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Introduction

Tumor metastases and infections are common pathologies 
in the spine. Spinal metastases account for ~50% of all bone 
metastases and are particularly common in elderly males. 
Spinal infections (SIs) comprise 5% of all bone infections 
and are being increasingly diagnosed in the growing elderly 
population (1). Differentiating spinal metastasis from SI is 
crucial, because treatment and prognosis are very different 

(2,3). However, as both conditions present with similar 
signs and symptoms, such as spinal pain and tenderness, 
limitation of motion, and neurologic manifestations, 
differentiation based on clinical features alone may be 
challenging.

When SI presents with typical imaging features, such as 
vertebral bone destruction, narrowing of the intervertebral 
disk space and paraspinal abscess, differentiation from spinal 
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metastases is easy. However, in select cases, the imaging 
features associated with SI may be atypical. For instance, 
there may be destruction of adjacent vertebral bodies 
without intervertebral disc space involvement, destruction 
of single vertebral bone, lesions involving only the posterior 
element, multiple skip lesions in the spine, or absence of 
abscess formation (3-7). In these instances diagnosis can be 
difficult.

Rapid-kilovoltage-switching dual-energy computed 
tomography (RDECT) imaging, a new modality based on 
rapid switching between 80 and 140 kV tube voltages, has 
been recently introduced.

With RDECT, a series of quantitative parameters are 
obtained from iodine-based and water-based material 
decomposition images and a set of monochromatic images. 
RDECT imaging has already proved useful in reducing 
radiation dose and metal artifacts, improving the diagnostic 
performance of differential diagnoses, and detecting small 
lesions (8-10). This study aimed to investigate the value 
of RDECT for differentiating spinal osteolytic metastases 
(SOM) from SI.

Methods

Between July 2014 and December 2017, 193 consecutive 
patients suspected of having vertebral tumors or infections 
underwent contrast-enhanced RDECT. Of them,  
146 patients who did not have osteolytic metastases or 
infections, who had an unclear diagnosis, or who had 
undergone therapy before examination were excluded from 

this analysis. A flow-chart of study inclusion is shown as 
Figure 1. 

Twenty-nine patients (14 men, 15 women; mean age, 
58 years; age range, 44–82 years) had spinal metastases 
pathologically confirmed by surgery and/or biopsy. The 
primary tumors included lung cancer (n=11), breast cancer 
(n=7), renal cancer (n=3), hepatic cancer (n=2), oesophageal 
squamous cancer (n=1), gallbladder adenocarcinoma (n=1), 
intracranial hemangioendothelioma (n=1), colon cancer 
(n=1), cholangiocarcinoma (n=1), and gastric cancer (n=1). 
The sites of the metastases included cervical vertebrae 
(n=11), lumbar vertebrae (n=11), thoracic vertebrae (n=4), 
and the sacrum (n=3). Eighteen patients with SI (11 men, 7 
women; median age, 64 years; age range, 26–77 years) had 
a pathologically confirmed diagnosis of spinal infection. 
Of the 18 patients, 11 had chronic nonspecific infections 
and 7 had tuberculosis infections, which were diagnosed by 
biopsy. The lesions were located in lumbar vertebrae (n=10), 
cervical vertebrae (n=6), and thoracic vertebrae (n=2).

This study was approved by the ethics committee of our 
hospital. All procedures were carried out in accordance 
with the Code of Ethics of the World Medical Association 
(Declaration of Helsinki). In view of the retrospective 
nature of the study, the requirement for informed consent 
was waived.

CT examinations were performed using a GE Discovery 
CT750 HD scanner (GE Medical Systems, Milwaukee, 
WI, USA). All unenhanced and contrast-enhanced scans 
were dedicated spinal CT scans. Unenhanced scans were 
first performed using the conventional helical scan mode: 

Figure 1 Flow chart of study inclusion criteria.

Patients underwent contrast-
enhanced RDECT  

(n=193)

Patients included
(n=47)

Patients with SOM  
(n=29)

Patients with SI
(n=18)

Exclude patients who didn’t have SOM or 
SI, or who were under therapy before the 

examination
(n=146)

javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);


622 Yuan et al. RDECT for quantitative differential diagnosis of spinal lesions

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2021;11(2):620-627 | http://dx.doi.org/10.21037/qims-20-334

120 kVp tube voltage, automatic tube current, 0.625 mm 
collimation thickness, 5 mm slice thickness, and 1.375 
helical pitch for 13.76–25.85 mGy volumetric CT dose 
index (CTDIvol). Following this, nonionic contrast medium 
(1.5 mL/kg body weight, total of 80–100 ML, iohexol  
350 mg I/mL; Omnipaque, GE Healthcare) was injected via 
the antecubital vein at a rate of 3.0 mL/s using an automatic 
power injector (Acist Medical Systems). Dual-energy 
spectral CT images were obtained in the arterial phase (AP) 
and venous phase (VP) with delays of 22–24 seconds and 
62 to 74 seconds, respectively, from the beginning of the 
contrast medium injection. The scan range was 1 cm above 
and below the lesion. The protocol for dual-energy spectral 
CT was as follows: tube voltage switching between 80 and 
140 kVp, 550 mA tube current, 0.625 mm collimation 
thickness, 0.8 seconds rotation speed, 1.375 helical pitch, 
and 16.87 mGy CTDIvol.

Imaging data were reconstructed at a thickness of  
0.625 mm with a standard soft-tissue kernel using dual-energy 
decomposition algorithms operating in the projection-space 
domain. The images were sent to an advanced workstation 
(AW4.5; GE Medical Systems, Milwaukee, WI, USA) and 
reviewed using the gemstone spectral imaging (GSI) viewer. 
Circular or elliptical regions of interest (ROIs) were set in 
the lesions, muscle, and artery on the iodine- and water-
based material decomposition images. The ROIs for the 
lesions (mean area, 13.67 mm2; range, 3.8–39.16 mm2)  
excluded areas of focal change in large vessels, necrotic 
tissue, residual bone and prominent artifacts, and included 
as much of the avidly enhanced areas of the lesions as 
possible. To ensure consistency, all measurements were 
repeated three times at different image levels, and the 
averages were calculated. If the lesion contained relatively 
more sequestrum or residual bone, three ROIs at the same 
imaging level were drawn to satisfy the above-mentioned 
conditions, and averages calculated. The arterial ROIs 
(37.89 mm2; range, 27–43 mm2) were selected from the 
central two-thirds of the artery, and the ROIs for muscle 
(109.87 mm2; range, 97–123 mm2) were selected from the 
homogeneous density area of muscle at the same image 
location as the tumor. All ROIs of the AP were coincident 
with those of the VP. The measurements were performed by 
a radiologist with 5 years of experience in musculoskeletal 
imaging. The iodine/water densities for the lesion, muscle, 
and artery were automatically obtained on the iodine (water) 
and water (iodine) material decomposition images using a 
GSI viewer. The lesion-to-muscle ratio (LMR) and lesion-
to-artery ratio (LAR) for the iodine density measurements 

were calculated to allow for comparisons between patients.
According to previous literature (11), the CT values of 

70 keV images are similar to those of traditional 120 kV  
images; therefore, the traditional CT attenuation values 
of the AP and VP were measured on the 70 keV enhanced 
scanning single-energy images. The ROIs were the 
same as those on the iodine- and water-based material 
decomposition images.

Statistical analyses were performed with SPSS (version 
20.0) (IBM Corp., Armonk, NY, USA). Continuous 
variables were expressed as the mean ± standard deviation. 
Two-tailed Student’s t-tests were used to compare the 
differences in the iodine/water density of lesions, LMR, and 
LAR during the AP and VP between patients with SOM and 
SI. For all analyses, statistical significance was set at P≤0.05. 
Receiver operating characteristic curves (ROC) analysis was 
performed to establish the threshold values and to evaluate 
the diagnostic ability of each parameter. The Youden index 
(J = sensitivity + specificity −1) for differentiating SOM 
from SI was calculated for all the parameters.

Results

The iodine-based and water-based material decomposition 
images are shown as Figures 2 and 3. Table 1 lists the 
characteristic dual-energy parameters for the SOM and SI 
groups. Significant differences were measured in iodine 
density between the SI and SOM groups during the AP 
(P=0.012) and VP (P<0.01). The LMR in the SI group 
was significantly lower than that in the SOM group during 
the AP (P=0.019) and VP (P<0.01). The LAR was also 
significantly lower in the SI group than in the SOM group 
during the AP (P=0.036) and VP (P<0.01). No significant 
differences were found in water density between the two 
groups (P>0.05) (Table 1). The Hounsfield units were not 
significantly different between the SI and SOM groups 
during the AP (94.94±22.85 vs. 110.72±34.80 HU; P=0.099) 
and VP (104.65±27.92 vs. 116.58±25.36 HU; P=0.13).

Figure 4 includes the ROC curves of the different 
parameters for differentiating SOM from SI. Table 2 
lists the areas under the ROC curve (AUC) values. LAR 
during the VP (LARVP) had the largest AUC (0.862). The 
optimal cut-off values for distinguishing SOM from SI 
were identified for each parameter (Table 2). For LARVP, 
the optimal cut-off was 0.54, with which the sensitivity was 
82.80% and the specificity was 77.80%. The optimal cut-off 
for iodine density during the VP was 2.39 mg/mL, which 
yielded a sensitivity and specificity of 86.20% and 72.20%, 
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respectively. During the AP, the optimal cut-off for iodine 
density was 2.57 mg/mL, which yielded a sensitivity of 
48.3% and a specificity of 88.9%.

Discussion

Spinal metastases and infections are major causes of 

morbidity and mortality and can have a considerable 
economic impact on patients. Differentiating between SOM 
and SI can be difficult, because they present with similar 
clinical features. The age groups affected by SOM and SI 
are also similar. For instance, the mean age in our study 
was 64 years (range, 26–77 years) for patients with SI versus  
58 years (range, 44–82 years) for patients with SOM. 

A B

Figure 2 Cervical metastasis of hepatic carcinoma in a 58-year-old woman. The colour coded iodine-based (A) and water-based (B) material 
decomposition images during the venous phase (VP).

Figure 3 Lumbar tuberculosis in a 76-year-old woman with back pain. Three regions of interest were placed in the lesions, one in the 
muscle, and one in the artery on the grayscale iodine-based and water-based material decomposition images during the venous phase (VP). 
Figure 2A shows the average values of iodine density for the lesion (2.05 mg/mL).

A B
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SI may present with atypical features on imaging. For 
example, due to discal age-related avascularity, lesions in 
older patients may be localized in the vertebral body and 
without associated disc changes (Figure 5) (3). This central 
type can cause the vertebral body to collapse, mimicking 
the imaging results of solitary tumor metastasis. In select 
cases, the infection may spread to several vertebrae via 
the Batson plexus, creating multiple non-contiguous 
lesions with an imaging appearance that can be mistaken 
for multiple metastatic deposits (3,7,12,13). SI may also 
involve only the posterior element; without vertebral body 

and disc involvement, the imaging appearance is almost 
indistinguishable from that of a tumor. Finally, SI may occur 
without the typical formation of paraspinal abscess (14). For 
the diagnosis of such atypical presentations, a quantitative 
CT imaging technique is urgently required. 

Previous research has reported on the use of spectral 
CT for differentiating malignant vertebral tumors from 
non-malignant lesions and for distinguishing osteolytic 
metastases from Schmorl nodules (15,16). Jans et al. 
reported that dual-energy CT can visualize bone marrow 
edema lesions of the hand and wrist in patients with active 
rheumatoid arthritis, with magnetic resonance imaging 
(MRI) as a gold standard (17). Fuchs et al. (18) reported 
that in the assessment of bone marrow, dual-energy CT was 
less susceptible to metal artifacts than MRI and resulted in 

Table 1 Comparison of different dual-energy computed tomography parameters between spinal infections and spinal osteolytic metastases

Parameter SI group SOM group t value P value

Iodine density in AP (mg/mL) 1.97±0.68 2.81±1.34 −2.62 0.012*

LMRAP 6.03±2.21 8.42±3.77 −2.43 0.019*

LARAP 0.23±0.07 0.9±0.10 −2.17 0.036*

Water density in AP (mg/mL) 1,048.05±20.78 1,047.27±17.61 0.138 0.891

Iodine density in VP (mg/mL) 2.20±0.56 3.21±0.72 −5.08 <0.01*

LMRVP 4.63±1.59 7.58±2.63 −4.28 <0.01*

LARVP 0.46±0.14 0.70±0.19 −4.65 <0.01*

Water density in VP (mg/mL) 1,037.69±16.36 1,046.57±38.71 −0.92 0.36

*, statistically significant. The data are mean ± standard deviation. SI, spinal infection; SOM, spinal osteolytic metastases; AP, arterial 
phase; VP, venous phase; LMR, lesion-to-muscle iodine density ratio; LAR, lesion-to-artery ratio for iodine density.

Table 2 The threshold values, areas under the receiver operating 
characteristic curves, sensitivities, and specificities of the parameters 
assessed

Parameter
Area under 

ROC
Threshold 

value
Sensitivity 

(%)
Specificity 

(%)

Iodine density in AP 0.715 2.57 48.30 88.90

LMRAP 0.707 7.45 55.20 83.30

LARAP 0.670 0.25 58.60 66.70

Iodine density in VP 0.851 2.39 86.20 72.20

LMRVP 0.841 5.26 79.30 77.80

LARVP 0.862 0.54 82.80 77.80

ROC, receiver operating characteristic curve; AP, arterial phase; 
VP, venous phase; LMR, lesion-to-muscle iodine density ratio; 
LAR, lesion-to-artery ratio for iodine density.

Figure 4 Receiver operating characteristic curves for iodine 
density, lesion-to-muscle ratio, and lesion-to-artery ratio in 
differentiating spinal osteolytic metastases from spinal infection.
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improved visualization of vertebral edema in the vicinity 
of fused vertebral bodies. Pan et al. reported (19) that the 
fast KV-switching RDECT HAP-water decomposition 
technique had an excellent diagnostic performance for 
identifying acute and chronic vertebral compression 
fractures in visual and quantitative analyses. However, 
the usefulness of single-source dual-energy CT imaging 
for distinguishing between SOM and SI has yet to be 
investigated.

The X-ray attenuation of a material is determined by the 
photoelectric and Compton scattering properties (20-22).  
Each material has a specific energy attenuation curve, and 
the curve can be represented by the linear combination 
of two other materials. If the X-ray attenuation of an 
object is measured on two different spectrums, low kVp 
and high kVp, alternating quickly from one view to the 
next, the attenuation measurements can be mathematically 
transformed into the density of two materials that is 
needed to produce the measured attenuation. This 
process is referred to as material decomposition. Water 
and iodine are often selected as the basis pair for material 
decomposition, since they span the atomic number range 
of materials generally found in medical imaging and can 
approximate those of soft tissues and iodinated contrast 
material, thus producing material-attenuation images that 
can be intuitively interpreted (10). The Discovery CT750 
HD obtains virtual monochromatic spectral images at 
40–140 keV which are less susceptible to beam-hardening 

and metal streak artifacts, and allow for more accurate and 
reproducible attenuation measurements (23,24). Thus, 
the iodine and water density measured may provide useful 
quantitative parameters for differential diagnosis.

In the present study, the iodine density, LMR, and LAR 
in the AP and VP were significantly higher for SOM than 
for SI. This is likely due to the relative density of vessels 
and cells within the lesions, as spinal metastases require 
angiogenesis to grow and invade. The vessels in metastases 
are abnormally distributed, and have uneven diameters, 
wide endothelial junctions, and high permeability (5,25). 
In comparison, SIs have dilated and relatively mature 
vasculature. Consequently, the distribution of the contrast 
agent in the extravascular-extracellular space is more 
prominent in SOM than in SI. Cell viability and density 
are also greater in SOM than in SI. Our results are not 
consistent with those of Tawfik et al. (26), but this may be 
due to differences in the types of diseases studied and their 
locations. Tawfik et al. (26) reported on the differences 
between cervical lymph nodes with acute nonspecific 
inflammation and lymph nodes with metastases from 
squamous cell carcinoma, whereas we examined the 
differences between SI and SOM.

In our study, ROC analysis revealed that LARVP had the 
best diagnostic value among all the parameters studied; 
LARVP of 0.54 had a sensitivity of 82.80% and a specificity 
of 77.80% for diagnosing SOM. In a previous study, bone 
density and water density had a sensitivity of 85% and 82%, 
respectively, and a specificity of 97% and 85%, respectively, 
for differentiating osteolytic metastasis from Schmorl 
nodules (15). In another study (24), the optimal threshold 
SD value was 68.6 HU (on virtual monochromatic images 
at 110 keV) for distinguishing osteoblastic metastases 
from bone islands in patients with lung cancer; this cut-off 
provided a sensitivity of 93.0% and a specificity of 93.3%. 
In a study on T1-weighted dynamic contrast-enhanced MR 
imaging, Lang et al. (25) reported that the AUC of kep for 
differentiating between spinal tuberculosis from metastatic 
cancer was 0.78. However, the clinical use of T1-weighted 
dynamic contrast enhanced MR imaging is limited by high 
costs, long examination time, complexity, MRI artifacts, and 
some contraindications.

The present study has several limitations. First, this 
is a retrospective analysis of a small sample, and so these 
results must be validated in a larger cohort. Second, this 
study included various SIs, but subgroup analysis could not 
be performed due to the small number of patients. Third, 
the SOM group included patients with hyper-vascularized 

Figure 5 The same patient as Figure 2. Sagittal computed 
tomography images at 70 keV show osteolytic bone destruction in 
the L3 vertebral body but no intervertebral disc involvement.
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and hypo-vascularized metastases. A precise division of 
primary tumor pathological types will be a priority as we 
accumulate patients for a future study. Fourth, we did not 
have data on inter-observer variability. Fifth, since RDECT 
can only decomposite two materials, calcium was unable 
to be decomposited when iodine and water were selected 
as the basis pair for material decomposition, which might 
have caused measurement bias in lesions with more residual 
bone. Finally, only the findings of dual-energy spectral CT 
were studied; the clinical data and radiological features of 
the patients were not analyzed, mainly because they could 
not be quantified.

Conclusions

In conclusion, rapid-kilovoltage-switching dual-energy 
CT can provide useful information which can help in the 
differentiation of SOM from SI. The LARVP appears to have 
the highest diagnostic accuracy.
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