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ABSTRACT:

When determining an age estimate from adult skeletal remains, forensic anthropologists face a series of methodological choices.

These decisions, such as which skeletal region to evaluate, which methods to apply, what statistical information to use, and how to combine informa-
tion from multiple methods, ultimately impacts the final reported age estimate. In this study, a questionnaire was administered to 145 forensic anthro-
pologists, documenting current trends in adult age at death estimation procedures used throughout the field. Results indicate that the Suchey-Brooks
pubic symphysis method (1990) remains the most highly favored aging technique, with cranial sutures and dental wear being the least preferred,
regardless of experience. The majority of respondents stated that they vary their skeletal age estimate process case-by-case and ultimately present to
officials both a narrow and broad possible age range. Overall, respondents displayed a very high degree of variation in how they generate their age
estimates, and indicated that experience and expertise play a large role in skeletal age estimates.
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Determining an accurate estimation of age at death from
unknown adult skeletal remains continues to be a challenging
responsibility of skeletal biologists (1,2). As the discipline of foren-
sic anthropology continues to advance as a science it is crucial to
be aware not only of one’s own methodological decisions, but how
these decisions are being made throughout the field. This is a diffi-
cult task when different skeletal regions may be used to estimate
age and numerous aging methods for the same skeletal region/s
are available. Each method may provide different forms of phases,
mean ages, age ranges, standard deviations, or standard errors that
may be used to produce an age estimate. Many of these methods
have been developed or tested on distinct temporal and geographic
skeletal samples resulting in inconsistent reports of accuracy and
reliability or tendencies to over- or underestimate certain age
groups. Furthermore, there is no standardized way of combining
information from multiple age estimation methods into a final age
range to report to officials.

Each of these methodological decisions could lead two experi-
enced forensic anthropologists to slightly different age estimates.
Even if both estimates include the true age, questions regarding
replicability and methodological choices could be raised in a court
of law, especially in light of the Daubert challenge (3,4) and the
recent National Academy of Science report (5).

Given the variation of preferred skeletal aging methods and the
lack of standardization of the age estimation process, the authors
were interested in understanding how forensic practitioners deter-
mine a final age estimate. A questionnaire was developed to
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explore whether there is a universal set of methods used by all
forensic anthropologists, or if methodological preferences are
unique to each practitioner. Areas investigated by the study
included: which skeletal regions and age estimation studies are
most popular; are the standard deviations, standard errors, age
ranges, or means used when considering the possible age estimate
of the deceased; how are the results from multiple methods incor-
porated into a final age estimate; how are discrepancies between
two methods resolved; and finally, how much does personal experi-
ence weigh into these decisions?

The goal of this study was to document the current adult age
estimation procedures practiced by forensic anthropologists through-
out the field. By reporting these results, we hope to raise awareness
of our practices as a unified discipline and promote discussion on
future improvements and standardization in adult age estimation.

Methods

An electronic questionnaire was developed through the use of an
online survey application (6) to blindly collect information regard-
ing forensic anthropological experience, preferred skeletal aging
techniques, and methods used in producing a final age estimate. It
consisted of ¢. 20 questions, requiring about 15 min to complete.
To facilitate comparisons, the authors aimed to format all survey
questions as multiple choice responses. In many cases, however,
the extensive variety of methodological options made including all
possibilities infeasible. Therefore, the authors included the
responses expected to be most popular, allowed participants to
mark multiple answers when relevant, and encouraged additional
written comments following each question. The questionnaire was
distributed electronically to all members of the Physical Anthropol-
ogy section of the American Association of Forensic Sciences
(AAFS). Prior Institutional Review Board approval was obtained
by the affiliated university of each author. The responses were
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completely anonymous, without collection of any identifiable infor-
mation, such as IP addresses or academic affiliations.

This study reports the results of 145 received questionnaire
responses. Although geographic location and career titles were not
collected as part of the questionnaire, given the AAFS Physical
Anthropology Section membership requirements and demographics,
obtained results are assumed to represent individuals primarily
involved in the North American forensic anthropology community.
The survey questions were specifically directed at participation in
forensic casework and the majority of respondents reported obtain-
ing a degree in either forensic or biological/physical anthropology.
Those that reported obtaining a degree in disciplines outside of
forensic and biological anthropology (e.g., anatomy, skeletal biol-
ogy, osteoarchaeology, biology), nevertheless reported a high
degree of forensic anthropology involvement (e.g., years of experi-
ence, caseload, and membership in AAFS), and therefore were
included in the study. To determine if respondent experience played
a significant role in participant responses, Spearman rank correla-
tions and logistic regressions (SPSS 16.0; SPSS Inc., Chicago, IL)
were used when appropriate.

Results
Questions 1-4. Experience

Of the 145 respondents, 44.8% had completed their doctorate
and 37.9% their master’s degree (Table 1); 15.1% of individuals
obtained a degree specifically with “forensic anthropology” in the
title. An additional 7% obtained a degree in general anthropology
or biological/physical anthropology with a concentration in forensic
anthropology. The majority of participants, 55.1%, obtained a
degree in biological or physical anthropology (45.6% and 9.5%,
respectively).

When asked to report the number of forensic anthropology cases
in which respondents participated in constructing a biological pro-
file, the highest percentage of individuals (38.6%) reported working
over 50 cases in their career. On the other hand, 40.7% reported
having only up to 5 years of experience. To investigate the rela-
tionship between degree obtained, years of experience, and number
of cases worked, the three variables were plotted against each other
(Figs 1-3). As expected, the individuals with the highest degrees
and years of experience are responsible for the majority of case-
loads. Spearman rank correlations between all the variables were
significant (p < 0.001).

Questions 5—7. Skeletal Region Preferences

On a 1-5 scale, participants were asked to rank the pubic sym-
physis, sternal rib ends, auricular surface, cranial sutures, and dental
wear according to their personal preference and reliability in adult
age at death estimation, with 1 being the most and 5 being the least
preferred and reliable (Table 2). The survey program randomized
the order of the presented skeletal regions during each response to
remove any biases. Seventy-eight percent of respondents marked

TABLE 1—Highest degree obtained by respondents.

Degree n %

MD 3 2.1
PhD 65 44.8
MA/MS 55 37.9
BA/BS 19 13.1
Current undergraduate 3 2.1
Total 145 100
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FIG. 1—The relationship between number of years of experience and
highest degree obtained by respondents (r = 0.5104, p < 0.001).

40 7
35 4
£ 301 Number
-% 25 | of Cases
B ®1lto5
» 4
] 3 m 61020
515 4 # 211050
a
o 10 m 50+
E
2 54
ol
Current  BA/BS MA/MS  PhD MD
Student

Highest Degree Obtained

FIG. 2—The relationship between case experience and highest degree
obtained by respondents (r = 0.358, p < 0.001).
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FIG. 3—The relationship between years of experience and case experi-
ence of respondents (r = 0.6716, p < 0.001).

the pubic symphysis as the most preferred region, resulting in an
average rank of 1.28. Sternal rib ends and the auricular surface
obtained an average ranking of 2.45 and 2.71, respectively. Cranial
sutures and dental wear were the least preferred skeletal regions,



TABLE 2—Ranked preference of skeletal region in adult age estimation.

GARVIN AND PASSALACQUA « AGE ESTIMATION PRACTICES 3

TABLE 4—Percentage of respondents reportedly utilizing each method.

Average
Answer Options 1 2 3 4 5 Rank n
Pubic symphysis 103 23 4 2 0 1.28 132
Sternal rib ends 16 63 38 10 6 2.45 133
Auricular surface 9 42 61 14 4 2.71 130
Cranial sutures 0 3 11 57 58 4.32 129
Dental wear 4 1 14 46 65 4.28 130

Question presented: please rank the following skeletal regions according
to your personal preference and their reliability in adult age at death estima-
tion, with 1 being the most, and 5 being the least preferred and reliable.

TABLE 3—Ranked preference of skeletal region in adult age estimation by
respondent’s years of experience.

Average Rank by Years of Experience

Answer Options 0-5 5-10 10-20 20+
Pubic symphysis 1.11 1.30 1.57 1.29
Sternal rib ends 2.52 2.51 2.29 2.37
Auricular surface 2.71 2.75 2.5 3

Cranial sutures 4.32 4.31 4.37 4.23
Dental wear 4.35 4.25 4.33 4.07

As in Table 2, the lower the average ranking score, the greater the pref-
erence for the skeletal region.

resulting in an average value of 4.3. Other popular responses noted
in the comments section included: quality of bone, evidence of
arthritis in joints and vertebrae, medial clavicle fusion, histology,
maxillary suture fusion, tooth root translucency, and cementum
annuli.

To investigate the role of experience in skeletal region prefer-
ence, average ranking scores were also calculated for each experi-
ence category (Table 3). Regardless of experience, the pubic
symphysis was always the most preferred, followed by the sternal
rib ends and auricular surface. The only difference in the pattern of
skeletal region preference between experience categories was that
the least experienced group (0-5 years) ranked cranial sutures
slightly higher than dental wear patterns (a difference in average
ranks of only 0.03).

Comments on reliable, yet under-used, skeletal regions/methods
were similarly variable. The most popular response, however, was
“histology.” Many individuals justified histology’s under-use by
noting that it is destructive and requires training, experience, and
equipment. Another respondent stated they could not answer which
methods were under-used because they were “not familiar with the
practices of other anthropologists,” hence validating the need for
this study.

Questions 8—13. Study and Resource Preferences

For each of the traditional skeletal aging traits, participants were
asked to mark the studies/methods and resources which they rypi-
cally use. Multiple answers were accepted and blanks were pro-
vided for participants to write in any studies not included
(Table 4).

Pubic Symphysis—The Suchey-Brooks method (7-13) was by
far the most popular with over 95% of respondents utilizing the
method. The earlier methods by Todd (14,15), McKern and Stewart
(16), and Gilbert and McKern (17), however, are still moderately
popular. Spearman rank correlations and logistic regression results

Pubic symphysis

95.3% Suchey-Brooks Method (7-13)
27.9% Todd Phase Method (14,15)
28.7% McKern & Stewart Component (16)
18.6% Gilbert & McKern 3-Component (17)
0.8% Ascadi & Nemeskeri (39)
1.6% Don’t typically use

5.4% Other

Auricular surface

39.5% Buckberry & Chamberlain (21)
84.5% Lovejoy et al. (20)

3.9% Osborne et al. (22)

7.8% Don’t typically use

10.9% Other

Sternal rib ends )

89.9% Iscan et al. Method (23-27)
1.6% DiGangi et al. (28)

7.8% Don’t typically use

4.7% Other

Cranial sutures

61.2% Meindl & Lovejoy (18)

7.0% Nawrocki (19)

38.8% Don’t typically use

11.6% Other

Question presented: mark all of the following methods/resources you
typically use when compiling and adult age at death estimate (mark all that

apply).

indicate no significant relationships between preferred methods and
number of years experience or cases completed (p > 0.05). Casts
(72.1%), photographs (53.5%), example drawings (48.8%), and
written descriptions (69.8%) were all popular resources utilized by
participants, and as illustrated by their high percentages, are used in
combination.

Cranial Sutures—Cranial sutures were reportedly used by
61.2% of respondents. All of the respondents marked typically
using the Meindl and Lovejoy (18) method, and 7% of respondents
also noted using the revised method by Nawrocki (19). Many com-
mented, however, that they use age estimates from cranial sutures
cautiously and rely on them only when other age indicators are not
available.

Auricular Surface—The auricular surface was reportedly used
by 92.2% of respondents. Of the total respondents 84.5% typically
use the Lovejoy et al. method (20). The Buckberry and Chamber-
lain method (21) was reported to be used by 39.5% of individuals
and the Osborne et al. method (22) by 3.9%. Given the percentage
numbers, as well as comments provided by participants, it is appar-
ent that many anthropologists will use more than one method for
the auricular surface, comparing the results obtained from each.
Interestingly, a logistic regression suggested years of experience
was a significant predictor of individuals who reported not typically
using the auricular surface (5* = 8.917, d.f. = 3, p = 0.030), with
those individuals with more experience choosing more frequently
to not use the auricular surface.

Sternal Rib Ends—As in the auricular surface, 92.2% reported
typically using the sternal rib ends. Besides the I§can et al. method
(23-27), the DiGangi et al. (28) method was also mentioned for
use analyzing the first rib ends.

Literature Sources—In all of the above-mentioned traditional
adult skeletal aging traits the original studies from the 1980s
remain the most popular, while the most recent studies were the
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least utilized. With regards to additional materials, written descrip-
tions, photographs, and casts were highly favored and used in con-
junction with all traits. Example drawings, however, were relatively
less favored in all cases.

Among the majority of respondents, 78.9%, refer to the original
publications during analysis, 62.5% refer to “Standards for Data
Collection from Human Skeletal Remains” (29). The 17.2% who
selected “Other” included sources such as Bass (30), Byers (31),
White and Folkens (32), Reichs (33), Moore-Jansen et al. (34), and
less publicized sources such as “‘cast descriptions,” “own raw
data,” and “Human ID Lab Manual—UT publication.”

When asked if participants were familiar with any more recent
publications evaluating or presenting new standards to the above-
mentioned skeletal methods, the 31 positive responses were extre-
mely variable. One participant commented that ‘“‘Because the others
[original studies] are conveniently located in a single publication
(Standards) I more typically use the ones I have listed. This is also
because I have more experience with them and haven’t yet sat
down to really learn the systems laid out in the new articles, nor
have I heard that they are significantly better from colleagues.”

Questions 14-19. Use of Statistical Information to Provide Age
Estimates

Information from a Single Study—The majority of participants
reported using sex (91.1%) and ancestry (60.2%) specific age-
ranges when available. When confronted with inconsistent age esti-
mates from the left and right sides, most anthropologists (68.6% of
respondents) take the average. The second most favored response
was to consistently use the left side (16.3%), followed by using the
youngest side (8.1%) and oldest side (5.8%).

Participants were asked what age estimation information they
typically use from a single study. As demonstrated in Table 5,
results were highly variable. The most popular information used in
obtaining an age estimate, was the range provided by the studies.
However, experience and expertise was the second most popular
response.

All but one respondent reported using information from multiple
phases, when necessary (either because a trait had characteristics
intermediate of both consecutive phases or to increase the narrow
age ranges provided by each phase). When asked how they com-
bine the information from neighboring phases, however, responses
were much less consistent (Table 6). Popular resolutions are the
use of the overlap of the two phases, or the entire range spanned
by both. Once again, however, many individuals rely on their
experience and expertise to narrow or expand the age estimate as

TABLE 5—Statistical information participants utilize in age estimation
from a single study.

Answer Options Count %

I use the range presented by the method 79 62.2
I use my experience and expertise to produce an age 55 433

range I feel appropriate

I use the mean age presented by the method 41 32.3
I use + two standard deviations presented by the method 39 30.7
I use + a single standard deviation presented by the method 30 23.6
Other (please specify) 29 22.8
I use + two standard errors presented by the method 17 13.4
I use + a single standard error presented by the method 11 8.7
Total response count 127  N/A

Question presented: how do you determine an age range once you score
a skeletal trait to be of a certain phase/category/component (check all that

apply)?

TABLE 6—Methods in combining multiple phases/categories from a single

study.

Answer Options Count %

T use my experience and expertise to produce an 57 45.2
age range I feel appropriate

I use the overlap of the ages between the 54 429
phases/categories

I use the entire range of both/all phases 53 42.1

Other (please specify) 28 22.2

I use the entire spread of + a single standard deviation 13 10.3
of both/all phases

I use the entire spread of + two standard deviations of 13 10.3
both/all phases

I average the phase/category mean ages 8 6.3

I use the entire spread of + two standard errors of 6 4.8
both/all phases

I use the entire spread of + a single standard error of 3 24
both/all phases

Total response count 126 N/A

Question presented: how would you combine information from multiple
phases/categories from a single method (e.g., pubic symphysis displays
characteristics of both phase 3 and 4)?

necessary. Logistic regression results suggest that when using
information from a single study and when combining information
from multiple phases, individuals with the most years of experience
were more likely to report using their experience and expertise
(F=17742, df =3, p<0000 and »*=8984, df =3,
p = 0.030, respectively).

Combining Information from Multiple Regions/Studies—Partic-
ipants were asked how they typically combine information from
multiple age indicators/regions into a final age estimate to report
to officials (Table 7). As before, numerous options were provided
as well as comment space to write in responses, and because many
of these methodological options are not mutually exclusive, multi-
ple answers were allowed. Results were extremely variable and
none of the methodological choices were preferred by even half of
the respondents; 41.9% of participants noted that they ‘“‘determine
an age range on the basis of their experience, the results, and an
overall gestalt of the remains.” As before, logistic regression
results suggests a positive relationship between use of experience
and years of experience in the field (¢ =11.313, df =3,
p =0.010). A large percentage of anthropologists also acknowl-
edge the need to vary their method on a case-by-case manner and
that different methods are more accurate for different age groups;
39.5% report both a narrow (“most likely”’) and broad age range
to officials. The most popular objective combination technique was
to use the age range where the various methods overlap (or taking
“the highest minimum and lowest maximum” as a number of
respondents pointed out was taught to them by Ellis Kerley).
Finally, over 25% report that they use a multifactorial approach.
When asked to name the specific multifactorial method utilized
only 12 mentioned transition analysis (six specifically noting Bold-
sen et al.’s ADBOU program [1]), two reported using an iterative
Bayesian approach, and one reported using the Summary Age
Technique (35).

Q20. Participant Comments

A number of participants acknowledged that combining informa-
tion from various aging techniques remains a problem in forensic
anthropology, and that techniques typically employed are often sta-
tistically invalid. A number of other participants expressed the need
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TABLE 7—Methods used in combining information from multiple methods into a final age estimate.

% Answer Options

41.9 I determine an age range on the basis of my experience, the results, and an overall ““gestalt” of the remains
40.3 I vary my methods of determining the estimated age at death range on a case-by-case manner

39.5 I provide a narrow and broad age range

36.3 I use the ages where the age ranges of the various methods overlap

26.6 I use the estimates from various techniques depending on whether the remains appear to be from a young, middle-aged, or older adult
25.8 I use a multifactorial approach

24.2 I use the age range from the method I feel is most reliable

24.2 I use the most consistent age estimates, disregarding any method that appears to be an outlier

16.9 I take the entire range from all methods combined

12.9 I take the range of the mean ages

11.3 I round the overall estimates to the nearest multiple of 5 (e.g., if you received 33—47, you report 35-50)
11.3 Other (please specify)

9.7 I use the age ranges where the two standard deviations of the methods overlap

8.9 I average the mean ages and assign a range that I feel appropriate

8.9 I use transition analysis

8.1 I use the age range where the single standard deviations of the methods overlap

8.1 I round the overall estimates to the nearest multiple of 10 (e.g., if you received 33—47, you report 30-50)
4.8 I use the age range where the two standard errors of the methods overlap

24 I use the age range where the single standard errors of the methods overlap

Question presented: given a complete adult skeleton, how would you determine a final age estimate/range to present in your case report from multiple

skeletal regions/methods (check all that apply)?

to use experience and confidence with techniques to narrow or
expand age ranges because of these statistical issues or because of
the large ranges obtained when statistical methods are employed.
The following anonymous quotes are provided because they vali-
date concerns in adult age estimation methods, support the results
of this survey, and represent the voices of colleagues throughout
the field:

This is a problem in forensic anthropology. Combining the
results of various age techniques is difficult and is usually per-
formed in a statistically invalid manner.

There is not really (currently) a statistically valid method for
combining age estimates from multiple methods, so the method
used to combine them are somewhat arbitrary, but I give more
weight to methods I feel are more reliable.

I typically use whatever information is available from the uti-
lized method(s) ... in order to report my final age range, which
is ultimately based on my experiences and confidence with the
techniques I used.

Most anthropologists are weak statisticians in my experience and
few can explain the difference between standard error and stan-
dard deviation, or the difference between a confidence interval
and a prediction interval.

... because some techniques produce ranges so large they are
useless.

...a general impression may make me expand or narrow the
range based on a combination of factors that I know to take into
consideration.

Discussion

The academic demographics of survey respondents suggest that
practicing forensic anthropologists come from varied backgrounds.
While over 55% of participants obtained a degree in physical/bio-
logical anthropology, only 15% obtained a degree specifically in
forensic anthropology, or a total of 21.8% if other degrees with

concentrations in forensic anthropology are included. This may
reflect the availability of academic programs specific to forensic
anthropology as well as the traditional position of forensic anthro-
pology as a subdiscipline of physical/biological anthropology.
Some may assume that a graduate degree in physical/biological
anthropology would include the skills necessary to practice forensic
anthropology (i.e., construction of a biological profile). While some
programs may indeed meet all forensic anthropological require-
ments, such a degree does not necessarily promise any specific
training in areas such as trauma and taphonomic interpretations,
forensic scene recovery, maceration/processing, or legal consider-
ations which are necessary when confronting forensic casework.
This concern increases when considering the other graduate degrees
listed by participants who indicated a high degree of participation
in forensic casework. These reported degrees ranged from relevant
disciplines, such as anatomy, general anthropology, and osteoar-
chaeology, to broader doctoral degrees in biology or zoology. Cur-
rently there is no accepted certification to practice forensic
anthropology other than the American Board of Forensic Anthro-
pology (ABFA). While this will likely change with the advent of
the Scientific Working Group for Anthropology (SWGANTH) or
other similar organizations, a practical certification for individuals
who do not yet qualify to sit for the ABFA exams has yet to be
implemented.

Questions regarding skeletal regions and method preferences
revealed that the Suchey-Brooks pubic symphysis method (7-13)
was the most popular, while individual preferences for sternal rib
ends and auricular surface methods were more variable. Cranial
sutures were least preferred and mainly used by forensic anthropol-
ogists only when postcranial material is not available. While more
recent studies reevaluating or modifying these traditional aging
techniques are available, respondents continue to prefer the original
studies. As mentioned by some participants, this is likely due to
familiarity with the original studies. These are the methods used by
academic professors and therefore the knowledge passed on to their
students. While new methods are continuously being reported in
journals, they lack the 20+ years of validation studies which these
traditional studies have used to build their reputation. These tradi-
tional methods are also the ones replicated in other sources, such
as “Standards” (29), “Essentials of Forensic Anthropology” (36),
or “The Human Skeleton in Forensic Medicine” (37) where
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forensic anthropologists can find the resources they need for multi-
ple skeletal regions in one convenient publication.

This survey found that besides the original articles, ““Standards”
(29) was also a highly popular literature source. While summaries
of aging methods and compilations of methods into single volumes
are useful, any modifications in the information or manner that it is
replicated could result in different interpretations and age estimates.
Between different sources one may find different photographs,
drawings, written descriptions, and at times even statistical informa-
tion as studies are revised. Any such modifications or even differ-
ences in image print qualities could lead to different interpretations
of phases and deviations in age estimates.

Even if forensic anthropologists choose the same method from
the same source, they may choose to use different statistical infor-
mation in predicting skeletal age. The various statistical information
(e.g., observed ranges, standard deviations, means, standard errors,
etc.) reportedly used by respondents were extremely variable.
Although use of the observed range was the most popular, 43%
suggested that experience and expertise played a large role. Similar
results were found when participants were asked what statistical
information they would use if a certain skeletal trait was between
two phases (e.g., sternal rib end with characteristics of both phases
4 and 5). Here, experience and expertise was the most popular
response, followed by using the overlap of the two phases or the
entire range of both.

When combining multiple age indicators (e.g., age estimates
from the pubic symphysis, auricular surface, and sternal rib ends),
the preferred techniques are even more variable, with none of them
favored by even half of respondents. Experience and expertise once
again was top of the list, with the most popular objective technique
being use of the overlap of ranges presented by the methods. A
high percentage of individuals report providing both a broad and
narrow age range, and vary their methods on a case-by-case man-
ner. Methodological considerations, such as disregarding inconsis-
tent study estimates, putting more weight on methods felt to be
more reliable, and rounding estimates to the nearest multiple of 5
or 10, will also affect final age estimates. While each of these situ-
ations may only alter estimates slightly, the combined effect of all
of these methodological choices would be higher.

Much of this variation stems from the fact that different studies
present different statistical information, and as pointed out by one
respondent, they are based on different samples, making such statis-
tical information not directly comparable. Certain multifactoral
approaches, such as transition analysis, alleviate some of these sta-
tistical issues, but only 14 respondents reported using either Bold-
sen et al.’'s ADBOU program (1), transition analysis in general, or
an iterative Bayesian approach.

Spearman rank correlations and logistic regression results suggest
that overall, the years of experience of the respondent does not play
a significant role in their methodological preferences. This is not
surprising given the high degree of variation in responses. Years of
experience, however, was an important predictor of whether a
respondent relies on their “experience and expertise” in determin-
ing an age estimate from a single study, when combining multiple
phases/categories, or when combining information from multiple
methods into a final age estimate. As might be expected, individu-
als with more years of experience were more likely to apply and
rely on that experience during age estimation.

Conclusions

The results of this survey suggest that there is a high degree of
individual variation in adult age estimation methodological

preferences. While the majority of participants report using the
same traditional methods, such as the Suchey-Brooks method (7-
13), how they use the statistical information from these methods
and how they combine age ranges from multiple methods into a
final age estimate remains extremely varied and at times statisti-
cally invalid. Many still rely on experience and expertise when
determining a final age estimate, in many cases to narrow the
broad range provided by statistical information, such as confidence
intervals. While experience is no doubt an important factor, this
introduces a certain amount of subjectivity in the estimate.

The issues presented by these survey results are complex.
Although a resolution is not obvious, it is hoped that this study will
promote further research and discussion on aging methods within
the forensic anthropology community. Forensic anthropologists are
challenged to deal with the inconsistent chronological appearance
of degenerative aging traits and yet the forensic necessity for accu-
rate and useful adult skeletal age estimates. Many forensic anthro-
pologists acknowledge these issues and this survey validates those
concerns. There are currently no standards on what statistical infor-
mation studies report in the literature, what statistical information
practitioners should use from the studies or consensus on how to
combine the information from multiple age indicators into a final
estimate to report to officials. It should be noted that despite this
lack of standardization, all of the various methods presented by
participants may produce accurate age estimates regardless of indi-
vidual techniques and reliance on experience. While experience is
no doubt necessary, its acceptable role and interaction with
scientific methods have yet to be defined. While historically age
estimation was regarded as ‘“ultimately an art, not a precise
science” (38, p. 323), in the face of Daubert and our current era of
validation and scientific rigor, these issues need to be addressed.

Acknowledgments

The authors thank all those who participated in the survey,
especially those who provided comments and suggestions on
the original survey draft. Thanks also to the anonymous review-
ers whose comments were valuable in enhancing the final
manuscript.

References

1. Boldsen JL, Milner GR, Konigsberg LW, Wood JW. Transition analysis:
a new method for estimating age from skeletons. In: Hoppa RD, Vaupel
JW, editors. Paleodemography: age distributions from skeletal samples.
Cambridge, UK: Cambridge University Press, 2002;73—106.

2. Ritz-Timme S, Cattaneo C, Collins MJ, Waite ER, Schutz HW, Kaatsch
JH, et al. Age estimation: the state of the art in relation to the specific
demands of forensic practice. Int J Legal Med 2000;113:129-36.

3. Daubert v. Merrell Dow Pharmaceuticals, Inc, 509 US 579, 1993.

4. Christensen AM. The impact of Daubert: implications for testimony and
research in forensic anthropology (and the use of frontal sinuses in per-
sonal identification). J Forensic Sci 2004;49(3):427-30.

5. National Research Council, National Academy of Sciences. Strengthening
forensic science in the United States: a path forward, committee on identi-
fying the needs of the forensic sciences community: committee on
applied and theoretical statistics. Washington, DC: National Research
Council, National Academy of Sciences, 2009.

6. Survey Monkey.com: Portland, OR, USA: Finley R, http://www.survey
monkey (accessed February 12, 2010).

7. Suchey JM. Problems in the aging of females using the os pubis. Am J
Phys Anthropol 1979;51(3):467-70.

8. Katz D, Suchey JM. Age determination of the male os pubis. Am J Phys
Anthropol 1986;69:427-35.

9. Suchey JM, Wiseley DV, Katz D. Evaluation of the Todd and McKern-
Stewart methods for aging the male os pubis. In: Reichs KJ, editor.
Forensic osteology. Advances in the identification of human remains.
Springfield, IL: Charles C. Thomas, 1986;33-67.



10.

11.

19.

20.

21.

22.

23.

24.

25.

Suchey JM, Brooks ST, Katz D. Instructions for use of the Suchey-
Brooks system for age determination of the female os pubis. Instruc-
tional materials accompanying female pubic symphysial models of the
Suchey-Brooks system. Fort Collins, CO: France Casting, 1988.

Katz D, Suchey J. Race differences in pubic symphyseal aging patterns
in the male. Am J Phys Anthropol 1989;80:167-72.

. Brooks S, Suchey JM. Skeletal age determination based on the os pubis:

a comparison of the Ascadi-Nemeskeri and Suchey-Brooks methods.
Hum Evol 1990;5:227-38.

. Suchey JM, Katz D. Applications of pubic age determination in a foren-

sic setting. In: Reichs K, editor. Forensic osteology: advances in the
identification of human remains. Springfield, IL: Charles C. Thomas,
1998;204-36.

. Todd TW. Age changes in the pubic bone. Am J Phys Anthropol

1920;3:285-334.

. Todd TW. Age changes in the pubic bone. Am J Phys Anthropol

1921;4(1):1-77.

. McKern TW, Stewart TD. Skeletal age changes in young American

males. Natick, MA: Headquarters, Quartermaster Research and Develop-
ment Command, Technical Report EP-45, 1957.

. Gilbert BM, McKern TW. A method for aging the female os pubis. Am

J Phys Anthropol 1973;38:31-8.

. Meindl RS, Lovejoy CO. Ectocranial suture closure: a revised method

for the determination of skeletal age at death based on the lateral-ante-
rior sutures. Am J Phys Anthropol 1985;68:57-66.

Nawrocki SP. Regression formulae for estimating age at death from cra-
nial suture closure. In: Reichs K, editor. Forensic osteology: advances in
the identification of human remains. Springfield, IL: Charles C. Thomas,
1998;276-92.

Lovejoy CO, Meindl RS, Pryzbeck TR, Mensforth RP. Chronological
metamorphosis of the auricular surface of the ilium: a new method for
the determination of adult skeletal age at death. Am J Phys Anthropol
1985;68(1):15-28.

Buckberry JL, Chamberlain AT. Age estimation from the auricular sur-
face of the ilium: a revised method. Am J Phys Anthropol
2002;119:231-9.

Osborne DL, Simmons TL, Nawrocki SP. Reconsidering the auricular
surface as an indicator of age at death. J Forensic Sci 2004;49(5):905—
11.

Iscan MY, Loth SR, Wright RK. Age estimation from the rib by phase
analysis: white males. J Forensic Sci 1984;29(4):1094-104.

Iscan MY, Loth SR, Wright RK. Metamorphosis at the sterna rib end: a
new method to estimate age at death in white males. Am J Phys Anthro-
pol 1984;65(2):147-56.

Iscan MY, Loth SR, Wright RK. Age estimation from the rib by phase
analysis: white females. J Forensic Sci 1985;30(3):853-63.

GARVIN AND PASSALACQUA « AGE ESTIMATION PRACTICES 7

26

27

28.

29.

30.

31.

32.

34.

35.

36.

37.

38.

39.

. Iscan MY, Loth SR. Determination of age from the sterna rib in white
males: a test of the phase method. J Forensic Sci 1986;31(1):122-32.

. Iscan MY, Loth SR, Wright RK. Racial variation in the sterna extremity

of the rib and its effects on age determination. J Forensic Sci

1987;32(2):452-66.

DiGangi EA, Bethard JD, Kimmerle EH, Konigsberg LW. A new

method for estimating age-at-death from the first rib. Am J Phys Anthro-

pol 2008;138(2):164-76.

Buikstra JE, Ubelaker DH. Standards for data collection from human

skeletal remains. Proceedings of a seminar at the Field Museum of Natu-

ral History, Arkansas Archaeological Survey Research Series No. 33.

Fayetteville, AK: Arkansas Archaeological Survey, 1994.

Bass WM. Human osteology: a laboratory and field manual, 15th edn.

Columbia, MO: Missouri Archaeological Society, 1995.

Byers SN. Introduction to forensic anthropology: a textbook. Boston,

MA: Allyn and Bacon, 2002.

White TD, Folkens PA. Human osteology. Philadelphia, PA: Department

of Radiology, University of Pennsylvania Medical Center, 1991.

. Reichs KIJ. Forensic osteology: advances in the identification of human

remains. Springfield, IL: Charles C. Thomas, 1986.

Moore-Jansen PH, Ousley SD, Jantz RL. Data collection procedures for

forensic skeletal material, 3rd edn. Knoxville, TN: Department of

Anthropology, University of Tennessee, Knoxville, Report of Investiga-

tions No. 48, 1994.

Mendl RS, Russell KF, Lovejoy CO. Reliability of age at death in the

Hamann-Todd collection: validity of subselection procedures used in

blind tests of the summary age technique. Am J Phys Anthropol

1990;83:349-57.

Stewart TD. Essentials of forensic anthropology. Springfield, IL: Charles

C. Thomas, 1979..

Krogman WM, Iscan MY. The human skeleton in forensic medicine.

Springfield, IL: Charles C. Thomas, 1986.

Maples WR. The practical application of age-estimation techniques. In:

Iscan MY, editor. Age markers in the human skeleton. Springfield, IL:

Charles C. Thomas, 1989;319-324.

Acsadi G, Nemeskeri J. History of human lifespan and mortality. Buda-

pest: Akademia Kiado, 1970.

Additional information and reprint requests:
Heather M. Garvin, M.S.
Center for Functional Anatomy and Evolution

Jo

hns Hopkins University School of Medicine

1830 E. Monument Street, Room 302
Baltimore, MD 21205

E-

mail: heamarie @jhmi.edu



