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A B S T R A C T

The aim of this study was to test the reliability of Osborne et al. (2004) [8] age estimation based on the
iliac auricular surface of the ilium. We selected 172 skeletons with documented sex and age-at-death and
established six uniformly distributed age intervals for analysis. ANOVA was employed to assess the
association of the documented age with sex and the auricular surface classification. We employed
Bonferroni post-hoc tests to find any statistical differences across documented ages within each phase of
Osborne's criteria. While the ANOVA showed a significant association between the documented age and
the auricular surface classification, post-hoc tests found that phases 2 and 3 were the only consecutive
phases with significant differences. We argue that a lack of statistical significance between consecutive
phases undermines the reliability of this method for forensic purposes especially in middle adults. It may
be possible that the collapse of intermediate phases would increase the accuracy of this method.

© 2017 Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

Forensic Science International

journal homepage: www.elsevier .com/ locat e/ f orsc i in t
1. Introduction

Age estimation is a fundamental step in the reconstruction of a
biological profile from skeletal remains. However, the reliability of
age estimation has become controversial, especially in adult
individuals, since it is based on the observation of skeletal traits
sensitive to developmental and degenerative factors, which have
lack close precision with chronological age [1–4]. As a conse-
quence, individuals with similar chronological ages may present
distinct traits. Furthermore, individual and population-level
biocultural variability may affect the relationship between
chronological and developmental age, undermining the reliability
of methods based on different temporal and geographical samples
compared to the target population [3,5].

Two of the most often employed techniques for age estimation
are the pubic symphysis and the iliac auricular surface morphol-
ogies due to their higher precision based on categories of
degeneration compared with other skeletal traits [5]. In particular,
the auricular surface normally displays better preservation
compared to the pubic symphysis, making it more suitable for
forensic purposes [2]. The age estimation method based on the
auricular surface was originally developed by Lovejoy et al. [6] (see
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Lovejoy et al. [6], Işcan and Steyn [7], and Osborne et al. [8] for a
historical review of this method), who proposed eight phases for
adults, starting from 20–24 to 60+ years old, divided into 5 and
10 years [2]. Osborne et al. [8] tested this method and reduced it to
six phases with broader age intervals and discarded the sex and
ancestry effect. According to Osborne et al. [8] their new method is
preferable for forensic purposes since the broadening of the age
intervals should be in agreement with the true age variation.
However, this modification carries a high overlap among phases,
which may hamper the distinction among phases and conse-
quently the age estimation [5].

In Chile, the Servicio Médico Legal is the only institution in
charge of all forensic cases involving the identification of human
remains. Practitioners of forensic anthropology at this institution
exclusively employ the method proposed by Osborne et al. [8] on
the auricular surface as part of their protocol, although its accuracy
has not yet been evaluated against the local population. Therefore,
the objective of our study was to test the Osborne et al. [8] method
within a Chilean population sample of known age-at-death. We
hope that our assessments can contribute towards a more efficient
positive identification process for investigations of Human Rights
violations committed during the Chilean military dictatorship
period (1973–1990).
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Table 2
Results of intra-observer tests.

Sides Kappa Agreement Expected agreement p-Value

Right 0.3563 50% 22.32% <0.05
Left 0.2956 42.86% 18.88% <0.05
Combined 0.3 44.12% 19.29% <0.05
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2. Material and methods

For this study, we employed the Cementerio General skeletal
collection. The collection is composed of Chilean individuals who
died between 1960 and 1980 [9], with documented sex, age-at-
death, and cause of death. The remains are currently curated at the
Department of Anthropology, University of Chile. We selected a
sample of 172 (84 females, 88 males) well-preserved skeletons,
uniformly split into six 10-year age intervals for analyses [10,11]
(Table 1). Both auricular surfaces for each individual, whenever
present and well preserved, were classified was classified into
6 phases according to Osborne et al. [8]. We performed an intra-
observer error test in a subsample of 20 individuals, utilizing
Cohen's Kappa. Right and left auricular surfaces were also
compared utilizing Cohen's Kappa, showing 87% agreement of
an average score. In case of disagreement between sides, the
youngest phase was selected. Descriptive statistics were calculated
including confidence intervals at 95% by each phase. We tested
normality using a Shapiro–Wilk test. Osborne et al. [8] means were
compared at each phase of the analysis with what was obtained
within the current study utilizing a Student T-test. In addition, we
calculated the percentage of each age interval by each phase in
order to know their distribution. We ran an ANOVA to know the
association between documented age with sex, the auricular
surface classification, and the interaction between both variables.
Finally, we performed Bonferroni post-hoc tests to know the
statistical difference of the distribution among phases. We carried
out all analyses utilizing R v 3.2.3 (2015) statistical package.

3. Results

The intra-observer error test showed a weak Kappa between the
first and second classifications (Table 2), even though the Kappa
test showed that the agreement between both classifications was
statistically significant. Table 3 shows the descriptive statistics of
the current study and those obtained using the Osborne et al. [8]
method, including the comparison utilizing Student T-test. Results
of the current study show that phases 1, 2, and 6 had a low
variation, while phases 3–5 had a high variation (Fig.1). Confidence
intervals showed that all consecutive phases overlap, excepting
phases 2 and 3. The comparison between the present study and the
Osborne et al. [8] method showed that phases 1 and 6 had
significant differences and higher means within the sample of
Cementerio General.

Table 4 shows the frequencies for each phase at each age
interval. Phase 1 was observed only between 20 and 34 years, while
phase 2 was observed between 20 and 44 years of age. Phases 3 and
4 were present between 30 and 64 years, although younger and
older individuals also presented this phase. Phase 5 was mainly
present between 40 and 79 years of age, although individuals aged
between 20 and 29 years also presented this phase. Finally, phase
6 was present between 50 and 79 years of age.

The ANOVA model is presented in Table 5. The model shows an
adjusted R2 of 0.52 and a mean squared error of 12.20 years. The
Table 1
Age and sex composition of the sample tested within this study.

Age Female Male Total

20–29 12 24 36
30–39 11 18 29
40–49 12 12 24
50–59 13 14 27
60–69 21 12 33
70–79 15 8 23
Total 84 88 172
auricular phase classification shows a significant association with
the documented age, while sex and the interaction between sex
and the auricular classification were not significant. A Bonferroni
post-hoc test (Table 6) shows that consecutive phases display no
significant differences, except the transition between phases 2 and
3.

4. Discussion

The results of this study showed that the auricular phase
classification proposed by Osborne et al. [8] was statistically
associated with the documented ages from the Cementerio
General sample, indicating an association between chronological
and the biological age expressed in the auricular surface
morphology. In our current study, the skeletal sample was
uniformly selected aiming to avoid sample bias [4]. While this
sampling procedure has been recently criticized since target
populations would not have uniform age-at-death distributions
[10,11], our work is not focused on age estimation of populations
but rather, on age estimation of individuals.

The high scattering and overlapping observed among phases 2–
5 undermine the reliability of this method in the Chilean
population. We posit that the high variation of these intermediate
phases may be due to their low correlation between the
chronological age and the gradual nature of some traits utilized
in the phase definition of the Osborne et al. [8] method.
Furthermore, some individuals would display characteristics of
older age ranges than others [4], which may be associated with
nutritional, biomechanical, physiological, and developmental
factors [12–14], reflecting some aspects of the social age [4],
which is consistent with our sample, since it belongs to middle and
low social classes.

While there is high variation present in the intermediate
phases, this phenomenon was not observed in phases 1 and 6,
possibly due to these phases having traits constrained to narrower
age ranges. Although Buckberry [4] argued that narrow age ranges
are associated with earlier phases, in this study we observed that
the oldest phase also displayed a narrow age range. This would
indicate that some traits observed in this phase are not present in
younger individuals. Therefore, the intermediate phases need a re-
evaluation in order to find morphological traits delimited to a
range of 35–50 years of age. It is possible that the coalescence of
intermediate phases into only one phase may result in higher
accuracy in spite of losing precision. Once it is possible to divide the
adult age range in three clear and distinguishable categories
(young adult, middle adult, and old adult) it may be possible to
subdivide them to secure higher precision.

The current study obtained statistical differences of mean
documented ages in phases 1 and 6 compared with those
estimated by the Osborne et al. [8] method. It is possible that
the different means between this age estimation method and the
current study in phase 1 may be due to different age sampling. The
study by Osborne et al. [8] utilized a sample of individuals starting
at 16 years of age onwards, while our study utilized individuals
starting at 20 years of age onwards. However, for phase 6, the
contrasting means were not due to sampling design but were the
result of different age distributions. In this case, the Cementerio



Table 3
Student T-test comparisons between Cementerio General known age-at-death dates and the Osborne et al. [8] method for age estimation from the auricular surface.

Sample N Mean SE SD Confidence interval DF T p-Value

Phase 1 CGa 14 25.14 1.13 4.22 22.70–27.58
Osborne et al. 11 21.1 0.9 2.98 19.10–23.10 23 2.69 <0.05

Phase 2 CG 28 30.43 1.58 8.38 27.18–33.68
Osborne et al. 13 29.5 2.27 8.2 24.54–34.46 39 0.33

Phase 3 CG 31 44.39 2.56 14.23 39.17–49.61
Osborne et al. 37 42 2.26 13.74 37.42–46.58 66 0.7

Phase 4 CG 35 50.57 2.38 14.11 45.73–55.42
Osborne et al. 82 47.8 1.54 13.95 44.73–50.87 115 0.98

Phase 5 CG 42 57.31 2.3 14.89 52.67–61.95
Osborne et al. 17 53.1 3.43 14.14 45.83–60.37 57 0.99

Phase 6 CG 22 66.73 1.29 6.03 64.05–69.40 122 2.36 <0.05
Osborne et al. 102 58.9 1.51 15.24 55.91–61.89

SE: standard error. SD: standard deviation. DF: degrees of freedom.
a CG: Cementerio General.

Fig. 1. Box plots showing documented age distributions at each phase utilizing
Osborne et al. [8] method.

Table 4
Percentage of occurrence for each phase per five-year age ranges.

Age Phase

1 2 3 4 5 6

20–24 57.14 32.14 3.23 2.86 4.76 0
25–29 14.29 21.43 9.68 5.71 4.76 0
30–34 28.57 10.71 16.13 11.43 0 0
35–39 0 25 12.9 5.71 0 0
40–44 0 7.14 12.9 8.57 9.52 0
45–49 0 0 12.9 8.57 9.52 0
50–54 0 0 6.45 11.43 4.76 4.55
55–59 0 3.57 6.45 22.86 14.29 4.55
60–64 0 0 9.68 5.71 16.67 22.73
65–69 0 0 0 11.43 7.14 40.91
70–74 0 0 6.45 0 19.05 18.18
75–79 0 0 3.23 5.71 9.52 9.09
Total 100 100 100 100 100 100

Table 5
ANOVA model of sex and auricular surface classification on documented ages in the
Cementerio General samples.

Sum of squares DF Quadratic mean F p-Value

Model 28226.2 6 4704.37 31.63 <0.05
Phase 25340.87 5 5068.17 34.08 <0.05
Sex 280.63 1 280.63 1.89
Residuals 24539.21 165 148.72
Total 52765.41 171 308.57

DF: degrees of freedom.

Table 6
Bonferroni post-hoc test between Osborne et al. [8] age estimation phases.

Phase 1 2 3 4 5

2 5.29
3 19.24* 13.96*

4 25.43* 20.14* 6.18
5 32.17* 26.88* 12.92* 6.74
6 41.58* 36.3* 22.34* 16.16* 9.42

* Statistical significance (p < 0.05).

M.J. Herrera, R. Retamal / Forensic Science International 275 (2017) 317.e1–317.e4 317.e3
General sample showed a higher mean compared with that
obtained from the Osborne et al. [8] method. On the other hand,
the lack of statistical differences in intermediate phases may be
due to a wide variance.

The calculation of the frequencies between the documented age
and the estimations from auricular surface phases results in a
useful tool to for finding the spread of age ranges in each phase.
This table may in fact prove more useful than the confidence
intervals of age at each phase since it shows a higher age range
associated with a percentage of occurrence.

5. Conclusion

The evaluation of the Osborne et al. [8] method in this modern
Chilean sample reveals that its applicability within forensic
contexts is questionable due to the high scattering and overlapping
of several contiguous phases, especially in middle adults, although
the method would show higher precision in young and old adults.
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In regard to the victims of assassination during the Chilean military
dictatorship (1973–1990) and other criminal cases, it is important
to validate the applicability of different biological profile methods
within a target population, with the aim of contributing to the
important task of positive identification. It is possible that the
application of alternative methods based on the auricular surface
[15,16] by themselves or in combination with others [17] will likely
bring higher precision estimates in Chilean population.
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