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Abstract
There have been several studies showing that the sternal extremity of the fourth rib can be used in estimating age as well
as in determining sex. An osteometric study of sexual dimorphism in the sternal ends of the fourth rib was collected from
266 (200 males and 66 females) individuals autopsied of known age, sex, and race was conducted in New Delhi, India. The
height and width of the sternal end of the rib were measured with a calliper in each case. The sample was analyzed in three
groups: young (phase 1-4), old (phase 4-7), and total sample (phase 1-7).
Results: The results indicated that the accuracy of sex determination was 84.7% in the young group (phase 1–4, age 15–32),
86.4% in the older group (phase 4–8, age 33–89).
Conclusion: It is important to note that sexual dimorphism can be assessable by using a single fourth rib in a Indian population from ages 14 to 85. SIH of the rib is the most reliable parameter; APB follows it.
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Introduction
Sex and age determinations are always crucial and usually problematic all the skeletonised cases, especially when an incomplete
skeleton is received, and in many of the exhumed bodies. Forensic expert and anthropologists have turned their interest to obtain
more information from fragmentary as well as smaller bones [1].
With this in mind, many apparently less sexually dimorphic fragmentary small bones have been analyzed to determine sex. These
bones include the clavicle [2], sternum [3, 4], radius [5, 6], metacarpals and phalanges [7-10], metatarsals [11], vertebrae [12], and
pelvis [13-18].

Based on hypothesis that populations differ from each other due
to climate might be one of the factors determining bone formation besides genetic, nutritional and environmental factors [14,
15], the aging process and sexual dimorphism must be assessed
separately. This is especially for those populations which are geographically distant from the population used to set the standard.
The Indian population is suitable for such an analysis because
of its distance from North American whites. Indian researchers
[16-18] initiated a similar to that of Iscan and associates’ [19-21],
where age related changes at the costochondral end of the fourth
ribs collected at the autopsy were studied. Their research agreed
with Iscan et al., [19-21] that ribs provide an accurate estimation
of age in the adult.
Determination of sex from the rib has not been carried out extensively except for radiological studies [22-25]. To date there has
been only one three published study known to us of sexual differentiation by direct examination and measurements of bony
ribs [26]. There is no publication on determination of sex by rib
measurements in Indian population in general, to our knowledge.
The aim of this study is to develop a set of formulas using discriminant function analysis, analogous to that of Iscan [26], with the
expectation that they will be useful in determining the sex from
the skeletal remains of unknown individuals.

Materials and Methods
The sternal end of the fourth rib was collected from 266 cases
(200 males and 66 females) of known age and sex, referred to
the Lady Hardinge Medical College mortuary for autopsy. Age
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was recorded from the police request forms to the nearest year. A
short segment of the sternal end of the fourth rib was removed
along with its costal cartilage. The specimens were left in a glass
container filled with water for about three months. Bones were
later boiled gently for about 30 minutes to remove the remaining soft tissue. The maximum superior-inferior height (SIH) and
the maximum Antero-posterior breadth (APB) of the sternal end
of each specimen were measured by using a Vernier calliper to
the nearest tenth of a millimetre. To control for the effect of
age on sexual dimorphism, they was analysed in three age groups,
that is, “young” (phases 1–4, mean ages 14–29), “old” (phases
4–7, mean ages. 30–85) and “total” (phases 1–7, mean ages 14 to

85). Ribs in phase 0 (2 males; 1 females) were excluded from the
statistical analysis because they had not reached skeletal maturity.
Specimens in phase 4 were considered transitional and were included in the analysis of both young and old groups in order to
minimize errors of assignment. Specimens in phase 8 representing individuals (N 12; 8 females) were excluded from the analysis
because bone quality was highly deteriorated especially in males
and measurements were less reliable. Stepwise discriminant function analysis was performed on SPSS to determine the ideal functions to determine sex.

Observation and Result

Table 1. Descriptive statistics and univariate F ratios.
Age group

Variable

Younger

N
Age
SIH
APB
N
Age
SIH
APB
N
Age
SIH
APB

Older

Total

Male
Mean
84
26.13
15.045
6.81
122
45.32
15.75
7.62
186
38.20
15.49
7.33

SD
6.31
1.62
.87
14.50
1.25
1.01
15.64
1.47
1.05

Female
Mean
30
26.70
12.05
5.66
40
43.40
12.28
5.43
57
37.15
12.23
5.57

F ratio

d.f

SD
6.30
1.17
.57

85.54
44.67

1,112
2,111

1.95
1.37
.40

221.11 1,160
177.04 2,159

13.94
1.17
.50

231.90 1,241
148.58 2,240

All dimensions except age are in millimeters. *F ratio shows that differences between the sexes are significant at P, 0.05 levels.
Table 2. Summary of three stepwise Discriminant function analysis.
Variables
Younger group
SIH
APB
Older group
SIH
APB
Total Group
SIH
APB

Wilks’ Lambda

Equivalent f ratio

d.f

0.567
0.523

85.447
50.588

1,112
2,111

0.42
0.346

221.319
150.545

1,160
2,159

0.51
0.456

231.908
143.022

1,241
2,240

*F ratio shows that differences between the sexes are significant at P <0.05 level.
Table 3. Canonical Discriminant function coefficients.
Function and Standardized Canonical Discri- Canonical Discriminant Structure
Varialble
minant function coefficient
function coefficient
matrix
Younger Group
SIH
0.787
0.517
0.915
APB
0.422
0.524
0.661
Constant
-10.785

Centroids sectioning
points
0.566
-1.583
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Older Group
SIH
APB
Constant
Total Group
SIH
APB
Constant

0.68
0.548

0.531
0.606
-12.204

0.854
0.764

0.783
-2.388

0.739
0.467

0.523
0.489
-11.087

0.899
0.719

0.602
-1.964

These coefficients are used to calculate discriminant scores. Discriminant score formula for young group = [(SI mm × 0.517) + (AP
mm × 0.524) – 10.784]. Discriminant score formula for old group = [(SI mm × 0.531) + (AP mm × 0.606) -12.204].
Positive centroids define male and negative female.
Table 4. Percentage of correction prediction for the discriminant functions.
Function and Variables
Younger
S-I height
A-P breadth
Older group
S-I height
A-P breadth
Total group
S-I height
A-P breadth

Total N

Male

Female

Average %

%

N

%

N

114

83.33

70 /84

86.66

26 /30

84.7

162

86.88

106/122

82.5

34 /40

86.41

243

82.85

153 /186

82.45

47/57

82.3

The age distribution, descriptive statistics and a Test of significance between sexes (univariate f ratio) are shown in Table 1.
Stepwise discriminant function Analysis is given in Table 2. Stepwise discriminant Function analysis showed that sex determination was achievable in 83.33% for males in the young group and
86.66% for females of the young group and 84.7% in Total. The
most efficient parameter to determine sex was SIH, APB can be
used secondly, especially in the Young group. Canonical discriminant function coefficients are shown at Table 3. The percentage
of correct Prediction of age-based functions is shown in Table 4.
In the older age group, SIH and APB are both found to be effective sex parameters. The accuracy rate in this group was 86.88%
for males, 82.50% for Females and 86.41% in total. As in the
young group, the statistical analysis of all cases showed that SIH
was the most important parameter to determine Sex. APB could
be used next, especially in the Old group. Determination of sex
was possible in 82.85% of males, 82.45% of females and 82.30%
for all as shown in Table 4. Discriminant formulae were [(SI mm
× 0.517) + (AP mm × 0.524) – 10.784] for young group and (SI
mm × 0.531) + (AP mm × 0.606) -12.204] for the old group as
Shown in Table 3.

Discussion
Iscan and associates introduced the rib phase techniques nearly
20 years ago [19-21, 27], where they observed that age-related
changes were sexually dimorphic [19-21] and this led to the development of separate standards for males and females. Iscan’s work
[26] indicated that sexual differences in the adult rib can be assessed with great reliability using discriminant function statistics.

It has been demonstrated that ribs show sexual dimorphism not
only in the Indian but also in Turkish, North American whites
and blacks, as well as in others [26, 28-30]. In 2012 Ravi et.al study
revealed that accurate sex determination from the sternal 4th rib
could be as high as 94%. It was found that superior inferior height
was most potential measurement for sex determination and sexual dimorphism was highest in age group from 40 to 75 years and
least in less than 15 year age group [35]. The similar study was
done on Turkish population [36] and West African population in
Ghana [37] which showed that SI height is most reliable dimension for sexual dimorphism and if both dimensions are taken together it gives an accuracy of 86 % to 90% in Turkish population
and in West African population the accuracy of sex determination varied from 80% in the young and 74% in the old groups to
78% for the total group. Iscan et al [26] study in North American
whites and black as well as in others showed the accuracy of sex
determination varied from 82% in the young and 89% in the old
group to 83 % for the combined group.
In kocak et.al study results also indicated that the accuracy of sex
determination was 88.6% in the young group, 86.5% in the older
group. This study indicates that SIH of the rib is the most reliable
parameter; APB follows it [38]. The result in our study, accuracy
of sex determination was 84.7% in the young group (phase 1–4,
age 15–32), 86.4% in the older group (phase 4–8, age 33–89) is
in agreement with kocak et al., in 2003, Iscan et al in 1985 [26],
Wiredu EK et al., in 1999, Cologlu AS et al., in 1998 and Ravi
et al., in 2012. It should also be noted that these accuracies are
on a par with those obtained from other bones like the femur
(80%–95%) [31, 32] and tibia (80%–87%) [33, 34].
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Genetic, environmental such as nutrition and climate differences
may affect the phenotype of a population. It is known that rib size
is both age and population specific. Any formula developed for
one population must be carefully assessed before applying it to
another population. This fact was the main reason for us to study
Iscan’s method on the Indian population in Delhi. An accurate
sex determination requires knowing the age; at least the subjects
are above or below rib phase 4 as in the study by Iscan [26].

Conclusion
It is concluded, therefore, that the discriminant functions obtained in this study are effective in discriminating between the sexes. This study indicates that sexual dimorphism can be assessed
by using a single rib; the right fourth rib in a Indian population
from ages 14 to 85. SIH of the rib is the most reliable parameter
followed by APB.
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