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摘要：本文介绍了一个运用 inspeXio SMX-100CT观察老鼠股骨的实例观察。针对老鼠股骨的连接膝关节的远端进行 CT扫描，得出
了干骺端、生长板软骨和骨骺端的 CT横截面图像及 3D立体图像。并运用 TRI/3D-BON软件对 CT数据进行分析，对老鼠股骨中的皮
质骨、生长板软骨和松质骨进行剥离，使用 BMD（骨密度）软件创建标准分析数据，测出皮质骨和松质骨各自不同的厚度。

关键词：微焦点 X射线 CT系统  CT  老鼠  兔子  股骨

在一些大学院校、医药公司和其他专业研究机构，需要通
过动物实验研究提供详细数据进行评估。特别对骨科疾病的研究，
如药物管理评估和脂肪代谢研究的测量。实验对象主要有大鼠、
小鼠和兔子。通常来说，微焦点 X射线 CT系统经常被用来观察

分析小动物的骨骼、人类和小动物牙齿的研究。对小动物的观察
包括对活体动物、死去的动物及切割下来的动物部分的CT成像。

本文介绍了利用 inspeXio SMX-100CT采集切割下来的老鼠
股骨的 CT图像数据和使用软件重建三维数据的分析。

图 1  老鼠股骨外观图
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Industrial X-ray Inspection System

Observation of a Mouse Femur Using an X-Ray CT System

LAAN-A-ND-E011

At univers i t ies, pharmaceutical manufactur ing 
companies and in other research fields, a variety of 
research us ing exper imenta l  an imals i s  be ing 
conducted, including research into bone diseases, as 
well as drug administration evaluations, and fat 
measurements for metabolic research. The main 
experimental animals are rats, mice, and rabbits. In this 
context, X-ray CT systems are often used to observe 
and analyze the bones of small animals, and for 
research on the teeth of humans and small animals. 
Observations of small animals consists of in vivo CT 
imaging of living animals, and in vitro CT imaging of 
dead animals and excised parts.
This article introduces imaging (in vitro) CT data from 
mouse femurs, taken using the inspeXio SMX-100CT, 
as well as analytical results from 3-dimensional analysis 
software utilizing the CT data.

The inspeXio SMX-100CT Micro Focus X-ray CT system 
(Fig. 1) was used to take the images. This CT system is 
equipped with a sealed tube type micro focus X-ray 
generator with a maximum output of 100 kV, as well as 
a h igh sens i t i v i t y  image in tens i f i e r,  enab l ing 
3-dimensional observations of resins, pharmaceuticals, 
bones, and other soft materials at high magnification.
Fig. 2 shows an actual image of a mouse femur. The 
portion enclosed by the red rectangle is the femur, and 
the portion to the right of the red rectangle is the tibia. 
A schematic of the mouse femur is shown in Fig. 3.
The femur consists of three parts: the proximal 
extremity, the femur itself, and the distal extremity. The 
proximal extremity together with the coxal bone forms 
the hip joint. The distal extremity together with the tibia 
forms the knee joint. This sample observation is an 
example in vitro imaging of the distal extremity of the 
femur.

n Observation of a Mouse Femur

n Introduction

Fig. 1  Overview of the inspeXio SMX-100CT Micro Focus X-Ray 
CT System

Fig. 2  Overview of a Mouse Femur

Application
News

No.N118

Industrial X-ray Inspection System

Observation of a Mouse Femur Using an X-Ray CT System

LAAN-A-ND-E011

At univers i t ies, pharmaceutical manufactur ing 
companies and in other research fields, a variety of 
research us ing exper imenta l  an imals i s  be ing 
conducted, including research into bone diseases, as 
well as drug administration evaluations, and fat 
measurements for metabolic research. The main 
experimental animals are rats, mice, and rabbits. In this 
context, X-ray CT systems are often used to observe 
and analyze the bones of small animals, and for 
research on the teeth of humans and small animals. 
Observations of small animals consists of in vivo CT 
imaging of living animals, and in vitro CT imaging of 
dead animals and excised parts.
This article introduces imaging (in vitro) CT data from 
mouse femurs, taken using the inspeXio SMX-100CT, 
as well as analytical results from 3-dimensional analysis 
software utilizing the CT data.

The inspeXio SMX-100CT Micro Focus X-ray CT system 
(Fig. 1) was used to take the images. This CT system is 
equipped with a sealed tube type micro focus X-ray 
generator with a maximum output of 100 kV, as well as 
a h igh sens i t i v i t y  image in tens i f i e r,  enab l ing 
3-dimensional observations of resins, pharmaceuticals, 
bones, and other soft materials at high magnification.
Fig. 2 shows an actual image of a mouse femur. The 
portion enclosed by the red rectangle is the femur, and 
the portion to the right of the red rectangle is the tibia. 
A schematic of the mouse femur is shown in Fig. 3.
The femur consists of three parts: the proximal 
extremity, the femur itself, and the distal extremity. The 
proximal extremity together with the coxal bone forms 
the hip joint. The distal extremity together with the tibia 
forms the knee joint. This sample observation is an 
example in vitro imaging of the distal extremity of the 
femur.

n Observation of a Mouse Femur

n Introduction

Fig. 1  Overview of the inspeXio SMX-100CT Micro Focus X-Ray 
CT System

Fig. 2  Overview of a Mouse Femur

■实验部分
1.1 仪器
inspeXio SMX-100CT

1.2 分析条件 

X射线 CT检查分析条件：
测试电压：90KV

测试电流：50μA

图像尺寸：1024pixels*1024pixels

扫描时间：9min

SDD：500mm

SRD：165mm

Number of Views：1200

Number of Averages：1

Voxel Spacing：0.041mm/voxel

Scale angle：Full scale

Acquisition Mode：Fine

Application
News

No.N118

Industrial X-ray Inspection System

Observation of a Mouse Femur Using an X-Ray CT System

LAAN-A-ND-E011

At univers i t ies, pharmaceutical manufactur ing 
companies and in other research fields, a variety of 
research us ing exper imenta l  an imals i s  be ing 
conducted, including research into bone diseases, as 
well as drug administration evaluations, and fat 
measurements for metabolic research. The main 
experimental animals are rats, mice, and rabbits. In this 
context, X-ray CT systems are often used to observe 
and analyze the bones of small animals, and for 
research on the teeth of humans and small animals. 
Observations of small animals consists of in vivo CT 
imaging of living animals, and in vitro CT imaging of 
dead animals and excised parts.
This article introduces imaging (in vitro) CT data from 
mouse femurs, taken using the inspeXio SMX-100CT, 
as well as analytical results from 3-dimensional analysis 
software utilizing the CT data.

The inspeXio SMX-100CT Micro Focus X-ray CT system 
(Fig. 1) was used to take the images. This CT system is 
equipped with a sealed tube type micro focus X-ray 
generator with a maximum output of 100 kV, as well as 
a h igh sens i t i v i t y  image in tens i f i e r,  enab l ing 
3-dimensional observations of resins, pharmaceuticals, 
bones, and other soft materials at high magnification.
Fig. 2 shows an actual image of a mouse femur. The 
portion enclosed by the red rectangle is the femur, and 
the portion to the right of the red rectangle is the tibia. 
A schematic of the mouse femur is shown in Fig. 3.
The femur consists of three parts: the proximal 
extremity, the femur itself, and the distal extremity. The 
proximal extremity together with the coxal bone forms 
the hip joint. The distal extremity together with the tibia 
forms the knee joint. This sample observation is an 
example in vitro imaging of the distal extremity of the 
femur.

n Observation of a Mouse Femur

n Introduction

Fig. 1  Overview of the inspeXio SMX-100CT Micro Focus X-Ray 
CT System

Fig. 2  Overview of a Mouse Femur

Application
News

No.N118

Industrial X-ray Inspection System

Observation of a Mouse Femur Using an X-Ray CT System

LAAN-A-ND-E011

At univers i t ies, pharmaceutical manufactur ing 
companies and in other research fields, a variety of 
research us ing exper imenta l  an imals i s  be ing 
conducted, including research into bone diseases, as 
well as drug administration evaluations, and fat 
measurements for metabolic research. The main 
experimental animals are rats, mice, and rabbits. In this 
context, X-ray CT systems are often used to observe 
and analyze the bones of small animals, and for 
research on the teeth of humans and small animals. 
Observations of small animals consists of in vivo CT 
imaging of living animals, and in vitro CT imaging of 
dead animals and excised parts.
This article introduces imaging (in vitro) CT data from 
mouse femurs, taken using the inspeXio SMX-100CT, 
as well as analytical results from 3-dimensional analysis 
software utilizing the CT data.

The inspeXio SMX-100CT Micro Focus X-ray CT system 
(Fig. 1) was used to take the images. This CT system is 
equipped with a sealed tube type micro focus X-ray 
generator with a maximum output of 100 kV, as well as 
a h igh sens i t i v i t y  image in tens i f i e r,  enab l ing 
3-dimensional observations of resins, pharmaceuticals, 
bones, and other soft materials at high magnification.
Fig. 2 shows an actual image of a mouse femur. The 
portion enclosed by the red rectangle is the femur, and 
the portion to the right of the red rectangle is the tibia. 
A schematic of the mouse femur is shown in Fig. 3.
The femur consists of three parts: the proximal 
extremity, the femur itself, and the distal extremity. The 
proximal extremity together with the coxal bone forms 
the hip joint. The distal extremity together with the tibia 
forms the knee joint. This sample observation is an 
example in vitro imaging of the distal extremity of the 
femur.

n Observation of a Mouse Femur

n Introduction

Fig. 1  Overview of the inspeXio SMX-100CT Micro Focus X-Ray 
CT System

Fig. 2  Overview of a Mouse Femur

■结果与讨论
2.1 微焦点 X射线 CT对老鼠股骨的观察
先通过 inspeXio SMX-100CT微焦点 X射线 CT系统设备对老

鼠股骨采集 CT数据，该设备采用最大输出电压 100KV的密闭式
微焦点 X射线管及配置高灵敏度的影像增强器。此配置更容易实
现对树脂、药物、骨骼和其他高倍放大的软材料的观察。如图 1

所示是老鼠股骨的外观图，红色矩形框内包围的部分是老鼠股骨，
而不在红色矩形框内的部分是胫骨。老鼠股骨由三部分组成：近
端、股骨本身和远端。老鼠股骨示意图如图 3所示。而近端和髋
骨组成髋关节，远端和胫骨形成膝关节。本样品观察的是选取远
端的股骨图像研究。



图 3所示为骨骺端的横断面 CT图像，图 4所示为骨骺端
和干骺端的横断面 CT图像，图 5所示为干骺端的横断面 CT图
像。在干骺端横断面上，圆形骨区为皮质骨，内部网状区是松
质骨。

  使用 inspeXio SMX-100CT微焦点 X射线 CT系统进行锥
束扫描，通过单次扫描不仅可以获得视野范围内的所有横断面
图像，还可以获得任意方向的虚拟图像。

   图 6所示为老鼠股骨 MPR（多平面重建）显示图。在
MPR显示图中，多个 CT图像叠加在虚拟空间中，由四幅图像
组成：CT图像 1；与图像 1相互正交的纵向图像 2和图像 3；
以及在纵向图像 2或者图像 3上任意切割的截面图 4。在 MPR

图像中，左上角图像 1是与旋转中心成直角的截面（股骨横截
面），形状像叶子一样向四个方向延伸。图像 2左侧和图像 3

顶部显示的是骨骺。生长板软骨位于骨骺端和干骺端之间。接
下来的图 7所示中，展示了该数据的 3D立体显示，3D效果图
更便于观察骨骺端和干骺端的位置关系。
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图 2  老鼠股骨示意图
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Fig. 3  Schematic Drawing of a Mouse Femur

Fig. 7  MPR Images of a Mouse Femur

Fig. 4 shows a cross sectional image of the epiphysis. 
Similarly, Fig. 5 shows a cross sectional image of the 
epiphysis and metaphysis, and Fig. 6 shows a cross 
sectional image of the metaphysis. In the cross section 
of the metaphysis, the circular bone region is the 
cortical bone, and the mesh like region inside it is the 
cancellous bone.
By performing a cone beam CT scan using the inspeXio 
SMX-100CT, these cross sectional images can be 
obtained with a single scan, and consecutive cross 
sectional observations are also possible.
Fig. 7 shows the MPR (Multi Planar Reconstruction) 
image. In an MPR display, multiple CT images are 
stacked up in a virtual space, so as to line up four 
images :  a CT image (1 ) ;  mutua l l y  or thogona l 
longitudinal images (2) and (3); and an arbitrary cross 
sectional image orthogonal to the longitudinal cross 
sectional image (4).
In the MPR image, the top left image (1) shows the 
cross section at right angles to the rotation axis (cross 
section of the femur). In the top left image (1), the leaf 
like shape extending in four directions from the central 
part i s the metaphys is . Images (2) and (3) are 
longitudinal cross sections. The left side of image (2) 
and the top of image (3) show the epiphysis. The 
growth plate cartilage is found between the epiphysis 
and the metaphysis.
Next, Fig. 8 shows a 3-dimensional display of this data. The 
3-dimensional display makes it easy to observe the 
positional relationship between the epiphysis and the 
metaphysis.

Fig. 4  CT Image of an Epiphysis

Fig. 6  CT Image of Metaphysis

Fig. 5  CT Image of Epiphysis and Metaphysis
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图 3  骨骺端 CT图
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图 4  骨骺端和干骺端 CT图

图 5  干骺端 CT图

图 6  老鼠股骨 MPR显示图
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n Sample Analysis of a Mouse Femur

Fig. 8  3D Images of a Mouse Femur

Fig. 9  3D Image of a Mouse Femur

1 ｍｍ

Fig. 10  White : Cortical Bone and Cancellous Bone
 Red : Blood Vessels in Cortical Bone
 Green : Growth Plate Cartilage

1 mm

Fig. 11  White : Cancellous Bone
 Red : Blood Vessels in Cortical Bone
 Green : Growth Plate Cartilage

1 mm

Obtaining images with the X-ray CT system not only 
enables cross sectional and 3-dimensional observations, but 
also enables each region to be extracted for observation, 
and measurements to be taken of bone thickness. Figs. 10 
to 14 show the actual results of scans of mouse femur 
cortical bone, cancellous bone, and extracted blood vessels 
within the cortical bone colored for display, utilizing the 
TRI/3D-BON bone structure analysis software from Ratoc 
System Engineering Co., Ltd. In Figs. 10 and 11, the 
portion shown in white is the cortical bone and cancellous 
bone. In Fig. 10, the cortical bone is made semitransparent 
in appearance. The red portion shows the blood vessels 
within the cortical bone, and the green portion shows the 
growth plate cartilage between the epiphysis and the 
metaphysis. Fig. 13 is an image with this growth plate 
cart i lage extracted. F ig . 14 shows the resu l ts of 
measurements of the thickness of the extracted cortical 
bone and cancellous bone. The thin to thick portions vary 
in appearance from blue to red.

2.2 老鼠股骨的样品数据分析
通过微焦点 X 射线 CT 系统不仅可以获得断层图像及 3D

图像，还可以通过提取感兴趣区域进行观察并测量骨厚度。 

图 9~图 13所示是老鼠股骨的皮质骨、松质骨和皮质骨中的血
管的扫描结果，此结果是用第三方软件公司 Ratoc系统工程有
限公司的 TRI/3D-BON软件分析的。图 9和图 10显示白色部分
是皮质骨和松质骨、红色部分是皮质管中的血管和绿色部分是
生长板软骨。在图 9中外观上看起来是半透明的就是皮质骨。
图 12是提取出来的生长板软骨的形貌。图 14是对提取的皮质
骨和松质骨厚度的测量结果。可以从蓝色到红色的不同颜色标
注不同的厚薄部分。
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图 7  老鼠股骨的 3D图
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bone. In Fig. 10, the cortical bone is made semitransparent 
in appearance. The red portion shows the blood vessels 
within the cortical bone, and the green portion shows the 
growth plate cartilage between the epiphysis and the 
metaphysis. Fig. 13 is an image with this growth plate 
cart i lage extracted. F ig . 14 shows the resu l ts of 
measurements of the thickness of the extracted cortical 
bone and cancellous bone. The thin to thick portions vary 
in appearance from blue to red.
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图 8 老鼠股骨的 3D图

图 9 白色：皮质骨和松质骨
红色：皮质骨中的血管
绿色：生长板软骨

图 10 白色：松质骨
红色：皮质骨中的血管
绿色：生长板软骨



■结论
采用岛津公司的 inspeXio SMX-100CT检查老鼠股骨，不

仅可以观察老鼠股骨的体积结构，还可以通过软件提取感兴趣
区域来测量分析皮质骨和松质骨的厚度。

另外，利用 TRI/3DBON软件建立 BMD模型（骨密度模型），
将图像数据亮度值转换为 CT值，把皮质骨和松质骨分离，然
后获得各自相应的 BMD值。因此，扫描后的 CT图像数据是能
够通过 BMD模型来创建标准分析数据（标准曲线）的。
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Fig. 3  Schematic Drawing of a Mouse Femur

Fig. 7  MPR Images of a Mouse Femur

Fig. 4 shows a cross sectional image of the epiphysis. 
Similarly, Fig. 5 shows a cross sectional image of the 
epiphysis and metaphysis, and Fig. 6 shows a cross 
sectional image of the metaphysis. In the cross section 
of the metaphysis, the circular bone region is the 
cortical bone, and the mesh like region inside it is the 
cancellous bone.
By performing a cone beam CT scan using the inspeXio 
SMX-100CT, these cross sectional images can be 
obtained with a single scan, and consecutive cross 
sectional observations are also possible.
Fig. 7 shows the MPR (Multi Planar Reconstruction) 
image. In an MPR display, multiple CT images are 
stacked up in a virtual space, so as to line up four 
images :  a CT image (1 ) ;  mutua l l y  or thogona l 
longitudinal images (2) and (3); and an arbitrary cross 
sectional image orthogonal to the longitudinal cross 
sectional image (4).
In the MPR image, the top left image (1) shows the 
cross section at right angles to the rotation axis (cross 
section of the femur). In the top left image (1), the leaf 
like shape extending in four directions from the central 
part i s the metaphys is . Images (2) and (3) are 
longitudinal cross sections. The left side of image (2) 
and the top of image (3) show the epiphysis. The 
growth plate cartilage is found between the epiphysis 
and the metaphysis.
Next, Fig. 8 shows a 3-dimensional display of this data. The 
3-dimensional display makes it easy to observe the 
positional relationship between the epiphysis and the 
metaphysis.

Fig. 4  CT Image of an Epiphysis

Fig. 6  CT Image of Metaphysis

Fig. 5  CT Image of Epiphysis and Metaphysis

(1) (2)

(3) (4)
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n Conclusion
In this way, with the inspeXio SMX-100CT, not only is it 
possible to volumetrically observe the structure of a 
mouse femur but it is also possible to utilize analysis 
software to extract each region, and to measure and 
evaluate the thickness of cortical bone and cancellous 
bone.
In addition, by applying the BMD phantom (bone 
mineral quantification) and utilizing TRI/3DBON, it is 
possible to convert the imaging data brightness values 
to CT values and separate the cortical bone and 
cancellous bone, and then obtain the respective BMD 
values for the cortical bone and cancellous bone. It is 
a lso poss ib le to create analys is s tandard data 
(calibration curves) by imaging using the BMD phantom 
instead of the bone after imaging the bone.

Fig.14  Thickness Measurements of Cortical Bone and Cancellous Bone

Fig. 12  Cancellous Bone and Growth Plate Cartilage

Fig. 13  Extracted Growth Plate Cartilage

图 11 松质骨和生长板软骨

图 13 皮质骨和松质骨厚度的测量

图 12 提取的生长板软骨
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n Conclusion
In this way, with the inspeXio SMX-100CT, not only is it 
possible to volumetrically observe the structure of a 
mouse femur but it is also possible to utilize analysis 
software to extract each region, and to measure and 
evaluate the thickness of cortical bone and cancellous 
bone.
In addition, by applying the BMD phantom (bone 
mineral quantification) and utilizing TRI/3DBON, it is 
possible to convert the imaging data brightness values 
to CT values and separate the cortical bone and 
cancellous bone, and then obtain the respective BMD 
values for the cortical bone and cancellous bone. It is 
a lso poss ib le to create analys is s tandard data 
(calibration curves) by imaging using the BMD phantom 
instead of the bone after imaging the bone.

Fig.14  Thickness Measurements of Cortical Bone and Cancellous Bone

Fig. 12  Cancellous Bone and Growth Plate Cartilage

Fig. 13  Extracted Growth Plate Cartilage
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