
Identification of unknown individuals is one of the most impor-
tant aspects of medico-legal death investigation. Positive identifi-
cation of the deceased is necessary for an accurate death certificate
to be filed, a will to be executed, benefits to be distributed, and
most importantly for families to find closure. Decedent identifica-
tion is also necessary for the conclusive investigation of a homicide
(1). Methods of identification include fingerprints, dental radio-
graph comparison, axial and appendicular radiograph comparison,
and in selected cases, DNA analysis. Visual identification alone is
often unreliable due to thermal damage, immersion, mutilation,
disarticulation, or decomposition of the remains (2).

The practice of comparing skeletal structures in antemortem and
postmortem radiographs is widely used throughout the field of
death investigation by forensic specialists from many disciplines
including anthropology, forensic pathology, and radiology to
achieve positive identification. Obtaining antemortem records re-
quires that a presumptive identification be established either by cir-
cumstance or through a description of injuries and/or anomalies in
the deceased (1,3,4). Once antemortem and postmortem radio-
graphs are obtained, positive identification relies upon the accurate
matching of skeletal features and landmarks common between the
radiographs (1,3–5).

Published case reports exemplify the usefulness of various skele-

tal regions for decedent identification using radiographic compar-
isons including frontal sinuses, sphenoid bone, clavicle and scapula,
thoracic and lumbar spine, ribs and costal cartilage, the pelvis and
many joints (1–3, 5–15). In addition, the trabecular pattern in the
wrist, distal femur, and proximal tibia can be compared accurately
for identification (10,11,16,17). Although not uniformly present in
a population, unique osseous features, such as previous injuries,
pathological conditions, infection, developmental asymmetries,
and degenerative changes may aid identification (1,2,9,18). Typi-
cally, decedent identification is based on comparison of the radio-
graphic depiction of normal skeletal morphology and landmarks,
which do not change in an adult individual unless disrupted by
trauma or disease (3,5,7–9,11,12,17–20). Both the contour and in-
ternal bony structure of normal skeletal features show numerous
points of radiological comparison for obtaining positive identifica-
tion (5,8,9,11,15,21,22).

Widespread availability of antemortem chest radiographs en-
hances their utility as a basis for radiographic comparison. Chest ra-
diographs are obtained in life more frequently than radiographs from
any other postcranial region, including extremities; chest radio-
graphs constitute up to 40% of conventional diagnostic radiographs
(1,5,9,12,18). During the Noronic disaster, radiographs of the spine
and chest were used for comparison more often than any other (18).

Because the majority of antemortem radiographs provided for
identification to the King County Medical Examiner’s Office are
chest X-rays, the reliability of comparing these diagnostic films to
postmortem radiographs is of practical importance. Therefore, we
designed a multidisciplinary approach to test the validity of chest
X-ray comparisons for unknown decedent identification.

This study had three objectives: 1) to quantify the reliability of
ante- and postmortem chest radiograph comparison for decedent
identification; 2) to identify useful radiologic features supporting
decedent identification; and 3) to recognize sources of error in
decedent identification related to use of comparative radiographs.
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Materials and Methods

Radiographs for use in this study were acquired from cases that
came under the jurisdiction of the King County Medical Exam-
iner’s Office in Seattle, Washington between 1995 and 1999. Cases
were selected if either single antemortem or both ante- and post-
mortem chest radiographs were present in the radiographic file.
The study used thirty sets of matching antemortem and postmortem
chest films for comparison and twelve additional unmatched ante-
mortem chest films. (One set originally included as a matching set
was discovered to be a non-matching set after the study was com-
pleted. All of the performance results were subsequently corrected
to take this into account.) To keep track of matching sets, each of
the radiographs was randomly numbered from 1–72.

To simulate actual forensic investigation, we did not control for
age or sex of the decedents, or time interval between ante- and
postmortem radiographs. In addition, we did not select for radio-
graphic positioning or quality of the ante- and postmortem radio-
graphs. Antemortem chest radiographs may be taken either antero-
posterior (AP) or posteroanterior (PA). In our study, all of the
postmortem films were AP, and the antemortem positioning in-
cluded 37 AP and 15 PA radiographs. The age, postmortem inter-
val, and gender of our cases are summarized in Table 1.

Four observers (a forensic pathologist and a forensic anthropol-
ogist from the King County Medical Examiner’s Office, and two
radiologists from Harborview Medical Center) independently com-
pared the radiographs without demographic information including
age, sex, race, and cause of death of the decedents.

Three types of comparison tests were conducted in two separate
trials (Table 2). Each of the four observers matched the same ante-
and postmortem radiographs for each test. The first test, called the
Group Comparison Test (GCT), consisted of three sets of eight an-
temortem and five postmortem radiographs. For each set, the ob-
servers were asked to select one of the eight antemortem radio-
graphs as the unique match to each of the five postmortem
radiographs. The additional antemortem radiographs precluded

matching by elimination. The observers were told that they might
assume that within the set, each postmortem had a matching ante-
mortem film. The four observers recorded the radiographic features
they used to match the radiographs, and noted whether or not ra-
diographic quality affected their ability to confidently make a pos-
itive match.

The second test, the Individual Comparison Test (ICT), con-
sisted of six sets of five antemortem and one postmortem radio-
graph. For each set, observers uniquely matched each postmortem
radiograph to an antemortem counterpart. To test the observer con-
fidence, there were a number of sets that had no match (Table 2).
The observers were not told how many of these there might be. For
each set, observers independently described the radiographic fea-
tures used to make each match, and assigned a level of confidence
to the match from a choice of positive, probable, possible, or no
match (Table 3).

TABLE 1—Age, postmortem interval (in years) and gender of
radiographs used for comparison.

Mean Min. Max. Females Males

Matching Sets: 22 8
Age 53.30 21 87
PMI 2.80 0* 12.6
Random AM Films: 7† 4
Age 58.18 12 87

* Person died on the same day as the AM X-ray was taken.
† Two films from the same person were used for a total of twelve

random films.

TABLE 2—Number of Antemortem and Postmortem Films, Number of Matching Sets and Non-Matching Sets and Number of
Correct Answers Possible for Each Test.

Correct Number of Number of
Answers Possible Matching Sets Non-matching Sets

Test AM PM Each Trial Trial 1 Trial 2 Trial 1 Trial 2

Group Comparison Test (GCT) 8 5 15 5 5 NA NA
Individual Comparison Test (ICT) 5 1 6 4 2 2 4
Single Set Test (SST) 1 1 10 7 8 3 2

TABLE 3—Confidence level descriptions and frequency for correctly
matched, mismatched, and unmatched sets of radiographs for the

individual comparison and single set tests.

Number Number
Correctly Mismatched

Confidence Matched or Unmatched
Level Description Sets Sets*

Positive Multiple points of 21 0
similarity

No inconsistencies
Absolute certainty

Probable Good correspondence 28 5
of features

Too few matching
points for positive

Lack of confidence
due to poor quality

Most likely a match
Possible No significant points 9 9

of similarity
No inconsistencies or

exclusion points
Lack of confidence due

to poor quality
No Match points of inconsistency NA 11

Extremely poor quality
Absolute certainty there

is no match
Total† 58 27

* Unmatched sets are matching sets that were incorrectly marked as “no
match;” confidence level data is not available for the 17 mismatches that
occurred in the Group Comparison Tests; two additional GCT sets were
marked as “no match.”

† Total reflects the number of tests for which a confidence level was
given; confidence was not always recorded by the observer.



The third test, the Single Set Test, consisted of ten sets of one an-
temortem and one postmortem radiograph. This test also included
sets in which the films did not match, and observers did not know
how many of these there might be (Table 2). For each set, observers
independently assessed whether the two radiographs represented
the same individual, and assigned a level of confidence from a
choice of positive, probable, possible, or no match. Observers also
recorded information that might have increased their certainty in
the match (e.g., age, sex, time interval between radiographs, etc.).

For the second trial of these three tests, all radiographs were
renumbered randomly and all test sets were composed of different
combinations of ante- and postmortem radiographs than in the first
trial. Otherwise the trials were identical.

The number of correct answers was determined for each ob-
server for each test. Responses were scored incorrect for a false-
positive and false-negative (errant no-match) matches.

Results

Performance

There were a total of 31 possible correct answers for each trial
(Table 2). Table 4 summarizes the overall percent accuracy for the
entire study (an average of Trial 1 and Trial 2) for each observer as
well as the average performance for all observers combined (80%
accurate). The performance of the forensic anthropologist stands
out with the highest overall percent correct (92%). The two radiol-
ogists and the forensic pathologist performed similarly throughout
both trials (79, 74, and 73% respectively).

Although one of the observers was unable to complete the Group
Comparison Test for the second trial, our study results seem robust.
If we assume that this observer got the same score for the second
trial as he got on the first trial, the average percent for the overall
study would be unchanged. Furthermore, if we assume that this ob-

server got 100% correct on this test, the average percent for the
overall study increases to only 82% (vs. 80%).

Radiographic Features used for Matching

To facilitate counting the number of times a feature was used,
recorded features were standardized into categories (Table 5). Ra-
diographic features most commonly used for comparison were nor-
mal anatomical structures. For Trial 1, the most common feature
reported was clavicle morphology. Shoulder, vertebral, rib, and
spinous process morphology closely followed. In Trial 2, spinous
process, vertebral, and rib morphology were reported most com-
monly. Overall, vertebral, rib, spinous process, and clavicle mor-
phology were the most common features used for radiographic
comparison.

Error and Confidence

Out of 233 possible correct answers over both trials, 187 were
correct (true-positive � 154/187, true-negative � 33/187) and 46
were incorrect (false-positive � 33/46, false-negative � 13/46).
Observers were conservative when assigning confidence levels to
matched sets for both the Individual Comparison Test and the Sin-
gle Set Test (Table 3). Sixty-three percent of the true-positive
matches were given a confidence level of either probable or possi-
ble. For false-positive matches, observers showed low levels of
confidence.

Understanding the sources of error that contribute to this result
is important for preventing the misidentification of a deceased in-
dividual. Four sources of error were identified: 1) quality of ante-
mortem or postmortem films (i.e., radiologic exposure); 2) orienta-
tion of the body in the films (radiologic positioning); 3) state of
decomposition of the postmortem remains; and 4) the presence or
absence of external information such as age, sex, time interval be-
tween films, or circumstances.

Discussion

As a means of scientific identification of unknown, deceased in-
dividuals, it is important that the method of comparing antemortem
to postmortem chest radiographs be understood in terms of its ap-
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TABLE 4—Summary of individual performance of observers for the
group comparison test (GCT), individual comparison test (ICT),
and single set test (SST) in both trials and overall performance

of all observers for all tests and trials.

% Correct % Correct Combined
Observer Trial 1 Trial 2 % Correct

Forensic
Pathologist
GCT 80% 80%
ICT 67% 67% 67%
SST 80% 70% 75%

Total % Correct: 73%
Forensic

Anthropologist
GCT 73% 100% 87%
ICT 100% 100% 100%
SST 90% 100% 95%

Total % Correct: 92%
Radiologist 1

GCT 80% 87% 83%
ICT 67% 67% 67%
SST 80% 80% 80%

Total % Correct: 79%
Radiologist 2

GCT 87% 67% 77%
ICT 67% 50% 59%
SST 60% 90% 75%

Total % Correct: 74%
Overall Performance: 80%

TABLE 5—Feature categories and frequencies of use for identification
for Trial 1, Trial 2, and overall study.

Overall
Feature Categories Trial 1 Trial 2 Study

Clavicle morphology 17 5 22
Shoulder morphology and changes* 14 3 17
Vertebral morphology 14 10 24
Rib morphology† 13 10 23
Spinous process morphology 11 11 22
Spinal degeneration‡ 10 3 13
Transverse process morphology 6 1 7
Surgical hardware 6 1 7
Previous fracture 4 3 7
Other§ 4 3 7

* Includes shoulder degeneration, shoulder morphology, scapular mor-
phology, acromioclavicular joint.

† Includes rib morphology, synchondrosis, costal cartilage.
‡ Includes spinal degeneration, vertebral spondylosis, vertebral os-

teoarthritis.
§ Includes foreign bodies, GSW, “bone configuration,” mediastinal

contour, fibrous dysplasia.
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plications and its limitations. Recognizing and accounting for the
sources of errors in this method will minimize potential for
misidentification.

The results of this study indicate that, for this sample, the method
is reliable only 80% of the time, and when an error is made it is
more likely to be a misidentification. Our performance result of
only 80% correct is significantly different from double blind stud-
ies conducted in the past that have reported 100% accuracy. One
reason for this discrepancy may be that previous double blind stud-
ies routinely compared antemortem to antemortem films (7,21).
We believe that our study more closely simulates actual forensic
investigation.

Standards have been published regarding the number of match-
ing features necessary to prove a positive identification (11). It has
been suggested that a minimum of four matching features be re-
quired for positive identification, however more points may be
needed in some cases while in others, one unique feature may prove
to be sufficient (7,11). Observers in this study felt that there should
be multiple points of similarity on at least two different skeletal
structures, and no inconsistencies between the films. Recorded fea-
tures from our study were similar for both trials, and reveal the ne-
cessity of utilizing normal anatomical structures for comparison.
We believe that for the second trial, the reported distribution of fea-
tures used to match radiographs is slightly different due to incom-
plete data for the Group Comparison Test and/or recombination of
radiographs for the second trial.

The poor quality of both ante- and postmortem films used in this
study caused problems for comparison and resulted in low levels of
confidence for matched sets. Many of the antemortem radiographs
used in this study were originally taken for clinical diagnostic pur-
poses, not to look at skeletal structures. Consequently, these radio-
graphs inadequately detailed skeletal structures due to overlying
soft tissue and insufficient exposure. Similarly, radiographic posi-
tioning, decompositional artifact (gaseous changes, skeletal disor-
ganization due to loss of anatomical position), and radiographic ex-
posure of postmortem radiographs presented significant obstacles
for comparison. In addition, postmortem removal of the chest plate
prior to taking the radiograph, while providing a clear view of the
spinal features, makes comparison of the clavicle and ribs nearly
impossible. Other trauma or mutilation could present similar prob-
lems for comparison.

All four observers commented on the lack of consistent orienta-
tion between antemortem and postmortem films. In a forensic set-
ting, little can be done to alter the quality of an antemortem radio-
graph (1). Only the postmortem films can be changed in an effort
to optimize comparability. Nonetheless, there are limits to improv-
ing the orientation of postmortem remains, particularly if those re-
mains are in full rigor, decomposed, or disarticulated. In addition,
it is usually not practical to take a PA postmortem chest radiograph
since laying the decedent on their front does little to mimic radio-
graphic positioning of an upright live person. Comparison of AP
postmortem chest films to PA antemortem chest films is likely to
remain a frequent practice.

Finally, all of the observers would have preferred access to basic
information regarding the individuals’ expected age, sex, and time
interval between films. Typically, a tentative identification will al-
ready be available and information such as sex and age will facili-
tate comparison of radiographs. Only in rare cases or in mass dis-
asters might it be necessary to compare multiple antemortem and
postmortem radiographs without a tentative identification. How-
ever, radiographic positioning and exposure, and decomposition
will continue to present problems, and every effort should be made

to minimize their impact on comparison. For instance, taking chest
radiographs both prior to and after autopsy might allow the ob-
server to see the ribs (prior to autopsy) and the spinal column (af-
ter autopsy) clearly, avoiding complications from gaseous changes.
Reproducible positioning may be a more difficult obstacle to over-
come. As suggested by Sanders et al., it may be reasonable to re-
move one particular bone, such as the clavicle, in order to position
it identically to antemortem radiographs (19). Alternatively, alter-
ing the tube angulation while taking postmortem chest radiographs
may help with the comparison of AP to PA radiographs (1). Avoid-
ing problems with orientation are the technologist’s and observer’s
greatest challenge.

It is not unreasonable to take into account the observer’s training
when looking at the reliability and accuracy of chest radiographic
comparison. From our results, it appears that the anthropologist had
an advantage. Although it would not be prudent to make general-
izations based on the results of this study, it suggests that task fa-
miliarity and training of the observer might affect the accuracy of
a comparison. This is consistent with results obtained in one study
that investigated the effect of medical training on the accuracy of
radiographic comparison (23). On the pretest questionnaires, the
radiologists and pathologist indicated they were looking for diag-
nostic features (hardware, fractures, degenerative changes, etc.). In
contrast, the anthropologist listed features that focused on the
shapes and contours of skeletal structures with less emphasis on
pathology. The post-study questionnaires suggest a learning effect,
in which all observers listed normal anatomical structures as fea-
tures actually used for comparison. This “morphological approach”
may be more effective than focusing on diagnostic features and
pathology.

This study was limited in terms of the number of observers and
the films available for comparison. Future studies might include a
larger data set of radiographs of variable quality. In addition, rep-
resentative numbers of professionals from the fields of forensic an-
thropology, forensic pathology, and radiology should be included
to assess potential training effects. We believe that an increased
awareness of the methods we use for medico-legal investigation
can only augment reliability and accuracy, and improve the essen-
tial services we provide the public.

Conclusions

This study was an attempt to validate the comparison of chest ra-
diographs for identification of unknown human remains. In addi-
tion, we set out to identify important features useful for compari-
son as well as factors that contribute to errors in identification.
Utilizing chest radiographic comparison for identification is an im-
portant aspect of medico-legal death investigation and, for this rea-
son, must be understood with regard to its limitations. Our study
demonstrated only 80% accuracy, and identified quality of the
ante- and postmortem radiographs as the major limitation. Focus-
ing on a number of normal anatomical landmarks and skeletal
structures utilizing a morphological approach to comparison, rather
than relying upon diagnostic abnormalities, may provide the most
straightforward and accurate method of identification.
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