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Abstract

Background
To evaluate the performance of multiple quantitative parameters derived from three-phase dual-energy
CT (DECT) in the differential diagnosis of osteoblastic metastasis (OBM) from bone islands (BI).

Methods
In this retrospective study, patients who underwent contrast-enhanced CT scan and were diagnosed with
OBM or BI between April 2019 to December 2022 were included. Multiple quantitative parameters
including CT attenuation (CTa), iodine concentration (IC), slope of the spectral Hounsfield unit curve
(λHu), electron density (Rho), effective atomic number (Zeff) (all derived from three-phase DECT scan)
and virtual non-calcium (VNCa) (derived from pre-contrast DECT scan), then compared between OBM
and BI groups. The diagnostic performance was evaluated using receiver operator characteristic (ROC)
curve.

Results
A total of 125 patients with malignant tumors were enrolled, including 51 patients with 124 OBM and 74
patients with 119 BI. VNCa of OBM was significantly higher than BI, whereas other DECT quantitative
parameters of OBM were significantly lower than BI (all P < 0.001). The parameters extracted from
different phases were highly correlated with each other both in the OBM group (r, 0.637–0.862) and BI
group (r, 0.490–0.903), except VNCa. The three-phase DECT quantitative parameters performed well in
identifying both OBM and BI; in particular, VNCa achieved an excellent and stable diagnostic
performance in both the training group and testing group with AUC 1.00, sensitivity 100.0%, specificity
100.0%, and accuracy 100.0% (P < 0.001).

Conclusions
DECT derived multiple quantitative parameters that demonstrated excellent performance in
differentiating OBM from BI. Notably, VNCa could completely distinguish between the OBM and BI.

Introduction
Around 20–70% of patients with primary malignant tumors develop bone metastasis (BM), of which 30–
50% are spinal metastasis [1–3]. BM often causes pathological fracture, spinal cord compression and
hypercalcaemia among other skeletal complications, resulting in the loss of social function, decline in
quality of life, increase in medical expenses and reduced survival rate [4–6]. The European Society for
Medical Oncology (ESMO) Clinical Practice Guidelines recommend the use of systemic therapy
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combined with local therapy for the BM [5]. BM is usually divided into osteoblastic metastasis (OBM)
and osteolytic metastasis. OBM present as a focal dense sclerosing osteopathy [7]. Bone islands (BI) is
a common benign lesion of the vertebral body similar to OBM; they are often found during CT
examinations and do not require treatment [8; 9]. For patients with malignant tumors, accurate
differentiation between OBM and BI plays a crucial role in clinical staging, treatment decision-making
and prognosis [10–12].

Positron emission tomography (PET) and single photon emission CT (SPECT) are used in the diagnosis
and monitoring of BM [5], but BI sometimes show false positives for heat uptake on PET/CT [10].
Furthermore, PET is highly radioactive and expensive and it cannot be used for dynamic monitoring. CT
is the most commonly used examination tool for diagnosis and follow-up of cancer patients [11].
According to ESMO Clinical Practice Guidelines, CT can also be used to diagnose and monitor BM [5].
However, conventional CT can only provide limited diagnostic information based on a single CT
attenuation (CTa).

DECT is an imaging technique that uses X-ray beams of two different energies to scan an object, thereby
obtaining two datasets of different energies [13; 14]. Compared with conventional CT, the advantage of
DECT is that it has multiple quantitative parameters that can provide more valuable diagnostic
information for tumor evaluation in clinical practice [15; 16]. Many studies have evaluated the good
diagnostic performance of DECT-derived multi-parameters for distinguishing OBM and BI, such as CTa
on linear mixed images [11; 17–19] and under different virtual monoenergetic images (VMIs) [7; 20],
bone densities and water densities [20], water (calcium) density, calcium (water) density and Iodine
(calcium) density [7], electron density (Rho) [11], effective atomic number (Zeff) [7; 11], and slope of the
spectral Hounsfield unit (HU) curve (λHu) [7; 20]. Despite this, no studies have fully investigated the
performance of three-phase DECT-derived multi-parameters for the identification of OBM and BI in the
same tissue sample. As an additional consideration, DECT has been proven to emit lower radiation
doses while having higher imaging quality [16], so it is more suitable for long-term follow-up of patients
with malignant tumors.

Here, we evaluate the performance of three-phase DECT-derived quantitative multi-parameters in the
differential diagnosis of OBM and BI.

Methods

Patient Characteristics
This study was approved by the Ethics Committee of our hospital and the need for written informed
consent was waived owing to the use of retrospective data. A search of radiological reports of contrast-
enhanced DECT scans from April 2019 to December 2022 was performed in the hospital picture archive
and communication system using the following keywords: BM, OBM, high-density bone lesions, BI and
sclerotic metastasis. Inclusion criteria were as follows: (1) The primary malignant tumor of the patient
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was confirmed by pathological biopsy; (2) The patient did not receive antitumor therapy prior to contrast-
enhanced DECT scan. Exclusion criteria were as follows: (1) Clinical or imaging data were incomplete;
(2) The diagnosis of intraosseous high-density lesions was controversial; (3) Osteolytic and osteoblastic
metastasis coexisted on CT. Diagnostic criteria for OBM were as follows: (1) High density intraosseous
lesions; (2) Avid radiotracer uptake on SPECT/CT or PET/CT scan; (3) An increase in lesion density
and/or size on 6-month or longer follow-up CT images; (4) Lack of compression fracture or pathologic
fracture. Diagnostic criteria for BI were as follows: (1) Typical radiologic appearance, such as round or
oblong, sclerotic, homogeneous lesions, or with a spiculated margin [18]; (2) No overt radiotracer uptake
on SPECT/CT or PET-CT scan ; (3) No change in lesion size, density and shape on follow-up CT scans
obtained at least 6 months later [10]. Ultimately, 51 patients with 124 lesions were enrolled in the OBM
group, and 74 patients with 119 lesions were enrolled in the BI group. The inclusion and screening of
patients is shown in Fig. 1.

DECT Image Acquisition
The dual-energy image data were obtained in the dual-energy mode (SOMATOM Drive; Siemens
Healthineers, Forchheim, Germany), and the voltages of the high and low arena tubes were 100 kVp and
sn140 kVp, respectively. An automatic exposure control system (CARE Dose4D; Siemens Healthineers)
was used for all scans. Scan parameters were as follows: detector width 64 × 0.6 mm; rotation time 0.5
s/r; pitch 0.8; ADMIRE level 3; slice thickness, 1.5 mm; interlayer spacing, 1.2 mm. The iodine contrast
agent (Iodixanol, 320 mg/mL iodine, HENGRUI Medicine, Jiangsu, China) was injected through the
anterior cubital vein at a dosage of 1.5 mL/kg and a speed of 2.5 mL/s, and then normal saline (30 mL)
was injected at the same speed. Using the threshold of the bolus-tracking technique, scanning was
triggered with an additional delay of 8 seconds when the CTa of the abdominal aorta reached 100 Hu,
and the venous phase was scanned after a delay of 20 seconds.

DECT Image Reconstruction and Parameter Measurement
The DECT data were post-processed by syngo.via workstation (syngo.via VB20B, Dual Energy; Siemens
Healthineers). The syngo.via workstation was used to generate the iodine overlay image and Rho/Zeff

maps. Under the single-energy algorithm, all the original data were reconstructed into VMIs of layer
thickness 1.5 mm and layer spacing 1.2 mm. Linear mixed images were reconstructed by a mixing factor
of 0.5 (M_0.5; 50% of the low kVp and 50% of the high kVp spectrum). In addition, the bone marrow
image was reconstructed with pre-contrast data. The principle of focus delineation was applied by
selecting the largest layer of the lesion and placing a circular or oval region of interest in the center of
the lesion. The measurement data included the following: (1) The CTa of VNCa was measured on the
bone marrow image; (2) The CTa was measured in pre-contrast, arterial and venous phases on the linear
mixed images; (3) The iodine concentration (IC) was measured in pre-contrast, arterial and venous
phases on the iodine overlay image; (4) The Rho/Zeff was measured in pre-contrast, arterial and venous
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phases on the Rho/Zeff maps; (5) The CTa was measured in pre-contrast, arterial and venous phases at
the energy levels of VMIs at 40 keV and 100 keV; (6) The spectral curves were drawn in pre-contrast,
arterial and venous phases, and the slope of the spectral Hounsfield unit curve (λHu) was calculated and
analyzed (40 keV and 100 keV was selected as the slope calculation point in this experiment), that is, the
slope K = CT (40 keV)-CT (100 keV) / 60.

Statistical analysis
Commercial statistical software was used for statistical analysis (SPSS software, version 25.0; USA). All
continuous variables were expressed as mean ± standard deviation (SD), and categorical variables were
described as numbers and percentages. Chi-square tests were used to compare patient gender and
lesion location. Patient age, BMI and DECT quantitative parameter features were compared using
independent sample t-test or Mann-Whitney U test. Pearson’s correlation was used to test the correlation
between multi-parameters derived from DECT pre-contrast, arterial and venous phases. Correlation was
defined as follows: 0≤|r|<0.3, indicating no correlation; 0.3≤|r|<0.5, indicating a weak correlation; 0.5≤|r|
<0.8, indicating a moderate correlation; 0.8≤|r|≤1.0, indicating a high correlation. In this study, lesions
were randomly divided into training and testing groups according to a 3:2 ratio. Then, multiple logistic
regression analysis and five-fold cross validation were used to predict the differential diagnosis results.
Diagnostic performance was evaluated using receiver operating characteristics (ROC) analysis. The
significant difference was defined as P < 0.05.

Results

Participant characteristics
A total of 125 patients were enrolled in this study, including 51 patients (60.45 ± 11.83 years) with 124
OBM and 74 patients (63.01 ± 11.61 years) with 119 BI. There was no significant difference in patient
gender (P = 0.56), age (P = 0.23) or BMI (P = 0.44) between the OBM and BI groups. The distribution of
lesion locations was statistically significant (P < 0.001), which indicated that OBM and BI were prone to
different sites. The most common location for OBM was the thoracic vertebrae (58.1%), followed by
lumbar vertebrae (38.7%). The most common location for BI was the thoracic vertebrae (41.2%),
followed by the pelvis (31.1%) and lumbar vertebrae (21.0%). The top three primary cancers of OBM were
lung cancer (37.3%), breast cancer (31.4%), and prostate cancer (25.5%); the top two cancers of BI were
lung cancer (37.8%) and breast cancer (14.9%). The clinicopathological features of all patients are
shown in Table 1.
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Table 1. The baseline characteristics of participants.  

Characteristics Osteoblastic metastasis (n = 51
patients)

Bone islands

(n = 74
patients)

P
value

Number of lesions 124 119  

Gender (male /female) 27/24 39/35 0.56

Age, mean ± SD, years 60.45 ± 11.83 63.01 ± 11.61 0.23

BMI, mean ± SD, kg/m2 22.84 ± 3.85 23.37 ± 3.57 0.44

Lesion location (%) *     < 
0.001

Thoracic vertebra 72 (58.1%) 49 (41.2%)  

Lumbar vertebra 48 (38.7%) 25 (21.0%)  

Cervical and Sacral
vertebrae

3 (2.4%) 8 (6.7%)  

Pelvis 1 (0.8%) 37 (31.1%)  

Primary tumor type (%) #      

Lung cancer 19 (37.3%) 28 (37.8%)  

Breast cancer 16 (31.4%) 11 (14.9%)  

Esophageal cancer   5 (6.8%)  

Gastric cancer 1 (2.0%) 6 (8.1%)  

Liver cancer   3 (4.1%)  

Pancreatic cancer 1 (2.0%) 3 (4.1%)  

Colorectal cancer 1 (2.0%) 9 (12.2%)  

Renal cancer   4 (5.4%)  

Prostate cancer 13 (25.5%) 1 (1.4%)  

Others   4 (5.4%)  

Note. SD = standard deviation. * The data is the number of lesions; # The data is the number of
patients.

Comparison of DECT derived multi-parameters between OBMs and
BIs
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The comparison of DECT quantitative parameters between OBM and BI are shown in Table 2. The results
demonstrate that with the notable exception of VNCa, all other DECT quantitative parameters of OBM
were significantly lower than those of BI (all P < 0.001, Fig. 2). Two representative patient images are
shown in Fig. 3. The OBM and BI had the following parameters in pre-contrast, with OBM listed first and
BI second: VNCa − 13.11 ± 66.10 / −1013.86 ± 47.22 Hu; CTa 526.70 ± 103.67 / 1030.18 ± 147.41 Hu; IC
9.38 ± 2.13 / 18.14 ± 3.19 mg/ml; λHu 13.70 ± 3.23 / 25.86 ± 4.76 Hu/keV; Rho 314.00 ± 60.73 / 607.61 ± 
98.22 and Zeff 11.20 ± 0.48 / 12.61 ± 0.40. The specific parameter values of dual-phase enhancement are
shown in Table 2.
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Table 2
Conventional univariate analysis of DECT quantitative parameters for Osteoblastic metastasis and Bone

islands.
Feature Osteoblastic metastasis (N = 

124 lesions)
Bone islands (N = 119
lesions)

t/Z value P value

Pre-contrast        

VNCa (Hu) -13.11 ± 66.10 -1013.86 ± 47.22 -14.03 < 0.001

CTa (Hu) 526.70 ± 103.67 1030.18 ± 147.41 -13.41 < 0.001

IC (mg/ml) 9.38 ± 2.13 18.14 ± 3.19 -13.18 < 0.001

λHu (Hu/keV) 13.70 ± 3.23 25.86 ± 4.76 -12.83 < 0.001

Rho 314.00 ± 60.73 607.61 ± 98.22 -13.34 < 0.001

Zeff 11.20 ± 0.48 12.61 ± 0.40 -13.23 < 0.001

Arterial phase        

CTa (Hu) 527.48 ± 114.93 1013.55 ± 155.06 -13.28 < 0.001

IC (mg/ml) 9.37 ± 2.16 16.86 ± 2.90 -13.03 < 0.001

λHu (Hu/keV) 13.28 ± 2.80 24.42 ± 4.40 -13.07 < 0.001

Rho 321.57 ± 62.31 610.59 ± 101.90 -13.29 < 0.001

Zeff 11.19 ± 0.45 12.42 ± 0.43 -12.91 < 0.001

Venous phase        

CTa (Hu) 546.87 ± 118.01 1009.31 ± 147.47 -13.27 < 0.001

IC (mg/ml) 9.72 ± 2.03 16.68 ± 2.76 -12.88 < 0.001

λHu (Hu/keV) 14.08 ± 3.11 24.83 ± 4.11 -12.97 < 0.001

Rho 316.82 ± 60.09 608.85 ± 99.97 -13.17 < 0.001

Zeff 11.24 ± 0.42 12.43 ± 0.40 -12.84 < 0.001

Note. The data is represented as means ± standard deviation. VNCa, virtual non-calcium; HU,
Hounsfield unit; CTa, CT attenuation; IC, Iodine concentration; λHu, slope of the spectral Hounsfield
unit curve; Rho, electron density; Zeff, effective atomic number.

Correlation between DECT derived multi-parameters
As shown in Fig. 4, in the OBM group, VNCa only had a weak correlation with some parameters (IC, r = − 
0.332; λHu, r = − 0.342; Rho, r = − 0.355) extracted from the venous phase. Interestingly, the other
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parameters (CTa, IC, λHu, Rho, Zeff) in different phases had a high correlation with each other (r, 0.637–
0.862). In the BI group, VNCa was not correlated with the parameters extracted from either the arterial
phase or venous phase. In contrast, most of the other parameters were highly correlated.

Model Performance
The VNCa had the highest AUC (1.00), sensitivity (100.0%), specificity (100.0%), and accuracy (100.0%)
in both the training and testing groups. The next highest parameters were pre-contrast CTa and pre-
contrast Zeff (AUC 1.00, sensitivity 98.6–100.0%, specificity 96–100.0%, accuracy 97.2–100.0% in the
training group; AUC 0.98–0.99, sensitivity 93.8–95.8%, specificity 98%, accuracy 95.9–96.9% in the
testing group). Other quantitative parameters also achieved promising performance (AUC 0.97–0.99,
sensitivity 91.4–100.0%, specificity 93.3–100.0%, accuracy 92.4–98.6% in the training group; AUC 0.96–
0.99, sensitivity 89.6–95.8%, specificity 92.0–100.0%, accuracy 92.9–96.9% in the testing group
(Table 3)). Most notably, VNCa could completely distinguish OBM from BI (Fig. 5). The ROC curves of the
quantitative parameters from different phases are shown in Fig. 6.
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Table 3
Classification performance of DECT quantitative parameters in the training and testing group

Pre-contrast AUC Sensitivity
(%)

Specificity
(%)

Accuracy (%) PPV (%) NPV (%)

           

VNCa (Hu)            

Training
group

1.00 100.0
(70/70)

100.0
(75/75)

100.0
(145/145)

100.0
(70/70)

100.0
(75/75)

Testing
group

1.00 100.0
(48/48)

100.0
(50/50)

100.0 (98/98) 100.0
(48/48)

100.0
(50/50)

CTa (Hu)            

Training
group

1.00 98.6 (69/70) 98.7 (74/75) 98.6
(143/145)

98.6
(69/70)

98.7
(74/75)

Testing
group

0.99 95.8 (46/48) 98.0 (49/50) 96.9 (95/98) 97.9
(46/47)

96.1
(49/51)

IC (mg/ml)            

Training
group

0.99 95.7 (67/70) 98.7 (74/75) 97.2
(141/145)

98.5
(67/68)

96.1
(74/77)

Testing
group

0.98 93.8 (45/48) 98.0 (49/50) 95.9 (94/98) 97.8
(45/46)

94.2
(49/52)

λHu
(Hu/keV)

           

Training
group

0.97 95.7 (67/70) 96.0 (72/75) 95.9
(139/145)

95.7
(67/70)

96.0
(72/75)

Testing
group

0.96 89.6 (43/48) 100.0
(50/50)

95.0 (93/98) 100.0
(43/43)

90.9
(50/55)

Rho            

Training
group

0.99 97.1 (68/70) 97.3 (73/75) 97.2
(141/145)

97.1
(68/70)

97.3
(73/75)

Testing
group

0.99 91.7 (44/48) 100.0
(50/50)

95.9 (94/98) 100.0
(44/44)

92.6
(50/54)

Zeff            

Training 1.00 98.6 (69/70) 96.0 (72/75) 97.2 95.8 98.6

Note. The data is represented as means ± standard deviation. VNCa, virtual non-calcium; HU,
Hounsfield unit; CTa, CT attenuation; IC, Iodine concentration; λHu, slope of the spectral Hounsfield
unit curve; Rho, electron density; Zeff, effective atomic number.
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Pre-contrast AUC Sensitivity
(%)

Specificity
(%)

Accuracy (%) PPV (%) NPV (%)

           

group (141/145) (69/72) (72/73)

Testing
group

0.98 93.8 (45/48) 98.0 (49/50) 95.9 (94/98) 97.8
(45/46)

94.2
(49/52)

Arterial
phase

           

CTa (Hu)            

Training
group

0.99 98.6 (69/70) 94.7 (71/75) 96.6
(140/145)

94.5
(69/73)

98.7
(71/72)

Testing
group

0.99 93.8 (45/48) 100.0
(50/50)

96.9 (95/98) 100.0
(45/45)

94.3
(50/53)

IC (mg/ml)            

Training
group

0.98 95.7 (67/70) 97.3 (73/75) 96.6
(140/145)

97.1
(67/69)

96.1
(73/76)

Testing
group

0.98 95.8 (46/48) 92.0 (46/50) 93.9 (92/98) 92.0
(46/50)

95.8
(46/48)

λHu
(Hu/keV)

           

Training
group

0.97 92.9 (65/70) 97.3 (73/75) 95.2
(138/145)

97.0
(65/67)

93.6
(73/78)

Testing
group

0.98 91.7 (44/48) 94.0 (47/50) 92.9 (91/98) 93.7
(44/47)

92.2
(47/51)

Rho            

Training
group

0.99 97.1 (68/70) 94.7 (71/75) 95.9
(139/145)

94.4
(68/72)

97.3
(71/73)

Testing
group

0.99 93.8 (45/48) 100.0
(50/50)

96.9 (95/98) 100.0
(45/45)

94.3
(50/53)

Zeff            

Training
group

0.98 91.4 (64/70) 93.3 (70/75) 92.4
(134/145)

92.8
(64/69)

92.1
(70/76)

Testing 0.97 95.8 (46/48) 90.0 (45/50) 92.9 (91/98) 90.2 95.7

Note. The data is represented as means ± standard deviation. VNCa, virtual non-calcium; HU,
Hounsfield unit; CTa, CT attenuation; IC, Iodine concentration; λHu, slope of the spectral Hounsfield
unit curve; Rho, electron density; Zeff, effective atomic number.
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Pre-contrast AUC Sensitivity
(%)

Specificity
(%)

Accuracy (%) PPV (%) NPV (%)

           

group (46/51) (45/47)

Venous
phase

           

CTa (Hu)            

Training
group

0.99 100.0
(70/70)

93.3 (70/75) 96.6
(140/145)

93.3
(70/75)

100.0
(70/70)

Testing
group

0.98 93.8 (45/48) 100.0
(50/50)

96.9 (95/98) 100.0
(45/45)

94.3
(50/53)

IC (mg/ml)            

Training
group

0.97 92.9 (65/70) 93.3 (70/75) 93.1
(135/145)

92.9
(65/70)

93.3
(70/75)

Testing
group

0.97 93.8 (45/48) 98.0 (49/50) 95.9 (94/98) 97.8
(45/46)

94.2
(49/52)

λHu
(Hu/keV)

           

Training
group

0.99 95.7 (67/70) 96.0 (72/75) 95.9
(139/145)

95.7
(67/70)

96.0
(72/75)

Testing
group

0.96 91.7 (44/48) 96.0 (48/50) 93.9 (92/98) 95.7
(44/46)

92.3
(48/52)

Rho            

Training
group

0.98 91.4 (64/70) 96.0 (72/75) 93.8
(136/145)

95.5
(64/67)

92.33
(72/78)

Testing
group

0.97 91.7 (44/48) 100.0
(50/50)

95.9 (94/98) 100.0
(44/44)

92.6
(50/54)

Zeff            

Training
group

0.98 91.4 (64/70) 96.0 (72/75) 93.8
(136/145)

95.5
(64/67)

92.3
(72/78)

Testing
group

0.97 91.7 (44/48) 100.0
(50/50)

95.9 (94/98) 100.0
(44/44)

92.7
(50/54)

Note. The data is represented as means ± standard deviation. VNCa, virtual non-calcium; HU,
Hounsfield unit; CTa, CT attenuation; IC, Iodine concentration; λHu, slope of the spectral Hounsfield
unit curve; Rho, electron density; Zeff, effective atomic number.
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Discussion
This study applied quantitative multi-parameters derived from three-phase DECT to distinguish OBM
from BI. We found that, apart from VNCa, all DECT-derived quantitative parameters of OBM were
significantly lower than those of BI (all P < 0.001). VNCa was the sole parameter that was significantly
higher in OBM compared to BI (P < 0.001). The parameters extracted from different phases were highly
correlated with each other in both the OBM and BI groups, except for VNCa. These 16 DECT quantitative
parameters have high diagnostic efficiency in the differential diagnosis of OBM from BI.

Previous studies have demonstrated that OBM are more common in prostate cancer, whereas most of
the BM of lung and breast cancer presents as osteolytic metastasis [21–23]. Lung cancer and breast
cancer comprise the highest incidence of cancer worldwide, even higher than prostate cancer [24]. This
is the reason why lung cancer and breast cancer accounted for a relatively high proportion of the primary
tumors of OBM in this study. We found that the DECT-derived quantitative multi-parameters from
different phases were not significantly different in the differential diagnosis of OBM and BI. Therefore,
from the perspective of patient safety and economy, we recommend the use of pre-contrast images to
distinguish OBM from BI.

DECT post-processing software is used to remove highly attenuated bone calcium signal from an image
to obtain a VNCa image, which provides superior bone marrow imaging evaluation and can also be used
for the detection of BM [15; 25]. Studies have shown that VNCa has excellent diagnostic performance in
assessing bone marrow infiltration [26; 27] and is valuable for the diagnosis of BM [28–30]. In this study,
we found that the VNCa of BI (− 1013.86 ± 47.22 Hu) was much lower than that of OBM (− 13.11 ± 66.10
Hu (P < 0.001)). This finding could be related to the pathological nature of BI and OBM. BI, also known as
bone spots, are bony nodules in cancellous bone that are caused by abnormal bone development and
are virtually free of osteoblasts and osteoclasts, and are purely composed of bone structures [31; 32].
Since BI only contain calcium components, after the use of VNCa technology to remove all the calcium
substances in BI images there is no substance remaining. As a result, the obtained VNCa is
approximately − 1000 Hu, close to the CTa of air. In contrast, OBM contain abundant tumor cells and
bone-like tissue with incomplete calcium salt deposition [20]. Therefore, VNCa can completely
distinguish between OBM and BI. In addition, the use of pre-contrast VNCa to identify OBM and BI avoids
the risk of adverse reactions that may arise from the use of iodine contrast agents, while only one phase
of scanning greatly reduces the radiation dose to the patient.

BI are asymptomatic hamartoma malformations defined histologically as discrete lesions of dense bone
within a cavernous membrane [31]. OBM are characterized by dysplasia of bone-like tissue with
abundant tumor cells and incomplete deposition of calcium salts [20]. OBM do not contain normal
cortical bone structure and their density is relatively lower than that of BI [33]. In our study, the mean CTa
of OBM (526.70 ± 103.67 Hu) was significantly lower than BI (1030.18 ± 147.41 Hu), which is consistent
with histology [33] and with the results of previous studies [18; 19]. We found that the IC of OBM (9.38 ± 
2.13 mg/ml) was significantly lower than BI (18.14 ± 3.19 mg/ml (P < 0.001)). IC performed well in the
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differential diagnosis of OBM and BI, with an AUC of 0.99 in the training group and AUC of 0.98 in the
testing group. λHU represents the rate of decay change of the material. Consistent with the studies by
Dong et al. [20] and Luo et al. [7], we found that BI had a significantly steeper slope than OBM. This
indicates that the rate of change of attenuation is faster for BI than for OBM under different ray energies,
which is likely related to their different structural compositions and physical properties.

Zeff reflects the atomic number of a compound or mixture [34]; the denser the compound or mixture, the
higher the Zeff [35; 36]. Rho can distinguish between different substances by measuring their structure,

physical and chemical properties [37]. It has been reported that Rho/Zeff is highly accurate for identifying
the composition of substances [38; 39]. Rho/Zeff images have good diagnostic value in assessing bone
marrow infiltration in primary malignant bone tumors [26]. We found that the mean Rho/Zeff of BI was
significantly higher than that of OBM, which is consistent with previous studies [11]. This indicates that
the density of BI is higher than that of OBM.

This study has several limitations. First, this is a retrospective study with a relatively small sample size
and possible selection bias. Second, most lesions were diagnosed through the findings of typical
imaging modalities (CT, MRI, PET/PETCT) and by follow-up imaging, rather than by pathological
examination of the tissue. Third, both (OBM and BI) groups were composed of different primary tumors.
Due to the small sample size, subgroups of OBM and BI from different primary diseases could not be
compared. The identification and analysis of OBM and BI should be further verified and explored using a
larger population and a prospective multi-center study in the future.

Conclusions
The performance of DECT-derived quantitative parameters was effective for differentiating between OBM
and BI. Specifically, pre-contrast VNCa has the best performance and can completely distinguish OBM
from BI.

Abbreviations
AUC Area under the receiver operating characteristic curve

BI Bone islands

BM Bone metastasis

DECT Dual-energy computed tomography

OBM Osteoblastic metastasis

PET Positron emission tomography

ROC Receiver operating characteristic
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SPECT Single photon emission computed tomography

VNCa Virtual non-calcium
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Figure 1

Flow chart demonstrating the selection process of the study population. BI, Bone islands; BM, bone
metastasis; DECT, dual-energy computed tomography; OBM, Osteoblastic metastasis.

Figure 2
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Box-and-whisker plots presenting the distributions of DECT quantitative parameters. BI, Bone islands;
CTa, CT attenuation; Hu, Hounsfield unit; IC, Iodine concentration; Rho, electron density; OBM,
Osteoblastic metastasis; VNCa, virtual non-calcium; Zeff, effective atomic number; λHu, slope of the
spectral Hounsfield unit curve.

Figure 3

Representative DECT images. OBM: Patients with primary lesions of prostate cancer. At follow-up CT
imaging 16 months later, the size and density of intraosseous focal high-density lesions were increased,
and the lesion was diagnosed as OBM. BI: Patients with primary lesions of sigmoid cancer. At follow-up
CT imaging 8 months later, the size and density of intraosseous focal high-density lesions had not
changed, and the lesion was diagnosed as BI. BI, Bone islands; DECT, dual-energy computed
tomography; OBM, Osteoblastic metastasis; Rho, electron density; Zeff, effective atomic number.
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Figure 4

Correlation heatmaps between different phases in the OBM group and BI group. BI, Bone islands; CTa, CT
attenuation; IC, Iodine concentration; OBM, Osteoblastic metastasis; Rho, electron density; VNCa, virtual
non-calcium; Zeff, effective atomic number; λHu, slope of the spectral Hounsfield unit curve.

Figure 5

Representative DECT bone marrow images. BI, Bone islands; DECT, dual-energy computed tomography;
OBM, Osteoblastic metastasis.

Figure 6

Receiver operating characteristic curves of DECT quantitative parameters in the training group and
testing group. AUC, area under the receiver operating characteristic curve; CTa, CT attenuation; Hu,
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Hounsfield unit; IC, Iodine concentration; Rho, electron density; ROC, receiver operating characteristic;
VNCa, virtual non-calcium; Zeff, effective atomic number; λHu, slope of the spectral Hounsfield unit curve.
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