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Abstract 
Background: advances in Magnetic resonance imaging sequences which include the in-phase and out 
of phase sequences are helpful in the assessment of worrying vertebral marrow lesion especially if the 
patients presented with primary malignancy outside the spines. 
Objectives: The study aimed to evaluate the role of spinal MR (magnetic resonance) imaging in the 
evaluation of bone marrow lesion in patients with primary malignancy using in-phase and out of phase 
sequences in addition to conventional MR sequences.  
Methods: This is a cross-sectional study included 80 patients referred to MR unit from the oncology 
department in oncology teaching hospital – medical City, Baghdad, Iraq during the period from the 
beginning of September 2018 to October 2019, 22 of them having no cancer and referred to MRI due to 
lower back pain while the remaining 58 patients had primary non-osseous cancer and referred 
complaining from back pain and exclude bony metastasis. 
Results: the study sample consisted of 55 females and 25 males, the breast cancer is the main primary 
in females and represent 30/58 patients while the prostate cancer is main cancer in males and represent 
7/58 patients, Most of the suspicious lesions appearing low on T1W, high on T2W and Fatsat 
sequences this represents seen in (27.5%) of those only (12%) patients are really metastasis, while 
when adding the high out of phase/in phase ratio, the percentage decrease from 27.5% to 8.5%, the 
sensitivity, specificity, positive predictive value (PPV) and negative predictive valve (NPV) and overall 
accuracy of out of phase/ in phase ratio in detecting metastasis within the vertebral marrow are 66.6%, 
90.7%, 61.4%, 92.4%, and 86% respectively. 
Conclusion: Utilizing in phase and out of phase sequences and calculating the OIR greatly assist in 
diagnosing suspicious marrow lesions, hence this technique is greatly reducing the need for 
Intravenous contrast administration. 
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Introduction 
Unfortunately, secondary deposit to the bone marrow to the axial skeleton including the 
vertebral bodies, pelvic bone, the femora, sternum, and humeri is, a common manifestation 
in many cancers being an either early or late presentation of the disease [1]. The presence of 
marrow deposit changes the treatment plan for the patients because this diagnosis was 
considered late-stage and here only palliative treatment may be used [2]. Once the bone 
metastasis occurs the presentation is either bone pain, marked morbidity from the 
neurological problems and restriction of patient life from severe pain [3]. 
So any bony lesion seen in patients with primary malignancy need full characterization, this 
is usually done by using Magnetic resonance imaging (MRI), the traditional MRI can detect 
the lesion clearly from surrounding normal marrow, but this had a drawback in deciding 
whether this lesion is benign or malignant [4]. For that, the introduction of Functional MR 
imaging which includes the in-phase and out of phase sequences can help in doing this job 
and guessing what is the nature of the lesion [5]. 
In-phase/opposed-phase imaging bases on the assessment of the presence of fat and water in 
a voxel of tissue has been used mainly in assessment of the presence of intracellular fat in the 
case of focal liver fatty infiltration and adrenal glands adenomas. This technique utilizes the 
advantage of different precession frequencies of water and fat molecules [6]. 
The physics of this process at 1.5T shows that water and fat protons are in phase with one 
another at a TE of 4.6 milliseconds (MS), and 180°opposed at a TE of 2.4 Ms. 
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usually the signal intensity suppression occurs when the 

volume of fat and water is evenly equal, using this property 

is of benefit in the spine as its marrow consist of fat and 

marrow (which is high in water content), so when the is 

abnormal infiltration of the marrow by abnormal cells there 

will be loss of normal signal suppression on out of phase 

and thus the lesion is highlighted [7].  

 

Materials and methods 

This study included 80 patients referred to MR unit from the 

oncology department in an oncology teaching hospital-

medical City, Baghdad, Iraq during the period from the 

beginning of September 2017 to October 2019. 

All patients including those primary malignant tumors 

outside the bone marrow which are consist of 58 patients 

and 22 of them are having no cancer and all complaining of 

either back pain, symptoms related to spinal cord 

compression or having neurological deficit, those patients 

then subjected MRI examination of the spine, including the 

lumber or thoracolumbar areas, using Avanto 1.5T closed 

MRI system Siemens (Germany). 

The MRI protocols include Sagittal T1-weighted spin-echo 

(SE), sagittal T2-weighted spin-echo (SE), Sagittal T2-

weighted fat suppression spin-echo (TSE), and Axial T2-

weighted spin-echo (SE). 

After that we applying in phase and out of phase sequences 

in the sagittal plane using TR of 4.8 and 2.5 MS 

respectively. 

After obtaining these images, full analysis of pathological 

findings was done by reviewing the T1, T2 images and 

doing 3 dimensional (3D) reference to allocated the position 

of the lesion is in phase and out of phase sequences, the 

signal of the lesion is recorded in all sequences and in the 

suspicious lesion was calculated including the signal 

intensity ratio between the out of phase and in phase. 

A correlation was done with histopathology and follow up 

the patient after radiotherapy, chemotherapy or hormonal 

therapy. 

 

Results  

This is a cross-sectional study which include 80 patients and 

four of them had followed up study after three months, 22 of 

them are cancer-free patients referred to MRI because of 

lower back pain and the remaining 58 patients had primary 

cancer outside the spine and referred complaining of back 

pain and to exclude metastasis. 

The study sample consisted of 55 females and 25 males, the 

breast cancer is the main primary in females and represents 

30/58 patients while the prostate cancer is main cancer in 

males, the later represent 7/58 patients, the detailed 

information of the age, the gender, and cancer types are 

illustrated in table one. 

 
Table 1: age, gender and cancer types of study population 

 

Age 

Age group Number (%) 

< 40 years 14 (17.5) 

41-49 15 (18.7) 

50-59 21 (26) 

60-69 22 (27.5) 

>70 8 (1) 

Total 80 (100) 

Gender 

Gender Number (%) 

Males 25 (31.25) 

Females 55 (68.75) 

Total 80 (100) 

Cancer type 

Females Number (%) 

Breast 29 (72.5) 

Ovary 03 (7.5) 

Uterus 03 (7.5) 

Other 05 (12.5) 

Total 40 (100) 

Males Number (%) 

Prostate 06 (46) 

Lung 02 (15.5) 

Other 05 (38.5) 

Total 13(100) 

 

The MR examination in the control group is normal in 18/22 

patients, the remaining four reveals typical hemangioma in 

two, atypical hemangioma in one and modic I endplate 

changes in the remaining one.  

While the examination of the patients with primary cancer 

reveals metastasis in 12/ 58 the remaining findings are 

discussed briefly in table 2 
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Table 2: MRI findings in control and patients in the study 
 

Control 

MRI findings Number (%) 

Normal 18(82) 

Typical hemangioma 02(9) 

Modic I 01(4.5) 

Atypical hemangioma 01(4.5) 

 Total 22(100) 

Patients 

Metastasis 14(24) 

Normal 17(29) 

Inactive 09(15) 

Typical and atypical hemangioma 07(12) 

Modic 03(5) 

Fracture 05(9) 

Collection 01(2) 

Others 02(4) 

 Total 58(100) 

 

Most of the suspicious lesions appearing low on T1W, high 

on T2W and Fatsat sequences this represents seen in 16/58 

(27.5%) of those only 7 (12%) patients are really metastasis, 

while when adding the high out of phase/in phase ratio the 

percentage decrease from 27.5% to 8.5% (5/55). 

The out of phase/in phase ratio (OIR) greater than 1 is seen 

in suspicious boney lesion. 

The sensitivity, specificity, positive predictive value (PPV) 

and negative predictive value (NPV) and overall accuracy of 

out of phase/in phase ratio in detecting metastasis within the 

vertebral marrow is illustrated in table 3. 

 
 

Table 3: sensitivity, specificity, positive predictive and negative valve and overall accuracy of OIR in detecting metastasis. 
 

OIR Metastasis present Metastasis absent Total 

high 8/84 5/84 13/84 

low 4/84 49/84 53/84 

Total 12/84 54/84  

 

 Value 95% CI 

Sensitivity 66.67% 34.89% to 90.08% 

Specificity 90.74% 79.70% to 96.92% 

PPV 61.54% 38.80% to 80.15% 

NPV 92.45% 84.56% to 96.48% 

Accuracy 86.36% 75.69% to 93.57% 

 

 
 

Fig 1: 72 years age female patient with history of ovarian cancer presented with back pain, her MRI reveals (a) focal lesion in lower dorsal 

vertebra (D11) the lesion appears isointense to fatty marrow in in-phase sequence, it signal intensity s 134.68 and the signal decrease to 

123.1 in out-of-phase sequence with OIR= 0.95 indicate benign condition, follow up scan after 6months reveals size stability favors atypical 

hemangioma. 
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Fig 2: 78 years age male patient with history of bronchial cancer presented with lower back pain, his MRI reveals compressive fracture seen 

involving the L5 vertebral body, the in-phase signal is 164.72 while the out-phase signal was 164.38, the OIR is 0.99 follow up of this 

patients 3 months later reveals healing of the fracture. 

 

Discussion  

The differentiation between benign and malignant bone 

marrow lesions are not always possible in clinical practice 

and even by using traditional MR imaging, however the 

introduction of advance sequences including the Diffusion 

and apparent diffusion coefficient greatly improving and 

limiting the differential diagnosis of suspicious marrow 

lesion greatly improving and limiting the differential 

diagnosis of suspicious marrow lesion especially in patients 

with primary malignancy [1, 8, 12]. 

Before the introduction of the in phase/out of phase 

sequences, there was difficulties in accurately differentiating 

the lesion as a being or malignant especially when 

depending on T1W and T2W images and even when adding 

the fat saturation sequence to conventional MR, in addition 

to that, sometimes the addition of the intravenous contrast 

media did not solve the problem because many benign 

lesions were enhancing. 

Normal marrow compose of fluid and intracellular fat, so by 

applying the in phase and out of phase resulting in loss of 

normal marrow signal in out of phase sequence, however 

this is not seen when the marrow is replaced by benign or 

malignant lesion resulting in high signal within suppressed 

marrow in out of phase images the higher the OIR the like 

hood the lesion is malignant [9]. 

In our study, the OIR in detection bony metastasis shows a 

high sensitivity of 66%, the specificity of 90% which is of 

higher sensitivity and specificity in comparison to the study 

done by Disler DG et al. in 1997 [10] the explanation of this 

is due to increment in percentage may be due to revolution 

in MR machines and increasing their field strength. 

Regarding the PPV, NPV and overall accuracy of OIR in the 

detection of vertebral marrow secondary was 61.4%, 92.4%, 

and 86% respectively and these results are in concordance 

with a study done by Hoda A. El-Kareem A. El-Samie and 

Hosny Sayed A. El-Ghany in Egypt in 2015 [11]. 

 

Conclusion 

1. Differentiation of the benign and malignant bony lesion 

is not possible by using Conventional MR imaging. 

2. Utilizing in phase and out of phase sequences and 

calculating the OIR greatly assist in diagnosing 

suspicious marrow lesions. 

3. Utilizing this technique greatly reducing the need for 

Intravenous contrast administration.  
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