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A	
  Systema*c	
  Review	
  of	
  CT	
  Imaging	
  
Chain	
  and	
  Dose	
  Implica*ons	
  

Rajiv Gupta, PhD, MD 
Director, Ultra-high Resolution Volume CT Lab 

Neuroradiology, Massachusetts General Hospital 

Harvard Medical School, Boston 

“A new kind of Ray” 

W. Rontgen 

Dec 28, 1895 

Roentgen’s Wife’s Ring 
(Picture from his first 

paper) 

Another	
  Figure	
  from	
  the	
  Original	
  
Paper	
  

An X-ray image, taken about 8 years before Rontgen  
(taken in Philadelphia) 
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Eddie	
  McCarthy’s	
  Colles	
  fracture	
  

1896 

VCT Lab 
   2006 

Francis Williams,  
“America’s 1st radiologist”,  
was at Boston City Hospital 

 

CXR is by Dr Francis Williams, taken at MIT 
(45 minute exposure) 

X-rays 

MRI 

U/S 

RADIATION 
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X-­‐ray	
  	
  
interac*on	
  
With	
  maDer	
  

Three	
  Classical	
  types	
  of	
  “Radia4on”	
  

Alpha	
  	
  	
  	
   	
  (helium	
  nuclei)	
  
Beta 	
   	
  (electrons)	
  
Gamma 	
  (high	
  energy	
   	
   	
   	
  	
  
	
   	
   	
   	
  electromagneCc	
  waves)	
  
	
  
	
  
Also	
  Neutrons	
  

	
  

Types	
  of	
  Imaging	
  
X-­‐Rays 	
   	
   	
   	
  Plain	
  radiography	
  
	
   	
   	
   	
   	
   	
  CT	
  
	
   	
   	
   	
   	
   	
  Fluoroscopy	
  
	
   	
   	
   	
   	
   	
  Angiography	
  

	
  

γ-­‐rays 	
   	
   	
   	
   	
  Nuclear	
  medicine	
  
	
   	
   	
   	
   	
   	
  Bone	
  Scans	
  
	
   	
   	
   	
   	
   	
  SPECT 	
  	
  
	
   	
   	
   	
   	
   	
  PET	
  

	
  
Radiofrequency 	
   	
   	
  MRI	
  
	
  
Sound	
  waves 	
   	
   	
  Ultrasound	
  

OrganizaCon	
  

CT	
  Physics	
  
Fundamentals	
  

•  Imaging	
  chain	
  
•  X-­‐ray	
  generaCon	
  &	
  

filtraCon	
  
•  AVenuaCon	
  
•  DetecCon	
  
•  Recon	
  algorithms	
  
•  CharacterizaCon	
  
•  X-­‐ray	
  dose	
  
•  CT	
  arCfacts	
  

Novel	
  Concepts	
  
	
  	
  

• 5	
  generaCons	
  of	
  
scanners	
  

• Cardiac	
  CT	
  
• Dual	
  Energy	
  CT	
  
• Flat-­‐panel	
  CT	
  

Future	
  Direc4ons	
  
	
  

• X-­‐ray	
  Source	
  
• Contrast	
  
Mechanism	
  

• Detectors	
  and	
  
Photon	
  CounCng	
  

• ReconstrucCon	
  
Algorithms	
  

From	
  X-­‐Ray	
  projec*ons	
  to	
  CT	
  Slices	
   

Projection X-Ray 

CT Slice 

3D Volume 

X-ray 
source 

Detectors  

A	
  3rd	
  GeneraCon	
  Gantry	
  	
  

 Detector 
Assembly 

X 

Y 

Z 

Data 
Acquisition 

System  
(DAS) 

X-ray Tube 

Anode  
HV Tank 

Cathode  
HV Tank 

Gantry 
Control  

Computer 
High Voltage 

 inverter 

Collimator  
and filters 

Slip Ring 
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Simplified	
  Gantry	
  Model!

  
Detector 	


Housing	


	



Detector   	


Rows	



CT	
  Image	
  Chain:	
  	
  God	
  Lives	
  in	
  Details	
  

Generator 
X	
  ray	
  tube 
Focal	
  spot 

X-­‐ray 
filter Bow4e 

	
  	
   collimator 
r 

Pa4ent DAS Preprocessing 
Reconstruc4on	
  
and	
  post	
  
processing 

Detector 
Flex	
  harness 

preamplifier 
analog	
  filter, 
mpx,	
  	
  DAC Collima4ng	
  plates, 

scin4llator,	
  	
  photo 
diode Reduce	
  pa4ent 

surface	
  dose	
  & 
DAS	
   dyn	
  range 

X-­‐ray 
Source 

Table 

X-­‐ray	
  genera4on Pa4ent/Scan	
  Plane X-­‐ray	
  Detec4on Scan	
  Data	
  Processing 

Tube & Generator:  Create X-ray 
Small focal spot: higher spatial res 
Large focal spot: higher power 
80, 100, 120, 140 kV,   10-440mA 
53kW Max Power 

Geometry: 
SI: 541mm 
SD: 949mm 
SFOV: 500mm,   Bore: 700mm 

Filtration: Reduce Dose 
Flat copper filter 
Bowtie: Graphite/aluminum, 2 shapes 

Gantry rotation: Match Application 
0.5 to 4.0 second rotation 

Detector: Convert X-ray to Current 
57 modules:  16x16 cells 
Each cell: 1mm in X, 1.25mm in Z 
Lumex: 99% efficient (X-ray to light) 
Photo-diode(light to pA current) 
FET: select 1, 2, 3 or 4 cells 
 
Collimating plates:  reduce scatter 
Plates/wires: reduce radiation damage 
 
 
 

Correction Algorithms: Compensate 
for System Imperfections 
View compression 
Offset subtraction 
Afterglow correction 
Adaptive filter mask 
Blocked reference correction 
Reference normalization 
Channel expansion 
Theta correction 
Cross-talk difference correction 
Air calibration 
Adaptive filter correction 
Matrix deconvolution 
Negative log 
Beam hardening correction 
Detector Z-gain non-uniformity corr 
Phantom calibration 
Helical view weighting 
 
Reconstruction:  Projections to Image 
Filter 
Back-projection 
 
Post Processing:  Clean up 
Iterative bone correction 
Ring-fix 

DAS: Convert Current to Digital 
48 Converter cards 
64 channels / card 
 
1M bit dynamic range (20 bits): 

 14-bit mantissa, 2-bit exponent 
 32-gain integrator (GEMS, CRD) 
 Level-shift 
 Off-the-shelf 14-bit A/D 

 
 

Patient Scanning: Patient positioning 
Axial:  fixed position 
Helical: constant patient translation 

Collimator: Reduce Dose 
Match x-ray beam Z to detector Z 
Compensate for  focal spot Z motion 

Courtesy of Tom Toth, GE 

CT	
  Image	
  Chain	
  

X-ray  
filter 

Bowtie 
filter 

patient DAS Reconstruction 
hardware 

Image 

detector focal 
distribution 

function 

 Projection 
data  

Tube Filtration Detection Processing  

anode 

Projection 

Overview	
  of	
  CT	
  Physics	
  

•  CT	
  imaging	
  chain	
  
•  X-­‐ray	
  tube	
  

–  X-­‐ray	
  generaCon	
  
–  FiltraCon	
  
–  CollimaCon	
  

•  AVenuaCon	
  in	
  
paCent	
  

•  X-­‐ray	
  detecCon	
  and	
  
scan	
  modes	
  	
  

•  ReconstrucCon	
  
algorithms	
  

•  CharacterizaCon	
  
-­‐  SpaCal	
  resoluCon	
  
-­‐  Contrast	
  resoluCon	
  
-­‐  Dose	
  

•  CT	
  arCfacts	
  
•  Five	
  generaCons	
  

X-­‐ray	
  	
  GeneraCon	
  

600 mA 
# of 
Photons 

Energy keV=100 

X-­‐ray	
  Spectrum	
  a]er	
  Wedge	
  Filter	
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X-­‐ray	
  Spectrum:	
  kV	
  and	
  mA	
  

100 kVp 

energy 100 

75 kVp 

Constant mA 
Increasing kV 

1.  Higher mean and peak E, 
and higher intensity. 

300 mA 

600 mA 

# of 
Phot- 
ons 

energy 100 

Constant kV 
Increasing mA 

1.  Same mean and peak energy 
2.  Higher intensity  

ConvenConal	
  X-­‐ray	
  Tube:	
  	
  
Thermal	
  ConsideraCons	
  

RotaCng	
  Envelope	
  Tube	
  	
  
	
  

Conventional Tube  

Rotating Envelop Tube  

Straton:	
  RotaCng	
  Envelope	
  Tube	
  	
  
	
  • 	
  Direct	
  anode	
  cooling	
  
-­‐ 	
  high	
  cooling	
  rate	
  
-­‐ 	
  No	
  delays	
  
-­‐ 	
  Heat	
  storage	
  is	
  irrelevant	
  
-­‐ 	
  Enormous	
  heat	
  researve	
  	
  

• 	
  Compact	
  design	
  	
  
-­‐ 	
  Enables	
  0.27s	
  rotaCon	
  
-­‐ 	
  Withstands	
  high	
  g-­‐forces	
  
-­‐ 	
  High	
  temporal	
  resoluCon	
  

SOMATOM 
Sensation 16 
With Straton 
 
Sensation16 
0.37s Rot. 

16 x 1.5mm 
157cm in 

17s 
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16*1.5	
  mm,	
  0.37s	
  rot.	
  

Gated	
  Aorta:	
  	
  No	
  PulsaCon	
   X-­‐ray	
  FiltraCon	
  

X-ray  
filter 

Bowtie 
filter 

patient 

focal 
distribution 

function 

Tube Filtration 

anode 

CollimaCon	
   Tube	
  Current	
  ModulaCon:	
  Z-­‐axis	
  

•  X-­‐ray	
  absorpCon	
  varies	
  
according	
  to	
  path	
  length	
  
and	
  Cssue	
  type.	
  

•  Constant	
  mA	
  is	
  too	
  low	
  or	
  
too	
  high.	
  

•  Modulate	
  tube	
  current	
  
according	
  to	
  paCent	
  size.	
  

•  Lower	
  x-­‐ray	
  dose.	
  

•  BeVer	
  image	
  quality.	
  

Tube current vs. position 

Topogram Evaluation: AP and Lat 

0
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at
te
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_0
 /

 I

a.p. (measured)
lateral (calculated)

• Child,	
  6	
  years	
  of	
  age	
  	
  
• Standard:165	
  mAs	
  
• OpCmum	
  image	
  quality	
  
• Minimum	
  required	
  dose	
  	
  
(average	
  38	
  mAs).	
  

Real-­‐Time	
  Dose	
  Modula4on	
  

0

20

40

60

80

100
mAs per rotation
(mean value 38mAs)Dose	
  ReducCon	
  for	
  

Pediatric	
  CT	
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Real-­‐Cme	
  mA	
  ModulaCon:	
  X-­‐Y	
  plane	
  

Spiral	
  scan	
  	
  
of	
  shoulders	
  

Object	
  aPenua4on	
  

Modulated	
  tube	
  current	
  

Scantime in ms 
0	
   500	
   1000	
   1500	
   2000	
   2500	
  

0.25	
  

0.50	
  

0.75	
  

1.0	
  

0	
  

Lat	
   AP	
  
Low	
  aVenuaCon	
  

High	
  
aVenuaCon	
  

Siemens: CARE Dose 
GE: Smart MA 

0 cm 24cm 48cm 72cm 96cm 120cm scanrange z 

0° 1x360° 2x360° 3x360° 4x360° 5x360° 
0s 0.5s 1.0s 1.5s 2.0s 2.5s 

tube position  
scantime t 

at
te

nu
at

io
n 

 
(a

rb
itr

ar
y 

un
its

) 

attenuation 

  constant  tube current 
   tube current 
      (AEC modulated) 

Real-­‐Time	
  mA	
  Modula4on	
  (XY	
  and	
  Z)	
  

Real-­‐Time	
  Dose	
  Modula4on	
  

• Dose	
  saving	
  up	
  to	
  66%	
  for	
  adults	
  
• Improved	
  IQ:	
  higher	
  mAs	
  where	
  needed	
  

• Simplified	
  workflow:	
  auto-­‐adjustment	
  	
  
-­‐ Tech	
  doesn't	
  have	
  to	
  worry	
  about	
  proper	
  mAs	
  

• No	
  over-­‐dosing	
  of	
  pediatric	
  paCents	
  *	
  
* Kamel IR et al: Radiation dose reduction in CT of 

the pediatric pelvis. Radiology 1994; 190:683–687: "
    Only 43% of institutions adjust their CT scanning 

techniques when examining children.	
  

Take-­‐home	
  Points	
  
Dose:	
  kV	
  vs	
  mAs	
  
•  ↑mAs	
  	
  

Ø More	
  photons,	
  same	
  
spectrum	
  

Ø ↑dose	
  (~	
  linearly)	
  
•  ↑kV	
  	
  	
  

Ø More	
  photons,	
  wider	
  
spectrum	
  

Ø ↑dose	
  	
  (non-­‐linear)	
  

Filters	
  needed	
  to:	
  
•  Remove	
  low	
  
energy	
  photons	
  

•  Shape	
  the	
  beam	
  

	
  
Tricks	
  to	
  reduce	
  dose	
  
•  Smart	
  mA	
  
•  Auto	
  mA	
  
•  CareDose	
  

Overview	
  of	
  CT	
  Physics	
  

•  CT	
  imaging	
  chain	
  
•  X-­‐ray	
  tube	
  

–  X-­‐ray	
  generaCon	
  
–  FiltraCon	
  
–  CollimaCon	
  

•  AVenuaCon	
  in	
  
paCent	
  

•  X-­‐ray	
  detecCon	
  and	
  
scan	
  modes	
  	
  

•  ReconstrucCon	
  
algorithms	
  

•  CharacterizaCon	
  
-­‐  SpaCal	
  resoluCon	
  
-­‐  Contrast	
  resoluCon	
  
-­‐  Dose	
  

•  CT	
  arCfacts	
  
•  Five	
  generaCons	
  

Projec4on	
  and	
  X-­‐ray	
  APenua4on	
  

X-Ray 

X-ray  
filters & 

collimation 

bowtie 

patient DAS recon Image 

Incident X-ray 

detector 

Incident 
 X-ray  

information 

Projection 
data  

Detected  
X-ray  

Information 

useful 

Tube 

Exposure Settings 
X-ray filtration 
Bowtie filters  

Image  
Processing  
Algorithms 
(filters) 

Beam tracking 
to minimize 
unused X-ray 
(over beaming) 

Geometric 
efficiency  
of Detector 
(scatter grids)  
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Major	
  Photon	
  Interac4ons	
  
Photoelectric	
  Effect:	
  Bound	
  electron	
  absorbs	
  

all	
  energy	
  of	
  incident	
  photon	
  	
  
	
  

Major	
  Photon	
  Interac4ons	
  
Compton	
  ScaVering:	
  Photon	
  scaVers	
  off	
  	
  

single	
  free/bound	
  	
  electron	
  

Pair	
  Produc4on	
  

•  Low	
  Energy	
  
–  Photoelectric	
  Effect	
  

•  Medium	
  Energy	
  
–  Compton	
  Effect	
  

•  High	
  Energy	
  
–  Pair	
  ProducCon	
  

Minor	
  Photon	
  Interac4ons	
  
•  Pair	
  ProducCon	
  
•  Rayleigh	
  ScaVering	
  
•  Thomson	
  ScaVering	
  
•  Nuclear	
  Resonant	
  ScaVering…	
  

	
  
But	
  what’s	
  really	
  important	
  is:	
  
•  AbsorpCon	
  (Photoelectric	
  Effect)	
  
•  ScaVer	
  (Compton	
  ScaVering	
  

X-­‐ray	
  APenua4on:	
  Single	
  Material	
  

1 

Incident 
x-rays = i0  

Exit  
x-rays = i  

α
0ii =

2
0

α
ii =

3
0

α
ii =

4
0

α
ii =

leilii µα −=−= 00
In general: 

X-­‐ray	
  APenua4on:	
  Mul4ple	
  Materials	
  	
  

l
oeii µΣ−=In general: 

1 

i0 i leii 1
0

µ−=

1µ 2µ 3µ 4µ

lleeii 21
0

µµ −−=

lll eeeii 321
0

µµµ −−−=

llll eeeeii 4321
0

µµµµ −−−−=
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The	
  Projec4on	
  Image	
  

oi

Each projected pixel is SUM of 
individual attenuation coefficients. 

oi

i

ii
i

µΣ=−
0

log

ieii o
µΣ−=

iy µΣ=

oi

Importance	
  of	
  Air	
  Calibra4on	
  

•  Important	
  	
  to	
  know	
  I0	
  	
  
•  Each	
  projecCon	
  =	
  ray	
  sum	
  
•  Pt	
  must	
  be	
  fully	
  in	
  fan-­‐beam	
  

Control  
channels  

ii
i

µΣ=−
0

ln

ieii o
µΣ−=

iy µΣ=

The	
  CT	
  Image	
  
Map  of  µ values scaled in 

Hounsfield units  (HU) 

HU x w

w
=

−
×

µ µ
µ

1000
 

CT	
  Image:	
  	
  A	
  Matrix	
  of	
  µ	
  Values	
  

•  Linear	
  aVenuaCon	
  
coefficient	
  (µ)	
  

•  Probability:	
  X-­‐ray	
  photon	
  
is	
  scaVered	
  or	
  absorbed	
  

•  Depends	
  on:	
  
–  	
  atomic	
  number	
  and	
  
density	
  

– Photon	
  energy	
  
•  µ	
  	
  is	
  heavily	
  manipulated	
  
to	
  be	
  a	
  scalar.	
  

Range	
  of	
  Human	
  Tissue	
  in	
  HU	
  

HU scale 

-1000 

0 water 

900  

air 

50  

-50 

bone 

level 

window 

Hounsfield Units 

-1000 -900 -100 0 60 800 40 2000 

Air Metal Bone Clot 

Tissue 

Water 

Fat 

Lung 
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Take-­‐home	
  Points	
  

•  Each	
  projecCon	
  =	
  ray-­‐sum	
  of	
  µ	
  values.	
  

•  Each	
  projecCon	
  is	
  internally	
  calibrated.	
  

•  HU	
  system	
  is	
  water	
  centered.	
  

•  µ	
  and	
  HU	
  are	
  arCficial	
  quanCCes.	
  
	
  

Overview	
  of	
  CT	
  Physics	
  

•  CT	
  imaging	
  chain	
  
•  X-­‐ray	
  tube	
  

–  X-­‐ray	
  generaCon	
  
–  FiltraCon	
  
–  CollimaCon	
  

•  AVenuaCon	
  in	
  
paCent	
  

•  X-­‐ray	
  detecCon,	
  
scan	
  modes,	
  and	
  
parameters	
  

•  ReconstrucCon	
  
algorithms	
  

•  CharacterizaCon	
  
-­‐  SpaCal	
  resoluCon	
  
-­‐  Contrast	
  resoluCon	
  
-­‐  Dose	
  

•  CT	
  arCfacts	
  
•  Five	
  generaCons	
  

Detec4on	
  Subsystem	
  

X-Ray 

X-ray  
filters & 

collimation 

bowtie 

patient DAS recon Image 

Incident X-ray 

detector 

Incident 
 X-ray  

information 

Projection 
data  

Detected  
X-ray  

Information 

useful 

Tube 

Exposure Settings 
X-ray filtration 
Bowtie filters  

Image  
Processing  
Algorithms 
(filters) 

Beam tracking 
to minimize 
unused X-ray 
(over beaming) 

Geometric 
efficiency  
of Detector 
(scatter grids)  

Single	
  to	
  Mul4ple	
  detector-­‐row	
  CT	
  

    Single Detector Row Multiple Detector Rows 

Anatomy	
  of	
  a	
  MulC-­‐slice	
  Detector	
  
Scintilator 
Converts X-rays 
to light  

Photo Diode Array 
Converts light to 
analog electrical signal 

Connector 
Carries signal  
to DAS 

FET Switching Array 
Allows switching between & 
combinations of channels 

DAS - Data Acquisition System (not shown) 

Converts analog signals to digital and 
begins reconstruction processing  

Single Slice Detector            

100% 
of beam 
utilized 

Unused  
X-ray 

63% 
of beam 
utilized 

87% 
of beam 
utilized 

Mul4-­‐slice	
  Z-­‐axis	
  Dose	
  Efficiency	
  

A	
  longer	
  detector	
  length	
  is	
  more	
  dose	
  efficient	
  

X-ray 
Profile 
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Over-­‐beaming	
  

Courtesy	
  of	
  Dr.	
  Jim	
  Koefler,	
  Mayo	
  	
  

Detector	
  ConfiguraCon	
  

Courtesy	
  of	
  Dr.	
  Jim	
  Koefler,	
  Mayo	
  	
  

Detector	
  Configurability	
  

16 x 0.625 mm 

16 x 1.25 mm 

GE’s LightSpeed-16 

Kalender et al. 

Kalender et al. 

AdapCve	
  Array	
  Detectors	
  	
  

Adaptive Array Detector 

  4x1.5 
 

16x0.75 
 

Patient axis 

SFOV 

4x1.5 
 

X-ray focus 

16-Slice Detector: 24 Rows 

Z 

θ 
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Isotropic	
  Voxel	
  Size	
  

0.625mm  
cube 

0.625 x 0.625mm  
x 1.25 mm 

•   Voxel = smallest volume element 

•   Isotropic voxel means same  
   quality in axial, coronal and 
    sagittal planes. 

GE	
  Educa*onal	
  Brochure	
  

Take-­‐home	
  Points	
  

1.  MulCple	
  detector	
  configuraCons	
  
–  	
  	
  4x1.25	
  mm	
  (LightSpeed	
  plus)	
  
–  	
  	
  8x1.25	
  mm	
  (LightSpeed	
  ultra)	
  
–  	
  	
  16x0.625	
  mm	
  or	
  16x1.25	
  mm	
  (LightSpeed	
  16)	
  
–  	
  	
  16x0.5	
  mm	
  	
  (SensaCon	
  16,	
  Siemens)	
  

2.  MSCT	
  enables	
  faster	
  coverage	
  	
  

3.  Isotropic	
  Voxels	
  

4.  Dose	
  efficiency	
  increases	
  with	
  more	
  slices	
  

Scan	
  Parameters	
  

•  RotaCon	
  Cme	
  
•  mA	
  
•  kV	
  
•  Scan	
  Mode:	
  Spiral	
  vs.	
  Helical	
  
•  Pitch	
  
•  Image	
  Width	
  
•  Detector	
  configuraCon	
  
•  ReconstrucCon	
  Algorithm	
  

RotaCon	
  Time	
  

•  Total	
  scan	
  Cme:	
  proporConal	
  
•  Dose:	
  proporConal	
  
•  Noise	
  and	
  low	
  contrast	
  resoluCon	
  

– ProporConal	
  to	
  1/square	
  root(T)	
  

•  In	
  general,	
  you	
  want	
  to	
  minimize	
  rotaCon	
  Cme	
  
and	
  increase	
  mA	
  

•  Timing	
  consideraCons	
  for	
  IV	
  contrast	
  	
  	
  

Tube	
  Current	
  

•  Affects	
  
– Noise	
  /	
  Low	
  contrast	
  resoluCon	
  
– Dose	
  (proporConal)	
  

	
  
Note:	
  
•  mA	
  near	
  tube/generator	
  limits	
  can	
  be	
  
problemaCc	
  (especially	
  when	
  dose	
  
modulaCon	
  is	
  used)	
  

Tube	
  Voltage	
  

•  Affects	
  
– Contrast	
  resoluCon	
  
– Dose	
  

•  Note:	
  
– OpCmum	
  mA	
  varies	
  with	
  kV	
  
– Bolus	
  tracking	
  thresholds	
  different	
  at	
  different	
  kVs	
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Tube	
  Voltage	
  

100	
  kV	
  
CTDIvol	
  =	
  3.98mGy	
  

120	
  kV	
  
CTDIvol	
  =	
  5.18mGy	
  

Courtesy	
  of	
  Dr.	
  James	
  Kofler,	
  Mayo	
  Clinic	
  (AAPM	
  11)	
  

Scanning	
  Modes!

Axial	
  or	
  	
  
Step	
  and	
  Shoot	
  	
   Spiral	
  or	
  Helical	
  

Soenke Bartling, MD 
Heidelberg, Germany 

Mahesh M, Radiographics  
2002;22:949-962 

Kalender et al. Kalender et al. 
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Scan	
  Parameters	
  

•  Pitch	
  (single	
  slice	
  CT):	
  
table	
  increment	
  /	
  slice	
  
thickness	
  =	
  d/S	
  

•  Pitch	
  (MSCT):	
  	
  
•  Table	
  increment	
  /	
  
collimaCon	
  thickness	
  

•  S	
  =	
  Slice	
  thickness	
  	
  
•  d	
  =	
  Table	
  increment	
  /	
  rot	
  
•  n	
  =	
  Number	
  of	
  slices	
  

Sn
dPitch
×

=

d 

nS 

Kalender et al. Kalender et al. 

Kalender et al. 
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Pitch	
  

•  Affects	
  
– Total	
  scan	
  Cme	
  
– Noise	
  /	
  Low	
  contrast	
  resoluCon	
  
– Dose	
  

Courtesy	
  of	
  Dr.	
  James	
  Kofler,	
  Mayo	
  Clinic	
  (AAPM	
  11)	
  

Courtesy	
  of	
  Dr.	
  James	
  Kofler,	
  Mayo	
  Clinic	
  (AAPM	
  11)	
   Courtesy	
  of	
  Dr.	
  James	
  Kofler,	
  Mayo	
  Clinic	
  (AAPM	
  11)	
  

Courtesy	
  of	
  Dr.	
  James	
  Kofler,	
  Mayo	
  Clinic	
  (AAPM	
  11)	
   Courtesy	
  of	
  Dr.	
  James	
  Kofler,	
  Mayo	
  Clinic	
  (AAPM	
  11)	
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Subtle	
  fracture	
  in	
  the	
  right	
  posterior	
  arch	
  of	
  C1	
  

Standard	
  kernel,	
  pitch	
  1:1	
  
slice	
  thickness	
  2.5mm	
  

Bone	
  kernel,	
  pitch	
  1:1	
  
slice	
  thickness	
  2.5mm	
  

Standard	
  kernel,	
  pitch	
  1:1	
  
slice	
  thickness	
  1.25mm	
  

Bone	
  kernel,	
  pitch	
  0.5:1	
  
slice	
  thickness	
  1.25mm	
  

Slice	
  Thickenss	
  

•  Affects	
  Noise	
  and	
  Low	
  contrast	
  ResoluCon	
  
•  Does	
  not	
  affect	
  dose	
  if	
  changed	
  
retrospecCvely	
  

•  Can	
  dramaCcally	
  increase	
  mA	
  and	
  dose	
  if	
  you	
  
try	
  to	
  compensate	
  for	
  increase	
  noise	
  in	
  
thinner	
  slices.	
  

Slice	
  Thickness	
  

Courtesy	
  of	
  Dr.	
  James	
  Kofler,	
  Mayo	
  Clinic	
  (AAPM	
  11)	
  

Slice	
  Thickness	
  

Courtesy	
  of	
  Dr.	
  James	
  Kofler,	
  Mayo	
  Clinic	
  (AAPM	
  11)	
  

Slice	
  Thickness	
  (10	
  mm)	
  

Courtesy	
  of	
  Dr.	
  James	
  Kofler,	
  Mayo	
  Clinic	
  (AAPM	
  11)	
  

Slice	
  Thickness	
  (5	
  mm)	
  

Courtesy	
  of	
  Dr.	
  James	
  Kofler,	
  Mayo	
  Clinic	
  (AAPM	
  11)	
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Slice	
  Thickness	
  (2	
  mm)	
  

Courtesy	
  of	
  Dr.	
  James	
  Kofler,	
  Mayo	
  Clinic	
  (AAPM	
  11)	
  

Slice	
  Thickness	
  (1	
  mm)	
  

Courtesy	
  of	
  Dr.	
  James	
  Kofler,	
  Mayo	
  Clinic	
  (AAPM	
  11)	
  

Slice	
  Thickness	
  (0.6	
  mm)	
  

Courtesy	
  of	
  Dr.	
  James	
  Kofler,	
  Mayo	
  Clinic	
  (AAPM	
  11)	
  

Take-­‐home	
  Points	
  
1.  Spiral	
  =>	
  conCnuous	
  

scanning,	
  shorter	
  Cme.	
  

2.  Images	
  can	
  be	
  
reconstructed:	
  

–  	
  In	
  overlapped	
  fashion.	
  
–  	
  At	
  any	
  arbitrary	
  locaCon.	
  

3.  No	
  significant	
  difference	
  
in	
  image	
  quality.	
  

4.  3-­‐D	
  resoluCon	
  is	
  
improved	
  by	
  spiral	
  CT!!!	
  

5.  The	
  lower	
  the	
  pitch,	
  the	
  
higher	
  the	
  dose.	
  

6.  More	
  detector	
  rows	
  mean:	
  
•  shorter	
  scan	
  Cme,	
  	
  
•  lower	
  dose,	
  	
  
•  more	
  paCent	
  comfort,	
  	
  
•  beVer	
  image	
  quality.	
  

	
  


