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Abstract
Objective: The aims of this study are to compare bone mineral densitometry and magnetic resonance imaging (MRI) findings in
postmenopausal women diagnosed with osteoporosis and the investigation of the effectiveness of MRI in the diagnosis of osteoporosis.
Materials and Methods: Forty female patients, 50 years of age or older who underwent lumbar MRI examination and were diagnosed with
dual-energy X-ray absorptiometry (DEXA) osteoporosis were included in our study. Forty healthy women aged 20-29 years with lumbar MRI
examinations were included in the control group. On sagittal T1-weighted (T1W) images of individuals in the patient and control groups signalto-noise ratio (SNR) was measured from L1-L4 vertebrae. To facilitate the diagnosis of osteoporosis, a quantitative score called the M-score
was obtained using SNR values. The relationship between DEXA and the obtained SNR and M-score values were investigated.
Results: In the patient group, median SNR values of L1, L2, L3, L4 vertebrae obtained from T1-weighted sequence was 57.49 (25.18-182.48),
and they were 24.90 (7.40-41.70) in the control group. Receiver operating characteristics analysis was performed for L1, L2, L3, L4 vertebrae.
The area under the curve for the mean value of L1-L4 vertebra was found to be 0.966 (p<0.001), and the 95% confidence interval was
found 0.933-1.000. The mean SNR predictive value of L1-L4 was calculated as 33.45, and sensitivity for this value was found to be 90%, and
specificity was found to be 90%. There was a negative correlation between lumbar MRI SNR-DEXA (p>0.05) and M score-DEXA (p>0.05).
Conclusion: It has been concluded that L1-L4 vertebral SNR measurement in T1-weighted sequence in lumbar MRI can be used to distinguish
osteoporosis patients from normal individuals. Thus, osteoporosis can be diagnosed without X-ray exposure.
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Öz
Amaç: Bu çalışmanın amacı osteoporoz tanılı postmenopozal kadınlarda kemik mineral dansitometri ve manyetik rezonans görüntüleme
(MRG) bulgularının karşılaştırılması ve osteoporoz tanısında MRG’nin etkinliğinin araştırılmasıdır.
Gereç ve Yöntem: Çalışmamıza 6 ay içerisinde lomber MRG incelemesi yapılan ve dual-enerji X-ışını absorbsiyometri (DEXA) ile osteoporoz
tanısı almış 50 yaş ve üstü 40 kadın hasta dahil edildi. Kontrol grubunda lomber MRG incelemesi bulunan 20-29 yaşlarında 40 sağlıklı kadın
incelendi. Hasta ve kontrol grubundaki bireylerin sagittal T1 ağırlıklı görüntülerinde L1-L4 vertebralardan sinyal gürültü oranı (SNR) ölçümü
yapıldı. Osteoporoz tanısında kolaylık sağlaması için SNR değerleri kullanılarak M-skoru adında kantitatif bir skor elde edildi. Elde edilen SNR
ve M-skoru değerleri ile DEXA arasındaki ilişki araştırıldı.
Bulgular: L1, L2, L3, L4 vertebralarının T1 ağırlıklı sekanstan elde edilen SNR ortanca değerleri hasta grubunda 57,49 (25,18-182,48), kontrol
grubunda 24,90 (7,40-41,70) idi. L1, L2, L3, L4 vertebralarının alıcı işletim karakteristiği analizi yapıldı. L1-L4 vertebra ortalama değeri için eğri
altında kalan alan 0,966 (p<0,001), %95 güven aralığı 0,933-1,000 bulundu. L1-L4 ortalama SNR kestirim değeri 33,45 olarak hesaplanmış
olup bu değer için duyarlılık %90, özgünlük %90 olarak bulundu. Lomber MRG SNR-DEXA (p>0,05) ile M-skoru-DEXA arasında negatif yönlü
bir ilişki saptandı (p>0,05).
Sonuç: Lomber MRG’de T1 ağırlıklı sekansta L1-L4 vertebra SNR ölçümünün osteoporozlu hastaları normal bireylerden ayırt etmede
kullanılabileceği sonucuna varılmıştır. Böylece osteoporoz, röntgen ışınlarına maruz kalmadan teşhis edilebilir.
Anahtar kelimeler: Manyetik rezonans görüntüleme, osteoporoz, M-skoru
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Introduction
Osteoporosis (OP) is a chronic, degenerative, systemic skeletal
disease that, as a result of a decrease in bone mass and
deterioration in its microarchitecture, predisposes to fracture
(1). Bone fractures caused by OP are an important cause of
morbidity and mortality. The disease is characterized by low
mineral density without fractures in the preclinical period (2).
Dual-energy X-ray absorptiometry (DEXA) and quantitative
computed tomography are used routinely and widely in the
diagnosis of OP and evaluation of fracture risk. Thanks to these
methods, bone mass and density can be determined. However,
with the studies conducted, it has been shown that bone mass
and density alone are not important in determining bone strength,
but also bone structural changes should be evaluated (2).
Since OP is an asymptomatic disease, although bone mineral
density testing is required, many patients do not receive DEXA
and cannot be diagnosed. However, many magnetic resonance
imagings (MRIs) are performed due to the complications that
are caused by low back pain and OP (3).
As the bone density decreases, the fat content in the vertebral
bone marrow is observed to increase in osteoporotic patients
(4). With studies, it has been shown that bone marrow adipose
tissue is significantly higher in osteoporotic patients and there
is an inverse relationship between bone mineral density and
adipose tissue in the vertebral bone marrow (5,6). In addition,
the risk of fracture was higher in patients with high bone
marrow fat content (7).
With MR standard T1W images, the measurement of adipose
tissue volume is quantitatively confirmed. In the determination of
cellularity and adipose tissue in bone marrow, MR standard T1W
images are the most sensitive sequence (8,9). There is an inverse
relationship observed between bone marrow adipose tissue and
bone mineral density in T1W images in healthy middle-aged men
and women (10). T1W images cannot be used for scanning in
OP patients due to the lack of quantitative score, even though
there is a correlation between fat tissue that can be evaluated
in T1W images in MRI and bone mineral density measured by
the DEXA method (3). L1-L4 vertebra signal-to-noise ratio (SNR)
measurement and M-score can be calculated from the MRI T1A
sequence, and thus a new quantitative method can be applied
to detect OP (11).
The objective of this study is to compare DEXA and no exposure
to X-ray to perform quantitative MRI findings in postmenopausal
women diagnosed with OP and to study the effectiveness of
MRI in the OP diagnosis.

Materials and Methods
Study Group
The present study is retrospective and its permission was
obtained from Sivas Cumhuriyet University Non-Invasive Clinical
Research Ethics Committee on 11.09.2019 (decision no: 201909/03).
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In our study, postmenopausal female patients over the age
of 50 who underwent lumbar MRI between November 2013
and September 2019 in our hospital with a T-score of -2.5 and
below in DEXA were included. The patients who have oncologic
pathologies, demyelinating diseases, metal prosthesis, traumas,
inadequate quality sagittal T1W images and those with a
duration of more than 6 months between DEXA and Lumbar
spinal MRI examinations were excluded from the study. The
study group consisted of 40 postmenopausal women who met
the criteria.
In order to calculate the M-score similar to the T-score measured
in DEXA, 40 healthy women aged 20-29 years, who underwent
lumbar spinal MRI between August 2018 and February 2019
due to low back pain, were included in the study as a control
group. The exclusion criteria are the same as those for the study
group.

Analysis of MR Images
All MR images were obtained with a 1.5T MRI device (Siemens,
Magnetom Aera, Germany). All views include sagittal T1 fast
spine echo (TR: 540, TE: 9.7, averages 2, slice thickness 4 mm,
slice range 0.8 mm, FOV: 260x100, matrix: 320x72 mm).
Signal measurement was performed by placing it in the largest
region of interest (ROI) from the sagittal T1W images from the
L1-L4 vertebral corpuses, cortical bone, subchondral anomaly, to
the area other than the posterior venous plexus (3,11). Each
vertebral body was measured in 3 separate sections and with
the same ROI width, and the mean value was used in our study.
The noise value was measured from the outside of the image
area with the same ROI size (Figure 1). SNR calculations were
done by the averaged signal measured from 3 different sections
for each vertebra and divided into noise.

DEXA Analysis
Results were obtained by automatically using the DEXA device
(QDR 4500 W) in the supine position. Lumbar bone mineral
densities were measured from L1-L4 vertebrae. T-score was
calculated by using bone mineral densitometry (BMD). According
to the criteria of the World Health Organization, if the T-score
is ≥-1, it means there is no OP. T-score between -1 and -2.5 was
evaluated as osteopenia, and T-scores as ≤-2.5 was evaluated
as OP. Our study group consisted of only those with a T-score of
-2.5 and below (12).

Statistical Analysis
In our study, SPSS 22.0 software was used for statistical analysis.
Comparison of SNR values obtained from L1, L2, L3, L4 vertebral
bodies in Lumbar MRI of individuals in patient and control
groups was made and analysis was performed with graphics.
To find a predictive value in distinguishing individuals with OP
from normal individuals in the control group, receiver operating
characteristics (ROC) analysis was performed. The best predictive
values for L1, L2, L3, L4, L1-L4 mean SNR levels, and diagnostic
performance indicators were calculated.
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For the diagnosis of OP, there is a score obtained from MR images
called the M-score. It is similar to the T-score in DEXA. T-score for
a patient is found by the ratio of BMD to the average BMD in
the reference population. Similarly, the M-score is calculated by
the following formula using the SNR L1-L4 and SNR ref values
of the patient and control group and the standard deviation (SD
ref) value of the control group (3,11).

● M-score =
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aged 20-29 years who underwent lumbar spinal MRI for low
back pain were included in the study as the control group. The
youngest in the control group was 21 years old, and the oldest
was 29 years old and their mean age was 25.32±2.28 (Table 1).

SNR Analysis
The median SNR values for each vertebra are as follows
respectively; in vertebra L1, 57.2 (26.31-187.50) in the patient
group, 26.76 (8.88-45.9) in the control group; in vertebra L2,
57.74 (24.03-194.61) in the patient group, 24.36 (7.16-41.81)
in the control group; in vertebra L3, 56.27 (23.26-193.70) in
the patient group, 23.44 (6.54-41.81) in the control group; in
vertebra L4, 56.48 (23.65-182.67) in the patient group, 23.06
(7.03-37.72) in the control group; and L1-L4 mean SNR was
57.49 (25.43-182.48) in the patient group and 24.90 (7.4041.70) in the control group.
Individuals in the patient and control groups were compared
in terms of L1, L2, L3, L4 and L1-L4 mean SNR values, and the
difference between the groups was found to be significant
(p<0.05) (Figure 2).
In order to find a predictive value in distinguishing individuals
with OP from normal individuals in the control group, ROC
analysis was performed (Figure 3).
The best predictive values, as a result of the ROC analysis, were
found to be 36.35 for L1, 34.96 for L2, 32.20 for L3, 32.67 for
L4, and 33.45 for L1-L4 mean. Table 2 shows the sensitivity and
descriptive ratios of the predictive values.

SNR(L1-L4) − SNR(Ref)
SD(Ref)

Spearman correlation test was performed to investigate the
relationship between the SNR and the T-score and between the
M-score and the T-score.

Results
Characteristics of the Patient and Control Groups
Forty postmenopausal women over 50 years of age who
underwent lumbar MRI due to suspicious X-ray, laboratory and
clinical findings and were also diagnosed with OP by DEXA
(T-score -2.5) were included in the study. The youngest in the
patient group was 53 years old, and the oldest was 81 years
old and the patient’s mean age was 64.97±6.30. Forty women

Analysis of SNR and M-score with DEXA
Between L1-L4 mean SNR value and M-score and DEXA value,
Spearman correlation test was performed in the patient group

Figure 1. In T1W sagittal measurements, signal measurement
by placing the ROI on the L1-L4 vertebral corpuses, and noise
measurement by placing it outside the image

Figure 2. SNR values of L1, L2, L3, L4, and L1-4 means. Data were
expressed as mean with standard deviation (*p<0.05)

ROI: Region of interest, Std Dev: Standard deviation

SNR: Signal-to-noise ratio

Table 1. The mean age of groups

Age

Groups

n

Mean

Patient

40

64.97±6.30

Control

40

25.32±2.28

80
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and as a result, a negative correlation of -0.067 was found. This
relationship is statistically insignificant (Figure 4).

Discussion
DEXA is quantitative imaging with standardization in the
diagnosis of OP (13), however many patients cannot be properly
evaluated and diagnosed because it is not used frequently

Figure 3. ROC curves for L1, L2, L3, L4, and L1-4 mean SNR
measurements in distinguishing the patient group with OP from the
control group
ROC: Receiver operating characteristics, SNR: Signal-to-noise ratio, OP:
Osteoporosis

(1,14). Today, lumbar MR imaging is performed very frequently.
In routine MRI images, a new quantitative measurement method
based on SNR and M-score may help diagnose patients at risk of
OP, and enable early diagnosis of many patients incidentally (11).
MR T1A images are used to show bone marrow cell content
due to their good detection of fat content. The hyperintensity
in T1-weighted images indicates a decrease in cells in the bone
marrow and an increase in fat content. This increase is associated
with OP (8). One claim is that the increase in the amount of fat
in the bone marrow is a mechanism to compensate for cellular
content associated with OP in trabecular microarchitecture. Fat
cells may fill areas with trabecular thinning and volume loss (15).
All women in the patient group had postmenopausal OP. In the
literature using T1W images, postmenopausal women were
selected in 2 publications in which SNR and M-score were used
as the patient group. In our study, women diagnosed with OP
were included. However, unlike our study, in the other two
studies mentioned, postmenopausal women were grouped
as OP, osteopenia and normal, and all of them were included
(3,11). The aim is to be able to distinguish between patients
with definite OP.
SNR and M-score are device-dependent and there are not
enough studies on this subject in the literature. In addition to
these, L1, L2, L3, L4, and L1-4 mean SNR values were found

Figure 4. Relationship between patient group DEXA, L1-4 mean and
M-score
DEXA: Dual-energy X-ray absorptiometry

Table 2. Best predictive values and diagnostic performance indicators for L1, L2, L3, L4, L1-L4 mean SNR levels to
distinguish osteoporotic individuals from normal individuals
Indicators

L1 SNR

L2 SNR

L3 SNR

L4 SNR

L1-L4 mean
SNR

Predictive value

36.35

34.96

32.20

32.67

33.45

Case (n)

80

80

80

80

80

Sensitivity

36/40 (90%)

35/40 (87.5%)

36/40 (90%)

35/40 (87.5%)

36/40 (90%)

Specificity

36/40 (90%)

36/40 (90%)

36/40 (90%)

36/40 (90%)

36/40 (90%)

p-value

p<0.01

p<0.01

p<0.01

p<0.01

p<0.01

SNR: Signal-to-noise ratio
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to investigate the situation in our country. In the light of these
values, the M-score was calculated and the relationship between
T and M scores was investigated.
In the measurement of SNR, there was a significant difference
between the patient group and the control group (p<0.001).
ROC analysis was performed on the SNR values and the
predictive values were calculated in our study and it was
investigated which values can be used in the diagnosis of OP in
daily MRI use. The predictive values were found 36.35 for L1,
34.96 for L2, 32.20 for L3, 32.67 for L4, and 33.45 for L1-L4
mean. According to these values, the sensitivity of the predictive
value was found 90%, and its specificity was found 90%. For the
early diagnosis of patients with suspected OP, quantitative values
can be determined in routine lumbar MRI examinations with
predictive values. Shayganfar et al. (3) and Bandirali et al. (11)
found a significant difference in SNR measurement between the
patient group and the control group in their studies (p<0.001).
Also, the sensitivity and specificity for the predictive values they
found were found to be 90%, which are similar to our results.
L1, L2, L3, L4, L1-L4 mean SNR values obtained with lumbar
vertebra T1W images were measured separately for the patient
and control group and the M-score was calculated similarly to
the T-score in the DEXA. In this direction, the aim is to obtain
a quantitative score, facilitate the diagnosis of OP and reveal a
general validity value.
There was a negative correlation found between the M-score
and T-score obtained in our study, and the result is not
statistically significant (r=-0.067, p>0.005). In the study
conducted by Shayganfar et al. (3) on this matter, similar to our
study, a negative correlation (r=0.564) was found, and the result
was statistically significant (p=0.0001). Similarly, a negative
correlation (r=-0.682) was found in the study performed by
Bandirali et al. (11), and the result was statistically significant
(p<0.001). The fact that we had a small number of patients and
that only patients with OP were included in the case group and
postmenopausal women with osteopenia and normal T-scores
were not included in the case group may be the reason why the
correlation between SNR and T-score and between M-score and
T-score was not significant in our study. Also, although DEXA is
the gold standard in the diagnosis of OP, we believe that its low
sensitivity may also affect the results.
The reliability of our study increases due to the fact that all cases
in our study consisted of postmenopausal female patients and
all of them were proven by DEXA. To ensure the homogeneity
of the case group, postmenopausal patients with normal
bone mineral density and compatibility with osteopenia were
not included in the study. Additionally, male patients with OP
were not included in our study, and structural differences were
avoided. Patients were not classified only according to DEXA
results, lumbar MR images and files of 80 cases were examined
and those with other diseases affecting the bone structure
were not included in the study. In the study we conducted by
excluding other factors, the aim is to increase reliability.
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The reliability of our study increases due to the fact that all cases
in our study consisted of postmenopausal female patients and
all of them were proven by DEXA. To ensure the homogeneity
of the case group, postmenopausal patients with normal
bone mineral density and compatibility with osteopenia were
not included in the study. Additionally, male patients with OP
were not included in our study, and structural differences were
avoided. Patients were not classified only according to DEXA
results, lumbar MR images and files of 80 cases were examined
and those with other diseases affecting the bone structure
were not included in the study. In the study we conducted by
excluding other factors, the aim is to increase reliability.
Despite the limitations stated in our study, it has been shown
that T1W sequences in lumbar MR images taken for another
reason can be used to predict OP. We believe that in the patient
group who undergo lumbar MRI for low back pain every day,
it may be possible to expand OP scanning without additional
cost and radiation exposure. Studies conducted with large case
groups prospectively are needed for the diagnostic value of MRI.

Conclusion
In this study, it has been shown that lumbar MRI T1W sequences
can be used to predict OP. It may be possible to expand the
screening for OP without the additional cost and radiation
exposure of multiple lumbar MRIs for low back pain. We think
that prospective studies with larger groups are needed on this
subject.
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