ss - subspinale: point in the M.S.P. where the 
anteroinferior contour of the anterior nasal spine merges with the maxillary alveolar process. 
sp’ - point of intrrsection between the Nasal Line (NL) and a line between n and gn in the 
M.S.P. sm - supramentale: point in the M.S.P. where the antero-superior contour of the 
mandibular symphysis merges with the mandibular alveolar process. po - pogonion: the 
most anterior point on the mandibular symphysis in the M.S.P. gn - gnathion: The lowest 
point on the mandibular symphysis in the M.S.P. go - gonion: The point on the contour 
of the mandibular angle decided by halving the tangent angle. co - condylon: the most 
cranial point on the convex surface of the mandibular condyle. co’ - condylon’: the projec- 
tion of co on ML. NSL -- Nasion Sella Line: a line through n and s. NL - Nasal Line: a 
line through ans and pns. ML - Mandibular Line: a line through gn and go. NSP - Nasion 
Sella Perpendicular: a line through Sella (s) perpendicular on NSL. ML - NL (40): The 
mandibular plane angle expressing the relationship between the anterior and posterior height 
of the lower face. Sm - n - s (41): The facial angle expressing the relationship between 
the mandibular apical base and NSL, commonly used to express the prognathic development 
of the lower jaw. ss - n - sm (42): The angle expressing the horizontal relationship between 
the maxillary and mandibular apical bases. gn - go -- co (43): The jaw angle. sm -- NSP 
(SO) : The antero-posterior relationship of the most anterior part of the mandibular apical 
base to Sella. sp’ - gn (51): The anterior height of the lower face measured along the n - gn 
line. po - co (52): the measurement for the mandibular apical base. co - co’ (53): the 
vertical height of the ramus. po - go (54): the horizontal length of the body of the mandible. 
co - NSL (55): The vertical distance between the superior aspect of the mandibular condyle 
and the NSL. co - NSP (56): the horizontal distance between co and S. 
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Suprariwtitalc - IVa.sion - ,Sc>lla ( , s rn - / i - . s )  ( - b / )  (Fig. ,!I). Tlir ilicial iiiigle 
tL\iiressiiig the rt~latioiislii1~ lwtwceti tlic inaiit1il)iilar a l i i c d  1,as;c. m t l  Niisioii 
Sella Line (NSL), coriirrionly iisetl to v.Iires5 t l i e  progiiatliic rc~I:itioiislii[i i)f 
tlie lower jaw. In tlie Herpen inaterial t he ariglc sliow+ i i i i  initial reduc.tiori 
from 85.1" at 20.0 riirii HI, t o  64.3" at 34.0 i i i i r i  HI+ tlierenftvr a gratliial 
increasr, 68.8" at 55.5 mrn HL, 69.7" at 70.0 iriiri 111, and 77.1" at 89.5 
i t i i i i  €11,. 111 tlie Iklfast tnateriol tlic geiieral tt~itleiicy is nearly tlir s:itiic, 

76.0" at 20.0 iiitn HL, 62.9" at 50.0 m r t i  IiL ai i t l  72.8" at 82.0 i n t i 1  HI,. 

Subspiritsk - A'miori - Stcfi~"'fl.c,rrf"ltr ( s s - I I  --srx) (42) (Fig. 4). ' h e  

t1ifferenc.r lwtwtwi angle ss - t i  -s ant1 sin -11 - s, ex1 mssing t 1 i r  Iiorizotital 
rclationshili lietween the iriasillary ai i t l  iiiantlihiilar :il)ic*al 1)aws. In the 
Ikrgeii inaterial the angle slioivs a ral)itl iricrecisc iti t l ic '  early l)erio(l froiii 
0.8" at 20.0 inin IiL t o  17.0" a t  59.0 inin IlL, a inert- gratliial incxase in 
ilie rriitltlle I)eriotl, 20.3" at 75.0 iiirn €IL ant1 iiti iirtiial tlecrcwe towarcls 
tlic entl, 14.8" at 89.5 riim HI,. 111 the Jklfast material tliere is iiti increase 
in the  early periotl from 1.4" a t  20.0 t i i i t i  HIJ to 19.1" at 50.0 riiiri J I L  fol- 
lowd I)y relative stahility of the angle, 19.3" at. 70.0 iiiiii HI, and 19.3" a t  
82.0 rr i i i i  I iL. 

Gtrcrthioii - Gorriori - (,'onrlylor7 (gir -go-co) (L:I) (Fig. ,j). The jaw 
ariglc. 'Hiis ariglc shows great irulivitlual variation l,ut no teiit1eiic.y 10 ctitiiige 
(luring tlie foetal Iieriotl ntitler investigation. 'I'his angle lias h - i i  riieasiiretl 
iri the Ikrgeti ntatc:rinl oiily. 

I, i rr cu r riwm 11 r ( ~ r w r i  t s  

,Sripranwtrtalc~ - ATa.siorr SrJlla / ' u p w (  &I. (stiz-.Y.S/)) (50) (k'fg. 6). The 
~iiitero-I)osterior relatioiislii1) of tlic most anterior 1)art of thc tiiiiii(lil)iilur 
aljical l)iise to Sella. Tliis tiicasiireinrnt increases from 5.4 iiiiii (Lkrgeii 
niaterial) aiid 6.0 tiirri (Ilelfast material) at 20.0 iiitn HI, to 19.1 i i i i i i  at 89.5 
ii i i i i  HL (L3erpen material) ant1 19.9 t t i n i  at 82.0 iritii HI,  (Belfast illaterial). 

NczsaZ /,in(, - Cnathion (,s//'--gn) (.5/) (Fig. 7). 'I'lie atitvrior hrliglit 
of the lower  f a c ~ .  increascvl froin 4.0 i i i i r i  (Rrrgeii iiiatcrial) : t i i t \  4.3 i t i i i i  

(Iklfast riiaterial) a t  20.0 i n n 1  I l l ,  t o  21.3 iiim ut 89.5 i i i i i i  HT, (I3erg;cii ilia- 

t&d) c in t l  18.5 i i i i r i  at. 82.0 tntii I lL (lklfast riiatcrial). 
The following ineasiireirients were mrasurecl on the 13vrgeii mait.rial only.  

/'o,uoniotr - (hiidylon (po-co) (52) (Fig. 8). 'Tlie niwsurwii(mt for t l i v  

niuntliliular apical Ixise. 'I'lie distance increased from 8.3 i i i i t i  at 20.0 iriiit 111, 
to  30.1 tiim at 89.5 trim IIL. 
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The vertical mandibular. base (co-co’) (5.3) (Fig. 9). The vertical height 
of the ramus increased from 2.3 mni at 20.0 mm HL to 8.6 mni n t  
89.5 Inm HL. 

Pogonion - Goriion (’)o--go) (.54) (Fig. 10). The horizorital length of the 
body of the mandible shows an increase from 5.4 mm at 20.0 mm IIL to 
21.7 mm at 89.5 mm HL. 

Condylon - Nasion Sella Line (co-NSL) (5.5) (Fig. 1 2 ) .  The vertical 
distance between the superior aspect of the mandibular condyle and the 
NSL. This measurement increased from 1.5 mm at 20.0 mm HL to 10.2 mm 
at 89.5 mm HL. 

Condylon - Nn5ioti S ~ ~ l l a  I’crprndicidar (cu-NSP) (56) (Fig. 12). The 
horizontal distance lietween co and s. Although therr is a slight tendency 
for the condyle t o  conie forwdrd in relationship to  s in the period investigated, 
from -0.3 mni at 20.0 mm HL. (posterior to s) to 1.1 mm at 89.5 imn IIL 
(anterior to s) the correlation index (rm) is low, 0.45. 

Correlations 

The correlation coefficient (r) has been iised to  express the relatioilship 
between the examined pairs of variables, see Tables I ant1 11. 

Table I. 
Corielations between the tiariables i n  [he lower face  
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Table 11. 
Correlations between the variables in the total face,  and between the variables i n  the total 

fuee  and cranial base, upper jace  and lower face. 

DISCUSSION 

In this study four angular and seven linear measurements have been used to 
examine differential direction of growth of the lower face. In the present 
study ML-NL, ML-NSL and gn-go-co have been measured in the 
Bergen material only. The mandibular line (ML) to  the Nasal Line (NL) i.e. 
the angle expressing the relationship between the anterior and posterior 
height of the lower face, seemed to show stability during the foetal period, 
the same was found in the angle ML-NSL. The angle gnathion-ggonion- 
condylon (gn-go-co), the jaw angle, also showed stability in the same 
period. These findings seem to agree with Brodie (1941, 1953) who found a 
remarkable stability and parallelism of growth between the cranial plane, 
maxillary plane and mandibular plane in the early postnatal period. 

The present findings seem to suggest that the lower jaw follows the angular 
changes found between the ant.erior cranial base, nasal septum (SL) and 
palatal plane (NL) in relationship to the posterior cranial base, the primary 
factor being, possibly the angular changes of the cranial base. This woiild 
then account for the parallelism found between these four planes (NSL, SL, 
NL and ML) at least when comparing the earliest and latest foetal stages. 
The angle sm-n- s expressing the prognathic relatioriship of the mandible 
to NSL, showed an initial rapid reduction followed hy a gradual increase. 
The net result is a reduction in the srr-n-s angle of 8.0" and 3.2" (Bergen 
and Belfast materials) in the periods investigated (Figs. 13 and 14). 
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The correlation analysis of the lower face shows a negative correlation 
between sni-n-s and ML-NSL (Table 11), and between sm-n-s and 
ML-NL in the Bergen material, and negative correlation between sm-n-s 
and ss-ii-sm in both materials (Table I). This suggests that the increased 
prognathic relationship of the lower jaw is associated with small ML-NSL 
and ML-NLangles, whereas there seems to he no correlation in the present 
material between the length factor of the mandible, po- co and po-go, 
and the prognathic development of the lower jaw (sm-n-s). The correlation 
analysis further shows that a large jaw angle, gn-go-co is followed by a 
large ML-NL angle (Table I). 

Ford (1955) found that growth of the lower jaw lags behind that of the 
upper between 12 and 20 weeks intrauterine life, while Birch (1968) found 
that the state of rriondibular retrognathism is a common and fairly constant 
feature between 10 and 27 weeks of foetal life. 

Levihn (1961) found the lower anterior facial height to increase from 
53.0 to 57.3 per cent of total anterior facial height between 12 and 40 weeks, 
he further found the distances am-pns (the length of the nasal flow) ant1 
gn-go (the approximate length of the body of the mandible) to increase 
with an equal amount between 12 arid 40 weeks. 

In the present study sni-NSP increased by 13.7 mm arid 13.9 nim in 
the Bergen and Belfast materials respectively in the period under investiga- 
tion. The distance po -co, the measurement for the mandibular apical base, 
po -co’, the horizontal niandibular base, and po - go the horizontal length 
of the body of the mandible, all showed a substantial increase in the foetal 
period, whereas co-co’, the vertical height of the ramus exhibited a smaller 
increase in the same period (Fig. 15). 

The correlation analysis seems to show that increased lower face height, 
sp’-gn is followed by a large lower jaw (po-go and po-co) a large jaw 
angle (gn-go-co) and a relative large vertical distance between co and 
NSL (Table I). 

Furthermore there seems to be association between the relative antero- 
posterior position of the condyle and the distance sm-NSP as there is 
positive correlation between co -NSP and sm-NSP. There is, furthermore, 
positive correlation between po-go and sm-NSP, between 110-co and 
Po-go, between po-co’ and po-go and between sm-NSP and po-co 
(Table I) which tends to show that the antero-posterior position of supra- 
mentale (sm) in relation to Sella (s) is associated with the total length of the 
mandibular base, the length of the mandibular body as well as the height 
of the ramus. 
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