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Abstract 

Background  Whole-body diffusion-weighted magnetic resonance is being developed as a tool for assessing tumor 
spread. Patients with known primary tumors require meticulous evaluation to assess metastasis for better staging; we 
attempted to detect bony metastasis without radiation exposure. Our study’s goal was to use whole-body diffusion-
weighted imaging with background body signal suppression (WB-DWBIS) to evaluate bony metastasis in confirmed 
patients who have primary tumors.

Results  Our study included 90 patients with known primary cancer, 10 patients were excluded as they had no bony 
metastasis, from 80 patients: 36 (45.0%) having one site of metastasis, 36 (45%) having two sites of metastasis, and 8 
(10.0%) having three sites of metastasis. 56 (70.0%) of the metastasis sites were bony metastasis, and 76 were mixed 
both bony and non-bony, including 32(40.0%) lung, 16 (20.0%) liver, and 28 (35%) lymph nodes. Sensitivity of bone 
scanning in detecting metastasis was as follows: 95.1% sensitivity and 92.0% accuracy, while that of whole-body 
diffusion-weighted image with background signals suppression was 94.8% sensitivity and 91.7% accuracy, WB-
DWBIS inter-observer agreement in the detection of bony metastatic deposits in cancer patients was good (0.7 45, 
agreement = 93.2%).

Conclusions  Using WB-DWBIS images, bone lesion identification and characterization (site and number) were 
improved, producing outcomes similar to bone scanning without the use of ionizing radiation.
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Background
A viable malignant tumor exhibits high signal intensity 
on diffusion weighted image (DWI) because of its high 
cellularity, where water movement in tissues is con-
strained, which is different from conventional MRI in 
that it measures water mobility within tissues to gener-
ate contrast in images. An increasing number of studies 
indicate that this distinctive DWI signal can be used as 
an imaging biomarker to describe the pathophysiology of 
malignant tumors. With the aid of DWI, the reader can 
quickly identify cancerous tissue and gather descriptive 
data about the lesion. The evaluation of pathological con-
ditions across the body is made easier by WB-DWBIS [1].
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Early detection of metastasis in cancer patients is 
an essential step for timely management and a posi-
tive outcome. Extra-osseous metastasis can affect the 
liver, lung, and lymph nodes, while osseous metastasis 
can be spinal or appendicular [2–5]. Different imag-
ing modalities are used for the detection of osseous 
and extra-osseous metastasis. The imaging techniques 
used for cancer patient staging varied depending on 
the local expertise and availability. The detection of 
osseous metastases is done using whole-body imag-
ing. Due to false negatives and low sensitivity of some 
studies, they cannot be ruled out by various imag-
ing modalities [4–6]

Diffusion-weighted imaging, which provides useful 
functional information about tumor cellularity, could 
easily be added to conventional imaging. Diffusion-
weighted imaging is used because malignant tumors 
exhibit restricted diffusion and have higher cellular 
densities than normal tissue. Diffusion-weighted mag-
netic resonance imaging (MR) is used to evaluate osse-
ous lesions as well as other lesions like liver, breast, and 
chest tumors as well as soft and bony tissue [7–10]. The 
use of whole-body MR imaging with diffusion-weighted 
imaging for the detection of metastases has recently 
attracted increasing interest [9, 10]. Whole-body 
MR imaging has been significantly enhanced by the 
introduction of the diffusion-weighted imaging with 
background body signal suppression (WB-DWBIS) 
technique [9–12]. The potential use of whole-body 
diffusion-weighted imaging (WB-DWBIS) with back-
ground body signal suppression for the detection of 
cancer has not been extensively studied.

WB-DWI was widely used in oncology [13].The cur-
rently accepted uses of WB-DWI are in the diagno-
sis and follow-up of lymphoma patients [14].It is also 
utilized to identify chemotherapy side effects in lym-
phoma patients [15].WB-DWI was widely utilized in 
TMN staging and the Metastasis Reporting and Data 
System for Prostate Cancer for lymph nodes (regional 
and non-regional), bone, and visceral metastases [16]. 
Moreover, multiple myeloma patients were diagnosed, 
monitored, and managed extensively using WB-DWI 
[17].

The fact that we evaluated bony metastases in can-
cer patients and comparing the result with bone scan-
ning is a distinctive feature of our work together with 
lack of ionizing radiation and contrast media or isotope 
injection.

Our study’s objective was to evaluate bony metastasis 
in confirmed patients with primary tumors (either by 
pathology or by other imaging modalities) using whole-
body diffusion-weighted imaging with background body 
signal suppression (WB-DWIBS).

Methods
Our prospective non-randomized study was conducted 
between January 2019 and February 2022 at Radiodi-
agnosis and medical imaging department. Our study 
included 90 patients, of whom 10 were found to have 
non-bony metastasis and were excluded from the study. 
There was no preference based on gender or age. The 
study was approved by our university ethical committee. 
Written authorization and an extensive medical history 
were obtained. Patients with primary neoplasm vol-
unteered for the MR scan and were able to understand 
and sign an informed consent informing them that: The 
examination was not required but may help to under-
stand or stage their disease in future; the study required 
no contrast media injection; the study lasted 40 min; and 
no ionizing radiation would be used. They had no con-
traindications to MRI as certified by the specific MRI 
questionnaire. We excluded patients that were subjected 
to previous chemo or radiotherapy, patients with non-
metastatic neoplasm, brain Aneurysm Clips, implanted 
cardiac pacemaker or defibrillator, Cochlear implant or 
any other MRI contraindications. The patients were pre-
pared for the MRI study; every patient changed to MR 
gown and removed any clothing with any metal before 
the examination. The primary malignant tumors are dis-
tributed in Table 1

All examinations were performed on closed super-
conductive 1.5 T magnet (MAGNETOM Aera, Siemens 
Healthcare and GE), body coil was used, with the patient 
positioned feet first on an extended anatomical coverage 
table based on “rolling-table” technology.

WB-DWIBS was collected using the T2WI STIR 
(short inversion-time inversion recovery) fat suppres-
sion method. DWIBS was done in the axial plane with a 
7-mm slice thickness and the following parameters: dif-
fusion gradient encoding in three orthogonal directions; 
b value = 0 and 1000  s/mm2; TR/TE/flip angle, 3500–
4500/60/95; field of view, 360-mm; matrix size, 512,512. 
For DWIBS, each patient required 4–5 positions to scan 
the entire body. Each position took about  4  min, and 
4–5 positions were repeated, with T1WI of anatomical 
images added for image superposition. GRAPPA paral-
lel imaging (generalized autocalibrating partially parallel 
acquisitions) was used in DWI/DWIBS. In DWIBS, the 
receiver bandwidth of the EPI readout was 2488 (Hz/
Pixel). Each DWI slice was taken six times to determine 
the average. The total examination time was approxi-
mately 30–45 min. DWIBS were done in axial plane for 
three separate areas: 1—head, neck, chest and proximal 
upper limb 2—chest, abdomen, upper limb, and dorso-
lumber spine; 3—pelvis, thighs, femur, knee joint, and 
proximal tibia, axial images were reconstructed on a 
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coronal plane for each part and fused to reach to the final 
coronal DWI images.

Acquired images were bound to each other using post-
processing software (the workstation SYNGO MR E11). 
The WB-DWIBS image sequence was independently 
reviewed by two radiologists with more than ten years 
of experience in MRI imaging. The bone scanning was 
reported by a nuclear medicine physician with 20 years’ 
experience. The radiologists were completely blinded to 
the clinical information and outcomes of bone scanning. 
Only WB-DWIBS images were reviewed and compared 
by findings of a bone scan by another two radiologists 
with more than five years of MRI expertise, and the 
results resulted in consensus. Images analyzed in differ-
ent settings at different times. The goal of image inter-
pretation was to find osseous metastases. Every site of 
abnormal or focal increase in signal intensity on WB-
DWIBS images and showed diameter more than 1  cm 
and restricted diffusion on DWI that did not correspond 
to a normal anatomic structure or that experienced an 
unexpected increase in signal intensity was regarded as 
positive for bony metastases [18].

All data were acquired during free breathing. No con-
trast agent applied. The reference standard for comparing 
the finding was the bone scanning.

Statistical analysis
Data were fed to the computer and analyzed using IBM 
SPSS software package version 20.0. (Armonk, NY: IBM 
Corp). Qualitative data were described using number and 
percent. Quantitative data were described using range 
(minimum and maximum), mean, and standard devia-
tion, median and interquartile range (IQR). Significance 
of the obtained results was judged at the 5% level. Chi-
square test was used for categorical variables, to compare 
between different groups and Fisher’s Exact was used for 
correction for chi-square when more than 20% of the 
cells have expected count less than 5. Cohen’s kappa coef-
ficient was used (0.00–0.20 poor agreement; 0.21–0.40 
fair; 0.41–0.60 moderate; 0.61–0.80 good; 0.81–1.00 
excellent), to assess the inter-observer agreement in WB-
DWIBS interpretation, and to compare WB-DWIBS, 
DWI,and bone scanning as a reference standard; a p 
value of 0.05 was considered statistically significant.

Table 1  Distribution of the studied cases according to number of regions and lesions detected by WB-DWIBS distributed per patient 
pathology (n = 80)

Humerus Clavicle Sternum Cervical 
vertebrae

Dorsal 
vertebrae

Lumber 
vertebrae

Iliac bone

Breast
n = 16

R 0 4 0 0 4 8 0

L 0 2 0 0 4 2 0

Prostate
n = 12

R 4 4 2 2 4 0 0

L 4 2 4 0 2 0 0

Lymphoma
n = 8

R 0 0 0 0 0 0 2

L 0 0 0 0 0 0 0

Pancreatic
n = 8

R 0 0 0 0 4 0 0

L 0 0 0 0 0 0 0

Ovarian
n = 4

R 0 0 0 0 0 0 2

L 0 0 0 0 0 0 2

Cervical
n = 4

R 0 0 0 0 0 0 2

L 0 0 0 0 0 0 0

Osteosarcoma n = 4 R 2 0 2 0 2 0 0

L 0 0 2 2 0 0 0

Psoas muscle
n = 4

R 0 0 0 0 2 2 0

L 0 0 0 0 2 0 0

Rectal
n = 8

R 0 0 0 4 0 2 4

L 0 2 0 0 0 0 2

Endometrial
n = 4

R 2 0 0 0 0 2 2

L 0 0 0 0 2 0 2

bronchogenic
n = 4

R 0 0 0 2 0 0 2

L 0 0 0 0 2 0 0

HCC
n = 4

R 0 0 0 0 0 0 0

L 0 0 0 0 0 0 0
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Results
Our study included eighty patient with known primary 
cancer; Breast cancer 16/80(20.0%), Prostatic tumor 
12/80(15.0%), Lymphoma 8/80(10.0%), Pancreatic 
tumor8/80(10.0%), Osteosarcoma 4/80(5.0%), Rectal car-
cinoma 4/80(5.0%), Bronchogenic carcinoma 4/80(5.0%), 
Anorectal carcinoma 4/80(5.0%), Endometrial carcinoma 
4/80(5.0%), Ovarian tumor 4/80(5.0%), Psoas m. mass 
4/80(5.0%), Cervical tumor 4/80(5.0%), hepatocellular 

carcinoma 4/80(5.0%), with 36 (45.0%) having one bony 
site of metastasis, 36 (45%) having two bony sites of 
metastasis, and 8 (10.0%) having three or more bony 
sites of metastasis. 56 (70.0%) of the metastasis sites were 
bony, and 76 were mixed of both bony and non-bony, 
including 32 (40.0%) lung, 16 (20.0%) liver, and 28 (35%) 
LNs (Figs. 1, 2, 3).

The pathological subtypes of the cases studied were 
36 (45.0%) adenocarcinoma, 16 (20%) squamous cell 

Fig. 1  A female patient, 52 years old with a history of breast cancer, was sent to the MRI unit for a follow-up. A: Axial DWI at the level of the 
liver showed multiple restricted hepatic focal lesions. B Axial DWI at the iliac crest revealed a right iliac crest restricted lesion. C A coronal cut of 
whole-body diffusion with short tau inversion recovery revealed multiple hepatic focal lesions as well as a right iliac bony lesion (blue arrow) 
(metastatic). D: Coronal WBDWMS showed a right iliac bony lesion, multiple variable-sized hepatic focal lesions that appeared to have high signal 
intensity (restricted diffusion), and the right scapula (red arrow), which also showed a focal area of high signal intensity (restricted diffusion)
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carcinoma, twelve patients with intraductal carcinoma, 
eight (10.0%) Hodgkin lymphoma, four patients with 
lobular carcinoma, and four patients with osteoblastic 
carcinoma.

Table  2 demonstrated WB-DWBIS inter-observer 
agreement in the detection of bony deposits in cancer 
patients was good (0.7 45, agreement = 93.2%).

The diagnostic parameters of conventional MRI were: 
90.5%, 71.2%, 90.2%, 62.8% and 89.8%. The DWI were: 
89.9%, 71.0%, 89.9%, 62.3%, and 89.25%, while that of 
WBDWSI were: 94.8%, 76.2%, 92.8%, 66.1%, and 91.7% 

(Sensitivity%, Specificity %, PPV%, NPV% and accuracy 
%, respectively) as discussed in Table 2.

Discussion
The results of this pilot study showed that WB-DWBIS 
could be used to detect bony metastasis. WB-DWBIS 
enabled more precise identification of the primary tumor 
site and more accurate detection of bony metastasis com-
parable to bone scan, conventional MRI and DWI with 
an excellent inter-observer agreement (k = 0.827).

Fig. 2  A 48-year-old male patient with a known history of osteosarcoma of the left femur was sent for a metastatic workup. A A DWI axial cut at 
the level of the chest shows a left humeral head bony lesion with high signal intensity (orange arrow); B A DWI axial cut at the level of the sacrum 
shows high signal intensity at the first sacral vertebra (metastases) (red arrow); C A WBDW MRI coronal cut with short tau inversion recovery showed 
high SI (restricted diffusion) at the left femur and another similar lesion at the right femur
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Fig. 3  A Axial cuts of MRI DWI at the level of the chest show right and left sided bony lesions with high signal intensity (restricted diffusion) (white 
arrow); B axial cuts at the level of the chest show a hyperintense area at the dorsal vertebrae (white arrow), C coronal cuts of whole-body diffusion 
MRI WBDWI with background signal suppression reveal a right humeral head bony lesion, a right femoral bony lesion, and a dorsal vertebrae bony 
lesion (black arrows), as well as multiple ribs with focal areas of restricted diffusion (blue arrows)
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As this study considered as preliminary study in our 
institution. It included a diverse group of patients with 
various pathologies; each pathology was represented by 
a small number of patients. This study attempted to com-
pare the conventional MRI, DWI and WB-DWIBS with 
bone scanning with the goal of early detection of site and 
number of bony metastasis with reduced cost and radia-
tion of bone scan, which also reduces the risk of radiation 
as cancer patients require successful imaging as routine 
follow-up and in pregnant patients. This technique uses 
no contrast injection and is therefore suitable for patients 
with renal impairment.

The overall sensitivity of the WB-DWIBS when com-
pared to other imaging diagnostic modalities was nearly 
the same of bone scan and more accurate than conven-
tional MRI and DWI, while combined WB-DWIBS, DWI 
and conventional T1 WI carried more accuracy (92.8%) 
in detection of bone metastasis compared to bone scan as 
shown in Table 2

The inter-observer agreement in WB-DWIBS interpre-
tation was excellent, with a K = 0.827. The two readers 
were discordant in just two out of 80 cases, in which one 
of the radiologists missed the vertebral locations of the 
disease.

The inter-observer agreement of conventional T1WI 
was moderate K = 0.499, while that of DWI was good 
K = 0.612, and of combined with WB-DWIBS was excel-
lent (slightly higher than each technique alone K = 0.899.

Many studies cleared out the role of DWI in detection 
of metastasis, but few studies discussed the role of WB-
DWIBS as promising imaging tool in diagnosis of bony 
metastasis.

Our study also matched with the study of Wenping 
et al. [19], who study a total of 213 metastatic bone seg-
ments among 39 patients combined with their ADC 
values. They found the sensitivity, specificity, overall 
accuracy, positive predictive value, and negative predic-
tive value were 93.0%, 87.8%, 89.6%, 79.8%, and 96.0%, 
respectively, for WB DWIBS. They concluded that WB-
DWIBS coupled with ADC analysis at 3 T was effective 
for detecting bone metastases.

WB-DWIBS findings in our study had 94.8%, 76.2%, 
92.8%, 66.7%, 92.8% sensitivity, specificity, overall 
accuracy, positive predictive value, and negative pre-
dictive value with higher accuracy when combined 
WB-DWIBS, T1WI, and DWI. These findings were 
helpful in proper staging of cancer patients with advan-
tage of reconstructed multi-planar images, faster inter-
pretation and easier visual assessment. This technique 
employed free breathing, allowing for thin axial sec-
tion acquisition and multiple signal averaging, as well 
as fat suppression, which highlighted areas of diffusion 
restriction [20].

WB-DWIBS was used in our study to diagnose bony 
metastasis of breast, prostate, lymphoma, pancreatic, 
osteosarcoma, rectal, bronchogenic, anorectal, endo-
metrial, ovarian, psoas muscle mass, cervical, and HCC. 
This finding matched with Alessandro et  al. [21] who 
stated that WB-DWI seemed to be a promising method 
of imaging in the detection of bony metastases.

Eighty percent of bone metastases are caused by pri-
mary tumors of the prostate, breast, and lung. Whole-
body bone imaging is frequently required in cancer 
management for these patients, and the use of WB-DWI 
is increasingly used [22].

Nakanishi et  al. [23] who studied the role of WB-
DWIBS in diagnosis of bony metastasis form prostatic 
cancer, he asserted that WB-MRI  was the most reliable 
technique for detecting prostate cancer  bony metasta-
sis. It offered the benefit of detecting lesions that were 
missed by traditional imaging modalities like CT and BS. 
It could also be used to monitor the effectiveness of treat-
ments due to its repeatability.

Few studies compared WB-DWI with PET/CT in diag-
nosis of bone marrow infiltration in patients with lym-
phoma, they concluded that the WB-MRI and FDG-PET/
CT were useful techniques to evaluate  bone marrow 
infiltration, and that WB-MRI is a non-invasive approach 
which did not require radiation exposure or the adminis-
tration of contrast. It could be used as a guide for BMB in 
suspected cases, avoiding dangerous false negative sam-
plings [24, 25].

Our study results matched with Michael A. Jacobs et al. 
[26] who confirmed that WB-MRI is useful for oncologic 
staging to identify bony and visceral metastasis in breast, 
prostate, pancreatic, and colorectal cancers. WB-MRI 
can be developed for a comprehensive evaluation for 
staging and response during treatment.

Our study’s limitations included a small sample size 
and a long time of examination; we recommended fur-
ther study comparing PET-CT as golden imaging modal-
ity with WB-DWIBS.

Conclusions
WB-DWIBS is a promising tool for oncology patients’ 
tumor surveillance and metastatic workup, with excellent 
diagnostic accuracy in detecting bony metastatic lesions. 
It is a viable option for single-step non-invasive cancer 
staging with good reader reproducibility, and it improves 
the efficacy of standard imaging techniques for locating 
metastases, particularly with frequent follow-up.

Abbreviations
WBDWIBS	� Whole-body diffusion-weighted image with background signal 

suppression
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TSE	� Turbo spin echo
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DWI	� Diffusion weighted image
WB-DWI	� Whole-body diffusion-weighted imaging
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