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Abstract
Background: With the application of material decomposition and monoenergetic imaging reconstruction
technology of spectral CT in the musculoskeletal system, the purpose of this study was to explore the
quantitative changes of L5 vertebral body in ovariectomized rats by spectral CT Gemstone Spectral
Imaging (GSI) and dual energy X-ray absorption (DXA).

Methods: Spectral CT GSI and DXA scans of the forty rats were conducted at 0 (baseline), 4, 8 and 12
weeks after operation. Hydroxyapatite (HAP)/fat value, 74KeV monoenergetic CT value and bone mineral
density (BMD) of L5 vertebral body were measured. After excessive anesthesia, L5 vertebral body was
taken for histological observation.

Results: There was signi�cant difference in HAP(fat) value between groups at 4, 8 and 12 weeks after
operation (P<0.05), and the signi�cant difference in 74KeV monoenergetic CT value and BMD at 8 and 12
weeks after operation (P<0.05). There was also a positive correlation between 74KeV monoenergetic CT
value and BMD of L5 vertebral body in OVX group. From 4 weeks after operation, the L5 of the OVX group
showed sparse loss of the trabecular interconnectivity, thinning of the trabeculae and widened
intertrabecular spaces.

Conclusion: Spectral CT material decomposition technology can be used to detect the bone state of
vertebral body in the early stage of estrogen de�ciency and has the better sensitivity than the BMD.

Introduction
Osteoporosis is a chronic metabolic skeletal disorder, which is characterised by decline of bone mineral
density (BMD) and destruction of bone microstructure [1]. Osteoporosis more frequently occurs in
females than males. Moreover, Post-menopausal women more commonly suffer from this systemic
skeletal disease compared to premenopausal women, and the incidence of this disease has increased
considerably in the past few years [2]. The mainly reason is that lacking of estrogen level in
postmenopausal women leads to postmenopausal osteoporosis (PMOP) which is characterized by
progressive bone loss, increased bone fragility and risk of fracture. In addition, this change has been
proved occur in trabecular bone �rstly [3]. At present, DXA is the "gold standard" for the diagnosis of
osteoporosis in clinical and the BMD is an important index to measure bone mass because the decrease
of it is directly related to osteoporosis [4, 5]. In recent years, many applications of spectral CT are used to
improve the diagnosis and treatment of some diseases, and also play an increasingly important role in
the musculoskeletal system [6]. As far as we know, few scholars have reported the early bone state of
postmenopausal osteoporosis by spectral CT.

Therefore, this study was to use spectral CT and DXA to conduct a comprehensive analysis of the short-
term effects of estrogen de�ciency on the BMD and the substance content in the lumbar vertebra of
ovariectomized (OVX) rats model. Our aim is to study the diagnostic value of spectral CT in PMOP and
provide new ideas for the early detection and diagnosis of PMOP.
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Materials And Methods
1.1 Animal Model

Forty female Sprague dawley rats (12-week-old, speci�c-pathogen-free grade) were purchased from the
weitonglihua Experimental Animal Technology Co., Ltd. (Beijing, China). Then they were assigned
randomly to group for either bilaterally ovariectomy (n=20) and group which was only performed
abdominal incision without ovariectomy (Sham group, n=20). The animals were maintained under
standard conditions (relative humidity = 50–60%; ambient temperature = 20 ± 2 °C; 12h light/dark cycle)
with free access to water and food, and allowed to acclimate for 1 week. At 0 (baseline), 4, 8 and 12
weeks after operation, 5 rats in each group were randomly selected for spectral CT Gemstone Spectral
Imaging (GSI) and dual energy X-ray absorption (DXA) scanning under anesthesia (3ml of Urethane
intraperitoneal injection, Shanghai Shanpu Chemical Co.,Ltd). Excessive anesthesia after examination,
the �fth lumbar vertebra (L5) was separated and taken for pathological observation. All animal
experiments were approved by the Committee of animal management and use institutions of Shandong
First Medical University and carried out in accordance with the guidelines for the use of experimental
animals of the National Institutes of Health. This study is reported in accordance with ARRIVE guidelines.

1.2 GSI Protocol and Analysis

At baseline, 4, 8 and 12 weeks after ovariectomy, all rats were taken from prone position for lumbar
vertebra GSI scanning (GE Revolution CT, America) after anesthesia. Speci�c parameters: tube voltage
80-140KV, tube current 400mA, layer thickness 0.625mm, Stnd reconstruction mode and ASIR 30%. When
scanning was �nished, transfer the original data to AW4.6 workstation and select the Volume Viewer.
Then measure the Hydroxyapatite (HAP)/fat value (mg/cm3) and 74KeV monoenergetic CT value (HU) of
cancellous bone in the sagittal middle layer of L5 vertebral body in sagittal position (place the cursor on
the central line of L5 vertebral body in coronal position as far as possible, meanwhile the sagittal position
automatically corresponds to the middle plane). Due to the small vertebral body of rats, in order to avoid
overlapping with bone cortex and ensure the accuracy of region of interest (ROI), as shown in Fig. 1, ROI
is divided into two parts with a total size of about 5.0mm2. Two experienced radiologists measured it
respectively for three times and took the average value to get the �nal results.

1.3 Measurement of BMD

The BMD (unit, g/cm2) of the L5 vertebral body was measured at baseline, 4, 8 and 12 weeks post-OVX
surgery by DXA (Primus, osteosys Co.,Ltd.) under anesthesia. The rats were placed in the prone position
on the DXA scanning table according to the instructions. As shown in Fig. 2, the ROI was analyzed with
its own software.

1.4 Histological analysis
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The L5 vertebral body was decalci�ed, dehydrated and embedded in para�n prior to processing. Then the
5μm tissue sections were stained with hematoxylin and eosin (H&E) staining. As shown in Fig. 3, images
of the L5 vertebral body sections were captured using the microscope (20X) equipped with a camera to
observe the morphological structure of trabecular bone.

1.5 Statistical analysis

All results were presented as means ± standard deviation (SD) and N represents the number of animals in
each group. Pearson correlation analysis was performed on HAP(fat) value, 74KeV monoenergetic CT
value and BMD of L5 vertebral body in OVX group by the statistical software SPSS V22.0 (IBM, Armonk,
NY, USA). The comparison between groups and intra groups were carried out by one-way ANOVA with
subsequent LSD post-hoc test. P<0.05 were considered statistically signi��cant. 

Results
2.1 HAP(fat) Value

Table. 1 showed that HAP(fat) value results of L5 vertebral body in different periods of two groups of
rats. The HAP(fat) value of rats in sham group showed a time-course increasing trend, whereas the OVX
group demonstrated an decreasing trend (P<0.05).

At 4, 8 and 12 weeks post-OVX surgery, the HAP(fat) value of the OVX group was lower than that of the
sham group (P<0.05).

2.2 74KeV Monoenergetic CT Value

Table. 2 showed that the 74KeV monoenergetic CT value results of L5 vertebral body in different periods
of two groups of rats. With the passage of time, the 74KeV monoenergetic CT value of the OVX group
decreased, and the intra group difference was statistically signi�cant (P<0.05). At 4, 8 and 12 weeks post-
OVX surgery, the 74KeV monoenergetic CT value of the OVX group was lower than the sham group,
however there was signi�cant differences only at 8 and 12 weeks after operation (P<0.05).

2.3 BMD

Table. 3 showed that the BMD results of L5 vertebral body in different periods of two groups of rats. Over
time, the BMD of OVX group decreased signi�cantly (P<0.05). However, there was no signi�cant change
in BMD of L5 vertebral body in the sham group (P>0.05). At 4, 8 and 12 weeks post-OVX surgery, the BMD
of the OVX group was lower than that of the sham group, but the signi�cant difference between the
groups only at 8 and 12 weeks after operation (P<0.05). 

2.4 Pearson correlation analysis

In OVX group, only 74KeV monoenergetic CT value was positively correlated with BMD that the
correlation coe�cient was 0.456. The results are shown in Table 4.
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2.5 Histopathological �ndings

All H&E-stained sections from different groups at different times were comparatively evaluated
histologically (Fig.3). Normal compactness of the vertebral body and competent trabeculae were found in
the sham group. From 4 weeks after operation, The L5 micrographs of the OVX group showed sparse loss
of the trabecular interconnectivity and thinning of the trabeculae, resulting in widened intertrabecular
spaces. 

Discussion
Osteoporosis is a clinical and public health problem related to the bone health of the elderly closely. Due
to the sudden decline of estrogen level in postmenopausal women, the rate of bone loss also increases
[7]. It is now believed that ovariectomy female rats are widely used animal model for the study of
estrogen de��cient-induced osteoporosis [8]. At present, DXA is a commonly used tool for screening
osteoporosis in clinic. In fact, osteoporosis is not only characterized by the reduction of bone mineral
content, but also the destruction of bone microstructure. Therefore, it is one-sided to diagnose
osteoporosis only by bone mass. DXA is a two-dimensional imaging, which can not distinguish between
cortical bone and cancellous bone. When there are spinal fractures, calci�cation of blood vessels or
ligaments and hyperosteogeny, it is easy to cause false negative results [9, 10]. In contrast, spectral CT
uses the principle that tissues and materials have different attenuation characteristics at different energy
levels to obtain CT attenuation data at different energy levels, and the results are more accurate [11, 12].
In this study, 12-week-old female rats were selected for ovariectomy. No changes such as vertebral
hyperosteogeny were observed at 12 weeks after operation under 20 times microscope. Therefore, BMD
in this experiment still has high accuracy. In addition, there was no signi�cant difference in BMD in the
sham group, indicating that the bones of normal female rats aged 12–24 weeks were mature and stable,
and there was no signi�cant change in bone mass.

Spectral CT is equivalent to a base material pair composed of two base materials according to the
absorption and attenuation of X-ray by the material. When the base material pair happens to be the two
main components contained in the tissue, measuring the base material can re�ect the relative content of
the material in the tissue [12]. The main components of vertebral body include bone mineral (HAP /
calcium), water, red bone marrow, yellow bone marrow and collagen. According to Li X [13], HAP(water)
based material pairs can accurately measure bone mineral density, and the deviation is less than QCT.
Yue D [14] reported that the spectral CT Cal (water) value of adult female lumbar spine was signi�cantly
positively correlated with BMD. When osteoporosis occurs, the fat content in the vertebral body increases
signi�cantly and the HAP content decreases [5]. Therefore, the HAP(fat) value is selected to represent the
vertebral bone mineral density in this experiment. In our study, HAP(fat) value changed �rst than the other
two indexes. At 4 weeks after operation, the differences between the two groups was statistically
signi�cant, which was more consistent with the observation under pathological microscope.
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The virtual monoenergetic image generated by spectral CT using linear mixing technology can simulate
the attenuation of monoenergetic X-Ray to the tissue and reconstruct the monoenergetic image in the
range of 40-140KeV. For instance, Ishiwata[15] used 70KeV monoenergetic level to indirectly represent the
conventional CT value (HU) when studying the diagnostic accuracy of spectral CT for bone metastasis. In
addition, spectral CT shows the best arthrography at 72KeV monoenergetic level [12]. Generally, 74KeV
monoenergetic image is similar to 120Kvp conventional CT imaging and can be used as an alternative to
the latter. Our study results showed that the differences of 74KeV monoenergetic CT value and BMD
between groups were statistically signi�cant at 8 and 12 weeks after operation. Besides, it is worth noting
that the HAP(fat) value, 74KeV monoenergetic CT value and BMD of the OVX group were higher than
those of the sham group at baseline, although the difference between the groups was not statistically
signi�cant. However, it is still necessary to further explore the changes of various tissue components of
the vertebral body within 4 weeks after ovariectomy.

Some limitations of this study need to be mentioned. First, compared with human spine, the volume of rat
vertebral body is small and in order to avoid the in�uence of bone cortex and surrounding structures, the
size of ROI when measuring HAP(fat) value and 74KeV monoenergetic CT value is limited. In addition, in
the early stage of osteoporosis, the proportion of various material components in the vertebral body will
change. Only measuring the HAP(fat) value may not be enough to re�ect the overall BMD. The correlation
analysis should also be carried out in combination with HAP(water), Cal(fat) and other base material
pairs.

Conclusion
Taken together, in the early stage of ovariectomy in female rats, spectral CT HAP(fat) based material
pairs has the better sensitivity than the BMD, which can accurately re�ect the changes of vertebral bone
mass, and provide a new basis for the application of spectral CT in clinical osteoporosis as soon as
possible.

Abbreviations
BMD  Bone mineral density

PMOP  Postmenopausal osteoporosis

OVX  Ovariectomy

GSI   Gemstone spectral imaging

HAP  Hydroxyapatite

DXA  Dual energy X-ray absorption

ROI   Region of interest
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Tables
Table. 1 

Results and comparison of HAP(fat) value (mg/cm3) of L5 vertebral body in two groups 

Week age OVX Group n=5 SHAM Group n=5 P

baseline 613.70±43.20 573.50±33.38 0.144

4 weeks 533.70±51.01 608.72±49.44 0.009

8 weeks 563.90±51.02 662.38±41.22 0.001

12 weeks 540.28±23.73 648.98±39.19 <0.001

P 0.042 0.014  

Data are presented as mean±SD. 

Table. 2 

Results and comparison of 74KeV monoenergetic CT value (HU) of L5 vertebral body in two groups

Week age OVX Group n=5 SHAM Group n=5 P

baseline 742.14±95.52 706.14±41.31 0.511

4 weeks 670.48±55.50 771.48±94.92 0.071

8 weeks 572.78±78.33 748.58±93.52 0.003

12 weeks 650.04±62.95 777.96±129.57 0.024

P 0.020 0.635  

Data are presented as mean±SD. 

Table. 3 

Results and comparison of BMD (g/cm2) of L5 vertebral body in two groups 
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Week age OVX Group n=5 SHAM Group n=5 P

baseline 0.23±0.02 0.21±0.02 0.252

4 weeks 0.24±0.03 0.26±0.02 0.134

8 weeks 0.18±0.01 0.23±0.02 0.004

12 weeks 0.17±0.01 0.22±0.02 0.001

P 0.001 0.077  

Data are presented as mean±SD. 

Table.4 

Results of the correlation among indexes in OVX group

  HAP(fat) 74KeV monoenergetic CT BMD

HAP(fat) 1 0.343 0.328

74KeV monoenergetic CT 0.343 1 0.456*

*indicates P<0.05.

Figures

Figure 1



Page 11/12

Spectral CT GSI coronal image of L5 vertebral body in rats at 12 weeks after OVX (a), the sagittal images
of L5 HAP(fat) (b) and the 74KeV monoenergetic (c). The total ROI is about 5.0mm2.

Figure 2

Measured the L5 vertebral body BMD in sham group and OVX group, with the unit of g/cm2. The ROI is
the entire L5 vertebral body.
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Figure 3

Effects of estrogen de�ciency on bone microarchitecture in rats. The microarchitectures of the L5
trabecular bones were detected by H&E staining. Representative images are displayed, baseline(a), 4
weeks(b), 8 weeks(c), 12 weeks(d), and the magni�cation was ×20. Trabecular bones have been changed
since 4 weeks after operation.


