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THE ASSOCIATION BETWEEN SPACING OF THE 
INCISORS INj THE TEMPORARY AND PERMA- 
NENT DENTITIONS OF THE SAME INDIVIDUALS 

hl 
B E S l  S O L O W  

During the last decades the growth and development of the 
face and the dentition have been the object of increasing interest. 
The aiiii of the present investigation is to examine a detail in the 
facial maturation process, viz. the association between the incisor 
spacing in the deciduous and permanent dentitions of the same 
individuals. Froin a clinical point of view it has furthermore 
been considered of interest to analyse the accuracy by which the 
incisor spacing in the adult can be predicted froiii the knowledge 
of the incisor spacing in the deciduous dentition. 

MATERIAL 

The investigation was carried out on a longitudinal iiiaterial 
collected by Professor A. Hjiirk in VlsterAs, Sweden. This ina- 
terial consists of 90 cases with iiiodels taken at different ages 
froiii the deciduous dentition until adult age. 

With the exception of one case in which a second lower pre- 
molar is niissing, the present study is limited to cases with all  
the permanent teeth except the third molars present. Cases with 
supernumerary teeth, cone shaped lateral incisors, extensive 
caries, etc. were excluded. Fiirtherniore cases were excluded in 
which the eruption of the permanent incisors had started a t  the 
time the first iiiodels were made. 

This piper  was presented at the Congress of the Europe:in Orthodontic 
Society, Copenhagen, .July 4-8, 1958. 
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The :in:ilysed ninterial consisted of 50 series of inodels froiti 
lhe upper jaw and 47 series of iiiodels from the lower jaw. 

A s  the present study is exclusively concerned with the contli- 
Lions in the uninixed deciduous and perinanent dentitions, only  
the first :ind lust iiiodels of each series were used. 

The :iver:ige age of the children represented by the first series 
o f  niodels was for the upper jaw 5 yews nnd 4 months and for 
the lower jaw 5 years and one iiionth. Aiiiong the lust inodel 
series the average age for the upper jaw W;IS 17 years :rnd I 1  
months and for the lower jaw 17 yenrs and 7 months. 

A s  the purpose of the present investig:ition is to study the :IS- 
sochtion between the space conditions of the deciduous and per- 
inanent incisors, it is necessary th:it :in :ippropri:ite expression 
for this sp:ice he obtained. In the past several iiiethods have hecn 
used. 

Z,emis & Lrhmcin (1932) divided their ii1uteri:il 1)y eye i n  grou1)s 
of different degrees of spicing, distinguishing between no, slight, 
niediuni, :ind wide spacing. Seeiiiingly they did not consider 
crowding. On the other hand, however, they divided the saiiic 

inaterial into groups with different types o f  :ilignnient, tlistin- 
guishing between good, fair, :ind poor :ilignineiit. The coiii1liii:i- 

tion no s p x i n g  and poor :ilignment thus prob:ibly coinprises lilt. 

c:ises which by others ;ire classified :is crowding. 
lilorlil-i/1i~s & Neirnitrnn ( 1 9 3 1  ) and Btrirmr (1948) d s o  evnlu;ited 

the space conditions by eye, but these authors only distinguished 
hetween cases with s p c i n g  and cases without sp:icing. 

Sriprl  ( 1946) iiietrically determined spicing either ;is the S ~ I W  

between adjacent teeth or ;is the difference between section:il 
spice and the siiiii of the tooth widths. The sectional sp ice  w i s  

determined ;is lhe shortest distance hetween the liiiiiting surf:icrs 
of  :I group of one or several teeth. Crowding w:is also iiie:isiired 
as the difference between sectional space and tooth widths (ne- 
gative values). Seipel ,  however, treated the spicing and crowding 
values separately, :ind thus only indirectly arrived at  the :iver:ige 
space values of the dent:il nrch. 

Liindstriini ( 1948) deteriiiined the space iiietrically ;IS the dif- 
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Fig. I .  l'lie space conditions of the incisors are detrrmincd as Ihc difference 
I)etaern t l ie  perimeter of the dental arch from canine to canine and the sum 

of the widths of the incisors. 

ference between the circumference of the dental arch and the 
sum of the tooth widths. The circuiiiference of the dental arch 
was iiieasured in sections of two teeth plus the width of the iiiedini 
diasteiii:i when present. Ltrndstrom deteriiiined the spice of each 
side of the dental arches (M1--I1) :is well :is the space o f  the 
incisor region ( 12--Iz). 

nloorrees & R e d  ( 1954) iiieasured spicing by iiieans of iiietnl 
wires of known diaiiieter, while crowding was deteriiiinecl as the 
tooth size iiiinus the awilable spice. 

Among these authors thus only Se ipe l  (1946) and Liindsfr6m 
( 1948 ) have deteriiiiiied the s p c e  conditions as tlie difference 
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between the circumference of the dental arch and the sun1 of the  
tooth widths. 

In the present study, the space conditions of the dental arches 
are determined according to the method of analysis eniployed :it 

the Orthodontic Department of the Royal Dental College, Copen- 
hagen (Fig. 1). 

The space vnliie in the front region is determined a s  the dif- 
ference between the perimeter of the dental arch from canine to 
canine, and the suin of the widths of the incisors. The sp:ice 
condition is thus represented by a single vtilue for the whole 
incisor region, being positive in case of spacing and negative in 
case of crowding. 

In principle, this is in accordance with the inethod used by 
Liindstriirn (1948), though it differs as concerns the location of 
the measuring points. 

The perimeter is defined a s  the circumference of the dent:il 
arch between the mesial contact points of the canines. It is nieas- 
ured from the mesial contact points of the canines to the inesial 
contact points of the central incisors, and the values from the 
right and left sides are added. In cases with niedial diasteiiia this 
distance is added. If the contact points of the central incisors 
overlap, the one which is in best alignment with the arch is used. 

In determining the width of the incisors, the greatest inesio- 
distal width of each tooth has been used. I n  cases where it  has 
not been possible to determine the width of one of the central or 
lateral incisors because of caries or premiture loss of the de- 
ciduous teeth, the width of the corresponding tooth in the opposite 
side has been used. 

All the niea~i~renients were taken with a sliding calliper. : m i  
the readings were made with :in accuracy of 1/10 nini. In nieiisur- 
ing the tooth sizes the sliding calliper was held p:ir:illel to the 
line of occlusion. 

STATISTICAL METHODS 

The statistical data :ire given in Table I. 
In the statistical handling of the space values the following 

For the ch:ir:icterisation of the distributions the arithn1etic:il 
methods were used: 
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iiiean (M), the standard error of the inean (S.E.), and the st:in- 
dard deviation (S.D) were used, Table I, columns 1--4. 

The association between the space conditions in the deciduous 
and permanent dentitions is expressed by the correhtion coeffi- 
cient ( r ) ,  coluiiin 5. Owing to the liiiiited size of the sample thc 
significance of the correlation coefficient is tested by StatfPnf's 
1-test, coluiiin 6. Comparisons of two correlation coefficients were 
iiiiide after transformation to Fisher's z-values. 

If the probability of the correlation coefficient differing froiii 
zero is greater than 99.9 per cent, the correlation is regarded :IS 
highly significant (***). If this probability lies between 99.9 ant1  
99 per cent, the correlation is regarded a s  significant ("*), : ~ n d  
if it lies between 99 and 95 per cent, the correlation is regarded 
a s  probably significant (*I.  

When a significant correlation between the two viiriables is 
present, it is possible by means of a regression analysis to deter- 
inine the average value of one of the variables, which corresponds 
to a given value of the other variable. In the present case, we 
want to know the average space value in the periiinnent denti- 
tion which corresponds to :I given space v d u e  in the teiiiporary 
dentition. For this purpose the regression coefficient (bs/, ) is 
given in coluiiin 7. 

It should be noted, however, that the adult space value which 
is determined by the regression analysis is an  average value only. 
For clinical purposes i t  is of considerably greater importance t o  
be able to predict the developnient in  the individual case. I t  is 
therefore necessary to know the accuracy with which the predic- 
tion in the individual case can be made. In this study the deter- 
mination coefficient, which is equal to 1'2, is used u s  it 1iie:isure 
for this accuracy, (Hyrenius, 1954). 

The deteriiiination coefficient ( d )  expresses the aiiiount of lhe  
total y-variance which is due to the regression, as shown hy the 
following equation : 

I otzi I vzirionce varinnce due t o  variance due  l o  othcr 
regression filetors I ha I I  regrr\\i o 11 

s'y - - ~ ' y  x r' + x ( 1  - L.?) 

In Table 1, coluiiin 8, the determination coefficients :ire ex- 
pressed in per cent. 
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The determination coefficient illustrates a circuiiistance which 
is often disregarded in correlative computations, viz. that the 
correlation coefficient iiiust assuiiie very large values before :I 

prediction from one of the variables to the other can be made in 
the individual case. Even with correlation coefficients as large 
:IS e.g. 0.7 and 0.8 the x-variable is only responsihle for about 
50 and 65 per cent respectively of the total y-variance. 

PIN I) INGS 

Despite the great interest this question has aroused, the ;is- 
sociation between the space conditions of the incisors in the 
deciduous and permanent dentitions of the saiiie individuals has 
only been exaiiiined by few workers. 

Korkhnus h Neuninnn (1931), in a longitudinal study of 44 
cases, investigated the transversal growth of the dental arch dur- 
ing the period of replaceiiient of the incisors. At the same time 
the :issociation between the space conditions in the deciduous 
and early mixed dentitions was also evaluated. 

Leiuia & Lehmnn (1932) coiiiputed the correlation between the 
aligniiient of the deciduous and perinanent incisors. The associa- 
tion between spacing of the deciduous incisors and alignment of 

made on models from 75 cases followed for 8 years. 
Bniime (1943, 1947, 1948, 1949) followed (i0 cases for 8 years 

from the deciduous to the niixecl dentition. He examined the 
transversal growth of the dental arch, and i n  this connexion the 
association between the space conditions of the teiiiporiiry and 
permanent incisors was discussed. 

?'he :issociation between the space conditions was evaluated 
subjectively by Korkharis h Neumnnn a s  we;, as by Baccme. Only 
by Lewis h Lehmnn was the association between the aligniiient 
of the incisors evaluated by iiienns of a correlation coefficient. 
In :ill investigations, however, the evaluation of the space condi- 
tions was iiiade subjectively. 

In order to eliminate subjective factors, the space conditions 
in the present investigation were evaluated iiietrically. Also, the 
association between the space conditions of the deciduous and 

the periiianent incisors was also studied. The investig a t' Ion w:ls 
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perinanent incisors was expressed objectively by the correl:ilion 
coefficient. 

The correlation coefficient was roiiiputed for e:ich sex scpi- 
r:itely. In view of the limited size of the s;iiiiple, however. the 
correl:ition coefficient for both sexes together has :ilso been w i l l -  

puted. 
A consideration of the conditions in the upper jaw (Table I .  

coluinns 5 and 6 )  shows that the correlation is 0.57*ak for 1)oys. 
This iiieans that in boys there is :I distinct and signific:int ;IS- 

sociation between the space conditions in the deciduous and per- 
manent dentitions. Cases with spticing in the deciduous dentition 
thus generally have :I tendency for spacing in the perinanent 
dentition too. For  girls the correlation in the upper jaw is only 
0.31 and not significant. The values for the two sexes, however, 
do not differ significantly, and if both sexes :ire considered 
together the correlation is 0.49""" and highly significant. 

In the lower jaw no significant correlation can be found, neilher 
for each sex separately nor for b d h  sexes together. 

The association between the space conditions is shown graphic- 
ally for boys in Figs. 2 and 3. It clearly appears that :in associa- 
tion exists in the upper jaw, but despite this the dispersions are 
so great that a prediction of the conditions in the permanent 
dentition from the knowledge of the conditions in the deciduous 
dentition will prove to be very questionable in the indivit1u:il 
case. The correlation coefficient, however, is of ;I magnitude th:it 
iiiakes prediction of the general development possible, and by 
means of the regression line, (Fig. 2 ) ,  it is therefore possible t o  
find the average space value in the permanent dentition, which 
corresponds to a given value in  the deciduous dentition. 

In the lower jaw (Fig. 3)  the lack of association is evident, the 
iliain axis of the elipse of distribution being :illnost horizontd, 
and here it is not possible to predict the development :it :ill. 

In  order to determine the accuracy with which the sp:ice contli- 
tions of the perinanent incisors can be predicted in the individu:il 
case, the determination coefficient is used (Table I, coluinn 8 ) .  
Even in the upper jaw of boys, where the association is iiiost 
evident, the deterinination coefficient is only 0.32. This 1iie:ins 
that the variation in the deciduous dentition only is responsible 
for 32 per cent of the variation in the perinanent dentition, : i n d  
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Fig. 4. T t i e  variation i n  iiidividuat dcveloliineiit of the incisor spacing 
i n  the upprr jaw of boys. A ant1 13 sliow incisor spaciiig i n  the decid- 
uous dentiticin tollowed by spacing or by crowding of the ~ ~ e r r n ~ i i i e i i t  

incisors. C aiid I)  show lack of incisor spacing i n  the deciduous denti- 
I ion follo\ved by norninl alignnient or by crowding of the pcrnia~ient 

incisors. 



532 RliNI SOLOW 

the accuracy whereby a prediction in the individual case c;in I)r 
iii:ide is therefore correspondingly small. I n  the upper jaw of 
girls and in the lower jaw of both boys :ind girls the deteriiiin;i- 
tion coefficient is considerably siiialler, :ind here a prediction o f  
the space conditions of the permanent incisors cannot be iii:icle 

with any degree of accuracy in the individu:il case. 
A s  ;I denionstration of the variation in individual developnient, 

four cases froiii each jaw are shown in Figs 4 and 5. 
Froin Figs. 4 A and B appears, that in the upper jaw spucing 

in the deciduous dentition iiiay develop into spacing or crowding 
in the permanent dentition. Figs. 4 C and D show that lack of  
spacing in the deciduous dentition iiiay develop either into nor- 
ilia1 position or crowding in the periiinnent dentition. These c:ises 
which are boys further stress that even in  boys where the associii- 
tion between the space conditions is iiiost m:irked, the individual 
variation is so great, that  it is iinpossible in the single case t o  
predict how the developnient will be. 

Even greater variation can be found in the lower jaw. Figs. 5 A 
and B show cases with spacing in the temporary dentition fol- 
lowed by normal alignment or crowding in the perinment denti- 
tion, while Figs. 5 C and D show cases with crowding in the teiii- 
porary dention also followed by noriiial nligniiient or  crowding 
in the permanent dentition. 

In  Table I (columns 2 and 41, we find that in the upper j;iw 
a coiiiparison of the standard deviations of the two age groups 
shows no appreciable differences, while a very reinarkable dif- 
ference is found in  the lower jaw. In the latter case the standnrd 
deviations for the permanent dentition are only about half those 
for the deciduous dentition. This is the more striking wheii it 
is taken into consideration, that during growth the standard 
deviation usually increases until puberty, whereafter it f:rlIs 
slightly, so that in the adult the standard deviation usually is 
larger than in the child (Ttrddenhnm & Sn!ltler, 1954). 

An exaiiiination of the iiie:ins of the space values (Tnble I ,  
columns 1 and 3)  shows that generally :I certain degree o f  
spacing is found in the deciduous dentition, iiiost pronounced in 
the upper jaw ( M  == 2.2 mml,  and solnewhat less in the lower 
jaw (&I = 1.4 m m ) .  In the permment  dentition s p c i n g  in the 
upper jaw is found a s  frequently I S  crowding, while spacing in 
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Fig. 5. The variotioii i i i  indiviclunl developmeiit of tlie incisor spacing in the 
lower jaw of Imgs. A and B show spaciiig of the deciduous incisors f o l l ~ ~ \ v e t l  
by iiormal alignment or by crowding of tlie permanent incisors. C a ~ i d  I) 
show crowdiiig of  the deciduous incisors followed by iiornial aligiiment o r  

1)s crowding of tlie permanent iiicisors. 
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the lower jaw appears to ii somewhat less extent t1i:in crowding. 
These findings :ire in accordance with those reported by Seiiwl 
(194( i ) .  

DISCUSSION 

Some difference of opinion prevails in tlie literature concern- 
ing the :issociation between the space conditions in the deciduous 
and peraianen t den ti tions. 

Korlihniis C Neumnnn (1931 ) conclude thnt even when there 
is no spacing in the deciduous dentition it coniparatively of ten 
happens that the permanent incisors coiiie to their normal posi- 
tions. 

Leuis  C Lehmnn (1932) found no significant correlation ( r  = 
0.0008 ) between the alignment of the deciduous and per iwnent  
incisors. Neither did they find any association between spacing 
of the deciduous incisors and aligniiient of the periiiunent in- 
cisors. 

Z,ewis ( 1936) iiiaintains that the essential factors in attaining 
correct position of the permanent incisors are the growth chiinges 
before and during the eruption of the perminent incisors, :ind 
not the occurrence of spacing of the deciduous incisors. 

Contrary to this, Rnrrme (1943) clainis that Inck of spacing in 
the deciduous dentition dmos t  without exception is followed 1)y 
crowding and jaw coiiipression in the periiianent dentition. Later 
( 1948 ), however, Bnirme moderates this opinion, stating that 
deciduous dentitions with spacing disp1:iy :i reiiiarkably favour- 
able tendency of development, while deciduous dentitions with 
closed dental arches to a great extent are  followed by perinanent 
dentitions with jaw compression. 

The results of the present investigation :ire different for the 
upper :ind lower jaws: For the upper jaw :in association between 
the spiice conditions of the deciduous and perinanent incisors 
can be proved statistically. The correlation, however, is so iuod- 
erate, that in the individual case it will not he possible to predict 
tlie developiiient. 

For the lower jaw no  statistically significant correlation c:in 
be shown. Consequently :i prediction of the space conditions of 
the lower 1)eriii:inent incisors ctinnot be intide :it :ill. 
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It iiiust be remembered, however, that because :in association 
cannot be found in the present material, this does not necessarily 
mean that such :in association does not exist. It might be that 
the material is too siii:ill for the demonstration of an association. 

The difference between the results in the upper and lower jaws 
is further stressed by the fact, that in the upper jaw the standard 
deviations of the space values :ire of the saiiie magnitude in the 
permanent and deciduous dentitions, while in the lower jaw the 
standard deviations for the periiiment dentition :ire much soialler 
than those for the deciduous dentition. 
As ;I possible explanation of these differences it could he :IS- 

suiiied that the modelling of the dental arches by the tongue, the 
lips, and the opposing teeth would be particularly pronounced 
in the lower incisor region. This would be in accordance with 
observations made by Bjiirk LS? Pnlling (1954). 

S LTMM A RY 

The purpose of this investigation is to study the association 
between the spice conditions of the deciduous and permanent 
incisors of the siiiiie individuals. 

The space conditions are determined as the difference between 
the circuiiiference of the dental arch from canine to canine and 
the suiii of the widths of the incisors. The :issociation between 
the spice conditions is expressed by the correlation coefficient, r. 

The iiiaterial consists of 50 series of iiiodels froiii the upper 
jaw, and 47 series of models froiii the lower jaw, each series of 
models covering the development from deciduous to adult denti- 
tion. 

Statistically significant correlation between the sp:ice condi . 
tions could be shown for the upper, but not for the lower jaw. 
The deteriiiination coefficients, however, showed that in the in- 
dividunl case the development could not be accurately predicted, 
neither in the upper nor in the lower ,jaw. 

The difference between the conditions in the 1ii:ixillrt and the 
niandible was further stressed by the finding, that the standard 
deviations of the space v:ilues are  very sin:ilI for the lower per- 
inanent incisors. 

T h e  author wishes to express his inde1)tetlness to Professor Hjiirk for 
encouraging advice and stirnulilting interest i n  this work. 

35 - Art t i  oilonl. wand.  V o l .  IT 
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LE RAPPORT ENTRE LES CONDITIONS D’ESPACEMENT DES INCISI\’ES 
TEMPORAIRES ET PERMANENTES CHEZ LES Mf?MES INDIVIDUS 

Les conditions d’espacenient sont dCterininhes coninie In diff6- 
rence entre la circonffhence de I’nrcnde denhi re  de canine h 
canine et la soniiiie des largeurs des incisives. IAe rapport entre les 
conditions d’esp;icenient est expriinP par le coefficient de correln- 
tion, r. 

L’ensenible htudiC se compose de 50 series de niodi4es de 1:i 
iiidchoire suphrieure et 47 series de niod6les de la nidchoire in- 
fhrieure. Chnque shrie reprhsente le d4veloppeinent depuis la 
denture teniporaire jiisqu’h l a  denture :idulte. 

II n 6t6 possihle de d6iiiontrer une corrhl:ition d’une vnleur 
statistiquenient significative entre les conditions d’esp:icenient h 
1;i nibchoire suphrieure, iiiais non pas B la nibchoire infhrieure. Un 
exanien des coefficients de d6terniinntion. cependant, dhinontr:i 
l’impossibilite de prhdire :wee exactitude le dhveloppenient dans 
les cas particuliers, soit B la iiifichoire suphrieure, snit h I:I ini i -  
choire infkrieure. 

La difference entre les conditions h I:I nifichoire superieure el 
B la indchoire infhrieure :I encore 4 th  soulignhe p r  le fait clue les 
d6viations standards des valeurs d’esp:icenient sont triv petites 
pour les incisives perinanentes de lu niiichoire infhrieure. 

ZUSAMMENFASSUNG 

DER ZUSAMMENHANG ZWISCHEN DEN PLATZVERHdLTNISSEN 
DER MILCHZAHNE UND DER PERMANENTEN ZAHNE IN DENSELBEN 

INDIVIDUEN 
Die Pln tzverhll tnisse werden hestini nit nls der Un terschietl 

zwischen der Uiiikreis des Zahnbogens von Ecltzahn his Ecltznhn 
und der Suniine der Rreiten der Schneideziihne. Iler Zusaninien- 
hang zwischen den Platzverhll tiiissen wird cturch den I<orrel:i- 
tionskoeffizient, r, ausgedrfickt. 

Dns Material besteht :ius 50 Serien von Modellen des Ober- 
kiefers und 47 Serien von Modellen des Unterltiefers. Jede Serie 
deckt die Entwicltlung voni Milchgebiss his zuni erwuchsenen 
Gebiss. 

Eine statistisch signifiltante Korrelation zwischen den I’lntz- 
verhlltnissen Itonnte iin Oberltiefer, :iber nicht im Unterlticfer, 
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gezeigt werden. Eine Untersuchung des Deterniinationskoeffizien- 
ten zeigte aber, dass die Entwicklung in1 individuellen Fall nicht 
vorhergesagt werden konnte, weder im Oberkiefer noch iiii Unter- 
kiefer. 

Der Unterschied zwischen den Verhaltnissen iin Oberkiefer 
und in1 Unterkiefer wurde ausserdeiii dadurch betont, dass die 
Standarddeviationen der Platzwerte der permanenten, unteren 
Schneidezahne sehr klein sind. 
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