
Introduction

Head trauma is unfortunately common in the setting of
child abuse. External signs of trauma due to child abuse
can be minimal, even in the presence of life-threatening
or fatal injuries. Most investigations have focused on in-
tracranial injury or skull fractures [1±4]. Children suffer-
ing blunt head trauma with or without intracranial
injury or skull fracture may also have associated extra-
cranial soft-tissue swelling. Extracranial soft-tissue
swelling may not be readily evident clinically, particular-
ly in a child with a substantial amount of hair.

We recently encountered a 25-month-old child, fatal-
ly abused, who showed substantial extracranial soft-tis-
sue swelling (maximum thickness of 15 mm, 12 mm at
right lateral versus 7 mm at left lateral) on a postmor-
tem skeletal survey. As the child had only survived a
short time after arriving at the hospital, neither a pre-
mortem skeletal survey nor computed tomography

(CT) of the head were performed. The child had had a
skeletal survey 11 months previously when he presented
with a femur fracture. Visible extracranial soft tissues at
that time were of normal thickness (maximum thickness
of 6 mm). During investigation of this case, the question
was posed as to whether the soft-tissue swelling was an
expected postmortem finding or evidence of trauma
and possible child abuse. Although autopsy results con-
firmed a traumatic injury in this case, to investigate this
query, we performed the following study.

Materials and methods

At our institution, skeletal surveys are routinely obtained in all
cases of presumed sudden infant death syndrome (SIDS) to ex-
clude occult traumatic injuries from child abuse. The radiology da-
tabase was searched for a 31/2-year period to identify all skeletal
surveys of children with unexplained deaths and/or presumed
SIDS. Medical records were reviewed to approximate the time be-
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Abstract Objective. To determine if
extracranial soft-tissue swelling is an
expected postmortem finding or a
sign of trauma.
Materials and methods. Extracranial
soft-tissue thickness was measured
at 5 standardized locations on post-
mortem skull films obtained of
18 infants with no evidence of trau-
ma on autopsy. The same measure-
ments were performed on the skull
films of 100 living children, all less
than 3 years old and without clinical
history of trauma.
Results. Extracranial soft tissues
measured only slightly greater in the
postmortem group than on films of
living children; however, the differ-

ence did achieve statistical signifi-
cance.
Conclusion. Minimal extracranial
soft-tissue swelling is a normal find-
ing on a postmortem skeletal survey.
The presence of substantial or
asymmetric extracranial soft-tissue
swelling should be viewed with sus-
picion for trauma.
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tween death and obtaining the films. By these estimates, the skele-
tal surveys were obtained from 3 to 48 hours (mean 19 hours) of
the approximate time of death. Autopsy results were reviewed to
exclude any children who may have shown signs of abuse. Eighteen
children were initially identified and none were excluded. Causes
of death were: SIDS ± 12 children, complications of bronchial asth-
ma ± 1, hypoglycemia ± 1, carbon monoxide poisoning ± 1, coro-
nary artery anomaly ± 1, right ventricular dysplasia ± 1, and
pneumonia/bronchiolitis ± 1.

Most postmortem skeletal surveys are performed with portable
equipment in the morgue. Standard positioning is with a 40-inch
source-to-image distance. Using a hot light and ruler, extracranial
soft tissues were measured in three locations on the lateral film:
3 cm above the orbit roof, 3 cm posterior to the coronal sutures,
and directly over the torcula. On the anteroposterior film measure-
ments were obtained bilaterally 3 cm superior to the petrous apex.
The maximal extracranial soft-tissue thickness observed on either
view was also recorded, with the stipulation that it be cephalad to
the lateral site of measurement on the AP view or between the an-
terior and posterior sites of measurement on the lateral view.

For comparison, similar measurements were obtained from the
skull films of 100 living children, all less than three years of age.
The range of age in this group was older than in the postmortem
group in order to include patients similar in age to the index case.
To identify these children, the radiology database was searched
for skull films. All children with a history or findings of trauma,
mass and shunt placement were excluded. Skull films obtained
within two weeks of birth were excluded. The remainder was main-

ly composed of films obtained to evaluate possible abnormalities
of head size and/or shape. Any child with radiographic findings
suggestive of craniosynostosis was also excluded, as it was uncer-
tain how this might affect the extracranial soft tissue and because
it could cause some asymmetry of the lateral measurements. All
films were obtained within the pediatric radiology department.
Standard positioning for skull films in the department is also with
a 40-inch source-to-image distance.

Measurements obtained in the two groups were tabulated and
compared using Student's t -tests. A P value of < 0.5 was consid-
ered statistically significant. Because the age distribution of the liv-
ing children was considerably older than the postmortem group,
the analysis was repeated using a group of 18 age-matched controls
selected randomly from the living children group.

Results

Mean extracranial soft-tissue measurements and stan-
dard deviations are listed within Table 1 for the postmor-
tem, living children, and age-matched living children
groups. Measurements of extracranial soft-tissue thick-
ness were slightly larger at all locations in the postmor-
tem group than in the living children group and the age-
matched living children group. At several locations dif-
ferences achieved statistical significance (Table 1). In
most children in both groups lateral soft tissues were of
symmetric thickness (Table 2). Slight asymmetry was
noted in the lateral soft-tissue thickness on two of the
postmortem studies (2- and 3-mm differences).

Discussion

As external signs of trauma in the setting of child abuse
can be minimal or frankly absent, it is the obligation of
the radiologist to recognize subtle radiographic findings
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Age
(months)

Right
lateral
(mm)

Left
lateral
(mm)

Anterior
(mm)

Vertex
(mm)

Posterior
(mm)

Maxi-
mum
(mm)

Postmortem (n = 18)
Mean 3.4 3.3 3.2 4.5 3.9 4.1 5.0
SD 1.2 0.9 0.9 1.1 1.0 1.6
Max 7 5 6 7 6 9

Living children (n = 100)
Mean 8.6 2.8 2.8 4.3 3.0 3.4 4.4
SD 0.7 0.6 1.0 0.8 0.8 1.0
Max 5 4 7 6 6 7
vs. postmortem group
(P value)

0.005 0.04 NS < 10� 4 < 10� 3 0.02

Age-matched living children (n = 18)
Mean 3.4 2.5 2.7 4.2 3.1 3.2 4.3
SD 0.5 0.6 1.0 0.6 0.8 0.8
Max 3 4 6 4 5 6
vs. postmortem group
(P value)

0.01 NS NS 0.005 0.005 NS

Table 1 Extracranial soft-tis-
sue measurements (SD stan-
dard deviation; max maximum
measurement as defined in text,
NS not statistically significant)

Table 2 Lateral soft tissues

Postmortem Living children

Right = left 11 78
1-mm difference 5 22
2-mm difference 1 0
3-mm difference 1 0
> 3-mm difference 0 0

Total 18 100



that may be indicative of trauma. Although extracranial
soft-tissue swelling is often clinically evident, it can be
occult, particularly in a child with a full head of hair. Ex-
tracranial soft tissues should be assessed on all skeletal
surveys performed to check for possible child abuse. Ra-
diographic technique should be such that extracranial
soft tissues can be seen. Use of a �hot light' is essential
in many cases. By identifying extracranial soft-tissue
swelling on films of a living child, the radiologist may
suspect trauma or prompt further investigation for pos-
sible trauma.

It appears that a minimal degree (2±3 mm differ-
ence) of asymmetry of the lateral soft tissues may be
seen occasionally on postmortem studies. A greater de-
gree of asymmetry infers a traumatic etiology of the
soft-tissue swelling, as in the case which prompted our

investigation. Asymmetric soft-tissue swelling of at least
4 mm will accompany all acute skull fractures [5].

Substantial extracranial soft-tissue swelling is not a
normal expected finding on a postmortem skeletal sur-
vey performed shortly after death. Although dependent
edema does occur, it does not appear to be radiographi-
cally evident to a substantial degree. By identifying soft-
tissue swelling on a postmortem survey, the radiologist
can suggest that pre-mortal trauma may have occurred
and offer guidance to the pathologist in subsequent in-
vestigation.
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