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Clinical utility of virtual noncalcium dual-energy CT in imaging

of the pelvis and hip
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Abstract

Dual-energy virtual noncalcium images are increasingly used to identify marrow edema which accompanies bony pelvic injuries
and marrow pathology obscured by cancellous bone. We present a clinical perspective of our experience using virtual noncalcium

images in the work up of pelvic osseous pathology.
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Introduction

The incidence of falls resulting in hip fractures rises with
advancing age, and delayed diagnosis and treatment of hip
fractures can lead to significant mortality [1-3]. For instance,
untreated cervical hip fractures carry the risk of future dis-
placement. In the emergency setting, radiographs are routinely
obtained when a hip fracture is suspected; however, 3.1-4.4%
of hip fractures are not identified on initial radiographs [4, 5].

Conventional single-energy CT has a higher sensitivity for
hip fractures than radiographs, and is readily available in most
emergency departments. In the elderly presenting with a history
of trauma, the evaluation should always include both bone and
soft-tissue windowing as the marrow edema associated with
acute fractures is detectable when viewed with soft-tissue im-
aging kernels. Additionally, a comparison of the symptomatic
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and asymptomatic side can help confirm the presence of mar-
row edema. Several authors have reported on the bone bruise as
an ancillary CT finding to aid detection of nondisplaced frac-
tures [5—7]. For instance, in a retrospective review of normal or
equivocal radiographs, Geijer et al. identified a bone bruise and
lipohemarthrosis on conventional (single energy CT) in 113 of
115 patients with a cortical fracture [5]. Henes et al. report good
validity and reliability (»=0.989) with a quantitative
Hounsfield unit (HU) cutoff value for a bone bruise (35.7
HU) and moderate agreement with qualitative assessment when
evaluating occult sacral insufficiency fractures [6].

With conventional CT, however, identification of bone
marrow edema associated with occult fractures is limited by
cancellous bone [8]. MRI is the gold standard for diagnosing
hip fractures because it is exquisitely sensitive for the associ-
ated edema [9]; however, MRI is time intensive, not available
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two x-ray spectra (100 and 140kVP with tin filter), to differ-
entiate and quantify material composition [10]. Using post
processing software calcium signal can be removed from the

24/7 in most facilities, and contraindicated in certain patient
populations. Dual-energy CT exploits the photon energy-
dependent attenuation of different material acquired with

L, TN

Fig. 1 91-year-old female with a nondisplaced right greater trochanteric
fracture without extension to the intertrochanteric region or medial cortex,
occult on radiographs. The fracture is not visible on conventional single
energy CT bone windows (a); however, edema (red arrows) is noted in
the right greater trochanter with normal fatty marrow seen in the left
greater trochanter (white arrow) on soft tissue windows of the
conventional CT (b) and on the virtual noncalcium image (c),
indicating a nondisplaced fracture. Marrow edema is very nicely shown
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on the 3D surface rendered coronal image (d) as green color (red arrow).
The fracture does not extend to the medial cortex and so surgery was not
performed. Due to increase in pain, an MRI was obtained several days
later which confirmed the greater trochanteric fracture. Axial T1-
weighted MRI (e) and T2-weighted MRI with fat saturation (f) of the
right proximal femur demonstrate the fracture with associated marrow
edema (white arrows)
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images displaying cancellous bone to enable the easy identi-
fication of edema in the bone marrow [11]. These images are
called virtual noncalcium images.

In this review, we describe the spectrum of pathology iden-
tified during the evaluation of hip pain with dual-energy CT
virtual noncalcium images—findings which were otherwise
subtle or occult on radiographs or conventional single-energy
CT. We also discuss other applications of dual-energy CT with
virtual noncalcium reconstruction in the pelvis.

Dual-energy CT virtual noncalcium image
acquisition and reconstruction

In our clinical practice, virtual noncalcium imaging is part of
the routine workflow when a pelvis CT is requested to evalu-
ate for hip fractures in the emergency department. We utilize a
dual-source CT scanner (Somatom Definition Flash, Siemens
Healthcare, Forchheim, Germany), with tube voltages set at
100/140 kV using a tin filter, quality reference tube-current-
time-product values of 300 and 232 mAs, respectively, for the
low and high x-ray tube energies, detector collimation of 32 x
0.6 mm, and a pitch of 0.6. This technique matches our single-
energy pelvic CT for radiation exposure. Virtual noncalcium
images are then reconstructed using commercially available
dual-energy analysis software, and presented to the radiologist
alongside conventional multiplanar thin section images recon-
structed with a sharp kernel to display bones.

Limitations of this technique include large patient body
habitus, which can cause beam hardening of images obtained
using the low energy x-ray tube. This beam hardening may
potentially limit the quality of the source and virtual
noncalcium images [12]. Additionally, normal red marrow
and red marrow reconversion have higher CT attenuation on
virtual noncalcium images and can confound findings of true
bone marrow edema. Automated reconstruction of virtual
noncalcium post processed images is now available, eliminat-
ing the need for time-consuming post-processing by the tech-
nologist or radiologist on a thin-client workstation [13], with
images automatically exported to PACS for image evaluation.

Dual-energy CT sensitivity and specificity

Dual-energy CT with virtual noncalcium reconstruction is highly
sensitive and specific in identifying traumatic marrow edema
using MRI as the gold standard [8, 14, 15]. In an evaluation of
14 patients with 36 sites of MRI-confirmed bone bruises in the
knee, dual-energy CT with virtual noncalcium reconstruction was
shown to detect bone bruises for at least 10 weeks following
trauma [14]. A study prospectively evaluating the diagnostic per-
formance of virtual noncalcium images in traumatic ankle injuries
demonstrated a sensitivity of 90% and specificity of approximate-
ly 80% for identifying unique sites of bone edema [15]. For
nondisplaced hip fractures, the sensitivity and specificity of dual-
energy CT with virtual noncalcium images is estimated to range

Fig. 2 54-year-old male with a left proximal intertrochanteric fracture.
This is occult on the radiograph of the left hip (not shown). The fracture is
seen as a subtle cortical step at the greater trochanter (white arrow) on the
coronal conventional single-energy CT image with subtle high attenua-
tion seen in the intertrochanteric region consistent with bone marrow

edema (red arrows) (a). The associated marrow edema is more apparent
on the dual-energy virtual noncalcium image (b), and extends from the
medial cortex to the lateral cortex, an indication for surgical management.
The patient subsequently underwent pinning of the intertrochanteric frac-
ture based on the dual-energy CT images alone without need for MRI
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Fig.3 79-year-old female with acute, nondisplaced mid-cervical left fem-
oral fracture. The fracture is very subtle on the coronal conventional CT
(a) (white arrow); however, there is bone marrow edema (red arrows) in
the subcapital region particularly on soft tissue windows (not shown)

between 77-91% and 92-99%, respectively [16]. And finally, a
meta-analysis, including 450 patients and 1,901 lesions in the
ankle, hip, knee and spine, dual-energy CT was shown to have a
pooled sensitivity and specificity of 85 and 97%, respectively [17].

Pathology identified by dual-energy CT
virtual noncalcium imaging
Nondisplaced or minimally displaced pelvic fractures

When the clinical examination does not produce the expected
symptoms, and radiographs are negative, occult fractures may be

which give a higher diagnostic confidence for fracture if compared to
the asyptomatic hip. Coronal virtual noncalcium image (b) well demon-
strates edema within the left femoral neck (red arrows)

falsely excluded and treatment not implemented in a timely fash-
ion. Bone marrow edema associated with acute fractures is read-
ily apparent on virtual noncalcium images (Figs. 1, 2, 3, 4, and
5). The anatomic distribution of bone marrow edema identifies
the site of bony injury and can have important management
implications, e.g., edema associated with an occult nondisplaced
intertrochanteric fracture will extend from the medial cortex to
the lateral cortex and suggest an unstable fracture pattern that
would benefit from surgical management (Figs. 2 and 3) [18].
When compared to MRI as the gold standard for the detec-
tion of hip fractures, virtual noncalcium imaging has a sensi-
tivity of up to 90% and a positive predictive value of up to
86% [19]. In a retrospective study of 118 patients with

Fig. 4 75-year-old female with acute nondisplaced fractures of the
bilateral superior and left inferior pubic rami, and a radiographically
occult incomplete left subcapital femoral fracture. The pelvic fractures
are occult on the radiograph of the pelvis (not shown). No fracture is
seen in the left femoral neck on bone windows (not shown), while the
marrow edema in the subcapital region (red arrows) is difficult to
differentiate from the normal red marrow in the intertrochanteric region
(a, white arrow). The left superior pubic rami fractures are apparent on the
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conventional single-energy CT image (b, white arrows). Bone marrow
edema associated with the pelvic fractures can be seen in the 3D surface
color rendered image of the virtual noncalcium image (c, red arrows).
Artifact with green coloration obscures visualization of the sacrum.
Bone marrow edema is associated with an acute, nondisplaced incom-
plete left proximal femur subcapital fracture (yellow arrow). The patient
proceeded to have the left hip pinned based on the dual-energy CT imag-
ing without requiring MRI



Skeletal Radiol (2019) 48:1833-1842

1837

Fig. 5 Acute and chronic slipped femoral capital epiphyses. A 13-year-
old boy presents to the ER with 21-week history of left hip pain and
denied any right hip pain. Coronal conventional single energy CT (a)
demonstrates bilateral slipped femoral capital epiphyses (white arrows).
2D color rendering of the virtual noncalcium coronal image (b)

symptoms suspicious for a nondisplaced hip fracture, Kellock
et al. report the sensitivity for detecting hip fractures using
virtual noncalcium imaging with concurrent bone

demonstrates edema in the left femoral neck (red arrows), indicating acute
on chronic slipped capital femoral epiphysis. No edema in the right fem-
oral neck indicates chronic changes only. The patient went on to have
both hips pinned

reconstructions as 95-100% [16]. This represents an incre-
mental 4-5% increase in sensitivity (for two out of three
readers) over the sole use of bone reconstruction to detect

Fig. 6 Metastatic lesions in a 63-year-old female presenting with left hip

pain. Coronal single-energy CT (a and ¢) and dual-energy CT (b and d) of

the pelvis demonstrating multiple osseous metastatic lesions in the right

ilium and left femoral neck (red arrows) in a patient with metastatic lung
adenocarcinoma. Lesions are more conspicuous on the virtual
noncalcium images compared to the conventional single-energy CT
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these fractures. The specificity of virtual noncalcium images,
with MRI as the reference standard, is however variable, rang-
ing between 40%—in an early study of 25 patients which may
be due to low numbers in the study [19]— and 99-100%
when used in conjunction with CT bone reconstruction [16].
The median diagnostic confidence for detecting a
nondisplaced hip fracture in the study by Kellock et al. was
high (10 out of 10) using bone reconstructed images solely or
in conjunction with virtual noncalcium images. However, to
clinically exclude a nondisplaced hip fracture, diagnostic con-
fidence was significantly increased when bone reconstructed
images and virtual noncalcium images were used concurrently
in comparison with the sole use of bone reconstructions [16].
Interpreting virtual noncalcium images alongside CT bone
reconstructions can decrease the rate of interpretive error.

Intramedullary neoplastic disease and associated
complications

Osseous metastatic diseases are often silent or missed at imag-
ing interpretation until they present with pain and pathologic
fractures. Purely lytic or tiny sclerotic bone lesions may pose
diagnostic dilemmas on single-energy CT due to lack of per-
ception of an abnormality. The associated bone marrow edema
or marrow replacement and infiltration are often identifiable on
virtual noncalcium images. Bone marrow edema associated

with metastatic lesions can appear mass-like with a clear de-
marcation between edema and normal marrow (Figs. 6 and 7).

Several recent studies have reported on the potential of
dual-energy CT in the detection and work up of bone neo-
plasms [20-25]. For instance, dual-energy CT is helpful in
guiding the interventionalist during CT-guided biopsy of sus-
picious lesions identified on MRI, bone scans, or Positron
Emission Tomography/CT, as these are poorly displayed on
single-energy CT (Fig. 8). Burke et al. present four cases in
which dual-energy CT was used to biopsy malignant pelvic
neoplasms which were radiographically occult on single-
energy CT [25]. Kosmala et al. found that the performance
of dual-energy CT was comparable to MR imaging in the
diagnosis of focal infiltrative bone marrow lesions of the spine
and pelvis in patients with myeloma [21]. These studies sup-
port a growing application of dual-energy CT in the work up
of osseous metastatic disease.

Ablation of pelvic osseous lesions

Pelvic metastases are often treated using cryoablation under
CT guidance. During the ablation procedure, an ice ball forms
within the target lesion and surrounding tissues resulting in a
lowering of the tissue density and formation of low attenua-
tion images. This phenomenon is readily identifiable in the
soft tissue [26] on single-energy CT but not in bone as the

Fig. 7 60-year-old female with a history of renal cell carcinoma with a
pathologic intertrochanteric fracture of the proximal left femur. Coronal
CT (a) of the pelvis demonstrates the intertrochanteric fracture (white
arrow), without obvious underlying mass. Coronal dual-energy CT virtu-
al noncalcium image (b) and 3D surface color rendered virtual
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noncalcium image (c¢) reveals marrow replacement with sharply defined
margins consistent with a mass, adjacent to the greater trochanter and in
the femoral neck (red arrows), representing the biopsy-proven metastatic
lesion
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Fig. 8 38-year-old male with treated B cell lymphoma with recurrent
disease in the left iliac wing. Axial PET/CT of the pelvis demonstrates
the FDG avid lesion in the left iliac wing (a, arrow) which was occult on
the conventional single-energy CT (b). 2D color rendering of the dual

CT number shift is small relative to the baseline attenuation of
bone. Critical anatomic structures adjacent to the bone such as
the bowel wall, nerve roots, and skin, are therefore put at risk
of cryodamage. With virtual noncalcium imaging, soft-tissue
attenuation from the ice ball in the bone can be identified. Ina

energy CT (¢) demonstrates more diffuse asymmetric marrow change
within the left ilium (red arrows) with focal edema corresponding with
the site of FDG avidity in the left iliac wing, which was subsequently
biopsied and represented recurrent lymphoma

recent study at our institution [27] using human and porcine
cadaveric samples, formation of ice at several treatment sites
in the spine and pelvis was readily identified on dual-energy
virtual noncalcium imaging, while remaining occult on
mixed-kV images (a surrogate for single-energy CT; Fig. 9).

Fig. 9 Human cadaveric study with multiple cryoablation probes in the
right ilium demonstrating formation of ice within the marrow of the right
ilium during cryoablation at 10 min, readily identified on prone axial (a,

left) and coronal (b, left) dual-energy virtual noncalcium imaging (red
arrows), while remaining occult on mixed-kV images (a surrogate for
single-energy CT) (a and b, right)
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The ice was identified in real-time before involving the adja-
cent soft tissue during the ablation procedure. If implemented
clinically, virtual noncalcium imaging could potentially im-
prove patient safety, while ensuring complete cryoablation
of the target volume in the pelvis.

Avascular necrosis

Avascular necrosis is another cause of bone marrow edema
identifiable on dual-energy CT (Fig. 10). Patients with avas-
cular necrosis often present with groin pain, which occurs at
rest and worsens with weight-bearing. These symptoms are
nonspecific and would necessitate imaging to exclude the
possibility of a hip fracture. In the absence of sclerosis,
subchondral fracture, or articular irregularities of the
subchondral bone plate, early avascular necrosis may be

missed on radiographs or single-energy CT. Bone marrow
edema serves as a useful secondary sign of osseous pathology
which can lead to early MRI for avascular necrosis detection.
In a study evaluating patients with MRI-proven findings of
avascular necrosis of the hip, the incidence of missed avascu-
lar necrosis on initial single-energy CT was 89% [28]. The
diagnostic performance of dual-energy CT in identifying avas-
cular necrosis of the hip has not been reported. This has, how-
ever, been reported for other anatomic sites. Pianta et al. report
a 100% correlation with pathology-proven proximal pole
scaphoid avascular necrosis (8 patients) [29]. In the acute pre-
sentation of groin pain with bone marrow edema identified on
dual-energy CT, the confident diagnosis of avascular ne-
crosis or a subtle hip fracture can be achieved with
concurrent reading of the virtual noncalcium images
and the conventional CT.

Fig. 10 59-year-old female with avascular necrosis of the both femoral
heads, presenting as right hip pain. Avascular necrosis was occult on the
coronal single-energy CT (not shown). However, coronal dual-energy CT
virtual noncalcium image (a) shows edema in both femoral heads, suspi-
cious for avascular necrosis (red arrows). Coronal scout (b) from a right
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hip MRI obtained 12 days later demonstrates serpiginous low signal
consistent with avascular necrosis in both femoral heads (white arrows),
better seen on the dedicated right hip coronal T1-weighted image (c,
white arrow)
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Conclusion

In the emergency setting, dual-energy CT with virtual
noncalcium reconstructed images can serve as a useful
problem-solving technique when dealing with patients, partic-
ularly elderly osteopenic patients with pelvic or hip pain fol-
lowing trauma. The advantage of dual-energy CT with virtual
noncalcium reconstruction includes its increased availability
compared to MRI. Virtual noncalcium images may be helpful
for assessment of areas that are indeterminate on single-energy
CT or x-rays for a nondisplaced fracture. Additionally, other
pathology which may present in the emergency setting as hip
pain, such as avascular necrosis and metastatic disease, can be
identified using this technique. The ability to exclude pathol-
ogy may obviate the need for additional imaging with MRI.
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