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Conventional fluoroscopy ((siies (s 95 5618 )
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A Fluoroscope and its associated Parts
- Video Camera

*~———_ Optical Coupling

~__Image Intensifier

- Grid
Patient
- Table
Collimator

X-ray Tube
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Fluoroscopic technique:

The brightness of the fluoroscopic image depends primarily on:

v anatomy that is being examined,

v the kVp: high kVp

v' the mA: low mA, the x-ray tube is operated at less than 5 mA.

Input phosphor

Glass envelope

Output
phosphor

---------

Electrostatic
focusing lens

Image intensification:

The intensification tube components : are contained within glass envelope
and maintains a vacuum.

Image-Intensifier tube: The image-intensifier tube Is a complex electronic device
The Input phosphor : that receives the image-forming x-ray beam
and converts it into a visible-light image
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FIGURE 26-18 Digital subtraction angiography (DSA) of the aorta-iliac area reveals the

details of anomalies in the anastomosis region. (Courtesy Dick Fisher, Baylor College of
Medicine.)
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Dye is injected,
and an X-ray
is taken

Angiography W
Angiography : is used to check the health of your blood vessels and |

how blood flows through them. [

Coronary angiography is a procedure that uses a special dye (contrast matg,
blood flows through the arteries in your heart.

It can help to diagnose or investigate several problems affecting blood vesStu.. | e

Liadder = = FADAM
What is Angioplasty?

Angioplasty is a procedure used to open blocked coronary arteries
It restores blood flow to the heart muscle without open-heart surgery.

voronary Angiogram

Coronary
artery

Angioplasty, a long, thin tube (catheter) is put into a blood vessel.
It is then guided to the blocked coronary artery.
The catheter has a tiny balloon at its tip.

Dye

Plaque
blocking
the artery
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Arterial Access:
A guidewire : Using a guidewire and a catheter,
To access the vascular network without surgery.

The Guidewire :act as a lead point for catheters.
allowing : noperators to traverse along a vessel
allows : to position the catheter within the vascular network.

Catheter : A very thin flexible tube (catheter) is inserted into
the artery.
the catheter is carefully guided to the area that's being examined

position the catheter

The area of the arm is shaved, cleaned, and numbed with local anesthetic.

The doctor will make a small incision in the skin where
the catheter can be inserted into an artery or a vein.

Balloon : Once the catheter is in place, the balloon is inflated

at the narrowed area of the heart artery.
Movahedi
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Vena cava

Left ventricle
Aorta

Femoral
Femoral artery
vein
Right heart Left heart
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Blocked
coronary artery

f Cardiac catheter

Cardiac catheter with balloon and stent

21



Balloon Angioplasty and Stents
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Transverse

FIGURE 28-2 Conventional tomography results in an image
that is parallel to the long axis of the body. Computed tomog-
raphy (CT) produces a transverse image.
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4.Conventional tomography: is called axial tomography because
the plane of the image is parallel to the long axis of the bodv

5. A CT image is a transverse image : that

IS perpendicular to the long axis of the body
(Figure28-2).

Transverse

FICURE 28-2 Conventional tomography results in an image
that is parallel to the long axis of the body. Computed tomog-
raphy (CT) produces a transverse image.
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X-ray source
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The computed tomography (CT):

» A collimated x-ray beam is directed on the patient, and
» the attenuated image-forming x-radiation is measured by a
» detector which response is transmitted to a computer.

Analyzing process:

detector : signal from the detector is analyzed,

Computer: Computer reconstructs the image and
Monitor: the image displays on a monitor

Algorithms: Computer reconstruction of the cross-sectional
anatomy

Is accomplished with mathematical equations (algorithms)

Delectors
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Direction of Rotation

CT Scan Machine

Rotating X-Ray Source

Motorized Platform
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Physics: Helical / Spiral Computed
Tomography ( 6th Generation comput...
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The third-generation CT imaging system:
systems operate in the rotate-only mode with a fan x-ray beam
and a multiple detector array revolving concentrically around the patient.

The fourth-generation :
systems operate with a rotating x-ray source and stationary detectors.
The x-ray source rotates, but the detector assembly does not.

C Multiple detector array

Radiation detection is accomplished through a fixed circular
array of detectors ,which contains as many as 4000 individual elements

Multislice Helical Computed Tomography

Helical CT: a new and improved diagnostic tool,
provides improved imaging of anatomy compromised by respiratory motion.

Helical CT : is particularly good for the chest, abdomen, and pelvis,

11/2/2025
Physics: Helical / Spiral Computed
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FIGURE 30-30 Slice pitch is not as important in CT as beam
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Pitch: is patient couch movement divided by X-Ray beam width

Helical pitch ratio, referred to simply as pitch, is the
relationship between patient couch movement and x-ray beam width.

Helical Pitch Ratio

Couch movement each 360

iD= Beam width

Volume of tissue : The relationship between the volume of tissue
iImaged and pitch is given as follows:

CT volume consists of a 3D array of image elements called voxels

Slice—_

oxel

Each voxel is characterized with a height, width, and depth.

im-

A typical voxel size of a CT scan of the maxillofacial complex is
[vx, vy, vz] = [0.4 mm, 0.4 mm, 1 mm].

Volume Data

Volume Imaging Tissue Imaged = Beam width x Pitch x Imaging time

11/2/2025

SPIRAL SCAN

D Beam Width
PITCH » -v-v—-/

N

Yolume Data
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Image Characteristics:
In radiography, x-rays: form an image directly on the image receptor.

CT imaging systems: the x-rays form a stored electronic image
that is displayed as a matrix of intensities.

The CT image : consists of many cells,

. i . i . . FIGURE 28-24 Each cell in a computed tomography imag
Pixel: Each cell of information is a pixel (picture element), matrix is a two-dimensional representation (pixel) of a volum

of tissue (voxel).

Voxel (volume element): The tissue volume .
it is determined by multiplying the
pixel size by the thickness of the CT image slice. SRR
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Each CT number: displayed as an optical density
or brightness level on the monitor.

VOXEL SIZE
Voxel size (mm®) = Pixel size (mm®) x Slice
thickness (mm)

Imaging systems: provide matrices of 512 x 512,
resultingdn 262,144 cells of information.
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FIGURE 28-25 This four-pixel matrix demonstrates the

method for reconstructing a computed tomography image by
back projection.
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Computed Tomography Numbers

Each pixel is displayed on the digital display as a level of brightness.
These levels correspond to a range of

CT numbers : from —1000 to +3000 for each pixel.
» Air :a CT number of —1000 corresponds to air,

» Bone : a CT number of +3000 corresponds to dense bone.
» Water : a CT number of zero indicates water.

Hounsfield Units (HU) and Various Tissues

CT Number
Ranges in
HUs

Bone +1000
yWhite matter | +20 to +30
+20 to +40
TGray matter ‘ +30 to +40

Hemorrhage . +65 to +95
] ] ] )CSF (water) |0
Table 28-3 shows the CT values for various tissues along with Fat 30 t0-70

respective x-ray linear attenuation coefficients. A A -1000 l

Computed Tomography Number for Various Tissues and X-ray Linear Attenuation
Coefficients at Four kVp Technigques

LINEAR ATTENUATION COEFFICIENT (cm™)

Tissue CT Number 75 kKVp 100 kVp 125 kVp 150 kVp
Dense bone 3000 0.604 0.528 0.460 0.410
Muzcle 50 0.273 0.237 0.208 0.184
White matter . L 0.245 0.213 0.187 0. 166
Gray matter 40 0.243 0.212 0.184 0.163
Blood 20 0.241 0.208 0.182 0.163
Cerabrozpinal fluid i 0.240 0.207 0.181 0.160
Water 0 0.239 0.206 0180 0160
Fat =100 D213 0.185 0162 0.144
Lungs =200 0.111 0.093 0.081 0.072

Air =1000 0.0005 0.0004 0.0003 0.0002
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Voxel: The tissue volume is known as a voxel (volume element), and it is
determined by multiplying the pixel size by the thickness of the CT image slice.
Voxel size (mm’) = Pixel size (mm?) x Slice

% thickness (mm)

1 €aCh

Voxel Size

CT number : the numerical information contained
pixel is a CT number, or Hounsfield unit (HU).

The precise CT number of any given pixel is related to the x-ray attenuation
coefficient of the tissue contained in the voxel.

As discussed the degree of x-ray attenuation is determined by the average
energy of the x-ray beam and the effective atomic number of the absorber and is
expressed by the attenuation coefficient.

CT Numbers
CT number — 1000X(upixel — uwater)/ Rater Cr““r"hEFk{m[:_pw]
T water =0 % here i the attenuztion coeficent of th f
where [, is the attenuation coefficient of the tissue
CT bone — +1000 in the voxel under analysis, [l is the x-ray
CT ...=-1000 attenuation coefficient of water, and k is a

air -
constant that determines the scale factor for the
range of CT numbers. 52
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Box 14.2 | j#UIMMJJJJﬁyﬂQuMG%J&”t >
CT number calculation ) dals w2
(Using eqn. 14.2 for the data) S S e, >
80kV 100KV 150KV A Aas| o2 gdaa ! L Jule et scnld cu g >
Bmuscle  ©0.1892 0.1760 0.1550 oo 9324 sl oita dale Gt sl usa ke
Hwater 0.1835 0.1707 0.1504 Cul Jhia Gl o a0e Adilaa C Gok >
0.1892 - 0.1835
At 80keV: 1000 x 5 1635 = 31
0.1760 - 0.1707
At 100keV: 1000 x 0.1707 31
At 150keV: 1000 x 2:2230-0.1504 _ 5,

0.1504

Beam hardemning At 100kV the reference for
water is 0.1707 but if the beam effective energy
changes to 105kV in the center of the profile,
the u for tissue changes to 0.1750 then:

0.1750 - 0.1707 25
0.1707 -

and not 31 which it should be. This gives the
cupping effect seen in Fig.14.9(b).

New CT value =




