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Geometric and harmonic study of the aging of the fourth rib

Laurent Fanton & Marie-Paule Gustin &

Géraldine Maujean & Olivier Bernard &

Norbert Telmon & Daniel Malicier

Received: 28 December 2011 /Accepted: 2 May 2012 /Published online: 17 May 2012
# Springer-Verlag 2012

Abstract One of the current reference methods, namely the
Işcan method for estimating age at death, consists in the
subjective observation of the sternal end of the fourth rib. In
this study, we looked to identify the morphometric charac-
teristics of the sternal end of the fourth rib that were most
affected by aging by measuring them in an objective way.
For this purpose, we collected measurements from the
fourth rib tip of 414 French males and used mathematical
algorithms derived from pattern recognition and signal pro-
cessing to identify variables that reflect both geometric
characteristics and serration patterns of the ribs. Completed
analysis was carried out on the 284 ribs for which all the
variables could be collected. We showed that the three least
collinear variables that best explain age objectively are the
postero-superior pit depth, the fine serrations of the ovoid

(delineating the pit shape), and its posterior flaring. This
work provides a useful basis for subsequent studies on aging
and age prediction.

Keywords Fourth rib . Aging . Geometric analysis . Fourier
analysis

Introduction

One of the current reference methods to estimate the age at
death of a mature adult, the observation of the sternal end of
the fourth rib, was first proposed by Işcan in the 1980s from
macroscopic [1, 2] observations. This method, based on a
morphological examination, consists of assigning the rib to
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one of the nine phases described by Işcan, derived from age-
related developmental changes noted at the costochondrial
junction [3–5]. Yoder et al. then showed that this one could
also be used on the right and left rib V–IX [6]. In practice,
the sample is compared to three photographs that illustrate
each phase and allow the evaluation of the pit depth, the pit
shape and rim configurations, as well as the bone quality
and thickness. Recently, we added to the criticisms leveled
at this method of age estimation, highlighting its poor repeat-
ability and reproducibility, which were nevertheless of less
concern than the rather subjective aspect to observations of the
variables, and also the underlying principles of the method [7].
The identification of one phase per decade from photo-
graphs appears poorly adapted to the ongoing nature of
aging [8], nor does it allow for phenotypic variation in the
sternal end of the rib to be taken into consideration. The
judgment of these elements ultimately appears to depend
not so much on explicit knowledge as on the implicit
knowledge of the expert. Işcan's method was also found
to be imprecise relative to the quality assurance criteria
currently used for an age estimation method [9–12]. This
imprecision is inherent to this type of method, since it is
based on the observation of degenerative phenomena that
present multifactorial variability among individuals [13].
The statistical methods of the time could not quantify this
phenomenon nor define the precision of Işcan's method
[8]. However, it was also observed that Işcan's variables
did contain some objective information about age. The
aim of this work was to select objective variables from
the observation of the fourth rib that could best explain
the age by using morphometric computational analysis to
process variables with greater precision and objectivity.

Materials and method

A forensic sample of 414 right fourth ribs from males of
French ethnicity (mean age, 49 years; wide range of age,
15–96 years) was collected for identification purposes from
2005 to 2008. The ribs were macerated in water until the
soft tissue and cartilage were easily detached and then
heated to 80 °C in a bain-marie of water until all remnant
tissues were completely removed. The pits (in sagittal view)
and the rims of each rib (in coronal view with 90° rotation)
were photographed with a digital camera (Canon EOS Macro
LENS F 100 mm 2.8 USM) at the same life-size scale. The
calculations relative to the initial variables were made auto-
matically using a computer program implemented in the
MATLAB environment.

Pit shape delineated by an ovoid

From the photograph of the sagittal view of the pit
(or cavity), an ovoid outline (denoted by ovoid) was traced
using Photoshop 7.0® software (Adobe Systems Incorporated,
San Jose, CA) (Fig. 1). Because of the irregularity of this
ovoid, the principal vertical axis was drawn visually. The
small transversal axis was defined by a segment traced at a
perpendicular right angle to the principal vertical axis, from edge
to edge of the ovoid and passing through the center point of the
principle axis. This segment was broken down into an anterior
axis and a posterior axis. From the principal axis, we calculated
the anterior, posterior, and total surface areas.We then calculated
three ratios detailed in Fig. 1: i.e., total, anterior, and posterior
flaring of the ovoid. The higher these ratios are, the more the
ovoid looks flattened. In the inverse case, it looks flared.

Fig. 1 Study of pit shape.
Sagittal view of pit shape (a);
ovoid (b) with principal vertical
axis of length L, secondary
horizontal axis of length l,
secondary anterior axis of
length la, and secondary
posterior axis of length lp.
These axes delimit four surface
areas: S1, S2, S3, and S4. Total
surface of the pit shape is
defined as the sum of the
anterior surface (S1+S4) and
the posterior surface (S2+S3).
Total, anterior, and posterior
flaring of the ovoid are
evaluated by the ratios L/l, L/la,
and L/lp, respectively
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Pit depth

The depth of the pit was difficult to measure because of the
irregularity of its rim and bottom, so average depths were
calculated for the anterior and posterior sides. For each of
these, three pit depths were measured manually with a
caliper from points marked on the rim which were then
transferred onto the corresponding digital photograph of
the rib (Fig. 2). This enabled the identification of an inferior
and a superior parallelepiped, and their surface areas, which
were used to calculate average inferior and superior depths.

Outline of the pit rim

The outline of the rim presents irregular serrations
(or indentations) depending on age. To quantify this phe-
nomenon, we employed Fourier descriptors, a technique
derived from spectral analysis and used to describe

numerically shapes with closed contours, independent of
scaling, translation, or rotation [14, 15]. This analysis, wide-
ly used for morphometric studies, decomposes the outline of
the rim into a series of sine wave oscillations, allowing the
size of the irregularities to be quantified according to their
fineness (supplementary Fig. 1, pages 2–3). Calculations
were performed for the rim in both sagittal and coronal
views. For simplicity, we refer to the obtained variables as
ovoid Fourier descriptors in sagittal view and as rim Fourier
descriptors in coronal view (Fig. 3).

Statistics

Statistical analysis is performed using the R language,
version 2.12.2, available at http://cran.r-project.org.

Fig. 2 Study of pit depth from
a horizontal view of the
posterior face. Points A, B, and
C correspond to the three
measurement points on the rim.
The position of points A′, B′, C′
were deduced from the
measurements of pit depth at A,
B, and C. For each face
(anterior and posterior), mean
superior and inferior pit depth
were computed taking the
surfaces of respectively [AA′B′
B] and [BB′C′C] normalized by
the number of pixels in
accordance with the scale of the
digitized photography

Fig. 3 Ovoid and rim terms are employed for the outline of the pit in
sagittal and coronal views, respectively Fig. 4 Age histogram of the subsample, 284 males of French ethnicity
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First selection of variables

The first step was to determine which variables out of the
primary ones correlated best with age. We listed the set of
these variables in Supplementary data, page 3. We then
obtained the adjusted Pearson correlation coefficient to
compare the strength of the linear relationship between age
and each variable in turn. We carried out special calculation
for the Fourier descriptors detailed in Supplementary data,
page 6. In certain cases, some individuals showing extreme
values with high Cook's distance or high residuals were
eliminated [16]. We then calculated the correlation matrix
of the age and the most informative variables on age. At
each step, only individuals without any missing values for
the selected variables were entered in the computation. This
subsample was of 284 ribs (mean age, 44 years; wide range
of age, 15–83 years) (Fig. 4).

Second selection of variables

The partial correlation matrix was then estimated using the
function cor2pcor of the R package corpcor. The partial
correlation between two variables gives their correlation
when maintaining the other variables constant; this
allows evidencing of any “direct” link between two
variables. The four variables that best correlate partially
with age were kept. Then, we deeply analyzed their
correlation with age to improve correlation by potential
logarithm transformation. Variable normality was tested
by the Shapiro–Wilk test.

Multiple regression

We then performed a stepwise multiple regression starting
from the saturated model including the four best partially
correlated variables with age, their square, and their inter-
actions. Iterations were stopped when the residual sum of
squares for two successive nested models was not signifi-
cantly reduced at 5 %. The function lm of the R base
package was used for estimating the different models.

Results

First variable selection

Six variables were selected at the first step of the analysis
and were relevant to the posterior part of the joint. For
clarity, we avoid using the term “posterior” in the variables.
We retained the surface of the ovoid, its flaring, the postero-
superior pit depth, the general curvature of the ovoid, its fine
serrations, and the fine serrations of the rim. This first
selection is detailed in the Supplementary data, pages 4–8.
Table 1 shows that all pairwise correlations of these varia-
bles are significant at 5 %, evidencing their high collinearity.
The pit depth and the variables that gave the general geometry
of the ovoid (surface and flaring) were highly correlated to
each other (r range, 0.34–0.60, n0284). The ovoid surface is
highly correlated with its general curvature (r00.84), reflect-
ing its correspondence with the general shape of the pit. The
fine serrations of the ovoid correlate with its surface (r00.65)

Table 1 Pearson correlation matrix of the six selected variables for the individuals with no missing values and no variable transformation (n0284)

Pearson Correlation Age Surf Flaring Depth FDpit2 FDpitsup16 FDrim

Age 1 0.51 0.38 0.60 0.51 0.52 0.45

Surf 1 0.54 0.45 0.84 0.65 0.36

Flaring 1 0.34 0.57 0.25 0.28

Depth 1 0.45 0.38 0.47

FDpit2 1 0.63 0.35

FDpitsup16 1 0.48

FDrim 1

Surf postero-superior surface of the ovoid, Flaring posterior flaring of the ovoid, Depth postero-superior pit depth, FDpit2 general curvature of the
ovoid, FDpitsup16 fine serrations of the ovoid, FDrim the fine serrations of the rim

Table 2 Pairwise partial correlation between age and each variable with no missing values and no variables transformation (n0284)

Partial correlation Age Surf Flaring Depth FDpit2 FDpitsup16 FDrim

Age 1 0.03 0.12 0.40 0.04 0.22 0.10

Surf postero-superior surface of the ovoid, Flaring posterior flaring of the ovoid, Depth postero-superior pit depth, FDpit2 general curvature of the
ovoid, FDpitsup16 fine serrations of the ovoid, FDrim the fine serrations of the rim

The four selected variables for further multiple regression analysis are italicized

688 Int J Legal Med (2012) 126:685–691



whereas the fine serrations of the rim correlate with the pit
depth (r00.47). As we will discuss, these results are a conse-
quence of the aging process.

Second variable selection

Table 2 gives the partial correlation of the six previously
selected variables with age. The four best partial correlations
with age are observed with depth (r00.40, n0284), with the
fine serrations of the ovoid (r00.22), with the flaring of the
ovoid (r00.12), and the fine serrations of the rim (r00.10).
The response variable, age, and the explanatory variables,
except the flaring, were logarithmically transformed before
performing the multiple regression (Supplementary data,
pages 9–10).

Multiple regression analysis

The model selected by stepwise multiple regression con-
served the four simple effects (i.e., the four previously
selected variables) and only one interaction between
the pit depth and the ovoid fine serrations (Supplementary
data, pages 11–12). The model is given by the following
equation:

log ageð Þ ¼ 0:36þ 1:35 log x1ð Þ þ 0:74 log x2ð Þ þ 0:11x3

þ 0:07 log x4ð Þ � 0:29log x1ð Þ

with x1 denoting the postero-superior pit depth, x2 the fine
serrations of the ovoid, x3 the posterior flaring of the ovoid, x4

the fine serrations of the rim, and log(x1)/log(x2) the interac-
tion between the logarithms of x1 and x2.

Note that the two best explanatory variables (depth and
fine serrations of the ovoid, p<10−2) showed a weak partial
correlation (pr range, −0.01 to 0.14) so they can be consid-
ered as not directly linked (Supplementary Table 5). The
model explained 55 % of the variability of age from these
four variables: the pit depth, the ovoid flaring, the ovoid fine
serrations, and the rim. This percentage fell by more than
half in a model without the three most significant. So, the
greater part of the explanation of age came from the three
preceding variables, pit depth, ovoid flaring, and fine serra-
tions of the rim, that gave complementary information.
From a predictive point of view, the model showed a ten-
dency to overestimate the age of young individuals and
underestimate the age of the oldest ones as most of the
models in anthropology [8] (Fig. 5).

Discussion

In this paper, we propose a selection of objective variables
that give the best information on age at death from the
sternal end of the fourth rib. We tried to collect the maxi-
mum amount of objective information by favoring the ac-
curacy and the reliability of measurements.

We could only obtain the full set of variables for 70 %
(284 of 414) of the ribs. The problems encountered were
mainly due to bony projections that prevented us from
appreciating (or estimating) correctly the outline of the
ovoid or the rim depending on the case. Because of these
projections that had expanded with age, the distribution of
individuals' age has been slightly shifted (towards younger
subjects). So, the ribs with measurement difficulties were
mostly those of older subjects (Supplementary data, pages
13–14).

Pit depth was particularly difficult to obtain. We could
not get easily three correct measurement points because of
the bony projections on the rim. We calculated a mean pit
depth to cope with the irregularities of the pit bottom that
might lead to an over- or underestimation of the depth in
case of a single measure point. Işcan himself suggested that
pit depth should not be taken into account in future studies,
whereas we found this variable to be the most informative
one. This justifies our method of measurement. Further-
more, we are currently carrying out a study using image
segmentation techniques which will allow us to obtain
measurements for all the variables whatever the form of
the rib articulation.

As for all bones of the body, the rib tends to enlarge with
age [17–19]. This explains the increase of the whole surface
of its cavity (or ovoid). In addition, the primary variables
that correlated the best with age were all related to the

Fig. 5 Fitted versus observed plots for the age using the selected
model by stepwise multiple regression (n0284). The plain line corre-
sponds to the principal diagonal
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posterior part of the cavity. The eversion of the wall is
indeed greater for the posterior part of the rib. The effect
of this eversion is an increase of the posterior surface and of
the supero-posterior pit depth. This asymmetry is likely due
to the mechanical constraints on the joint during respiration
movements that are more important on the supero-posterior
part of the rib.

There are irregularities of the outline of the cavity or the
rim that increase with age. This was evidenced by the fine
ovoid and rim serrations. Our results confirmed Işcan's obser-
vations by highlighting the increase of fine serrations with age.
These serrations are more visible on the posterior part of the rib
in sagittal view, likely because of the phenomenon of eversion.

Taken together, these phenomena of cavity or rim defor-
mations are caused by a reaction of the bone around mechan-
ically constrained cartilage [20, 21] and site of a degeneration
that makes the bone more rigid and fragile [22, 23]. By
analogy with what might be observed in an enarthrosis joint,
they can be compared to osteophytic spurs [24–26].

The three most significant variables of the multiple re-
gression model that “explain” age (pit depth, ovoid fine
serrations, and rim flaring) bring partly complementary in-
formation. Particularly, the presence of fine serrations is
likely linked to other characteristics of the individuals that
determine the depth or the ovoid flaring. The “explanatory”
capacity of the model remained limited (R2055 %). As the
pit depth was not always obtained but was sufficiently
correlated with the posterior surface of the ovoid, we might
replace the depth with the surface in the model. In this way,
the “explanatory” capacity of the model only fell by 11 %
(R2044 %, data not shown).

From a predictive point of view, as the primary variables
were highly correlated to each other, it might be that we
could make a better prediction with a small number of new
variables which could be linear combinations of our existing
variables. The principal component regression [27] and
partial least squares regression [28] did not improve the
residual standard error (data not shown). In addition, despite
the more stable results with such shrinkage method, the new
variables calculated in the regression are difficult to interpret.

Our study showed that we can evidence characteristics
due to aging that are shared by most of the individuals.
However, aging does not develop at the same speed accord-
ing to individuals. This explains the difficulties of predicting
age even from reliable objective variables. It appears neces-
sary to reintroduce a pattern analysis by experts. This infor-
mation could complement the information given by the
objective measures that we have presented.
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