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Abstract

Background: To prospectively investigate the role of Fast spin-echo T,-weighted (FSE T,-w) and diffusion-weighted
imaging (DWI) in magnetic resonance imaging (MRI) for detecting spine bone marrow changes in postmenopausal
women with osteoporosis (OP). A total of 101 postmenopausal women, mean age of 60.97 & 7.41 (range 52-68) years
old, who underwent dual-energy X-ray absorptiometry of the spine, were invited to this study and divided into three
bone density (normal, osteopenic, and osteoporotic) groups based on T-score. After that MRI scan with both FSET,-w
and DWI of the vertebral body was done to calculate the signal-to-noise ratio (SNR) and apparent diffusion coefficient
(ADQ). Finally, MRI findings were compared in patients, between three groups and correlated with bone marrow
density.

Results: The osteoporotic group showed significantly lower mean ADC values, compared to osteopenic and normal
groups (0.58+0.02 vs. 0.36 +0.05 vs. 0.24 £ 0.06 x 107 mm?/s, p <0.001). According to these results, a significant posi-
tive correlation was found between T-scores and ADC values (r=0.652, p <0.001). The mean SNR in FSE T,-w images
for normal, osteopenic, and osteoporotic groups was calculated 5.61+0.32, 548 +£0.55, and 6.63 £ 0.67, respectively.
No significant correlation was found between the mean SNR and T-score for all groups (r=—10.304, p>0.05).

Conclusions: DWI can be used as a noninvasive, quantitative, and valuable technique for OP evaluation. While, rou-
tine MRI needs more investigation to be demonstrated as a reliable diagnostic indicator for OP.

Keywords: Osteoporosis, Lumbar spine, Diffusion-weighted imaging, T, weighted image, Dual-energy X-ray
absorptiometry

it can worsen progressively with age [2]. The increase of
bone marrow fat can be shown as an index to measure
the lost bone trabecular tissue. The most frequently uti-
lized technique to assess bone marrow is dual-energy

Background

Osteoporosis (OP), a systemic disease, specified by
decreased bone mass and deterioration of the micro-
structure of bone tissue leads to an increase in bone

fragility and fractures [1]. Osteoporotic patients show a
growth in the amount of vertebral bone marrow fat and
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X-ray absorptiometry (DXA). This technique with high
reliability has been known as a standard clinical tool for
classifying bone mineral density (BMD) with the T-score
[3]. Although, DXA is considered as a noninvasive and
cost-effective method, its low sensitivity rate can be some
drawback [4]. However, bone strength has been shown to
depend not on BMD but on the quality of bone marrow.
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Magnetic resonance imaging (MRI) with high spatial
resolution and excellent soft-tissue contrast can per-
form as a powerful modality to track the amount of fat
in the bone marrow and alterations in normal and path-
ologic conditions [5]. Some sequences in MRI, such as
diffusion-weighted imaging (DWI) and Fast spin-echo
T,-weighted (FSE T,-w) can replace or complement DXA
to evaluate bone marrow quantitatively and qualitatively.

DWI evaluates the microstructure and diffusivity
of the tissue by measuring the random movements of
water molecules in biological tissue [6]. Apparent diffu-
sion coefficients (ADC) map derived from DWI can be
used to differentiate benign from malignant acute ver-
tebral body compression fractures and bone lesions [7].
Although, some studies showed a correlation between
ADC and OP [8, 9], it is not clear whether or not struc-
tural changes and diffusion of water molecules in bone
marrow are associated with OP.

Conventional FSE T,-w protocol can be considered as a
useful technique for bone marrow pathology evaluation.
Fat protons show relatively different T, relaxation, com-
pared to red bone marrow [10]. Patients with OP show
a premature conversion of red to yellow bone marrow.
Fatty marrow shows higher SI than muscle and red bone
marrow [11]. The present study aimed to investigate the
potential of DWI and FSE T,-w protocols in assessing
bone marrow changes in postmenopausal women with

OP.

Methods
A total of 101 postmenopausal women with back pain
visiting our hospital for OP care and control by DXA
(DPx-pro MA, GE, USA) between June 2020 and Febru-
ary 2021 were invited to participate in this prospective
MRI study. The researchers were blinded to the DEXA
outcomes. The informed consent was obtained from
patients and then patients with vertebral body fractures,
hematologic and bone disorders (metastasis or severe
osteoarthritis), metallic devices in their body, malignant
tumors, and patients using medication that affect bone
marrow physiology were excluded.

According to institutionally approved procedures and
regulations, ethical approval was obtained for our study.

DXA examination

BMD data were achieved using a DXA scanner. In this
procedure, patients were positioned supine. After com-
pletion of DXA scanning, the results were obtained for
L1, L2, L3, and L4 of each patient and then the mean
T-score was calculated for every patient. According to
the World Health Organization (WHO) criteria [12] par-
ticipants were divided into three groups based on DXA
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results: normal BMD (T > —1); osteopenia (T=—1 to
—2.5); and OP (T < —2.5).

MRI Scan

MRI was done using a 1.5 T MRI system (Philips 2011,
Achieva 1.5 Tesla) and a spinal array surface coil for signal
acquisition. FSE T,-w images (TR 3500 ms; TE 100 ms;
slice thickness 4 mm; ETL=15; matrix size 240 x 320;
field of view 350 mm) of the lumbar spine were obtained
in the sagittal plane. These images were used to guide the
position of a region of interest (ROIs) within the bounda-
ries of the L1, L2, L3, and L4 vertebral bodies for DWI.
DWT of a lumbar vertebral body in the sagittal plan was
gained using a single-shot spin-echo planar sequence (TR
3000 ms; TE 80 ms; slice thickness 5 mm; field of view
150 mm; matrix size 128 x 256). DWI was obtained using
three diffusion sensitivity parameters (b-values) of 0, 400,
and 800 mm?/s in three planes (x, ¥, z).

Quantitative data analysis

For the quantitative assessment of FSE T,-w images,
ROIs were placed over the bone marrow of each lum-
bar vertebral body on sagittal images to measure signal
intensities (SIs). Measurements of noise magnitude were
taken by measuring standard deviations (SDs) outside the
body at four locations. After that the signal-to-noise ratio
(SNR) was calculated.

For DWI assessment, ROIs were placed over verte-
bral bodies exactly like FSE T,-w images and SIs were
achieved. The DWI with a b-value of 400 mm?/s pro-
duced images with greater quality and SIs than the
b-value of 800 mm?/s. Therefore, ADC maps were gener-
ated, using b-value of 0 and 400 mm?/s.

The relationship between SNR, ADC, and BMD in all
patients was evaluated, using Spearman correlation anal-
ysis. The T-score of L1, L2, L3, and L4 was used as a ref-
erence and then receiver operating characteristic (ROC)
data were used as an OP indicator to estimate the diag-
nostic performance of MRI protocols.

Statistical analysis

Statistical analysis was done using SPSS version 25.
Categorical variables were shown as frequencies and
percentages. Continuous variables were introduced as
(Means & SD). Fisher’s exact test was used to show the
association between categorical variables. ANOVA test
was used to compare means between three groups or
more. A p value of <0.05 was considered significant. The
accuracy, specificity, sensitivity, negative predictive value
(NPV), and positive predictive value (PPV) of the DWI
and T,-w techniques were calculated to diagnose osteo-
porosis and osteopenia.
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Results

Our study involved 101 postmenopausal women,
mean age of 60.97 +7.41 (range 52-68) years old, who
underwent DXA and conventional MRI with FSE T,-w
and DWI. Significant differences were found based
on participants’ age between normal, osteopenic, and
osteoporotic groups (p <0.05). The number of partici-
pants in normal, osteopenic, and osteoporotic groups
was 18 (54.78 +2.34 years old), 25 (59.64 £ 4.52 years
old), and 58 (63.10+5.17 years old), respectively. Our
study reported the mean T-score of —0.59+0.27,
—1.65+0.35, and —2.78+0.61 for normal, osteo-
penic, and osteoporotic groups, respectively. DXA
and MRI using FSE T,-w and DWI protocols were
done for the L1, L2, L3, and L4 vertebral body of all
patients. The DWI with a b-value of 400 mm?/s pro-
duced images with greater quality and signal intensity
than the b-value of 800 mm?/s. Therefore, ADC maps
were generated, using b-value of 0 and 400 mm?/s. The
ADC results showed considerable differences between
three groups (p<0.05). A significant association could
be considered between the age of patients and the ADC
values. As shown in Table 1, a significant difference
was shown between the mean ADC values for nor-
mal, osteopenic, and osteoporotic groups (0.58 +£0.02,
0.3640.05, and 0.2440.06 x 10~ mm? /s, respectively,
p<0.001). Increasing the age of patients is considerably
associated with lower ADC values (p <0.001).

The mean SNR values for normal, osteopenic,
and osteoporotic groups were achieved 5.61+0.32,
5.48£0.55, and 6.63+0.67, respectively, with no sig-
nificant differences between each other (p>0.05). The
association between the age and the SNR of FSE T,-w
images was not found significant (p>0.05). Figures 1
and 2 show an example of osteoporotic and osteopenic

Table 1 Bone marrow diffusion and DXA results
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patients, respectively, with DWI, FSE T,-w, and DXA
images.

As shown in Fig. 3, the Spearman correlation test
showed a significant correlation between ADC and BMD
values in all groups (r=0.652, p=0.001). No meaning-
ful correlation was shown between FSE T,-w images and
BMD values (r=—0.304, p>0.05).

Table 2 shows sensitivity, specificity, NPV, PPV, and
accuracy values were achieved 73.6%, 73.6, 79.00%,
67.39%, and 73.59%, respectively, for ADC and 68.00%,
57.39%, 66.51%, 52.45%, and 57.92%, respectively, for FSE
T,-w images. The area under the curve (AUC) for ADC
values was higher than those of FSE T,-w images (0.82
vs.0.67).

Discussion

OP, a systemic skeletal disease, is characterized by gen-
erally reduced bone density and structural deterioration
of bone with bone fragility and reducing the quality of
life [13]. It has been supposed that patients with OP have
decreased vertebral marrow perfusion and increased
marrow fat. With aging, the composition of bone mar-
row is replaced by adipocytes, low osteoblast function,
and high osteoclast activity, resulting in OP. The study
conducted by Griffith JF et al. [14] reported the mean
T-score of —0.05+0.86, —1.82+0.44, and —3.37£0.6
for normal, osteopenic, and osteoporotic groups, respec-
tively, that were approximately similar with our study
(the mean T-score of —0.59+0.27, —1.65+0.35, and
—2.78+0.61 for normal, osteopenic, and osteoporotic
groups, respectively).

Previous studies [12, 13] showed that, without bone fra-
gility fracture, OP in premenopausal women could not be
recognized with DXA alone. Increasing the fat content of
the vertebral marrow may cause errors in DXA measure-
ments with misrepresentation of the patient’s true bone

Patient group Mean age (years) BMD status Mean T- scores Mean ADC (x 1073 Mean SNR FSE T2-w
mm?/s)

Group 1 (N=18) 54784234 Normal —059+0.27 0.58+0.02 5614032

Group 2 (N=25) 59.64+£4.52 Osteopenia —1.65+£0.35 0.36+0.05 548+0.55

Group 3 (N=58) 63.10£5.17 Osteoporosis —2.78+£061 0.24+£0.06 6.63+£0.67

(See figure on next page.)

Fig. 1 66 years old postmenopausal woman with osteoporotic vertebrae. a DWI of lumbar vertebrae with different b-values (0, 400, 800 mm?/s).
ADC values for L1, 12,13, and L4 were achieved 0.26,0.20, 0.19, and 0.17 x 10~* mm?/s, respectively. FSE T,-w image shows inhomogeneous signal
intensity in L1, L2, L3, and L4 vertebral bodies with SNR of 5.60, 6.12, 6.21, and 6.54, respectively. b DXA shows the T-score values of 0.1, — 2.0, — 3.2,

and —3.6for L1, L2, L3,and L4, respectively
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status. While, this phenomenon may affect the signal inten-
sity of bone marrow in MRI and generate some contrast.
In this study, we focused on L1-L4 and found a signifi-
cant association between the mean age of the patients and
the BMD that was represented by T-score as well as ADC
values, in a way increasing the age of the patient was sig-
nificantly associated with a lower T-score and ADC value.
These findings matched to the results of previous studies
[15-17].

Quantitative histological and spectroscopic studies [4,
15] have reported a higher quantity of fat in bone with
age. Schellinger et al. [15] reported that bone marrow fat
in osteoporotic patients can be measured by MRI nearly as
well as BMD.

According to the change of bone marrow fat, as an
important factor in OP [5], the ADC and FSE T,-w meas-
urements can be valuable techniques to measure this
disease. These two techniques are sensitive to inhomo-
geneities caused by susceptibility differences at the bone
marrow/trabeculae interface [18]. Our study evaluated the
role of ADC and FSE T,-w imaging of the vertebral bone
marrow as reliable techniques for evaluating OP. We also
compared the diagnostic ability of DWI and FSE T,-w
sequences to that of BMD evaluations by DXA.

Increasing the fat contents within the vertebral bod-
ies may decrease extracellular diffusion and lead to ADC
values reduction. The diffusion sensitivity can be easily
changed by changing the b value. Water molecules with a
higher degree of motion or greater diffusion distance (like
those within the intravascular space) show low signals even
with small b-values (e.g., b=50-100 mm?/s). While, the
diffusivity of fat-bound water molecules is usually lower
than that of watery tissue. Water molecules that have a
slower degree of motion or have smaller diffusion distances
will show signal attenuation with larger b-values (e.g.,
b=1000 mm?/s) because these molecules display more
gradual signal attenuation with increasing b-value [19].

In vertebral body and bone marrow, the ADC is sensi-
tive to non-homogeneities caused by susceptibility differ-
ences at the of bone marrow/trabeculae interface [18]. The
present study showed significant differences in ADC val-
ues between normal, osteopenic, and osteoporotic groups
(0.58+£0.02, 0.36+0.05, and 0.24+0.6x10° mm?s,
respectively) that were approximately similar to previous
studies [12, 17, 19]. However, the ADC value with nor-
mal BMD was higher in this study than previous studies.
Abdulazeez RA et al. [19] reported 0.46+0.09, 0.42+0.08,
and 0.3940.05 x 10~ mm?/s for normal, osteopenic, and
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osteoporotic groups, respectively. Yong et al. [20] also
reported the ADC value of 0.474+0.03, 0.42+0.02, and
0.39£0.03 x 10~ mm?/s, respectively.

Our study showed a significant positive correla-
tion between the T-score and ADC values (r=0.652,
p=0.001) that was approximately similar to Yong et al.
[20] study (r=0.802, p<0.001). Tang et al. [16] also
reported approximately the same correlation between the
T-score and ADC values (r=0.835, p<0.001).

In another study, Momeni et al. [21] used an ADC
map to determine bone intensity in the vertebrae. DWI
sequence and BMD values showed a significant cor-
relation. ADC results showed meaningful differences
between normal, osteopenic, and osteoporotic verte-
bras. They reported a sensitivity of 90.90%, specificity of
83.34%, PPV of 93.75%, NPV of 76.93%, and accuracy of
88.89%, which were higher than our results (sensitivity,
specificity, PPV, NPV, and accuracy values were achieved
73.6%, 73.6, 79.00%, 67.39%, and 73.59%, respectively, for
ADC values). Koyama et al. [5] indicated a negative and
significant correlation between ADC and BMD values
that could be due to the small sample size (16 patients) of
their study. However, they found a significant difference
between ADC values in the normal and osteoporotic ver-
tebral body (3.0442.42 and 6.47+1.38 x 10> mm?/s,
respectively). They reported sensitivity, specificity, PPV,
and NPV of 70%, 75%, 66.7%, 77.8%, and 72.9%, respec-
tively, for the DWI technique. These results are in agree-
ment with our results.

ESE T,-w sequences can be useful for assessing bone
marrow pathology [10]. ESE T,-w images display inter-
mediate to high SI from yellow marrow. Both water and
fat generate high SI in this sequence, while the SI from
red marrow is somewhat lower than that of yellow mar-
row. Although, by increasing the marrow fat content we
had greater SNR in osteoporotic patients, no meaning-
ful correlation was found between DXA and FSE T,-w
images (r=—0.304, p >0.05). This study reported a sen-
sitivity of 68.8%, specificity of 57.5%, PPV of 66.51%,
NPV of 52.45%, and accuracy of 57.92% which were
comparable with the previous study [9] done by Koy-
ama et. al with a sensitivity of 95%, specificity of 71.4%,
PPV of 70.4%, NPV of 95.2%, and accuracy of 81.3%.
However, they showed a remarkable difference between
the SNR of normal and osteoporotic vertebrae, using
the FSE T,-w sequence (5.72+4.35 vs. 8.81+£3.32).
Our study showed a significant difference between the
SNR of the normal and osteoporotic vertebral bodies

(See figure on next page.)

Fig. 2 58 years old postmenopausal woman with osteopenic vertebrae. a DWI of lumbar vertebrae with different b-values (0, 400, 800 mm?/s).
ADC values for L1, 12,13, and L4 were achieved 0.16,0.15,0.2, and 0.18 x 107> mm?/s, respectively. FSE T,-w image shows inhomogeneous signal
intensity in L1, L2, L3, and L4 vertebral bodies with SNR of 5.18, 5.41, 6,63, and 6.58, respectively. b DXA shows the T-score values of — 1.6, — 1.6,

—2.1,and —1.9for L1, L2, L3, and L4, respectively
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Fig. 3 a Spearman correlation coefficient showed approximately linear relationship between ADC and T-score values in all groups (r=0.652,
p=0.001). b The scatter plot observed no significant correlation between the SNR of T,-w images and T-score values in all groups (r=—0.314,

Table 2 Diagnostic capability of ADC and FSE T2-w in osteoporotic vertebrae

Sequence Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%) AUC
ADC 73.6% 73.6% 79.00% 67.39% 73.59% 0.82
FSET,-w 68.8% 57.5% 66.51% 52.45% 57.92% 0.67

as well (5.61£0.32 vs. 6.63+0.67, p<0.05). While SNR
not only showed no significant difference between nor-
mal and osteopenic groups, but also it was lower in the
osteopenic group (5.61+0.32 vs. 5.48+0.55, p>0.05).
Kumar et al. [11] also investigated on 50 patients with
both DXA and conventional MRI. Unlike our study,
they reported a negative significant correlation between

DXA and SNR of T,w images (r=—0.590, p<0.000)
which can be due to different scanner devices and other
scanning conditions.

Therefore, DWI and ADC values represent a poten-
tially powerful technique for the evaluation of early
bone marrow changes in postmenopausal women. But,
for conventional MRI protocols like FSE T,-w images,



Hammood et al. Egypt J Radiol NucIl Med ~ (2022) 53:158

more studies must be done to determine their role in
bone marrow changes evaluation.

Limitations of the study were: First, patients’ sam-
ple size was relatively small, and we had some bias in
patient selection such as no malignant tumors or verte-
bral fracture and just postmenopausal women included
in this study. While, a selection bias can be reduced by
choosing a large number of patients. Second, as men-
tioned above, changing the ADC values, according to
different b-values, may lead to different imaging out-
comes. Therefore, solving these problems may lead to
different results. Third, the conventional MRI assess-
ment under different conditions (such as the use of
other scanning conditions or other scanner manufac-
turers) be able to change the SNR. Therefore, the role
of different scan conditions and scanner manufacturers
should be investigated in imaging outcomes in future
studies.

Conclusions

This study indicated a meaningful correlation between
ADC and BMD values. These values were considerably
different between normal, osteopenic, and osteoporotic
groups. Although, this study showed ADC map can be
comparable with DXA as a gold standard technique for
OP diagnosis, more studies must be done on DWI as a
non-radiation technique to evaluate its accuracy and cor-
relation with DXA. However, in the future, a combina-
tion of these two techniques can provide complementary
information about bone mass, microstructural deterio-
ration, and fatty bone marrow. However, routine MRI
needs more investigation to be demonstrated as a reliable
diagnostic indicator for OP.
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