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ABSTRACT: A critical review of Kahana and Hiss’ study on identification from bone trabecular pattern and a test of their method conducted on
the humerus are presented. Bone trabecular pattern was studied through the generation of a numerical file representing the gray scale. Using the corre-
lation coefficient, several pairwise comparisons between numerical files were performed. The test gave nearly 30% of incorrect exclusions (the method
did not recognize couples of radiographs belonging to the same subject) and 50% of misidentifications (the method recognized couples of radiographs
belonging to different subjects, as belonging to the same subject); therefore, this research shows that at the present time, it is not possible to safely
quantify identification through bone density patterns, of the proximal humerus taken from thoracic X-rays. Thus, an “easy”—but dangerous—use of
trabecular density patterns on this specific type of radiogram as an identification method should be currently avoided.
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In cases of criminal investigations that involve unidentified dece-
dents, one of the main issues is the attribution of identity. When-
ever the remains are fragmentary, burned, water damaged, or badly
decomposed and visual ID by next of kin, fingerprint identification,
or DNA analysis are not applicable, positive identification is usu-
ally performed by forensic odontology. However, when this popular
method cannot be applied, other methods of comparing antemortem
and postmortem data are necessary. One of these is the comparison
of bone morphology on antemortem and postmortem X-rays. In the
case of bone morphology, however, it is impossible to give a quan-
titative response, as in the case of DNA; neither are there clear
guidelines concerning, for example, how many points of similarity
are to be considered sufficient to claim identity. For this reason,
several groups in different disciplines, including forensic anthropol-
ogy and odontology, are testing the methods brought to trials (1-9).
However, several authors claim that there is no need for quantifica-
tion, because expert knowledge, training, and experience are the
only reliable features for a correct identification (10), and visual
comparison proves sufficient to achieve identification, assuming
that the expert has a high level of training and experience in the
forensic practice (8,11-13). Regardless, the quest for quantitative or
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semiquantitative methods still goes on. The aim of this technical
note is to analyze and test the applicability of one of the few tech-
niques in the field, proposed by Kahana and Hiss (14) and by Kah-
ana et al. (15), which attempts to quantify bone morphological
similarity, on more difficult yet more common radiographic mate-
rial. Kahana and Hiss’ case reported in 1994 used hand radiographs
and focused on metacarpal and phalanx bone architecture (14),
while research conducted by Kahana et al., in 1998, used wrist
radiographs and focused on the radius (15). Kahana et al. in their
study state that the trabecular density pattern is unique to each indi-
vidual and stable enough to be used as a forensic marker for the
positive identification of human remains. They reached these con-
clusions through the study of postmenopausal women wrist radio-
graphs, taken annually, for a period of 6 years, with the aim of
studying the bone mineral status of these women. The lowest corre-
lation coefficient that Kahana et al. obtained comparing same sub-
ject X-rays was 0.72 (r = 0.70-0.74, around 4% of same subject
comparisons), while the highest correlation coefficient they
obtained, comparing X-rays from different subjects, was 0.62
(r> 0.5, 5% of different subjects comparisons). Given these results,
the authors claimed that the “cutting point” is 0.72 and the tech-
nique provides a quantifiable criteria to be presented in a court of
law. Furthermore observation of such patterns seems reliable as it
has been demonstrated that bone mineralization density does not
change in a period of 10 years (14,16). The method is therefore
described as successful; however, wrist and hand X-rays are not
easy to come by in cases of unidentified decedents. Thoracic X-
rays on the other hand are much more common. Clearly, they are
performed for the purpose of visualizing soft tissues and are not
optimal for the study of skeletal structures. However, in many cases
of unidentified decedents, antemortem X-rays that are most com-
monly produced by family, physicians, or hospitals are thoracic
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ones. The frequency of chest films in the US population is 43%
(10) and in the Italian population is 21% (personal communication
by Dr. C. Zocchetti, Direzione Generale Sanita, Regione Lombar-
dia); furthermore, 53% of the identification cases reported by Mur-
phy (17) were solved using these specific records. This is the
reason why we chose to work on these types of radiographs. The
scope was therefore to verify whether it is possible to apply Kah-
ana et al.’s method on a different type of radiogram. As in Kahana
et al.’s studies (14,15), we chose to work on what they describe as
“trabecular bone pattern” but which in fact refers to bone density.
The area chosen on the thoracic X-rays was the humerus, because
among all the bones reproduced on a thorax X-ray, it is the one
that offers the best visualization of the trabeculae. In this study, the
trabecular pattern of the humerus visible in most thoracic X-rays
was studied through the selection of a line (“reference line’”) and
the generation of a numerical file representing trabecular density
along the line of interest. Several comparisons were performed
(comparisons between X-rays belonging to the same subject and
comparisons between X-rays belonging to different subjects) using
Pearson’s correlation coefficient.

Materials and Methods

Two sets of thorax radiographs of living subjects were collected.
The first set, taken between 1960 and 1990, included 191 X-rays
from 88 subjects, only 25 of which were used. The second set,
taken between 2005 and 2006, included 108 X-rays belonging to
59 subjects, among these X-rays, only 46 belonging to 25 subjects
were used. X-rays from subjects in which skeletal development
was not complete were excluded. For each subject, one, two, or
more X-rays were available (taken within 10 years for the first set
and between 1 min and 12 months for the second set); this allowed
AM/PM simulated comparisons. X-rays from the first set
(1960/1990) were placed on a lightbox, and then a black and white
picture was taken using a camera (Nikon Coolpix 3200; resolution
2048 x 1536; exposure 1/60; ISO 50; focal length 17.4). Radio-
graphs from the second set (2005/2006) were scanned using a
“Scanner Epson Expression 1640 XL,” and the digitization has
been conducted using the software ‘“Photoshop 7.0” (18), and the
resolution used was 300 dpi. The same criteria for the image cap-
ture methods and the same softwares were used for the two sets
and, as demonstrated by the results, the two methods are in fact
comparable. Moreover, they are comparable to the image capture
methodologies applied by Kahana et al. in their 1998 study. In fact,
they digitized the X-rays using a view table and a CCD computer-
controlled video camera, and the sole diversity between the two
studies is inherent to technological advances in digital image acqui-
sition. Accordingly, the resolution we used was higher than the one
used by Kahana et al., and the gray scale level was the same (15).

A method to standardize the images was devised (the “‘standard-
ized method”) that involved resizing of the humeri and positioning
of a “reference line.” The latter issue was not analyzed in Kahana
et al.’s research (15), but it was discussed in Israel’s work (19).
Initially, Pearson’s correlation coefficient was used to individualize
the best “reference line” between four lines positioned on the
X-rays. In a preliminary part of the study, in fact, a test was
performed to verify which area at the humeral neck was best for
comparison. Four lines were traced, within the first set, beneath the
humeral head in the following sequence: the first at the most proxi-
mal point of the diaphysis, the last one at the distal extremity of
the humeral head, and the other two randomly placed in between
(Fig. 1). Results of this preliminary test showed that the most user-
friendly and efficient comparisons were obtained on the first line
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FIG. 1—Detail from a chest film. The proximal epiphysis of a right
humerus, with the four couples of arrows and the four lines used to select
the best reference line (the lowest line in the image).

(Table 1), i.e., the lowest one on the humerus, at the most proximal
point of the diaphysis. Hence, this became the reference point for
the rest of the study. The “standardized method” was devised using
“Adobe Photoshop CS” software (20). Two humeri (one right
humerus and one left humerus) were selected among the sample;
an outline was shaped, and then two arrows were positioned at the
reference point. These images (the ‘““standard images™) of the out-
lines and the arrows (after the removal of the original humerus)
(Fig. 2) were then superimposed to all the humeri studied; each
head of the humerus was brought to the standard dimension, with-
out altering the proportions of the bone, and the arrows were then
used to obtain a line at the reference point (the same line in each
humerus analyzed). As in Kahana et al.’s research, the trabecular
pattern was studied through the generation of numerical files repre-
senting the gray scale along the reference line; in the present
research, these files were obtained using “Image]” (21), an open
source scientific software, while Kahana et al. used a software spe-
cifically designed for their study (15); it should be noted that as the
gray scale measurement is a straightforward calculation performed

TABLE 1—Correlation coefficients obtained when testing the
“standardized method” on the first set of X-rays (thorax X-rays,1960 and
1990). Each radiograph was compared to itself; all lines were considered

(In, 2n, 3n, and 4n).

Correlation Line In Line 2n Line 3n Line 4n
<0.60 0% 0 10% 2 10% 2 10% 2
>0.60 100% 22 90% 20 90% 20 90% 20
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FIG. 2—Outline and arrows used for the comparisons of the radiographs.
This outline was superimposed on every humerus, in order both to resize
the humeri and to place the reference line for the measurement of bone den-
sity patterns.

on a digital file, the fact that different software packages were used
does not influence the outcome of the analysis. The statistical anal-
ysis was conducted by comparing the numerical files using Pear-
son’s correlation coefficient, as carried out in Kahana et al. study
(15). All the possible pair-wise comparisons were made; numerical
files obtained from different radiographs of the same subject were
compared to each other, and comparisons between numerical files
taken from radiographs of diverse subjects were also made. To test
how many times the technique did not match two radiographs
belonging to the same subject (false negatives, incorrect exclu-
sions), different radiographs from the same subject were compared;
to test how many times radiographs belonging to different subjects
were matched as belonging to the same subject (false positives,
misidentifications), comparisons were performed among X-rays
from different subjects. As the aim of the comparisons was to ver-
ify whether the two lines had some common variation, Pearson’s
correlation coefficient was used. X-rays taken in different condi-
tions might have a different luminosity and a different contrast; the
former feature does not alter the correlation results because a varia-
tion in luminosity acts as a linear transformation on all the pixels
of an image. Conversely, differences in contrast could theoretically
alter the results although, both in this study and in Kahana et al.’s
research (15), the outcome does not appear to be influenced by this

feature. The statistical analysis was performed using “R” (22), a
programming environment for data analysis and graphics.

Results and Discussion

As mentioned earlier, in the preliminary study performed to ver-
ify where to trace the reference line, tests on four lines were per-
formed. Among the four lines selected, line In (the lowest line in
Fig. 1), i.e., at the most proximal point of the diaphysis, gave the
best outcome, resulting in 100% of the comparisons having
r>0.60 (in 82% of comparisons r > 0.82, Table 1). The results
that follow in the rest of the study obviously include only line In,
as this, from the beginning, was chosen as the reference line. The
comparisons conducted between lines obtained from different
radiographs, in the first set, belonging to the same subject gave an
incorrect exclusion (false negative) in 26% of cases (r < 0.60, low-
est r = —0.24) (Table 2). When comparing radiographs from differ-
ent subjects, the quality of the results obtained did not improve; in
fact, 49% of the comparisons were misidentifications (false posi-
tives) (r> 0.60, greatest r=0.94) (Table 3). As the results
obtained on the first set could have been attributed to the deteriora-
tion of the radiographic material used, a second set of more recent
thoracic radiographs, taken between 2005 and 2006, were investi-
gated. From the analysis of this set, when comparing X-rays from
the same subjects, 38% of incorrect exclusions (false negatives,
r < 0.60, lowest r=-0.23) were obtained (Table 2). Moreover,
the comparisons between X-rays from different subjects gave 58%
of misidentifications (false positives, r > 0.60, greatest r = 0.97)
(Table 3). Although the number of comparisons conducted between
different X-rays belonging to the same subject was not high (set I
15 comparisons and set II 26 comparisons, Table 2), the number

TABLE 2—Correlations obtained comparing lines from different X-rays
belonging to the same subject, thus simulating AM/PM comparisons, on the
two sets of radiographs (considering only line In).

I Set (Thorax 1960/1990) II Set (Thorax 2005/2006)

No. of No. of
Correlation Percentage =~ Comparisons  Percentage =~ Comparisons
-0.30 to 0.00 6.66 1 3.85 1
0.01 to 0.20 0 0 11.54 3
0.21 to 0.40 0 0 3.85 1
0.41 to 0.60 20.00 3 19.23 5
0.61 to 0.80 20.00 3 23.1 6
0.81 to 1.00 53.33 8 38.46 10
Total 15 26

TABLE 3—Correlations obtained comparing lines taken from radiographs
belonging to different subjects, on the two sets of radiographs (considering
only line In).

I Set (Thorax 1960/1990)  II Set (Thorax 2005/2006)

No. of No. of
Correlation Percentage = Comparisons  Percentage =~ Comparisons
—0.80 to —0.41 0 0 3.41 20
—-0.40 to 0.00 3.20 4 3.58 21
0.01 to 0.20 7.20 9 7.51 44
0.21 to 0.40 12.80 16 10.24 60
0.41 to 0.60 27.20 34 17.06 100
0.61 to 0.80 35.20 44 26.10 153
0.81 to 1.00 14.4 18 32.10 188
Total 125 586




of comparisons between different X-rays belonging to different
subjects was consistent (set I 125 and set II 586, Table 3). This
outcome, obtained using a methodology comparable to Kahana
et al.’s methodology, shows how it is not possible to perform a
reliable identification based on linear density patterns on the proxi-
mal humerus from thoracic X-rays. This study has focused exclu-
sively on humeral bone structure as can be seen on chest X-rays;
regardless, future research on X-rays of different regions of the
skeleton might demonstrate the applicability of such a method for
positive identification, as already demonstrated by Kahana et al.
with wrist trabecular bone density pattern comparison, presented as
an ideal method of identification (15), although the present work
cautions against the “easy” adaptation of the method to other
bones and radiographs. An issue which needs to be addressed, and
which may be a possible source of error, when using thoracic
radiographs, is the possible slight differences in the positioning of
the arms. Further research should clarify the effect of slight posture
variations on trabecular density patterns. In a real case of identifi-
cation, however, one could exactly position the arm of the cadaver
in the PM X-ray as it was positioned in the AM radiograph. As
previously stated, if taken in a period of 10 years, two X-rays can
be reliably compared for the trabecular bone density pattern analy-
sis (16). In Kahana and Hiss” study (14), the time lag between the
first X-rays and the second X-rays, belonging to the same person,
was never more than 6 years, and in this study, it was never more
than 10 years.

This research shows that at the present time, it is not possible to
safely quantify identification through bone density patterns of the
proximal humerus taken from thoracic X-rays. In other words,
the authors only wish to warn against an “‘easy”’—but dangerous—
use of trabecular density patterns on this specific type of radiogram
(commonly available) as an identification method. Thus, at the
moment, as several authors state, the sole useful and reliable
approach may be a morphological analysis by an expert, which can
itself be evaluated through the measurement of observer accuracy
(1,2).
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