
Foot and ankle radiographs can establish positive identification
in forensic investigations involving decomposed, mutilated, incin-
erated, or fragmented remains (1–7). Given the protective nature of
footwear, the foot and ankle may be better preserved than other
anatomical elements (8). The structural complexity of the foot and
ankle facilitates identification by providing potentially unique
skeletal features and configurations. Radiographic comparisons of-
fer an objective means for establishing positive identification.
Skeletal features such as total configuration, trabecular patterns,
enostoses, osteophytes, foreign bodies, and anomalous develop-
ment may establish identification when compared with antemortem
radiographs.

A few case reports in the forensic literature have used surgically
modified (anatomically altered) foot and ankle radiographs to es-
tablish a presumptive or positive identification (3,5,7). To our
knowledge, there is a paucity of research in the literature evaluat-
ing the potential effects of surgical intervention with subsequent
healing on radiographic comparisons.

Furthermore, the process of radiographic comparisons for hu-
man identification is intuitively understood, but not easily repre-
sented in an algorithmic fashion. While the result of the compara-
tive evaluation may be represented as a binary result, either
“match” or “no match,” the process by which that determination is
made may not be as easily described. An expression of a qualitative
factor addressing the reliability of that match may also be difficult
to convey.

The purpose of this study is twofold. First, an evaluation of sur-
gical intervention on foot and ankle radiographic comparisons is
presented. Secondly, the authors developed a numerical represen-
tation of the reliability of a radiographic match following surgical
intervention. A radiograph scoring system is described allowing a
quantitative variable to be considered in addition to a binary match
result with regard to forensic investigations.

Materials and Methods

Thirty-four sets of pre-surgical (“premortem”) and post-surgical
(“postmortem”) radiographs of the foot and ankle simulating a
postmortem identification were retrospectively evaluated from a
tertiary care medical center. The radiographs represented both in-
patient and out-patient surgical procedures. Surgical interventions
in the study sets included debridements, joint resections, amputa-
tions, arthroplasties, osteotomies, and fusions. The surgical proce-
dures were proper standard of care and deemed medically neces-
sary. Radiographs were separated by time to allow for further
potential alteration due to the healing process. The time lapse be-
tween pre- and post-surgical radiographs ranged from 2 to 48
months. The age range of the individuals in this study was 25 to 78
years. Seventeen subjects were male and seventeen were female.

In the present study, up to three different radiographic views
were used, including anteroposterior (AP), medial oblique (MO),
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and lateral projections. All the radiographic sets were randomly se-
lected by one author (JR) and included both matches and mis-
matches. The radiographic sets were separated by time and thereby
analogous to forensic contexts.

The authors described 10 characteristic skeletal features in the
post-surgical radiographs (9) (Table 1). The same radiographic fea-
tures were then evaluated in the pre-surgical films. All 34 radio-
graph sets were assigned a value for every characteristic feature
(hereafter called feature score) and the resulting 10 numbers were
added for a total score. The following scoring system was used for
each of the 10 skeletal features with a possible total score ranging
from �10 to �10.

�1: if the skeletal feature was present and matched.
0: if the skeletal feature was either not present or its presence
could not be determined.
�1: if the skeletal feature was present but did not match, or if the
trait was present in either the pre- or post-surgical radiograph but
not both.

A forensic pathologist, a physical anthropologist, and a forensic
radiologist compared pre-surgical and post-surgical radiographs
independently for identification of simulated unknown human re-
mains. Available epidemiological information included age, gen-
der, and past medical history.

Separate from the score, authors NET, BGB, and DED indepen-
dently compared the skeletal characteristics of each set for positive
identification. The radiographic sets were evaluated according to
the medicolegal standard, “with a reasonable degree of medical cer-
tainty, these radiographs came from or did not come from the same
individual.” Positive identification was scored as a “1” and no iden-
tification was scored as a “0” (called identification score). Cases in
which a positive or negative identification were not possible due to
insufficient features or inadequate radiographs were given a “miss-
ing” identification score (neither scored as “1” nor “0”). Spearman
correlation coefficients were calculated from raw data consisting of
the feature scores, the total score, and the identification score (10).

Results

Of the 34 sets of radiographs evaluated, ten were correctly as-
sessed as not having come from the same individual (not a match,

exclusion, or negative identification) and 23 sets as having come
from the same person (match or positive identification) (Figs. 1a,
1b, and 2a, 2b). An example of feature scores for the radiograph
set represented by Figs. 1a and 1b were as follows (in the same or-
der as Table 1): 1,�1,0,1,1,1,1,0,0,0. The total score was four and
the identification score was one. Useful skeletal features that
assisted in establishing a match included the trabecular pattern in
the calcaneus, the hook-shaped osteophyte on the calcaneus, and
the presence of a small calcification under the fifth metatarsal.
The set represented by Figs. 2a and 2b was scored as follows:
�1,�1,�1,0,0,�1,�1,0,0 with a total score of �6 and an identifi-
cation score of 0. Similarly, the trabecular pattern of the calcaneus
was a useful feature in making the differentiation between the ra-
diographs and thereby yielded a mismatch.

Radiograph set #23 could not be evaluated because the pre- and
post-surgical films were from contralateral feet. Each radiograph
was evaluated for 10 skeletal characteristics and scored. In every
instance, positive scores (ranging from 2 to 6) correlated with a
match and negative scores (ranging from �2 to �7) correlated
with exclusions (Fig. 3).

The overall shape of each bone and trabecular patterns were used
with greater frequency than other skeletal features. Specifically, the
most diagnostic features for positive identification were the shape of
the calcaneus, shape of the cortical bone of the metatarsals, and
trabecular bone patterns of the calcaneus. Overall bone shape
and trabecular patterns can be used to make a positive identification,

TABLE 1—Spearman correlations of the skeletal characteristics total
score, and match or no match.

Total Identification
Skeletal Characteristic Score Score

Overall shape of the foot and 0.79 0.93
ankle bones

Surgical modification to the 0.63 0.33
skeletal elements and/or soft
tissue

Plates, screws, pins, or other 0.54 0.34
orthopaedic devices

Degenerative joint changes 0.55 0.40
Soft tissue calcification 0.47 0.31
Trabecular pattern 0.79 0.93
Osteophytes 0.66 0.68
Additional sesamoids or 0.36 0.38

absence of sesamoids
Enostoses 0.48 0.63
Supernumerary bones 0.00 0.00
Identification 0.70 1.00

FIG. 1a—Pre-surgical radiograph from a study set.

FIG. 1b—Post-surgical radiograph of a hallux amputation. This radio-
graph matches Fig. 1a and represents a positive identification.



even when considered alone. Spearman coefficients of the 10 skele-
tal characteristics, total score, and identification score resulted in
high correlations for overall shape and trabecular pattern (Table 1).

Discussion

The purpose of this study is to document that positive identifica-
tion can be rendered even if the deceased had surgery with subse-
quent healing of the foot and ankle region. Thirty-four radiographic
sets were evaluated for 10 skeletal characteristics and whether or
not they came from the same individual. Of the 10 characteristics,
osteophytes, enostoses, and orthopaedic devices are visually easy
to recognize and are extremely useful to critique individual cases.
Statistically these skeletal features appear to be only moderately
useful for the study population probably because they occurred in-
frequently in the study set (Table 1). Supernumerary bones did not

correlate because this skeletal characteristic was absent in the study
sample.

Of the 10 skeletal features evaluated, overall shape, and trabec-
ular patterns can be used to make a positive identification, even
when considered alone. However, the presence of osteophytes
when considered alone may result in a false positive identification
and should only be considered in conjunction with other skeletal
features. When the overall shape of individual bones and/or the tra-
becular patterns do not match, it can be concluded that the radio-
graphs have not come from the same individual. These findings
support previous studies in the forensic literature with regard to tra-
becular patterns establishing positive identification (11,12).

In this study, potential limitations include lack of antemortem
foot and ankle radiographs for comparison. Presumptive identifi-
cation must be established initially, which may involve procuring
medical records from a variety of sources. A false negative evalu-
ation may be rendered when the quality of the radiographs is poor
or the angle of incidence is not the same for each film.

Additionally, the extent of surgical intervention to the foot and
ankle could potentially remove identifying skeletal characteristics
and exclusionary features. Skeletal changes occurring after surgery
such as arthridites, metabolic bone diseases, and heterotropic bone
growth may sometimes be so drastic that a false negative evalua-
tion is rendered. For example, the presence of Charcot os-
teoarthropathy can dramatically change the skeletal architecture
and may prevent an accurate evaluation with the pre-surgical ra-
diograph. Moreover, in the recovery process of decomposed and
fragmented remains, sesamoid bones and phalanges can be easily
lost, possibly causing a negative radiographic evaluation. For these
cases, we recommend additional postmortem radiographs of the
same region or postponing identification until further medical in-
formation can be procured.

Conclusions

Positive identification from radiographic comparisons can be
made despite surgical intervention of the foot and ankle region.
Surgical modifications and subsequent healing alter the anatomy
yet unique skeletal characteristics remain and can be useful in
forensic contexts. A systematic approach is beneficial for quantify-
ing “reasonable medical certainty” when potential limitations are
recognized. This study provides a recognizable standard that can be
used in many forensic contexts, including cases involving decom-
posed remains, mass fatalities, and human rights investigations.
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FIG. 2a—Pre-surgical radiograph from a study set.
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screws at the first metatarsophalangeal joint. This radiograph does not
match Fig. 2a and therefore is not a positive identification.

FIG. 3—Total score for each radiograph set. Black rectangles indicate
a match and white rectangles represent a no match. Set #23 could not be
evaluated for a potential match because the pre- and post-surgical films
were from contralateral feet.
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