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摘要：本文介绍了一个运用 inspeXio SMX-100CT观察食品包装盒密封性的实例观察。开始观察了塑料瓶瓶盖在打开之前和打开之后
的密封性，发现打开之前和打开之后的密封性一致；然后观察了食品圆柱形纸质容器和铝盖之间的密封性，发现食品纸质容器即使变
形，铝盖也覆盖在容器上面，密封性很好；最后对食品纸质容器的中间部分进行扫描，清晰观察到 3层纸或者 4层纸是如何通过粘合
剂粘贴在一起的。
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各种类型的商业食品包装的设计旨在易于使用和出色的美学设
计，同时努力减少对环境的影响并确保或提高安全性。
考虑到这些设计约束，包装的密封部分是最重要的技术领域之
一，在安全性和质量保证方面，确保可靠的紧密密封性极为重要。

由于微焦点 X射线 CT系统能够无损观察包装的内部结构，因
此它是一种观察密封状态的常用方法。在这里使用微焦点 X射
线 inspeXio SMX-100CT系统观察密度较低的食品包装盒，详
细介绍了观察食品包装盒密封区域的几个示例。

■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：70KV

测试电流：50μA

图像尺寸：1024pixels*1024pixels

扫描时间：9min

SDD：500mm

SRD：30mm

Number of Views：1200

Number of Averages：1

Voxel Spacing：0.033mm/voxel

Scale angle：Full scale

Acquisition Mode：Fine
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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

■结果与讨论
2.1 微焦点 X射线 CT对塑料瓶的观察
图 1显示了一个塑料瓶在打开之前和打开之后的外观图。分

别在瓶盖打开之前和打开之后再拧紧，通过 inspeXio SMX-100CT

微焦点 X射线 CT系统设备对其采集 CT数据，得出了图 2所示
的 CT截面图，从截面图中可以看出即使瓶子拧开一次后在两个
位置密封性也很好。图 3展示了 CT的 3D效果图，观察两个位
置的密封性。
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X-Ray CT Observation of Seals of Food Product Packaging

The various types of commercial food product 
packaging are designed for ease of use and superior 
aesthetic design, while at the same time trying to 
reduce environmental impact and ensure or improve 
safety. 
Given these design constraints, the seal portion of 
packaging is one of the most technically important 
areas, where ensuring a reliable tight seal is extremely 
important in terms of safety and quality assurance. 
Since X-ray CT systems are able to nondestructively 
observe the internal structure of packaging, it is a 
popular method of observing the seal status. 
Therefore, this issue describes several examples of 
observing the seal area. 

Figure 3 shows CT images of a plastic bottle before 
and after it was opened (photos of the bottle exterior 
are shown in Figure 2) and Figure 4 shows 3D images 
reconstructed from CT data. 

These figures show that even after it had been opened 
once, the bottle was securely sealed (in two locations) 
when the cap was closed.

In this case, an SMX-100CT-SV3 Shimadzu 
Microfocus X-Ray CT System, which is suitable for 
objects with relatively low density, was used for 
observations (see Figure 1).

n Introduction

n Observation of Plastic Bottle

Fig. 2 Plastic Bottle and Cap

Fig. 3 CT Image of Plastic Bottle and Cap

Fig. 1 SMX-100CT Shimadzu Microfocus X-Ray CT system

Cap

Bottle

Seal

After Opening

After Opening

图 1  塑料瓶和瓶盖外观图

图 2  塑料瓶和瓶盖 CT截面图

瓶盖打开后

瓶盖打开后

瓶盖

瓶子

密封部位
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As an example of observing packaging seals, CT 
cross section images and a 3D image of the seal 
between a cylindrical paper container and its aluminum 
lid (see diagram in Figure 5) are shown in Figure 6. 
These images show that the paper is applied to the 
outside of container to improve its strength. It also 
shows that it is securely sealed although the aluminum 
lid is adhered along the curved surface. 

n Observation of Food Packaging (1)

Fig. 6 Images of Food Packaging

Fig. 4 3D Image of Plastic Bottle and Cap 

Fig. 5 Image Location

After Opening

Image Location

Enlargement of
Adhesion Layer

CT Image 3D Image

Aluminum
Lid

Paper Container

粘合层放大  
    

CT图      3D图      

纸质容器     

铝盖      

2.2 微焦点 X射线 CT对食品包装盒 1的观察
  作为观察食品包装封装口的示例，图 5显示了圆柱形纸

质容器与其铝盖之间的 CT横截面图和封口的 3D图像（请参见
图 4结构图）。这些图像显示了将纸张应用于容器的外部以提
高强度。这也表明，尽管铝盖沿曲面粘附（纸盒变形），但它
仍被牢固密封。
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图 3  塑料瓶和瓶盖 3D图

图 4  图像位置
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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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As an example of observing packaging seals, CT 
cross section images and a 3D image of the seal 
between a cylindrical paper container and its aluminum 
lid (see diagram in Figure 5) are shown in Figure 6. 
These images show that the paper is applied to the 
outside of container to improve its strength. It also 
shows that it is securely sealed although the aluminum 
lid is adhered along the curved surface. 

n Observation of Food Packaging (1)

Fig. 6 Images of Food Packaging

Fig. 4 3D Image of Plastic Bottle and Cap 

Fig. 5 Image Location

After Opening
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图像位置

图 5  食品包装盒图像
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As an example of observing packaging seals, CT 
cross section images and a 3D image of the seal 
between a cylindrical paper container and its aluminum 
lid (see diagram in Figure 5) are shown in Figure 6. 
These images show that the paper is applied to the 
outside of container to improve its strength. It also 
shows that it is securely sealed although the aluminum 
lid is adhered along the curved surface. 

n Observation of Food Packaging (1)

Fig. 6 Images of Food Packaging

Fig. 4 3D Image of Plastic Bottle and Cap 
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2.3 微焦点 X射线 CT对食品包装盒 2的观察
此外，在与上述容器相似的两种类型的容器（圆柱形）上

观察到了接缝区域（请参见图 6中的示意图）。
图 7中的观察示例显示了如何将 3或 4层纸粘合在一起来

连接容器。
图 8中的示例是用于包装水分含量高的食品的包装，图像

详细显示了在纸层之间如何使用铝箔以及如何在容器表面涂上
聚合物。

图 6 图像位置

Application 
News 

 Application
News

No.N118

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.

N114

SHIMADZU  CORPORATION.  International  Marketing  Division
3.  Kanda-Nishikicho  1-chome,  Chiyoda-ku,  Tokyo  101-8448,  Japan    Phone: 81(3)3219-5641    Fax. 81(3)3219-5710
Cable  Add.:SHIMADZU TOKYO

No.N114

In addition, the joint area was observed on two types 
of containers (cylindrical) similar to the one above (see 
diagram in Figure 7). 
The observation example in Figure 8 shows how the 
container is joined by gluing 3 or 4 layers of paper 
together. 

The example in Figure 9 is packaging for food 
products with a high moisture content. The images 
show in detail how there is aluminum foil between 

layers of paper and how the container surface is 
coated with polymer. 

n Observation of Food Packaging (2)

Fig. 7 Image Location

Image Location

Fig. 8 Images of Food Packaging

Fig. 9 Images of Food Packaging

CT Image

CT Image

3D Image

3D Image

Multiple Paper Layers
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Enlargement of Adhesion Layer
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Paper
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图像位置
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In addition, the joint area was observed on two types 
of containers (cylindrical) similar to the one above (see 
diagram in Figure 7). 
The observation example in Figure 8 shows how the 
container is joined by gluing 3 or 4 layers of paper 
together. 

The example in Figure 9 is packaging for food 
products with a high moisture content. The images 
show in detail how there is aluminum foil between 

layers of paper and how the container surface is 
coated with polymer. 

n Observation of Food Packaging (2)

Fig. 7 Image Location

Image Location

Fig. 8 Images of Food Packaging

Fig. 9 Images of Food Packaging

CT Image

CT Image

3D Image
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CT图      3D图      

多层纸

粘合层放大图
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图 7  食品包装盒图像



■结论
采用岛津公司的 inspeXio SMX-100CT检查食品包装盒密

封性，对于塑料瓶和瓶盖在打开之前和打开一次后的密封性一
致；对于用铝盖密封的食品纸质圆柱形容器，即使容器变形，
铝盖也很好的覆着在容器上；观察食品纸质圆柱形容器的中间
部分，清晰的观察的 3层纸或者 4层纸如何通过粘合剂牢固的
粘合在一起的。
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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)

图 8 食品包装盒图像
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In addition, the joint area was observed on two types 
of containers (cylindrical) similar to the one above (see 
diagram in Figure 7). 
The observation example in Figure 8 shows how the 
container is joined by gluing 3 or 4 layers of paper 
together. 

The example in Figure 9 is packaging for food 
products with a high moisture content. The images 
show in detail how there is aluminum foil between 

layers of paper and how the container surface is 
coated with polymer. 

n Observation of Food Packaging (2)
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