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The literature offers abundant information 
on the development of permanent teeth, 
especially the time of eruption and the 
number and sequence of erupted teeth. In 
general, it may be said that among people 
of the white race no striking differences are 
to be observed with respect to the average 
time of eruption of teeth, the number of 
erupted teeth at any given age and the order 
of eruption. Differences between races have, 
however, been observed. 

The formation of teeth is a phenomenon 
that has received less attention. And the 
growth and movement of teeth inside the 
jawbone before their clinical eruption have 
been studied even less. 

The eruption and eruption sequence of 
teeth among Finns have been investigated by 
WUORINEN (1926), ANT-WUORINEN (1932) 
and EKMAN (1938). Data on the development 
of permanent teeth in Finnish children have 
been published in the past decade by H&-
TAJA (1963, 1964, 1965), who studied the 
number of permanent teeth at different ages,  

the order of their eruption and their calci-
fication; by HAAVIKKO (1966), who investi-
gated the calcification of the first and second 
molars; and by RANTANEN (1967), whose 
study dealt with the development of wisdom 
teeth. 

Relatively little research has so far been 
done on the tooth formation (calcification) 
and on the events preceding the clinical 
eruption of the permanent teeth of Finnish 
children or on the correlations between them. 
We do not know at what age a tooth will 
penetrate the alveolar bone and at what stage 
of formation on the average it occurs. Nor do 
we know how long after alveolar eruption 
it takes for the tooth to erupt clinically. Es-
pecially to the pedodontist and the orthodont-
ist, knowledge of the development of the 
teeth - including correctly estimated time 
factors and correlations - is of great 
importance. Accordingly, the purpose of the 
present study is to shed additional light on 
the circumstances of tooth development. 
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The aim of the present study is to deter- 
mine with respect to all the permanent teeth: 
- the age medians for the stages of tooth 

formation, and the sequence of the teeth 
at the crown and root completion stages; 

- the age medians and sequence in the 
alveolar eruption of teeth; 

- the age medians and sequence in the 
clinical eruption of teeth; and, further, to 

- take note of the average time that elapses 
from the alveolar to the clinical eruption 
of the different teeth; 

- make observations on a comparative basis 
concerning the alveolar and clinical erup-
tion sequence of teeth and the sequence 
of their formation; 

- estimate the average time involved from 
the completion of the crown to the 
completion of the root; as well as to 

- ascertain the stage of formation of each 
tooth on the average at the time of its 
alveolar eruption and its clinical eruption. 



Material 

This study is cross-sectional and roentgeno-
logical. The material consists of 1162 
children between the ages of 2 and 21 years, 
615 of them being boys and 547 girls. The 
material was collected in the years 1965-
1968 on a commission from the Department of 
Pedodontics and Orthodontics of the Insti-
tute of Dentistry, University of Helsinki. All 
the subjects included in the material resided 
inside the city limits of Helsinki. The young-
est age group, comprising 2- to 4-year-olds, 
came from the Ebeneser Day Nursery; the 
group of 4- to 6-year-olds was from the Virk-
kula kindergarten, a municipal institution; 
and twenty other children were patients 
treated at the Department of Pedodontics 
and Orthodontics. The group in the middle, 
made up of children between the ages of 7 
and 14 years, were pupils of the Kaisaniemi 
and Aleksis Kivi elementary schools. The 15-
to 21-year-old subjects were enrolled in 
vocational schools for boys and girls of the 
City of Helsinki and in The Business Men's 
School of Commerce. Table 1 shows the age 
and sex distribution of the subjects. 

TABLE 1 

Age and sex distribution of the material 

Age, 
years 	Boys 	Girls 	Total 

2.1-3 3 3 6 
3.1— 4 11 14 25 
4.1— 5 30 23 53 
5.1— 6 17 23 40 
6.1— 7 19 24 43 
7.1— 8 49 52 101 
8.1— 9 56 48 104 
9.1-10 51 22 73 

10.1-11 46 81 127 
11.1-12 33 35 68 
12.1-13 47 18 65,  
13.1-14 30 31 61 
14.1-15 55 22 77 
15.1-16 13 11 24 
16.1-17 13 20 33 
17.1-18 65 51 116 
18.1-19 28 20 48 
19.1-20 27 27 54 
20.1-21 22 22 44 

Total 	615 	547 	1162 
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Method 
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The orthopantomograms were taken at the 
Department of Roentgenology of the Institute 
of Dentistry, University of Helsinki. An ortho-
pantomograph invented and developed by 
Paatero (1958) was employed for this pur-
pose. The roentgen apparatus used in 1965 
and 1966 for the orthopantomography was a 
Monodor with a roentgen tube SR 95/15 f. 
The focus was 0.7 x 0.7 mm. The roentgen 
apparatus used from the beginning of 1967 
was a Biangulix Rapid, which has a focus 
of 0.3 x 0.3 mm. The anodic tension used 
for both apparatus varied from 65 to 75 kV, 
and the corresponding anodic current for the 
earlier apparatus from 15 to 20 mA and for 
the latter from 30 to 40 mA. The time of 
exposure was 15 seconds and the width of 
the roentgen beam on the film 8 mm. The 
film used was Kodak's Blue Brand, size 
150>< 300 mm, and the intensifying screens 
were Supreme Ultra-Rapid. All the films 
were developed the usul way in a Kodak 
DX 80 developing bath and fixed in FX 40 
fixative. 

An orthopantomogram was taken of every 
subject, whose date of birth was recorded 
along with the date of the X-ray session. Omit-
ted from the material were the individuals 
who could not be considered normal, healthy 
children (3) or who unmistakably had crowd-
ing of teeth (23). Likewise omitted were 
children who had had permanent teeth 
extracted, a condition liable to lead to erro-
neous evaluations (24), as well as those 
whose X rays were indistinct (16), which was 
often the case among very young children  

because it was difficult to get them to sit still 
while orthopantomograms were taken. All 
told, 66 individuals were rejected as subjects. 
This represents 5.4 per cent of the total 
sampling material and it may be regarded 
as a very low figure. 

The material was collected by the author, 
who also carried out the examination of the 
roentgen pictures. 

From the orthopantomogram of each child, 
a determination was made of 1) the stage of 
formation, 2) alveolar eruption and 3) clini-
cal eruption of all the teeth already under 
development. 

DETERMINING THE STAGES OF TOOTH 
FORMATION 

In determining the stages of tooth for-
mation, a division devised by GLEISER and 
Hur.rr (1955) was applied in slightly modified 
form. Twelve stages of tooth formation were 
chosen, six of them relating to crown for-
mation and the other six to root formation. 
The division and the symbols are presented 
in table 2 and figs. la and lb. 

According to the foregoing division, a 
determination was made of the formation 
stages of all the teeth appearing in each of 
the X rays included in the material. (see 
figs 2, 3a, 4b). A tooth that had passed the 
beginning of any given stage was regarded as 
belonging to this formation stage until the 
tooth reached the beginning of the next stage. 
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CROWN 

0 
0 	 C 	 C 0 	Cr112 	Cr314 	Cr 

ROOT 

Ri 	 R114 	R112 	R3I4 	R c 	Ac 

F i g. I a. Stages of tooth formation for assessing the development of single- 
rooted teeth. 

CROWN 

0 (~-) t ~~ 	c~ 	P~ 
0 C1 C 0 Cr112 	Cr314 	Cr 

ROOT 

a An R R H 
R1 R1/4 	 R314 	Rc 	A 

F i g. I b. Stages of tooth formation for assessing the development of molar 
teeth. 
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Fig. 2. The formation stages of the mandibular teeth from right on: Ms—C60, Mi --- R,Ps--C60, Pi—Cri/s, 
C—C7314, I±—R, I1—R1/1, the same stages correspondingly on the left  side. 

TABLE 2 

Tooth formation stages and their coded symbols 

0 	crypt, no calcification 
C1  initial calcification 

Crown G, 0  coalescence of cusps 
formation Cr112  crown '/2  complete 
stages Cr314  crown 34 complete 

Crc crown complete 

R1  initial root formation 
root length 1/4 

Root R112  root length '/2 

formation R3/4  root length 34 
stages Re  root length complete 

Ac  apex closed 

DETERMINING THE ALVEOLAR ERUPTION 
OF TEETH 

By alveolar eruption is meant, in this in-
vestigation, the stage in the development of 
a tooth at which the alveolar bone has been 
completely resorbed on the occlusal side of  

the tooth. The matter of alveolar eruption 
was decided in the instance of each tooth by 
applying the criterion of whether the occlu-
sal bone had completely vanished or not. In 
fig. 3a, all the second molars are covered 
by a slight occlusal bony bridge, and are 
thus not alveolarly erupted. In fig. 3b, the 
alveolar eruption of all the M2  teeth has 
taken place, and only the upper wisdom teeth 
are completely enveloped by alveolar bone. 

DETERMINING THE CLINICAL 
ERUPTION OF TEETH 

The piercing of the mucous membrane by 
every tooth was roentgenologically examined 
and, in this study, such an occurrence is 
referred to as a clinical eruption. In the 
present study, a tooth is considered to be 
clinically erupted when the crown of the 
tooth or part of it has been roentgenologically 
observed to have penetrated the mucous 
membrane. Fig. 4a reveals all the second 
molars that had not pierced the mucous 
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F i g. 3 a. All the MS and the mandibular left  Pi are covered by a slight bony bridge, i.e., not alveolarly erupt-
ed. Formation stages of the mandibular teeth from the right side on: Ms—RI/a, Mi—A.,  PRi/, PI—

R314, CRa/s, I2Ac, IiAc, the same stages correspondingly on the left  side. 

Fig. 4a. 
trated the 

Fig.  3 b. All the MS and the maxillary right P have erupted alveolarly. The maxillary Mss are envelop- 
	

Fig. 4b. 
ed by alveolar bone, when all the other teeth have erupted clinically. 	 P have 

on: M2— 
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any 	it- 
R1/2, ri- 

F i g. 4 a. All the Ms just before piercing the mucosa and the mandibular right C, which has just pene- 
trated the mucous membrane. All the Mss and the maxillary Cs are enveloped by alveolar bone, when all 

the other teeth have erupted clinically. 

 

e envelop- F i g. 4 b. Both the maxillary 1s and Mis just be/ore piercing the mucosa. The mandibular Mis and the right 
Ps have just emerged through the mucosa. Formation stages of the mandibular teeth from the right side 
on: Ms—Crc,  Mi—Re, P2—R1, PiR, C_Ri/i, I2_R, Il_Ac, the same stages correspondingly on 

the left side. 
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membrane and the mandibular right canine 
the tip of which has just emerged through the 
mucosa. Fig. 4b reveals both maxillary 12s 
and both maxillary M1s just before piercing 
the mucosa. The mandibular right P2  has just 
emerged through the mucous membrane, i.e, 
erupted clinically. 

STATISTICAL TREATMENT OF THE 
RESULTS 

A computer was used to calculate from the 
results in each half-year age group on the 
part of each tooth the percentage of those 
children, arranged cumulatively, in whom 
the tooth in question had attained a given 
stage of formation, erupted alveolarly and 
erupted clinically. 

The graphs (figs. 5-36) are based on 
the percentages of children Pt(W)  in each 
half-year age class t who at the time of the 
examination had passed the initial point of 
the stage W1  under consideration, regardless 
of the stage they had reached beyond this 
point. The percentage of children at given 
developmental stage W1  at given age t is 

p(W) = P(W1) - P(W1 + i). 
The tabulated age points indicate the time 
when one-half of the subjects had passed the 
initial point of each developmental stage. 
They are obtained, like the 10th and 90th 
percentile points, by linear interpolation. The 
50 percentile points are referred to by the 
term 'median'. 

The left- and right-side results were tested 
by means of the t-test (Table 3) and, since 
there appeared no statistically significant 
differences, all the left- and right-side results 
were combined. These combined values will 
be used the whole time in this paper. 

CRITICAL EXAMINATION OF THE 
METHOD 

In the present work, 12 different stages of 
tooth formation were chosen for examina-
tion, whereas GLEISER and Hur.rr (1955) ori-
ginally divided the course of tooth formation 
into 15 different stages. The three stages left 
out of the present study are: >>cusp outline 
completed>>, at the beginning of the crown 

TABLE 3 

Left-right median  differences, in years 

Boys 

Upper 	Lower 

Girls 

Upper 	Lower 

51 —0.08 	0.0075 0.0148 0.0154 
Tooth S 0.167 	0.1662 0.0833 0.1862 
formation N 54 	53 54 52 

1.727<1 1.345 (1 
p NS 	NS NS NS 

51 0.043 —0.029 0.000 0.000 
S 0.172 	0.221 0.115 0.058 

Alveolar N 8 	8 8 8 
eruption t <1 	<1 .0 0 

p NS 	NS NS NS 

51 0.057 	0.029 0.114 0.286 
S 0.230 	0.229 0.204 0.549 

Clinical N 7 	7 7 7 
eruption t <1 	<1 1.484 1.382 

u NS 	NS NS NS 

51 = mean 
S = standard deviation 

= t-value for 0 hypothesis: pop. mean = 0 
p = risk probability of rejection error 

NS: p>  0.05 

formation, and two of the root forma-
tion stages, >>root 1/3>>  and >>root />> com-
pleted. The division of GLEISER and Hurr 
has been used, if modified, by many others 
(DsIscH and WARTMAN 1956, FANNING 1960, 
1961, GA1IN et al. 1959, 1960, NOLLA 1960, 
GRØN 1962, MooR1xs et al. 1963, HAATAJA 
1965, NANDA and Cwi.& 1966). FANNING 
(1961) applies 20 different stages; in add-
ition to the ones mentioned, she considers, 
on the side of root formation, >>initial 
cleft formation>> and >>cleft rapidly enlarg-
ing>> as well as the closing of the apex in 
the stages >>apex 1/4>>,  >>apex 1/>>, >>apex 3/4 

closed>> and >>apex closure complete>>. Mooa-
aREs et al. (1963) are content with 14 tooth 
formation stages. HAATAJA (1965) applies 
seven different stages of tooth formation. 

The twelve formation stages chosen to 
serve the purposes of the present study 
give an adequately detailed picture of tooth 
formation without requiring excessive exacti-
tude, excessive in the sense of going beyond 
roentgenological perceptibility. 
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Alveolar eruption of teeth takes place as 
defined by GLEISER and Hurr (1955), when 
>>the tips of one or more cusps are at or just 
above the superior margin of the alveolar 
process>>. According to SCHULTZ (1935), 
>>alveolar eruption is elevation of the cusps 
above the margins of the alveoli>>, a criterion 
also accepted by BENGSTON (1935) and GARN 
et al. (1957). LEwis and GARN (1960) view 
alveolar eruption as having occurred at >>the 
time at which there is no apparent bone over 
the tooth>>. This i5 also the criterion applied 
in the present study. 

By clinical eruption most authors mean the 
very first appearence of the crown or part of 
it through the gums (JAMES and Prr'rs 1912, 
HELLMAN 1923, CATTEL 1928, HURME 1948, 
DAHLBERG and MENEGAZ-BOCK 1958, HALIKIS 
1961 a, b, 1962, GRON 1962, CARR 1962, 
KNOTT and MEREDITH 1966, among others). 
In this investigation the criterion is the same, 
but the observations are made from the 
orthopantomograms. 

Reliability of the roentgenological picture. 
Investigating the correspondence between the 
roentgenological and the clinical appearance 
of an erupting tooth, IVL&rrIL& and HAAVIKRO 
(1969) concentrated their attention on the 
clinical and alveolar eruption of the first 
molar. Working with a small group of 24 
boys and girls aged five and six years, the 
investigators studied the eruption of all four 
first molars both clinically and roentgeno-
logically. In the light of this study, there is 
quite a close correspondence between the 
clinical and the roentgenological appearance 
of the erupting tooth. Where erroneous esti-
mates were made, they involved a tendency to 
anticipate the eruption in cases where the tooth 
was still covered by a very thin mucous mem-
brane. In determining the mean age of tooth 
eruption in a larger group, the error caused 
by an estimate in this direction is smaller than 
contrarywise. Alveolar eruption was similarly 
investigated by using as material dry, well-
preserved skulls. Also with such material, the 
clinical and the orthopantomographic appear-
ance corresponded closely. In another study, 
HvIxRo and MArrIi (1970) investigated 
the correspondence between the orthopanto-
mographic and the clinical appearance of 
erupting succedaneous permanent teeth in 136 
children. Erroneous estimates were made in  

about 5 % of the roentgenologically examin-
ed 374 >>critical>> cases in which a tooth had 
just pierced or was about to pierce the mu-
cous membrane. 

According to the foregoing result, of the 
920 >>critical>> cases between the ages of 5 and 
13 examined in the course of the present study, 
the clinical eruption of 46 teeth was possibly 
misjudged. This would mean that of the 
17 314 teeth involved in the age group of 5-
to 13-year-olds examined, the eruptions 
of only 0.27 % of the teeth were erroneously 
estimated. 

Left and right sides combined. According 
to most studies, no significant differences 
exist between the left and the right side in 
the eruption of teeth (FULTON and PRICE 
1954, IWASAWA 1959, PoovA and HAJEK 
1959, ADORNI-BRACCESI 1960, NANDA 1960, 
HALKIS 1961a,b, GATES 1964a,b) or in 
their formation (GARN et al. 1958, FANNING 
1961, GRON 1962, MOORREES et al. 1963, 
NANDA and CHAWLA 1966). Table 3 gives the 
results of the t-test performed in regard to 
the age medians of the teeth on the left and 
right sides, with the upper and lower jaw 
of the boys and the girls taken separately, 
and the process of tooth formation as well as 
the alveolar and the clinical eruption like-
wise taken separately. The wisdom teeth are 
included in the comparison of teeth with re-
spect to their formation and their alveolar 
eruption but not to their clinical eruption 
because even in the oldest age group among 
the subjects the wisdom teeth had erupted in 
only 50 to 60 % of the cases - hence the 
medians obtained cannot be regarded as 
reliable and have therefore been omitted 
altogether from the results. 

The highest mean of the differences 
(Table 3), which is not, however, significant, 
occurs in the clinical eruption of the teeth 
of the girls' lower jaw. This is due to the 
difference between the eruption medians 
of the second premolar on the left and right 
sides of the lower jaw, which difference is 
appreciably greater in the case of this pair 
of teeth than in any of the other cases. 
A difference of this kind may be accidental, 
produced by the cross-sectional material, or 
it may stem from a premature loss of the 
deciduous molar and the consequent mesial 
shift of the M1  on one side, possibly resulting 
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in the impacted and delayed eruption of the 
second premolar. 

Scrutiny of cross-sectional material. The 
reliability of cross-sectional material and the 
methods of analyzing it in the study of tooth 
development are scrutinized by DAHLBERG 
and MENEGAZ-BOCK (1958), who conclude 
that well analyzed cross-sectional material 
gives a better statistical picture of the popu-
lation at large than does longitudinal mate-
rial, whereas longitudinal material gives a 
better picture of the development of the teeth 
of individuals belonging to a comparatively 
small group. A large number of the resear-
chers who have investigated the eruption of 
teeth have dealt with cross-sectional material 
by calculating the cumulative incidence 
curves of the percentage of children at each 
age with a given tooth erupted or at a speci-
al stage of formation. The means and stan-
dard deviations have been derived from 
these data by fitting a normal curve to the 
cumulative incidence curve (KLEIN et al. 
1937) or by applying new methods, such as 
probit analysis (FINNEY 1952, CLEMENTS et al. 
1953a,b, DAHLBERG and MENEGAZ-BOCK 1958, 
GATES 1964 a, b, 1966), KARBER'S method 
(HAYES and MANTEL 1958), and the logarith-
mic method (KIHLBERG and Kosxi 1954, 
1956). 

CARR (1962), after comparing the median 
eruption ages of about 4000 boys and girls, 
obtained by the cross-sectional and long- 

itudinal methods, noted that the values 
closely approximate each other. Of 28 pairs 
of teeth compared, the age of eruption in 20 
instances was exactly the same, in five in-
stances there was a difference of 2 months, 
and in three instances a difference of 3 
months. In addition, Carr compared the 
median and mean ages obtained in the 
longitudinal study and observed the mean 
values to be from 1 to 3 months higher, as 
the first 50 % of the number of any given 
tooth under study erupts within a substan-
tially shorter period of time than do the re-
maining 50 %. When the mean is used, the 
age distribution ought to be quite symmetric-
al in order to produce a sensible mean and 
its deviation. 

The scrutiny of the median and mean 
values of the longitudinal and cross-sectional 
material presented in the foregoing as well 
as of the analytic methods was carried out 
in connection with the eruption of teeth. The 
same methods were adapted also to the 
investigations of the formation of the teeth, 
although to a lesser extent (GARN et al. 1958, 
NOLLA 1960, FANNING 1961, M0ORaEES et al. 
1963). 

The assumption of log-normality was test-
ed for some of the curves in the material. 
Since significant deviations from log-normal-
ity were observed in certain cases (e.g., M3s), 
the data were not transformed into normal 
distributions. 
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Review of literature 

EARLIER STUDIES ON TOOTH 
FORMATION 

Earlier literature provides a large number 
of studies in which attempts were made by 
means of topographic anatomy and histo-
logical sections to shed light on the genesis 
and development of teeth. 

Discussing the formation of the perma-
nent teeth in the lower jaw, HUNTER (1771) 
writes: >>The pulp of the first adult incisor 
and of the first adult molars begins to appear 
in a foetus of seven eight months; and 
five or six months after birth the ossification 
begins in them.>> 

BELL (1831) observes that the first molars 
are the first to form and that ossification 
can be detected at the time of birth. In the 
first American edition of the textbook of 
Fox and HARRISON (1846), a description is 
given of the postnatal development of the 
human dentition. 

Perhaps the most prominent of the 19th 
century publications are the ones by the 
Frenchmen LEGROS and MAGITOT (1873) 
and by MAGITOT (1881), the latter repre-
senting a modification of the data contained 
in the earlier volume, which deals with the 
development of the deciduous and the 
permanent dentition. These works, like the 
studies of that period and the early 1900s in 
general, elucidate the genesis of the initial 
stages in the formation of teeth, such as the 
place of origin of the epithelial cord, the 
appearence of the enamel organ, the app-
earance of the dental pulp, the formation of  

the follicular wall and the initial calcification, 
which is described in quite considerable 
detail. The progress of calcification is de-
scribed much more loosely - being gener-
ally limited to the completion of the crown 
and the root -, whereas the eruption of the 
teeth, again, receives more attention. 

Hard on the heels of the works published 
in France, two American researchers brought 
forth tables on the development of teeth: 
TOMES (1876) and PEIRCE (1877) were 
the first to take cognizance in the United 
States of the findings of LEGROS and MAGITOT. 
They were soon followed in this respect by 
BLACK (1883, 1902, 1908). In his study, 
PEIRCE (1884) graphically represents the 
progress in the calcification of teeth, and 
his diagrams of tooth calcification found their 
way into the literature round the world up 
to the early decades of the present century. 
Neither BLACK nor PEIRCE gives accurate in-
formation on the material or methods used. 

RoSE (1891), ZUCKERKANDL (1891) and 
ZSIGMONDY (1894), on the other hand, 
accurately describe both the material and the 
methods used in their investigations, which 
deal with the beginning of the calcification 
and the development of teeth. ZUCKERKANDL 
is the first, in a way, to perceive differences 
in the beginning of calcification between the 
teeth of upper and lower jaw, noting also 
that the second incisors of the upper jaw 
begin to calcify later than the first incisors 
and canines. In his study of hypoplasia of 
enamel, ZSIGMONDY (1894) reports observing 
that the upper 12 calcifies relatively late and 
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that the sequence of calcification in the upper 
jaw is I C '2  and in the lower jaw Ii 12 C. 

It was at the beginning of the 20th cen-
tury that the first publications appeared that 
dealt with roentgenological procedures in the 
study of teeth (LAMBERTZ 1900, WITZEL 1907, 
SYMINGTON and RxIN 1908). Nothing 
really new concerning tooth formation appe-
ared, yet, during the early decades of the 
20th century, there appeared a large number 
of papers reporting on the findings of X-ray 
investigations. These papers described the 
development of teeth at different ages ana-
tomically, anatomic-histologically and in the 
light of X rays (COLYER 1919, GANTZ 1922, 
BRADY 1924, SIcIR and TANDLER 1928, 
BUSTIN et al. 1929, 1930, HESS et al. 1932, 
and SICHER 1948). In 1929 LOGAN and KRON-
FELD began their notable histological and 
roentgenological investigation, the material 
of which consisted of the jaws of 25 subjects 
between the ages of 0 and 15 years. In its 
time that study received much admiring 
attention, although among its flaws were a 
very limited material and the fact that 
healthy children were not represented and 
that the age groups consisted of no more 
than one or two individuals. LOGAN and 
KRONFELD (1933) report the times of the 
initial calcification of permanent teeth and 
observations of tooth calcification illustrated 
by sections and X rays. In three different 
publications, KRONFELD (1935 a, b, c) de-
scribes the beginning of the calcification and 
the development of the first molar, of the 
incisors, and of the deciduous and the perma-
nent teeth. 

The tables drawn up by LOGAN and KRON-
FELD lay out the chronology of the initial 
calcification of the deciduous and perma-
nent dentitions, the completion of the crown 
and the termination of the calcification proc-
ess as well as the eruption of the teeth. 
These tables found their way into a large 
portion of the literature up to the 1960s. 
Ap.y's (1957) tables derive from KRONFELD, 
and so do the tables of MASSLER and SCHOUR 
(1941) and SCHOUR (1948). WILKINS (1950) 
acknowledges his debt to HOLT and Mc 
INTOSH (1940) and they in turn report having 
made use of the tables of SCHOUR and MASSLER 
(1940), who for their part drew on the tables 
of LOGAN and KRONFELD, as did SPECTOR  

(1956). Likewise, in numerous textbooks 
these same tables appear, either as such or in 
modified form (SALZMANN 1957, BRAUER et 
al. 1958, MCDONALD 1963). 

Since among the permanent teeth the first 
molar begins to form first, the development 
of this tooth has been studied most. Many 
researchers have observed the process of 
calcification to have started from the tip of 
the mesio-buccal cusp, to continue from the 
disto-buccal, then the mesio-lingual and 
finally the disto-lingual cusp (KRONFELD 
1935 a, GLEISER and HUNT 1955, CHRISTENSEN 
and KRAUS 1965, KRAUS and JORDAN 1965, 
BUTLER 1967). There are distinctly slower 
and faster stages in tooth calcification. 
CARLSON (1944), from X rays, KRONFELD 
(1935a), from histological sections, and 
GLEISER and HUNT (1955), from X rays, 
have noted that the initial calcification of 
the crown is slow but that the rate of calci-
fication becomes more rapid before the com-
pletion of the crown. Similarly, there is 
again a slow stage after the completion of 
the crown, but when the root development 
is half completed, the calcification is acce-
lerated to its maximum (SCHOUR and MASS-
LER 1940). MASSLER and SCHOUR (1946) 
report that the enamel increase amounts to 
approximately 4.5 i/p.d. BRAUER and BA1i&-
DOR (1942) assert that the calcification stage 
of teeth is a far more reliable criterion in 
estimating the dental age than is the clinical 
eruption of the teeth, which is only a passing 
moment in dental development and which is 
liable to be affected by many external factors. 
On the other hand, external circumstance" 
cannot affect the rate of calcification in 
equal measure; besides, it can be kept under 
observation throughout the childhood of a 
subject. 

MORE RECENT STUDIES ON TOOTH 
FORMATION 

Review of the earlier literature relating 
to tooth formation reveals that the techni-
que, material and methods used do not 
give a correct picture of continued growth 
and development. It was not until the 1950s 
that studies began to appear which were 
based on new procedures and no longer 
copied old tables, because deficiencies had 
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been detected in them. One noteworthy 
longitudinal research project was started in 
the United States as early as 1930 under the 
direction of Dr. STUART; it dealt with healthy 
Boston children and their development. 
From this material since the mid-1950s sever-
al papers have been published which deal with 
tooth development. Another important long-
itudinal study was undertaken around the 
same time at the Fels Research Institute in 
Ohio, and it has produced a number of re-
ports on dental development, mainly under 
the by-lines of GARN and LEwIs. KROGMAN 
(1950) brought out, concerning studies of 
growth and development, teeth as well as the 
whole child, the value of bodily health and 
the importance of individual variation. The 
Stuart material was used by GLEISER and 
Hurrr (1955) to produce a praiseworthy 
study on the calcification, eruption and decay 
of the permanent mandibular first molar. In 
their investigation of the calcification process, 
these two authors were the first to divide 
tooth formation into 15 developmental 
stages. FANNING (1960, 1961, 1964) has 
published papers on deciduous tooth forma-
tion and root resorption and on the forma-
tion of permanent teeth between the ages of 
0 to 11.5 years, and she presents tables and 
graphs on tooth formation. Using the same 
material, MOORREES et al. (1 963) supplement 
the foregoing findings by reporting on the 
formation of the permanent mandibular 
teeth, with the exception of the incisors, 
between ages 0 to 21 years and on that of the 
upper and lower incisors from the fourth 
year of life onward. The graphically pre-
sented results of the study are by now con-
tained in the latest textbooks (GRABER 1966). 
In her longitudinal study, NOLLA (1960) like-
wise depicts the tooth development from the 
age of 2 to 17 years by means of graphs and 
tabulations. In addition, she proposed a me-
thod of estimating dental age: to wit, the 
number (1-10) corresponding to the devel-
opmental stage of each of an individual's 
teeth is summed, thereby enabling a com-
parison with the table of means, which 
shows the dental age. NANDA and CHAwIA 
(1966) also published a study on the devel-
opment of teeth in Indian children between 
the ages of 6 and 12. They report combined 
results for girls and boys. Several other  

papers dealing with tooth calcification have 
been published, but in most instances they 
are limited to only a part of the dentition 
or only a narrow age span (BENGSTON 1935, 
PINNEY 1939, ScHoua and PONCHER 1940, 
DEMISCH and WARTMAN 1956, HOTZ et al. 
1956, GARN et al. 1958, WEISHAUPT 1959, 
GARN et al. 1959, 1960, HAATAJA 1965, }{-
VIKKO 1966). 

Correlations of tooth formation to other 
developmental phenomena. Numerous studies 
have been published on the correlation 
between the formation of teeth and other 
formational occurrence. In an investiga-
tion carried out with the Stuart material, 
GRON (1962) noted that the stage of root 
formation is more closely bound up with 
clinical eruption than with chronological or 
skeletal age. In the light of her data, most 
teeth erupt clinically when root develop-
ment is three-quarters complete. NANDA 
(1960) reports that the correlation between 
growth of face and dental development is low 
but positive. Data on the correlation between 
tooth formation and skeletal development 
have been published by HOTZ et al. (1956), 
LAMONS and GRAY (1958), WEISHAUPT 
(1959), LAUTERSTEIN (1961), STEEL (1965), 
BJöRK and HELM (1967). The results of the 
foregoing studies are not uniform, inasmuch 
as LAMONS and GRAY (1958) report that ske-
letal age and dental development vary inde-
pendently whereas HoTz et al. (1956) and 
WEISHAUPT (1959) observe that there exists a 
>>very close association>> between calcifi-
cation of teeth and age, both chronological 
and skeletal. LAUTERSTEIN (1961) maintains 
that an >>intimate correlation exists between 
root age and bone age>>, but STEEL (1965) 
takes the stand that there is no close corre-
lation between the stage of dental devel-
opment and the stage of development of the 
bones. BJöRK and HELM (1967) observe that 
dental development is less strongly associated 
with chronological age than with the height 
growth maximum, ossification and the men-
arche. Investigating the relationship between 
tooth formation and other maturational 
factors, LEwIs and GARN (1960) found that 
the correlation varies at different develop-
mental stages and ages. >>Tooth formation 
proved no more variable and often less 
variable than the age developmental vari- 
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ability of menarche, hand age or the appear-
ance of the ossification centers.>> They report 
a correlation, but not a high one, between 
dental development and skeletal development 
and sexual maturity. These researches further 
remarked that dental development is firmly 
bound to genetic factors. KROGMAN (1968 
a,b,c) examines the criteria and correlations 
of biological development - i.e., biological 
maturation - that have been applied in 
recently published studies. Considering the 
factors of skeletal age, dental age, calcifi-
cation (formation) age, ossification, hand age, 
menarche, and the maximum of the growth 
spurt, he concludes that tooth formation age 
and menarche are suited best to the deter-
mination of the biological developmental 
stage and that of maturation, because they 
vary least. He observes further that the app-
lication of the tooth formation findings in 
any given population to other populations 
can in many cases be of doubtful validity. 
GARN et al. (1965b) report that nourishment 
is not closely correlated to tooth formation as 
well as that the correlation between tooth 
formation and sexual maturity rises toward 
puberty. 

Endocrinal factors, such as hypothyroidism 
and hypopituitarism, have been observed by 
GARN et al. (1965a) to retard dental devel-
opment, whereas >>in constitutional and 
endocrine sexual precocities dental advance-
ment was noted along with skeletal advance-
ment, but the degree of dental advance-
ment was small.>> 

Sex differences in tooth formation have 
generally been noted by researchers, but, 
exceptionally, NANDA and CHAWLA (1966) 
found the differences in their material to be 
so small as to warrant combining the results. 
GARN et al. (1958) report the sex differ-
ences in this respect, amounting to about 
3 %, to be in approximately the same order 
of magnitude as in the clinical eruption of 
teeth (5 %), both events thus representing 
smaller differences by sex than in bone 
development, where they amount to between 
10 and 20 per cent. 

CLINICAL ERUPTION OF TEETH 

More than any other matter related to 
dental development, the clinical eruption of  

teeth has commanded the attention of re-
search workers. 

THOMSON (1836) seems to have been the 
first to use the number of erupted teeth as 
an index of a child's age. The following year 
SAUNDERS (1837) drew up tables of tooth 
eruption and developed a method of deter-
mining a child's age on the basis of individu-
ally erupted teeth. CARTWRIGHT (1857) pub-
lished tables on the eruption of the teeth 
of children between the ages of 5 to 15 years, 
but without differentiating between the 
sexes. These tables served as models for 
investigators throughout nearly the rest of 
the century. 

Cumulative incidence curves representing 
the percentage of children at each age with 
a given tooth erupted have been drawn by 
various authors in cross-sectional surveys 
(BEAN 1914, SUK 1919, WUORINEN 1926, 
CATTEL 1928, COHEN 1928, BOAS 1933, KLEIN 
et al. 1937, HELLMAN 1943, DAHLBERG and 
MAUNSBACH 1948, GöDENY 1951, LESLIE 1951, 
CLEMENTS et al. 1953a, HURME 1948, 1949). 
Several other methods of analyzing data have 
been employed, although to a lesser extent 
(FINNEY 1952, CLEMENTS et al. 1953a,b, 
DAHLBERG and MENEGAZ-BOCK 1958, GATES 
1966). 

There are considerably fewer longitudinal 
studies dealing with tooth eruption (HELL-
MAN 1923, STEGGERDA and HILL 1942, STONES 
et al. 1951, FULTON and PRICE 1954, STURDI-
VANT et al. 1962, KNOTT and MEREDITH 
1966). 

A number of researchers have developed 
different methods in determining the dental 
age of individuals, based on the number of 
erupted teeth and mean eruption ages 
(MATIEGKA 1921, CATTEL 1928, STEGGERDA 
1945). 

Many investigators have observed the ex-
istence of differences between the upper and 
the lower jaw with respect to the time of 
eruption of corresponding teeth. The inci-
sors and canines of the lower jaw erupt 
about a year earlier than the corresponding 
teeth of the upper jaw in both sexes; the 
lower second molars emerge about 6 months 
earlier than the upper ones do, the mandi-
bular and maxillary first molars almost 
simultaneously, while the first and second 
premolars make their appearance roughly 
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six months later in the lower jaw (HURME 
1949, CLEMENTS et al. 1953a, DAHLBERG and 

been the MENEGAzB0CK 1958, NANDA 1960, ADORNI 
teeth as BRACCESI 1950, HALIKIS 1961a,b, 1962, CARR 

ting year 1962, GATES 1964a,b, MILLER et al. 1965). 
of tooth Sex differences are generally clear in the 
)f deter- emergence of teeth. Although the standard 
ndividu- deviations in eruption ages are similar in both 
57) pub- sexes (KIHLBERG and KosKi 1954), girls are 
he teeth on the whole ahead of boys to the extent, on 
15 years, the average, of some two months in regard 
en 	the to the first molars and as much as 11 months 

dels 	for in regard to the canines (CATTEL 1928, COHEN 
rest of 1928, HELLMAN 	1943, HURME 	1948, 	1949, 

MONK 1951, FULTON and PRICE 1954, ADLER 
resenting 1958, 1959, ADORNJ-BRACCESI 1960, HALIKIS 
age with 1961a, b, IwASAWA 1959). According to ADLER 
rawn by (1959), in the ten-year span of 1949-1959 

surveys alone, 521 international studies dealing with 
iN1926, the eruption age of the permanent teeth 
3, KLEIN among 40 different nationalities were pub- 
ERG 	'd lished. 	In 494 	of 	the 	papers, 	girls 	were 
IE 	1 reported 	to 	be 	earlier 	than 	boys 	in 	the 
, 	1949). eruption 	of 	their 	teeth. 	BARRET 	(1957), 
ata have NANDA (1960) and BARRET et al. (1964), on 
r extent the other hand, have found no significant 
1953a,b, differences between the sexes in tooth erup- 
I, GATES tion. 

Racial 	differences 	with 	respect 	to 	the 
itudinal eruption of teeth have been observed. In 

(HELL- general, the teeth of Whites of European 
STONES origin erupt at a later date than do those of, 

STURDI- for example, American Indians, American 
IEREDITH Negroes, South African Negroes, Ghanaians, 

Filipinos and Jews (BEAN 1914, SUK 1919, 
ve1oped CATTEL 	1928, STEGGERDA and HILL 	1942, 

e dental MONK 1951, DAHLBERG and MENEGAZ-BOCK 
mber of 1958, Houpr et al. 1967). 
)n 	ages Socio-economic 	circumstances 	have 	also 
EGGERDA been observed to affect the eruption age of 

teeth. 	Higher 	socio-economic 	groups 	are 
the ex- more advanced in their dental development 

)per 	'd (HELLMAN 1923, CLEMENTS et al. 1953a, LEE 
tin 	)f et al. (1965). 
he 	mci- According to many studies on the eruption 
w erupt sequence of permanent teeth, the mandibular 
ponding first molars are the first of the permanent 
xes; 	the teeth to emerge 	(JAMES and 	Pirrs 	1912, 
months AINSw0RTH 1925, WU0RINEN 1926, CATTEL 
mandi- 1928, COHEN 1928, KLEIN et al. 1937, EKMAN 

almost 1938, HURME 1948, Lo and MOvERS 1953, 
second FULTON 	and 	PRICE 	1954, 	KIHLBERG 	and 

roughly KosKi 1954, GATES 1964a, b, BARRET 1957, 

BARRET et al. 1964). But there are also a large 
number of investigators who report having 
observed the mandibular first incisos to be 
the first teeth to emerge (STEGGERDA and 
HILL 1942, HELLMAN 1943, LESLIE 1951, CLE-
MENTS et al. 1953b, WELANDER 1957, IWASAWA 
1959, BUTLER 1962). The eruption sequence 
of the upper and lower jaw differs, as is well 
known, and distinct sex differences have 
been noted as regards the canine teeth. 

MILLER et al. (1965) noted that the range 
of eruption is the same for both sexes but 
that there are unmistakable differences in 
the matter of sequence. S1URDIVANT et al. 
(1962) and KNOTT and MEREDITH (1966) 
describe four eruption sequences in their 
longitudinal study, two in the upper and two 
in the lower jaw, which occur with the 
highest frequency and in over 15 per cent of 
their subjects. Lo and MOYERS (1953) report 
the same four sequences of eruption, although 
the percentages of their occurence differ 
from those arrived at by the other researchers 
just mentioned. In 1950 SCHULTZ presented 
a tooth eruption sequence schedule for con-
temporary man, (I M1) 12  (P1  C P2) M2  
M3, in which the teeth marked in parentheses 
may exchange places. This eruption formula 
does not, however, take into account those 
sequences in which the second molar emerges 
before the canine, the first premolar or the 
second premolar. Such sequences have been 
reported by HRDLI&A (1908), STEGGERDA 
and HILL (1942), LESLIE (1951), Si'orcs et 
al. (1951), CLEMENTS et al. (1953b), DAHL-
BERG and MENEGAZ-BOCK (1958) and BARRET 
et al. (1964). 

In the light of their own observations, 
KosKI and GARN (1957) revised Schultz's 
formula as follows: (I M1) '2  (P1  C P2  M2 ) 

M3, which includes all the eruption sequences 
likely to occur in contemporary human 
beings. However, eruptions deviating even 
from this range of sequences has been report-
ed (HAATAJA and MATTILA 1967). 

ALVEOLAR GROWTH OF TEETH 

The movement of teeth in the jaw bone 
toward the oral cavity commanded the atten-
tion of investigators in the 19th century and 
even earlier. The authors and their methods 



124 
	

I WyA  114  RAW.  rwasi o1 

ture. Hu 
wisdom t 
ages of 
age range 
17 to 25 
the preser 
age of wi 
16 and 4( 
MEYER 1 
1953, SHA 
The most 
-tion, for 'v 
17 and 
1933). 

The di 
wisdom t 
clear as oi 
researcher 
ences wit] 
M3  (MOB 
and HILL 
found bo 
this tooth 
HRADECK 
1966, RM 
whose obs 
1914, EK 
sex differ 
formation 
noted b' 
to NOLLA 
fication j 
findings 

are the same as those already mentioned in 
the review of early literature on tooth for-
mation (MAGITOT 1881, BLACK 1883, 1908, 
PEIRCE 1877, 1884, RoSE 1891, BRADY 1924, 
SIGHER and TANDLER 1928, BUSTIN et al. 1929, 
1930, HESS et al. 1932, LOGAN and KRONFELD 
1933, KRONFELD 1935a, b). 

On the other hand, only few studies exist 
in which the continued growth of a given 
tooth has been followed or in which the 
stages of movement of teeth have been ob-
served in large numbers of subjects. To the 
best of the present author's knowledge, no 
papers whatsoever have been published on 
the time involved between the alveolar erup-
tion of various teeth and their clinical 
eruption. 

The actual measurement of tooth growth 
was inaugurated by ORBAN (1928), whose 
measurements from the base of the nasal 
bone to the germs of the upper incisors and 
from there to the epithelium of the mouth 
demonstrated that the Hertwig sheath re-
mains fairly stationary during the growth of 
a tooth. KRoNIu's (1935a) histological 
and roentgenological studies on the relation 
of the first molar to the mandibular duct 
support the view of the constant position of 
the Hertwig sheath. Many studies and 
opinions have been published on the mech-
anism of tooth movements. ORBAN (1928) 
and SIGHER (1942) regard the lengthening 
of the pulp and the root as the chief factor 
in the movement of a tooth. REICHBORN and 
KJENNERUD (1934) explain the formation of 
new bone around the apex as being re-
sponsible for such movement. Many re-
searchers share the view that a tooth begins, 
to move toward the oral cavity only after 
the crown has completely formed and root 
development started (BRODIE 1934, 1948, 
CARLSON 1944, DIAMOND 1944, DIENSTEIN 
1956, SHUMAKER and EL'HARADY 1960). 
Slight movement as early as the crypt stage, 
has been noted by BRASH (1928), KRONFELD 
(1935a) and BROADBENT (1941), who remark 
that movements take place even before the 
calcification of a tooth can be roentgeno-
logically detected. According to SCHOUR and 
MASSLER (1940), calcification and tooth 
movement are two different processes. CARL-
SON (1944) observes that >>in some of the 
teeth elongation of the tooth and occlusal  

movement of the crown need not occur 
together.>> No lowering of the crypt occurs, 
either; only at the beginning stage of root 
formation does the root grow 2 to 4 mm 
downward; and, according to SHUMAKER 
and EL'HARADY (1960), the movement of a 
tooth toward occlusion lasts about five years. 
In their study, ANLO et al. (1965) follow the 
eruption process and report the occlusal 
surface of a tooth to be about 3 to 8 mm 
from the alveolar crest before actual tooth 
movement and >>it would take from six to 
twelve months for a given tooth to move to 
the alveolar bone crest from its original 
position.>> LAUTERSTEIN et al. (1967) observe 
asymmetry in the growth within the bone of 
the canines, first premolars and second 
premolars on the left and right sides of the 
jaws, and LAUTERSTEIN et al. (1968) report 
symmetry in the apical growth of teeth. 

The literature contains only little infor-
mation on the chronological age of the alve-
olar eruption of teeth or on the develop-
mental stage of the roots at the time of this 
event. And in most instances the information 
is limited to only one or a few teeth merely 
mentioned in addition to other findings. 
GLEISER and Hur.r (1955), report that the 
alveolar eruption of the first molar takes 
place at the age 5.4 years, when the 
root formation has nearly reached the 
R114  -stage. GARN et al. (1958) give mean 
ages of alveolar eruption for the first and 
second molars and the first and second pre-
molars in their work on the sex difference in 
tooth calcification. BENGSTON (1935) also 
gives the mean ages of alveolar eruption for all 
except the wisdom teeth. LEwIs and GARN 
(1960) likewise view alveolar eruption as one 
stage of dental development but estimate no 
mean ages. FANNING (1961) notes that the 
root of the first molar is at about the R11, 
-stage at the time the tooth penetrates the 
alveolar bone. In addition to other obser-
vations, KOSKI and GARN (1957) and GARN et 
al. (1957) refer to the alveolar eruption 
sequence of the P2  and the M, in comparing 
the occurrence in fossil and modern man. 

WISDOM TEETH 

Information on the eruption of wisdom 
teeth can be found also in the earlier litera- 
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ture. HUNTER (1771) remarks that the 
wisdom teeth erupt clinically betwern the 
ages of 20 and 30 years. The eruption 
age range reported by CARTWRIGHT (1857) is 
17 to 25 years. The data published during 
the present century on the clinical eruption 
age of wisdom teeth give a range between 
16 and 40 years (SCHEFF 1902, BLACK 1908, 
MEYER 1932, WIDDOWSON 1946, KISLING 
1953, SHAFER et al. 1963, RANTANEN 1967). 
The most frequently reported age of erup-
tion, for wisdom teeth is the period between 
17 and 21 years (LOGAN and KRONFELD 
1933). 

The differences in the development of 
wisdom teeth between the sexes are not so 
clear as on the part of the other teeth. Many 
researchers have detected no sex differ-
ences with respect to the emergence of the 
M3  (M0RI 1931, HELLMAN 1936, STEGGERDA 
and HILL 1942). There are some who have 
found boys to undergo an earlier eruption of 
this tooth than do girls (ADLER and ADLER-
HRADECKY 1962, FANNING 1962a, RAMON 
1966, RANTANEN 1967), and there are others 
whose observations place the girls first (BEAN 
1914, EKMAN 1938). On the other hand, 
sex differences though not marked ones in the 
formation of the wisdom teeth have been 
noted by many researchers. According 
to NOLLA (1960), girls experience the calci-
fication process earlier. According to the 
findings of DEMISCH and WARTMAN (1956),  

girls are earlier in four of the six compar-
able formation stages from the crypt to 
the initial root formation. According to 
HAATAJA (1965), girls also appear to be 
ahead of boys in the process of crown for-
mation. By contrast, GARN et al. (1962) obser-
ve that no significant sex differences occur 
during the entire period of development of 
the wisdom teeth - this >>being unique 
among the teeth>>. Sex differences in tooth 
formation could not be detected, either, 
by WEISE and BRUNTSCH (1965), GRAVELY 
(1965), NANDA and CwIA (1966) and RAN-
TANEN (1967). 

Differences in the developmental age of 
the upper and the lower wisdom teeth are 
reported by WEISE and BRUNTSCH (1965), 
who find the maxillary teeth to be more 
often earlier. Calcification is observed by 
DEMISCH and WARTMAN (1956), WEISE and 
BRUNTSCH (1965) and GRAVELY (1965) to be 
generally symmetrical in from 71 to 85 per 
cent of the cases. 

The first roentgenologically visible for-
mation stage of a wisdom tooth occurs be-
tween the ages of six and thirteen years, the 
mean age falling between nine and ten 
(BROADBENT 1943, DEMXSCH and WARTMAN 
1956, KöNIG 1961, GARN et al. 1962, HORN 
1962, WEISE and BRUNTSCH 1965, GRAVELY 
1965). At the age of 21 years, on the average, 
the root formation of the M3  is complete. 

of wisdom 
rlier litera- 



Results 

The results are presented separately for tabulated, along with their dispersions, and 
the boys and the girls as well as for the are to be seen in table 4. 
upper and the lower jaw. All the tabulated 
and graphically presented results are combin- 	ALVEOLAR AND CLINICAL ERUPTION 
ed values for the left and right sides. 	 OF TEETH 

The results relating to the alveolar and 
TOOTH FORMATION 	 clinical eruption of teeth are presented 

graphically in figs. 5-36 as cumulative 
The results relating to tooth formation are frequency curves between the 10th and 90th 

presented in figs. 5-36 as cumulative fre- percentile points. The tabulation of the age-
quency curves between the 10th and 90th per- medians of alveolar and clinical eruption is 
centile points, depicting the various stages of given, together with the dispersions, in table 
tooth formation. The age medians of the 5. The clinical eruption of wisdom teeth does 
different stages of tooth formation have been not appear in the results. 

TABLE 4 

Age medians and dispersions*  for tooth formation stages, in years 

Boys Girls 
Upper Lower Upper Lower 

Tooth Stage Median Disp. Median Disp. Median Disp. 	Median Disp. 

Crc 3.3 3.3 
R1/4 5.7 1.5 4.3 1.2 5.4 2.1 3.6 1.8 

11 	R1/2 6.8 1.7 5.6 1.4 6.4 2.2 5.8 1.7 
R3/4 7.3 1.5 6.3 1.7 7.0 2.2 6.3 2.5 

8.7 2.3 7.2 1.7 8.2 1.7 6.8 1.3 
Ac 9.8 2.6 8.0 2.7 9.3 0.9 8.0 2.1 

Cr3J4 3.3 3.3 1.6 
Crc  4.6 1.7 3.3 1.4 4.4 2.3 
R1/4 6.8 1.7 5.4 1.7 5.8 1.9 5.1 2.5 

12 	R1/2 7.3 2.8 6.2 1.7 7.4 2.0 6.3 1.6 
R/4 8.6 2.4 7.3 1.8 8.0 1.6 6.5 1.3 
RC 9.6 1.7 8.1 2.1 8.5 1.3 7.1 1.9 
Ac 10.8 1.9 9.6 2.1 9.6 0.9 9.0 1.3 
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Tooth Stage 
Upper 

Median 	Disp. 

Boys 
Lower 

Median 	Disp. 
Upper 

Median 	Disp. 

Girls 
Lower 

Median 	Disp. 

Cr314 3.3 3.3 3.3 
Crc 4.6 1.3 4.3 1.6 4.5 2.1 4.1 1.6 
R1/4 7.0 1.9 6.9 1.8 6.3 1.3 6.3 1.7 

C Ri/a 8.4 2.2 8.2 2.3 7.7 2.1 7.0 1.3 
Rs/4 9.8 2.7 9.6 3.7 9.0 1.9 8.7 1.5 
Rc  12.3 2.6 11.6 3.8 11.2 2.5 10.3 2.6 

Ac 13.6 3.7 13.2 1.9 12.7 3.2 11.5 2.5 

Cr1/2 4.5 1.8 3.7 1.4 4.1 1.6 3.9 0.9' 
CF3/4 6.0 1.4 5.5 1.9 5.6 1.5 4.7 0.9 

Crc 6.8 2.0 5.9 1.5 6.3 1.2 5.4 1.4 
Ri/i 8.4 1.9 8.0 2.1 8.0 1.4 8.1 1.7 

Pt R1/2 9.5 2.2 9.6 2.5 9.4 1.3 9.3 1.8 
R3/4 10.7 2.4 10.4 3.3 10.4 2.6 10.4 2.2 
Rc  11.5 3.2 11.8 2.7 10.9 2.7 11.1 2.9 

Ac 13.3 3.0 12.8 2.7 12.6 2.1 12.1 1.9 

Cco 4.6 1.8 4.4 2.3 4.3 2.1 4.2 2.3 
5.8 1.8 5.2 1.7 5.6 2.5 5.0 2.5 

Cr$/4 6.7 2.3 6.1 1.5 6.1 1.7 6.0 2.2 

Crc 7.1 2.0 7.0 2.5 6.6 1.9 6.4 1.5 

Ps Ri/4 8.6 2.2 8.5 2.6 8.5 1.5 8.5 2.0 

Rt/2 9.9 3.2 9.7 3.7 9.7. 2.1 9.6 1.9 

143/4 11.3 3.7 11.1 3.4 10.5 3.2 10.7 2.8 

Rc 12.0 3.3 12.1 3.6 11.3 3.0 11.5 2.8 

Ac 14.0 4.0 13.8 3.9 13.4 2.5 12.8 2.8 

cre  3.6 1.5 3.5 0.9 3.5 0.8 3.5 0.8 

141/4 5.8 1.6 5.1 1.6 5.1 1.7 5.1 1.7 

141/2 6.2 2.5 6.0 1.7 6.0 1.8 6.0 1.4 

M I 143/4 7.2 2.1 6.6 2.2 6.8 2.1 6.4 1.7 

Rc  8.1 1.9 7.3 1.9 7.5 1.4 6.9 2.0 

Ac 9.8 2.9 9.8 3.0 9.2 1.7 9.2 1.4 

Ci 3.7 1.4 3.9 2.1 3.8 1.6 3.9 1.9 

Cco 4.1 2.2 4.5 2.2 4.1 1.6 4.1 2.0 
Gri/i 5.3 1.5 5.4 1.6 5.1 1.8 5.0 2.2 
Cr314 6.4 2.3 6.7 2.5 5.8 1.9 6.0 1.9 

Crc 7.3 1.4 7.4 1.5 6.9 2.2 7.0 1.7 
M R1/4 10.2 3.2 9.7 3.1 9.4 2.2 9.0 1.6 

R1/2 11.6 3.0 11.2 3.0 10.9 3.7 10.4 2.3 
143/4 12.3 2.9 12.1 3.2 11.5 3.2 11.3 2.2 

Re 13.6 2.9 13.4 2.5 12.5 3.5 12.5 3.1 

Ac 16.2 3.4 15.7 3.5 15.1 1.7 14.7 1.9 

0 8.8 4.3 8.9 6.5 9.1 4.1 9.3 4.4 
C1  9.0 4.1 9.8 6.2 9.4 4.0 9.6 4.3 
Cco 9.6 5.2 10.5 5.8 9.7 3.9 9.9 4.0 
Crip 10.5 5.5 11.5 5.8 10.4 5.9 11.7 3.2 
C.ri/4 12.7 7.3 13.0 4.5 12.0 5.5 12.3 4.4 

M3 Crc  13.2 5.6 13.7 5.0 12.8 4.7 13.3 4.3 
141/4 15.9 3.8 16.0 4.5 14.9 3.5 15.5 3.2 
R1/2 16.6 3.0 16.7 3.7 15.5 3.6 15.8 4.8 
R3/4 17.0 2.8 18.2 3.3 16.6 3.7 17.9 5.3 
Rc  18.1 3.2 18.4 3.2 18.1 2.7 18.7 3.8 

Ac 19.5 3.2 20.4 3.3 19.6 2.9 20.8 3.4 

* Difference between the 90th and 10th percentiles. 
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TABLE 5 

Age medians and dispersions* for alveolar and clinical eruptions of teeth, in years 

Figs. 5-
curves 
formation 
veolar eru 
for clinic 
nes). The 
the 10th 
points. 

Boys 
Upper Lower 

Median Disp. Median Disp. 

6.2 2.2 5.9 1.9 
6.9 2.2 6.3 1.8 

7.3 3.3 6.9 2.0 
8.3 3.2 7.3 1.9 

11.2 3.1 9.8 2.8 
12.1 3.6 10.4 3.0 

9.8 3.6 9.6 3.3 
10.2 3.6 10.3 4.6 

11.1 4.1 10.3 4.4 
11.4 3.8 11.1 4.4 

5.3 1.9 5.3 0.9 
6.4 1.6 6.3 1.4 

11.4 2.8 10.8 2.6 
12.8 3.2 12.2 3.6 

17.7 	3.9 	18.1 	5.5 

Girls 
Upper Lower 

Median Disp. Median Disp. 

6.1 0.9 5.8 1.1 
6.7 1.7 6.2 1.4 

7.0 2.3 6.5 1.4 
7.8 2.2 6.8 1.8 

9.3 3.2 8.8 1.6 
10.6 3.7 9.2 2.7 

9.0 2.8 9.1 2.3 
9.6 3.5 9.6 3.8 

9.5 3.5 9.2 4.2 
10.2 4.1 10.1 4.5 

5.3 1.2 5.0 1.0 
6.4 1.4 6.3 1.4 

10.3 2.3 9.9 2.7 
12.4 3.0 11.4 3.6 

17.2 	6.3 	17.7 	6.0 

Tooth 

Ii 

Li 

C 

P1 

PS 

MI 

M2 

M 

Al 
Cl 

Al 
Cl 

Al 
Cl 

Al 
Cl 

Al 
Cl 

Al 
Cl 

Al 
Cl 

Al 

* Difference between the 90th and 10th percentiles. 

Al = Age of alveolar eruption 
Cl = >> >> clinical 	>> 
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Scrutiny of the Results 

EXAMINATION OF TOOTH FORMATION 

Age limits of the material. With a few ex-
ceptions, it was possible to obtain the age 
medians of the teeth of the first eruption 
period (M1  I, I) only from the Cr  (crown 
complete) stage on. In the case of these teeth, 
the first roentgenologically observable form-
ation stages are sometimes met with even 
before birth 	the first molar - and im- 
mediately after birth. Since the youngest age 
group in the material consists of 2- and 3-
year-olds, it was not possible to obtain the 
age medians for the earlier formation stages 
of the teeth referred to. It was not possible 
to obtain even the Cr  -stage medians of the 
boys' lower first incisor or the girls' lower 
first and second incisors. 

Among the teeth of the second eruption 
period (C P1  P2  M2 ), the median values for 
the second molars and second premolars were 
obtained starting with the Ct- and Cr0- stages, 
whereas the canines and first premolars had 
already passed these stages even in the 
youngest age group. The results are given to 
the extent observations could be made, the 
tooth formation being studied in the case of 
the different teeth starting with different 
formation stages. 

The course of formation in teeth of the 1, 
II and III periods of eruption according to 
age medians. 

To the I eruption period belong the teeth 
I, 12, M1. In the upper jaw (Table 4 and 
figs. 37, 39) the I appears to reach the Cr  

-stage before the K. does, but immediately 
after this formation stage, the M1  begins to 
develop more rapidly throughout the time 
of root formation, although the differences 
are not great. In boys the I and the M1  
reach the A  -stage simultaneously, and in 
girls nearly so. The development of the 
second incisors proceeds very much in the 
same way as that of the foregoing teeth, but 
later. Among boys, there is a difference of 
one year between the root completion of the 
12 and that of the two preceding teeth, 
whereas among girls the difference amounts 
to only 0.3 year. 

In the lower jaw (figs. 38, 40), the first 
incisors in the two youngest age groups of the 
material, in both sexes, were found to be 
most advanced in their formation, having 
already reached the initial phase of root 
formation. Throughout the period of tooth 
formation, the I, runs ahead of the other 
two, the '2  and M1, and reaches the A -stage 
first in the entire dentition, this occurring at 
the age of 8.0 years. Next, the boys' '2  tooth 
arrives at the Cr, -stage at the age of 3.3 
years and immediately thereafter the M1s of 
both sexes at the same time at the age of 
3.5 years. In both sexes, M1  appears to be 
ahead in its formation nearly the whole time, 
but the A  -stage seems to be reached by the 
M. and the II  almost simultaneously. 

To the II eruption period belong the teeth 
C P1  P2  M2  (Table 4 and figs. 37, 38, 39, 
40). 

In the upper jaw the canine (figs. 37, 39), 
which at the II eruption period is most ad- 
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vanced in its formation in the two youngest 
age groups, is also the first to reach the Cr 
-stage in both sexes - about 2 years earlier 
than the first premolar. With a further ad-
vance in formation, the canine is the earliest 
member of this group of teeth all the way to 
the R314  -stage. After this the difference 
between it and the next most rapid, 
P1, begins to diminish, and the latter 
tooth reaches the R  -stage earlier in both 
sexes, as it likewise does the A -stage, too. 
Among boys, the difference between these 
teeth at the A  -stage is 0.3 year, whereas 
among girls the canine and the first pre-
molar may be regarded as arriving at the 
A -stage almost simultaneously. The de-
velopment of the canine in the maxilla is 
especially interesting because during the 
early formation stages it would appear to 
fall better into the company of the teeth 
of the I eruption period. Its development 
up to the Crc -stage is closer to that 
of the teeth of the I eruption period than 
of the II. In the boys the upper canine 
reaches the Cr -stage at the same age as does 
the second incisor, while in girls the differ-
ence is only symbolic (0.1 y). Even after 
this, the formation of the upper canines 
proceeds almost synchronously with that of 
the 125, and only after the R112  -stage does 
the canine development slow down. Its curve 
goes into an incline and moves into the 
group of teeth belonging to the II eruption 
period. When the C reaches its A  -stage, 
the time of difference to the corresponding 
formation stage of '2  is over three years in 

both sexes. The formation of the canines 
described in the foregoing is noticeable only 
in the upper jaw. 

Throughout its formation development, the 
P1  of the upper jaw appears to be in advance 
of the P2  and M2. The formation of the 
P1  and P2  takes place in the maxilla quite 
similarly and the time difference among the 
boys averages 0.5 y and among the girls 
0.4 y. The time gap between these teeth is 
widest at the A  -stage, being 0.7 y  among 
the boys and 0.8 y among the girls, the first 
premolars being the earlier. 

The crypt stage of the P2  and the M2  teeth 
occurs in the youngest age groups of the 
material, as it does individuals in which no 
tooth formation can yet be roentgenologic-
ally detected at the sites of the P2  and M2. 
Owing to the small size of the group, it 
cannot be reliably demonstrated which tooth, 
the P2  or the M2, reaches the crypt devel-
opmental stage earlier. Yet, in the light of 
the investigation (Table 6), among the boys 
the crypt stage of M2  appears to be earlier 
almost as often as the corresponding stage 
of P2. Nearly twice as frequently do the 
crypt stages of the P2  and M2  occur simul-
taneously. In girls, the crypt stage of the P2  
would seem to precede that of the M2, parti-
cularly in the mandible, there it also precedes 
the frequence of their simultaneous occuren-
ce. In the upper jaw, among girls the crypt 
of the P2  appears more frequently before the 
crypt of the M2  - but roughly one-half as 
often as the simutaneous occurence of the 
crypts of these teeth. GARN et al. (1956) re- 

TABLE 6 

Occurrence of crypt stage of Ps and Ms 

Boys 

N 	PM- 	MP- 	(PMs)
seq. 	seq. 	seq. 

N % N % N % 

Girls 

N 	PsMs- 	MIPS- 	(PMz)- 
seq. 	seq. 	seq. 

N % N % N % 

Upper 	13 	4 	31 	3 	23 	6 	46 	14 	4 	29 	1 	7 	9 	64 
Lower 	13 	4 	31 	3 	23 	6 	46 	14 	8 	57 	1 	7 	5 	35 
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port the occurence sequence of the crypt stage 
of the lower P2  and M2  as follows: in boys 
(P2M2 ) 46 per cent, P2M2  32 per cent and 
M2P2  22 per cent; and in girls P2M2  48 per 
cent, (P2M2 ) 30 per cent and M2P2  22 per 
cent. On the part of the boys, the results gi-
ven in Table 6 coincide with those published 
by Garn et al. As far as the girls are concern-
ed, the findings about the lower jaw may be 
regarded as being parallel, whereas with 
respect to the upper jaw the findings deviate: 
the (P2M2 ) -sequence in the upper jaw 
would appear to prevail in 64 per cent of 
the girls examined. 

In the upper jaw, among the boys, the M2  
appears to be more advanced throughout 
almost the entire period of the crown forma-
tion than the P2  (Table 4, figs. 37, 39). 
Among the girls, on the other hand, at times 
it is the P2  and at other times the M2  that 
appears to be more advanced, and only in 
the Cr  -stage is the P2  in advance of the 
M. in both sexes. After this stage, the M2  
begins to develop distinctly more slowly, and 
in boys it reaches the A  -stage 2.2 years 
later than the P2, the corresponding differen-
ce among the girls being 1.7 years. 

In the lower jaw, the formation of the teeth 
of the II eruption period is analogous to that 
of the ones in the upper jaw but earlier 
(Table 4, figs. 38,40). Also in the lower jaw, 
it is the canine, that is the farthest advanc-
ed in the two youngest age groups of the 
material. It reaches the Cr  -stage distinctly 
ahead of the P1  - among the boys 1.6 yrs 
and among the girls 1.3 yrs earlier. Among 
the boys, the lower canine is observed to 
reach the Cr  -stage one year later than the 
12 contrasting with the simultaneous occur-
rence of the Cr -stage of these teeth in the 
upper jaw. The development of the canine 
after the Cr  -stage advances ahead of the 
other teeth of the II eruption period among the 
boys as far as the R  -stage, at which time 
the P1  overtakes and passes it and arrives at 
the A  -stage 0.5 y before the canine. In girls 
the development of the lower canine seems to 
be somewhat more rapid than in boys; and 
from the Cr  -stage on, throughout the 
developmental span, the lower canine ad-
vances appreciably ahead of the other teeth 
in this group 	notably during the period 
between the R114  and R. -stages 	and reach- 

es the A -stage first, 0.5 y before the P,. 
The more rapid formation of the lower 
canine, whatever the reason for it might be, is 
probably connected with the fact that this 
tooth erupts in girls earlier than in boys, too, 
and before the upper P1. 

The P1  is distinctly ahead of the P2  and 
M2  during the period of its crown formation, 
and it follows the canine in the rate of its 
development. In boys, however, the changes 
mentioned in the foregoing take place after 
the RC  -stage. 

The development of the P1  and the P2  is 
quite similar in boys and girls. The first 
premolar advances more rapidly the whole 
time, on the average, by 0.6 to 0.7 y. The 
A -stage is reached by the boys' first premo-
lar exactly one year before the second 
premolar, and by the girls' correspondingly 
0.7 y earlier. 

The early stages in the crown formation 
of the P2  and M2  of the lower jaw seem to 
proceed fairly concurrently in both boys and 
girls. In boys, the P2  would appear to be 
distinctly earlier only from the Cr112  -stage 
onward, and in girls, from the Cr3 / 4  -stage on. 
The development of the M2  slows down in-
creasingly toward the A -stage. At this 
point, the M2  is 1.9 yrs later than the P2  in 
both sexes. 

In all the teeth of the I and II eruption 
periods, a growth spurt is observed in tooth 
formation between the stages R1/2  and R.. In 
the case of the canine teeth, the spurt in 
growth would seem to take place between the 
R114- and R314  -stages, after which the rate 
of formation clearly slows down. If the 
clinical eruption of a tooth be used as a basis 
of comparison, the spurt in the rate of growth 
would appear to take place earlier among the 
teeth of the II eruption period than among 
those of the I eruption period, for the former 
erupt only after their roots have attained at 
least three-quarters of their final formation. 
According to the findings of the present 
investigation, alveolar eruption occurs when 
a tooth has reached the R114—R112  -stage in 
its development; and taking this circum-
stances into account, the accelerated forma-
tion is attained as early as the alveolar erup-
tion and continues from that point until the 
time of the clinical eruption and even after. 
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To the 111 eruption period belong the 
M3  teeth (Table 4, figs. 37, 38, 39, 40). 

These teeth are the last in the dentition to 
form, and their roentgenologically detectable 
crypt stage occurs on the average at about 
the age of nine years, when all the other 
teeth have reached at least the Cr  -stage. 
When the wisdom teeth have arrived at the 
Crc  -stage at the age of about 13.5 years, 
the other teeth have become almost comple-
tely formed, with the exception of the M2s. 
At the average age of about 20 years,, 
the formation of the wisdom teeth ends, 
having lasted some eleven years. Examined 
in the light of the medians, the formation of 
the third molars proceeds very much along 
the same lines as that of the other teeth. In 
the development of the wisdom teeth, some 
sort of >>growth spurt>> is to be noticed during 
the period between the stages R1/4  and R3/4. 

Sequence of formation of the teeth 

Table 7 gives the formation sequence of 
the teeth at formation stages Crc  and 
A. A general scrutiny of the data reveals 
that the sequence of the teeth at the various 
stages of their formation is not invariably 
the same. 

Examination of the findings relating to the 
upper jaw brings to the fore the fact that it 
is the first incisor that reaches the Crc  -stage 
in both boys and girls first, followed by 
the first molar, whereas the A  -stage among 
the boys is simultaneoysly reached by the Ii 
and M1  and among the girls almost at the 
same time. The order of the canine teeth, 
which at the Cr  -stage stands in advance of 
the first and second premolars, changes in 
both sexes at the A. -stage to the sequence: 
P C P2. Otherwise the sequence at the Crc-
and A0  -stages remains unchanged. 

In the lower jaw, the boys' first incisor 
arrives at the Cr  -stage first; although the 
median for this formational stage could 
not be obtained, it is nevertheless under 
3.3 years, which is the youngest age median 
obtained (Tabie 4). The same sequence may 
be assumed to prevail among the girls, whose 
medians for the first and second incisors are 
lacking for the reason just mentioned. The 

M1s come only third in both sexes in reaching 
the Cr0  -stage, after which come the Cs. In 
girls the sequence in the Cr0  -stage, I 1z M1  
C P1  P2  M2  M3, does not change at the A 
-stage. Among the boys, who have the same 
sequence at the Crc  -stage, a change occurs 
at the A0  -stage, with the P1  preceding the C. 

Graphic presentation of the different stages of 
tooth formation 

Reviewing the data (figs. 5-36), one will 
observe that the girls' dental development is 
generally ahead of the boys' and that the 
teeth of the mandible are generally in ad-
vance of the corresponding teeth in the 
maxilla. Although differences in the 
forms of the curves may be noticed, no 
distinct sex differences would appear to 
exist between the forms and dispersions of 

TABLE 7 
Tooth formation sequence examined according to,  

Crc- and  Ac- medians, in years 

Upper 
Boys Girls 

Ct It 0 u it it 

CC' CC' ct 00' (S 00' cs 

Ii 3.3 Ii 9.8 It 3.3 Mi 9.2 
Mi 3.6 Mi 9.8 Mi 3.5 Ii 9.3 
It 4.6 It 10.8 12 4.4 It 9.6 
C 4.6 Pt 13.3 C 4.5 Pt 12.6 
Pt 6.8 C 13.6 Pi 6.3 C 12.7 
Pt 7.1 P2 14.0 Pt 6.6 Pt 13.4 
Mt 7.3 Mt 16.2 Mt 6.9 Mt 15.1 
Mt 13.2 Mt 19.5 Mt 12.8 Mt 19.5 

Lower 

Ii Ii 8.0 Ii Ii 8.0 
It 3.3 It 9.6 It It 9.0 
Mt 3.5 Mi 9.8 Mi 3.5 Mi 9.2 
C 4.3 P1 12.8 C 4.1 C 11.5 
P1 5.9 C 13.2 P1 5.4 Pt 12.1 
P2 7.0 P2 13.8 Pt 6.4 Pt 12.8 
M2 7.4 M2 15.7 Mt 7.0 Mt 14.7 
Mt 13.7 Mt 20.4 Mt 13.3 Mt 20.8 
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Mi 9.2 
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Li 	9.6 
P1 	12.6 
C 	12.7 
Pi 	13.4 
M2 15.1 
M 1 9.6 
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It 	8.0 
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Mi 9.2 
C 	11.5  
Pi 	12.1 
P2 	12.& 
M2 14.7 
M3 20.& 

the curves representing corresponding devel-
opmental stages among the boys and girls. 
Neither can distinct parallel differences 
between the forms of the developmental 
curves for corresponding teeth in the upper 
and lower jaws be observed. In other words, 
the formation of the different teeth, although 
occurring in girls at an earlier age, takes 
place in both sexes along similar lines. 
A study of the results would reveal that a 
feature common to all but the wisdom teeth 
is that the age dispersion of the earlier 
developmental stages is smaller and that of 
the later ones larger. This tendency appears, 
however, to be less marked among teeth 
belonging to the I eruption period and more 
clearly in evidence among teeth belonging 
to the II eruption period. 

The curves representing the formation 
stages of the teeth belonging to the I erup-
tion period (I 12 M1) resemble each other 
closely. These teeth develop from the Cr 
-stage to the Ac  -stage in a shorter time than 
do the other teeth, the dispersion is smaller, 
varying between 0.8 and 3 years; and the 
different formation stages succeed each other 
rapidly. Among the teeth of the II eruption 
period, the occurrence of the different for-
mation stages of the P1  and P2  does not 
deviate much from that of the foregoing 
ones. but they require a somewhat longer 
time to move from one stage to the next. In 
the case of the canines and second molars, the 
interval from Cr  -to  A  -stages stretches out 
appreciably. Comparing the dispersion of the 
different formation stages of the teeth in the 
II eruption period with that of the teeth in 
the I period, one will observe the dispersion 
to be somewhat greater, varying between 0.9 
and 4 years, and the widest dispersion to 
occur in the case of the P2. 

When the durations of the different stages 
of root formation on the 50 per cent level 
are compared, the most significant observa-
tion would seem to be the greater length of 
the time - averaging 2 years (1.4-2.9 
yrs) - consumed between the Crc  -stage 
and the R114  -stage than between the other 
three stages of root formation. The slower 
rate of formation during this first quarter of 
the root formation process is apparent in all 
the teeth. The second, third and fourth root 
formation quarters appear to progress more  

rapidly than the first. On the other hand, 
after the maximum length of the root has 
been reached, the development from the R 
-stage to the Ac  -stage appears to take appre-
ciably more time on the average, 1.6 years 
(0.8-2.6 yrs), than the development involv-
ed in the second, third and fourth quarters. 
In the case of the wisdom tooth, the fore-
going remarks apply to the four quarters of 
root formation, but, in contrast to the 
other teeth, the age dispersion of its earlier 
formation stages seems to be somewhat great-
er than that of its later stages. The disper-
sion of the different developmental stages of 
wisdom teeth represents the widest range in 
the entire dentition, and it varies according 
to the present findings between 2.7 and 
7.3 years. 

The time consumed from the completion 
of the crown to the completion of the root in 

the different teeth 

In the light of the observations made in 
the present study (Table 8), the dental 
development in girls from the completion of 
the crown to the completion of the root(s) 
appears to take place more rapidly than in 
boys. The wisdom teeth, however, constitute 
an exception, for they appear to develop 
faster in boys than in girls. On the average, 
the time period between the Cr  -stage of 
the upper and lower teeth of boys to the 
Ac  -stage lasts 7 years, the corresponding 
period for girls being 6.8 years. The teeth 
requiring the most time for root formation 
are the canines and the second molars —; 
in boys nearly 9 yrs and in girls nearly 
8 yrs. The teeth of the I eruption period 
seem to make somewhat more rapid pro-
gress than the P1  and P2  of the II eruption 
period. Attention is also commanded by the 
M3  teeth, which in the rate of their root 
formation would appear to belong to the 
same class as the premolars rather than to that 
of the slowest teeth of the II eruption period, 
the Cs and M2s. No clear parallel differences 
in the rates of growth between corresponding 
teeth of the upper and lower jaws appear to 
exist in either sex, whereas differences can be 
detected between pairs of teeth in individual 
cases. 
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TABLE 8 When sex differences are examined at the more rap 
earlier (Cr,) and the later (At)  formation -stage the Time consumed by different teeth from 	he Crc- to 

A- stage and the sequence according to the elapsed stages (Table 9), it may generally be noted and at th 
length of time, in years that these differences are smaller at the ear- by a per. 

her and become more pronounced at later continued 
Upper stages of formation and at a later age. tion, until 

Boys 	 Girls At 	the 	Cr 	-stage, 	the 	least 	differences to catch 
- (Table 9) between the sexes were observed of root f Tooth 	Crc-Ac 	Tooth 	Crc-Ac in the first molars (0-0.1 y) and the next with the 

least differences in the canines and the second upper thi Mi 	6.2 	12 	5.2 
12 	6.2 	Mi 	5.7 incisors 	(0.1-0.2 y). At the Ac  -stage, an Ac  -stage 
Mi 	6.3 	11 	6.0 increase in the sex differences was noticed lower Mi 
Ii 	6.5 	Pt 	6.3 with respect to all the other teeth except 
Pt 	6.5 	Mi 	6.8 
P5 	6.9 	P2 	6.8 

the 	third 	molars. 	The 	most 	marked 	sex 
M2 	8.9 	M2 	8.2 differences would appear to exist in the lower 
C 	9.0 	C 	8.2 canines (1.7yrs) and the next most in the Difference 

upper laterals (1.2 yrs). The M2  teeth as well 
Lowei as the lower P2  teeth likewise exhibited quite 

Mi 	6.3 	Mi 	5.7 striking differences between the sexes. With When t 12 	6.3 	P2 	6.4 
Mi 	6.7 	 6.7 respect to the rest of the teeth, the differ- and lowe; 
Ps 	6.8 	C 	7.4 ences amounted to about half a year. observatio 
Pt 	6.9 	Mi 	7.5 The 	sex 	differences 	exhibited 	by 	the develop e 
Ms 	8.3 	Ms 	7.7 wisdom teeth appear to be exceptional, in are 	the C 	8.9 comparison 	to 	the 	rest 	of 	the 	dentition medians 

(Tables 4 and 9). At the first formation than in lo- 

stages the boys appeared to be undergoing of 0.6 ye 
tooth for 

Sex differences in tooth formation sexes, onl' 
jaw were 

The differences between the sexes in the TABLE 9 earlier th 
rate of formation of teeth appear to be aging 0.2 
distinct if the wisdom teeth are excepted: Sex 	differences in 	tooth formation, 	examined in were the s 
teeth generally develop earlier in girls than light of the Crc.- and  Ac  -stages, in years registered 
in boys. There are 123 tabulated medians earlier rat 
for both boys and girls to enable making Upper 0.6 year 
comparisons between the different develop- Crc -stage medians 	Ac -stage medians statisticall 
mental stages in tooth formation (Table 4). Tooth 	Boys 	Girls 	Diff. 	Boys 	Girls 	Diff. sed on a I 
Omitting the wisdom teeth, the girls in the to the M 
present material were observed to be earlier Ii 	3.3 	3.3 	±0 	9.8 	9.3 	+0.5 formation 
in 84 cases out of 101 by an average of 0.6 12 	4.6 	4.4 	+0.2 	10.8 	9.6 	+1.2 upper tha 
year, which is statistically highly significant C. 	4.6 	4.5 	+0.1 	13.6 	12.7 	+0.9 

Pi 	6.8 	6.3 	+0.5 	13.3 	12.6 	+0.7 and only 
(p < 0.001, based on binomial distribution), P2 	7.1 	6.6 	+0.5 	14.0 	13.4 	+0.6 developm 
and same medians in eleven cases, whereas the Mi 	3.6 	3.5 	+0.1 	9.8 	9.2 	+0.6 No less tF 
boys exhibited more rapid development in Ms 	7.3 	6.9 	+0.4 	16.2 	15.1 	+ 1.1 

Mi 	13.2 	12.8 	+0.4 	19.5 	19.6 	-0.1 the seconc 
only six instances, on the average 0.1 year. to be earl 
With respect to the 22 pairs of formation Lower dians corn 
stages 	of 	wisdom 	teeth 	for 	comparison Ii 	 8.0 	8.0 	±0 formation 
(Table 4), the boys appear in nine cases to IS 	3.3 	 9.6 	9.0 	+0.6 appeared 
be more advanced by an average of 0.3 year C 	4.3 	4.1 	+0.2 	13.2 	11.5 	+ 1.7 

P1 	5.9 	5.4 	+0.5 	12.8 	12.1 	+0.7 ing upper 
and the girls in twelve cases by an average Ps 	7.0 	6.4 	+0.6 	13.8 	12.8 	+1.0 10, the di 
of 0.6 year, in one case the values being the Mi 	3.5 	3.5 	±0 	9.8 	9.2 	+0.6 upper an 
same. No clear sex differences thus appear to M2 	7.4 	7.0 	+0.4 	15.7 	14.7 	+1.0 the Crc- 
mark the formation of the wisdom teeth. Mi 	13.7 	13.3 	+0.4 	20.4 	20.8 	-0.4 findings, 
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ned at the more rapid development, but by the Cr,/ 2  in both sexes between upper and 	lower 
fon 	on -stage the boys and girls were almost even jaw are so slight in the M1, P2  and M2  teeth, 
be noted and at the Cr,, -stage the girls were ahead that these formation stages may be regard- 

it the ear- by a perceptible margin. This relationship ed as nearly simultaneous. At the Cr 	-stage, 
d at later continued during the period of root forma- the 	greatest 	differences 	would 	appear 	in 
age. tion, until after the R314  -stage the boys began both sexes to involve the P1 	(0.9 y) 	and 
lifferences to catch up to the girls. At the final stages in boys 	I 	as 	well 	(1.3 	yrs). At 	the A 

observed of root formation, the boys had caught up -stage (Table 10, Column V), the greatest 
I the next with the girls or even passed them. The differences between the lower and upper 
the second upper third molars of both sexes reach the teeth in boys occur in the I 	(1.8 yrs) and 
-stage, an A -stage almost simultaneously, but the boys' the 	13 	teeth 	(1.2 	yrs). 	In 	girls 	the 	most 
as noticed lower M3  is 0.4 year ahead of the girls', marked differences involve the I 	(1.3 yrs) 
th except and the C teeth (1.2 yrs). The M1s show no 

arked 	sex difference between mandible and maxilla in 
the lower either sex at the A 	-stage, the. boys' P2  teeth 

ost in the Differences between the upper and lower jaw are likewise synchronous in both jaws. As for 
eth as well in tooth formation the rest of the dentition, with the exception of 
jited quite the wisdom teeth, the lower teeth are in ad- 
xC5. With When the corresponding teeth of the upper vance of the corresponding uppers by from 0.4 
the differ- and lower jaws are compared, the general 
ir. observation may be made that the lower teeth 
:1 	by 	the develop earlier 	(Table 4). The exceptions 
tioi 	in are 	the 	wisdom 	teeth, 	all 	the 	formation TABLE 10 dentition medians of which are earlier in the upper 
formation than in lower jaw in both sexes by an average Differences between teeth of upper and lower jaw 

indergoing of 0.6 year. Among the 100 other pairs of according 	to 	medians 	for 	alveolar 	and 	clinical 
tooth formation stages compared in both eruption and for tooth formation 	(Crc- and A 

sexes, only 15 formation stages in the upper  -stages), in years 

jaw were found in the present material to be 
earlier than in the lower, the difference aver- Boys 
aging 0.2 year; in 12 instances the values I 	II 	III 	IV 	V 

xamined in were the same; and in 73 instances the values Tooth 	Alveolar 	Clinical 	Crc -stage Ac -stage 
n years registered for the lower jaw represented an eruption 	eruption 	diff. 	diff. 

earlier rate of formation by, on the average, diff. 	diff. 

ige medians 0.6 year in both boys and girls, which is It 	0.3 	0.6 	 1.8 
statistically highly significant (p < 0.001, ba- I 	0.4 	1.0 	1.3 	1.2 Girls 	Diff. sed on a binomial distribution). With regard C 	1.4 	1.7 	0.3 	0.4 
to the M5s, almost all the stages of crown P1 	0.2 	-0.1 	0.9 	0.5 

9.3 	+0.5 formation were observed to be earlier in the 0.8 	0.3 	0.1 	0.2 

	

9.6 	+1.2 

	

12.7 	+0.9 upper than in the lower jaw in both sexes, Mi 	0 	0.1 	0.1 	0 
M2 	0.6 	0.6 	-0.1 	0.5 

12.6 	+0.7 and only after the Cr 	-stage did the rate of Mi 	-0.4 	 -0.5 	-1.2 
13.4 	+0.6 development become earlier in the lower jaw. 

9.2 	+0.6 No less than 7 different formation stages of Girls 

	

15.1 	Lii 

	

19.6 	0.1 the second and the first premolars were found It 	0.3 	0.5 	- 	1.3 
to be earlier in the maxilla. As for the me- 12 	 0.5 	1.0 	- 	0.6 
dians compared with all the other teeth, the C 	0.5 	1.4 	0.4 	1.2 

8.0 	±0 formation stages of the mandibular teeth P 	-0.1 	0 	0.9 	0.5 

	

9.0 	+0.6 

	

11.5 	+ 1.7 appeared to precede that of the correspond- Ps 	0.3 	0.1 	0.2 	0.6 

	

0.3 	0.1 	0 	0 
12.1 	+0.7 ing uppers. In columns IV and V of table Ml 	0.4 	1.0 	-0.1 	0.4 
12.8 	+1.0 10, the differences between the teeth of the Mi 	-0.5 	 0.5 	1.3 

	

9.2 	+0.6 

	

14.7 	+1.0 
upper and lower jaws are represented at Earlier occurrence in upper jaw marked with - 

20.8 	-0.4 the Cr,- and Ac  -stages. According to the sign; earlier occurence in lower jaw marked with- 
findings, 	the 	differences 	at the Cr 	-stage out any sign. 



MAN 

Ac 
RC  - 

R3/4  

R1,, - 

	

R 	- < i/i. 

	

(.n  Cr 	- 

2 Cr314  - 

C72  

CENT 

/ 	 Ac 

RC  
R3/4  

7/
R / 

(DR1/4  
a, 

-' 	 r 

ICro 

I 	I 	I 	I 
7 9 11 13 15 17 19 	

Li_ co 

THIRD MOLAR YEARS 	
C1 

0 

/.. 

35 

SECOI 

146 	 THE FORMATION AND THE ALVEOLAR AND CLINICAL. 

MAXILLARY TEETH NOLLA 
MOORREES ET 	AL. 
NANDA El CHAWLA 
HAAVIKI<O 

AC - .7 

R314 
- •.t/ 

R112 
 

R , < 	1i6 

CIC •- 	'/ 	 .7/ / 
z 1 / 0 	Cr314 - 

1
0 

U I I 	I 	I 	I I 	1 	1 	1 	I I 	I 	I 	I 	I 	I 
3579111335791113357911133579111315 

CENTRAL 	INCISOR 	LATERAL INCISOR CANINUS FIRST 	PREMOLAR YEARS 

RC  

R1/2 

WR 0 1/4 

Cr 

z 
2 r3/4 

C'1/2 

C1 

0 

V 

• 77' 	

- 

• .// 	 f-i 

/ 	 •1.  

• 
.•-;' 

• / 
1••••  

I.- 

1 

I 	I 	I 	I 	 I 	I 	I 	I 	I 	I 	I 	I 	I 	I 
3 5 7 9 11 13 15 3 5 7 9 -11 13 3 5 7 9 11 13 15 

	

SECOND PREMOLAR 	FIRST MOLAR 	 SECOND MOLAR 
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investigation (.............) compared. 

Fig. 42. 
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to 0.6 year. The deviation in the development 
of the upper and lower third molars may be 
governed by some growth mechanism, but 
this may possibly be attributed to the free 
space for development enjoyed by the maxil-
lary wisdom teeth in comparison with the 
corresponding mandibular teeth. The man-
dibular M3  teeth in many instances have a 

mesial tilt and in a sense >push>> on the 
bone covering the distal surface of the second 
molar as early as in the Cr  -stage and 
especially afterward. It might be thought 
that this tilt and the obstruction to growth 
in the direction of the occlusal surface of the 
tooth would have the effect of retarding the 
development, too. BJöRK et al. (1956) report 
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that impaction of the M3  tooth retards its 
formation process. KRONFELD (1935a), GLEI-
SER and Hur (1955), SHUMAKER and EL'H.-
RADY (1960), again, have shown that the root 
of a tooth does not bore into bone but rather 
that the advance of the tooth toward occlu-
sion and the growth in length of the root are 
balanced in their dimensions. 

Comparison of the present findings with the 
results of other studies 

Tooth formation comparisons. The com-
parison of tooth formation stages is made only 
between the latest studies and those in which 
the age distribution suffices for the making of 
comparisons and in which the process of 
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tooth formation has been followed in the 
teeth of at least one whole jaw. With refer-
ence to the review of literature, comparisons 
were made with the findings of the following 
researchers: NOLLA (1960), Michigan, longi-
tudinal study including 50 children; MooR-
REES et al. (1963), Forsyth, longitudinal, 99 
children, as well as, to a certain extent, 245 

children in addition from FELS longitudinal 
material; NANDA and CHAWLA (1966), India, 
cross-sectional study, with material compris-
ing 720 children. 

The comparisons are presented graphically 
in figs. 41, 42, 43, 44, the upper and lower 
teeth and the boys and girls taken separately. 

A general examination reveals that the  

results of 
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results of MOORREES et al., N0LLA and the 
present study agree closely. The earliest 
dental development appears in the material 
Of MOORREES et al., followed by that of the 
present study, with NOLLA'S representing the 
latest rate. In contrast, the results reported 
by NANDA and CHAWLA deviate, especially 
with respect to both incisors and the first 

molars as well as the girls' canines in both 
jaws. 

Comparing the results for the lower jaw 
reported by MOORREES et al. and the present 
author, one will note that the Cr -stages of 
the teeth belonging to the I and II eruption 
periods are all along the line later in Finnish 
children, in boys on the average of 1 year and 
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parate1y. 
that the 



150 
	

KAARINA HAAVIKKO 

in girls 0.6 year; further, in the case of the 
wisdom teeth, the difference among the boys 
is 1.7 yrs and among the girls 1.1 yrs. In 
general, too, it would appear that the differ-
ences among the boys are greater than among 
the girls. 

From the Crc  -stage on, the developmental 
process in the lower jaw continues fairly uni-
formly and, barring a few exceptions, the 
children in the Forsyth material remain the 
whole time somewhat earlier in their tooth 
formation. The biggest time gaps are to be seen 
in the root formation of the girls' P1  teeth and 
of the boys' M2  and M3  teeth. At the An -stage, 
the Finnish children are still behind in their 
tooth formation, with respect to the I 12  C 
M1  M2  and M3, by an average of 0.3 
year, an exception being the boys' I tooth, 
which is nearly synchronous in its formation. 
Only the first and the second premolars ac-
cording to the present study in both the boys 
and the girls appear to arrive at the A -stage 
on the average half a year earlier than the 
corresponding teeth in the material of Moor-
rees et al. Possibly contributing to this faster 
>>closing spurt>> of the premolars in Finnish 
children may be earlier removal of the deci-
duous molars, caries and periapical processes, 
which accelerate the growth and development 
of the succedaneous permanent teeth (LAu-
TERSThIN et al. 1962, FANNING 1962b, 1964, 
SCHLEICHTER 1963, AND0 et al. 1966). The 
effect of caries and of premature extractions 
of deciduous teeth on dental development 
was not eliminated from the material, which 
thus represents in a nonselective light the 
state of the dentition at present prevailing 
among F innish children. 

When the findings relating to the lower 
jaw are compared to the corresponding 
results reported by NOLLA (figs. 42, 44), the 
tooth formation patterns may be observed to 
agree rather closely. However, at the Crc-
and A -stages, the tooth formation of the 
Michigan children is behind that of the 
Finnish children. The differences to be noted 
are similar with respect to all but the wisdom 
teeth. N0LLA's results at the Cr. -stage are 
on the average 0.9 y behind in forma-
tion of all the teeth, but at the intermediate 
period of root formation they are to some 
extent more advanced; and once more at 
the A  -stage the medians registered by the  

present study are on the average 0.9 y earlier. 
According to NOLLA, the wisdom teeth begin 
to develop in both boys and girls substantially 
earlier than in present material. 

In the Michican children the first quarter 
in the root formation appears to proceed 
at a markedly more rapid rate than in the 
Finnish and the Forsyth children. Thus the 
Michigan children reach the intermediate 
stages of root formation to some extent 
earlier than the others. But before the 
completion of the roots, the rate of devel-
opment in their case would seem to slow 
down again, and they arrive at the Ac  -stage 
last among the populations compared. 

The findings among Indian children report-
ed by NA?mA and CHAWLA reveal the dif-
ferences to be exceedingly great in the case 
of the L, '2 and M1  teeth of both sexes as 
well as the C teeth of the girls, compared to 
the other three studies. The root formation 
stages of the aforementioned teeth appear 
to be reached at a markedly later age among 
children in India. In contrast, the formation 
of the P1, P2  and M2  is highly synchronous 
with that of the corresponding teeth investi-
gated in the other three studies. 

The comparison of the findings in the 
upper jaw (figs. 41, 43) was made chiefly 
with NOLLA'S results, for MOORREES et al. 
concerned themselves only with the maxillary 
first and second incisors, and NANDA and 
CHAWLA limited themselves to material 
between the ages of 6 and 12. 

Whereas MOORREES et al. on the whole 
report earlier findings in the case of the 
teeth in the lower jaw, their Cr -values for 
the upper incisors are the latest of all. For 
in Finnish children the corresponding Cr 
-ages are 1.2 to 2 years earlier. Even NOLLA, 
all the values of whom for both the Cr.- and 
the A-  stage are on the average 1 to 2 years 
later than those reported by MOORREES et al., 
registers on the average 0.5 year earlier 
values for the upper incisors. The tooth 
formation of the upper incisors of the Finnish 
children proceeds throughout the period of 
root formation, contrary to the observations 
relating to the teeth in the lower jaw. In 
the light of the present study, the girls' first 
incisor appear to reach A  -stage 0.3 y later, 
and the second incisor 0.1 y earlier, so the 
differences are slight. In comparison with 

N0LIA's 
that the 
place ver 
ces are a, 
magnituc 
of the lo' 
nish boys 
girls on ti 
ge the bi 
the girls 
as in the 
boys app 
various g 
ces in to( 
tween th 
in both 
differenc 
the roots 
of their 
are the o 
findings, 
before a: 
with the 
in the p 
of the v 
material 
sent stud 

When 
CHAWLA 
upper ja' 
comparis 

Age d 
(1959) C 

different 
of the P 
their fin 
variabilit 
in the r 
comparis 
LOGAN 8 

(1935c), 
SCHOUR 
SPECTOR 
on tooth 
whom d 
two first-
or some 
(1933), 
sent the 
number 
them as. 
FANNING 
HAATAJA 



THE FORMATION AND THE ALVEOLAR AND CLINICAL . . . 	 151 

NoLr.&'s results, it may be stated in general 
that the development of the upper teeth takes 
place very consistently and that the differen-
ces are along the same lines and of the same 
magnitude as in the comparison of the teeth 
of the lower jaw. At the Cr  -stage, the Fin-
nish boys are on the average 1 year and the 
girls on the average 0.8 year earlier. At A -sta-
ge the boys are correspondingly 1.4 years and 
the girls 0.9 year earlier. In the upper jaw, just 
as in the lower one, the difference between 
boys appears to be greater than between the 
various groups of girls. The greatest differen-
ces in tooth formation are to be observed be-
tween the M1s in girls and between the M2s 
in both sexes. In all these instances, the 
differences are at their maximum at the time 
the roots have entered the intermediary phase 
of their formation (R112 ). The wisdom teeth 
are the only ones that, in the light of NoLI.'s 
findings, reach Crc -stage among the boys 
before and among the girls simultaneously 
with the corresponding observations made 
in the present investigation. The formation 
of the wisdom teeth examined in N0LIA's 
material is more advanced than in the pre-
sent study. 

When the results published by NANDA and 
CI-IAWLA are compared, the data on the 
upper jaw agree with those obtained in the 
comparison of the lower jaws. 

Age dispersions compared. GARN et al. 
(1959) consider the age dispersion of three 
different formation stages (Ci, Cr and A) 
of the P1  P, M1  M2  M3  and in the light of 
their findings conclude that the ranges of 
variability are about three times as large as 
in the reports published up to then. The 
comparison was made with the studies of 
LOGAN and KRONFELD (1933), KRONFELD 
(1935c), HOLT and McIr.rrosH (1940), 
SCHOUR and MASSLER (1940), WILKINS (1950), 
SPECTOR (1956) and AREY (1957), the data 
on tooth calcification (formation) of all of 
whom derive from the publications of the 
two first-mentioned researchers either as such 
or somewhat modified. LOGAN and KRONFELD 
(1933), probably had not intended to repre-
sent the age spans as the age dispersions a 
number of investigators chose to interpret 
them as. In later studies, such as those of 
FANNING (1961), MooRlEs et al. (1963), 
HAATAJA (1965) and HAAVIKKO (1966) the  

range of variability of the different formation 
stages is approximately on the same order of 
magnitude as that reported by GARN et al. 
To some extent, the age dispersions observed 
by the researchers just cited are smaller 
than those reported by GARN et al., but in 
some cases, especially relative to the later 
formation stages, they are larger. In the 
foregoing studies, the examinations were 
carried out on the 5 to 95 per cent level. 

In the present work, the investigation of 
the tooth formation process was conducted 
on the 10 to 90 per cent level. In the original 
findings, the age dispersions in the areas of 
0-10 % and 90-100 % were considerable, 
although in the 80 % area in the middle, the 
developmental process advanced quite evenly. 
As this study was not especially designed as 
an investigation of the range of variability, 
the extremes, 10 % + 10 %, were omitted 
and attention concentrated on the central 
80 per cent area, which nevertheless gives a 
sufficiently broad and perhaps superior con-
ception of the average course of tooth 
formation. Owing to the narrower scope of 
the present investigation, the age dispersion 
is on the average roughly from 65 to 80 per 
cent of the dispersions reported by GARN 
et al. (1959), but since the results are 
scrutinized on different levels, direct compar-
ison of the dispersions is not sensible. 

With respect to the wisdom teeth, the 
present study reveals the same observation as 
the others (GARN et al. 1959, MOORREES et 
al. 1963, WEISE and BRUNTSCH 1965) that the 
dispersion at the different stages of tooth 
formation is exceedingly large. WEISE and 
BRUNTSCH (1965) report the largest dis-
persion of all, one between 4 years 9 months 
and 8 years 8 months, whereas GARN et al. 
(1959) in the work just cited report a dis-
persion of only 3.5 to 5.1 years. According 
to the observations made in the present 
material, the dispersion of the formation 
stages of the third molars is on the order of 
2.7-7.3 years - which amounts to quite a 
large dispersion. 

Comparison of differences between the 
sexes. The differences observed between the 
sexes agree fairly closely with the findings 
of most other researchers. GARN et al. (1958) 
report the sex differences in the calcifica-
tion of teeth to be y = 0.97 x, while 
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in the matter of eruption it is cor-
respondingly y = 10.95 x, as computed by 
GLEISER and Huwr from HuRME's normative 
data on eruption. The formula for sex 
differences applied by GARN et al. (1958) 
was obtained as the combined result of 
three different calcification (formation) sta-
ges and the alveolar and clinical eruption 
of the P1  P2  M1  and M2. It is tempting 
to conjecture that if this team of investiga-
tors had included in their material the ca-
nine teeth, in which the differences be-
tween the sexes are known to be the great-
est (HURME 1948, FANNING 1961, GRØN 

1962, MOORREES et al. 1963), and the lateral 
incisors, in which the differences are next 
largest after the canines according to the 
present findings, the sex differences with 
respect to formation might have proved 
greater. In the light of the present study, as 
of the ones published by GARN et al. 1958, 
FANNING 1961 and MOORREES et al. 1963, the 
sex difference is smaller at the earlier forma-
tion stages and increases with age. 

Comparison of tooth formation differences 
between the upper and lower jaws. Median 
ages for the formational stages of all the 
teeth in both jaws are given by NOLLA alone 
(1960). On the other hand, HOTZ et al. 
(1956), FANNING (1961), MOORREES et al. 
(1963), HAATAJA (1965) and NANDA and 
CHAWLA (1966) report findings relating only 
to part of the dentition, which means that 
only a partial comparison can be carried out 
between the teeth of the upper and the lower 
jaw. To the extent that comparisons can be 
made, in the light of all the foregoing re-
search results the teeth in the lower jaw are 
seen to form in general earlier than in the 
upper jaw. The same kind of tendency for 
the upper first molars and first and second 
premolars to erupt at the same time as or 
even earlier than the corresponding lower 
teeth can also be perceived in the tooth 
formation process. According to HOTZ et al., 
NANDA and CHAWLA, NOLLA and the pre-
sent investigator, the first molars appear to 
form simultaneously in both jaws. NANDA and 
CHAWLA as well as NOLLA report observing 
that the second molar, too, tends to form 
synchronously in both jaws. In the present 
material, nearly all the stages of crown 
formation of the M2  are earlier in the upper  

jaw. The findings of both NOLLA and the 
present author are in agreement that the 
upper first and second premolars precede the 
corresponding teeth in the lower jaw at cer-
tain formation stages. 

Throughout the entire developmental 
period, according to both the present study 
and the ones published by NOLLA (1960) 
and WEISE and BRUNTSCH (1965), the upper 
wisdom teeth appear to be at a more ad-
vanced stage than the lower ones. GRAVELY 

(1955) reports having detected no differences 
between the formation stages of the upper 
and lower third molars. 

Discussion 

From the results of the best known, per-
haps, of contemporary studies on tooth 
formation (MOORREES et al. 1963), it cannot 
be determined whether differences were 
observed between corresponding teeth in the 
upper and lower jaw or whether, if such 
differences did appear, they were of the same 
general magnitude or varied from one pair of 
teeth to another. NOLLA (1960) does present 
findings relative to teeth in both jaws but, 
unlike MOORREES et al., does not give easily 
grasped age medians and dispersions for the 
different formation stages but for each 
year marks down a number (1-10) cor-
responding to the tooth formation stage of the 
various teeth. The conversion of these num-
bers to represent the stage intended involves 
a certain amount of trouble. Applying find-
ings about American children to Finnish 
children can be done only with reservations, 
especially in view of the fact that marked 
age discrepancies occur in a comparison of 
the results reported by NOLLA and MOORREES 

et al. The findings of the present work show 
that in any determination of the stage of 
tooth formation, observations regarding the 
teeth of the upper jaw cannot be directly 
applied to the teeth of the lower jaw - 
and vice versa. The differences occurring in 
different teeth range from 0 to 1.8 years, 
which means that erroneous estimations of 
considerable magnitude are liable to be made 
unless these differences between the teeth of 
the upper and lower jaws are accurately 
known or unless research data relating to the 
upper and the lower teeth separately are 
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available. Moreover, it should be borne in 
mind that the differences between cor-
responding teeth in the upper and lower jaw 
are not the same at the different stages of 
dental development, but that they vary. 

As the differences between the sexes with 
respect to tooth formation are distinct as far 
as the teeth except the third molars are 
concerned, it would seem reasonable to apply 
separate developmental timetables in dealing 
with the two sexes rather than combining 
the data. The sex differences, which average 
0.6 year, vary from tooth to tooth, the general 
trend of variation being one of an increase 
in the differences with age and more advanc-
ed formation stages. 

The results of the present study give indi-
cations that the dental growth mechanism, 
whatever it might be, and the process of 
tooth formation are correlated. This con-
clusion is supported by the correlation be- 

TABLE 11 

Chionological sequence of alveolar and clinical eruption and formation of teeth, according to age medi- 
ans, in years 

Upper 
Boys Girls 

Alveolar Clinical Tooth Alveolar Clinical Tooth 
eruption eruption formation eruption eruption formation 

Ac -stage Ac -stage 

.0 ci .0 ci - ci 0 ci 0 ci -0 	ci o . 
oC iou 

0. 
o iou . o iou . 

0 
u0 
iou 

0 
00' iO1) 

0• 	1)0 
0 	bit) 

<E  

Mi 5.3 Mi 6.4 (Ii 9.8 Mi 5.3 M1 6.4 Mi 	9.2 
Ii 6.2 Ii 6.9 Mi) 9.8 Ii 6.1 Ii 6.7 Ii 	9.3 
12 7.3 12 8.3 Ii 10.8 12 7.0 Ii 7.8 Ii 	9.6 
P1 9.8 Pi 10.2 Pi 13.3 Pt 9.0 Pi 9.6 Pt 	12.6 
P, 11.1 P2 11.4 C 13.6 C 9.3 P2 10.2 C 	12.7 
C 11.2 C 12.1 P± 14.0 P2 9.5 C 10.6 Ps 	13.4 
M2 11.4 M2 12.8 M2 16.2 Mi 10.3 M2 12.4 Ms 	15.1 
Mi 17.7 Mi 19.5 Mi 17.2 M1 	19.6 

Lower 

Mi 5.3 Mi 6.3 Ii 8.0 Mi 5.0 Ii 6.2 Ii 8.0 
Ii 5.9 Ii 6.3 Ii 9.6 Ii 5.8 Mi 6.3 Mi 9.2 
IS 6.9 Is 7.3 Mi 9.8 12 6.5 12 6.8 12 9.0 
Pt 9.6 Pi 10.3 P1 12.8 C 8.8 C 9.2 C 11.5 
C 9.8 C 10.4 C 13.2 P1 9.1 Pi 9.6 Pi 12.1 
P2 10.3 P 11.1 P2 13.8 Ps 9.2 P2 10.1 P2 12.8 
M2 10.8 Ml 12.2 Ml 15.7 M2 9.9 M2 11.4 M2 14.7 
Mi 18.1 Mi 20.4 Ms 17.7 Mi 20.8 
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tween the early emergence of the teeth 
belonging to the I eruption period and the 
more rapid formation of their roots than 
those of the rest of the dentition. 

EXAMINATION OF THE ALVEOLAR AND 
CLINICAL ERUPTION OF TEETH 

Age medians and graphs 

According to the age medians given in 
Table 5, the teeth have been placed in the 
order of their alveolar and clinical eruption 
(Table 11). The findings show that the first 
molar generally erupts first both alveolarly 
and clinically. Only the I and M1  in girls 
have a tendency to erupt nearly simultaneously 
in the lower jaw. In the alveolar and clinical 
eruption sequence of the girls' maxillary teeth, 
the canines likewise are apt to change the 
order of their appearance. Otherwise, the 
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same sequence prevails in the alveolar and 
clinical eruption of the teeth. 

As for the age dispersion (Table 5 and figs. 
5-36), it may be observed to be somewhat 
narrower in the alveolar (2.4 years on the 
average) than in the clinical eruption (2.9 
years on the average). The dispersion observ-
ed in the alveolar eruption of the wisdom 
teeth (averaging 5.4 years) is in a class by 
itself, being noticeably wider than in the case 
of all the other teeth. 

Examining the graphic results (figs. 5-
36), one will make the general observation 
that the alveolar and the clinical eruption of 
the teeth reveal a close consistency. The 
curves depicting the alveolar and the clinical 
eruption of the teeth conform to the well-
known rules governing clinical eruption. 
In the graphs, the alveolar and the clinical 
eruption of the teeth belonging to the I erup-
tion period will be observed to take place 
within a distinctly shorter range of age dis-
persion than the dispersions characterizing 
the teeth of the II and III eruption periods. 
The clinical eruption follows the alveolar 
eruption very rapidly in the case of the 11s, 
the lower 12s, the lower Cs, PIS and P2s, 
whereas there is an appreciably longer interval 
between these developmental occurrences in 
the case of the upper Is, the upper Cs and 
MIS, M2s and M3s. 

Differences between the sexes 

The sex differences in the alveolar and 
clinical eruption of teeth are presented in 
Table 12. The results reflect the generally 
recognized fact that the teeth in girls develop 
earlier than in boys. In the light of the present 
study, the girls would appear to be on the 
average 0.7 year earlier than the boys in the 
alveolar eruption and 0.6 year earlier in the 
clinical eruption of their teeth. The least 
differences between the sexes in alveolar and 
clinical eruption are shown by the teeth 
belonging to the I eruption period, the MIS 

being most nearly synchronous; the next 
least differences are shown by the 11s, follow-
ed by the Is and the M3s. It is the Cs that 
exhibit the most marked differences between 
the two sexes, the age gap being from 1 to 
1.9 years; and the P's almost fall into the 

TABLE 12 

Sex differences  in alveolar and clinical eruption 
of teeth, in years 

Tooth 

Upper 

Diff. in alveolar 
eruption* 

Diff. in clinical 
eru ption* 

Ii +0.1 +0.2 
12 +0.3 +0.5 
C +1.9 +1.5 
P ±0.8 +0.6 
P2 +1.6 +1.2 
Mi ±0 ±0 
M2 +1.1 +0.4 
Ms +0.5 

Lower 

Ii +0.1 +0.1 
Is +0.4 +0.5 
C +1.0 +1.2 
Pt +0.5 +0.7 
Ps +1.1 +1.0 
Mi ±0.3 ±3 
Ms +0.9 +0.8 
Ms +0.4 

* Earlier occurrence in girls marked by + sign. 

same category with a gap ranging between 1 
and 1.6 years. 

Differences between the teeth of the lower 
and upper jaw 

Comparing the age medians given in ta-
bles 5 and 10 for the upper and lower jaw, 
one will observe the teeth of the lower jaw 
to be generally earlier in their eruption both 
alveolarly and clinically. An exception in the 
alveolar eruption is the third molar, which 
breaks through the bone in the upper jaw 
earlier than in the lower one, and another 
exception is the girls' first premolar, the 
alveolar eruption of which occurs in the 
upper and lower jaw almost simultaneously. 
In the clinical eruption, the sole exception 
appears to be the boys' P1, which emerges 
slightly earlier (0.1 year) in the upper than 
in the lower jaw. The differences between 
the corresponding teeth of the upper and 
lower jaw in their alveolar eruption appear 
to be generally somewhat slighter than in 
their clinical eruption. Although the lower 
teeth generally erupt alveolarly and clini- 
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cally before the corresponding upper ones, the 
M1, P1  and P2  clearly exhibit a tendency to 
erupt almost simultaneously in both jaws. 
This tendency is to be seen in these teeth at 
the time of their alveolar eruption, but it is 
even more clearly in evidence in their clinical 
eruption, when the differences between the 
lowers and the uppers are extremely slight 
(6 0.1-0.3 year and 	0-0.1 year). The 
biggest differences between the teeth of the 
upper and the lower jaw in the alveolar 
eruption occur in the case of the boys' canines 
- 1.4 years - and in the clinical eruption 
the biggest differences involve the Cs of both 
sexes, followed by the 125 and, on the part of 
the girls, the M2s in addition. 

Discussion 

Not much information is available on the 
chronological age at which a tooth undergoes 
the alveolar eruption. GLEISER and Hur'rr 
(1955) report the observation that the 
alveolar eruption of the first molar takes 
place when it has nearly reached the R114  
-stage. GARN et al. (1958) record the age 
medians for the alveolar eruption of the P1, 
P2, M1  and M2, and BENGSTON (1935), draw-
ing on his orthodontic data, for all the teeth 
except the M3s. FANNING (1961) reports that 
the alveolar eruption of the first molar takes 
place when the root formation has reached 
the R113  -stage. Arno et al. (1965) follow 
the progress of tooth eruption from the time 
it begins to move inside the bone toward occ-
lusion until it has achieved occlusion. They 
report an average age period for the entire 
event of a tooth's movement without, how-
ever, differentiating between the alveolar and 
the clinical eruption. This average erupting 
period is the shortest for the first molar 
(about 1.3 yrs) and longest for both pre-
molars and lower canines (about 5 yrs). The 
findings of GLEISER and Hui.i-r as well as of 
FANNING concerning the alveolar eruption of 
the first molar are in agreement with those 
of the present study. BENGSTON'S tables cover 
the ages between 6 and 13 years, which 
means that the data on the I, M1  and M3  
are lacking; besides, the results of the boys 
and girls are combined in his material and the 
medians are given in full years. The values for 
the boys' lower jaw arrived at the present study 

represent an earlier alveolar eruption, whereas 
the values of the upper jaw represent on the 
average 1 year later alveolar eruption. The 
alveolar eruption of the teeth of the girls be-
longing to the present material takes place on 
the average 1.1 yrs earlier than that of the teeth 
in BENOSTON'S combined material. A compa-
rison with the findings of GARN et al. (1958) 
shows that the results of the present study are 
in closer agreement with them than with 
BENGSTON'S. In the light of the present work, 
the alveolar eruption takes place earlier in 
the case of the compared teeth, P1, P2, M1  
and M2. The differences continue to be smal-
ler between the boys than the girls, the prece-
dence of the boys averaging 0.6 year and of the 
girls 0.8 year. The biggest differences on the 
side of both sexes would appear to involve 
the second premolars. Within the average 
periods reported by ANDo et al. (1965), the 
age medians for the alveolar eruption in the 
material of the present study would fall 
generally before the half-way mark. 

Comparing the age medians for the clini-
cal eruption of teeth with the findings report-
ed in various studies published abroad was 
not deemed warranted on any large scale 
because tables of medians have been drawn 
up by the hundreds. Since in the present 
study it was desired, however, to ascertain 
the formation stage of the roots of the 
teeth at the time of their clinical eruption, 
such tables were required; but there was no 
necessity to borrow the tables of others be-
cause they could be obtained from the 
material at hand. Perhaps the best known 
eruption study is HURME'S (1949), with its 
material consisting of over 93 000 white 
children. The age medians for the clinical 
eruption of teeth arrived at in the present 
work are compared with HURME'S mean 
values in Table 13, and, considered in gener-
al, the results of the respective studies are in 
very close agreement. Scrutinized in more 
detail, the medians of the present study are 
seen to be earlier in about 2J3  of the cases, 
by on the average 0.4 year, and later in about 
1/3 of the cases, by an average of 0.2 year, 
than HURME'S corresponding values. In mak-
ing the comparisons, the differences in the 
magnitude of the materials must be taken into 
account along with the fact that medians are 
compared with means. Furthermore, there 
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are indications that teeth are apt to erupt 
nowadays somewhat earlier than 20 years 
ago. A comparison between the studies of 
AINSWORTH (1925) and CLEMENTS et al. 
(1953a) yields the observation that, as CLE-
MENTS et al. point out, in 1953 the teeth 
of English children erupted earlier than in 
1925. LEWIS and GARN (1960) report, in 
addition, that there is a significant correla- 
tion between tooth eruption and sexual matu-
rity - and, according to, among others, 
TANNER (1955), MEREDITH (1959), child-
ren mature sexually at an earlier age now-
adays than before. 

Extensive comparisons with studies on the 
eruption sequence of teeth are not deemed 
called for in conjunction with a research 
project of the present kind, either. Never-
theless, a comparison was made with HuR1's 
(1949) eruption sequence (Table 13, lower 
margin). The table reveals that according to 
Hurme the first molar erupts before the first 
incisor, whereas according to the present 
study the lower first incisor and first molar 
erupt at the same time in boys, but the first 
incisor before the first molar in girls. The 
differences, to be sure, are exceedingly slight. 
According to the results obtained by both 
Hurme and the present investigator, a se- 
quence characteristic of the opposite sexes 
occurs in the II eruption period, when the 
upper first premolar in boys erupts before 
the lower canine, the order being the con-
trary in girls. This is generally the most con- 
spicuous sex difference in the eruption 
sequence, having been observed by the major- 
ity of researchers (WUORINEN 1926, COHEN 
1928, EKMAN 1938, STEGGERDA and HILL 
1942, FULTON and PRICE 1954, IWASAWA 1959, 
CARR 1962, HALIKIS 1962, GATES 1964b, 
HAATAJA 1964, MILLER et al. 1965, etc.) 
HURME finds that the upper second premo- 
lars erupt before the corresponding teeth in 
the lower jaw. The same observation is re-
ported by, among others, DAHLBERG and 
MAUNSBACH (1948), CLEMENTS et al. (1953a), 
and NANDA (1960). According to the find-
ings of the present study, the lower second 
premolars erupt before the uppers in both 
sexes. The same order of eruption on the 
part of these teeth is noted by the Finnish 
investigator WUORINEN (1926), too, whereas 
in EKMAN'S material (1938) it occurs only 

TABLE 13 

Comparison of clinical tooth eruptions according 
to Hurme's data (1949) and this investigation's, 

in years 

Upper 

Hurme Present inves- 
tigation 

Means of Med. of Differences 
eruption eruption 

Tooth Boys Girls Boys 	Girls Boys Girls 

Ii 7.47 7.20 6.9 	6.7 +0.6 +0.5 
12 8.67 8.20 8.3 	7.8 +0.4 +0.4 
C 11.69 10.98 12.1 	10.6 -0.4 +0.4 
P1 10.40 10.03 10.2 	9.6 +0.2 +0.4 
P2 11.18 10.88 11.4 	10.2 -0.2 +0.7 
Mi 6.40 6.22 6.4 	6.4 ±0 -0.2 THE TIT 12.68 12.27 12.8 	12.4 -0.1 -0.1 

ALVE( 
Lower El 

Ii 6.54 6.26 6.3 	6.2 +0.2 +0.1 
12 7.70 7.34 7.3 	6.8 +0.4 +0.5 Table 14 
C 10.79 9.86 10.4 	9.2 +0.4 +0.7 the alveolar 
P1 10.82 10.18 10.3 	9.6 +0.5 +0.6 

+0.8 
1 clinical 	ens P2 11.47 10.89 11.1 	10.1 +0.4 

Mi 6.21 5.94 6.3 	6.3 -0.1 -0.4 medians. W 
M2 12.12 11.66 12.2 	11.4 -0.1 +0.3 mation and 

Sequence of clinical eruption: 

Hurme 6 MI MI Ii Ii 12 12 PjCPi Ps PCMiM 

? MI MI Ii Ii 12 I2CP1 Pi PSP2CM2 Ms 

Haavikko 1 (Ii Mi) M1 Ii Is 12 Pi Pi CPs Ps CMs M 

I11cL1M1I1I2I2Op1P1P2P2c2M2 

among the girls. HAATAJA (1964) reports the 
first molar to be the first tooth to have 
erupted in the upper jaw in 86.3 per cent 
of the boys and 94.7 per cent of the girls in 
his material, whereas the corresponding 
frequency in the lower jaw was 70 per cent 
of the boys and 66.8 per cent of the girls. 
The results yielded by the present study 
agree with those reported by HAATAJA (1964) 
as they relate to the upper jaw - and also 
with respect to the lower jaw, the findings 
of the two studies may be said to be in 
agreement, for HAATAJA mentions that the 
first molar is clearly the first to appear in 
the upper jaw while it is the I that tends to 
make its appearance first in the lower jaw. 
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THE TIME CONSUMED FROM THE 
ALVEOLAR TO THE CLINICAL 

ERUPTION OF TEETH 

Table 14 reveals the time consumed from 
the alveolar eruption of each tooth to the 
clinical eruption estimated according to 
medians. When this part of the tooth for-
mation and movement is considered, the 
process appears to be more rapid in the case 
of all the teeth with deciduous predecessors 
than in the case of the ones not preceded 
by a deciduous tooth and which in addition 
have a larger occlusal surface. The period 
between the alveolar eruption and the clini-
cal eruption of the former teeth lasts on the 
average 0.6 year and of the latter on the 
average 1.4 years in the cases of the first and 
the second molars, and even longer in the 
case of the wisdom teeth, although the age 
medians of their clinical eruption have not 

TABLE 14 

Time consumed from alveolar eruption to clinical 
eruption of teeth, in years 

been tabulated. Also in the case of the teeth 
with deciduous predecessors, differences in 
the consumed times occur. The mandibular 
I, 12  and C pass this period about twice as 
rapidly (0.4 year on the average) as the 
corresponding maxillary teeth (0.9 year on the 
average), whereas the P1  and P2  of the upper 
jaw appear to be somewhat more rapid than 
the corresponding teeth of the lower jaw. In 
the case of the molars there are no clear 
differences between the teeth of the upper 
and lower jaw. It can only be observed that 
the M1  is the most rapid of the molars in its 
growth, followed by the M2, with the M, left 
far behind. 

Discussion 

The results according to which the lower 
L, 12 and C are about twice as fast as the 
corresponding maxillary teeth appear to be 
quite realistic, for the deciduous predeces-
sors are not usually extracted prematurely 
and on the whole have not been affected 
very much by caries. In contrast, with respect 
to the first and second premolars it should 
be borne in mind that their growth is apt to 
be accelerated by possible premature remov-
al or by caries, pulpotomies and periapical 
lesions of the preceding deciduous teeth 
(PARFITF 1954, LAIJTERSTEIN et al. 1962, 
FANNING 1962b, 1964, SCHLEICHTER 1963, Ao 
et al. 1966, O'MEARA 1966), albeit possible 
mesial movement of a first molar is liable, 
again, to retard eruption of the adjacent 
second premolar. 

Tooth Upper 
Boys 

Lower Upper 
Girls 

Lower 

11 0.7 0.4 0.6 0.4 
Is 1.0 0.4 0.8 0.3 
C 0.9 0.6 1.3 0.4 
Pt 0.4 0.7 0.3 0.6 
Ps 0.3 0.8 0.7 0.9 
MI 1.1 1.0 1.1 1.3 
M2 1.4 1.4 2.1 1.5 
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As the present investigator does not know 
of any corresponding studies, there is no 
opportunity to make comparisons along these 
lines. Knowing how much time after the 
alveolar eruption a tooth needs to erupt 
clinically would in many cases be extremely 
important to the pedodontist. Still, the 
possibilities of individual variation must be 
kept in mind, as also the dispersion, which 
in the alveolar and clinical eruption of the 
premolars, in particular, appears (Table 5) 
to be large. 

COMPARISON OF THE SEQUENCE OF 
ALVEOLAR ERUPTION, CLINICAL 

ERUPTION AND TOOTH FORMATION 

In the upper jaw of boys (Table 11), tht. 
alveolar and clinical eruption sequences are 
observed to be the same, but the sequence of 
tooth formation deviates somewhat from 
them. The upper M1, which erupts first 
both alveolarly and clinically, is not the first 
to undergo tooth formation but is synchron-
ous in this respect with the upper first inci-
sor. The upper second premolar erupts 
alveolarly and clinically before the upper 
canine but root formation is completed 0.4 
year later than that of the canine. In girls 
the alveolar eruption sequence P1  C P2  in the 
upper jaw changes in the clinical eruption to 
the P1  P2  C sequence, though the differences 
are very slight, and once more in the A 
-stage of root formation process back to the 
P1  C P2  sequence. In girls the upper M1  
is first in all three events; but the difference 
in relation to the next tooth, the I, is great-
est in the alveolar eruption, diminishing in 
the clinical eruption and becoming only 
nominal (0.1 year) at the A  -stage of tooth 
formation. 

In the lower jaw of boys, the alveolar and 
the clinical eruption sequence was observed 
to be almost the same. The time difference of 
0.4 year between the M1  and the L  in the 
alveolar eruption vanishes and these teeth 
erupt clinically simultaneously. The tendency 
of the lower first incisors to develop more 
rapidly appears in both sexes even more 
clearly in the tooth formation process, the 
lower first incisors being the first completely 
formed teeth and the time difference (1.6 

years in boys and 1 year in girls) in compar-
ison to the next tooth being highly signi-
ficant (p < 0.001, t-test). Chronologically 
second in tooth formation in both sexes are the 
12s, third being the Ms, although the time 
differences between the two lastmentioned 
are not great (0.2 year). In girls the sequence 
M1  I 12  in the alveolar eruption changes 
by a slight margin in the clinical eruption to 
the I M1 12  sequence and, as pointed out in 
the foregoing, in the process of tooth forma- 
tion to I 12 M1. Otherwise, the tooth forma-
tion sequence in girls conforms to the se-
quence prevailing in the alveolar and clini-
cal eruptions. 

Discussion 

The differences between the tooth forma-
tion and eruption sequences would appear to 
be most significant with respect to the teeth 
of the I eruption period, 11s, 12s and M1s. The 
differences between the P2s and Cs observed in 
both boys and girls in the upper jaw are apt 
to be due to such factors as slight impactions 
of the P2  and C or to caries, pulpotomies 
and premature removals of the deciduous 
molars. Therefore the differences between the 
canines and the second premolars, especially 
when these differences do not amount to 
much, ought to be considered taking the 
foregoing factors into account. On the other 
hand, in the lower jaw the sequence of the 
teeth belonging to the I eruption period 
woud seem to to change in both boys and 
girls. The sequence between the alveolar and 
clinical eruption is not invariably the same, 
either, albeit the differences do not appear 
to be very large. Many earlier investigators 
(DRENMAN 1932, WEIDENREICH 1937, SE-
NYUREK 1956) compare the eruption se-
quence observed in fossils to the clinical 
eruption or occlusal-level sequence in modern 
man and arrive at marked differences in the 
eruption sequences. Such discrepancies are to 
a large extent due, as GARN et al. (1957) and 
KosKI and GARN (1957) point out, to the 
fact that most research workers compare the 
alveolar eruption sequence of fossils to the 
clinical eruption sequence in contemporary 
human beings without a knowledge of the 
differences between these sequences. 
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GARN et al. (1957) report as the most 
general alveolar eruption sequence in the 225 
Ohio children comprising Fels material the 
M2  P2  sequence (47 per cent of the boys and 
27 per cent of the girls), which changes to a 
prevailing P2  M2  sequence at the time the 
occlusal level is reached. In the present work, 
the sequence of alveolar eruption was deter-
mined according to the age medians, and no 
attempt was made to catalogue on a percenti-
le basis possibly different eruption sequences 
occurring in the material. 

STAGE OF TOOTH FORMATION AT 
THE TIME OF ALVEOLAR AND 

CLINICAL ERUPTION 

Table 15 gives the age medians for the 
alveolar eruption of teeth, and the root 
formation stages most closely corresponding 
to these ages are drawn from the tooth 
formation table (Table 4). Marked in pa-
rentheses in each instance is the corresponding 
tooth formation age median. The majority 
of the teeth appear to erupt alveolarly at the 
time when the formation of the root(s) is 
half way to completion (R112 ). An exception 
to this general rule are the first molars in both 
sexes: the alveolar eruption of these teeth 
appears to take place when their roots are at 
the R114  -stage of formation. Next come the 
upper 11s, the root formation of which are 
between the R114- and R112  -stages. Attention 
is likewise drawn to the second molars, all 
of which appear at the time of alveolar 
eruption to be short of the R,2  -stage in root 
formation. Most advanced are the canines 
and the wisdom teeth, which have reached 
and to some extent passed the R314  -stage. 
In the case of the other teeth, the 12s, P1s, 
P's, and lower 12s the root formation is 
approximately at the halfway point. 

Table 16 correspondingly gives the age 
medians in the clinical eruption of the teeth 
and the most closely corresponding stages of 
root formation. Marked in parentheses are 
the corresponding age medians. A general 
scrutiny reveals that the majority of the teeth 
erupt clinically when their root formation 
is most nearly at the R314  -stage. The ex-
ceptions to this general rule are similar to 

TABLE 15 

Age of alveolar eruption of teeth and corresponding 
tooth formation stage, in years 

Upper 
Boys 	 Girls 

C; r. C; 

Obo 
..a .c - 

11 6.2 6.2 Ri/s-Ri/s 6.1 Ri/s (6.4) 
(5.7-6.8) 

12 7.3 Ri/s (7.3) 7.0 Ri/s (7.4) 
C 11.2 Rs/4-Re 9.3 Ri/s (9.0) 

(9.8-12.3) 
Pi 9.8 Ri/s (9.5) 9.0 Ri/s (9.4) 
Pi 11.1 R3/4 (11.3) 9.5 Ri/s (9.7) 
Mi 5.3 R1/4 (5.8) 5.3 Ri/i (5.1) 
Ms 11.4 Ri/s (11.6) 10.3 Ri/s (10.9) 
Ms 17.7 Rc (18.1) 17.2 Ri/i (16.6) 

Lower 

Ii 5.9 Ri/s (5.6) 5.8 Ri/s (5.8) 
12 6.9 Rs/4 (7.3) 6.5 Ri/s (6.3) 
C 9.8 Rs/s (9.6) 8.8 Ri/i (8.7) 
Ps 9.6 Ri/s (9.6) 9.1 Ri/s (9.3) 
Ps 10.3 Ri/s (9.7) 9.2 Ri/s (9.6) 
Mi 5.3 Ri/i (5.1) 5.0 R1/4 (5.1) 
Ms 10.8 Ri/s (11.2) 9.9 Ri/s (10.4) 
Mi 18.1 Rs/4 (18.2) 17.7 Ri/i (17.9) 

Figure in parentheses after tooth formation stage 
denotes age median of the stage. 

the ones observed in the alveolar eruption. 
In both sexes the M1s and upper 11s erupt 
clinically at the time the root formation is 
at about the half-way point (R112). Most 
advanced in their formation are again the 
canines, which are closer to the R- than to 
the R3/4  -stage. The 11s, Ps, P2s and lower 11s 
are at the moment of clinical eruption ap-
proximately at the R3/4-stage. The second 
molars have reached and in part passed the 
11314  -stage. No sex differences are to be 
detected in root formation at the time of a 
tooth's clinical and alveolar eruption, nor do 
any consistent differences between the teeth 
of the upper and the lower jaw appear, 
either. 
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TABLE 16 

Age of clinical eruption of teeth and corresponding 
tooth formation stage, in years 

Upper 
Boys 	 Girls 

k C6 

H   ft • H n 
E2  

It 6.9 R1/2 (6.8) 6.7 R1/2-R3/4 
(6.4-7.0) 

12 8.3 R3/4 (8.6) 7.8 R3/4 (8.0) 
C 12.1 B.c (12.3) 10.6 RC  (11.2) 
P1 10.2 R5/4 (10.7) 9.6 R3/4 (10.4) 
P2 11.4 R3/4 (11.3) 10.2 R8/4 (10.5) 
M1 6.4 Ri/s (6.2) 6.4 Ri/i (6.0) 
M2 12.8 R3/4 (12.3) 12.4 R 	(12.5) 

Lower 

Ii 6.3 R3/4 (6.3) 6.2 Rs/4 (6.3) 
12 7.3 113/4 (7.3) 6.8 R3/4 (6.5) 
C 10.4 Rs/4-RC  9.2 R3/4-RC  

(9.6-11.6) (8.7-10.3) 
Pi 10.3 R3/4 	(10.4) 9.6 R1/2-Rs/4 

(9.3-10.4) 
P2 11.1 R3/4 (11.1) 10.1 R3/4 (10.7) 
Mi 6.3 Ri/i (6.0) 6.3 R3/4 (6.4) 
M2 12.2 R3/4 (12.1) 11.4 Rs/4 (11.3) 

Figure in parentheses after tooth formation stage 
denotes age median of stage. 

Discussion 

The best known and the broadest study on 
the root formation stage coinciding with 
the clinical eruption of teeth is the one 
published by GRON (1962). According to her 
longitudinal investigation of the teeth in the 
lower jaw, excepting the third molars, the 
root formation of the first molars and the 
first incisors is at the half-way point (R112 ) 
at the moment of clinical eruption, the 
canines have passed the R314  -stage and the 
rest of the teeth are on the average at the 
R314  -stage. The findings of the present study 
are in close agreement with those reported by 
GRØN, except for the first incisors. According 
to the results of the present study, only the first 
incisors in the upper jaw erupt clinically at 
the time the roots have reached roughly the 
half-way stage in their formation, whereas 
the root formation of the lower first incisors 
is farther advanced at the corresponding time 
and appear to have arrived at the R314  -stage. 
M00RItEES et al. (1963) also report gener-
ally the R314  -stage to be most frequently 
observable when the teeth penetrate the 
mucous membrane. The results of GLEISER 
and Hur (1955) and FANNING (1961) have 
been discussed earlier. 
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Conclusions 

The details of tooth formation are present-
ed in figs. 5-36 and the tabulated age 
medians in table 4. The crown of the teeth 
belonging to the I eruption period is corn-
plated (Cr,) at an age of between 3 and 3.3_ 
4.6 years, the sequence in the upper jaw being 
I M1  '2 and in the lower jaw I I M1. 

These teeth reach the A -stage at an age 
between 8 and 10.8 years, the sequence being 
nearly the same as the foregoing (Table 7). 
The teeth belonging to the II eruption period 
reach the Cr, -stage at an age of 4.1-7.4 
years, and the sequence is C P1  P2  M2. When 
the A  -stage has been reached, the sequence 
has changed to P1  C P2  M2, except in the 
girls' lower jaw, where the sequence is un-
changed, and the age in both sexes ranges 
from 11.5-16.2 years. The crown of the 
wisdom teeth is completed at an age of appro-
ximately 13.3 years and it attains to the A 
-stage at the age of about 20 years. Marked 
differences between the sexes - the girls on 
the average 0.6 year earlier— could be observ-
ed in tooth formation, with the exception of 
the third molars. The sex differences are 
highly specific in the case of the different 
teeth, and they were found to increase with 
age and as later formation stages were reached. 
The formation of the teeth in the lower jaw 
were found to be on average 0.6 y earlier than 
the formation of the corresponding teeth in 
the upper jaw. 

The alveolar and clinical eruption of the 
teeth is presented graphically in figs. 5-36 
and the age medians in table 5. In boys the 
alveolar eruption of the teeth belonging to  

the I and II eruption period occurs between 
the ages of 5.3 and 11.4 years and the clini-
cal eruption between the ages of 6.3 and 12.8. 
The sequence in both occurrences is the 
same, in the upper jaw being M1  I 12  P1  P2  
C M2 ; in the lower jaw, however, C stands 
before P2. In girls the alveolar eruption takes 
place on the average 0.7 year earlier than in 
boys, that is, between the ages of 5.0 and 
10.3 years, and the clinical eruption on the 
average 0.6 year earlier, or between the ages 
of 6.2 and 12.4. In the matter of sequence, 
there are differences between the upper and 
lower jaws among the girls just as among the 
boys. In the upper jaw, P1  erupts before the 
C, while in the lower jaw the canine precedes 
the premolars only in girls (C P1  P2, see 
table 11). The biggest difference between 
the sexes in the matter of eruption involved 
the canines (1-1.9 yrs) and the second 
premolars (1-1.6 yrs). 

The average times involved from the 
alveolar eruption to the clinical eruption of 
teeth are given in table 14. In the light of 
the findings, it may be stated that the teeth 
with deciduous predecessors require less time, 
on the average about 0.6 year, than the teeth 
without deciduous predecessors and which 
further have a larger occlusal surface - 
their period averaging 1.4 years. The wisdom 
teeth require an even longer stretch of time. 
With respect to the rate of growth of the 
upper and lower teeth, differences could be 
observed in addition between the teeth which 
had a predecessor. 

When the chronological sequence of the 
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teeth was compared in their alveolar erup-
tion, clinical eruption and tooth formation 
at the A  -stage (Table 11), the observation 
was made that the sequence did not in-
variably remain the same. The most signi-
ficant changes would appear to involve the 
sequence of the teeth belonging to the I 
eruption period, which sequence in the alveo-
lar eruption is M1  L 12. But in the progress 
toward the clinical eruption, the first incisor 
reveals a tendency to develop more rapidly 
than the other teeth. This tendency on the 
part of the first incisor is even more clearly 
shown in the tooth formation process, in 
which the sequence in the lower jaw has 
significantly changed to I 12 M1  and the 
time difference between the L and '2 

amounts to 1-1.6 years. The same tendency 
is further by the first incisor in the upper 
jaw, too, but not so markedly as in the lower 
jaw. 

The time consumed in the formation of 
the teeth from the Cr, -stage to the A6  -stage 
is reported for the different teeth in table 8. 
On the average, this period lasts about 7 
years in boys and 6.8 years in girls. Compared 
tooth by tooth the girls in the material were 
found to be more rapid than the boys in the 
case of every tooth, except the wisdom teeth. 

The roots were observed to develop at the 
most rapid rate in the teeth of the I eruption 
period (approximately 6 years) and at the 
slowest rate in the second molars and the 
canines (approximately 8.3 years). 

Moreover, the first quarter of root forma-
tion was found to be slower than the next 
three quarters. The stage at which the apex 
closes was also observed to take slightly 
longer than the preceding root formation 
quarters, though not so long as the first 
quarter. 

In general, the alveolar eruption of the 
teeth was found to take place on the average 
at the R112  -stage of root formation. Excep-
tions, however, are the first molars and first 
upper incisors, which have reached only the 
R114  -stage, and the canines and third molars, 
which have arrived, on the average, at the 
R314  -stage. 

The clinical eruption of the teeth was 
correspondingly found to take place, in gener-
al, at the R314  -stage of root formation. The 
exceptions, again, were observed to be the 
first molars and the first upper incisors, 
which had reached only the R112  -stage, and 
the canines, which had passed the L14 -stage 
and had nearly reached the R  -stage. 
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Summary 

The purpose of this study was to shed 
more light on the dental development of 
Finnish children. Chief attention was focussed 
on the process of tooth formation, which was 
investigated using cross-sectional material, 
the age distribution of the subjects ranging 
between 2 and 21 years. In addition, the alve-
olar eruption age and the clinical eruption 
age of the different teeth were determined. 

The correlations between these devel-
opmental events are examined. 

The study is based on roentgenological, 
cross-sectional material, which was collected 
in the years 1965-1968 and comprises 1162 
children, of whom 615 were boys and 547 
girls, all resident in the municipal area of 
Helsinki. 

An orthopantomogram of each child was 
taken, and then the formation stage, alve-
olar eruption and clinical eruption of each 
tooth visible in the orthopantomogram were 
determined. 

In determining the stages of tooth for-
mation, the author applied, slightly modi-
fied, the division originally used by GLEISER 

and Huwr (1955). Twelve stages of tooth 
formation were used for the purposes of the 
investigation, six of them relating to crown 
formation and the other six to root forma-
tion. The correspondence between the roent-
genological and the clinical appearance in 
alveolar and clinical eruption of teeth has 
been discussed by MATTILA and HAAVIKKO 
(1969) and HAAVIKKO and MArTILA (1970) 
in separate publications. 

A computer was used to calculate from the  

data collected with respect to each tooth in 
every half-year age group the cumulative 
percentage of the children in whom each 
given tooth had reached a certain stage of 
formation, erupted alveolarly and erupted 
clinically. The age medians and dispersions 
were determined by linear interpolation from 
the curves drawn between the 10th and 90th 
percentile points, according to the results. The 
results for the left and the right side have 
been combined, since no significant differenc-
es between the medians of left and right sides 
could be found, (p > 0.05). The findings are 
reported separately for the boys and the girls 
and likewise separately for the upper and the 
lower jaw (Tables 4, 5 and figs. 5-36). 

The formation of the roots from the Cr 
-stage to the Ac  -stage appears to take place 
slightly more rapidly in girls than in boys - 
the periods of time being 6.8 and 7 years, re-
spectively. The most time for root formation 
is required by the canines and the second 
molars, the period being between 8 and 9 
years. 

In the formation of the roots the first 
quarter (Cr—R1/ 4) appears to last markedly 
longer than the following three quarters in 
the case of every tooth. 

In the light of the findings, clear sex differ-
ences exist in the development of all the teeth 
except the third molars, the girls being 
earlier. In the rate of tooth formation, the 
girls in the material were found to be on 
the average 0.6 year ahead of the boys, in the 
alveolar eruption of the teeth 0.7 year and 
in the clinical eruption 0.6 year ahead. With 
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respect to the wisdom teeth, no unmistakable 
differences between the sexes could be per-
ceived. The most marked differences between 
the sexes were noticed in the canine teeth. 
On the whole, the sex differences were found 
to be slighter at an early age and at early 
formation stages and to increase at later 
stages and at a more advanced age. 

As for the development of the correspond-
ing teeth in the lower and upper jaw, the lo-
wer teeth were found to develop generally 
earlier than the upper ones, the third molars 
being the exceptions. At the various stages 
of tooth formation, the differences between 
the corresponding upper and lower teeth 
were seen to vary somewhat; but on the 
average the teeth of the lower jaw were 0.6 
year ahead of the uppers. A tendency toward 
simultaneous tooth formation was noted in 
the first molars and first and second premo-
lars. The lower teeth also were generally 
earlier in their alveolar and clinical eruption, 
although the M1, P1  and P2  exhibited a 
tendency to erupt at nearly the same time 
in both jaws. The differences in the alve-
olar eruption appeared to be somewhat less 
marked than in the clinical eruption. The 
most striking differences between correspond-
ing teeth in the upper and lower jaw were 
found in the canines, followed by the laterals. 

The correlations between the different 
occurrences were obtained by making com-
putations from the results. These correla-
tions are presented in the final section of the 
paper. The time needed by the different 
teeth to proceed from the alveolar to the 
clinical eruption is given in tabulated form. 
This time was observed to be distinctly  

shorter in the case of the teeth preceded by 
deciduous teeth (0.6 year, on the average), 
although differences between these teeth do 
exist. In the case of the teeth without any 
deciduous predecessors and with a bigger 
occlusal surface in addition, the time con-
sumed from the alveolar eruption to the 
clinical eruption was found to average 1.4 
years. The corresponding span for the wisdom 
teeth was even longer. 

A comparison of the alveolar eruption, 
clinical eruption and tooth formation (Ac  
-stage) sequences made it clear that the 
sequences characterizing these various devel-
opmental processes are not always the same. 
The differences between the alveolar and 
clinical eruption sequences were found to be 
somewhat smaller than the differences be-
tween them and the tooth formation 
sequence. 

In conclusion, the stage of tooth forma-
tion was investigated at the time of alveolar 
and clinical eruption. In the light of the 
findings, the tooth formation stage at the 
time of its alveolar eruption appears to be 
generally at approximately the R112  -stage, 
although the first molars and first upper in-
cisors are at the R114- and the canines and 
third molars on the average at the R314  -stage. 

At the time of their clinical eruption, teeth 
are most usually at the R314  -stage of their 
formation. Exceptions to this rule, too, are 
the first molars and first upper incisors, 
which were observed to erupt clinically at an 
earlier period, namely, the R112  -stage. The 
canine teeth were found to have passed 
the R314  -stage and nearly arrived at the 
R -stage. 
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