
From: Department of Orthodontics, The Royal 
Dental College. Copenhagen, Denmark. 

THE EFFECT OF DENTURE WEARING ON FACIAL 
MORPHOLOGY 
A 7-YEAR LONG1TUI)INAL STUDY 

b l l  
AWJE TAI.I.(;REN 

INTKODI'CTION 

The long-term wearing of complete dentures causes a rnarkcd 
rcduction in morphologic face height due to resorptive changes 
in the alveolar processes, as  was shown in a previous longitudinal 
investigation (Tallgren, 1966).  \Vhether this process of reduction 
would cause morphological changes in basal parts of the jaws or 
affect other parts of the facial skeleton has not been elucidated 
on a longitudinal basis. 

The opinions regarding such changes put forward in text-boolts 
and iiuineroiis articles have inainly concerned reiiiodelling of the 
inandibular gonial region, the different views being based in part 
o n  findings from cranial material and in part on cross-sectional 
roentgenographic studies on living subjects. 

According to these findings (K ie f f e r ,  1908; H e l l m a n ,  1925 ; 
Hrdliclia, 1940; Rogers & Applebaum,  1941 ; Keen,  1945; K e t l u -  
nen, 1965; Dorier & Cimasoni,  1965),  the size and shape o f  the 
mandible is considered to remain fairly stable during adult :ige 
as long as the natural dentition is preserved, whereas the eden- 
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lulous stage is held to bring out an increase in the gonial angle. 
Liinberg (1951),  by comparing young and old individuals both 
with and without teeth, found an increase in the gonial angle in 
the young edentulous subjects only, most of whom were denture 
wearers, whereas such remodelling changes due to loss of teeth 
were not observed in the old age group. 

Rogers & Applebaum (1941) in a study of skull material and 
Keen ( 1945) by comparing dentulous and edentulous individuals, 
came to the conclusion that the decrease in occlusal vertical 
dimension due to loss of teeth or wearing of dentures will cause 
a flattening of the gonial angle or even more severe remodelling 
of the mandible. The response of the masseter and the internal 
pterygoid muscles to the alteration in the intermaxillary rela- 
tionship would account for such remodelling changes. However, 
cross-sectional data, especially from skull material, are difficult 
to evaluate owing to the wide range of variation within the test 
groups and lack of information on denture wearing. 

While some follow-up studies have been reported on the 
response of the alveolar processes to different kinds of prosthetic 
treatment (Lisowski,  1944; Atwood, 1957 ; W a t t ,  1960; Johnson, 
1963, 1964 a, b, c ;  Wictorin, 1964; Carlsson & Persson, 1965), 
there is little longitudinal information regarding the effect of pro- 
tracted denture wear on the facial morphology. Hedegiird (1962) 
in a 3-year roentgenographic check of individuals provided with 
immediate maxillary dentures reported a significant increase in 
the gonial angle and also in upper facial dimensions and anterior 
skull base. Johnson (1963, 1964 a, b, c )  in a 1-year follow-up 
check of subjects treated with different types of maxillary den- 
tures, found the relationship between the posterior part of the 
bony palate and the anterior skull base unchanged. Furthermore, 
Heath (1966) in a cross-sectional study of adults representing 
various dental conditions, found no relationship between upper 
facial dimensions and the number of years the subjects had been 
edentulous or had been wearing full upper dentures. 

The present longitudinal study aims to ascertain whether re- 
sorptive changes in the alveolar processes and resultant altera- 
ticns in jaw relationship following a 7-year period of denture 
wearing affect basal parts of the mandible and the upper facial 
skeleton or cause morphological changes in the cranial base. 
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Table I. IJistribution of the t e s t  subjects according t o  age, sex and method 
of trtw t 111 P n t 

EFFECT OF DENTURE WEARING ON FACIAL MORPHOLOGY 

Group A 
Complete denture wearers Age at  the 

pre-extraction 
stage Female Male Total 

_ _ _ _ _ _ _ _ _ _ _  

2 0--- 2 9 1 1 
30-39 1 1 
40 -49 3 1 4 
50-59 2 1 3 
60 -69 2 2 
Total 9 2 11 

l lcan age 47.6 

Group B 
Partial denture wearers 

Female Male Total 

4 4 
4 4 
2 1 3 

10 1 11 

41.9 

JIATEHIAL AISD METHODS 

The present roentgenographic analysis was performed on 
cephalornetric profile films from a series of 11 edentulous indi- 
viduals provided with complete dentures and 1 1  partially eden- 
tiilous subjects provided with a full upper and a partial lower 
denture. The reduction in face height of the test subjects had 
previously been examined during a 7-year period of denture wear 
(Tal lgreri ,  1957, 1966).  

The prosthetic treatment was performed at  the Institute of 
Dentistry, University of Helsinki; the details are set forth in  the 
:?hove-mentioned publications. It should be noted that the treat- 
ment undertaken was of the conventional type, the dentures being 
constructed 2-3 months after completed extraction. All  the den- 
tures were fabricated using porcelain teeth. 

The distribution of the test subjects according to age, sex and 
method of treatment is shown in Table I .  The age distribution 
in the two groups i\ also illustrated graphically in Fig. 1 .  In 
accordance with previous definitions the two test groups were 
denoted Complete denture wearers (Group A )  and Partial denture 
wearers (Group R ) .  None of the test subjects had had their den- 
tures relined or remade during the 7-year period of observation. 

Roentgenographic procedure 
The standardized lateral roentgenographic cephalornetric re- 

cordings were obtained with the subjects positioned in a Bjiirk’s 
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Fig. 1. Age distribution of the test subjects. Each line indicates the age of 
the subject at the initial stage of observation and after 7 years. 

cephalostat : the details of which have been reported elsewhere 
(Tallgren, 1957, 1966). The enlargement of the structures in the 
median plane amounted to 6.6 %. No adjustments have been made 
for this enlargement. 

The present study comprised the following stages of observa- 
tion : 

( a )  Before extraction of the teeth 
( b )  After prosthetic treatment 

( c )  After 7 years of denture wear. 

The films from the above-mentioned investigations consisted 
for each stage of one profile film taken in the occlusal position 
and 2-4 films taken in the rest position of the mandible. The 
rest position exposures at stages (b) and (c) were made with 
and without the dentures in the mouth. For each test subject 
the total number of films from the 3 stages of observation 
amounted to 12. 
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NSL- 

N L  

MBL 

Fig. 2. Reference points and lines on the profile cephalometric films. Ile- 
drawn from Dji i rk  (1960). 

I, i n  e ar and cxngri lar in e m u  r ime nts 
I ) E F I S I T I O S S  O F  MIIE.ASITHEMENTS 

The reference points and lines were defined according to Bjiirk 
(1960) and Solow ( 1966) with minor modifications in some in- 
stances. The reference points and lines are listed in Table I1 and 
illustrated in Fig. 2. 

T h e  linear and angular variables are listed and interpreted in 
‘Table 111. The shape of the mandibular base, expressed in terms 
of the angles ,B and RL-ML is illustrated in Fig. 3 .  

The variables 1-13 were studied in order to estimate changes 
in size, shape and position of  craniofacial elements, Lvhich due to 
lhcir relationship to the denture bearing structures might be 
affected. In addition these variables were studied in order to 
evaluate possible continued growth in the craniofacial structures 
concerned. The variables 14-18 were included for the assessment 
of changes in jaw relationship as a result of the prosthetic treat- 
ment and protracted denture wear. A special analysis, reviewed 
in the following section, was made of the height of the mandibular 
and maxillary alveolar processes (variables 19 and 2 0 ) .  In  addi- 
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Table 11. Reference points und lines on the cephalometric films 
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Reference points 

Basion (ha) 

Condylion (cd") 

Condylion (cd"') 

Gnathion (gn) 

Gonion (go) 

Gonion, tangent 
point (tgo) 

Nasion (n) 

Pogonion (pg) 

Prognathion (pgn) 

Pterygomaxillare (pm) 

Sella (s)  

Spinal point (sp) 

Reference lines 

Mandibular base line 
(MBL) 

Mandibular line (MI.) 

Nasion-sella line (NSL) 

Nasal line (NL) 

Nasion-sella 
perpendicular (NSP) 

Ramus line (RL) 

The normal projection of the anterior border of the 
occipital foramen (endobasion) on the occipital 
foramen line. 

The most superior point on the condylar head. 

The most superior and posterior point on the con- 
dylar head. 

The lowest point on the mandibular symphysis. 

The point on the bony contour of the gonial process 
determined by bisecting the angle RL-ML. 

The intersection between the ramus line (RL) and 
the mandibular line (ML). 

The most anterior point on the fronto-nasal suture. 

The most anterior point on the mandibular sym- 
physis. 

The point on the mandibular symphysis farthest 
from cd'p. 

The point of intersection between the contour of 
the nasal floor and the posterior contour of the 
maxilla. 

The centre of the sella turcica. The upper limit of 
sella turcica is defined as the line joining tubcr- 
culum sellae and dorsum sellae. 

The apex of thc anterior nasal spine. 

The line through cdsP and pgn. 

'The tangent to the lower border of the mandible 
through gn. 

The line through n and s. 

The line through s p  and pm. 

The line through s perpendicular to NSL. 

The tangent to the posterior border of the mandi- 
bular ramus and the condylar head. 
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Table 111. Linear and angular var iab le s  

No. Variable hterpretat ion 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

11 

15 

16 

l i  

18 

19 

20 

n-s 

s-ha 

n-s-ha 

n-sp 

+prn 

v - p m  

NSL-NL 

s-n-sp 

cd'p-pgn 

Pg-go 

cd"-go 

HI.- a1 L 

P 
NI.-JIL 

n-sn 

SSI,-ML 

SSL-XIBL 

s-n-pg 

Anterior height 
o f  mandibular 
process'. 

tinterior height 
of maxillary 
process'. 

Anterior length of cranial base. 

Posterior length of cranial base. 

Flexion of cranial base. 

Anterior height of maxillary body. 

Posterior height of maxillary body. 

Length of nasal floor (maxillary base). 

Inclination of nasal floor (maxillary base) t o  anterior 
cranial base. 

Position of nasal spine in relation to  anterior cranial 
base. 
Sagittal relationship of maxillary body to  anterior 
cranial base. 

Length of mandibular base'. 

Length of mandibular body'. 

Hamal height'. 

Gonial angle'. 

Mandibular base angle'. 

Inclination o f  mandible to  nasal floor. 

Total anterior face height. 

Inclination of mandible to  anterior cranial base. 

Inclination of mandible to anterior cranial base. 

Sagittal relationship nf mandible to anterior cranial 
base (mandibular prognathism). 

Measured on rest position films. 
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Fig. 3. The shape of the mandibular base in terms of the P-angle (Lindegdrd,  
1953) and the gonial angle (RL-ML). 

tion, a check of the bony contours, not included in the present 
measurements, was made by the aid of tracings and by super- 
imposition of the films. 

Regarding the variables 4-8, it should be noted that the upper 
face was defined as the area bounded cranially by n-s and cau- 
dally by sp-pm. The reference point ss, coiiimonly employed in 
subjects with natural dentitions, was regarded less suitable owing 
to resorptive changes in the maxillary process (Coccaro & Lloyd, 
1965; Richardson, 1965).  The same applies to the reference point 
sin on the mandibular process. 

METHOD OF MEASUREMESTS 
All measurements with the exception of the mandibular base 

dimensions and the height of the alveolar processes were made on 
ihe occlusal films. The mandibular base dimensions (variables 
0-13) were measured on the rest position films, since the con- 
tours of the condyles were often more distinct on those films. For 
stages ( b )  and ( c )  the rest position exposures without dentures 
were used. A s  an additional check of measuring points and of the 
bony contours, the rest position films with the dentures were 
wed, and also duplicate films of the rest position without den- 
tures. 

All linear and angular measurements were made directly on 
the films with the aid of two transparent cellophane sheets: one 
printed with parallel lines one centimetre apart and the other 
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with two perpendicular mid-lines (Bjiirk & Solow, 1962) .  With 
the exception of the reference points n and gn, previously marked 
on the films by puncturing (Tallgren, 1957) ,  no additional mark- 
ings were made on the films. In case of double projection the 
mid-points and mid-lines of the two images were used. The linear 
iiieasureinents were read to the nearest half millimetre by means 
of a ruler, the angular measurements to the nearest half degree 
by nieans of a protractor. Throughout the text the parameters of 
the linear variables are given in millirnetres and those of the 
angular variables in degrees. 

$1 ensu rcni e n  i s  of resorption of the trl ue o 1 ar processes  
Previous investigations ( Tallgren, 1957, 1966) have shown th:\t 

long-term wearing of dentures causes a marked reduction in 
niorphologic face height. A s  this reduction is intimately related 
l o  resorption of the alveolar processes, a special analysis was 
performed in order to estimate the reduction of the niaxillary and 
inandibular bony alveolar processes. This analysis was confined 
to the anterior region of the processes and comprised linear ver- 
tical as veil as area measurements. The changes in the soft tissues 
were not exainined. 

LI SE.4 K Jf E d  s I .K E M E S  T S  
The anterior height of the iiiaxillary process was defined as the 

perpendicular distance between the NL-line and the tangent 
through the lowest point on the top of the bong contour of the 
l?rocess, parallel to the NL-line (Fig. 4 ) .  

l'hc anterior height of the mandibular process was defined as 
the per1)cndicular distance between the ML-line and the tangent 
through the uppermost point of the symphysis, parallel to the 
ML-line Fig. 1). 

The linear vertical resorption was determined as the difference 
in the height of the processes between the stages of observation. 

The height of the maxillary and mandibular alveolar processes 
was iiieasured on the rest position films, the exposures without 
dentures being used for stages (b )  and ( c ) .  
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ML !Ty-,, 
Q" 

Fig. 4. Measurements of the anterior height of the maxillary and mandibular 
alveolar processes at the stages (a) before extraction, (b) after 
prosthetic treatment and (c) after 7 years of denture wear. 

MEASUREMENTS OF A R E A S  OF RESORPTION 
The measurements of the areas of resorption were performed 

to estimate the total amount of bone loss in the anterior segment 
of the processes during the 7-year period of denture wear. The 
recordings of the resorption areas were made by means of a 
rolling disc planimeter*). The method employed was based on 
preliminary experiments with various measuring methods and 
different types of planimeters. The method found to be preferable 
was a direct measurement of the size of the resorption areas 
according to the following procedure: 

Contour tracings of the upper face and the mandible, respec- 
tively, were made from the rest position film without dentures 
(stage b) with special attention to the contours of the edentulous 
processes. By careful orientation the respective tracings were 
superimposed on the equivalent film from the later stage ( c ) ,  so 
that all appropriate guiding structures coincided, whereafter the 
new contours of the processes were drawn in. 

The area of resorption, determined as the area between the 
contours of the process at the two stages of observation could then 
bc recorded directly by planimeter. The advantage of the tracing 

*) OTT Scheiben-Rollplanimeter No. 131 L, A. Ott, Kempten, Bayern. 
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Table IV. Statistical parameters 
- 

Parameter Determination 

- 
x ;irithmetical mean 

s2 Variance 

n 

z (x-T)" 
n-1 
- 

s Standard deviation y s" 

s ( T )  Standard error of the mean 

V Variation coefficient 

dbl Skewness, based on the 3rd moment 

100 s 
- 
x 

n 2 ( X-Y, 4 

[ Z ( X - - X  )2  12 
b2 Kurtosis, based on the 4th moment - 

a - Geary's test 

n is thc sample size. is given the sign of the 3rd moment. sa and s h  denote 
iiieasurrincnts on two films of the same individual. ~ ( X - X )  represents the expression 

- 
n 
2 ( X - T I .  

i = l  

method for marking the measuring areas on the films is that it 
permits repeated checks on the bony contours. 

The registration by planimeter was performed 5 times for each 
area concerned. The mean of the 5 registrations was used in the 
subsequent analysis. For determination of the method error, see 
p. ,576. 

Statistical analysis 
The methods used in the statistical analysis of the data were 

mainly standard methods according to Hald (1952). The nu- 
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nierical calculations were carried out with the aid of an electronic 
computer (GIER).  

In the statistical analysis of the distributions the following 
parameters were employed: The mean (z), the range (minimuin 
and maximum), the standard deviation (s), the standard error 
of the mean (s(F)), the variance (sz), the coefficient of variation 
( Ir) ,  the measure of skewness im, and the measures of kurtosis 
a, W and b2. The parameter W was determined as 

Max.-Min. 
S 

(Pearson & Hartley, 1954) .  For the remaining parameters the 
definitions published by Solow (1966) were used (Table IV) .  
The form of the distributions was also evaluated from probit 
diagrams plotted electronically. 

The F-test (Snedecor) was used in comparison of variances 
and Student's t-test for the means. The 5, 1 and 0.1 per cent levels 
of significance were denoted *, +* and **I, respectively. 

For a and for W the significance limits for sample sizes of 11 
given by Pearson & Hartley (1954) were used. Significance limits 
for ' J l r a n d  b2 are not available for the present sample sizes. For 
d b l t h e  significance limits for n=25  (Pearson & Hartley, 19.54) 
were used as a guide. The parameter b2 was studied for additio- 
nal information of the distributions, although the significance 
limits were not available. 

ERROR OF T H E  METHOD 
The method errors of the special measuring procedure em- 

ployed in the present study were recently evaluated by Solow 
(1966) and Kisling (1966) .  The method errors were found small 
in relation to the intersubject variation. 

In the present study an estimate of the total method error re- 
lated to the serial roentgenographic cephalometric recordings and 
the method of measurement was obtained from the two sets of 
films taken a t  stages (a )  before extraction, and (b)  after pros- 
thetic treatment. The method error s ( i )  (Table IV) was deter- 
mined for variables 1-13. Changes in the craniofacial structures 
involved in these variables would hardly be expected during the 
short edentulous period between the two stages. 



57.3 EFFECT OF DENTURE WEARING ON FACIAL MORPHOLOGY 

Table V. 2\fi,thod errors ,  s ( i ) ,  f o r  l inear and angular oar isb les .  
fci-erices be twern measurements  on two f i l m s  o f  the same indiuidu.11 

is  the  nic(in o f  thr  d i f -  

1 n-\ 
2 5-ha 
3 n-+ha 
4 n-sp 
5 + p m  
6 NSL-NL 
7 sp-pm 
8 +n- \p  
9 cd"'-l)gn 

1 0  p.$-go 
11 cd*-go 
1 2  RL-JIL 
1 3  P 

-o.m 
-0.09 
-0.14 

0.14 
- -0.09 
- -0.14 

0.00 
0.14 

- -0.05 

0.09 
-0.05 

n.n5 

0.00 

0.09 
0.13 
0.12 
0.10 
0.11 
0.07 

0.10 
0.13 

0.14 
0.09 
0.11 

0.07 

0.13 

0.213 
0.302 
0.282 
0.238 
0.261 
0.185 

0.238 

0.282 
0.302 
0.213 
0.238 

0.151 

0.282 

-0.09 
-0.05 
- o m  
--om 

0.05 
--O.is 
-0.m 

0.00 

0.00 
-0.05 

0.00 
-0.14 

0.18 

0.11 

0.11 
0.1 4 

0.11 
0.10 
0.08 

0.13 
0.12 
0.13 
0.14 
0.12 
0.12 

0.10 

0.261 
0.320 
0.238 
0.261 

0.185 
0.261 

0.261 
0.282 
0.302 
0.282 
0.302 

0.213 

0.282 

Saniplr sizes f o r  all viiri:ibles=ll 

l'ahle VI.  I ) i s t r ibuf ions  of thr  lincur and anyular ouriablrs  a t  thr  pre-extract ion stag(' ( ( I )  

G r o u p  A 
- - 

Variable X S ( S )  S 

69.46 

131.77 
54.18 
47.18 
8. i 1  

<55.46 
86.77 

118.91 
76.32 
60.96 

25.96 
21.32 

45.n5 

i 2 6 . m  

122.09 
32.73 
56.91 
80 . i3  

29.32 

18.23 

1.06 3.53 
0.88 2.93 
1.63 5.41 
0.93 3.08 
1.25 4.13 
0.73 2.43 
0.77 2.56 
0.86 2.84 
1.99 6.59 
1.19 3.94 
1.59 5.27 
1.98 6.56 
0.87 2.89 
2.28 7.56 
2.03 6.72 
2.47 8.20 
1.65 .5.17 
1.57 5.20 

1.10 3.65 

n.m 3.24 

70.1 S 
45.91 

128.82 
51.73 
45.7'1 

5.91 
56.46 
89.68 

121.68 
75.86 
63.96 

126.14 
26.77 
23.55 

120.91 
29.36 
54.32 
83.09 

34.14 

21.5.5 

0.94 3.12 
0.89 2.9 I 
1.45 4.8( 
0.90 2.9* 
0.7:) 2.61 
0.87 2.8h 
0.64 2.1 .'I 
1.02 3 . 3 8  
2.37 5.8C 
1.0:) 3.4!l 
1.15  3.HY 
2.25 7.44 
0 . w  2.85 
2.43 8.05 
2.75 9.1 1 
2.17 7.1'1 
1 3 4  .;.I2 
0.97 3.22 

n.91) 3.28 

1.03  3 . i 2  

- -0.73 
- 0.86 

2.96 
2.46 

-Al.41 
2.50% 

--1 .no 
-2.91" 
~ -2.77 

0.46 
~ -3.on 

0.14 
--0.82 

0.77 
1.18 
:I .:I 6 
2.59 
2.36 

~- 4,82** 

-3.32" 
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The distributions of the differences between the two sets of 
measurements are given in Table V. None of the mean differences 
displayed significant departures from zero. The method errors, 
s f i ) ,  for the 26 variables ranged from 0.15 to 0.32 mm or degrees. 
These values may be considered small compared to those reported 
by Solow (1966) and Kisling (1966). 

The method error for measurements performed by planimeter 
was studied by means of variance analysis, based on the 5 mea- 
surements available for each area. The homogenity of the variance 
within individuals was tested with Bnrtlett’s test. No inhomo- 
gcnity was found. The method error ( s2)  was determined as the 
square root of the variance within individuals. The method errors 
ranged from 0.41 to 0.46 mm2 and were found to be extremely 
small in relation to the inter-subject variation (Table X) .  

FORM OF THE DISTRIBUTIONS 

The distributions of the linear and angular variables and the 
differences in measurements between the stages of observation 
generally were approximately normally distributed. The few de- 
viations noted were not so extreme as to invalidate the use of the 
testing methods employed. The measurements of the areas of 
resorption displayed no significant departures from normality. 

FINDINGS 

Morphological characteristics of the  samples  

The distributions of the linear and angular variables at the 
pre-extraction stage are shown in TabIe VI. A comparison of 
groups A and B showed that with the exception of the variables 
NSL-NL and s-n-sp, which displayed differences between the 
groups, significant at the 5 per cent level, the samples were fairly 
uniform in regard to craniofacial dimensions. 

In regard to the initial height of the alveolar processes, on the 
other hand, the two groups displayed more marked differences. 
In the subjects requiring complete dentures, the height of the 
mandibular and the maxillary processes was found to be lower 
than in the partial denture group. The respective differences were 
significant at the 1 and 5 per cent levels. 
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Tahle VII. Diffrrenres  in rraniofacial  d imensions  be tween the  7-ycwr s tage ( r )  nnd the prr -  
P.rtrarfion strcgr ((I) 

Group A 
- 

Variable X S ( 3  S 

1 n-s 
2 s-ha 
3 n-s-ba 
4 n-sp 
5 s-pni 
6 NSL-XI, 
7 sp-pm 
8 b-n-51) 

9 cd'n-pgn 
1 0  pg-go 
11 cd'-go 
1 2  RL-111, 
13 P 

0.09 0.09 0.30 
0.05 0.13 0.42 

- 0.14 0.14 0.45 
0.00 0.12 0.39 

---0. 09 0.09 0.30 
---0. 1 a 0.10 0.34 
---0. 05 0.13 0.42 

0.05 0.11 0.35 
0.05 0.11 0.35 
0.18 0.10 0.34 

---0.18 0.12 0.41 
-0.05 0.1 1 0.35 
- -0.05 0.1 1 0.35 

Group B 
- 
s s ( T )  S 

0.0:) 
-0.05 

0.05 
0.14 
0.09 

-0.09 
-0.23* 

0.0!) 
- 0.23* 
---o.i4 

0.05 
-0.0.5 

0.18* 

0.11 (1.35 
0.08 0.27 
0.14 0.47 
0.10 0.32 
0.13 0.44 
0.1 1 0.38 
0.08 0.26 
0.13 0.44 
0.08 0.26 
0.10 0.32 
0.1 1 0.35 
0.05 0.15 
n . o H  0 . 2 5  

- -  
X A - X B  

0.05 
0.09 

-0.18 
-0.14 
-0.18 
--0.09 

-0.05 
0.2; 
0.32* 

-0.23 
0.00 

-0.23 

0.18 

Table VIII.  Differences  in j a w  relat ionship be twern the  stages  o f  ohsrruat ion:  (a) Before  
c.xtrartion, ( b )  a f t e r  prosthet ir  treatment and ( c )  a f t r r  7 years  o f  clenturc. ioeur 

c---b 

- 

c-a 

G r o u p  A 
- 

\-aria h 1 e X S ( 3  S 
~ 

1 1  NI,-ML 1.05 0.52 1.72 
15 n-gn 1.41 0.79 2.63 
16 NSI,-ML 0.86 0.46 1.52 
1 7  NSI,-XIBI~ 0.96 0.44 1.46 
18 s-n-pg -0.68 0.36 1.19 

1 4  SL-AIL -5.00**r 0.51 1.67 
15 n-gn -8.41 * **  0.70 2.32 
16 NSL-MI, -5.05"** 0.46 1.52 
17 N s L - m L  -5.14*** 0.46 1.52 
18 Y-n-pg 3.41**- 0.39 1.28 

1 4  NL-ML -3.96*** 0.64 2.12 
0.77 2.55 1 5  11-gn 

16 NSL-bIL -4.18%"" 0.57 1.87 
1 7  NSL-MBL -4.18*** 0.55 1.82 
18 s-n-pg 2.73*** 0.44 1.47 

- 7 .00 * 2: % 

Group I3 
- 
X S ( 3  5 

1.50' 0.60 2.00 
2.82* 0.99 3.28 
1.55% 0.60 1.99 
1.78* 0.59 1.97 

-0.96 0.45 1.49 

0.62 2.05 -2.27;"; 
-3.8 6 I: :; 
-2.41** 0.60 1.99 
- 2.59'** 0.55 1.83 

1.68"* 0.49 1.62 

0.93 3.08 

-0.77 0.55 1.82 
-1.05 0.73 2.43 
-0.86 0.55 1.NJ 
-0.82 0.42 1.38 

0.73* 0.32 1.06 

- 0.46 
-1.41 

0.68 
--0.82 

0.27 

Saiiiple sizes f i ~ t -  all variables=ll. 
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Stability of craniofacial dimensions 
The distributions of the differences in craniofacial dimensions 

between the 7-year examination and the pre-extraction stage are 
shown in Table VII. 

With regard to the anterior and posterior length of the cranial 
base (n-s and s-ha) and its flexion (n-s-ha), no significant de- 
viations were found in either group of study. Regarding the 
upper face, likewise, no appreciable changes were discernible. 
As  estimated from n-sp, s-pin, NSL-NL and s-n-sp, a dimen- 
s;onal and positional stability of the maxillary body, the nasal 
floor and the nasal spine was found both in the vertical and 
sagittal directions. A slight decrease (mean 0.2 mm) in the sp-pm 
dimension was noted in the partial denture group. X o  changes 
in the contours of the posterior part of the bony palatal vault 
were observed in any of the individuals. 

The dimensions of the basal parts of the mandible, likewise, 
exhibited a marked stability. In the complete denture wearers the 
length of the mandibular base (cd””-pgn), the ramal height 
(cd”-go) and the length of the mandibular body (pg-go) exhi- 
bited no significant deviations after 7 years of denture wear. 
No significant changes in the gonial angle (RL-ML) or in the 
mandibular base angle ( p )  were found either. In the partial den- 
tiire group slight decreases or increases (mean 0.2 mm) were 
noted in two dimensions ( cdqP-pgn and p-angle) . 

Superimposition of the films showed no deviations in the man- 
dibular base curvature or the contours of the ramus in any of 
the test subjects. Furthermore, measurements and additional 
checks by tracings indicated that, regardless of a marked resorp- 
ticn of the edentulous mandibular process in the complete den- 
ture wearers, the basal part of the symphysis, including the re- 
fprence points gn, p g ~  and pg, was not affected (Figs. 5 and 7 a, 
b )  . On the other hand, the region comprising sm was involved in 
the process of resorption in more than half the subjects (Fig. 5 ) .  

Changes in jaw relationship 
The facial proportions exhibited marked changes. In both 

groups a general increase in the angles NL-ML, NSL-ML and 
NSL-MBL was found on completion of the prosthetic treatment 
(Table VIII) . This increase in mandibular inclination, i. e. 
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a posterior rotation, was due to overestiination of the face height, 
the determination of the occlusal vertical dimension primarily 
being made according to aesthetic requirements ( Tallgren, 1957) .  

After the 7-year period of denture wear a marked decrease in 
mandibular inclination, i. e. an anterior rotation, was found in 
both groups. In the complete denture wearers the decrease in 
relation to the cranial base (NSL-ML) amounted to 5 " ,  on the 
average, the reduction in morphologic face height being 8.4 mm. 
In the partial denture wearers the mean reduction amounted to 
approximately half the above values. The respective differences 
between the groups were significant a t  the 1 and 0.1 per cent 
levels. 

The prognathisin of the mandible in relation to the cranial 
hase, a s  determined from the s-n-pg angle, exhibited opposite 
changes. In both groups the posterior rotation of the mandible, 
noted upon completion of the prosthetic treatment, was accom- 
panied by a decrease in mandibular prognathism. The anterior 
rotation of the mandible after 7 years of denture wear was asso- 
ciated with an increase in mandibular prognathism. In the com- 
plete denture wearers the mean increase over 7 years amounted 
to 3.4" and was approximately twice the value noted in the partial 
denture wearers. The difference between the groups as signi- 
ficant at the 5 per cent level. The changes in jaw relationshill 
after 7 years, as  compared with the pre-extraction stage, are 
shown in Table VIII. 

Resorption of the alveolar processes 
L i n e m  uc~rticrtl resorption 

The reduction in anterior height of the al\ eolar processes 
during the period of observation is shown in Table IX and illu- 
slrated in Figs. 5 and 6. 

In the complete denture wearers the total linear 1 ertical resorp- 
lion of the maxillary and mandibular processes during 7 years 
of denture wear amounted to 8.3 mm, on the average. This value 
corresponded closely to the reduction in morphologic face height 
during the same period (Table VIII). The vertical reduction of 
the mandibular process (mean 6.6 mm)  w a s  approximately 4 
times greater than that of the upper, the difference between the 
jaws being significant at the 0.1 per cent level. During the initial 

10 
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Table IX. Differences in anterior height o f  the alveolar processes (linear vertical resorp- 
!ion) between the stages of  observation: ( a )  Before extraction, ( b )  after prosthetic treat- 
ment  and ( c )  after 7 years o f  denture wear. 
The resorption ualues are expressed in mm 

- I Group B 
- SG;, s 1 XA-YB 

I Group A 
- 

Stage 1 Variable X s t 3  s I x 

b-a 
19  Illand. res. -1.41: 0.49 -0.18 0.14 -1.23" 
20 Max. res. -1.27* 0.51 i::: 1 -2.36*** 0.25 :::! I 1.09 

Diff. 19-20 -0.14 0.48 1.58 

19  Mand. res. -6.55*** 0.76 2.52 -0.59: 0.22 -5.96*** 
C - b l  20 Max. res. -1.73::" 0.90 0.98 I -2.96*** 0.53 y:;: I 1.23 

Diff. 19-20 -4.82":: 0.98 3.24 

19  Mand. res. -7.96*** 1.06 3.50 -0.77: 0.30 1.01 -7.18*** 
20 Max. res. -3.00*** 0.59 1.96 I -5.32*** 0.65 2.16 I 2.32" 

Diff. 19-20 -4.96** 1.10 3.65 

Sample sizes for all variables = 11. 
In Group B the variable 19 indicates resorption values for the mandibular process with natural teeth. 

Table 5. Resorption areas of the alveolar processes during 7 years of denture wear (stage 
b-c). The resorption values are expressed inmme 

- 
Variable Group x S t S  S S% 

21 Mand. res. A 49.80 8.91 29.54 0.42 
22 Max. res. A 21.53 3.52 11.69 0.41 
22 Max. res. B 32.80 5.74 19.02 0.46 

Diff. 21-22 A 28.27* 11.47 38.04 

Sample sizes for all variables = 11. 

xA-XB 

-11.28 
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U 

5 cm 
t i 

Fig. 5. Complete denture wearers. Individual tracings illustrating resorption 
of the anterior segments of the maxillary and mandibular alveolar 
processes during the initial period of hcaling (dotted) and during 7 
years of denture wear (black). Sequence arranged according to mag- 
nitude of area resorption of symphysis during 7 years of denture 
wear. Both NL and MI, are orientated to the horizontal plane. 

period of healing, on the other hand, no significant difference in 
resorption values between the upper and lower jaw was found. 

In the partial denture group the mean reduction of the inaxil- 
lary process during 7 years was somewhat greater than in the 
complete denture group. However, the difference was not signi- 
ficant. On the other hand, the total reduction in pre-extraction 
maxillary height was markedly greater in the partial denture 
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P===== No L 5 ?  T N o . 1 2 9  

7 No 5 2 6  7 No 13?  

5 cm 

Fig. 6. Partial denture wearers. Individual tracings illustrating resorption 
of the anterior maxillary process during the initial period of healing 
(dotted) and during 7 years of denture wear (black). Sequence ar- 
ranged according to magnitude of area resorption during 7 years of 
denture wear. NL orientated to the horizontal plane. 

wearers, the difference between the groups being significant at 
the 5 per cent level. It should further be noted, that in the partial 
denture group, the total reduction in pre-extraction height of the 
dentulous mandibular process was only 0.8 mm, whereas in the 
complete denture group the reduction amounted to approximately 
10 times that value. 

Areas of resorption 
The distributions of the areas of resorption during the 7-year 

period of denture wear are shown in Table X. In the complete 
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5 cm 
I I 

Fig. 7 a. 

Figs. 7 a and b. Individual tracings illustrating stability of the basal parts 
of the mandible during 7 years of denture wear despite marked resorp- 
tion of the sSmphysis and the posterior segments of the alveolar 
processes. Sequence arranged according to area resorption of sym- 
physis. Mandibular position at stage (b ) ,  after prosthetic treatmenl, 
orientated t o  the SL-horizontal. 
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5 cm 

Fig. 7 b. 
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denture wearers the resorption of the edentulous mandibular 
symphysis was very marked, the average reduction amounting to 
50 mi$. The resorption patterns, illustrated in Figs. 5 and 7 a, b, 
exhibited great individual variations. The marked vertical reduc- 
tion was accompanied by a horizontal resorption, which consisted 
of both labial and lingual bone loss. 

The maxillary resorption areas in the complete denture wearers 
gave a mean of 21.5 mmz, which was approximately half that of 
the mandibular. The difference between the jaws w a s  significant 
at the 5 per cent level. A s  previously reported, the linear vertical 
reduction of the edentulous maxillary process was only 1/4 of the 
mandibular, on the average. These findings indicate, as is also 
illustrated by the individual tracings in Fig. 5 that the maxillary 
resorption in the complete denture wearers during the 7-year 
period was characterized by a prominent horizontal bone loss. 
The horizontal resorption often was found more niarked on the 
palatal side. 

In the partial denture group the resorption of the edentulous 
iiiaxillary process was more marked than in the complete denture 
wearers. However, the difference between the groups was not 
significant. The resorption patterns, illustrated in Fig. 6, exhibited 
great individual variation both in shape and size. The marked 
vertical reduction was accompanied by a considerable horizontal 
bone loss, palatelly, labially or on both sides of the process. 

DISCUSSION 

The findings indicated that during the period of observation 
no growth in the cranial base or in the upper facial structures 
had occurred. Neither was there any evidence of condylar growth 
in the mandible. However, continued growth would hardly be 
expected, since the subjects with a few exceptions were middle 
aged and elderly individuals. On the other hand, as  far as  the 
outer structures were concerned, no senile atrophy in the cranio- 
facial elements of the older individuals was indicated either. 

The stability in size and shape of the cranial base further indi- 
cated that the wearing of complete or partial dentures over a 
period of 7 years had not affected the cranial base. The upper 
facial structures, likewise, exhibited a dimensional and positional 
stability, despite the marked resorptive changes in the closely 
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related maxillary alveolar process. No changes in the bony con- 
tour of the posterior palatal vault were indicated either. The 
unchanged relationship of the posterior part of the palate to the 
cranial base, reported by Johnson (1963, 1964 a, b, c ) ,  is in ac- 
cordance with the present findings. Furthermore, Heath (1966),  
in a cross-sectional study of adults found that the dimensions of 
the middle third of the face were unaffected by age, loss of teeth 
and denture wear. Individual variations in position of the nasal 
spine in relation to the level of the hard palate, reported by Heath, 
were observed also in the present test subjects. However, such 
morphological variations would not seem to justify the use of 
the reference point ss in studies of edentulous subjects, as sug- 
gested by Heath. Previous studies by Coccaro & Lloyd ( 1965) and 
Richardson (1965) have indicated instability of the ss ( A  point) 
upon extraction of anterior teeth. In the present study, tracings 
and superimposition of the films showed that in some of the test 
subjects, the region including ss was involved in the process of 
resorption (Figs. 5 and 6 ) .  On the other hand, the stability of the 
nasal spine and the nasal floor, demonstrated in the present study, 
justified the employment of these structures as references. 

With regard to the lower jaw it was found that the 7-year 
period of denture wear had not affected the basal parts of the 
mandible. Despite a drastic resorption of the mandibular process 
and marked alterations in the jaw relationship, the size and shape 
of the mandibular base was found to be unchanged. Neither was 
there any evidence of remodelling changes in the gonial process. 
The increase in the gonial angle in denture wearers and also in 
upper facial and cranial base dimensions, reported by Hedegdrd 
(1962) was in contrast to the present findings. Furthermore, the 
opinion based on previously reported cross-sectional findings, that 
resorption of the alveolar processes and a resulting reduction of 
the occlusal vertical dimension would cause not only flattening 
of the gonial angle but even more extensive remodelling changes 
of the mandible, was not corroborated by the findings from the 
present 7-year period of observation. 

The alveolar processes, on the other hand, responded most 
markedly to the protracted wearing of dentures. The drastic 
reduction of the mandibular process in the complete denture 
wearers further implies that the lower ridge is more apt to 
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r,espond to the forces introduced by the wearing of dentures, than 
the upper. This may in part be due to the smaller denture bearing 
area and less favourable shape of the mandibular ridge. The direc- 
Lion of load, as determined by the occlusal plane and by the 
difference in behaviour of the upper and lower dentures in chew- 
ing and biting (Smith et al. 1963), may be contributory factors 
iii regard to the difference in site and amount of resorption dis- 
played hy the maxillary and mandibular processes. A marked 
decrease in stability of the lower denture most likely will add to 
the destruction of the mandibular ridge. Regarding the upper jaw, 
the hard palate obviously offers considerable resistance to in- 
fluence of the dentures on the edentulous alveolar process, :it 
least in vertical direction. 

In contrast to the marked resorption of the edentulous alveolar 
ridges, the mandibular process with natural teeth in the partial 
denture wearers exhibited no appreciable reduction. Partial den- 
ture treatment, therefore, should be considered and applied when- 
ever possible, in order to avoid destruction of the alveolar pro- 
cesses and accompanying marked changes in  position of the inan- 
dihle, demonstrated in the present study and in previous investi- 
gations ( T d l g r e n ,  195i, 1966). 

The present study was restricted to evaluating the magnitude 
of bone loss due to a 7-year period of denture wear. The difference 
in resorption noted between and within the groups and the re- 
sultant alterations in jaw relationship necessitate further ana- 
lyses for evaluation of possible factors responsible for thesc 
changes. 

SUhIJIAHY 

A longitudinal roentgenographic cephaloinetric study was per- 
formed in order to evaluate the effect of a 7-year period of den- 
ture wear on the skeletal morphology of the jaws and face. The 
test subjects comprised 11 individuals provided with complete 
dentures (mean age 47 years) and 11 individuals with a full upper 
and a partial lower denture (mean age 42 years) .  The cephalo- 
metric analysis comprised the following stages of observation : 
( a )  before extraction, ( b )  after prosthetic treatment and ( c )  after 
7 years of denture wear. The method errors were determined for 
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cephalometric linear and angular variables and for the measure- 
ments of the areas of resorption, performed by planimeter. 

The edentulous alveolar processes responded most markedly 
to the 7-year period of denture wear. In the complete denture 
wearers the mean reduction in height of the mandibular process, 
as measured in the anterior region, was 6.6 mm and approxima- 
tely 4 times greater than that of the maxillary process. The mean 
of the resorption areas of the mandibular symphysis was 50 mm?. 
The partial denture wearers displayed a somewhat greater resorp- 
tion of the edentulous maxillary process than the complete den- 
ture wearers, the difference between the groups not being signi- 
ficant, however. On the other hand, the dentulous mandibular 
process in the partial denture wearers exhibited no appreciable 
reduction. 

The resorption of the alveolar processes caused a decrease in 
mandibular inclination (anterior rotation) with a resulting re- 
duction in total face height and an increase in mandibular prog- 
nathism. 

Despite the marked resorption of the alveolar processes and 
resultant changes in jaw relationship, especially marked in the 
complete denture wearers, the cranial base, the upper facial struc- 
tures and the basal parts of the mandible, including the gonial 
angle, were found unaffected. 

RBSUMB 
ACTION DU PORT DE PROTHESES SUR LA MORPHOLOGIE FSCIALE 

Une Ctude cCphalomCtrique longitudinale par radiographies a 
CtC  exCcutCe pour juger de la facon dont la morphologie du sque- 
lette de la face et des mAchoires reagit au port de prothkes pen- 
dant une pCriode de sept ans. Cette Ctude a CtC faite sur 11 sujets 
porteurs de prothkses complktes (Age moyen 47 ans) et 11 sujets 
porteurs d’une prothhse supCrieure complkte et d’une prothkse 
infCrieure partielle amovible (hge moyen 42 ans) . L’analyse 
cdphalometrique comprenait des observations faites aux stades 
suivants : (a)  avant extractions, (b) aprks traitement prothCtique et 
(c) au bout de 7 ans de porte des prothkses. Les erreurs likes A la 
mkthode ont CtC dCterminCes pour des variables cCphalomCtriques 
linkaires et angulaires et pour les mesures au planim&tre des aires 
rkduites par resorption. 
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Les procks alvkolaires CdentCs rkagissaient d’une manibre tres 
accusee au port de prothkses pendant 7 ans. Chez les porteurs de 
prothkses complktes, la moyenne de la diminution de hauteur dn 
procks alvColaire mandibulaire, mesurke dans la rkgion antkrieure, 
ktait de 6,6 mm et representait environ quatre fois son Cquivalent 
au maxillaire supCrieur. La symphyse mentonnikre prCsentait une 
rksorption rkduisant en moyenne sa surface 50 mm2. La rksorptiori 
des procbs alvkolaires CdentCs au maxillaire supkrieur etait 1Cg& 
rement plus grande chez les porteurs de prothbses partielles que 
chez les porteurs prothkses complirtes, la diffkrence entre ces 
deux groupes n’Ctant cependant pas significative. Par contre, chez 
les porteurs de prothbses partielles, le proces alvkolaire dentke 
de la mandibule ne prksentait pas de rksorption notable. 

La rksorption des proces alvkolaires dkterminait une diminution 
de l’inclinaison de la mandibule (rotation antkrieure), ce qui 
diminuait la hauteur totale de la face et augmentait le progna- 
thisme niandibulaire. 

\lalgrk la rksorption marquke des procbs alvkolaires et les altk- 
rations en rksultant en ce qui concerne les rapports des maxil- 
hires, altkrations surtout marqukes chez les porteurs de prothkses 
complktes, la base du crgne, la partie supkrieure de la face et la 
base mandibulaire, y compris l’angle goniaque, ne prksentaient 
pas de modifications. 
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ZLTSARIMENFASSL‘NG 
DIE EISWIRKITNG \’ON PHOTHESEN AUF Dlt.: FAZIALE JIORPHOLOGIE 

Es wurde eine rontgencephalometrische Untersuchung iiber 
sieben Jahre hindurch vorgenommen, urn das Einwirken totaler 
Prothesen, die in dieser Zeit getragen wurden, auf die skeletale 
Morphologie der Kiefer und des Gesichtes zu bewerten. Es wurden 
11 Patienten mit totalen Prothesen (Durchschnittsalter der Pa- 
lienten 47 Jahre)  und l l  Patienten mit einer totalen Oberkiefer- 
prothese und einer partiellen Unterkieferprothese ( Durchschnitts- 
alter 42 Jahre)  untersucht. Die cephalomethrische Analyse wurde 



ANTJE TALLGREN 590 

bei folgenden Observationsstadien vorgenommen : ( a )  vor der 
Extraktion, (b)  nach der prothetischen Behandlung und (c)  nach 
siebenjahrigem Gebrauch der Prothesen. Die Fehler dieser Me- 
thode wurden bestimmt fur die cephalometrischen linearen und 
angularen Varianten ebenso wie fur die Arealmessungen der 
Resorption, die mit dem Planimeter durchgefuhrt wurden. 

Die zahnlosen Processus alveolares zeigten sehr grosse Ver- 
iinderungen nach dem siebenjahrigen Prothesengebrauch. Bei den 
Vollprothesetragern war die Reduktion der Hohe des Processus 
msndibularis durchschnittlich 6.6 mm gemessen in der anterioren 
Region und damit ungefahr 4 ma1 so gross wie im Oberkiefer. Das 
Resorptionsareal der Symphysis mandibularis war durchschnitt- 
lich 50 mm2. Bei den Traaern von uartiellen Prothesen schien die 
Resorption des zahnlosen Processus maxiilaris etwas grosser zu 
sein als bei den Totalprothesetragern, jedoch war der Unterschied 
zwischen beiden Gruppen nicht significant. Andererseits war eine 
Reduktion des bezahnten Processus mandibularis bei den Tragern 
der partiellen Prothesen unbedeutend. 

Die Resorption der Processus alveolares begrundet eine Ab- 
nahme der mandibularen Inklination (eine kranielle Rotation 
der Mandibel) und dadurch eine Reduktion der totalen Gesichts- 
hohe und cine Zunahme der mandibularen Prognathie. 

Trotz der grossen Resorption der Processus alveolares und der 
damit verbundenen Veranderung der Kieferverhaltnisse, welches 
besonders merkbar bei den Tragern von totalen Prothesen war, 
erschienen basis cranii, die oberen fazialen Strukturen und die 
basalen Strukturen des Unterkiefers einschliesslich des Kiefer- 
winkels unveriindert. 
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