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ABSTRACT

9

This review of literature provides an overview of the most commonly used dental age estimation techniques and focuses
on dental age estimation scoring systems in children and adults. In order to obtain a more reliable and reproducible age
estimation the forensic odontologist should use several of these available methods whenever an age estimation in the
living or dead is required. (J Forensic OdontostomatoI 2001; 19:9-17)
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INTRODUCTION

Age estimation is a sub-discipline of the forensic

sciences and should be an important part of every

identification process, especially when information

relating to the deceased is unavailable. The estima­

tion should be as accurate as possible since it

narrows down the search within the police Missing
Persons files and enables a more efficient and time

saving approach. Age estimation is of broader

importance in forensic medicine, not only for identi­

fication purposes of deceased victims, but also in
connection with crimes and accidents. In addition,

chronological age is important in most societies for

school attendance, social benefits, employment and
marnage.

Dental maturity has played an important role in esti­

mating the chronological age of individuals because

of the reported low variability of dental indicators.

Techniques for chronological age estimation in

children based on dental maturation may be divided

into those using the atlas approach and those using
scoring systems whereas in adults there are the

morphological and radiological techniques.

Dental age estimation in children
(a) Atlas approach

The use of radiographs is characteristic of techniques

using the atlas approach where the morphologically

distinct stages of mineralization that all teeth share

are observed. Compared to bone mineralization,

tooth mineralization stages are much less affected

by variation in nutritional and endocrine status and

developing teeth therefore provide a more accurate

indication of chronological age.

The Tables of Schour and Massler' have become a

classic example of an atlas approach. They described

about 20 chronological stages of dental development

starting from 4 months after birth until 21 years-of­

age and comparing an individual's dental develop­
ment with these tables can result in a useful

estimation of the chronological age.

Moorrees et aU divided dental maturation of the

permanent dentition into 14 different stages ranging

from "initial cusp formation" up to "apical closure
complete" and designed different tables for males
and females. For each tooth an estimation of

chronological age can be read from these tables based

on the mineralization and stage of development of
that specific tooth.

Anderson et al.' further developed the system of

Moorrees et al.2 for all the teeth including the third

molars. The Tables they compiled' are considered

very comprehensive and can be applied to a much

larger age range of juveniles.
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(b) Scoring system
Demirjian et al.4.5tried to simplify chronological age
estimation and restricted the number of stages of tooth

development to 8 giving them a score of 'A' through
'H' (Fig. I)and confined the analysis to the first seven
teeth of the left lower quadrant. Based on statistical
analysis they were able to assign a maturity score
for each of these sev~n teeth to almost each of the 8
developmental stages and differentiated for boys and
girls as can be seen in Tables I and 2.4 Finally, add­
ing these 8 scores results in an overall maturity score
that leads to an estimation of chronological age
(Table 3 and 4). 4
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Fig.]: Graphical presentation of the developmental

stages as presented by Demirjian et al.4

Based on several literature reports mentioning a
consistent overestimation when using Demirjian's

technique6.9 Willems et af.9-JO repeated Demirijian's
study for a Belgian Caucasian population. Statisti­
cal analysis of the results led to the creation of new
Tables (Tables 5 and 6) for boys and girls with
maturity scores expressed in years. Adding the
maturity scores for the different teeth directly gives
the estimate of the individual's chronological age.

Dental age estimation

Dental age estimation in adults
Apart from the above mentioned techniques for age
estimation in children and young adolescents
several methods are described in the literature that

address age estimation in adults. Among these tech­
niques are refined and relatively accurate methods,
some of which are conservative and do not invade
tooth structure.

(a) Morphological techniques
An early age estimation technique was published by
Gustafson. JJ It is based on the measurement of

regressive changes in teeth such as the amount of
occlusal attrition, the amount of coronal secondary
dentine formation, the loss of periodontal attachment,
the apposition of cementum at the root apex, the
amount of apical resorption and the transparency of
the root. F6r each of these parameters Gustafson
assigned different scores on a scale from 0 to 3 and
by adding these an overall score was obtained which
was linearly related to an estimated age. Gustafson's
linear regression formula for age estimation was:

Age = 11.43 + 4.56X (Equation 1)

where X equalled the overall score. This technique,
which was actually based on a small sample of 40
teeth, has been improved through the years first by
DalitzlZ and then by Johanson.13 MaplesJ4 tried to
improve Gustafson's estimation method by includ­
ing a correction factor for tooth position but did not
succeed in producing a significantly more accurate
technique, despite his multiple regression analysis.
Finally Maples and Ricels found that Gustafson
miscalculated his regression formula and they
reported the correction:

Age = 13.45 + 4.26X (Equation 2)

The improvements in the original technique
implemented by Johansonl3 are actually the most
widely accepted among forensic odontologists. He
differentiated between seven different stages instead
of the original four and evaluated the same six crite­
ria (Fig.2). In addition, he was able to obtain a mul­
tiple regression formula based on these six variables
but was not able to differentiate for tooth position.

The following formulaJ3. may therefore be used for
performing an age estimation based on the six
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criteria mentioned earlier: attrition (A), secondary
dentine formation (S), periodontal attachment loss
(P), cementum apposition (C), root resorption (R)
and apical translucency (T):

Age =11.02 + (5.14*A) + (2.3*S) + (4.14*P) +
(3.71 *C) + (5.57*R) + (8.98*T) (Equation 3)

Fig.2: Seven different stages with corresponding scores
from 0 to 3 relevant for dental age estimation as
reported by Johanson/3

Earlier in 1970, Bang and Ramm 16 presented a
method for age estimation based on the measurement
of only one parameter: the length of the apical
translucent zone in mm of a given tooth. They
differentiated for tooth position, for side and for the
kind of tooth substrate that was being used, namely
intact tooth versus tooth section. Based on a large
sample the authors were able to present a second­
degree polynomial regression formula for the

. estimation of age.based on a single measurement on
a single tooth:

They further differentiated the age estimation based
on the total length of the translucent zone. For trans­
lucent zones smaller than or equal to 9 mm equation
4 was used. In case of translucent zones larger than
9 mm a first-degree polynomial regression formula
was used:

The regression constant and the regression coeffi­
cients for the given equations can be found in Table
7. Care has to be taken to look for the corresponding
values according to the total length of the translu­
cent zone and the absence or presence of tooth
sectioning.

11

Finally, but certainly not least, in an effort to
improve on existing methods or techniques that
showed statistical shortcomings or smallness of
samples, SolheimI7 reported his technique for dental
age estimation in 1993. He measured different
parameters related to change over time for over 1000
teeth and for each individual tooth selected those pa­

rameters showing the
strongest correlation
with age. For each
individual tooth a mul­

tiple regression analysis
was run with age as the
dependent variable.
Since both the gender of
the deceased may be
unknown and the colour

of the tooth may be
influenced by post­

mortem changes, separate multiple regression analy­
ses were run for each individual tooth including and
excluding both parameters. Table 8 shows the
multiple regression formulae with age as the depend­
ent variable and the age changes, including colour
and gender versus exclusion of colour and gender,
as independent variables to be measured. Among
the age changes that were evaluated were:

AJ (attrition measured according to Johanson13),

ARA (area of attrition on occlusal tooth surface
measured in square mm), .
C I (sum of cementum thickness on vestibular +
lingual surfaces measured at 1/3 of root length from
apex)
CAP (crown pulp area measured in square mm)
CEST (colour estimation of root dentine)
EX3 (tooth extracted for caries or related conditions
Yes: score 0 - No: score 1)
LCI (LOGlO[Cl])
LPMEAN (log 10 PMEAN where PMEAN is the
mean periodontal attachment loss in mm of a tooth ),
SC (pulp diameter/root diameter at cervical area)
SEX (gender score male: score 0 - female: score 1)
SJ (secondary dentine measured according to
Johanson 13)

SRS (surface roughness score)
ST (sum of pulp diameters/sum of root diameters)
TO (translucency of root apex scored according to
Oalitz1Z)

TIO (length in mm of translucent zone in dry intact
tooth)
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The way in which these age changes are evaluated is
described in the articles referred to for each of the

measurements and in the work by Solheim.'7

Special attention should now be drawn to the

regression formulae for calculating dental age based
on a maxillary central incisor and a mandibular

central incisor, bot.h when the independent variables

"gender and colour" are excluded. When compar­

ing these formulae in Table 8 with the original

reported formulae some small but important correc­

tions brought about by typing errors should be noted.

These were actually discovered during a joint pilot

study between the author and Solheim22 during which

the original data were statistically recalculated. For

the maxillary central incisors the regression constant

to be multiplied by C I should be 0.02 and not 0.2 as

originally reported and for the mandibular central
incisors 4.6SRS should be added and not subtracted

as originally reported.

With respect to the procedures used and the number

of teeth included in this major study it is fairly safe

to state that the reported formulae are sufficiently
reliable to be recommended for age estimation in

identification procedures. The fact that some
calculations are based on unsectioned tooth meas­

urements makes this technique of particular interest

in cases were tooth preservation is necessary.

(b) Radiological techniques
Of additional interest are the following techniques

since they are based fully on radiographs and are

suitable for age estimations in living persons or where
teeth cannot be removed or invaded.

K vaal et al. IX developed a method for estimating the

chronological age of an adult from measurements of

the size of the pulp observed on periapical radio­

graphs from six types of teeth: maxillary central and

lateral incisor and second bicuspid and mandibular

lateral incisor, canine and first bicuspid. The age

estimation is based on gender (G) and the calcula­

tion of several length and width ratios in order to

compensate for magnification and angulation of the

original tooth image on the radiograph: pulp/root

length (P), pulp/tooth length (R), tooth/root length
(T), pulp/root width at cemento-enamel junction (A),

pulp/root width at midpoint between level C and A,

pulp/root width at midroot length (C), mean value of

all ratios excluding T (M), mean value of width

Dental age estimation

ratios Band C (W), mean value of length ratios P

and R (L). The results of the regression analyses

with age as the dependent variable and the two

predictors (M and [W-L]) and gender as independ­
ent variables are shown in Table 9. Gender was only

included as an independent variable in the formula

for the age estimation of the lower lateral incisors

because of its higher correlation with age for that

specific tooth (male: score I, female: score 0). The
coefficient of determination for the regression also

appeared to be the strongest when the ratio for all six

types of teeth from both jaws was employed. This
coefficient decreased when teeth from only one jaw

were included and was the weakest when only
mandibular canines were measured.

This method IX is actually the successor of the

following method'by Kvaal and Solheim'~ where the

former excludes all parameters to be measured on
extracted teeth whereas the latter requires an extracted
tooth.

Kvaal and Solheiml~ presented a method where

radiological and morphological measurements are
combined in order to estimate the age of an

individual. Depending on the type of tooth present,

the following parameters are measured: apical

translucency in mm (T), periodontal ligament
retraction in mm (P), pulp length measured on

radiographs (PL), root l~ngth measured on radio­
graphs on mesial surface (RL), pulp width at
cemento-enameljunction on radiographs (PWC), root

width at cemento-enamel junction on radiographs

(RWC), pulp width at midroot on radiographs

(PWM), root width at midroot on radiographs
(RWM), FL (PURL), FWC (PWC/RWC) and FWM

(PWM/RWM).

Table 10 shows the multiple regression formulae for

age calculation with the size of the pulp chamber on

dental radiographs, the periodontal retraction and

apical translucency as independent variables. A

separate equation is given which excludes apical

translucency where applicable.

Finally, when using these techniques in humans the

large spread that exists in nature should be taken into
account. As far as the methods of dental age estima­
tion in adults are concerned and in view of the

relative accuracy of the age estimations performed

one should keep in mind that the standard deviations

The Journal of Forensic Odonto-Stoll/atologv, Vol.19 No. I, June 2001



Willcms

of such age estimations are in general about 10 to 12

years.211.21

CONCLUSION

This review of dental age estimation techniques gives
an overview of different methods available, all of

which have advantages and disadvantages. The most

important aspect of dental age estimation for the

A
BCDEFGH

31

01.94.18.211.8
p

03.25.27.811.713.7

33

03.57.9101I11.9

34

03.471112.312.713.5
35

1.73.15.49.71212.813.214.4
36

089.612.31719.3

37

2.13.55.910.112.513.213.615.4

Table I: Indil'idllalmatllrity scores for boys for each of
the developmental stages as reported by Demiljiall et al.~

13

forensic odontologist to remember is that he or she

should not be restricted to only one age estimation

technique but to apply the different techniques avail­
able and perform repetitive measurements and

calculations in order to establish maximum repro­

ducibility. Doing so, it will be possible to provide

an age estimation that is as reliable as possible since

it was based on a variety of techniques.

A
BCDEFGH

31

02.45.19.312.9

32

03.25.68.012.214.2

33

03.87.310.311.612.4

34

03.77.511.813.113.414.1

35

1.83.46.510.612.713.513.814.6
36

04.56.29.014.016.2

37

2.73.96.911. I13.514.214.515.6

Table 2: Individllalmatllrity scores for girls for each of
the del'elopmelltal stages as reported by Demirjiall et al!

f

Age
score Agescore Agescore AgescoreAgescore

3
12.45.630.3 8.275.1 10.891.6 IH96

3.1

12.95.73 1.1 8.376.4 10.991.8 13.596.1

3.2

13.55.831.8 8.477.7 1192 13.696.2

3.3

14 5.932.6 8.579 I 1.192.2 13.796.3

3.4

14.5633.6 8.680.2 I 1.292.5 13.896.4

3.5

15 6.134.7 8.781.2 IU92.7 13.996.5
3.6

15.66.235.8 8.882 11.492.9 1496.6
3.7

16.26.336.9 8.982.8 I 1.593.1 14.196.7

3.8

17 6.439 983.6 11.693.3 14.296.8

3.9

17.66.539.2 9.184.3 11.793.5 1096.9

4

18.26.640.6 9.285 11.893.7 14.497
4.1

18.96.742 9.385.6 1 1.993.9 14.597.1
4.2

19.76.843.6 9.486.2 1294 14.697.2

4.3

20.46.945 9.586.7 12.194.2 14.797.3
4.4

21 746 9.687.2 12.294.4 14.897.4

4.5

21.77.148.3 9.787.7 12.394.5 14.997.5
4.6

22.47.250 9.888.2 12.494.6 1597.6

4.7

23.1n52 9.988.6 12.594.8 15.197.7
4.8

23.87.454.3 1089 12.695 15.297.8
4.9

24.67.556.8 10.189.3 12.795.1 15.397.8

5

25.47.659.6 10.289.7 12.895.2 15.497.9
5.1

26.27.762.5 10.390 12.995.4 15.598

5.2

27 7.866 10.490.3 1395.6 15.698.1
5.3

27.87.969 10.590.6 13.195.7 15.798.2

5.4

28.6871.6 10.691 13.295.8 15.898.2
5.5

29.58.173.5 10.79U 13.395.9 15.998.3

16

198.4

Table 3: Overallmatllrity scoresfor boys as reported by Demirjiall et al.~
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Age
score Agesco re Agescore AgescoreAgescore

3
13.75.634 8.281.2 10.894 13.497.7

3.1

14.45.735 8.382.2 10.994.2 13.597.8

3.2

15.15.836 8.483.1 1194.5 13.698

3.3

15.85.937 8.584 II.l94.7 13.798.1

3.4

16.6638 8.684.8 11.294.9 13.898.2

3.5'

17.36.139.1 8.785.3 11.395.1 13.998.3

3.6

18 6.240.2 8.886.1 11.495.3 1498.3

3.7

] 8.86.341.3 8.986.7 11.595.4 14.198.4

3.8

19.56.442.5 987.2 11.695.6 14.298.5

3.9

120.3 6.543.9 9.187.8 11.795.8 14.398.6

4

21 6.6 45,29.288.3 11.896 14.498.7

4.1

21.86.746.7 9.388.8 11.996.2 14.598.8

4.2

22.56.848 9.489.3 1296.3 14.698/9

4.3

23.26.949.5 9.589.8 12.196.4 14.799

4.4

24 751 9.690.2 12.296.5 14.899.1

4.5

24.87.152.9 9.790.7 12.396.6 14.999.1

4.6

25.67.255.5 9.891.1 12.496.7 1599.2

4.7

26.47.357.8 9.991.4 12.596.8 15.199.3

4.8

27.27.461 1091.8 12.696.9 15.299.4

4.9

28 7.565 10.192.1 12.797 15.399.4

5

28.97.668 10.292.3 12.897.1 15.499.5

5.1

29.77.771.8 10.392.6 12.997.2 15.599.6

5.2

30.57.875 10.492.9 1397.3 15.699.6

5.3

31.37.977 10.593.2 13.197.4 15.799.7

5.4

33 880.2 10.693.7 13.297.6 15.899.9

5.5

29.58.173.5 10.791.3 13.395.9 15.998.3

16

100

Table 4: Overall maturity scoresfor girls as reported by Demirjian et al.4

A
BCDEFGH

31

0.000.001.681.491.501.862.072.19

32

0.000.000.550.630.741.081.321.64

33

0.000.000.000.040.310.471.091.90

34

0.150.560.751.111.482.032.432.83

35

0.080.050.120.270.330.450.401.15

36

0.000.000.000.691.141.601.952.15

37

0.180.480.710.801.312.002.484.17

Table 5: Individual maturity scores for boys
expressed directly in yearsfor each of the
developmental stages. 10

Table 6: Individual maturity scores for girls
expressed directly in years for each of the
developmental stages. 10

A
BCDEFGH

31

0.000.001.832.192.342.823.193.14

32

0.000.000.000.290.320.490.790.7

33

0.000.000.60.540.621.081.722

34

-0.95-0.150.160.410.61.271.582.19

35

-0.190.010.270.170.350.350.551.51

36

0.000.000.000.620.91.561.822.21

37

0.140.110.210.320.661.282.094.04
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<9mm
<9mm>9mm>9mm

Tooth

Intact Roots Tooth SectionsIntact RootsTooth Sections

BO

BIB2 BOBIB2 BOBIBOBI

I1

20.305.740.00021.026.03-0.06020.345.7422.365.39

21

24.306.22-0.11926.846.00-0.15526.784.9630.184.30

12

18.807.10-0.16423.097.04-0.19722.065.3625.555.23

22

20.906.85-0.22324.625.18-0.07725.574.3825.904.39

13

26.204.64-0.04421.526.49-0.17128.134.0128.0 I4.23

23

25.274.58-0.07324.645.22-0.14327.593.6529.413.32

14/24

23.913.020.20329.982.730.10718.425.4028.443.81

15

23.785.06-0.06424.764.810.00025.334.2824.754.81

25

25.954.07-0.06722.347.59-0.39326.923.3726.214.03

41

9.8012.61-0.71113.6312.11-0.68329.004.2331.784.19

31

23.169.32-0.53926.468.79-0.51137.562.9437.893.08

42

26.577.81-0.38321.7710.19-0.58138.812.8138.493.03

32

18.5810.25-0.53822.229.07-0.44433.653.5335.193.49

43

23.308.45-0.34824.348.38-0.35837.803.5040.323.05

33

27.457.38-0.28923.888.76-0.38841.502.8442.072.73

44

24.836.85-0.23721.548.63-0.39530.834.0533.103.66

34

29.175.96-0.17326.027.00-0.23434.973.7432.794.11

45

29.424.49-0.06514.909.93-0.45130.683.7627.464.17

35

18.725.79-0.08223.875.50-0.09820.874.7925.604.41

16/26mr

30.253.23-0.01828.224.82-0.10130.563.0030.033.48

36/46mr

27.396.25-0.23933.425.18-0.30230.323.6635.272.78

16/26dr

34.730.670.21120.436.09-0.18229.493.3226.893.55

36/46dr

30.215.52-0.18129.914.97-0.10231.463.7730.314.22

16/26pr

27.433.640.03925.154.34-0.03226.814.0725.833.95

Table 7: Regression constant and the regression coefficients as reported by Bang and Ramm/6• Differentiation
was made on the level of substrate (intact or sectioned teeth) and length of the translucent zone «9 mm and
>9 mm). (m = mesial; d = distal; p = palatal; r = root)

The Journal of Forensic Odonto-Stomatology, Vo1.J9 No. 1, June 2001
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# COLOUR AND GENDER INCLUDED

MAXILLAR Y

I AGE = 24.3 + 8.7CEST + 5.2TD - 2.3CAP - 4.3SEX

2 AGE = 38.7 - 126ST + 4.7CEST + 4.2TD + 0.05CI

3 AGE = 10.1 + 2.3TID + 4.4SJ + 6.ICEST

4 AGE = 8.0 + 7JCEST + 4.1 SJ + IATID

5 AGE ~ 6.1 + 9.1CEST + 3.3AJ + 7J LPMEAN + I.4TID

MANDIBULAR

I AGE = - 21.8 - 55.3SC + 32.8LC I - 10.3SEX + 2.6TID

2 AGE = - 24.5 + 4.9CEST + 2.ITID - 7.0SEX +20.] LC1 + 2.4AJ

3 AGE = 19.2 + 1.7TID + 5.ICEST + 3.5SJ

4 AGE = - 28.1 + 3.0TID + 0.6ARA + 24.1LC I - 5.6SEX + 7.3LPMPEAN

5 AGE = 7.5 + 2.7TID + 4.9SJ + 4.9SRS

# COLOUR AND GENDER EXCL UDED

MAXILLAR Y

I AGE = 25.3 + 7 .ITID - 3.ICAP + 5JSRS - 7.5EX1 + 0.02C 1

2 AGE = 46.7 - 142ST + 6.5TD + 0.05C]

3 AGE = 12.1 + 2.9TID + 4.9SJ + 3.9SRS

4 AGE = 14.6 + 6.3SJ + 2.5TID

5 AGE = 14.2 + 2.5TID + 4.1 AJ + 8.9LPMEAN + 3.0SJ

MANDIBULAR

I AGE=-32.1-52.5SC+31.1LCI + 1.9TID+4.6SRS

2 AGE = 37.1 + 2.7TID + 5.9SRS - 46.3SC

3 AGE = 27.5 + 2.6TID + 4.4SJ

4 AGE = -26.9 + 3.2TID + 0.5ARA + 22.3LC 1+ 7.ILPMEAN

5 AGE = 7.5 + 27TID + 4.9SJ + 4.9SRS

Table 8: Multiple regression formulae with age as the depel/del/t I'ariable. For each tooth
type. parameters that were strol/gly correlated Irith age Irere used il/ the regressiol/ fo/'/lw­
lae. ExplanatiollS for the abbreviatiol/s used mO\' be foul/d il/ the overview abOl'e.'7

TEETH EQUA TION r"

11/21 ]2/22 15/25 32/42 33/43 34/44
AGE= 129.8- 316.4(M)-66.8(W-L)0.76

11/21 12/2215/25

AGE= 120.0- 256.6(M)-45.3(W-L)0.74

0.7132/42 33/4334/44

AGE = 135.3 - 356.8(M) - 82.5(W-L)

11/21

AGE = 110.2 - 201.4(M) - 3\.3(W-L)0.70

12/22
AGE = 103.5 - 216.6(M) - 46.6(W-L)0.67

15/25

AGE = 125.3 - 288.5(M) - 46.3(W-L)0.60

32/42

AGE = 106.6 - 251.7(M) - 61.2(W -L) - 6.0(G)0.57

33/43

AGE = 158.8 - 255.7(M) 0.56

34/44
AGE = 133.0 - 318.3(M) - 65.0(W -L)0.64

Dental age estimation

Table 9: Multiple regressiol/ formulae for del/tal age estimatiol/ based 01/ radiological measuremel/ts."
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TOOTH EQUA nON

11/21

AGE = 71.2 - 133.7FWM - 56.0 FWC

12/22

AGE = 69.3 - l4.5FWM - 63.0FWC

13/23

AGE = 120.2 - 62.5FL

14/24

AGE = 82.0 - 95.9FWC + 2.0T + 1.7P - 50.6FL
*

AGE = 112.6.- 85.0FWC + 2AP - 116.3FWM - 64.8FL.15/25 AGE = 30.8 + 2.5P -96.0FWC + 3.7T
*

AGE = 36.9 + 2. 9P - 102.9FWC

31/41

AGE = 40.3 - 122AFWC + 4AT
*

AGE = 68.5 - 124AFWC

32/42

AGE = 72.1 - 113.6FWC

33/43

AGE = 43.8 - 139.6FWC + UT
*

AGE = 75.9 - 174.7FWC

34/44

AGE = 75.5 - I85.9FWC - 105AFWM + lAP

35/45

AGE = 54.0 - I07.0FWM - 97.0FWC + 2AT
*

AGE = 80.0 - 192.7FWM - 96.6FWC

* excluding apical translucency

Table 10: Multiple regressiol/formulae for

del/tal age estimatiol/ based 01/ radiologi­
cal measuremel/ts. /Y
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