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e.g. Definition Flash dual source spiral cone-beam CT scanner, 
Siemens Healthcare, Forchheim, Germany.

Clinical CT

Image courtesy by Siemens Healthcare

43 cm/s scan speed,     247 ms scan time, 70 ms temp. res.,    0.89 mSv dose         Courtesy of Stephan Achenbach



e.g. floor - mounted Artis Zeego or ceiling - mounted Artis Zee, Siemens Healthcare, 
Forchheim, Germany

Fixed C-Arm CT

Image courtesy by Siemens Healthcare



Ziehm Vision RFD 3DZiehm Vision R

C-Arm with Image Intensifier C-Arm with Flat Detector



e.g. Vision RFD 3D, Ziehm Imaging GmbH, Nürnberg, Germany

Mobile C-Arm CT

Image courtesy by Ziehm Imaging



e.g. Orthophos XG 3D, Sirona Dental Systems GmbH, Bensheim, Germany

Image courtesy by Sirona Dental

Dental Volume Tomography (DVT)



CBCT Guidance for Radiation Therapy

e.g. TrueBeam, Varian Medical Systems, Palo Alto, CA, USA



Micro CT for Preclinical Research

e.g. TomoScope , CT Imaging , Erlangen, Germany



Industrial CT

e.g . TomoScope HV 500, Werth Messtechnik, Gießen, Germany





Clinical CT Detector Flat Detector

Detector Technology

Å Absorption efficiency

Å Afterglow

Å Dynamic range

Å Cross-talk

Å Framerate

Å Scatter grid



EMI parallel beam scanner (1972)

180 views per rotation in 300 s

2³160 positions per view

384 B/s data transfer rate

113 kB data size

525 views (1050 readings) per rotation in 0.25 s

2Ö96³(920+640) two-byte channels per view

1,200 MB/s data transfer rate

up to 4 GB rawdata, 2 GB volume size typical

Siemens 2Ö2Ö96=384-slice 
dual source cone-beam spiral CT(2013)
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GE Revolution Apex

Philips Spectral CT 7500 Siemens Naeotom Alpha

Canon Aquilion ONE Genesis



What does CT Measure?

ÅX-rays are generated in an x-ray tube.

ÅThe polychromatic radiation is attenuated
in the patient. X-ray photon attenuation is
dominated by the photo and the Compton effect.

ÅDetectors measure the x-ray intensity after the rays
have passed through the patient along several lines L.

ÅThe log intensity is the so-called x-ray transform:

ÅOften, the follwing monochromatic approximation is used:



Anode

Bow-tie filter

Wedge filter

Detector

Additional filters

Figure not drawn to scale. Type and order of prefiltration may differ from scanner to scanner.
Depending on the selected protocol filters are changed automatically (e.g. small bowtie for pediatric scans).
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Heel Effect e-

Offset-corrected image (40 kV, 1.39 mA, 23 ms, Ziehm Imaging CMOS)



120 kV + 0 mm water
with and without prefilter

No prefilter

Prefilter



120 kV + 320 mm water
with and without prefilter

No prefilter

Prefilter



Removable Prefilters in Use Today

Å0.4 mm Sn for Siemensó Somatom Flash, Drive, 
go.Now, go.Up and go.all

Å0.6 mm Sn for Siemensó Somatom Force, Edge Plus, 
go.Top and Definition Edge

Å0.4 mm and 0.7 mm Sn for Siemensó Somatom X.cite

Åº0.5 mm Au for Canonós Aquilion ONE Prism Edition

Åº1 mm Cu for topograms only (!) in GEós Revolution 
Apex systems 
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Reference Topic Dose Reduction Assessment Recon

Agostini et al., 2021 chest, DECT, COVID-19 89% subjective, different pitch values iterative

Apfaltrer et al., 2018 coronary artery calcium scoring 73% subjective FBP

Axer et al., 2022 urolithiasis 20% subjetive iterative

Dewes et al., 2016 abdomen, urinary stones 22% subjective iterative

Gordic et al., 2014 chest, pulmonary nodules, phantom 95% subjective iterative

Grunz et al., 2022 urinary stone 18% - 38% subjective, objective iterative

Hasegawa et al., 2022 chest, detectability index, phantom 22% - 25% objective FBP

Jeon et al., 2019 DECT, gout diagnosis 65% subjective, different scanners iterative

Kimura et al., 2022 colorectal cancer 89% subjective iterative, FBP

Kunz et al., 2022 urinary tract 62% frequency of calculi detection iterative

Leyendecker et al., 2019 abdomen 81% subjective, objective iterative

Martini et al., 2016 chest, pulmonary nodules 97% subjective iterative

Rajendran et al., 2020 sinus, temporal bone 67% - 85% objective, EICT and PCCT FBP

Saltybaeva et al., 2019 topogram 80% effect on TCM -

Schabel et al., 2018 thoracic aorta calcification 92% subjective iterative

Schüle et al., 2022 pelvis 90% subjective, objective iterative, FBP

Takemitsu et al., 2022 topogram 80% effect on TCM -

Weis et al., 2017 chest, pediatric 77% subjective, objective iterative

Wuest et al., 2016 paranasal sinus 73% subjective, different scanners FBP

Zhang et al., 2022 guided lung biopsy 73% subjective iterative

Dose reduction due to tin prefiltration
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ï Agostini, Andrea, et al. "Third-generation iterative reconstruction on a dual-source, high-pitch, low-dose chest CT protocol with tin 
filter for spectral shaping at 100 kV: a study on a small series of COVID-19 patients." La radiologia medica 126:388ï398, 2021.

ï Apfaltrer, Georg, et al. "High-pitch low-voltage CT coronary artery calcium scoring with tin filtration: accuracy and radiation dose 
reduction." European Radiology 28(7):3097-3104, 2018.

ï Axer, Benedikt, et al. "Comparative evaluation of diagnostic quality in native low-dose CT without and with spectral shaping 
employing a tin filter in urolithiasis with implanted ureteral stent." RöFo-Fortschritte auf dem Gebiet der Röntgenstrahlen und der 
bildgebenden Verfahren 194(12):1358-1366, 2022.

ï Dewes, Patricia, et al. "Low-dose abdominal computed tomography for detection of urinary stone disease - Impact of additional 
spectral shaping of the x-ray beam on image quality and dose parameters." European Journal of Radiology 85(6):1058-1062, 2016.

ï Gordic, Sonja, et al. "Ultralow-dose chest computed tomography for pulmonary nodule detection: First performance evaluation of 
single energy scanning with spectral shaping." Investigative Radiology 49(7):465-473, 2014.

ï Grunz, Jan-Peter, et al. "Thermoluminescence dosimetry in abdominal CT for urinary stone detection: Effective radiation dose 
reduction with tin prefiltration at 100 kVp." Investigative Radiology 58(3):231-238, 2023.

ï Hasegawa, Akira, et al. "A tin filterôs dose reduction effect revisited: Using the detectability index in low-dose computed 
tomography for the chest." Physica Medica 99:61-67, 2022.

ï Jeon, Ji Young, et al. "The effect of tube voltage combination on image artefact and radiation dose in dual-source dual-energy CT: 
Comparison between conventional 80/140 kV and 80/150 kV plus tin filter for gout protocol." European Radiology 29(3):1248-1257, 
2019.

ï Kimura, Koichiro, et al. "Dose reduction and diagnostic performance of tin filter-based spectral shaping CT in patients with 
colorectal cancer." Tomography 8(2):1079-1089, 2022.

ï Kunz, Andreas Steven, et al. "Tin-filtered 100 kV ultra-low-dose abdominal CT for calculi detection in the urinary tract: A 
comparative study of 510 cases." Academic Radiology, 2022.

ï Leyendecker, Pierre, et al. "Prospective evaluation of ultra-low-dose contrast-enhanced 100-kV abdominal computed tomography
with tin filter: effect on radiation dose reduction and image quality with a third-generation dual-source CT system." European 
Radiology 29(4):2107-2116, 2019.

ï Martini, Katharina, et al. "Evaluation of pulmonary nodules and infection on chest CT with radiation dose equivalent to chest 
radiography: Prospective intra-individual comparison study to standard dose CT." European Journal of Radiology 85(2):360-365, 
2016.

ï Rajendran, Kishore, et al. "Dose reduction for sinus and temporal bone imaging using photon-counting detector CT with an 
additional tin filter." Investigative Radiology 55(2):91-100, 2020.

ï Saltybaeva, Natalia, et al. "Radiation dose reduction from computed tomography localizer radiographs using a tin spectral shaping
filter." Medical Physics 46(2):544-549, 2019.

ï Schabel, Christoph, et al. "Tin-filtered low-dose chest CT to quantify macroscopic calcification burden of the thoracic aorta." 
European Radiology 28:1818-1825, 2018.

ï Schüle, Simone, et al. "Low-dose CT imaging of the pelvis in follow-up examinations-significant dose reduction and impact of tin 
filtration: Evaluation by phantom studies and first systematic retrospective patient analyses." Investigative Radiology 57(12):789-
801, 2022.
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Figure not drawn to scale. Type and order of prefiltration may differ from scanner to scanner.
Depending on the selected protocol filters are changed automatically (e.g. small bowtie for pediatric scans).
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Figure not drawn to scale. Type and order of prefiltration may differ from scanner to scanner.
Depending on the selected protocol filters are changed automatically (e.g. small bowtie for pediatric scans).



Onset of target melting (rule of thumb)1: 1 W/µm

1 D.E. Grider, A. Writh, and P.K. Ausburn. Electron Beam Melting in 

Microfocus X-Ray Tubes. J. Phys. D: Appl. Phys 19:2281-2292, 1986

e-e-

Narrow Cone
= 

High Tube Power

Wide Cone
= 

Low Tube Power

é at the same spatial resolution



-1000

-800

-600

-400

-200

0

200

400

600

800

1000

C
T
-v

a
lu

e
 /
 H

U

10

20

30

40

50

60

70

80

0

water

air

spong.
bone

lungs

fat

compact
bone

kidney

pancreas

blood

liver

What is Displayed?



Fan-Beam Geometry
(transaxial / in-plane / x-y-plane)

detector

x-ray tube

field of measurement
(FOM) and object

x

y

y

x

In the order of 1000 detector channels
are available per detector row.



In the order of 1000 projections
with 1000 channels are acquired
per detector slice and rotation.
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Data Completeness
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Each object point must be viewed by an angular interval of 
180° or more. Otherwise image reconstruction is not possible.



Axial Geometry (z-Direction)

1998: M=4 2002: M=16<1998: M=1

z

z

2006: M=64
Today:
up to M=320



Detector: 1000Ĭ1000 to 4000×4000 elements, typically

FOM

focal spot

FOM

focal spot
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CBCT Geometry



CBCT Geometry



CT Equipment Technology



In-plane resolution: 0.2 é 0.7 mm

Nominal slice thickness: S= 0.2 é 1.5 mm

Tube (max. values): 120 kW, 150 kV, 1300 mA

Effective tube current: mAseff= 10 mAs é 1000 mAs

Rotation time: Trot= 0.25 é 0.5 s

Simultaneously acquired slices: M= 16 é 320

Table increment per rotation: d= 1 é 183 mm

Scan speed: up to 73 cm/s

Temporal resolution: 50 é 250 ms

Philips iMRC Siemens VectronGE Performix HDwCanon Megacool Vi

GE Revolution CTCanon Aquilion ONE Vision Philips IQon Spectral CT Siemens Naeotom Alpha



Very Fast Scanning: 
no Sedation, no Motion Artifacts

Axial slices, C = 0 HU, W = 1500 HU

Procedure: 
Transcatheter aortic 

valve implantation (TAVI)

Patient age: 80 years

Tube voltage: 80 kV
Current: 340 ref mAs/rot

Rotation time: 0.25 s
Pitch: 3.2

Slice thickness: 0.75 mm
Scan length: 557 mm

Scan time: 0.76 s
Scan speed: 737 mm/s

Kernel : B40
Recon: ADMIRE 3

CTDIvol: 2.7 mGy
DLP: 162 mGyÖcm

Effective dose: 2.3 mSv

Volume renderingCase information

56 cm
0.76 s



Demands on the Mechanical Design

ÅContinuous data acquisition (spiral, fluoro, dynamic, é) 

ÅAble to withstand very fast rotation
ïCentrifugal acceleration at 550 mm with 0.5 s: a =   9 g

ï with 0.4 s: a = 14 g

ï with 0.3 s: a = 25 g

ï with 0.2 s: a = 55 g

ÅMechanical accuracy better than 0.1 mm

ÅCompact and robust design

ÅShort installation times

ÅLong service intervals

ÅLow cost



Data courtesy of Schleifring GmbH, Fürstenfeldbruck, Germany
and of rsna2011.rsna.org/exbData/1678/docs/Gantry_Subsystem.pdf

air bearing

direct drive resolver

non-contacting
power transmission

non-contacting
data transmission



Courtesy of Schleifring GmbH, Fürstenfeldbruck, Germany



Demands on X-Ray Sources

ÅTube voltages from 70 to 150 kV in steps of 10 kV

ÅHigh instantaneous power levels (typ. 50 to 120 kW)

ÅHigh tube currents at low kV (good for Iodine contrast)

ÅHigh continuous power levels (typ. > 5 kW)

ÅHigh cooling rates (typ. about 25 kW º1 MHU/min*)

ÅHigh tube current variation (low inertia)

ÅMust withstand centrifugal forces

ïCentrifugal acceleration at 550 mm with 0.5 s: a =   9 g

ï with 0.4 s: a = 14 g

ï with 0.3 s: a = 25 g

ï with 0.2 s: a = 55 g

ÅCompact and robust design

ÅLong service intervals

ïBall bearings cannot be lubricated and wear out early

ïLiquid bearings to be preferred (also due to good heat conduction)

* 1 MHU = Õ2 MJ
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conventional tube
(rotating anode, helical wire emitter)

high performance tube
(rotating cathode, anode + envelope, flat emitter)

cathode anode

cooling oil

Tube Technology

anode

Photo courtesy of GE
Photo courtesy of Siemens

Anode at high 
temperature
(>> 1000 °C)

Radiative 
cooling ( ´T 4 ) 

is dominant

Anode at low 
temperature
(<< 1000 °C)

Conductive 
cooling ( ´T )
is dominant



iMRC photo courtesy of Philips Medical Systems GmbH, Hamburg, Germany

Water

e- Electron trap

Rotating anode

Cathode with flat emitter

Magnetic focussing using 
double quadropole and dipole



Courtesy of Philips Medical Systems GmbH, Hamburg, Germany

Liquid bearings
Åñspiralò grooves (stationary)
Åe.g. 10 µm GaInSn
Ågood heat conductivity
Ånearly wear-free
Ålow vibration 
Ålow noise

Graphite to store heat



Courtesy of Canon Medical Systems, USA

Liquid metal bearing



Straton (Siemens)iMRC (Philips) Vectron (Siemens)Performix HDw (GE)



Exposure Time

Power

1 s 30 s

53 kW

66 kW

100 kW

40 s

120 kW

80 kV

100 kV

120 kV

140 kV

80 kV

100-150 kV

Vectron (Siemens, 2014)

Straton (Siemens, 2004)

91 kW

6 s

70 kV

90 kV

4 s

Straton vs. Vectron at all kV



20 s1 s
Exposure Time

Power

40 s10 s4 s

Tube Voltage 80 kV

55 kW

104 kW

64 kW

73 kW

Vectron (Siemens)

Straton (Siemens)

MegaCool Vi (Canon)

iMRC (Philips)

Performix HD (GE)

Performix HDw (GE)

46 kW

C = 0 HU, W = 700 HU



Exposure Time 
1 s 40 s

120 kW

100 kW

90 kW

20 s4 s

Vectron (Siemens)

Straton (Siemens)

MegaCool Vi (Canon)

iMRC (Philips)

Power

Tube Voltage 120 kV

Performix HDw (GE)

Performix HD (GE)

82 kW

10 s

C = 0 HU, W = 700 HU



60 kW

100 kW

80 kW

40 kW

20 kW

Naeotom Alpha (Vectron): Std vs. UHR

Maximum available 
tube power

3 s 6 s 9 s 30 s

scan 
duration

120 kW
100 kV, 120 kV, 140 kV

UHR 70 kV, 90 kV, 120 kV, 140 kV

70 kV

100 kV Sn and 140 kV Sn 
curves are identical to those 

without tin prefiltration.
90 kV



Onset of target melting (rule of thumb)1: 1 W/µm

1 D.E. Grider, A. Writh, and P.K. Ausburn. Electron Beam Melting in 

Microfocus X-Ray Tubes. J. Phys. D: Appl. Phys 19:2281-2292, 1986

e-e-

Narrow Cone
= 

High Tube Power

Wide Cone
= 

Low Tube Power

é at the same spatial resolution

Anode
with
small
angle

Anode
with

large
angle

x x
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aFFS and zFFS

ÅThe flying focal spot (FFS) can be used to improve 
the in-plane (lateral) sampling as well as the through-
plane (longitudinal) sampling.

A B

CD

a°

z°

Anode as viewed from the isocenter

anode rotation
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Rows vs. Slices

4 Rows
4 Slices

6 Rows
4 Slices

1 Rows
4 Slices

4 Rows
8 Slices

z

41Ö=M 41Ö=M 14Ö=M 42Ö=M

FOM



CT Detectors

ÅCT started with scintillation detectors with 
photomultiplier tubes excited by caesium iodide (CsI) 
crystals.

ÅThese were replaced during the 1980s by ion chambers 
containing high-pressure xenon gas.

ÅThese were replaced during the late 1990s by 
scintillation detectors with photodiodes excited by 
gadolinium oxysulfide (GOS, Gadox) crystal ceramics. 

ÅThese are being replaced since 2021 by direct 
converting energy-selective photon counting detectors 
based on cadmium telluride (CdTe) or cadmium zinc 
telluride (CZT) semiconductor technology.



Xenon Chambers
ÅHigh pressure inert gas (typ. xenon, about 25Ö105 Pa)

ÅEach pair of tungsten plates forms a detector cell

ÅBias voltage (around 500 V) set to be below the avalange 
effect to ensure a linear relationship between the x-ray 
intensity and the signal.

Å If set properly, the amount of 
ionization is proportional to the 
energy of the absorbed x-ray 
photons.

ÅPros

ïLow cost

ïNo radiation damage

ïSmall scatter acceptance angle

ÅCons

ïDifficult to have 2D arrays

ïLow quantum efficiency even if the cells are as deep as 10 cm, 
around 60% or 70% (compared to 99% of solid state detectors, 
whose geometrical efficiency is 80%)


