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Abstract

The growth of five variables of the ischiopubic area was analyzed from bone material from birth to old age. The main purpose was to evaluate its
significance and capacity for age and sex determination during and after growth. The material used consisted of 327 specimens from four
documented Western European collections. Growth curves were calculated by polynomial regression for two classical variables of the ischiopubic
area (pubis length and ischiopubic index) and three new variables of the pubic acetabular area (horizontal and vertical diameter of the pubic
acetabular area and the pubic acetabular index).

None of the curves showed lineal growth, with the exception of the ischiopubic index and the masculine vertical diameter of the pubis acetabular
area. Pubis length has the most complicated growth, expressed by a five-degree polynomial. All the variables are useful for adult sex determination,
except the pubic acetabular index. The ischopubic index, vertical diameter of the pubic acetabular area and the pubic acetabular index seem to be
good variables for sub-adult sex determination. For age estimation the best variables, in both archaeological and forensic remains, are the absolute
measurements (pubic length, vertical and horizontal diameter of the pubis). However, pubis length is the best variable for age estimation because it

can be applied until 25 years of age.
© 2007 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

To develop reliable methods of sexual determination and age
estimation of sub-adult individuals, a profound knowledge of
growth is necessary. On the other hand, it is important to have a
growth record for all the different skeletal elements, which can
be used as a reference in the study of osteological remains.
Hence taking into account that the acetabular point is the
anatomical point of Ref. [1] to develop innominate growth
studies from birth to old age, two cross-sectional studies using
documented series were developed. These studies were based
on two pelvic elements, the ischium [2] and the ililum [3]. Now,
with the intention of completing innominate growth studies and
the pubis and the ischiopubic area being important for age and
sex determination in both the adult [4-10] and sub-adult [11—
15], the main objective of the present study is to furnish data on
the ischiopubic area. Therefore, certain metric variables of the
pubis and the relationship between the pubis and ischium were
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analyzed from the anatomical definition of the acetabular point.
Thus, it is possible to define the usefulness of such variables in
the determination of sex and age at death.

2. Materials and methods

The material used consists of 327 innominates, from which the pubis
element was measured (Figs. 1 and 2), originating from four documented
skeletal series: the St. Bride collection from London, Esqueletos Identificados
from the University of Coimbra, the Lisbon collection from the Museum
Bocage of Lisbon and the skeletal series of the Universitat Autonoma de
Barcelona (UAB). The individuals used in this study were buried between the
18th and 20th centuries. Details regarding age and sex appear in Table 1.
Information about these four European collections and their pattern of growth
and development can be found in several papers of different authors such as
Black and Sheuer [16-18], Safont et al. [19], Rissech et al. [1,2], Rissech and
Malgosa [3], Rocha [20] and Cardoso [21].

The variables selected are the classical pubis length and three new variables,
which describe the pubis acetabular surface of the immature acetabulum, and
the classical ischiopubic index. The measurements used are:

e Pubis length. Distance between the acetabular point and the central
point of the upper rim of the pubis symphysis [6] (Fig. 1, 1).

e [schiopubic index. Percentage ratio between pubis length and ischium
length [5]. The ischium length measurements for this variable were
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Fig. 1. Non-fused (A) and fused coxal bone (B): pubis length (1) and ischium
length (2).

obtained from our previous study [2].

Vertical diameter of the pubis acetabular area. Distance between the
superior and inferior borders of the pubis acetabular area. The
measurement follows the axis of the superior pubic ramus (Fig. 2, 1).
Horizontal diameter of the pubis acetabular area. Distance between the
acetabular point and the external border of the pubis acetabular area.
This measurement is perpendicular to the vertical diameter of the pubis
acetabular area (Fig. 2, 2).

Pubis acetabular index. The percentage ratio between the horizontal and
vertical diameter of pubis acetabular area.

All the variables were measured in all individuals of the series. However, the last
three measurements describing the pubic acetabular surface on the immature
acetabulum were measured only on the young non-fused pubis. In spite of this,
these acetabular measurements have been applied to the UAB collection —
which consists of adult individuals — with the aim of testing the applicability of
these measurements in adult innominate bones. This can be done due to the
relation of adult and sub-adult anatomical points observed by Rissech et al. [1].

To locate the acetabular point, the morphological descriptions of Rissech
et al. [1] have been taken into account. In all the measurements, we checked to
ensure that the differences between right and left bones are negligible; in
consequence, only the left side was used. If the left innominate was damaged or
pathologic, the right innominate was used.

Fig. 2. Non-fused coxal bone: vertical diameter (1) and horizontal diameter (2)
of pubic acetabular surface.

Distribution of specimens by sex, age and population

Age Sb Co Lb Gr

<
By
=<
ey
=
By
<
ey
=
By

04 3 1 11 5 14 6
5-9 5 2 4 4 4 11 8
10-14 1 1 2 11 2 4 5 16
15-19 1 2 11 13 6 6 18 21
20-25 5 4 11 8 5 12 21 24
26-30 2 3 6 4 5 6 13 13
31-35 2 3 3 1 5 6 2 12 10
3645 5 7 9 6 9 6 1 24 19
46-55 3 5 5 5 9 7 3 20 17
56-65 11 4 5 1 16 5
66-75 3 5 3 4 6 9
76-97 1 3 5 10 6 13
42 38 49 52 56 56 19 5 166 161

Sb: St. Bride collection, London (18th to 19th century); Co: collection of
Esqueletos Identificados of Coimbra (19th to 20th century); Lb: Lisbon
collection (19th to 20th century); Gr: collection of the Universitat Autonoma
de Barcelona. Males are indicated by M and females are indicated by F.

2.1. Statistical analysis

As the documented series were of different sizes and unequal composition in
age and sex, and following current methodological practice, each series was
divided using 5-year intervals. However, the intervals used for adults were
longer (20 years) because growth in these individuals must have finished.

First, the homogeneity of the series was analyzed. In adults the ANOVA test
was applied. In sub-adults a graphic method, “lowess” was applied, due to the
different composition of the samples in the several age groups and the derived
differences due to growth (see Rissech et al. [2] and Rissech and Malgosa [3]).

Second, a first sexual dimorphism approximation was analyzed in each age
group by Studend’s ¢ or Mann—Whitney’s U. Because of the lack of homo-
geneity in younger groups, the different rhythm of growth within and among
groups, and the small size of the sample the results of this analysis have to be
used carefully.

Third, the growth behaviour of each of the six variables was analyzed by
polynomial regression until the fifth degree because it can be assumed that the
dynamics of growth can be described by an incremental continuous function
[13,22]. The significance of the functions and coefficients obtained were
verified with Fisher’s F and the ANOVA test, respectively.

Finally, the inverse relation of the variables with age (age as a dependent
variable) was calculated in order to attribute the age at death. Polynomial
regression was calculated for both sexual series separately, but in the series
without sexual differences, calculus was applied to the whole data (female and
male together). This latter case enables the application of the results in
archaeological and anthropological remains when the sex is unknown.

The statistical packages used were Windows SPSS/PC (Release 7.5.2S) and
SAS/UNIX system (Release 6.10).

3. Results

The curves of sub-adults obtained by the lowess method
show that the pubis length, ischiopubic index, vertical diameter
and horizontal diameter of the pubis acetabular area show a
very similar pattern in each sexual series (i.e. Fig. 3). However,
a greater dispersion is observed in the pubis acetabular index; it
being bigger within each series than between series; therefore
they cannot be considered different series. On the other hand a
female specimen of St. Bride collection displays a higher value

(2007), doi:10.1016/j.forsciint.2007.02.022
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Fig. 3. Male pubis length (PL) for populations (PB). ED, age. Collections of
Universitat Autonoma de Barcelona (Gr), Lisbon (Lb), Coimbra (Co) and St.
Bride (Sb).

in the horizontal diameter of the pubis acetabular area. This fact
distorts the results and leads to errors in the growth study of this
variable. For this reason it seems advisable to remove it from
the sample; this happens in ischium and ilium measurements
also. Once this is done growth may be considered similar and
the young specimens can be used altogether as a single
population.

The tests of homogeneity of the adult populations indicate
there are significant differences between the Iberian and English
populations in pubis length (males: F =7.809, p =0.000";
females: F =13.167, p=0.000") and ischium-pubic index
(males: F =5.489, p=0.002*; females: F =15.448, p=
0.000"). Therefore, these two populations have to be analyzed
separately for these variables. As a consequence the number of
samples is reduced and the capacity to detect the differences in
the English series is affected, for this reason age categories
described for adults were not considered in the English series.

For the sake of clarity, the variables will be related
individually.

3.1. Pubis length

The female average is always bigger than the male average
(Table 2). This indicates that women have a longer pubis than
males from birth. However, differences are significant only
from 15 to 25 years of age in the single series formed by all the
younger individuals and between the adults of the English
series. There are no significant differences between the two
Iberian sexual series. However, the p value obtained was very
close to being significant; because of this the sexual differences
were analyzed within each Iberian series. The results obtained
were the same; there were no sexual differences in the Iberian
series in terms of pubis length.

The increase in growth continues until 25 years old for both
males and females (Table 2). The biggest growth is between the
10-14 and 15-19 age classes, indicating the presence of the
growth spurt.

The best growth model for pubis length was a fifth-degree
polynomial regression in the two sexual series (Fig. 4).
However, the masculine series have probabilities at the limit of
significance. For this reason, other higher degree polynomial
regressions in the male series were calculated, but results were
worse. Only a lineal regression showed good levels of
significance; but with this model most of the growth behaviour
information on the male pubis length was lost. Therefore, we
can conclude that growth behaviour of the pubis length is in
both sexes a fifth-degree polynomial regression with an
explained variability of 92% in males and 91% in females.

In the fitted curves (Fig. 4) a growth restraint is observed
before the growth spurt, characteristic of the horizontal
variables [23]. The beginning of the growth spurt in females
is at about 10 years of age and in males is at about 14 years of
age, the female growth spurt being bigger than male, in
agreement with Tanner [22,24], and Gasser et at. [25].

In order to assess age at death, the inverse relation between
pubis length and age was calculated (Table 3). A first-degree
polynomial regression for unisex series and male series was

Table 2

Pubis length values classified according to sex and age range

Age Sex n X DS t Mean range U p

0-4 M 11 28.8182 5.1346 7.18 13.000 0.208
F 4 31.0000 9.4163 10.25

5-9 M 8 40.8750 1.6421 7.50 24.000 0.694
F 7 42.2429 4.5251 8.57

10-14 M 5 50.8000 5.5408 9.80 34.000 0.964
F 14 54.3571 12.6467 10.07

15-19 M 16 70.5556 6.9089 —2.107 0.043*
F 20 74.1500 4.9019

20-25 M 17 78.1176 8.3881 —2.125 0.040*
F 22 82.7273 5.0914

Iberian 26-97 M 64 79.4219 5.6310 —1.935 0.056
F 48 81.4652 6.0032

Britannic 26-97 M 23 85.0000 49175 —3.414 0.001*
F 22 90.3636 5.6108

Significance values from the used test (Student’s ¢-test or Mann—Whitney’s U-test). Males are indicated by M and females are indicated by F.
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Fig. 4. Polynomial regression lines and equations corresponding to male (PL1) and female (PL2) pubis length. Coefficient: coefficient of the function; ¢ and p:
significance of the coefficient; F and p,: significance of the functions; R*: explained variability.

selected with a 90% and 91% explained variability respectively.
This function was prepared with individuals under 15 years of
age, because sexual differences begin at this age.

In the female series it was a little difficult to attribute any
polynomial regression, for this reason we tried to apply other
types of non-lineal regression. The best we found was the S-
curve with 92% of explained variability.

3.2. Ischiopubic index

In general, female averages are bigger than male, with the
exception of the 5-9 age class. In this case males are ~2 cm
bigger than female (Table 4). This seems to be related to
restrained growth of the feminine pubis length, which happens
before the growth spurt of this area at about 6-9 years; this fact
diminishes feminine ischiopubic index increment. The growth
spurt of pubis length is also responsible for the big increase in

Table 3

the ischiopubic index in males between 15-19 and 20-25 age
classes and in females between 10-14 and 15-19 age classes.
The growth in this variable, like that of pubis length, continues
until 25 years in both male and females.

Significant sexual differences are observed in all classes,
except from 5 to 14 years old (Table 4). The increase of the
feminine average between the 20-25 age class and the 26-97
age class in the English series is a consequence of the difference
of the series which form both classes: 20-25 age class is mainly
formed by the Portuguese series. However, these differences
between Iberian and English population in adult age seem to be
exclusively of the pubic length, because studies about the ilium
[3] and ischium [2] elements in the same populations did not
show significant differences.

Due to the slight increase observed in the ischiopubic index
during the first years of life in both sexes in the present study
and the approximate constancy of the ischiopubic values

Polynomial regressions obtained from the inverse relationship between the age (ed) and the pubis length (PL), vertical diameter (VDP) and horizontal diameter (HDP)
of the pubic acetabular area in archaeological (unisex series) and forensic remains (series by sex)

Variable Coefficient P1 F 22 R?
Pubis length
Males and females PL 0.340853 0.0000* 1055.11884 0.0000%* 0.89636
ed = 0.3409PL — 6.4898 Constant —6.489767 0.0000*
Males PL 0.363326 0.0000* 576.97946 0.0000* 0.9129
ed = 0.3633PL — 7.3737 Constant —7.373717 0.0000*
Females PL —87.386412 0.0000* 708.63341 0.0000* 0.91598
ed =2.71828+0876-(873864/PL) Constant 4.087610 0.0000%
Vertical diameter of the acetabular area of the pubis
Males and females VDP 0.579439 0.0000* 195.27540 0.81271
ed = 0.5794VDP — 6.5995 Constant —6.599517 0.0000*
Males VDP 0.611270 0.0000* 236.59185 0.0000* 0.90443
ed =0.611270VDP-7.367983 Constant —7.367983 0.0000*
Females VDP —36.231692 0.0000* 78.46722 0.0000* 0.81341
ed = 2.718283-4647396-(6.231705/VDP) Constant 3.464693 0.0000*
Horitzontal diameter of the acetabular area of the pubi
Males and females HDP 0.810447 0.0000* 215.11886 0.82384
ed = 0.8105SHDP-6.5856 Constant —6.585604 0.0000%*
Males HDP 0.915997 0.0000* 179.75928 0.0000* 0.87791
ed = 0.9156HDP-8.2585 Constant —8.258501 0.0000*
Females HDP —34.570499 0.0000* 166.74080 0.0000* 0.89771
ed = 2.718283-9996-(4.5705/HDP) Constant 3.959634 0.0000%

Py significance of the coefficients; F and p,: significance of the function; R*: explained variability by the model. Males are indicated by M and females are indicated

by E
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Table 4

Ischopubic index values classified according to sex and age range

Age Sex n x DS t Mean range U P

04 M 11 74.9370 5.26085 6.45 5.000 0.026*
F 4 81.1237 3.28254 12.25

5-9 M 8 77.9843 2.55139 9.00 20.000 0.397
F 7 76.0342 4.04079 6.86

10-14 M 5 78.1334 2.9995 7.40 22.000 0.336
F 13 82.0750 6.3407 10.31

15-19 M 16 81.9645 5.4805 —3.608 0.001*
F 20 90.0659 7.5115

20-25 M 16 86.3743 9.1677 —4.547 0.000*
F 21 98.8328 7.5006

26-97 Berian M 64 86.2103 6.1228 —10.306 0.000*
F 48 97.5743 5.2730

Britannic M 23 90.0392 44718 —11.308 0.000*
F 22 106.3134 5.1708

Significance values from the used (Student’s 7-test or Mann—Whitney U-test). Males are indicated by M and females are indicated by F.

observed graphically before the growth spurt, the growth before
the growth spurt will be expressed as a constant. This constancy
agrees with the Reynolds’ results [11,12].

The growth of the ischiopubic index from 14 to 25 years old
in males and from 10 to 25 years old in females can be
expressed by a first-degree polynomial in both sexes (Fig. 5),
but the explained variability is too low (23% in males and 50%
in females). These results indicate a large dispersion of
individual values. Dispersion in index values is normal because
it involves various factors [2,3,6]. Due to the low level
information furnished by the models the calculus of the inverse
relation between ischiopubic index and age at death has not
been considered.

3.3. Vertical diameter of the pubis acetabular area

The feminine average is bigger than masculine before 10
years. After this age the masculine average is the biggest. There
are no significant sexual differences, but in the 5-9 age class the
differences are close to being significant (Table 5).

After 12 years of age, female values become stabilized due
to the fusion of the coxal elements, but growth continues in
boys until 16 years of age. Averages obtained for boys and girls
of these ages are very different and suggest that such

differences might be significant in adult stage. To corroborate
this hypothesis, adult coxal bones from UAB collection were
analyzed and significant differences between sexes have been
found (3 =31.83, ¢ =28.64,p = 0.016*), indicating its utility
in adult sex diagnosis.

The growth behaviour of the vertical diameter of the pubis
(Fig. 6) can be expressed by a first-degree polynomial
regression in males (R*=0.90) and a second-degree poly-
nomial regression in females (R2 =0.71). Models indicate a
slight deceleration from the beginning in girls while boys
maintain a constant growth. This fact is related with earlier
feminine maturity and acetabulum size.

With regard to the inverse function for estimating age at
death (Table 3), a first-degree polynomial function in unisex
series (R2 =0.81) and males series (R2 =0.90) was obtained. In
the feminine series, it was impossible to approach a polynomial
regression, for this reason we tried other types of non-lineal
regression and a S-curve was the best approach (R* = 0.81).

3.4. Horizontal diameter of the pubic acetabular area
Feminine and masculine averages in the horizontal diameter

are similar in all age classes (Table 5). The major differences
are between females belonging to the 10-12 age class and the

110+
1001
VARIABLE COEFICIENT t P1
a0 Males: constant 60.802809 7.787 0.0000* F=9.17973
ed 1.181243  3.030 0.0050* p,=0.0050*
80+ e — 1PN R’= 0, 234
70+ — P2 Females: 62130223 13.736 0.0000° F=47.52031
i ed 1638218 6893 0.0000° p,=00000°
R?=0.49749
50
40 : r r ; :

0 5 10 15 20 25 30

Fig. 5. Polynomial regression lines and equations corresponding to male (IPI1) and female (IP12) ischiopubic index. Coefficient: coefficient of the function; # and p,:
significance of the coefficient; F and p,: significance of the functions; R*: explained variability.
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Table 5
Vertical diameter, horizontal diameter and index of the acetabular pubic area
values classified according to sex and age range

Age n X DS Mean rank U p
Vertical diameter of the pubic acetabular area
0-4
3 11 16.4545 2.9787 7.18 13.000 0.280
G 4 18.0000 6.8799 10.25 4
5-9
3 8 23.6250 1.0607 5.94 11.500 0.054
Q 7 26.1429 3.7607 10.36 7
10-12
3 3 29.0000 2.0000 8.33 8.500 0.373
Q 9 27.2222 2.7739 5.89 9
13-16
3 5 35.0000 4.1833 - - -
Q — _ _ — _ _
Horitzontal diameter of the pubic acetabular area
0-4
3 11 11.6364 2.2482 7.45 16.000 0.489
Q 4 12.2500 3.5940 9.50
5-9
3 8 17.5000 1.0690 7.94 27.500 0.955
? 7 17.8571 2.4103 8.04
10-12
3 3 21.6667 2.5166 8.50 7.500 0.282
Q 9 20.1111 1.7638 5.80
13-16
3 5 23.0000 1.2247 - - -
Q - — _ — _ _
Pubic acetabular index
0-4
3 11 74.9370 5.2609 6.45 5.000 0.026*
? 4 81.1237 3.2825 12.25
5-9
3 8 77.9843 2.5514 9.00 20.000 0.397
Q 7 76.0342 4.0409 6.86
10-12
3 3 74.5506 3.7030 6.33 13.000 1.000
Q 9 74.2598 6.9960 6.55
13-16
3 5 66.4492 8.6982 - - -
Q - — _ - _ _

Significance values from the Mann—Whitney’s U-test. Males are indicated by 3
and females are indicated by 9.

males belonging to the 13-16 age class, due to the feminine
growth stop at 12 years of age, suggesting the maintenance of
these differences in adult age. To corroborate this hypothesis,
adult innominates from the UAB collection were analyzed and
significant differences between sexes have been found
(x3=19.00, x2=17.14, p= 0.037*), indicating its utility in
adult sex diagnosis.

The growth behaviour of the horizontal diameter of the pubis
acetabular area (Fig. 7) can be expressed by a second degree-
polynomial (R* = 0.90) in males and a third degree-polynomial
(R* = 0.84) in females.

For age evaluation (Table 3) a first degree-polynomial in
unisex (R? = 0.82) and male (R* = 0.88) series were obtained.
In the feminine series, again it was impossible to approach the
inverse function to a polynomial regression. We also tried with
other types of non-lineal regression and only the S-curve
showed a good approach (R? = 0.90).

3.5. Pubic acetabular index

Sexual differences in pubic acetabular index during growth
are basically in the first years of life, the feminine average being
significantly bigger than masculine (Table 5). Pubic acetabular
index diminishes in females, indicating that the vertical
diameter growth is faster than the horizontal diameter. In
males, pubic acetabular index first increases, and after 67 year
old diminishes until it coincides with female values in adult age
(UAB series, 3 = 60.25, ¢ = 60.22, p = 0.472). This variable
is therefore not useful in adult sex diagnosis; however
significant differences found between O and 4 years of age
suggest the possibility that this variable may be useful for sex
diagnosis on younger age.

Growth of pubic acetabular index can be expressed by a
second-degree polynomial in both sexes (Fig. 8) with 30%
explained variability in males and 33% in females, indicating a
large dispersion of values. It is usual to find dispersion in this
index as we mention above in the ischiopubic index analysis,
this is also shown in other studies [2,3,6]. Due to the low
expressed variability and dispersion involved, we do not
consider the calculus of the function to determine age at death.

4. Discussion

From the results of the present study, the growth pattern of
the ischiopubic area can be deduced: (1) during growth before
the growth spurt, the proportion between the pubis and ischium
is maintained; (2) after the growth spurt, the pubis grows faster
than the ischium, which increases the ischiopubic index in both
sexes. However, the most significant sexual differences in the
ischiopubic area are due to the feminine pubis length growth
spurt. (3) The growth pattern of the acetabular area of the pubis
follows an increase, which is greater in the vertical diameter of
the acetabular area than the horizontal diameter, coinciding
with Major [15]. However, ischium acetabular area grows faster
in the vertical area than the horizontal area [2]. This is probably
why the adult acetabulum is basically formed in its most part by
the ischium [26].

In general curves have a good fit and there is not a great deal
of scatter, as evidenced by the consistently high correlation and
significance of the functions coefficients achieved in the
models. The growth behaviour of pubis length is not lineal and
follows a five-degree polynomial regression, displaying a non-
growth stage before the growth spurt. It coincides approxi-
mately with the results of Miles and Bulman [27], Major [15]
and the obtained curves of Bruzek and Soutal [14]. This non-
lineal behavior is one of the differences, which makes the
distinction between the horizontal and vertical variables [23].
These differences were also observed between ischium and
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Fig. 6. Polynomial regression lines and equations corresponding to the male (VDP1) and female (VDP2) vertical diameter of the pubic acetabular area. Coefficient:
coefficient of the function; ¢ and p,. significance of the coefficient; F and p,: significance of the functions; R%: explained variability.

25

—HDP 1
—HDP 2

VARIABLE COEFICIENT t p1
Males: constant 8.345866 9.996 0.0000* F=112.35319
ed 1589329 6.152 0.0000* p2=0.0000*
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Fig. 7. Polynomial regression lines and equations corresponding to the male (HDP1) and female (HDP2) horizontal diameter of the pubic acetabular. Coefficient:
coefficient of the function;  and p;. significance of the coefficient; F and p,: significance of the functions; R*: explained variability.

ilium length (vertical variables) and the ilium width (horizontal
variable) in Rissech et al. [2] and, Rissech and Malgosa [3],
respectively. Data from the other measurements of the juvenile
acetabulum proposed in this study are not available from other
studies, but they are similar to the acetabular area of the ischium
[2] and ilium [3]. It has been observed that the growth of the
acetabular area measurements is well described as first or
second degree polynomial regression; they do not display the
growth spurt. This is caused by the fusing of the acetabulum
before the age at which the growth spurt occurs.

Pubis length and ischiopubic index are the only variables
having an indicator of the growth spurt. In the case of pubis
length, it is the upturn of the curve, and in the ischiopubic index
it is the start of the growth of this variable. Both pubis length
and ischiopubic index indicate that the growth spurt in the pubis
is at about 10 years of age in females and 14 years of age in

males. This occurs earlier than in the ilium, which takes place
before 11 and 15 years of age in females and in males
respectively [4], coinciding with the opinion of Major [15].
The ages of the growth spurt found in the ischiopubic area
(pubis and ischiopubic index) in the present study fall into the
standard intervals of age for puberal growth spurt in the existing
population: 10.5-17.5 years of age in males and 9.5-14.5 in
females [16]. On the other hand, the mean age of fusion of the
acetabulum (acetabulum maturity) is 16 in males and 12 in
females, which also falls into the standard intervals for the
current population: 14—17 and 11-15 in males and females
respectively [28]. Both characteristics indicate no delay in
growth in our series. In general it is possible to say that the
ischiopubic area of the series analyzed does not show evidence
of secular change, malnutrition, nor delay in growth or osseous
maturation. The observed differences in the pubic area are

90+
80
VARIABLE COEFICIENT t P
704 Males: constant ~ 65.957688 20.748 0.0000* F=4.10181
ed 2268317 2241 0.0371*  p,=0.0331*
60- —PAI1 ed? -0.158877  -2.604 0.0174* R®=0.30156
— PAI2
504 Females: constant ~ 83.858318  13.933  0.0000* F=4.2343
ed 5247877  -2722 0.0145*  p,=0.0329*
40 ed” 0.397426  2.879 0.0104* R°=0.32089
30 T T |
0 5 10 15

Fig. 8. Polynomial regression lines and equations corresponding to the male (PAI1) and female (PAI2) pubic acetabular index. Coefficient: coefficient of the function;
t and p,: significance of the coefficient; F and p,: significance of the functions; R*: explained variability.
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exclusively focused in pubis length (absolute and relative
variables), mainly between English and Iberian females, and
Spanish and English males (see Rissech [29]). These observed
differences seem to be related to the body size of the three
different populations, Portuguese, Spanish and English, having
the later biggest body size. In fact, Maclaughlin and Bruce [30]
and Moerman [31] found a complex relationship between the
pubis length and the body size, specifically with the stature; this
relationship was different in both sexes and in the different
populations. On the other hand, it is St. Bride, the oldest series,
that shows bigger values of the pubis length. Therefore
differences could be probably constitutional and not related
with secular change.

The results obtained related to the age growth stop in pubis
length coincide with the results of the feminine series studied
by Tague [32] and disagree with Fuller [33]. According to
Fuller the results obtained by Tague are due to a possible
retarded maturation of the series used, which were a prehistoric
American series. However, our study showed continuing
growth of the pubis and the ischiopubic index until 25 years
of age in both sexes. Furthermore, our series corresponds to a
contemporary European series, whose growth spurt age and
acetabular maturation coincides with that of the current
population. As we say in the study of the ischium [2], the
age that growth stature ceased was fixed for practical reasons
[16,34] and shows the end of most notable growth, certain
segments continue growing [22]. These results agree with the
opinion that the innominate ceases its growth later than the long
bones [35,36].

Sexual dimorphism. From our results, the high rate of
feminine growth spurt is at the beginning of sexual differences
in adult pubis length, which is characteristic of the horizontal
variables [36]. The sexual differences in ischiopubic index are
also due to the high rate of the feminine growth spurt, but its
differences are amplified by the early end of growth at 20 years
of age in female ischium length, while masculine ischium
length continues growing until 25 years [2]. The statistical
significance of the adult sexual differences in the ischiopubic
index agrees with the accepted importance of this variable in
sexual determination. Adult pubis length results agree with
Genovés [6], Thieme and Schull [7] and Arsuaga [9] in which
women have a longer pubis than males. In our study, however,
the differences have significance only in the English series and
not in the Iberian series. In this case, the lack of significance
cannot be attributed to the size of the sample; we believe that it
can be a consequence of the complex relationship of pubis
length with sex and the corporal size of the population. As we
said before, pubis length is related to stature [31] and this
relation varies in accordance with the population [30,37]. For
this reason, adult pubis length considered independently in
sexual diagnosis has low significance [37-39].

Therefore, the ischiopubic index, pubis length and the two
absolute variables of the pubic acetabular area of the pubis are
useful for adult sex determination. The ischiopubic index and
pubis length are effective from 15 years of age, the vertical and
horizontal variables of the pubic acetabular area are effective
from 12 years. However, the Ischopubic index and the two

variables of the pubic acetabular area are the most effective
adult sex predictors.

There are few works that analyze the infantile ischiopubic
area from bone remains [14,15,27]. In spite of analyzing
infantile pubic and ischium growth, they only analyze the
sexual differences of the ischiopubic index. However, some
studies on radiographic material have stated that female pubis
length was larger than that of males in all ages [11,12,13]. This
difference was significant between 3.75 and 5.75 years [11,12]
and between 9 and 18 years [13]. In the present study, the
significant differences are observed between 15 and 25 years in
the single series formed by all the younger individuals but, the
major/minor relation is the same.

In general, the ischiopubic index results from our study
coincide with the results of Major [15] and Bruzek and Soustal
[14]. Major found significant sexual differences during the first
years of life and Bruzek and Soustal from 10 years old. On the
other hand, the observed constancy of the averages between the
first ten years of age in the present study and the obtained values
of the ischiopubic index from Reynolds study [11,12] indicate
the importance of the ischiopubic index in sub-adult sex
determination.

In spite of the small number of our samples and of the
caution needed, vertical diameter of the pubic acetabular area
and the pubic acetabular index seem useful for sub-adult sexual
diagnosis. These results agree with Reynolds [11] who found
sexual dimorphism for the ilium-ischium cartilage during the
first year of life. These results also agree with the results
obtained before for the ischium [2] and the ilium [3] acetabular
area and indicate the usefulness of the acetabulum for sub-adult
sex diagnosis.

The results of the present work strongly indicate the
importance of the acetabulum and the ischiopubic index in
adult sex prediction and probably in sub-adults. On the other
hand, they diminish the importance of the pubis.

Age determination. It is possible to estimate age at death of
sub-adult individuals by using the absolute measurements of
the pubis. The application of the regression equation for pubis
length is of greatest use because it does not become stable until
25 years of age in both males and females. Measurements of the
acetabular area have the most reduced application time,
because acetabular fusion occurs early on in development;
vertical and horizontal diameters are applicable only before 12
year of age in females and 16 years of age in males.

The regression formulae calculated from the recent Western
European populations analyzed in this study allow us to predict
the age of young human remains with accuracy. In general,
calculated curves fit well with our mixed European series and
correspond with the behaviour deduced from the adult bone and
other skeletal segments.

5. Conclusion

The cross-sectional study of the pubic growth based on four
documented skeletal series from Western Europe has enabled
formulae calculus to obtain a valuable age diagnosis of the sub-
adult skeleton from pubis length and two new variables of the
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pubic acetabular area, vertical diameter and horizontal
diameter. It has also provided us with information about the
sub-adult and adult sexual dimorphism of the pubic area,
indicating the possible importance of the ischiopubic index in
sub-adult sexual diagnostic in most ages and the pubic
acetabular index during the first years of life. Results also
reinforce the importance of the ischiopubic index and the
importance of the acetabulum in adult sexual diagnostic,
specifically suggesting the importance of two new variables
described in the present study of the pubic acetabular area.

The formulae are the first formulae obtained from the pubic
area to diagnose osseous age in Western European human
remains, taking into account the fact that they cross the limits of
innominate fusion. These results and formulae obtained from
pubis area for sex and age diagnosis provided us with an
important tool for anthropological and forensic tasks. However,
further research on growth and development of the skeletal
elements is necessary in order to obtain better information for
skeletal diagnosis, specifically in sub-adults.
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