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Computed Tomography,

� To see what a sample looks like both 

inside and out 

� X-rays is used to visualize differences 

in the density within a sample 

� A detailed 3D image or a model is 

produced

� The x-rays do not damage or alter the 

sample/patient material
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IntroductionIntroduction

Micro-Computed Tomography,

� Micro-CT is the same as a hospital CT

� Micro-CT can achieve much higher 

resolution on small samples

� Same as hospital CT, it is constructed by:

� An x-ray source

� A x-ray detector

� A rotating mechanism

� A reconstruction software to make 

tomographic image
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How is xHow is x--ray Producedray Produced

+KV
-KV

Speed ≈ C/2

Cathode

Anode

3-Suddenly 

decelerating the 

electrons.

3-Suddenly 

decelerating the 

electrons.

x-rays

(0.5% to 1% of 

Kinetic energy)

1- source of free electrons:

thermionic emission from 

heated filament (~2000° C)

1- source of free electrons:

thermionic emission from 

heated filament (~2000° C)2-Accelerating the electrons to 

extreme speeds by applying 

extremely high-voltage

2-Accelerating the electrons to 

extreme speeds by applying 

extremely high-voltage
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XX--ray ray Tube in MicroTube in Micro--CTCT

� Micro-Focus x-ray tubes are used in Micro-CT

� Micro-Focus means: the size of spot generating x-ray is micron-sized

� it should be Micro-Focus, because:

� Minimum value of blurring

� Maximum value of resolution 
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XX--ray ray Tube in MicroTube in Micro--CTCT

� As the focal spot is very small, the current generated is small

� So, the x-ray photon flux is so small

� And, the scanning time in Micro-CT is long

� Compare to Hospital CT
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Sample attenuates xSample attenuates x--rayray

99

Lambert–Beer’s Law:

Radiation intensity decreases exponentially while running through object 

along the incident direction.

µ

I(in) I(out)

x

Linear Attenuation Coefficient
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−��

 

X-ray source

sample

detector
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Sample attenuates xSample attenuates x--rayray

� Attenuation is the reduction of the intensity of an x-ray beam as it traverses 

matter.

� The reduction may be caused By absorption or By scattering of photons from 

the beam

� Absorption can be affected by different factors such as x-ray beam energy and 

atomic number/density of the absorber. 

� Traversed photons are detected and converted into a useful image by an image 

receptor.
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Images are formed when different structures 

in the body absorb different amounts of 

radiation from the beam
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MicroMicro--CT xCT x--ray ray detectorsdetectors

� Micro-CT detectors are made up of a scintillator

� scintillator crystals convert x-rays to visible light

� Generated light is then read by a photodiode array.
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Ability to convert x-ray energy to light

Ability to convert light energy to signal

MICRO-CT DESIGN AND GEOMETRY
12
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MicroMicro--CT Design and GeometryCT Design and Geometry

� Rotating object Micro-CT

� tube-detector is stationary

� Object rotates

� Rotating gantry 

� tube-detector rotates 

� object  is stationary
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MicroMicro--CT Design and GeometryCT Design and Geometry

Rotating object Micro-CT,

� For in-vitro & industry imaging

� robust and cost-efficient

� high spatial resolution

� magnification can be easily adjusted

1414
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MicroMicro--CT Design and GeometryCT Design and Geometry
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Lotus-NDT (rotating object Micro-CT)
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MicroMicro--CT Design and GeometryCT Design and Geometry

Rotating gantry Micro-CT,

� Mostly for in-vivo imaging

� Easy animal handling

� Resemble the clinical CT scanners that also have a patient bed
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MicroMicro--CT Design and GeometryCT Design and Geometry
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Lotus-inVivo (rotating gantry Micro-CT)

IN-VIVO MICRO-CT
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Three steps:

1- Raw data pre-processing:  to facilitate the 
reconstruction in next step

� Corrections

� Reformatting

2-Image reconstruction: scan data(attenuation 
reading) converted into image. Each pixel in this 

image represent µ values

3-CT Value transformation: the µ values converted 

to CT Numbers as follow:

Material µ (73 KeV) ~CT #

Water 0.19 cm-1 0

Bone 0.38 cm-1 1000

Air 0.0004 cm-1 -1000

Data ProcessingData Processing

MICRO-CT

PRECLINICAL APPLICATIONS
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MicroMicro--CT Preclinical Applications:CT Preclinical Applications:

1. Anatomical Imaging:

� Bone Micro-Structure Evaluation

� Lung Imaging

� Skeletal Evaluation

� Vasculature

� Cardiac
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MicroMicro--CT Preclinical Applications:CT Preclinical Applications:

2. Functional Imaging:

� Tumor Detection

� Perfusion (Cardiac, Tumor,…)

� Inflammatory Bowl Disease

� Evaluation of bone metabolism 
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MicroMicro--CT Preclinical Applications:CT Preclinical Applications:

3. Molecular Imaging:

� Targeted Contrast Agent

� Drug Delivery

� Nano-Medicine

� Hybrid Imaging:

� Micro-SPECT/Micro-CT

� Micro-PET/Micro-CT

� Micro-CT/BIO-luminance
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MicroMicro--CT Preclinical Applications:CT Preclinical Applications:

The micro-CT data are more informative and quantitative compared 

with 2D histological examination:

� in vitro Examination of three-dimensional bone architecture

� 3D measurements of trabecular bone morphology parameters such as: 

� Trabecular thickness, spacing, density and connectivity. 

� Evaluation of osteoarthritis, 

� Evaluation of bone metabolism 
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MicroMicro--CT Preclinical Applications:CT Preclinical Applications:

Using micro-CT to investigate the mice pulmonary 
structure and function

�Evaluation of lung in Mice

�Obtaining physiologic information for normal, acute or 
chronic diseased mice

� In vivo respiratory-gated micro-CT imaging in small-
animal oncology models

�assessment of emphysema in mice
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MicroMicro--CT Preclinical Applications:CT Preclinical Applications:

To study the structure of the vasculature 

structure filled with contrast agent

�produce 3D images of vasculature structure at a 

spatial resolution typically less than 30 micro-meter

�Quantitatively investigation of three-dimensional 

connectivity
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MicroMicro--CT Preclinical Applications:CT Preclinical Applications:

� imaging tumor angiogenesis

� Dynamic micro-CT has also been applied to the direct measure of perfusion in 

tumors following the injection of extracellular contrast agent
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MultiMulti--modality imagingmodality imaging

The multi-modality imaging which combines micro-CT with other 
imaging techniques such as micro-PET and micro-SPECT

� micro-PET/micro-CT suitable for small animal imaging

� provide metabolic information of the tissue, while having the information 
provided by the micro-CT to delineate the anatomical structure

� Investigation of anatomical-functional relationship

� Or, Micro-CT/Micro-SPECT

� micro-CT provides the linear attenuation map of the scanned small 
animal. The correction might be evident when low-energy radionuclides 
are used
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MicroMicro--CT Preclinical Applications:CT Preclinical Applications:
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MicroMicro--CT Preclinical Applications:CT Preclinical Applications:
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MicroMicro--CT Preclinical Applications:CT Preclinical Applications:
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MicroMicro--CT Preclinical Applications:CT Preclinical Applications:
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MicroMicro--CT Preclinical Applications:CT Preclinical Applications:
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MicroMicro--CT Preclinical Applications:CT Preclinical Applications:
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MicroMicro--CT Preclinical Applications:CT Preclinical Applications:
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MicroMicro--CT Preclinical Applications:CT Preclinical Applications:
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MicroMicro--CT Preclinical Applications:CT Preclinical Applications:

tpcf.tums.ac.irtpcf.tums.ac.irTUMS Preclinical Core Facility (TPCF)TUMS Preclinical Core Facility (TPCF)

MicroMicro--CT Preclinical Applications:CT Preclinical Applications:



5/26/2019

21

tpcf.tums.ac.irtpcf.tums.ac.irTUMS Preclinical Core Facility (TPCF)TUMS Preclinical Core Facility (TPCF)

MicroMicro--CT Preclinical Applications:CT Preclinical Applications:

tpcf.tums.ac.irtpcf.tums.ac.irTUMS Preclinical Core Facility (TPCF)TUMS Preclinical Core Facility (TPCF)

MicroMicro--CT Preclinical Applications:CT Preclinical Applications:

� Human teeth
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Thanks for Your AttentionThanks for Your Attention


