
Number of active detector rows and quality of image in 
computed tomography
Dariusz Chruściak1, Maria A. Staniszewska2

1 Regional Sanitary Epidemiological Station, Kielce, Poland
2 Department Medical Imaging Techniques, Medical University, Łódź, Poland

 Summary
	 Background:	 Rapid	technical	development	of	Computed	Tomography	(CT)	means	usage	the	modern,	fast	scanners	

which	possibilities	 are	not	 always	known	by	users.	A	 common	conviction	 is	 the	high	number	 of	
detectors	 is	 equivalent	 to	 an	 accurate	 investigation	 of	 sub-millimetre	 slices	 of	 patient	 body	 and	
detection	of	such	small-size	lesions.

	 	 Aim	of	 the	 paper	was	 to	 compare	 an	 imaging	 possibilities	 of	 the	 two	CT	 scanners	 of	 the	 same	
vendors	which	differ	only	the	configuration	of	detectors	in	use.	(The	group	of	48	rows	of	detector	is	
physically	the	same	for	the	both	scanners.)

	 Material/Methods:	 Quality	 of	 images	was	 controlled	using	Catphan	 series	 500.	The	high-	 contrast	 resolution,	 low-
contrast	 resolution	 and	 signal-to-noise	 ratio	were	 evaluated	 for	 images	 recorded	 at	 the	 constant	
reconstruction	thickness	of	5	mm.

	 Results:	 A	precision	of	imaging	was	evaluated	on	the	basis	signal-to-noise	ratio	(SNR)	in	relation	to	CT	Dose	
Index.	The	lowest	SNR	at	satisfying	visualisation	of	the	low-contrast	objects	was	slightly	above	5.	
The	corresponding	CT	Dose	Index	was	over	5mGy.	Care-dose	option	decreases	SNR	to	nearly	2	what	
follows	unacceptable	visualisation	of	low-contrast	objects.

	 Conclusions:	 on	the	basis	the	results	for	the	both	scanners	was	found	that	high	number	of	active	detector	rows	
help	 to	 achieve	 a	 better	 visualisation	 of	 low-contrast	 objects	under	 condition	 of	 higher	CT	Dose	
Index	values.

	 	 The	space	resolution	does	not	change	with	the	detector	configuration.

Background

An	 intensive	 technical	 development	 of	 CT	 is	 continued	
from	2000.	The	vendors	compete	in	constructive	and	soft-
ware	 solutions	 aimed	 to	make	 a	 time	of	 scanning	 shorter	
and	to	reduce	the	doses	to	patients.	Shortening	the	time	is	
achieved	through	the	higher	number	of	active	detectors	and	
shorter	time	of	rotation.	The	scanners	with	256	or	even	320	
active	detector	 rows	 (or	 rather	bands)	are	available	 today,	
together	with	 the	 others	having	64	 rows	of	 detectors	 and	
rotation	 time	 lower	 than	 half	 of	 second	 or	 –	 having	 two	
x-ray	tubes	working	simultaneously.

So	 high	 number	 of	 detectors	 need	 the	 great	 amount	 of	
information	 what	 follows	 the	 high	 intensity	 of	 radia-
tion	and	high	doses	 to	patients.	Software	methods	of	dose	
reduction	 relied	 on	 the	 modulation	 of	 x-ray	 intensity	
in	 scanning	 line	 (i.e.	 OZ-axis)	 and	 the	 plane	 of	 slice	 (i.e.	
OXY	plane).Another	 solution	 applied	 in	 the	 dynamic	 pro-
cedures	 is	 the	gating	of	 signal	 (for	 example	 in	 the	 cardiac	
procedures).

Knowledge	 of	 the	 potential	 purchasers	 of	 new	 CT	 scan-
ners	 about	 real	 possibilities	 of	 the	 equipment	 offered	 to	
them	is	rather	small.	The	great	number	of	detector	rows	is	
understand	as	 the	 rule	as	highly	positive	 feature,	because	

of	 availability	 of	 very	 thin	 slices	 (for	 example	 0.5	mm).	
For	most	 of	 peoples	 that	means	 a	possibility	 to	picture	 in	
patient	body	of	very	small	details	of	size	equal	to	minimal	
collimation.	 Such	 thinking	 is	 frequently	 added	 to	 the	 fan-
tastic	“demo”	pictures,	especially	from	dynamic	procedures	
plus	 information	 about	 dose-	 saving	 tools	 in	 software	 of	
the	scanner.	In	consequence	the	purchaser	expects	kind	of	
“wizard	tool”	for	everyday	practice.

However,	the	true	possibilities	of	CT	scanner	in	significant	
level	 are	 determined	 by	 the	 installed	 version	 of	 its	 soft-
ware,	and	a	great	number	of	detector	rows	is	not	used	and	
necessary	in	all	the	procedures.

Aim	of	the	paper	is	to	compare	imaging	possibilities	of	CT	
scanners	the	same	vendor,	which	differ	of	the	configuration	
of	detectors	in	use.

Material and Methods

Evaluation	of	possibilities	of	CT	scanner	is	completed	from	
two	parts:	 a	 quality	 of	 image	 and	a	 generally	understand	
dose.

Quality	 of	CT	 image	 is	 determined	by	 the	 factors	 accept-
ed	for	every	digital	techniques,	i.e.:	level	of	noise	–or	even	
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more-	 signal-to-noise	 ratio,	 high-contrast	 resolution	 and	
low-contrast	resolution.

The	image	created	in	CT	technique	is	the	space	distribution	
of	 attenuation	 coefficients	 of	 the	 miniature	 volume	 ele-
ments	of	the	scanned	object	(voxels),	on	which	an	analysed	
slab	of	the	object	 is	divided.	That	allows	to	picture	neigh-
bouring	structures	in	details,	although	their	absorption	fea-
tures	differ	minimally.	The	method	together	with	computa-
tion	analyse	by	the	software	allows	to	achieve	3D-	images	
at	high	level	of	contrast.

The	values	of	attenuation	coefficients	are	related	to	water,	
as	 a	 base	 component	 of	 human	 tissues,	 and	 given	 in	
Hounsfield	units	(HU).	That	means	the	dependence	as	well	
quality	and	formal	content	of	CT	image	on	x-ray	energy,	i.e.	
voltage	(kV)	and	filtration	on	x-ray	tube.	(This	is	the	differ-
ence	 between	 conventional	 x-ray	 radiography,	where	 the	
image	is	a	negative	map	of	density	distribution.	Moreover,	
in	conventional	radiography	number	of	grey	levels	is	nearly	
100,	whereas	the	range	of	the	Hounsfield	scale	is	4096	lev-
els.	That	make	possible	 to	differentiate	 the	grey	 levels	 for	
the	media	of	very	similar	absorption	features,	like	the	par-
ticular	soft	tissues.

The	basic	 indicators	of	CT	 image	quality	 (i.e.	 low-contrast	
resolution,	 signal-to-noise	 ratio	 and	high-contrast	 resolu-
tion)	 are	 estimated	 using	 the	 dedicated	 phantoms.	 The	
manufacturers	 of	 the	 scanners	 offered	 own	 constructions	
of	the	phantom.	Although	these	are	similar	to	each	other,	as	
objective	are	 treated	results	obtained	with	use	 “a	neutral”	
version	 i.e.	 CATPHAN	 phantoms	 (made	 by	 The	 Phantom	
Laboratory	Incorporated,	Salem,	NY)	prepared	properly	for	
investigated	type	of	scanner.

In	 the	paper	 image	quality	was	 analysed	using	CATPHAN	
series	 500,	 designed	 to	 control	 of	 helical	 mode	 of	 work	
(Figure	1).

Low-contrast	resolution	was	estimated	on	the	basis	of	the	
images	of	the	CATPHAN	section	515.	Both	the	“supra-slice”	
and	 “sub-slice”	 elements	 were	 analysed.	 The	 first	 have	
thickness	equal	to	that	of	the	section,	but	the	parts	of	dif-
ferent	contrast	level.	The	second	have	constant	contrast	of	
1%,	but	contain	the	parts	of	different	thickness.	The	results	
obtained	from	analyse	of	the	section	515	allow	to	evaluate	
of	 detection	 level	 of	 low-contrast	 and	 small-sized	 objects	
during	the	scanning	in	helical	mode	of	work.

From	 the	 images	 of	 “supra-slice”	 objects	 the	 low-contrast	
resolution	was	 evaluated	 for	 details	 of	 nominal	 contrast	
level	 of	 1%.	Visualisation	 of	 “sub-slice”	 objects	 relays	 on	
checking	the	diameter	of	the	smallest	detail	of	5	mm	thick-
ness	(i.e.	thinner	then	the	section).

High-contrast	resolution	was	evaluated	on	the	basis	images	
of	CATPHAN	section	528	and	given	in	line	pairs	per	length	
unit.

Signal-to-noise	 ratio	 (SNR)	 was	 evaluated	 for	 region	 of	
interest	 (ROI)	 of	 100	 mm2	 being	 localized	 around	 the	
objects	of	nominal	contrast	level	of	1%.	CT	numbers	(in	HU	
units)	 for	 the	given	ROI	were	 interpreted	as	 “signal	 level”	

and	 standard	deviation	of	 the	value	was	 treated	as	 “noise	
level”.

The	second	part	of	evaluation	of	CT	exposure	is	dosimetry,	
means	as	 level	 of	patient	 irradiation.	The	 commonly	used	
quantity	 is	 the	Computed	Tomography	Dose	 Index	 (CTDI),	
defined	as
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where	 D(z)	 –dose	 distribution	 along	 OZ	 axis,	 w-	 slice	
thickness.

In	practice,	from	the	measurements	is	determined	so-called	
“volume	CTDI”:
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where	N	–	the	number	of	the	active	detector	rows,	∆z	–	the	
thickness	of	single	detector,	p	–	pitch	factor.

DLP	–	the	weighted	mean	value	of	Dose	Length	Product:	
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DLPC	 means	 the	 value	 in	 the	 centre	 of	 dosimetrical	
phantom,

DLPP	means	the	values	for	periphery	of	the	phantom.

CTDIvol	 have	 to	 be	 understand	 as	 an	 averaged	 value	 of	
dose	absorbed	 in	a	scanned	volume.	Thus,	 it	can	be	treat-
ed	 as	 a	measure	 of	 patient	 irradiation	 at	 the	 given	 expo-
sure	 parameters,	 and	 the	 value	 of	 CTDIvol	 is	 displayed	
on	 scanner	 console	 (after	 the	 selection	 parameters	 of	 the	
procedure).

Taking	 the	 above	 into	 consideration	 the	 best	 CT	 scanner	
should	allow	to	produce	detail	image	without	high	doses	to	
patients.	How	much	the	high	number	of	detector	rows	can	
help	in	that	was	the	goal	of	the	presented	paper.

Figure 1. CATPHAN arranged to exposure.
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For	 this	 purpose	were	performed	 the	 experiments	 on	 two	
CT	 scanners	 of	 the	 same	vendor,	which	differ	 only	 in	 the	
number	of	active	detector	tows	and	remaining	constructive	
solutions	and	 software	were	nearly	 the	 same.	The	quality	
of	 images	was	 checked	 for	 finding	 the	 indicators	mostly	
dependent	on	configuration	of	the	detectors.

Results

The	investigations	were	performed	for	two	versions	of	CT	
scanner	by	Siemens:	Sensation	Open	and	Cardiac.

Physically,	the	both	versions	of	scanners	are	equipped	into	
the	same	collection	of	48	rows	of	detectors,	which	individ-
ual	width	is	∆z=0.6	mm.

CT 
scanner

mAs/ 
scan kV p Active 

detectors SNR CTDI
[mGy]

Low-contrast objects High-contrast 
resolution 

[lp/cm]
Supra-slice 

dmin (1%) [mm]
Sub-slice dmin 
(5 mm) [mm]

Se
ns

at
io

n 
Op

en
 SI

EM
EN

S,
 ∆

z=
0.

6 m
m

144 120 1.2 24×1.2
(24) 7.87 10.75 3 3 7

7**

66 120 0.55 24×1.2
(24) 6.99 10.79 3 3 7

7**

144 100 1.2 24×1.2
(24) 4.84 6.75 4 7 7

7**

66 100 0.55 24×1.2
(24) 4.05 6.77 4 5 7

7**

72 120 1.2 24×1.2
(24) 5.59 5.38 4 5 7

7**

33 120 0.55 24×1.2
(24) 5.26 5.40 5 5 7

7**

144 120 1.2 40×0.6
(40) 7.28 13.03 3 3 7

7**

66 120 0.55 40×0.6
(40) 7.88 13.03 3 5 7

7**

144 100 1.2 40×0.6
(40) 5.10 7.98 4 5 7

7**

66 100 0.55 40×0.6
(40) 4.74 7.98 5 5 7

7**

72 120 1.2 40×0.6
(40) 5.23 6.52 5 5 7

7**

33 120 0.55 40×0.6
(40) 6.10 6.52 5 5 7

7**

27 
(Care-dose) 120 1.2 24×1.2

(24) 3.43 2.43 9 – 7
7**

29 
(Care-dose) 120 0.55 24×1.2

(24) 3.95 2.70 9 – 7
7**

26 
(Care-dose) 120 1.2 40×0.6

(40) 3.75 2.85 9 – 7
7**

29 
(Care-dose) 100 1.2 40×0.6

(40) 2.28 1.77 15 – 7
7**

34 
(Care-dose) 100 0.55 40×0.6

(40) 2.38 2.30 – – 7
7**

27 
(Care-dose) 100 1.2 40×0.6

(40) 1.98 1.52 8 – 7
7**

34 
(Care-dose) 100 0.55 40×0.6

(40) 2.55 1.95 8 – 7
7**

Table 1. The indicators of image quality for the both CT scanners at thickness of reconstruction slab 5 mm.
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Number	 of	 active	 detector	 rows	 (i.e.	 participating	 into	
image	 registration)	 for	 the	 particular	 procedure	 is	 deter-
mined	 by	 the	way	 consolidation	 of	 signals	which	 is	 pre-
scribed	in	the	software	of	the	scanner	version.

In	Sensation	Open	two	combinations	are	used	alternative-
ly:	24×1.2	mm	and	40×0.6mm.

Cardiac	version	also	uses	the	combination	24×1.2	mm	and	
the	 second	 64×0.6mm.	 The	 last	 is	 realized	 as	 two-fold	
exposure	 into	 32	 rows	of	 detectors	 (and	 consequently	 the	
signals	 recording)	of	0.6	mm	width	 (so-called	Flying	Focal	
Spot).

The	 combination	24×1.2	mm	 is	 realized	 through	 the	 cou-
pling	of	signals	from	the	pairs	of	contiguous	detectors.	The	
remaining	 combinations	means	 in	practice	 an	 elimination	
the	signals	from	the	detectors	situated	on	the	edge	of	arch	
from	the	recording	(i.e.	from	image	registration).	(This	does	
not	mean	to	make	narrow	the	dose	profile.)

A	 start-point	 for	 investigations	 of	 the	 both	 scanners	was	
protocol	 of	 routine	 abdomen.	 Its	 parameters	 were	 then	
modified	 through	making	 lower	 anode	 current	 and	 tube	
voltage	and	changed	pitch	for	checking	an	effect	on	image	
quality.

The	 results	 obtained	 for	 evaluated	 images	 are	 given	 in	
Table	1.	There	are	the	CTDIvol	values	displayed	on	the	scan-
ner	console	for	the	parameters	of	CATPHAN	exposure.	The	
rows	 in	 Table	 1	 denoted	 “Care	 dose”	 contain	 the	 results	
obtained	 at	 activated	 algorithm	of	 automatic	 dose	 reduc-
tion	 (i.e.	modulation	of	x-ray	 intensity).	For	 the	CATPHAN	

that	means	only	the	uniform	lowering	value	mAs	per	scan	
to	the	mean	value	given	in	the	Table	1.

As	can	be	seen	in	Table	1	the	image	evaluation	was	possible	
only	for	selected	assembly	of	parameters:	putting	on	“Care	
dose”	algorithm	followed	by	dramatic	lowering	of	visibility	
of	low-contrast	objects.

The	main	interest	 in	 interpretation	of	the	obtained	results	
was	put	 on	 relationship	between	SNR	and	CTDIvol,	 as	 the	
first	is	“a	visual”	measure	of	image	quality	and	the	second	
is	a	measure	of	patient	dose.

The	 evaluated	 dependences	 are	 graphically	 presented	 on	
the	Figures	2–6.

Table 1 continued. The indicators of image quality for the both CT scanners at thickness of reconstruction slab 5 mm.

CT 
scanner

mAs/ 
scan kV p Active 

detectors SNR CTDI
[mGy]

Low-contrast objects High-contrast 
resolution 

[lp/cm]
Supra-slice 

dmin (1%) [mm]
Sub-slice dmin 
(5 mm) [mm]

Se
ns

at
io

n 
Ca

rd
ia

c 6
4 S

IE
M

EN
S,

 ∆
z=

0.
6 m

m

224 120 1.4 64×0.6 
(32) 9.94 12.25 2 3 7

8*

224 120 1.4 24×1.2
(24) 8.57 10.79 2 5 7

8*

67 
(Care-dose) 120 1.4 64×0.6

(32) 5.69 5.19 4 5 7
8*

67 
(Care-dose) 120 1.4 64×0.6

(32) 7.10 5.19 3 5 7
8*

70 
(Care-dose) 120 1.4 24×1.2

(24) 5.55 4.72 4 5 7
8*

70 
(Care-dose) 120 1.4 24×1.2

(24) 6.96 4.72 3 5 7
8*

224 100 1.4 64×0.6
(32) 6.02 7.11 4 3 7

8*

224 100 1.4 24×1.2
(24) 6.35 6.28 4 5 7

8*

* high contrast resolution for images transformed “bone” function; ** high contrast resolution for images transformed “osteo” function.
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Figure 2.  The scanner Sensation Open: relationship between SNR 
and CTDIvol at detector configuration 24×1.2 mm and 
U=120 kV.
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The	results	for	the	scanner	Cardiac	were	collected	at	pitch	
value	 1.4	 and	 tube	 voltage	U=120	kV	 and	U=100	kV.	As	
these	results	differed	only	slightly	they	are	taken	together	
for	evaluation	the	dependence	SNR	on	CTDIvol.

On	 the	 basis	 of	 the	 obtained	 results	 was	 concluded	 the	
lowest	 level	 of	 SNR	 at	 which	 low-contrast	 details	 are	
well	 distinguished	 for	 Cardiac	 scanner	 was	 little	 above	
5.	 Therefore	 was	 decided	 to	 check	 the	 value	 of	 CTDIvol	

Detectors U CTDI (displayed) LC-supra (1%) LC-sub (5 mm) HC [l p/cm] 
(osteo/bone)

Sensation Open

24×1.2 120 kV 7 mGy 4 mm 5 mm 7

40×0.6 120 kV 7.5 mGy 5 mm 5 mm 7

40×0.6 100 kV max.SNR=5 at CTDI=8 mGy: 
then LC=5 mm both for the supra-slice objects and for the sub-slice objects

Cardiac

24×1.2 120+100 (*) 5.5 mGy 4 mm 5 mm 8

64×0.6 120+100 (*) 7 mGy 4 mm 3 mm 8

Table 2.  Parameters of exposure and indicators of image quality corresponding to SNR=6. Low-contrast (LC) and High-contrast (HC) resolution were 
evaluated for images recorded with the thickness of re construction slab 5 mm.

(*) – for the Cardiac scanner the results for the both voltage values are jointed as the SNR vs.CTDI relationship are not differ for their. 
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Figure 5.  The scanner Cardiac: relationship between SNR and CTDIvol 
at detector configuration 24×1.2 mm. The results obtained 
at U=120 kV and at U=100kV are shown together.
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Figure 3.  The scanner Sensation Open: relationship between SNR 
and CTDIvol at detector configuration 40×0.6 mm and 
U=120 kV.
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Figure 6.  The scanner Cardiac: relationship between SNR and CTDIvol 
at detector configuration 40×0.6mm. The results obtained 
at U=120 kV and at U=100 kV are shown together.
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Figure 4.  The scanner Sensation Open: relationship between SNR 
and CTDIvol at detector configuration 40×0.6 mm and 
U=100 kV.
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	necessary	to	obtain	SNR≈6	for	images	from	the	both	scan-
ners	and	at	different	configuration	of	detectors.

Moreover	 the	 levels	 of	 low-contrast	 resolution	 (LC)	 and	
high-contrast	resolution	(HC)	corresponding	to	SNR≈6	were	
also	evaluated.

This	 allows	 to	 estimate	 an	 imaging	 precision	 at	 constant	
nominal	 level	 of	 SNR	and	 “a	dose	 expense”	 corresponding	
to	such	quality	of	image	(Table	2).

Conclusions

Analysis	of	the	obtained	results	allows	to	draw	the	follow-
ing	conclusions.

A.	High-contrast	resolution	(HC)

1.		Configuration	 of	 active	 detector	 rows	not	 affect	 on	HC	
level.

2.		For	 the	 scanner	 Sensation	Open	 the	 level	 of	HC	 is	 not	
better	 despite	 transformation	 of	 images	 through	 “bone”	
filtering	 function	 (a	 content	 the	 same	as	 for	 “standard”	
function).	For	the	scanner	Cardiac	the	level	of	HC	trans-
formation	 through	 “bone”	 filtering	 function	makes	 the	
images	a	little	better	(8	lp/cm	at	“bone”	instead	of	7lp/cm	
at	standard).

3.	HC	level	do	not	change	for	reduced	x-ray	intensity.

B.	Visualisation	of	low-contrast	objects

1.		For	 the	 both	 investigated	 scanners CTDIvol increase	
when	 the	 configuration	 of	 detectors	 changes	 from	

24×1.2	mm	on	the	higher	number	of	active	rows	 (40	or	
64	 –	 respectively).	 (This	 is	 despite	 constancy	 of	 the	 all	
remainder	parameters.)

2.		The	 visualisation	 of	 low-contrast	 objects	 placed	 in	 a	
middle	of	the	scanned	slab	(i.e.	a	level	of	LC-subslice)	for	
the	 scanner	 Cardiac	 becomes better	 with	 change	 from	
24×1.2	mm	on	64×0.6	mm.

3.		At	 significant	 reduction	 of	 x-ray	 intensity	 (Care	 dose	
option)	the	scanner	Sensation	Open	with	configuration	of	
detectors	40×0.6	mm	gives	very	low	level	of	SNR	(≈2,	i.e.	
a	threshold	of	image	acceptability).	LC	resolution	has	just	
so	low	level	that	images	are	not	applicable	to	evaluation,	
even	at	the	reconstruction	layer	of	5	mm.

C.	To	summarise

A	 benefit	 to	 images	 resulting	 from	 the	 high	 number	 of	
active	detector	rows	is	visible	for	the	low-contrast	objects,	
but	need	the	higher	x-ray	intensities.

The	good	 image	quality	 is	not	 achievable	when	 the	 thick-
ness	of	recorded	slices	are	small	and	the	dose	is	reduced.

High-contrast	objects	are	well	visible	even	at	 low	number	
of	 active	 detector	 rows	 and	 relatively	 low	x-ray	 intensi-
ties.	Consequently,	the	high	exposure	parameters	for	multi-
detector	rows	scanners	is	not	justified.

A	real	benefit	from	high	number	of	active	rows	of	detectors	
is	also	dependent	on	the	software:	even	the	same	construc-
tion	 of	 the	 scanner	 can	 give	 another	 results	 for	 images,	
when	the	used	versions	of	software	are	different.
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