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Application of Three Dental Methods of Adult
Age Estimation from Intact Single Rooted
Teeth to a Peruvian Sample

ABSTRACT: Methods of estimating adult age at death from such dental features as root translucency, root length, and the extent of periodontosis
in intact single rooted teeth have proven useful in studies of modern individuals, especially in estimating age in older adults. Questions remain how-
ever, concerning the impact of regional and population variation on accuracy. To examine this issue, three approaches to age estimation were applied
to a diverse sample of 100 individuals from Peru. Mean errors of estimation for all three approaches were similar to those originally reported, sug-
gesting minimal impact of population variation of the features measured. A new regression equation, specifically for Peruvian samples, is provided.
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In 1992, Lamendin et al. (1) published a technique for estimating
age at death in human adults using two dental criteria, the extent
of root translucency and periodontosis height (PH) on the labial
surfaces of intact single rooted teeth. In this approach, root translu-
cency is measured from the apex of the root using a strong back-
light. The extent of periodontosis is measured from the cemento-
enamel junction. Both variables are expressed in relation to total
root length. In their French samples of teeth from individuals of
known age at death, the technique produced a mean error of about
10 years in the study sample and about 8.4 years in a control sam-
ple derived from forensic cases. This technique has received con-
siderable attention because of its simplicity, accuracy (especially in
older adults), and the fact that it does not require histological sec-
tions (observations are made from intact teeth).

In a separate test of the Lamendin et al. technique on another
French autopsy sample of individuals of known age at death (2),
the method produced more accurate estimates than the other indi-
vidual techniques employed such as estimating age from sternal rib
ends (3–7), the pubic symphysis (8), and long bone cortical histol-
ogy (9–11). The study suggested that experience with the technique
was a minimal factor in accuracy in contrast to more complex tech-
niques such as those utilizing cortical histology.

Although the procedure appears to be useful for estimating age
at death in modern autopsy samples, it may have limited applica-
tion to those from other contexts in which diagenesis may be a
factor. When the technique was applied to two historic 18th and
19th century samples from London, the mean error increased sub-
stantially (12).

As with most methodology aimed at estimating age at death, a
major concern with this technique involves the impact of popula-
tion variation. To what extent can this method developed from a
relatively homogeneous French sample be applied to forensic cases
originating from other regions and populations? In a partial

response to this question, in 2002, Prince and Ubelaker (13) applied
the technique to the Terry Collection, curated at the Smithsonian
Institution in Washington, D.C. They found that in spite of the dif-
ferences between the French and American samples, the mean error
was actually slightly lower in the application to the latter and could
be further reduced with consideration given to sex and ancestry.

The Lamendin technique and its modifications have attracted
considerable scientific attention for the reasons discussed above.
However, the two variables in the technique, root transparency, and
the extent of periodontosis previously have been considered in
numerous other studies. In fact, these two variables were among
the six features of Gustafson’s (14) classic 1950 study assessing
age at death from dental sections. The key study by Bang and
Ramm (15) involving assessment of dental age changes from both
intact teeth and dental sections included root transparency. The
Bang and Ramm study focused on a very large sample of 450
extracted teeth from 201 patients and 476 teeth from 64 individuals
removed at autopsy.

In 1975, Vlĉek and Mrklas (16) modified the original Gustafson
procedure to consider applications to samples from archeological
contexts. They excluded both of the variables of the Lamendin
technique in this modification arguing that periodontosis and root
transparency could not be observed accurately in such material. In
contrast, in a forensic oriented study, Maples (17) introduced multi-
ple regression analysis and reduced the number of variables used
by Gustafson but included root transparency in the modified
approach.

In 1989, Solheim (18) studied age changes in a sample of 1000
teeth and found a high correlation of dental root transparency with
age at death and suggested that the variable was not affected by
periodontal destruction. In the same year, Lorentsen and Solheim
(19) suggested that root transparency was caused by mineral depo-
sition within the dentinal tubules and that a sex difference existed
in the rate of such deposition. Drusini et al. (20) revealed that the
accuracy of assessing root transparency was about the same for
simple caliper measurement versus more complex computerized
densitometric approaches. Sengupta et al. (21) found that sectioning
of teeth of considerable antiquity could be enhanced with first infil-
trating and embedding them in methyl methacrylate and that in
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assessing root dentine translucency, the mandibular canine was the
tooth of choice. Soomer et al. later (22) noted that sectioning of
teeth improved accuracy.

In 1995, Lucy et al. (23) stressed the potential impact of dia-
genesis on root transparency with possible obliteration of sclerotic
dentin. They also raised the key question of the impact of popula-
tion variation on the accuracy of the Gustafson variables. The
effect of diagenesis and postmortem interval on the accuracy of
age estimates from root translucency were further addressed by
Mandojana et al. (24), Kvaal and During (25), and Sengupta
et al. (26). Sengupta et al. (26) examined root translucency in the
19th century Spitalfields sample in London. They noted that most
of the dentition presented a ‘‘chalky’’ appearance which negatively
impacted age assessment. Microscopic examination of the affected
teeth revealed areas of mineralization and concentrations of ‘‘fili-
form structures’’ associated with the dentinal tubules. Kvaal and
During (25) suggested that the taphonomic introduction of iron
molecules in the dentine and pulp-canal could be a factor as
well.

Intra-observer and inter-observer errors have been examined thor-
oughly with the variables of root length, periodontosis, and translu-
cency and found to be minimal (1,13,27).

One of the key issues emerging from the literature discussed
above is the impact of population variation on the Lamendin tech-
nique. The study on the Terry Collection (13) suggested that the
impact may be minimal; however some population variation was
noted within that study. The research reported here presents the
application of the Lamendin technique, as well as the Bang and
Ramm method for assessing root transparency in intact teeth to a
diverse sample from Peru. This application further examines the
impact of population variation in these variables because the com-
position of the Peruvian sample is dramatically different from those
of the French and American samples tested previously.

Materials and Methods

Methodological approaches proposed by Bang and Ramm (15),
Lamendin et al. (1), and Prince and Ubelaker (13) (formulae for
white males and white females) were applied to a sample of 100
single rooted teeth (24 maxillary and 76 mandibular) extracted
from 100 contemporary cadavers from 17 different regions of Peru
(Table 1). These individuals consisted of 28 females ranging in age
from 23 to 80 years and 72 males ranging in age from 21 to
87 years. Table 2 presents the age range by decade of both the
male and female samples utilized in this study. The female mean
age was 48.8 years with a standard deviation of 19.2 years. The
male mean age was 47.3 years with a standard deviation of
15.8 years. The sample was compiled at the Medical Legal Institute
in Lima, Peru and represented individuals of known age and sex.
The 100 teeth utilized consisted of 21 mandibular right lateral inci-
sors, seven maxillary right lateral incisors, 32 mandibular right cen-
tral incisors, nine mandibular left lateral incisors, five mandibular
right canines, nine maxillary left lateral incisors, three maxillary left
central incisors, nine mandibular left central incisors, one maxillary
right canine, three maxillary right central incisors, and one maxil-
lary left canine.

Variables defined in the studies of Bang and Ramm (15), Lam-
endin et al. (1), and Prince and Ubelaker (13) were utilized and
measured according to procedures defined in these studies. The
variables of total root height (RH), PH, and root transparency
height (RTH) were measured with the use of a digital caliper
(values recorded in millimeters) and a light box to provide back-
lighting, facilitating evaluation of root transparency (Fig. 1). All

TABLE 1—Area of origin within Peru of the male and female individuals
in the sample.

Region

Sex

TotalFemale Male

n % n % n %

Amazonas 1 1 0 0 1 1
Apurimac 1 1 4 4 5 5
Arequipa 1 1 6 6 7 7
Ayacucho 3 3 13 13 16 16
Cusco 0 0 7 7 7 7
Huanuco 1 1 3 3 4 4
Ica 1 1 0 0 1 1
Iquitos 1 1 3 3 4 4
Junin 4 4 5 5 9 9
La Libertad 0 0 4 4 4 4
Lambayeque 1 1 0 0 1 1
Lima 12 12 16 16 28 28
Madre de 0 0 2 2 2 2
Piura 0 0 1 1 1 1
Puno 0 0 5 5 5 5
Tacna 1 1 3 3 4 4
Tumbes 1 1 0 0 1 1
Total 28 28 72 72 100 100

FIG. 1—Dental features utilized to estimate age at death.

TABLE 2—Age and sex distribution of individuals in the sample.

Age category
(years)

Sex

TotalFemale Male

n % n % n %

20–29 6 6 10 10 16 16
30–39 6 6 14 14 20 20
40–49 2 2 22 22 24 24
50–59 6 6 11 11 17 17
‡60 8 8 15 15 23 23
Total 28 28 72 72 100 100
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data were analyzed using the statistical package SPSS, version
12. Two independent observers, both with considerable previous
experience with the technique, collected data. All measurements
and age calculations were conducted without knowledge of actual
age at death.

Results

Table 3 presents the mean errors of age estimation with sexes
reported separately when the three methods were applied to the
Peruvian sample. The mean error refers to the difference between
estimated age and actual age. Overall, all of the methods performed
well with total mean errors of 8.3 years for Lamendin et al. (1),
7.6 years for Prince and Ubelaker (13), and 8.8 years for Bang and
Ramm (15). These values compare favorably with those reported in
the original publications of these studies and argue for minimal
population variation in the variables addressed. In all three meth-
ods, ages were assessed slightly more accurately in males than
females, although sample size could be a contributing factor.

Errors of estimation broken down by categories of age at death
are presented in Table 4. These results reveal elevated levels of

error in the application of all three methods in the oldest age cate-
gory, 60 years and greater. The Lamendin et al. (1) and Prince and
Ubelaker (13) methods were most accurate when applied to indi-
viduals in the 30–39 year age category. The Bang and Ramm (15)
approach was most accurate for those between the ages of 50 and
59 years.

Analyses of the correlation of age at death within the Peruvian
sample with the variables of RH, translucency height and PH com-
bined and translucency height presented independently for each of
the two observers on the labial and lingual sides of the teeth are
presented in Table 5. This analysis reveals relatively high correla-
tion coefficients for all of the variables, but especially for the multi-
ple regression of variables measured from the buccal side of the
tooth by observer 1 (0.86). Comparison of the values in Table 5
suggests minimal differences between observers. The most accurate
regression equation for the Peruvian sample is that generated from
measurements taken by observer number 1.

The new Peruvian equation is as follows:

Age ¼ 31:71� 1:18RHþ 5:81PHþ 3:14RTH

All measurements are in millimeters (mm). In this equation, RH,
PH, and RTH are measured on the buccal side of the tooth. This
new formula was applied by observer number 1 to the same sam-
ples as those utilized in the application of the three methods from
the published literature. The mean errors were 6.8352 with a stan-
dard deviation of 6.31738 when applied to the female sample,
6.0767 with a standard deviation of 5.85826 with the male sample,
and 6.2891 with a standard deviation of 5.96777 for the combined
sample. These errors are slightly lower than those generated from
the three approaches from the published literature.

Oral hygiene, dental pathology, and cultural influences such as
the chewing of coca leaves may impact the accuracy of these meth-
ods in estimating adult age at death. In particular, variance in oral
hygiene logically would affect the extent of periodontosis. How-
ever, testing on diverse samples of the Lamendin approach, of
which the extent of periodontosis is a major factor, has revealed
generally similar degrees of error.

Conclusions

Of the three methods tested on the Peruvian sample, the Prince
and Ubelaker study (13) based on the U.S. sample (Terry Collec-
tion) offered the most accurate results. This suggests that consider-
ing the dental features examined, the Peruvian sample has more in
common with individuals in the Terry Collection than with the
samples underlying the Lamendin (1) and Bang and Ramm (15)
studies. As expected, an equation developed from the Peruvian
sample itself produced the most accurate results and now represents
the method of choice in applications to individuals from similar
populations.

TABLE 3—Analysis of male and female differences in mean error in the
estimation of age at death using four methods.

Method Sex n Mean Error SD

New Peruvian equation Female 28 6.8352 6.31738
Male 72 6.0767 5.85826
Total 100 6.2891 5.96777

Bang and Ramm (15) Female 28 8.9813 6.52483
Male 72 8.6917 6.73634
Total 100 8.7728 6.64621

Prince and Ubelaker (13) Female 28 8.7468 6.50099
Male 72 7.1908 6.57317
Total 100 7.6265 6.55788

Lamendin et al. (1) Female 28 9.4864 7.96957
Male 72 7.8040 7.16600
Total 100 8.2751 7.39772

TABLE 4—Analysis of age variation of mean errors of age estimation
using four methods.

Method Age (years) n Mean error SD

New Peruvian equation 20–29 16 5.6680 3.72763
30–39 20 3.8043 3.20709
40–49 24 5.0469 3.74039
50–59 17 4.0255 2.13491
‡60 23 11.8510 8.94930

Total 100 6.2891 5.96777
Bang and Ramm (15) 20–29 16 11.0609 7.61626

30–39 20 8.5145 7.69664
40–49 24 6.9417 5.54425
50–59 17 5.2602 3.13591
‡60 23 11.9127 6.43490

Total 100 8.7728 6.64621
Prince and Ubelaker (13) 20–29 16 8.1524 3.75171

30–39 20 3.9986 3.74662
40–49 24 4.8339 2.98622
50–59 17 4.5004 3.16944
‡60 23 15.6400 7.73407

Total 100 7.6265 6.55788
Lamendin et al. (1) 20–29 16 6.5819 2.96523

30–39 20 3.3090 3.74427
40–49 24 5.4520 3.20120
50–59 17 6.8636 5.67600
‡60 23 17.7603 8.07613

Total 100 8.2751 7.39772

TABLE 5—Correlation coefficients between the variables and actual age
with TR representing root transparency.

Variable Observer Tooth Surface Correlation coefficient

Combined 1 Buccal 0.86
TR 1 Buccal 0.79
Combined 1 Lingual 0.85
TR 1 Lingual 0.76
Combined 2 Buccal 0.75
TR 2 Buccal 0.69
Combined 2 Lingual 0.76
TR 2 Lingual 0.68
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This study adds to the growing literature suggesting that popula-
tion and regional differences have minimal impact on the accuracy
of the Lamendin technique and root transparency considered inde-
pendently. However, maximum accuracy is obtained with popula-
tion specific formulae, such as that suggested above, and using
aging methodology incorporating multiple variables.
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