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Abstract
Background: For aged patients with lumbago, monitoring bone mass change is of great importance for
the early diagnosis of osteoporosis.The present study aimed to evaluate the feasibility of using the
double-echo chemical shift imaging (CSI) to detect bone mass change in aged population with lumbago.
We calculated chemical shift rate (CSR) from double-echo CSI data, and investigated whether CSR
correlate to bone mass change. Methods: Two-hundred patients (aged from 60 to 70) with lumbago were
included in the study. Each subject accepted a lumbar MR examination, for which the ordinary spin echo
T1-Weigthed sequence was modi�ed to the double-echo imaging. By doing so, in-phase and out-phase
images could be obtained simultaneously with one acquisition. The bone mineral density (BMD) was
measured with digital X-ray radiogrammetry (DXR) at the non-dominant hand. Then all subjects were
grouped according to their T-value (normal bone mass group, T-value > -1.0; abnormal bone mass group T-
value ≤ -1.0). The CSR were calculated based on the signal intensity (SI) measured respectively at the 3
rd – 5 th lumbar vertebrae. The association of CSR with BMD was investigated, as well as the impact of
other factors on BMD. Results: Patients with normal and abnormal bone mass showed signi�cant
difference in CSR (P = 0.008), that positively correlated with T-value (r = 0.281, P  0.001) and negatively
correlated with the diagnosis of abnormal bone mass (B = - 3.02, P = 0.010). Furthermore, the risk of
abnormal bone mass increased by 4.9% for each unit decrease in CSR. Additionally, females were more
likely to have abnormal bone mass than males (P = 0.017), while the patients who had type 2 diabetes
was determined to undergo 3.25-time risk to have abnormal bone mass, compared to those who did not
have. Conclusions: CSR could be used to predict the bone mass loss in elderly patients with lumbago. Our
study provides a more economical solution to monitor bone mass lose in elderly patients who
complained lumbago and required lumbar MR imaging. And among such patients, the double-echo CSI is
highly recommended to those who have type 2 diabetes.

Background
Osteoporosis is able to cause lumbago in the elderly population and, more importantly, poses high risk of
fragility fractures secondary to fall [1]. The incidence of osteoporosis rises due to the increasing number
of aged individuals. The severity of bone loss ranges from milder degrees of bone loss, termed
osteopenia, to more profound degrees of loss resulting in osteoporosis [2]. Osteopenia is a condition that
the bone density is reduced before it can be diagnosed as osteoporosis. Although osteopenia has no sign
or symptom, medication is still suggested to prevent it deteriorates into osteoporosis. Therefore,
monitoring bone mass change in aged population is of great importance for timely diagnosis and
management.

Currently, dual-energy X-ray absorptiometry (DXA) is the standard method used for diagnosis of
osteoporosis, evaluating fracture risk and e�cacy follow-up [3]. However, DXA is not widely equipped in
clinics due to its high cost and requirement for professional staff [4-6]. On the other hand, digital X-ray
radiogrammetry (DXR) is used to estimate the bone mineral density (BMD) from standard hand X-ray
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images [7], and to predict osteoporosis. The advantage of DXR is that it has the same accuracy as DXA
[8, 9], but a faster and simpler procedure.  

Bone marrow fat (BMF) content is an indicator of bone mass change [10, 11]. Increase in BMF content
changes some features of bone, such as marrow fat content is inverse correlation to the amounts of
cortical bone, and greater marrow fat content reduced cancellous bone density [12, 13]. Increased BMF
was found in subjects with osteoporosis compared to subjects with osteopenia and normal bone mass
[14]. The inverse association between BMD and BMF may lead to bone mass change and eventually lead
to bone weakness. The vertebral BMF content is considered as an indicator for evaluating osteoporosis-
related fracture risk, particularly in patients with diabetes where BMD measurements are limited in their
ability to predict bone mass [15].

The BMF content is routinely quantitated by the double-echo chemical shift imaging (CSI), which is able
to re�ect the chemical shift effect between free water protons and lipid protons in human tissues through
the in-phase and out-phase images [16, 17]. The degree of signal decline between the out-phase image
and the in-phase image, namely chemical shift rate (CSR), is calculated to determine the BMF content.
Better than DXA and CT, MRI enables both qualitative and quantitative evaluation without ionizing
radiation [18, 19]. Despite the double-echo CSI is commonly used in abdominal scan [20], but its
application in evaluating the fat content in bone marrow still needs more work.

The aim of this study was to use double-echo CSI to calculate CSR of lumbar in aged patients with
lumbago, to evaluate the feasibility of double-echo CSI in detecting bone mass change and the
correlation between CSR and BMD.

Methods
Patients

Two-hundred patients from the health service center of Shanghai Hudong community were included.
There were 100 females and 100 males aged from 60 to 70, and all of them went to the hospital for BMD
measurement and lumbar MRI imaging because of lumbago without trauma. Those who have a history
of spinal deformity, bone tumor, lumbar tuberculosis or other metabolic bone disease were excluded. The
study was conducted under the supervision of the Ethic Committee of Tongji University and informed
consent from all subjects were obtained.

Patients were arranged randomly to two different groups according to their BMD values (T-value): normal
bone mass group, T-value > -1.0; abnormal bone mass group including low bone mass (-2.5 < T-value ≤
-1.0) and osteoporosis (T-value ≤ -2.5). Other clinical information were collected including age, gender,
history of type 2 diabetes, body mass index (BMI), total cholesterol (TC), triglyceride (TG), high
density lipoprotein (HDL), low density lipoprotein (LDL).

Imaging
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Each subject accepted lumbar MR scan on a 3.0 Tesla MRI (Philip Achieva), with the setting as: repetition
time = 180ms, 1st echo time = 1.15ms, 2nd echo time = 2.3ms, slice thickness = 1.5mm, gathering matrix
= 140 × 185 pixels, reconstruction matrix = 224 × 224 pixels. The conventional sagittal T1-Weigthed (T1-
WI) imaging was replaced with the double-echo CSI, whereby the in-phase and out- phase images can be
obtained simultaneously.

The BMD data of all patients were obtained from the Carestream DXR machine (model number: DRX-
NOVA, ShangHai, China). DXR estimated BMD of patients’ non-dominant hand in a standard hand
radiograph [7]. In particular, the patient’s non-dominant hand was placed on the aluminum wedge
template with the palm facing down, �ngers should be positioned as shown in Figure 1(a). Then an X-ray
image was obtained the original digital image is sent to BMD software (Kodak BMD System 2.0). At the
same time, the gender, age, race and other information of patients were inputted. Eventually, the T-value
was automatically generated by referring to the database of normal people (Fig. 1). The aluminum wedge
is used to compensate the in�uence of voltage, exposure time and other possible unstable factors on
BMD and ensure the reliability of the results.

Image analysis

MR images were anonymized and assessed independently by a senior consultant radiologist. Particularly,
the quadrate regions of interest (ROIs) were placed on the 3rd – 5th lumbar vertebrae by covering vertebral
corpus without cortex. Meanwhile, the psoas major muscle around the vertebrae was taken as the
reference. The singnal intensity (SI) values was measured both on in-phase and out-phase chemical shift
images on the middle sagittal plane of the lumbar vertebrae (Fig. 2). The relative signal intensity of
lumbar vertebrae and CSR values were calculated through the formulae: SI = SI vertebrae / SI muscle ; CSR of
lumbar vertebrae: Rc = (SIIP - SIOP) / SIIP. (In the equations, SIIP represents the relative SI of lumbar
vertebrae in in-phase; SIOP represents the relative SI of lumbar vertebrae in out-phase).

Statistical methods

All statistical analyses were performed using the SPSS 22.0 software (SPSS Inc., Chicago, IL, USA). Data
were reported as mean ± standard deviation (SD). CSR was statistically compared based on BMD
measurements results between normal and abnormal bone mass group.

The correlation between CSR and BMD value (T-value) was tested by Spearman analysis. In univariate
analysis, comparison of CSR between two gr

-oups was done with independent sample T-test. In multivariate analysis, we employed binary logistic
regression to analyze predictive factors of bone mass change and to evaluate whether CSR is an
independent predictor. For all statistical results, P < 0.05 was considered statistically signi�cant.

Results
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Patient demography

The basic information of 200 patients are listed in Table 1. There were two-hundred patients including
100 females (50.0 %) and 100 males (50.0 %), aged from 60 to 70. Among those 132 (66.0 %) patients
had history of type 2 diabetes. Eighty-one (40.5 %) patients were of normal BMI. The mean CSR was
0.597 ± 0.144 (range, 0.036 - 0.823), the mean TC was 4.868 ± 0.998 (range, 2.400 - 9.800 mmol/L), the
mean TG was 1.718 ± 1.078 (range, 0.480 - 9.870 mmol/L), the mean HDL was 1.206 ± 0.378
(range,0.700 - 4.720 mmol/L) and the mean LDL was 3.159 ± 0.874 (range, 0.340 - 6.420 mmol/L).

Table 1 Basic information of 200 patients

Variable Total
(n=200)

Normal
(n=68)

Abnormal
(n=132) P

Age (years)        
≤65 50.0% (100) 58.8% (40) 45.5% (60)  
65 50.0% (100) 41.2% (28) 54.5% (72) 0.073

Gender        
Male 50.0% (100) 61.8% (42) 43.9% (58)  
Female 50.0% (100) 38.2% (26) 56.1% (74) 0.017

M-CSR 0.597±0.144 0.634±0.136 0.578±0.145 0.008
Type 2 diabetes        

Yes 66.0% (132) 76.5% (52) 60.6% (80)  
No 34.0% (68) 23.5% (16) 39.4% (52) 0.025

BMI (kg/m2)        
24 40.5% (81) 42.6% (29) 39.4% (52)  

≥24 59.5% (119) 57.4% (39) 60.6% (80) 0.657
TC (mmol/L) 4.868±0.998 4.957±1.026 4.823±0.984 0.369
TG (mmol/L) 1.718±1.078 1.682±0.972 1.737±1.131 0.734
HDL (mmol/L) 1.206±0.378 1.197±0.297 1.211±0.415 0.802
LDL (mmol/L) 3.159±0.874 3.293±0.916 3.090±0.848 0.122

M-CSR Mean value of CSR of lumbar 3rd – 5th vertebrae; BMI: body mass index; TC: total cholesterol; TG:
triglyceride; HDL:  high density  lipoprotein; LDL: low density lipoprotein

Correlation analysis between CSR and bone mass change

There was a statistically signi�cant difference in CSR between normal and abnormal bone mass (P =
0.008). Spearman analysis showed that CSR was positively correlated with T-value(r = 0.281, P  0.001)
(Fig. 3), the CSR of normal bone mass group was higher than that of abnormal bone mass group. The
mean CSR of the third lumbar vertebra was signi�cantly higher in normal bone mass group of 0.649
compared to abnormal bone mass group, 0.592 (P = 0.009); the mean CSR of the fourth lumbar vertebra
was signi�cantly higher in normal bone mass group of 0.633 compared to abnormal bone mass group,
0.579 (P = 0.015); the mean CSR of the �fth lumbar vertebra was signi�cantly higher in normal bone
mass group of 0.621 compared to abnormal bone mass group, 0.563 (P = 0.015) (Fig. 4).

Correlation analysis between other factors and bone mass change
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According to the group with or without type 2 diabetes history, the difference in bone mass between the
two groups was statistically signi�cant (P = 0.025), patients with a history of type 2 diabetes are more
easily to have abnormal bone mass. There was a statistically signi�cant difference in bone mass
between the two groups of different genders (P = 0.017), and females are more prone to have abnormal
bone mass than males. There were no statistically signi�cant differences in age, BMI, TC, TG, HDL and
LDL between the two groups.

Multivariate Analysis of Predictors of Bone Mass Change

We undertook a multivariate analysis, including CSR, gender, history of type 2 diabetes because CSR was
correlated with bone mass change (Table 2). The results show that CSR was an independent predictor of
abnormal bone mass (P = 0.010), CSR was negatively correlated with the diagnosis of abnormal bone
mass (B = - 3.02), and the risk of abnormal bone mass increased by 4.9% for each unit decrease in CSR.
The history of type 2 diabetes also was correlated independently with abnormal bone mass (P  0.001),
the patients who had type 2 diabetes was determined to undergo 3.25-time risk to have abnormal bone
mass, compared to those who did not have.

Table 2 Independent predictors of Bone Mass Change

Variable     B             OR       95 % CI P

CSR -3.016       0.049 0.005-0.486 0.010

Type 2 diabetes 1.179        3.250 0.245-0.916 0.001

      

B, regression coefficient; OR, odds ratio; CI, confidence interval.

Discussion
Osteoporosis is a metabolic disease that bone fragility increases due to bone mass loss and osseous
structure change [21]. Osteoporosis posts a great concern since it is often associated with lumbago that
brings disability to who suffer from it and huge socioeconomic burden to the healthcare system.
Unfortunately, osteoporosis has recently become increasingly common since the population grows old as
the birth rate slowing down [22]. The osteoporosis usually is known when a bone fracture occurs to the
patient secondary to a low-energy trauma, for example, a fall from ground. And the risk of fragility
fracture often depends on bone mass, as well as BMD. Speci�cally, fractures at femur neck and distal
radius present two common types of fractures in the aged people with osteoporosis, and the reason can
largely attribute to that osteoporosis is not diagnosed timely and thus no treatment is given.
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Osteopenia, the early stage of bone mass loss, could be prevented from developing into its subsequent
stage, osteoporosis, by changing lifestyle such as balanced diet and exercise. Therefore, trying to notify
bone mass loss at its early stage is of great clinical relevance that reduce the risk of osteoporosis
associated bone fractures.

The BMF content can be used as a predictor of bone mass change. Previous studies [23-25] proved that
the alternation in bone marrow composition of vertebra that characterized by decreased BMD and
increased BMF content was strongly correlated with osteoporosis. Furthermore, a study in healthy adults
had demonstrated a signi�cantly negative correlation between the BMF content and the BMD value [10,
11]. Studies by Gri�th et al. [26, 27] showed the similar �nding that the patients with osteoporosis
possessed signi�cantly higher BMF content than the healthy individuals.

Double-echo CSI used in the present study holds advantages in measuring BMF content, comparing to
the magnetic resonance spectroscopy (MRS) previously used by many studies [27-29]. Although MRS can
precisely detect the fat content in the minor volume of tissue [30], however, its application in measuring
BMF content is limited because it has low spatial resolution and fat is not evenly distributed within the
bone marrow [31, 32]. The double-echo CSI has the advantages of higher spatial resolution, which is
valuable especially in areas with heterogeneous marrow fat distribution that can overcome such
limitation [32].

In accordance with present study, we demonstrated patients who had lower BMD values (abnormal bone
mass group) obtained signi�cantly lower CSR values (0.578±0.145 vs. 0.634±0.136, P = 0.008),
suggesting higher BMF content in the lumbar vertebrae. And, we also found the positive correlation
between the CSR value and the T-value. These �ndings inclusively allow using the CSR value to predict
osteoporosis in aged patients with lumbago. To note, Gokhan G et al. [33] claimed that the vertebral BMF
content calculated from chemical-shift MRI is not reliable for predicting BMD in female patients aged
between 50 and 65 years. The difference between their work and our study could be explained from two
aspects: one is our study included both males and females but the subjects of them were only females;
another one is the subjects in our study had a varied interval of age (aged from 60 to 70), and the median
age of subjects in our study was 65.5 but that of their work was 55.9.

The relationship between diabetes and osteoporosis has been consistently con�rmed. Increasing
evidences support the association between type 2 diabetes increased fracture risk [34, 35]. Diabetic
osteoporosis refers to metabolic bone disease secondary to diabetes mellitus, including bone loss, bone
microstructure damage, bone brittleness increases and fracture-prone [36]. The present study veri�ed that
patients with a history of type 2 diabetes were more easily to have bone mass change (P  0.001), and
such �nding is corroborative with previous studies[37, 38]. Futhermore, the risk of fracture increases with
the progressing type 2 diabetes [39]. Therefore, early monitoring of bone mass change in patients with
diabetes is needful for timely and effective clinical intervention.

The vertebral BMF content increases sharply in postmenopausal females [40]. Although both androgen
and estrogen levels fall in later years, estrogen levels decline particularly sharply in postmenopausal
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females, which promotes greater fat deposition [41]. Females over 65 years have 10% greater BMF
content than males even for the same age [42]. The pathogenesis of osteoporosis in postmenopausal
females is closely related to the reduction of estrogen levels [43]. The decrease of estrogen levels
weakens the excitability and activity of osteoblasts because estrogen receptors existing on the surface of
osteoblasts [44]. Hence, the dynamic balance between osteoblasts and osteoclasts is lost, and the
reabsorption capacity of osteoclasts is enhanced, resulting in bone loss. Females of the present study
were postmenopausal, and the results showed that females were more prone to have abnormal bone
mass than males.

BMF content is continuously increasing with age [45, 46]. BMF in the vertebrae body is approximately 20-
25% in the 11-20-year group and rises to 65-75% in the 81-90-year group [45]. Nevertheless, our study
found no association between the bone mass change and age. This difference can be explained as the
present pilot study included the subjects aged from 60 to 70, no younger subjects were enrolled for
comparison. Age-related bone loss indicates the risk of fragility fracture in the aged population. Double-
echo CSI can provide a more economical way to detect bone mass change, which is bene�cial for early
treatment in aged patients to prevent the occurrence of osteoporosis-related fractures.

This study still holds many limitations. Firstly, this study consisted of only elderly patients (aged from 60
to 70) with lumbago from one community and lacked data of other age groups from broader area. A
larger sample size and more age groups are intended in the subsequent study. Secondly, the present
study is preliminary and had no healthy control. Hence, the �ndings may be generalizable only to patients
with lumbago, and this should be noted when other study quote our results. Also, the BMF content was
not directly measured but indirectly related by the CSR value.

Conclusions
Our study demonstrated that CSR is correlated with BMD, suggesting that double-echo CSI can be used
as a preliminary screening method for bone mass change in aged population without increasing the cost
and image acquisition time.

List Of Abbreviations
CSI: chemical shift imaging; CSR: chemical shift rate; T1W: ; BMD: bone mineral density; DXR: Digital X-
ray radiogrammetry; SI: signal intensity; DXA: Dual-energy X-ray absorptiometry; BMF: bone marrow fat;
BMI: body mass index; TC: total cholesterol; TG: triglyceride; HDL: high density lipoprotein; LDL: low
density lipoprotein; ROI: region of interest; SD: standard deviation; M-CSR: mean value of CSR of lumbar
3rd – 5th vertebrae.
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Figure 1

A standard hand radiograph and the result of BMD values. (a) A standard hand X-ray image. (b) The three
curves in the �gure represent the range of �uctuations for the age comparison. The middle curve is the
mean curve, which represents the average value in the database, and the upper and lower curves are
standard deviations. The T-value corresponding to the black spot in the �gure represents the bone mass
of this patient.

Figure 2

MR images analysis. (a, b) Image of mid-sagittal in-phase and out-phase of lumbar. The quadrate ROIs
were placed on the 3rd – 5th lumbar vertebrae by covering vertebral corpus without cortex. (c, d) Image of
psoas major muscle with the quadrate ROI being placed on it.
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Figure 3

Scatterplots displaying the correlation between CSR and BMD value (T-value). The mean CSR of the three
vertebrae is positively correlated with T-value.



Page 15/15

Figure 4

Bar chart showing comparison of CSR between two groups. (a-c) The differences of CSR between two
groups of 3rd – 5th lumbar vertebrae, and the CSR of normal bone mass groups were higher than that of
abnormal bone mass groups.(d) The difference of the mean CSR of 3rd – 5th lumbar vertebrae between
two group, and the mean CSR of normal bone mass group was higher than that of abnormal bone mass
group.


