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Abstract

Background: Osteoporosis is a worldwide health problem and a common cause of bone fractures; the most
common type of osteoporosis is post-menopausal type. MRI has a role in the diagnosis of osteoporosis and can be
used as a screening tool, so the purpose of our study was to define a quantitative MRI-based score (M-score) for
the detection of lumbar spine osteoporosis and to evaluate the correlation between lumbar spine signal intensity
measured by MRI and BMD (bone mineral density) in post-menopausal women. Our case-control study involved
100 cases (50 old post-menopausal females as a case group and 50 healthy females as a control group of matched
age). Both groups were subjected to history taking, dual-energy X-ray absorptiometry (DEXA), and conventional
lumbar MRI. DEXA was performed for the lumbar spine and all scores (T-score, Z-score, BMD) were calculated.
Lumbar MRI was performed (sagittal TIWI and T2WI) from L1-L4 levels. SNR ;14 and M-score were calculated from
TTW images.

Results: All DEXA scores were significantly lower in post-menopausal females compared to the control group (P <
0.0001). Meanwhile, SNR,;_ 4 and M-score were significantly higher among cases than controls (P < 0.0001). The
diagnostic threshold of SNR;;_ 4 and M-score for distinguishing osteoporotic from non-osteoporotic females was
104.5 for SNRy 1_14 with a sensitivity of 94%, specificity 60%, positive predictive values (PPV) 31%, and negative
predictive values (NPV) 98%, and 3.5 for M-score with a sensitivity of 93.3%, specificity 83.5%, PPV 50%, and NPV
98.6%. SNR| 1_1 4 was negatively correlated with M-score (r=—0.74, P <0.0001), T-score (r=—042, P <0.0001), Z-
score (r=-032, P<0.0001), and BMD (r=-0.31, P<0.0001). M-score was negatively correlated with T-score (r=—
048, P <0.0001), Z-score (r=—0.36, P<0.0001), and BMD (r=—10.37, P < 0.0001). M-score moderately agreed with T-
score (k=0.5, P<0.0001).

Conclusion: The MRI-based score (M-score) of the lumbar spine is an accurate quantitative method for
distinguishing osteoporotic from non-osteoporotic females. M-score and SNR, ;_ 4 are significantly correlated with
osteoporotic indices (T-score and BMD).
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Background

Osteoporosis is a worldwide health problem and is con-
sidered as the most common bone disease. It is proved
that it is the main cause of bone fractures in elderly
population. It is defined as a decreased mass per unit
volume of normally mineralized bone [1, 2].
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The most common type of osteoporosis is post-
menopausal type (estrogen-deficient osteoporosis).
About 15% of white people in their 50s and 70% of those
over 80 are affected [3]. Women are affected more than
men [1]. In the developed world, depending on the
method of diagnosis, 2—-8% of males and 9-38% of
females are affected [4, 5].

Dual-energy X-ray absorptiometry (DEXA) is consid-
ered as the gold standard for the diagnosis of osteopor-
osis as it uses negligible radiation dose and easy to use
quantitative imaging modality that has high precision
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[6]. According to the World Health Organization guide-
lines, T-score helps to classify bone mineral density
(BMD) [7]. Other methods rather than DEXA as quanti-
tative computed tomography and quantitative ultra-
sound also have a role [8].

MRI has a role in detecting osteoporosis that the ap-
pearance of bone marrow is determined by its relative
amount of protein, fat, water, and cells on MRI pulse se-
quence. The age-related changes of bone marrow revealed
decreased cellularity and increased fat content, so this fact
can be used as helpful information to detect the role of
MRI in the diagnosis of osteoporosis in association with
DEXA scan. T1-weighted spin-echo images are the best to
evaluate the cellular content of the bone marrow [9].

So the purpose of our study is to assess the utility of
quantitative MRI-based score (M-score) to detect osteo-
porosis in correlation with BMD measured by DEXA.

Methods

This is a case-control single-center study approved by
the local institutional ethics committee; written in-
formed consent was obtained from all patients.

Study population

Our case-control study was done over a period of time of
1year from June 2016 to June 2017 and involved 50 pa-
tients and 50 normal volunteers who underwent lumbar
MRIL. Inclusion criteria included post-menopausal females
> 50 years who had undergone lumbar MRI for low back
pain, and the reference control group of healthy females
of matched age with normal body mass index (BMI = 19—
25 kg/m?®) to calculate the MRI-based score equivalent to
the T-score used in DEXA. Exclusion criteria were (a)
MRI of the lumbar spine with contrast, (b) known patients
with neoplastic disease, (c) traumatic dorso-lumbar verte-
bral injuries, (d) time elapsed between MRI examination
and DEXA longer than 6 months, (e) absolute contraindi-
cation to MR imaging (claustrophobia, implanted defibril-
lator or pacemaker, cochlear implant, some types of clips
used on brain aneurysms), and (f) patients refusing partici-
pation in the study.

All patients were subjected to history taking (age, men-
strual, medical), DEXA scan, and conventional MRI assess-
ment of the lumbar spine. Then the calculated quantitative
MRI-based score (M-score) to detect osteoporosis was
done and correlated with BMD measured by DEXA.

DEXA scan

DEXA scan for the lumbar spine was done for all partic-
ipants by using DEXA GE model (DPx-pro). BMD, Z-
score, and T-score were calculated according to Inter-
national Society for Clinical Densitometry (ISCD) guide-
lines (a minimum of two consecutive levels are used for
lumbar T-score evaluation, after exclusion of vertebrae

(2019) 50:35

Page 2 of 7

with focal structural abnormalities, degenerative
changes, tubing artifact). The calculated values for the
post-menopausal women (> 50 years) are compared with
those of the healthy control group reference population
values. T-scores are complicated statistical scores: T-
score >1.0SD (normal), between -1.0 and -2.5 SD
(osteopenia), <-2.5 SD (osteoporosis), and <-2.5 SD
with 1 or more fragility fractures (severe osteoporosis).

Magnetic resonance imaging methods and image analysis
All patients underwent lumbar MRI by using 1.5 Tesla
MR scanner (Philips Medical Systems, Achieva) and
post-processing was done by using a dedicated Philips
workstation (Extended workspace, version 2.6).

Patient’s preparation

The ferromagnetic materials were taken off. The proced-
ure was explained to the patient, and then the patient
was asked to lie supine and instructed not to move dur-
ing the study.

MRI protocol and technique

Routine lumbar spine assessment from L1-L4 was per-
formed usually by obtaining sagittal T1W spin-echo se-
quence (TR=7, TE =400-600, slice thickness =4 mm,
fov = 280 mm, matrix = 320 x 320), the most useful se-
quence for the assessment of bone marrow. Region of
interest (ROI) was manually placed as a circle in the ver-
tebral body excluding the cortical bone, subchondral
abnormalities, focal lesions (e.g., hemangioma), and pos-
terior venous plexus. Three ROIs were used for each
vertebra, and each of them acquired on a different slice
(with their mean used for analysis; that signal-to-noise
ratio is not equivalent within vertebrae). Another ROI
was placed in an artifact-free site outside the patient to
measure the noise.

MRI image analysis

All MR images were reviewed by a consensus of two ex-
perienced radiologists blinded to the clinical information
and DEXA scan results. Images were transferred to an
offline workstation for post-processing. Signal-to-noise
ratio (SNR) was obtained by dividing the intra-vertebral
intensity by the standard deviation of the noise.

The diagnostic performance of SNRy; 14 was esti-
mated for each patient and used to obtain M-score
(MRI-based score) for the diagnosis of osteoporosis. The
SNRy;_14 of the control group was also used in the
equation by using their mean (SNR,.g) and standard de-
viation (SD,.¢) [10].

The M-score was defined according to the formula as

follows:

SNRyj- 14 =SNRyef

M-score =
score o
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Fig. 1 Lumbar MRI of a 55-year-old post-menopausal woman complained from low back pain, no history of any chronic illness, spinal trauma,
family history of osteoporosis, history of taking any medications, or taking calcium and Vit. D supplementation. MRI of lumbar spine TTW (L1-L4)
revealed that the SNR_;_ 4 = 148.5 and M-score within abnormal values =4.1093, DEXA scan of the lumbar spine, PA (L1-L4) revealed osteoporosis
according to T-score results. The mean BMD of the lumbar spine is 0.847 g/cm?, equivalent to a T score of — 2.8

Statistical analysis

Statistical analysis and tests were specified according to
the variable type. A commercially available PC-based
software package (SPSS) was used.

Results were compared with the final diagnosis and the
predictive values of MRI sequences were calculated by
obtaining positive predictive values (PPV), negative predict-
ive values (NPV), sensitivity, specificity, and total accuracy
in the detection of osteoporosis.

Receiver operating curve (ROC) analysis was used
to define the cutoff values of M-score and SNR;_i4
for the discrimination of osteoporotic from non-
osteoporotic females.

Chi-squared test was used for analyzing differences be-
tween the results of MRI (calculated M-score) and other
imaging modalities (DEXA scan). The sensitivity and
specificity of MRI and other imaging modalities were
calculated and compared.

Results

The study involved 50 post-menopausal women with a
mean age of 59.4 + 4.1 years (age range 46—68 years) and
50 healthy females of matched ages. BMI was signifi-
cantly higher among post-menopausal women in com-
parison to healthy controls (33.8 kg/m?* versus 22.01 kg/
m?, respectively; P value < 0.0001).
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Fig. 2 Lumbar MRI of a 58-year-old post-menopausal woman with a history of low back pain. No history of any chronic illness, spinal trauma,
family history of osteoporosis, history of taking any medications, or taking calcium and vit. D supplementation. MRI of lumbar spine TTW (L1-L4)
revealed that the SNR _ 4 =53.93, and M-score = 0.045 within normal values, DEXA scan of the lumbar spine, and PA (L1-L4) revealed normal T-
score results. The mean BMD of the lumbar spine is 1.27 g/cm?, equivalent to a T-score of 0.8
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All DEXA scores including T-score, Z-score, and
BMD were significantly lower in post-menopausal fe-
males compared to the control group (P value < 0.0001).
Meanwhile, SNRy;_ 14 and M-score were significantly
higher among cases than controls (P value <0.0001)
(Figs. 1 and 2). According to WHO criteria, of the case
group, it was evoked that 11 patients (22%) had a normal
T-score, 24 patients (48%) had osteopenia, and 15 pa-
tients (30%) had osteoporosis. Obesity was representing
the most co-morbid condition related to osteoporosis
that was present in the majority of patients (82%).

The ROC curve assessment of SNR; ;_;4 for the discrim-
ination of osteoporotic from non-osteoporotic females re-
vealed that AUC = 0.696 at 95% confidence interval 0.636—
0.981 and the diagnostic capability of using a threshold of
104.5 as a cutoff had a sensitivity of 94%, specificity 60%,
PPV 30.6%, and NPV 98% (P value = 0.0043; Fig. 3).

The ROC curve assessment of M-score for the dis-
crimination of osteoporotic from non-osteoporotic fe-
males revealed that AUC=0.904 at 95% confidence
interval 0.636-0.981 and the diagnostic capability of
using a threshold of 3.5 as a cutoff had a sensitivity of
93.3%, specificity 83.5%, PPV 50%, and NPV 98.6%; P
value <0.0001 (Fig. 4). Meanwhile, the ROC curve as-
sessment of M-score for the discrimination of post-
menopausal from healthy control females revealed that
AUC =0.975 at 95% confidence interval 0.636—0.981 and
the diagnostic capability of using a threshold of 2.2 as a
cutoff had a sensitivity of 92%, specificity 98%, PPV
97.9%, and NPV 92.5% (P value < 0.0001; Fig. 5).

The study showed that SNRy;_ 1, was negatively corre-
lated with M-score (r=-0.74, P value <0.0001), T-score
(r=-0.42, P value <0.0001), Z-score (r=-0.32, P value <
0.0001), and BMD (r = - 0.31, P value < 0.0001) (Table 1).
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Fig. 3 Receiver operating characteristic (ROC) curve for SNRy;_ 4 for the Fig. 5 Receiver operating characteristic (ROC) curve for M-score for
discrimination of osteoporotic from non-osteoporotic females revealed the discrimination of post-menopausal from healthy females
that by using a threshold of 104.5 as a cutoff value had a sensitivity of revealed that by using a threshold of 2.2 as cutoff value had a
949%, specificity 60%, PPV 30.6%, and NPV 98% at a P value = 0.0043 sensitivity of 92% and a specificity of 98% at a P value of < 0.0001

The ROC curve assessment of M-score for the dis-
crimination of normal from low BMD revealed that
AUC = 0.696 at 95% confidence interval 0.636—0.981 and
the diagnostic capability of using a threshold of 2.8 as a
cutoff had a sensitivity of 53.8%, specificity 88.6%, PPV
89.7%, and NPV 50.8% (P value = 0.0007; Fig. 6).

ScoreMRI
100 B I
i Sensitivity: 93.3
80 Specificity: 83.5
L Criterion : >3.5309
3 L
= 5
& 5
& 40f
wn 5
20
O v v
0 20 40 60 80 100
100-Specificity
Fig. 4 Receiver operating characteristic (ROC) curve for M-score for the
discrimination of osteoporotic from non-osteoporotic females revealed
that by using a threshold of 3.5 as a cutoff value had a sensitivity of
93.3%, specificity 83.5%, PPV 50%, and NPV 986% at a P value < 0.0001

The study revealed that M-score was negatively corre-
lated with SNR;; ;4 (r=-0.74, P value <0.0001), T-
score (r=-0.48, P value <0.0001), Z-score (r=-0.36, P
value <0.0001), and BMD (r=-0.37, P value <0.0001)
(Table 2).

Discussion

Several studies had used CT modality for evaluating
osteoporosis and had been performed in the last decade
which demonstrated how routine abdominal CT ob-
tained for other clinical indications could be used for
quantitative diagnosis of osteoporosis [11], and also,
demonstrated the possibility of accurately detecting
osteoporosis-related fragility fractures by CT [12, 13]. As
there are more than 80 million CT examinations per-
formed each year in the USA, the idea of extracting

Table 1 Correlations between signal-to-noise ratio (SNR) ;_14
and radiological indices using magnetic resonance imaging
(MRI) and dual-energy X-ray absorptiometry (DEXA)

SNRi1-14
Pearson’s correlation coefficient (r) *P value (two-tailed)
M-score —0.743 <0.0001**
T-score -0418 < 0.0001**
Z-score -0315 0.001**
BMD -0312 0.002**

*Correlation was significant at p-value < 0.05
**Correlation was highly significant at P value < 0.01
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Fig. 6 Receiver operating characteristic (ROC) curve for M-score for
the discrimination of normal from low BMD revealed that by using a
threshold of 2.8 as a cutoff value had a sensitivity of 53.8% and a
specificity of 88.6% at a P value = 0.0007

100

more information from imaging data collected for other
purposes holds merit [14].

Regarding MRI, previous studies demonstrated that
the bone marrow signal intensity on the standard T1-
weighted images is negatively correlated with BMD and
osteoporosis as shown by Shen et al .[15, 16] and Shah
and Hanrahan [9]. This correlation may open a window
for the possibility to detect osteoporosis using MRI.
Moreover, osteoporosis-related fragility fractures may be
accurately detected by MRI as shown by Bazzocchi et al.
[12]. Only one study by Bandirali et al. [10] had previ-
ously aimed to define a new quantitative lumbar spine
MRI-based method on standard T1-weighted images for
diagnosing osteoporosis.

The MRI-based score (M-score) can be calculated eas-
ily that lumbar spine MRI is the routine and commonest
examination for low back pain assessment. From the as-
pect of being a common examination for low back pain,

Table 2 Correlations between M-score and radiological indices
using magnetic resonance imaging (MRI) and dual-energy X-ray
absorptiometry (DEXA)

M-score

Pearson’s correlation coefficient () *P value (two-tailed)

SNRi_4  —0743 <0.0001**
T-score - 0484 <0.0001**
Z-score —-0.356 <0.0001**
BMD —0.368 <0.0001**

*Correlation was significant at P value < 0.05
**Correlation was highly significant at P value < 0.0001
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so it can be used as a screening tool for the detection or
suspicion of osteoporosis in patients.

We agreed with a study done by Bandirali et al. [10] in
the main concept and high sensitivity and specificity of
M-score with its high utility as a screening tool. Our
study revealed sensitivity and specificity values around
93% and 84%, respectively, of M-score correlated with
DEXA examination as a reference gold standard. Based
on our sample which involved 100 subjects, it was found
that SNRy;_14 was negatively correlated with BMD (r =
-0.3, P<0.0001), compared to (r=-0.67, P<0.001) in
Bandirali et al.’s study.

It was found in our study that the threshold of M-
score was 3.5 with a sensitivity of 93.3%, specificity
83.5%, PPV 50%, and NPV 98.6%, and this means that
for every 100 patients with M-score >3.5, 93 patients
will have a true positive rate or really identified as to
have osteoporosis. This also means that for every 100
patients with M-score < 3.5, 84 subjects will have a true
negative rate or correctly identified as not having osteo-
porosis. In Bandirali et al’s study, the demonstrated
threshold of M-score by them was 5.5 with a sensitivity
of 54%. The difference in the threshold of M-score could
be due to the sample size and sample type, as our sam-
ple intently included post-menopausal women which are
at high risk of development of osteopenia or osteopor-
osis due to hormonal changes and obesity as a common
co-morbid finding as described below. In obese patients
and patients with spinal degenerative disease, lumbar
BMD may be increased and gives the false impression
that these patients have a low risk of fractures [17, 18].

But with DEXA scan, the diagnosis of osteoporosis de-
pends on T-score and not BMD which gives more easy
assessment away from calibration difficulties in the case
of using BMD [6]. So M-score measured by MRI was
used as a predictor of osteoporosis and a parameter to
be correlated with T-score calculated by DEXA with
good diagnostic performance.

Our study has several strengths that may be deserved
to be mentioned. First, MRI and DEXA were simultan-
eously performed in two-thirds of the patients (66%). In
the rest of the patients (34%), the median time elapsed
between the two examinations was low (about 33 days)
and it is unlikely to have influenced the correlation be-
tween DEXA and MRI.

Second, regarding the reference group of a healthy
woman undergoing MRI, bone densitometry data were
also available because they undergo DEXA as well. More-
over, we excluded the healthy females with any abnormal-
ities considering that they must have healthy bone status.

Third, we excluded post-menopausal women with verte-
bral osteoporotic fractures. That on DEXA, patients with
low-trauma fractures have non-reliable non-osteoporotic
BMD.
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This study had also some limitations; firstly, the use of
M-score threshold values will be different for each
single-center according to different SNRs values pro-
vided by each MRI system. Secondly, the signal-to-noise
ratio assessment by the placement of the region of inter-
est (ROI) placed within the vertebral body excluding the
cortical bone, subchondral abnormalities, focal lesions
(e.g., hemangiomas), and posterior venous plexus and
outside of the patient are simple methods of measurement
as compared to spectroscopic measurement [19, 20]. This
study is specific for post-menopausal women; however,
other multicenter studies are mandatory for both males
and females as also males > 50 years have a higher risk for
osteoporosis.

Conclusion

In conclusion, we recommended to include the measure-
ment of M-score and SNR;_14 as part of the routine
evaluation of the lumbar spine, that it is considered an
easy, reliable, and reproducible screening tool for osteo-
porosis without any additional imaging, radiation expos-
ure, especially in post-menopausal women or patients at
risk for osteoporosis that will help to early detect per-
sons who need medical advice, prevent the disease and
improve patient’s outcome.
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