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Abstract
Purpose:  To  compare  the  noise-magnitude  and  noise-texture  obtained  using  strong  kernel  across
two generations  of  iterative  reconstruction  (IR)  algorithms  proposed  by  three  manufacturers.
Materials and  methods:  Five  computed  tomography  (CT)  systems  equipped  with  two  genera-
tions of  IR  algorithm  (hybrid/statistical  IR  [H/SIR]  or  full/partial  model-based  IR  [MBIR])  were
compared.  Acquisitions  on  Catphan  600  phantom  were  performed  at  120  kV  and  three  dose  lev-
els (CTDIvol:  3,  7  and  12mGy).  Raw  data  were  reconstructed  using  standard  ‘‘bone’’  kernel  for
filtered back  projection  and  one  iterative  level  of  two  generations  of  IR  algorithms.  Contrast-
to-noise  ratio  (CNR)  was  computed  using  three  regions  of  interest  placed  semi-automatically:
two placed  in  the  low-density  polyethylene  and  Teflon  inserts  and  another  placed  on  the  solid
water. Noise  power  spectrum  (NPS)  was  computed  to  assess  the  NPS-peak  and  noise-texture.
Results: CNR  was  significantly  greater  in  MBIR  compared  to  H/SIR  algorithms  for  all  CT  systems
(P <  0.01).  CNR  were  improved  on  average  from  H/SIR  to  MBIR  of  36  ±  14%  [SD]  (range:  24—57%)
for GE-Healthcare,  109  ±  19  [SD]  %  (range:  89—139%)  for  Philips  Healthcare  and  42  ±  5  [SD]  %
(range: 36—47%)  for  Siemens  Healthineers.  The  mean  NPS  peak  decreased  from  H/SIR  to  MBIR

by −41  ±  6  [SD]  %  (range:  −47—−35%)  for  GE  Healthcare,  −79  ±  3  [SD]  %  (range:  −82—−76%)  for
Philips Healthcare  and  −52  ±  2  [SD]  %  (range:  −54—−51%)  for  Siemens  Healthineers  systems.
NPS spatial  frequencies  were  greater  with  MBIR  than  with  H/SIR  for  Philips  Healthcare  (20  ±
2 [SD]  %;  range:  19—22%)  and  for  Siemens  Healthineers  (9  ±  5  [SD]  %;  range:  4—14%)  but  lower
for GE  Healthcare  (−17  ±  3  [SD]  %;  range:  −14—−20%).
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Conclusion:  Using  bone  kernel  with  recent  MBIR  algorithms  reduces  the  noise-magnitude  for  all
CT systems  assessed.  Noise  texture  shifted  towards  high  frequency  for  Siemens  Healthineers
and Philips  Healthcare  but  the  opposite  for  GE  Healthcare.

© 2019  Société  française  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
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bbreviations

NR  Contrast-to-noise  ratio
T  Computed  tomography
BP  Filtered  back  projection
E  General  Electric
/SIR  Hybrid/statistical  Iterative  reconstruction

R  Iterative  reconstruction
BIR  Model-based  iterative  reconstruction
PS  Noise  power  spectrum
OI  Region  of  interest

ntroduction

ose  optimization  is  essential  to  reduce  the  doses  delivered
o  the  patient  during  computed  tomography  (CT)  exami-
ation  [1,2].  Several  tools  have  been  developed  for  dose
eduction,  including  iterative  reconstructions  (IR).  Several
enerations  of  IR  algorithms  are  proposed  by  CT  system
anufacturers  [3,4]  such  as  hybrid  or  statistical  IR  (H/SIR)

lgorithms  and  model-based  iterative  reconstruction  (MBIR)
lgorithms.  H/SIR  algorithms  combine  filtered  back  projec-
ion  (FBP)  and  IRs  in  different  proportions.  Recent  MBIR
lgorithms  use  a  probabilistic  method,  taking  into  account
he  physically  correct  modulation  of  the  data  acquisition
rocess  (including  system  geometry  and  noise  models)  to
ffectively  reduce  noise  and  artifacts  [5,6].

To  assess  the  image  quality  with  IR  algorithms,  new  met-
ics  such  as  the  noise  power  spectrum  (NPS)  were  used.  As
efined  by  Verdun  et  al.,  NPS  gives  a  complete  description
f  the  noise  by  plotting  the  amplitude  (noise-magnitude)
ccording  to  the  frequency  of  the  image,  which  are  known
s  noise-texture  (e.g.,  image  smoothing)  [7].

A  recent  study  assessed  the  noise-magnitude  and  noise-
exture  produced  by  two  generations  of  algorithms  of  three
anufacturers  [8].  This  study  concluded  that  in  compari-

on  with  the  preceding  generation,  recent  MBIR  algorithms
iffer  between  main  manufacturers  with  respect  to  noise-
agnitude  and  noise-texture.  However,  this  study  was
erformed  only  for  ‘‘soft  tissue’’  kernel  and  in  clinical  prac-
ice;  ‘‘bone’’  kernel  was  also  used  to  assess  the  tissue  and
he  structure  of  the  bone.  These  two  types  of  kernels  have

 different  impact  on  image  noise  and  spatial  resolution.

ompared  to  the  strong  kernel,  the  images  obtained  using  a
oft  kernel  have  a  lower  noise  level  but  a  degraded  spatial
esolution.  It  is  therefore  important  to  assess  the  impact  of
ach  kernel  on  image  quality  in  a  dose  optimization  process.

−
a
(
e

The  aim  of  this  study  was  to  compare  the  noise-
agnitude  and  noise-texture  produced  by  different  IR

lgorithms  with  ‘‘bone’’  kernel  according  to  the  method-
logy  used  in  a  previous  work  carried  out  at  our  institution
sing  ‘‘soft’’  kernel  [8].

aterials and methods

xperimental procedure and CT systems

he  same  experimental  procedure  was  performed  on  the
ame  CT  systems  as  those  defined  in  a  previous  work  carried
ut  at  our  institution  [8]. Five  CT  systems  from  three  differ-
nt  manufacturers  placed  inside  or  outside  our  institution
ere  used  in  this  study.

Acquisitions  of  a  Catphan  600  phantom  (The  Phantom
aboratory)  were  performed  using  a  tube  voltage  of  120  kV.
ube  currents  (mA)  were  defined  to  obtain  three  different
ose  levels:  3.0,  7.0  and  12.0mGy.

Raw  data  were  reconstructed  with  standard  ‘‘bone  tis-
ue’’  reconstruction  kernel  and  with  the  FBP  and  the
ntermediate  iterative  level  of  the  two  generations  of  IR
lgorithm  (H/SIR  and  MBIR  algorithms)  available  on  each
ystem  and  usually  used  in  clinical  practice.  IR  level  and
ernel  for  each  CT  system  were  defined  with  support  of  the
pplication  specialist  of  each  manufacturer.  Images  were
econstructed  with  a  field-of-view  of  250  mm  and  a  slice
hickness  close  to  1  mm  (1  mm  increment).

Acquisition  and  reconstruction  parameters  for  each  CT
ystem  used  are  defined  in  Table  1.

ontrast-to-noise ratio (CNR)

mage  quality  evaluations  were  performed  using  in-house
atlab  (MathWorks)  routines.  Two  circular  regions  of

nterest  (ROI)  of  420  pixels  (0.785  cm2)  were  placed  semi-
utomatically  on  the  CTP  401  section  in  two  inserts:  Teflon
range  from  941  to  1060  HU)  and  low-density  polyethylene
LDPE;  range  from  −121  to  −87  HU)  (Fig.  1a).  The  mean
f  CT  number  (average  of  pixels;  NCT) and  the  image  noise
standard  deviation  of  pixels)  of  the  solid  water  (range  from

7  to  7  HU)  on  the  CTP  486  section  were  assessed  by  placing

 ROI  of  14400  pixels  (36  cm2) in  the  center  of  the  phantom
Fig.  1b).  The  NCT and  image-noise  were  computed  within
ach  ROI  in  15  consecutive  reconstructed  slices  [9,10].
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Table  1  Acquisition  and  reconstruction  parameters  used  on  each  CT-scan.

Manufacturer  GE  Healthcare  Philips  Healthcare  Siemens  Healthineers

Model  Revolution® GSI  Revolution® Evo  Ingenuity® Elite  Definition® AS+  EDGE®

Location  (in/outside
our  institution)

In  Outside  Outside  In  Outside

mAs  values  used
according  to  the
CTDIvol

12  mGy  290  270  184  178  178
7  mGy  170  160  107  104  104
3  mGy  70  70  46  45  45

Pitch  0.984  0.984  1  1
IR  algorithm  and  IR
level

Asir  50%  Asir-V  50%  iDose4 3/IMR  2  SAFIRE  3  ADMIRE  3

Reconstruction
kernel

Bone  Bone  YA/SharpPlus  I70  I70

Detector  Gemstone  Gemstone  Elite  IMR  Ready  Ultra  Fast  Ceramic  Stellar
Thickness/overlap  1.25  mm/1.25  mm  1  mm/1  mm  1  mm/1  mm
Collimation  64  ×  0.625  mm  64  ×  0.625  mm  64  ×  0.6  mm

IR: Iterative reconstruction; ADMIRE advanced modeled iterative reconstruction; ASIR: adaptive statistical iterative reconstruction;
CTDIvol: volume computed tomography dose index; iDose: intelligent dose; IMR:iterative model reconstruction; SAFIRE: sinogram
affirmed iterative reconstruction.
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Figure 1. a: ROIs used to compute the NCT and image noise of T
image noise of solid water; c: ROIs used for the Noise Power Spectr

The  contrast-to-noise  ratio  (CNR)  between  both  inserts
and  the  solid  water  was  calculated  as  follows:

CNR  = |HUinsert −  HUwater |
�water

where  HU  is  Hounsfield  Unit.
For  each  manufacturer,  CNR  values  were  compared  for

FBP  versus  H/SIR,  FBP  versus  MBIR,  H/SIR  versus  MBIR  and
FBP  versus  FBP  if  two  different  CT  scans  were  used.

Noise power spectrum
NPS  were  calculated  with  an  in-house  MATLAB® routine  in
the  uniform  section  of  Catphan  phantom  (CTP  406)  as  fol-
lows:
NPS2D

(
fx′fy

) = �x�y

LxLy

1
NROI

NROI∑

i=1

∣∣FT2D

{
ROIi (x,  y) −  ROIi

}∣∣2

S
d
p
p

 insert and LPDE insert (2.); b: ROI used to compute the NCT and
ssessment.

here  �x and  �y are  the  pixel  size  in  x-  and  y-direction;
x et  Ly are  the  ROIs  length  in  the  x-  and  y-directions;  NROI

he  number  of  ROI;  FT  the  Fourier  transform  and  ROIi is  the
ackground  or  structured  noise  measured  from  ROI  (x,  y)
sing  a  first-order  (subtraction  of  a  3D  linear  fit)  detrending
echnique.

NPS  was  computed  in  a  total  of  80  ROIs,  64  ×  64  pixels
ach,  within  20  consecutive  axial  sections.

For  each  manufacturer,  the  values  of  NPS  peak  and  NPS
patial  frequency  were  compared  for:  FBP  versus  H/SIR,  FBP
ersus  MBIR,  H/SIR  versus  MBIR  and  FBP  versus  FBP  if  two
ifferent  CT  scans  were  used.

tatistical analysis
tatistical  analyses  were  performed  using  our  in-house
eveloped  MATLAB  routine  (MathWorks,  Natick,  USA).  Com-
arisons  of  CNR  values  between  FBP  and  IR  algorithms  were
erformed  using  the  Wilcoxon  ranked  sum  non-parametric
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est.  P-values  were  corrected  for  multiple  comparisons
Bonferonni  test)  and  only  values  lower  than  0.001  (P  cor-
ected  <  0.001)  were  considered  significant.

esults
ontrast-to-noise ratio

he  CNR  values  for  reconstructions  with  FBP,  H/SIR  and  MBIR
s  function  of  the  dose  levels  are  shown  in  Fig.  2  and  Table  2.
or  both  inserts  the  CNR  for  FBP  was  lower  than  H/SIR  or
BIR  algorithms.  These  differences  were  significant  for  all
T-scans  and  inserts  (P  <  0.001).  On  average,  CNR  improved
rom  FBP  to  H/SIR  algorithms  by  49  ±  1  [SD]  %  (range:
8—50%)  for  GE  Healthcare,  29  ±  1  [SD]  %  (range:  28—30  %)
or  Philips  and  26  ±  2  [SD]  %  (range:  23—28%)  for  Siemens
ealthineers  systems.  In  both  inserts,  CNR  were  significantly
igher  in  FBP-Evo  than  FBP-GSI  (P  <  0.001)  and  in  FBP-Edge
han  FBP-AS+  (P  <  0.01).  On  average,  CNR  was  improved  by
7  ±  8  [SD]  %  (range:  29—49  %)  for  GE  Healthcare  and  11%  ±  6
SD]  %  (range:  3—17  %)  for  Siemens  Healthineers  systems.

For  all  systems,  CNR  was  significantly  higher  with  MBIR

han  with  H/SIR  (P  <  0.001)  and  differences  between  both  IR
lgorithms  decreased  when  the  dose  increased.

Regarding  GE  Healthcare  systems  (Fig.  2a  and  b),  CNR
mproved  on  average  from  ‘‘Asir’’  to  ‘‘Asir-V’’  by  34  ±  13

a
i
F
p

igure 2. Mean values of contrast-to-noise ratio for Teflon and LDPE ins
f three manufacturers.
J.  Greffier  et  al.

SD]  %  (range:  24—49  %)  for  Teflon  insert  and  38  ±  17  [SD]  %
range:  24—57%)  for  LDPE  insert.

With  respect  to  Philips  Healthcare  system  (Fig.  2c  and
),  CNR  improved  on  average  from  ‘‘iDose4’’  to  ‘‘IMR’’  by
05  ±  19  [SD]  %  (range:  89—126  %)  for  Teflon  insert  and  113

 2  3%  (range:  94—139  %)  for  LDPE  insert.
Regarding  Siemens  Healthineers  systems  (Fig.  2e  and  f),

NR  improved  on  average  from  ‘‘SAFIRE’’  to  ‘‘ADMIRE’’  by
1  ±  6  [SD]  %  (range:  36—47  %)  for  Teflon  insert  and  42  ±  5
SD]  %  (range:  38—47  %)  for  LDPE  insert.

oise power spectrum

PS-peak
PS  peaks  decreased  as  the  dose  increased,  independently
f  the  system  and  the  reconstruction  algorithms  used
Table  3  and  Fig.  3).

NPS  peak  with  FBP  was  higher  than  with  H/SIR  or  MBIR
lgorithms.  The  mean  NPS  peak  decreased  from  FBP  to  H/SIR
lgorithms  by  −61  ±  0  [SD]  %  (range:  −61—−60  %)  for  GE,
41  ±  0  [SD]  %  (range:  −42—−41  %)  for  Philips  Healthcare

nd  −32  ±  2  [SD]  %  (range:  −34—−30  %)  for  Siemens  Health-
neers  systems.  NPS  peaks  were  lower  in  FBP-Edge  than
BP-AS+  and  in  FBP-Evo  than  FBP-GSI.  On  average  the  NPS
eak  was  decreased  by  −55  ±  2  [SD]  %  (range:  −57—−53  %)

erts as function of the dose levels for FBP, H/SIR and MBIR algorithms



N
oise

 assessm
ent

 using
 bone

 reconstruction
 kernel

 
767

Table  2 Contrast  to  noise  ratio  of  Teflon  and  LDPE  inserts  obtained  with  bone  kernels  according  to  the  dose  level  for  each  CT-scan  and  reconstruction  type.

Manufacturer Reconstruction  type CNR  Teflon CNR  LDPE

3  mGy 7  mGy 12  mGy 3  mGy 7  mGy 12  mGy

GE  Healthcare FBP-GSI  7.9  (7.8;  7.9) 13.0  (12.9;  13.0) 16.9  (16.7;  16.9) 0.8  (0.8;  0.9) 1.4  (1.4;  1.4) 1.9  (1.9;  1.9)
Asir  50% 11.7  (11.7;  11.8) 19.5  (19.4;  19.5) 25.3  (25.1;  25.4) 1.3  (1.2;  1.3) 2.1  (2.1;  2.1) 2.8  (2.8;  2.8)
FBP-Evo  11.4  (11.3;  11.4) 17.2  (17.2;  17.3) 22.4  (22.2;  22.4) 1.3  (1.2;  1.3) 1.9  (1.9;  1.9) 2.5  (2.4;  2.5)
Asir-V  50%  17.4  (17.3;  17.5)  25.2  (25.0;  25.2)  31.3  (31.1;  31.3)  2.0  (1.9;  2.0)  2.8  (2.8;  2.9)  3.5  (3.5;  3.5)

Philips
Healthcare

FBP  7.7  (7.6;  7.7)  12.3  (12.2;  12.3)  16.4  (16.4;  16.5)  0.8  (0.8;  0.9)  1.3  (1.3;  1.3)  1.8  (1.8;  1.9)
iDose4 3  9.9  (9.9;  9.9)  15.8  (15.8;  15.8)  21.2  (21.2;  21.3)  1.1  (1.0;  1.1)  1.7  (1.6;  1.7)  2.4  (2.4;  2.4)
IMR  2  22.4  (22.3;  22.4)  31.7  (31.7;  31.8)  40.1  (40.0;  40.2)  2.6  (2.5;  2.6)  3.4  (3.4;  3.5)  4.6  (4.6;  4.6)

Siemens
Healthineers

FBP-AS+  8.2  (8.2;  8.2)  13.0  (12.9;  13.0)  16.7  (16.7;  16.7)  0.9  (0.9;  0.9)  1.4  (1.4;  1.4)  1.8  (1.8;  1.8)
SAFIRE  3  10.5  (10.5;  10.5)  16.3  (16.3;  16.3)  21.1  (21.0;  21.1)  1.1  (1.1;  1.1)  1.8  (1.7;  1.8)  2.3  (2.3;  2.3)
FBP-Edge  9.2  (9.1;  9.2)  13.5  (13.5;  13.6)  19.6  (19.6;  19.7)  1.0  (1.0;  1.0)  1.5  (1.4;  1.5)  2.1  (2.1;  2.1)
ADMIRE  3  15.4  (15.4;  15.5)  22.9  (22.9;  23.0)  28.7  (28.5;  28.7)  1.6  (1.6;  1.7)  2.5  (2.5;  2.5)  3.1  (3.1;  3.2)

Values are expressed as median (1st quartile; 3rd quartile). ADMIRE: advanced modeled iterative reconstruction; ASIR: adaptive statistical iterative reconstruction; CNR: Contrast-to-noise
ratio; FBP: Filtered back projection; iDose: intelligent dose; IMR: iterative model reconstruction; LDPE: low-density polyethylene; SAFIRE: sinogram affirmed iterative reconstruction.
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Table  3  Noise  power  spectrum  peak  and  spatial  frequency  obtained  with  bone  kernels  according  to  the  dose  level  for
each  CT-scan  and  reconstruction  type.

Manufacturer  Kernel Reconstruction  type NPS peak  (HU2.mm2) NPS  spatial  frequency  (mm−1)

3  mGy  7  mGy  12  mGy  3  mGy  7  mGy  12  mGy

GE  Healthcare Bone  FBP-GSI  4222  1730  1006  0.83  0.82  0.83
Bone  ASIR  50  %  1662  690  392  0.82  0.79  0.79
Bone  FBP-Evo  1936  736  476  0.66  0.71  0.69
Bone  ASIR-V  50  %  878  404  253  0.69  0.68  0.63

Philips
Healthcare

YA  FBP  7031  3041  1733  0.58  0.58  0.58
YA  iDose4 3  4089  1794  1022  0.58  0.58  0.58
Sharp+  IMR  2  717  371  245  0.71  0.69  0.69

Siemens
Healthineers

B70  FBP-AS+  7753  3405  1912  0.58  0.55  0.57
I70  SAFIRE  3  5133  2375  1299  0.52  0.50  0.50
B70  FBP-Edge  7377  3202  1803  0.57  0.57  0.58
I70  ADMIRE  3  2536  1084  636  0.54  0.55  0.57

ADMIRE: advanced modeled iterative reconstruction; ASIR: adaptive statistical iterative reconstruction; FBP: Filtered-back projection;
iDose: intelligent dose; IMR: iterative model reconstruction; LDPE: low-density polyethylene; NPS: Noise power spectrum; SAFIRE:
sinogram affirmed iterative reconstruction.
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igure 3. NPS curves weighted by NPS peak of FBP at each d
anufacturers.

or  GE  Healthcare  and  −6  ±  1  [SD]  %  (range:  −6—−5  %)  for
iemens  Healthineers  systems.

For  all  systems,  NPS  peaks  were  higher  with  H/SIR  than
ith  MBIR.  The  mean  NPS  peak  decreased  from  H/SIR  to  MBIR
y  −41  ±  6  [SD]  %  (range:  −47  —−35  %)  for  GE  Healthcare,
79  ±  3  [SD]  %  (range:  −82—−76  %)  for  Philips  Healthcare
nd  −52  ±  2  [SD]  %  (range:  −54—−51  %)  for  Siemens  Health-
neers  systems.  For  GE  Healthcare  and  Philips  Healthcare
ystems,  differences  between  both  IR  algorithms  decreased
hen  the  dose  increased.

oise-texture
esults  of  NPS  spatial  frequencies  of  IR  algorithms  are
epicted  in  Table  3  and  Fig.  3.  Regarding  GE  Health-
are  systems  (Fig.  3.a),  NPS  spatial  frequencies  were
igher  in  FBP-Evo  (0.827  ±  0.006  [SD]  mm−1;  range:  0.820
 0.830  mm−1)  than  FBP-GSI  (0.687  ±  0.025  [SD]  mm−1;
ange:  0.660—0.710  mm−1).  The  same  outcomes  were
ound  between  ‘‘Asir’’  (0.800  ±  0.017  [SD]  mm−1;  range:
.790—0.820  mm−1)  and  ‘‘Asir-V’’  (0.667  ±  0.032  [SD]  mm−1;

−
t
[
(

evel (3, 7 and 12 mGy) for H/SIR and MBIR algorithms of three

ange:  0.630—0.690  mm−1).  Finally,  NPS  spatial  frequencies
ere  on  average  −17  ±  4  [SD]  %  (range:  −20—−13  %)  lower

n  FBP-Evo  compared  to  FBP-GSI  and  on  average−17  ±  3  [SD]
 (range:−20—−14  %)  lower  in  Asir-V  compared  to  Asir.

With  respect  to  Philips  Healthcare  system  (Fig.  3b),
alues  of  NPS  spatial  frequency  were  in  the  same
ange  between  FBP  (0.580  ±  0.001  [SD]  mm−1;  range:
.580—0.580  mm−1)  and  ‘‘iDose4’’  (0.580  ±  0.001  [SD]
m−1;  range:  0.580—0.580  mm−1).  NPS  spatial  frequencies
ere  higher  in  ‘‘IMR’’  (0.697  ±  0.012  [SD]  mm−1;  range:
.690—0.710  mm−1)  than  ‘‘iDose4’’.

Regarding  Siemens  Healthineers  systems  (Fig.  3c),
alues  of  NPS  spatial  frequency  were  in  the  same
ange  between  FBP-AS+  (0.567  ±  0.015  [SD]  mm−1;  range:
.550—0.580  mm−1)]  and  FBP-Edge  (0.573  ±  0.006  [SD]
m−1;  range:  0.570—0.580  mm−1).  NPS  spatial  frequency
ere  lower  with  ‘‘SAFIRE’’  than  with  ‘‘FBP-AS  +  ’’  (average

11  ±  2  [SD]  %  (range:  −12—−9  %).  Finally,  NPS  spa-

ial  frequencies  were  higher  in  ‘‘ADMIRE’’  (0.553  ±  0.015
SD]  mm−1; range:  0.540—0.570  mm−1)  than  ‘‘SAFIRE’’
0.507  ±  0.012  [SD]  mm−1;  range:  0.500—0.520  mm−1).
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Sahani DV. A quantitative comparison of noise reduction across
Noise  assessment  using  bone  reconstruction  kernel  

Discussion

Image  quality  assessments  in  CT  scan  have  usually  been  per-
formed  on  reconstructed  images  using  soft  reconstruction
kernel  [8,11—16].  However,  in  clinical  practice,  recon-
structed  images  using  a  bone  kernel  are  mandatorily  used  for
musculoskeletal  studies  and,  depending  on  the  institution
policy,  also  on  studies  performed  other  than  musculoskele-
tal  purposes.  To  our  knowledge,  few  studies  have  assessed
the  impact  of  bone  reconstruction  kernel  on  noise  properties
according  to  IR  algorithms.  For  the  first  time,  this  phan-
tom  study  assessed  the  noise-magnitude  and  noise-texture
for  both  generations  of  IR  algorithm  proposed  by  three  CT
vendors  using  bone  reconstruction  kernel.

Our  results  showed  that  CNR  values  were  improved  with
both  generations  of  IR  algorithms  compared  to  FBP  and  with
MBIR  compared  to  H/SIR.  Similar  outcomes  were  found  using
the  soft  kernel  for  GE  Healthcare  and  Philips  Healthcare
systems  [8].  However,  the  opposite  pattern  was  observed
for  Siemens  Healthineers  systems.  For  soft  kernel,  the
CNR  was  reduced  with  ‘‘ADMIRE’’  compared  to  ‘‘SAFIRE’’
(−4  ±  5  [SD]  %)  [8],  while  CNR  was  improved  using  bone
kernel  (42  ±  5  [SD]  %).  This  outcome  showed  that  ADMIRE
had  a  stronger  impact  on  noise  reduction  and  also  on  CNR
improvement  when  strong  kernel  was  used  compared  to  soft
kernel.  It  should  also  be  noted  that  the  same  CNR  variations
with  FBP  between  both  GE  Healthcare  systems  and  both
Siemens  Healthineers  systems  were  found  for  soft  or  bone
kernels.

Our  results  showed  that  noise-magnitude  was  reduced
with  both  generations  of  IR  algorithms  compared  to  FBP
and  with  MBIR  compared  to  H/SIR  for  all  CT  systems.  NPS
peak  variations  between  MBIR  and  H/SIR  were  in  the  same
range  for  bone  and  soft  kernel  for  GE  Healthcare  (−42  ±  8
[SD]  %  for  soft  kernel  and  −41%  ±  6  [SD]  %  for  bone  ker-
nel)  and  Philips  Healthcare  (−75  ±  4  [SD]  %  for  soft  kernel
and  −79  ±  3  [SD]  %  for  bone  kernel)  systems.  As  for  CNR,
the  opposite  pattern  was  observed  for  Siemens  Healthineers
systems.  For  soft  kernel,  the  NPS  peak  was  increased  with
‘‘ADMIRE’’  compared  to  ‘‘SAFIRE’’  (13  ±  11  [SD]  %)  [8],
while  NPS  peak  was  reduced  using  bone  kernel  (−52  ±  2
[SD]  %).

Our  results  for  noise-texture  confirmed  the  results  found
using  soft  kernel  for  Siemens  Healthineers  and  GE  Health-
care  systems.  Using  MBIR  compared  to  H/SIR,  the  NPS  spatial
frequency  shifted  towards  high  frequencies  for  Siemens
Healthineers  whereas  it  displaced  toward  low  frequencies
for  GE  Healthcare.  For  Philips  Healthcare  system,  different
results  were  observed  according  to  the  kernel.  For  soft  ker-
nel,  the  NPS  spatial  frequency  shifted  towards  low  frequency
[8]  whereas  it  displaced  towards  high  frequencies  using  bone
kernel.  It  should  also  be  noted  that  the  results  of  NPS  spa-
tial  frequencies  with  FBP  were  different  between  the  two
GE  Healthcare  systems  assessed.

Finally,  we  observed  that  the  use  of  MBIR  compared  to
H/SIR  showed  better  results  on  the  metrics  studied  with
bone  kernel  than  with  the  soft  kernel  for  Siemens  Healthi-
neers  and  Philips  Healthcare.  For  Siemens  Healthineers,  the
noise-magnitude  was  reduced  with  MBIR  for  strong  kernel,

which  leads  to  reduced  image-noise  and  thus  improves  the
CNR.  For  Philips  Healthcare,  shifting  the  NPS  peak  to  higher
frequencies  resulted  in  a  decrease  in  image  smoothing  that
769

as  strongly  present  with  IMR  on  soft  kernel  images  [8].  For
E  Healthcare,  the  impact  on  the  metrics  studied  was  the
ame  between  both  kernels.

In  the  present  study,  the  same  limitations  apply  as  those
efined  previously  by  Greffier  et  al.  for  the  soft  kernel
8]. Briefly,  raw-data  were  reconstructed  using  one  itera-
ive  level;  the  effect  of  the  two  generations  of  IR  algorithm
n  spatial  resolution  and  on  detectability  indexes  was  not
ssessed  and  the  assessment  of  noise-texture  and  noise-
agnitude  was  performed  on  two  different  CT  systems  for
E  Healthcare  and  Siemens  Healthineers.  Finally,  the  results

ound  in  this  phantom  study  need  to  be  confirmed  in  patients
y  radiologists.

In  conclusion,  this  phantom  study  performed  with  a
one  reconstruction  kernel  and  an  intermediate  iterative
evel  suggested  that  features  of  the  recent  MBIR  algorithms
ompared  to  the  preceding  generation  differ  compared
o  the  previous  results  using  soft  reconstruction  kernel.
he  noise-magnitude  was  reduced  for  all  CT  systems.  The
oise-texture  shifted  towards  high  frequencies  for  Siemens
ealthineers  and  Philips  Healthcare  but  the  opposite  for  GE
ealthcare.
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