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Abstract
Objectives Signal intensity of lumbar-spine at magnetic
resonance imaging (MRI) correlates to bone mineral
density (BMD). Our aim was to define a quantitative
MRI-based score to detect osteoporosis on lumbar-spine
MRI.
Methods After Ethics Committee approval, we selected fe-
male patients who underwent both lumbar-spine MRI and
dual-energy X-ray absorptiometry (DXA) and a reference
group of 131 healthy females (20–29 years) who
underwent lumbar-spine MRI. We measured the intra-
vertebral signal-to-noise ratio in L1-L4. We introduced an
MRI-based score (M-score), on the model of T-score. M-
score diagnostic performance in diagnosing osteoporosis
was estimated against DXA using receiver operator char-
acteristic (ROC) analysis.
Results We included 226 patients (median age 65 years),
70 (31 %) being osteoporotic at DXA. MRI signal-to-
noise ratio correlated to BMD (r=−0.677, P<0.001). M-
score negatively correlated to T-score (r=−0.682,
P<0.001). Setting a 90 %-specificity, an M-score thresh-

old of 5.5 was found, distinguishing osteoporosis from
non-osteoporosis (sensitivity 54 %; ROC AUC 0.844).
Thirty-one (14 %) patients had a fragility fracture, with
osteoporosis detected in 15 (48 %) according to M-score
and eight (26 %) according to T-score (P=0.016).
Conclusions M-score obtained on lumbar spine MRI is a
quantitativemethod correlating with osteoporosis. Its diagnos-
tic value remains to be demonstrated on a large prospective
cohort of patients.
Key Points
• M-score is a quantitative score potentially screening osteo-
porosis on lumbar-spine MRI;

• This method showed good intra- and inter-reader
reproducibility;

• M-score may be used for identifying patients who should
undergo DXA.
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Introduction

Osteoporosis is characterized by compromised bone strength
and increased risk of fracture due to reduced bone mineral
density (BMD) and quality [1, 2]. Osteoporosis typically oc-
curs in postmenopausal women and the elderly population and
in patients with prolonged glucocorticoids substitution [3, 4].
This problem has tremendous implications, as the elderly are
the fastest-growing age group worldwide [5]. About 50 % of
Caucasian women over 50 will have at least a fragility fracture
in their lifetime and hip fractures will rise worldwide from 1.7
million in 1990 to 6.3 million in 2050 [5]. Twenty percent of
patients with hip fractures die within one year and another
20 % will require permanent nursing home care [6]. Vertebral
fractures usually imply minor complications but they are as-
sociated with substantial disability and a 10-fold risk of further
vertebral fractures [7].

Dual energy X-ray absorptiometry (DXA) is a well-
standardized and easy-to-use quantitative imaging modality
that has high precision (maximum acceptable precision error
2 %–2.5 %) and uses a nearly negligible radiation dose [8]. In
1994, BMD testing with DXA has been adopted as a standard
of reference in managing osteoporosis using the T-score to
classify BMD [9]. Also, risk fractures of osteoporotic patients
can be estimated using the FRAX® tool, as suggested by the
World Health Organization (WHO). Although early BMD
assessment is necessary for prevention of fractures and com-
plications [10], osteoporosis is still an underdiagnosed condi-
tion, and in the United States nearly half of all female Medi-
care beneficiaries have never undergone DXA [11] and more
than 80 % of all patients with a major fragility fracture do not
undergo DXA nor receive any relevant drug therapies [12,
13].

Apart from DXA, osteoporosis can be detected using other
methods, such as quantitative computed tomography, quanti-
tative ultrasound, and others [2]. However, just like DXA,
these represent diagnostic tools patients should undergo with-
out any perceived reason, as osteoporosis is definitely an
asymptomatic disease. A different approach could be that of
extracting data regarding BMD while patients undergo imag-
ing examinations for other clinical indications. This would
represent an opportunistic screening, allowing for rapid iden-
tification of high-risk cohorts of patients in whom further
evaluation (DXA) or treatment is warranted. A recent study
by Pickhardt et al. [14] demonstrated how routine abdominal
computed tomography obtained for other clinical indications
could be used for quantitative diagnosis of osteoporosis. As
there are more than 80 million computed tomography exam-
inations performed each year in the US, the idea of extracting
more information from imaging data collected for other pur-
poses holds merit. Indeed, the possibility of accurately detect-
ing osteoporosis-related fragility fractures has already been
demonstrated [15].

Lumbar spine magnetic resonance imaging (MRI) is another
imaging examination that is frequently requested worldwide in
the elderly population, mainly due to low back pain [16, 17].
Previous studies demonstrated that the bone marrow signal in-
tensity on the standard T1-weighted images is negatively cor-
related with BMD and osteoporosis [18–20]. This correlation
may open a window of possibility to detect osteoporosis using
MRI. Moreover, osteoporosis-related fragility fractures may be
accurately detected by MRI [21]. Thus, the aim of our study
was to define a new quantitative lumbar spine MRI-based
method on standard T1-weighted images for diagnosing osteo-
porosis, having lumbar spine DXA as a reference standard.

Materials and methods

Study population

This preliminary single-centre retrospective study received
Ethics Committee approval. We searched our database from
June 2010 to December 2013 for all female patients who
underwent both a lumbar spine MRI for low back pain and a
lumbar and hip DXA. Exclusion criteria were: 1) time elapsed
between the two examinations longer than six months; 2) eth-
nicity other than Caucasian; 3) injection of MRI contrast ma-
terial; 4) known oncologic patients; 5) traumatic vertebral in-
juries; 6) known or suspected demyelinating disease; and 7)
presence of relevant image artefacts.

To calculate an MRI-based score equivalent to the T-score
used in DXA, we used a reference group consisting of 131
healthy Caucasian females aged 20–29 years [22], with a nor-
mal body mass index (BMI), i.e., 19–25 kg/m2 [23], who had
undergone a lumbar MRI for low back pain. The same exclu-
sion criteria used for the patient group were applied.

Magnetic resonance methods and image analysis

All MRI examinations were performed at 1.5 T (Magnetom
Sonata Maestro Class, Siemens Medical Solutions, Erlangen,
Germany). The imaging protocol always included a sagittal
T1-weighted spin-echo sequence (TR=600 ms; TE=11 ms;
slice thickness=4 mm; squared field of view=280 mm;
matrix 320×320), optimal for evaluating vertebral fatty mar-
row [18]. A reader with a 3-year experience in spinal MRI
and a 4-year experience in DXA manually segmented verte-
bral bodies from L1 to L4 (similarly to DXA). A region of
interest (ROI) was placed in the vertebral body excluding
cortical bone, subchondral abnormalities, focal lesions
(e.g., hemangiomas), and posterior venous plexus. Three
ROIs were used for each vertebra, each of them acquired on
a different slice, with their mean used for analysis. A ROI was
also positioned in an artefact-free site outside the patient to
measure the noise. Signal-to-noise ratio (SNR) was obtained
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by dividing the intra-vertebral signal intensity by the standard
deviation of the noise. Image analysis is shown on Panel A of
Figs. 1 and 2. To assess intra-reader reproducibility, measure-
ments were repeated by the same reader after 30 days on a
subset of 40 randomly chosen patients. To assess inter-reader
reproducibility, a second independent reader with a 1-year
experience in spinal MRI and a 2-year experience in DXA
repeated measurements on the same subset.

We also evaluated the presence of vertebral fractures using
the Genant visual semi-quantitative method [24]. In particular,
we counted only moderate (grade 2, 25 % to 40 % loss of
height) or severe (grade 3, >40 % loss of height) compression
deformities to avoid ambiguity related to subjective borderline
or mild compression deformities [14].

Dual-energy X-ray absorptiometry methods and image
analysis

All DXA examinations were performed using a Hologic
QDR-Discovery A unit (Hologic Inc., Bedford, MA, USA).
Data were acquired and processed according to the Interna-
tional Society for Clinical Densitometry (ISCD) guidelines
[25]. Both the lumbar spine and a non-dominant femur were
examined. The presence of spinal degenerative joint disease
was recorded as stated in the DXA report. Patients were con-
sidered as obese when BMI was ≥30 kg/m2, according to the
World Health Organization (WHO) guideline [23].

Statistical analysis

Data were reported as mean and standard deviation (SD) or as
median and interquartile (IQ) range.

Intra- and inter-reader reproducibility was evaluated using
the Bland-Altman method [26], obtaining a percent reproduc-
ibility, as already reported [27]. Differences in SNR among the
four vertebrae were evaluated using the Friedman test for
paired data. However, as consistent with the DXA practice
[25], the correlation analysis (see below) was performed using
the median value of the SNRs obtained in vertebrae from L1
to L4 (SNRL1-L4). The correlation between SNRL1-L4 and
lumbar BMD was initially estimated on the whole sample of
patients using the Spearman correlation coefficient. We ex-
cluded the BMD of the femur from the analysis because the
inter-site correlation is considered inadequate for prediction of
fracture risk [28] and ISCD guidelines emphasize that the
BMD on a site is predictive of fracture risk for that site [25].

As lumbar DXA has limitations in obese patients [23] and
in patients with spinal degenerative joint disease [29, 30],
subsequent correlation analysis was performed by excluding
those patients.

The diagnostic performance of SNRL1-L4 was estimated by
means of a receiver operator characteristic (ROC) analysis using
lumbar-spine DXA as a reference standard. We established

thresholds that would yield an arbitrarily chosen near-90 % sen-
sitivity or near-90 % specificity and also calculated positive pre-
dictive value (PPV), negative predictive value (NPV), positive
likelihood ratio (LR+) and negative likelihood ratio (LR-).

We introduced an MRI-based score for diagnosing os-
teoporosis, named the M-score. In DXA, the dependence
of BMD on the densitometer is removed normalizing the
BMD obtained for an individual patient to the mean
BMD of a reference population studied using the same
densitometer, obtaining the so-called T-score [28]. Simi-
larly, we measured the SNRL1-L4 in all subjects of the
reference group and calculated the mean (SNRref) and the
standard deviation (SDref). The M-score was defined ac-
cording to a formula as follows:

M‐score ¼ SNRL1−L4−SNRre f

SDre f
:

The correlation between M-score and T-score was estimat-
ed using the Spearman correlation coefficient. The diagnostic
performance of the M-score was estimated using ROC analy-
sis, keeping the T-score as a reference standard. We defined
thresholds that would yield high near-90 % sensitivity or near-
90 % specificity and calculated PPV, NPV, LR+, and LR-.

The subset of patients with BMI ≥30 kg/m2 or affected
by spinal degenerative joint disease was separately ana-
lyzed. Patients with T-score>−1 were considered as nor-
mal, the remaining ones as non-normal. The same classi-
fication was used for the M-score according to the diag-
nostic thresholds distinguishing normal from non-normal
patients and also osteoporotic from non-osteoporotic pa-
tients (McNemar test). The comparison of median M-
score or T-score between patients with and those without
at least a vertebral fracture was performed on the whole
population of patients using the Mann–Whitney U test.
For patients with at least one vertebral fracture, the oste-
oporosis rate was evaluated according to a T-score or an
M-score and results were compared (McNemar test). Cal-
culations were performed using SPSS v20 (SPSS Inc.,
Chicago, IL, USA).

Results

Patient characteristics

A total of 226 female patients met the inclusion criteria (me-
dian age 65 years; IQ range 58–73 years), with a median BMI
of 26 kg/m2 (IQ range 23–29 kg/m2) and a median FRAX® of
8 % (IQ range 5–13 %) for major fractures and 2 % (IQ range
1–5%) for hip fractures. Themedian time elapsed between the
two examinations was 56 days (IQ range 26–113 days).
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Fig. 1 Seventy-one-year-old woman with a body mass index of 23 kg/
m2. Panel A shows a sagittal T1-weighted magnetic resonance image of
the lumbar spine. Signal intensity is measured on four regions of interest
manually segmented from L1 to L4, plus a region of interest placed

outside the patient for the measurement of the noise. No fractures are
shown. Panel B shows the report from dual-energy X-ray
absorptiometry of the same patient. T-score=−3.6 and M-score=8, both
in the range of osteoporosis

Fig. 2 Seventy-year-old woman with a body mass index of 24 kg/m2.
Panel A shows a sagittal T1-weighted magnetic resonance image of the
lumbar spine. Signal intensity is measured on four regions of interest
manually segmented from L1 to L4, plus a region of interest placed

outside the patient for the measurement of the noise. A moderate
fragility fracture on D12 is visible. Panel B shows the report from dual-
energy X-ray absorptiometry of the same patient. T-score=−4.7 and M-
score=9, both in the range of osteoporosis
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According to WHO criteria, 37 patients (16 %) had a
normal T-score, 119 patients (53 %) had osteopenia, and
70 patients (31 %) had osteoporosis. Twenty-eight pa-
tients (12 %) had a spinal degenerative joint disease,
31 (14 %) were obese, and 3 (1 %) had both conditions.
Of 226 patients, 31 (14 %) had a moderate (n=24) or
severe (n=7) vertebral fracture.

The reference group consisted of 131 subjects, without any
abnormalities on MRI.

Reproducibility of measurements and comparison
among vertebrae

Intra-reader reproducibility ranged between 89 % and 93 %
across vertebrae, while inter-reader reproducibility ranged be-
tween 78 % and 84 %. L1 showed the lowest reproducibility
(89 % and 78 %, respectively). Intra- and inter-reader repro-
ducibility of SNRL1-L4 resulted 93 % and 83 %, respectively.

The median SNRL1 was 43 (IQ range 32–66), the median
SNRL2 was 39 (IQ range 29–62), the median SNRL3 was 36
(IQ range 27–54), and the median SNRL4 was 36 (IQ range
26–52), with a statistically significant difference (P<0.001).
SNRL1-L4 was 38 (IQ range 29–58).

Correlation analysis and diagnostic performance
of SNRL1-L4

SNRL1-L4 negatively correlated to lumbar BMD on the entire
sample of 226 patients, (r=−0.344; P<0.001), and it also neg-
atively correlated when excluding 62 patients with BMI≥
30 kg/m2 or affected by spinal degenerative joint disease (r=
−0.677; P<0.001). For distinguishing osteoporosis from non-
osteoporosis, we found a threshold of 36 when setting near-
90 % sensitivity (with 61 % specificity) and a threshold of 51
when setting near-90 % specificity (with 60 % sensitivity); at
ROC analysis, the area under the curve (AUC) was 0.852. For
distinguishing normal from low-BMD patients, we found a
threshold of 41.5 when setting near-90 % sensitivity (with
46 % specificity) and a threshold of 24 when setting near-
90 % specificity (with 49 % sensitivity), with AUC=0.834
(Table 1).

Correlation analysis and diagnostic performance
of M-score

For the 164 patients with BMI<30 kg/m2 and not affected by
spinal degenerative joint disease, M-score negatively

Table 1 Discriminating thresholds and diagnostic performance of SNRL1-L4 using dual-energy X-ray absorptiometry of the total spine as a reference
standard in non-obese patients and in patients without spinal degenerative joint disease

Diagnostic Performance of SNRL1-L4 for
Distinguishing Osteoporosis From Non-osteoporosis*

Diagnostic Performance of SNRL1-L4 for
Distinguishing Normal From Low BMD$

AUC 0.852 0.834

Variable Threshold for Achieving
About 90 % Sensitivity

Threshold for Achieving
About 90 % Specificity

Threshold for Achieving
About 90 % Sensitivity

Threshold for Achieving
About 90 % Specificity

SNRL1-L4 ≥36 ≥51 ≤41.5 ≤24
Sensitivity

TP/(TP+FN) 92 % (46/50) 60 % (30/50) 90 % (35/39) 49 % (19/39)

95%CI 81–98 45–74 76–97 32–65

Specificity

TN/(TN+FP) 61 % (69/114) 90 % (103/114) 46 % (57/125) 90 % (113/125)

95%CI 51–70 83–95 37–55 84–95

PPV

TP/(TP+FP) 51 % (46/91) 73 % (30/41) 34 % (35/103) 61 % (19/31)

95%CI 40–61 57–86 25–44 42–78

NPV

TN/(TN+FN) 95 % (69/73) 84 % (103/123) 93 % (57/61) 85 % (113/133)

95%CI 87–99 76–90 84–98 78–91

LR+ 2.33 6.22 1.65 5.07

LR- 0.13 0.44 0.22 0.57

AUC=area under the curve; SNR=signal-to-noise ratio; TP=true positive; TN=true negative; FP=false positive; FN=false negative; BMD=bone
mineral density; PPV=positive predictive value; NPV=negative predictive value; LR+=positive likelihood ratio; LR-=negative likelihood ratio;
95%CI=95 % confidence interval

*Non-osteoporosis was defined as having osteopenia or normal BMD of the total spine. Here non-osteoporosis is considered a negative finding
$Osteopenia was combined with osteoporosis and normal BMD was considered a positive result
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correlated to T-score (r = −0.682; P < 0.001). For
distinguishing osteoporosis from non-osteoporosis, we found
a threshold of 2.5 when setting near-90 % sensitivity (with
64 % specificity) and a threshold of 5.5 when setting near-

90 % specificity (with 54 % sensitivity), with AUC=0.844
(Fig. 3). For distinguishing normal from low-BMD patients,
we found a threshold of 2.5 when setting near-90% sensitivity
(with 64 % specificity) and a threshold of 0.5 when setting

Fig. 3 Receiver operator characteristic curve of M-score for the discrimination of osteoporosis from non-osteoporosis patients (left) and for the
discrimination of normal from low-bone mineral density patients (right): area under the curve were 0.844 and 0.835, respectively

Table 2 Discriminating thresholds and diagnostic performance of M-score using dual-energy X-ray absorptiometry of the total spine as a reference
standard in non-obese patients and in patients without spinal degenerative joint disease

Diagnostic Performance of M-score for
Distinguishing Osteoporosis From Non-osteoporosis*

Diagnostic Performance of M-score for
Distinguishing Normal From Low BMD$

AUC 0.844 0.835

Variable Threshold for Achieving
About 90 % Sensitivity

Threshold for Achieving
About 90 % Specificity

Threshold for Achieving
About 90 % Sensitivity

Threshold for Achieving
About 90 % Specificity

M-score ≥2.5 ≥5.5 ≤2.5 ≤0.5
Sensitivity

TP/(TP+FN) 88 % (44/50) 54 % (27/50) 87 % (34/39) 51 % (20/39)

95%CI 76–96 39–68 73–96 35–68

Specificity

TN/(TN+FP) 64 % (73/114) 90 % (103/114) 64 % (80/125) 89 % (111/125)

95%CI 55–73 83–95 55–72 82–94

PPV

TP/(TP+FP) 52 % (44/85) 71 % (27/38) 43 % (34/79) 59 % (20/34)

95%CI 41–63 54–85 32–55 41–75

NPV

TN/(TN+FN) 92 % (73/79) 82 % (103/126) 94 % (80/85) 85 % (111/130)

95%CI 84–97 74–88 87–98 78–91

LR+ 2.45 5.60 2.42 4.58

LR- 0.19 0.51 0.20 0.55

For the definition of M-score see the text. AUC=area under the curve; TP=true positive; TN=true negative; FP=false positive; FN=false negative;
BMD=bonemineral density; PPV=positive predictive value; NPV=negative predictive value; LR+=positive likelihood ratio; LR-=negative likelihood
ratio; 95%CI=95 % confidence interval

*Non-osteoporosis was defined as having osteopenia or normal BMD of the total spine. Here non-osteoporosis is considered a negative finding
$Osteopenia was combined with osteoporosis and normal BMD was considered a positive result
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near-90 % specificity (with 51 % sensitivity), with AUC=
0.835 (Table 2 and Fig. 3).

Analysis of patients with spinal degenerative joint disease
or obese patients

Of the 62 patients with BMI≥30 kg/m2 or affected by spinal
degenerative joint disease, 35 (56 %) had a normal T-score,
while the remaining 27 (44%) had osteopenia or osteoporosis.
According to the M-score, they were six (10 %) and 56
(90 %), respectively (P<0.001). Conversely, according to
DXA, six (10%) patients were osteoporotic, while the remain-
ing 56 (90 %) were non-osteoporotic; according to the M-
score, they were 24 (39 %) and 38 (61 %), respectively
(P<0.001). Of the six osteoporotic patients at DXA, none
(0 %) had a vertebral osteoporotic fracture; while of the 24
osteoporotic patients at MR, 12 (50 %) had a vertebral osteo-
porotic fracture.

Analysis of patients with respect to vertebral fractures

We observed 31 patients with at least one vertebral fracture,
showing a median M-score of 4.1, significantly higher (P=
0.001) than the M-score (2.5) of the remaining 195 patients
without any fractures. In these two groups, the T-score was
−2.1 and −1.6, respectively, with a not statistically significant
difference (P=0.277). Regarding the 31 patients with verte-
bral fractures, 15 (48 %) had osteoporosis according to the M-
score, while only 8 (26 %) had osteoporosis according to the
T-score (P=0.016). An example of a patient with vertebral

fractures characterized by a non-osteoporotic T-score but with
an osteoporotic M-score is shown in Fig. 4.

Discussion

Even though DXA represents a well-standardized quantitative
imaging technique in the management of osteoporosis [31],
few DXA examinations are performed in subjects at high risk
of fragility fractures and few patients with fragility fractures
are properly evaluated and treated for osteoporosis [32, 33].
This is probably due to the lack of a screening policy. DXA
has an acceptable specificity but a low detection rate [28], so a
case finding strategy is applied and patients identified for a
fragility fracture or by the presence of other strong risk factors
are thereafter assessed with DXA [28].

T1-weighted spin-echo images are best done to evaluate
the cellular content in bone marrow because of the high fat
content interspersed with hematopoietic elements [18]. The
hydrophobic carbon-hydrogen groups in fat result in a short
T1 relaxation time because of very efficient spin–lattice relax-
ation. Diffusely increased T1-weighted hyperintensity also in-
dicates decreased cellularity of bone marrow and increased fat
content. This pattern can be associated with osteoporosis [18].
In fact, osteoporotic individuals, whether of primary or sec-
ondary origin, have more fat in the bone marrow than age-
matched controls [34]. It has been proposed that such an in-
crease in bone marrow fat may be associated with a compen-
sation mechanism for osteoporosis-related changes in trabec-
ular microarchitecture. Due to trabecular thinning and loss of

Fig. 4 Seventy-four-year-old woman with a body mass index of 27 kg/
m2. Panel A shows a sagittal T1-weighted magnetic resonance image of
the lumbar spine. Signal intensity is measured on three regions of interest
manually segmented (L1, L3 and L4), plus a region of interest placed
outside the patient for the measurement of the noise. Two moderate

fragility fractures at D12 and L2 vertebrae are visible. Panel B shows
the report from dual-energy X-ray absorptiometry of the same patient.
T-score=−1.3 is in the range of osteopenia while M-score=11 is in the
range of osteoporosis
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bone volume, adipocytes may infiltrate spaces previously oc-
cupied by trabecular bone [35].

In this study we introduced a new quantitative lumbar spine
MRI-based method on standard T1-weighted images using
lumbar DXA as a reference standard for identifying patients
at increased risk of osteoporosis.We demonstrated that lumbar
spine MRI routinely performed for low back pain can be used
as an opportunistic screening tool for osteoporosis, with accu-
racy values around 83% having DXA as a reference standard.
Obviously, the aim of this new index is not to replace DXA
with MRI. It is rather to provide a reliable, easy-to-use, and
highly reproducible tool that – among patients undergoing
lumbar spine MRI for different reasons – may allow for an
opportunistic Bscreening^ and identify those subjects who
need to undergo DXA.

We found that lumbar spine vertebrae are not equivalent to
each other in terms of SNR, thus justifying the use of their
mean, as in lumbar DXA,with excellent intra- and inter-reader
reproducibility. Based on the whole sample of 226 patients,
SNRL1-L4 slightly negatively correlated with BMD. However,
this correlation was twice as high when excluding obese pa-
tients and patients affected with spinal degenerative joint dis-
ease, which may have resulted in a spurious BMD. In these
patients lumbar BMD may be increased, resulting in false
assurance of a low fracture risk [28, 29]. Furthermore, we
have to consider that in DXA practice, osteoporosis is diag-
nosed on a T-score instead of BMD. This reduces the difficul-
ties associated with differences in calibration between instru-
ments and is referred to as the T-score [28]. Thus, we intro-
duced the M-score as a predictor of osteoporosis, built on the
model of the T-score, with high diagnostic performance.
When setting specificity at 90 %, we obtained an M-score
threshold of 5.5 with a PPVof 71%. This means that for every
100 patients withM-score≥5.5, 71 will have a lumbar spine T-
score≤−2.5 (osteoporosis). Interestingly, when applying the
M-score threshold≥5.5 to 62 patients obese or affected with
spinal degenerative joint disease (excluded from correlation
analysis), we found that 24/62 (39 %) could be classified as
osteoporotic, compared to only 6/62 (10 %) applying the T-
score threshold of≤−2.5 (osteoporosis). We may argue that
MRI is not influenced by spinal degenerative joint disease
nor by a BMI≥30 kg/m2, with sensitivity potentially higher
than that of DXA. In fact, considering the presence of verte-
bral fragility fractures for clinical diagnosis of osteoporosis
[9], we showed that 12 of 24 (50 %) patients classified as
osteoporotic with the use of MRI had a vertebral fracture (true
positives), versus none of 6 (0%) patients that were osteopo-
rotic at DXA. The hypothesis of a higher MRI sensitivity for
osteoporosis is supported also by our findings of fractures in
the whole sample. We obtained a median M-score in patients
with a vertebral fracture (4.1) significantly higher (P=0.001)
than the M-score in patients without fractures (2.5), while the
T-score was not significantly different, being −2.1 versus

−1.6, respectively (P=0.277). Moreover, among 31 patients
with a vertebral fracture, 15 (48 %) had osteoporosis accord-
ing to the M-score, while 8 (26 %) had osteoporosis according
to the T-score (P=0.016).

This study has limitations. First, it has a retrospective de-
sign, with a non-simultaneous MRI and DXA. However, the
median time elapsed between the two examinations was rela-
tively low and it is unlikely it had influenced the correlation
between DXA and MRI. Second, DXA is an imperfect refer-
ence standard: most patients having low-trauma fractures have
non-osteoporotic BMD and BMD evaluations have limita-
tions in obese patients and in patients affected with spinal
degenerative joint disease. Thus, data regarding these patients
may deserve further analysis. Third, regarding the reference
group of young woman undergoing MRI, bone densitometry
data were lacking because they did not undergo DXA. More-
over, we assumed that they were healthy from considering the
bone status. Fourth, the use of M-score values is valid for the
single MR system they are built on. Thus, to use in clinical
practice, each single centre should build its own thresholds
based on different SNRs values provided by eachMR system.
Finally, the signal evaluation by the placement of the ROI
within the vertebra and outside of the patient are simplified
methods of measurement with respect to the more accurate
spectroscopic measurement.

Despite the limitations described, our preliminary study
showed that routine lumbar spine MRI T1-weighted sequence
can be used to predict osteoporosis, opening a new opportu-
nity to extend the screening for osteoporosis without any ad-
ditional imaging, radiation exposure, cost, or patient time to a
large cohort of patients daily undergoing lumbar spine MRI
for low back pain. Its diagnostic value remains to be demon-
strated on a large prospective cohort of patients.
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