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Abstract

Objectives: To evaluate the accuracy of dual-energy computed tomography (DECT) in quantifying bone marrow
adipose tissue (BMAT) and its applicability in the study of osteoporosis (OP).

Methods: A total of 83 patients with low back pain (59.77 4 7.46 years, 30 males) were enrolled. All patients under-
went lumbar DECT and magnetic resonance imaging (MRI) scanning within 48 h, and the vertebral fat fraction (FF)
was quantitatively measured, recorded as DECT-FF and MRI-FF. A standard quantitative computed tomography (QCT)
phantom was positioned under the waist during DECT procedure to realize the quantization of bone mineral density
(BMD). The intraclass correlation coefficient (ICC) and Bland-Altman method was used to evaluate the agreement
between DECT-FF and MRI-FF. The Pearson test was used to study the correlation between DECT-FF, MRI-FF, and BMD.
With BMD as a gold standard, the diagnostic efficacy of DECT-FF and MRI-FF in different OP degrees was compared by
receiver operating characteristic (ROC) curve and Delong test.

Results: The values of DECT-FF and MRI-FF agreed well (ICC=0.918). DECT-FF and MRI-FF correlated with BMD, with
r values of —0.660 and —0.669, respectively (p <0.05). In the diagnosis of OP and osteopenia, the areas under curve
(AUC) of DECT-FF was, respectively, 0.791 and 0.710, and that of MRI-FF was 0.807 and 0.708, and there was no signifi-
cant difference between AUCs of two FF values (with Z values of 0.503 and 0.066, all p>0.05).

Conclusion: DECT can accurately quantify the BMAT of vertebrae and has the same applicability as MRl in the study
of OP.

Key points

+ Quantification of BMAT valuable information for the clinical diagnosis and treatment of OP.
+ DECT can accurately quantify the BMAT of vertebrae.
+ DECT has the same applicability as MRI in the study of OP.
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Bone density

Introduction

Osteoporosis (OP) is a complex multifactorial dis-
ease, mainly manifested as a decrease in bone density
and bone strength, and its diagnosis and quantita-
tive assessment mainly rely on bone density assay [1].
Recent studies have shown that bone marrow adi-
pose tissue (BMAT) plays an important influence in
the mechanism of OP, and its endocrine effect and
impact on bone structural strength is worth noting [2,
3]. BMAT may be a biomarker of osteoporosis (OP)
[4, 5], and greater BMAT content is associated with
greater losses of the bone density and bone compres-
sive strength [6]. Therefore, accurate quantification and
evaluation of BMAT can provide valuable information
for clinical diagnosis and treatment of OP [5, 7].

Due to the existence of BMAT, in some studies on
vertebral bone density assay and fracture risk assess-
ment, Magnetic resonance imaging (MRI) or dual-
energy computed tomography (DECT) is used to
quantify BMAT to correct the bone density error
caused by it [8, 9]. MRI is currently the best method
for fat quantification, including proton magnetic reso-
nance spectroscopy (1H-MRS), water fat imaging, such
as iterative decomposition of water and fat with echo
asymmetry and least-squares estimation (IDEAL-IQ).
As a mature technology, it is widely used in studies
on fat quantification of soft tissue, bone, and tumor
[10-12].

In contrast, DECT is a rapidly developing new tech-
nology, which is based on high and low-energy mate-
rial separation technology that can quantify specific
substances, such as calcium and fat [13]. Recent stud-
ies have found that DECT has shown potential in fat
quantification. Cao’s research has suggested that multi-
parameter imaging of DECT can accurately quantify
the fat content of liver to evaluate the severity of liver
fat deposition [14]. In Baillargeon’s study, they quanti-
fied the fat infiltration of skeletal muscle by DECT and
found that the DECT muscle fat fraction (FF) showed
excellent correlation with clinically accepted stand-
ards [15]. However, few studies have been reported on
DECT to quantify BMAT, as MRI is the most recog-
nized and accurate method.

In previous studies, we quantified the BMAT and
calcium density of vertebrae by DECT, which provides
valuable information for the clinical diagnosis and
treatment of OP [16]. We hope to further evaluate the
accuracy of DECT in quantitative BMAT and whether

it is suitable for the quantitative evaluation of OP com-
pared to MRI. This work aimed to study the agreement
of DECT and MRI in quantification of vertebral BMAT
and to evaluate the applicability of DECT in the study
of OP.

Methodology

Study design

The present study was conducted following the Dec-
laration of Helsinki (as revised in 2013) and approved
by the Ethics Committee of our hospital (IRB No.
201902068). This is a secondary analysis of a prospec-
tive study, and some patients with chronic low back
pain underwent MRI and/or CT scans at the recom-
mendation of surgeons. With full communication and
informed consent, some patients who underwent lum-
bar MRI and CT scanning were initially included in the
study. Inclusion criteria were as follows: (D age should
be > 50 years; @ lumbar DECT and MRI scan within
48 h. Exclusion criteria included the following points:

Patients with chronic low back pain, which require MRI and / or CT
scans at the recommendation of the surgeon, >50 years (n=97)

postoperative
state (n=1)

Osteomalacia
(n=1)

I DECT scan with QCT phantom (n=95)

Vertebral trauma
and tumour (n=6)

—

Scoliosis (n=1)

Failure to MRI
—
scan (n=5)
| MRI scan within 48h (n=83)
DECT-based MRI-based QCT-based
FF Values of 415 FF Values of 415 BMD of 415

vertebrae (n=83) vertebrae (n=83) vertebrae (n=83)

Fig. 1 The flowchart of the study. DECT Dual-energy computed
tomography, QCT quantitative computed tomography, MR/ magnetic
resonance imaging, FF fat fraction, BMD bone mineral density
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D scoliosis; @ localized osteosclerosis in vertebral
cancellous bone; @ vertebral trauma and tumor; @
postoperative state of lumbar vertebra. The flowchart
displaying patient inclusion of this study is shown in
Fig. 1.

A total of 83 patients with chronic low back pain from
April to November in 2021 were enrolled, including 30
males and 53 females. By placing a standard QCT cor-
rected phantom (QCT Pro v5.0; Mindways, Tex) under
the waist during DECT procedure, we obtained DECT
parameters and QCT-based bone mineral density (BMD)
concurrently. Thus, no additional radiation exposure was
entailed.

DECT scanning and vertebral BMAT quantification

DECT examinations relied on a second-generation
128-section dual-source unit operating in dual-energy
mode (Somatom Definition Flash; Siemens Health-
ineers, Erlangen, Germany). Settings of both x-ray
tubes were constant (tube A: 80 kV, 250 mAs; tube B:
140 kV with Sn filter, 97 mAs), pitch of 0.6, collimation
width 32 x 0.6 mm, rotation time 500 ms/r, field of view
(FOV) 500 mm x 500 mm. The scanning range extended
from the 12 thoracic vertebra to the 1! sacral verte-
bra. Images were reconstructed using a kernel of I30f,
1-mm section thickness, and 0.75-mm increment. All
radiation doses received by patients were recorded upon
completion.

The quantitative measurement of the vertebral BMAT
was carried out based on the liver virtual non-contrast
function module of the dual-energy analytic software
(Syngo. via VB10; Siemens Healthcare, Erlangen, Ger-
many). According to the parameter settings in bone mar-
row analysis, the default value of soft tissue was modified
to 55 HU and 51 HU, fat value to— 110 HU and — 87 HU,
and iodine slope to 1.71 [16]. The FF values of 1st to 5th
lumbar vertebrae were measured in the median sagittal
view, and the mean FF value of each patient was recorded
as DECT-FF (Fig. 2a).

MRI scanning and vertebral BMAT quantification

MRI examinations relied on a 3.0 T superconducting MR
scanner (Discovery 750, GE Healthcare, Milwaukee, W1,
USA), with standard human body coil and sagittal scan-
ning. Prior to IDEAL-IQ, T1 weighted image (T1WI)
(repetition time [TR]/ time to echo [TE]=400/13 ms),
T2WI (TR/TE=2500/102 ms), FOV 36 c¢m x 36 cm,
matrix of 224 x 192, pixel size 1.6 mm x 1.9 mm, slice
thickness of 3 mm, intersection gap of 0.4, number of
excitations (NEX) of 1; IDEAL-IQ: TR of 7.4 ms, mini-
mum TE of 1.3 ms, maximum TE of 5.3 ms, flip angle of
4°, echo train length of 5, bandwidth of 111.1 kHz, and
other settings were the same as above.

Page 3 of 9

Four group images were obtained once the IDEAL-IQ
sequence was scanned: pure water image, pure fat image,
fat fraction image, and R2* relaxation rate image. The FF
value was measured on the viewer module of ADW4.7
workstation. Select the fat fraction image, draw a rectan-
gular ROI on the first 2 / 3 of the vertebral body in the
median sagittal diagram, then the FF values of 1st to 5th
lumbar vertebrae were measured successively at one slice
(Fig. 2b), the mean FF value of each patient was recorded
as MRI-FFE.

QCT-based BMD measurement and grouping

DECT equipment and QCT analytics (QCT Pro v5.0;
Mindways, Tex) were calibrated in advance using a qual-
ity control phantom. The scan data of mixed ratio (0.5)
were imported to the QCT software application, and
the BMD values of 1st to 5th lumbar vertebrae were
measured by drawing a region of interest automati-
cally (Fig. 2c). Then, the mean BMD value of 5 vertebrae
was taken as the patient’s BMD. According to BMD, all
patients were divided into normal group (BMD > 120 mg/
cm?®), osteopenia group (120 mg/cm®>BMD>80 mg/
cm?) and OP group (BMD < 80 mg/cm?) [17].

Statistical analysis

All vertebral measurements were performed indepen-
dently by 2 experienced radiologists, who had been
engaged in musculoskeletal imaging research for more
than 8 years, and take the mean value of 2 measurers as
the final value. The consistency analyses for the measure-
ments of 2 measurers were performed by intraclass cor-
relation coefficient (ICC).

Statistical analysis was performed using Medcalc (ver-
sion 19.0 MedCalc Software bvba, Belgium). Variables
were tested for normality of distribution by Shapiro—
Wilk test, and expressed as means £ SDs. The difference
between normal, osteopenia and OP groups and between
1st and 5th vertebra were tested by one-way ANOVA,
and the difference of FF values between adjacent verte-
brae was tested by independent sample t test. The con-
sistency between DECT-FF and MRI-FF was analyzed
by ICC and Bland—-Altman method (ICC of<0.4 means
poor consistency, ICC of 0.4—0.75 means general consist-
ency, ICC of >0.75 means good consistency); the Pearson
correlation analysis was used to analyze the correlation
between DECT-FF, MRI-FF, and BMD (|r| of <0.5 means
low linear relationship, |r| of 0.5-0.8 means a signifi-
cant linear relationship, and |r| of>0.8 means a highly
linear relationship). Taking BMD as the gold standard,
DECT-FF and MRI-FF diagnostic efficacy in different OP
degrees were evaluated by receiver operating character-
istic (ROC) curve, and the area under the curve (AUC)
of DECT-FF and MRI-FF were compared by the DeLong
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Fig. 2 Measurement of DECT-FF, MRI-FF, and BMD: A, B DECT-FF and MRI-FF derived from corresponding region of interest (ROI) in a standard
median sagittal plane, respectively, and the ROl was delineated in 2/3 of the anterior vertebral body, avoiding the bone cortex, vertebral vein sulcus,
and surrounding osteosclerosis; C BMD determined by ROl automatically drawn with QCT analytics system

test (AUC of 0.5-0.7 means low diagnostic value, AUC
of 0.7-0.9 means moderate diagnostic value, and AUC
of >0.9 means high diagnostic value). A p value of<0.05
was statistically significant.

Results

A total of 83 patients were enrolled in this study. Of
them, 30 were males and 53 were females, aged from 50
to 88 years, with an average age of 59.77 +7.46 years. The
volume CT dose index was 9.53 mGy, the average dose-
length product was 332.36£40.26 mGy-cm, and the

mean radiation dose was 4.61£0.59 mSv. The quantita-
tive parameters of all vertebrae measured by 2 measur-
ers were in good agreement, including FF values based on
DECT and MRI and BMD based on QCT (ICC=0.905,
0.917, 0.938, respectively).

There was no significant difference in BMI between
normal, osteopenia and OP groups, but there was signifi-
cant difference in BMD, DECT-FF and MRI-FF (Table 1).
The column diagram showed that FF values of 1% to 5%
vertebra tended to increase gradually, including DECT-
FF and MRI-FF; One-way ANOVA showed that there
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Table 1 General conditions and measurements of patients in different OP groups (n =83)

Normal Osteopenia oP Total F p

(22) (28) (33) (83)
Age (year) 5645+6.12 59.36+0644 62.33+£827 59.77+£7.46 4.527 0.014
BMI (kg/mz) 2576 £2.61 24144325 24.8+2.96 24.83£3.01 1.838 0.166
BMD (mg/cm3) 134.59420.32 94.63+843 5844+£15.79 90.83£34.17 166.201 <0.001
DECT-FF (%) 4587 +10.71 53.73+69 59.36+6.12 53.89+943 19.658 <0.001
MRI-FF (%) 46.28+12.34 5441+£7.24 122+6.67 5496+ 1047 19.611 <0.001

OP osteoporosis, BMI body mass index, BMD bone mineral density, DECT-FF fat fraction based on Dual-energy computed tomography, MRI-FF fat fraction based on

magnetic resonance imaging
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Fig. 3 The FF values of 1st to 5th vertebrae based on DECT and MRI. *p < 0.05 DECT: Dual-energy computed tomography, MRl magnetic resonance
imaging, FF fat fraction

was no significant difference in FF values between 1st
and 5th vertebra; Independent sample t test showed that
there was a statistical difference in FF values between 1st
and 2nd vertebra, which did not exist between 2nd and
3rd, 3rd and 4th, 4th and 5th vertebra (Fig. 3).

Consistency analysis
The FF value of all 415 vertebrae measured based on
two methods were in good agreement (ICC=0.865). In

comparison, the measured value of DECT-FF and MRI-FF
of each patient had higher consistency ICC=0.918), since
they were the average of 5 lumbar vertebrae. As all mean
differences tend to be zero and most of the differences
lay between=+1.96 SD, Bland—Altman plots indicate high
agreement between both quantization method (Fig. 4AB).
Linear regression analysis showed that DECT-FF and
MRI-FF were linearly correlated (r=0.918, p <0.001), with
a slope of 0.831 and an intercept of 8.186 (Fig. 4C).
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Correlation analyses

Pearson’s test showed a negative linear relationship
between DECT-FF and MRI-FF and BMD. The correla-
tion was significant, with r values of —0.660 and —0.669,
respectively (both p <0.001) (Fig. 5).

Diagnostic accuracy

The ROC curves of DECT-FF and MRI-FF in diagnos-
ing OP and Osteopenia are presented in Fig. 6, and the
threshold, sensitivity, specificity, and AUC are shown in
Table 2. The AUCs of both DECT-FF and MRI-FF are
not very high and they have moderate diagnostic value
for OP and osteopenia. Also, from the table we can find
there were no significant differences in AUC between
DECT-FF and MRI-FF.
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Discussion

In this study, we tried to evaluate the accuracy and
applicability of DECT in quantifying vertebral BMAT,
and found that the vertebral FF values based on DECT
and MRI were in good agreement, and they reflected
the same efficiency in the relevant studies of OP, which
enhanced our confidence in further OP research using
DECT.

In bone marrow, osteoblasts and adipocytes origi-
nate from a common type of mesenchymal stem cell in
the bone marrow, and many osteoporotic states, includ-
ing aging, nutritional fluctuations, hormonal changes,
and metabolic disorders, such as obesity and diabetes,
are associated with the marrow fat transformation [18].
BMAT could not only lead to marrow fat transforma-
tion but could also inhibit osteoblast differentiation and

Osteoporosis
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Fig. 6 ROC curve of DECT-FF and MRI-FF in OP and Osteopenia diagnosis. A The AUC of DECT-FF and MRI-FF in the diagnosis of OP were 0.791
and 0.807, respectively; B The AUC of DECT-FF and MRI-FF in the diagnosis of Osteopenia were 0.710 and 0.708, respectively. DECT: Dual-energy
computed tomography, MRI: magnetic resonance imaging, FF: fat fraction

Table 2 Comparison of DECT-FF and MRI-FF in the evaluation of OP and osteopenia (n=83)

Threshold Sensitivity Specificity AUC (95%CI) V4 p
OoP DECT-FF 513 96.97 57.00 0.791 (0.688-0.872) 0.503 0.615
MRI-FF 53.34 93.94 62.00 0.807 (0.706-0.886)
Osteopenia DECT-FF 46.48 85.71 59.55 0.710 (0.565-0.830) 0.066 0.948
MRI-FF 482 85.71 64.09 0.708 (0.562-0.828)

DECT-FF fat fraction based on Dual-energy computed tomography, MRI-FF fat fraction based on magnetic resonance imaging, OP osteoporosis, AUC area under the

curve



Liu et al. Insights into Imaging (2022) 13:181

proliferation, resulting in diminished bone formation
and, potentially, loss of bone mass leading to osteoporosis
[19, 20]. For these reasons, the quantification of BMAT
is particularly important in OP related studies, and the
imaging technology advancements allow the noninvasive
quantification of BMAT [21-23].

DECT is a rapidly developing imaging method for
quantitative measurement. In conjunction with the VNC
technique, DECT can be used for quantitative analysis of
specific substances, such as iron, iodine, and fat [24-27].
For the spine, the CT density of the bone marrow cav-
ity reflects the average density of three tissues: trabecular
bone, BMAT, and hematopoietic tissue, corresponding
to calcium, fat, and soft tissue, respectively. We modified
the parameters in the liver VNC configuration file preset
by the equipment manufacturer to the characteristic slope
value of calcium, and the reference values of soft tissue and
fat are accordingly modified to quantify the calcium and
fat in vertebral cancellous bone. In this study, the FF value
of the 1st to 5th lumbar spine showed a gradual increasing
trend, which was consistent with previous studies [28].

This study revealed highly consistent quantitative
parameters of vertebral BMAT (DECT-FF and MRI-FF)
obtained by DECT and MRI equipment, respectively,
indicating that DECT-FF could be used as an accurate and
reliable parameter in vertebral BMAT quantification. This
is consistent with Bredella’s study [22], but IDEAL-IQ was
selected as the control instead of 1H-MRS in our study.
IDEAL-IQ technology realizes accurate quantification of
fat content through the multi-echo collection and has the
advantages of short scanning time and simple operation,
compared with 1H-MRS sequence [28-30]. In addition,
we also compared the diagnostic efficacy of DECT-FF and
MRI-FF in different OP grades, and found that they had
similar correlation, threshold, sensitivity and specificity,
and there was no significant difference in AUC between
them. DECT has the potential to become an alternative to
MRI in the quantification of vertebral BMAT.

It should be noted that QCT-based BMD, as the gold
standard for OP evaluation and grouping in this study,
was considered to need correction due to the content of
BMAT [8, 28]. However, this does not affect the reliabil-
ity of our study, in which it was used as a reference to
evaluate the consistency of DECT and MRI in quantify-
ing BMAT and evaluating OP. On the contrary, this study
also indirectly indicated that BMAT was an unavoidable
problem in the process of bone densitometry. FF value
can indirectly reflect bone mineral loss with a significant
linear relationship with BMD, but it is not suitable as an
independent diagnostic indicator of OP and their AUCs
are not very high. Compared to DEXA, the FF value we
obtained is a volumetric and more accurate measure,
independent of overlap. Quantification of BMAT with FF
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allows correction of QCT-BMD, as suggested by some
studies [8, 28], and DECT may have advantages in this
regard because of its ability to quantify both calcium
and fat. The biggest disadvantage of DECT, compared to
MRY], is the presence of ionizing radiation. The radiation
dose is now significantly reduced with the development
of several generations of DECT technology [31]. In this
study, the radiation dose received by each patient for
DECT scanning was about 4.6 mSv, which was a lower
dose level, equivalent to twice the annual background
radiation dose. Also, opportunistic examinations were
possible because OP evaluations were performed at the
same time as the lumbar spine scans, which reduced the
radiation dose specifically for bone densitometry. Cou-
pled with its advantages of short scanning time, multipa-
rameter and multimodal imaging [32], DECT will have
unique potential for the quantitative evaluation of OP in
the future.

There were still some deficiencies in this study. First,
the sample size was not large enough; Secondly, due to
software reasons, we did not guarantee that the ROI
shapes of the two measurements were consistent, which
might cause some potential errors.

In conclusion, DECT can accurately quantify the
BMAT of vertebrae, and has the same efficiency as MRI
in the study of OP, which may be used as a supplemen-
tary method for fat quantification and OP evaluation.

Abbreviations

AUC: Area under the curve; BMAT: Bone marrow adipose tissue; BMD: Bone
mineral density; DECT: Dual-energy computed tomography; DECT-FF: Fat
fraction based on dual-energy computed tomography; FF: Fat fraction; ICC:
Intraclass correlation coefficient; IDEAL-IQ: Iterative decomposition of water
and fat with echo asymmetry and least-squares estimation; MRI: Magnetic
resonance imaging; MRI-FF: Fat fraction based on Magnetic resonance
imaging; OP: Osteoporosis; QCT: Quantitative computed tomography; ROC:
Receiver operating characteristic.

Acknowledgements

At the point of finishing this paper, I'd like to express my sincere thanks to
all my colleagues, especially Dr. Yaging Duan, who has lent me hands in the
process of case scanning of this study.

Author contributions

Conception and design were performed by ZL, XZ, YJ and XM. Administra-
tive support was performed by YJ and DH. YZ, RC and DH were involved

in provision of study materials or patients. ZL, YZ and RC were involved in
collection and assembly of data. ZL, YZ and RC were involved in data analysis
and interpretation. All authors were involved in manuscript writing and final
approval of manuscript.

Funding

This work was supported by Shaanxi Provincial Key R & D Plans (2021SF-240)
and Shaanxi Provincial Key Research and Development Program (2020GXLH-
Y-027). The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Availability of data and materials
Data sets during the study period can be obtained from the corresponding
authors upon reasonable request.



Liu et al. Insights into Imaging (2022) 13:181

Declarations

Ethics approval and consent to participate

The study was approved by the ethics committee of Honghui Hospital
Affiliated Xi'an Jiaotong University (IRB No. 201902068) and was performed fol-
lowing the latest version of the Declaration of Helsinki (as revised in 2013) for
Medical Research involving human subjects. Informed consent was obtained
from all patients.

Consent for publication

All authors agree to publish in your journal. The work described is original
research that has not been published before, and it is not considered to be
published in whole or in part elsewhere.

Competing interests
The authors declare that they have no conflict of interest.

Author details

'Department of Radiology, Honghui Hospital Affiliated Xi‘an Jiaotong Uni-
versity, No. 555, Youyi East Road, Xi'an 710054, China. 2Department of Spinal
Surgery, Honghui Hospital Affiliated Xi'an Jiaotong University, Xian, China.
3Siemens Healthcare Limited, Xi'an, China.

Received: 11 May 2022 Accepted: 3 November 2022
Published online: 26 November 2022

References

1. Haseltine KN, Chukir T, Smith PJ, Jacob JT, Bilezikian JP, Farooki A (2021)
Bone mineral density: clinical relevance and quantitative assessment. J
Nucl Med 62(4):446-454

2. de Araujo IM, Parreiras ESLT, Carvalho AL, Elias J Jr, Salmon CEG, de Paula
FJA (2020) Insulin resistance negatively affects bone quality not quantity:
the relationship between bone and adipose tissue. Osteoporos Int
31(6):1125-1133

3. ZhangY, Zhang C, Wang J, Liu H, Wang M (2021) Bone-adipose tissue
crosstalk: role of adipose tissue derived extracellular vesicles in bone
diseases. J Cell Physiol 236(11):7874-7886

4. Veldhuis-Vlug AG, Rosen CJ (2018) Clinical implications of bone marrow
adiposity. J Intern Med 283(2):121-139

5. Jarraya M, Bredella MA (2021) Clinical imaging of marrow adiposity. Best
Pract Res Clin Endocrinol Metab 35(4):101511

6. Woods GN, Ewing SK, Sigurdsson S et al (2020) Greater bone mar-
row adiposity predicts bone loss in older women. J Bone Miner Res
35(2):326-332

7. Pino AM, Miranda M, Figueroa C, Rodriguez JP, Rosen CJ (2016) Qualitative
aspects of bone marrow adiposity in osteoporosis. Front Endocrinol 7:139

8. Cheng X, Blake GM, Guo Z et al (2019) Correction of QCT vBMD using MRI
measurements of marrow adipose tissue. Bone 120:504-511

9. Catano Jimenez S, Saldarriaga S, Chaput CD, Giambini H (2020) Dual-
energy estimates of volumetric bone mineral densities in the lumbar
spine using quantitative computed tomography better correlate with
fracture properties when compared to single-energy BMD outcomes.
Bone 130:115100

10. JiY,Hong W, Liu M, Liang Y, Deng Y, Ma L (2020) Intervertebral disc
degeneration associated with vertebral marrow fat, assessed using quan-
titative magnetic resonance imaging. Skeletal Radiol 49(11):1753-1763

11. JeonK, Lee C,ChoiY,Han S (2021) Assessment of bone marrow fat
fractions in the mandibular condyle head using the iterative decomposi-
tion of water and fat with echo asymmetry and least-squares estimation
(IDEAL-IQ) method. PLoS One 16(2):0246596

12. Guo R, LiQ Luo Z et al (2018) In vivo assessment of neurodegeneration in
type C niemann-pick disease by IDEAL-IQ. Korean J Radiol 19(1):93-100

13. Molwitz |, Leiderer M, Ozden C, Yamamura J (2020) Dual-energy com-
puted tomography for fat quantification in the liver and bone marrow: a
literature review. Rofo 192(12):1137-1153

14. Cao Q Shang S, Han X, Cao D, Zhao L (2019) Evaluation on heterogeneity
of fatty liver in rats: a multiparameter quantitative analysis by dual energy
CT. Acad Radiol 26(5):e47-e55

Page 9 of 9

15. Baillargeon AM, Baffour Fl, Yu L, Fletcher JG, McCollough CH, Glazebrook
KN (2020) Fat quantification of the rotator cuff musculature using dual-
energy CT: a pilot study. Eur J Radiol 130:109145

16. Liu Z Zhang, Liu Z et al (2021) Dual-energy computed tomography
virtual noncalcium technique in diagnosing osteoporosis: correlation
with quantitative computed tomography. J Comput Assist Tomogr
45(3):452-457

17. Ward RJ, Roberts CC, Bencardino JT et al (2017) ACR appropriateness
criteria((R)) osteoporosis and bone mineral density. J Am Coll Radiol
14(55):5189-5202

18. Tratwal J, Labella R, Bravenboer N et al (2020) Reporting guidelines,
review of methodological standards, and challenges toward harmoniza-
tion in bone marrow adiposity research. Report of the methodologies
working group of the international bone marrow adiposity society. Front
Endocrinol. https://doi.org/10.3389/fendo.2020.00065

19. de Paula F, Rosen C (2020) Marrow adipocytes: origin, structure, and func-
tion. Annu Rev Physiol 82:461-484

20. Aaron N, Kraakman M, Zhou Q et al (2021) Adipsin promotes bone mar-
row adiposity by priming mesenchymal stem cells. eLife. https://doi.org/
10.7554/el ife.69209

21. LeonhardtY, Gassert FT, Feuerriegel G et al (2021) Vertebral bone marrow
T2* mapping using chemical shift encoding-based water-fat separation
in the quantitative analysis of lumbar osteoporosis and osteoporotic
fractures. Quant Imaging Med Surg 11(8):3715-3725

22. Bredella M, Daley S, Kalra M, Brown J, Miller K, Torriani M (2015) Marrow
adipose tissue quantification of the lumbar spine by using dual-energy
CT and single-voxel (1)h MR spectroscopy: a feasibility study. Radiology
277(1):230-235

23. Arentsen L, Hansen KE, Yagi M et al (2017) Use of dual-energy computed
tomography to measure skeletal-wide marrow composition and cancel-
lous bone mineral density. J Bone Miner Metab 35(4):428-436

24. XieT, LiY,He G, Zhang Z, ShiQ, Cheng G (2019) The influence of liver
fat deposition on the quantification of the liver-iron fraction using fast-
kilovolt-peak switching dual-energy CT imaging and material decom-
position technique: an in vitro experimental study. Quant Imaging Med
Surg 9(4):654-661

25. Nagayama, Inoue T, Oda S et al (2020) Adrenal adenomas versus
metastases: diagnostic performance of dual-energy spectral CT virtual
noncontrast imaging and iodine maps. Radiology 296(2):324-332

26. Molwitz |, Leiderer M, McDonough R et al (2021) Skeletal muscle fat
quantification by dual-energy computed tomography in comparison
with 3T MR imaging. Eur Radiol 31(10):7529-7539

27. HyodoT, Hori M, Lamb P et al (2017) Multimaterial decomposition algorithm
for the quantification of liver fat content by using fast-kilovolt-peak switch-
ing dual-energy CT: experimental validation. Radiology 282(2):381-389

28. Ergen F, Gulal G, Yildiz A, Celik A, Karakaya J, Aydingoz U (2014) Fat
fraction estimation of the vertebrae in females using the T2*-IDEAL
technique in detection of reduced bone mineralization level: comparison
with bone mineral densitometry. J Comput Assist Tomogr 38(2):320-324

29. Zeng Z,Ma X, GuoY, Ye B, Xu M, Wang W (2021) Quantifying bone mar-
row fat fraction and iron by mri for distinguishing aplastic anemia from
myelodysplastic syndromes. J Magn Reson Imaging 54(6):27769

30. AokiT, Yamaguchi S, Kinoshita S, Hayashida Y, Korogi Y (2016) Quantifica-
tion of bone marrow fat content using iterative decomposition of water
and fat with echo asymmetry and least-squares estimation (IDEAL):
reproducibility, site variation and correlation with age and menopause. Br
JRadiol 89(1065):20150538

31. John D, Athira R, Selvaraj S, Renganathan R, Gunasekaran K, Arunachalam
VK (2021) Does dual-energy abdominal computed tomography increase
the radiation dose to patients: a prospective observational study. Polish J
Radiol 86(1):208-216

32. LiG, Dong J, Huang W et al (2019) Establishment of a novel system for
the preoperative prediction of adherent perinephric fat (APF) occurrence
based on a multi-mode and multi-parameter analysis of dual-energy CT.
Transl Androl Urol 8(5):421-431

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.3389/fendo.2020.00065
https://doi.org/10.7554/eLife.69209
https://doi.org/10.7554/eLife.69209

	Accuracy and applicability of dual-energy computed tomography in quantifying vertebral bone marrow adipose tissue compared with magnetic resonance imaging
	Abstract 
	Objectives: 
	Methods: 
	Results: 
	Conclusion: 

	Key points 
	Introduction
	Methodology
	Study design
	DECT scanning and vertebral BMAT quantification
	MRI scanning and vertebral BMAT quantification
	QCT-based BMD measurement and grouping
	Statistical analysis

	Results
	Consistency analysis
	Correlation analyses
	Diagnostic accuracy

	Discussion
	Acknowledgements
	References


