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ABSTRACT: Positive identification of human remains is often achieved by comparing antemor-
tem and postmortem radiographs. Usually, radiographs contain a number of markers that can
serve as reference for comparison, one of these markers is the trabecular bone pattern depicted
in the roentgenograms. In the present case, densitometric analysis of the trabecular bone pattern
was used as the sole means of identification. Later on, two other methods confirmed the original
positive identification.
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The comparison of antemortem and postmortem radiographs for positive identification
of human remains is a widely used procedure in forensic anthropology [1,2]. The technique
was first documented in the literature in 1927 by Law and Culbert [3], who compared the
morphology of air sinuses and air cells in antemortem and postmortem cranial radiographs
and established positive identification.

The reliability of identifications based on cranial and postcranial radiographic markers,
has been well established since then. These markers include: gross anatomic structures
[3-6], general degenerative changes [7] trauma and evidence of medical intervention [8]
and the trabecular bone pattern depicted on the radiographs {1,9-11].

In this paper, a case is reported, in which positive identification was established using
the trabecular bone architecture of the first metacarpal and phalanx and was later confirmed
by other means of identification.

Case Report

In July 1992, two terrorists died when the stolen car in which they were traveling burst
in flames. When the bodies were recovered they were extensively charred, thus precluding
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visual identification. Identification and necropsy of the two burned bodies were performed
at the L. Greenberg Institute of Forensic Medicine. An anthropological profile of each body
was submitted to the Israeli police department together with a complete set of fingerprints
of one of the bodies and a thumb print of the other. The next day, the police submitted
radiographs (Fig. 1) of the right and left thumbs of a terrorist on the wanted list, who fit
one of the anthropological profiles provided by the forensic anthropologist.

Postmortem radiographs of the right thumb of the body in question were taken for
comparison (Fig. 2) with the radiographs supplied by the police (the left hand was extensively
damaged by the fire). The visual comparison of the trabecular pattern of the first metacarpal
and distal phalanx of the right hand clearly indicated that the antemortem and postmortem
radiographs belonged to the same individual.

The antemortem radiographs, which had been taken two years previously, showed no
evidence of trauma or special peculiarities. For this reason, detailed comparisons were
made of the internal structure of the bone. In order to compare the antemortem and
postmortem evidence, the radiographs were taken to the Physical Anthropology Laboratory
of the Hebrew University to be densitometrically examined with an Image Analyzer.

Materials and Methods

The Image analyzer is a PC based system with the following major components: a view
table for radiographs; a CCD computer controlled video camera and control card; an IBM/
PC AT computer with appropriate software developed by “Galai” technologies and specially
adapted by Dr. Paul Zaslansky from the Hebrew University, Hadassah Dental School.

Each radiograph was scanned and stored in the computer memory. The scanning process,
performed by the camera, involves the translation of the different shades of gray of the
radiograph into numbers. In this way a computer image is produced in which darker or

FIG. 1-—(a) Antemortem radiograph of the right proximal first phalanx; (b) antemortem
radiograph of the right first metacarpal.
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FIG. 2—(a)} Postmortem radiograph of the right proximal first; (b) postmortem radiograph
of the right first metacarpal phalanx.

lighter shades are represented by low or high values respectively (in the range of 0 to 254),
Each computer image is stored as an array of numbers that can be statistically manipulated.
With the Cue4 analysis package, mathematical contrast enhancement operations were
performed on the images.
Once the contrast was improved, a line along the proximal end of the first metacarpal
and distal phalanx of each radiograph analyzed was selected and saved (Figs. 3 and 4). In
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FIG. 3—(a} Densitographs (line maps) of the antemortem and postmortem right proximal
Jirst phalanx; (b) densitographs (line maps) of the antemortem and postmortem right proximal
first metacarpal.



1328  JOURNAL OF FORENSIC SCIENCES

AM Phalanx R — AM Metacarpal R
.................. AM Phalanx L AM Metacarpal L

Density
Density

0 T 1 0 T g —
0 100 200 0 100 200
Position along the radiograph Position along the radiograph

FIG. 4—(a) Densitographs (line maps) of the antemortem left and right proximal first phalanx;
(b) densitographs (line maps) of the antemortem left and right proximal first metacarpal.

this manner, a profile of the trabecular bone pattern in each image was created. This profile
(also known as a line map or a densitograph) transects distinct trabeculae [12-13]. The
lines were selected at approximately 0.5 cm from the distal end of the first metacarpal and
distal phalanx. The correlation between the different densitometric traces was examined
through regression analysis.

For control purposes, the postmortem radiograph of the right hand was tested against
both the right and left antemortem radiographs.

Results

Table 1 shows the correlation between the densitographs of the antemortem and postmor-
tem radiographs of the right hand. A correlation of 0.90 was obtained for the phalanx and
0.81 for the metacarpal. The similarity between these densitographs can be evinced from
the comparative graphs (Fig. 2). The correlation between the densitographs of the first
metacarpal and distal phalanx of the right hand and the hand (antemortem) is also reported.
The differences between the densitographs are shown on the comparative graph (Fig. 3).
The correlation for both bones analyzed is less than 0.6 (the lowest correlation for densito-
graphs of the same bone radiographed at different radiographic conditions is 0.6 [14].

TABLE 1—Correlation between densitographs.

AM. Right AM. Right AM.Left AM. Left PM. Right PM. Right
Phalanx =~ Metacarpal  Phalanx ~ Metacarpal  Phalanx  Metacarpal

A.M. Right 1.0
Phalanx
A.M. Right —-0.272 1.0
Metacarpal
AM. Left 0.507 -0.306 1.0
Phalanx
AM. Left —0.254 —-0.432 —0.248 1.0
Metacarpal -
P.M. Right 0.905 0.044 0.552 0.282 1.0
Phalanx
PM. Right 0.073 0.816 0.429 0.559 0.128 1.0

Metacarpal
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Two days after the report of the positive identification by means of trabecular bone
comparison was filed, the Israeli Police Department confirmed the identification by compar-
ing the postmortem thumb print with antemortem prints that were on their files. Indepen-
dently, a week later the Laboratory of Criminal Identification produced a positive
identification from DNA analysis.

Discussion

Nowadays, radiographic comparisons are the most common technique used by forensic
anthropologists for positive identification [ /,2]. There are a number of reports in the literature
on the markers used when making radiographic comparisons [/-10, 15-20]. Trabecular
bone, however, is seldom used as a single marker since usually there are other remarkable
features depicted in the radiographs.

In 1986 Van Der Stelt and colleagues proposed the use of trabecular bone pattern depicted
in dental radiographs as a marker in forensic identifications [9]. Investigators comparing
trabecular bone pattern from dental radiographs should be aware that the trabecular bone
of the maxilla and mandible is affected by changes in the dentition, namely resorption of
the alveolar bone due to extraction of teeth or periodontal disease.

Other factors that may affect comparison of the trabecular bone pattern are the radiographic
conditions at which the radiographs were taken and the bone remodeling produced by age
[21]. In a previous study designed to test the effect of the radiographic conditions on the
depiction of the trabecular bone pattern [/4], 10 radii were repeatedly radiographed under
different radiographic conditions. The results of the study indicated that radiographs of the
same bone taken at different settings (for example, intensity, time of exposure and angle)
were more highly correlated (R = 0.8 to 0.6) than radiographs of different bones taken
under the same conditions (R = 0.5 to 0.1).

Conclusion

Positive identification of the human remains is probably one of the most important steps
in a necropsy. Forensic anthropologists often use radiographic comparisons for this purpose.

In this case, the only remarkable feature for comparison in the antemortem and postmortem
radiographs was the trabecular bone pattern. The reliability of this marker for positive
identification was tested through densitometric analysis and later confirmed by fingerprint
and DNA comparisons.
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