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Abstract

Background The value of 3-D skull models in evaluation of
young children with suspected child abuse is not known.
Objective The purpose of this study was to assess the value
of 3-D skull models as a problem-solving tool in children
younger than 2 years.

Materials and methods We performed a retrospective study
on 73 children (ages 0—24 months) seen by a child protec-
tion team (CPT) who were undergoing head CT between
August 2007 and July 2009.

Results Ofthe 73 children, volume-rendered 3-D models were
obtained in 26 (35.6%). Three-dimensional models changed
initial CT interpretation in nine instances (34.6%). Findings
thought to be fractures were confirmed as normal variants in
four children. Depressed fractures were correctly shown to be
ping-pong fractures in two cases. In one case, an uncertain
finding was confirmed as a fracture, and an additional contra-
lateral fracture was identified in one child. A fracture seen on
skull radiographs but not seen on axial CT images was iden-
tified on the 3-D model in one case. Changes in interpretation
led to modification in management in five children.
Conclusion Use of 3-D skull models can be a problem-solving
tool when there is discordance among the CT reading, subse-
quent radiographic investigations and clinical evaluation.

Keywords CT - 3-D - Volume rendering - Non-accidental
trauma - Child protection

S. P. Prabhu (X)) - J. M. Perez-Rossello - P. K. Kleinman
Department of Radiology, Harvard Medical School,
Boston Children’s Hospital,

300 Longwood Ave.,

Boston, MA 02115, USA

e-mail: sanjay.prabhu@childrens.harvard.edu

A. W. Newton

Department of Pediatrics, Harvard Medical School,
Child Protection Program, Boston Children’s Hospital,
Boston, MA, USA

Introduction

A head CT is the most common imaging study performed in
an infant or young child following head trauma [1]. Depend-
ing on the initial interpretation, a referral to a multidisci-
plinary child protection team (CPT) might be made to assess
the possibility of child abuse [2]. Problems can arise when
there is a discrepancy between the initial CT head findings
and subsequent skull radiographs obtained as part of the
skeletal survey or the clinical assessment performed by a
CPT [3]. With the widespread availability of multidetector
CT, 3-D cranial models can be generated to supplement
axial acquisitions. A smattering of reports describe exam-
ples of 3-D renderings of skull fractures and developmental
variants in children following head trauma [4]. Recently, a
study in pediatric cadaver skulls found that high-resolution
CT scans with 3-D projections and conventional CT provide
the most accurate fracture diagnosis, followed by radio-
graphs [5]. Another recent study has documented the value
of 3-D CT in evaluating the occipital suture and its varia-
tions [6]. There is however, little evidence in the literature
regarding the clinical utility of 3-D models in the interpre-
tation of CT scans performed in infants and toddlers follow-
ing head trauma. This study assesses the value of 3-D
models as a problem-solving tool in cases where there is
discordance among the initial CT interpretation and subse-
quent radiographic and clinical assessments.

Materials and methods

Patients

This retrospective study was approved by the Institutional
Review Board. A search of our institutional CPT database

was carried out for all children ages 0-24 months who
underwent axial head CT and were also seen by the CPT
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between August 2007 and July 2009. During this period, 3-D
models were not part of the standard CT protocol and were
constructed only at the request of the radiologist. We identified
those cases where volume-rendered 3-D models were con-
structed, and evaluated the clinical history, initial reports of the
CT (either a preliminary trainee report provided to the clini-
cian or an attending neuroradiologist report before review by
the mandated reporter) and a skull series performed as part of
the skeletal survey. Subsequently, we documented those cases
where there was a change from the initial to the final interpre-
tation of the CT based on the 3-D images. The impact of this
change of interpretation on the work-up by the CPT was
analyzed. This included either immediate termination of the
CPT investigation, a decision to take the investigation further
or a decision to recall the child following discharge from the
emergency department.

CT scanning technique and reformats
All children in our study population underwent a non-contrast
CT in the contiguous axial mode with a gantry rotation time of

1-2 s, with gantry tilt parallel to the nasion and occipital

Table 1 Effect of 3-D cranial CT model on patient management

condyle on a multidetector CT scanner. Scanners used were
a l6-slice or 32-slice (GE Healthcare, Waukesha, WI) or a
64-slice (Siemens Healthcare, Erlangen, Germany). The ex-
posure parameters were kVp 120 and mA 215, with 5-mm
thick axial scans generated initially in all cases. Following this,
submillimeter (0.625 mm on the 16-slice GE and 0.63 mm on
the 64-slice Siemens) axial images were generated retro-
spectively from the axial data in a bone algorithm, and using
this dataset, 3-mm thick coronal and sagittal reformats were
performed and sent to a PACS workstation for review.
Three-dimensional models were generated at a Vitrea
workstation (Vital Images version 4.2, Plymouth, MN) by
the CT technologist and reviewed on the diagnostic PACS
workstation. Images generated were displayed as orthographic
views with 19 images rotating through 360° in the longitudi-
nal and horizontal axes. Tissue classification and color assign-
ment were based on the standard CT bone algorithm on the
software used and were further tailored to minimize over-
smoothing in the very young infant. In two cases, the
volume-rendered 3-D model was generated on a workstation
running Voxar 3D (Version 6.1; Toshiba Medical Visualization
Systems, Edinburgh, UK) by the reporting neuroradiologist

Patient history Initial diagnosis

Reported Diagnosis after 3-D
to DCF?*

Change in management
reformats

Case 1. 13-day-old child with
left high parietal swelling for
S days

Left parietal fracture with sutural
diastasis

Yes

Case 2. 3-week-old with apnea Right parietal fracture Yes
Case 3. 7-month-old evaluated Unexplained left frontal skull No
for plagiocephaly fracture
Case 4. 11-month-old following Bilateral parietal skull fractures No
fall off bed, scalp swelling identified initially on skull
2 days later radiographs and then on axial CT
images
Case 5. 6-month-old following Complex skull fracture Yes
reported fall from bed
Case 6. 6-month-old with skull Depressed right parietal fracture Yes
depression after fall off
changing table
Case 7. 3-month-old with apnea Left parietal lucency, possible Yes
fracture
Case 8. 10-month-old girl after Left parietal fracture Yes

reported fall off table

Case 9. 8-month-old fell back-
ward, hitting corner of furni-
ture

Right parietal subgaleal hematoma, No

no fracture

Normal left parasagittal
fissure (Fig. 1)

Yes - investigation dropped

Wormian bone (Fig. 2)  Yes - investigation dropped

Vascular groove (Fig. 3) Yes - investigation dropped

Left parietal skull No
fracture, right parietal
normal fissure

Left parietal ping-pong
fracture (Fig. 4)

Yes - investigation dropped. (In this
case, CPT investigation had begun
and the revised report by the man-
dated reporter resulted in dropping
of the investigation)

Right parietal ping-pong
fracture

No (interpretation of the fracture as a
ping-pong fracture did not directly
alter management by the CPT as
there were other issues that needed
investigation). Case was subse-
quently dropped but not a direct
result of the 3-D model

Left parietal fracture No (had multiple fractures on skeletal

survey)

Bilateral skull fractures  Yes - helped CPT investigate the case
further

Right parietal skull No

fracture (Fig. 5)

# Department of Children and Families, Boston, MA
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and viewed on the workstation in real time before saving
the images to PACS.

The 3-D models were constructed when this was express-
ly requested by an interpreting radiologist at the time of
initial report of the CT or subsequently during work-up of
the case by the CPT/mandated reporter to clarify or resolve a
discrepancy between skull radiography, head CT, clinical
history or clinical findings.

For the purposes of this study, we considered the report by
the interpreting attending neuroradiologist as the initial report.
The final report pertains to the subsequent report generated at
the time of review of the case by the mandated reporter along
with the skeletal survey.

Skull radiographic technique

Frontal and lateral skull radiographs were obtained as part of
the skeletal survey performed according to the departmental
protocol based on American College of Radiology guide-
lines [7, 8]. Since the question of head injury was raised, the
standard AP and single lateral view assessment was supple-
mented with the opposite lateral and a Townes projection.
The peak voltage employed was 55-65 kVp and the tube
current was adjusted accordingly for high-detail imaging.
Images were acquired on a high-detail dual-side read com-
puted radiography system (50 pm resolution) and reviewed
on a PACS workstation.

Clinical information

The presenting histories as given by the child’s caregiver,
physical examination findings and a report of the consulta-
tion by the child protection team clinician were recorded.
The child protection team used accepted criteria to reach the
diagnosis of non-accidental head trauma versus accidental
injury. These included: (1) detailed history including con-
fession of adult caretaker of intentional injury, (2) inconsis-
tent or inadequate histories given by caretakers (the history
did not explain nature and severity of the injuries) and (3)
presence of unexplained injuries including fractures or intra-
abdominal injuries. Specific note was made of cases where
the initial assessment by the CPT was either changed or
strengthened based on the reports of the radiographic studies
(CT and/or the skeletal survey).

Results

A total of 73 children ages 0—24 months were referred to the
CPT and seen by medical consultants at our institution
between August 2007 and July 2009. Ages ranged from
13 days to 23 months, with a mean of 10.5 months (43 boys
and 30 girls).

CT findings

Of the 73 children who underwent CT and were seen by the
medical consultants of the CPT, volume-rendered 3-D

Fig. 1 Representative of case 1. CT head and skull radiograph in a
young infant with scalp swelling over the left vertex. a Axial 0.75-mm
CT image was interpreted as a calvarial fracture (arrow) with associ-
ated sutural diastasis. b Magnified view of the frontal skull radiograph
demonstrates a well-defined curvilinear lucency (arrow) in the left high
frontal region, thought to be a normal variant. ¢ Three-dimensional
model of the head CT confirms that the well-defined lucency (arrow)
seen on the skull radiograph is a normal parasagittal fissure
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Fig. 2 Representative of case 2. a Axial CT and coronal reformat (b) raised suspicion for a fracture of the left parietal bone (arrows). ¢ Three-
dimensional model demonstrates the Wormian bone

Fig. 3 Representative of case 3. a Axial CT in a 7-month-old boy consistent with a prominent vascular marking (arrows). ¢ Three-
shows a linear lucency (arrow) in the right frontal bone suspicious dimensional model shows a branching well-defined groove
for a fracture but without overlying soft-tissue swelling. b A linear (arrows) in the left frontal bone, consistent with a prominent vascular

well-defined lucency on the skull radiograph at this site was more marking

Fig. 4 Representative of case 5.
A 6-month-old infant presented
after a fall from a bed. The child
protection team consulted be-
cause the axial CT (a) reportedly
demonstrated complex left pari-
etal depressed skull fracture
without overlying swelling
(white arrow), possibly repre-
senting an old injury. b Three-
dimensional model shows a
ping-pong fracture, compatible
with the history of a fall from a
bed (black arrow)
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Fig. 5 Representative of case
9, an 8-month-old who fell
backward from a sitting posi-
tion and struck head on corner
of furniture. a Initial report of
the 5-mm axial CT commented
on a right-side subgaleal hema-
toma (white arrow) but no
underlying fracture was identi-
fied. No reformats were
obtained at this time. b Skull
radiograph obtained as part of a
skeletal survey demonstrates a
right parietal fracture (black
arrow). ¢ Coronal reformats
and the 3-D model (d) obtained
from the axial data following
the skull radiograph clearly
demonstrate the right parietal
fracture (arrows)

images were performed in 26 (35.6%) cases. The initial CT
interpretation was changed in 9 cases (34.6%) out of the 26
children in whom a 3-D model was generated. These cases
are summarized in Table 1 and are illustrated in the accom-
panying figures.

Findings thought to be fractures on the axial CT images
were confirmed as normal variants on the 3-D model in four
children (cases 1-4; Figs. 1, 2 and 3). The 3-D model
characterized depressed skull fractures as ping-pong frac-
tures in two cases (cases 5 and 6; Fig. 4). In one case, the
3-D model helped confirm that a subtle finding reported as
“suspicious for a fracture” on axial images was a definite
fracture (case 7) and an additional contralateral fracture was
detected on the 3-D model in one child (case 8). A fracture
seen on skull radiographs but not seen on the axial CT
images was identified clearly on the 3-D model in one child
(case 9; Fig. 5).

Changes in interpretation of the CT based on the 3-D
model led to modification in the work-up by the child pro-
tection team in 5/9 children (55.6%) as shown in the final
column of Table 1.

Discussion

Volume-rendered 3-D models can be a useful supplement to
axial imaging in young children with head trauma, especially

in cases where there is a discrepancy between the initial CT
report and subsequent clinical and radiographic investigations.
The problem-solving capability of the 3-D model is
most apparent in cases where axial CT images cannot
differentiate between a subtle fracture and a normal
variant and in cases where a fracture is not clearly
visualized because it is oriented in the axial plane [9, 10].
Although sagittal or coronal reformats might provide
this information, the findings are particularly well
shown with a 3-D rendering. Bilateral skull fractures
might be regarded as resulting from two separate sites
of trauma and therefore inconsistent with a reported
single contact injury. Demonstration of contiguity of
biparietal fractures across the midline on a 3-D model
can help determine whether the two fractures resulted
from a single site of impact [11, 12].

The unique subset of ping-pong fractures in young infants,
where the skull is deformed with a shallow depression, is more
readily identified on the 3-D model, as found in two of the
children in our series. These fractures have been attributed to
short distance falls when the head of a young infant strikes a
blunt object [13]. Differentiating this injury from other types
of depressed fractures can optimize the clinical assessment by a
multidisciplinary CPT. Many institutions rely on axial CT
images for interpretation in these children, although the use
of multiplanar (coronal and sagittal) reformats is becoming
more readily accepted [14].
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Another important benefit of 3-D models is that less
experienced radiologists can identify anatomical variants
better on the 3-D models compared to axial images or multi-
planar coronal and sagittal 2-D reformats. Making this dis-
tinction between a fracture and a normal variant can change
the management in some cases, as illustrated in cases 1, 2
and 3.

One of the facets of the study that merits elaboration
is our routine use of the direct axial mode of scanning
as opposed to helical acquisition in this population of
infants [15]. The advantages of the helical mode of
acquisition are increased scan speed, decreased need
for sedation and fewer patient motion-related artifacts
along with the retention of the ability to reconstruct in
multiple planes with the creation of 3-D models from
overlapping slices [16]. A key drawback of helical
scanning is the need to repeat the entire scan if there
is patient motion, doubling the radiation dose [17]. On
the other hand, the longer scan times of axial scans
increase the possibility of patient motion, but fewer
scans need repeating in this instance. Also, as our
scanners allowed initiation of individual images during
axial acquisition, we did not find motion to be a sig-
nificant problem in this retrospective study.

Furthermore, the helical images are not as sensitive
as those obtained axially at detecting subtle differences
in gray and white matter differentiation in brain paren-
chyma [18, 19]. This is most relevant in the young
infant with non-myelinated white matter where the in-
herent difference between the normal gray and white
matter is less than 10 HU (Hounsfield units). To bal-
ance image quality and patient dose, our policy has
been to perform scans axially in children with possible
traumatic head injury.

It is important to carefully consider the difference in
radiation dose between axial and helical CT. Prior studies
focused on dose comparisons between axial CT and helical
CT have indicated that for a short scan length, the relative
contribution of over-ranging is much larger and can result in
higher doses in pediatric patients [20]. This is especially
important in scanners not designed to spare non-imaged
tissues at the end of the scan volume during helical scan-
ning. This problem is less of an issue with the advent of
newer helical systems with adaptive beam collimation [21].
We have therefore preferred axial scanning for children
younger than 2 years of age.

Also, we would like to emphasize the need to scan using
the smallest detector elements provided by the scanner in the
z direction for both axial and helical scans. This allows
reformatting of images in the coronal and sagittal planes
and creation of 3-D models [22].

The results from our study suggest that the 3-D models
generated from the axial data can be of diagnostic value
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while enabling reduction in radiation dose and maintaining
sensitivity.

Limitations of the study include the relatively small
study population, which precludes estimation of sensi-
tivity and specificity of the 3-D models in detection of
abnormalities following head trauma in infants. As we
instituted the policy of creating 3-D models in all chil-
dren younger than 2 years after obtaining the results
from this retrospective review, we could not add to the
patient population that we had already studied as our
design could only include cases where the 3-D model
was generated as a specific problem-solving tool at the
time of initial case management. This study design
prevented us from examining whether management
would have changed in those cases where 3-D models
were not performed at the time of the original case
work-up. We did not compare the sensitivity and spec-
ificity of 2-D coronal and sagittal reformats with
volume-rendered 3-D models. Studies in adults with
head trauma have shown that multiplanar reformats
can aid in interpretation of head CTs. This has been
our experience as well and we have routinely included
coronal and sagittal reformats in bone and soft-tissue
windows as part of post-trauma head CT in young
children. Also, we did not specifically evaluate the
differences between the two main algorithms commonly
used for 3-D reconstructions—namely, surface-shaded
display and volume-rendering techniques [23, 24]. How-
ever, studies have shown that volume-rendering techni-
ques are superior to surface-rendering techniques in
evaluating skeletal injuries [25].

We cannot exclude entirely the presence of abuse in
cases that were considered to be low risk. Finally, our
retrospective method does not ensure that the CPT as-
sessment was performed in a standardized fashion.
However, use of stringent criteria by the CPT including
presence of subdural hematoma, retinal hemorrhages and
fractures (excluding classic metaphyseal lesions) for di-
agnosis minimized the possibility that abuse was present
in cases considered to be low risk.

Conclusion

Our study provides evidence that 3-D models of axially
acquired head CT data can be useful in problem-solving
in young children with suspected non-accidental head
injury.

Use of this technique can result in modification of
the initial CT interpretation and this is of particular
importance when the CT read it is not in accordance
with subsequent skull radiographs or clinical evaluation.
This approach should be considered especially in young
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infants to be routine practice as it could have a signif-
icant impact on assessments by institutional CPTs in the
appropriate clinical setting.
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