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Can a fast T2-Dixon sequence surpass
the time obstacle of whole-body MRI
in the evaluation of skeletal metastases?

Mostafa Elmansy' ®, Noha Magdi', Mohammed A. Elhawary' and Amina Sultan'

Abstract

Background Whole-body magnetic resonance imaging (WB-MRI) has shown its accuracy in the diagnosis

of skeletal metastases in patients with known primary solid cancers. The standard protocol was a combination

of T1 and short tau inversion recovery (STIR) sequences. Herein, this study was conducted to elucidate the role

of the T2-Dixon sequence as a rapid alternative to the standard protocol with the assessment of its diagnostic accu-
racy and comparability to the established methodology.

Methods This prospective study included 30 patients with primary solid malignancies who underwent WB-MRI.
The sequences obtained were TTWI, STIR, and T2-Dixon (fat-only and water-only images). Skeletal metastases were
evaluated in each sequence. Results were compared between the T1-STIR combination and T2-Dixon fat and water
reconstructions.

Results The sensitivity of fat and water reconstructions from a single T2-Dixon in the detection of Iytic skeletal
metastases was marginally superior to a combination of TTWI and STIR sequences (0-7%). Detection of mixed lesions
demonstrated equally high sensitivity in both protocols. Sclerotic metastases detection in WB-MRI showed low sensi-
tivity in both protocols. However, specificity surpassed 95% for all lesion types in both protocols. Overall image quality
was favored (in 87-90% of patients) in T2-Dixon images. The overall estimated acquisition timing using T2-Dixon
appeared to be approximately half that of the standard T1-STIR combination.

Conclusions WB-MRI using T2-Dixon fat and water reconstructions showed similar accuracy to TTWI and STIR
combination in the evaluation of skeletal metastases in patients with primary solid cancers with significantly shorter
acquisition time.

Keywords Whole-body magnetic resonance imaging, T2-Dixon sequence, Skeletal metastases, TTWI and STIR
seguences

Background

Bone metastases are most common in patients with
advanced stages of breast, prostate, lung, and thyroid
cancers leading to pain and pathological fractures, which

*Correspondence:

Mostafa Elmansy

mostafaelmansy@mans.edu.eg

! Department of Radiology, Mansoura University Hospitals, Mansoura,

Egypt

@ Springer Open

significantly lower the quality of life. Additionally, they
are minor contributors to gastrointestinal and uterine
cancers [1].

Clinical guidelines now recommend whole-body mag-
netic resonance imaging (WB-MRI) for skeletal lesion
detection and follow-up in patients with metastases from
solid tumors due to its outstanding diagnostic perfor-
mance in recent years [2—6].

In routine whole-body magnetic resonance imag-
ing (WB-MRI) examinations, anatomical T1WI and
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short-tau inversion recovery (STIR) sequences are
integrated with functional diffusion-weighted imag-
ing (DWI) sequences. The inclusion of STIR images
enhances sensitivity in detecting lesions, while the T1W1I
sequence functions as the reference for characterizing
and detecting marrow lesions. The incorporation of DW1I
sequences, owing to their high contrast between lesions
and background tissues, expands the scope of cancer
screening to include lymph nodes and extra-skeletal
organs, thereby augmenting the diagnostic utility of the
anatomical sequences [7-9].

As the two main barriers preventing WB-MRI from
being used widely are cost and lengthy scan times, it’s
critical to maximize diagnostic value while minimizing
acquisition time, especially for cancer patients who might
be in pain or fragile [10, 11].

The Dixon technique depends on the chemical shift
between water and fat. Four types of images can be
obtained from a single T2 Dixon sequence, which are:
in-phase (IP) (equivalent to non-fat suppressed anatomic
images), out-of-phase (OP), water images (equivalent to
fat-suppressed), and fat images (equivalent to water-sup-
pressed). Therefore, the Dixon technique, when applied
correctly, can obtain T1-weighted and STIR-like pictures
in little scan times [11, 12].

In this study, we aimed to investigate if neoplastic bone
marrow lesions can be detected with good diagnostic
accuracy using a faster WB-MRI protocol that uses a sin-
gle T2 Dixon sequence. Comparing combined fat + water
reconstructions from a single T2 Dixon sequence to the
standard T1WI and STIR sequences will be the primary
method used to assess our hypothesis.

Methods
Patient population
From February 2023 to February 2024, our prospective
study involved 30 adult patients (20 women, age range of
36—74 years, mean age of 55.6 years; 10 men, age range
of 44—77 years; mean age of 63 years). Inclusion criteria
were patients with solid cancers who had a high risk of
metastases and underwent post-contrast whole-body
computed tomography study which resulted in suspected
or definite bone metastases. Half of the patients were
diagnosed with breast cancer, the rest were diagnosed
with other variable malignancies, including prostate,
colon, lung, laryngeal, renal, gastric, ovarian cancers, and
non-Hodgkin lymphoma. They all had informed consent
before the whole-body MRI examination. CT imaging
was performed within 4 weeks before the whole-body
MRIL

Patients who had received treatment or had mul-
tiple malignancies were excluded. Other exclusion
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criteria included MRI contraindications as claustropho-
bic patients.

MRI protocol

Whole-body MRI was performed on a 1.5-T Siemens
Magnetom Aera. Imaging was done head first in the
supine position, from head to proximal femurs, cov-
ered with body, brain, and three body matrix coils. The
sequences obtained were T1WI, STIR, and DWI, and
the four images were automatically acquired from the T2
Dixon sequence (fat only, water only, IP, and OP). Imag-
ing was done in four stacks of TIWI, STIR, and T2 Dixon
in the coronal plane and five stacks of DWTI in the axial
plane. After that, a single reformatted stack of the whole
body is reconstructed in each sequence. Detailed imaging
parameters are shown in Table 1.

Interpretation of MRl imaging

Eight skeletal regions including femurs, pelvis, lumber
vertebrae, thoracic vertebrae, cervical vertebrae, thoracic
cage, humeri, and skull were assessed in our study. Nor-
mal marrow signal was defined as a homogenous high
signal in TIWI and fat images and a homogenous low
signal in STIR and water images.

Based on well-defined criteria, the bone marrow lesion
in each region was classified as either lytic, sclerotic, or
mixed lesion. The lytic lesion was defined as a low signal
of bone marrow in T1WI images and Dixon fat images
(similar to the disc signal or lower) and an intermediate to
high signal in STIR and water images [12]. The sclerotic
lesion was defined as a darker signal than yellow marrow
and slightly darker or isointense to red marrow. On STIR
and water images, these were minimally brighter than
both red and yellow marrow and may be surrounded by a
rim of hyperintense signal [13, 14]. The mixed lesion was
considered a combination of the two patterns. The lesions
are counted per-regionally according to the following
numerical code: 0=no lesions; 1=1-5 lesions; 2=6-10
lesions; 3=more than 10 lesions; 4=diffuse disease.

Two junior and senior radiologists with 2 years and
9 years of experience respectively reviewed the sequences
and were blinded to the clinical data. During single sepa-
rate sessions, the two radiologists made both semiquan-
titative and qualitative analyses of T2-Dixon water-only
images in comparison with STIR images on a per-patient
basis. Likewise, the analyses of T2-Dixon fat-only images
were compared to T1-weighted images. Regarding the
image quality assessment, evaluation criteria included
overall image quality, motion artifact, anatomical sharp-
ness, CSF flow artifact, and fat suppression in fat-sup-
pressed images. The images were juxtaposed, and the
optimal quality or least artifact in each category was
chosen.
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Table 1 Ourimaging parameters of each sequence used in WB-MRI examination in our study

Parameter 2DT1FSE STIR T2 Dixon DWI

Scan orientation Coronal Coronal Coronal Axial
Phase-encoding direction Right-left Right-left Right-left Posterior-anterior
Voxel size (mm) (read X phase X slice) 1.3%13%6 0.8x0.8x6 1.3%1.3%6 1.7x1.7x4.5
Field of view (read) (mm) 410 400 400 440

Field of view (phase) (%) 112.5 112.5 112.5 65.6

Slice thickness 6 6 6 4.5

No. of stations 4 4 4 5

Phase oversampling (%) 25% 50% 0% 0%

TR/TE (ms) 800/7.7 3300/84 1550/106 7010/50

Tl (ms) - 180 - 180

Turbo factor 11 - 23 -

Bandwidth (Hz) 319 543 625 1562

Fat suppression technique None STIR Dixon SPAIR

b values, s/mm? - - - 800
Acquisition time, per stack 2min34s 52s 1Tmin42s Tmin31s
Total acquisition time, per sequence 10min16s 3min28s 6min48s 6min4s

FSE fast spin-echo, STIR short-Tl inversion recovery sequence, DWI/ diffusion-weighted imaging sequence, TR repetition time, TE echo time, T/ inversion time

Interreader reliability was done between both junior
and senior readers. All the images included in the study
were read and stored on the Picture Archiving and Com-
munication System (PACS). DWI was reviewed only in
the consensus session to establish the gold standard.

Reference standard

The reference standard in our study was established dur-
ing a consensus session involving the two main junior and
senior readers with two other experts in musculoskel-
etal radiology having experience of 12 years and 30 years
respectively. The decision was made based on clini-
cal data, and different previous and follow-up imaging
modalities including (T1WI, STIR, fat and water recon-
structed images from T2 Dixon, and DW MR sequences)
in all patients, whole body computed tomography in all
patients, positron emission tomography (PET-CT), and
nuclear medicine bone scans when were available.

Statistical analysis
Data was entered and analyzed using IBM-SPSS soft-
ware. Inter-reader agreement between senior and jun-
ior readers was assessed using Weighted kappa ().
The strength of inter-reader agreement was interpreted
according to guidelines from Altman, and adapted from
Landis and Koch: k,,<0.20=poor; 0.21 <k, < 0.40 =fair;
0.41 <k,,<0.60 =moderate; 0.61 <xk,,<0.80=good;
K, > 0.81 =very good and «,=1=perfect [15, 16].
Diagnostic accuracy and agreement between each pro-
tocol and the reference standard were measured using
Online Confusion matrix software. True positives (TP),

false positives (FP), false negatives (FN), true negatives
(TN), sensitivity (Se), specificity (Sp), accuracy, Matthews
Correlation Coefficient (MCC), and «,, were reported for
the per-region analyses (for both readers).

Results

Regarding the lesions detected in our sample, twenty
patients were found to have focal marrow lesions, six
patients had diffuse marrow lesions and four patients
had normal marrow. The number of focal marrow lesions
couldn’t be accurately counted as we depended on a
semi-quantitative score (the numerical code). However,
there were at least 27,86, 38, 37, 16, 19, 9, and 1 lesions
in femurs, pelvis, lumber, dorsal, cervical spine, thoracic
cage, humeri, and skull respectively. There was a count
of at least 111 lytic lesions, 55 sclerotic lesions, and 71
mixed lesions. Totally, there were at least 237 focal mar-
row lesions detected in the study. Diffuse marrow lesions
were detected 24 times in the study in different regions
and they were all of mixed nature. The majority of the
lesions depicted in our patient sample were found to be
lytic and focal. Per-regionally, the highest metastases
burden was detected at the pelvis, lumber, and dorsal
vertebrae respectively. Numerical details are summarized
in Fig. 1.

T2-Dixon showed better sensitivity than T1/STIR
regarding lytic lesions and similar sensitivity and speci-
ficity regarding mixed and sclerotic lesions. It depicted
a sensitivity of more than 89% for both junior and sen-
ior readers and a specificity of more than 95% for both
readers as well in lytic lesion detection. The sensitivity



Elmansy et al. Egypt J Radiol Nucl Med (2024) 55:160

Page 4 of 12

e

.

20 patients with focal
marrow lesion

237 lesion

~

111 lytic lesion ]

55 sclerotic lesion ]

J

o e

30 patientsk——

J .

6 with patients diffuse
marrow lesion

24 mixed lesions

AN

71 mixed lesion ]

~

\

4 patients with normal
marrow

J

Fig. 1 The least number of each type of lesions detected in the study and their distribution pattern in the study sample

of T2 Dixon in mixed lesions was more than 80% with
a specificity of 100% for both readers. Our results were
highly variable and not conclusive regarding the sensi-
tivity of sclerotic lesion detection. Despite the variabil-
ity, T2-dixon showed higher sensitivity than T1/STIR
in some regions (the pelvis, lumber and thoracic ver-
tebrae). However, regarding the specificity of sclerotic
lesion detection, T1+ STIR and T2 Dixon showed 100%
specificity for both senior and junior readers. The diag-
nostic characteristics and agreement between the pro-
tocols and the reference standard are demonstrated in
Table 2. The sensitivity and specificity of our imaging
sequences are summarized in Table 3.

Regarding the regions, the lowest accuracy in detect-
ing lesions was observed in thoracic cage and cervical
vertebrae, with Dixon outperforming T1/STIR in these
areas. Conversely, the highest accuracy was exhibited in
the femurs and pelvis. The evaluation of lesions in the
humeri and skull was constrained by the small number
of lesions in the study. Detailed sensitivity and specific-
ity of each reader per region are listed in Supplement
Table 1. Agreement between different imaging modali-
ties and different MRI sequences in some of our cases is
shown in Figs. 2, 3 and 4.

In the context of image quality, the T2-Dixon images
demonstrated less motion artifact, better anatomic
sharpness, and less CSF flow artifact by the two read-
ers. There was no significant difference in the homoge-
neity of fat suppression between STIR and T2-Dixon
water images. For overall image quality, the T2-Dixon
fat images were preferred in 87% of patients and
T2-Dixon water images were chosen in 90% of patients.
The detailed results of image quality evaluation are
listed in Table 4.

Regarding the inter-reader agreement, there was per-
fect to very good agreement between the junior and
senior readers regardless of the region in both standard
T1+STIR and Dixon T2 fat+ water. The agreement was
measured using Weighted kappa [15]. All values showed
perfect agreement (K, =1) with some exceptions listed in
Table 5.

Discussion

In the realm of oncology, accurate staging is crucial for
effective treatment planning, especially in cases where
bone metastases are prevalent, such as in breast cancer.
Recent advancements in imaging technology, particu-
larly whole-body MRI (WB-MRI), offer a comprehensive
view of metastatic spread, encompassing skeletal and soft
tissue organs, while avoiding radiation hazards [7]. Our
study aimed to evaluate the feasibility of integrating the
T2-Dixon sequence into oncology scanning protocols as
a simplified and faster alternative to standard sequences.
We assessed its diagnostic accuracy, compared it with the
conventional TIWI and STIR protocols, and evaluated
its ability to detect various lesion types (lytic, sclerotic,
and mixed). Additionally, we examined the image quality
of the T2-Dixon sequence and explored the possibility of
reducing acquisition time while maintaining diagnostic
accuracy.

Our study has proven the feasibility of employing the
T2-Dixon sequence as an expeditious substitute for the
conventional T1IWI and STIR combination in the scan-
ning protocol for oncology patients to detect bone
metastases with good comparable sensitivity and speci-
ficity to the conventional T1-STIR WB-MRI protocol.
Additionally, T2-dixon images showed better overall
image quality and fewer artifacts when assessed in each
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Table 2 Diagnostic characteristics and agreement between the protocols and the reference standard in the whole cohort of patients
(N=30)

TP FP FN TN Se Sp PPV NPV ACC F1 MSS  Weighted kappa

Ky, 95% ClI Agreement

Standard (T1, STIR)
Femurs

Lytic 7 0 0 23 1 1 1 1 1 1 1 1 1-1 Perfect

Sclerotic 2 0 0 28 1 1 1 1 1 1 1 1 1-1 Perfect

Mixed 5 0 0 25 1 1 1 1 1 1 1 1 1-1 Perfect
Pelvis

Lytic 10 0 0 20 1 1 1 1 1 1 1 0.96 0.89-1 Very good

Sclerotic 2 0 1 27 067 1 - 0.96 097 0.8 0.8 082  06-1 Very good

Mixed 9 0 0 21 1 1 1 1 1 1 1 1 1-1 Perfect
Lumber v

Lytic 8 0 1 21 0.89 1 - 0.96 097 0.94 0.92 0.94 0.81-1 Very good

Sclerotic 2 0 1 27 0.67 1 - 0.96 097 0.8 0.8 0.85 0.53-1 Very good

Mixed 7 0 0 23 1 1 1 1 1 1 1 1 1-1 Perfect
Thoracic v

Lytic 9 1 2 18 082 095 - 09 09 086 078 0.81 0.6-1 Very good

Sclerotic 3 0 1 26 0.75 1 - 0.96 097 0.86 0.85 0.9 0.69-1 Very good

Mixed 8 0 0 28 1 1 1 1 1 1 1 1 1-1 Perfect
Cervical v

Lytic 2 0 0 28 1 1 1 1 1 1 1 1 1-1 Perfect

Sclerotic 1 0 2 27 033 1 - 0.93 093 050 056 038  -0.001-0.75  Fair

Mixed 4 0 1 25 0.8 1 - 0.96 097 0.89 0.88 0.77 0.49-1 Good
Thoracic cage

Lytic 5 0 3 22 0.63 1 1 0.88 09 0.77 0.74 0.71 041-1 Good

Sclerotic 0 0 5 25 0 1 - 0.83 0.83 0 - 0 0-0 Poor

Mixed 6 0 0 24 1 1 1 1 1 1 1 1 1-1 Perfect
Humeri

Lytic 4 0 0 26 1 1 1 1 1 1 1 1 1-1 Perfect

Sclerotic 0 0 2 28 0 1 - 0.93 0.93 0 - 0 0-0 Poor

Mixed 4 0 0 26 1 1 1 1 1 1 1 1 1-1 Perfect
Skull

Lytic - - - - - - - - - - - - - -

Sclerotic - - - - - - - - - - - 0 0-0 -

Mixed 1 0 0 29 1 1 1 1 1 1 1 1 1-1 Perfect
Dixon (Fat + water)
Femurs

Lytic 7 0 0 23 1 1 1 1 1 1 1 1 1-1 Perfect

Sclerotic 2 0 0 28 1 1 1 1 1 1 1 1 1-1 Perfect

Mixed 5 0 0 25 1 1 1 1 1 1 1 1 1-1 Perfect
Pelvis

Lytic 10 0 0 20 1 1 1 1 1 1 1 0.93 0.79-1 Very good

Sclerotic 3 0 0 27 1 1 1 1 1 1 1 092  0.79-1 Very good

Mixed 9 0 0 21 1 1 1 1 1 1 1 1 1-1 Perfect
Lumber v

Lytic 8 1 1 20 089 095 - 0.95 093 089 084 088  0.71-1 Very good

Sclerotic 3 0 0 27 1 1 1 1 1 1 1 1 1-1 Perfect

Mixed 7 0 0 23 1 1 1 1 1 1 1 1 1-1 Perfect

Thoracic v
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Table 2 (continued)

TP FP FN TN Se Sp PPV NPV ACC F1 MSS  Weighted kappa

Ky, 95% ClI Agreement

Lytic 1 0 0 19 1 1 1 1 1 1 1 1 1-1 Perfect

Sclerotic 4 0 0 26 1 1 1 1 1 1 1 1 1-1 Perfect

Mixed 8 0 0 22 1 1 1 1 1 1 1 1 1-1 Perfect
Cervical v

Lytic 2 0 0 28 1 1 1 1 1 1 1 1 1-1 Perfect

Sclerotic 1 0 2 27 033 1 - 093 093 050 056 038  -0.001-0.75 moderate

Mixed 4 0 1 25 0.8 1 - 0.96 097 0.89 0.88 0.77 0.49-1 Good
Thoracic cage

Lytic 8 0 0 22 1 1 1 1 1 1 1 1 1-1 Perfect

Sclerotic 0 0 5 25 0 1 - 0.83 0.83 0 - 0 0-0 Poor

Mixed 6 0 0 24 1 1 1 1 1 1 1 1 1-1 Perfect
Humeri

Lytic 4 0 0 26 1 1 1 1 1 1 1 087  0.69-1 Very good

Sclerotic 0 0 2 28 0 1 - 0.93 0.93 0 0 0-0 Poor

Mixed 4 0 0 26 1 1 1 1 1 1 1 1 1-1 Perfect
Skull

Lytic - - - - - - - - - - - - -

Sclerotic - - - - - - - - - - - 0 0-0 -

Mixed 1 0 0 29 1 1 1 1 1 1 1 1 1-1 Perfect

TP true positive, FP false positive, FN false negative, TN true negative, Se sensitivity, Sp specificity, PPV positive predictive value, NPV negative predictive value, ACC
accuracy, MSS Matthews correlation coefficient, K,, weighted kappa, C/ confidence interval

Table 3 The summarized sensitivity and specificity of T1/STIR and T2 Dixon (fat + water)

Sensitivity R1 (%) Sensitivity R2 (%) Specificity R1 (%) Specificity R2 (%)

T1+STIR

Lytic 75-100 82-100 89-100 95-100

Sclerotic 0-75 0-75 100 100

Mixed 80-100 80-100 100 100
Dixon (fat+water)

Lytic 89-100 89-100 95-100 95-100

Sclerotic 0-100 0-100 100 100

Mixed 80-100 80-100 100 100

(See figure on next page.)

Fig. 2 The agreement between different modalities in bone metastases detection in a 71-year-old male patient diagnosed with non-Hodgkin
lymphoma, a T2-Dixon fat image shows two focal osseous lesions in both iliac bones, b T2-Dixon water image correlation, ¢ STIR image correlation,
d T1WIlimage, e and f 18-FDG PET-CT image correlation showing tracer uptake in the same regions. The reference standard confirmed the presence
of these lesions. It is noticeable that overall image quality and contrast-to-noise ratio are better in T2-Dixon images in comparison with TTWI

and STIR images

patient separately compared to the standard TIWI and  or the whole body regardless of the type of lesion. Pre-

STIR sequences. vious studies showed similar accuracy between both
Some previously published studies compared the two  protocols [12, 18]. To the best of our knowledge, our
protocols in certain regions such as the spine only [17] study was the first to particularly analyze metastatic

bony lesions according to their type whether lytic,
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[
Fig. 3 Bone metastases in a 47-year-old female patient with a history of operated left renal cell carcinoma, underwent an MRI which showed
lesions of abnormal Sl at the left humeral head, left femoral head, and right iliac bone in the following sequences a coronal whole body T1WI, b
STIR, ¢ Dixon-fat only image, and d Dixon-water only images respectively, e and f whole views body scan showed foci of increased radioactive tracer
uptake at the same three sites, g oblique and two coronal CT images showed lytic lesions at the same sites
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Fig. 4 Multiple focal sclerotic osseous metastases in a case of breast cancer a coronal whole body T1WI, b STIR, ¢ Dixon-fat only image, and d
Dixon-water only image respectively showed lesions of abnormal Sl in the form of low signal in both TTWI and Dixon fat only images and slightly
low signal with hyperintense rim in STIR and Dixon water only images at cervical and thoracic vertebrae, e and f CT images demonstrated multiple

sclerotic cervical and upper thoracic vertebral lesions

sclerotic, or mixed in each patient and each region in a
whole-body skeleton examination.

Chiabai et al [12] evaluated patients with solid cancers
and multiple myeloma using T1WI, STIR combination,
and T2-Dixon protocols showing approximately a sen-
sitivity of more than 93% in both protocols and slightly
higher specificity (difference+3%) in T1/STIR compared
to T2-Dixon protocols in bone metastases detection
regardless of the region.

Unlike, Lecouvet et al [19], who investigated the overall
accuracy of T1 FSE only which was superior to T2-Dixon
fat images yet did not include the STIR sequence (differ-
ence +4%, p <0.0083).

Our study correlated with that of Chiabai et al [12]
with comparable sensitivity of both WB-MRI protocols
with trivial superior sensitivity of T2-Dixon in lytic lesion
detection and nearly similar sensitivity between both
protocols in the detection of mixed lesions. On the other
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Table 4 Evaluation of image quality and artifacts. TIWI versus fat Dixon and STIR versus water Dixon

Category T1WI Percent Fat Dixon Percent Equal Percent
Motion artifact 5 0.17 23 0.77 2 0.07
Anatomic sharpness 2 0.07 26 0.87 2 0.07
CSF flow 4 0.13 5 0.17 21 0.70
Overall image quality 1 0.03 26 0.87 3 0.10
Category STIR Percent Water Dixon Percent Equal Percent
Motion artifact 0 0.00 27 0.90 3 0.10
Anatomic sharpness 0 0.00 21 0.70 9 0.30
CSF flow 1 0.03 3 0.10 26 0.87

Fat suppression 5 0.17 4 0.13 21 0.70
Overall image quality 0 0.00 27 0.90 3 0.10

The numbers represent the number of exams in which the observers selected the T1/STIR or water Dixon and fat Dixon images for the best quality or least amount of
artifacts among the 30 patients in this study. If there was no difference between T1/STIR and water Dixon/fat Dixon images, they were scored as equivalent

Table 5 The non—perfect agreement between junior and senior readers using weighted kappa values

STANDARD (T1,STIR) ky, 95% ClI T2-Dixon ky, 95% ClI
(fat+ water)
Femurs Lytic 0.84 0.66-1 Femurs Lytic 09 0.76-1
Thoracic v Lytic 0.94 0.81-1.1 Thoracic v Lytic 094 0.81-1.06
Sclerotic 0.88 0.68-1.08 Sclerotic 09 0.73-1.07
Thoracic cage Sclerotic 0 0 Sclerotic 09 0.73-1.07
Humeri Lytic 0.87 0.62-1.1 Humeri Lytic 0.9 0.69-1.1
Sclerotic Insufficient Sclerotic Insufficient
Skull Lytic Insufficient Skull Lytic Insufficient
Sclerotic Insufficient Sclerotic Insufficient

hand, the specificity of both protocols in our study was
approximately the same and consistently exceeded 95%
across various anatomical regions and lesion types in
comparison with the slightly higher specificity of T1WI,
STIR combinations noted in Chiabai et al [12] study.

Moreover, our study showed very good inter-reader
reliability for both T2-Dixon and T1WI-STIR sequences.
Interestingly, the T2-Dixon sequence demonstrated supe-
rior quantitative inter-reader agreement between junior
and senior readers. This was consistent with Hahn et al
[17] who concluded that T2-Dixon water imaging exhib-
ited the highest level of agreement, while T1-weighted
imaging showed the lowest agreement, yet they did not
include STIR sequences. Additionally, Chiabai et al [12]
showed similar agreement between both readers regard-
less of the protocol and the region. This potentially sup-
ports that T2-Dixon imaging may offer better image
quality and reduced reliance on the experience of radi-
ologists for accurate lesion identification compared to
T1-weighted or T1+ STIR sequences.

False positive results in both T1-STIR and T2 Dixon
(fat+water) sequences were detected only in lytic lesions

in this study owing to benign conditions like enchondro-
mas, hemangiomas, and degenerative changes. Similar
pitfalls were recorded in previous published research
[20]. False-negative results were more noticeable in scle-
rotic lesions, limiting their overall assessment on both
T14+STIR and T2 Dixon sequences, which we assume
might be attributed to the nature of low signal sclerotic
lesions in all pulse sequences hindering contrast char-
acteristics of the lesions displayed over the background
bony marrow. Per-regionally, the thoracic cage region
was the site of the highest false negative results which
could be due to coronal images limiting the accurate
assessment of this region.

Junior readers exhibited an overall higher prevalence of
identifying false positive and false negative outcomes in
T2-Dixon and T1-STIR sequences owing to their limited
experience in the practice.

The total acquisition duration for the T2-Dixon
sequence in this investigation was 6 min and 48 s,
whereas the combined acquisition time for the T1WI
and STIR amounted to 13 min and 44 s. This signi-
fied a noteworthy reduction, exceeding fifty percent, in
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the overall time required for each patient study when
employing the T2-Dixon sequence in comparison with
the T1-STIR combination. Our acquisition timing corre-
lated with Chiabai et al [12] who reported a significant
reduction in time of approximately 40% when employing
the T2-Dixon sequence compared to T1/STIR sequences.
Similarly, Maeder et al [18] found a reduction of about
30% in acquisition time with T2-Dixon compared to
T1WI sequences alone.

Limitations

There were some limitations in our study. First, the
images were assessed only qualitatively with no available
software in our centers to measure values of signal-to-
noise ratio and contrast-to-noise ratio. Additionally, we
used a semiquantitative method in counting the number
of metastatic bony lesions in each anatomical region in
the study slightly limited the accuracy of the study. How-
ever, this was imperative for obtaining systematically
organized data.

Second, lesions detected at the skull and humeri were
too few among the patients which affected the results in
these regions with a relatively overall small sample size in
our study.

Third, our study was limited in sclerotic lesion detec-
tion as there were high false negative results as explained
before.

At last, although histopathologic analysis typically acts
as the established reference standard for bone metas-
tases, it was impractical to obtain pathology for every
lesion in our patient sample. Despite limited access to
PET-CT and bone scintigraphy in our study population,
we utilized a consensus reference standard involving
close clinical monitoring and a variety of imaging modal-
ities, aligning with the approach taken in the majority of
similar prior studies.

Conclusions

Our study indicated that an anatomical whole-body
MRI (WB-MRI) protocol, centered on a single T2 Dixon
sequence with fat and water reconstructions, can serve as
a viable alternative to the reference T1+ STIR sequences
for skeletal screening. This substitution resulted in a
reduction in the examination duration without com-
promising either the quality or the imaging diagnostic
accuracy.
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PET Positron emission tomography
PPV Positive predictive value

Se Sensitivity

Sp Specificity

STIR Short-tau inversion recovery
Tl Inversion time

TN True negative

TP True positive

TR/TE Repetition time/time to echo

WB-MRI
2DT1FSE

Whole-body magnetic resonance imaging
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