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Abstract

Background. Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) is a noninvasive method 
to evaluate the microcirculation of bone marrow in local tissue, which will be a new tool for the diagnosis 
of osteoporosis.

Objectives. To investigate the relationship between quantitative perfusion parameters (Ktrans, Kep and Ve) 
and bone mineral density (BMD) in postmenopausal women.

Material and methods. The subjects were divided into 3 groups according to T value: normal bone mass 
group (T value ≥−1.0); bone loss group (−2.5 < T <−1.0); and osteoporosis group (T ≤−2.5). Ktrans, Kep 
and Ve of the lumbar spine were measured using quantitative DCE-MRI. The relationship between these 
parameters and age was analyzed.

Results. Bone mineral density of the lumbar spine and femoral neck gradually decreased with age. The values 
of Ktrans, Kep and Ve significantly decreased with age. The values of Ktrans, Kep and Ve of the lumbar vertebrae 
in the osteoporosis group were lower than those in the bone loss and normal bone mass group. Bone mineral 
density was positively correlated with the Ktrans and Ve of the lumbar vertebrae.

Conclusions. The incidences of bone loss and osteoporosis increased with age. The measurement of BMD 
was conducive to early diagnosis of osteoporosis. Ktrans, Kep and Ve values of the lumbar vertebra decreased 
with age, and have a positive correlation with lumbar BMD. The value of DCE-MRI may play a role in the di-
agnostic algorithm of osteoporosis.

Key words: osteoporosis, bone mineral density (BMD), quantitative dynamic contrast-enhanced magnetic 
resonance (DCE-MRI), quantitative parameters

Original papers

Relationship between quantitative parameters  
of lumbar vertebral perfusion and bone mineral 
density (BMD) in postmenopausal women

Zhenhuan Huang1,A–D,F, Qi Lin1,E,F, Jianwen Wang1,B, Zejuan Zhan1,C, Xuezhao Tu2,A,C

1 Department of Radiology, First Hospital of Longyan of Fujian Medical University, China
2 Department of Orthopedics, First Hospital of Longyan of Fujian Medical University, China

A – research concept and design; B – collection and/or assembly of data; C – data analysis and interpretation; 
D – writing the article; E – critical revision of the article; F – final approval of the article

Advances in Clinical and Experimental Medicine, ISSN 1899–5276 (print), ISSN 2451–2680 (online) Adv Clin Exp Med. 2019;28(8):1005–1011



Z. Huang, et al. BMD level in postmenopausal women1006

Introduction

Osteoporosis is a systemic skeletal disease characterized 
by bone loss, microstructural degradation with a result-
ing increase in bone fragility and, as a consequence, sus-
ceptibility to fracture.1 Primary osteoporosis (including 
in the postmenopausal and elderly women) is a physiologi-
cal degeneration that inevitably occurs with the growth 
of  age. Osteoporosis-induced pain, height shortening, 
humpback, fractures, and other complications seriously 
reduce the quality of life of patients. Patients are also un-
der several economic burdens due to the pain. Therefore, 
osteoporosis has become a serious public health problem 
in the world.

It is widely known that bone biochemical markers are 
one of the methods for assessing bone metabolism in hu-
mans,2–5 but their use has been limited to providing com-
prehensive information about the overall bone response, 
which does not reflect changes of the hip or other specific 
parts. Bone mineral density (BMD) is still a gold stan-
dard in the diagnosis of osteoporosis,6 but the strength 
of bone is affected not only by BMD, but also by bone 
mass (bone mass is an important factor of the strength 
of bone). Therefore, the determination of BMD also has 
some limitations.7–10

Researchers have not yet reached a  consensus 
on the pathogenesis of osteoporosis. The main hypotheses 
include decreasing sex hormones, excess fat and bone mar-
row perfusion.11,12 In recent years, decreasing blood flow 
in bone marrow has also been considered as an impor-
tant factor of osteoporosis. Dynamic contrast-enhanced 
magnetic resonance imaging (DCE-MRI) is a noninvasive 
method of evaluating the microcirculation of bone marrow 
in local tissue, which can be a new tool for the diagnosis 
of osteoporosis. Through the analysis of  the quantita-
tive parameters (Ktrans, Kep and Ve) of  lumbar vertebrae 
bone marrow perfusion in 197 postmenopausal women, 
the changes of BMD of the lumbar spine with age were 
analyzed.

Material and methods

Study subjects

A total of 197 postmenopausal women with ages rang-
ing from 47 to 86 years were examined from May 2014 
to August 2016. The dual-energy X-ray absorptiometry 
(DXA) and DCE-MRI examinations in  osteoporosis 
were performed in the First Hospital of Longyan of Fu-
jian Medical University, China. Inclusion criteria were 
as follows: (1) no deformity of the lumbar spine or hip; 
(2) no tumors, metastases or other diseases which affect 
the metabolism of bone; (3) no history of surgery or radio-
therapy and chemotherapy; (4) no drugs taken that affect 
bone metabolism or the excretion of urinary creatinine; 

(5) no contraindications for MRI. This study was approved 
by the ethics committee of the First Hospital of Long-
yan of Fujian Medical University, China. All participants 
signed informed consent of the corresponding rights and 
obligations.

DXA inspection

Bone mineral density of the anteroposterior lumbar spine 
and the femoral neck were measured with DXA (DPX-L, 
Lunar; GE Healthcare, Chicago, USA). The unit of measure 
was g/cm2. Manual errors, which included postural swings 
and other technical problems, were eliminated by techni-
cal experts during the measurements. Standard periosteal 
type instrumentation was used before the measurement. 
The coefficient of variation of the instrument was less than 
1%. The results of the DXA measurements were consid-
ered as the criteria for grouping. The subjects were divided 
into 3 groups according to T value: normal bone mass 
group (T value ≥−1.0); bone loss group (−2.5 < T <−1.0); 
and osteoporosis group (T ≤−2.5). The division was based 
on the diagnostic criteria of postmenopausal osteoporosis 
established by the World Health Organization (WHO) 
in 1994.

MRI examination

All subjects underwent conventional scanning and DCE-
MRI examination on Signa HDi 1.5T superconducting 
MRI equipment (GE Healthcare, Chicago, USA). Con-
ventional scans were used to observe the morphology 
and signal intensity of the lumbar vertebrae, including 
sagittal FSE-XL sequence T1WI (TR 450 ms, TE 14.4 ms, 
matrix 320 × 192) and sagittal FRFSE-XL sequence T2WI 
(TR 2500 ms, TE 110 ms, matrix 320 × 224). The scanning 
sequence had a layer thickness of 4 mm, an interlayer pitch 
of 0.5 mm and a FOV of 35 mm, which scanned 11 layers 
in total.

DCE-MRI was set as LAVA sequence (T1WI: TR 3.5 ms, 
TE 1.2 ms, FOV 35 mm), matrix 256 × 160, and slice thick-
ness 5 mm. The conventional scan, which can show the dy-
namic central lumbar vertebral level for the enhancement 
was chosen. The layer (Gd-BOPTA) was injected intra-
venously at a dose of 0.1 mmol/kg and a rate of 5 mL/s. 
Analysis software from the workstation was used to draw 
the region of interest (ROI). The ROI included cancellous 
bone part of the whole vertebral body, more than 3 mm 
from the edge of the vertebral body, and avoiding bone 
island, posterior venous plexus and so on. The arterial 
input function (AIF) was calculated using the pharmaco-
kinetic blood dual compartment model (Tofts model) to get 
the quantitative parameters. The quantitative parameters 
can reflect microvascular permeability, tissue perfusion 
and extravascular extracellular space directly. The volume 
constant (Ktrans) and the rate constant (Kep, Kep = Ktrans/Ve)  
of  the  contrast agent from plasma to  extravascular 
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extracellular space (EES) represent the transfer constant 
(Ktrans) and contrast agent from EES. Ve represents the vol-
ume of EES per unit volume of tissue in mL/100 mL. Ktrans 
represents the comparative dose of blood into the EES per 
unit volume of tissue per unit time, that is, volume capillary 
permeability-surface area product in min−1. Kep represents 
the comparative dose of EES returned to the blood vessel 
per unit time (the exchange rate of the contrast agent be-
tween the plasma and the EES gap) in min−1.

Statistical analysis

The diversification of BMD in the  lumbar spine and 
femoral neck as well as the changes of Ktrans, Kep and Ve 
of the lumbar spine were analyzed in each age group us-
ing 2 samples to test. The diagnostic criterion of osteopo-
rosis was T ≤ 2.5, which was used to calculate the bone 
mass reduction and the detection rate of osteoporosis 
in all age groups. The relationship between age, T value, 
BMD, and Ktrans, Kep and Ve of lumbar, was analyzed us-
ing analysis of variance (ANOVA) test in normal, bone 
loss and osteoporosis groups. To determine the relation-
ship between Ktrans, Kep and Ve of the lumbar and age and 
BMD of lumbar, linear correlation was analyzed. A value 
of p < 0.05 represented a statistically significant difference. 
The data was analyzed using SPSS v. 16.0 software (SPSS 
Inc., Chicago, USA). Data was expressed as mean ± stan-
dard deviation (SD) (X ±s).

Results

Comparison of bone mineral density 
between lumbar spine and femoral neck 
in all age groups

The decrease of bone mass of  the  lumbar spine and 
femoral neck, and the rate of detection of osteoporosis 
are shown in Table 1. Bone mineral density of the lum-
bar spine and femoral neck gradually decreased with age. 
It decreased rapidly over 50 years of age and declined again 
at or after 70 years of age. There was no significant differ-
ence in BMD between lumbar vertebrae and femoral neck 
at the same age (p > 0.05).

Comparison of the decline of bone mass 
and detection rate of osteoporosis  
in all age groups

T  ≤  2.5 is  the  diagnostic criterion for osteoporosis. 
The  incidence of  osteoporosis increased significantly 
with age, together with decreasing bone mass. People over 
50 years of age will be at significantly increased risk of os-
teoporosis, which will be more emergent at each additional 
10 years of age. After the age of 70, the increase of the in-
cidence was further intensified, which will be increased 
by 15% or more  in the development of osteoporosis. Occur-
rences in the lumbar appeared earlier than in the femoral 
neck. Therefore, a site examination of the lumbar could 
help find osteoporosis earlier.

Comparison of the Ktrans, Kep and Ve 
of lumbar in all age groups

The parameters of Ktrans, Kep and Ve of the lumbar spine 
were analyzed in each age group. The results showed that 
the values of Ktrans and Kep of the lumbar spine decreased 
gradually with age. Ve of the lumbar also showed a signifi-
cant downward trend (Table 2).

Relationship analysis between  
Ktrans, Kep, Ve and age

Linear correlation analysis of Ktrans, Kep and Ve of the lum-
bar spine and age was performed using linear correlation 
with age as an independent variable. There was a negative 

Table 1. Bone mineral density (BMD) of lumbar vertebrae and femur neck and detection rate of osteoporosis in all age groups

Age 
group 
[years]

n BMD of lumbar vertebrae  
[g/cm2], X ±s

BMD of femoral neck  
[g/cm2], X ±s 

Lumbar vertebrae  Femur neck

bone loss, 
n [%]

osteoporosis, 
n [%]

bone loss, 
n [%]

osteoporosis, 
n [%]

40~ 5 1.112 ±0.093 1.065 ±0.023 2 (40.0) 0 (0.0) 1 (20.0) 0 (0.0)

50~ 66 0.841 ±0.028* 0.845 ±0.023* 22 (33.3) 18 (27.3)* 20 (30.3) 14 (21.2)*

60~ 72 0.745 ±0.021* 0.744 ±0.020* 26 (36.1) 32 (44.4)* 30 (41.7) 26 (34.7)*

70~ 44 0.646 ±0.013* 0.643 ±0.010* 6 (13.7) 33 (75.0)* 14 (31.8) 25 (56.8)*

80~ 10 0.559 ±0.003* 0.571 ±0.002* 1 (10.0) 9 (90.0)* 2 (20.0) 8 (80.0)*

The values between different groups were compared using ANOVA test; *p < 0.05 vs 40~ years age group.

Table 2. Hemodynamics parameters of lumbar vertebrae in all age 
groups  (X ±s)

Age groups 
[years] n Ktrans  

[min−1]
Kep  

[min−1]
Ve 

[mL/100 mL]

40~ 5 1.123 ±0.192 3.118 ±0.023 0.358 ±0.021

50~ 66 0.721 ±0.077* 3.000 ±0.100* 0.235 ±0.006*

60~ 72 0.514 ±0.039* 2.727 ±0.114* 0.184 ±0.003*

70~ 44 0.361 ±0.017* 2.459 ±0.112* 0.144 ±0.001*

80~ 10 0.213 ±0.005* 2.096 ±0.068* 0.100 ±0.001*

The values between different groups were compared using ANOVA test; 
*p < 0.05 vs 40~ years age group.
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correlation between age and Ktrans and Ve of the lumbar spine. 
The correlation coefficients (r) were 0.907, 0.913 and 0.864, 
respectively (p < 0.05). These results are shown in Fig. 1.

Morphometric differences  
of dynamic enhancement curve  
of lumbar vertebrae in normal,  
bone loss and osteoporosis groups

Compared with bone loss and normal groups, the quan-
titative dynamic enhancement curve of lumbar spine was 
more stable, and the Ktrans value was lower in osteoporosis 
group. Meanwhile, the quantitative dynamic enhancement 
curve of lumbar spine and the Ktrans value were  the highest 
in osteoporosis group. These results are shown in Fig. 2.

Comparison of Ktrans, Kep and Ve  
of lumbar in each group

According to the T value, 197 cases were divided into 
a normal group (n = 48), bone loss group (n = 57) and 
osteoporosis group (n  =  92). The  BMD of  lumbar ver-
tebrae was 1.025  ±0.009  g/cm2, 0.778  ±0.000  g/cm2 
and 0.600  ±0.001  g/cm2 in  the  above groups, respec-
tively. Statistical significance was found in each group 
(p  <  0.01). In  the  osteoporosis group, Ktrans value was 
0.326 ±0.005 min−1, Kep value was 2.344 ±0.030 min−1, 

and Ve value was 0.318  ±0.000  mL/100  mL, p  <  0.01. 
In the bone loss group, Ktrans value was 0.563 ±0.006 min−1, 
Kep value was 3.023  ±0.039  min−1 and Ve value was 
0.185 ±0.000 mL/100 mL, p < 0.01, and those values were 
lower than in the normal group (Ktrans 0.961 ±0.048 min−1, 
Kep 3.150 ±0.018 min−1 and Ve 0.306 ±0.005 mL/100 mL, 
p < 0.01, respectively). The values of Ktrans, Kep and Ve param-
eters in the osteoporosis group were lower than in the bone 
loss group (p < 0.01). These results are shown in Table 3.

Correlation analysis between  
Ktrans, Kep and Ve, and bone mineral density 
of lumbar

The linear correlation analysis of the correlation be-
tween Ktrans, Kep and Ve values of  lumbar vertebrae and 
the BMD value of the lumbar spine was performed using 
a linear correlation method, with BMD value as an inde-
pendent variable. There was a positive correlation between 
BMD and the Ktrans, Kep and Ve values. Lumbar Ktrans, Kep 
and Ve values decreased together with lower lumbar BMD. 
The correlation coefficients (R) were 0.969, 0.818 and 0.944 
(p < 0.05), respectively. These results are shown in Fig. 3.

Fig. 2. Morphometric differences of dynamic enhancement curve 
of lumbar vertebrae with normal, bone loss and osteoporosis groups 
(A – normal group; B – bone loss group; C – osteoporosis group)

Fig. 1. Relationship analysis between Ktrans, Kep and Ve values of lumbar 
vertebrae and age
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Discussion

By analyzing BMD of the lumbar spine and femoral neck 
in postmenopausal women, we found that BMD decreased 
significantly after the age of 50. This may be because estro-
gen plays an important role in regulating bone metabolism 
in women. Postmenopausal women have lower estrogen 
levels, which would accelerated the resorption of bone.13 
When people are over 70 years old, the reduction of BMD 
will be aggravated, which is related to the diversification 
of diet, decreased activity, and reduced vitamin D syn-
thesis and conversion. All these reasons lead to acceler-
ated bone loss. This study also found that the incidence 
of osteoporosis increased gradually with age. With each 
additional 10 years of age, osteoporosis increased by a more 
than 15% rate of development. Osteoporosis occurred 
in the lumbar earlier than the femoral neck. Therefore, 

the site of the lumbar for BMD testing could help find 
osteoporosis earlier.

In recent years, some scholars hypothesized that de-
creased bone marrow perfusion leads to osteoporosis. Bone 
marrow includes red and yellow bone marrow types. Red 
bone marrow has a rich vascular network made up of adi-
pose tissue (40%), water (40%) and protein (20%). Yellow 
bone marrow has little vascular network, with adipose 
tissue, water and protein accounting for 80%, 15% and 5%, 
respectively. The proportion of red and yellow bone mar-
row gradually shifts from primarily red until it inverts into 
primarily yellow gradually with age.14,15 Because of the lim-
ited space for of bone marrow, excessive adipose tissue 
will oppress trabecular microvascular microcirculation. 
Therefore, age is a key factor of bone marrow perfusion 
level. In our study, Ktrans, Kep and Ve values of the lumbar 
vertebrae of postmenopausal women gradually decreased 
with age. Ktrans, Kep and Ve values of the lumbar spine in pa-
tients older than 50 years of age were significantly lower 
than in younger people. The normal menopausal age was 
below  50. Postmenopausal women suffer dual factors, 
menopause and aging, which induces significant reduction 
of bone marrow perfusion. Figure 1 also shows a negative 
correlation between Ktrans, Kep and Ve values of the lumbar, 
and age in postmenopausal women.

Primary osteoporosis is  common among postmeno-
pausal women and the elderly. The pathological features 
are decreased bone marrow unit area within the capillar-
ies and blood sinus number, increased number of adipo-
cytes and the volume, and increased bone mineral depo-
sition decrease.16,17 Our results showed that there were 
positive correlations between Ktrans, Kep and Ve, and BMD 
of the lumbar spine in postmenopausal women. The corre-
lation coefficients were 0.969, 0.818 and 0.944, respectively. 
The decrease of Ktrans, Kep and Ve values was associated 
with BMD. We also found that Ktrans, Kep and Ve values 
of lumbar vertebrae in the osteoporosis group were lower 
than in the normal group. The decrease in the osteoporosis 
group was the most significant and the dynamic enhance-
ment curve was the smoothest. Decreased Kep and Ktrans 
values suggest degradation of vascular function and de-
creased permeability of the vessel wall, while decreased Ve 
value suggests that fat content increased and interstitial 
space decreased. These affect the supply of blood in bone 
tissue and are consistent with reports the literature.11,18–21

Interestingly, we also found that DCE-MRI can reflect 
the blood supply characteristics of  local lumbar spine 
and hemodynamic changes. Through the  intravenous 

Table 3. Comparison of the hemodynamics parameters and bone mineral density (BMD) of lumbar vertebrae in all age groups (X ±s)

Groups n Age [years] T BMD [g/cm2] Ktrans [min−1] Kep [min−1] Ve [mL/100 mL]

Normal 48 57.077 ±6.685 0.356 ±0.277 1.025 ±0.009 0.961 ±0.048 3.150 ±0.018 0.306 ±0.005

Bone loss 57 61.386 ±6.643* −1.625 ±0.067* 0.778 ±0.000* 0.563 ±0.006* 3.023 ±0.039* 0.185 ±0.000*

Osteoporosis 92 68.207 ±7.983*† −2.989 ±0.047*† 0.600 ±0.001*† 0.326 ±0.005*† 2.344 ±0.030*† 0.318 ±0.000*†

The values of different groups were compared using ANOVA test. *p < 0.01 vs normal group; †p < 0.01 vs bone loss group.

Fig. 3. Correlation analysis between Ktrans, Kep and Ve values, and bone 
mineral density (BMD) of the lumbar
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contrast agent Gd-DTPA and changes in the local tissue 
magnetic field, the time-signal intensity curve obtained 
with the contrast agent can produce semi-quantitative 
parameters such as slope, maximum contrast enhance-
ment rate and enhanced peak value. The  time-signal 
intensity curve can also be obtained by post-processing 
quantitative parameters such as volume transfer constant 
(Ktrans), extravascular extracellular volume fraction (Ve) 
of the contrast agent permeating from the plasma to ex-
travascular extracellular space (EES), and rate constants 
of return of the contrast agent from EES to plasma (Kep), 
Kep = Ktrans/Ve. Some studies22 have found that in patients 
with osteoporosis, semi-quantitative MRI enhanced peak 
intensity decrease, and decreased BMD was significantly 
positively correlated. Ma et al.23 reported that the quanti-
tative parameters Ktrans and Ve in the osteoporosis group 
were significantly lower than in the normal (control) group.

Another investigator found that there was a negative 
correlation between age, the bone marrow fat fraction (FF) 
value and quantitative parameters Ktrans and Kep, and semi-
quantitative parameters (fortified peak) in the population 
without osteoporosis.24 Zhu et al.25 found that Ktrans and 
BMD decreased significantly 2 weeks after ovariectomy 
in rats, while Ve decreased significantly 10 weeks after 
ovariectomy. There was a negative correlation between Kep, 
FF value and BMD reduction. The relationship between 
Kep, FF and BMD is not clear. Wáng et al.26 reported that 
bilateral ovariectomy led to a rapid decrease in BMD, in-
creased bone marrow FF and decreased blood flow perfu-
sion. Decreased blood perfusion is one of the mechanisms 
of osteoporosis. Due to dysfunction of bone marrow mi-
crocirculation, vascular endothelial cells are closely con-
nected and the late stage is caused by the accumulation 
of bone marrow fat and microvascular pressure. It is indi-
cated that DCE-MRI plays a role in osteoporosis therapy 
targets or early assessment of efficacy.

The limitations of this study were as follows: (1) quantita-
tive DCE-MRI is complex and time-consuming and may 
increase the errors of parameter evaluation; (2) the choice 
of different pharmacokinetic models and analysis soft-
ware would lead to differences in measurement data11,27; 
(3) there is a lack of strict design of the pathology-image 
for a control study.

A cross-sectional study of  postmenopausal women 
found that BMD decreased with age. Bone mineral den-
sity of the vertebrae can detect osteoporosis earlier. Simi-
larly, Ktrans, Kep and Ve values of the lumbar spine were 
negatively correlated with age. The decrease of Ktrans, Kep 
and Ve values in the lumbar spine were associated with 
a decrease of BMD, and were positively correlated with 
BMD of the lumbar spine. Ktrans, Kep and Ve, bone mass 
reduction and osteoporosis were reduced, suggesting that 
bone marrow cavity fat was increased and tissue space 
and microcirculation were reduced. These will be useful 
for early diagnosis of osteoporosis and provide a reference 
for treatment of this condition.

Conclusions

The incidence of bone loss and osteoporosis increases 
with age. The measurement of BMD was conducive to early 
diagnosis of osteoporosis. The Ktrans, Kep and Ve values 
of lumbar vertebrae decreased with age and have a posi-
tive correlation with lumbar BMD. This shows the po-
tential value of DCE-MRI in  the diagnostic algorithm 
of osteoporosis.
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