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ABSTRACT

The purpose of this study was to assess a possible colour shift in the root surfaces of adult human teeth and if so, whether
this colour change is related to chronological age.

Teeth extracted from persons of known age and gender were obtained from Ontario dental practitioners and grouped into
five-year age ranges. Three experiments were undertaken: (I) to identify a possible difference in yellow colouration
between the four surfaces of tooth roots (mesial, distal, lingual, and buccal), (2) to investigate the difference in yellow
colouration of tooth roots between non-molar teeth and molar teeth and (3) to assess the correlation between the age of

teeth and root colour saturation for yellow, magenta, cyan and black. The teeth in all investigations were scanned by a Bat
bed digital colour scanner with a Kodak* colour scale control and viewed on a colour computer monitor. In the first two
experiments the yellow colour saturation of the root surfaces was measured at six points on each root using Photoshop
5.0** software. A significant difference was observed in the percentage yellow colour saturation between the mesial and
the other three anatomical surfaces (p<O.OI), and between the root surfaces of non-molar and molar teeth (p<O.OI) (ANOV A
with Bonferroni post-test). The authors then randomly assigned tooth surfaces to select an equivalent number of posterior
and anterior teeth in the study, assessing the relationship between age and root colouration. Four points of colour measure
ment on 40 teeth (sample size permitting, see Table I) for each known age and gender were assessed for colour saturation

(cyan, magenta, yellow and black). The correlation of chronological age to colour saturation was linear for all colours,
with correlation coefficients ranging from r = 0.81 to r = 0.94. The high correlation values strongly support the conclusion
that chronological age is related to increased root colouration. (J Forensic OdontostomatoI2000;18:37-45)
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INTRODUCTION

Police, coroners or pathologists consult forensic
odontologists when there is a need to derive forensi
cally significant information from teeth or dental
restorations,u Gustafsonl introduced the measure

ment of six dental regressive changes to estimate age
50 years ago. These regressive changes in dental
tissue are still commonly used to estimate the age of
adults.

Gustafson'sl method of aging teeth involved cutting
them into 250 to 350 m thick slices and ranking the
following characteristics from 0-3: attrition, apical
migration of periodontal attachment, secondary
dentine formation, cementum apposition, root

resorption and root-end translucency. The

characteristic ranks were added and an estimated age
was extrapolated. I Drawbacks to Gustafson 's method
include: a) none of the criteria can be used alone; b)
when only one tooth is available the standard
deviation increases greatly; c) expert training in
dental histology is required; d) root translucency
assessment must be made on sections I /-lmthick; e)
the standard deviation increases significantly on teeth

over 50 years-old; f) anterior teeth should be used

whenever possible and g) the police often
require rapid results whereas sectioning requires
significant time and expense.3,4

* Kodak colour block, Eastman Kodak Corporation, Rochester
NY, USA

** Adobe Photoshop 5.00, Apple Computer Inc., USA

.
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The age at death for sub-adults can be estimated by
referring to charts indicating age of eruption of teeth.
There are, however, differences between races and
the genders.5 Environmental factors and disease can
also cause individual variations to be too large to
allow accurate estimation of age.6 Using charts
depicting age of root crown mineralization is a good
method of estimating age because development is
comparatively unaffected by nutritional, endocrine
and other factors which impact on the rate of dental
maturity.7

Since Gustafson1 introduced his method for age
assessment, several similar methods have been
performed.8.15 Of the six criteria introduced by
GustafsonJ, the variable with the strongest correla
tion to age is apical translucent dentine.13·15 The
canine teeth provide the most reliable estimate using
this variable. 15

More recently, the racemization rate of 0 and L
enantiomers of amino acids in enamel, dentin and
cementum has been explored.16.18The racemization
reaction proceeds at a constant rate in dentin and
cementum, confirming that cementum like dentin has
a low metabolism and is stable throughout an
individual's life.I6-18 Therefore, age estimation is
possible using the racemization reaction in teeth.I6-18

Ten Cate et al.3showed that teeth could be aged by
comparing the root colour to a known standard. Their
experiments further showed that untrained
individuals trying to estimate age of teeth by visual
comparison were not consistent but results from
trained personnel were more accurate. They also
measured optical density of colour using photographs
and transmission densitometry. Yellow was
measured using a Wratten blue 47 filter and a
regression line relating age in terms of optical
density was constructed, with the results being better
than visual matching. However, a densitometer can
only measure a small root surface at anyone time,
and the processing time is lengthy. Using reflective
spectrophotometry, Solheim 19reported that crown and
root dentin colour was related to age. The

procedures outlined by Ten Cate et al.3and Solheim 19
have advantages over Gustafson's method in that any
tooth may be used, no sectioning is required, and it is
relatively easy to do. Since the studies ofTen Cate et
al.3 and Solheim 19colour measurement has become

simplified using colour scanning and computer
assisted measurement.
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The purpose of this study was to assess a colour
change in the root surfaces of adult human teeth and
if so, whether this is related to chronological age.
We hypothesized that there may be a difference in
the colour between the anterior and posterior teeth
as well as between the four anatomical surfaces of

the roots. In addition, we hypothesize that there is a
linear relationship between tooth root cyan, magenta,
yellow and black colouration and chronological age.

MATERIALS AND METHODS

A sample of extracted teeth of known age and
gender was obtained from Ontario dental practition
ers, cleaned with pumice and stored in corked glass
jars in cupboards. The teeth were pooled by gender
into five-year age groups: 15-19,20-24,25-29, and
so on until 80-843 and three experiments were
performed.

Experiment 1: Comparison of yellow saturation of
the four anatomical surfaces of the tooth roots

From each of the 20-24 and 70-74 female age groups
#

21 teeth were scanned by AGFA Arcus II Scanner
using Fotolook## software and then viewed on their
mesial, distal, buccal and lingual sides (4 separate
scans) by Adobe Photoshop 5.0. ** Each scanned
image of a particular tooth's root surface was
measured at six points for percent yellow saturation
- two points from the cervical third, two points from
the middle third and two points from the apical third
of the root. Areas of environmental staining were
avoided. A Kodak colour block* served as a control

for variations in the percent yellowness from image
to image. The data from each side were entered into
Instat 2.0t and a comparison of the percentage yel
low between the four sides was tested by ANOYA.
A Bonferroni post-test determined the percentage
yellowness variation from surface to surface of a
tooth's root.

Experiment 2: Comparison of yellow colour
saturation of anterior vs. posterior tooth roots

# Agfa-Gevaert AG, Mortsel, Belgium
## Fotolook 2.0, Microtek Corporation, California, USA
t Instat 2.0, Graphpad Software, Inc., San Diego, CA, USA
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Table 1: Columns depicting how many teeth were used
for each age group and both genders in Experiment 1

AGE Number nf specimen teeth

GROUP

FemaleMale

15-19

3822

20-24

4040

25-29

4040

30-34

4040

35-39

4036

40-44

4040

45-49

4040

50-54

4033

55-59

4040

60-64

4033

65-69

4026

70-74

2610

75-79

68

80-84

1110

85-89

10

Table 4: Summary of Experiment 2 data compares the dif
ference in tooth root yellowness between the four anatomi

cal root surfaces between non-molars and molars of 20-24
aged females. Values connected by underlines are not sig
nificantly different. Values not underlined are significantly
different at least 0.01 according to Bonferroni post hoc test
for multiple comparisons.

Yellow value
54.37±3.9753.33±3.60

Surface

Mesial AnteriorMesial Posterior

Yellow value

55.53±6.5257.04±4.85

Surface

Distal AnteriorDistal Posterior

Yellow value

58.72±5.154.61±5.06

Surface
Lingual AnteriorLingual PosteriOt

Yellow value

58.90±5.9854.45±4.89

Surface

Buccal AnteriorBuccal Posterior

Table 2: Summary of experiment 1 data compares the difference in tooth root
yellowness between the four anatomical root surfaces of the 20-24 aged female
group. Values connected by underlines are not significantly different. Values not
connected by underlines are significantly different at least 0.01 according to
Bonferroni post hoc test for multiple comparisons.

Yellow value
Surface

52.82±3.8

Me.sj&l

56.32±5.72

Distal

56.56±5.49

Lin,gual------
56.57±5.86
Buccal

the other three sides. The data
. were entered into Instat 2.0t and

the means compared by ANOVA
and a Bonferroni post-test
determined the percentage
yellowness of root variation
between anterior and posterior
teeth.

Table 3: Summary of experiment 1s comparison of the difference in tooth root
yellowness between the four anatomical root surfaces of the 70-74 aged female
group. yalues connected by underlines are not significantly different. Values
separated by underlines are significantly different at least 0.01 according to
Bonferroni post hoc test for multiple comparisons.

tt Cricket graph 1.3.2. Computer Associates International.
Islandia. NY. USA

The female 20-24 years data from Experiment 1were
used, but data from both non-molar and molar (10
non-molars, 11 molars) were grouped by tooth
surface only (mesial, distal, buccal, and lingual).
Thus, the mean female 20-24 mesial anterior tooth
yellowness was compared to the mean female 20-24
mesial posterior tooth yellowness and similarly for

Forty teeth (20 non-molars and 20
molars) [sample size permitting,
see Table 1] from each age group
and gender were placed randomly
on the scanner, the images were
scanned by Fotolook 2.0## and
viewed by Adobe Photoshop 5.0".

Four points on each tooth's root were selected at
random (two above the midline of the root and two
below). Once again environmentally stained areas
were avoided and Photoshop 5.0" was used to meas
ure the percentage cyan (c), magenta (m), yellow (y),
and black (k) at each of the four points. Instat 2.0t

performed an analysis of the mean values and
confidence intervals for each age and gender group.
The mean and standard deviation with a 95% confi

dence level for each of the colour values, age groups
and genders were determined and plotted. The mean

Experiment 3: Measuring colour
change of tooth roots with age

69.90±5.55
Buccal

69.63±4.40

Lin,gual

69.18±5.31

Distal

67.81±4.63

Mesial

Yellow value

Surface
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and 95% confidence levels of the various colour val

ues and age groups were then graphically displayed
using Cricket graph 1.3.2tt for display.

RESULTS

Experiment 1
The one way analysis of variance with Bonferroni
post-test for multiple comparisons in experiment 1
yielded unexpected results. The anatomic surfaces
of the teeth for the female 20-24 year group revealed
a significant difference between the percentage
yellow of the mesial surface of tooth roots when
compared to the other three root surfaces (Table 2).
The p value was < 0.01 between the mesial and distal
surfaces and < 0.001 between the mesial and both

the buccal and lingual surfaces, indicating that the
mesial surface of the roots were less yellow than the
other three surfaces.

The female 70-74 year data (Table 3) indicated a
significant difference in colour value between the
mesial surface and the buccal and lingual, but failed
to show a significant difference between the percent
age yellow of the mesial and distal surfaces. This
finding is unlike the female 20-24 year category
which indicated a significant difference between the
mesial and the other three surfaces. However, the

measured t value (2.18<2.65) for the comparison
between the percentage yellow of the mesial versus
distal root surfaces indicated a non-significant,
linear trend. -

Experiment 2

The second experiment's results indicated that there
was a significant difference in the percentage of
yellowness between two of the four root surfaces
(Table 4). The one way ANOVA with a Bonferroni
post-test multiple comparison gave a p<O.OOIfor the
comparison between lingual and buccal surfaces on
anterior versus posterior root surfaces. The differ
ence between the anterior and posterior root surface
yellowness is therefore not due to chance.
Comparing mesial and distal anterior with posterior
surfaces, however, gave p>0.05 resulting in a failure
to show a statistically significant difference between
these surfaces.

40

Experiment 3

Figures 1 to 8 depict the relationship between the
percentage c'yan, magenta, yellow, black and the age
of the genders. All of these figures indicate a
positive increase in the percentage of the measured
colour with age. A correlation value of 0.93 between
the percentage cyan and age for males was calcu
lated (Fig. 1) while values of 0.93, 0.90 and 0.94 were
determined for the correlation between age and the
percentage magenta, yellow, and black in males. The
slope of the male data graphs ranged from 1.16 to
1.96% colour/5 years, the smallest slope being 1.16%
magenta/5 years, while yellow and cyan produced
slopes of 1.20 and 1.23 respectively. Figure 4
depicts the change in percentage black with age for
males, which yielded the steepest slope of 1.96%
black/5 years.

The linear model fitted the data well. In all the male

graphs (Figures 1-4) the straight line model inter
sected more than half of the values within their 95%
confidence intervals.

Figures 5-8 show the correlation between female age
and percentage cyan, magenta, yellow and black
respectively. The correlation values for the female
data ranged from 0.81 to 0.93, the lowest and highest
correlation values being attributed to magenta and
cyan in figures 6 and 5 respectively. This was unlike
the male data which indicated that the lowest and

highest correlation values were from yellow and black
respectively. The female slopes ranged from 0.83 to
1.30 and in agreement with male data, the females'
magenta graph in Fig. 6 gave the lowest slope of 1.30,
while the black gave the greatest slope of 1.30. The
slopes for the cyan and yellow were 0.99 and 1.18,
which were different from the male data.

Another difference between female and male graphs
in Figs. 1 to 8 is that all the female graphs have a
higher y-intercept values of 25.43,23.65,64.81 and
5.22 for percentage cyan, magenta, yellow and black
respectively whereas the male y-intercepts for the
graphs of cyan, magenta, yellow and black versus
age were 24.26, 21.41, 54.77 and 1.63 respectively.
For females the straight line model fitted the data well
but there were less cases when compared to the male
graphs of the line intersecting a majority of the meas
ured values within their 95% confidence interval.

The Journal of Forensic Odonto-Stomatology, Vol.18 No. 2, December 2000
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DISCUSSION

The results of experiment I indicate that there is an
uneven colouration of the four anatomic root surfaces.

The percentage yellow was similar on three of the
four surfaces, and considerably less on the mesial
surface of the female 20-24 year teeth. This may
indicate that l~ss cementum is deposited on the me
sial surfaces which coincides with the phenomenon
known as "mesial drift", defined by Jablonski20 as
the gradual movement of the teeth mesially as a con
sequence of natural interproximal tooth wear and
which could result in cementum deposition on the
other 3 surfaces. Similarly, the 70-74 year group data
indicate a significant difference among three of the
four surfaces. Our study was not specifically con
cerned with the cause of the difference in percentage
yellow, but this difference will be the subject of fur
ther research.

For the purpose of the current analysis of root
colouration as an indicator of chronological age, the
results of experiment 1 encouraged us to expand our
sample size to 40 teeth. In addition, randomly se
lected tooth surfaces were scanned due to the ob

served varying colouration between mesial and other
root surfaces.

A significant difference in the degree of yellowness
between buccal and lingual non-molar versus molar
teeth was observed. However, no significant differ
ence was observed among the other two surfaces and
these results coincide with the observations in ex

periment I where tooth roots have an uneven distri
bution of cementum, among non-molar and molar
teeth on certain anatomical surfaces. The cause of

this variation requires further research. This data
indicated that a similar number of non-molars and

molars would be necessary in experiment 3 to give a
meaningful colour measurement.

The data in experiment 3 confirm conclusively that
there is a relationship between tooth root colour and
age, in which all four colour measurements corre
lated well. This change in colour with age is due to
continued cementum deposition through life3•8 or
perhaps due to some undefined intrinsic change in
the dentine.21 The authors have not attempted to de
termine this. With the lowest correlation value of

0.806 and the majority of the values above 0.9, these

Tooth root colour as a measure of chronological age

data clearly indicate an important and indisputable
relationship between root colouration and age and
from a forensic dental viewpoint this correlation
could prove to be quite useful when the age of found
remains needs to be estimated.

Variation between the genders was present, yet small.
In all of the graphs the females had higher y-inter
cept values which may coincide with the observed
sexual dimorphism between male and female tooth
eruption times. Since female teeth, with the excep
tion of third molars erupt earlier than in males, these
higher values may be due to slightly longer cemen
tum deposition time or development of coloured sub
stances in the dentine.21 This argument contrasts with
Solheim's22 finding that there is less cementum
present on female teeth and further, that less cemen
tum on female teeth may be due to their smaller tooth
size or the weaker masticatory force applied. An
other difference between the male and female graphs
of colouration with age is that all the male graphs
had greater slopes~ Could it be possible that there is
dimorphism in the rate of deposition of cementum
or other coloured products? Once again, the bio
logical mechanism behind the increased colouration
with age needs to be explored further.

The advantage of this technique over other methods
is that it does not require long and expensive labora
tory time and can b,e performed with a minimal
knowledge of dental anatomy and computer skills.
The tooth is not destroyed and it is inexpensive to
perform. The disadvantage and limitations of this
technique however are that teeth need to be extracted,
the standard regression equation may not apply to
all populations, racial groups and conditions of the
remains, whether a body has been burned or buried,
and for how long, all may have an effect on tooth
root colouration. It may however be possible to make
new standard correlation equations for each of these
conditions using the same technique.

Another problem with this study is that the correla
tion values only apply to this sample of teeth which
originate from a limited geographical site and prob
ably contain a limited number of ethnically diverse
subjects. It however creates a further data base to
help cover the multiplicity of geographical regions
and populations thin exist.

The Journal of Forensic Odonto-Stomatology, Vol.IS No.2, December 2000
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Although the reason for each tooth's extraction was6.Goldstein H, Tanner JM. Ecological considerations

not known, one could argue that these factors might

in the creation and the use of child growth stand-

alter its root's colouration but despite this the linear

ards. Lancet 1980; 1:582-5.

trend remained true in all cases for all colours.
7.

Bowers M. Determining age from teeth: the esti-

To establish the usefulness of this technique, further

mation of age from dental development. In: Bow-

ers M, Bell G, Eds. Manual of forensic odontology.testing is required. One method would be to use these Grimsby: Manticore Publishers, ]997:76.

r

data to conduct blind tests of single or groups of teeth

of known age and compare the results. In addition,

8.Zander HA, Hurzeler B. Continuous cementum ap-
field-testing could be undertaken in actual forensic

position. J Dent Res ]958;37:]035-44.
cases to determine this technique's potential in age determination compared with other currently used

9.Bums KR, Maples WR. Estimation of age from in-

methods.

dividual adult teeth. J Forensic Sci 1976;21 :34]-

56.A significant difference was observed between the
10.

Johnson G. Age determination from human teeth.colouration of the four root surfaces, as well as a
significant difference between non-molars and mo-

Odont Revy 1970;21: 1-] 26.

lar tooth root colouration. The regression lines for

]1.Bang G, Ramm E. Determination of age in humans
male and female teeth from 15-89 and 15-84 years from root dentin transparency. Acta Odont Scand
respectively indicated an excellent correlation be-

] 970;28:3-35.
tween the measured colour and age. This technique may be valuable to forensic dentists faced with the

] 2.Dalitz GD. Age determination of adult human re-

task of estimating age.

mains by teeth examination. J Forensic Sci
1963;21: 11-21.

ACKNOWLEDGMENTS

13.
Lorensten M, Solheim T. Age assessment based on

The authors wish to express appreciation to Emeri-

translucent dentine. J Forensic Odontostomatol

tus Professor A.R. Ten Cate for permitting the use of

1989;7:3-9.

his tooth collection.

14.Solheim T. Dental root tran~lucency as an indica-
tor of age. Scand J Dent Res 1989;97:189-97 .

.REFERENCES

15.Lopez-Nicolas M, Morales A, Luna A. Application
of dimorphism in teeth to age calculation. J Foren-1.

Gustafson G. Age determinations on teeth. J Am sic Odontostomatol 1996; 14:9-12.

Dent Assoc 1950;41 :45-54. 16.
Ohtani S, Sugimoto H, Sugeno H, Yamamoto S,

2.
Whittaker D, MacDonald D. A colour atlas of fo- Yamamoto K. Racemizaion of aspartic acid in hu-

rensic dentistry. London: Wolfe Medical Publications

man cementum with age. Arch Oral BioI

Ltd, 1989:9.

1995;40:91-5.

3.

Ten Cate A, Thompson G, Dickinson J, Hunter H. 17.Ohtani S. Studies on age estimation using

The estimation of age of skeletal remains from the

racemization of aspartic acid in cementum. J Fo-

colour of roots of teeth. Can Dent Assoc J 1977;2:83-

rensic Sci 1995;40:805-7.

6. ]8.
Ohtani S. Age estimation by aspartic acid

4.
Maples WR, Rice PM. Some difficulties in the racemization in dentin of deciduous teeth. J Foren-

Gustafson dental age estimations. J Forensic Sci

sic Sci 1994;68:77-82.

1979;24:168-72.
19.

Solheim T. Dental color as an indicator of age.
5.

Demirjan A, Levesque GY. Sexual differences in Gerodontics ]988;4: I] 4-118.

dental development and prediction of emergence. J Den Res 1980;59:11 10-22.

The Journal of Forensic Odonto-Stomatology, Vo1.18 No. 2, December 2000



--

43

20. Jablonski. Illustrated dictionary of dentistry. To
ronto: Saunders, 1982:504.

21. Mincer H, Harris E, Berryman H. The A.B.F.O.

study of third molar development and its use as an
estimator of chronological age. J Forensic Sci
1993;38:379-90 .

.,
22. Solheim T. Dental cementum apposition as an in

dicator of age. Scand J Dent Res 1990;98:510-9.

Tooth root colour as a measure of chronological age

Address for correspondence:
Dr R.E. Wood

Princess Margaret Hospital Dental Clinic
610 University Avenue
Toronto

Canada M5G 2M9

The Journal of Forensic Odonto-Stomatology. Vo/.IS No. 2, December 2000



Lackovic and Wood

Colour Saturation (Cyan)~

I:j'"'"'"
I!if::~&i&it•.t•.•.
~~ '"~

~
• 0 0

~

•• 0

'"

~ • • 0
:\:

~
• .0~ .~ • .0~

9

'.0t
J; ~

•• 0o w
G> ~

• .0~ 't

~ i;:

•• 0
~ ~

~ w

~
..0

8i

•• 0:1:

~
.~ .0

~
~ .•0~ w ..0

~ :!i ~:!i .• 0~ ~ ~~
[2

c
Q

~
.•0

Fig.I: The percentage of in tooth root cyan colouration
as measured in teeth of male subjects displayed by age

group r=0.93

Colour Saturation (Yellow)$

•.
2:~'tij;g;2:I?J'tSiSi
~;j~ c

~ • 00
iD

~
•• 0

'"

~ '.0
:\: _.I!i •• 0~

~
•• 0~

9

•• 0t
~!

•• 0

G> ~

~ 't
••0

~ ~ !~ .00

~

•• 0

8i

.• 0
:1:

9

..0~ ~
~ ·.0~

~

.•0 ·•0!f ~

Q ..0

Fig.3: The percentage of in tooth root yellow colouration
as measured in teeth of male subjects displayed by age

group r=0.90

44

Colour Saturation (Magenta)~

I:j'"'"'"
15kJ~!!:15:t•.t;;•. '"~ '"

'"
..0'"

~
..0

'"

'" •• 0~
~

..0~
~

.-~
9

•• 0t
•.;g '! •• 0

o '" ~ ~ .•0c 't"
~ i;:

.-! ~
~

•• 0

I)i

..0
IB

~

..0

~

.•0

~

.•0 ..•0
!Ii f

:!i~ ~
~

~c
Q Q .•0
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as measured in teeth of female subjects displayed by age
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Fig. 6: The percentage of in tooth root cyan colouration
as measured in teeth of female subjects displayed by age
group r=0.8I
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Fig.S: The percentage of in tooth root black colouration
as measured in teeth of female subjects displayed by age

group r=0.92
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