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ABSTRACT: Recommendations for the evaluation of an unexplained death in infancy include a postmortem skeletal survey (PMSS) to exclude
skeletal trauma. Objectives of this study were to assess adherence to these recommendations in forensic autopsies in children equal to or less than
36 months of age, and what factors influence the use or nonuse of the PMSS. We surveyed pathologists who were members of the American Acad-
emy of Forensic Sciences. The survey included practice characteristics about where, when, and how PMSS were done. Nearly all respondents
(99.6%) indicated they performed PMSS at least some of the time; however, almost a third did not use PMSS for all suspected Sudden Infant Death
Syndrome (SIDS), abuse, unsafe sleep, or undetermined causes of death. Despite evidence that ‘‘babygrams’’ are inappropriate in a SIDS workup,
30% of pathologists use them preferentially. Despite SIDS being a diagnosis of exclusion that requires a PMSS, almost 10% of pathologists do not
order a PMSS. Future research is necessary to reduce barriers to this important component of the pediatric forensic autopsy.
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Determining the cause and manner of death in infants can be
challenging and is based on a number of factors, both environmen-
tal and clinical. Distinguishing between a case of Sudden Infant
Death Syndrome (SIDS) and abuse is no easy task, and is some-
times impossible. SIDS, the leading cause of death in children
1–6 months of age, is a diagnosis of exclusion that can only be
made after a thorough death scene investigation and a complete
autopsy that includes toxicology, genetic, and radiologic studies
(1,2). Comparatively, in children under the age of 1 year, abuse is
the leading cause of non-natural deaths. Among the c. 1500
children in the United States who died due to physical abuse, 40%
were infants under 1 year (3). Injuries may not be apparent upon
external examination. A common manifestation of abuse in infants
is skeletal trauma, which may be identifiable only through radiolog-
ical imaging (4,5).

While autopsies provide direct visualization of the axial skeleton,
fractures in the appendicular skeleton may go unrecognized, espe-
cially the classic metaphyseal fracture, even with prosection of the
limbs. A high-detail skeletal survey is necessary to identify whether
skeletal injuries consistent with abuse are present in infants and
children (6,7). Studies show that postmortem radiography

contributes important information to the determination of the cause
and manner of death (8–10).

In living children <2 years of age, the American Academy of
Pediatrics and the American College of Radiology (ACR) guide-
lines on the diagnostic imaging of suspected child abuse mandates
a skeletal survey, consisting of a minimum of 19 films (see Fig. 1)
(4,11). A 2004 study by Kleinman and colleagues showed that of
107 pediatric health care facilities, 31% performed 16–20 images,
closely approximating the ACR recommendations (5). The Ameri-
can Academy of Pediatrics (AAP) and the Society for Pediatric
Radiology (SPR) recommend performing a postmortem skeletal
survey (PMSS) consisting of a minimum of five films (each arm,
paired hands, paired legs and paired feet) with additional axial
films as needed, within 24 h of death in cases of suspected SIDS.
The National Association of Medical Examiners (NAME) concurs,
and specifies at minimum the necessity of radiographic images of
the long bones and suggests the skeletal surveys be conducted by
appropriately trained technologists and radiologists (7).

We sought to determine how well pathologists adhere to guide-
lines on how to conduct forensic autopsies in children £36 months
of age, and to describe the spectrum of their use of PMSS.

Methods

We conducted a national mail survey of pathologist members of
the American Academy of Forensic Sciences (AAFS) (n = 573)
from June 2005 to December 2005. Only members who conducted
forensic autopsies of children £36 months of age were eligible, and
were asked to complete a short paper survey (15 questions) related
to their PMSS practices. Pathologists were asked to indicate in
which types of cases they would use postmortem radiography:
probable ⁄ possible SIDS, possible overlay ⁄positional asphyxia, pos-
sible abuse ⁄ foul play, undetermined cause of death, or other cause
of death not listed. To reflect their varying practices, respondents
could choose more than one answer. They were also asked how
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many films were included in a typical PMSS, what type of equip-
ment they used for PMSS, who performed the study, and who
interpreted the study. A $2 incentive was offered to enhance partic-
ipation. Results were analyzed using univariate descriptive statistics
with stata 8.0 (College Station, TX). This study was approved by
the Institutional Review Board of Indiana University.

Results

Of 573 members surveyed, 103 were ineligible (e.g., retired,
deceased, did not perform autopsies on children £36 months). Two
hundred fifty-nine responded to the survey and answered the main
outcome question (Do you perform postmortem skeletal surveys in
children £36 months of age?), for a response rate of 55%. Respon-
dents practiced more commonly in a medical examiner system as
opposed to a coroner or mixed system, and served a population of
>500,000 (Table 1). Nearly half had resident physicians or fellows
in their offices. Overwhelmingly, respondents indicated they per-
formed some type of postmortem imaging at least some of the
time, with only one respondent answering ‘‘no’’ to the key outcome
question.

Respondents were asked to indicate the number of films typi-
cally included in their postmortem imaging protocol (response
choices of 1–2 [‘‘babygram’’], 3–5, 6–10, 11–15, 16–20, >20).
Nearly a fifth of respondents (18%) chose more than one of these
answers; therefore, we analyzed the data in groups encompassing
their highest and lowest answers. Nearly a third (29%) indicated
that their postmortem imaging routinely consisted of only 1–2
films. One hundred eighty-two respondents (73%) performed 1–5
films (marking either ‘‘1–2,’’ ‘‘3–5,’’ or both) as part of their proto-
col. Only 5% indicated that they routinely performed 16 or more
films (Fig. 1).

To determine how postmortem skeletal surveys were performed,
we asked about the equipment used, the location of the studies, and
who performed and interpreted the studies. Overwhelmingly,
respondents indicated their primary means of imaging was radiog-
raphy (either film or digital); however, many used supplemental
equipment. Two hundred (77%) used traditional film radiography
alone, with the next most common category being digital x-ray
images only at 7%. Other imaging equipment included fluoroscopy
(n = 12), CT scans (n = 5), and MRI (n = 2). Seventy-nine percent
completed all imaging studies on-site exclusively, while an addi-
tional 14% performed studies on-site at least some of the time.
Only 18 respondents indicated that they never used on-site imaging.
The most common off-site location for imaging was hospitals.

According to 12% of respondents, at least some of the time their
imaging was done at a children’s hospital; 10% indicated their use
of a nonchildren’s hospital. When the postmortem imaging was
performed on-site at the same location as the autopsy, morgue
assistants were the most commonly used personnel to conduct the
study (46%) followed by radiology technologists (36%). PMSS
interpretation was largely a joint effort of the pathologist with a
radiologist as needed (79%). Only 13% of pathologists reported
reading all of their own films without a radiologist; only 8%
reported using a radiologist exclusively.

Of the types of cases from which respondents could choose,
87% indicated that they performed radiological studies in all of the
listed types of cases (e.g., probable ⁄ possible SIDS, possible over-
lay ⁄positional asphyxia, possible abuse ⁄ foul play or undetermined
cause of death). Four percent indicated they only performed imag-
ing in cases of suspected foul play. Nine percent indicated that they
did no imaging in suspected SIDS cases.

Discussion

This study is the first to use a national sample of forensic pathol-
ogists to understand routine postmortem imaging practices in cases
involving children <36 months of age. While both NAME and
SPR recommend fewer images in a postmortem study as compared
with a study in a living child, a ‘‘babygram’’ is universally consid-
ered inadequate to visualize the areas of interest—namely the
metaphyses. Unfortunately, as our study demonstrates, this ‘‘baby-
gram’’ is all that is routinely performed by nearly a third of pathol-
ogists. An additional 30% typically obtain 3–5 films, which closely
approximates the minimal standards set forth by NAME and SPR.
Given the lack of routine appendicular dissection, adequate imaging
is necessary. Classic metaphyseal injuries are commonly not visible
at autopsy, and are best visualized through dedicated films of the
limbs. These lesions in an infant could affect the determination of
cause and manner of death.

While the number of pathologists who indicated that they did
not perform imaging studies in cases of suspected SIDS was small
(9%), it is especially important to be cognizant of the diagnostic
criteria related to SIDS. Given that SIDS is a diagnosis of exclu-
sion, made only after a complete autopsy which includes radiologi-
cal examination as well as complete death scene investigation,
internal examination and appropriate histologic, microbiologic, and
toxicologic studies (12,13), it is concerning that cases without the
appropriate radiological studies could be incorrectly labeled as
SIDS.

FIG. 1—Number of images in PMSS.

TABLE 1—Survey sample characteristics.

Characteristic Number (%) Reported

Forensic system
Medical examiner 156 (60)
Coroner 67 (26)
Mixed system or other 15 (11)

No response 9 (3)
Population served

>500,000 175 (68)
100,000–499,999 62 (24)
1,000–99,999 10 (4)

No response 10 (4)
Annual median case load

All Cases 750
Cases £36 months of age 50

Trained residents or fellows 49%
Performed any postmortem skeletal surveys 99.6%
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There are several limitations of this study. Only forensic patholo-
gists who were members of the AAFS were chosen to participate
in this study. These members of the AAFS may have different
practices related to pediatric autopsies. Further, when compared to
nonrespondents, those who chose to answer our survey may be sys-
tematically different. Given that we found 99.6% of respondents
use PMSS, a response bias likely exists. Further, it is important to
acknowledge the existence of clinical variability. Our purpose in
conducting this survey was not an audit of pathology practices;
rather it was to determine the scope of practices among those who
are currently conducting autopsies in children £36 months. Again,
as the tendency would be to over-report one’s own practices, our
results might indicate the best case scenario.

We were interested in assessing why a pathologist might not per-
form skeletal surveys, hypothesizing that cost, lack of available
imaging equipment or a radiologist would influence the practice.
As only one respondent answered that they did not use PMSS, we
were unable to address this question. It is important to note that,
regardless of whether it is performed at the site of the autopsy or
in a hospital, postmortem imaging can be expensive. The costs
associated with films and processing, special equipment and lead-
lined rooms, radiology technologist time if done at a hospital, and
an ‘‘official’’ reading by a radiologist can amount to tens of thou-
sands of dollars annually. Given the budgetary restrictions under
which forensic pathologists operate, some offices may choose to
spend their limited dollars on other components of the autopsy.

A recently released statement from the NAME states that a
complete skeletal series is the ‘‘clearly recognized gold standard,’’
but at minimum a single view ‘‘babygram’’ should be performed
(1). The severe limitations of the ‘‘babygram’’ in detailing the very
areas of the body least likely to be directly visualized at autopsy,
however, make this a poor option. While some radiography might
be considered to be better than none, the medical community
should strive to work collaboratively (e.g., pathologists, radiologists,
pediatricians, and hospitals) to ensure affordable and timely access
to the gold standard. Without a PMSS, important clinical informa-
tion (e.g., documentation of potentially inflicted fractures) could be
missed in a decedent and other children (e.g., siblings of unsus-
pected cases of abuse) could be endangered.
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