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PREFACE 

After graduating from the University of Otago Dental 

School, I spent four years in private dental practice in 

Wellington, New Zealand. In 1953, I received an appointment 

as an Intern at the Forsyth Dental Infirmary, Boston, 

Massachusetts, U.S.A., and since 1958, have served as an 

Instructor in Dental Medicine at the Forsyth Dental Infirmary 

and the Harvard School of Dental Medicine. Half of my time 

has been devoted to research in the Anthropology Department 

at Forsyth. In addition, I have continued to practice and 

teach pedodonties as an Instructor in the Forsyth Clinic. In 

this last capacity I have lectured in the Forsyth Postgraduate 

Programmes and also at the Harvard School of Dental Medicine. 

For the past six years I have given a course in Operative 

Dentistry and Dental Materials at the Forsyth School for Dental 

Hygienists. 

The investigation of tooth formation and root resorption 

was initiated in 1954 under a Research Fellowship at the 

Forsyth Dental Infirmary and an additional Fellowship Grant 

from the P.E.O. Sisterhood of University Women. The latter 

was extended a further year. Subsequently, the work was con

tinued, supported by a Milton Fund Fellowship in Maternal and 

Child Health at the Harvard School of Public Health (1956-57), 

a Research Fellowship at the Forsyth Dental Infirmary (1957-58) 
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and a Research Grant from The National Institutes of Health 

(D.743) (1958-60). The £inaneial assistance from these 

di.fferent sources, which was so generously given to me over 

the period from 1953 to 1960, made it possible to complete this 

stu.dy. 

I am grateful for the guidance and encouragement that I 

have received from Dr. C. F. A. Moorrees, Associate Professor 

of Orthodontics, Forsyth Dental Infirmary-Harvard School of 

Dental Medicine, and Chief of the Orthodontic Department at 

the Forsyth Dental Infirmary. In addition, Dr. E. E. Hunt, Jr., 

Lecturer on Anthropology and Research Fellow in Physical 

Anthropelogy, Peabody Museum, Harvard University, and Associate 

in Anthropology at the Forsyth Dental Infirmary, has given 

valuable advice in the statistical treatment of the data. 

Dr. R. B. Reed, Associate Professor of Biostatistics at the 

Harvard School of Public Health, was responsible for the 

technique of statistical analysis of the data by the probit 

method. 

The Forsyth Dental Infirmary has provided me with the 

opportunity of furthering my education and of participating in 

the dental research that is carried out in the institut!on. 

The staff has been most helpful to me and all facilities of the 

Infirmary have been at my disposal. I am deeply indebted to 
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the late Dr. H. M. Marjerison, form.er Director, and to 

Dr. J.B. Macdonald, the present Director, for the privilege 

of being associated with the Forsyth Dental Infirmary. 

140 The Fenway 
Boston, Massachusetts 
U.S.A. 

Elizabeth A. Fanning 
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I. INT~OOOCTION 

Variability of growth and development in children 

The growth of children is so highly varied that a statement 

of chronological age alone may be a vague and even a misleading 

method of describing their developmental status, because it 

gives no indication whether a child is advanced or retarded 

for his age. For the purposes of diagnosis, treatment planning 

and analysis of the results of treatment in orthodontics, 

endocrine pathology, Grthopaedies and the other branches of 

dental and medical science, a more exact appraisal of the 

individual is required than is obtained from a simple rating 

of chronologic age. 

Physiologic age 

In order to obtain a better rating of the individual, the 

concept of physiologic age was formally defined by Crampton (1908), 

in association with Boas, who used signs of pubescence in boys 

as a measure of their developmental maturity. 

The systems now utilized for developmental age assessment 
-

include the skeleton'" the dentition, somatic measurements 

(height and weight) and the secondary sex characters. In 

additien, Simon (1959) de-fined a developmental age concept for 

intelligence and a readiness to enter school on the basis of 
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children's body build. Simon concluded that children of equal 

chronologic age may be in different maturational stages of body 

configuration and that their relative maturity can be reliably 

determined by inspection of either the .face or body. Many 

behavioural variables may also be included, as shown by the work 

of Olson and Hughes (1943) in Michigan. These investigators 

collected longitudinal data on children and related the findings 

to the effects of environmental perturbations, social relation

ships and maladjustment, and achievement in school subjects, 

and secured evidence on social and emotional behaviour as an 

aspect of total growth. 

One of the basic objectives in the assessment of 

physiologic age is the recognition of the range of normal 

variation, to exclude those that are "abnormal", or deviate 

markedly from the average. For this purpose appropriate norms 

of various tissue systems are required. Such norms must be 

obtained from adequately large samples and be calculated for 

the sexes separately • .At the present time norms are available 

in the form of atlases for the hand and wrist and for the 

knee, charts for height, weight and stages of sexual maturation; 

tables for times of tooth emergence and tooth shedding; stages 

of root resorption and tooth formation. 

The tooth formation norms in common use have limited value, 

because no distinction was made between the sexes, the sample 

size was small, or the analytic methods were unsatisfactory. 
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Developmental age assessment by means of tooth emergence 

The teeth have been a convenient means of assessing age 

since early times, evidenced by the old proverb "No man ought 

to look a gift horse in the mouth." Last century You.att (1834) 

published a paper on estimating the age of calves and cattle 

by means of the teeth. Formerly, the horns of the cattle had 

been studied, but the teeth proved to be more reliable for this 

purpose. Youatt observed that the appearance of the dentition 

of the newborn calf varied, depending on the gestation period 

of the animal~ Sometimes no teeth were present at birth, or 

the central incisors had emerged to a greater or lesser extent. 

At the age of 2 • .5 years the animal had a full set of temporary 

teeth and at 6 years a full complement of permanent teeth. 

The use farmers made of tooth development for determining 

age in animals, suggested-to Thomson {1836-37), an authority on 

medical jurisprudence at London University, that the age of 

children might also be assessed by the emergence of their teeth. 

Thomson proposed that physiological age, ascertained by means 

of tooth emergence, would be of value to judge whether young 

children, accused of capital crimes, should be held responsible 

and punished. According to English law, crime could net be 

legally committed when a child was less than 7 years old, and 

it was often cri tioal to ascertain accurately the age of a ·· 

precocious child, stated to be younger than ?yea:rs by its 

parents, in an attempt to have their child escape punishment. 



The presence, or absence, of the perm.anent first molars, which 

appear in, the mouth about the seventh year, was suggested by 

Thomson as the most suitable criterion. Thomson stated that 

the age o.t' children's skeletons could be obtained by the same 

method. 

Samilarly, Saunders (18J?) advocated tooth emergence for 

determining the age o.t' children employed in factories. In 

an address to the British parliament on the enforcement of 

certain child labour laws, he suggested that tooth emergence 

was a more accurate method than noting height and muscular 

development, which, formerly, had been considered the best 

criteria for judging the age of a child. 

Saunders stated "growth and maturation of the rest of 

the body may be checked, but the teeth, as if belonging to 

another and separate economy, are uninflue~eed by any of these 

modifying influences to anything like the same extent, and become 

~eveloped according to a law of their own. This affords a strong 

argument in favour of the teeth as a test where uniformity and 

constancy of development are required. This method places 

fraud beyond the verge of possibility. tt 

After examining the dentitions of several thousand 

children, whose chronologic age was known, Saunders prepared 

tables of .the ages at which the permanent teeth emerge. He 

thereby provided a method for assessing the age of a child, 

even though the parents might give incorrect information and 
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the child might be taller or shorter than the average child 

of his age. 

It is interesting to note that the reports of Thomson 

(18J6-J7) and Saunders (18J7) contained no reference to the 

individual variation in the ages at which the permanent teeth 

appear. 

An increasing number of investigators have appreciated 

the value of dental development as a means of asses.sing 

physiologic age, so that tooth formation, alveolar and 

gingival emergence, root resorption and the shedding of 

deciduous teeth have been studied in greater detail. 

The deciduous teeth may be used as a measure of 

physiologic maturity during their short time span of 

emergence. or for a longer time period. if root formation, 

resorption and shedding are also considered. Meredith (1946) 

carefully analysed the findings from 22 studies on the 

emergence of the deciduous teeth in North·Ameriean White 

children and integrated these findings in a series of con

clusions regarding the sequence and mean age of emergence. He 

found that males are advanced in emergence, from the first 

deciduous tooth to the last one. M?reover, tooth. emergence 

during the first postnatal year occurs later in infants born 

prematurely than in those born at term. 

Falkner (1957) presented means, as well as the .5th and 95th 

percentile levels tor the total number of teeth present in the 
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mouth from 1 month to 3 years of age, in a sample of 200 

London children, studied longitudinally. He found that 

children with advanced emergence were consistently smaller, 

as indicated by their recumbent length at each age. Although 

Acheson and Hewitt (19.54) have shown that retardation in 

skeletal status is correlated to some extent with a similar 

retardation in height, no such relationship was found between 

skeletal maturity and the emergence of the deciduous dentition. 

Falkner (19.57) states that there is growing evidence that the 

deciduous dentition "appears nonchalantly independent of most 

usually correlated developmental processes." 

It is clear that the emergence of the permanent teeth, 

investigated in a wide variety of races, is a maturational 

indicator between the ages of 6 and lJ years, and that it is 

related ta some extent to other growth changes, including 

sexual maturity. Spier (1918), Wallis (1931), Shuttleworth (1939) 

have shown that there is a. small, positive relationship between 

the permanent dentition and merphological advancement, as···· 

indicated by skeletal maturity and height. 'l'almers (19.52) 

.round that sexually advanced children are earlier iri second 

molar emergence.· Garn, Lewis, Koski and Polacheck (19.58) 

report a fair to good correlation between second molar emergence 

in girls and the age of menarche. 

Hurme (1948, 1949, 19.57) has reviewed the best statistical 

material. on the emergence of the permanent teeth, representing 
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data on 100,000 children, and he has published standards, 

including the variation observed, for the emergence of all 

classes of permanent teeth, excepting the third molar. 

Individual variation is surprisingly large, the 95,per cent 

range being 3 years for the first molars and incisors and 

increasing to 6.5 years for the premolars. There is a marked 

sex difference, females being in advance of males for all teeth, 

with the largest difference being found in the canine. Hurm.e's 

figures for the plus a.,d minus li....uits of two standard dev~ations 

from the mean are of interest. In estimating the dental age, 

this range, which includes 95 per cent of the sample studied, 

provides upper and lower limits, the occurrence of anything 

beyond being distinctly unusual • 

Tooth eruption and emergence 

In this context tooth eruption refers to the movement of 

the toothduring development. Under normal conditions eruption 

begins shortly after the root commences to form, and it ends 

when the tooth is in occlusion. Emergence is the piercing of 

the oral mucosa by the tooth so that it becomes clinically 

visible. 

When studying tooth emergence, a distinction is made 

between alveolar and gingival emergence. The former relates 

to the appearance of the tooth crowns through the alveolar bone, 

and the latter to the appearance through the gingival tissues 
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into the mouth. Teeth which are early in alveolar emergence 

may be late in gingival emergence. Garn, Koski and Lewis (1957) 

found that it is rather common for the mandibular seeond molar 

to precede the second premolar in alveolar emergence; yet this 

sequence may be reversed in gingival emergence. With the second 

molar, there may be a time interval between alveolar and 

gingival emergence, so that the teeth, though protruding through 

the alveolar bone, remains for a long period covered by the soft 

tissues. Alveolar emergence for the second premolar, on the 

ether hand, is quickly followed by gingiva.1 emergence. The 

sequence of calcification and emergence of the permanent teeth 

is not constant within an individual. Therefore, it is 

hazardous to guess from the sequence at one age, what the 

probable sequence would be at another. 

Emergence, as commonly determined from skeletal material, 

refers to alveolar emergence, whereas emergence for living 

individuals ordinarily refers to the tooth breaking through 

the gingival tissues. 

Limitations of tooth emergence £or assessment of physiologic age 

Although tooth emergence is a convenient method for age 

assessment, there are certain factors which limit its values 

Emergence is a single and fleeting event in the long develop~ 

mental sequence of the tooth, and, once accomplished, it may

be difficult to decide exactly when the event took place. 
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Physiologic age, determined by tooth emergence, will be based 

upon the appearance in the mouth ot one, or at best a few teeth, 

and the chance that the time of inspection coincides with the 

actual moment of emergence is, as a rule, small. Accordingly, 

it is frequently impossible to make an accurate assessment of 

the child's deatal age by this method alone. 

Grewel (1935) states that the emergence of the tooth occurs 

towards the end of its development, and the emergence sequ.ence 

may be influenced considerably by exogenous factors. Lurie (1924) 

lists the various factors which cause delay in tooth emergence 

as foll&ws: infection i:n a deciduous tooth, injury which may 

derange the :nerve and blood supply, a supernumerary -tooth in 

the path of the erupting tooth which may obstruct growth in 

the proper direction, malposition of the permanent tooth, the 

presence of a cyst or tlllll.our. Lack of space in the arch is a 

further factor physically preventing emergence. 

One of the main disadvantages of utilizing emergence data 

is that extraetion of a deciduous tooth may affect the appearance 

time of the permanent successor (Stones, Lawton, Bransby and 

Hartly, 1951; Leslie, 1951, Godeny, 1952; Adler, 1956). Likewise, 

extraction of the permanent first and second molars causes the 

third molars to emerge earlier than usual (Colyer, 1910; Bjork, 

Jensen and Pal.ling, 1956; Fanning, unpublished data.). 

- Acceleration in premolar eruption has been shown to occur 

due to a pathological lesion at the apical area of a deciduous 
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precursor (Moyers, 19.58). 

Leslie (19.51) reports that restorative treatment of 

deciduous molars in the majority of New Zealand children has 

resulted in few extractions and maximum retention of these teeth. 

As a consequence, New Zealand child.rent when related to English 

children, are retarded in dental development in the premolar 

region, though a<!lvanced in anterior tooth eruption, and in 

weight and stature. It is suggested that there may be a higher 

frequency of extraction of deciduous molars in English children, 

causing the mean age for premolar emergence to be earlier than 

for New Zealand children. Cattell (1928) emphasizes that a 

change in the sequence of emergence occurs commonly and this 

may change the apparent dental age considerably. A single 

tooth emerging out of sequence may increase the dental age, 

and the next tooth to emerge may actually lower it. 

Assessment of dental age by tooth formation 

A preferable method for assessing dental age is by studying 

tooth formation. This process seems not to be in.f'luenced as 

markedly as emergence by exogenous factors and other advantages 

of its use may be listed as follows: 

1. Assessment of dental age is possible from birth until 

the third molar is completed at 20 years of age approximately. 

2. Dl.lring the greater part of childhood and. early 

adolescence, all the teeth in different stages of formation 

are available for study. The span of development of the teeth 
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differs,tor example, the perm.anent mandibular .first incisor in 

females is eompleted in eight years. The formation of the 

permanent mandibular second molar and maxillary canine in males, 

on the other hand, takes place during a thirteen or fourteen 

year period. 

J. Each tooth can be observed for a long time span from 

the beginning of crown formation to the closing ef the root apex. 

Root resorption for developmental age assessment 

Root resorption of the deciduous teeth is a useful addition 

to the available methods of determining developmental age in 

children from approximately four to twelve years of age. Although 

active resorption may be followed by periods of rest, there is 

a definite sequence, beginning with resorption of the root apex 

and ending with the shedding of the crown. Root resorption may 

be thought of as being comparable to senescence, or aging, a 

phenomenon, described by Andrew (19.52), which is subject to 

considerable individual variation, but the character of its 

changes is seen to be similar in many instances, not only £rom 

individual to individual, but even among different species of 

mammals. 

Combined with the study of the formation of the deciduous 

and the permanent teeth, root resorption completes the develoP

mental history of the dentition. 
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II. A REVIEW OF THE LITERATURE 

Tooth formation 

The early investigations of tooth formation were based on 

gross inspection of anatomic sections and foetal, infant and 

children's skulls, often of unknown age (Hunter, 1771; Fox, 1803; 

Bell, 1830; Maury, 1843; Tomes, 1859). 

In 1771, Hunter described the early stages of tooth 

calcification as .follows: "The beginning of ossification is 

by one point, or more, according to the kind of tooth. In the 

incisores, it is generally by three points, the middle one being 

the highest, and the first that begins to ossify. The cuspidatus 

begins by one point only, the bicuspid by two, one external, 

which is the first and the highest, and the other internal. 

The molares, either in a child, or an adult, begin by four or 

five ossifications, one on each point, the external always the 

first. Where the teeth begin to essify at one point only, that 

ossification gradually advances till the tooth is entirely com

pleted; but if there are more than one point of ossification, 

each ossification increases till their bases come in contact 

with one another, and there all unite into one; after which they 

advance in growth as one ossification." 

In the nineteenth century, histologic findings were also 

added to the existing knowledge of the subject. Information 

was gained especially of the early stages of tooth development 
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and the topographic relationship between the tooth germs and 

the surrounding and adjacent structures of the jaws (Robin and 

Ma.gitot, 1861; Legros and Ma.gitot, 1880; Abbott, 1893; 

Broomell, 1902; Broomell and Fischelis, 1910; Rauber-Kopsch, 1922; 

Beust, 1928; Swanson, 1931; Aoki, 1933; Logan and Kron.f'eld, 1933; 

Beust, 1934; Sehour and Ma.ssler, 1940; Diamond and Weinmann, 1940; 

Sohour and Massler, 1941; Diamond, 1944; Sognnaes, 1954 and 

Kraus, 1959). 

After Rontgen 1s discovery in 1895 of the particular 

properties of rays emanating from the antikathode, or anode, of 

a vacuum tube, the use of radiographs opened up an entirely new 

avenue for investigating the growth and development of the teeth 

and jaws. It became possible, by this radiographic technique, 

to actually examine the developing teeth within the bone. Another 

important advantage of this method was that accurate data of age 

and sex could be obtained in living persons. 

Symington and Rankin (1908) were among the first to utilize 

the new tool for the study of dental development. They divided 

the heads of cadavers in the mid-sagittal plane, removed the 

soft tissues in the regions of the jaws and made a series of 

radiographs of one adult and eighteen children, ranging in age 

from birth to sixteen years. Colyer (1910) prepared a chronology 

of tooth formation based partly upon Symington and Rankin's Atlas 

0f Skiagrams (1908), and also upon inspection of skulls from 

the odontelogical collection of the Royal College of Surgeons 

in London. 
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Combined radiographic, histologic and gross ana.tomie 

studies of tooth development were subsequently made, the 

advantage being that the radiographic interpretation could be 

compared with the dissected specimen (Bustin, Leist and Priesel, 

1929; Hess, Lewis and Roman, 1932; Aoki, 1933; Logan and Kronfeld, 

1933; Kronteld, 1935a, 193.5b, 1935e; Joseph, 1940 and Diamond, 1944). 

The use 0£ data obtained from dead children was criticized 

by Todd (1931), who maintained that such evidence was largely 

a measure of de£ecti ve growth. He said "No one would deny that 

disease does not have some detrimental effect upon growth and 

development. A dead child is a defective child in whc:m there 

has occurred an interruption or a prohibition of developmental 

growth for some time before death, unless, of course, death is 

due to an acute disease like intusseption or pneumonia or to 

accident such as iajury or burns. The interpretive study of 

skulls must be tempered by recognition of this fact. If we are 

to investigate healthy skulls we must do it on the living." 

Broadbent (1941) confirmed Todd's view and said that the 

stu<dy of teeth based on the measurement of dead ohildren of 

different ages with unknown heal th records supplies only 

fragmentary information, while standardized roentgenograms of 

healthy, living individuals, examined longitudinally, provide 

the only satisfactory record £or developmental studies. 

Radiographic studies of tooth formation in living children 

ean be divided into two categories, namely: 
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1. Cross-sectional investigations (Bustin, Leist and 

Priesel, 19J2; Aoki, 193J; Bengston, 1935; Demisch and 

Wartmann, 1956; Sarnas, 19.56'.; Boulanger, 1958). 

2. Longitudinal studies (Broadbent, 1937 and 1941; 

Pinney, 1939; Campini and Urquijo, 1946; Nolla, 1952; Gleiser and 

Hunt:, 19.55; Garn, Lewis and Shoemaker, 1956; Garn, Koski and 

Lewis, 1957; Garn and Koski, 1957; Koski and Garn, 1957; 

Shumaker, 1957; Garn, Lewis and Polaeheck, 1958; Garn, Lewis, 

Koski and Polacheok, 1958; Garn, Lewis and Polaeheck, 1959; 

Garn, Lewis and-Polaeheek, 1960). 

A brief swnmarization of published data on the formation 

of the deciduous and permanent teeth is presented in Table 1. 

While all the reports cited provide valuable information, 

inspection of Table 1 shows that many authors fail to give com

plete and necessary details regarding their method of analysis 

and the material studied. The pertinent information reported 

by these investigators is presented in Tables 2, J and 4, 

arranged for convenience in the following manner: 

The chronology of the completion of the formation of the 

deciduous crowns and roots, in months or foetal weeks (Table 2). 

The chronology of the commencement of crown calcification 

of the permanent teeth, in months or foetal weeks (Table J). 

The chronology of the completion of crown and root 

formation of the permanent teeth, in years (Table 4). 

It will be seen that large discrepancies exist in the 
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Investigator 
and year 

> 

)' Hunter, J. 

\ 
1771 

,-, Fox, J. 

-'--
180; 

Bell, T. 
18;0 

) Maury, F. 
184'.3 

> Tomes, J. 
1859 

Robin, C. and 
E. Magitot 

'.( 

1861 
r 

1 

Peirce, C.N. 
'! 1877 
,-

Legros, c. and 
,_, E. Magitot 

( 1880 

,--

>-

Black, c.v. 
188; 

-~ 
,,, Peirce, C.N. 

1884 
--
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Table 1. Previous studies of the formation 

of the deciduous and permanent teeth 

1771-1884 

Material Method Size of 
sample 

Skulls Gross Not 
inspection reported 

Skulls Gross Not 
inspection reported 

Skulls Gross Not 
inspection reported 

Skulls Gross Not 
inspection reported 

Skulls Gross Not 
inspection reported 

Skulls, foetuses, Gross Not 
domestic mammalia inspection and reported 
and reptiles histologic 

sections 

Based on data of Not reported Not 
Magitot and Tomes reported 

Embryos and Histologic "Consider-
children sections able 

number" 
One 
specimen 
of each 
age 

Not reported Not reported Not 
reported 

Not reported Not reported Not 
reported 

Sex and age 
of sample 

Not 
reported 

Not 
reported 

Not 
reported 

Not 
reported 

Not 
reported 

Not 
reported 

Not 
reported 

Sex not 
reported 
Embryos 
7-28 weeks 
and birth 
to 12 years 

Not 
reported 

Not 
reported 
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Continuation of table 1 

--/ 1888-1910 

.) 

Investigator Material Method Size of Sex and age 
and year sample e:f sample 

Peirce, C.N. Not reported Not reported Not Not 
1888 reported reported 

:, Abbott, F. Children Histologic Two Not 
1893 sections reported 

New-born 

.\ Broomell, I.N. Teeth, skulls of Gross Not Not 
,\ 1902 embryos and inspection and reported reported 

0 
children histologic 

sections 

Tomes, c.s. Skulls Gross Not Not 
and Nowell, W .s. inspection reported reported 

.\. 1966 

Black, G.V. Not reported Not reported Not Not 
1908 reported reported 

Symington, J. Skulls Radiography 19 11 males 
) and from 1 month 

J,C. Rankin to adult. 
1908 $ females 

,f from birth 
,· to 16 years 

'~ Cavallaro, J. Not reported Not reported Not Not 
... 1908 reported reported 

;.. Colyer, J.F. Skulls Gross Not Not 
r 1910 inspection and reported reported 

radiography" 

(- Tomes, c.s. Based on data. Not reported Not Not 
1914 of Rose reported reported 

>-

Robint P. Not reported Not reported Not Not 
1915 reported reported 

,', 

Broomell, I.N. Teeth~ embryos Gross Not Net 
and and children inspeetion and reported reported 
P. Fisehelis histologio 

.,. 1910 sections 
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Investigator 
and year 

R~uber-Kopsch 
1922 

Thoma, K.H. 
1923 

Brady, W.J. 
1924 

Bustin, E., 
M. Leist and 
R. Priesel 
1929 

Swanson, J.H. 
1931 

Churchill, H.R. 
1932 

Hess, A.F., 
J.M. Lewis and 
R. Benjamin 
1932 

Aoki, T. 
1933 

·-18-

Continuation of table 1 

1922-1933 

Material 

Not reported 

Not reported 

Not reported 

Skulls 

Teeth 

Not reported 

Skulls 

Skulls and living 
children 

Method 

Not reported 

Not reported 

Not reported 

Gross 
inspection and 
radiography 

Histologic 
sections 

Not reported 

Gross 
inspection and 
radiography 

Gross 
inspection, 
histologic 
sections, and 
radiography 

Size of Sex and age 
sample of sample 

Not Not 
reported reported 

Not Not 
reported reported 

Not Not 
reported reported 

Not Not 
reported reported 

3 weeks to 
5 years 

266 Not 
permanent reported 
teeth 

Not Not 
reported reported 

5 Not 
new-born reported 
and other Birth to 
children 12 years 
of un-
reported 
number 

80 foetuses Not 
160 reported 
children 

Logan, W.H.G. Skulls 
and R. Kronfeld 

Gross 25 Not 
reported 
Birth to 
15 years 
(19 under 
2 years) 

1933 
inspection, 
histologic 
sections, and 
radiography 
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Continuation of table 1 

1934-1939 

Investigator Material Method Size of Sex and age 
and yea:r sample of sample 

Beust, T.B~ Not reported Not reported Not Not 
1934 reported reported 

y Kronfeld, R. Skulls Gross 30 Not 
1935a inspection, reported 

,\ histologic Birth to 
.\ sections, and 15 yea:rs 

-' 
radiography 

Bengston, R.G. Living children Radiography 700 Not 
1935 reported 

5.5-13.5 
\ yea:rs 
1_ 

' Rose, C. Not reported Not reported Not Not 
CJ 1935 reported reported 

Broadbent, B.H. Living children Serial 1,000 Not 
' 1937 and young adults radiography reported I 

9 to 20 
yea:rs 

;1 

'/ Pinney, 1.c. Living children Serial 25 Males 
1939 radiography 47-160 

" months 

' Kronfeld, R. Skulls and teeth Histologic 50 skulls Not 
r- and I. Schour sections and 600 reported 

! 1939 teeth 

Joseph, Y. Skulls Radiography 9 Not 
,-- 1939 reported 

Birth to 
8 months 
Birth ta- 18 
yea:rs 

1-
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Investigator 
and year 

Material 
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Continuation of table 1 

1940-19.52 

Method Size of 
sample 

Schour, I. Modified data of Logan and Kron!eld 
and M. Massler 
1940 

Diamond, M. 
and 
J.P. Weinmann 
1940 

Skulls 

Broadbent, B.H. Living children 
1941 and young adults 

Sehour, I. 
and M. Hassler 
1941 

Hassler, M., 
I. Schour and 
H.G. Poncher 
1941 

Diamond, M. 
1944 

Not reported 

Deciduous and 
permanent teeth 

Skulls 

Histologie 
sections 

Serial 
radiography 

Not reported 

Histologic 
sections 

Gross 
inspection and 
histologic 
sections 

Not 
reported 

5,000 

Not 
reported 

1,000 

Not 
reported 

McCall, J.O., Modified data of Logan and Kron!eld 
ad S.S. Wald 
1952 

Sex and age 
of sample 

Not 
reported 

Not 
reported 
Birth to 
20 years 

Not 
reported 

Not 
reported 

Embryos 
4-7 months. 
Postnatal 
material 
birth - 5 
years. 
Human skulls 
7 months in 
utero to 
5.5 years 
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Continuation of table 1 

1946...;1957 

Investigator 
and year 

Material 

Campini, A.L. Living children 
and C.A. Urquijo 
1946 

Arey, L.B. Not reported 
1946 

Brauer, J.C., Not reported 
L.B. Higley, 
M. Massler and 
I. Sehour 
1947 

Nella, C.M. 
1952 

Living children 

Gleiser, I. Living children 
and 
E.E. Hunt, Jr. 
1955 

Garn, S.M. , Living children 
A.B. Lewisand 
D. W. Shoema'ker 
1956 

Demisch, A. and Living children 
P. Wartmann 
1956 

Sarnas, K.V. 
195~ 

Garn, S.M., 
K. Koski and 
A.B. Lewis 
1957 

Living children 

Living children 

Method 

Serial 
radiography 

Not reported 

Not reported 

Serial 
radiography 

Serial 
radiography 

Serial 
radiography 

Radiography 

Radiography 

Serial 
radiography 

Size of 
sample 

79 

Sex and age 
of sample 

Not 
reported 

Not Not 
reported reported 

Not 
reported 

50 

50 

359 

151 

194 

255 

Not 
reported 

25 males, 
25 females 
25-277 months 

25 males, 
25 females. 
Birth - 11.5 
years 

1 month - 15 
years 

81 males, 
70 females. 
8-16 years 

99 males, 
95 females. 
8.0-12.9 
years 

Birth - 18 
years 
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Continuation of table 1 
-'\ 

1957-196o 
:,. 

Investigator Material Method Size of Sex and age 
and year sample of sample 

" Shumaker, D.B. Living children Serial 26 Not 
1957 radiography reported 

3-12 years 
·, 

Garn, S.M., Living children Serial 255 1-16 years 
-', A.B. Lewis, radiography 
·' K. Koski and 

:\ 
D.L. Polacheek 
1958 

Garn, S.M., Living children Serial 255 1-16 years 
,A.B. Lewis radiography 

). and A.B. 
\ 

Polacheck 
1958 

' 
.>-

Boulanger, G. Living children Radiography 298 148 males, 
1958 150 females. 

6-11 years 

Garn, S.M., 1,1.;.v1;tq children Serial 255 1-16 years 
A.B. Lewis radiography 
and 
A.B. Polacheck 
1959 

Kraus, B. Embryos His to logic 95 Not reported 
1---, 1959 sections 8-18 weeks 

I 
Garn, S.M., Living children Serial 170 1-16 years 
A.B. Lewis radiography 

;--- and 
A .. B. Polacheck 
1960 
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findings of different investigators. Many authors fail to 

distinguish between males and females, maxillary and mandibular 

te~th, so that, for instance, one age is given for the 

formation of both the maxillary and mandibular teeth of males 

and females combined. The sample size is often not indicated, 

and in most instances no mention is made of the degree of 

variation which can be expected to occur. Hellman (192Ja) says 

that dental development is a physiological manifestation, and 

that the range of biologic variation must therefore be taken 

into consideration. Brauer and Bahador (1942) emphasize that 

in a study of growth and development, there is considerable 

range in which a child's development ma.y be within "normal 

limits." It can be expected that an equal, or similar, range 

of biologic variation exists in the formation and eruption of 

the teeth. 

Garn, Lewis and Polacheck (1958) question the accuracy 

of the early calcification tables of Peirce (1884), Black (1908), 

Legros and Magitot (1880) and point out that ranges of individual. 

variation are almost totally lacking. They state that most 

contemporary references to tooth formation, and the variation 

of tooth formation, are derived from the studies of Logan and 

Kronfeld (1933) and the table published by Kronfeld (1935a). 

However, the Logan and Kronfeld (1933) ranges are unduly narrow 

due perhaps to the extremely small sample investigated. Their 

original sample was twenty-five, with only nine infants 0ver 
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Table 2. A summary of studies on the chronology of the completion 

of crown and root formation (months or fetal weeks*) 

of the:. fielei<i)lims teeth 

1884-1922 

Investigator Peirce Broomell Black Colyer Broomell Robin Rauber-
and yea:r 1884 1902 1908 1910 and 1915 Kopsch 

Fischelis 1922 
1910 

Tooth Jaw Root Crown Root Root Crown Root Root Root Crown Root 

Max. 18.0 40.0* 17.0-18.0 18.0 3.0-4.o 18.0-24.o 18.0 19.0 3.0 36.0 
Central Incisor I 

Mand. 18.0 40.0* 16.0-18.0 18.0 3.0-4.o 18.0-24.0 18.0 19.0 3.0 36.0 N 

f 
Max. 15.0 42.0* 14.0-16.0 18.0 4.0 18.0-24.o 20.0 23.0 6.o 27.0 

Lateral Incisor 
Mand. 15.0 42.0* 12.0 ... 14.o 18.0 4.0-5 .. 0 18.0-24.o 20.0 23.0 6.o 27.0 -
Max. 22.0 birth · 24.o 36.0 10.0 24.0-36.0 24.0 36.0 12.0 42.0 

Canine 
Mand. 22.0 birth 24.0 ;36.0 12.0 24.0-36.0 24.0 36.0 12.0 42.0 

Max. 20.0 6.o 18.0-20.0 30.0 5.0-6.0 18.0-24.o 24.0 36.0 6.o 36.0 
First Molar 

Mand. 20.0 6.o 18.0-20.0 30.0 8.0-9.0 18.0-24.o 24.0 36.0 6.o 36.0 

Max. 22.0 6.o 20.0-22.0 30.0 8.0-9.0 24.0-36.0 30.0 36.0 9.0 48.0 
Second Molar 

Mand. 22.0 6.o 20.0-22.0 30.0 12.0 24.0-36.0 30.0 36.0 9.0 48.0 
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Continuation of table 2 

1923-1935 

Investigator Thoma Brady Churchill :AaR::t Logan and Beust Churchill 
and year 192.'.3 1924 1932 1933 Kronfeld 1934 1935 

1933 

Tooth Jaw Root Root Root Root Crown Root Crown Root Crown Root 

Max. 17.0-18.0 18.0 24.0 24.0 4.o 18.0-24.0 birth 12.0 3.0 30.0 
Central Incisor 

Mand. 17.0-18.0 18.0 24.o 22.0 4.o :\.8.0-24.0 birth 12.0 3.0 30.0 

Max. 14.0-16.0 18.0 36.0 24.o 5.0 18.0-24.o birth 9.0 3.0 24.o I 
Lateral Incisor N 

\J\ 
Mand. 14.0-16.0 18.0 36.0 22.0 5.0 18.0-24.o birth 9.0 3.0 24.0 I 

Max. 24.0 36.0-48.o 42.0 36.0-48.0 9.0 27.0-36.0 birth 22.0 12.0 36.0 
Canine 

Mand. 24.0 36.0 42.0 36.0-48.o 9.0 30.0-36.0 birth 22.0 12.0 36.0 

Max. 18.0-20.0 36.0-48.o 42.0 36.0-48.0 6.o 24.0-JO.O 6.o 12.0 9.0 36.0 
First Molar 

Mand. 18.0-20.0 36.0-48.0 42.0 36.0-48.o 6.o 24.0-JO.O 6.o 12.0 9.0 J6.o 

Max. 20.0-22.0 36.0-48.o 48.o 36.0-48.o 10.0-12.0 36.0 6.o 22.0 - 48.0 
Second Molar 

Mand. 20.0-22.0 36.0-48.0 48.o 36.0-48.0 10.0-12.0 36.0 6.o 22.0 - 48.0 
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Continuation of table 2 

1941-1952 

Investigator Broadbent Massler and Arey Campini and Brauer, Higley, McCall and 
and year 1941 Schour 1946 Urquijo Massler, and Wald 

1944 1946 Schour 1952 
1947 

Tooth Jaw Root Crown Root Root Crown Root Crown Root Crown Root 

Max. 18.0-30.0 1.5 18.0 24.0 6.o 21.0 1.5- 2.5 18.0 1.5 18.0 
Central Incisor 

Mand. 18.0-30.0 2.5 18.0 24.o 6.o 21.0 1 • .5- 2 • .5 18.0 2.5 18.0 

Max. 18.0-30.0 2.5 24.0 24.o 6.o 21.0 2.5- 3.0 18.0-24.o 2.5 24.0 1 
Lateral Incisor I\) 

°' Mand. 18.0-30.0 3.0 24.o 24.0 6.o 21.0 2.5- 3.0 18.0-24.o 3.0 18.0 I 

Max. 18.0-30.0 9.0 42.0 36.0 9.0 - 9.0 39.0 9.0 39.0 
Canine 

Mand. 18.0-30.0 9.0 42.0 36.0 9.0 - 9.0 39.0 9.0 39.0 

Max. 18.0-30.0 6.o 24.0-30.0 30.0 6.o - .5.5- 6.0 30.0 6.o 30.0 
First Molar 

Mand. 18.0:..30.0 5.5 24.0-30.0 30.0 6.o - 5 • .5- 6.o 30.0 5.5 27.0 

Max. 30.0-36.0 11.0 36.0-42.0 36.0 6.o - 10.0-11.0 36.0 11.0 36.0 
Second Molar 

Mand. 30.0-36.0 10.0 36.0-42.0 36.0 6.o - 10.0-11.0 36.0 10.0 36.0 
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Table 3. A summary of studies on the chronology of the commencement 

of crown formation (months or fetal weeks*) of the permanent teeth 

1771-1908 

Investigator Hunter Fox Legros Black Peirce Broomell Cavallaro 
and year 1771 1803 and 1883 1884 1888 1902 1908 

Magitot 
1880 

Max. < 5.0- 6.o 4.0- 6.o 1.0 12.0 12.0 12.0 < 12.0 1.0 
Central Incisor 

Mand. 5.0- 6.o 4.0- 6.o 1.0 12.0 12.0 12.0 < 12.0 1.0 

Max. < 8.0- 9.0 6.0- 8.0 1.0 12.0-24.o 12.0-24.0 12.0 < 12.0 1.0 
Lateral Incisor 

Mand. 8.0- 9.0 4.0- 6.o 1.0 12.0-24.o 12.0-24.0 12.0 < 12.0 1.0 

Max. < 8.0- 9.0 16.0 1.0 24.o 24.0-36.0 48.o < 36.0 3.0-4.0 
Canine I 

Mand. 8.0- 9.0 16.0 1.0 24.0 24.0-36.0 48.o < 36.0 3.0-4.0 I\) 
~ 

Max. < 60.0-72.0 24.0- 36.0 1.0 48.0 36.0-48.0 48.o 48.0 6.o I 

First Premolar 
Mand. 60.0-72.0 24.0- 36.0 1.0 48.0 36.0,..48.0 48.o 48.0 6.o 

Max. < 72.0-84.o > 48.0 1.0 60.0 48.0-60.0 48.o 60.0 6.o 
Second Premolar 

Mand. 72.0-84.o > 48.0 1.0 60.0 48.0-60.0 48.0 48.0-60.0 6.o 

Max. < 5.0- 6.o birth 25.0* birth 25.0* 25.0* 35.0* 25.0* 
First Molar 

Mand. 5.0- 6.o birth 25.0* birth 25.0* 25.0* .35.0* 25.0* 

Max. < 72.0-84.o 48.o 36.0 60.0 60.0 48.0 60.0 36.0 
Second Molar 

Mand. 72.0-84.o 48.o 36.0 60.0 60.0 48.o 60.0 36.0 

Max. < 144.0 96.0-108.0 . 144.o 96.0 96.0 96.o 108.0 144.o 
Third Molar 

Mand. 144.0 96.0-108.0 144.0 96.0 96.o 96.0 96.0-108.0 144.o 
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Continuation of table J 

1910-193.5 

Investigator Colyer Broomell Robin Rauber- Thoma 
and year 1910 and 191.5 Kopsch 1923 

Fischelis 1922 
1910 

Max. 7.0- 8.o < 12.0 11.0 6.o 12.0 
Central Incisor 

Mand. 7.0- 8.0 < 12.0 11.0 6.o 12.0 

Max. 7.0- 8.o < 12.0 1.5.0 9.0 12.0 
Lateral Incisor 

Mand. 7.0- 8.0 < 12.0 1.5.0 9.0 12.0 

Max. 7.0- 8.0 < 36.0 23.0-- 3.0 36.0 
Canine 

Mand. 7.0- 8.0 < 36.0 23.0 3.0 36.0 

Max. 24.0-36.0 < 48.0 36.0 24.o 48.o 
First Premolar 

Mand. 24.0-36.0 < 48.0 36.0 24.o 48.o 

Max. 36.0-48.0 < 60.0 36.0 2?.o 60.0 
Second Premolar 

Mand. 36.0-48.0 48.0-60.0 36.0 27.0 60.0 

Max. 3.5.0-39.0* 3.5.0* 2,5.0* < birth 3.5.0* 
First Molar 

Mand. 3.5.0-39-0* 3.5.0* 2.5.0* < birth 3.5.0* 

Max. 36.0-48.0 < 60.0 36.0 24.0-36.o 60.0 
Second Molar 

Mando 36.0-48.o < 60.0 36.0 24.0-36.0 60.0 

Max. 108.0-120.0 < 10800 132.0 60.0 108.0 
Third Molar 

Mand. 120.0 96.0-108.0 132.0 60.0 108.0 

') 
,I 
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Brady Karnosh Bustin, Churchill 
1924 1926 Leist and 1932 193.5 

Priesel 
1929 

14.o < 12.0 - 2.0 2.0 

14.0 < 12.0 - 2.0 2.0 

18.0 < 24.o - 2.0 10.0 

18.0 < 24.o - 2.0 10.0 

36.0 < 36.0 - 4.,5 4 • .5 

36.0 < 36.0 - 4.,5 4.,5 

48.o 48.o - 36.0 24.o 

48.o 48.o - 36.0 24.o 

48.o ,54.0 42.0 48.0 24.o 

48.o ,54.o 42.0 48.o 24.0 

2,5.0* 32.0* 1.0 birth birth 

2,5.0* 32.0* 1.0 birth birth 

60.o. - 42.0 48.o 36.0 

60.0 - 42.0 48.o 36.0 

96.0 - 96.0 96.0 96.0 

96.0 - 96.o 96.0 96.0 

I 
l\) r 
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Continuation of table 3 

1933-1946 

Investigator Logan Beust Kronfeld Rose 
and year and 19.34 193.5a 193.5 

Kronfeld 
1933 

Max. 3.0- 6.o 9.0 3.0- 4.o 6.o 
Central Incisor 

Mand. 3.0- 6.o 9.0 3.0- 4.o 6.o 

Max. 12.0- 1.5.0 9.0 12.0 6.o 
Lateral Incisor 

112.nd. 3.0- 6.o 9.0 3.0- 4.0 6.o 

Max. 3.0- 6.o 9.0 4.0- .5.0 6.o 
Canine 

Mand. 3.0- 6.o 9.0 4.0- .5. 0 6.o 

Max. 18.o- 24.o 24.0 18.0- 21.0 36.0 
First Premolar 

Mand. 18.o- 24.o 24.0 21.0- 24.0 36.0 

Max. 24.0- 30.0 24.0 24.0- 27.0 39.0 
Second Premolar 

Mand. 24.0- 30.0 24.0 27.0- 30.0 39.0 

Max. 1.0- 4.o 3.5.0*- 4.0 birth birth 
First Molar 

Mand. 1.0- 4.o 3.5.0*- 4.0 birth birth 

Max. 24.0- 30.0 24.0 30.0- 36.0 24.o 
Second Molar 

Mand. 24.0- 30.0 24.0 30.0- 36.0 24.0 

Max. 84.0-108.0 96.0-120.0 84.0-108.0 -
Third Molar 

Mand. 84.0-108.0 96.0-120.0 96.0-120.0 -

'°"T ~ l-..,. 
-,-... 

Broadbent 
1937 

7.0 

7.0 

1.5.0 

7.0 

10.0 

10.0 

30.0 

30.0 

48.0 

48.0 

1.0-3.0 

1.0-3.0 

36.0 

36.0 

108.0 

108.0 

.-, ~ :'. 
-, 

Pinney Schour 
1939 and 

Massler 
1941 

(Males) 

- 4.o- 6.o 

2.0- 6.o 4.o- 6.o 

- 10.0-11.0 

2.0- 6.o 4.o- 6.o 

- 4.0- 6.o 

3.0-10.0 4.o- 6.o 

- 24.0 

20.0-30.0 24.0 

- 36.0 

48.0-.54.o 36.0 

- birth 

birth-4.0 birth 

- 36.0 

48.0-.5.5.0 36.0 

- 96.0 

108.0-112.0 108.0 

~ -. "" -"' ..; < "' ' 

Campini 
and 

Urquijo 
1946 

3.0 

3.0 

3.0 
i 

3.0 
l\) 
\() 
I 

18.0 

18.0 

< 3.0 

< 3.0 
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Continuation of table 3 

1947-1959 

Investigator Brauer, McCall Nella Gleiser Demisch Garn et al Garn et al 
and year Higley, and 1952 and and 1958 1959 

Hassler, Wald Hunt Wartmann 
and Schour 1952 1955 1956 

1947 

Males Females Males Females Males Females Males Females Males Females 

Max. 3.0- 4.o 3.0- 4.0 
Central Incisor 

Mand. 3.0- 4.0 3.0- 4.o 

Max. 10.0- 12.0 10.0- 12.0 
Lateral Incisor 

Mand. 3.0- 4.0 3.0- 4.o 

Max. 4.0- 5.0 4.0- 5.0 - - - - - - - - - - I 
Canine \..,) 

0 
Mand. 4.0- 5.0 4.0- 5.0 - - - - - - - - - - I 

Max. 18.0- 24.0 18.0- 21.0 
First Premolar 

Mand. 18.0- 24.0 21.0. 24.0 - - - - - - 26.4 21.6 28.8 25.2 

Max. 24.0- 30.0 24.0- 27.0 36.0 24.0.36.0 
Second Premolar 

Mand. 24.0- 30.0 27,0- 30.0 24.0-36.0 24.0-36.o - - .,. - 39.6 39.6 40.8 40.8 

Max. birth birth 
First Molar birth- birth-

Mand. birth birth - - 3,0 3.0 - - - - 1.8 · 1.7 

Max. 30.0- 36.0 30,0- 36.0 36.0 24.0-36.0 
Second Molar 

Mand. 30.0- 36.0 30.0- 36.0 24.0-36.0 24.0-36.0 - - - - 42.0 38.4 4;3.2 42.0 

Max. 84.0-120.0 84.0-108.0 96.0 72.0-84.o 
I Third Molar 

Mand. 84.0-120.0 96.0-120.0 72.0-84.0 72,0-84.0 - - 9.2 9.3 108.0 108.0 109.2 108.0 



~, 

Investigator 
and year 

Tooth Jaw 

Max. 
Central Incisor 

Mand. 

Max. 
Lateral Incisor 

Mand. 

Max. 
Canine 

Mand. 

Max. 
First Premolar 

Mand. 

Max. 
Second Premolar 

Mand. 

Max. 
First Molar 

Mand. 

Max. 
Second Molar 

Mand. 

Max. 
Third Molar 

Mand. 

'"' 

Table 4. 

~ 
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A summary 0£ studies on the chronology 0£ the completion 

0£ crown and root formation (years) 0£ the permanent teeth 

1771-1910 

Hunter Black Peirce Broomell 
1771 1883 1884 1902 

Root Crown Root Crown Root Crown Root 

6.5- 7.5 600 10.0 5.5 10.0 5.0-6.0 10.0-11.0 

6.5- 7.5 6.o 10.0 5.5 10.0 5.0-6.0 10.0 

7.0- 8.o 6.o 10.0 6.5 10.0.11.0 6.o 10.0-11.0 

7.0- 8.0 6.o 10.0 6.5 10.0-11.0 6.o 10.0-11.0 

7.0- 8.0 8.0 11.0 7.5 12.0-13.0 7.0-8.0 12.0-13.0 

7.0- 8.0 8.0 11.0 7.5 12.0-13.0 7.0-8.0 12.0-13.0 

12.0-14.0 7.0-8.0 11.0 8.0 12.0 8.o 11.0-12.0 

12.0-14.o 7.0-8.0 11.0 8.o 12.0 8.0 11.0-12.0 

13.0-15.0 8.o 11.0 8.25 12.0 8.0-9.0 11.0-12.0 

13.0-15.0 a.o 11.0 8.25 12.0 8.0-9.0 11.0-12.0 

12.0 5.0 10.0 5o0 9.0-10.0 5.0 9.0-10.0 

12.0 5.0 10.0 5.0 9.0-10.0 5.0 9.0-10.0 

18.0 9.0 - 9.0 16.0-17.0 9.0-10.0 16.0-18.0 

18.0 9.0 - 9.0 16.0-17.0 9.0-10.0 16.0-17.0 

20.0-30.0 11.0-12.0 - 11.5 18.0-20.0 11.0 18.0-20.0 

20.0-30.0 11.0-12.0 - 11.5 18.0-20.0 11.0 18.0 

' 

Colyer 
1910 

Crown Root 

2.0- 3.0 11.0 

2.0- 3.0 10.0 

6.o 11.0 

5.0- 6.o 10.0 

6.0- 7.0 12.0-13.0 
I 

6.0- 7.0 12.0-13.0 ~ 
I 

8.0 12.0 

8.0 12.0 

9.0-10.0 12.0 

9.0 12.0 

2.0- 3.0 10.0 

2.0 10.0 

a.o 16.0 

9.0 16.0 

12.0-13.0 18.0 

12.0-13.0 20.0 
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Investigator 
and year 

Tooth 

Central Incisor 

Lateral Incisor 

Canine 

First Premolar 

Second Premolar 

First Molar 

Second Molar 

Third Molar 

Robin 
1915 

Jaw Root 

Max. 10.0 

Mand. 10.0 

Max. n.o 

Mand. 11.0 

Max. 12.0 

Mand. 12.0 

Max. 11.0 

Mand. 11.0 

Max. 12.0 

Mand. 12.0 

Max. 9.0 

Mand. 9.0 

Max. lJ.O 

Mand. lJ.O 

Max. 20.0 

Mand. 20.0 

1 
"(. 

Continuation of table 4 

1915-19'.35 

Rauber-Kopsch Thoma Brady 
1922 192'.3 1924 

Crown Root Root Crown Root 

J.O 10.0 10.0-11.0 6.o 12.0 

J.O 10.0 10.0-11.0 5.0 10.0 

4.0 10.0 10.0-ll.O 7.0 n.o 

4.o 10.0 10.0-11.0 6.o 11.0 

5.0 lJ.O 12.0-lJ.O 9.0 16.0 

5.0 lJ.O 12.0-lJ.O 9.0 16.0 

6.o 12.0 11.0-12.0 8.0 14.o 

6.o 12.0 11.0-12.0 8.o 14.o 

6.o 12.0 11.0-12.0 9.0 15.0 

6.o 12.0 11.0-12.0 9.0 15.0 

J.O 10.0 9.0-16.0 4.0 10.0 

J.O 10.0 9.0-16.0 4.o 10.0 

5.0 - 17.0-18.0 10.5 16.0 

5.0 - 17.0-18.0 10.5 16.0 

10.0 - 18.0-20.0 12.5 -
10.0 - 18.0-20.0 12.5 -

:--
'7 

Churchill Beust Rose 
19'.32 19'.35 19'.34 19'.35 

Root Root Crown Root Crown Root 

n.o n.o 5.0 10.0 4.0 10.0 

10.0 10.0 5.0 10.0 4.o 10.0 

n.o 11.0 6.o 10.0 5.0 10.0 

11.0 11.0 6.o 10.0 5.0 10.0 

lJ.O lJ.0-14.0 5.0 - 6.o 14.0 
I 

lJ.O lJ.0-14.0 5.0 - 6.o 14.0 w 
N 
I 

12.0 12.0 6.o - 7.0 1).0 

12.0 12.0 6.o - 7.0 lJ.O 

1).0 lJ.O 6.6.7.0 - 8.0 14.o 

13.0 lJ.O 6.0-7.0 - 8.0 14.0 

12.0 11.0 4.o 9.0-10.0 4.o 9.0 

n:.o 10.0 4.0 9.0-10.0 4.o 9.0 

15.0 15.0 6.0-7.0 - 8.0 15.0 

17.0 15.0 6.0-7.0 - 8.0 15.0 

19.0 19.0 - - 14.o 

21.0 21.0 - - 14.o 
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Continuation of table 4 

1935a-1947 

Investigator Kronfeld Bengston Schour Arey Bauer, Higley, 
and year 1935a 1935 and 1946 Massler, and 

Massler Schour 
1941 1947 

Tooth Jaw Crown Root Root Crown Root Root Crown Root 

Max. 4.0- 5.0 10.0 9.36 3o5 11.0 10.0 4.0- 5.0 9.0-10.0 
Central Incisor 

Mand. 4.0- 5.0 9.0 7.53 4.o 9.0 10.0 4.0- 5.0 9.0-10.0 

Max. 4.0- 5.0 lloO 10.4 4.5 11.0 lloO 4.0- 5.0 10.0-11.0 
Lateral Incisor 

Mando 4.0- 5.0 10.0 8.7 4.5 10.0 11.0 4.0- 5.0 10.0-11.0 

Max. 6.0- 7.0 13.0.15.0 14.0 6.5 15.0 14.0 6.0- 7.0 12.0-15.0 
Canine 

Mand. 6.0- 7.0 12.0-14.o 12.3 6.5 15.0 14.o 6.0- 7.0 12.0-15.0 I 

Max. 5.0- 6.o 12.0-13.0 12.4 6.o 15.0 lJ.O 5.0- 6.o 12.0-13.0 ~ 
First Premolar 

Mand. 5.0- 6.o 12.0-13.0 12.4 6.o 15.0 13.0 5.0- 6.o 12.0-13.0 

Max. 6.0- 7.0 12.0-14.o 14.0 7.0 15.0 14.o 6.0- 7.0 12.0-14.0 
Second Premolar 

Mand. 6.0- 7.0 13.0-14.o 13.3 7.0 15.0 14.o 6.0- 7.0 12.0-14.0 

Max. 2.5- 3.0 9.0-10.0 9.1 3.0 10.0 10.0 2.5- 3.0 9.0-10.0 
First Molar 

Mand. 2.5- 3.0 9.0-10.0 8.4 3.0 10.0 10.0 2.5- 3.0 9.0-10.0 

Max. 7.0- 8.0 14.0-16.0 14.5 8.0 15.0 15.0 7.0- 8.o 14.0-16.0 
Second Molar 

Mand. 7.0- 8.0 14.0-15.0 14.5 8.o 15.0 15.0 7.0- 8.o 14.0-16.0 

Max. 12.0-16.0 18.0-25.0 - 13.0 21.0 18.0-25.0 12.0-16.0 18.0-25.0 Third Molar 
Mand. 12.0-16.0 18.0-25.0 - 13.0 21.0 18.0-25.0 12.0-16.0 18.0-25.0 

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

iddda24p
Rectangle
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Continuation of table 4 

1952-1955 

Investigator McCall and Wald Nolla Gleiser and Hunt 
and year 1952 1952 1955 

Males Females Males Females 

Tooth Jaw Crown Root Crown Root Crown Root Crown Root Crown Root 

Max. 4.0- 5.0 10.0 4.5 u.o 4.5 10.0 
Central Incisor 

Mand. 4.0- 5.0 9.0 3.66 10.0 3.5 8.5 

Max. 4.0- 5.0 u.o 5.5 12.0 5.16 n.o 
Lateral Incisor 

Mand. 4.0- 5.0 10.0 4.33 10.5 4.o 9.66 

Max. 6.0- 7.0 13.0-15.0 6.5 15.0 5.83 12.5-13.0 
Canine I 

Mand. 6.0- 7.0 12.0-13.0 6.o 13.5 5.66 12.0 - - - - f 
Max. 5.0- 6.o 12.0-13.0 7.33 14.5 6.33 12.75 

First Premolar 
Mand. 5.0- 6.o 12.0-13.0 7.0 14.o 6.5 12.5 

Max. 6.0- 7.0 12.0-14.0 8.41 15.5 7.25 14.0 
Second Premolar 

Mand. 6.0- 7.0 13.0-14.o 7.66 15.0 7.16 14.5 

Max. 2.5- 3.0 9.0-10.0 4 • .5 11.5 4.16 9 • .5 
First Molar 

Mand. 2.5- 3.0 9.0-10.0 4.0 11.5 3.83 10.0 3.46 8.88 3.27 8.54 

Max. 7.0- 8.0 14.0-16.0 8.16 16.5 7 • .5 1.5.5 
Second Molar 

Mand. 7.0- 8.0 14,0-15.0 8.16 16.5 7.0 15 • .5 

Max. 12.0-16.0 18.0-25.0 
Third Molar 

Mand. 12.0-16.0 18.0-25.0 
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Continuation of table 4 

19.58-19.59 

Investigator Garn et al Boulanger Garn et al 
and year 19.58 19.58 19.59 

Males Females Males Females Males Females 

Tooth Jaw Crown Root Crown Root Crown Root Crown Root Crown Root Crown_ Root 

Max. 
Central Incisor 

Mand. -
Max. 

Lateral Incisor 
Mand. -
Max. 

Canine ' \..> 
Mand. - - - - - - - - - - - - \,J\ 

I 

Max. - - - - 7.12 - 6.79 
First Premolar 

Mand. 7o4 13.0 7.2 12 • .5 6.92 - 6.38 - 7.1 12 • .5 6.9 12.2 

Max. - - - - 7.66 - 7.63 
Second Premolar 

Mand. 8.2 14.l a.o 13.4 7 • .50 - 7.46 - 7.9 13.7 7.7 13.1 

Max. - - - - - 10.42 - 10.04 
First Molar 

Mand. 4.3 10.3 4.o 10.6 - 10.47 - 10.08 4.0 10.1 3.7 10.4 

Max. - - - - 7.62 - 7.20 
Second Molar 

Mand. 8.9 1.5.0 8.7 14.6 7 • .54 - 7.17 - 8 • .5 14.9 804 13.9 

Max. 
Third Molar 

Mand. 14.6 - l.5o2 - - - - - 14.2 - 14.9 
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one year. of age, and half less than 3 months old at the time of 

death. I.t is assumed that many of the stages of tooth formation 

could not have been based on mere than two specimens. Although 

Legan and Kronfeld (1933) did not claim to provide "norms" i:n 

the usual sense, many later authors have unfortunately assigned 

authoritative status to their findings. 

Kraus (1959) in his study of the calcification of the 

human deciduous teeth also criticizes the repetitive use of 

undocumented statements as facts without adequate evidence, or 

without critical evaluation of the somewhat ancient sources 

from which they have been copied. As an example Kraus cites a 

table of the commencement of calcification in the deciduous 

teeth, published by Legros and. Magitot (1880), that has been 

widely used, and yet it was based upon sections from a single 

fetus. 

Of particular interest are the following longitudinal 

studies in which serial radiographs provide a comprehensive 

record of the status and progress of dental development in the 

same individual. 

The Broadbent studies (1937 and 1941) were based on serial 

radiographs 0£ five thousand individuals in Cleveland, Ohio, 

taken as part of the Bolton Study of Development of the Face 

0£ the Growing Child. Monthly, quarterly• semi-annual and 

annual records were made during twelve years from birth to 

20 years of age. Broadbent has as yet not reported the findings 
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from the wealth of data which have been collected in Cleveland. 

The calcification and development of the mandibular teeth 

of twenty-five boys from the elementary school attached to the 

University of Michigan, were investig~ted by Pinney (1939). His 

material consisted of serial sets of radiographs taken at 

i~tervals of approximately one year, the ages ranging from 47 

months to 160 months. Pinney devised a technique for assessing 

the formation of individual teeth by grading them in ten stages 

from crypt formation to completion of the root, and calculated 

the average age of the time of onset of calcification for the 

eight permanent mandibular teeth. Crown formation was noted and. 

the average age of root completion for the individual teeth was 

computed. Tooth formation on one side of the mandible, Pinney 

concluded, correspond closely to that on the other, making it 

unnecessary to consider right and left sides independently. 

The work of Campini and Urquijo (1946) was based on serial 

radiographs of children born of tuberculous mothers. The 

seventy-nine children were studied from birth to the age of 

21 months. All 0 had a minimum of three radiographs, and ten 

children were x-rayed seven times at three-monthly intervals. 

The authors report that these children did not have healthy 

mothers and were themselves unhealthy specimens. The norms for 

the development of deciduous teeth are accordingly for children 

with tuberculosis, rickets and other diseases, without sex 

distinction. 
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Nolla (1952) continued Pinney's (1939) studies by 

examining radiographs of twenty-five boys and twenty-live girls 

from the Child Development Laboratories of the University or 
Michigan Elementary Schoel. These radiographs were taken 

annually from 4 years to 20 years of age approximately. Norms 

of formation for the permanent maxillary and mandibular teeth 

were calculated by averaging the age at which the individuals 

reached a certain stage of development. The size of the sample 

at the different ages varied from one to twenty-five individuals. 

Nolla did not report the standard error of the mean, notwithstand

ing the fact that the observed mean may deviate more and more 

from the true mean when the size of the sample decreases. A 

measure of the individual variation encountered in the sample 

was not given. Critical comments on the development and eruption 

of teeth (Stewart and Trotter, 19.54) include the statement "It 

should be obvious from the work of Kronfeld and Nolla that, 

unlike the stages of tooth eruption, the stages of tooth develop

ment and calcification are based on inadequate series. Probably, 

thereforet the variability of these processes is not sufficiently 

expressed." 

Gleiser and Hunt's (1955) longitudinal study of the 

ea.icification, eruption and decay of the permanent mandibular 

right first molar was part of an investigation of child growth 

at the Forsyth Dental Infirmary for Children and the Harvard 

School of Public Health. Radiographic images of this tooth were 



·I 

\ 

·\ 

1> 

,,__ 

I. 
,I. 

-39-

arbitrarily divided into fifteen stages of formation, and the 

ages at which each stage occurred were presented as means and 

standard deviations for the sexes separately. IA. total of . 

twenty-five boys and·twenty-five girls, racially White and 

residents of Greater Boston, were included in this series. 

Garn and co-workers have published a number of papers 

based on serial oblique jaw radiographs of 255 White males and 

females, studied from one month to 18 years. These children, 

residents of Southwestern Ohio; were all participants in the 

Fels Longitudinal Studies and were examined at regular intervals 

since birth. 

Garn, Lewis and Shoemaker (1956) reported the sequence of 

calcification of the mandibular molar and premolar teeth. Garn 

and Koski (1957), Garn, Koski and Lewis (1957), Koski and Garn 

(195~) further investigated the calcification and eru.ption 

sequence of the same teeth. 

Garn, Lewis, Koski and Polacheck (1958) studied the sex 

difference in mandibular molar and premolar teeth at three 

stages of development from full follicle before cusp calcification 

commenced, to closing of the root apex, as well as at alveolar 

and clinical emergence. 

Garn, Lewis and Polacheck (1958) described the individual 

variation of mandibular tooth formation, giving in tabular form 

the 5th and 95th percentiles, both sexes combined, for the 

beginning of calcification, crown formation and root completion. 
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Garn, Lewis and Pola.check (1959) further described the variation 

of tooth formation in the mandible at the same three stages. 

This variation was contrasted with other measures of- osseous and 

sexual development, using, f-or the most part, data derived from 

the same population sample. Percentiles were computed for each 

of the three developmental stages for males and females 

respectively,- and values corresponding to the .5th, 15th, 50th, 

85th and 95th percentiles were provided in tabulated form. The 

authors stress that their findings should not be accepted as 

norms because some of the sex-specific values were based on 

small samples. The fact that widely separated stages in develop.. 

ment were described, limits their application and usefulness. 

Garn, Lewis and Pola.check (1960) studied sibling similarities 

in tooth formation and eruption in 170 White Ohio-born siblings 

and two sets of triplets. They found that siblings are similar 

both in the timing of tooth formation and in tooth movement. 

Female siblings were consistently more alike than male pairings 

in the timing of tooth development. Monozygotic twins did not 

achieve perfect concordance in tooth formation. 

Shumaker (1957) analysed serial lateral jaw radiographs 

of twenty-six children, of unspecified sex, from the University 

of Michigan Child Development Centre. These children,ranged in 

age from J years to 12 years. The relationship of eruption and 

calcification of the mandibular cuspid, premolars and molars was 

studied to determine the eruption sequence from the first stage 
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of calcification to occlusion, in order to establish norms for 

predicting the position of these teeth, in a superior inf'er~or 

direction, from their development. 

Root resorption 

Many descriptions of the mechanism of root resorption have 

been presented since 1700, but few studies have been oonduot~d 

on its chronology. 

M'Quillen (1860) listed different hypotheses. For instance, 

one supposition was ·that the lllilk teeth, as the deciduous teeth 

were frequently called, had no roots. .Another concept was that._ 

the crowns of the milk teeth separated from their roots, ju~t 

as the horns of the stag fall from the head that bore them, 

while subsequently the root gave birth to a new tooth. 

Investigators who have attempted to explain root resorption 

are Hunter (1771), Fox (1803), Tomes (1859), Chase (1867),, 

Peirce (1884 and 1888), Garretson (1860), Young (1921), 

Anonymous (1921), Marshall (1929 ), Zemsky (1929 ), Hopewell-Smith 

(1930), Pritchard (1931), Urban (1931), Yager (1935), Williams 

(1935), Marshall (1935), Steadlnan {1942), Wilde (1944), Henry 

and Weinmann (1951), Goldman (19.54) and Holcomb (19.54). 

Very little is known about tl:le ,,actual commencement 0£ 

resorption and the intermedi,ate stages which constitute the 

gradual elimination of the root. Such chronologies have been 

prepared by Fox (1803), Tomes (1859), Peirce (1884), Broomell (1902), 
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Broomell and Fischelis (1910), Robin (1915), Brady (1924), 

Marshall (1929), Churchill (1932), Rose (1935), Kronfeld (1932 

and 1935a), Yager (1935), Broadbent (1941), Schour and Massler 

(1941) and Wilde (1944). 

As in the case of tooth formation, investigations dealing 

with the chronology of root resorption have been based mainly 

upon the study of skulls, or on the examination of histologic 

specimens. Radiographic evidence from cadavers or skulls was 

compiled by Symington and Rankin (1908), Kronfeld (1932 and 

1935a) and Yager (1935), while Broadbent's (1941) data pertain 

to the living. 

The data on the shedding, or the terminal stage of re

sorption, of the deciduous teeth are more abundant. Chronologies 

of shedding have been prepared by Legros and Magitot (1880), 

Peirce (1884), Black (1908), Broomell and Fischelis (1910), 

Robin (1915), Spier (1918), Thoma (1923), Hellman (1923a and 

1923b), Brady (1924), Marshall (1929), Churchill (1932), 

Rose (1935), Kronfeld (1935a), Ekman (1938), Schour and Massler 

(1941), Broadbent (1941), Wilde (1944), Stones, Lawton, Bransby 

and Hartley (1951) and God.any (1952). 

The shedding of the deciduous teeth has been studied 

cross-sectionally in large groups of children. Ekman (1938) 

based his findings on the inspeciion of 14,000 Finnish school 

children between the ages of 5 years and 18 years, with 500 

males and 500 females in each yearly age group. Godeny's 
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study (1952) comprised 8,300 Hungarian school children from 

7 to 14 years of age. 

Stones, Lawton, Bransby and Hartley (1951) e~amined 229 

children, 2 to 14 years_ of age, at the National Children's Home, 

Frodsham, near Liverpool, England. The average age of the two 

sexes at the time of the first examination was aQout the same, 

namely 10 years for males and 9.7 years for females, with the 

females more frequently represented in the extreme age groups. 

Ages below 8 years for males and below 6 years for females, were 

not well represented and this resulted in a deficiency of very 

early times of shedding. These children were examined biannually 

for three consecutive years and each child's complete sequence 

during the three-year observation period provided valuable 

information on the times of shedding of the deciduous teeth, 

except that the time span of study was insufficient to cover a 

desirable range of early and late developers. 

Of all the studies mentioned, only Broadbent•s (1941) 

investigation was based on a sufficiently extensive long-term 

series of ~;;.;r,j,Js from the same group of individuals. As yet, 

no final report is available from this research centre. 

A brief summary of the published data on root resorption 

and shedding of the deciduous teeth is presented in Table 5. 

The pertinent information reported by these investigators is 

given.in Tables 6 and 7, arranged for convenience in the follow

ing manner: 
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The chronology of the commencement of root resorption of 

the deciduous teeth, in years (Table 6). 

The chronology of the shedding of the deciduous teeth, in 

years (Table ;). 

It will be seen that few authors provide complete details 

of their sample size and method of study. With the exception 

of Hellman (192Ja and 192Jb), Ekman (1938), Stones, Lawton, 

Bransby and Hartley (1951), Godeny (1952), no distinction is 

made between the sexes. Large differences are apparent in the 

timing of the commencement of root resorption. A greater 

uniformity exists in the data on shedding and this would appear 

to be due to the fact that a more elaborate method of analysis, 

by means of radiographs, is necessary to study the degree of 

resorption than is required for determining the shedding, or 

loss, of the deciduous teeth. Few attempts have been made to 

prepare a chronology of the stages of resorption in living 

children, whereas many investigations of shedding have been con

ducted on large groups of children. 

In addition to the literature which has already been 

described regarding the chronology of tooth formation and root 

resorption, .further investigations related to other findings of 

the present study will now be discussed. 
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Table 5. Previous studies of the resorption and shedding 

0f the deciduous teeth 

1771-1902 

Investigator Material Method Size of 
and year sample 

Hunter, J. Skulls Gross Not 
1771 inspection reported 

Fox, J. Skulls Gross Not 
1803 inspection · reported 

Cartwright, s .. Not reported Not reported Not 
Jr. reported 
1857 

Tomes, J. Skulls Gross Not 
1859 inspection reported 

M'Quillen, J.H. Teeth Gross JO 
1860 inspection 

Garretson, J.E. Not reported Not reported Not 
1860 reported 

Sex and age 
of sample 

Not 
reported 

Not 
reported 

Not 
reported 

Not 
reported 

Not 
reported 

Not 
reported 

Legros, C. and Embryos and Histologio "Consider- Sex not 
E. Magitot children seetions able reported 
1880 number" Embryos 

One 7-28 weeks 
specimen and birth 
of each to 12 years 
age 

Peirce, C.N. Not reported. Not reported Not Not 
1884 reported reported 

Peirce, C.N. Not reported Not reported Not Not 
1888 reported reported 

Broomell, I.N. Teeth, skulls of Gross Not Not 
1902 embryes and insIJection and reported reported 

children his to logic 
sections 
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~ Investigator 
·l and year 
' 

Black• G.V. 
1908 

I 
r 

Symington, J. 
and J.C. Rankin 

~ 
r 1908 

' ' 
·\ Tomes, c.s. 
·,\ 1914 

Robin, P. 
191.5 

Broomell, I.N. 
and 

:) P. Fisehelis 
1910 

Spier, L. 
I '.'.r 1918 

l Young, J.L. , ;, 

1921 

Anonymous 
.l 

1921 
... 

r ~\ Hellman, M. 
1923a 

j-
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~- !' Hellman, M. 

1923b 
). 
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Continuation of table 5 

19@8-192Jb 

Material Method 

Not reported Not reported 

Skulls Radiography 

Skulls Histologie 
sections 

Not reported Not reported 

Teeth, skulls of Gross 
embryos and inspection and 
children histologie sec-

tions 

Size o:t 
sample 

Not 
reported 

19 

Not 
reported 

Not 
reported 

Not 
reported 

Living children 9tal inspection 3.50 

Not reported Not reported Not 
reported 

Not reported Not reported Not 
reported 

Living children Oral 145.5 
inspect.ion 

Living children Oral 300 
inspection 

Sex and age 
of sample 

Not 
reported 

11 maJ.es from 
1 month to 
adult. 
8 femaJ.es 
from birth to 
16 years. 

Not 
reported 

Not 
reported· 

Not 
reported 

Not 
reported 

Not 
reported 

Not 
reported 

184 maJ.es, 
25.5 females. 
598 males, 
418 females 
6-12 years 

167 maJ.es, 
13.3 femaJ.es 
6-12 years 
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Investigator 
and year 

Thoma., K.H. 
192'.3 

Brady, w.J. 
1924 

Marshall, J.A. 
1929 

Zemsky, J.L. 
1929 

Hyde, w.1. 
1929 

Hopewell-Smith, 
A. 
19JO 

Continuation of table 5 

1923-1935 

Material Method 

Not reported Not reported 

Not reported Not reported 

Teeth Histologic 
sections 

Not reported Not reported 

Not reported Not reported 

Teeth Histologic 
sections 

Pritchard, G.B. Teeth Histologic 
1931 sectic>ns 

Urban, L.B. Teeth Histologic 
1931 sections 

Churchill, H.R. Not reported Not reported 
1932 

Kronfeld, R. Teeth Histologic 
19J2 sections 

Krenfeld, R. Skulls Gross 
19J,a. inspection, 

histologic 
sections and 
radiography 

Yager, F.M. Skulls Histologic 
1935 sections and 

radiography 

Size of Sex and age 
sample of sample 

Not Net 
reported reported 

Not Not 
reported reported 

1 Male 

Not Not 
reported reported 

Not Not 
reported reported 

Not Not 
reported reported 

Not Not 
reported reported 

Not Not 
reported reported 

Not Not 
reported reported 

Not Not 
reported reported 

4 to 8 years 

'.30 Not 
reported. 
birth to 
15 years 

Not Not 
reported reported 



Investigator 
and year 

Williams~ R.G. 
1935 

Marshallt J .. A. 
19.35 

Rose, c. 
1935 

\ E:ltm.an, T.H.J. 
/ \ 1938 

Broadbent, B.H. 
1941 

1) Schour, I 

I, 
'l 

and 
M. Hassler 
1941 

Wilde, J. 
1944 

>-
Arey, L.B. 
1946 

Brauer, J.C., 
L.B. Higley, 
M. Massler and 
I. Schour 
1947 

i 
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Continuation of table 5 

1935-1947 

Material Method 

Deciduous teeth Histologie 
of dogs sections 

Teeth Histologie 
sections 

Not reported Not reported 

Living children Oral 
inspection 

Living children Serial 
and young adults radiography 

Not reported Not reported 

Not reported Net reported 

Not reported Not reported 

Not reported Not reported 

Size of Sex and age 
sample of sample 

140 teeth Not 
reported 

Not Not 
reported reported 

N0t Not 
reported reported 

14,000 7,000 males, 
7,000 .females 
5 to 18 years 

5,000 Net 
reported. 
Recerds made 
during 12 
years .from 
birth to 20 
years. 

Not Not 
reported reperted 

Not Not 
reported reported 

Not Not 
reported reported 

Not Not 
reported reported 
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Investigator 
and year 

Stones, H.H., 
F.E. Lawton, 
E.R. Bransby, 
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Continuation of table .5 

1951-19.56 

Material Method 

Living children Oral 
inspection 

and H.O. Hartley 
19.51 

Godeny, E. Living children Oral 
19.52 inspection 

Adler, P. Living children Oral 
1956 inspection 

Size of Sex and age 
sample of sample 

329 189 males, 
140 females 
2 to 14 
years 

8,333 Not 
reported 
7 to 14 
years 

8,000 Not 
reported 
7 to 14 
years 
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Table 6. A S1lll11Ual'Y of studies on the chronology of the commencement 

of root resorption (years) of the deciduous teeth 

1884-1944 

Investigator Peirce Broomell Black Broomell Robin Brady Marshall Churchill Rose Krenfeld Yager Schour Broadbent Wilde 
and year 1884 1902 1908 and 1915 1924 1929 1932 1935 1935a 1935 and 1941 1944 

Fischelis Massler 
1910 1941 

Max. 3.0-4.o 4.o 4.0 3.0-4.o 1,92 5.0 J.0-4.0 4,0 4,0 5.0-6.0 - 4.0-5.0 4.0-5,0 3,0-4.0 
Central Incisor 

Mand. 3.0-4.0 4.o 4.o 3.0-4.o 1.92 5.0 J.0-4.0 4.0 4.o 5,0-6.0 1.5 4,0-5,0 4.0-5,0 3.0-4.o 

Max. 4.0-5.0 5.0 5.0 4,0-5.0 3.0 6.o 3,0-4.0 5.0 5.0 5.0-6.0 - 4.0-5,0 4.0-5,0 3.0-4.o 
I Lateral Incisor \J\ 

Mand. 4.0-5.0 5.0 5.0 4.0-5.0 3,0 6.o 3.0-4.0 5.0 5.0 5.0-6.0 1.5 4.0-5.0 4,0-5,0 3.0-4.o 0 
I 

Max. 8.0-9,0 9.0 9,0 7,0-8,0 7.0 9.0 8,0 8.0 8.o 6.0-7,0 - 7.0-8.0 7,0-8.0 8,0 
Canine 

Mand. 8,0-9,0 9,0 9.0 7.0-8.0 7,0 9,0 8.0 8.0 8,0 6.0-7,0 - 6.0-7,0 4.0-5,0 8.0 

Max. 6,0-7,0 6.0-7,0 7,0 6.0-7,0 6.o 7.0 6.o 6.0-7,0 6.o 4.0-5,0 - 7,0-8.0 7,0-8.0 6.0-7,0. 
First Molar 

Mand. 6.0-7,0 6.0-7,0 7,0 6.0-7,0 6.o 7.0 6.o 6.0-7,0 6.o 4,0-5,0 - 6.0-7.0 7,0-8.0 6.0-7,0 

Max. 7,0-8.0 7,0-8,0 8.0 7,0 6.o 8,0 ~.0-7,0 7,0-8.0 7,0 4.0-5,0 - 7,0-8,0 8.0-9,0 7,0-8,0 
Second Molar 

Mand. 7,0-8,0 7.0-8.0 8,0 7.0 6.o 8.o 6.0-7,0 7.0-8.0 7.0 4.0-5,0 - 6.0-7,0 8.0-9,0 7.0-8.0 
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Table 7. A summary of studies on the chronology 

of the shedding (years) of the deciduous teeth 

1880-1923 

Investigator Legros Peirce Broomell Black Broomell Robin Spier Thoma 
and year and 1884 1902 1908 and 1915 (males) 1923 

Magitot Fischelis 1918 
1880 1910 

Max. 7o5 7.0 7.0 7.0 7.0 6.0- 7.0 - 7.0 
Central Incisor 

Mand. 7.0 7.0 7.0 7.0 7.0 6.0- 7.0 .. 7.0 

Max. 8.o 8.0 8.0 8.0 8.o 7.0- 8.o 7.8 ± 1.6 8.o 
Lateral Incisor 

Mand. 8.o 8.0 8.o 8.0 8.0 7.0- 8.o - 8.0 I 
\J\ r 

Max. 12.0 12.0 12.0 12.0 11.0 9.0-10.0 9.5 ± 2.5 12.0 
Canine 

Mand. 12.0 12.0 12.0 12.0 11.0 9.0-10.0 8.4 ± 2.2 12.0 

Max. 10.5 10.0 10.0 10.0 10.0 8.0- 9.0 9.1 ± 1.9 . 10.0 
First Molar 

Mand. 10.0 10.0 10.0 ;i.o.o 10.0 8.0- 9.0 8.9. ± 2.2 10.0 

Max. 11.5 11.0-12.0 11.0-12.0 11.0 11.0 10.0-11.0 10.3 ± 2.1 11io~12.o 
Second Molar 

Mand. 11.0 11.0-12.0 11.0-12.0 11.0 11.0 10.0-11.0 9.2 ± 3.2 11;0~12.o 
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Continuation of table 7 

1923 .. 1932 

Investigator Hellman Brady Marshall Churchill 
and year 19.?;}lJ 1924 1929 1932 

Mal.es Females 

Wealthy Poor Normal Wealthy Poor Normal 
occlusion occlusion 

Max. 7.1 7.1 7.2 6.8 7.2 7.5 8.0 7.0- a.o 7.0 
Central Incisor 

Mand. 6.4 6.7 6.9 6.2 6.6 7.0 7.0 7.0 .. 8.0 7.0 

Max. 8.2 8.5 8.9 7.6 s.3 a.3 9.0 7.0- 8.0 8.0 I 
V\ 

Lateral Incisor ,. r 
Mand. 7.4 7.7 8.3 7.0 7.6 7.6 9.0 7.0 .. 8.o a.o 

Max. 11.5 11.3_ 11.6 10.7 10.8 10.8 12.0 12.o..;1J.O 12.0 
Canine 

Mand. 10.6 11~0 10.8 9.8 . 9.8 9.7 12.0 12.0-13.0 12.0 

Max. 10.7 9.4 10.3 10.3 9.2 9.7 11.0 10.0 10.0 
First Molar 

Mand; 10.8 a.·7 9.7 10.1 8.8 9.3 n.o 10.0 10.0 -
Max. ,11.5 10.1 10.5, · 11.1 ,10.0 10.a 12.0 10.0-11.0 11.0-12.0 

Second Molar 
Mand. 11.7 9.3 10.6 10.8 9.1 10.4 12.0 10.0-11.0 11.0 .. 12.0 
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Continuation of table 7 

193.5 ... 1944 

Investigator Rose Kronfeld Ekman Broadbent Schour Wilde 
and year 1935 1935a 1938 1941 and 1944 

Massler 
Males Females 1941 

Right Left Right Left 

Max. 6.o 6.0- 7.0 7.0 7.1 6.8 6.7 6.0- 7.0 6.0- 7.0 7.0-'2:o·O 
Central Incisor 

Mand. 6.o 6.o- 7.0 6.2 6.2 5.9 6.o 6.o ... 7.0 6.o. 7.0 7.0- a.o 

Max. 7.0 7.0- 8.0 7.9 a.o 7.5 7.5 7.0. 8.0 7.0. a.o 7.0- 8.0 I 
Lateral Incisor \J\ 

\,.0 
Mand. 7.0 7.0- a.o 7.2 7.1 6.8 6.8 6.o. 7.0 6.o .. 7.0 7.0 ... a.o I 

Max. 11.0 10.0 ... 12.0 11.2 11.1 10.5 10.5 9.5-10.5 10 .. 0-11.0 12.0 
Canine 

Mand. 11.0 .. 10.0-12.0 10.1 10.2 . 9.3 9.3 9 • .5-10 • .5 10.0-11.0 12.0 

., Max. 10.0 9.0.11.0 10.2 10.2 9.8 9.8 9.0- 9.5 9.0-10.0 10.0 
First Molar 

Mand. 10.0 9.0-11.0 10.0 10.0 9.4 9 • .5 9.5-10 • .5 9.0-10.0 10.0 

Max. 11.0 10.0-12.0 11.0 11.0 10.8 10.8 9.5 ... 10 • .5 10.0-11.0 10.0-11.0 
Second Molar 

Mand. 11.0 10.0-12.0 9.9 9.9 9.5 9 • .5 10 • .5-11.5 10.0 ... 11.0 10.0-11.0 
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Continuation of table 7 

1946 ... 1952 

Investigator Are'Y' Stones et al Goden.,. 
and "3'ear 1946 1951 1952 

Males Females 

Exclud. Includ. Exclud.. Inc;J;u.d. 
Xns. Ins. Xns. Xns. Males Females 

Max. 7.0 7.6 7.7 7.4 7.4 7.1 6.9 
Central Incisor 

Mand. 7.0 7.0 6.9 6 • .5 6.5 -
8 • .3 8.J a.1 

I 
Max. 8.0 8.1 8.1 7.8 \.Tl 

Lateral Incisor f 
Mand. s.o 8.0 8.0 7.5 7.5 7.5 7.2 

Max. 11.0 11.6 11.6 10.8 10 .. 9 11.5 10.8 
Canine 

Mand. 11.0 10.7 10.7 9.8 9.8 10.8 10.0 

Max. 10.0 11.0 10 • .3 10.5 10.1 10 • .5 10.3 
First Molar 

Mand. 10.0 11.3 10.4 10.6 10.4 10.8 10.J 

Max. 11.0 11.7 11.1 10.9 10.7 11.4 11.1 
Second Molar 

Mand. 11.0 12.1 11.1 11.7 10.8 11.6 11.1 
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Radiographi~ appearance of the developing tooth 

Diamond (1944) described the tooth germ surrounded by a 

follicle, or an arrangement of loose connective tissue, and he 

noted that the connective tissue follicle is in a particularly 

active period of growth during the early development of the crown 

germ. Along with growth of connective tissue, the resorption 

of bone occurs in all directions and it is always in advance of 

the growing crown germ. The growth of the follicle continues 

until sufficient room has been established for the crown of the 

tooth. 

Development of enamel 

The mandibles of full-term infants were examined micro

radiographically by Engfeldt and Hammarlund-Essler (1956) to 

determine the distribution of mineral salts and the degree of 

mineralization in various regions of the teeth. The term 

"mineralization" refers to the physiologic deposition of calcium 

salts. Specimens of jaws of newborn inf ants provide a good 

opportunity for studying the various developmental phases of 

enamel, the pattern of mineralization of the various teeth 

representing a series of stages in enamel development. The 

distribution of mineral salts and the degree of mineralization 

are immediately evident on microradiograms, the light parts being 

regions with a high x-ray absorption and hence a high content 

of calcium 8alts. 
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It was found that the enamel nearest the dentine rapidly 

attains a high mineral content. In the enamel that is 

subsequently formed, the deposition of calcium salts occurs more 

slowly. The degree of mineralization in the inner enamel layers 

seems to increase, however, before the final thickness of the 

enamel matrix is attained. This increase in the mineral content 

is first observed at the extreme incisal or ocelusal parts of 

the dentine-enamel junption. The mineralization continues 

faster on the lingual than on the buccal side, and consequently 

the.course of the final mineralization of the enamel crown is 

nei~her parallel nor perpendicular to the incremental lines. 

Furthermore, the mineral content increases to a high degree in 

the external enamel layer, before the underlying enamel has_ 

reached the same stage of mineralization. 

Figure 1 consists of microradiograms of ground sections 

a. Through the distobueeal and distolingual cusps of 

a deciduous first molar. 

b. Through the mesiobuccal and mesiolingual cusps of 

a deciduous first molar. 

c. Laterally through a deoiduous lateral incisor and 

through the middle of a deciduous canine. 

A further investigation, the findings of which coincide 

with the above, is a microradiographic-microphotometric and 

x-ray diffraction study of human developing enamel. This study 

was conducted by Hammarlund-Essler (1958) with the purpose of 
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obtaining a more detailed concept of the mineral distribution 

and of mineralization. The material consisted of three 

deciduous tooth germs: the central incisor, canine and second 

molar from the left lower jaw of a full term fetus which had 

died from trauma sustained during delivery. No developmental 

anomalies could be demonstrated and the pregnancy had been 

uncomplicated. 

It was-found that the innermost layer of the enamel along 

the dentine-enamel junction assumes a high degree of mineralization 

as soon as it is formed. In certain stages also, the outermost, 

or external l~yer, achieves a high degree of mineralization 

more quickly than the rest of the enamel. 

Root development of molar teeth 

Taurodontism. The commencement of the molar root does 

not always coincide with the first appearance of the cleft. In 

taurodont teeth the cleft is situated closer to the apical end 

of the root and it may first appear when the root is completing 

its formation. A taurodont tooth, as described by Keith (1915), 

is due to delayed formation of the floor of the pulp cavity. 

Such a tooth is characterized by a-very large pulp cavity 

extending downwards at the expense of the roots. A taurodont 

tooth is large in crown, body and pulp chamber dimension, but 

exeeedingly short in its root length. Keith proposed the 

term "taurodont" for this peculiar form of molar teeth because 
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Figure 1. Microradiograms of ground sections. 

a. Through the distobuccal and distolingual cusps of a 
deciduous first molar. 

b. Through the mesiobuccal and mesiolingual cusps of a 
deciduous first molar. 

c. Laterally through a deciduous lateral incisor and 
through the middle of a deciduous canine. 
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it resembles in general the form of molar teeth of the ox. 

He called the opposite condition, in which the pulp cavity is 

small, 11 cynodontism. 11 Taurodontism has been classified by 

Middleton-Shaw (19Jl), according to the extent of the vertical 

deepening of the pulp cavity at the expense of the roots. 

Hypotaurodont teeth show a slight enlargement of the pulp cavity 

and shortening of the roots. They are found in South African 

Negroes whose ancestors had allegedly hybridized with the 

extinct Boskop racial type of this region. Mesotaurodont teeth 

are seen in the Heidelberg jaw and show a considerable degree 

of pulp cavity enlargement and a shortening of the roots. 

Evidence of hypertaurodont teeth may be found in the Krapina 

Neandertals. These teeth have the most marked enlargement of 

crown and shortening of the roots. Middleton-Shaw's (19Jl} 

classification of taurodontism is shown in Figure 2. 

According to Senyiirek (1939, 1949 and 1953}, the size of 

the pulp cavity decreases gradually with age. This applies not 

only to man, but also to all the other primates. In addition, 

in all primates, the size of the pulp cavity, or the degree of 

taurodontism, in general, increases from the first to the third 

mandibular molar. 

Root completion is denoted by Gleiser and Hunt (1955) as 

a convergence and apical narrowing of the root canal. They state, 

however, that this does not necessarily indicate that the root 

has ceased to elongate. Sicher (1949) reports that enlargement 
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Figure 2. Classification of taurodontism according to 
Middleton-Shaw (1931). 

A. CYNOOONT. 
{EUROPEAN}. 

B. f/YPOT/ILJROOONT. 
{Bl!IYT/1-BOSKOP IIYBRlfJ ). 

c. MESOTAUROOONT. 
(HE/OELBERG). 

0. HYPERTAI.IRODONT. 
{Kl?APINA). 

----- - ----

iddda24p
Rectangle

iddda24p
Rectangle
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of the root does not cease when the root is fully formed. By 

continuous apposition of cementum the root grows slightly in 

its transverse diameters and more rapidly in length. Elongation 

of the root is correlated with a continued vertical eruption of 

the tooth during its functional period. 

Murphy (1959) supports this concept of continuous tooth 

eruption and root elongation during adult life. He studied the 

facial height adjustment to functional tooth attrition in 337 

Australian .Aboriginal skulls and found that loss of facial height 

by tooth wear is partly compensated by continuous tooth eruption 

and generalized alveolar bone growth. Of continuous tooth 

eruption, about two-thirds is accounted for by differential 

alveolar bone growth with socket shallowing, and about one ... third 

by cementum apposition with root lengthening. Murphy contends 

that at the present day, this compensating mechanism persists 

even though tooth wear is slight or absent, resulting in an 

increase in facial height. In the Australian Aborigines tooth 

wear is so marked that compensation is not fully adequate, 

resulting in a decreased facial height. 

Zander (1958) studied cementum apposition in 235 teeth from 

individuals ranging in age from 11 to 7.6 years. He measured the 

average thickness of cementum at the apical end and at the mid 

portions of the root, as well as in the area near the cemento-enamel 

junction, according to a method devised by Hiirzeler and Zander (1958). 

Zander found a significant continuous increase in cementum thickness 

with age in all three areas studied. 
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Sequence of formation of molar cusps 

The evolution of mammalian molar teeth and the sequence 

of calcification of the cusps is described by Osborn (1907). 

His theory of cusp differentiation, or cusp addition, is that 

cusps have originated by addition to the sides of a primitive 

single cone. In the lower molar teeth, the order of formation 

is precisely the order of cusp evolution. In other words, the 

anterior mesio-buecal cusp (protoconid) was the first to evolve, 

representing the reptilian cone; it is also the first to calcify. 

The anterior mesio-lingual cusp (metaconid) evolved second, and 

is also the second to calcify. The.third and fourth cusps 

calcify almost simultaneously; these are the disto-buccal 

(hypoconid) and the disto-lingual (entoconid). The fifth cusp 

to calcify is the distal (hypoconulid). Thus the order of 

embryonic development exactly repeats the evolutionary order 

and it presents in every way the strongest confirmation of this 

theory of cusp formation. 

The order of sequence of cusp formation described above 

was taken by Osborn from the work of Rose (1892) • 

Symington and Rankin (1908), Aoki (19'.3'.3), Kronfeld (19'.3.5b) 

and Gleiser and Hunt (19.5.5) report that the mesio-buocal cusp 

of permanent mandibular molars is the first to appear. The 

sequence of appearance of the remaining cusps has been described 

by Aoki (1933), Kronfeld (19'.3.5b), Gleiser and Hunt (19.55), the 

sequence order being, disto-buocal, mesio-lingual, disto-lingual 

and distal cusps. 
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Beust (1928) found that in the pig the mesial components 

entering into the formation of the molar crown develop in 

advance of those situated distally. The enamel of the mesial 

cusps will, therefore, be in a more advanced state of 

calcification than that of the distal portion of the crown. 

Engfeldt and Hammarlund-Essler 1s studies on mineralized 

tissues (1956) show that in the molars the regions of high 

mineralization were larger on the buccal than on the lingual 

cusps, and that mineralization was more advanced in the mesial 

than in the distal parts. 

Position of the cusps and their coalescence 

Kronfeld (1935b) found that the distance between cusps 

remains fixed and that there is no a~tive moving apart after 

the centres commence calcification. He measured the distances 

between the individual pulp horns of molars after the initial 

onset of calcification, and also the distance between the 

highest points of dentine in the cusps after the latter had 

become united. Kronfeld found that the centres of calcification 

remained in the same position throughout the formation of the 

occlusal surface. The centres coalesced by growing toward each 

other without any change in their relative position. Pinney 1s 

study (1939) of serial radiographs of the same individual showed 

that after calcification commenced, there was no further increase 

in the intereuspal dimensions. Measurements taken between the 
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cusps of the crowns when their calcification first became 

noticeable, were identical with measurements of the same points 

in the adult tooth. Beust (1928) reported a similar observation 

in the developing molars of the pig. Calcification began at 

segregated points removed from one another, the distance 

corresponding approximately to the future position of the 

matured cusps. 

Sex, differences in tooth development 

The deciduous dentition: The deciduous teeth have been 

shown by Doering and Allen (1942) to erupt earlier in males than 

in females. This study was based on the same children as the 

present investigation. Robinow, Richards and Anderson (1942) 

reported similar findings from the Fels longitudinal growth study 

in Ohio, as did Nanda (1960) from the Denver Growth Centre. 

Meredith (1946) reviewed the data on deciduous tooth emergence 

from twenty-two investigations and reported that at all ages 

from 9 months to 2 years, teeth tend to erupt earlier in males 

than in females. 

Moorrees, Thomsen, Jensen and Yen (1957) measured the 

mesio-distal crown diameters of deciduous teeth. The material 

consisted of plaster casts of 184 North American children 

followed longitudinally from 3 to 18 years. The majority of 

these casts were collected as part of the growth study, under 

the direction of Dr. Harold C. Stuart at the Harvard School of 
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Public Health (1939). The others were gathered by Dr. Richard H. 

Studklen in Wilmington, Delaware. It was found that the tooth 

crowns of males were invariably broader than those of the females. 

This sex difference was greatest fo~ the canines. 

The permanent dentition: Using the mean ages of emergence 

of the permanent teeth calculated by Hurme (1948), Gleiser and 

Hunt (1955) generalized the sex differences in these means into 

a linear equation by the method of least squares. This equation 

indicated a gradually increasing absolute sex difference in 

emergence with chronologic age, the females becoming more and 

more advanced. If y equals the expected age of emergence of 

any permanent tooth in females, and x equals the comparable 

expected age in males, then y equals o.95x. At roughly 

equivalent developmental stages of the permanent dentition, 

therefore, an average female is 95 per cent as old as an average 

male. 

Measurements of the mesiodistal crown diameters of the 

permanent teeth were also made by Moorrees, Thomsen, Jensen 

and Yen (1957). They found that the crown diameters of the 

permanent teeth are larger in males than in the females. This 

sex difference is more pronounced in the permanent than in the 

deciduous teeth and the greatest difference is observed between 

the canines. 

Selmer-Olsen (1949) measured the root length of teeth 

extracted from the skulls of Norwegian Lapps which had been 



l 
\ 

-\ 

' ~-\ 

-67-

sexed by conventional criteria. The roots of the teeth of 

females were shorter than those in the males. A greater sex 

difference was seen in the canines and incisors tha_n in the 

molars. 

The sex difference in tooth formation was studied by Nolla 

(1952), who reported no significant difference in the rate of 

development between males and females. However, calcification 

in females started and finished earlier. The general sequence 

of development was the same in both sexes. Gleiser and Hunt (1955), 

in their radiographic investigation of the permanent mandibular 

first molar, found that females were advanced in calcification 

compared to males. Demisch and Wartmann (1956) studied the 

formation of the mandibular third molar and found no sex 

difference from the onset of calcification to the commencement 

of the root. Garn, Lewis, Koski and Polaoheck (1958) report 

that for the eruption and calcification of the mandibular first 

and second molars and the premolars, females tend to be advanced. 

The smallest sex differences were observed early in life, with 

the absolute divergence between the sexes increasing steadily. 

These investigators compared the two eruption stages of alveolar 

emergence and attainment of the occlusal level, to the calcification 

stages of follicle and the beginning of root formation, and found 

that the average sex difference for the former was greater than 

the average sex difference for the latter. 

Boulanger (1958) calculated the mean ages and standard 
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deviations for the calcification stages of the maxillary and 

the mandibular first and second premolars and the permanent 

first and second molars in 298 Swiss children, born in Zurich, 

aged 6 to 11 years. He found that for all the stages of tooth 

formation studied, the girls were from 4 to 5 months in advance 

of the boys. 

This review of the literature has shown that tooth formation 

and root resorption have been studied extensively by many 

investigators sinee Hunter published his classic description 

in 1771. In the intervening period of nearly two hundred years, 

reliable standards for the chronology of tooth development have 

not been forthcoming, despite the new interest in tooth formation 

and root resorption shown by workers studying endcicrinopathies 

and the biological effects of radiation. Thus standards of 

tooth development are not only of great interest within the 

dental profession, but are becoming increasingly valuable to 

those outside it. 
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III. THE PRESENT STUDY 

This study of tooth formation and root resorption is one 

aspect of a team project on child growth being conducted at the 

School of Public Health, Harvard University. The Forsyth Dental 

Infirmary has collaborated by analysing the dental development 

of the children. The present study follows the first comprehensive 

dental report of Moorrees (1959) describing development between 

3 and 18 years of age. 

Purpose of the study 

This investigation was designed to provide norms of tooth 

formation and root resorption of the maxillary incisors and all 

the mandibular teeth, for males and females separately, together 

with the ranges of variation in the attainment of developmental 

stages in children with unmutilated dentitions. In addition, 

the norms can be used for comparing individual patterns of 

development for either single teeth, or all the teeth of one 

child. The effect of extraction of a deciduous tooth on the 

calcification, time and speed of eruption of the permanent 

successor can be studied. The effect of agenesis of a permanent 

tooth on the resorption rate of the deciduous tooth can be 

determined. Since radiographs were taken for the left and right 

teeth of all the ehildren, if extraction or agenesis occurred on 

one side only, the opposite side serves as a control for assessing 
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changes in the formation, eruption and resorption of antimeres. 

Although the norms apply to the period from birth to pre

adolescence only, conforming to the age limits set by the 

material available, and, therefore, some of the teeth are not 

followed through to the completion of their formation, the 

author intends to use the methods of study and analysis as a 

basis for further investigations of tooth formation during 

adolescence and early adulthood. 1 

Material 

The material utilized is obtained from "The Longitudinal 

Studies of Child Health and Development" conducted under the 

direction of Dr. Harold C. Stuart by the Department of Maternal 

and Child Health, School of Public Health, Harvard University 

(Stuart and others, 1939, 1959). This centre for research in 

child health and development commenced its activities in 1930 

and was planned mainly to provide facilities for research on 

"well" children, since it was recognized that an understanding 

of health and normality is fundamental to an adequate 

appreciation of disease and abnormality. For this reason, only 

mothers who were clinically healthy during pregnancy, and 

children showing no signs of gross permanent abnormality, were 

included in the study. The mothers, residents of Greater Boston, 

lwith the cooperation of the Fels Research Institute, Antioch 
College, Yellow Springs, Ohio, dental radiographs of JOO individuals 
from their Growth Centre have now been· studied from birth to 20 
years and norms of tooth formation for the combined material are 
in the course of preparation. 
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and all racially White, belonged in the lower middle economic 

group and attended the prenatal clinic of the Out-Patient 

Department at the Boston Lying-In Hospital. 

The period of study included the economic crisis in the 

United States of America, from 1929 to 1937, when more than one 

father ran the gamut from professional or managerial services 

to the day labour offered by the WPA, and back again to a 

position of considerable responsibility with fairly good 

remuneration. This economic depression turned to hospital 

clinics a number of patients who had previously enjoyed higher 

socio.economic status. 

The families availing themselves of the services of the 

Out-Patient prenatal clinic at the Boston Lying-In Hospital 

are either totally dependent upon social agencies for support, 

or have low incomes. Patients in the higher income brackets are 

admitted to a special resident clinic that offers a semi-private 

service. Some mothers from this clinic were selected also for 

participation in the study. 

Four criteria of selection were used in choosing families 

for enrollment in the Centre: 

1. The mother should be a patient at the Boston Lying-In 

Hospital. 

2. Both parents should be of White North .American or 

European origin. 

3. The parents should be reasonably certain of residing 
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for the ensuing five years in a location conveniently near to 

the Research Centre. 

4. The parents should be willing to cooperate in whatever 

the Centre would require and be interested in having their child 

in the group. 

The fact that selection was made on the basis of cooperative

ness might have had some bias on the results of the psychological 

studies. It is difficult to visualize, however, that it could 

appreciably affect the formation or resorption of the teeth. 

Some mothers already enrolled in the study applied early 

in their subsequent second and third, and in several instances 

their fourth pregnancies, to have these additional offspring 

included also. The advantages of having siblings and family 

groups in the series were considered to greatly outweigh any 

possible disadvantages in the composition of the overall sample. 

The original objective regarding sample size in planning 

for the "normal" child growth study was to enroll a sufficiently 

large group of children to ensure that at least 100 children of 

each sex would be available for a study period of five years. 

This number was considered necessary in order to obtain a 

sufficiently large and representative sample of young Bostonians 

for the computation of norms of growth and development. Seven 

years after the beginning of the study, 296 children had been 

registered, and 224 active cases, 111 boys and 113 girls, were 

still being examined at regular intervals. At that time, 1937, 



I 
> 

,;. 

)-

( ~, 

-73-

it was decided not to enlarge the sample any more, except for 

future siblings in order to enable the study of family groups. 

In 1955, when the present investigation of dental develop

ment commenced, a total of 161 children consisting of 94 

unrelated individuals, 25 sibling pairs, 5 sets of twins, and 

7 third and fourth siblings, had been observed for eighteen 

years since birth. 

Sample studied 

The original aim of the present study was to have a sample 

of fifty males and fifty females. This number was considered 

adequate to provide norms for the various stages of tooth 

formation and root resorption for a reasonable expression of 

the individual variations of these processes. 

In selecting the children, preference was given to those 

who had the largest series of radiographs and dentitions 

unmutilated by extraction, traumatic loss or agenesis. It was 

not possible to find 100 children with completely satisfactory 

records, but 48 males and 51 females were chosen as being the 

most suitable of the entire series. The family relationship of 

the subjects selected for the study is given in Table 8. 

Teeth affected by agenesis of the permanent successor, or 

extraction of the deciduous predecessor, were not used in the 

statistical analysis of the material. However, individual stages 

of resorption and calcification were assessed for all teeth of 



e/ 

:; 

) 

,.\ 

()' 

> 

-74-

Table 8. Family relationship of the subjects selected 

for the study of dental development 

Number of 
Unrelated Individuals 

Number of 
Siblings 

Number of 
Twins 

Males Females Males Females Male~Male Male-Female 

33 41 7 8 2 
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every child, irrespective of their usefulness for the norms. 

In this way an individual record of each child's dental develop

ment was obtained and the effects of agenesis, extraction, or 

loss by accidental trauma could be shown and proved to be of 

particular interest in relation to acceleration or retardation 

of resorption, calcification and emergence. 

In some cases, extractions were performed on one side of 

the jaw only and it was possible to use the developmental pattern 

of the teeth on the opposite side as a control in determining 

the effect of loss of a deciduous molar upon the calcification 

rate and the emergence of its permanent successor. 

In the case of unilateral absence of a permanent tooth, 

usually a second premolar or a second incisor, the resorption 

rate of the root of the deciduous tooth, without a succedaneous 

tooth, could be compared over a period of years with that of its 

antimere having a succedaneous tooth. 

Material available for analysis 

The material available for the present study of tooth 

calcification and root resorption consisted of lateral skull 

radiographs taken at birth, two weeks after birth, at three-months' 

intervals to the age of one year, and thereafter at six-monthly 

intervals from the first to the fourth year of age. Lateral jaw 

radiographs were taken at six-monthly intervals between 4 and 

11.5 years of age. 
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The visualization of the maxillary teeth and the mandibular 

incisors on these films was poor, so that only the clearly out

lined mandibular canines, premolars and molars were studied. 

The assessments of calcification and resorption were made accord

ing to the following plan: 

1. The formation of the deciduous mandibular canine and 

molars from birth to the completion of the apices of the roots. 

2. The beginning of resorption of the roots of the 

deciduous mandibular canine and molars, until the exfoliation 

of their crowns, or the extent of resorption of these teeth at 

the time the radiographic series was terminated. 

J. The formation of the crowns of the permanent mandibular 

canine, first and second premolars, first, second and third 

molars, from onset to completion of the apices of the roots, 

or the extent of calcification of the teeth at the time when the 

radiographic series was terminated. 

Intra-oral radiographs of the maxillary and mandibular 

incisors were taken at six-monthly intervals between 4.0 and 

11.5 years of age. These made it possible to study some of the 

later stages of development of the incisors in both jaws as 

follows: 

1. The resorption of the roots of the deciduous maxillary 

and mandibular first and second incisors until exfoliation of 

the crowns. 

2. The formation of the crowns and roots of the permanent 
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maxillary and mandibular first and second incisors. 

Thus some impression could be obtained of the maxillary 

incisors and all the mandibular teeth. 

A total of 5,402 films were analysed. These consisted of 

1,900 lateral films and 794 intra-oral radiographs for the males; 

1,928 lateral films and 780 intra-oral radiographs for the 

females. Approximately 74,000 independent observations were 

made, averaging 16 observations for each lateral radiograph and 

8 observations for each intra-oral radiograph. 

The age ranges at which the radiographs were taken, as well 

as the number of radiographs for each male and female in the 

series, are given in Tables 9 and 10. 

Limitations of the material 

Neither the maxillary teeth nor the mandibular incisors 

could be studied from the lateral films. The intra-oral films 

obtained after the age of 4 years, made it possible to study 

the later stages of formation of the permanent maxillary and 

mandibular incisors and resorption of the deciduous maxillary 

and mandibular incisors. 

Since the radiographic series was terminated in 1939, the 

children who were enrolled in the study early were observed 

for a longer period than those entering it later. 

Due t6 incompleteness of the radiographic series of each 

child, and an occasional unsatisfactory film, it was not possible 
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Table 9. The age ranges (years) at which the radiographs 

were taken, and the nwnber of radiographs for each male. 

0--

"'· 
Serial Lateral Radiographs Intra-oral Radiographs Total 
Number Number 

J Beginning Terminal No. Beginning Terminal No. 

:, 

/ 
20 birth 10.0 44 6.5 10.0 14 58 

,, 30 " 10.0 46 6 • .5 10.0 16 62 
) 

31 II 10.0 48 6.5 10.0 16 64 
-~ 

32 II 10.0 46 6 • .5 10.0 16 62 

,\ 35 11 10.0 40 6 • .5 10.0 16 56 
~ 

37 II 10.0 46 6.o 10.0 18 64 

38 II 10.0 44 6.o 10.0 18 62 ? 

) 41 II 10.0 40 6.o 10.0 18 58 
;, 

46 II 10.5 40 6.o 9.5 16 56 

::..'> 47 II 10.5 48 6.o 10.0 18 66 
.,, 

49 II 10.5 46 6.o 10.0 18 64 
'> 

} 50 II 10.5 48 6.o 10.0 18 66 

-I 53 " 9.5 42 6.o 10.0 14 56 
-\ 56 II 10.5 42 5.5 9.5 18 60 

, J 
I 

57 II 10 • .5 48 6.o 9.5 16 64 

58 II 10.5 44 6.o 9.5 16 60 

59 II 10 .. 5 48 6.o 9.5 16 64 
(0, 

64 II 10~5 44 5.5 9.5 18 62 

"\ 6.5 "\ 
II 10.5 44 5.5 9.5 18 62 

A 
-( 
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j r Continuation of table 9 

l 
1 

' Serial Lateral Radiographs Intra-oral Radiographs Total I 
'· Number Number 

Beginning Terminal No. Beginning Terminal No. 

67 birth 10.5 44 4 • .5 9.5 22 66 

7.5 II ·9.5 J8 5 • .5 9.5 16 .54 
j 

\ ,, 80 rt 9.0 .38 5.5 9.5 18 .56 
) 

I 85 II 9.0 J4 5.5 9.0 14 48 
r~ 

88 II 9.0 J6 .5.5 9.0 16 .52 ..... 
I 

l r\ 89 II 9.0 J8 5 • .5 9.0 16 54 
" ~ 94 II 9.0 36 5 • .5 9.0 16 52 I 

I 95 II 9.0 J6 5 • .5 9.0 16 52 I ) 
I> 99 II 9.0 34 .5.5 9.0 16 50 i 
! ;,-

100 II 9~0 30 5.0 9.0 14 44 1 

r 106 II 9.0 32 5 • .5 9.0 16 48 : .. > 
1 

' ) 107 II 9.0 38 5 • .5 9.0 16 .54 i '> 1 111 It 9.0 36 5 • .5 9.0 16 52 \ 

I -i 116 II 9 • .5 38 .5.0 9.0 18 .56 

I : ·\ 123 It 9.5 36 5.0 9.0 18 54 
' ·j 

127 fl 9 • .5 34. .5.0 9.0 18 52 

1.30 II 9.5 40 5.0 9.0 18 58 f > i> lJJ II 9.5 J8 5.0 s.5 14 .52 
~ D-

140 II 9.5 36 .5.5 8.5 14 .50 )-

141 II B • .5 J8 5.0 s.o 16 54 
~-

l 
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I Continuation of table 9 

Serial Lateral Radiographs Intra-oral Radiographs Total. 
\ Number Number 

.J Beginning Terminal No •. Beginning Terminal No • j 
\ /'. 
I 

143 birth 9.5 JO 4.5 8.5 18 48 
• .. )' 

146 II 8.0 32 4.5 s.o 16 48 
i' 

l 152 II a.o 36 4.5 s.o 16 52 1 
) 

l 162 II 8 • .5 36 4.o 8.o 18 54 
> 

175 II 8 • .5 38 4.o 7.5 16 54 "' }, 

4.o 16 l A 178 II 8.5 38 7.5 54 

179 II 8.5 38 4.o 7.5 16 54 
i 182 
~ ,) 

II a.5 38 4.0 7.5 16 54 
\ 184 II 7.5 36 4.o 7.5 16 52 j 
;' - 194 2694 I ,"- 1900 

) 

I ~ 
r 1 q 

) 

1 

( ·-\ 

-j 
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Serial 
·'~ Number 

J 

5 

6 
;~ 

10 

,\ 11 

12 

-) 16 
) 18 

;,-

21 

> 23 

4 27 
c~ 

29 

~ 52 

~ 60 
j 

62 

"' 68 
:;>- 70 

c~ 

), 74 

-~ 77 
1 

''\ 

\ 
\ 

\ 
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Table 10. The age ranges (years) at which the radiographs 

were taken, and the number of radiographs for each female. 

Lateral Radiographs Intra-oral Radiographs 

Beginning Terminal No. Beginning Terminal No. 

6.o 11.0 22 6.5 10.5 18 

birth 11.5 50 6.; 10 • .5 18 

II 11.5 50 6.5 10.5 18 

II 10 • .5 .50 6.5 10.5 18 

II 10 • .5 36 6.5 10 • .5 18 

II 8 .. .5 40 6.5 8.,5 10 

II 10 • .5 44 6 • .5 10.5 18 

II 10.0 42 6.5 10.0 16 

II 10.0 46 6.5 10.0 16 

II 10.0 44 

" 10.0 42 6.5 10.0 16 

ff 10.0 44 6.5 10.0 16 
I 

3 mo. 10 • .5 .38 6.o 10.0 18 

birth 10.5 50 6.o 9.5 16 

II 10.5 48 5.5 9.5 18 

II 10.5 42 

II 10.5 42 5.5 9.5 18 

II 10.5 40 5.5 9.5 16 

fl 9.5 40 5.5 9.0 16 

Total 
Number 

40 

68 

68 

68 

54 

50 

62 

58 

62 

44 

58 

60 

56 

66 

66 

42 

60 

56 

56 
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I Continuation of table 10 

Serial Lateral Radiographs Intra-oral Radiographs Total 
Number Number 

Beginning Terminal No. Beginning Terminal No. 

78 birth 9.0 40 5.5 9.0 16 56 

81 II 9.0 38 5.5 9.0 16 54 

84 II 9 .• 0 32 5.5 9.0 14 46 ':./' 

87 n 9.0 36 5.5 9.0 16 52 
,:\ 

90 II 7.5 32 .5 • .5 7.5 10 42 
' 

·\ 91 II 8.5 .36 .5 • .5 s.5 14 50 

92 II a • .5 32 5 • .5 8.5 14 46 

97 II 9.0 30 5.5 9.0 16 46 ·f 

) 101 II 9.0 30 5.5 9.0 16 46 

112 II 9.0 36 5.5 9.0 16 52 

113 rt 6.o 26 5.0 6.o 6 32 ,:)> 

4 118 II 9.5 40 5 • .5 9.0 16 .56 
•l . 120 II 9 • .5 36 5.0 9.0 18 .54 

121 II 9.5 38 4.0 7.0 18 46 -! 
J,_ 125 II 9 • .5 36 5.0 9.0 16 52 

-J 126 II 9.5 40 5.0 9.0 18 .58 

131 II 9 • .5 40 5.0 8.5 16 56 .. 
> 135 II 9.5 36 5.0 8 • .5 16 .52 

I v. 
137 11 9 • .5 34 4 • .5 8 • .5 18 52 > 

-~ 
138 II 9.5 38 3 • .5 8.5 20 .58 

J, 142 11 9 • .5 36 4 • .5 8.5 16 52 
\ 

) 

\ 
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Continuation of table 10 

Serial Lateral Radiographs Intra-oral Radiographs Total 
\ Number Number 

Beginning Terminal No •. Beginning Terminal No •. 
. " 

144 birth 8.5 34 4.,5 8.5 18 .52 

l 
145 11 8.5 36 4.5 8 • .5 16 52 

j 

1.51 9 mo. 8.0 JO .5.0 8 •. o 14 44 l > 
I 
J 

I 
1.57 birth 8.0 34 4 • .5 8 •. 0 16 50 

r'-

166 11 8 • .5 .38 4.,0 8.,0 18 56 ·' 
A 

l ,\ 181 II 8.5 40 · 4.o 7.5 16 56 

' 201 " 7,,.0 .32 4.0 7,,,0 14 46 

i 204 n 7.0 .34 4.o 7.0 12 46 1 ,/ 

) 206 .3 mo. 7.0 30 4.0 7.0 14- 44 j 

I > 
9 • .5 34 3.5 7.0 16 50 C 217 birth l 

221 n 7 • .5 34 3 • .5 7.0 16 50 1 ,)).-

j 1928 ?80 2708 

--~ 

·\ 

l 

l 



-; 

f 

7 

.\ 

i 

j 
·\ 

" 

> 

·\ 

-84-· 

to obtain a completely longitudinal representation of tooth 

formation in all instances. 

Differences in the angulation at which the radiographs 

were taken caused distortion in some instances, the teeth then 

being either markedly £ore-shortened or lengthened.· No develop

mental rating was attempted in these cases. 

In spite of some of the shortcomings of the material, an 

analysis of these data is considered worthwhile because they 

are adequate £or the provision of norms in the preadolescent 

period. 
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IV. THE, METHODS OF ANALYSIS 

The data on tooth formation and root resorption were 

obtained by analysing the available radiographs for the 

different teeth of males and females separately, and £or 

teeth in the left and right sides of the maxilla and the 

mandible. 

Stages of tooth formation 

A series of developmental stages was defined for the 

incisor, canine, premolar and molar teeth, following the system 

devised by Gleiser and Hunt (1955) in their study of the per

manent mandibular first molar. These stages commence with the 

appearance of the tooth crypt, followed by the onset of cusp 

calcification, crown development to its completion, beginning 

of root formation and root development to the completion of 

its apex. 

In addition to the seventeen stages defined by Gleiser 

and Hunt (1955), the author was able to distinguish three other 

stages which were utilized as a measure of greater precision in 

the assessment of calcification. These three stages were 

intermediate between attaining full length of the root and 

complete closure of the apex. Furthermore, the mesial and the 

distal roots of the deciduous and the permanent molars were 
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studied separately. In the single rooted teeth, such as the 

incisors and canines in both jaws and the mandibular premolars, 

the two stages of cleft formation were eliminated. 

The definitions of the various formation stages selected 

by the author are given in Table 11, together with the stages 

of Gleiser and Hunt (1955). A system of coded symbols, devised 

for greater convenience in the clinical use of the data, is 

also shown in this table. 

The different stages of formation observed for the incisor, 

premolar and molar teeth, respectively, are shown in Figures J, 

4 and 5. The canine may be thought of as being comparable to 

the premolar for purposes of studying tooth formation. 

Fewer stages could be seen for the deciduous than for the 

permanent teeth because of the speed with which the deciduous 

ones are formed. This speedy development may be related to 

their external and internal morphology and their chemical 

composition. Ireland (194?) emphasizes that the layers of 

enamel and dentine are not as thick in the deciduous as in the 

permanent teeth, and that the pulps are larger in comparison to 

the size of the crowns than those of the permanent teeth. 

Savory and Brudevold (1959) found that the enamel of the 

deciduous teeth has a higher organic content than that of the 

permanent teeth. They assume, therefore, that deciduous enamel 

is not as well calcified as permanent enamel and that it forms 

more quickly. Rapid development and an acceleration in tissue 
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Table 11. Tooth formation stages and their coded symbols 

as used in the present study, and those of 

Gleiser and Hunt (19.5.5) • 

Stage Coded symbol Stage 
(Gleiser and Hunt) 

Crypt, no calcification 0 I 
Initial cusp calcification Ci II 
Coalescence of cusps Ceo III 
Cusp outline completed Coe IV 
Crown 1/2 complete Cr1/2 V 
Crown 2/3 complete Cr2/3 VI 
Crown complete Cr0 VII 
Initial root formation R1 VIII 
Initial cleft formation Cli VIIIA 
Cleft rapidly enlarging Cle VIIIB 
Root 1/4 complete R1/4 IX 
Root 1/3 complete R1/3 X 
Root 1/2 complete R1/2 XI 
Root 2/3 complete R2/3 XII 
Root J/4 complete R3/4 XIII 
Root length complete Ro XIV 
Apex 1/4 closed A1/4 -* 
Apex 1/2 closed A1/2 -* 
Apex 3/4 closed A3/4 -* 
Apex closure complete Ac xv 

Key: C - cusp, Cr - crown, R - root, Cl - cleft, A - apex, 
i - initial, co - coalescence, oc - outline complete, 
c - complete, e - enlarging 

* not studied. 
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Figure 3. Tooth formation stages for the permanent incisors. 
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Figure 4. Tooth formation stages for the permanent mandibular 
canine and premolars. 
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Figure 5. Tooth formation stages for the permanent mandibular molars. 
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proliferation during infancy is characteristic of most 

non-genital tissues (Scammon, 1930; Watson and Lowrey, 1956). 

This phenomenon appears to be related also to the formation 

of the deciduous teeth. 

Stages of root resorption 

Root resorption stages were defined, commencing with the 

completely intact root, followed by different degrees of 

resorption of the root, to the e.xfoliation of the crown. 

Actually, these stages are a reversed sequence of root 

formation. 

Although it is not possible to determine from radiographs 

the exact time root resorption begins, a blunting of the apex 

can be taken as the first visible indication of the resorptive 

process. This is followed by a gradual shortening of the root 

until it entirely disappears. In some instances when the tooth 

is retained for a long period, the crown may become resorbed, 

but generally shedding occurs when the root is almost or com

pletely resorbed. Exfoliation denotes the final stage or the 

shedding of the deciduous tooth. 

The stages of root resorption for the deciduous teeth are 

defined in Table 12, together with a coded symbol of each stage 

to facilitate its identification in the tabular and graphic data. 

The separate stages are shown in Figures 6, 7, and 8 for the 

incisor, canine and molar teeth, respectively. 
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Table 12. Root resorption stages and their coded symbols, 

as used in the present study. 

Stage 

Root intact 

Root shows blunting or rounding at apex 

Root resorbed 1/4 

Root resorbed 1/3 

Root resorbed 1/2 

Root resorbed 2/3 

Root resorbed 3/4 

Root entirely resorbed 

Ex.foliation 

Coded symbol 

Res 0 

Res i 

Res 1/4 

Res 1/1} 

Res 1/2 

Res 2/3 

Res 3/4 

Res C 

Ex.f 

Key: Res. resorption, i - initial, c - complete, 
Ex.f. - ex.foliation. 
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Figure 6. Root resorption stages for the deciduous maxillary and mandibular incisors. 
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Reliability of the evaluations 

Although the interpretation of dental development by 

radiographic means is highly subjective in nature, certain 

stages are more objective and serve as a check or control in 

the assessment. These stages are follicle formation and early 

crown calcification. The completion of the crown and root 

commencement are also readily seen because of the difference 

in density between the crown structure and the more radiolucent 

root. After the root attains its length, the beginning of 

apical closure is detected by a change in direction of the lateral 

portions of the root so that they converge towards the apex. The 

main source of error is the lack of opacity of only slightly 

calcified structures in the radiograph. 

Since the entire chronology of development for the tooth 

is recorded in a longitudinal study, it is possible, by the 

inspection of serial radiographs, to assign, with reasonable 

accuracy, stages of formation or resorption of a tooth. Com

parisons of developmental ratings with earlier and later films 

of the same tooth assist in the assessment of the intermediate 

stages of crown and root formation. This is particularly valuable 

since these stages are the most difficult to evaluate. 

For clinical purposes, when only one radiograph is avail

able, differentiation between closely related stages is impossible. 

The difficulties of assessing root formation, on the basis of 

one radiograph, has been shown in a cross-sectional study being 
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conducted by Dr. A. M. Grpn at the Forsyth Dental Infirmary, 

concurrently with the terminal phase of the present study. For 

determining the amount of root development, Dr. Grpn defines 

four stages only, namely, 1/4, 1/2, J/4 root development and 

complete root formation. Even these stages are difficult to 

assess from intra-oral films. A better assessment is possible 

from lateral jaw radiographs, the advantage being that the 

relative development of all the mandibular teeth distal to, and 

including, the canine can be studied. Furthermore, an indication 

is given as to whether the individual possesses long or short 

rooted teeth, the chief basis of this conjecture being the level 

of the apical base of teeth which have completed their develop

ment. The apices of the canine, premolars and molars have a 

definite relationship with the osseous outline of the mandible. 

The canine and first molar, when their roots reach their full 

length, are closer to the lower border of the mandible than the 

premolars; the second and third molars follow an upward curve 

distally from the first molar. 

The author carried out a test for the accuracy of her 

assessment by making an independent rating of the incisor and 

premolar teeth in ten males. 
t 

The results of this ~st are given 

in Table lJ. It will be seen that in 972 ratings there was com

plete agreement in 73 per cent, one half stage disagreement in 

15 per cent and disagreement of one full stage in 12 per cent. 

In no instance was the disagreement greater than one development 

stage. 
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Table lJ. Error of evaluating tooth formation 

by independent ratings of the formation of 

incisors and premolars in ten males. 

Number of Agreement 1/2 stage l full stage 
ratings disagreement disagreement 

972 ?08 148 116 

Percentage 73 15 12 
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Extraction of a deciduous tooth and its effects on formation 

and eruption of the permanent successor 

The effect of extraction of a deciduous tooth on the 

formation and the eruption of its permanent successor was 

studied by selecting from the total series those individuals 

whose deciduous teeth were extracted, rather than shed naturally. 

Twenty males and twenty-three females had extraction of deciduous 

mandibular molars at ages ranging from 4.0 to 9.5 years. In 

some instances, extraction of a deciduous molar occurred on one 

side of the mandible only and the development of the premolar 

was studied, using its antimere as a control. In addition to 

noting the stage of formation of the premolars in these instances, 

the distances from the tip of the highest developing cusp to the 

alveolar crest were determined. Measurements were made with a 

sliding caliper and a vernier scale made readings of 0.1 mm 

possible. The time of emergence of the tooth through the 

alveolar bone crest, whenever visible, was noted. In addition, 

the time of clinical emergence could be determined in some 

instances also. 

Accordingly, by measuring the distance from the premolar 

cusp tip to the alveolar bone crest, a crude estimation could 

be made of the time of onset of eruption, the path of eruption, 

and the distance that the developing tooth moved, as seen in 

the radiographs obtained at six-monthly intervals. Using the 

side without extractions as the control, it was possible to 
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determine differences in the formation rate or in the pattern 

of eruption of the premolar after the extraction of the 

deciduous precursor. 

Root resorption of a deciduous tooth without a permanent successor 

The effect of agenesis of a permanent tooth upon the 

resorption rate of the deciduous root was studied by comparing 

the resorption of the deciduous teeth with and without permanent 

successors. 

Agenesis of one or more permanent incisors or premolars· 

occurred in 11.1 per cent of the males and 3.9 per cent of the 

females. The dental anomalies encountered in the present series 

are shown in Table 14. 

Fusion of teeth and the effects on root resorption, tooth 

formation and emergence 

The effects of fusion of the deciduous first and second 

incisors, and their two permanent successors, on deciduous root 

resorption and the formation and emergence of the permanent 

successors, was studied in one instance. A comparison of the 

amount of root resorption, the stage of tooth formation and the 

time of emergence, was made between the fused teeth and the 

unfused incisors on the opposite side of the mandible. 

( 
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Table 14. Summary of dental anomalies 

Serial Number 

133 

184 

107 

.50 

14.3 

30 

1.57 

120 

Sex 

Male 

Male 

Male 

Male 

Male 

Male 

Male 

Female 

Female 

Anomaly 

Fusion deciduous right mandibular first 
and second incisors; fusion of permanent 
right mandibular first and second incisors. 

Supernumerary permanent left maxillary 
incisor. 

Agenesis permanent left mandibular 
second incisor • 

Agenesis deciduous left and right 
maxillary second incisors; agenesis 
permanent left and right maxillary second 
incisors. 

Agenesis permanent left and right maxillary 
second incisers. 

Agenesis permanent right maxillary 
second incisor; agenesis deciduous left 
mandibular second incisor. 

Agenesis permanent right mandibular 
second premolar. 

Agenesis permanent left mandibular 
second premolar • 

Agenesis permanent left and right 
mandibular second premolars. 
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The findings, grouped according to the categories 

mentioned in this chapter, will be presented after a discussion 

of the statistical methods used in this study. 
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V. THE STATISTICAL ANALYSIS OF THE DATA 

For every child the stage of formation or root resorption, 

that the teeth had.reached at the time of the radiograph, was 

determined. The stages were recorded on work sheets £or each 

child, and subsequently these data were transferred from the 

work sheets of the individual children to separate sheets £or 

males and females for each tooth..-deciduous and permanent, left 

and right maxillary and mandibular. The work sheets were 

divided into vertical columns for each age when the different 

radiographs were taken and in these columns the various stages 

of formation or resorption attained by the particular tooth were 

recorded. 

The statistical analysis of the data was carried out 

according to t~ro methods, namely (1) the determination of 

means and standard deviations of the ages of the children 

observed at each specific developmental stage of tooth formation 

or root resorption, (2) the determination by probit analysis of 

means and standard deviations of the ages of attainment of each 

stage of tooth development or root resorption. 

The findings of the two methods are not comparable. 

According to Method 1, the average age of children in a given 

stage is obtained, and it represents the centre of the age 

interval during which this stage is present. Method 2 describes 

the mean age of transition from one stage to the next. 
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The standard deviation obtained in Method 1 represents 

both the individual variation in timing of development, and a 

measure of the duration of the stage that is being described. 

By probit analysis, the standard deviation of the age of attain

ment represents a measure of individual variation in the time 

of achieving the stage. 

The standard deviations obtained by Methods 1 and 2 are, 

therefore, not comparable and that which is derived by probit 

analysis is preferable because it better describes the biological 

processes of tooth formation and root resorption. 

A further disadvantage of Method 1 is that the norms are 

based on individuals 11at11 a developmental stage. If children 

are examined periodically, as is done in the present study, for 

the presence or absence of a phenomenon, such as reaching the 

various st~es of tooth fo~mation, and the ages at which they 

arrive at a given stage are averaged, the resultant mean value 

will be influenced by the frequency of the examinations and by 

the time interval between the stages. 

The norms presented in this thesis are obtained by Method 2. 

In a few instances the data obtained by Method 1 have been 

included also when they could not be determined by means of 

Method 2. A brief description follows of the procedure involved 

in Method 1. 

Method 1. The means, their standard error and the standard 

deviations of the ages of the children observed at each specific 
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s"t~:ge of tooth formation or root resorption were determined in 

those instances where 15, or more, observations were made. 

Before 8 years of age, the numbers of observations for the 

different stages varied between 40 and 50 at each age. After 

8 years, fewer children were studied, resulting in smaller samples, 

ranging from 15 to 40 individuals, and generally being around 20. 

Observations for each stage could not always be made when 

formation between stages was rapid. Because of the very slow 

resorption of the roots of the deciduous canines and molars, 

the same stage was observed on four or five successive radiographs. 

Accordingly, the nwnber of observations for each resorption stage 

was markedly larger than the usual number of 40 or 50, and 

varied from 99 for the deciduous second molar in females, to 202 

for the deciduous canine in males • 

Since, as mentioned, sample sizes were small after 8 years, 

a correction factor, [n/(n - l)] 1/2, was utilized for the com

putation of the standard deviations, as is customary. It was 

decided, furthermore, to use this correction factor throughout 

the analysis, even where the samples were of large size. 

Method 2. The alternative and preferred method is to 

obtain, by probit analysis, means and standard deviations of 

the ages at which individuals attain, or surpass, a developmental 

stage. As a basis for the computations, the cumulative number 

of individuals who have arrived at, or surpassed, a developmental 

stage at a given age is used. This cumulative estimate overcomes 
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the disadvantage mentioned before, whereby the means are 

influenced by the periodic six-monthly radiographs of the 

present study. 

The cumulative frequency curve is characterized by an S 

shape instead of a straight line, the tails of the S representing 

the comparatively few individuals who are early or late developers. 

This curve is skewed, or asymmetric, having an age range from 

the first percentile to the median which is less than that for 

the interval from the median to the 99th percentile, and a 

median age younger than the mean. The skewness arises because 

there is an age limit for the first appearance of any stage in 

individuals who develop early, but no upper age limit .for those 

who are late in their development. For instance, a skewed 

cumulative frequency curve for the stage 111/2 root formed" of 

the permanent mandibular right first incisor in males, is shown 

in Figure 9, diagram A. 

This phenomenon of skewness has already been demonstrated 

by Hurme (1948) in his study of the emergence of the permanent 

teeth. Hurme used the cumulative frequency curve for his 

analysis and noted that this method was also preferred by the 

French anthropologist, Broca in 1879, and by Cherot who utilized 

Broca's instructions, for calculating the mean and median ages 

of tooth emergence. These investigators found that without 

exception the mean age of tooth emergence either equalled, or 

exceeded, the median age of emergence. 
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The asymmetry of the cumulative frequency curve may be 

corrected by transforming the age into a logarithmic scale • 

Thereby, the lower half of the curve is stretched and the 

upper half contracted, resulting in a symmetrical S curve 

with the mean age coinciding with the median age, or 50th 

percentile. The age range from the first percentile to the 

median now equals that from the median to the 99th percentile 

(Figure 10, diagram B). 

The symmetrical S shaped curve can be transformed into a 

straight line if the percentiles,are converted into standard 

deviatill:rn units, determined by reference to a table of "areas 

under the normal curve" (Arkin and Colton, 1950). Statisticians 

refer to this kind of transformation as the use of a scale of 

normal deviates. Figure 11, diagram C shows a linear attainment 

line obtained by transformation of the percentile axis into 

standard deviation units. 

When converting age into a logarithmic scale, a problem 

arises that in the period from birth through infancy, the 

logarithmic cycles approach infinity. By using conceptional 

age and treating the child as being 9 months old at birth, this 

disadvantage is greatly reduced. Furthermore, growth starts 

at conception, rather than at birth, and the use of conceptional 

age allows for a continuity of development from prenatal to 

postnatal life. For convenience, the gestation period is assumed 

to be 9 months, since factual evidence is usually not available 

for the actual time of conception. 
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History of the probit method 

Although the widespread use of the probit transformation 

in the statistical analysis of biological data is of com

paratively recent growth, the underlying principle has been 

known for many years. Finney (1952) states "The probit method 

appears to have originated with psychophysical investigators 

who, in the latter half of the nineteenth century, were con

fronted with the problem of estimating the magnitude of a 

stimulus from statements by test subjects that it seemed to 

them greater than or less than the various members of a standard 

series. The proportion of answers 'greater than• steadily 

decreases as the scale of standard stimuli is ascended, and 

shows a sigmoid relationship with the measure of these stimuli. 

"Fechner in 1860 discussed the relationship of the 

difference between two weights with the proportion of trials 

in which a subject correctly judged which was the heavier. He 

suggested the conversion of the proportions to deviates of a 

normal distribution with mean zero by means of 1Fechner 1 s 

Fundamental Table'. If steps are taken to eliminate biases due 

to the order, in time or space, in which the weights are picked 

up, when the weight difference is negligibly small the proportion 

of right answers should be one-half, and the normal deviate 

therefore zero. Fechner further suggested that a linear relation

ship would be found between the weight difference and the normal 

deviate. Hence, if the proportion of right answers were known 
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for one weight difference, the factor of proportionality with 

the normal deviate could be estimated; estimates could then be 

made of the proportions corresponding to any other weight 

differences, or vice versa. This appears to be the earliest 

reference to the fundamental idea of the probit method, namely, 

the reduction of a sigmoid response curve to a straight line 

by means of a transformation of the responses based on the 

normal integral; the credit for inventing the method should 

therefore be given to Fechner." 

In 1894 Henry showed how to transform a cumulative normal 

curve to a straight line by use of normal equivalent deviates, 

and suggested graph paper with pro~bility ruling. 

Subsequently, the probit method has been widely adopted 

and refined by biologists in bio-assay work (Bliss, 1934 and 1957). 

Kihlberg and Koski (1954) applied this method to dental 

growth phenomena. They found that tooth eruption curves appeared 

to form straight lines, at least within the range from 5 to 

95 per cent, i.f plotted on normal probability paper, with the 

percentage of erupted teeth converted into the normal probability 

integral, against the logarithm of the post-conceptional age~ 

Such lines were drawn by eye to make the fit as good as possible. 

The probit method applied to the present-study 

This method appeared to be suitable for the present radio

graphic study of dental development. The actual procedure was 
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as follows: Using the original work sheets for each tooth, 

with ratings of tooth formation or root resorption, the first 

step was to calculate the percentage of children who had 

attained, or passed, a given stage at each age when radiographs 

were taken, according to the formula: 

Percentage of attainment= c/d x 100 

where c equals the number of children who had attained, or 

passed, a given developmental stage for a given tooth at a 

specified age, and d equals the total number of children observed 

at that age. 

Using arithmetic probability graph paper, the percentages 

of individuals who were at, or beyond, a given stage of develop

ment for the different teeth were then plotted on the Y axis 

against the logarithm of conceptional age, on the X axis. 

Through the plotted points, lines were drawn by eye arbitrarily 

to the,best fit. For each tooth the results obtained were a 

series of apparently parallel lines. 

Arithmetic probability graph paper consists of a vertical, 

or Y axis, with percentiles spaced to correspond with standard 

deviation units, and a horizontal, or X, axis having the 

chronologic age units arranged at intervals on a logarithmic 

scale for conceptional age. 

In the case of biological phenomena such as the formation 

or resorption of a particular tooth,, a sequence of events 

occurs which is not reversible. Therefore, a series of attainment 
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lines for the different stages of formation and resorption must 

be parallel and have a common standard deviation in units of 

logarithmic conceptional age, since crossing of the lines would 

imply a reversal in the sequence of developmental stages. 

Theoretically, it is known that the attainment lines for 

one tooth must be parallel. However, in practice, the difficulty 

is to decide the direction the lines should take, since owing 

to the small size of the samples, the points obtained do not lie 

exactly on a straight line. Therefore, it is necessary to 

determine a more objective method for drawing a line of best 

fit. This is accomplished by utilizing the method of least 

squares and averaging the vertical deviations statistical~y. 

For the application of the least squares method to the 

present study, percentages of attainment are converted into 

standard deviation units, or normal deviates, around a zero 

point at which 50 per cent of the children have attained, or 

passed, a given developmental stage. Percentiles higher than 

50 are given a positive sign and those lower than the 50th 

percentile are given a negative sign. This conversion is 

accomplished by referring to a table of areas under the normal 

curve. To avoid an unrealistic estimate of the range of 

individual variation, percentages with a value less than 5, or 

greater than 95, are eliminated, as well as those obtained when 

the number of individuals is less than 15. Furthermore, no 

calculations are made for any stage unless both positive and 
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negative percentile values are available. 

Figure 12 shows an attaimnent line for a developmental 

stage, based upon the linear equation: 

Y=a+bX 

where Y equals the percentage of attainment converted into 

standard deviation units, a equals the value of Y where X equals 

zero, b equals the vertical increase in Y for a unit increase 

of X, and X equals the logarithm of conceptional age. 

The value of b determines the slope of the attainment line 

and the greater its value, the steeper the inclination of the 

line. 

By substituting in this formula values of Y at zero and at 

one standard deviation (Figure 13), it is possible to calculate 

1/b, the reciprocal of the slope. This fraction is equal to 

the standard deviation of attainment, in units of logarithmic 

conceptional age, and can be derived from the formula: 

Y=a+bX 

by substituting the following values: 

When Y = O, then O =a+ bX, and the mean Xo = 

When Y = 1, then 1 = a + bX, and X1 = 
1 - a 

b 

Therefore, the standard deviation X1 - Xe=£ 

1 

b 

-a 
b 

a + ~ 
b b 

Since, as pointed out earlier, the attainment lines must 
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Chronologic Age (Years) 
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Figure lJ. The standard deviation of attaining a dental 
developmental stage, in units of logarithmic 
conceptional age, derived from the formula 
Y=a+bX. 
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be parallel, the value 1/b for any developmental stage represents 

a common standard deviation for all developmental stages of that 

tooth. A combined standard deviation is calculated because the 

separate standard deviations for all stages of a tooth are almost 

the same for practical purposes. 

The actual calculations are made with the following 

formulae: 

2:xy Ix r· u L_ -- • 
n n n 

b = 

----· n n n 

~r~ r:~ l I:x2 - • ni 
1/b = 

2'.n - I: [LX;_ z=yi 

J 
• 

ni 

Utilizing the standard deviation, 1/b, the mean age Xoi 

at which the individuals arrive at, or surpass, every stage 

(i) of calcification and resorption for each tooth, is 

calculated according to the following formula: 

2::'xi ~Yi 
Xoi = -- 1/b • 

ni 

In order to facilitate the actual statistical computations, 

work sheets were prepared for the calcification ot resorption 

of each tooth. The left teeth were chosen for study. The work 

sheets were arranged in such a manner that the normal deviate 
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is given for the various stages at the corresponding ages. The 

ages are expressed in units of logarithmic conceptional age. 

For each stage separately, the basic data needed are: 

"'"' L.,X, Y. 
J. J. 

Number of ages at which there is adequate data 

to estimate normal deviates. 

Sum of the logarithmic conceptional ages for stage i. 

Sum of the normal deviates for stage i. 

Sum of the squared logarithmic conceptional ages 

for stage i. 

Sum of the products of the logarithmic conceptional 

age and the normal deviate for stage i • 

From these were derived certain elementary sums, as follows: 

I:xi 

ni 

LYi 

~ 

I:x2 

~XY 

The mean logarithmic conceptional ages for stage i. 

The mean normal deviates for stage i. 

For all stages combined, the data needed were: 

Sum of the squared logarithmic conceptional ages 

for all stages. 

Sum of the products of the logarithmic conceptional 

age and the deviate for all stages. 
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Since the mean ages for the attainment of developmental 

and resorption stages is calculated in units of logarithmic, 

conceptional age, it is necessary to transform these back into 

chronologic age. In addition to the mean, the 10th, 25th, 75th 

and 90th percentile levels are also calculated for clinical use. 

This procedure is accomplished in the following manner: 

By referring to the table of areas under the normal curve, 

the normal deviates, in standard deviation units, corresponding 

to the 10th, 25th, 75th and 90th percentiles are recorded as 

follows: 

90th percentile 

75th percentile 

25th percentile 

10th percentile 

+1.2816 

+0.6745 

-0.6745 

-1.2816 

The percentiles are calculated in chronologic age according 

to the following formulae: 

90th percentile: Antilog. Meanlog + (1.2816 x standard deviation10g) 

75th percentile: Antilog. Meanlog + (0.6745 x standard deviation10g) 

50th percentile: Antilog. Meanlog 

25th percentile: Antilog. Meanlog - (0.6745 X standard deviation10g) 

10th percentile: Antilog. Mean10g - (1.2816 X standard deviation10g) 

The probit method of analysis provides information regarding 

individual variation in attaining stages of tooth formation and 

root resorption, together with a developmental age equivalent for 

each stage. 



,. 
\, 

) 

r 

.,,. . 

'{ 

>-

VI. THE FINDINGS 

·Tooth Formation 

Before presenting the statistical findings on tooth. 

development, a generalized description of the formation of 

the permanent teeth will be given, from·observations ma.de by 

the author during the inspection of the 5,402 serial radiographs 

of the present study. It has not been possible to observe the 

development of the permanent incisors because these teeth cannot 

be seen in the lateral radiographs. Deciduous tooth formation 

begins prenatally and is, therefore, not studied. 

Crypt development 

Growth of the crypt will be discussed for the permanent 

mandibular molar, inasmuch as the entire development of this 

tooth is cleatly visible radiographically and also because it 

has no deciduous precursor to affect its formation • 

The first radiographic evidence of tooth formation is a 

small, semi-circular translucency, consisting of the tooth 

follicle which is situated at, or near, the alveolar bone crest. 

This translucency increases in size and becomes circular in shape. 

It is enclosed in a thin, round, bony condensation, or crypt. 

The translucent area, including its boundary, continues to 

enlarge while the crown commences formation. The crypt and the 
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tooth reach their maximum mesiodistal diameter at the same time, 

when the crown is half formed. The crypt takes up a stable 

position in relation to the inferior border of the mandible, 

when the crown is completely formed. The permanent canine 

crypt is situated closer to the inferior border of the mandible 

than that of any other tooth. 

As root formation of the permanent first molar commences, 

the crypt elongates and it flattens inferiorly. After the root 

cleft, or inter-radicular septum, has developed, the base of 

the crypt moves up toward the cleft. When approximately one~third 

of the ultimate root length is formed, the molar crown erupts 

through the alveolar bone and the superior surface of the crypt 

disappears. The root continues to lengthen while the tooth 

continues to erupt and the centre of the base of the crypt 

grows upward in a close relationship to the cleft. The develop

ing roots are enclosed by the crypt but it is clearly seen that 

the growing pulp protrudes slightly beyond the root ends. 

When the crown has passed completely through the alveolar 

bone margin, the lateral wall of the crypt merges mesially 

with that of the adjoining tooth. At this time the apices of 

the mesial and distal molar roots have closed and the crypt 

closely approximates all surfaces of the roots to form the 

tooth socket. 

It is observed also that the thickness of the crypt wall 

changes during tooth formation. During the early stages of 
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crown development the crypt wall is thin. Its maximum thickness 

is reached after the crown is completely formed, but the crypt 

wall decreases again in thickness after apical closure of the 

root. 

The inferior portion of the crypt remains in a constant 

position in relation to the inferior border of the mandible 

once the crown is formed and, also, during and after tooth 

eruption. The amount of upward movement of the tooth during 

its eruption therefore corresponds to the increasing length of 

the root and the most active growth of the crypt occurs at the 

fundus. In the double-rooted permanent mandibular molars, the 

crypt follows the crest of the inter-radicular septum. This 

finding confirms the statement of Weinmann (1957) that bone 

growth takes place at the fundus of the socket and also at the 

crest of the inter-radicular septum. 

The growth and position of the crypt of the permanent 

mandibular left first and second molars, relative to the lower 

border of the mandible, are shown in the tracings of serial 

radiographs of a female, taken between 4.0 and 9.5 years of 

age (Figure 14). 

Crown formation 

The onset and course of crown formation will be described 

for the mandibular premolars, second and third molars. After 

the initial appearance of the translucent follicle, calcification 
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4.0 yr. 7.0 yr. 

4.5 yr. 7.5 yr. 

------
5.0 yr. 8.0 yr. 

------- --
5.5 yr. 8.5 yr. 

6.0 yr. 9.0 yr. 

6.5 yr. 9.5 yr. 

Figure 14. Growth and position of the crypts of the permanent 
mandibular first and second molars, together with 
the formation of these teeth. 
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centres are seen radiographically at points corresponding to 

the number and position of the cusps. According to the mean 

data of males, obtained from Method 1 and presented in Table 15, 

the beginning of cusp formation after follicle formation ranges 

from 2.3 months in the first molar, to 7.2 months in the second 

premolar. In females, the interval between follicle formation 

and cusp commencement has a greater range than in males. The 

interval varies from 1.9 months in the first molar, to 9.2 months 

in the third molar. 

Tooth formation is first seen radiographically at the tip 

of one cusp and subsequently in the remaining cusps. After 

coalescence of the inner regions of the cusps, the whole occlusal 

area becomes calcified. The crown forms first along its external 

surfaces, proceeding inward until the enamel is complete. These 

findings confirm the microradiographic, microphotometric and 

x-ray diffraction studies of human developing enamel by Engfeldt 

and Hammarlund-Essler (1956) and by Hammarlund-Essler (1958). 

These investigators have shown that ~he mineral content increases 

to a high level in the external enamel layer before appearing 

in the underlying enamel. The increase in the mineral content 

is first observed at the extreme incisal or occlusal aspects of 

the tooth (Figure 1). 

Position and coalescence of the cusps 

The centres of calcification do not move apart after cusp 
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Table 15. Age (months) of follicle and initial cusp formation, and the interval 

between these stages for the left mandibular premolars and permanent molars. 

(Method 1) 

Tooth Follicle Number Initial cusp Number Interval between 
Mean S.D. Mean s.n. means 

Males 

First Premolar 28.0 4.9 15 33.0 4.4 22 5.0 

Second Premolar 39.3 7.6 18 46.5 8.9 24 7.2 I 
+-' 

First Molar 0.2 0.2 48 2 • .5 1.1 33 2.3 
N 

?' 

Second Molar 37.8 6.o 36 44.9 6.4 27 7.1 

Third Molar 97.8 10.1 23 101.3 9.6 17 3.5 

Females 

First Premolar 27.4 5 • .5 14 33.7 6.o 26 6.3 

Second Premolar 40.3 8.0 28 46.4 8.2 34 6.1 

First Molar 0.2 0.2 51 2.1 1.4 26 1.9 

Second Molar 39.6 8 • .5 33 44.9 7.6 37 .5.3 

Third Molar 96.o 11.1 16 10.5.2 13.1 15 9.2 
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formation commences. The author is able to superimpose 

successive radiographs of the same tooth during its crown 

development to demonstrate that the distance between the cusps 

remains unchanged. Kronfeld (19J.5b) and Pinney (19.39) have 

already reported that the cusps coalesce without any change in 

their relative positions. This conclusion also applies to the 

pig, according to Beust {1928). 

In the permanent mandibular first molar, coalescence occurs 

between the mesiobuccal and distobuccal cusps, and between the 

mesiobuccal and mesiolingual cusps at approximately the same time. 

In all males and females, cusp formation in t,his tooth.has taken 

place by the age of J months, and at 6 months of age there is 

coalescence of o~e, or more, cusps. 

Sequence of molar cusp formation 

In the three permanent mandibular molars, the mesiobuccal 

cusp (protoconid) appears first, in every instance, either 

being present alone, or in a far more advanced state of formation 

than the other cusp, or cusps. This sequence confirms the 

findings of Symington and Rankin {1908), Apki (19.33), Kronfeld 

(19.35b) and of Gleiser and Hunt (19.55). 

According to Aoki (19.33), Kronfeld (193.5b), as well as 

Gleiser and Hunt (195.5), the remaining cusps appear in the 

following order: distobuccal (hypoconid), mesiolingual (metaconid), 

distolingual (entoconid) and distal (hypeconulid). The author 
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is unable to confirm the statement of Gleiser and Hunt (1955) 

that the sequence, d.istobuccal before mesiolingual cusp "was 

found in all of the 25 boys in our series, but reversals 

·occurred in 4 of the 25 girls. 11 

The mesiolingual and d.istobuccal cusps commence their 

formation at nearly the same time. In a few instances radio

graphs are available in which two cusps only are present, 

namely, the mesiobuccal and either the mesiolingual or the 

distobuccal cusp. It is generally impossible to determine from 

the radiographs the sequence of the appearance of the mesio

lingual ~d distobuccal cusps, because they are apparently of 

the same size whenever visible. The distolingual cusp is the 

fourth to form and the distal cusp is the fifth and last to 

develop. 

The length of time needed for crown formation is shown in 

Table 16. The mean ages, in months, obtained according to 

Method 1, are given for initial cusp formation, for crown 

completion and for the duration of crown formation, in the 

mandibular premolars and in the permanent mandibular first and 

second molars. It is seen that 31.7 months are needed for crown 

development of the first molar in males, and 41.1 months for 

· the second molar; in females the same process ranges from 31.4 

months in the second premolar to 32.7 months in the second molar. 
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Table 16. Age (months) of initial cusp formation and of crown completion, and the interval 

between these stages for the left mandibular premolars 

and the permanent first and second molars. 
(Method l) 

Teoth Initial cusp Number Crawn completion Number Interval between 
Mean S.D. Mean S.D. means 

Males 

Pm1 33 .. 0 4.4 22 ,, 68.9 8 • .5 37 3.5.9 

Pmz 46 • .5 8.9 24 82.4 11.9 34 35.9 

M1 z .. .5 1.1 33 34.2 4.1 33 31.7 

M2 44 .. 9 6.4 27 86.o s.9 47 41 .. 1 

Females 

Pm1 33.,7 6.o 26 65.8 8.0 40 32.1 

Pm2 46 .. 4 8.2 J4 77.8 8.5 35 31 .. 4 

M1 2 .. 1 1.4 26 33.8 2.9 30 31.7 

M2 44.9 7.6 37 77.6 9.0 48 32 .. 7 

J 
f-J 
N 

'° 'l 
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Root formation 

The beginning of root development can be seen radiographically 

as spicules extending mesially and distally from the completed 

crown. 

The appearance of the cleft in double-rooted teeth does not 

signify commencement of root formation. In the permanent 

mandibular first molar the time between the stages of initial 

root and initial cleft formation (Method 1), is 8.8 months for 

males and 7.9 months for females. In the second molar, the time 

period between initial root and initial cleft formation is 9.9 

months for males and the time interval b_E!.tween these developmental 

stages is longer, namely 10. 7 months, for females. The mean ages 

of initial root and initial cleft formation for the permanent 

mandibular first and second molars are given in Table 17. 

Cleft formation is related to the morphology of the tooth. 

For instance, in taurodont teeth, the cleft is situated close 

to the apical end of the root and it, therefore, appears first 

when the root is completing its formation. 

One female in the present series has a marked degree of 

taurodontism in two teeth only, namely, the deciduous mandibular 

left and right first molars. A tracing or a radiograph of the 

right side of the mandible of this child, at 4.5 years of age, 

is shown in Figure 15; the left first molar has the same degree 

of taurodontism. So far as the author is aware, this example 

of taurodontism in the deciduous dentition is the first to be 

reported. 
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Table 17. Age (months) of initial root and initial cleft formation, and the interval 

between these stages for the permanent left mandibular first and second molars. 

(Method 1) 

Tooth Initial root Number Initial cleft Number Interval between 

First Molar 

Second Molar 

First Molar 

Second Molar 

Mean S.D. 

43.5 

91.2 

40.5 

86.5 

4.4 

8.6 

3.9 

8.0 

29 

46 

37 

45 

Mean 

Males 

52.3 

101.l 

Females 

48.4 

97.2 

S.D. 

6.o 

10.0 

5.1 

7.3 

31 

39 

31 

41 

means 

8.8 

9.9 

7.9 

10.7 

I 
I-' 
\.,.) 
I-' 
I 
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Figure 15. Taurodont deciduous mandibular right first 
molar. A tracing of a radiograph of a 
female, 4.5 years of age. 
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Root lengthening occurs initially along the outer borders, 

and then also along the inner surface, resulting in a narrowing 

of the root canal. In the permanent mandibular first molar, 

the total distal root length is attained at the age of 83 months 

in males, and at 78 months in females. The time span from 

initial root formation to attainment of root length for this 

tooth is 42 months in males and 41 months in females. !After the 

total root length is reached, the outer margins converge inwards, 

with a further narrowing of the canal and closure of the root 

at the apex. These apical changes signify the completion of 

root formation and in the distal root of the permanent mandibular 

first molar they occupy a time span of JO months in males and 

27 months in females. 

Differences in mesial and distal molar root development 

In the radiographic series where apical completion of the 

permanent mandibular first molar roots could be studied, the 

mesial root finishes its formation before the distal one, with 

the exception of one girl in whom both roots have similar 

development from commencement to apical closure. 

Because of the more speedy development of the deciduous 

molars, few radiographs a.re available that show final stages 

of root completion of these teeth. However, in instances where 

differentiation is possible, the mesial root invariably completes 

its development before the distal one. This finding indicates 
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that the mesial roots of the deciduous molars are also in 

advance of the distal roots, as is observed .for the permanent 

molars. 

Norms ot tooth formation 

A chronology of tooth formation during preadolescence, 

for the deciduous and permanent teeth studied, ·1s presented in

tabular form in Tables 18 to 31. For each stage of formation, 

the mean age and the 10th, 25th, 75th and 90th percentiles; at 

which the teeth of males and females reach or surpass the 

different developmental stages, are given for the deciduous 

mandibular left canine and molars, the permanent maxillary left 

central and lateral incisors and all the permanent mandibular 

left teeth. These percentiles have been determined by probit 

analysis (Method 2). 

The lines of attainment for the formation stages of the 

permanent mandibular first molar, in males, are shown in 

Figure 16. These lines are parallel because the standard 

deviations, in units of logarithmic conceptional age, are the 

same for each stage. 

The.standard deviations in attaining the stages of tooth 

.formation for the permanent teeth are given in Table 32. It is 

seen that the majority of the teeth studied have the same 

standard deviation, Bamely 0.84 logarithmic units, except the 

canine and second premolar in males and, in .females, the maxillary 
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Table 18. Chronology (years) of the formation 

of the deciduous mandibular left canine 

(Method 2) 

Males Females 

Percentiles Percentiles 

Stage 10 25 50 75 90 10 25 50 75 90 

Crl/2 - 0.25 0.34 o.43 0.51 - 0.27 0 • .,37 o.49 0.60 
I 
I-' 

Crc o.49 0.58 o.68 0.81 0.92 0.36 0.50 0.62 0.76 o.89 
\.,> 
\J\ 
I 

R1/4 0.65 0.75 o.88 1.01 1.14 o.49 0.60 0.73 o.88 1.02 

Rl/2 0.89 1.02 1.16 1.32 1.47 0.75 o.88 1.04 1.22 1.39 

R2/3 1.24 1.39 1.56 1.76 1.94 0.91 1.06 1.24 1.44 1.63 

R3/4 - - - - - 1.05 1.21 1.41 1.62 1.83 

Ra 1.79 1~98 2.21 2.45 2.68 1.42 1.61 1.85 2.10 2.36 

Al/2 2.13 2.34 2.59 2.87 J.14 1.74 1.96 2.23 2.53 2.82 

A3/4 2.62 2.87 3.16 3.49 3.80 

Ac 2.69 2.94 3.24 3.58 3.89 

- no data 
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Table 19. Chronology (years) of the formation 

of the deciduous mandibular left first molar 

(Method 2) 

Males Females 

Percentiles Percentiles 

Stage 10 25 50 75 90 10 25 50 75 90 I 
I-' 
\.,) 

?' 
Cr0 0.36 o.49 0'.62 . o·.76 o·.90 0.39 o.47 0.57 0.67 0.77 

R1/2 0.63 0.76 0.92 1.10 1.27 0.65 0.75 o·.86 0.99 1.11 

Rz/3 0.76 0.90 1.06 1.26 1.45 - - -
R3/4 0.96 l'.12 1.32 1·.53 1.75 0.95 1.07 1.21 1.36 1.51 

Re 1.27 1.46 1.69 1.95 2.20 - - - - ... 

A1/2 1.42 1.63 1.88 2.15 2.42 1.47 1.63 1.81 2.01 2.21 

- no data 



y 'I- Lt 
_,,, _ _,,{,..... ... ,..,. ·-··-~"<' 

....,,_ ~ 'I ,,1 

C. V " v y " 

Table 20. Chronology (years) of the formation 

of the deciduous mandibular left second molar 

(Method 2) 

Males Females 

Percentiles Percentiles 

Stage 10 25 50 75 90 10 25 50 75 90 

Cr1/4 ... 1 0 .. 31 0.38 o.46 0.54 _, 0.27 o.J4 o.41 0.47 I 
I-' 
\.,) 

Cr2/3 o.49 0.56 o.64 0.73 0.81 --.J - -, - - -. I 

Cre o.68 0.77 o.88 1.00 1.11 o.66 0.74 0.83 0.93 1.02 

Rl/4 0.93 1 • .04 1.16 1.31 1.44 - _, 

R1/2 -' - -, 

R2/3 1.~1 1.55 1.71 1.89 2.06 -, -, 
R3/4 1.70 1.,86 2.04 2.25 2.44 

Re 1.92 2.10 2.30 2.52 2.73 1.82 1.96 2.13 2.31 2.48 

A1/2 2.35 2.55 2.79 3.04 J.29 2.28 2.44 2.64 2.86 3.06 

- no data 
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Table 21. Chronology {years) of the formation 

of the permanent maxillary left first incisor 

(Method 2) 

Males Females 

Percentiles Percentiles 

Stage 10 25 50 75 90 10 25 50 75 90 

I 

Crc 4.62 4:.95 5_.33 ~.75 6_.15 4.19 4.50 4.87 5.26 5.65 
I-' 
\.v 
(X) 
I 

R1/4 5 .• 48 5..86 6.30 6.79 7.25 5.18 .5 • .5.5 5.99 6.46 6.91 

R1/2 6.02 ~.43 6.92 7.45 (•95 ~,-67 6.08 6.55 7.06 7.55 

R2/3 q.55 7.00 ?_.52 8.09 8.6.'.3 6.:16 6.59 7~11 7.65 8.18 
. 

R.3/4 7.01 7.48 8.04 8.65 9.23 6.58 7.04 7.58 8.16 8.72 

Re 7.55 ~.06 8.66 9.30 9.92 7..10 7.59 8.17 8.?9 9.38 

A1/2 - - - - - 7.76 8.29 8.92 9.59 10.24 

- no data 
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Table 22. Chronology (years) of the formation 

of the permanent maxillary left second incisor 

(Method 2) 

Males Females 

Percentiles Percentiles 

Stage 10 2.5 .50 7.5 90 10 2.5 .50 ·7.5 90 
I 
I-' 

Crz/3 ... .. 4.06 4.30 4.58 4.88 5.17 \..v ... - - '° I 

Cr
0 5.08 5.45 5.88 6.34 6.78 5.04 5.34 5.68 6.04 6.38 

R1/4 6.oo 6.42 6.91 7.4.5 7.96 .5.85 6.19 6 • .57 6.98 7.38 

R1/2 6.5.5 7.01 7 • .54 8.13 8.68 6.35 6.71 7.13 7.57 7.99 

Rz/3 6.99 7.47 8.;04 8.65 9.24 6.88 7.26 7.71 8.19 8.64 

R3/4 7.58 8.10 8.71 9.38 10.01 7.38 7.80 s.2s 8.78 9.26 

Re 8.38 a.95 9.63 10.3.5 11.04 7.90 8.34 9.0.5 9~39 9.90 

A1/2 - - - - - s • .53 9.00 9.55 10.12 10.67 

- no data 
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Table 2.3. Chronology (years) of the formation 

of the permanent mandibular left first inc.isor 

(Method 2) 

Males Females 

Percentiles Percentiles 

Stage 10 2.5 .50 75 90 10 2.5 50 75 90 
I 

~ 
0 

R1/4 J.8J 4.17 4.56 5.00 5.42 I - - - - -
R1/2 4 • .54 4.88 5.29 5.74 6.16 4 • .35 4.73 5.17 5.66 6 .• 12 

R2/J 5.04 .5·.42 5.87 6 • .35 6.82 4.76 5.17 5.65 6.17 6.67 

R.3/4 5 .• .5.5 5.96 6.45 6.98 7.49 5.16 5 • .59 6.10 6.66 7.19 

Re 6.03 6.48 7.00 7.57 8.12 .5.62 6.09 6.64 7.25 7.8.3 

A1/2 6.62 7.11 "l.68 8.JO 8.89 6.30 6.81 7..4.3 8.10 8.74 

Ac 7.00 7.51 8.10 8.7.5 9 • .38 

- no data 
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Table 24. Chronology {years) of the formation 

of the permanent mandibular left second incisor 

(Method 2) 

Males Females 

Percentiles Percentiles 

Stage 10 25 50 75 90 10 25 50 75 90 

·4.68 I 
R1/4 .5.00 .5.39 5.81 6.20 3.98 4.J3 4.?4 .5.19 .5~63 I-' 

~ 
I-' 
I 

R1/3 4.90 5.24 .5.64 6.07 6.49 4.39 4.77 5.22 5.71 6.19 

Rl/2 5.45 .5.83 6.27 6.75 7.38 5.00 5.42 .5.93 6.48 7.01 

Rz/3 .5.96 6.37 6.84 7.J6 7.85 5.35 .5.80 6.34 6.92 7.48 

R3/4 6.47 6.90 7.41 7.97 8 • .50 5.68 6.15 6.72 7.33 7.93 

Ro 6.96 7.42 7.97 8 • .56 9.1.3 6.42 6.95 7.58 a.26 8.'93 

A1/2 ·7.49 7.99 8 • .58 9.21 9.81 6.87 7.43 8.10 8.83 9.54 

Ao 8.27 8.82 9.27 10.15 10.82 

- no data 
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Table 2.5. Chronology (years) of the formation 

of the permanent mandibular left canine 

(Method 2) 

Males Females 

Percentiles Percentiles 

Stage 10 2.5 50 75 90 10 25 50 75 90 
I 

~ 
Ceo 0.92 1.02 1.14 1.28 1.40 

I\) - - - - - I 

Coe 1.1.3 l~.31 1~52 1.77 2~01 1~42 1~55 1~71 1.89 2.05 
Cr1/2 1.82 2.06 2 • .35 2.69 3.02 1.78 1.94 2.1.3 2.33 2.52 
Cr2/.3 2;47 2~77 .3~14 3.56 .3.97 2~19 2.38 2.59 2~83 3.05 
Cr.3/4 - - - - - 2.76 2.98 3.24 3.52 3.79 
Cr0 3.24 3.62 4~08 4.60 5~11 3.49 3.75 4.07 4.41 4.73 
Ri 4.06 4.51 5.07 5.69 6.30 4.21 4 • .52 4.89 5.28 5.66 
R1/4 4.87 5~40 6;05 6.78 7.49 4.8.3 5.18 5~59 6:04 6.46 
R1/3 5.69 6.30 7.04 7.87 8.69 5.61 6.01 6.48 6.99 7.48 
R1/2 6.53 7.22 8.07 9.03 9~94 6.43 6.88 7.41 7.98 a;.53 
Rz/3 7.63 8.43 9.40 10.48 11.55 7.24 7.74 8.34 8.97 9.58 
R3/4 - - - - - 7.90 8.45 9.09 9.78 10.44 
Re - - - - - 8.48 9,05 9.74 10.48 11.18 

.. no data 
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Table 26. Chronology (years) of the formation 

of the permanent mandibular left first premolar 

(Method 2) 

Males Females 

Percentiles Percentiles 

Stage 10 25 50 75 90 10 25 50 75 90 

Ci 1.57 1.74 1.93 2.16 2.37 
',: ,·~, 

I 
0co - - . ~. ·. - - 2.51 2.71 2.95 3.20 J.44 ~ 

\..> 

Cr1/2 3.03 3.30 3.63 3.98 4.33 
I 

3.24 3.48 3.77 4.08 4.38 

Cr2/3 3.80 4.13 4.51 4.94 5.35 3.'90 4.18 4.,52 4.88 5.23 

Cr0 4.58 4.97 5.,42 5.93 6.41 4.50 4.82 5.20 5.61 6.00 

R· 1 5.27 5.71 6.23 6.79 7.J4 .5.08 5.44 5.86 6.31 6.74 

R1/4 6.07 6 • .56 7.15 7.79 8.41 .5.85 6.26 6.73 7.25 7.74 

R1/3 6.84 7.39 8.04 8.7.5 9.44 6 • .53 6.98 7.51 8.07 8.61 

R1/2 7.35 7.93 8.63 9.39 10.12 7.17 7.66 8.23 8.84 9.43 

R2/3 8.41 9.07 9.86 10.72 11.54 7.92 8.45 9.08 9.7.5 10.40 

R 3/4 - - - - - 8.60 9.17 9.8.5 10.57 11.27 

- nn n!lt,!l 
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Stage 10 25 

Ci 2.49 2.79 

0co 3.33 3.71 

Cr1/2 4.04 4.48 

Cr2/3 4.63 5.13 

Gr
0 5.34 5.89 

Ri 5.93 6.54 

R1/4 6.67 7.35 

R1/3 7.56 8.32 

R1/2 8.19 9.01 

c_; "' ~ V ).' 

'.l \,, y 

Table 27. Chronology (years) of the formation 

of the permanent mandibular left second premolar 

(Method 2) 

Males 

Percentiles 

50 75 90 10 25 

.3.15 3.56 3.95 2.92 3.21 

4.16 4.67 5.17 . 3.50 4.04 

5.01 5.61 6.19 4.10 4.47 

5.72 6.39 7.05 4.62 5.04 

6.57 7.33 8.07 5.20 5.66 

7.28 8.11 8.93 5.66 6.16 

8.17 9.10 10.00 6.38 6.93 

9.25 10.28 11.20 6.97 7.57 

10.01 11.12 12.17 7.49 8.13 

. ..._,_"(,., ,_, ' ~~·,., _ _,..I' 

V ·( 

Females 

Percentiles 

50 75 90 

I 

3.54 3.92 4.28 $ 
I 

4.22 4.65 5.07 

4.92 5.41 5.89 

5.54 6.08 6.61 

6.20 6.81 7.39 

6.75 7.40 8.03 

7.59 8.31 9.01 

8.28 9.06 9.82 

8.89 9.73 10.53 
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Table 28. Chronology . (years) of the formation of the permanent mandibular 

left first molar, mesial root 

(Method 2) 

Males Females 

Percentiles Percentiles 

Stage 10 25 50 75 90 10 25 50 75 90 

Cr1/2 1.06 1.17 1.29 1.43 1 • .56 - - - - - I 

Cr2/3 1.5.5 1.69 1.85 2.03 2.19 - - - - - ~ 
\.J\ 

Cr 2.20 2.37 2.58 2.80 3.01 - - - - - I 
C 

Ri 2.94 3.16 3.42 3.70 3.96 2.66 2.84 3.06 3.29 3.51 
Cli 3.46 3.71 4.oo 4.32 4.62 3.33 3.5.5 3.82 4.09 4.36 
Cle 3.80 4.07 4.39 4.73 5.06 3.66 :h90 4.18 4.48 4.76 
R1/4 4.19 4.49 4.83 5.20 .5 • .56 3.98 4.24 4 • .54 4.86 5.17 
R1/3 4.52 4.83 5.20 5.59 5.97 4.21 4.48 4.80 .5.13 5.46 
Rl/2 4.92 5.25 5.65 6.08 6.48 4.49 4.77 5.11 5.46 5.80 
R2/3 5.23 .5.59 6.01 6.46 6 •. 89 4.80 5 •. 11 5.46 5.84 6.20 
R3/4 5.56 .5.94 6.38 6.86 7.31 .5.10 5.42 5.79 6.19 6 • .57 
Ro 5.99 6.39 6.87 7.37 7.85 .5.50 5.84 6.24 6.67 7.07 
A1/4 6.3.5 6.77 7.27 7.80 8.Jl 5.76 6.12 6.54 6.98 7.40 
Al/.2 6.57 7.00 7 • .52 8.07 8 • .59 6.10 6.48 6.91 7.38 7.82 
AJ'/4 7.05 7.52 8.07 8.65 9.21 6.61 7.01 7.48 7.98 8.46 
Ac 8.14 8.67 9.29 9.96 10.59 

- no data 
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Table 29. Chronology {years) of the formation of the permanent mandibular 

left first molar, distal root 

(Method 2) 

Males Females 

Percentiles Percentiles 

Stage 10 25 50 75 90 _ 10 25 50 75 90 

R1/4 4.22 4.50 4.83 5.20 5.54 3.93 4.20 4 • .52 4.86 5.19 
I 

R1/3 4.59 4.85 5.20 5.59 5.95 4.16 4.45 4.78 5.14 5.48 ~ 
°' I 

Rl/2 4.94 5.27 5.65 6.07 6.46 4.49 4.79 5.15 5.53 5~90 

R2/3 5.26 5.61 6.02 6.45 6.86 4.73 5.05 5.42 5.82 6.20 

R3/4 5.59 5.95 6.38 6.84 7.27 5.13 5~47 5.87 6~30 6.71 

Re 6.07 6.46 6.92 7.41 7.88 5.67 6.04 6.48 6~95 7.40 

Al/4 6.67 7.09 7.59 8.1.'.3 8.64 6.12 6 • .52 6~98 7.49 7.97 

A1/2 7.00 7.45 7.,97 8.54 9.07 6 • .'.38 6.80 7.28 7.81 8.31 

A.3/4 7.66 8.14 s.71 9.32 9.90 6.99 7.44 7.96 8.53 9.07 

Ac - - - - - 7,70 8.19 s.77 9 • .39 9.98 

- no data 
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Stage 10 

Ci 2.82 
Ceo 3.15 
Coe 3.65 
Cr1/2 4.18 
Cr2/3 4.72 
Cr0 5 • .51 
Ri 6.39 
Cli 7.15 
Cle 7.74 
R1/4 8.08 
R1/3 8.44 
R1/2 -
R2/3 -· 

'I 
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Table 30. 

"'· j, 

v " 

Chronology (years) of the formation 

of the permanent mandibular left second molar 

(Method 2) 

Males 

Percentiles 

25 50 75 90 10 25 

3.05 3.33 3.61+ 3.93 2.86 3.11 
3.41 3.72 4.05 4.37 3.36 3.63 
3.94 4.29 4.66 5.02 3.76 4.07 
4.50 4.89 5.31 5.71 4.25 4.59 
5.08 5.51 5.98 6.42 4.75 5.12 
5.93 6.42 6.95 7.46 5/32 .5.73 
6.86 7.42 8.03 8.62 5.99 6.45 
7.67 8.29 8.97 9.61 6.64 7.13 
8.31 8.98 9.70 10.40 7.34 7.89 
8 .. 67 9.37 10.12 10.84 7.74 8.31 
9. 0.5 9.77 10 • .56 11.31 7.87 8.45 
- - - - 8.21 8.82 
-· - -· -· 8.52 9.14 

- no data 

',, -{ 

Females 

Percentiles 

50 75 90 
I 

~ 
-.J 

3.39 3.71 4.01 I 

3.96 4.32 4.66 
4.42 4.82 5.19 
4.99 5.42 5.84 
5.56 6.04 6.49 
6.21 6.74 7.24 
6.98 7.57 8.13 
7.72 8.36 8.98 
8 • .53 9.24 9.91 
8.99 9.73 10.43 
9.14 9.89 10.60 
9 • .54 10.31 11.06 
9.88 10.68 11.45 
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Table Jl. Chronology (years) of the formation 

of the permanent mandibular left third molar 

(Method 2) 

Males Females 

Percentiles Percentiles 

Stage 10 25 50 75 90 10 25 50 75 90 
I 

COG 7.60 8.09 8.66 9.28 9.87 7.53 8.12 8.82 9.58 10.32 !i;'-
(X) 
I 

coo 8.16 8.68 9.29 9.9.5 10.58 - - - -

- no data 
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Figure 16. The lines of attainment for the different formation stages of the 
perm.anent mandibular first molar in males. 
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Table J2. The standard deviations, in logarithmic uni.ts, in 

attaining the stages of to0th formation 

for the permanent teeth studied. 

Tooth Standard deviation 

Males Females 

Maxilla 

Central Incisor 0.042 0.043 

Lateral Incis0r 0.043 0.035 

Mandible 

Central Incisor 0.04.5 0.0.50, 

Lateral Incisor 0.042 0.050 

Canine 0.06.5 0.043 

First Premolar 0.049 0.042 

Second Premolar 0.062 0.0.53 

First Melar 0.040 o.o4o 

Second Molar 0.046 0.046 

Third Molar 0.040 0.049 
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second incisor, the mandibular first and second incisors and the 

second premolar. 

Of special interest are three teeth which do not conform 

because they have a greater variation than 0.04 logarithmic 

units, namely the mandibular canine and second premolar in 

males (0.06), and the second premolar in females (0.05). The 

mandibular canine also has the greatest sex difference in 

emergence (11.6 months) according to Hurme (1949), and in 

mesiodistal crown diameter (0.49 mm), as reported by Moorrees 

et al (1957) and by Moorrees (1959). Furthermore, this tooth 

is rarely absent. The question therefore arises whether 

sex-linked, or sex-limited, genes may have an effect in the male 

resulting in a later emergence time than in the female. Agenesis 

of the mandibular second premolar occurs rather frequently in 

both sexes and the greater degree of variation in its formation 

may be an expression of partial expressivity of the agenesis 

trait. The simplest genetic explanation of the larger standard 

deviation would be an irregularity in the expressivity of the 

genes which, in other individuals, prevents the genesis of this 

tooth entirely. This hypothesis must be investigated further 

in dental studies of siblings because it cannot be accepted at 

the present time owing to a lack of evidence. 

Sex differences 

The dental age of the female in the deciduous dentition, 
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expressed as a percentage of the dental age of the male, for 

the stages studied of three mandibular teeth, is as follows: 

canine 86 per cent, first molar 94 per cent and second molar 

94 per cent. The female is thus precocious in the formation of 

these teeth, compared to the male and the greatest sex difference 

is observed in the canine. 

Using the data of mesiodistal crown diameters of the 

deciduous teeth, reported by Moorrees et al (1957), the author 

calculated the tooth size of the females as a percentage of that 

in males. These percentage ratios are: canine 97 per cent, 

first molar 98 per cent and second molar 98 per cent. 

The deciduous teeth in males emerge earlier than they do 

in females (Meredith, 1946). It appears, therefore, that the 

teeth of males have an advantage in eruption which is great 

enough to overcome the larger tooth size, as well as a slower 

crown and root development. Robinow, Richards and . .Anderson (1942) 

suggested that the "toughness of the gum" in the female may 

explain the delay in the emergence of their deciduous teeth. 

For obvious reasons the author is forced to take issue with 

this statement. 

Sex differences in the formation of the permanent teeth are 

also expressed as a percentage ratio for the onset of cusp 

formation, the combined stages of crown formation, crown com

pletion and the combined stages of root formation (Table 33). 

The age of onset of cusp formation can be determined from 
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Table, 33. Sex difference in certain formation stages of the permanent teeth studied. 

Mean age of the female expressed as a percentage of that of the male. 

Tooth Initial Crown Combined crown Combined root 
cusp - completion stages stages 

(Percent) (Percent) (Percent) (Percent) 

Maxilla 

Central Incisor - - 91 95 J 
I-' 

Lateral Incisor - - 97 94 \J\ 
\.,.) 
I 

Mandible 

Central Incisor - - - 96 
Lateral Incisor - - - 94 
Canine - . 107 96 91 
First Premolar 98 100 96 94 
Second Premolar 103 100 94 92 
First Molar - 102 97 92 
Second Molar 10.5 101 97 94 
Third Molar 98 -

Average 101 102 96 94 

- no data 
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the radiographs of the present study only for the mandibular 

premolars and the three permanent molars. The formation of 

the mesiobuccal cusp of the first molar has commenced at birth 

in two of the 46 males. Four of 46 females have started the 

formation of the same cusp at birth. The mean ages of the onset 

of formation, in months, of the mandibular first and second 

premolars and the permanent second and third molars are given 

in Table J4. This table shows that, in comparison to males, the 

development of the first premolar and the third molar is pre

cocious in females. However, the difference between the sexes 

in the onset of cusp formation, for any tooth, does not exceed 

1.8 months. 

The early developmental stages of tooth formation in males 

coincide rather closely with those in females. Crown completion 

is earlier in females and this sex difference becomes increasingly 

greater during root development. It is most marked in the canine. 

There is a sex difference in tooth size, the mesiodistal 

crown diameters and the root lengths being greater in males. 

The ratios of female mean/male mean mesiodistal crown diameters, 

calculated from the data of Moorrees et al (19.57), together with 

the percentage ratios of root lengths, calculated from the data 

on root length in Norwegian Lapps (Selmer-Olsen, 1949) as the 

only available source, are shown in Table 3.5. The Selmer-Olsen 

data on Lapps are utilized instead of Black's (1897) measure

ments because, in this material, a differentiation is made 
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Table 34. Age of onset of crown formation (months) of the left mandibular 

first and second premolars, permanent second and third molars. 

(Method 1) 

Second Premolar Second Molar 

,, 
-< ' 

Third Molar 

-, 

Mean S.D. Number Mean S.D. Number Mean S.D. Number Mean s.n. Number 

Males 

2s.o 4.9 15 39.3 7.6 18 37·~9 6.o 36 97.8 10.1 23 

Females 

27.4 6.o 14 40.J 8.0 28 39.6 8.5 33 96.0 11.1 16 

I 
I-' 
\..1' 
\..1' 
I 
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Table 3.5. Sex difference in mesiodistal crown diameter and root length 

of the permanent teeth studied, utilizing data on :American Whites 

and Norwegian Lapps. Mean age of the female expressed as a 

percentage of that of the male. 

Tooth 

Central Incisor 

Lateral Incisor 

Central Incisor 

Lateral Incisor 

Canine 

First Premolar 

Second Premolar 

First Molar 

Second Molar 

Third Molar 

*Moorrees et al 

·- no data 

Mesiodistal crown diameter 
(American Whites)* 

(Per cent) 

Maxilla 

96 

97 

Mandible 

97 

97 

93 

97 

96 

96 

96 

Average 96 

(1957), **Selmer-Olsen (1949) 

Root length 
(Norwegian La~ps)** 

(Per cent) 

90 

9.5 

91 

92 

91 

9.5 

94 

94 

94 

96 

Average 93 



y 

1> 

,l 

') 

( 

-157-

between males and females, while Black combined his findings 

for both sexes. 

Table 35 shows that the percentage ratios for the different 

mean mesiodi~tal crown diameters of female teeth average 96 per cent 

of the male findings. The canine in females has the greatest 

sex difference in its crown diameter (0.49 mm) and is 93 per cent 

of the male measurement. For all teeth, the mean root length 

in females averages 93 per cent of the root length in males. 

No data are available for crown height, in which a 

differentiation is made between the sexes. Black (1897) measured 

the length of the crown from the cutting edge, or buccal cusp, 

to the enamel border on the labial or buccal surface, but he 

combined observations of both males and females. It is assumed1 

however, that the crowns and the roots of the permanent teeth 

are larger in males than they are in females, so that the attain

ment of developmental stages of crown and root formation is 

accordingly in advance in the female. 

The sex difference in the emergence of the permanent teeth, 

again expressed as a percentage, mean age of tooth emergence in 

the female/mean age of emergence in the male, is shown in 

Table 36. These percentages are compiled from the tooth 

eruption standards for permanent,teeth, of Hurme (1949). JA.t 

roughly equivalent developmental stages of the permanent 

dentition, the average female is 95 per cent as old as the 

average male. The greatest sex difference is found in the canine. 
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Table 36. Sex difference in the emergence of the permanent teeth 

according to Hurme•s (1949) findings on Western European Whites. 

Mean age of the female expressed as a percentage of that 

of the male. 

Tooth 

Central Incisor 

Lateral Incisor 

Central Incisor 

Lateral Incisor 

Ca.nine 

First Premolar 

Second Premolar 

First Molar 

Second Molar 

Maxilla 

Mandible 

Index 
(pere~nt) 

96 

9.5 

96 

95 

91 

94 

95 

96 

96 

Average 95 
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When the sex differenees are compared for tooth emergence 

(Table 36) and for the attainment of the combined stages of 

root formation (Table 33), a similarity in these percentage 

ratios is noted. This finding suggests a relationship between 

tooth eruption and the stage of root formation. 

Garn, Lewis, Koski and Polaeheck (1958) confirm the finding 

that, in general, females tend to be advanced over males; the 

smallest sex differences are observed early in life and the 

absolute divergence between the sexes increases steadily with 

age. 

The third molar, alone of all the permanent teeth, does 

not follow this pattern. Demisch and Wartmann (1956) report 

that in both sexes the median chronological ages of the 

different stages of mandibular third molar formation agree 

closely, the maximum difference being 7 months tor stage III 

(coalescence of two or more centres). Garn, Lewis, Koski and 

Polaoheck (1958} found the same mean age for full follicle 

stage of this tooth in males and females. Although a small 

sex difference is reported in the present study, the sample 

size is too small to warrant a categorical statement. The 

author studied third molar emergence in 3,000 &stenians, aged 

13 to 20 years, and found no sex difference. These data are as 

yet unpublished, but have been briefly summarized by Hunt (1959). 

Therefore, the sex differences reported for tooth emergence 

and size also relate to the stages of tooth formation, other 
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than the third molar. 

Rates of growth during tooth formation 

The deciduous teeth complete all stages of formation more 

rapidly than the pemanent teeth, possibly because they are 

smaller in their crown size (Moorrees et al, 1957) and in 

their root length (Black• 1897). They have larger pulp chambers, 

as well as thinner enamel (Ireland, 1947). In addition, the 

enamel has a higher organic content than the enamel of the 

permanent teeth (Savory and Brudevold, 1959). Because of their 

speedy development and the six-monthly interval between radio.. 

graphs, it is not possible to detect changes in the growth rate, 

other than a deceleration at apical closure. 

In order to approximate the growth velocity of the perm.anent 

teeth at different periods during their development, Black's (1897) 

average ocelusal-apical measurements are related to the average 

intervals of time between the stages of formation derived from 

the present study. Because Black combined the measurements for 

males and females, the mean intervals between stages are also 

computed for males and females combined. A weighted average is 

not used because the means are derived from sa,mples consisting 

of approximately the same number of males and females. For the 

intervals between stages, the growth rate is expressed in miera 

per day, calculated as follows: The time interval between stages, 

in years, is converted into days and the increase in tooth length, 
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in mm, from one stage to another, is determined on the basis of 

Black's {1897) measurements. The increase in length is then 

calculated for the intervals between stages of tooth development. 

In a few instances where only one sex is represented, the 

information is included for comparative purposes, and it is 

marked with an asterisk. 

The mean ages of the formation stages (years) and the time 

intervals between formation stages (years) are given in Tables 37 

to 40. The mean increments of linear growth of the permanent 

teeth, expressed as miera per day, for the i~tervals between 

stages of formation are reported in Table 41. 

The daily increments reveal that a deceleration in rate 

occurs.when crown formation is completed and root development 

begins. It is followed by.an acceleration of root development 

during the active eruption of the tooth that continues to the 

attainment o! the total root length. A second deceleration is 

seen during the completion and apical closure of the root. 

Although this general pattern of growth is similar for 

the different classes of teeth, some differences are noted. 

In the interval following crown completion until the root is 

1/4 formed, the smallest linear growth rate is observed in the 

double-rooted mandibular first and second molars. In the single

rooted teeth, the linear growth rate for the same interval is 

greater in the incisors than it is in the canine and the premolars. 

In the interval from root formed 1/4 to root formed 1/2, 
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Tooth Cr1/2 

Central Incisor -
Lateral Incisor -

Central Incisor -
Lateral Incisor -
Canine 2.35 
First Premolar 3.63 
Second Premolar 5.01 
First Molar 1.29 
Second Molar 4.89 

··--i ,__, ~,., ................... .., ----"'-'-------,~ "f'-" 
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Table 37. Mean age (yea.rs) of formation stages of the 

permanent teeth studied in males. 

(Method 2) 

Stage 

Crc Rl/4 Ri/2 R3/4 RC A1/4 

Maxilla 

5.33 6.30 6.92 8.04 8.66 
5.88 '6.91 7.54 8.71 9.63 

Mandible 

- - 5.29 6.45 7.00 -- 5.39 6.27 7.41 7.97 -
4.08 6,05 8.07 
5.42 7.15 8.63 
6.57 8.17 10.01 
2.58 4.8) 5. 6.5 6.38 6.87 7.27 
6.42 9.37 

- no data 

"· 

A1/2 A3/4 

7.68 -
s.5s -

7.52 8.07 

'-,{ 

Ac 

8.10 
9.46 

9.29 

I ..... 
°' f 
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T0oth. Cr1/2 

Central Incisor -
Lateral Incisor -

Central Incisor -Lateral Incisor -
Canine 2.59 
First Premolar 3.77 
Second Premolar 4.92 
First Molar -
Second Molar 4.99 

•rn·"JPlli'ICa "\.\.,.,,,(~~-"}...,_/+',i:,.,'""""'-.___.,.~·"""""""''.,._.....l...!.l..,_,-~"''' ',,~·-~_, ~ 
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Table 38 •.. Mean age (years) of .formation stages of the 

permanent teeth studied in females. 

(Method 2) 

Stage 

Crc 11./4 R1/2 R3/4 Re A1/4 

Maxilla 

4.87 5.99 6.55 7.58 8.17 -5.68 6.57 7.13 8.28 9.05 -
Mandible 

- 4.56 5.17 6.10 6.64 -- 4.74 5.93 6.72 7.58 -
4.07 .5.59 7.41 9.09 9.74 
5.20 6.73 8.23 9.85 
6.20 7.59 8.89 
2.30 4.54 5.11 5.79 6.24 6.54 
6.21 8.99 9.54 

- no data 

'v·· 

< 
' 

Al/2 A3/4 Ac 
I .... 
°' 'f 

8.92 
9.55 ... 

7.43 
8.10 -

6.91 7.48 
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Tooth 

Central Incisor 
Lateral Incisor 

Central Incisor 
Lateral Incisor 
Canine 
First Premolar 
Second Premolar 
First Molar 
Second Molar 
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Table 39. Time interval (years) between formation stages 

of the permanent teeth studied in males. 

(Method 2) 

Interval 

Cr1/2 - Crc Crc - R1/4 R1/4 - R1/2 R1/2 - R3/4 R3/4 - Re 

Maxilla 

- 0.97_ 0.62 1.12 0.62 
- LO') 0.63 1.17 0.62 

Mandibilie 

- - - 1.16 0 • .5.5 
- - o.ss 1.14 0 • .56 

1.73 1.97 2.02 
1.79 1.73 1.48 - -
.1 • .56 1.60 1.84 - -
1.29 2.2.5 o.s2 0.73 o.49 
1 • .5:3 2.9.5 

- no data 

\/ ,, 
C/ "" ~z 

Re - A1/2 A1/2 - Ac 

I 
I-' 

f 

o.68 o.42 
0.61 o.ss 

.:; 

... 
0.6.5 1.77 
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Tooth 

Central Incisor 
Lateral Incisor 

Central Incisor 
Lateral Incisor 
Canine 
First Premolar 
Second Premolar 
First Molar 
Second Molar 
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'v 
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Table 40. Time interval (years) between formation stages 

of the permanent teeth studied in females. 

(Method 2) 

Interval 

Cr1/2 - Cr0 Cr0 - R1/4 R1/4 - R1/2 R1/2 - R3/4 R3/4 - Re 

Maxilla 

- 1.12 0.56 1.03 0.59 
- o.89 0 • .56 1.1.5 0.77 

Mandible 

- - 0.61 0.93 0.54 
- ... 1.19 0.79 o.86 

1.48 1.52 1.82 1.68 0.65 
1.4') 1.53 1.50 1.62 
1.28 ih.39 1.30 
- 2.34 0.57 o.68 o.45 

1.22 2.78 0.55 

- no data 

~( 

Re - A1/2 A1/2 - Ac 

I 
I-' 

°' V\ 

0.75 
I ... 

0.50 

0.79 
0.52 

0.67 
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Table 41. Mean linear growth increment, expressied in micra. per day, for the interval 

between stages of formation for the perm.anent teeth studied, 

males and females combined. 

Interval 

Teeth 
Cre .. Ri/4 R1/4 ... R1/2 R1/2 - R3/4 R3/4 - A1/2 R3/4 - Ac 

Increment in Increment in Increment in Increment in Increment in 
micra per day micra per day miera per day miera per day mi.era per ciay 

Maxilla 

7.68 6.13 * Central Incisor 7.90 13.93 
Lateral Incisor 9.13 14.73 7.55 6.90 * 

Mandible 

Central Incisor - - 7.63 6.20 4.81 ** 
Lateral Incisor - 8.24 8.84 6.68 4.14 **. 
Ca.nine 5.98 \j"lf-2 .... 
First Premolar 5.88 6.43 
Second Premolar 6.62 6.~8 -
First Molar .3.94 13.10 12.91 a.oo 3.11 ** 
Second M0lar .3.cn 

*Increment calculated from male data only, **increment calculated from female data only, 
- no data. 
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immediately before tooth eruption, a growth spurt is seen in 

the molars and incisors, which decreases in the interval.root 

formed 1/2 to root formed J/4, and it decreases further, and 

more markedly, during root completion and apical closure. The 

growth spurt appears to be related to tooth emergence because 

it commences at the time,when the tooth starts its eruptive 

phase, and it is greatest during alveolar emergence. 

Root development at the time of clinical emergence 

Using the mean ages of tooth emergence from the eruption 

standards of Hurme (1949), an attempt is made to determine the 

stages of root development at the time of clinical emergence, 

or perforation of the gingiva. 

Table 42 relates the clinical emergence of the permanent 

teeth to the stage of development at that time. This table 

shows that the maxillary central incisor, in males,. emerges 

just prior, and in females shortly after, the time that 2/3 of 

its root is formed. The maxillary lateral incisor, in males and 

females, emerges just before 3/4 of the root is formed, and the 

mandibular central incisor, of both sexes, emerges shortly after 

this stage of root formation. 

The mandibular lateral incisor, in males and females, 

emerges in the period between 3/4 root formation and complete 

root formation. The mandibular canine, in females, emerges 

during the early stages of apical root closure. The mandibular 
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Table 42. Stage o:t root formation (years), according to findings of the present study, 

corresponding closest to mean age of tooth emergence (years), according to Hurme (1949). 

Males Females 

" 

Tooth Emergence Stage ot root formation Emergence Stage of root formation 
(mean age) (mean age) (mean age) (mean age) 

Rz/, a,,4 Re R2/'3 R3/4 Re 

Maxilla 

Central Incisor 7.47 7.52 7.20 7.11 

Lateral Incisor 8.67 8~71 8.20 8.28 

Mandible 

Central Incisor 6 • .54 6.45. 6.26 6.10 

Lateral Incisor 7.70 7.41 7.97 7.34 7.58 

Canine 10.79 - 9.86 9.74 

First Premolar 10.82 - 10.18 

Second Premolar 11.47 - 10.89 

First Molar 6.21 6.02 6.J8* .5.94 5.8'7* 

Secend Molar 11.69 - 10.98 

""'"" ~ ........... *~4 _...,..,., ---"' 
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first molar, in males, emerges when the distal root is between 

the stages root :formed 2/3 and root formed 'J/4.· In females this 

tooth emerges when the distal roots have reaehed the stage at 

which J/4 of the root is formed. 

These findings suggest that, in the absence of pathological 

conditions, the permanent teeth as a rule do not emerge elinically 

until the roots a.re h.aJ.f formed. This tentative conclusion has 

been tested and confirmed at the Forsyth Dental Infirmary by 

Dr. A. M. Grl,n (unpublished data) in teeth studied at the 

actual time when they pierce the gingival tissues • 

Root Resorption 

The onset of root resorption cannot be determined exactly 

from radiographs. The first evidence is a blunting! or round

ing, of the root apex that is followed by a gradual loss of 

root substance until ex.foliation oceurs. The tooth crown is 

shed when the root is entirely resorbed, or, in some instances, 

even before this time. Where there is prolonged retention of 

a deciduous molar, for example, when the distal . roo~ fails to 

resorb, the mesial portion of the crown is resorbed as well. 

The resorption of the molar roots occurs either by a.n 

elimination of the root from the apex, or by a gradual hollowing 

out of the inner surfaces of each root, resulting in breaking of 
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the apical portion and its retention after exfoliation of the 

crown. The resorption of the mesial root of the molar appears 

to commence earlier, and is, almost invariably, also in advance 

of the distal root for all stages of resorption. 

Norms or root resorption 

The chronology of root resorption for the teeth studied 

is presented in Tables 43 to 49. The mean ages, together with 

the 10th, 25th, 75th and 90th percentiles are given at whieh 

the deciduous teeth of males and females reach, or surpass, the 

different stages of root resorption. These norms refer to the 

left incisors in the maxilla and to the left incisors, canine 

and molars in the mandible. These data have been prepared 

according to the probit analysis method • 

Comparison of the ranges of individual variation expressed 

by the standard deviations in attaining stages of tooth formation 

and root resorption reveals that resorption is more variable. 

However, as in tooth formation, there is evidenee of parallelism, 

or the same standard deviation in logaritlunic units, between 

tooth groups and classes. 

The lines of attainment for the resorption stages of the 

deciduous mandibular second incisor in males are shown in 

Figure 17. 

The standard deviations, in logarithmic units, in attaining 

stages of root resorption for all the teeth studied, are given 
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Stage 10 

Resl/J -
Res1;2 4.2.5 

Res2/J 4.60 

ResJ/4 5.16 

Ex£ 5 • .59 

==-,_.~'!r-~~'-'-1~"~'"'-::~..............,..._,,~..,JC.s.-•~-·\...,,-'-~'""--.-,.._,-·----~.,._... ~~_..............----, .. ,---~·, 

2.5 

-
4.75 

5.14 

.5.76 

6.23 

- no data 

..,; ~~ V , . ...:.. ),.. ·~~ -, 

Table 43. Chronology (years) 0f the root resorption 

of the deciduous maxillary left first incisor. 

(Method 2) 

Males 

~ 

Females 

Percentiles Percentiles 

.50 7.5 90 10 2.5 .50 

- - - 3.7.5 4~20 4.75 

5.37 6.06 6.75 4.07 4.5.5 5.14 

.5.80 6 • .5.5 7.28 4 • .56 .5.09 .5.74 

6.49 7.31 s.12 .5.05 .5.62 6.33 

7.02 7.89 8.76 5.44 6.06 6.82 

" 

7.5 90 

.5.36 5.97 

5.80 6.45 

6.46 7.18 

7.12 7.90 

7.66 8.49 
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Stage 10 

Resi .. 
Res1/4 4.?6 

Res1/J 5.03 

Res1/2 5.50 

Res2/3 6,.37 

Res3/4 ... 

.. 'l ~ 
~ V .. j.,,,, .., '~ ;. 

Table 44., Chronelog {years) o! the root resorption 

of the deciduous maxillary left second incisor. 

(Method 2) 

Males 

y ..,,., 

Females 

Percentiles Percentiles 

25 50 75 90 10 25 50 

- - ·- ·- 4.-18 4 • .58 5 .• 07 

5.,Jl 5.98 6.73 7.48 4.69 5.14 5.67 

5.60 6.Jl 7 .. 1;>9 7,.87 5\1108 5.55 6.13 

6.12 6.89 7,.74 8.58 5.46 5,.97 6.58 

7 .• 07 7..94 8:.,91 9 .• 87 6.02 6 .. 57 7.25 

- ... ... - 6.J4 6.92 7.6'.3 

.. no data 

'( ~{-

I 

75 90 I-' 
-'1 
N 
I 

5.60 6.l'.3 · 

6.26 6.84 

6.76 7.40 

7.26 7.91 

7.98 8.70 

8.40 9.15 



'\ -- .., .,. 

Stage 10 25 

R~sl/3 .... .. 
Res1/ 2 3.'78 4.67 

Resz/J 4.89 ,5.41 

ResJ/4 .5.08 .5.62 

Exf .5.23 5.79 
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Table 45. Chronolegy (years) of the root resorption 

of the deciduous mandibular left .t"irst incisor. 

(Method 2) 

Males 

y 

Females 

fereentiles Percentiles 

.50 75 90 10 25 .50 

.. .. - 4.05 4.38 4.77 

5.23 ,.s; 6.47 4.56 4.93 5.38 

6.05 6.76 7.45 5.10 5.50 5.99 

6.28 7.01 7.30 5.23 .5.65 6.14 

6.46 7.21 7.95 5.35 5.77 6.27 

... no data 

~ -'( 

I 

7.5 90 I-' 
--:, 
\.,l 
I 

5.20 ,~61 

5.84 6.30 

6 • .51 7.01 

6.67 7.19 

6.81 7.34 
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Stage 

Res1 

Resl/4 

Res1/J 

Res1/2 

Res2; 3 

Res'J/4 

Ext 

1' .,. 

10 

-... 
4.,57 

4.69 

5.,07 

s.,16 

6.10 

6.41 

25 

--
.s •. 0.5 

5.18 

.5._60 

6.,3.5 

6.72 

7.06 
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Table 46. Chronology (years) of the root resorption 

of the deciduous mandibular left second incisor, 

(Method 2) 

Males 

/ 

' 

Females 

Per9"entiles Percentiles 

50 7.5 90 10 2.5 .50 

... - - J •. 98 4.,.3.5 4.80 

5 •. 64 6.29 6._92 4 •. 50 4 •. 91 .5,41 

.5.,78 6.44 7.,09 4 •. 76 .5-:19 .5,,71 

6.24 6 •. 95 7 •. 64 5.,:34 .5,,82 6.40 

7.,06 7.,86 8.64 5 •. 6.5 6.16 6.?6 
' 

7.47 8 • .30 9.12 .5.89 6.41 7.04 

7.8.5 8.72 9.58 6.2J 6.78 7,45 

- no data 

" '{ 

75 90 I 
I-' 

1 
5 •. 28 .5.76 

5.9.5 6.48 

6 •. 28 6.,84 

7 •. 05 7.64 

7.42 8._07 

7.9.3 8.40 

8.16 8.87 
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Tab1e·47. Chronology (years) of the root resorption 

of the deciduous mandibular left canine. 

(Method 2) 

Males Females 

Percentiles Percentiles 

10 2.5 50 75 90 10 25 50 

5.39 5.76 6.19 6.6.5 7ao 4.12 4 • .59 5.17 

6'.60 7.0.5 7' • .56 8.12 8.65 S".91 6.56 7.35 

7.80 8.32 8.92 9.,57 10.19 7.06 7.82 8.74 

-<.:_ ·,--.Ji 

I 
I-' 

90 
-..J 

75 \J\ 
I 

.5.81 6.,4.5 

8.22 9.09 

9.77 10.79 
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Stage 

Resi 
Res1/4 
Res1/3 
Res1/2 

Resi 
Res1/4 
Res1/3 
Res1/2 
Res2/3 

=r ,. 

10 

-
4 • .57 
.5.74 
7.10 

-
3.86 
4 • .59 
.5.01 
-

2.5 

-
.5.1.3 
6.42 
7.92 

-
4.73 
.5.60 
6.10 
-

"It-..~ v j.; ,. V 

Table 48. Chronology (years) of the root resorption 

of the deciduous mandibular left first molar. 

(Method 2) 

Males Females 

Percentiles Percentiles 

.50 7.5 90 10 2.5 .50 75 90 

Mesial Root 
I 

2.96 4.20 4.66 
1....1 

- - - 3.31 3.73 --.J 

°' .5.82 6 • .58 7.34 4.36 4.84 .5.43 6.07 6.71 I 

7.2.5 8.18 9.12 5.48 6.06 6.78 7 • .56 8 • .'.34 
8.92 10.0.5 11.18 6.22 6.87 7.66 8 • .54 9.42 

Distal Root 

- - - 3.33 3.72 4.21 4.76 .5.31 
.5.89 7.30 8.81 4 • .58 .5.10 .5.74 6.4.5 7.16 
6.93 8.57 10.32 .5.28 5.87 6 • .59 7.40 8.19 
7 • .54 9.26 11.19 5.88 6 • .53 7.32 8.20 9.08 
- - - 7.32 8.11 9.08 10.1.5 11.21 

- no data 
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Stage 10 25 

ieSl/4 4.79 ~!164 

Res1/3 5.48 6.4J 

Res1/2 6.19 7.25 

Res1/4 5.36 6.1) 

Res1/3 6.6.3 7.56 
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Table 49. Chronelogy (years) o! the root reserption 

of the deciduous mandibular left second molar. 

(Method 2) 

Males 

', 

Females 

Percentiles Percentiles 

50 75 90 10 25 50 

Mesial Root 

6.72 8.00 9.26 4~20 4~78 5 .• ,o 
7.65 9.08 10.58 5.42 6.14 7.04 

8.61 10.20 11.8? 7.09 9.01 9.15 

Distal Root 

7'.09 8~21 9.26 4·.99 5'.71 6'.6.3 

s.73 9.33 10.96 5.98 6.8.3 7.91 

'i 

-< 

75 90 

' I-' 
-sJ 

~ 

6~32 7.14 

8.06 9.08 

10.44 11.75 

7'.68 8~75 

9.15 10.40 
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in Table 50. As shown in this table, the majority of the teeth 

have a similar standard deviation in attaining stages of root 

resorption, namely 0.06 logarithmic units. Where insufficient 

data are available, owing to the untimely termination of the 

radiographic series, discrepancies are evident. For example, 

a larger standard deviation is obtained for the first and second 

molars, since these teeth could be studied for only a short time 

period. 

Root resorption may be thought of as being comparable to 

senescence, or aging, a phenomenon which is subject to con

siderable individual variation. 

Dental pathology and root resorption 

There appears to be an association between dental caries 

of the mesial or distal surfaces of the crown of the deciduous 

molars and the resorption of the corresponding roots. The 

author suggests that caries may elicit an inflammatory tissue 

response, leading to increased resorption of the root. Pulp 

necrosis, on the other hand, results in disintegration and lysis 

of the root and surrounding bone. 

In the present study, root canal fillings and pulp treat

ments of the deciduous teeth have not been performed. It is, 

therefore, impossible to st~dy the effects of such operative 

procedures on root resorption. In two instances deciduous 

incisors have become non-vital as a result of trauma. Yet, the 
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Table .50. The standard deviations, in logarithmic units, in 

attaining the stages of root resorption for the 

deciduous teeth studied. 

Tooth 

Central Incisor 

Lateral Incisor 

Central Incisor 

Lateral Incisor 

Canine 

First ~emolar 

Second Pye-molar ~\ \> 
:D \;\>\ ) 
J'- ~ / 

Maxilla 

Mandible 

Standard deviation 

Males 

0.068 

0.067 

0.063 

0.061 

0.041 

0.070 

0.084 

Females 

0.067 

0.056 

0.047 

0.054 

0.066 

0.064 

0.085 
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rate of root resorption corresponds to that of vital teeth. 

Sex differenees 

The sex differences for root resorption stages, expressed 

as percentage ratios of the mean age of the female/mean age of 

the male are given in Table .51. 

The female is more advanced than the male for all teeth 

and there is an increasing sex difference in root resorption 

with age. The tooth which is shed first, namely the mandibular 

central incisor, has the smallest sex difference and the greatest 

sex difference is found in the canine and the second molars. 

Clinical Application of the Findings 

Dental age assessment 

For clinical use, charts have been made utilising the data 

of tooth formation for the permanent maxillacy and mandiQUlar 

incisors, the mandibular canine, the premolars and the fi,rst 

and second molars, during the preadolescent period of males and 

fem.ales, separately (Figures 18 and 19). 

An assessment of dental age is made in the following manner. 

A vertical line is drawn through the chronological age, as 

shown on top and bottom of the chart. The developmental stage 

of each tooth is determined from inspection of the lateral jaw 

or intra-oral radiographs and it is noted on the chart at the 
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Table 5l. Sex difference in the combined root resorption 

stages of the deciduous teeth studied. Mean age of the 

female expressed as a percentage of that of the male. 

Tooth 
(deciduous) 

Central Incisor 

Lateral Incisor 

Central Incisor 

Lateral Incisor 

Ca.nine 

First Molar 

Second Molar 

Index 
(percent) 

Maxilla 

97 

95 

Mandible 

98 

96 

93 

94 

9J 
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Figure 18. Chart for dental age assessment in males. 
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Figure 19. Chart for dental age assessment in females. 
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appropriate horizontal line with a check mark. The dental age 

is then read by the intersection of the vertical line, for 

chronological age, and the horizontal lines relating to the 

particular developmental stages of each tooth. By comparison 

with the chronologic age, it is possible to say whether a child 

is advanced or retarded for his age in tooth development, and 

it is possible also to determine the degree of variation by 

means of the percentile limits shown. When a number of teeth 

are observed, the dental age is calculated by averaging the 

developmental age assessments for different teeth. 

The effect of extraction of deciduous molars on the formation 

and eruption of their permanent successors 

In orthodontic therapy there are problems related to 

serial extraction where the emergence of the permanent canine 

and premolars has an important bearing on instituting treatment. 

The mean age and sequence of emergence of the mandibular canine 

and premolars, according to Hurme (1957), is shown in Table 52. 

Because of the early develepment of the canine in females, 
Wl 

it can be expected that a temporary inpaetion of the mandibular 

first premolar may occur after early extraction of the deciduous 

first molar. This condition is less likely to happen in males 

of the same age because the perm.anent canine is relatively 

immature and not rapidly erupting. 

In order to show the effects of extraction of deciduous 
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Table 52. Mean age (years) and sequence of emergence, 

in relation to the other permanent teeth, of the 

permanent mandibular oanine and premolars, 

according to Hurme (1957). 

Tooth 

Canine 

First Premolar 

Seoond Premolar 

Males 

Mean Sequence 
Age 

10.79 8 

10.82 9 

ll.47 11 

Females 

Mean Sequence 
Age 

9.86 7 

10.18 9 

10.89 11 
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molars upon the formation and eruption of .their permanent 

successors, eigJlt children are selected where extraction occurs 

on one side of the mandible only. The opposite side, is used as 

a eontrol. Charts have been prepared in which the eruption, 

expressed as the distance in mm from the tip of the cusp to the 

alveolar margin in the different radiographs~ is plotted for 

the left and right premolars, (Figures 20 to 27). The stage of 

formation is also noted in each instance. Additional information 

is given in the pages facing the illustrations. 

Four analyses are made where extraction of the deciduous 

first molar in males occurs at 4.o to 4.5 years and at 5.5 to 

6.o years, as well as extraction of the deciduous second molar 

at 7.5 to 8.o years and at 9.0 to 9.5 years. Similarly, in 

females, four records are examined with extraction of the 

deciduous first molar at 4.o to 4,5 years, 6.o to 6.5 years, at 

8.5 to 9.0 years and of the deciduous second molar at 7.0 to 

7.5 years. 

Although only eight analyses are reported in detail, the 

following observations can be made: 

1. There is no change in the rate of formation of the 

premolar after the extraction of its deeiduous precursor. 

2. The extraction of a deciduous molar causes an 

immediate spurt in the eruption of the developing permanent 

successor, regardless of its stage of formation. 



Additional information pertaining to Figure 20 

At 4.0 years the developing left and right first premolars of this boy are situated 6.o mm from the 

alveolar bone erest and the crowns are 1/4 formed in both instances. 

After extraction of the deciduous left first molar at some time between 4.o and 4.5 years, the 

premolar erupts 2.0 mm, but there is no change in its rate of crown formation. 

Thereafter, the position of both premolars remains stationary and the subsequent formation pattern 

is the same for both teeth. 

At the time of the terminal ra.diograph at 8.5 years, there is no apparent loss of space in the dental 

arch as happens frequently as a result of drifting of the neighbouring deciduous teeth. 

canines are still comparatively immature and not yet actively erupting. 
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Figure 20. The effect of extraction of the deciduous mandibular left first molar, 
between 4.0 and 4.5 years, on the formation and position of its permanent 
successor, in comparison to the development of the antimere not affected by 
extraction. More detailed explanation is given on the page to the left of 
this figure. Serial number 141, male. 

I 
I-' 

!:E 
I 



Additional information pertaining to Figure 21 

At .5.0 years the developing lef't and right f'irst premolars of' this boy are situated 6.0 mm below 

the alveolar bone crest and in both instances one-half' of the crown is formed. 

The deciduous left first molar is abscessed, the root disintegrates and the surrounding bone is 

destroyed. These conditions are responsible £or the left first premolar erupting 1.0 Jmll in six months. 

After extraction of the deciduous left molar between 5.; and 6.o years, there is a 2.0 mm spurt of 

eruption £or the premolar, but no change occurs in its rate of formation. 

When the left premolar is at stage "root initial", it again begins to erupt and emerges through the 

alveolar bone at 10.0 years. 

The right premolar remains stationary until 8.o years when the root is 1/4 formed. 

eruptive movement commences, and at 10.0 years it is 2.0 mm trom the alveolar bone crest. 

Subsequently its 

At the time of· the terminal radiograph at 10.0 years, there is no apparent loss of space in the 

dental arch as freq~ently occurs after drifting of neighbouring deciduous teeth. The permanent ea.nines 

are still comparatively immature and not yet actively erupting. 
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Figure 21. The effect of extraction of the deciduous mandibular left first molar, 
between 5.5 and 6.o years, on the formation and position of its permanent 
successor, in comparison to the development of the antimere not affected by 
extraction. More detailed explanation is given on the page to the left of 
this figure. Serial number J2, male. 



Additional information pertaining to Figure 22 

At 4.o years the developing left and right second premolars of this boy are situated 5.0 mm. beneath 

the alveolar crest and both crowns are 1/4 formed. 

The left and right second premolars commence eruption at 7.0 years. At this time the root of the 

left premolar is 1/4 formed and the right premolar is at stage "root initial." 

After abscess and extraction of the deciduous right second molar in the period between 7.5 and 8.0 

years, the right premolar rapidly moves 3.0 mm in six months, and it emerges through the alveolar crest 

at s.5 years. 

The left premolar erupts more slowly and alveolar emergence occurs at 9.5 years. 

At the time of the terminal radiograph at 9.5 years, the right premolar is impacted and unable to 

emerge clinically because the mesial drift of the perm.anent first molar blocks its further movement. 

Beginning at 6.0 years the development of the left premolar is one stage in advance, compared to 

that of the right premolar. 
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Figure 22. The effect of extraction of the deciduous mandibular right second molar, 
between 7.5 and 8.0 years, on the formation and position af its permanent 
successor, in comparison to the development of the a.ntimere not affected by 
extraction. More detailed explanation is given on the page to the left of 
this figure. Serial number 140, male. 
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Additional information pertaining to Figure 23 

At 5.5 years the developing le£t and right second premolars of this boy a.re situated 6.5 mm from 

the alveolar crest and the crowns are 1/2 formed in both instanees. 

At 8.o years root formation eonamenees and the teeth begin te erupt. At 9.0 years both teeth are 

5.0 mm from the alveolar crest. 

After the extraction of the deci~uous right second molar between 9.0 and 9.5 years, the right premolar 

moves as much as 5.0 mm in six months and emerges through the alveolar crest at 9.5 years. 

The left premolar erupts more slowly and at the time of the terminal radiograpb. at 10.0 years, it is 

2.0 mm below the alveolar bone erest. 

The same rate and pattern of tooth formation occurs throughout the observation period in the left 

and right premolars. 
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Figure 23. The effect of extraction of the deciduous mandibular right second molar 
between 9.0 and 9.5 years, on the fonnation and position of its permanent 
successor, in comparison to the development of the antimere n9t affected 
by extraction. More detailed explanation is given on the page to the left 
of this figure. Serial number 41, male. 
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Additional information pertaining to Figure 24 

At 4.0 years the developing left and right first premolars of this girl are situated 6.o mm below 

the alveolar crest and in both instances one-half of the crown is formed. 

Atter extraction 0£ the deciduous right first molar at some time between 4.0 and 4.5 years, the 

right premolar has a 1.0 mm spurt in its eruption, but there is no change in the rate of its formation. 

Both premolars rem.a.in stationary thereafter, until root formation commences • 

.At 6 years of age the right premolar is at .formation stage ttroot initial" and in the following 

1.5 years it erupts J.O mm. At 7~5 years the permanent canine commences its eruption while the movement 

0£ the right premolar slows down and the tooth ceases to erupt for a time. Alveolar emergence of the 

canine occurs resulting in impaction of the premolar. 

The left premolar commences eruption at 6.5 years. The permanent left canine commences to erupt 

at 7.5 years and its alveolar emergence occurs between 8.5 and 9.0 years. The deciduous left first 

molar is exf'oliated between 9.0 and 9 • .5 years and the p:remola.r emerges both through the alveolar crest, 

and clinically, at 9.5 years, when the root is 'J/4 formed. 
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Figure 24. The effect of extraction of the deciduous mandibular right first molar between 
4.0 and 4.5 years, on the formation and position of its permanent successor, in 
comparison to the development of the antimere not affected by extraction. More 
detailed explanation is given on the page to the left of this figure. Serial 
number 77, female. 
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Additional information pertaining to Figure 25 

At 5.0 years the developing left and right first premolars of this girl are situated 7.0 mm 

beneath the alveolar bone crest and both crowns are 2/3 formed. 

The deciduous left first molar is abscessed at 5.5 yea.rs and bone destruction is noted. 

After extraction of the deciduous left first molar between 6.o and 6.5 years, no change is seen 

in the rate or formation of the premolar. HGWever, a movement of 2.0 mm towards the alveolar crest 

occurs, and the tooth eontinues to erupt until 8.0 years, when the permanent ea.nine commences its 

active eruption phase • .Alveolar emergence of the canine takes place at 9.0 years and clinical 

emergence is reported at 9 • .5 years. Its presence is responsible tor impaction of the premolar. 

The right premolar remains 7.e mm from the alveolar crest until 7.0 years, at which time root 

formation is initiated. It commences eruption and emerges through the alveolar bone at 10.5 years, when 

the root is 2/J formed. The right deciduous molar is extoliated at this time and the right premolar 

emerges clinically. 
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Figure 25. The effect of extraction of the deciduous mandibular left first molar between 
6.o and 6.5 years, on the formation and position of its permanent successor, in 
comparison to the development of the antimere not affected by extraction. More 
detailed explanation is given on the page to the left of this figure. Serial 
number 70, female. 
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Additional in.formation pertaining to Figure 26 

At 5.0 years the developing left and right second premolars ot this girl are situated 6.o mm 

below the alveolar bene crest and in both instances one-half of their crowns are fonn.ed. 

The deoi~uous right second molar is abscessed at 6.5 years. Destruction of the surrounding bone 

is noted and the r;ght premolar eommences to move upwards. After extraction of the deciduous molar in 

the period between z.o and 7.5 years, the eruptive movement of the premolar continues until 9.5 years. 

It ceases to erupt at- this time because the permanent first molar b.a.s drifted .f'ol"Wards and impedes its 

movement. At the time of the terminal radiograph at 10.5 years, the premolar is impacted. 

The left premolar remains stationary until the root is 1/J formed. At 8.5 years it commences to 

erupt and emerges through the alveolar crest at 10,5 years when the root is 2/3 formed. 
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Figure 26. The effect of extraction of the deciduous mandibular right second molar 
between 7.0 and 7.5 years, on the formation and position of its permanent 
successor, in comparison to the development of the antimere not affected by 
extraction. More detailed explanation is given on the page to the left of 
this figure. Serial number 68, female. 
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Additional information pertaining to Figure 27 

At 5.5 years the developing left and right first premolars of this girl ai-e situated 5.5 mm from 

the alveolar bone crest and the crowns are J/4 formed. At 6.5 years when the root formation is initial, 

the eruption 0£ both premolars commences. 

The deciduous left first molar is abscessed at 8.0 years and this is followed by a sudden 

acceleration of 2.0 mm in the eruptive movement 0£ the premolar. 

After the extraction of the deciduous molar between 8 • .5 and 9.0 years, the premolar rapidly meves 

through the alveolar crest and it emerges clinically at 9.0 years, when the root is 2/3 formed. 

The right premolar erupts more slowly and alveolar emergence occurs at 10.0 years, when the root 

is J/4 formed. 

There is no change in the formation pattern of tne left premolar after the extraction of its 

deciduous predecessor • 
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Figure 27. The effect of extraction of the deciduous mandibular left first molar 
between 8 • .5 and 9.0 years, on the formation and position of its permanent 
successor, in comparison to the development of the antimere not affected by 
extraction. More detailed explanation is given on the page to the left of 
this figure. Serial number 27, female. 
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J. Early extraction of a deciduous molar, before the 

premolar crown is completely formed, results in a brief spurt 

in eruption that levels off, the tooth remaining stationary 

until the root commences to form. Thereafter, eruption occurs 

again, sometimes at a slower speed than that of the control 

tooth on the opposite side of the mandible. It is suggested by 

the author that the formation of scar tissue, after the 

extraction, may provide a mechanical barrier to the erupting 

permanent tooth. In addition, when the resorbing deciduous 

precursor is present, it facilitates the eruption of the permanent 

tooth by providing a pathway through the alveolar bone. 

4. The extraction of a deciduous molar, at a later period, 

when the premolar is well along in root formation and actively 

erupting, results in accelerated movement and early emergence 

of the premolar • 

5. The presence of an "infected" deciduous tooth, with 

abscess formation, results in accelerated eruption of the per

manent successor. If necrosis persists £or a long time period, 

and is accompanied by extensive bone destruction, there is 

early eruption of the premolar, sometimes with immature root 

development. Occasionally, migration of the premolar has also 

been observed. 

6. The premature loss of the deciduous mandibular first 

molar is likely to result in an impaction of the .first premolar 

in females, because of the rapidity of development and early 
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emergence of the permanent canine. In males, on the other hand, 

the impaction of the first premolar occurs less frequently 

because of the slower development and late emergence of the 

permanent canine. 

7. The premature loss of the deciduous mandibular second 

molar in males and females leads in some instances to impaction 

of the second premolar, due to drifting forwards p£ t3e per

manent first molar. 

!genesis and root resorption 

.Analyses of root resorption are made in four children with 

agenesis of one or more permanent teeth. In one instance the 

mandibular right second premolar is missing; in two cases the 

permanent mandibular first or second incisor is absent. There 

is one example of absence of the left and right maxillary 

second incisors. 

Agenesis of a permanent tooth results in delayed resorption 

of the deciduous root. This retardation in root resorption is 

less marked in the incisors than in the molars. The adjacent 

developing permanent first incisor and canine appear to influence 

the resorption of the deciduous incisor without a permanent 

successor, causing it to be shed and allowing the permanent 

eanine to erupt into a position next to the first incisor. 
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Fusion, root resorption, tooth formation and emergence 

An a.na.lysis of root resorption, tooth formation and 

emergence is made in one instance of fusion of the deciduous 

right mandibular,first and second incisors, followed by fusion 

of the.permanent successors. 

In this boy fusion of the deeiduous first and second 

incisors results in root resorption occurring at a speed that 

is intermediate between the earlier resorbing first incisor root 

and the later resorbing root of the second incisor. Similarly, 

ex.t'oliation time is intermediate between the earlier exfoliated 

first incisor and the later shed second incisor. 

Epilogue 

The findings of the present study provide information of 

considerable clinical value to the orthodontist and pedodontist. 

They also contain basic data for those interested in cbild 

growth and they contribute. to the normative data reported so far 

on tooth formation and root resorption. 

Dental age is a convenient method of determining the 

physiologic status, but in.formation sueh as pr0,vided in this 

study is required before its value as a maturity indicator can 

be fully assessed. Subsequently, additional and more comprehensive 

studies may reveal the interrelations in development of the 

various tissue systems. 
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The effect of environmental insult, especially the 

extraction of deciduous teeth, upon the formation and eruption 

of the perm.anent teeth, as obtained from serial radiographs of 

the same individual, can also be applied by the clinician who 

frequently has to decide the optimwn time for the removal of 

teeth. 

Although the present study is limited in scope because of 

the small number of serial data available, it has made pessible 

the compilation of basic facts on dental development that can 

be obtained only from longitudinal material. The author is 

continuing her studies and has been able recently to examine 

the extensive longitudinal records of the Fels Research 

Institute in Yellow Springs, Ohio, through the courtesy of its 

Director, Dr. L. w. Sontag. She anticipates that the evaluation 

of these data will permit additional and more detailed investi

gations of tooth formation and root resorption. 

The analysis of the composition of individual variation 

in growth and developmental processes determined by genetic and 

non-genetic factors, can best be investigated in longitudinal 

studies ot monozygotic and dizygotic twins, including their 

siblings and also their parents. Therefore, the author is 

confident that the current research programme of the Orthodontic 

Department at the Forsyth Dental Infirmary, directed by 

Dr. C. F. A. Moorrees, concerned with such a study, will furnish 

satisfactory data with reference to the genetic aspects of dental 
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development. Collaboration in the collection of these data is 

proving a stimulating experience. 

Furthermore,,it.is highly desirable that in addition to 

morphologic studies, attention is directed in the future also 

to the biochemical aspects of growth •. An integration of the 

research in different disciplines would ultimately lead to a 

more comprehensive understanding of the problems of the growing 

child. 
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VII. S~Y AND CONCLUSIONS 

In the discussion of the radiographic appearance of the 

teeth during their formation, special emphasis is given to the 

growth of the follicle and crypt, the onset of calcification, 

the sequence of cusp formation and cusp coalescence, as well as 

to crown and root development. 

Differences are found in the timing of both cusp and 

root formation of the deciduous and perm.anent molars. The 

mesial cusps of the permanent mandibular molars precede the 

distal cusps in their calcification, and, likewise, the mesial 

root of the deciduous and permanent molars completes its develop

ment before the distal root. A description of root resorption 

has also been given that generally eonfirms clinical observation. 

Norms of tooth formation and root resorption are provided 

for the deciduous and permanent maxillary incisors and all the 

deciduous and permanent mandibular teeth, of males and females, 

from birth to preadolescence. These norms are based on serial 

radi0graphs of 99 individuals, 48 :males and 51 females, and they 

have been determined by selecting 19 developmental stages of 

tooth formation and 7 stages 0£ root resorption. 

Two :methods have been used for the analysis of the data • 

The first consists of means and standard deviations, for left 

and right teeth, of the ages of the children observed at eaoh 
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specific developmental stage of tooth formation or root resorption. 

The second, and preferred, method is concerned with the determi

nation by probit analysis of means and standard deviations of 

the ages of attainment of each stage of tooth formation or root 

resorption for the left teeth. The normative data obtained by 

the latter method are presented in this thesis. For clinical 

application, the findings are used to ~onstruct a cha.rt giving 

the 10th, 25th, 50th, 75th and 90th percentiles for the ages at 

which these developmental stages are attained. 

Tooth formation is a growth phenomenon characterized by the 

same degree of individual variation, in logarithmic units, from 

its onset to its completion, for all classes ef teeth in both 

the maxilla and the mandible of males and females. 

The individual dif'ferenoes in root resorption are greater 

than those in tooth formation. Nevertheless, the individual 

variation, in logarithmic units, is likewise uniform for the 

different classes of teeth in both jaws of males and females. 

To assess sex differences in tooth formation, the data 

of males and .females have been studied separately. The ma.le 

coincides rather closely with the female, so far as the early 

stages of development are concerned. However, an increasing sex 

difference is found in the subsequent formation of the teeth, 

especially for the mandibular canine, inasmuch as females are 

accelerated in their tooth development, in comparison to males, 

in the later stages of formation. The sex differences that are 
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reported in tooth size, tooth emergence and the stages of 

formation appear to be related. The third molar alone shows 

little or no sex difference in its formation and emergence. 

Root resorption begins earlier in the female and the sex 

difference increases with age. The tooth shed first, the 

mandibular first incisor, has the least sex difference; the 

greatest difference is observed in the deciduous ea.nine and the 

second molars. 

A deceleration in growth occurs when the tooth crown is 

completed and the root commences its development. Subsequently, 

an acceleration in root development follows, that is related to 

an active eruptive movement of the tooth. There is a further 

deceleration in t.ooth development during the eompletion and 

apical closure of the root that is least marked in the mandibular 

incisor teeth .. 

Increments of crown and root formation eould not be studied 

in the deciduous dentition because the six-monthly interval 

between the radiographs is too large for analysing the speedy 

development of these teeth. However, during apical closure, 

root formation is decelerated in the deciduous canine and molars. 

Clinical emergence of the permanent teeth probably takes 

place between the time when the root is 2/'J completed and the 

commencement of apical closure. In the absence of pathological 

conditions, no tooth emerges clinically unless halt mt its reets 

a.re formed. 
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An assoeiation appears to exist between dental caries of 

the mesial or distal surfaces of the deciduous molar crown and 

the resorption of the corresponding root. An increase in caries 

activity results,in accelerated resorption of the root and pulp 

necrosis is followed by disintegration and lysis of the root 

and the surrounding bone. In two instances, the roots of 

deciduous incisors, devitalized because of trauma, appear to be 

resorbed in a comparable fashion to the vital teeth. 

For clinical application, the findings are presented in 

the form of two charts to assess dental age in males and females, 

respectively. These charts eontain the norms of crown and root 

formation for the permanent maxillary incisors and: all the 

permanent mandibular teeth during the preadolescent period. 

The effect of extraction of the deciduous molar, at 

different ages, upon the formation and eruption of the premolar 

is studied in four males and tour females. The extraction is 

unilateral and the tooth on the non-extracted side is used as 

a control in order to evaluate changes in the rate of formation, 

as well as the speed and,time of eruption of the.premolar·follow

ing the removal of the deciduous precursor. According to the 

findings, no change is observed in the formation of the premolar 

after extraction of its deciduous preeursor, but premolar eruption 

is accelerated in the presence of long-standing neeresis ot the 

deciduous molar, aocompa.nied 'by loss of surrounding bone. 

Simila.rly,.early eruption and clinical emergence occurs if the 
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extraction of the deciduous molar coincides with the eruptive 

phase of the premolar. An initial spurt in the eruption of 

the premolar follows early extraction of the decidu0us molar, 

for instance at'= 4 years of age. This spurt levels off and 

the tooth then remains stationary, erupting later than its 

antimere with a "normally" resorbing deciduous precursor. 

Premature loss of deciduous teeth by extraction, and the 

effect upon the eruption of the permanent successors, is of 

great importance for serial extraction in preventive orthodontics, 

and also for .the indication of space maintenance in pedodontics. 

In clinical practice a better understanding of this problem is 

essential because the timing of serial extraction is critical 

for a successful outcome of its objective. In every instance 

this timing should be based on the developmental status of eaeh 

individual rather than on the chronologic age. 

A further Jactor in serial extraction, demonstrated in the 

present study, relates to the early.maturation and eruptioa. of 

the permanent mandibular canine in females. It is unwise to 

extract the deciduous ea.nine of females in eases of crowding 

when the treatment plan ealls for the eventual extraction of the 

first premolars. The deciduous canine should be retained as long 

as possible to avoid the early eruption of its permanent successor 

and subsequent impaction of the first premolar. This situation 

occurs less frequently in males where the permanent canine is 

slow to mature and erupt. The author intends to analyse additional 
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material and to cover this aspect more fully in future research. 

Five examples of developmental anomalies, in the form of 

agenesis and fusion of teeth, are studied. Agenesis of a per

manent tooth results in delayed root resorption in the deciduous 

dentition, but this delay is less marked in the incisor than in 

the molar teeth. 

In the case of fusion of the deciduous mandibular left 

first and second incisors, the timing of root resorption and 

the exfoliation of the tooth crown is intermediate between the 

first and second incisors on the other side of the arch. 

Similarly, fusion of the successional permanent incisors results 

in a rate of formation and a time of emergence that is intermediate 

between the unfused first incisor and the second incisor on the 

other side of the dental arch. 

A critical survey of the literature on tooth formation, 

root resorption and the determination of-the physiologic age 

by means of the teeth, forms a part of this thesis. 

The findings of the present study contribute towards a 

better understanding of the growth of the teeth in the pre

adolescent. They add to the normative data already reported 

on tooth formation and root resorption and they should prove 

useful to orthodontists, pedodontists, pediatricians and workers 

in allied fields. Dental age is a convenient method of determining 

the physiologic status, yet information such as provided in this 

study is required before its value as a maturity indicator can 
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be fully assessed. Subsequently, additional and more com

prehensive studies may reveal the interrelations in development 

of the various tissue systems. It is hoped that in addition to 

morphologic studies, attention will be directed in the future 

also to the biochemical aspects of growth. An integration of 

the research in.different disciplines would ultimately lead to 

a more comprehensive understanding of the problems of the growing 

child. 
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