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ABSTRACT

Objectives: Vertebral compression fractures (VCFs) are a significant clinical concern worldwide, often resulting in increased morbidity
and mortality. Malignancies, secondary osteoporosis, post-menopausal osteoporosis, and trauma are the most common causes of this. Early
detection and appropriate treatment are crucial to alleviate pain, initiate therapy, prevent complications, and reduce the risk of new fractures.
Various imaging modalities, including magnetic resonance imaging (MRI) and computed tomography (CT), are used to diagnose VCFs. However,
MRI has limitations, and CT advancements, particularly dual-energy CT (DECT) with virtual non-calcium (VNCa) imaging, offer the best
alternatives for detecting bone marrow edema.

Methods: This observational study was conducted at Kovai Medical Center and Hospital, Coimbatore, involving 46 adult patients with detectable VCFs.
Approval was obtained from the Institutional Ethical and Scientific Committee, and informed consent was received from all participants. Patients
underwent spine MRI and DECT on the same day. MRI was performed using Siemens 3T Skyra or Philips Ingenia 1.5T scanners, and DECT scans were
taken using a third-generation 192-slice dual-source CT scanner. DECT images were processed to create VNCa images. Image analysis was conducted
blindly, with MRI images showing increased STIR signal intensity and decreased T1 signal considered positive for bone marrow edema. DECT images
were evaluated for edema presence.

Results: The study participants had a mean age of 58.65+£15.47 years, with 54.3% females and 45.7% males. A total of 84 fractures were detected
across 782 vertebral bodies, with 57.14% acute and 42.86% chronic. Fractures were evenly distributed between the dorsal (57.14%) and lumbar
(42.86%) levels, predominantly at the dorsolumbar junction. Using the Genant grading system, fractures were classified into grades 0-3, with most
fractures being grade 1 (35.7%) and grade 3 (35.7%). DECT demonstrated high diagnostic performance, with a sensitivity of 87.50%, specificity of
91.66%, positive predictive value of 93.33%, negative predictive value of 84.62%, and overall accuracy of 89.29%. The positive and negative likelihood
ratios were 10.50-0.14, respectively.

Discussion: The study confirms that third-generation DECT with VNCa imaging is highly effective in detecting bone marrow edema in VCFs, showing
diagnostic accuracy comparable to MRI. Previous studies corroborate these findings, indicating that DECT can serve as a reliable alternative,
especially for patients with MRI contraindications. The advancements in DECT technology enhance its ability to differentiate and visualize bone
marrow abnormalities, making it a valuable diagnostic tool in clinical practice.

Keywords: Vertebral compression fractures, Bone marrow edema, Dual-energy computed tomography, Magnetic resonance imaging, Virtual non-
calcium imaging.
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INTRODUCTION

Vertebral compression fractures (VCFs) are a prevalent issue globally,
contributing to reduced quality of life and heightened morbidity
and mortality [1,2]. Malignancies, secondary osteoporosis, post-
menopausal osteoporosis, and trauma are the most common causes of
this [3]. Early detection and treatment are crucial for alleviating pain,
initiating appropriate therapy, preventing complications, and reducing
the risk of new fractures [4,5]. Despite the significance, VCFs are
frequently underdiagnosed, and determining the fracture’s age can be
challenging without prior spinal imaging [6-11].

Various techniques, such as plain X-ray, magnetic resonance imaging
(MRI), and bone scintigraphy, computed tomography (CT), can localize
and characterize VCFs for timely treatment [12,13]. As MRI can
pick up the fluid/edema or hemorrhage, it is the preferred way for
detecting acute VCF [14-16]. However, MRI has limitations, including
contraindications for some patients and the requirement for prolonged,

still positioning, which may be difficult for those with back pain. CT,
while less sensitive for dating fractures, offers advantages such as
shorter scan times and better spatial resolution for detecting subtle
cortical fractures [17-19]. Dual-energy CT (DECT) advancements
have been utilized for visualizing bone marrow abnormalities directly
by creating virtual non-calcium (VNCa) images, which allow for the
detection of bone marrow edema [20-23].

Aim and objective

The aim and objective are to assess the diagnostic performance of a
third-generation dual-energy CT VNCa technique for detecting bone
marrow edema in patients with VCFs.

METHODS

This observational study was conducted in the Department of
Radiology at Kovai Medical Center and Hospital, Coimbatore, a tertiary
care hospital. Approval was obtained from the Institutional Ethical and
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Scientific Committee, and written informed consent was received from
all participants. The study included adult patients over 18 years of age
who underwent spine MRI and had detectable VCF between June 2019
and May 2020. Exclusion criteria included general contraindications
for MRI and/or CT, pathologic fractures due to tumor infiltration, and
vertebral bodies with subtotal collapse.

All participants underwent spine MRI followed by DECT on the same
day. MRI was performed using Siemens 3T Skyra or Philips Ingenia
1.5T scanners with dedicated phased array coils. The DECT scans were
performed using a third-generation 192-slice dual-source CT scanner
(Somatom Force; Siemens Healthcare). Post-processing of DECT images
was performed using commercially available software (Syngo Via Dual
Energy version VB30A; Siemens Healthcare) to create VNCa images.

Image analysis was conducted in a random order, blinded to MRI
findings. MRI images showing increased signal intensity on STIR
images and corresponding decreased signal on T1-weighted images
were considered positive for bone marrow edema. DECT images were
evaluated for the presence of shades of green-yellow to orange-red,
indicating bone marrow edema.

RESULTS

Sociodemographic characteristics

The study participants were 46 patients with a mean age of
58.65+15.47 years. Most of the patients were aged between 61
and 80 years (50%), indicating that VCF is more prevalent in the
older population. We observed a higher prevalence in females
(54.3%) compared to males (45.7%). This distribution aligns with
the understanding that osteoporosis, a major cause of VCE is most
commonly seen in the post-menopausal age group. Moreover, the
fracture type distribution revealed that a significant proportion of
patients had multiple fractures (47.8%), emphasizing the severity and
recurrent nature of this condition in the affected demographic (Table 1).

Fracture characteristics

A total of 46 patients and 782 vertebral bodies were analyzed, revealing
84 fractures. The fracture characteristics data indicated that out of
the total 84 fractures detected, 57.14% were acute and 42.86% were
chronic. The distribution of fractures at different spinal levels showed
an equal prevalence of fractures at the dorsal (57.14%) and lumbar
(42.86%) levels. Notably, the dorsolumbar junction (D12-L1) was
identified as a common site for these fractures, with D12 and L1 levels
being particularly susceptible. The application of the Genant grading
system further categorized the fractures into grades 0 to 3, with the
majority classified as grade 1 (35.7%) and grade 3 (35.7%). This
grading highlights the varied severity of fractures among the patients,
with a substantial number exhibiting STIR hyperintensity, indicative of
acute fractures (Table 2).

Diagnostic performance of DECT compared to MRI

The diagnostic performance analysis of DECT compared to MRI
demonstrated high sensitivity (87.50%) and specificity (91.66%) in
detecting bone marrow edema. The positive predictive value (PPV) was
93.33%, indicating that DECT is highly effective in confirming the presence
of bone marrow edema when it is detected. The negative predictive value
(NPV) of 84.62% suggests that DECT is also reliable in ruling out edema
when it is not present. The overall diagnostic accuracy was 89.29%,
reflecting the effectiveness of DECT in this context. The positive likelihood
ratio (LR) of 10.50 and negative LR of 0.14 further support the robustness
of DECT in diagnosing VCE showing it a viable alternative to MR,
especially for patients with contraindications to MRI (Table 3).

DISCUSSION

The study demonstrated that third-generation DECT with VNCa imaging
has high diagnostic accuracy for diagnosing the edema in bone marrow
by VCFs, comparable to MRI. This is consistent with previous studies
that have shown DECT VNCa imaging to be effective in detecting bone
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Table 1: Sociodemographic characteristics of the study
population

Sociodemographic Category Frequency Percent

parameter

Age distribution <20 years 2 4.3
21-40 years 8 17.4
41-60 years 15 32.6
61-80 years 23 50
>80 years 2 4.3
Mean#standard 58.65+15.47
deviation years

Gender distribution  Female 25 54.3
Male 21 45.7
Total 46 100

Fracture type Single fracture 24 52.2
Multiple 22 47.8
fractures

Table 2: Fracture characteristics

Fracture Category Frequency Percent
characteristic
Acute versus Acute 48 57.14
chronic Chronic 36 42.86
fractures
Fracture Dorsal level 48 57.14
location Lumbar level 36 42.86
Genant grading Grade 0 9 10.7
system STIR positive 7
STIR negative 2
Grade 1 30 35.7
STIR positive 21
STIR negative 9
Grade 2 15 17.9
STIR positive 7
STIR negative 8
Grade 3 30 35.7
STIR positive 13
STIR negative 17

Table 3: Diagnostic performance of dual-energy computed
tomography compared to magnetic resonance imaging

Parameter Result 95% Confidence
interval

True positive 56 NA

True negative 88 NA

False positive 3 NA

False negative 13 NA

Sensitivity
Specificity

Positive predictive value
Negative predictive value

42/48=87.50%
33/36=91.66%
42/45=93.33%
33/39=84.62%

74.75-95.27%
77.53-98.25%
82.50-97.65%
72.11-92.13%

Accuracy 75/84=89.29% 80.63-94.98%
Positive LR 10.5 3.53-31.19
Negative LR 0.14 0.06-0.29

LR: Likelihood ratio

marrow lesions across various anatomical regions [24-36]. The high
sensitivity (87.50%) and specificity (91.66%) observed in our study
underscore the robustness of DECT in identifying bone marrow edema,
making it a viable alternative for patients with contraindications to MRI.

Pache et al. [24] and Guggenberger et al. [25] found that DECT was
highly effective in detecting bone marrow edema with a diagnostic
accuracy similar to that of MRI. Wang et al. [26] also demonstrated
that DECT could detect bone marrow edema with high sensitivity and
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specificity. These studies corroborate our findings, indicating that
DECT’s advanced imaging capabilities, such as the use of a tin filter
and dual-energy scanning modes, significantly enhance its ability to
differentiate and visualize bone marrow abnormalities [27-36].

Our study’s results are consistent with the diagnostic performance
reported in these studies, further validating the utility of DECT in
clinical practice. The NPV (84.62%) and PPV (93.33%) suggest that
DECT is reliable in both confirming and ruling out bone marrow edema.
The high diagnostic accuracy (89.29%) and favorable LRs (positive
LR: 10.50 and negative LR: 0.14) reinforce the potential of DECT as an
alternative modality for diagnosing VCE, especially for patients unable
to undergo MRI.

CONCLUSION

The visual analysis of dual-energy VNCa color-coded images using
third-generation DECT has shown splendid performance in detecting
bone marrow edema in VCE The latest advancements in DECT
technology, including enhanced energy separation and material
decomposition, offer a viable alternative imaging modality for patients
with contraindications to MRI. Further studies with larger sample sizes
are recommended to corroborate these findings and detect the full
potential of DECT in various clinical scenarios.
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