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.ABSTRÃCT

A R.A,DTOGRAPH STUDY OF DENTAL ERUPTION

W" H. FEASBY

A longitudinal- study of the eruption of the mandibular

canine, first and second premolars, first and second molars

r¡¡as conducted using the cephalometric films and dental

casts of 54 untreated boys examined annually from ages 3

to 14 years "

The tangent to the lower border of the mandible

derived from the lateral cephalometric projection was found

to rotate at approximately 2o per year due, it is

suggested, to resorption on Lhe inferior border posterior

to the first premolar. Eruption data measured on oblique

films from the mandibular tangent are subject to correction

due to the rotation of this reference Iine" The occlusal

line was found to be a clinically useful but less stable

reference line"

Bilatera1 slrmmetry of mandibular eruption and tooth

growth data from the oblíque projection was demonstrated

on annual records.

The eruption rates of the canine, first and second

premolarso first and second molars increased steadily

following the completion of the crowns. The mean eruption

rates of each tooth demonstrated a "preocclusal eruption

spurt" of 4 - 7 mm per yearn followed by a sharp reduction

t-L



ín eruption rate" Mean annual postocclusal eruption rates

of 0.5 I"6 mm" persisted at age 14 years.

The eruption rate data showed less variability

when standardized physiologically on the year of maximum

eruption.

Root growth did not correfate strongly with eruption

especially during the "preocclusal eruption spurt" when

the eruptive movements of the single rooted teeth \^/ere

double or more the mean increase in toot.h length.

Crowding measured at age 9 was associated with

slower eruption rates of the canine, first- and second

premolars while the second premolar was more affected

than the first premolar or the canine"
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TNTRODUCTION

A better und.erstanding of eruption pþenomena is

important to those who assume responsibility for the

developing dentition and who are therefore students of

craniofacial growth" This study is concerned v¡ith eruption

as a continuous process that carries a tooth from its crypt

to occlusal function and maintains the tooth in occlusion.

The serial- growth records of the Burlington Orthodontic

Research Centre, including both cephalometric radiographs

and dental casts, Ivere employed in order to study eruption

longitudinally "

The specific objectives of this study were:

I +r\ äarra'lnn ¡nJ-l-rrnnnma.Frin maJ-trnäe :nnlìr.al'r'l oJ o 9v uu V çIvt/ q¡¿ u¡r! vyv¡lrç ur ¿v llr9 u¡¡vsÐ

to the mandible as seen in the oblique

cephalometric projection;

2. to determine the eruption and growth rates

of the mandibular canine, first and second

premolar, first and second molar teeth;

3. to investigate the relationship of tooth

elongation, tooth cro\ivn diameter, and

available dental arch space to dental

eruption ::ates.

Tmnrnrzod nrpd i cta lli I i trz of erllnt i on nhonnmonâ ^nd a¿rttlJ! v v çu P! çuf,v Lq!!rI LJ v! ç! ulJ

better understanding of the process of eruption should result

from this study.
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REVIEW OF THE LTTERÀTURE

Manyhistologicstudiesoferuptionhavebeenreported

employingforthemostpartrodentincisors.Manyother

studies report on the time and sequence of appearance of

theteethintra-orally.However,therateofhumandental

eruption has had relatively scanty attention"

In Lg44, Carlson6 reported a cephalometric study employ-

ing serial lateral fil-ms from five individuals of overlapping

agefrom3monthsto16yearsgmonths"Corrections\^/ere

madeforenlargementandforeshortening.Theeruptionand

tooth length of the mandibular central incisor, canine first

andsecondpremolar,andfirstpermanentmolarweremeasured

from a tangent to the inferior border of the mandible'

carlson found that eruption proceeded more rapidty than root

formation.Therapidphaseoferuptionthatbeganwithroot

formationendedwhenthetoothcameintoocclusion"From

this time on the tooth erupted only as rapidly as the occlu-

salplanerose.Theeruptionratevariedfromtoothtotooth

withinadentitionandtheSaInetoothshowedvariationsbe-

tween individuals within the sample' The greatest rate of

eruptionnotedforanyonetoothwasthelowersecondpre_

molar which erupted B mm in six months' The greatest rate

oferuptionforanyone-yearperiodwasthatforacentral

incisorwhicherupted12mmwhilethegreatestrateforany



two-year period was that ior a lower caníne which erupted

13mm. He noted that clinical emergence does not apparently

increase the rate of eruption and that rapid eruption d'oes

not start until the crown of the tooth is fully formed."

Hattonl 4 ¡ I 6 reported on a Serial study of eruption of

the mandibular first permanent molar from 32 to 72 months

of age employing the oblique cephalometric projection and

using as a base line a tangent to the inferior border of

the mandible. A sample of 50 boys was divided into erupters

and nonerupters depending on the appearance of the first

mandibular molar at age 72 month.s. The average eruption over

the three-year period for the erupters was l0.9mm and the non-

erupters 6.7mm. In addition, it was reported that the mesio-

distal width of the mandibular first permanent molars was

smaller in the children v¡ith the ctinically erupted teeth

at age 6 years.

Hatton and Graingerl s reported upon the reliability

of measurements taken from tracings of oblique fi1ms" They

found, in a study of 15 three-year-o]d children, that the

single determination in tracing and measurement of points

relevant to mandibular eruption was efficient and t'hat to

appreciably reduce the experimental error, the number of

children rather than the number of films and tracings should

be increased"
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In 1960 Shumaker and EI Hadary3 6 reported on a radio-

graphic study of eruption in 26 girls and 31 boys - A non-

standardized technique (diagnostic lateral film) was used

and the landmarks employed were the lower border of the

mandible and the occlusal line" Eruption was not reported

as an absolute figure but as a percentage of eruption towards

the occlusal line. The study reporLed on the eruption of the

mandibul-ar canine first and second premolars, and the fírst

and second permanent molars. It was concluded that each

tooth starts to move towards occlusion when the crown is

completed and approximately five years are required from

crown completion until eruption into occlusion" It was also

found that boys and girls have the same pattern of eruption

but the girls are ahead of the boys except for the first

permanent mo1ar"

Bradleya used the "percentage of eruption" technique

described by Shumaker and El Hadary3 6 on annual diagnostic

lateral radiographs from B6 boys. He found that indivj-dual

variatíon in percentage eruption was greatest when two thirds

of the root was completed (No11a2 I stage B) " He also found

that variation of eruption between individuals was reduced

when a physiologic scale, calcification stagies' was used

rather than a chronologic scale" He found that the canine

and premolars behaved similarly and that the eruptive move-

ment began with the completion of the crowns" He found



low, positive correlatíons between arch space availability

and eruption rates"

Lauterstein, Pruzanskyu and Barbe'.24 have studied

eruption phenomena in the mandible employing the oblique

cephalometric projection because, in their opinion' it

permitted "arr unobstructed and relatively undistorted

visualization of the buccal dentition. " The oblique pro-

jection was that described by Barber et a1å'2 in which

the mid-saggital plane is rotated 45 degrees to both the

central beam and the film cassette wíth the patient's

head oriented in the Frankfort horj-zontal position" It

should be noted that other investÍgators (Cartwri1ht,7

posenrss and Hattonl4) did not standardize the vertical

positionwhenemployingtheobliqueprojection.The

reference line for vertical measuremenLs used by Lauterstein2

vras a line connecting two specified points on the inferior

border of the mandible. The posterior point was anatomical,

beíng the most superior point in the antegonial notch,

whíle the anterior point was empirically located at the

intersectíon of the l0wer border of the mandible and the

shadow of the ascending border of the opposite side" The

empirically located anterior reference point is not com-

parable to landmarks employed in the other studies because

itchangesastheheadrotatesontheporionicaxis.



Lauterstein et dL,2 s studied the eruption of the

canine first and second premolars using oblique cephalo-

metric films from 242 patients of whom 78 had four or more

sequential records. The eruption movement was studied by

constructing a line from the cusp tip of the canine to the

uppermost cusp tip of the first premolar, thence to the

second premolar" The "gabling" angle formed was measured

and bilateral comparisons were made" In 131 of the 242

children, the "gabling" angle differed significantly"

However, it should be pointed out that while the sample

did not include children with impactions ankylosis or

congenitally missing teeth, it did not exclude infected

teeth, pulpotomies or extractions. fn addition, this

study demonstrated that inter-related eruptive movemenLs

\^rere arrhythmical with the teeth appearing to erupt in

"fits and starts"" By duplicating the tracings and measure-

ments of 40 children, this study further demonstrated the

reliability of the tracing and measurement techniques"

Lautersteín.23 in another study, has also tested the

reliability of measurements from the tracings of oblique

films by employing three observers in repeated measurements

on 50 tracings. "The observers rarely differed by more than

0.5mm." He reported bilateral symmetry of tooth length and

incremental rate. In Lauterstein's studies, the children



were examined at intervals as short as 4 months" He demon-

strated that pulpotomized primary molars resulted in the

accelerated eruption of their successors "

posenr34 using Burlington material, studied the effects

of premature loss of primary molars on premolar eruption"

He utilized the oblique projection in which the vertical

angle was not standardizeð,. Measurements were made from

cusp tip to the occlusal line. He reported that the erup-

tion of premolar teeth is retarded or accelerated depending

on whether the primary molar \ifas extracted before or after

age B"

Radiographic cephalometry in the mandible¡ âs in the

balance of the craniofacial complex, requires the ídentifi-

cation and validation of radiographic landmarks and points

of reference. Carlson's6 study, employing lateral cephalo-

metric films used a tangent to the ínferior border of the

mandible. He cited vital stain studies conducted on pigs

and macaque monkeys which shov¡ed littte deposition on the

inferior border of the mandible. However, this technique

would not reveal resorption and presumably the lack of

staining was interpreted as evidence of stability.

Brodie5 also considered the inferior border of the

mandible stable. He stated that there was "very little

addition...made at the lower border. Thus, it seems legitimate

to superpose on the lower and posterior border" " ' o "



Enlow 11 has cast some doubt on the stability of the

lower border of the mandible when he demonstrated resorp-

tion frorn the antegonial notch to the angle in a histo-

logic study of ground sections.

Und.oubtedly, the most reliable landmarks lvere those

employed by Bjork3" He imbedded metallic implants at se1-

ected locations in the mandible and thereby found certain

anatomic landmarks or radiographic reference points to be

stable. These included the tip of the chin, the inner

cortical structure of the inferior border of the symphysis,

detailed structures of the mandibular canal, and the lower

contour of the molar germ from the time mineralization of

the crowrt is visibte till the rooLs begin to form as identi-

fied in lateral cephalometric films. Bjork also stated that

the i-nferior border of t.he mandible \^ras unsuitable as a

reference line for the purpose of orientation of the mandi-

ble in growth analysis "

In surffnary, the literature cited reveals studies of

the eruption of mancl.ibular teeth employing the oblique

cephalometric projection, the lateral cephalometric pro-

jection, and lateral jaw diagnostic films. The eruption

studies employed a variety of landmarks or reference lines"

The tangent to the lor^¡er border of the manclible was used

in most instances but an arbitrary reference line and the



occlusal line have been reported" A histologic study and

one implant study were cited that questioned the stability

of the inferior border of the mandible. The relationship

of environmental factors to eruption; such as, pulpotomy

in primary molars, extraction of primary molars, mesio-

distal tooth diameter, and crowding has been reported"

Root growth was found to be bilaterally symmetrical but

inter-related eruptive movements were asymmetrical when

examined at four month intervals" The rate of eruption

derived from a very limited sample was reported while two

studies recorded eruptive progress as a percentage of total

eruption.
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}{ETHODS AND Ì{ATERIALS

(a) The Sample

The data source for this study was the Burlington

Orthodontic Research Centre, a longitudinal growth

study initiated at Burlington, Ontario, in L952.

The Research Centre was established by the Ortho-

dontic Department of the Faculty of Dentistry, Univ-

ersity of Toronto, with funds ma.de available by the

Federal Governrnent through a National Health Grant"

The object of the study was stated as follows:3o

1. "to demonstrate the value of inter-

ceptive orthodontics. " ";

2. to compile a set of records on which

to base intensive studies of normal

grorvth and development " . . ;

3 " to assess the role of inheritance in

determining a number of clinically

significant characteristics of cranio--

facial growth. "

Burlington was an averagie torvn (population 8,500

in 1951) with a typical Ontario population" White the

population was predominantly caucasian, there were

North Arnerican indians, orientals, and negroes in the

tor^¡n. Ho\rever¡ the minorities were so few in number
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that, through chance, they vüere noL represented in the

sample. The samples assembled at the centre "represent

between 85 90 per cent of the children in the town for

the age groups being studied""s The longitudinal study

of boys consisted of 102 who were examined annually

beginning at age 3, augmented to 163 at age 4.2s

Attrition has reduced. the sample so that complete

records \,vere available for 119 boys. These were clas-

sified as untreated (54) , primary tooth extraction (16) 
'

permanent tooth extraction (14), orthodontically treated

(28) , and abnormal number of teeth (7) " The present

study includes the records of 54 untreated boys, 39 of

whom entered the stud.y at age 3, L4 at age 4 , and one

at age 5, while one left at age 10 and two at age 11

and one at age I2u and 50 remained to age L4 years.

TABLE Ï

THE NUMBER OF BOYSI ANNUAL RECORDS STUDÏED

Age

n

4

53

I4

50

56789

54 54 54 s4 s4

3

39

10 11 L2 13

54 53 51 50
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The serial records were obtained annually within

one month of the child's birLhday and include:

1. A case history which was a four-page medical

and dental historY"

2. A clínically based assessment of the child's

facial growth and occlusion"

3, Six cephalometric radiographs including:

(a) a lateral film with mandible in

rest position;

(b) a lateral film with teeth in

occlusion;

(c) a lateral film wíth mandible

in the open position;

(d) right and left oblique radio-

graphs with mandible in rest

position;
(e) a Posteroanterior head fil-m"

4" One wrist radiograPh"

5. Dental casts with occlusion registered ín

wax.

6" Periapical fiIms, where needed"

7 " Heíght and weight record.

B" Black and white frontal and latera]

view photographs.
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(b) The CePhalometric Technique

The equipment included a generator capable of

delivering 50 ma at L20 Kv to a ri.gidly mounted radio-

graphic tube. The tube had a l-Omm focal spot on a

rotatinganode.TheThurowcephalostatwasnotadjust_

ableverticallyorhorizontallybuttheearrodscould

berotatedonaverticalaxiswhichwasfixedat60

inchesfromthefocalspot.Thecentralbeamisprecisely

aligned in the centre of the ear rods and the film cassette

is mounted at 90o to this axis. The film is 150mm from

the centre of the cephalostat in the lateral projection

and 140mm in the oblique projection" The left and right

obliqueprojectionswereobtainedwiththemidplaneof

the patient rotated 45o from the film plane. The lateral

filmswereexposedwiththeheadorientedintheFrank_

fort horizontal plane but in the oblique projection, the

head was tilted down aL a nonstandardized an91e below the

Frankfort horizontal Plane'

Theradiographicequipmentincluded:atubeportmask'

aluminum filtration, intensifying screens, and Bucky dia-

phram as detailed by Cartwright and Harvold' 7

Thestandardtechniqueincludedthetracingoft'he

structures under study on matle cellulose acetate film

"003,.thicknesswitha4Hpencil.A1]-tracingsandthe
linearandangularmeasurementsweremadeupontheacetate
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film at room temPerature"

The oblique projection had certain marked advantages

which outweighed the proven value of lateral films"

t. There was no need to midline bilateral structures"

2" The riqht and left sides could be recorded

independently. This was of particular importance

when unilateral phenomena, such as dentoalveolar

infection, premature extraction of primary teeth

or space closure are to be considered. in relation

to eruption.

3. Since each side is recorded separately, there

could be no superimposition of closely grouped

structures such as the enamel of the permanent

cusp tip, the superior border of the develop-

mental crypt, the lamina dura in the root bifur-

cation and the partially resorped primary tooth

root"

On the other hand, the lack of documentation of the distor-

tion factors and the lack of radíographic landmarks \^/as a

serious disadvantage which j-s dealt with in Section (c)

and. (d) of this chaPter.

(c) The oblique Cephalometric Projection

As described in the preceding section, the oblique

film was exposed with the cephalostat rotated so that the

patient,s midsagittal plane was 45o to both the central
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beam and the film" Barber et all have evaluated the oblique

cephalometric film and concluded that it provided, "a valid

means for documentation and research." Barber's study con-

sidered the difference in enlargement distortion between

skulls of various ages and concluded that they were not

significantly different" However, it rnust be noted that

alt films were taken with the skulls oriented in the Frank-

f,ort horizontal plane" The Burlington oblique films \'rere

exposed with the patient's head tilted down in order to

record more maxillary posterior teeth. Unfortunately, the

angle of tilt was not standard ized either between colateral

films or from year to year

some of the variables inherent in the cblique cepha-

logram of the mandible are illustrated in Figure 1. Growth

in condylar width (A) places the mandibular posterior teeth

closer to the film and reduces maginification" Increase in

mandibular length (B) also tencls to decrease film object

distance. On the other hand, rotation downv¡ard around the

porionic axis at 45o to the film tends to increase the film

object distance. In addítion, the angular relationship of

the long axes of the teeth with the fil¡n plane v¿ill alter

and affect. the degree of foreshortening produced. This

array of factors is more complex than those considered by

Barber et al1 and further inr¡estigation of the oblique

film was indicated to ensure its accuraLe utilization"
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ft/lidsagittal plane

Central

Fig. t Variables inherent in the obl-ique projecLion

Condylar width
I'fandibula:: length
Film-object distance

A
B-
C-

E-¡tfn plane

ray



L7

EN LARGE}{ENT DI STORTION

A metal grid of 0"025" stainless steel wire was con-

Structed. so that each vertícal bar would fall approximately

ùr tfre long axis of each of the canine, first and second

premolar, and distal root of the first molar. Tv¡o hori-

zontal bars were spot welded to the vertical bars in the

approxÍmate fevel of the gingival margín and the root

aplces. The grid was adapted to the contour of the left

side of t,he dry mandibl-e and secured. with wax (Fig " 2) 
"

Two series of films were exposed v¡ith the grid (Fig. 4)

using the Burlington cephalometer"

Series 1, Multiple exposures vJere taken on one skull

wíth the grid' attached. The arc traced by

the bar representing the caníne is shown

ín Fígure 3 through 90o of rotation.

Series 2. The grid. was apptied in turn to five dif-

ferent skulls with boys ages of 4.1 years'

4.5 years, 7.0 years, B.I years, and 16"5

years determined by Nollafs table of dental
. 
development.2s Each sÌ<ull then had f ive

oblíque films exposed at five realistic but

uniformly spaced angles of downward tilt"

The grid and the irnages were measured to the

nearest tenth of a milli¡.retre " The angle of
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Fig" 2" Grid attached to the mandible"

The anterior vertical- bar between

(No" 3) rePresents the mandibular

bars No. 4' t 5.0 and 6" rePresent

premolars and the distal root of

mol ar respectively"

the horizonta-l bars

canine. Simila-riY

the first and- second

the first 'Permanent
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Fig. 3" A 45" obiique film of a skull wíth the

grid at.tached.
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tilt \,vas measured on the film between the

horizontal determined by the ear rods and

the occlusal plane as defined in Section

(e) of this chapter

The multiple exposures in Series 1 indicated that

the images \^/ere tracing an elliptical path as the skull

\^7as rotated. One quarter of the path of the mesial bar

of the grid is illustrated in Figure 3" The length of

the image of the bar shown ranged from 19"2mm in the

Frankfort horizontal position (r) to 17"4mm and 14"6mm

in the lower positions ( Tg, 14) while the actual length

was 18. 7mm.

The exposures in Series 2 (Fig - 4) , using skulls of

various ages and exposed at a variety of degrees of tilt

resulted in the data presented in Table II" The portion

of the vertical bar of the grid between the horizontal-

members and over the canine was designated with the

corresponding tooth number 3. similarly, the bar over

the first premolar, the second premolar, and the first

permanent molar' were designated numbers 4, 5, and 6

respectively.

since both object and image measurements were avail-

ab]e, a correction factor (CF) for each angle at each age

for each vertical bar was produced. It was assumed that

the regression was linear for the age and the portion of
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fi's

î\&

T

VN

Fig" 4. Image distortion with downirard tilt.

II indicates the horizontal plane.

It r Ï.r, Ï.r f ranracan+- +& a r 4 --r- - -'" imaqes of grid bar 3

at various angles of tilt. throuqh anproximately 90o

of rotation of the skull around the porionic axis

in the 450 oblique projection
T = lq Q mm ; I" = I9.2 mm.; r" = 17"4 mm.; In = ]-4"6 rnm.*I¿.Jq

v¡hil-e grid bar 3 was 18"7 mm.
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TABLE II

ENLARGEMENT DISTORTION FOR SELECTED AGES AND ANGLES

agel OH
An91e, Tooth (Gríd Bar) Number

ilrm " CFCF¡ CF

4"L yrs 16
2I
25
33
3B

4"5 yrs 15
23
30
37
45

7 "0 yrs 9
13
20
25
28
36

8"1 yrs 15
22
29
34
40

16.5 yrs 18
22
27
32
39

18.5 1.0r
17 "7 1.0s6
L7.5 1"068
17 "o 1"1
L6 " 6 r.L26

r7 "9 r"044
17"0 1"1
16.3 r"L47
15"6 1"198
16.0 1" 168

19 " 4 "96319.0 "984
18. B .994
18.4 1.016
IB.2 L"027
L7 .2 1.087

r8.5 I " 01
18.0 1.038
16.9 1.106
16"6 L"126
17 "6 L"062

19.2 .973
19 " 0 "984LB.7 1"0
18 " 0 1.038
L7 "7 1"036

18"7 1.
tB"t 1.
L7 "9 1.
L7 "2 1"
16. 6 1.

18.6 "962
LB "2 ,983
18.0 "994
L7 "6 1"017
L7.6 1"017

L7 " 3 "965
L7 "5 "954r7.s "954
L7 .3 "965
17 "5 "954

L7 "3 "965
L7 "5 "954
L7 " 4 "95917"3 "965
L7 "3 "965

16 " 6 1.006
L7 "3 .9 6s
L7 "3 .965
17.5 "954
17 .5 "954
17 "6 "948

17 .5 "954
17 " 5 "954
17 "r "97 6
L7.7 "943
17 "9 "932

l-6"9 "9BB
17 .4 "9s9
L7 "4 .959
17 "7 "943
L7 "7 "943

005
038
0s0
093
L32

L7 "9 1" 050
L7.6 1.068
16 .7 L.L25
L5 "2 L "23616.r L"l-67

19.4 "969
19 "2 "979
19 " 0 "98918"6 1.01
18.1 1. 03 B

L7 "3 I.086

1B " 4 I"02L
18.0 I.044
L7 "6 1.068
L7.2 1.093
L7 "9 I.050

19"3 "97419.3 "97 419.0 "98918"5 1"016
18.3 L.027

18"5
r7 "9 1.
77 "6 1.
76 "9 1.
16.8 1.

967
0
0l-7
059
065

18.6 "962
18 " 6 "962
18. B "952
18. 5 "96718.3 .978
17 " B 1.005

LB.7 "957
18 " 4 "97218"1 "9BB
L7 "9 1.00
18.4 "972

18 " 9
18.9
LB "7
IB " 5IB. 5

"9 47
"9 47

"957
"967
"967

Actual Grid
Si ze 18"7 18. B 17 .9 L6.7

1" SubjecË.,age was determined from dental development according to
LVt\otra.

2" OH Angle is the angle between the occlusal line and the horizontal.
3. CF = correction factor.
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the range of angles under consideration" A multiple
linear regiression analysis was performed which re-
sulted in the correction factors shov¡n in Table rrr"

The correction factor (cF) for each tooth is
composed of three iten.s: a constant value, a factor
multiplied by the angle of tilt in deorees, and a

factor multiplied by the age in years; i.e. r CF =

A + B (age) + c (angle) " All verticle linear measure-

ments \^¡ere corrected by these factors. The factors
for the first permanent. r¡.oIar (6) trere applíed to the

sec'ond permanent molar (7) 
"

The variation in tilt found within the sample

ranqed up to a3 within one ind.ividual studied seriarly
.- and up to 33 in bitateral comparisons " such variations

in tiIt, produce enlargement distort.ions up to LAZ

serially (eg. canine, from 3 to 13 years) and up to
12? with bilateral comparisons" The use of the cor-
rection factors (cF) was Lherefore obligatory if grorvth

rates in absolute terms were to be considered from the
pool of data available"

(d) Radiographic Landmarks

Radiographic cephalometry resuires landmarks and.

points of reference that perm.it accurate and reproducible
measurements. satisfactory landmarks should represent
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TABLE III

CORRECTION FACTOR BY AGE AND ÄNGLE

Correction factor (Cf) = A + B(Age) + C(Ang]e)

Tooth No. A B C R S.E.E"

3 0"983 -0.00?0 0.0049 0,878 0.02g
4 0.984 -0.0075 o"oo47 0.86 4 0"032
5 0 " 955 -o " 0039 o.oo22 0. 870 0.015
6 0.983 -0.0002 -0.0008 0.541 0.012

R = Correlation Coefficient
S"E.E. = Standard Error of the Bstimate
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true anatomical structures which must be easily and

readily 1ocated and must demonstrate minimal changes

as a result of disease or normal gror,vth (Kroctman and

Sassouni)22 " Similarly, reference points and lines

must be stab'le and reproducible.

This stucly reguired. landmarks that could be found

within the mandible" Bjorkrs" study, emplolzing metal-

lic implants, provided a means of evaluating mandibular

land^marks. He suqqested, as useful indicatoi:s, the

tip of the chin and the follorvinq three internal struct-

ures as found in the lateral projection:

1" The inne:: cortical structure of the

inferior bord.er of the symphysis "

2 " Detail structures of the rnandibular

canal "

3. The lower contour of the rnolar germ

from the time that mine::alization of

the crowrÌ is visi]:le until the roots

begin to form"

Bjork pointed out that 'Lhe thickening of the cortical

layer at the symphysis resufts from apposition on the

inferior surface" Thus normal growth should not sub-

stant,ially alter this landmark" Simitarllz, with regard

to the molar tooth gierm, he stated that, "F'rom the onset

of mineralization of the cro\'vrl to the tíme when the



26

roots start to develop, the lower border of the germ is

apparentllz stationary""t It the present study, it vras

not possible to identiflz the mand.ibular canal frequently

enough Lo be useful"

Unfortunately, Lhe oblique projection did not re-

veal the tip of the chin or the inner cortical structure

of th-e inferior border of the symphysis as identified in

ttre lateral fi]:n. Since no other landmarks available
j¡r the oblique projection have been described, an eval-

uation of the behaviour of the inferior border of the

mandible, in relation to Bjork's indicators, \,vas under-

taken on the lateral films.

Of the total sample of 119 boys, 30 cases were

selected at random. The mandible was traced from the

lateral cephalometric films, using standard tracing

techniques. Bilateral structures were "midlined" by

tracing the images of both right and left side and

construct.ing a new tracing midvray between. The in-

ferior bord.er of the crypt of the last developing molar

tooth was traced until root formation \.üas identif ied "

The second permanent mandibular molar was therefore

available from age 3 or 4 years to age 7 or B years,

while the thircl permanent mandibular molar was usually

avaifable from 9 years to L4 years. The inner cortical
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.structure at the symphysis \ÁIas Lraced along with the

cusp tip of the canineu the buccal cusp tip of the first

and second premolars and the mesiobuccal cusp tip of

t,he fÍrst permanent rnolar.

Since the annual changes appeared to be uniform

and. small, tracings were completed. for each of the first

and last of the observation period available for each

¡nolar crypt landmark, For example' one pair of trac-

Itg" was completed for the fírst year for which the

qecond permanent molar crynt was identifiable and the

last year before root formation occurred" Sími1arly'

another BaÍr of tracings was produced, using the third

rBolar landmark" The useful time range for the second

and thÍrd molars did not overlap.

å, tangent was constructed touching the inferior

horder of th-e molar crypt and the inner cortical 
. 
surf ace

at tb.e s1'rnphysis" The tracings were then grouped. in

pairs for each patient--one composed of the tracings

using the second permanent molar crypt and the other

aomposed. of tracings using the third molar crypt" Each

pair of tracings was then superinposed on the tangent

with registration on the internal cortical structure

at the symphysis" (rig" 5)

In order to quantitate the changes in the position

of the inferior border of the mandibleo in both an angular
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and linear manner, two additional steps were taken"

First, a tangent r+as constructed to the lower border of
the mand.ible on each tracing (mandibular tangent) . The

angle beti..'een these two tangents (M3, M7) was measured

to the nearest degree (!.ig" 6). The annual rotation
of the mandibular tangent for each patient, using both

crypts, v¡as determined"

Secondlyr a perpendicular was constructed. from the

tip of each cusp ín its older position (second tracing)
to the appropriate nandibular tangent and. extended to

the other mandibular tangent of the superinposed pair.
The distance betv¡een the two planes on this line was

rleasured. to the nearest 0 " I mm (t"tS in Fig " 7) " The

'annual shift subjacent to each tooth was determined for
eactr patient using both crypts

ft was observed. in each:- superimposition r'¿ith regis-
tration on the internal cortical structure at the sl"mphysís,

that the lov¡er bord.er of the molar crypts coincided "

I.n every pair of tracingsn and with both landmarks, there

\¡-as an uprvard transposition of the lower border of the

mandible posterior to t.he first premolar. The average

annual rotation of the mandibular tangent rvas 2 "L7o

when the second nrolar was used as a l-andmark and 1.780

when the third molar was used as a landmark" (Tab1e IV)

The mean linear change. per year, subjacent to each of the

four mandibular teeth, is shoryn in Tabl-e V. It should
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M3

Fig. 7 , l.Iandíbular ta-noent shif t "
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at aqe 7 ]'ears.
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first mo1ar.
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TABLE IV

MAND]BULAR TANGENT ROTATIOI'I

Ivlean Annual Rotation

Landmark [lean S. D. S "Em. n

Second Mo1ar

Third Molar

Crypt

vrJyu

-2.L7o x

-1.78o *

o .670

0.700

0.120

0"130

30

27

A Negative Sign indicates upwirrcl rotation of distal portion
of the mandibular tangent such âsr M3-M7 in Fig. 6"* significantly clifferent at the 5å lever of confidence"

TABLE \T

MANDTBULAR TANGENT ROTATION

Mean Annual Chanqe Related. to lt{.andibular Teeth

Land.mark

Shift Subjacent

Second Molar Crypt Third Molar Cyrpt

Iì=27

Mean S.D"
(mm)

Canine

First

Second

First

Premolar

Premolar

Molar

-0 " 06

-0.19

-0"36

-0"42

0.15 0 " 03

0.15 0 " 03

0"14 0.03

0"21 0.04

A Negative Sign
tangent such âs r

indicates upward
a decrease in MS

movement
in Fig,

of
7"

n-30
Mean S"D" S"Em.
(mm)

+0"03 0"05 0"01

-0"13 0"L7 0"03

-0 " 36 0.17 0 .03

-0.60 0"22 0.04

the mandibular
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be noted that the linear measurements represent an up-

ward movement of the mandibular tangent in every instance

except t.hat. subj acent to the canine when the second

mandibular molar cr\/pt is used as a landmark. In that

one instance, the average movement of the mandibular plane

dot¡rwards \^ras 0 " 03 mm which cannot be considered as

qignificantly different to zero

These measurements were derived in a si¡rilar location

to those employed to measure eruption rates in this

study"

The validity of the observations depend on the be-

h.aviour of the molar tooth crypt used as a landmark.

Since its mesiodistal stabitity relative to the slnnph¡'sis

has been demonstrated in each of the 57 superinpositions,

tlre moven.ent of concern is in the vertical vector. An

upward mo1zement of the crvpt would tend to eliminate

or reverse the observations noted" Therefore, the up-

t¡ard shift of the inferio:: border noted. would have to

occur at a. greater rate than reported to produce the

ohserved resuLt " A dov,.nwar:d movenent of the crypt, or

thre other hand, would account for the observed changies

shov¡n in Figure 5. Ilorvever, Bjork' s 3 studv, utilizing

f,our metallic implants in the mandible, reported the

relative stability of the inferior border of the molar

crypt" IIis statement that "Tl-te germ is apparently

stationary--from the onset. of mineralization of the
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crov¡n to the t.ime when the root starts to develop o ' o " ,

is not challenged by histologic or radiographic evidence.

On the contrary, studies by orban33 , Diensteinto ,

otBrien3l , shumaker 36 , Gviinnett13 , and Thomast" supÞort

Bjork's vietv. The observed change in the mandibular

tangent could be attributed to resorption of the lower

border of the mandible" This concept is supported by

the histologic studies of Enlowll v¡hich demonstrated

resorption of the inferior border of the mandible in

the area whe::e this stud.y indicates a shift occurred"

'The avaitable evidence therefore indicates a re-

sorption of the inferior border of the mandible from

approximately the first premolar area to the angle"

The mandibular tangent, is therefore not a satisfactory

base line for absolute measurernents " All growth data

measured from the mandibular tangent are in error by

the amount the mandibular tangent shifts.

while an evaluaLion of the mandibular tangent has

been possible in the lateral cephalometric projection,

it has not been possible in the obl ique because the

anterior landmark suggested by Bjork, "the inner cortical

st¡:ucture of the inferior border of the symphysis. "."3

is not identifiable.

Since resorption of the inferior border of the

mandible posterior to the first prernolar has resultecl in

rotation of the rnandih:ular tangent as Seen on the lateral
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projection, similar but as yet unneasured changes should

be expected. in the oblique projections.

A comparison of the rnandibular tanqent and occlusal

J-íne was considerecl desirable" The mean angle betv¡een

the ¡nandibular and occlusal lines was determined f.or

each age and recorded j¡r Table VI (OH anglen Fíg" 9).

l{hile the mean value generally increased from year to

year at approximately Io annually, the rate and direction

were not constant" The annual increment decreased with

the eruption of the first per¡nanent molar between ages

6 and 7 and íncreased between ages I and 9 years just

prior to the eruption of the permanent canine

The coefficient of variation of the mean values

was uniformly high at approximately 50 percent. The

coefficient of variation of the mandibular tangent as

evaluated on the lateral projection r'¡as 31 percent* and'

39 percent* respectively for the second and third molar

crypt landmarks. It was apparent. therefore, that both

Occ1usal and mandibular reference lines showed' consicler-

abte variation but that the mandibular tangent vias more

stable and consistent. since the occlusal line is

determinecl from poÍnts r^¡ithin the clentition, namely,

the cusp tip of the canine, primary and permanent, and

the distobuccal cusp tip of the second primary and first

*The coefficients of variation were not significantly
different aÈ the 5t level of confidence.
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TABLE VI

OCCLUSAL LTNE - MA'NDTBULAR TANGENT ANGLE

Age Mean Angle S.D" coefficient Annual
of Increment

: VarÍation

3 yrs. 10"30

4 yrs" 10'9

5 yrs. 11" 9

6 yrs.' L2"I

7 yrs. 11.0

B yrs " 10.7

9 yrs" 11"4

10 yrs " I2"5

11 yrs. 13 ' 4

!2 yrs. 15.1

13 yrs " 16.1

14 yrs. 16 " 9

-.OJ"O

5"3

5"9

6.3

5"7

5"2

5.4

6"0

6.6

6.6

7 "0

7.4

54.4

48"6

49 .6

52,L

5L"2

48"6

47 "4

48. 0

49 "3

43 "7

43"5

43. I

0. 60

l_"0

0"2

-1. 1

-0"3

r"3

1"1

0.9

1.7

1" 0

0.8
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permanent molars in turne rneasurements to this line re-

corded changes relatÍve to the dentition in function"

Not only does the use of this Iíne introduce a nev¿ set

of variables, but it l jmits conLinuous measurement

felatiVe to the permanent canine and the first permanent

mo1ar.

since the annual variation of both reference lines

is of a lovr order, short term (g 4 years) observations

from either base line rvould be clÍnicaIly satisfactory.

t{htle the occlusal line nay be more readily available to

the clinician. from a research standpoint the mandibular

tangent is more reliabl-e

(e) Data lt[anagement

i l'leasurement lt{ethod

A tracing of the mandible on 0.003" matte acetate

film was compteted fron each of the trvo oblique cepha-

lometric radiographs taken annually for each paLient

(fig" 9) " The tracings included:

1" The outline of the radiopaoue ring in

J-ho n]estic ear rod.Þ¡¡v t/¿s., e

2., The inferior border of the mandible

beginning on the posterior border of

the ramus and continuing to a Point

above pogonion"
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.r'r-9. ö "

Starrett

MITOTOYO

Measurement Tnstruments "

Protractor No" 183.

Dial- Caliper No. 505-633.
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The crov¡TÌ and root outline of each of

the mandibular canine, first and second

premolars, first and second permanent

molars "

4. Until shedo Lhe primary canine cro\..n:t

v¡as traced and until superceci.ed by the

eruption of the f irst pelîmanent rnolar t

the second. prj:rary molar rr'as traced.

On the. tracinq, the following lines were constructed:

1. A horizontal lj-ne joining colîresponding points

fn the two ear rods"

2" The occlusal line which v¡as definecl:

[a) in the prímary d.ent.ition as from

t,he tip of the primary caníne to

the tip of the distal cusp of the

second prima::y molari

(b) in the early mixecl dentition as

from the tip of the primarv canine

to the tip of the distal cusp of

the f irst permanent nolar v¡hen the

first permanent rnolar þ¿11 prrrntoÁ

into occlusion;

(c) in the late m.ixed dentition after

the prhrary canine had Lreen replaced

by the permanent canine in occlusion

3"
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as from the tip of the permanent

canine to the tip of the last cusp

of the first permanent mo1ar"

3" A tangent to the'inferior border of the mandible

at points anterior and posterior to the ante-
gonial notch

4. A perpendicular t^ras constructed f rom the cusp

t,ip of each single cusp pernanent tooth to
the mandibular tangent and to the occlusal line.

In the case of multi-cusp teeth, the mesioÌ:uccal

. cusp tip vras selectecl

Linear measurerûents r.Jere taken on the tracings

using an itfITOTOYO Dial Caliper No. 505-633 (Fig" B)

and recorded to the nearest 0.1 mm. The length of the

tooth v¡as measured in the direction of a long axis from

the tip of the cusp or mesíal cusp to the típ of the

root apex" Incomplete roots were measured to the mid-

point of the open apex. The distance from the cusp tip

to the occlusal liner or mandibular tangent, \nras measured

as constructed. When tl:e tip of the cusp of the f irst.
molar r,¡as used to define the occlusal line, the occlusal

line to cusp distance for the first molar was recorded

as 0 mm. Distances above the occlusal line tJere recordecl.

as negative values.

Angular measurernents tJere made with a Starrett pro-

tractor number 183 (ftig. 8) ancl read to the nearest degree.
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Abbreviations;

Teeth \^/ere nu¡nJrered frorn mesial to distal accoro-

ing to the Palmer notation as foIlov¡s: canine

l.Io" 3; first prerrolar, Ilo" 4; second premolar,

No. 5; first mo1ar, No. 6; second molar, No. 7,

The horizontal line was indicated bv H.

The occlusal line was indicated_ by O"

The mandibular tangent vras indicated by l,{.

The angle formed by H and O lines \^ias measured

on each tracing and indicated by OIi.

The angle formed by O and I"f lines was measured

on each tracinq and indicated by OM.

Eruption measurenents in reference to the occlusal

line v;ere indicated b1r OE; i.e., 5 OE represents

the distance from the cusp tip of the second pre-

molar to the occlusal line" Tooth lenqth measure-

ments were indicated by L.

Tooth size and. dental- arch measurements were made

from dental casts. The mesiodistal tooth diameters \^7ere

taken on teeth providing good access, using the 14 or

16-year casts. Hovrever, if extractions, caries, oy

restorations made this difficult earlier casts tvere used"

The measurements \,vere made with a sharpened Boley vernier
gauge and recorded to the nearest 0 " I mm. The dental

arch measurements were taken from casts obtained at nine
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years of age" The distance from the mesíal contact area

of the first molar to the distal contact area. of the

lateral incisor was recorded to the nearest 0"1 mm"

All the data was transferred to fBIr{ cards for processing

at the University of l,ieste::n Ontario, model 7040 fBM

computer 
"

ii Error Analysis

S j-nce errors were inherent in measuring technique,

20 case records from the total sample were randomly

Eelected fer re¡neasurernent" Appendix A reports the

mean, the standard deviation, and the rrttf value of the

differences between the first and second. measurements

of the dental casts " Änpendi:< B is s j:nilar data for
th-e 360 sets of values derived from the oblique films"
$ince both the first and second measurements t{ere taken

f,rorn the same material, the differences represent the

error in measurem-ent of casts or the error in measurincr

and tracing in the recordinq d-ata. The errors \,,/ere

analyzed in trro rvays, by

1. evaluating the magnitude of the mean

difference¡

2" determining the statistical significance
of t.he dif ferences.

MAGNITI.]DE OF TI]E ¡4I]AN DIFFERENCE

Moorrees26 found the standard deviation of the
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differences in the duplicated measurements of the mesío-

distal diameters on 360 permanent mandibular teeth to be

0"09 mm" Hunter and Príe=t", in a simil-ar study, using

twenty-three casts and two ínvestigators, found that
the mean difference for mandibular teeth was 0.039 mm

and 0"046 mm for left and right sides respectively.
Hunt.erlI'le.' in an assessment of Burlington material_, found

in a replication sample of 20, that the mean difference
in the rnesiodistal tooth size ranged between 0"024 mm

and -0"09 mm with a maximum standard deviation of 0.036 mm.

The replication study of 20 randomly selected cases in
this sample revealed a maximum difference of 0.06 mm and

a maximum standard deviation of the difference of 0"23 mm.

The mean difference was comparable to that found by Moorrees

and Hunter but the standard deviation of the differences
hrere higher than both" Since the measurements are recorded

to the nearest 0"1 mmo the magnitude of the differences
not.ed are within acceptable limits.

20 z5
Hunter and Lauterstein have placed the upper

Iimit of acceptable error in measurements from cephalo-

metric films at 0"5 mm" Of the 360 series of paired

measurements (Appendix B), l5 showed a mean difference
of greater than 0.5 mm of which 7 were less than 0"6 mm"

rt should be noted that 7 of the mean differences greater

than 0.5 mm occurred in those situations where the sample
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was less than 10; i.e", n = 2,3, 5,7r 7, Br and 9"

six of the large mean differences occurred on the 7L

measurement which cast some cloubt on its reliability"

In 2L instances, Lhe rrean dif f erence v,'as zero. Of

the remaining 339f 17I were negative indicating no

consistent tendency for Lhe Inean of the second neasure

to Lre larger or srnaller than the mean of the first

measure "

With the possible exception of the 7L measurernents,

the maclnitude of the êI¡o1.s tr'"'ä-s considered" rtithin accept-

able lir¡.its for this type of study.

STATISTICAL EVALUATION

A rrttr test was ar¡p1ied to deterrnine the signifi-

cance of the difference of the mean at the 5 percent

level of confidence. In exarnining the r:eplicated measure-

ments frcm the dental casts, it rvas found that the two

series were not significantllz different at the 5 percent

Ievel.
The 360 sets of values from the films revealed

that in 51 instances where trrlrt t,/as greater than 10, the

differences were siqnificant at the 5z level (Append'ix B) "

The high rrttt values occurred because of sm.all variances

rather than large differences. It should be noted that

in only 4 instances vrere the mean clifferences, both

statistically significant at the 5 percent level and
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clinically significant at greater than 0"5 mm" All

four of these measures (right. side, â9ê 5, 7L¡ left

side, agê Il, 3L; right sideu âge L2,6L¡ right side,

age 13 , 7L) invotve tooth length which requires ITìore

subjective interpretation of the radiog::aph by the

examiner.

iii Array of Data

hÏhile bilaterat slnnmetry of mesiodistal tooth dia-

meter was reported by lrloorrees and Reed27 , bilateral

symn.etry of rnandibular tooth eruption rvas not found

consistently by Lauterstein25 " Tn this study, bilateral

symmetry was examined by comparing the correspond-ing

corrected right and left measurernents (oe , llE' and L)

of individual teeth for each patient at each age. The

data from boLh right and left sicles \^¡ere then combined

in subseguent computations anC ín effect, doublecl the

sample size. Mesiodistal tooth cliameter as determined

on d.ental casts were also cornpared"

The data v,7ere assemblecl i.n a manner that would

describe the eruption and grorvth characteristics of the

teeth involved; i.e. r the eruption and gror'rth prof ile"

This was achieved by computing the means (also S"D" and

S"E"M") of the oE, ME, and L measures for each tooth in

each age for the untreated cases. This would be expected

to produce curves representing accumulatetl growth experience.
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In addition, the rnean annual increnents of the OE, l4E,

and L measures vrere calculated" This would l:e expected

to graphically represent the rate of grorvth on a chrono-

logic basis" The incremental data r.las also arrayed on a

physiologic basis, standardizing the data for each tooth

by registration on the year of rnaximum eruption as

measured from the mand-ibular line (¡fE) 
"

In order to investigate the relationship of tooth

length increase (root growth), mesiod.istal tooth diameter

and croivdinq with eruption rate, three gt:oups of correla-

tions v¡el:e computed. The annual increments in eruption

t¡ere correlatecl rvith the annual incrernent in tooth length.

The correlation of the nesiodistal crov,rn cliameter with

the maximum eruption rate was computed." In this pro-

cedure the maximum eruption rate v.'as defined as the

greatest sum of two successír¡e increments " Finally, the

correlatíon between t,he maximum eruption rate and the

dental arch space available at age 9 was computed. Denta1

arch space available was calculated as the difference bet-

ween the distance from the distal of the lateral incisor
to the mesial of the first molar minus the sum of the

mesiodistal diar.reters of the canine, first and second

premolars, âs described in the subsection on l4easurement

Methods "
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RESULTS

(a) Bilateral Symmetry

The bilateral symmetry of mesiodistal crown diameter

as measured on casts was determined with a rrtrr test" It

was found that there r¿as no significant difference at

the 1 percent level of confid.ence" (Append.ix C) This is

in accord with Moorrees and Reed27 who reported corre-

lation coefficients for the mesiodistal cro\,ün diameter

of antimeres ranging from +0"87 to +0"93 for the mandibular

teeth consídered in this study" Consequently the mesio-

distal tooth síze measurements for antimeres were combined

as one sample.

The correlati-on of the occlusal line-mandibular

tangent (OU¡ angle and the corrected measurements from

cusp tip to occlusal line (Oe1, cusp tip to mandibular

tangent (ME), and tooth length (L) from both sides for

each tooth (canine, first and second premolar, first and

second molar) at each age (3-14 years) is recorded. in

Appendix D. A strong positive value (greater than +0"6)

was found in I77 of the I92 correlations determined.

There were B nil correlation values which in each i-nstance

involved nil measurements; i"e", 3 OE which is 0 mm. by

definition when the canine has erupted to the plane of

occlusion. Two low correlations (age 3, 5 OB and 7L)
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ínvolve samples of. three and four patients for which

thís analysis is not appropriate. Of the remaining five

low correlations o two inr¡ol-ve very small measures simil-ar

to the measuremenL error. The remaining three (age L2,

6 L; age -13, 3 L; and age J-4,7 L) can be accounted for

only on the basis of difficulty in radiographic inter-
pretation or errors in recording data"

In general, the bilateral symmetry was found to be

consj-stent and strongly positive to a degree sufficient
to justify combination of measurements from the right and

left side in the untreated cases comprising this study"

(b) Eruptíon Profile

The eruption and tooth growth data are tabulated in
Ã,ppendix E while Figures 10, 110 12, 13, and 14 visualize

for each tooth its mean eruption in relation to the

occlusal plane (Scale A), mandibular plane (Scale B), its
growth in length (Scale C), and one standard deviation

above and below the mean.

In general, each curve represents a flattened sigmoid

curve t¡zpical of those found in growth studies. The canine,

first and second premolars demonstrate a large stand.ard

deviation in the mid.dle of the eruption curves, indicating

considerabl-e variability around the mean" The OE data

(Scale A) ends in a straight. line \,vith a zero standard

deviation because each tooth eventually reaches the
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ERUPTION AND GROWTH

THE MANDIBULAR FIRST PRET"fALÅR
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occlusal plane. The ME data (scale B) prOduces curves

that persist to age 14 and continue to demonstrate

variation "

Negative curves in the OE data are shown by the

canine and first premolar at ages four to five, the

second premolar at age seven and the second molar at

age six and seven

The incremental data arrayed on a chronologic

scale is recorded in Appendix F and visualized in

Figures 15, 16, L7 o 18, and 19" The incremental data

are more sensitíve of the changes in the rates of erup-

tion, oE data (scale A) and I'fE data (scale B) for all

teeth reveal increasing rates of eruption to a peak rate

from which the rate rapidly declines, Means up to 5.Qmm.

per year (canine between the gges of 9 and 10 yearsn Fig. 15)

are recorded. The maximum mean eruption rate measured

from the mandibular plane (ME, Scale B) was found to
.:

occur between ages 5 and 6 for the first mo]ar, between

?ges 9 and 10 years for the canine and first premolar, and

between 11 and L2 years for the second premolar and the

second molar. These data also demonstrate the wide

variations in eruption rates when arrayed on a chronologic

basis. For instance, the standard deviation for the

maximum mean eruption rate (ME) of the second premolar is

3.3 mm. while the standard deviation of that mean is 2"7 mm.
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The distribution around the rnean is widest between

3ge.s 9 and 12 years on canine, first and second premolars"

Another observation d.emonstrated. by these data con-

cerns tooth length or root growth increments. In the

cani¡re the rnean rooL increment and mean ME eruption rate

are similar until age B * 9 years when they differ mark-

ed1y. At that time the root. grorvth rate was found to

decl ine when eruption was accelerating (r'ig " 15, scale

B and C, pge I - 9 years) " This divergence between mean

root. growth rate and mean eruption rate occuring with peak

eruption was found with each tooth studied. except the first

Permanent molar" It should also be noted that at age 14

Years, the first and second premolars and the second perma-

nent molars stilt demonstrated. root growth while the canine

and first permanent molars have largely ceased root growth

shorving zero rnean incremenL values.

Eruption rate data \^¡ere arrayed on a physiologic event

namely, the rnaximum ME eruption rate. (appendix G) The

comparison of the chronologic and physiologic array of

data is shor,¡n f,or the canine in Fiçlure 20 " This illust-

ration demonstrates a more rapid increase and decrease

in rate of erupLion to and from a greater mean maximum

rate of 6. B mm with a smaller variability as revealed by

the standard deviation of 1"6 mm" with each of the five

teeth- and over the 12 years there is a general reduction

in yariability when the data is arrayed on a phlzsielogic

basis, (rigs" 2I, 22, 23, 24, and 25)
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A sharper curve and a greater maximum ME and oE rate

occurs in each instance. The bimodal curve shown in

Figure 16 for the chronologíc array of 5 ME (Scale B)

disappears in the physiologic array (r'ig " 22) and is

replaced by the sharp peaked curve characteristic of the

other four teeth studied. While the general character

of the root growth curve remains similar in both chrono-

logic and physiologic data, the marked. diverqence between

eruption rates and root growth rates at the time of

maximum eruption ís accentuated"

It should be noted that the oE eruption rate data

shows negative values in the early years for all teeth

except the first molar" The tooth length increments,

except for the first molar, show initially a declining

rate followed by an accelerated rate of growth. The

change in trend from declining rate to an increasing

rate coincides with the completion of the cro\,,/n and the

beginníng of root growth"

The relation between the rate of increase in tooth

length and annual eruption increment is shown in Table VÏI.

The increments in tooth length after crown completion

represent root growth. The correlation values are alI

positive ranging up to +0.662. The higher values generally

.occur tyo or three years before the maximum eruption rate,

i.e", during the intrabony phase of eruption. With each
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tooth there was a reduced correlation at the time of

maximum eruption rate" The canine and second premolar

showed a marked decrease from a moderately strong (+0 "443

ancl *0 "495) and. significant correlations to much lower

values (+0.161 and +0.19) which were not significant"

of the 55 correlations shown, 35 were statistically

significant.
The relation between the mesiodistal cro\^in diameter

as measured on casts with the maximum eruptjon is shown

in Table VIII. All of the correlation values are small

ranging from -0"087 to +0 "263. However, the first and

second premolars and the second molar are sígnificant

at the 1 percent level of confídence"

The relationship between the maximum eruption rate

of the canine, first and second premolars and the space

available for these teeth between the distat of the lateral

íncisor and the mesial of the first molar is shown in Tabl-e

IX. All values are positive, ranging up to +0.586 and

are significant. There is a progression of increasingly

positive correlation from the canine to the second

premolar 
"
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TABLE VIII

CORRELATION OF T'{AXIMUM ERUPTTON RATE WTTH CROWN STZE

Caníne

First
Second

.b'r_rst

Second

Premolar

Premolar

Molar

Molar

0"r15

0 "263

0 "244

-0 . 087

0 "259

Significant

Signifícant

¡t

^+AL

lz

LZ

n

9B

9B

9B

100

91Significant at LZ
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TABLE IX

CORRELATION OF MAXIMUM ERUPTION RATE

WTTH AVAILABLE ARCH SPACE

R

Canine

First Premolar

Second Premol-ar

-10.362 S +0.246 51

+0 " 459 S +0.391 S

+0 " 586 S +0 "513 S

- Eruption rate is measured from the mandibular plane (ME)

"Available Space" is the difference between the sum of

the mesíodistal cro\¡,ün diameters of the canine, f irst

and second premolars and the distance from the dista]

contact area of the lateral incisor to the mesial contact

area of the first permanent molar at age 9 years "

S indicates significance at LZ level of confidence
1S- índicates siqnificance at 52 level of confidence
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DISCUSSION

The consistent finding of high positive bilateral cor-

relation values in eruption data does not agree with the

findings of Lauterstein et altu " Ilowever, it should be

noted that Lauterstein was comparing the simultaneous

eruption of three teeth. Several environmental influences
guch as infectiono pulpotomy, extraction, and crowdíng

could also have affected each tooth to varying degrees

and therefore influenced the relative eruption position"

The present study did not include patients who had prirnary

tooth extraction, dentoalveolar infection, or pulpotomy'

as shovrn by examination of case hj-story, radiographs, and

casts. The present study used data from annual examina-

tíons while Lauterstein employed examinaLions at more

frequent intervals which r.voul-d tend to make his data more

sensitive to the "fits and starts" of eruptive rnovements.

The finding of positive bilateral correlation values

in root growth agrees with Lauterstein's 23 findings and

suggests that root development is not as responsive to

environmental influences as is eruptive movement and pro-

gresses more smoothly" The high correlation values reported

here and the variability rvithin the eruption data suggests

t.hat there is more variation betrveen individuals than

between right and left sides within untreated normal in-

dividuals when examined annuallv"
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The occlusal line and mandibular tangent are not

ideal reference lines" Both are subject to considerabl-e

variation and in addition the occlusal line is subject to

variables present in the functioning dentition" However,

it should be noted that the eruption rate data for both

reference lines closely parallel each other" while the

mandibular tangent is a more reliable reference, the oc-

clusal line could serve as a useful clinical reference" It

must be remembered that all eruption data measured from the

mandibular tangent represent the actual advance of the

tooth less the distance that the mandibular tangrent moves

upwards. until the status of the mandibular tangent as

found in the oblique projection has been assessed using

implants in the manner of Bjork3 the true eruption rate

cannot be derived from these data. Tt must be emphasized

that the more reliable (ME) data are relative--not absolute

data. Eruption in each insl-ance has been stated in relation

to a moving reference line.

TheeruptionandgrowthdaLaarrayedonachronologic

basis showed two principal characteristics--a sigmoid curve'

typical of growth data, and considerable variability around'

the means. vlhite variability is normal in growth data, it

makes more difficult the description of the behaviour of a

group and more hazardous the definition of growth standards "

The variability of eruption time is well known4'6
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Not so well known is the contribution to the variability

of eruption data made by arrhythmias described by Lauter-

stein2s. The eruption and growth data in Figures 10, 11'

L2, 13, and L4 illustrate cumulative growth, while the

growLh rate data, org-anized on a chronologic basis is

shown in Figures 15, L6, I7,1Bo and 19" The growth rate

data illustrates much more clearly the quantitative changes

in the growth process"

The preeruptive phase (weinmana 0 ) is sho!'/n as a

period of no occlusal movement (A Sca1es, Figs" 10, Il-,

L2, and 14) ¿ slight occlusal movement (B Scales) and

very modest increases in tooth length (c scales). The

preeruptive changes shown in the B and C Scales indicate

increase in crown length" The negative movement shown on

the A Scales of the canine, first and second premolars'

and second mol-ar indícate that the occlusal plane is

moving a\^Iay from the developing rootless tooth" The rate

of elongation of a tooth is faster during root formation

than during crown formation as shown by a declining or

level- L rate until crolvn completion followed by an increas-

ing L rate as root formation progresses '

The intra-bony phase of eruptíon of each tooth showed

a continuously increasing rate from the time the crown \iüas

completed (NolIa Stage 628) until the eruption spurt that

carried the tooth into occlusi-on. This continuous and
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uniform increase is closely parallel to the increase in

root length. The correlation betv¡een root growth and

eruption is most favorable during this period. The pos-

sibility that root growth contríbutes to eruptive move-

ment is supported by the data derived from the intra-

bony phase' However, if during this phase root growth

was the only causal factor, the correlation values should

be higher"

At the end of the intra-bony phase of eruptionn the

eruption rate increases markedly up to mean values of

6mm per year. Eruption of 6mm per year, or 0"5mm per

month represents a marked change in the physíologic activity

of the tooth and its supporting structures. This pre-

occlusal eruption spurt, like the prepubertal growth

spurt suggests a physiologic event of considerable sig-

nificance in the maturation of the system under study.

The eruptive spurto followed by a rapid.ly d.eclining

eruption rate ís easily identified as a sharp peak on

the curves of eruption increment. This maximum eruption

rate is the most spectacular and most easily identifiable

event in the eruption of the tooth as revealed by these

data. For this reason registration or standardization

of the eruption curves on the year of maximum eruption

rate was attempted. The resulting eruption rate curves

which are similar for each tooth demonstrate a sharper
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,,peak,, and also a marked reduction in variability around

the means.

The "preocclusal eruption spurt" was not reported' by

Bradleya, CarlsonG or Shumaker3 6. The variability shown

in the chronologic data, due to the variation of eruption

time, has been removed. The standardLzed data therefore

describesasequenceofeventsintheeruptionofthe

teeth studied and therefore represent the eruption profiles

of the canine first and second premolars, first and second

molars much more accurately than the chronologic data"

The relation of eruption rate and tooth growth rate

at the time of maximum eruption, varies considerably from

that seen during the intra-bony phase" The canine ' for

example,showsamaxímumMErateof6.gmmandaconcomitant

L rate of 2.3mm as seen on standardized d.ata (rig" 2L,

Appendix G). In so doing, the mean canine eruption move-

ment exceeded the mean root growth by 4"6mm. SimilarLy,

maximumeruptionexceedsrootgrov'zthby3"Omm'4"omm'

2.2mnt, and 1.8mm in the first and' second premolars and

first and second molars respectively. concurrently, the

correlation between root growth and eruption declines

(Table vII). These observations indicate that considerable

eruptive activity occurs that could not be the direct result

ofrootelongation.Thesinglerootedteethineachin_

stance demonstrated mean maximum eruptíon rates that were



79

doubl-e or more the mean increase in root length'

Whentheeruptionratedeclinesfo].lowingocclusal

contact,itdidnotreachaze?ovalueduringtheduration

of this study- The posj-tive ME value at age L4 represents

therateatwhichtheocclusallinewasmovingawayfrom

the mandibular tangent' All teeth showed a persistence

ofMEratebetweenagies13and:-4of0.5mm,O.Bmm,I.6mm'

l.3mm,andt.6mmforthecaninefirstandsecondpremolars'

firstandsecondmclarsrespectively.Thesedataindicate

notonlymovementoftheocclusallineawayfromtheman-

dibular tangent but also that the angular relationship

between these two lines was changing. rt should also be

notedthatrootelongationhadceasedonthecaninefirst
premolar and first molar while eruption continued"

Hattonts studyla, using Burlington data showed a

relationbetweenearlyeruptíonat6yearsandsmalltooth

slze in mandibular first molars ' The current study

(TableVÏÏI)showsanegativebutsmallcorrelation(-0"087)

ofnostatisticalsignificancebetweenthemesiodistalcrown

diameter and maximum eïuption rate. These rinäings do not

show the degree of concurrence that might be expected"

It should be noted that Hatton's study varied in a

number of ways from the current study" Hatton measured'

mesiodista].crowndiameterontracingsfromtheoblique

projectionatage3.Thisintroducesadditionalmeasurement
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errors, elongation distortion, and the question of crown

completion at age 3 (No11a28)" The current study used

actual tooth size measured on casts. Hatton applied no

correction factors to data from the oblique projection.

The eruption rate of the canine first and second pre-

molars and second molars showed small positive correlations

with mesiodistal tooth diameter" While three of the cor-

relations \liere significantly different than zeTo, they

are of little Predictive value.

The correlation beLween avaitable arch space and

eruption rate (Table IX) supports the clinical observation

that crowded teeth erupt more slowly" The finding permitted

the extension of this hypothesis when it showed that the

eruption rate of the second premolar is more affected by

the crowding than the canine or first premolar. This is

in accord with the eruptíon sequence in the area" The

usefulness of these findings are enhanced by the fact that

the data came from casts of 9-year-old boys with intact

archs which would tend to conceal the relationship shown"
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CONCLUSIONS

A longitudinal study of the eruption of the mandibular

canine, first and second premolar, first and second molars

was conducted using the radiographic cephalometric recorcls

of 54 untreated. boys annually from ages 3 to 14 years"

The mandíbular tangent from the lateral cephalometric
o

projection v¡as found to rotate aL approximately 2 per year

due, it was suggested, to resorption at the inferior border

posterior to the first premolar" Eruption data measured

on oblique films from the mandibular taugent are subject

to correction due to the rotation of this reference line.

The occlusal line rvas founC to be a clinically useful but

less stable reference line "

strong positive bilateral correlations of mandibular

eruption and tooth grorr'th data f rom the oL'lique pro j ection

lvas demonstrated on annual records.

The erupLion rates of the canine, first and second

premolars, first and second molars increased steadily

following the comptetion of the cro\^ins. The mean eruption

rates of each tooth demonstrated a "preocclusal eruption

spurt" of 4-7 mm per year, folIol',red by a sharp reduction

in eruption rate. Mean annual postocclusal eruption ral-es

of'0.5-1"6 mm persisted at age 14 years.
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The eruption rate data showed less variability
when standardized physiologically on the year of maximum

eruption.

Root. grovrth did not correlate strongly with eruption
especially during the "preocclusal eruption spurt" when

the eruptive movements of the single rooted teeth were

double or more the mean increase in tooth length.

Crowding measured at age 9 was associated with
slower eruption rates of the canine, first and second

premolars rvhile the second prerLrolar \.^/as more affected.

than the first premolar or the canine.
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APPENDTX A

ERROR ANALYSIS

Replication Differences of 20 Random Cases

Mesiodistal Tooth Diameter Measured on Dental Casts

S"D. rt tlt

Right Second

First

Second

-t't_rsf

Canine

Molar

I4olar

Premolar

Premolar

0. 05mm

0 " 06

-0. 04

0. 05

0 " 00

-0"04

0"01

-0 "02

-0.04

-0.01

0. 15

0"16

0"16

0.18

0.15

0"17

0"09

0. t4

0"15

0 "23

L"49

1"53

"89

L "24

0.00

Left Canine

First Premolar

Second Premolar

First Mol-ar

Second Mol-ar

"92

"¿5

"64

1"04

"25
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APPENDIX B

ERROR ANALYS]S

Replication Dífferences of 20 Random Cases

Side Age 3 qn rltrlM

Right

LEIT

308
3ME
3L

408
4ME
4lr

508
5ME
5L

608
6ME
6L

708
7IIE
7L

30E
3.ME
3L

408
4I4E
tl 'r
=u

60E
6ME
6L

?r\Ir

7ME
7L

0"15
-0"01
-0"03

0. 07
-0"01
-0"16

0"20
0. s0

"0"30

0"r0
0 " 05

-0. r0

-0 " 05
-0"10
-0 " 90

0 " 09
0. 13

-0"02

0. 07
0"02

-0.3s

0"30
0.10
0"00

-0.07
0.01

-0"19

-rl trrì

0 " 20
-0.10

0 " 37
0"37
0 " 39

0 " 20
0.33
0"25

0.00
0 " 00
0. 00

0"45
0"44
0"52

0. 15
0. 50
0 " 30

0 "52
0. 50
0. 70

0.30
0 .47
0"44

0.00
0.00
0. 00

0.34
U.ITJ
0.51

0. 10
0. 20
0.10

13
13
l2

I1
11
11

L"49
-0"08
-0 "29

1"23
-0 " 09
-2.17

0 " c0
0. 00
0 " 00

O. BB
0.45

-0 "77

-0"47
-0 "28
-4 "24

0"62
0"98

-0.08

0"87
0.L2

-2"58*
0"00
0.00
0.00

-0.75
U " Ub

-L"46

-7 "07
l_. 4l_

-1" 4l-

1
l-
I

t_6
L6
16

2
2
2

L4
15
T2

T2
L2
11

1
J

I

15
16
16

2
2
2

508
5ME
5L
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APPENDIX B Contrd

ERROR AÌ\IALYSIS (Continued)

Side Age 4 N M S. D. ¡l trr

Right

Left

308
3ME
3L

40E
4ME
4L

50E
5ME
5L

60E
6ME
6L

708
7ME
7L

30E
3rr{E
3L

40E
4ME
4L

60E
6rr{E
6L

708
7ME
7L

0"12
-0.22
-0 "20

0 " 03
-0"04
-0 "12

-0"13
-0"05
-0 "22

0. 13
-0.11
-0 "L7

-0"20
0"06

-0"54

-0.07
0.03

-0"09

0 " 03
-0. 03
-0.16

0. 15
-0 " 05
-0 "2I

0 " 14
-0"11
-0"15

0. 30
-0.00
-0"64

0.3s
0.39
0. 39

0 "24
0. 54
0"47

0"35
0.50
0"42

0.39
0"46
0. 40

1. 01
0 "64
L "25

0 .47
0. 40
0.60

0.35
0.32
0.48

0.44
0.37
0 .45

0"40
0 .42
0"48

r"24
0.64
0 "92

L"49
-2"44
-2. 16

0"49
-0.31
-1.03

-L.22
-0.36
-1 6^

L"42
-1.00
-1"81

-0 " 56
0 "28

-1. 1s

-0 " 65
0 .29

-0.65

0 " 36
-u " 1*ll

-1.36

1"09
-0"47
-I"47

-1. 16
-1.33

0.68
0.00

-1. B4

19
I9
l_B

1B
1B
L7

11
I1

9

I9
19
1B

1B
19
T7

1B
19
T7

11
I2
l-0

1B
I9
19

*
*

B

B

7

508
5ME
5L

q

B
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APPENDIX B Cont¡d

ERROR ANALYSIS (Continued)

5l-CIe Age 5 N M S. D. lr trr

Right

LEI L

308
3ME
3L

408
4I{E
4JJ

508
5ME
)lJ

708
7ME
7L

30E
3ME
3L

50E
5ME
5L

6oE
6ME
6L

70E
7ME
7L

20
20
l_B

20
20
19

19
19
1B

0"01
0"04

-0"08

0.03
0. 03

-0"09

-0"03
0. 06

-0.15

0. 07
0. 19

-0"07

0 " 39
-0"49
-0.53

0.26
-0.06
-0.25

0"17
0.04

-0 " 09

0 " t4
-0.08
-0.16

0"r0
0.00

-0. r9

v. ¿J
-0.48
-0 " 59

0 "32
0"65
0"46

0 "26
0 "37
0.42

0 " 39
0"42
0"48

0 " 39
0 " 95
0.63

1.07
0"78
0. s6

0"3r
0. 30
0"32

0.s0
0 " 39
0 .29

0.44
0.43
0"54

0"44
0.30
0.54

1. 11
u. Õo

1.06

0.14
0"28

-0 "77

0"43
0. 31

-0.98

-0"30
0.6s

-1"33

0. 81
0 "92

-0 " 45

1" 40
-2 " 45*
-3"27xx

3.65 **
-0"81
-3.53 **

L.46
0.45

-t .37

1" 34
-0 " B2

-L.27

1.00
0.00

-L"54

0"Bl
-) 1Á*
-2 "L0*

608
6ME
6L

40E
4IúlE
4L

20
20
1B

I5
15
T2

20
20
20

20
20
¿v

1B
IB
t-B

19
20
1B

15
15
T4
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APPENDIX B Cont'd

ERROR ANALYSIS (Continued)

Side Age 6 N M S. D" rr trt

Right

Left

30E
3ME
3L

408
4ME
4L

508
5ME
5L

608
6ME
6L

708
7I{E
7L

308
3ME
3L

408
4ME
4L

508
5ME
5L

608
6ME
6L

708
7ME
7L

-0,08
0 "26

-0. 10

0 " 07
0.02

-0"27

0. 14
0. 0.

-0 "22

0.08
0"05

-0 " 06

0.38
-0"33
-0 " 35

0.08
-0"0s
-0"12

0 " 04
0 "02

-0. 13

0. 10
0.01

-0"19

0"04
-0. 01
-0.23

0.28
-0"11
-0. 14

0"28
0"47
0 " s4

0 "24
0. 34
0. 32

0"30
0"21
0 "2I
0"27
0 "22
o "72

1" 09
0"98
0. 99

0"31
0"37
0 " 34

0 "32
0 " 39
0. 46

0"33
0. 37
0 " 35

0 "28
0 .29
0 "79

0"73
0.54
0"47

L9
20
20

19
20
20

19
20
20

-1"3r
2 .52*

-0"82

1. 35
0, 33

-3"82**

L.96
0. 21

-4"75

l"L2
0 "92

-0.35

1.51
-1.s1
-L"47

r.22
-0.54
-1.65

0"63
0 "23

-1"32

1.3s
0"18

-2"49*

0"58
-0 "23-I "27

I" 62
-0"83
-1.18

13
2A
19

19
20
T7

20
20
20

20
20
20

20
20
20

L4
20
19

1B
1B
L7
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APPENDIX B Cont¡d

ERROR ANALYSfS (Continued)

Side Age 7 N M S. D. tl tlt

Right

Left

308
3ME
3L

408
4IU.E

4L

508
5ME
5L

60E
6ME
6L

708
71v18

7L

308
3ME
3L

408
4ME
4L

508
5ME
5L

608
6ME
OL

708
7ME
1Ttu

0.I4
0"03

-0 "L2

0. 14
0. 07

-0.19

-0.04
0"15

-0.L4

-0"03
0.13

-0 "2I
-0 " t-5

0 "24
-0.09

-0 " 05
0.04
0"r_1

-0.05
0 " 01

-0"03

0 " 06
-0.07
-0. 09

0"25
-0.07

0. 11

0. 05
0"41

-0"19

0 " 33
0 " 33
0"42

0 "26
0 "25
0"29

0"32
0.31
0 "29

0 "24
0 " 2s
0"70

0. 89
0.73
0"38

0"38
0.41
0 " 40

0 .37
0 .40
0"44

0.24
0"35
0"29

0.29
n ??

^11

0. 61
2.35
0 .66

20
20
15

20
20
20

L "96
0"40

-1. 09

2 .29 ,k

r"27
-2 "95 r,x

-0"s6
2"08

-2.22 *

-0"35
2"42 r,

_I"28

-0"78
1" 48

-L.07

-0 .52
0. 39
1. 16

-0.60
0. 06

-0"31

1" 01
-0. B3
-L"29

r"7 4

-I.02
U. OU

0 "37
0"77

-t .2s

20
20
20

6
20
1B

20
20
19

20
20
20

20
¿U
20

¿U
20
20

4
20
I7

20
¿U
20
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APPENDTX B

ERROR ANALYS]S

Cont'd

(Continued)

Side Age B MN S"D" ilttf

Right

Left

308
3ME
3L

4c]'
,/l 

^i'tTt'ü

+JJ

50E
5ME
31,

60E
6ME
6L

708
7ME
7L

308
3ME
3L

408
4ME
+J)

508
5ME
5L

60E
6ME
6L

708
7ME
IL

19
20
1B

19
20
19

19
20
20

0
20
16

79
20
19

20
20
20

20
20
20

20
20
19

I
20
1B

0. 03
0 " 06

-0.09

0"04
0"05

-0 "24

0"02
0.06

-0.05

0.00
0 " 09

-0"13

0"07
-0.08
-0"22

-0. 13
0.04

-0. 11

0. 03
0.ls

-0"03

0. ls
-0"07
-0"23

0.10
0. 03

-0 .22

-0. 03
0 .2I
0. 01

0. 33
0"46
0"49

0.26
0. 50
0"42

0"24
0. 35
0.34

0 " 00
0"48
O"BB

0 " 35
0. 40
0"39

r.77
0 .40
0.39

0 .23
n ?o

0.48

0.30
0 .27
0"42

0. 00
0.26
0.96

0.44
0.38
0"4I

20
20
16

0"42
o <a

-0. 82

0.7r
0"45

-2 "52

0"28
0" 83

-0"66

0. 00
O.BB

-0.57

0. 86
-0"84
-2.44*

-0.50
0"45

-L.25

0.68
I.7 3

-0.23

2.2rx
-I.23
-2.38 *

0 " 00
0.s2

-0"98

-U. JU
2.56 *
0.12
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APPENDTX B

ERROR ANALYSIS

Cont ¡ d

(Continued)

Side Age 9 N M s. D. ll 
tll

Right

Left

30E
3ME
3L

408
4ME
4L

50E
5ME
5L

608
6ME
6L

708
7ME
IJJ

308
3iuE
3L

408
4ME
1L

50E
5ME
5L

608
6ME
6L

70E
7ME
7L

L7
20
19

0 " 14
0"11

*0 "32

0 " 09
0.04

-0"41

0 " 05
0 " 10

-0"17

0"00
0"15

-0.10

0 "24
-O"II
"0 " 3l-

-0.07
-0"02
-0. tl

-0.10
0.15

-0. 17

0"04
0"00

-0.L2

0.00
0 " 0l_

-0.30

0 " 06
n ôq
0"07

0 " 40
0"49
0"57

0. 31
0.49
0"49

0 " 35
0.50
0 "26

0 " 00
0"42
0.90

0 .44
0.3r
0.57

0"44
0.60
0 " s5

0 " 56
I"25
0"38

0 .25
0 .42
0"48

0.00
0.38
0.3s

ô ¿e

1.30

L"44
1.00

-2"44*

1" 1B
0.41

-3.68**
0 " 56
0.93

-2 "63 *

0. 00
1" 5B

-0.43

2"18*
-1.51
-2"39 *

-0.73
-0.19
-0"84

-0.77
0.54

-L.9 4

0"74
0.00

-I"OB

0"00
0 "L2

-3"10 **

0.53
n ¿q
v " ¿Lt

t7
20
19

T7
20
16

0
l_9
15

t7
20
19

l_9
20
19

l_9
20
20

L9
20
20

n

20
l-3

19
20
1B
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APPENDIX B Cont!d

ERROR ANALYSIS (Continued)

Side Age 10 N M cÌì ll tlt

Right

Left

308
3ME
3L

40E
4ME
4L'

508
5ME
5L

60E
6ME
6L

708
7ME
7L

308
3ME
3L

408
4iqE
4L

508
5ME
f,L

60E
6ME
6L

70E
7ME
7L

0
20
T4

1B
20
17

19
20
1B

r9
20
T7

19
20
1B

1B
20
19

19
20
1B

20
20
19

20
20
IB

0.22
0"02

-0"30

0.37
-0.06
-0"09

0"16
0 " 01

-0 "24

0"00
-0.13
-0. 11

0 "L2
-0.02
-0"47

0 .32
-0.00
-0 "27

0.31_
0. 04

-0 "24

0.18
0.08

-0 "25

0 " 00
-0 " 06
-0"34

0"08
-0"06
-0 .28

0"85
0 "52
0 "64

0"51
0. 45
0. 85

0. 30
0.39
0.47

0"00
0 "27
0"94

0 " 37
0 "29
0.66

0"47
0 "27
0.42

0. 5t
0. 30
0"73

0 .49
0 " 30
0"58

0.00
0 " 31
0 -62

0.48
0.33
0. 84

1.08
0. 17

-L"94

3.20**
-0.55
-0"47

2"40r,
0.17

-2.L4x

0 " 00
-2 " 1B*
-0"43

1. 35
-0"31
-3. 01**

2 " 93**
-0.00
-2.77*

2.65*
0.66

-1"41

r"67
I"27

-1. B6

0"00
-0"87
-2 " 22x

0.75
-0. BB

-I"40

0
20
16
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APPENDIX B Cont'd

ERROR ANALYSIS (Continued)

Side Age l-1 N M S"D" ll tll

Right

LEIT

40E
4ME
4JJ

508
5ME
5L

608
6ME
6L

708
7ME
7L

308
3IV1E

3L

408
4ME
4L

508
5ME
5L

608
6ME
6L

70E
7ME
7L

9
20
1B

16
20
T7

30E
3ME
3L

0
20
14

1B
20
19

9
1B
15

16
19
14

16
19
T4

I9
20
T2

0.2I
-0"10
-0.38

0.2L
0.0r

-0 "23

0"44
"0.03
-0. TB

0 " 00
-0"18
-0"39

-0 " 30
-0 .16
-0.31

-0.29
0.06

-0.53

-0.20
-0.05
-0.09

-0 " 01
-0.05
-0.30

0. 00
-0"11
-0"46

0. 07
-0.08
-0"05

o"76
0.59
0 "s2

0.68
0. 43
0"42

1. 43
0. 35
0 " 45

0"00
0 " 45
0. Bs

I.27
0. 54
0.63

L"22
0 " 36
0"66

0. 51
0.25
0"62

0"s4
0 "24
0 " 39

0.00
0"46
0.59

I"20
0.s6
0"54

0"84
-0"80
-3.11**

\"22
0. 10

-2.25*
1. 35

-0.38
-1"33

0 " 00
-1" B3
-r"70

-1.00
-L"28
-2 "L2*

-0.71
0.65

-3.09**

-1.55
-0.93
-0.51

-0.05
-0"87
-2 .87 *

0 " 00
-1"06
-2 " 89*

0"24
-0 "62
-0 .37

0
l_9
T4

T7
19
16
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APPENDTX B CONIId

ERROR Ai\ALYSIS (Continued)

Side Age 12 N M S"D" ll ttl

Right

Left

308
3I\'iE
3L

408
4ME
4L

508
5ME
5L

608
6ME
6L

708
7r4E
7L

308
3ME
3L

408
4ME
4L

508
5ME
5L

608
6ME
6L

708
7ME
7L

3
20
16

16
20
L7

20
20
13

0
20
13

1B
20
16

I
20
16

-0"53
-0"25
"0 "27

"0.17
0.00

-0.22

0.04
-0.06
-0"15

0.00
-0. 07
"0"68

0.45
0. 00

-0 "29

0"40
-0.29
-0"30

0.02
-0. 01
-0.36

-0. 11
0"11
0.08

0"00
-0. 05
-l-"28

0. ls
-0 "22
-0 .42

0"58
0. 65
0. s9

0"38
0.41
0.50

0 "22
0"46
0"52

0. 00
0"48
0.57

0. 83
0 .42
0.38

0 " 00
1.30
0. 83

0. 65
0 .26
0"63

0. 46
0 .26
0"42

0.00
0. 3s
2"42

0"66
0. 35
0 "64

-r"59
-L"74
-1. 82

-L.79
-0. 05
"1" B0

0.83
-0.58
-L"02

0. 00
-0.69
-4 "32x*

2.30 *
0 " 05

-3.09 **

0"00
-1.00
-1"44

0 "12
-0. 17
-2 .26 *

-0.93
I "92
0.66

0"00
-0"64
-r "97

0.98
-2"73*
-2"66*

I5
20
16

16
20
13

0
20
L4

19
20
I6
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APPENDIX B Cont'd.

ERROR ANALYSIS (Continued)

Side Age 13 M S. D. l¡ tlt

Right

Left

30E
3ME
3L

40E
4ME
4L

508
5ME
5L

608
6ME
6L

70E
7ME
7L

30E
3ME
3L

408
4ME
4J)

508
5ME
5L

608
6ME
6L

708
7ME
7L

0
20
11

0.00
0 " 09

-0 " 35

0 " 03
0 " 07

-0"13

-0.10
0"25

-0 "26

0 " 00
-0 " r0
-0.55

-0"03
0.09

-0 " 65

0.00
-0.14
-0"69

0 "26
-0"16
-0"16

-0. 01
-0 "L2
-0 "25

0. 00
-0 "22
-0"28

0"42
-0 "22
-0"44

0 " 00
0. s6
0.63

0 " 37
a"42
0.68

0.58
ô Ã?

0"76

0"00
0 " 53
0" 87

0 "67
0 .62
0"69

0. 00
0.91
1" r0

0"44
0.41
0. 81

ñ ¿.e

0 .42
0. 87

0 " 00
0.48
0.73

1.18
0.60
0"66

0. 00
0"68

-L"82

0 "32
0"75

-0"52

-0"73
L"99

-L"24

0 " 00
.O 

" BI
-2 "07

-0 "2Ln Áo

-3.15 **

0"00
-0 .69
-1. 87

2"46*
-1.76
-0"67

-0.09
-L"29
-0 " 99

0. 00
-2.01
-1"40

r"46
-r.65
-2 "20

IB
20

B

1B
20
13

0
20
11

1B
20
11

l7
20
11

0
20

9

1B
20
11

20
20
L2

0
20
13
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APPENDIX B Contod

ERROR ANALYSIS (Cont.ínued)

Side Age L4 N M q f'ì lltll

Right

Lert

308
3ME
3L

40E
4ME
4Ir

508
5ME
5L

608
6ME
6L

70E
7ME
IJJ

30E
3ME
3L

40E
4ME
4L

508
5ME
5L

60E
6ME
6L

70E
7ME
lL'

I7
19

6

15
19

+

'l 
^,,^'t!gvç¿

level

0. 00
0.79
0.93

0 "26
0"37
0 "29

0 "22
0"49
0"19

0.00
0"44
0.35

0"68
0. s6
0"48

0.00
0 .47
0. 93

0. 33
0"68
0"92

0.36
0.s1
0.58

0 " 00
0.48
0.46

0 "77
0 .46
0 "52

0 " 00
-I"46
-2"27

-0.65
-0.61
I"L4

1" r7
0 " 70

-2 "14

0 " 00
-2 " 60*
-0.61

-0.63
0 "25

-0"67

0.00
-1"45
-1.93

0 .44
-0. 10
v.¿¿

0 "20
-0 " 09
-1"16

0. 00
0 "77

-2.08
I qÃ

-1. B0
-r"02

0
19

5

0.00
-0 "26
-0"94

-0"04
-0"05

0. 13

0. 07
0.08

-0 "20

0"00
-0 "26
-0"08

-0. It
0 " 03

-0.11

0. 00
-0"16
-0.64

0.04
-0.02

0"10

0 "02
-0. 01
-0"24

0 " 00
0.08

-0"34

0 .32
-0.19
-0.20

conf iclence.
confidence "

0
T9

B

I4
19

B

0
19

B

T7
19

4

T7
19

B

^
19

a

T4
19

7

* Siqnificant at the 5?
** Significant at the LZ

of
of
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APPENDIX C

A COMPARISON OF MESTODISTAL CROWN DIAMETERS OF ANTIMERES

Tooth ¡l tll

Canine

First

Second

First

Second

Premolar

Premolar

Molar

Molar

9B

B5

94

LI2

L02

0 "273

0.010

0.011

0"010

0.016
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