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ABSTRACT: 

Background: Postmenopausal Osteoporosis is one of the most common causes of primary 

osteoporosis. For two decades, diffusion-weighted imaging (DWI) has been applied to the 

evaluation of intracranial diseases, but technical advancement make it possible to apply DWI 

measurements to extra cranial sites, including vertebral column.                                                      

     

Objective: Using diffusion-weighted MR imaging technology to determine the  DWI  and  ADC 

values of lumbar vertebral body  in  postmenopausal women  in correlation  with  the   DEXA  t-

scores. 

Patients and Methods: A cross sectional analytical studywas conducted at Al-Yarmouk 

Teaching hospital in Baghdad city. A total of 80 postmenopausal women, was recruited from 

subjects who underwent DEXA of the spine and categorized into three groups according to their 

t-score: Normal BMD, Osteopenia, and Osteoporosis. Then MRI study done for all of them 

including: T1, T2, DWI, and ADC value measurement.                                                                   

                                     

Results: The values of ADC at L3 vertebra were (0.46 ± 0.098) × 10
-3

 mm
2
/s, (0.42 ± 0.084) × 

10
-3

 mm
2
/s, and (0.39 ± 0.052) × 10

-3
 mm

2
/s for the three groups: the normal, osteopenic, 

osteoporotic respectively. The values of the diffusion signal intensity values at L3 vertebra were 

134.5 ± 5.7 mm
2
/s, 112.7 + 3.4 mm

2
/s, 101.3 + 4.4 mm

2
/s respectively. There was a significant 
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difference among the three groups in both diffusion and ADC measurement.                                  

   

Conclusion: Both diffusion and ADC values are significantly lower in subjects with 

postmenopausal osteoporosis. There is a significant positive relationship between T score that 

was determined by DEXA, and the ADC value.                                                                                

            

Keywords: diffusion weighted magnetic resonance imaging, T1, osteoporosis.                              

      

INTRODUCTION 

Osteoporosis is currently defined by the World Health Organization (WHO) as "a systemic 

skeletal disease with a low bone mass, micro architectural deterioration of the bone tissue, and a 

consequent increase in bone fragility with susceptibility to fracture, which usually involves the 

spine, wrist, ribs, hip, hummers, or pelvis".
(1, 2)

 

The bone mass accounts for about 70% of the variance in the bone strength and is the only 

variable that can be accurately determined, its measurement as bone mineral density (BMD) 

orbonemineral content (BMC) currently are used in the practicalbasis for the diagnosis of 

osteoporosis. 
(3,4,5)

 

Menopause is a natural physiological phenomenonresulting from primary ovarian failure 

secondary toapoptosis or programmed cell death.  

At menopause the normal bone turnover cycle isimpaired by estrogen deficiency. 

Theosteoclasticresorption activity increases while the osteoblastic activitydecreases. As a result, 

the amount of bone resorbedexceeds the amount deposited, which leads to a netloss of bone.
(6)

 

For the time being, the standard diagnosis of osteoporosis was dependent on the measurement of 

mineralized component of the bone. This bone mineral density (BMD) is assessed with the dual-

energy X‑ray absorptiometry (DEXA), which is considered the gold standard. 
(7,8)

 

Although DXA examination is economical and noninvasive, it is known to have reduced 

sensitivity.
(9)

 

MR imaging studies until nowadays have concentrated on the study of trabecular bone 

architecture or microscopic magnetic field distribution in bone to assess fracture risk. Although 

MR imaging techniques employ no radiation compared to DXA and QCT, one feature is 

common to all these techniques which is the focus on measuring the structural end-point of bone 

loss. But they provide no information on the physiological or functional changes associated with 

osteoporosis.
(10, 11)
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The limitations in using DXA: 

 DXA measurements are two-dimensional. 

 DXA cannot differentiate between cortical and trabecular bone. 

 Reference data for BMD supplied by overseas manufacturers are often not appropriate for 

ourlocal populations. 

 Degenerative disorders, vascular calcifications like aorta or other arteries, previous contrast 

media, and fractures or deformities may falsely elevate BMD and even invalidate 

interpretation of spine scans, particularly in the elderly. 

 Pitfalls related to operator may occur. 
(12)

 

Diffusion-Weighted imaging (DWI): 

Until two decades ago, diffusion-weighted imaging (DWI) has been applied to evaluate 

intracranial diseases, such as stroke, trauma, epilepsy, depression, neurotoxicity, anddementia.
 (13, 

14)
. The developments of multichannel coils,echo-planar imaging (EPI),parallel imaging, and high 

gradient amplitudes have been used in expanding the use of DWI. DWI measurements are not 

taking a lot of time to perform (typically 1–5 minutes) and do not require the administration of 

exogenous contrast medium. In addition to that,both qualitative and quantitative informationcan 

be obtained from DWI examination and so that it can assist in pathology assessment.
 (15)

 

On MR scanners, the diffusion sensitivity is easily changed by changing the parameter known as 

the “b value,” Water molecules which have higher degree of motion or have greater diffusion 

distance (like those within the intravascular space) will show signal attenuation with small b 

values (e.g., b = 50–100 s/mm
2
). While water molecules that have slower degree of motion or 

have smaller diffusion distances will show more signal attenuation with large b values (e.g., b = 

1,000 s/mm
2
), because these show more gradual signal attenuation with increasing b values. 

(16)
 

ADC is measured by obtaining the MR signal at least two times. So an ADC map can be 

established in this way by combining two images, one with diffusion weighting and another 

without that or using two b-values in a way that the lower b-value is not large enough to remove 

the effects of perfusion, containing information about perfusion as well as diffusion components. 
(17) 

Figure (1.1). Signal loss in DWI is proportional to the component of molecular displacement 

in the same direction as that of the diffusion gradient. 
(18) 

 

 

 



Thi-Qar Medical Journal (TQMJ): Vol.(14), No.(2), 2017 

               https://jmed.utq.edu.iq Web Site:                     Email:utjmed@utq.edu.iq 

 
 

 
868 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1.1): para sagittal MRI of lumbar spine A) Diffusion weighted image. B) Apparent 

diffusion coefficient (ADC) map. 

 

 

AIMS OF STUDY 

1. Using (DWI) to quantitatively determine the diffusion signal intensity and apparent 

diffusion coefficient (ADC) values of lumbar vertebral body in postmenopausal women. 

2. Study the difference of those values in the different groups of bone density and analyze 

the correlation with the DEXA t-scores 

3. Study the correlation between T1 values and DEXA t-score  

PATIENTS AND METHODS 
 

A cross sectional analytical study had been conducted in Al-Yarmouk teaching hospital in 

Baghdad city, performed from February 2016 to October 2016. A total of 80postmenopausal 

women, mean age were (63.2 ± 7.2 years) (range 55 – 79 years)was recruited randomly from 

subjects who underwent DEXA (StratosdR, DMS) of the spine  

 

 

A B 
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The exclusion criteria were: 

 Patient with a known pre-existing bone disease such as tumor, metastasis, or metabolic 

disorder  

 History of traumatic spinal injury. 

 The patient on drug therapy that may affectBMD were not included to the study 

 Radiological evidence of spondylodiscites confirmed by radiological features. 

 History of previous operation or radiotherapy. 

 

The bone density of the vertebral body was expressed as a T-value measured by a postero-

anterior projection DXA at L3 lumbar vertebra.According to their T scores results and World 

Health Organization criteria, the patients were categorized into three groups:  

1. Normal BMD (T>-1) 

2. Osteopenia (T = -1 to – 2.5) 

3. Osteoporosis (T<-2.5) 

MRI was performed using a 1.5T MRI scanner (Philips,Achieva) using a spinal array surface 

coil. Sagittal Tl and T2 weighted imaging of the lumbar spine were acquired by using a fast spin-

echo sequence.The DWI done for all patients using single‑shot spin‑echoplanar imaging sagittal 

diffusion-weighted sequence at bvaluesof 0 and400 mm
2
/s. Regions of interest (ROI) as circle of 

size 1 cm² were placed in the center of L3 vertebra (0.5 cm away from the periphery of vertebra 

to avoid the cortex). For quantitative measurement of the T1, DWI, and ADC values of the L3 

vertebra, three such ROIs were placed and the mean value of these three values was calculated to 

decrease the chance of error, The ADC values were expressed as mean ±standard deviation in the 

form of (value) x10
-3

mm²/s, while T1 and DWI value were expressed as SNR 

 

RESULTS 

According to the total T score of lumbar measured by DXA, The patients were divided into: 

Normal, osteopenic &osteoporotic. 

 

35% 

36% 

29% 

Study Groups 

Normal
Osteopenic
Osteoporotic
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Figure (3.1): shows percentage of each study group 

According to age, patients were divided into three groups: table (3.1) 

 55-64 years, 38 women (47.5 %). According to their t-score: 18 were normal, 12 were 

osteopenic, and 8 were osteoporotic. 

 65-74 years, 33 women (41.25 %).According to their T score: 10 were normal, 13 were 

osteopenic, and 10 were osteoporotic. 

 ≥ 75 years, 9 women (11.25%). According to their T score: 5 were osteoporotic and 4 were 

osteopenic. 

There was a significant association between age of the patient and the BMD represented by t-

score, in a way that increasing the age of patient associated with a lower BMD. P value (0.002). 

Table (3.1): shows number of patients of each age group correlated with their t-score. 

Age versus  

t-score 

55-64 years 65-74 years ≥ 75 years Total 

Normal 18 (47.4%) 10 (30.3%) 0 (0%) 28 (35%) 

Osteopenic 12 (31.6%) 13 (39.4%) 4 (44.4%) 29 (36%) 

Osteoporotic 8 (21%) 10 (30.3%) 5 (55.6%) 23 (29%) 

Total 38 (47.5%) 33 (41.25%) 9 (11.25%) 80 (100%) 

P value  0.06 0.034 0.012 0.002 

 

There was a significant association age of the patient and the ADC values, in a way that 

increasing the age of patient associated with a lower ADC value. P value (0.005).Table (3.2) 
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Table (3.2): shows mean ADC value of L3 vertebra of each age group. 

Age  55-64 years 65-74 years ≥ 75 years 

Mean ADC value (mm
2
/s) 0.44 ± 0.01 0.41 ± 0.006 0.37 ± 0.008 

P value  0.01 0.04 0.005 

 

The differences between groups with different bone density: 

According to the total t-score of lumbar, the patients were divided into normal, osteopenic and 

osteoporotic groups. The values of the diffusion signal intensity atL3 vertebra represented as an 

(SNR value) were 134.5 ± 5.7, 112.7 ± 3.4, 101.3 ± 4.4respectively (figure 3.3) (table 3.3).By 

comparing the values of the three groups, there was a significant difference among the three 

groups (P= 0.023). 

By comparing the values between two groups, there was significant difference between the 

normal group and osteoporotic group (P= 0.009), the values between normal group and 

osteopenic group showed significant difference (P= 0.03), while the values between osteopenic 

group and osteoporotic group showed no significant difference (P= 0.307); 

 

Figure (3.3): Graph shows diffusion values for normal, osteopenic, and osteoporotic groups. 
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The values of ADC atL3 vertebra were (0.46 ± 0.01) × 10
-3

mm
2
/s, (0.42 ± 0.008) × 10

-3
mm

2
/s, 

and (0.39 ± 0.006) × 10
-3

mm
2
/s for the three groups: the normal, osteopenic, osteoporotic 

respectively (figure 3.4) (table 3.3). There was significant difference among the three groups (P= 

0.003). 

Comparing the values between two groups, there was significant difference between the normal 

group and osteopenic group (P= 0.009), the values between normal group and osteoporotic group 

also showed significant difference (P = 0.002) and also significant between osteopenic group and 

osteoporotic group (P= 0.005).  

 

Figure (3.4): Graph shows ADC values for normal, osteopenic, and osteoporotic groups. 

 

Table (3.3): Data of DWI and ADC values in three bone density groups 

Parameter Normal group Osteopenic 

group 

Osteoporotic 

group 

P value 

Diffusion (SNR) 134.5 ± 5.7 112.7 + 3.4 101.3 + 4.4 0.023 

ADC value 

(mm2/s) 

(0.46 ± 0.01) × 

10
-3

 

(0.42 ± 0.008) × 

10
-3

 

(0.39 ± 0.006) × 

10
-3

 

0.003 

 

The correlation between the related indexes of DWI MRI and DEXA T- scores: 

It seems that there is a linear relationship between the T-score and ADC were also determined by 

using bivariate correlation and calculating the Pearson correlation coefficient (r).  
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A significant positive correlation was observed between the BMD and bone marrow ADC with r 

= 0.6388 and p < 0.0001. Figure (3.5). 

 

Figure (3.5): The scatter plot shows the relationship between bone density represented by T-

score and ADC value at L3 vertebral body. 

We found also that there was a reverse linear relationship between the t-score and T1 value. T1 

signal intensity tended to increase with reducing t-score values with a statistical significance with 

an r = -0.193 and p < 0.005. Figure (3.6) 

 

 

 

Figure (3.6): The scatter plot shows the relationship between bone density represented by t-score 

and T1 value at L3 vertebral body 
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Figure (3.7): 55 year female with Normal bone density. A) Shows diffusion value. B) Shows 

ADC  

  

A B 
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Figure (3.8): 68 year female with Osteopenia. A) Shows diffusion value. B) Shows ADC value.  

 

 

Figure (3.9): 65 year female with Osteoporosis. A) Shows diffusion value. B) Shows ADC 

value.    

DISCUSSION 

In our study we found that bone marrow ADC correlates closely with BMD.The ADC values 

declined in line with a fall in BMDs. This direct relationship between ADC values andBMDs is 

likely a reflection of an increase in bone marrowfat content. Ward et al
(19)

 and Nonomura et al
(20)

 

were in agreement thatADC values of presumed red (cellular) marrow were higherthan those of 

yellow (fatty) marrow in their studies. Nonomuraet al
20)

 further indicated that there was a 

positive correlation between ADC values and the cellularity of bone marrow. 

Study Group Age: 

         In this study, we found that there was a significant association between the age of the 

patient and the BMD that was represented by t-score and ADC value of L3 vertebra, in a way 

that increasing the age of the patient associated with a lower t-score and ADC value, and this is 

compared to result ofTurna O et al 
(21)

. 

Diffusion and ADC Values: 

A B 
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         We found that the values of the diffusion signal intensity at L3 vertebra represented as an 

(SNR value) were 134.5 ± 5.7, 112.7 ± 3.4, 101.3 ± 4.4 for normal, osteopenic, and osteoporotic 

group respectively.By comparing the values of the three groups, there was a significant 

difference among the three groups (P = 0.023).These findings are close to those ofHatipoglu et al 
(22)

. Table (4.1) 

Table (4.1): Comparison of the meanDiffusion values between normal, osteopenic, and 

osteoporotic subjects in the present and previous studies 

Study Hatipoglu et al 
(39))

 Turna O etal.
(43)

 Present study 

Year 2007 2014 2017 

Mean diffusion 

values(SNR) 

Normal 131.5 ± 8.2 142.5±100.3 134.5 ± 5.7 

Osteopenia 117.4±7.5 - 112.7 ± 3.4 

Osteoporosis 99.5±5.4 76.26±37.32 101.3 ±4.4 

 

The values of ADC atL3 vertebra were (0.46 ± 0.01) × 10
-3

 mm
2
/s, (0.42 ± 0.008) × 10

-3
 mm

2
/s, 

and (0.39 ± 0.006) × 10
-3

 mm
2
/s for the three groups: the normal, osteopenic, osteoporotic 

respectively, which are near to those of other studies as shown in the table (4.2). Differences 

between different studies could be related to the use of different parameters in MRI protocols 

including different b values, and different patient`s demographics as those studies were applied 

in different countries, different races and ethnicities, and different life styles.There was 

significant difference in ADC values among the three groups (P = 0.003), this is similar to 

findings of previous studies 
(22-26)

. 

Table (4.2): Comparison of the mean ADC values between normal, osteopenic, and       

Osteoporotic subjects in the present and previous studies 

Study Griffithetal.(28) Fanuccietal.
(36)

 Liuetal.
(37)

 Tangetal.
(38)

 Kumar et al (33) Prese

nt 

study 

Year 2006 2007 2010 2010 2014 2017 

MeanA

DC 

values(

×10−3

mm2/s) 

 

Norm

al 

0.46±0.08 0.47±0.08 0.47±0.03 0.47±0.03 0.49±0.03 0.

46

±0

.0

9 

Osteo

penia 

0.41±0.12 0.45±0.06 0.42±0.02 0.41±0.02 0.41±0.03 0.

42

±0

.0

8 

Osteo

porosi

s 

0.43±0.12 0.43±0.07 0.39±0.03 0.39±0.02 0.34±0.04 0.

39

±0

.0

5 
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The correlation between the ADC and T1 

values with DEXA t- scores: 

There is a significant positive linear 

relationship between the t-score and 

ADCwith r = 0.6388 and P< 0.0001.This is 

similar to the findings of Kumar et al 
(27)

 

who found also a significant positive 

relationship with r = 0.895; P < 0.001 and 

Liu et al 
(25)

withr =  0.572 and P < 0.001 and 

Tang et al 
(26)

 with r = 0.835; P < 0.001.Also 

there is a reverse linear relationship between 

the t-score and T1 value. T1 signal intensity 

tended to increase with the decrease of t-

score values with an r = -0.193 and p < 

0.005.These results are comparable with 

those of those of Koyama H et al 
(26)

 who 

found also a significant reverse relationship 

between those to parameters with an r=-

0.64, P< 0.001, and Hatipoglu et al 
(22)

 with 

an r = - 0.559, P < 0.0001. 

CONCLUSION 

 Both diffusion and ADC values are 

significantly lower in subjects with 

older postmenopausal osteoporosis. 

 There is a significant positive 

relationship between T score determined 

by DEXA and ADC value. 

 There is a reverse correlation between t-

score and T1 SNR value. 
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(  ١دور تطبٍك الروٍه الاوتشاري الموزون والصورة المبىٍت على ) ث 

لتشخٍص مرض هشاشت العظام فً العمود الفمري فً الىساء بعذ اومطاع 

 الطمث

 

 د. رعذ حفظً الخٍاط, دكتوراي اشعت تشخٍصٍت / استار مساعذ كلٍت طب الٍرمون -١

 جاعذ عبذ العسٌس,  مذرش / كلٍت طب ري لارد رٌاض عادل  -٢

 د فراش عبذ الله ووري,  م. مذرش / كلٍت طب ري لار - ٣
 

 

 الخلاصت
: ٌؼشف ٍشض ٕشاشح اىؼظاً حاىٍا مَشض اىٍٖنو اىؼظًَ اىزي ٌرٍَض تاّخفاض اىنريح اىؼظٍَح ٗذذٕ٘سٍنّ٘اخ الممذمت

ٍغ قاتيٍح ىينسش. ٕشاشح اىؼظاٍَا تؼذ سِ اىٍأط ًٕ ٗاحذج ٍِ أمصش اىْسٍط اىؼظًَ، ٌٗرشذة ػيى رىل صٌادج فً ضؼف اىؼظاً 

الأسثاب شٍ٘ػا ىَشض ٕشاشح اىؼظاً الأٗىً. ىؼقذٌِ ٍِ اىضٍْرٌ اسرخذاً اىفحض الاّرشاسٌاىَ٘صُٗ فً اىشٍِّ اىَغْاطٍسً 

سٌاىَ٘صُٗ خاسض اىعَعَح تَا فً ىرقٌٍٍ الأٍشاض داخو اىعَعَح، ٗىنِ اىرقذً اىرقًْ ظؼو ٍِ اىََنِ ىرطثٍق اىرصٌ٘ش الاّرشا

 .رىل اىؼَ٘د اىفقشي

 

: اسرخذاً ذنْ٘ى٘ظٍا اىرصٌ٘ش تاىشٍِّ اىَغْاطٍسً الاّرشاسٌاىَ٘صُٗ ىرحذٌذ قٌٍ الاّرشاسٍٗؼاٍو الاّرشاس اى٘اضح الاهذاف

 t)ػلاٍح  (ْائً اىث٘اػسفً اىْساء تؼذ سِ اىٍأط ٗذقٌٍٍ اسذثاطٖا ٍؼَقٍاط اٍرصاص الأشؼح اىسٍٍْح شفقشج اىقطٍْح اىصاىصح ىي

 

اٍشأج  08: ذٌ إظشاء دساسح ذحيٍيٍح ٍقطؼٍح فً ٍسرشفى اىٍشٍ٘ك اىرؼيًٍَ فً ٍذٌْح تغذاد. ٗماُ ٍا ٍعَ٘ػٔ المرضى والطرق

سْ٘اخ( ذٌ ذعٍْذٓ ٍِ الاشخاص اىزٌِ خضؼ٘ا ٍقٍاط اٍرصاص الأشؼح اىسٍٍْح شْائً   6..2أػَاسٌٕ )تؼذ سِ اىٍأط، ٍر٘سظ 

: مصافح ػظٌ طثٍؼٍح، اىىtؼَ٘د اىفقشي فً قسٌ الأشؼح اىرشخٍصٍح ٗذصٍْفٖا إىى شلاز ٍعَ٘ػاخ ٗفقا ىيْرٍعح ػلاٍح اىث٘اػصيي

، 6، خ1مصافح ػظٌ قيٍيح، ٗ ٕشاشح اىؼظاً. شٌ ذٌ اظشاء دساسح اىرصٌ٘ش تاىشٍِّ اىَغْاطٍسً ىعٍَغ اىَشضى ٍرضَْح: خ

 الاّرشاس اىَ٘صُٗ، ٍؼاٍو الاّرشاس اى٘اضح.

 

سْح(، ٍعَ٘ػح قيح مصافح  26 -55حاىح ) 60طثٍؼٍح ماّد اىاٍشأج، رٗي مصافٔ اىؼظٌ  08: إظَاىً ػذد اىَشضى ٕ٘ ىتائجال

سْح(. ٗماّد قٌٍ ٍؼاٍو الاّرشاس اى٘اضح  22 -52حاىح ) .6ػاٍا(، ٗماّد ٍعَ٘ػح ٕشاشح اىؼظاً  22 -52حاىح ) 62اىؼظٌ 

18×  (8.820±  2..8فً اىفقشج اىقطٍْح اىصاىصح )
-.

ٍيٌ
6

18( × .8.80±  6..8/ ز، ) 
-.

ٍيٌ
6

( × 8.856±  2..8/ شاٍّح، ٗ )

18
-.

ٍيٌ
6

/ ز ىيصلاشَعَ٘ػاخ: اىطثٍؼً ، قيح مصافح اىؼظٌ، ٗ ٕشاشح اىؼظاً ػيى اىر٘اىً. ٗماّد اىقٌٍ الاّرشاس اىَ٘صُٗ  

 ػيى اىر٘اىً.  ...± ..181، ...± 116.2، 5.2±  5...1ىيصلاز ٍعَ٘ػاخ ماىراىً:  
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الاسرْراض: مو ٍِ قٍَح الاّرشاس اىَ٘صّٗ٘ ٍؼاٍو الاّرشاس اى٘اضحرقو ّسثٍا ٍق قيح مصافح اىؼظٌ فً اىْساء تؼذ اّقطاع اىطَس. 

ٍقٍاط ت٘اسطح ظٖاص اه اىزي ذٌ ذحذٌذٓ  tػلاٍح ٗ ٗ ْٕاك ػلاقح إٌعاتٍح راخ دلاىح إحصائٍح تٍَْؼاٍو الاّرشاس اى٘اضح تٍِ

 ائً اىث٘اػس اٍرصاص الأشؼح اىسٍٍْح شْائً اىث٘اػس.اٍرصاص الأشؼح اىسٍٍْح شْ

 


