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INTRODUCTION 

Many different models have been presented for the inheritance pattern of 
missing upper lateral incisors. Some authors maintain that this trait is in- 
herited through an autosomal dominant gene (Schuk, 1932; Montagu, 
1940; Jghr, 1934; M ~ n ~ ~ ~ l l e ~  1950; Lysell, 1953; Grahnda, 1956) while 
according to some other authors the inheritance pattern is autmmal but 
mmsive (Iltis, 1948; Thomen, 1955). Incomplete dominance has also been 
presented as a possible inheritance pattern (Keeler & Short 1934). Vari- 
ous limiting adjectives have often been linked to this genetic mechanism. 
It has been supposed to be sex-linked (Hu.&w, 1930) and/or to have in- 
complete penetrance and expressivity ( H w k k ,  1930; Grabtin, 1956). The 
penetmnce has been supposed to be rather high (Grahndn, 1956), variable 
(Nwkins, 1930; Shultx, 1932) or weak ( M ~ ~ e ,  1950). The expressivity 
has generally been found to be variable (Grahndn, 1956; Hwkins, 1930; 
Shultz, 1932; ~ ~ ~ i l l e ,  1950). 

The frequency of missing upper lateral incisors has been found to vary 
remarkably between different populations. In addition to the variation due 
to chance strong inbreeding and racial factors have been presented as most 
important causes for this variation. Limitations in investigation methods, 
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e.g, lach of x-ray investigation, have most likely also influenced the results. 
'I'he minimum frequency presented in the literature is 0.2 % in Chinese 
iiieu (Mrdlicku, 1921), and the maximum frequency 21.5 % in an isolated 
Swiss popiilation (Jiihr, 1934), while most frequencies vary between 1-3 %. 

The inheritance of peg-shaped upper lateral incisors, i.e., teeth with re- 
tlucecl rnesio-distal diameter and with proximal surfaces converging mark- 
edly in tlie incisal direction, has been rather comniorily assumed to be as- 
sociated with tlie genetic mechanism which cawes the missing of upper lateral 
iticisors. Gruhn P n  (1956), for instance, claimed that peg-shaped incisors 
arc a modified manifestation of the genotype that causes hypodontia. The 
variation in the frequency of peg-shaped tipper lateral incisors is smaller 
thaii that of missing upper lateral incisors, the minimum being 0.8 % in 
ti Swiss vilIage (Dktrich, 1932) and the maxirnuni 8.4 % in Chinese men 
(Hrdlic4v. 1929, while most frequencies vary between 2-45 %. Generally 
speaking, the frequency of peg-shaped upper lateral incisors increases when 
the frequency of rriissing laterals decreases, and vice versa. If one of the 
frequencies is near tlie average, the other is approximately the same. No 
significwit sexual differences in the frequencies have been found although 
I he frcqueiicies in the women are, on an average, slightly higher. However, 
a hypothesis of a hologynic inheritance of the trait has been presented 
(Rostrrnd h Tf>tr?, 1965). 

The I)urpose of the present investigation was to attempt to explain the 
inlierittuice pat tern of missing and peg-shaped upper lateral incisors, to 
discuss t lie inheritance of  borderline  case^, and, in general, to try to elucidate 
the genetic. relatioiis between mesio-distally reduced and missing or peg- 
shapecl upper lateral incisors. The wborderline cases, comprise upper lateral 
itieisors, which are very small in their mesio-distal dimensions but whose 
proairnal surfaces do not converge in incisal direction. 

MATERIAL AND METHODS 

*i'htk inaterial! of this study was collected during field investigations in the 
sitmmers, 1966, - -  67 and -68 on the island Hailuoto, located off the western 
coast of Finland at the 65th parallel. The object was the whole population 
of the ishnd, which numbers approximately 1300. The family lines of the 
inhabitants of the island, based on the parish registers, were investigated. 
A map of the family lines was made, including four to five generations. Of 
the population, 700 participated in the investigation, and 185 of them were 
edentulous (Alvcsuko & Ainumo, 1968). It was possible to investigate the 
upper lateral incisors in 306 persons. 
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In the clinical eiainination missing, peg-shaped and strongly mesio- 
distally reduced upper lateral incisors were recorded. The findings of missing 
laterals were verified by x-ray examination. Clinical observations were later 
ascertained from plaster models, which were taken of all investigated tien- 
tuloiis individuals. The observatiorls were limited to  the perinanent dentition. 
By interviewing and inspection it was ascertained that neither the propositus 
nor his sibs, parents or grandparents had illnesses which could lead t o  the 
missing, or peg-shaping of upper lateral incisors. 

Table I. 

2+ 
2+ + 2 

t 2 +  

List of the numbers of propsiti,  their phenolypes*) and the number of pedigrees in tvhlth 

they are tncluded. 
~ ~~ -~~ ~~~ ~~ ~ -~ 

Strongly 
Propositus Missing Peg-shaped mesio-distally Nuinher of 

11. 1. i. u. 1. i. reduced pedigree. 
11. 1. i. 

~ - ~~~~~ ~~~~~ 

110 +2+ 1 
112 +2+ 1 
162 +2+ 4 
166 -t2+ 4 
346 4 
362 4 
388 7 
4 8  + 2 +  3 

544 
1072 5 
1282 3 
1656 4 
1692 $2 2 1  
1808 2+ 3 
1858 +2 
1884 t2+ 1 0 
1920 8 
2114 1 2  2+ 3 
2122 t 2 +  3 
2124 +2+ 3 
2272 2 t  0 
2410 + 2  6 
2492 $2 2 
2548 2+ 1 2  3 

_ _  

r 

+- 2 
+2+ 
+2 
+2+ 

*) +2$ = bilaterally affected, 4-2 or 2 +  = unilaterally affected 
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RESULTS 

Among the 306 individuals investigated for lateral incisor anomaly 24 were 
affected. They are listed in Table I. There were 7 persons who missed both 
upper lateral incisors, three with one niissing and one peg-shaped incisor, 
three with one missing and one normal incisor, one with bilateral peg-shaped 
incisors, one with one peg-shaped and one strongly mesio-distally reduced 
incisor, and two with only one peg-shaped incisor. In addition there were 
three persons whose both upper lateral incisors were strongly reduced mesio- 
distally, and four persons with one mesio-distally reduced incisor. All but 
two affected individuals were included in pedigrees ; (numbers 1-10). (Figs. 
1-10). Two persons were not in the pedigrees (numbers 544 and 1692); 
they were immigrants in the population arid their pedigrees could not be 
found in the parish registers. 

The frequencies of the various degrees of the trait were as follows: 

having at least one peg-shaped upper lateral incisor 
having at least one strongly mesio-distally 
reduced upper lateral incisor 
From the pedigrees (Figs. 1-10) it can be found out that the missing and 

peg-shape of upper lateral incisors runs in families. Thus the trait is hereditary. 

missing at least one upper lateral incisor 4.25 yo 
1.31 yo 

2.29 % 

0 W o r n o n ,  n o t  i n v e r t i g a t e d  

03 mon, , " " e r t , g " t e d ,  norm01  

B " " 8 l a t c r o l  m , r r # n g  O f  

d b l l o t e r " 1  m,r5 ,ng  O f  upper 

upper  10tero1  # " c i s o r  

l a t e r a l  ~ " C l r O r  

m u n i l o l e r o l  peg-shaped 
upper l o l e r n l  8 " C l i Y i  

@ bilateral s l r o n g l y  m r s i o d i l t a l l y  
reduced upper L o t e i o L  1nc850r1 

Explanation of the symbols used in the pedigrees. 

PROPOSl 'J5 2 
7,92 P R O P O S $ T I  1 

110 

'12 :,. 116 76* 
1974 1 9 i b  

Fig. 1. Pedigree No. 1 (see Table I). 
Fig. 2. Pedigree No. 2 (see Table I). 
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Fig. 5. Pedigree No. 5 (see Table 1 ) .  

Fie. 6. Pedigree No. 6 (see 'Tahle I). 

Fig. 7. Pedigree No. 7 (see Table 1). 

Fig. 8. Pedigree No. 8 (see Tahle I). 

Fig. 9. Pedigree No. 9 (see Table I). 
Fig. 10. Pedigree No. 10 (see Ta1)le:I). 
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The question arises whether peg-shaped and mesio-distally reduced in( 
are determined by the same gene as the missing of these teeth. 

Of the 7 persons who had one peg-shaped upper lateral incisor, three were 
also missing the olher incisor. Of the rest of the group one could concei\-- 
ably have the gene causing the missing of incisors since one lateral was missing 
in one of her relatives; the remaining three persons had no relatives With 
missing upper lateral incisors. The total percentage of persons having peg- 
shaped incisors was 1.31 "/o. On the other hand, the percentage of the four 
persons with peg-shaped teeth, having relatives with missing teeth arnoiig 
their investigated relatives was 11.11 %. This is significantly greater than 
Ihe former value (t =: 3.68, P < 0.1 oh). Considering this and the fact 
that nearly half (42.9 yo) of the persons having a peg-shaped incisor also hail 
a missing incisor it may be concluded that peg-shape is a weaker expressioti 
of the gene which causes the missing of upj~er lateral incisors. 

Of the persons who had strongly mesio-distally reduced upper lateral 
incisors, one had a peg-shaped tooth. None of the other 7 persons with 
strongly mesio-distally reduced incisors had missing or peg-shaped incisor*. 
Three of them could carry the same gene which causes the missing of upper 
lateral incisors in some other persons, whereas four could not. These three 
people represent 6.38 of their 47 investigated relatives. This is not signifi- 
caritly greater than the average probability (2.29 x) of having strong1:- 
mesio-distally reduced incisors (t = 1.57, P > 10 yo). Thus strongly inesio- 
distally reduced teeth are evidently riot a weaker expression of the gent. 
which causes the missing of upper lateral incisors, hut are obviously caiisetl 1)y 
some other factors. 

Because missing and peg-shaped upper lateral incisors are expressions 
of the same gene, one may speak of only one trait. Thus the total frcqiierwy 
of this trait in the population investigated was 5.56 yo. The trait shows iir 
all families an inheritance pattern of a single, aiitosomal, ilominant gene 
with incomplete penetrance. 

In calculating the degree of the penetrance the niauirniim likelihood meth- 
od as described by Mather (1957) has heen iised. The symbol q denotes 
thus the degree of the penetrance and p the probability of a person having 
the gene. Thus the probability of being a person who expresses the trait 
is qp and the probability of a normal person is 1- - $1 + p(1- q) .  In a sibsliil) 
where there is at least one affected person, p = */g.  The probability of affwtwl 
( n )  and normal (11) individuals in the sihships of this kind is thus 

P = (q/2)" . ((I---q)/2)1' . (a-th)!/al . 11.' 

The logarithm of this expression is 
1, = u lop (q/2) + b log ((1--~7)/2) + C 
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Differentiating and equation to zero lead to the equation of estimation 

dL a b 
- = 0, which gives q = Zu/(a+b) 

C h  q 2-q 
In the sibships of the present material where there were both affected 

(at least one missing or peg-shaped upper lateral incisor) and normal per- 
sons, there were altogether 9 affected and 16 normal individuals which give 
q = 2.9/(9+16) = 0.72 or 72 %. This is the degree of the penetrance of 
the gene. The material is too small for analyzing whether penetrance is 
greater in women than in men. However, the material does not at all support 
the view of hologynic inheritance. 

The percentages of the various degrees of the expression of the gene are 
as follows: 

Bilateral missing of upper lateral incisors 29.65 yo 

Unilateral missing of upper lateral incisor 12.71 yo 
Bilateral peg-shaped upper lateral incisors 4.23 % 
Unilateral peg-shaped upper lateral incisor 12.71 yo 
No expression 28.80 % 
In the present material there were only four cases in which it was possible 

to investigate the degree of the expression of the gene in subsequent gen- 
erations. There were two cases (propositi 110 and 112, mother and daugh- 
ter, and 162 and 166, father and son) in which the expression was complete 
in both generations. In one case the father (nr. 2114) had almost complete 
expression and his two sons (nrs. 2122,2124) had complete expression. 
In one case the daughter (nr. 488) had full expression while her father 
(nr. 484), as a carrier of the gene, had none; the sibs of the father (nrs. 1808 
and 2548) showed rather strong expression. Because exactly the same gene, 
as in pedigree nr. 3, can cause almost all degrees of expression, it may be 
concluded that the degree of the expression is not a character of the gene 
but the expression is determined by modifying factors. 

One missing and one peg-shaped u.1. incisor 12.71 yo 

DISCUSSION 

The frequency of missing upper lateral incisors in the Hailuoto population 
was 4.25 %. This is somewhat higher than the average and very much higher 
than in Finnish undergraduates where it was 1 yo (Runtanen, 1955). 

The frequency of peg-shaped upper lateral incisors in Hailuoto was 1.31%. 
This is lower than the average values but higher than the frequency in Fin- 
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nish undergraduates, in which the frequency of peg-shaped upper lateral in- 
cisors was 1 yo (Rantanen, 1955). 

When comparing the frequencies in Hailuoto with other values one must 
first take into account whether other values are taken from random sample 
populations or natural breeding (Mendelian) populations. In random popula- 
tions one gets the average frequency of the gene but in natural populations 
severals factors affect the frequency when all individuals are scored. Because 
the individuals are more or less relatives with each other the same genes will be 
registered in several individuals, in other words, more than once. Inbreeding 
and genetic drift will affect the gene frequencies, too, especially in small 
populations. All these factors may be causes of the differences between the 
average frequencies and the values from Hailuoto. 

Hailuoto is nowadays an isolated population with a rather high number 
of inhabitants. The inbreeding in the population is of minor importance, 
as proved by calculating the frequency of consanguinity in the population 
(Alvesalo, 1969). The effect of inbreeding through increased homozygosity 
and genetic drift must be a minor one. Another question is how strong the 
inbreeding has been in former times. The population has been isolated 
probably during its whole existence, which has lasted for four or five centuries. 
The gene frequencies have probably been composed in those early days 
and have been in equilibrium since then. 

Another interesting problem is the relationship between the frequencies of 
missing and peg-shaped upper lateral incisors. I t  may be concluded in gen- 
eral that when one value is higher than the average the other is lower, and 
vice versa, or both are approximately the same and near the average. This 
goes back to the conclusion that missing and peg-shaped upper lateral incisors 
are different experssions of the same gene. Thus, besides, the variation in gene 
frequency there exists a variation in its expressivity, too. When both fre- 
quencies are added, the value from Hailuoto does not differ much from 
the average values anymore. The total frequency in Hailuoto was 5.56 yo 
and in other populations it varies from 1.5 % to 9.0 %, the very high 
value, 27.0 yo, from an isolated Swiss village being excluded (Jb'hr (1934). 

On the basis of this it may be concluded that the variation in the expres- 
sivity of the gene is more important than the variation of the gene frequency 
itself as a cause of phenotypical variation between populations. 

The variation in the expressivity of the gene is probably caused by mod- 
ifying genes. Their frequencies determine strongly the frequency of both 
phenotypes in different populations. For example, in Tristan da Cunha, 
which is also an isolated island population, the total frequency of the trait 
was 5.7 yo (Thornsen, 1955), i.e., practically the same as in Hailuoto. The 
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frequencies of the modifying genes have, however, evolved in Tristari (la 
Ciinha in  a different direction than in Hailuoto; the frequency of niissing 
upper lateral incisors in Tristaii da Cutiha was 0.7 76 and that of the peg- 
shaped ones was 5.0 %. The situation in Hailuoto was thus quite the 01)- 
posite. 

Most authors hold the view t hat the missing of upper lateral incisors 
is caused by a single dominant autosonial gene. The present material sup- 
ports this view. Some authors, however, have proposed that the gene is 
recessive. This can he due to the existence of modifying genes, which i n  
some cases can lead to an inheritance !)attern of the trait resemhlirig that 
ca~ised by a recessive gene. IItis (1948), for example, favored the view of a 

ive gene, based on the fact that the missing of upper lateral incisors in 
his material occurred mostly in the offspring of consanguineous marriages. 
The cxplanation to this, however, can he that although neither of the parents 
expresses the trait, their children c -odd  (lo it 1)ecaiise of the accuiniilation 
of negative rnotlifying genes. 

The present material supports the view that general mesio-distal reduction 
of upper lateral incisors is not caiised by the same gene as the missing or peg- 
shaping of these teeth. This is especially interesting from the evoliitionary 
point of view. Both of these traits are reflections of the same e\ohitioriary 
trend, namely the decreasing of the size and nuniher of teeth in the evolution 
of Primates. It is therefore interest itig that the genetic mechanism behintl 
them is probahly different. If it is true that the difference hetwen mesio- 
distally reducetl teeth arid the [leg-shaping oI ahsence of teeth is a qualitative 
otie, there is an irnportant tnutatioiral h(:uiid hetwcen strongly riiesio-tlistally 
reduced and completely misFing or peg-shaped upper lateral incisors. The 
et iology of peg-shaped teeth is p ro lddy  siicti that they have only oiic (medial) 
lobe instead of three. ‘rhere exists pro1)ahly ii major gene whic.11 cleterniines 
whether the incisor has tliree or only one (or none) lohs.  However, the 
modifying genes which deterniine how large the lobes are may always be 
the same. When the wild type of the major gene is present, high coincidemx 
of negative niotlifyirig gciies lcatls to  il reduction in the size of the tooth h i t  
cannot ciliise its coniplnte almiice. In the presence of a rriurateci major gciie 
the same arrangenietit of iriodifying genes causes alrsence of tEic incisor. 
On the other hand, high coincidence of positive rnodifyirig genes t)i.odii(’es 
a peg-shaped incisor in the presenw of the mutated genc or may even c’aiirc 

t tie a1xenc.e of its manifest a1 ion. 

Acknowledgement. The authors arc i n d t * l i t c d  to h i 1  Aaltoscn Saiitiii for  f inon(.iaf 
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S U %l MARY 

The occurrence of missing, peg-shaped and strongly mesio-distally reduced 
upper lateral incisors was examined in an island population of c. 1300 per- 
sons. The frequencies in 306 persons were investigated aiid they were as 
follows: Missing at least one upper lateral incisor 4.25 yo, having at least one 
]leg-shapcd upper lateral incisor 1.31 yo, arid having at least one strongly me- 
siotlistally reduced upper lateral incisor 2.29 yo. 

1 he material suggests that missing aiid peg-shaping of upper lateral inci- 
sors are different expressions of one dominant autosonial gene, whose pene- 
irance is 72 %. On the other hand, mesio-distal reduction of upper lateral 
incisors has possibly another basis; it is evidently not a weaker expression of 
the gene which causes missing of these teeth. 

It is concluded that phenotypical variation between populations is caused 
by differences in the frequency of the gene and, what is more important, 
Iiy differences in its expressivity, which is probably caused by modifying 
genes. The role of these modifying genes in the evolution of teeth size and 
number reduction in relation to the major gene, which causes the presence or 
ahsence of upper lateral incisors, is rliscuesetl. 

,, 

R ~ M B  
TRANSMISSION HBRBDITAIRE DE L’ABSENCE DES INCISIVES LATBRALES ET DE 

LEURS ANOMALIES DE FORME: FORME COINOIDE, FORTE RBDUCTION DU 

DIAMETRE M ~ I O - D I S T A L  

Les caractkres suivants ont P t C  recherchks dans une population insulaire 
d’environ 1300 personnes : absence de l’incisive latkrale superieure et ano- 
malies de forme de cette dent: forme conoide et forte rdduction du diambtre 
mksio-distal. Les frkquences ont 6tk CtudiCes chez 306 de ces personnes et 
se repartissaient ainsi: absence d’au moins une incisive latCrale supkrieure, 
4,25 yo, prCsence d’au rnoins line latkrale de forme conoi’de, 1’31 yo, et 
prksence d’au rnoins line laterale de diambtre mksio-distal fortement rkduit, 
2’29 yo. 

D’aprbs le mat6riel CtudiC, l’absence des latkrales superieures et leur forme 
conoi’de sont des expressions differentes d’un gene autosomique dominant, 
dont la pknktrance est de 72 yo. D’autre part, la reduction du diambtre 
mksio-distal des latkrales supkrieures repose sur un mkcanisme d’un autre 
ordre; il ne s’agit pas d’une expression plus faible du gCne causant l’absence 
de ces dents. 

Les auteurs concluent que les variations phenotypiques existant entre 
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les populations sont causkes par des diffkrences dans la frkquence du gbne, 
et, ce qui est plus important, des diffkrences dans son expression, qui est 
probablement due B des genes modificateurs. 11s prksentent une discussion 
du r6le de ces genes modificateurs dans l’kvolution de la rkduction de la 
grandeur et du nombre des dents, par rapport au g&ne principal dhterminant 
la prksence ou l’absence des incisives latkrales supkrieures. 

ZUSAMMENFASSUNG 

HEREDITXT DER FEHLENDEN, Z A P F E N F ~ R M I G E N  ODER IN IHRER MESIODISTALEN 

DIMENSION STARK VERKLEINERTEN LATERALEN INZIZIVE I M  OBERKIEFER 

Fehlen der lateralen vorderen Zahne im Oberkiefer samt zapfenformigen 
und in ihrer mesio-distalen Dimension stark verkleinerte Forme entsprechen- 
den Zahnes wurden unter der Bevdkerung d.h. unter 1,300 Individien in 
Hailuoto lnsel untersucht. 

Bei 306 untersuchten Individien kamen folgende Frequenzzahlen vor : 
bei 4,25 yo fehlt wenigstens ein lateraler Inziziv, bei 1,31 yo ist wenigstens 
ein lateraler Inziziv zaptenformig und bei 2,29 yo ist wenigsten ein lateraler 
Inziziv in seiner mesio-distalen Dimension verkleinert. 

Aus dem Material ergibt sich, dass das Fehlen und die Zapfenartigkeit 
verschiedene Expressionen des dominanten autosomalen Genes sind. Die 
Penetranz dieses Genes betragt 72 o/o. Andererseits wurde festgestellt, dass 
die mesio-distale Reduktion des lateralen Inzizivs anderer Herkunft ist ; sie 
ist nicht eine schwachere Expression des Genes, das das Fehlen verursacht. 
Es wird gefolgert, dass eine phenotypische Variation zwischen den Popula- 
tionen aus Verschiedenheiten in der Frequenz des Genes entsteht und, was 
noch wichtiger, aus Verschiedenheiten in der Expressivitat des Genes, die 
vermutlich durch modifizierende Gene hervorgerufen wird. Es werden 
Schlussfolgerungen gezogen uber den Anteil jener modifizierenden Gene an 
die Evolution der Grosse der Zahne und an die Reduktion der Zahl im Ver- 
haltnis zu dem sog- ))major gem), das das Dasein oder Fehlen des lateralen 
Inzizivs bestimmt. 
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