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With 8 tables

Abstract: Objectives: The aim of this study is to evaluate the internal consistency of sex estimation using metric (long 
bone length) and morphological (os coxae -

Materials and Methods: Sex was estimated using characteristics of the pelvis and compared 

to the coincidence between the pelvis and long bone length sex estimations using functions developed from contemporary 

Results:

Discussion:

Keywords:

1 Introduction

-

in bone dimensions develops just before sexual maturity 
and is related to faster growth in females and an extension 

Willner & 

-

-
th century and a rapid 

th
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-

th to the 
th ) and has not been fre-

 examined the 
sexual dimorphism in the femur using several measure-

 assessed sex using the maximum 
Wasterlain & Cunha 

 developed methods to diagnose sex based on the 
vertical diameter of the femoral head and the vertical 

 also anal-
ysed the sexual dimorphism in the maximum length of the 

 evaluated the sexual dimorphism 

the humerus was also explored as a sex discriminant in 

 also used the Luis Lopes 
Garcia 

 tested the validity of the circumference at the nutri-
ent foramen of the tibia for sex in the Lisbon Collection 

sex ( ) as well as 
Curate 

The aim of this study is to test whether sex estimation 
using long bone length methods corresponds to sex estima-
tion using os coxae morphology in archaeological collec-

-
tions correspond to morphology methodologies (os coxae) in 

equations developed from contemporary and archaeological 

2 Material and methods

the long bone length of contemporary and archaeological col-

(

were accessed online at the Welcome Osteological Research 
Database ( -

Table 1. Collections used for this study.

Country City Site ID Chronology
Number of 

females
Number of 

males
Total

Tomar
Olival

th th 
centuries

th th 
centuries

Cruz

th th 
centuries

Lisbon Rua dos Lagares RL
th 

centuries

Sintra
Odrinhas

th th 
centuries

U
ni

te
d 

K
in

gd
om

London

th th 
centuries

Spital Square
th th 

centuries

cemetery

th century

St Benet Sherehog
th th 

centuries

Total
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cal samples were added to this study to further explore sex 

the methods developed by  and 

-

-

The long bone length was chosen for this study as it is 
the most registered measurement during archaeological 

-

-
sured using an osteometric board (

left side but when it was not possible measurements from 

-

-
-

Descriptive statistical analysis was carried out for each long 

males was compared to the length of the long bones from 
-

ment as to whether long bone length in these samples was 

also calculated ( ) to better 

-
tions developed from the maximum length of the humerus 
(
radius ( ) and tibia 

bone length was then compared to sex estimation using os 
coxae ( ) and a per-

using sex estimations based on morphological features of 
os coxae (
os coxae
bones (

) which bias the functions 
developed from Tomar’s collection as the sex was estimated 
using feature from the os coxae

Tomar’s archaeological excavation occurred in two 
-

-

higher socioeconomic status them those buried further from 

but it was not possible to measure all long bones for all the 

in adult individuals (see 

function for sex estimation:

  

 – intercept term

i – slope (expected increment in the response per unit 
change in x)
xi – full length of the bone

By applying the expression:

 

p – the probability of being male
 – intercept term

i – slope (expected increment in the response per unit 
change in x)
xi – full length of the bone

x
-

ized canonical discriminant functions at group centroids 

3 Results

3.1 Intra- and inter-observer errors

same researcher (intra-observer technical error of measure-
-

ments (
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3.2 Descriptive statistics
The descriptive statistics and the univariate F ratio to measure 

are shown in 
p

p p -

(

3.3 Discriminant functions
-

 – intercept 

i ) can also be used to calculate the 
-

The value calculated above suggests that there is a probabil-

followed by the models of functions F and G (
-

) and give better sex coincidence for the females than 
males (

(

3.4 Coincident sex estimations
When applying these functions to the other collections 
(  and ) the percentages of coincident sex esti-

(

-

-

-

While the humerus length shows coincident percent-

 func-

presented by 

-
 and 

 functions using the radius had higher 

Table 2. Intra- and inter-observer technical error of measure-

TEM %TEM R

Humerus

Radius

Femur

Tibia

Humerus

Radius

Femur

Tibia
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Table 3. Sample size (n), mean, standard deviation (SD), F ratios, p-values and sexual dimorphism index (SDI) for the long bones of 
the collections tested (full names of the archaeological sites in Table 1).

Maximum length
Females Males

F ratio p-value SDI
n Mean SD n Mean SD

Humerus

Radius 1.11

Femur

Tibia

Humerus

Radius 1.13

Femur

Tibia

RL Humerus

Radius 1.13

Femur

Tibia

Humerus

Radius 1.08

Femur

Tibia

Humerus 1.15

Radius

Femur

Tibia

Humerus 1.09

Radius 1.09

Femur

Tibia

Humerus

Radius 1.12

Femur

Tibia

Humerus 1.10

Radius 1.10

Femur

Tibia

Humerus

Radius 1.11

Femur 1.11

Tibia

Humerus

Radius 1.12

Femur

Tibia 1.12
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Table 4. 0 i – slope).

A B C D E F G H I J K

N 175 529 242 711 547 203 228 727 271 842 785

i Humerus

Radius

Femur

Tibia

Table 5.

value
value 
(mm)

N
Predicted Group Membership Akaike 

Information 
Criterion (AIC)

Original group (%) Cross-validated (%)

Females Males Total Females Males Total Females Males Total

B

C

D

F

G

H

J

K

For the lower limb (
maximum length was only calculated using Tomar’s func-

-

 

4 Discussion

) suggests that when 

-

for the radius than the other bones (
-

) is compara-
ble with the predicted cross-validated percentage (

-

-
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Table 6. Percentage of coincident sex estimations (%CE) using the functions developed from SMOL.B sample.

A B C D E F G

F
em

al
e

N

100 100 100

RL N

92

N

N

100 80 100

N

N

100

N

N

81

N

90 90 81 100 88 83

N

100 85 100

RL N

87

N

N

86 86 88

N

N

81

N

N

84

N

100 100 100 100 91 93

Full names of the archaeological sites in 

data (
-

Using a larger number of bones to estimate sex does not 
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-

membership (

-

cross-validated percentage of predicted group membership 
(

) also shows the lowest highest cross-validated 

Table 7.

Humerus Radius

N

Kranioti & 
Michalodimitrakis 

2009

Charisi 
et al. 2011

Tomar
N

Charisi 
et al. 2011

Wasterlain 
2000

Tomar

%CE %CE %CE %CE %CE %CE

F
em

al
e

RL

RL

80 85

86 84 84 84

RL 76 76 76 84

76 77 77

88 88 88 89

84 84 86

91 90

84 84 86

88 87 87

90 90 93

Full names of the archaeological sites in 
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percentage of a predicted group membership and the highest 

) 

) 
and lower (

 and ) 
than for multiple bone functions (
related to the smaller sample sizes allowing to measure more 

Both  and Charisi 
 functions to estimate sex from the humerus 

-
lated for the humerus (

Table 8.

Femur Tibia

N
Tomar

N
Bruzek 1995 Kranioti et al. 2017 Tomar

%CE %CE %CE %CE

F
em

al
e

RL

RL

77 77

86

RL 87

86

80 80

75

85

76 76 76

87

87 87

Full names of the archaeological sites in 
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economic status were buried inside or closer to the church 

 and -
-

tions (

compared to that of the methods might be more appropriate 

calculate the probability of being male or female and classify 
the individual as undetermined sex if the results are not con-
clusive as well as choose methods with similar mean mea-

collections usually used to develop methods and archaeolog-

th century and a rapid increase 
nd th century (Cardoso & Gomes 

-

( -
ple it may be important to choose a method for each bone 

study gave better coincident sex estimations than Tomar’s 

important aspect when choosing a metric method to estimate 

-

rates of growth between the sexes (
-

ity patterns ( ) and general secular trends 
) can also have an 

-
-

related with food security and higher female status (Gleeson 

Study limitations
The most important limitation of this study was the fact that 

-
viduals was estimated through morphological methods based 

those used to build the functions and the other ones being 

os coxae have high 

th th century to 

morphological features of the os coxae (

pelvic features have been recorded by several researchers 

(

some samples when estimating sex (  and 

a response to intense physical activity (Forriol & Shapiro 
) but have been suggested to dis-

sex estimated using os coxae to that estimated using epiphy-

5 Conclusions

The percentage of coincident sex estimations varied 
greatly among the tested functions depending on the collec-

-

-
ings that have shown sexual dimorphism of long bones to be 

) even within 

Forensic metric methods for sex estimation based on long 
-
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used with care and results should always be accompanied 
-

Tomar’s functions can be used to estimate sex in other 

particularly if accompanied by a very high or low probability 

os coxae 
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