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ABSTRACT

Objective: In 2006, an age estimation method was proposed utilizing Bayesian inference to
interpret age-progressive changes in the acetabulum. This was accompanied by the IDADE2
software to facilitate calculations. However, the MS-DOS operating system on which the
software was based became obsolete. The main goal of this paper is to present the new
IDADEZ2, which incorporates web-based facilities.

Methods: The original IDADE2 has been re-written in R and presented as a web page. As in
the original, this web page uses Bayesian inference to estimate age of unidentified
individuals. The materials used to create the reference datasets of this web page include
acetabular scores from documented skeletal samples from Spain (n = 249 and 527),
Portugal (n = 3172 and 29473), and the US (n = 3709 and 4567).

Results: The IDADE2 website has 8 sections. Six of these are informative to guide the user.
The other two (Option 1 and Option 2) are dedicated to estimating age at death. Option 1

allows users to estimate the age of individual(s) in their test sample based on our reference
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data of acetabular scores. Option 2 allows users to estimate age from the acetabulum with
their own reference and test collections or—if the users prefer—another age marker and
method of choice.

Discussion: The IDADE2 website is applicable both to forensic anthropological casework on
single individuals and to bioarchaeological analyses of large skeletal samples. This website
is easy to use and freely accessible, responding to previous critiques and incorporating

method advancements.

Keywords: adult age, age estimation, aging process, acetabulum

INTRODUCTION

At the beginning of the 21st century, biological anthropologists began to observe that the
age-progressive changes of the acetabulum could be useful to estimate age at death in
adults (Rissech, 2001; Rissech & Malgosa, 2000; Rissech, SafAudo, & Malgosa, 2001;
Rougé-Maillart, Telmon, Rissech, Malgosa, & Rougé, 2004). In 2006, Rissech and
colleagues (Rissech, Estabrook, Cunha, & Malgosa, 2006) proposed seven variables of the
acetabulum (1. acetabular groove; 2. acetabular rim shape; 3. acetabular rim porosity; 4.
apex activity; 5. activity on the outer edge of the acetabular fossa; 6. activity of the
acetabular fossa; 7. porosities of the acetabular fossa) to be used in adult age estimation
(Figure 1). The method was based on a Portuguese sample of 242 males from the
documented skeletal collection of Coimbra, Portugal. Each of the seven variables of the
acetabulum was broken into different states describing the different morphological conditions
of the acetabular region (e.g., acetabular groove can be scored as: no groove [0], groove [1],
pronounced groove [2], and very pronounced groove [3]). Bayesian inference was used to
evaluate the method’s accuracy (Rissech et al., 2006). Results indicated the potential value
and applicability of the seven acetabular variables, showing 89% accuracy by Bayesian
prediction. In 2007, the same authors tested the method proposed in 2006 (Rissech,
Estabrook, Cunha, & Malgosa, 2007) based on 394 males aged between 15 to 99 years old,
from four documented Western European skeletal collections. These collections were: the
Coimbra and Lisbon collections from Portugal, the UAB collection from Spain, and the St.
Bride collection from England. Their results showed significant correlation between all the
acetabular variables and chronological age, demonstrating the potential value of the
acetabulum as an age marker for young, middle-aged, and older adults. After these
observations, the acetabulum became a focus of interest in the adult aging research field
(Calce, 2012; Mays, 2012; Miranker, 2016; Powanda, 2008; Rissech et al., 2018; Rougé-
Maillart, Jousset, Vielle, Gaudin, & Telmon, 2007; San-Millan, Rissech & Turbdn, 2017a,
2017b, 2019; Stull and James, 2010; Venara et al., 2013; Winburn, 2018; among others).
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However, the broader application of this method was impeded by the nature of IDADEZ2, the
computer program used to perform the probabilistic calculus and obtain the age estimates.
The original IDADE2 was a free, downloadable program created by the late Professor
George Estabrook from the University of Michigan to facilitate calculations for age estimation
by Bayesian inference (Rissech et al., 2006). However, this program was written in the MS-
DOS computer operating system for x86-based personal computers. Although MS-DOS was
the main operating system for personal computers during the early 1990s, it was gradually
superseded by the Microsoft Windows operating system, offering a graphical user interface.
In addition, because of the non-visual appearance of the MS-DOS system, running the old
IDADEZ2 was difficult (Calce, 2012; Winburn, 2017). To solve these problems, the original
IDADE2 has been re-written in the open source programming language and statistical
environment R (R Core Team, 2018) and presented as a PHP (Hypertext Preprocessor) web
server and a web page user interface (IDADE2 web page) with an easier performance and
broader applicability. PHP is a widely used, open source general-purpose scripting language
that is especially suited for web development. The advantage of using this method compared
with the old MS-DOS method is that the new IDADEZ2 does not need to be locally installed in
any computer and can be launched through the web page from any computer with only an
Internet connection. We have also improved the speed of the calculations, and in only a few

seconds, the server is capable of returning the results.

The objective of this paper is to present the new IDADE2 web page
(http://bass.uib.es/~jaume/IDADE2/https/index.html) and its utilities. The new IDADE2
incorporates the most recent information on the acetabulum as an adult age marker (Mays
2012; Rissech et al., 2018; San-Millan et al., 2017a, 2017b, 2019; Winburn, 2018) as well as

method refinements (San-Millan et al., 2017b) that have improved the clarity and

repeatability of acetabular variable scoring (San-Millan et al., 2019).

MATERIALS AND METHODS

The material used to construct the database of the IDADE2 web page is constituted by a
total of 711 females and 802 males coming from three modern documented skeletal
collections in Europe and North America. Specifically, these collections are: Valladolid,
Lisbon, and the Bass Collections. Details regarding these European and European-
American collections appear in Table 1. Allysha P. Winburn (Powanda, 2008) collected the
Valladolid data, and Marta San-Millan collected the Bass data (San-Millan et al., 2019), both
using the Rissech et al. (2006) method. Marta San-Millan collected and updated the Lisbon
and Bass data using the SanMillan-Rissech method (San-Millan et al., 2019).

John Wiley & Sons, Inc.
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Statistical and mathematical procedures

The IDADE2 web page uses the same Bayesian method as the old IDADE2 software
(Rissech et al., 2006), with mathematical procedures previously described by Lucy et al.
(1996). The IDADE2 web page uses observations of known-age skeletal individuals in a
reference collection to estimate a relative probability distribution of ages for other observed
individuals. For each individual, the IDADE2 web page calculates an age likelihood
distribution over age classes and estimates age as the expected value of age, calculated as
the sum over age classes of the center of the age class times the probability of the age
class. The spread of the estimating probability distribution is expressed as a 95% confidence
interval, which is a sequence of one or more consecutive age classes containing at least
95% of the distribution. In addition, two measures of accuracy (error and fit) are also
calculated. The error is calculated as the difference between estimated age and
chronological age. Fit is calculated as the sum over age classes of the minimum number of
years that must be added to or subtracted from the known age to get an age that falls into
that age class times the probability of that age class. Smaller values of Fit indicate that the

estimating distribution is more closely centered around the known age.

In the IDADE2 web page, prior probability (the probability that the age at death of an
unknown individual falls in an age class before any bones have been examined) is estimated
as the fraction of individuals in the reference collection with known age at death in that age
class. The posterior probability (the probability that the age at death of an unknown
individual falls in an age class after a skeletal reference sample has been examined) is
based on conditional probability distributions of age (class) at death given that a particular
osteological feature had been observed in the test specimen (Aykroyd, Lucy, Pollard, &
Roberts, 1999). These distributions are estimated by observing frequencies in the reference
collection. Therefore, our underlying assumptions are: variables are independent; and test
individuals are at least as old as the youngest individuals in the reference sample and

belong to a population whose survivorship is similar to that of the reference collection.

Probability calculation

Suppose a reference collection (hundreds of individuals) has been described for N variables
(for instance: groove, rim shape, rim porosity, apex activity, etc), and for each individual, age

at death is known. The collection is used as a training set.
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Also, a specimen whose age at death is to be estimated would be described with states
(values) for those N variables observed for that specimen. Let c1, c2, .., cN be the observed

values of the N variables.

IDADE2 estimates the probability that the age at death of that specimen is in age class 'a’,
an age interval (for instance, from 20 to 25 years), given that those states were observed, as

described below.
Let C mean the event that c1 and c2 and .. and cN were observed.
Let A mean the event that the specimen is in age class 'a’, the age interval.

Using Bayes law:
PrA
Pr (AIC) = Pr (C/A)5,¢

which means that the probability that a specimen with variables C be in an interval class ‘@’
can be calculated as a function of the probability that the values C be observed in the
interval ‘a’, the probability that an individual be in the class ‘@’ and the probability of

observing the values C in all the training population.

Assuming that variables are independent within the age class A, we have:

Pr (AIC) =Pr(c1/4).Pr(¢2/A)....Pr(cN/A) s,
This formula enables us to use observed frequencies to estimate a predicted probability

distribution over age classes for a specimen with observed values for the N indicators.
Denote with the following notation:

¢ nfage[a] = number of reference specimens in age class 'a’,

¢ nf = total number of reference specimens,

o frefi,a,ci] = number of reference specimens in age class 'a' and in state ci for
variable i.
Then,

e Pr(A) is estimated by nfage[a] / nf,

e Pr(ci/A) is estimated by fre[i,a,ci] / nfage[a].

These estimates are substituted in the equation above to begin to calculate an estimated

probability that the specimen is of age 'a".

John Wiley & Sons, Inc.
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Without further information, Pr(C) is basically unknown. However, Pr(C), the probability of
observing the values or states in the N variables, is unconditional (does not consider the age
of the specimen), and so we use it as a scaling factor chosen so to make the sum of the
probabilities of all the age classes equal 1. When Pr(C), estimated in this way, is low, it
suggests that the combination of states is unusual in the context of the reference
collection, meaning thatthere are only few specimens with these observed
states. Where the scaling constant is too small the accuracy of the estimate is called into
question. This is because a very small scaling constant is the result of the availability of
only a few specimens with the observed states for possible predicted ages, which
presses the limits of computational accuracy. When the scaling constant falls below
0.0000001, this indicates the data is too little to obtain accurate calculations and

because of this IDADEZ2 does not attempt to calculate a predicted age distribution. In this

case, an NA (not available) is returned for the software.

RESULTS

The work mentioned in the above section resulted in the IDADE2 web page. This website
uses observations of known-age skeletal individuals from a documented reference collection
(reference sample) to estimate a relative likelihood distribution of ages and a specific
estimated age at death in other skeletal individual or individuals (test sample). For an easy
utilization, the site was structured in eight different sections (called “utilities”), which are

described below.

The IDADE2 web page and its utilities

This web page has eight sections or utilities (see Figure 2). Six of these sections (at the top
of the web page, see Figure 2) are informative (Home, Usage, Methods, Benchmark, Help,
and Contact). These sections guide the user through the website, provide information on the
acetabulum as an adult age marker, and describe the mathematical procedure of the
IDADE2 age estimation. The remaining two sections (Option 1 and Option 2)—the two
buttons at the bottom of the web page (Figure 2)—are dedicated to the probabilistic calculus
of estimating age. These two sections (Option 1 and Option 2) are accessible through the
initial page of IDADE2 (Figure 2), and they can also be found as quick accesses at the
bottom of each page on the website. These two sections provide the user with the
opportunity to estimate the age of a test sample based on a reference sample by Bayesian

inference. This test sample can be either a large sample or one individual; for example, if
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you want to estimate the age of one (or several) individual(s), you can directly copy and
paste your data in the window called “Test collection” (Figure 3). If your test collection is
large, you can upload it using the button called “Test collection file” (Figure 3). The “Test
collection” window and “Test collection file” button can be found in both Option 1 and Option

2. After the calculations, the IDADE2 web page will provide the results.

Option 1 allows users to estimate the age of their test sample based on our reference data of
acetabular scores collected from documented skeletons using the “Rissech” and “SanMillan-
Rissech” methods (Rissech et al., 2006; San-Millan et al., 2017b). Using each of these two
methods—and based on previous studies which observed population (Rissech et al., 2007;
Rissech et al., 2018) and sex differences (Mays, 2012; San-Millan et al., 2017a, 2017b)—the
user can work with different types of datasets from the Iberian Peninsula and from North
Americans of European ancestry. The method and reference sample can be chosen by
clicking the “Reference collection” button (Figure 3). Thus, if the user chooses the original
method (Rissech et al., 2006), they can work with the Valladolid collection (Spanish) or with
the Bass collection (European-American). If the user chooses the revised SanMillan-Rissech
method (San-Millan et al., 2017b), they can work with the Lisbon collection (Portuguese) or
the Bass collection (European-American). In addition, Option 1 allows the user to work with
specific male and female datasets, as well as combined-sex samples from these collections
by clicking the “Select sex” button (Figure 3). Although males and females have the same
acetabular aging pattern (San-Millan et al., 2017a) they differ in the rate of acetabular aging
(Mays, 2012; San-Millan et al., 2017b): Males tend to enter advanced stages of the

acetabular traits earlier than females.

Whenever possible, we encourage the use of the newer method (San-Millan et al., 2017b),
as its revised fossa variable descriptions incorporate and address previous critiques (Calce
and Rogers, 2011; Calce, 2012; Mays, 2012). These critiques pointed out some difficulty of
scoring and a low correlation with age for variables related to the acetabular fossa (V5 to
V7). In the revised method (SanMillan-Rissech method), these three variables are redefined
for clarity and repeatability (San-Millan et al., 2017b). The other four variables (V1 to V4) are
the same as in the Rissech method (San-Millan et al., 2017b). We also provide the option of
the original method (Rissech et al., 2006) for users who may be conducting a method test of
the original method or estimating age in samples scored prior to the 2017 revision (San-
Millan et al., 2017b). In Option 2, there are no reference datasets. This option (Option 2) not
only allows you to estimate age from the acetabulum by Bayesian inference with your

reference and test collections, but also allows you to estimate age probabilistically with any
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adult age marker and scores from the method of your choice. See below for detailed usage

instructions.

Required Inputs

In the IDADE2 website, the test sample and the reference sample must have the same
organization and the same variables, entered in the same order (Table 2), with the following
headings: Ind: individual identification; age: known age of death of the individual; and V1 to
Vn: values of the variables—except that the age at death need not be known for the test
individual(s), in which case “0” is entered. If you are not using the Rissech et al. (2006) or
SanMillan-Rissech (San-Millan et al., 2017b) methods, you do not need to use the same
variables as the variables in IDADEZ2 reference data (our reference datasets). That is to say,
choosing Option 2, you can use your own reference sample and your method of choice (as

long as both datasets correspond in terms of the herein-described order and organization).

In both Options (Option 1 and Option 2), data can be formatted as a *.CSV file in EXCEL,
whether they are reference or test samples (Table 2, Example A). In the event that you have
a small test sample (i.e., constituted by one individual or several), you can paste the
information of these fields (separated by a comma, tab, or semicolon) directly into the box
entitled “Test collection: One or few individuals” (Figure 3). Table 2 (Example B) shows a

hypothetical example of a small test sample, in which data are separated by tabs.

How to interpret the obtained Outputs

After submitting your datasets, a results file is open in your screen (Figure 4). You can copy
and paste its contents into your text editor to examine, edit, print, or incorporate it into other
documents. The IDADE2 web page also allows you to download this results file. The output
consists of a table for each specimen listing the estimated age, various measures of
accuracy, and the estimating probability distribution over age classes (Figure 4). The
information for each individual corresponds to a line. Figure 4 shows the results for the three
hypothetical individuals of Table 2, Example B (the input). In this output, we have the
individual identification (ID), chronological age (AD), estimated age (EAD), two measures of
accuracy (error and Fit), and the two extremes of the confidence interval (Cl-I and Cl-r). The
remaining values are the probabilities for each age class, corresponding to the estimating
probability distribution over age classes in per-thousand. Each age class (“19,” “24,” “29,”
etc) corresponds to a 5-year age interval (e.g., age class “24” encompasses ages 24-28

years).
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DISCUSSION

The IDADE2 web page is an easy, freely accessible web server that allows the user to
estimate the age of skeletal remains based on Bayesian inference, using either acetabular
methods (e.g., Rissech et al., 2006; San-Millan et al., 2017b) or other methods chosen by
the user. Besides incorporating the most recent information on the acetabulum as an adult
age marker, the new IDADE2 website also incorporates revisions that address previous
methodological critiques. The new IDADE2 also maintains a commitment to Bayesian
inference and the potential that it holds for skeletal age-at-death estimation. With the
creation of the new IDADE2 website, we offer the possibility to work with one of two
methodologies: the original Rissech et al. (2006) or the revised SanMillan-Rissech (San-
Millan et al., 2017b) methods, depending on the user’s needs. In addition, we are pleased to
offer to the IDADE2 user the options of several sex-specific acetabular reference datasets
originating from European and European-American populations. The acetabulum’s
resistance to the influence of physical activity and obesity—the latter a particularly important
concern when estimating age in modern individuals—makes the acetabular methods
relevant to forensic anthropological as well as bioarchaeological analyses of European and
European-American samples (San-Millan et al, 2019; Winburn, 2018). We wish to update the
available reference samples as new populations are scored using acetabular aging methods,

and we encourage users to contact us to share ideas, suggestions, and population data.

ACKNOWLEDGMENTS

We are grateful to Prof. Francisco Pastor from the University of Valladolid, Valladolid, Spain;
Prof. Susana Garcia from the National Museum of Natural History, Universidade de Lisboa,
Lisbon, Portugal; and Prof. Dawnie Steadman from the University of Tennessee, Knoxuville,
US for allowing us to access to the collections curated at their respective institutions.

This study was partially funded by the Spanish research projects PGC2018-096956-B-C43
and DPI2015-67082-P (AEI/FEDER, UE).

REFERENCES

Aykroyd, R.G., Lucy, D., Pollard, A.M., & Roberts, C.A. (1999). Nasty, brutish, but not
necessarily short: a reconsideration of the statistical method used to calculate age at
death from adult human skeletal and dental age indicators. American Antiquity, 64,
55-70.

Calce, S.E. (2012). A New Method to Estimate Adult Age-at-Death Using the Acetabulum.
American Journal of Physical Anthropology,148,11-23.

Calce, S.E., & Rogers, T.L. (2011). Evaluation of age estimation technique: testing traits of

the acetabulum. Journal of Forensic Sciences, 56,302-311.

John Wiley & Sons, Inc.



oNOYTULT D WN =

American Journal of Physical Anthropology

Lucy, D., Aykroyd, R.G., Pollard, A.M., & Solheim, T.A. (1996). Bayesian approach to adult
human age estimation from dental observations by Johanson’s age changes. Journal
of Forensic Sciences, 41,189-94.

Mays, S. (2012). An investigation of age-related changes at the acetabulum in 18th—19th
century AD adult skeletons from Christ Church Spitalfields, London. American
Journal of Physical Anthropology, 149,485-492

Miranker, M. (2016). A comparison of different age estimation methods of the adult pelvis.
Journal of Forensic Sciences, 61,1173-1179.

Powanda, A. (2008). A comparison of pelvic age-estimation methods on two modern Iberian
populations: bioarchaeological and forensic implications (Unpublished master’s
thesis). New York University, New York, USA.

Rissech, C. (2001). Analisi del creixement del coxal a partir de material ossi i les seves
aplicacions en la Medicina Forense i ’Antropologia (Unpublished doctoral dissertation).
Universitat Autbnoma de Barcelona, Barcelona, Spain.

Rissech, C., Appleby, J., Cosso, A., Reina, F., Carrera, A., & Thomas, R. (2018). The
influence of bone loss on the three adult age markers of the innominate. International
Journal of Legal Medicine, 132,289-300.

Rissech, C., Estabrook, F.G., Cunha, E., & Malgosa, A. (2006). Using the acetabulum to
estimate age at death of adult males. Journal of Forensic Science, 51,213-229.
Rissech, C., Estabrook, F.G., Cunha, E., & Malgosa, A. (2007). Estimation of Age-at-Death
for Adult Males Using the Acetabulum, Applied to Four Western European

Populations. Journal of Forensic Science, 52,774-778.

Rissech, C., & Malgosa, A. (2000). Longitud del isquion desde el nacimiento hasta la vejez:
diagnéstico de edad y sexo. In: Varela, T. (Ed.), Investigaciones en Biodiversidad
Humana (pp. 350-357). Santiago de Compostela (Spain): Universidad de Santiago
de Compostela.

Rissech, C., SafAudo, J.R., & Malgosa A. (2001). Acetabular point: a morphological and
ontogenetic study. Journal of Anatomy, 198,743-8.

R Core Team. (2018). R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. URL https:/www.R-
project.org/.

Rougé-Maillart, C., Jousset. N., Vielle, B., Gaudin, A., & Telmon, N. (2007). Contribution of
the study of acetabulum for the estimation of adult subjects. Forensic Science
International, 171,103—-110.

Rougé-Maillart, C., Telmon, N., Rissech, C., Malgosa, A., & Rougé, D. (2004). The
determination of male adult age by central and posterior coxal analysis. A preliminary

study. Journal of Forensic Sciences, 49,1-7.

10

John Wiley & Sons, Inc.

Page 10 of 18


https://www.R-project.org/
https://www.R-project.org/

Page 11 0of 18

oNOYTULT D WN =

American Journal of Physical Anthropology

San-Millan, M., Rissech, C., & Turbdn D. (2019) Application of the recent SanMillan-Rissech
acetabular adult aging method in a North American sample. International Journal of
Legal Medicine. https://doi.org/10.1007/s00414-019-02005-4

San-Millan, M., Rissech, C., & Turbon D. (2017a). Shape variability of the adult human
acetabulum and acetabular fossa related to sex and age by geometric
morphometrics. Implications for adult age estimation. Forensic Science International,
272,50-63

San-Millan, M., Rissech, C., & Turbdn, D. (2017b). New approach to age estimation of male
and female adult skeletons based on the morphological characteristics of the
acetabulum. International Journal of Legal Medicine, 131,501-525

Stull, K.E, & James, D.M. (2010). Determination of age at death using the acetabulum of the
os coxa. In: K.EE. Latham, & M. Finnegan (Eds). Age estimation of the human
skeleton (pp 134—146). Springdfield, lllinois, USA: Charles C. Thomas

Venara, A., Martrielle, L., Godin, M., Kerdat, C., Deguette, C., Chapard, D., Rougé-Maillart,
C. (2013). Estimation de I'dge d’un squelette au décés d’un sujet adulte en utilisant
I'acétabulum et la surface auriculaire — Application sur la Terry Collection. La Revue
de Médicine Légale, 4,189-196.

Winburn, A.P. (2017). Skeletal age estimation in modern European-American adults: the
effects of activity, obesity, and osteoarthritis on age-related changes in the
acetabulum (Unpublished doctoral dissertation). University of Florida, USA.

Winburn, A.P. (2018). Validation of the acetabulum as a skeletal indicator of age at death in
modern European-Americans. Journal of Forensic Sciences, doi: 10.1111/1556-
4029.13972

FIGURE LEGEND

Figure 1. Traits of the acetabulum scored for age estimation using the Rissech method
(Rissech et al., 2006): 1. Presence of a groove along the acetabular rim; 2. Shape of the
acetabular rim; 3. Porosities of the acetabular rim; 4. Osteophytic activity of the apex of the
posterior cornu; 5. Activity (i.e., crest formation) on the outer edge of the acetabular fossa; 6.

Activity of the acetabular fossa; 7. Porosities of the acetabular fossa.

Figure 2. Homepage of the IDADE2 website. The navigation bar shows the six informative
sections (home, usage, methods, benchmark, help, and contact). The age-estimation utilities

(Option 1 and Option 2) appear as buttons at the bottom of the page.
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Figure 3. An image of the options provided when the Option 1 age-estimation button is

clicked.

Figure 4. An example results file from the hypothetical input of Example B in Table 2. “ID” =
individual identifier; “AD” = known age at death; “EAD” = estimated age at death; “ERROR” =
difference between ED and AD; and “Cl-l and CI-r" = the two extremes of the 95%
confidence interval. Each age class (“19,” “24,” “29,” etc) corresponds to a 5-year age

interval (e.g., age class “24” means 24-28 years).
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Sample Housed Females Males Total Ages

Valladolid Collection University of Valladolid (Spain) 24 52 76 2310101y
(20th-century)

Lisbon Collection
National Museum of Natural 317 294 611 151098 y

(19th-20th-century) History (Portugal)

Bass Collection University of Tennessee (US)
370 456 826 19to 101y

(20th-century)

Table 1. Sex and age distribution for the European and European-American individuals
used as reference samples in the IDADE2 web page. The time period given for each

collection is based on general birth years.

ind age V1 V2 V3 V4 V5 V6 V7

56 20 1 1 1 3 1 1 0
397 22 1 3 3 0 3 2 2
520 22 0 0 0 0 0 1 O
62 23 1 1 2 2 4 4 3
145 23 1 4 3 2 2 1 1
102 24 1 3 3 1 3 1 1
293 26 1 1 1 2 2 2 1
420 26 1 2 1 1 1 4 4
476 27 1 2 3 1 2 3 3
574 27 1 1 2 1 1 1 1
4 29 1 4 3 1 2 2 2
53 29 1 2 3 1 2 1 4 ind age V1 V2 V3 V4 V5 V6 V7
499 32 1 3 2 2 2 3 2 1742534555
528 32 2 4 3 1 2 3 2
301 33 1 2 2 1 3 3 3 42971431222
500 33 2 1 2 1 3 3 3 5751434546
Example A Example B
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Table 2. Two examples of hypothetical input data. Reference or test data formatted as
a *.CSV file in EXCEL (Example A). Small test dataset (Example B), in which data are
separated by tabs (commas or semicolons can also be used). In both examples, each
row represents a single skeletal individual. E.g., in Example A, line 2 corresponds to
individual “56,” age 20, who is in state 1 for variable 1, in state 1 for variable 2, in state
1 for variable 3, in state 3 for variable 4, etc. In Example B, line 2 corresponds to
individual “1,” age 74, who is in state 2 for variable 1, in state 5 for variable 2, etc.
“Ind”= individual identification; “age”= actual age at death (“0” if unknown); and “V1 to
V7’= values of the variables (for Rissech or SanMillan-Rissech methods [IDADE2
Option 1]; substitute “n” variables populating “n” columns if other aging methods are
used [IDADE2 Option 2]).
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Figure 1. Traits of the acetabulum scored for age estimation using the Rissech method (Rissech et al.,
45 2006): 1. Presence of a groove along the acetabular rim; 2. Shape of the acetabular rim; 3. Porosities of
46 the acetabular rim; 4. Osteophytic activity of the apex of the posterior cornu; 5. Activity (i.e., crest

47 formation) on the outer edge of the acetabular fossa; 6. Activity of the acetabular fossa; 7. Porosities of the
48 acetabular fossa.

60 John Wiley & Sons, Inc.



oNOYTULT D WN =

ocouuuuuuuuuuud,DdDDDBDDADMDMNDAEDAEDWWWWWWWWWWNNNNNNNNNDN=S =2 @2 aQaaa0
VWO NOOCULLhhWN-_rOCVLVONOOCTULDWN—_,rOCVOONOOCTULDDWN=—_,rOUOVUONOOCULPMMNWN—_ODOVUONOUVPAD WN=O0

American Journal of Physical Anthropology

IDADE2

web server for adult age estimation
of human skeletal remains

IDADE2

Age estimatio

Welcome to IDADE2

"Idade” is the Portuguese word for "age.” The IDADE2 web page is a free web server that uses
observations of known-age human skeletal remains from a skeletal reference collection to estimate age
in other skeletal individuals. This web server is based on the same probabilistic (Bayesian) model used

in the original IDADE2 program (written by George F. Estabrook on 18 May, 2004, in collaboration with
Carme Rissech).

For this web page, the original IDADE2 program was re-written in the open-source software R at the
Universitat de les Illes Balears (UIB) in Mallorca, Spain. It is the result of a collaboration between the
Group of Computational biology (GCB) and the Faculty of Medicine (FM) of this university, represented
by Jaire Rocha and Jaume Sastre (GCB) and Carme Rissech (FM). In addition, Marta San-Milldn from
EUSES University School of Health andSports, University of Girona, Girona, Spain and Allysha Powanda
Winburn from the University of West Florida in Pensacola , FL (U.S.) have also contributed their ideas
and acetabular data.

This new version of IDADE2, the IDADE2 web page, allows users to select between 2 options:
* Option 1 - estimates the age of your individuals based on our reference data from the acetabulum.

* Option 2 - estimates the age of your individuals based on your own reference data (using
acetabular scores or any other set of consistently scored age variables).

IDADE2 IDADE2
Option 1 Option 2

Figure 2. Homepage of the IDADE2 website. The navigation bar shows the six informative sections (home,
usage, methods, benchmark, help, and contact). The age-estimation utilities (Option 1 and Option 2) appear

as buttons at the bottom of the page.
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Reference collection: [ -- Select an option --

>
—

oNOYTULT D WN =

9 Select sex: [ -- Select an option - %

J

11 Test Collection: Semicolon/tabs/colon separated
12 One or few test individuals values of variables

13 Example of File description text
14 example 1 -> output 1

15 To see the definition of our
16 4 variables please click

Test collection file:
18 Large quantity of test
19 individuals

Choose File no file selected

Clear  Submit

To estimate age based on your own reference collection please click here: IDADE2-Option 2

Figure 3. An image of the options provided when the Option 1 age-estimation button is clicked.
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IDADE2

Age estimation

IDADE2 RESULTS Download

ID AD EAD error FIT CI-l CI-r 1924 29 34 39 44 495459 64 69 74 79 84 89 94 99

74 787 47 54 64 93 0 0 0 O O O 1 8 14 47 203 61 458 16047 0 O
29 387 9.7 78 29 48 0 1914042414625316 0 1 1 O O O O O O O
75679 7.1 73 49 83 0 0 0 O 14 3 629078 245260 111 114 19 3 0 O

(%,

Figure 4. An example results file from the hypothetical input of Example B in Table 2. "ID” = individual
identifier; "AD” = known age at death; "EAD” = estimated age at death; "ERROR” = difference between ED
and AD; and “CI-I and CI-r” = the two extremes of the 95% confidence interval. Each age class (*19,” “24,”

"29,” etc) corresponds to a 5-year age interval (e.g., age class “24” means 24-28 years).
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