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The performance of sex estimation methods using pelvis, per geographic region

INTRODUCTION
A large part of daily forensic anthropological casework focuses on the presumptive
identification of unidentified remains. This relies for a great deal on the compilation
of a biological profile (i.e. the estimation of sex, age-at-death, ante-mortem stature
and ancestry). The forensic anthropological estimation techniques that are used to
develop this biological profile are only admissible in the court of law if they are in
agreement with modern judicial benchmarks that seek to confirm their scientific
validity. Amongst the most well-known of these benchmarks are the Daubert
standards which, indicates that results are admissible as evidence when they are
derived from methods that are generally accepted by the scientific community and
have an acceptable known or potential rate of error (1-3).
Sex estimation is a key component when creating a biological profile, as all other
estimations methods (age-at-death, ante-mortem stature and ancestry) are sex-
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specific and thus perform best with an accurate estimation of sex. These methods
are however subject to inter-population differences and secular trends, which means

Numerous studies have been published on the performance/accuracies

that the performance of a method in one population cannot be readily assumed

of sex estimation techniques; however, these are scattered throughout

in another (4-8). Luckily a large body of research exists in which either new sex

literature. Additionally, the performance of these techniques is known to

estimation techniques are developed for a specific population, or already existing

be influenced by the population on which they are applied. This makes

techniques are tested on other populations. However, these methods are scattered

it difficult to identify the sex estimation method that is best suited for

throughout published literature, which makes it hard to have a clear overview of the

a given population group. At the same time, in order to be admissible

available methods and their performances in different populations.

in court, these methods need to meet certain juridical benchmarks

This problem could be addressed by creating a systematic overview of all peer-

that aim to ensure their validity. This systematic review provides an

reviewed and published contemporary sex estimation methods. In addition, such an

overview of the sex estimation methods for the pelvis, per geographic

overview could be used to identify the methods that meet certain current minimum

region, that meet some of the general requirements for admissibility

quality standards, such as the assessment of intra- and inter-observer variation and

in the court of law. A systematic literature search identified an initial

cross-validation; information that may be required to make the estimation admissible

5149 publications, of which 69 relevant publications remained after

as legal evidence. Lastly, it could provide information on the possibility of pooling

an in- and exclusion process. Of these, only 21 publications stood up

data for meta-analysis and identify gaps in the current body of knowledge. To the

to the additional scientific standards of cross validation and testing of

knowledge of the authors, no such systematic review has recently been published.

inter- and intra-observer variation. These represented population groups

This paper aims to provide such an overview. Since the pelvis is considered the

derived from Australia, China, Colombia, France, Greece, Italy, Japan,

most reliable anatomical region for sex estimation (6, 9-11), this overview focuses

South Africa (Black and White), Spain, Switzerland, Thailand, and USA

on this particular skeletal element. Eventually, by communicating this up-to-date

(Hispanic and pooled), with accuracies ranging from 65.8% to 100%.

overview we hope to provide forensic anthropologists and other interested parties

The identified methods and their performances are provided in various

with a readily available summary of the tried and tested sex estimation methods

tables and electronic supplements. This review shows a) the availability

using the pelvis that are available for various population groups.

of methods for various population groups, b) the low number of rigorous
studies, and c) variations in reporting and methodology all impedes
meta-analysis, thereby hampering the development of more generally
applicable methods.
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METHODS

usually overestimates true performance, this overview only reports cross-validated
accuracies. Non-cross-validated performances from the selected publications can

In order to include all relevant original peer-reviewed published literature up until 1

be found in the various electronic supplements.

September 2018, a clinical librarian (J.G.D) constructed a systematic search strategy.

Intra- and/or inter-observer variation assessment was considered valid when it

Four different scientific literature databases (OVID Medline, OVID EMBASE, BIOSIS

was part of the study itself, or when the same authors/observers evaluated the error

Previews and SOCIAL SCIENCES CITATION INDEX (SSCI)), which in conjunction

in a previous publication that used the same method.

cover all forensic and medical peer-reviewed publications, were searched. The full
search strategy is provided as Electronic Supplementary Material Appendix 1. After
removal of all duplicates a total of 5148 studies were identified.
To be eligible for review, each manuscript had to be an original, peer-reviewed

Table 1: Inclusion criteria.
Paper:
Written in English

and published research paper, written in English, reporting on the performance and/

Primary research paper

or accuracy of a sex estimation techniques using the adult pelvis (the coxaI bone(s),

Population:

either with or without the sacrum). In addition, the method had to be developed

Known sex

and/or tested on a modern population (i.e. 1850-today) with individuals of known

Adults

sex. Minimum population size was set at 20 individuals and the population had

Modern population (1850-now)

to be reasonably non-skewed with regard to sex distribution. These criteria are

Non-skewed male:female ratio

summarized in Table 1.

Minimum sample size 20

All publications were subject to a sequential selection process in which two

Method:

independent observers (K.L.C, H.H.d.B) reviewed first the title, then the abstract

Coxal bones (with or without the sacrum)

and eventually the full text manuscript to see whether the study complied with the

Reported classification accuracies

inclusion criteria. In case of disagreement, a joint decision on in- or exclusion was
made, with leniency towards inclusion.

Osteometric or morphological methods only

From the included publications, the following data was recorded: 1) continent and
country of the study population as stipulated in the original publication 2) type of
technique used (i.e. osteometric or morphological) 3) approach for data acquisition

RESULTS

(i.e. direct (dry bone) or indirect (3D models, CT scans, X-ray etc.)), 4) publication year,
5) sample size, 6) type of statistical analysis applied, 7) assessment of intra- and

Eventually, 69 publications complied with all the selection criteria, and were included

inter-observer variation, 8) performance of the method (only the best classification

in the review. The result of the full in- and exclusion process is shown in Figure 1.

accuracy was extracted), and 9) type of cross-validation performed.

The majority of the publications reported on European (n=24), North American

From the included publications, the following data was recorded: 1) continent and

(n=24) and Asian (n=17) populations. The remaining continents all added less than

country of the study population as stipulated in the original publication 2) type of

ten publications (Africa n=7, Australia n=2 and South America n=2) (See Figure

technique used (i.e. osteometric or morphological) 3) approach for data acquisition

2). Three publications represented more than one continent (5, 12, 13) and three

(i.e. direct (dry bone) or indirect (3D models, CT scans, X-ray etc.)), 4) publication year,

publications represented the global population (12-14).

5) sample size, 6) type of statistical analysis applied, 7) assessment of intra- and

Cross validation was performed in 25 of the identified publications. Of these 21

inter-observer variation, 8) performance of the method (only the best classification

also assessed intra- and inter-observer variation. The majority of these publications

accuracy was extracted), and 9) type of cross-validation performed.

achieved accuracies above 80%; with three studies reporting accuracies above 70%

Cross-validation was considered valid when the study performed statistical

(15-17) and one reporting an accuracy of just above 65% (18).

cross-validation on the same sample population or on a test population of known
sex from the same geographical region. Since non-cross-validated accuracies

24
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Forty-six of the studies described in the publications used a direct data acquisition
approach (i.e. took measurements on dry bone) and 23 used an indirect data
acquisition approach (i.e. took measurements from e.g. 3D models, CT-scan or
conventional radiographs). Almost all of the morphological methods (n=16) used

2

a direct approach and only 1 used an indirect approach, while the metric methods
showed an almost even spread between direct (n=30) and indirect (n=23) approaches.
The number of publications per decade is shown in Figure 3. A general increase in
the number of publications was observed over time. Initially only direct approaches
were reported, with indirect approaches becoming available after the year 2000.
Specifically, within the last decade, an increase of publications for all types of
approaches is evident.

Fig 2. A summary of the number of studies per geographical region, per method (i.e. osteometric or
morphology) and approach ((i.e. direct (dry bone) or indirect (e.g. 3D models, CT scans, conventional
radiographs, digital photos)).

Fig 1. PRISMA flow diagram showing the in- and exclusion process.

26

Fig 3. A summary of the number of studies published per decade, since 1940, per method (i.e.
osteometric or morphology) and approach ((i.e. direct (dry bone) or indirect (3D models, CT scans,
conventional radiographs etc.)).
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Direct osteometric techniques

developed methods. Two of the publications (13, 70) did not evaluate intra- and

In total, 30 publications (5, 12, 14, 15, 19-44) reported direct osteometric sex

inter-observer variation within the included publications but did so in an earlier

estimation techniques. These publications described sex classification accuracies

publication (69).

for 19 population groups originating from; Austria, Brazil, Colombia, France, Greece,

2

India, Italy, Japan, Lithuania, the Netherlands, Portugal, South Africa (Black, White

Indirect morphological techniques

and Coloured), Switzerland, Thailand and the United States of America (Black, White

Only one publication (76) described an indirect morphological sex estimations

and Hispanic). The accuracies ranged from 0% - 100%. A detailed overview of the

technique. The method used 3D virtual bones reconstructed from CT-scans and was

publication details (e.g. study population, method used, accuracy) is provided in the

based on an Australian population group. Its classification accuracies ranged from

Supplementary Material Appendix 2.

83.7% to 92.4% (see the Supplementary Material Appendix 5 for more information).

Only 11 of the 30 publications (5, 12, 14, 15, 27, 30, 31, 33, 38, 40, 41) crossvalidated their methods (See Table 2), with accuracies ranging from 59.4% - 100%. Of

This publication was not cross-validated, nor did it test intra- and/or inter-observer
variation.

these 11 publications, seven evaluated intra- and/or inter-observer variation (5, 12,
14, 33, 38, 40, 41). Two publications (5, 12) did not evaluate intra- and inter-observer
variation within the included publications but they did so in a previous study (33, 45).

Indirect osteometric techniques
Indirect osteometric sex estimation techniques were reported in 22 publications
(16-18, 46-64). The majority (n=16) of these used computed tomography (CT) scans,
whilst the remainder used digital photos (n=3) or conventional radiographs (n=3).
The methods stemmed from 15 population groups representing; Australia, China,
France, Iran, Italy, Japan, Korea, Malawi, South Africa (Black, White and pooled),
Spain, Switzerland, Turkey, Uganda, Thailand and the United States of America.
Accuracies ranged from 21.2% - 100%. A detailed overview of these publications is
provided in the Supplementary Material Appendix 3. Roughly half (16-18, 50, 55, 56,
59, 60, 62, 63) of the publications (n=10) employed cross-validation (See Table 3),
with classification accuracies ranging from 57.0% - 100%. All of these publications
evaluated intra- and/or inter-observer variation.

Table 2: Classification accuracies of cross-validated, direct osteometric sex estimation studies on the
pelvis as reported in literature, sorted per geographical region.

Average

Male

Female

Range

Patriquin, M. L., et al. (2005) - n= 200 (M:100 and F:100)

93,5%

97,0%

90,0%

72.0% - 93.5%

Steyn, M. and M. L. Patriquin (2009) - n= 200 (M:100 and F:100) *

94,0%

94,9%

92,0%

74.9% - 94.0%

Patriquin, M. L., et al. (2005) - n= 200 (M:100 and F:100)

95,5%

93,0%

98,0%

72.0% - 95.5%

Steyn, M. and M. L. Patriquin (2009) - n= 200 (M:100 and F:100) *

94,5%

92,1%

96,9%

73.0% - 94.5%

77,5%

75,0%

80,0%

96,9%

96,3%

97,5%

64.4% - 96.9%

Steyn, M. and M. Y. Iscan (2008) - n= 192 (M:97 and F:95) *

93,5%

96,5%

89,7%

59.4% - 93.5%

Steyn, M. and M. L. Patriquin (2009) - n= 193 (M:97 and F:96) *

94,1%

97,7%

90,5%

78.4% - 94.1%

100,0%

100,0%

100,0%

100,0%

Africa
South Africa Black

South Africa White

Asia
India
Mahato, N. (2010) - n= 195 (M:110 and F:85)

morphological sex estimations techniques, based on 12 population groups
representing France, Greece, Mexico, the Netherlands, Portugal, South Africa (Black,
White and pooled), Scotland, Thailand and the United States of America (Black,
White, Hispanic and pooled). The reported classification accuracies ranged from
45.4% - 100%. Supplementary Material Appendix 4 contains detailed information on
these publications.

-

Thailand
Mahakkanukrauh, P., et al. (2017) - n= 200 (M:100 and F:100) *

Direct morphological techniques
A total of 16 publications (9, 13, 29, 36, 45, 65-75) presented the results of direct

Classification Accuracy

Author, Year and Sample Size
(per geographic region and population group)

Europe
Greece

Italy
Vacca, E. and G. Di Vella (2012) - n= 86 (M:40 and F:46) *
Switzerland
Bruzek J., et al. (2017) - n=503 (M:253 and F:250) *

98,1%

-

-

-

Cross-validation was limited to 25% (n=4) of the publications (13, 69, 70, 73)
(See Table 4), with reported accuracies ranging from 73.1% - 94.2%. The four crossvalidated studies also evaluated the intra- and/or inter-observer variation of these
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Table 2 (continued): Classification accuracies of cross-validated, direct osteometric sex estimation
studies on the pelvis as reported in literature, sorted per geographical region.
Classification Accuracy

Author, Year and Sample Size
(per geographic region and population group)

Average

Male

Female

Range

Author, Year and Sample Size
(per geographic region and population group)

Classification Accuracy
Average

Male

Female

Range

100,0%

100,0%

100,0%

81.2% - 100.0%

75,0%

63,0%

96,0%

-

81,0%

93,0%

64,0%

-

Small, C., et al. (2012) - n=67 (M:43 and F:25) *

82,0%

77,0%

92,0%

-

Small, C., et al. (2012) - n=77 (M:44 and F:33) *

87,0%

91,0%

82,0%

-

Torimitsu, S., et al. (2015) - n=208 (M:104 and F:104) *

98,1%

97,1%

99,0%

62.1% - 98.1%

Torimitsu, S., et al. (2017) - n=230 (M:115 and F:115) *

83,5%

81,7%

85,2%

67.4% - 83.5%

84,9%

83,2%

86,9%

58.3% - 84.9%

Australia

North America

Australia

USA Black
Taylor, J. V. and R. DiBennardo (1984) - n= 130 (M:65 and F:65)

Table 3: Classification accuracies of cross-validated, indirect osteometric sex estimation studies on the
pelvis as reported in literature, sorted per geographical region.

91,0%

92,0%

90,0%

-

USA White

Franklin, D., et al. (2014) - n=400 (M:200 and F:200) *
Africa
South Africa Black

Taylor, J. V. and R. DiBennardo (1984) - n= 130 (M:65 and F:65)

89,0%

88,0%

90,0%

-

Small, C., et al. (2012) - n=67 (M:43 and F:25) *
South Africa White

USA Pooled
Luo, Y. C. (1995) - n= 122 (M:66 and F:56)

100,0%

Bruzek J., et al. (2017) - n=61 (M:31 and F:30) *

99,0%

100,0%
-

100,0%

-

-

South America

Small, C., et al. (2012) - n=67 (M:43 and F:25) *
South Africa Pooled

Colombia

Asia

Moore, M. K., et al. (2016) - n= 134 (M:84 and F:50) *

92,0%

92,1%

91,9%

71.0% - 92.0%

Global
Greece and South Africa Pooled
Steyn, M. and M. L. Patriquin (2009) - n= 559 (M:287 and F:272) *

94,3%

94,8%

93,8%

71.9% - 94.1%

Pooled
Blake K. A. S. & Hartnett-McCann K. (2018) - n=400
(M:280 and F:120) *

*study evaluated intra- and/or inter-observer error

87,1%

88,0%

85,0%

-

Japan

China
Zhan M. J., et al (2018) - n=350 (M:190 and F:160) *
Europe
France
Savall, F., et al. (2015) - n=113 (M:54 and F:59) *

86,8%

-

-

60.5% - 86.8%

Italy
Benazzi, S., et al. (2009) - n=30 (M:20 and F:18) *

76,7%

70,0%

83,3%

-

Benazzi, S., et al. (2009) - n=76 (M:37 and F:39) *

90,3%

88,6%

92,1%

-

86,5%

85,5%

87,5%

-

Djorojevic, M., et al. (2014) - n=150 (M:75 and F:75) *

95,9%

97,8%

94,0%

83.3% - 95.9%

Clavero, A., et al. (2015) - n=114 (M:56 and F:58) *

65,8%

62,5%

69,0%

56.95% - 65.8%

100,0%

100,0%

100,0%

Italy Pooled
Benazzi, S., et al. (2009) - n=114 (M:57 and F:57) *
Spain

North America
USA pooled
Decker, S. J., et al. (2011) - n=100 (M:40 and F:60) *

-

*study evaluated intra- and/or inter-observer error

30
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Table 4: Classification accuracies of cross-validated, direct morphological sex estimation studies on
the pelvis as reported in literature, sorted per geographical region.
Author, Year and Sample Size
(per geographic region and population group)

Average

Male

Female

94,2%

95,8%

92,6%

Range

Europe
-

94,2%

96,2%

92,3%

73.1% - 94.2%

93,5%

95,4%

91,6%

86.6% - 93.5%

USA Pooled
Klales, A. R., et al. (2012) - n=140 (M:86 and F:54) *

based on population groups from Greece (5, 33) and the USA (12, 13, 50, 69).
Four of the 21 cross-validated publications reported an accuracy of 100%

North America
USA Hispanic
Klales, A. R. & Cole, S. J. (2017) - n=55 (M:27 and F:28) *

of technique (either osteometric or morphological) focusing on sex estimation using
the pelvis could be identified per population group. Exceptions hereof are studies

Greece
Oikonomopoulou E. K., et al (2017) - n= 194 (M:106 and F:88) *

with an accuracy exceeding this has potential value. With that in mind, all reported
methods had potential evidentiary value. It was noted that, generally, only one type

Classification Accuracy

Kenyhercz, M. W., et al. (2017) *

*study evaluated intra- and/or inter-observer error

(30, 38, 50, 56). This is an interesting finding, since forensic anthropological sex
estimation techniques are based on the degree of skeletal sexualization, with an
assumed overlap between males and females. One would therefore expect that
in a large enough cohort, a sex estimation accuracy of 100% cannot be achieved.
A detailed look at these publications showed a sound research methodology, an
assumedly sufficient large population size and cross-validation of the results. It is
however expected that these 100% accuracies will not hold in larger, more variable
populations.

DISCUSSION

The secondary aim of this review was to identify gaps in current knowledge
and to gauge the feasibility of pooling data for meta-analysis. The latter might

As the most recent systematic review of all modern, English-written, peer reviewed

lead to more robust and/or generally applicable sex estimation methods. Pooling

publications on sex estimation using the pelvis, our results provide interesting

of the revised data is however impossible due to the large differences in the way

insights into this particular subject.

methods and results are being reported, especially in the osteometric publications.

Of the vast number (n=5148) of initially identified publications, only 69 met our

Many varied with regard to nomenclature and measurements used. Additionally, the

inclusion criteria. This was an unexpected low number, since the in- or exclusion

combinations of variables to achieve the best classification accuracies differed per

criteria which incorporated up-to-date knowledge on population specificity and

population group. This is understandable, since the level of sexual dimorphism per

statistics (77-79), arguably constituted a minimum standard for contemporary

variable differs per population (84). However, the result is that a meta-analysis of

forensic anthropology papers. Remarkably, only a third (n=21) of the included

these publications is currently not possible.

publications (n=69) met the additional quality standards of cross validation and

Although most pronounced in the publications reporting osteometric methods,

assessment of intra- and inter-observer variation. Most of these publications

the publications using morphological methods presented with similar problems.

stemmed from the last decade. This suggests a shift towards methodologically

Again, many publications used a personal blend of variables to come to a maximum

more comprehensive studies, in line with the increased scrutiny placed on forensic

accuracy, hampering meta-analysis. Assisted by its clear methodology, only one

science in general (80-82). Besides being motivated by these developments, the

method (69) was tested across multiple populations by other authors (13, 73, 75).

increased use of cross validation may be aided by the improvement in statistics and

When using the formula from the original publication on various other populations,

statistical programs.

the method performed equally well. This means that this method is the closest to

The 21 publications that performed cross validation and have known intra- and

being a universal method in line with Daubert-like standards.

inter-observer variations reported varying accuracies and represented numerous

To aide meta-analysis in the future, a few recommendations for a more uniform

different population groups, originating from Australia, China, Colombia, France,

reporting of sex estimation methods are suggested. Clear information on the source

Greece, Italy, Japan, South Africa (Black and White), Spain, Switzerland, Thailand,

of the population/reference material should be provided and detailed demographic

and USA (Hispanic and pooled). Of these however, only eight could live up to the once

information (i.e. sample age distribution, sample size and sex distributions) should

suggested, but rather steep accuracy threshold of 95% (83). These eight publications

be included. For comparison, well-documented or at least previously studied

represent population groups derived from Australia (56), Japan (60), (41), Italy (38),

variables should be included in the analysis. Besides for reporting classification

Spain (55) Switzerland (12) and USA pooled (12, 13, 50). Since all accuracies larger

accuracies, the method for assessing intra- and inter-observer variation and the

than 50% can theoretically add some information to the biological profile, any method

results of cross-validation (either via a statistical method or a test population) should

32
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be clearly documented and explained. Additionally, when reporting the performance
of the cross-validated accuracies of the sex estimation method, the accuracy bias
between males and females should be recorded.
Ongoing innovation of forensic anthropological sex estimation techniques was
illustrated by the steady increase in the use of indirect data acquisition approaches.
This is probably largely due to the increased accessibility to radiological imaging (e.g.
CT scanners and conventional X-rays) and the increased availability of advanced
reconstruction- and measurement software. Additional reasons to use indirect
approaches are related to the limited number of available representative skeletal
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Appendix 1: Search Strategy per database
Ovid MEDLINE(R) ALL <1946 to September 12, 2018>
Search date: 13 September 2018
#

Searches

Results

1

sex*.ab,kf,ti. [sex]

662846

2

three-dimensional imaging/ or tomography/ or electron microscope tomography/
or exp tomography, emission-computed/ or exp tomography, optical/ or exp
tomography, x-ray/

542287

3

(3d or ct scan* or compute? tomograph* or ct based or ct imag*).ab,kf,ti.

426315

4

2 or 3 [relevant imaging]

762450

5

Pelvic Bones/ or exp Pelvis/ or pelvic floor/ or pubic bone/ or pelvimetry/

36184

6

(pelvis or pelvic or innominate or os cox* or sacrum or hip bone? or subpubic angle
or coxal bone? or ilium or pubic or ischial or ischium or sciatic notch or hip bone?).
ab,kf,ti.

140042

7

pelvic floor disorders/ or exp pelvic pain/ or exp pelvic infection/ or pelvic
neoplasms/

20747

8

(parametritis or (pelvic adj3 (pain or infection? or neoplasm? or disorder?))).ab,kf,ti.

12784

9

or/5-8 [pelvis broad concept]

157400

10

1 and 4 and 9

480

11

Sex Determination Analysis/ or forensic anthropology/

7764

12

((determin* adj2 sex) or biological profil* or forensic anthropology).ab,kf,ti.

13035

13

(identif* adj2 sex*).ab,kf,ti.

3415

14

(discriminant analysis/ or exp anthropology/) and sex characteristics/

1169

15

(diagnos* adj2 sex).ab,kf,ti. and sex characteristics/

98

16

Sex Determination by Skeleton/

482

17

Sex Determination Processes/

3540

18

(sex* adj2 dimorph*).ab,kf,ti.

13087

19

(sex estimation or sex predict* or sex assessment or sex classification or (sex adj2
indicat*)).ab,kf,ti.

2697

20

or/11-19 [sex testing]

36798

21

sex characteristics/

50346

22

(sex adj2 difference?).ab,kf,ti.

38034

23

(sex adj2 (discrimination or discriminating or discriminator?)).ab,kf,ti.

745

24

or/21-23 [sex differences]

79189

25

or/11-19,21-23 [sex testing & differences]

105288

26

exp Pelvic Bones/ or exp Pelvis/ or pelvic floor/ or pubic bone/ or pelvimetry/ or
sacrum/

60092

27

(pelvis or pelvic or innominate or os cox* or sacrum or hip bone? or subpubic angle
or coxal bone? or ilium or pubic or ischial or ischium or sciatic notch or acetabulum
or sacrum or sacral).ab,kf,ti.

157216

28

pelvic floor disorders/ or exp pelvic pain/ or exp pelvic infection/ or pelvic
neoplasms/

20747

29

(parametritis or (pelvic adj3 (pain or infection? or neoplasm? or disorder?))).ab,kf,ti.

12784

2
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Ovid Embase Classic+Embase <1947 to 2018 September 12>
Search date: 13 September 2018

Ovid Embase Classic+Embase <1947 to 2018 September 12>
Search date: 13 September 2018

#

Searches

Results

#

Searches

Results

30

exp skeleton/

735384

24

or/21-23 [sex differences]

59929

or/11-19,21-23 [sex testing & differences]

99762

31

limit 30 to yr=”1900 - 1998”

349627

25

32

or/26-29,31 [pelvis broad concept]

517860

26

exp pelvis/ or exp pelvic girdle/ or x ray pelvimetry/ or pelvimetry/

119731

33

25 and 32

2518

27

219566

34

(fordisc or phenice).ab,kf,ti.

28

(pelvis or pelvic or innominate or os cox* or sacrum or hip bone? or subpubic angle
or coxal bone? or ilium or pubic or ischial or ischium or sciatic notch).ab,kw,ti.

2928

pelvic floor disorder/ or exp pelvic pain/ or exp pelvic inflammatory disease/ or exp
pelvis tumor/

41300

10 or 33 or 34

28

35
36

animals/ not humans/

4461144

29

(parametritis or (pelvic adj3 (pain or infection? or neoplasm? or disorder?))).ab,kw,ti.

19888

37

35 not 36

2529

30

exp skeleton/

20712

1

sex*.ab,kw,ti. [sex]

904324

31

limit 30 to yr=”1900 - 1998”

9843

tomography/ or computer assisted tomography/ or exp emission tomography/ or
optical coherence tomography/ or whole body tomography/ or three dimensional
imaging/

914921

32

or/26-29,31 [pelvis broad concept]

285424

33

25 and 32

1608

3

(3d or ct scan* or compute? tomograph* or ct based or ct imag*).ab,kw,ti.

587655

34

(fordisc or phenice).ab,kw,ti.

57

4

2 or 3 [relevant imaging]

1162630

35

10 or 33 or 34

2632

(animal/ or animal experiment/ or animal model/ or nonhuman/ or rat/ or mouse/ or
(rat or rats or mouse or mice).ti.) not human/

6450026

2

5

exp pelvis/ or exp pelvic girdle/ or x ray pelvimetry/ or pelvimetry/

119731

36

6

(pelvis or pelvic or innominate or os cox* or sacrum or hip bone? or subpubic angle
or coxal bone? or ilium or pubic or ischial or ischium or sciatic notch or hip bone? or
acetabulum or sacrum or sacral).ab,kw,ti.

247478

37

35 not 36

2391

38

remove duplicates from 37

2362

7

pelvic floor disorder/ or exp pelvic pain/ or exp pelvic inflammatory disease/ or exp
pelvis tumor/

41300

8

(parametritis or (pelvic adj3 (pain or infection? or neoplasm? or disorder?))).ab,kw,ti.

19888

9

or/5-8 [pelvis broad concept]

295422

10

1 and 4 and 9

1120

11

exp Sex Determination/ or physical anthropology/ or forensic anthropology/

17573

12

((determin* adj2 sex) or biological profil* or forensic anthropology).ab,kw,ti.

15838

13

(identif* adj2 sex*).ab,kw,ti.

4300

14

(discriminant analysis/ or exp anthropology/) and sex differentiation/

72

15

(diagnos* adj2 sex).ab,kw,ti. and sex differentiation/

14

16

Sex Determination by Skeleton/

10241

17

Sex Determination Processes/

733

18

(sex* adj2 dimorph*).ab,kw,ti.

15350

19

(sex estimation or sex predict* or sex assessment or sex classification or (sex adj2
indicat*)).ab,kw,ti.

3617

20

or/11-19 [sex testing]

47335

21

sex differentiation/

10052

22

(sex adj2 difference?).ab,kw,ti.

50731

23

(sex adj2 (discrimination or discriminating or discriminator?)).ab,kw,ti.

491

40

2

Web of Science: Social Citation Index
Search date: 13 September 2018
#1

TS= (sex* AND (3d or ct scan* or compute? tomograph* or ct based or ct imag*) AND 56
(pelvis or pelvic or innominate or os cox* or sacrum or hip bone? or subpubic angle
or coxal bone? or ilium or pubic or ischial or ischium or sciatic notch or hip bone? or
acetabulum))

#2

TS= ((Sex Determination Analysis or forensic anthropology or physical anthropology
or biological profile or sex determination or sex identification or sex characteristics
or sex prediction or sex classification or sex differences or sex discriminators) AND
(pelvis or pelvic or innominate or os cox* or sacrum or sacral bone or hip bone? or
subpubic angle or coxal bone? or ilium or pubic or ischial or ischium or sciatic notch
or pelvic floor disorder or pelvic pain or pelvic inflammatory disease or pelvis tumor))

440

#3

#2 OR #1

466

Indexes=SSCI Timespan=All years

41

42
Thailand

Japan

India

South African
Coloured

Dry bone

Raghavendra, K. M.,
et al (2017)

Dry bone
Dry bone

Mahakkanukrauh,
P., et al. (2017) *
Bruzek J., et al.
(2017)

Dry bone

Dry bone

Shreekrishna, H. K.,
et al. (2013)

Kimura, K. (1982)

Dry bone

Shreekrishna, H. K.,
et al. (2012)

Dry bone

Dry bone

Mahato, N. (2010) *

Kimura, K. (1982)

Dry bone

Singh, S. and B. R.
Potturi (1978)

Dry bone

Dry bone

Bruzek J., et al.
(2017)
Bruzek J., et al.
(2017)

Dry bone

Steyn, M. and M. L.
Patriquin (2009) *

Dry bone

Bruzek J., et al.
(2017)
Dry bone

Dry bone

Steyn, M. and M. L.
Patriquin (2009) *

Patriquin, M. L., et
al. (2005) *

Dry bone

Modality

Patriquin, M. L., et
al. (2005) *

Author (s) and
Year

n= 101 (53:48)

n= 200 (100:100)

n= 103 (52:51)

n= 103 (52:51)

n= 200 (100:100)

n= 150 (75:75)

n= 100 (50:50)

n= 195 (110:85)

n= 200 (100:100)

n= 56(27:29)

n= 157 (79:78)

n= 200 (100:100)

n= 200 (100:100)

n= 57 (29:28)

n= 200 (100:100)

n= 200 (100:100)

Sample size:
Total (male:female)

No

Test population

No

No

No

No

No

DFA

No

No

No

DFA

DFA

No

DFA

DFA

Crossvalidation

Previous publication
with same author

Yes

No

No

No

No

No

No

No

Previous publication
with same author

Previous publication
with same author

Previous publication
with same author

No

Previous publication
with same author

Previous publication
with same author

No

Intra-/inter-observer
analysis

100,00%

96.9% (96.3% males; 97.5%
females)

96,70%

75,30%

22.5% (11.0% males; 34.0%
females)

67.0% (56.0% males; 78.0%
females)

84.0% (86.0% males; 82.0%
females)

77.5% (75.0% males; 80.0%
females)

88.8% (81.5%males; 96.0%
females)

100,00%

100,00%

94.0% (94.9%males; 92.0%
females)

93.5% (97.0% males; 90.0%
females)

100,00%

94.5% (92.1%males; 96.9%
females)

95.5% (93.0% males; 98.0%
females)

Best accuracy: Average
(male;female splt)

Dry bone

Bruzek J., et al.
(2017)

North
America

Dry bone

Quatrehomme, G.,
et al. (2017)

Dry bone

Steyn, M. and M. L.
Patriquin (2009) *

Flander, L. B.
(1978)

Kelley, M. (1979)

Bruzek J., et al.
(2017) *

Switzerland
USA White

Bruzek J., et al.
(2017)

MacLaughlin, S.
M. and M. F. Bruce
(1986)

Bruzek J., et al.
(2017)

Dry bone

Dry bone

Dry bone

Dry bone

Dry bone

Dry bone

Dry bone

Dry bone

Steyn, M. and M. Y.
Iscan (2008) *

Vacca, E. and G. Di
Vella (2012) *

Dry bone

Papaloucas, C., et
al. (2008)

Portugal

Netherlands

Lithuania

Italy

Greece

Dry bone

Macaluso, P. J.
(2010)

France

Dry bone

Seidler, H. (1980)

Austria

Modality

Europe

Author (s) and
Year

Country/Population
Group

Continent

n= 100 (50:50)

n= 200 (100:100)

n= 503 (253:250)

n= 116 (51:65)

n= 140 (74:66)

n= 111 (54:57)

n= 86 (40:46)

n= 192 (97:95)

n= 192 (97:95)

n= 200 (100:100)

n= 80 (49: 31)

n=51

n= 82(46:36)

n= 216 (133:83)

Sample size:
Total (male:female)

No

No

Yes

No

No

No

Yes #

Yes #

Yes #

No

No

No

No

No

Crossvalidation

Yes

No

Yes ±

Yes ±

Yes

Yes ±

Yes

Yes ±

Yes

Yes

Yes ±

Yes ±

Yes

No

Intra-/inter-observer
analysis

43

84.0% (80.0% males; 88%
females)

90% (91% males; 88%
females)

98,10%

100,00%

76.4% (77% males; 75.7%
females)

100,00%

100% (100.0% males; 100.0%
females)

94.1% (97.7%males; 90.5%
females)

93.5% (96.5% males; 89.7%
females)

99,00%

100,00%

92.9% (100.0% males; 85.7%
females)

85.4% (82.6% males and
88.9% females)

100% (100.0% males; 100.0%
females)

Best accuracy: Average
(male;female splt)
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Asia

South African White

Africa

South African Black

Country/Population
Group

Continent
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USA Hispanic

USA Black

Country/Population
Group

Dry bone

Dry bone
Dry bone

Taylor, J. V. and
R. DiBennardo
(1984) *
Bruzek J., et al.
(2017)
Bruzek J., et al.
(2017)
Dry bone

Dry bone

Schulter-Ellis, F. P.,
et al. (1983)

Gomez-Valdes, J.
A., et al. (2011)

Dry bone

Kimura, K. (1982)

Dry bone

Bruzek J., et al.
(2017)

Dry bone

Dry bone

Bruzek J., et al.
(2017)

Kimura, K. (1982)

Dry bone

Schulter-Ellis, F. P.,
et al. (1985)

Dry bone

Dry bone

Taylor, J. V. and
R. DiBennardo
(1984) *

Flander, L. B.
(1978)

Dry bone

Kimura, K. (1982)

Dry bone

Dry bone

Kimura, K. (1982)

Kelley, M. (1979)

Modality

Author (s) and
Year

n= 146 (85:61)

n= 100 (49:51)

n= 56 (28:28)

n= 130 (65:65)

n= 100 (50:50)

n= 97 (49:48)

n= 97 (49:48)

n= 100 (50:50)

n= 200 (100:100)

n= 100 (49:51)

n= 56 (28:28)

n= 100 (50:50)

n= 130 (65:65)

n= 103 (52:51)

n= 103 (52:51)

Sample size:
Total (male:female)

No

No

No

Yes ^

No

No

No

No

No

No

No

No

Yes ^

No

No

Crossvalidation

No

Yes ±

Yes ±

No

No

No

No

Yes

No

Yes ±

Yes ±

No

No

No

No

Intra-/inter-observer
analysis

99,10%

98,40%

100,00%

91.0% (92.0% males; 90.0%
females)

96.0% (98.0% males; 94.0%
females)

95,60%

82,70%

91.0% (94.0% males; 88%
females)

91.0% (97.0% males; 84.0%
females)

100,00%

100,00%

98.0% (98.0% males; 98.0%
females)

89.0% (88.0% males; 90.0%
females)

94,30%

80,40%

Best accuracy: Average
(male;female splt)

Global

Greece and South
Africa

Dry bone
Dry bone

Blake K. A. S. &
Hartnett-McCann
K. (2018)

Dry bone

Dry bone

Bruzek J., et al.
(2017)

Steyn, M. and M. L.
Patriquin (2009) *

Machado M. P. S.,
et al (2018)

Brazil

Dry bone

Bruzek J., et al.
(2017) *

Dry bone

Dry bone

Novak, L., et al.
(2012)

Moore, M. K., et al.
(2016) *

Dry bone

Luo, Y. C. (1995) *

Colombia

Dry bone

Washburn, S. L.
(1948)

USA Pooled

Modality

Author (s) and
Year

Country/Population
Group

n= 400 (280:120)

n= 1625 (815:810)

n= 559 (287:272)

n= 103 (53:50)

n= 134 (84:50)

n= 61 (31:30)

n= 198 (97:101)

n= 122 (66:56)

n= 300 (150:150)

Sample size:
Total (male:female)

Yes #

No

Yes #

No

Yes #

Yes

No

Yes ^

No

Crossvalidation

Yes

Yes ±

No

Yes

Yes

Yes ±

Yes

No

No

Intra-/inter-observer
analysis

87.1% (88.0% males; 85.0%
females)

99.65% (110.0% males; 99.3%
females)

94.3% (94.8%males; 93.8%
females)

93.2% (100% males; 82.0%
females)

92.0% (92.1% males; 91.9%
females)

99,00%

76.3% (74.2% males; 78.2%
females)

100.0% (100.0% males;
100.0% females)

90,00%

Best accuracy: Average
(male;female splt)

* = cross-validated, Yes # = cross-validated using DFA or logistic regression, Yes ^= cross-validated using Test Population, Yes ± intra-/inter- observer error assessed in
previous publication with same author

Global

South
America

Continent
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CT Scans
CT Scans
CT Scans

Akhlaghi M., et al (2017)

Biwasaka, H., et al. (2009)
Biwasaka, H., et al. (2012)
Torimitsu, S., et al. (2015) *
Torimitsu, S., et al. (2017) *

Iran

Japan

Lee, U. Y., et al. (2015)

CT Scans

CT Scans

CT Scans

n= 110 (55:55)

n= 230 (115:115)

n= 208 (104:104)

n= 228 (124:104)

n= 180 (91:89)

n= 325 (126:199)

n= 350 (190:160)

n= 400 (200:200)

Sample size:
Total
(male:female)

No

Yes #

Yes #

Department of Anatomy/Catholic
Institute for Applied Anatomy,
College of Medicine, The Catholic
University of Korea

Department of legal medicine of
The University of Tokyo

Department of legal medicine of
The University of Tokyo

No

Yes #

Yes #

Iwate Medical University School of No
Medicine, Japan

No

Yes

Yes

No

No

No

Yes

Yes

CrossIntra-/intervalidation observer
analysis

Iwate Medical University School of No
Medicine, Japan

Sina Hospital (affiliated to Tehran
University of Medical Sciences,
Tehran, Iran)

West China Hospital of Sichuan
University

Western Australian (Perth region)
hospitals

Collection

76,70%

83.5% (81.7% males;
85.2% females)

98.1% (97.1% males;
99.0% females)

94.6% (97.3% males;
91.8% females)

86.5% (84.6% males;
94.4% females)

87,20%

84.9.% (83.2%
males; 86.9%
females)

100.0% (100.0%
males; 100.0%
females)

Best accuracy:
Average
(male;female splt)

USA Pooled

Decker, S. J., et al. (2011) *

CT Scans

Karakas, H. M., et al. (2013) CT Scans

Turkey

CT Scans

CT Scans

Clavero, A., et al. (2015) *
Zech, W. D., et al. (2012)

CT Scans

Djorojevic, M., et al. (2014)
*

Switzerland

CT Scans

Djorojevic, M., et al. (2014)
*

CT Scans

Savall, F., et al. (2015) *

CT Scans

CT Scans

Mestekova, S., et al. (2015)

Lopez-Alcaraz, M., et al.
(2013)

CT Scans

Modality

Bierry, G., et al. (2010)

Author (s) and Year

n= 100 (40:60)

n= 109 (66:43)

n= 95 (49:46)

n= 114 (56:58)

n= 150 (75:75)

n= 150 (75:75)

n= 169 (102:67)

n= 113 (54:59)

n= 106 (52:54)

n= 104 (52:52)

Sample size:
Total
(male:female)

DFA

No

No

No

No

Yes #

Yes #

Yes #

University of South Florida College Yes #
of Medicine

Caucasian adults living in Eastern
Anatolia

Forensic Institute of Bern
University (between 2005 and
2010).

Radiology Dept. at the Hospital
Universitario de Guadalajara

Castilla-La Mancha Health Care
Service

San José Granada Municipal
Cemetery, Southern Spain

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

CrossIntra-/intervalidation observer
analysis

Physical and Forensic
No
Anthropology Laboratory in the
Medical School of the University of
Granada, Spain.

Centre Hospitalier Universitaire
Purpan, place du docteur Baylac,
Toulouse, France.

CT scans taken from patients at
the University North Hospital in
Marseille, France

University Hospital in Strasbourg
(France)

Collection

100.0% (100.0%
males; 100.0%
females)

90.8% (83.7% males;
95.5% females)

78.9% (76.0% males;
83.0% females)

65.8% (62.5% males;
69.0% females)

94,70%

95.9% (97.8% males;
94.0% females)

95,80%

86,80%

94.8% (92.3% males;
97.2% females)

77.9% (78.8% males
and 76.9% females)

Best accuracy:
Average
(male;female splt)

* = cross-validated, Yes # = cross-validated using DFA or logistic regression, Yes ^= cross-validated using Test Population, Yes ± intra-/inter- observer error assessed
in previous publication with same author

North
America

France

Europe

Spain

Country/
Population
Group

Continent

Appendix 3 (continued): Detailed information on all indirect osteometric sex estimation techniques using the pelvis, per continent and per population.

Korea

CT Scans

Zhan M. J., et al (2018) *

China

CT Scans

Asia

Franklin, D., et al. (2014) *

Australia

Modality

Australia

Author (s) and Year

Country/
Population
Group

Continent
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South
African
White

Africa
Dry bone

Dry bone

Dry bone

Dry bone

Dry bone

Dry bone

Patriquin, M. L., et al.
(2003)

Patriquin, M. L., et al.
(2003)

Patriquin, M. L., et al.
(2003)

Patriquin, M. L., et al.
(2003)

Kenyhercz, M. W., et al.
(2017)

Modality

Patriquin, M. L., et al.
(2003)

Author (s) and Year

n= 100 (50:50)

n= 200 (100:100)

n= 200 (100:100)

n= 200 (100:100)

n= 200 (100:100)

n= 200 (100:100)

Sample size:
Total
(male:female)

Pretoria Bone Collection at the
University of Pretoria, South Africa

Pretoria Bone Collection (University of
Pretoria) and Raymond Dart Collection
(University of the Witwatersrand),
South Africa

Pretoria Bone Collection (University of
Pretoria) and Raymond Dart Collection
(University of the Witwatersrand),
South Africa

Pretoria Bone Collection (University of
Pretoria) and Raymond Dart Collection
(University of the Witwatersrand),
South Africa

Pretoria Bone Collection (University of
Pretoria) and Raymond Dart Collection
(University of the Witwatersrand),
South Africa

Pretoria Bone Collection (University of
Pretoria) and Raymond Dart Collection
(University of the Witwatersrand),
South Africa

Collection

No

No

No

No

No

No

Yes

No

No

No

No

No

CrossIntra-/intervalidation observer
analysis

96.0% (96.0% males;
96.0% females)

88.0% (80.0% males;
96.0% females)

67.5% (96.0% males;
39.0% females)

50.5% (93.0% males;
8.0% females)

88.0% (92.0% males;
84.0% females)

64.5% (33.0% males;
96.0% females)

Best accuracy:
Average
(male;female splt)

Continent

Dry bone

Dry bone

Dry bone

Patriquin, M. L., et al.
(2003)

Patriquin, M. L., et al.
(2003)

Kenyhercz, M. W., et al.
(2017)

Dry bone

Dry bone

Patriquin, M. L., et al.
(2003)

Kenyhercz, M. W., et al.
(2017)

Dry bone

Patriquin, M. L., et al.
(2003)

South
African
Pooled

Dry bone

Patriquin, M. L., et al.
(2003)

South
African
Black

Modality

Author (s) and Year

Country/
Population
Group

n= 200 (100:100)

n= 100 (50:50)

n= 200 (100:100)

n= 200 (100:100)

n= 200 (100:100)

n= 200 (100:100)

n= 200 (100:100)

Sample size:
Total
(male:female)

Pretoria Bone Collection at the
University of Pretoria, South Africa

Pretoria Bone Collection at the
University of Pretoria, South Africa

Pretoria Bone Collection (University of
Pretoria) and Raymond Dart Collection
(University of the Witwatersrand),
South Africa

Pretoria Bone Collection (University of
Pretoria) and Raymond Dart Collection
(University of the Witwatersrand),
South Africa

Pretoria Bone Collection (University of
Pretoria) and Raymond Dart Collection
(University of the Witwatersrand),
South Africa

Pretoria Bone Collection (University of
Pretoria) and Raymond Dart Collection
(University of the Witwatersrand),
South Africa

Pretoria Bone Collection (University of
Pretoria) and Raymond Dart Collection
(University of the Witwatersrand),
South Africa

Collection

No

No

No

No

No

No

No

Yes

Yes

No

No

No

No

No

CrossIntra-/intervalidation observer
analysis

97.0% (98.0% males;
96.0% females)

98.0% (100.0% males;
96.0% females)

84.5% (81.0% males;
88.0% females)

66.0% (92.0% males;
40.0% females)

56.0% (93.0% males;
19.0% females)

84.0% (94.0% males;
74.0% females)

87.5% (91.0% males;
84.0% females)

Best accuracy:
Average
(male;female splt)
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n= 136 (72:64)

Oikonomopoulou E. K., et
al (2017) *
MacLaughlin, S. M. and M. Dry bone
F. Bruce (1986)
MacLaughlin, S. M. and M. Dry bone
F. Bruce (1990)

Greece
Netherlands

USA White

Dry bone
Dry bone

Phenice, T. W. (1969)
Listi, G. A. and H. E.
Bassett (2006)

MacLaughlin, S. M. and M. Dry bone
F. Bruce (1990)

Scotland

Dry bone

Bruzek, J. (2002)

Portugal

Dry bone

Dry bone

n= 473 (314:159)

n= 203 (160:43)

n= 52 (28:24)

n= 240 (106:134)

n= 194 (106:88)

n= 162 (98:64)
Yes #

No

No

No

No

No

William M. Bass Donated Collection
No
housed at the University of Tennessee,
the Robert J. Terry Anatomical Skeletal
Collection housed at the National
Museum of Natural History, and the
Donated Forensic Collection housed at
Louisiana State University.

"Terry Collection of the Smithsonian
Institution, Washington, USA"

Department of Anatomy, University of
Aberdeen, Scotland

Portuguese skeletal collection
(Bocquet et al., 1978)

Department of Anatomy and
No
Embryology at the University of Leiden,
The Netherlands

No

No

No

No

No

No

Yes

No

Yes

CrossIntra-/intervalidation observer
analysis

Department of Anatomy and
No
Embryology at the University of Leiden,
The Netherlands

The University of Athens Human
Skeletal Reference Collection

French skeletal collections (Carre,
1978; Olivier, 1972)

Khon Kaen University, Thailand

Collection

94.8% (93.5% males;
96.0% females)

97.8% (95.6% males;
100.0% females)

75.3% (71.4% males;
79.2% females)

93.4% (94.2% males;
92.6% females)

72.0% (76.4% males;
67.6% females)

89.0% (95.9% males;
81.0% females)

94.2% (95.8% males;
92.6% females)

96.0% (96.8% males;
95.2% females)

98.4% (98.9% males;
97.8% females)

Best accuracy:
Average
(male;female splt)

Continent

USA Black

Country/
Population
Group

Dry bone

Listi, G. A. and H. E.
Bassett (2006)

Dry bone

Kenyhercz, M. W., et al.
(2017)

Dry bone

Dry bone

Listi, G. A. (2010)

Phenice, T. W. (1969)

Modality

Author (s) and Year

N= 403 (250:153)

n= 72 (20:52)

n= 980 (579:401)

n= 200 (100:100)

Sample size:
Total
(male:female)

No

No

William M. Bass Donated Collection
No
housed at the University of Tennessee,
the Robert J. Terry Anatomical Skeletal
Collection housed at the National
Museum of Natural History, and the
Donated Forensic Collection housed at
Louisiana State University.

"Terry Collection of the Smithsonian
Institution, Washington, USA"

Hamann-Todd Human Osteological
Collection housed at the Cleveland
Museum of Natural History, the
Robert J. Terry Anatomical Skeletal
Collection from the Smithsonian
Institute, the William M. Bass
Donated Skeletal Collection at the
University of Tennessee, Knoxville,
identified forensic cases from the
Department of Applied Forensic
Sciences at Mercyhurst University,
and the Hartnett–Fulginiti Pubic Bone
Collection at the Maricopa County
Office of the Medical Examiner in
Phoenix, Arizona

No

No

Yes

Yes

CrossIntra-/intervalidation observer
analysis
William M. Bass Donated Collection
No
housed at the University of Tennessee,
the Robert J. Terry Anatomical Skeletal
Collection housed at the National
Museum of Natural History, and the
Donated Forensic Collection housed at
Louisiana State University.

Collection

96.0% (97.0% males;
95.0% females)

94.6% (95.0% males;
94.2% females)

95.4% (96.0% males;
94.5% females)

96.5% (98.5% males;
94.5% females)

Best accuracy:
Average
(male;female splt)

Appendix 4 (Continued): Detailed information on all direct morphological sex estimation techniques using the pelvis, per continent and per population.

North
America

n= 140 (74:66)

Bruzek, J. (2002)

n= 141 (96:45)

France

Dry bone

Europe

Kenyhercz, M. W., et al.
(2017)

Sample size:
Total
(male:female)

Thailand

Modality

Asia

Author (s) and Year

Country/
Population
Group

Continent
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Klales, A. R., et al. (2012) * Dry bone

USA Pooled

Dry bone

Dry bone

Kenyhercz, M. W., et al.
(2017)

Klales, A. R. & Cole, S. J.
(2017) *

Dry bone

Modality

Listi, G. A. (2010)

Author (s) and Year

USA
Hispanic

Country/
Population
Group

n= 140 (86:54)

n= 55 (27:28)

n= 548 (294:254)

n= 200 (100:100)

Sample size:
Total
(male:female)

No

Hamann-Todd Collection at the
Cleveland Museum of Natural History
and W.M. Bass Donated Skeletal
Collection housed at the University of
Tennessee, Knoxville

Yes

Forensic Anthropology Center at Texas Yes
State, Texas State University, San
Marcos, TX and Texas State University
Donated Skeletal Collection

Hamann-Todd Human Osteological
Collection housed at the Cleveland
Museum of Natural History, the
Robert J. Terry Anatomical Skeletal
Collection from the Smithsonian
Institute, the William M. Bass
Donated Skeletal Collection at the
University of Tennessee, Knoxville,
identified forensic cases from the
Department of Applied Forensic
Sciences at Mercyhurst University,
and the Hartnett–Fulginiti Pubic Bone
Collection at the Maricopa County
Office of the Medical Examiner in
Phoenix, Arizona

Yes

Yes

Yes

Yes

CrossIntra-/intervalidation observer
analysis

William M. Bass Donated Collection
No
housed at the University of Tennessee,
the Robert J. Terry Anatomical Skeletal
Collection housed at the National
Museum of Natural History, and the
Donated Forensic Collection housed at
Louisiana State University.

Collection

93.5% (95.4% males;
91.6% females)

94.2% (96.2% males;
92.3% females)

96.7% (97.6% males;
95.7% females)

95.3% (98.0% males;
92.5% females)

Best accuracy:
Average
(male;female splt)

Continent

Country/
Population
Group

Modality

Dry bone

Dry bone

Dry bone

Dry bone

Dry bone

Author (s) and Year

Novak, L., et al. (2012)

Wescott, D. J. (2015)

Kenyhercz, M. W., et al.
(2017) *

Karsten J. K. (2018)

Lesciotto K. M. &
Doershuk L. J. (2018)

n= 279 (140:139)

n= 500 (261:239)

n= 1527
(873:654)

n= 322 (181:141)
individuals (181
males and 141
females

n= 198 (97:101)

Sample size:
Total
(male:female)

Hamann-Todd skeletal collection
housed at the Cleveland Natural
History Museum, USA

Hamann-Todd skeletal collection
housed at the Cleveland Natural
History Museum, USA

Hamann-Todd Human Osteological
Collection housed at the Cleveland
Museum of Natural History, the
Robert J. Terry Anatomical Skeletal
Collection from the Smithsonian
Institute, the William M. Bass
Donated Skeletal Collection at the
University of Tennessee, Knoxville,
identified forensic cases from the
Department of Applied Forensic
Sciences at Mercyhurst University,
and the Hartnett–Fulginiti Pubic Bone
Collection at the Maricopa County
Office of the Medical Examiner in
Phoenix, Arizona

Terry Collection at the Department
of Anthropology of the Smithsonian
Institution and W.M. Bass Donated
Skeletal Collection housed at the
University of Tennessee, Knoxville

William M. Bass Donated Skeletal
Collection and Robert J. Terry
Anatomical Collection

Collection

No

No

Yes

No

No

Yes

Yes

Yes

Yes

Yes

CrossIntra-/intervalidation observer
analysis

73.2% (50.7% males;
95.7% females)

75.8% (62.8% males;
90.0% females)

95.8% (96.8% males;
94.5% females)

83.1% (99.5% males;
66.7% females)

88.4% (90.7% males;
96.1% females)

Best accuracy:
Average
(male;female splt)
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Bruzek, J. (2002)

Dry bone

Dry bone

Kenyhercz, M. W., et al.
(2017)

France and
Protugal
Pooled

Dry bone

Gomez-Valdes, J. A., et al.
(2017)

Mexico

Modality

Author (s) and Year

Country/
Population
Group

n= 402 (204:198)

n= 48 (24:24)

n= 146 (84:62)

Sample size:
Total
(male:female)

French skeletal collections (Carre,
1978; Olivier, 1972) and Portuguese
skeletal collection (Bocquet et al.,
1978)

Unidentified border crosser (UBC)
sample was collected at the Forensic
Anthropology Center at Texas State
University. The UBC sample consists
of unidentified migrants who died
crossing the U.S.–Mexico border.
The demographic information
for these individuals was inferred
based on a number of variables.
Sex was determined via DNA or
visual assessment of genitalia. For
the remaining individuals, sex was
estimated based on artifacts and
metric analyses

Mestizo individuals from Mexico City
from the Osteological Collection of
the National Autonomous University
of Mexico (UNAM-Collection), in the
Physical Anthropology Laboratory,
Department of Anatomy, School of
Medicine

Collection

No

No

No

No

Yes

No

CrossIntra-/intervalidation observer
analysis

94.4% (95.4% males;
93.3% females)

98.6% (95.8% males;
87.5% females)

100% (100.0% males;
100.0% females)

Best accuracy:
Average
(male;female splt)

Author (s) and Year

Kenyhercz, M. W., et al.
(2017)

Country/
Population
Group
Global

Dry bone

Modality

n= 1915
(1092:823)

Sample size:
Total
(male:female)

Hamann-Todd Human Osteological
Collection housed at the Cleveland
Museum of Natural History, the
Robert J. Terry Anatomical Skeletal
Collection from the Smithsonian
Institute, the William M. Bass
Donated Skeletal Collection at the
University of Tennessee, Knoxville,
identified forensic cases from the
Department of Applied Forensic
Sciences at Mercyhurst University,
and the Hartnett–Fulginiti Pubic Bone
Collection at the Maricopa County
Office of the Medical Examiner in
Phoenix, Arizona, unidentified border
crosser (UBC) sample was collected
at the Forensic Anthropology Center
at Texas State University and Pretoria
Bone Collection at the University of
Pretoria, South Africa

Collection

No

Yes

CrossIntra-/intervalidation observer
analysis

95.9% (96.8% males;
94.8% females)

Best accuracy:
Average
(male;female splt)

* = cross-validated, Yes # = cross-validated using DFA or logistic regression, Yes ^= cross-validated using Test Population, Yes ± intra-/inter- observer error assessed in previous
publication with same author

Continent

Appendix 4 (continued): Detailed information on all direct morphological sex estimation techniques using the pelvis, per continent and per population.

Global

Continent

Appendix 4 (continued): Detailed information on all direct morphological sex estimation techniques using the pelvis, per continent and per population.
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56
Australia

Australia

Johnstone-Belford, E., et
al. (2018)

Author (s) and Year

CT
Scans

Modality

n= 448 (226:222)

Sample size:
Total
(male:female)
Various Western Australian hospitals
pelvic clinical evaluations

Collection

No

Yes

CrossIntra-/intervalidation observer
analysis

92.4% (87.6% males;
97.3% females)

Best accuracy:
Average
(male;female splt)

* = cross-validated, Yes # = cross-validated using DFA or logistic regression, Yes ^= cross-validated using Test Population, Yes ± intra-/inter- observer error assessed in previous
publication with same author

Country/
Population
Group

Continent

Appendix 5: Detailed information on all indirect morphological sex estimation techniques using the pelvis, per continent and per population.

The performance of sex estimation methods using pelvis, per geographic region

2

57

