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Abstract

Background: This study aimed to investigate the diagnostic performance and clinical utility of different MR Dixon
sequences in the characterization of vertebral metastasis in a patient with a history of malignant neoplasm and com-
pare the results with 18-F FDG PET CT. Patients were subjected to MR imaging of the dorsal and lumbosacral spine
(1.5 T MR machine) using conventional MR, T2 Dixon and T1 post-contrast Dixon.

Results: This study involved 40 patients (45% female and 55% male) with 161 metastatic lesions and median age
61.5 years. The sensitivities of T1 post-contrast water-only (WO), fat-only (FO) and opposed-phase (OP) Dixon for diag-
nosis of vertebral metastasis were 92.6%, 89.4% and 83.1%, respectively, while the sensitivity of T2 (WO, OP) Dixon was
78.3% with 100% specificity for both T1 and T2 Dixon. There were excellent positive clinical utilities of T1 post-contrast
WO (0.925), FO (0.894) and OP (0.826) Dixon with the good positive clinical utility of T2 Dixon (0.783) for lesion finding.
There were fair negative clinical utilities of TT WO (0.636) and FO (0.553) Dixon with poor negative clinical utilities of
T1 OP (0.429), T2 WO and OP (0.375) Dixon for lesion screening. 15% was the best in-phase/opposed-phase ratio for

clinical utilities for lesion screening, respectively.

differentiation between metastatic and benign vertebral lesions.

Conclusions: MR Dixon techniques are sensitive and specific for the diagnosis of vertebral metastasis. T1 post-
contrast and T2 Dixons have excellent and good positive clinical utilities for lesion finding with fair and poor negative
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Background
The spine is considered the third most common site for
metastasis after lung and liver [1]. The incidence of ver-
tebral metastases in patients with malignancy is about
10%. Vertebral metastases represent about 39% of osse-
ous metastases [2].

Vertebral metastasis diagnosis is crucial for the selec-
tion of appropriate management of the primary tumor
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and for reducing the morbidity resulting from complica-
tions or pain [2].

MRI is the most suitable imaging modality used for the
detection of bone marrow lesions. T1-weighted and fat
suppression fluid-sensitive sequences are the most com-
mon MRI sequences used for bone marrow metastasis
detection and characterization [3, 4].

There are three types of MRI fat suppression tech-
niques which are short tau inversion recovery sequences
(STIR), chemical shift selective fat saturation pulse
sequences (CHESS) and chemical shift-based water/fat
separation sequences like Dixon sequence techniques [5].

Dixon [6] in 1984 joined the capabilities of MRI and
spectroscopy in order to separate fat and water signals
to generate water-only signal images and fat-only signal
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images in one acquisition [7]. Dixon MR imaging tech-
nique is based on the chemical shift between water pro-
tons and fat protons [2]. Dixon technique is different than
other MR fat suppression techniques because it does not
permit the suppression of fat during image acquisition
but permits fat suppression in the post-processing [8].

Transverse magnetization of fat and water in gra-
dient-echo (GRE) sequence starts in-phase imaging
immediately after the initial excitation pulse. These mag-
netizations become out-of-phase or opposition (180°)
after 2.3 ms in a 1.5 T MR machine or after 1.15 ms in a
3 T MR machine. Consequently, water and fat signals are
summed and creating the in-phase condition again when
image acquisition has taken in TE twice the first out-of-
phase condition. So with these TEs water and fat signals
can be subtracted from each other [8].

By post-processing, water image is formed by summing
the in-phase image, opposed-phase image and fat image
(formed by subtracting the opposed-phase from the in-
phase image). Measurements of fat/water fraction in a
given region can be done by the Dixon technique [9].

Dixon technique can be applied with spin echo or fast
spin echo sequences as well as spoiled gradient-recalled
echo sequences. Dixon can be done also in T1, T2 or pro-
ton density-weighted images [10, 11]. Dixon is usually
acquired in post-contrast T1 weighting sequences [12].
Four types of images are obtained by Dixon techniques,
which are water-only (WO), fat-only (FO), in-phase and
opposed-phase (OP) images [13, 14].

In spine MR imaging, the Dixon technique is used to
obtain more homogeneous fat suppression, a larger field
of view and a higher signal-to-noise ratio image with
a shorter imaging time than other fat suppression MR
techniques [15, 16]. Dixons are less sensitive to suscepti-
bility artifacts than other fat suppression techniques with
better detection of bony vertebral pathologies [15, 17].

This study is carried out due to the lack of knowledge
in the existing literature about the diagnostic perfor-
mance and clinical utility of different Dixons chemical
shift MRI techniques in the characterization of vertebral
metastasis.

The aim of this study is to investigate the diagnostic
performance and clinical utility of different sequences of
Dixon chemical shift MRI techniques in the characteriza-
tion of vertebral metastasis in a patient with a history of
malignant neoplasm and compare the results with fluo-
rine 18 fluorodeoxyglucose positron emission computed
tomography (18 F-FDG PET CT).

Methods

Patients

This study was approved by our institutional ethical com-
mittee board and was done in the period between June
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2021 and December 2021. It included 40 patients with a
history of primary malignant tumor and clinically sus-
pected for vertebral metastasis.

Inclusion criteria

+ This study included all patients with a history of pri-
mary malignant tumor and highly suspected for ver-
tebral metastasis (patient complained of constant
back pain, did not relieve with bed rest and increased
at night).

Exclusion criteria

+ Patients with any hematological disease with diffuse
bone marrow infiltration.

Methods

All suspected patients in the study were subjected to MR
imaging of the dorsal and lumbosacral spine on a 1.5 T
(Magnetom Aera, Siemens Health Care, Germany) MRI
machine using a surface coil.

MRI sequences included sagittal and axial T1-weighted
fast spin echo (FSE) images (540 ms repetition time (TR),
10 ms echo time (TE) and 4 mm slice thickness), sagit-
tal and axial T2 FSE images (2850 ms repetition time
(TR), 101 ms echo time (TE) and 4 mm slice thickness),
and sagittal Dixon TSE T2-weighted images (3500 ms
repetition time (TR), 88 ms the first echo time (TE) with
automated shortest the second echo time and 4 mm slice
thickness).

After that, all patients were subjected to an intrave-
nous injection of Gd-DTPA contrast media with a dose
of 0.1 mmol/kg body weight, followed by 20 ml of sterile
saline solution in an antecubital vein.

Sagittal and axial post-contrast T1 Dixon images were
done (400 ms repetition time (TR), 13 ms echo time (TE)
and 4 mm slice thickness).

Processing and analysis of images:

All images were sent to the PACS workstation, and
then sagittal T2 and sagittal post-contrast T1 Dixon
chemical shift images were done. Dixon images included
in-phase (IP), opposed-phase images (OP), water-only
(WO =IP+ OP) and fat-only (FO =IP — OP) images.

All images were evaluated in a workstation inde-
pendently by two trained radiologists with more than
15 years of experience in musculoskeletal imaging.

Firstly, areas of abnormal signal intensity on the con-
ventional T1- or T2-weighted images were compared
with both T2 and post-contrast T1 Dixon chemical shift
images.
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The suspicious metastatic malignant lesion was
detected as a homogenous low signal area compared to
the skeletal muscles signal on T1 non-Dixon weighted
images, low signal compared to high signal normal ver-
tebral marrow on fat-only Dixon images, high signal
compared to low signal normal vertebral marrow in T2
water-only Dixon images, high signal compared to low
signal non-enhancing normal vertebral marrow in T1
post-contrast water-only Dixon images and high signal
compared with low signal normal marrow in opposed-
phase Dixon images.

By MRI, any vertebral lesions with intervening disk
involvement were excluded from the study to exclude
the possibility of false-positive results caused by spondy-
lodiscitis. Also, any degenerative or traumatic end plate
vertebral lesions were excluded.

Then, the signal intensity ratio (SIR) of the bone
marrow lesions was compared on both in-phase and
opposed-phase images by applying a region of interest
(ROI) cursor over the abnormal area in order to quan-
tify fat in the vertebral lesion. Three measurements were
done and the average was recorded. In case of the pres-
ence of multiple lesions, the largest lesion was chosen.

The in-phase/opposed-phase ratio (IP/OP ratio) was

calculated by the following equation:
lesion signal in IP—lesion signal in OP

Tesion siznal i x 100.

esion signal in IP

Whole-body 18F-FDG PET CT was done for all
patients after MRI as a gold standard test for the diagno-
sis of vertebral metastasis.

Statistical analysis

Data were entered and analyzed using IBM-SPSS soft-
ware (version 26.0). In this study, qualitative data were
expressed as absolute frequency (N) and percentage (%).
Quantitative data were initially tested for normality using
Shapiro—Wilk test with data being normally distributed if
p>0.050. The presence of significant outliers was tested
by inspecting boxplots. Quantitative data were expressed
as median and range (minimum-maximum). Measures
for assessing diagnostic test performance were calculated
by Confusion Matrix Online Calculator. Clinical utility
measures were calculated by Clinical Utility Index Calcu-
lator (version 4). For any of the used tests, results were
considered statistically significant if p value < 0.050.

Results

This study involved 40 patients [18 female (45%), and 22
male (55%)]. The patients’ age ranges from 5 to 78 years
with median age 61.5 years.

There were 13 types of primary tumors. The frequency
of different primary tumors was 8 breast carcinoma
(20%) (Fig. 1), 8 lung cancer (20%) (Figs. 2, 3), 6 prostatic
carcinoma (15%), 5 colorectal carcinoma (12.5%) (Fig. 4),
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1 neuroblastoma (2.5%), 2 thyroid carcinoma (5%), 1 car-
cinoma of the tongue (2.5%), 2 ovarian carcinoma (5%), 3
hepatocellular carcinoma (7.5%), 1 pancreatic carcinoma
(2.5%), 1 nasopharyngeal carcinoma (2.5%), 1 endome-
trial carcinoma (2.5%) and 1 carcinoma of the urinary
bladder (2.5%).

By using 18F-FDG PET scan as a gold standard test,
21 patients (52.5%) showed vertebral metastasis and 19
patients (47.5%) showed no vertebral metastasis.

In this study, 182 vertebral lesions were detected by
MRI and by using 18F-FDG PET scan as a gold standard
test, 161 lesions from 182 proved to be malignant (meta-
static) and 21 lesions proved to be benign. There was an
excellent agreement (100%) between the two readers.

Table 1 shows the diagnostic performance of T2 Dixon
and T1 post-contrast Dixon images in differentiation
between benign and metastatic vertebral lesion. It shows
an outstanding diagnostic performance of T1 post-con-
trast Dixon (WO, FO and OP) and excellent diagnostic
performance of T2 Dixon (WO and OP).

Table 2 shows the clinical utility of the different Dixon
modalities in case finding and screening.

According to the in-phase/opposed-phase (IP/OP)
ratio, there was a statically significant difference between
metastatic and non-metastatic benign lesions (P<0.001)
with a significant decrease in the in-phase/opposed-
phase ratio in the metastatic lesion (ranges from 2.5 to
15%) compared with high ratio non-metastatic benign
lesions (ranges from 28 to 76%) with a cut-point ratio
of <15% which is a perfect discriminator of malignant
lesions (Fig. 5).

Discussion

MRI detection of metastatic vertebral lesions depends
on the contrast difference between marrow-replaced
metastatic lesions and normal fatty marrow [21-23].
T1-weighted images and fat suppression T2-weighted
images are used widely for the diagnosis of vertebral
metastasis [24, 25].

In this study, the sensitivity and specificity of T2
Dixon (WO) and (OP) were 78.3% and 100%, respec-
tively. There were 35 false-negative vertebral lesions
diagnosed by T2 Dixon (WO) and (OP). These lesions
were either sclerotic vertebral metastasis that displayed
low signal in all T2 Dixon sequences, small-size verte-
bral metastatic (less than 1cm in size) or post-treatment
lesions in a patient who previously received neoadju-
vant therapy [2]. These results were in agreement with
the results of Hahn and his colleagues; they concluded
that the sensitivity and specificity of T2 Dixon (WO)
were 79.4% and 98.8%, respectively. They also reported
that it was difficult to differentiate between normal
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Fig. 1 A-H MRl and PET CT images of a 64-year-old female patient with a history of breast cancer AT1 FSE, BT2 FSE, CT2WO Dixon, D T2 FO Dixon
ET1 post-contrast WO Dixon, F T1 post-contrast OP Dixon, G IP/OP ratio MR images and H FDG PET CT show multiple lumbar and sacral vertebral
metastasis (white arrows) with IP/OP ratio (11%)
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Fig.2 A-H MRIand PET CT images of a 56-year-old male patient with a history of lung cancer AT1 FSE BT2 FSE C T2 WO Dixon, D T1 post-contrast
WO Dixon, ET1 FO Dixon F T1 post-contrast OP Dixon, G IP/OP ratio MR images and H FDG PET CT show multiple dorsal vertebral metastasis with
IP/OP ratio 3.5%
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!
Fig. 3 A-H MRl and PET CT images of a 69-year-old male patient with a history of lung cancer AT1FSE, BT2 FSE CT2 WO Dixon, D T1 post-contrast

WO Dixon, ET1FO Dixon F T1 post-contrast OP Dixon, G IP/OP ratio MR images and H FDG PET CT show multiple lumbar vertebral metastasis (white
arrows) with IP/OP ratios of two lesions (6% and 5.5%)

i
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Fig.4 A-H MRl and PET CT images of a 66-year-old male patient with a history of colon cancer AT1 FSE, BT2 FSE C T2 WO Dixon, D T2 FO Dixon
ET1 post-contrast WO Dixon, F T1 post-contrast OP Dixon, G IP/OP ratio MR images and H FDG PET CT show multiple dorsal vertebral metastasis
(white arrows) with IP/OP ratio (9%)
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Table 1 Diagnostic performance of the T1 and T2 Dixon modalities
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Measure T2 Dixon (WO) T2 Dixon (OP) T1 post-contrast Dixon (WO) T1 and T2 Dixon (FO) T1 post-contrast Dixon (OP)
True positive 126 126 149 144 133

True negative 21 21 21 21 21

False positive 0 0 0 0 0

False negative 35 35 12 17 27

Sensitivity
Specificity
PPV

NPV

LR-
Accuracy
F1 score
MCC

AUC

78.3% (71.19%-84.4%)
100% (83.9%-100%)
100%

37.5% (30.9%-44.6%)
21.7% (16.2%-29.1%)
80.8% (74.3%-86.2%)
87.8%

54.2%

0.891 (0.837-0.933)

78.3% (71.1%-84.4%)
100% (83.9%-100%)
100%

37.5% (30.9%-44.6%)
21.7% (16.2%-29.1%)
80.8% (74.3%-86.2%)
87.8%

54.2%

0.891 (0.837-0.933)

92.6% (87.3%-96.1%)
100% (83.9%-100%)
100%

63.6% (50.4%~75.1%)
7.5% (4.3%—12.8%)
93.4% (88.8%-96.5%)
96.1%

76.7%

0.963 (0.924-0.985)

89.4% (83.6%-93.7%)
100% (83.9%-100%)
100%

55.3% (44.1%-65.9%)
10.6% (6.7%—-16.6%)
90.7% (85.5%-94.5%)
94.4%

70.3%

0.947 (0.904-0.975)

83.1% (76.4%-88.6%)
100% (83.9%-100%)
100%

43.8% (35.5%-52.3%)
16.9% (12%-23.8%)
85.1% (79%—-89.9%)
90.8%

60.3%

0.916 (0.865-0.952)

95% confidence intervals are presented between brackets

All measures were calculated by Confusion Matrix Online Calculator (https://onlineconfusionmatrix.com, accessed December 2, 2021) [18] and MedCalc Software Ltd.

Diagnostic test evaluation calculator, Version 20.018 (https://www.medcalc.org/calc/diagnostic_test.php, accessed December 2,2021) [19]

PPV positive predictive value; NPV negative predictive value; LR- negative likelihood ratio; MCC Matthews correlation coefficient; AUC area under the curve

Table 2 Clinical utility index (CUI) of the 4 modalities

Modality +Cul —CuI
Value Rating Value Rating (for

(for case screening)
finding)

T2 Dixon (WO)and T2 (OP)  0.783  Good 0.375 Poor

T1 post-contrast Dixon (WO) 0.925  Excellent 0.636 Fair

T1 and T2 Dixon (FO) 0.894 Excellent 0.553  Fair

T1 post-contrast (OP) 0.826  Excellent 0429 Poor

Measures were calculated by Clinical Utility Index Calculator (version 4), https://
www.psycho-oncology.info/cui.html, accessed December 2, 2021 [20]

CUI positive clinical utility index (sensitivity multiplied by positive predictive
value); — CUI negative clinical utility index (specificity multiplied by negative
predictive value)

bone marrow and adjacent osteosclerotic vertebral
metastatic lesion as both lesions exhibited low signal
on T2 Dixon images [2].

In the current study, the sensitivity and specificity
of T1 and T2 Dixon (FO) images were the same 89.4%
and 100%, respectively. Seventeen false-negative lesions
were diagnosed by Dixon fat-only images. These false-
negative lesions were either small vertebral metastases
seen at the corner of the vertebral bodies and faulty
diagnosed as Schmorl’s degenerative nodules or previ-
ously treated patients with neoadjuvant therapy. These
results were matched with the results of Maeder and
his colleagues they concluded that previous neoadju-
vant therapy may induce the appearance of fat inside
the metastatic vertebral lesions and gave false-negative

Fat quantifiction (%)
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Fig. 5 ROC curve for in-phase/opposed-phase ratio to discriminate
malignant from benign lesion

results [3]. These results were also matched with the
results of Zhadanov and his colleagues who reported
that the ratio of T1 Dixon (FO) images for the detection
of metastatic vertebral lesion was significantly higher
than that of conventional T1-weighted images [26].

In the current study, the sensitivity and specificity
of T1 post-contrast Dixon (OP) were 83.1% and 100%,
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respectively. Twenty-seven false-negative vertebral
lesions were diagnosed by T1 post-contrast Dixon (OP).
These lesions were either small size vertebral metasta-
sis (less than 1lcm in size) or post-treatment vertebral
lesions in previously treated patients with neoadjuvant
therapy. These results were in agreement with the results
of Erly and his colleagues they reported that vertebral
opposed-phase imaging was sensitive and specific for
differentiation between benign and malignant vertebral
compression fractures.

In the current study, the sensitivity and specificity of
T1 post-contrast Dixon (WO) images were 92.1% and
100%, respectively. Twelve false-negative vertebral lesions
were diagnosed by T1 post-contrast (WO) Dixon. These
lesions were either small size vertebral metastatic lesions
less (than 1cm in size) or post-treatment vertebral lesions
in previously treated patients with neoadjuvant therapy.

In this study, the sensitivity, accuracy and diagnostic
performance of T1 post-contrast Dixon for detection of
vertebral metastasis were higher than T2 Dixon images.
As post-contrast techniques tend to increase the detec-
tion of small and osteosclerotic vertebral metastasis that
cannot be detected by non-contrast T2 Dixon images.
These results were in agreement with the results of
Zhadanov and his colleagues they reported that T1 post-
contrast Dixon images were significantly valuable for the
detection of bony lesions more than non-contrast and
conventional MRI techniques [26].

This study concluded that there was an outstanding
diagnostic performance of T1 post-contrast Dixon (WO,
FO and OP) and excellent diagnostic performances of T2
Dixon (WO and OP) in differentiation between benign
and metastatic vertebral lesions. These results were in
agreement with the results of Hahn and his colleagues
they demonstrated excellent diagnostic performance of
T1 and T2 Dixon in the detection of vertebral metastasis
[2].

As regards the clinical utility of different Dixon modali-
ties in the finding of vertebral metastasis, this study con-
cluded that there were excellent positive clinical utility
of T1 post-contrast Dixon (WO, FO and OP) and good
positive clinical utility of T2 Dixon (WO and OP).

Regarding the clinical utility of different Dixon modali-
ties in the screening of vertebral metastasis, the current
study concluded that there were fair negative clinical util-
ity of T1 post-contrast Dixon (WO and FO) and poor
negative clinical utility of T2 Dixon (WO and OP).

Dixon chemical shift imaging added potential values in
challenging examinations with common pitfalls that can
be encountered when dealing with spine MR imaging.
Dixon could be used to identify typical vertebral heman-
giomas as it usually shows a significantly decreased sig-
nal on the OP images compared with the increased signal
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of malignant vertebral lesions. Dixon showed promising
results in differentiation between malignant and osteo-
porotic vertebral fractures, as in osteoporotic vertebral
fractures fatty marrow remains, while in malignant ver-
tebral fracture fatty marrow is replaced by malignant
tissues. Dixon can differentiate between vertebral metas-
tases and degenerative bone marrow changes [27].

Many studies reported that the comparison of meta-
static lesion signal intensity between in-phase and
opposed-phase Dixon images was valuable for the diag-
nosis of vertebral metastasis [13, 23, 28, 29].

In this study, as regard the in-phase/opposed-phase
(IP/OP) ratio there was a statically significant difference
between metastatic and non-metastatic benign lesions
ratios (P<0.001) with a significant decrease in ratio in
metastatic lesion compared with a high ratio of non-
metastatic benign lesions. These results were in agree-
ment with the results of the study of Donners and his
colleagues who reported that the ratio of fat fraction was
significantly lower in malignant vertebral fractures com-
pared to osteoporotic fractures [30].

By using the ROC curve analysis, the current study
concluded that 15 % was the best IP/OP ratio cut-point
value for differentiation between malignant and benign
lesions with 100 % sensitivity, 100% specificity and 100%
diagnostic accuracy. In contrast, the study of Pozzi and
his colleagues concluded that the use of apparent diffu-
sion coefficient (ADC) cutoff value showed a significant
overlap between benign and malignant lesions with
81.3% sensitivity, 55% specificity and 76% diagnostic
accuracy [31].

In the current study, the IP/OP ratio cut-point value
was slightly higher than that calculated by the study of
Donners and his colleagues as they concluded that the
best cutoff value for differentiation between malignant
and benign lesion was 11.5 % and this may be due to
the use of different formula for calculation of the ratio
between the two studies [30].

The ongoing introduction of artificial intelligence
allows new imaging tools and applications. The study
of Gitto and colleagues reported that a support vector
machine (SVM) model that depends on T2-weighted
images and ADC maps radiomic features can differenti-
ate between benign and malignant vertebral lesions with
76% accuracy [32].

Conclusions

MR Dixon techniques are sensitive and specific for the
diagnosis of vertebral metastasis. T1 post-contrast and
T2 Dixons have excellent and good positive clinical utili-
ties for lesion finding with fair and poor negative clinical
utilities for lesion screening, respectively.
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