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Observation of Capsules Using the inspeXio SMX-100 CT 
Micro Focus X-Ray CT System

LAAN-A-ND-E009

Industrial X-ray CT systems have conventionally been 
widely used to perform inspections and structural 
analyses of a variety of manufactured products 
including electronic parts, automotive parts, and resin 
molded parts. Recently however, they have also proved 
useful in the medical field for observing the internal 
structure of pharmaceutical tablets and granules. 
This article introduces images of granule-filled gelatin 
capsules, taken with a new X-ray CT system that 
provides clearer, more distinct data.

The equipment used to take the images is the new 
inspeXio SMX-100CT Micro Focus X-ray CT system 
(Fig. 1). 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 high-sensitivity image 
intensifier, enabling 3-dimensional observations of 
resins, pharmaceuticals, bones, and other soft materials 
at high magnification.

n Micro Focus X-Ray CT System

Fig. 3 shows a fluoroscopic image of the packaged 
granule-filled capsule in Fig. 2. In this fluoroscopic 
image, the granules inside the capsule are overlapping, 
and it is impossible to assess the positional relationship 
between the individual granules filling the capsules.
Fig. 4 shows the CT image of this capsule as is. Fig. 4 is 
a cross-sectional image corresponding to a vertical cut 
through the capsule near the center, which makes it 
possible to observe the position of each granule 
precisely. 
F ig .  5 shows th i s  CT imag ing data d i sp layed 
3-d imens iona l l y.  When the data i s  d i sp layed 
3-dimensionally it becomes possible to observe the 
granules inside the capsule even more volumetrically.
Furthermore, with the X-ray CT system, the interior can 
be observed in detail in magnified images such as in 
Fig. 6, without pretreating the capsule. In this way, 
observations with the sample conditions even kept as is 
revealed that this capsule contains 2 types of granules. 
We thus proceeded with more detailed observations, 
with these 2 types of granules removed from the 
capsule.

n Observation of Granule-Filled Capsules

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

Fig. 3  Fluoroscopic Image of a Capsule

Fig. 2  Overview of a Capsule
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微焦点 X射线 CT系统 SMX-

使用 inspeXio SMX-100CT观察药物
颗粒填充胶囊的实例
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摘要：本文介绍了一个运用 inspeXio SMX-100CT观察药物颗粒填充胶囊的实例观察。针对药物颗粒填充胶囊 CT扫描，得出了胶囊
的 CT横截面图像及 3D立体图像。通过放大扫描，发现胶囊内部是由两种不同类型的颗粒组成。再把两种不同类型的颗粒取出通过
CT详细观察，可看到颗粒 1由低密度药剂、单独颗粒和高密度药剂组成，颗粒 2由高密度药剂和低密度颗粒组成，并且在颗粒 1和
颗粒 2中内部都发现了孔隙。

关键词：微焦点 X射线 CT系统   CT   药物颗粒   胶囊

传统上，工业微焦点 X射线 CT系统已被广泛用于对包括
电子零部件、汽车零部件和树脂成型零件在内的各种制成品进行
检查和结构分析。然而，近年来，它们还被证明在医学领域用于
观察药物片剂和颗粒胶囊的内部结构。

本文介绍了使用新型的微焦点 X射线 CT系统拍摄的颗粒
填充的药物胶囊CT图像，该系统可提供更清晰和更独特的数据。

图 1  胶囊外观图                         图 2  胶囊透视图
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■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：4mm~20mm

Number of Views：1200

Number of Averages：1

Voxel Spacing：Max0.012mm/voxel

Scale angle：Full scale

Acquisition Mode：Fine
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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对药物颗粒填充胶囊的观察
用于观察药物颗粒填充胶囊的是新型 inspeXio SMX-100CT

微焦点 X射线 CT系统，该 CT系统采用最大输出电压 100KV的
密封式微焦点 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、骨骼和其他软材料进行高放大倍率下的
三维观察。

如图 1所示是约 20mm的颗粒填充胶囊的外观图，图 2显
示了图 1中的包装的颗粒填充胶囊的透视图像。在该透视图像中，
胶囊内部的颗粒是重叠的，并且不可能评估填充胶囊的各个颗粒
之间的位置关系。

图 3原样显示了该胶囊的 CT图像。图 3是对应于中心附近
穿过胶囊的垂直切口的横截面图像，这使得可以精确的观察每个
颗粒的位置。

图 4显示了三维结构的该 CT成像数据。当在三维空间上显
示数据时，甚至可以从体积上观察胶囊内部的颗粒。此外，利用
X射线 CT系统，可以在不对胶囊进行预处理的情况下以放大图
像来详细观察内部（如图 5所示）。用这种方式保持样品状态的
观察结果表明，该胶囊里面含有两种类型的颗粒。因此，我们进
行了更详细的观察，从胶囊中取出了这两种类型的颗粒。
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2.2 观察胶囊中的颗粒
在图 6所示中，有颗粒 1 和颗粒 2 的透视图像、CT图像

及 3D图像。
对于颗粒 1，显示是三层结构，分别是由低密度药剂（图

6（1））、包装有单独的颗粒（图 6（3））、上面涂有稍高

岛津制作所株式会社 分析测量事业部
全球应用开发中心

初版发行时间：2017年 6月

岛津客服中心  0120-131691
（075）813-1691

※本资料基于发行时的信息撰写而成，如有修订，恕不另行通知。                                请注册会员制信息服务“Shim-Solutions Club”。
修订版可在下述会员制Web Solutions Navigator中阅览。                                         https://solutions.shimadzu.co.jp/
https://solutions.shimadzu.co.jp/solnavi/solnavi.htm                  您不仅可阅览会员制Web，还可享受各种信息服务。

 

Application 
News 

 Application
News

No.

For Research Use Only. Not for use in diagnostic procedures.
The content of this publication shall not be reproduced, altered or sold for any commercial purpose without the written approval of Shimadzu. 
The information contained herein is provided to you "as is" without warranty of any kind including without limitation warranties as to its 
accuracy or completeness. Shimadzu does not assume any responsibility or liability for any damage, whether direct or indirect, relating to the 
use of this publication. This publication is based upon the information available to Shimadzu on or before the date of publication, and subject 
to change without notice.

© Shimadzu Corporation, 2012www.shimadzu.com/an/

N116

First Edition: Dec, 2012

Fig. 7  Observational Images of Granules

Left : Granule 1
Right : Granule 2

Fig. 4  CT Sectional Image of a Capsule Fig. 5  3-Dimensional Image of a Capsule

The fluoroscopic images, CT images, and 3-dimensional 
images of granules 1 and 2 are shown in Fig. 7.
With granule 1, a 3-layered structure is evident, 
consisting of a low-density pharmaceutical agent (Fig. 7 
(1)), packed with a separate granule (Fig. 7 (3)) coated 
with a slightly-higher-density pharmaceutical agent 
(Fig. 7 (2)). In the enlarged CT image, it is possible to 
observe that there is a void near the boundary between 
pharmaceutical agents (1) and (2) (Fig. 7 (1) and (2)). 

n Observations of Granules

In this way, with the new inspeXio SMX-100CT, detailed 
observations of internal structure, all the way from the 
overall capsule image to the individual granules inside 
the capsule, can be obtained quickly and without 
complicated processing or treatments. In addition, this 
is a very useful system for observing not only capsules, 
but a l so tab le t  c racks ,  pharmaceut ica l  agent 
distributions, and even coating layers.

n Conclusion

CT Image (longitudinal section)

Gelatin

Package

Fig. 6  Observational Images of a Capsule

Left : FOV size approx. 8 mm
Right : FOV size approx. 4 mm (high magnification)

1.0mm

Granule 1

Granule 2

2.0mm

Fluoroscopic image Fluoroscopic image

CT Image CT Image

3-Dimensional Image

Fluoroscopic image

3-Dimensional Image 3-Dimensional Image

With granule 2, it is possible to observe a 2-layer 
structure, consisting of a granule of low-density 
pharmaceutical agent (Fig. 7 (4)) coated by a separate, 
slightly-higher-density pharmaceutical agent (Fig. 7 (5)). 
In addition, it is evident that the granule (Fig. 7 (4)) 
contains a void similar to that in granule 1.

Granule (3)

0.4 mm 0.4 mm

Granule 2: Fluoroscopic imageGranule 1: Fluoroscopic image

VoidVoid

CT Image CT Image

3-Dimensional Image 3-Dimensional Image

Granule (4)

Pharmaceutical agent (1)
Pharmaceutical
agent (5)

Pharmaceutical agent (2)

Granule 2: Fluoroscopic imageGranule 1: Fluoroscopic image
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With granule 2, it is possible to observe a 2-layer 
structure, consisting of a granule of low-density 
pharmaceutical agent (Fig. 7 (4)) coated by a separate, 
slightly-higher-density pharmaceutical agent (Fig. 7 (5)). 
In addition, it is evident that the granule (Fig. 7 (4)) 
contains a void similar to that in granule 1.
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图 3  胶囊 CT截面图                图 4  胶囊 CT 3D图

图 5  胶囊观察图
上：FOV尺寸约 8mm

下：FOV尺寸约 4mm（高放大率）

图 6 颗粒观察图
上：颗粒 1
 下：颗粒 2
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密度的药剂（图 6(2)）。在放大的 CT图像中，可以观察到药
剂（1）和（2）之间的边界附近有孔隙（图 6（1）和（2））。

观察颗粒 2时，可以观察到 2层结构，该结构由低密度药
物颗粒（图 6（4））组成，该颗粒被单独的稍高密度的药剂（图
6（5））包围。另外，颗粒 2（图 6（4））和颗粒 1大的药物
颗粒中的都有类似的孔隙。

■结论
借助新型的 inspeXio SMX-100CT 微焦点 X射线 CT系统，

就可以快速的获得药物颗粒填充胶囊的内部结构的详细信息，
从整个胶囊图像到胶囊内部的单个颗粒的观察，都无需进行复
杂的处理或者观察过程。此外，这是一个非常有用的 CT系统，
不仅可以观察胶囊，还可以观察片剂的破裂、药剂的分析以及
涂层。
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