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Impact of voxel size on CT radiomics features:
A phantom study

LIU Tao, HU Kui, ZHANG Zhaoxi, CHEN Hao, HE Yaoyao, LIAO Tian,
LI Ning, LIU Mingfei, YUAN Zilong"
(Department of Radiologys Hubei Cancer Hospital, Wuhan 430079, China)

[Abstract] Objective To investigate the impact of voxel on CT radiomics features. Methods Catphan 700 phantom was
used to perform CT scanning with Siemens definition AS™ 64 row CT scanner on head protocol. The images were
reconstructed with different FOV and different thickness, so the ranges of voxel size in these two groups were 0. 24—
2.38 mm® and 0. 72—2. 32 mm®, respectively. ROI was manually sketched using 3D Slicer software, and 108 features were
extracted from 7 categories, including shape, first order, gray level dependence matrix, gray level run length matrix, gray
level co-occurrence matrix, gray level size zone matrix and neighborhood gray-tone difference matrix. The coefficient of
variation (CV) was adapted to evaluate the impact of voxel derived from FOV and slice thickness on CT radiomics features.
Results The voxel had less effect on shape features (CV<C10%), while it had a great impact on most features of other six
feature groups (CV>20%). Among them, the dependence entropy, short run emphasis, run entropy, idmn, idn, idm, id
and zone entropy were stable (all CV<C10%). Conclusion The voxel size has a great impact on CT radiomics features.
Data preprocessing may be a good way to ensure the stability of features, especially for the application and comparison of
multi-centers data.

[Keywords] phantoms, imaging; radiomics; voxel; tomography, X-ray computed

DOI:10. 13929/;. 1003-3289. 201808154

AR LI YR = K/ CT RREFHFERI =2 M

&L AVKRBEH R NERS B.F TR ETAS
NI P B BE R R 00 I BRI 430079)

[ E] BH FIHEZEKNG CT ERAFSMERNEN, A& R Siemens Definition AS™ 64 #f CT H#§{0xF 3
FE R B 5280 38 Catphan 700 (RBEEAT X FNEGHT AR FOV MA R 2R 414 F i, 2 4 R4k £ K/ 5 43
R 0. 24~2. 38 mm® 1 0. 72~2. 32 mm® , Lk 3D Slicer # T3/ B ROI, & & $2 B 7 25331 108 MRAE B 4H R .
— BV R S R R VR A R A R R IX SR B AR UK B 25 4y B RRAE L T AR R R BL(CV) LU
AN FOV FZE S BN AR BUEX CT AR FEN M, &R ERBUEXIEAREE R /N (CV<<10%0) , 1
Xof oA 6 2R AIE Hb 24 O 43 (4 AR AR S R A R (CV=>20 %6, JH v AR A D R 5 R L O RO R 25 0 A — Ak L R 25 13— 1k
REM R E R XM ERECVIE<10%) . it BB ER/NA CT SAR YL = RRAFE A 5 I i, S00% 14k 31 n] BE 2
PRUEARAE AR 2 R DB A 3R A% S A 2 X 22 vt 30U 14 17 R B X LG

[(E&TH] FHEHEZE S LHHH5H (2016 YFC0103400) ,

[E—1EH] X% (1985—) , T, AL FE B8 A e e+, B0 . WS 05 i - AR H AR 2% . E-mail: liul5140126tao@163. com
[EEEE] =7 Wdb 2 s B B i . 430079., E-mail: yuanzilong0213@126. com

(s HHI] 2018-08-23 [fem BH#I] 2018-11-26



« 1100 - i E B 2R R B R 2019 4E5S 35 #4258 78] Chin J Med Imaging Technol,2019, Vol 35,No 7

(XA AR, BRAR R
[FE4%XS] R811.1; R814.42 [CEktRiRAET] A

SR ZH 2l 2o i AT O [ 1 R SRR AE
AT 52 B0 5% 5 9 A S 1 12 W7 3] 2 2 W 1) B AR
I HT AR AL 2 AR 5T ) B PR I R I 2 ) R
A IR A LA A3 X A 2 R AE Y AT AR M AR
EMERBEY . X CT A S B i 2 R 5%
Xt CT QUL FRAE () 52 i B2 IR A BF 521, (H 3¢
T CT BEHMG A R K /N3 52 AR 21 2 R AR 5% el 1) BIF 5% ¢
I B A TR S B RRAE 440 3R R X H 5 e
K. ASHFFE R AR S5l o 2 8 @ FOV M
J2 R AR G AR 2R /N s 20 BT Hoxb CT 52 AR 20 2 e
TIE 5% 1)

1 #REFE
1.1 Y# 51 R Siemens Definiation AST 64
HE CT AL, LSk 3849 il 0 38 [ R B 52 30 =
Catphan 700 #85% (42 3% 5 i A 20 K il K g i 5
s B FEAT A, E B E 120 kV, 3 30 & B IR A
Care dose 4D Hi AR, A FOV & 350 mm X 350 mm,
JZIE 5 mm, JZE P 5 mm, HFE 512X 512, KR I6 5
PR 2 HIKB % 1 A, [JE FOV 2 250 mm X
250 mm,HEZZE 5N 1 mm.3 mm.5 mm.7 mm,
10 mm, Xt B R R KN A 0. 24~2. 38 mm® ;55 2 41,
[ 5 J2 8 3 mm, J15 FOV K/N 352 250 mm X
250 mm, 300 mm X 300 mm., 350 mm X 350 mm,
400 mm X 400 mm.450 mm X 450 mm ., ¥F W {4 28 K/
4 0.72~2.32 mm’,
1.2 ARASAFREITE X 2 4 AR E AR 2
HEAT T2y a) i, 43 5 ) AR A (ROT 1) L B 41
(ROT 2) . 7K (ROT 3) i (ROT 4) B Jg Wi 41 21 (ROT 5)
(R 285 T U] Sy S AT R K 5 H AR 2 A8 L AHS B
TR UE D, LA 3D slicer 0 /FXF 434~ ROT # 5 7
I3 108 M AFIE, £ 35 T2 4R (shape) . — By (first
order) . JK JE #H & i [F (gray level dependence matrix,
GLDM) X JE i# #2546 % (gray level run length matrix,
GLRLM) | K B 3£ 4= 46 [F (gray level co-occurrence
matrix, GLCM) , JK & X 3 4 [% (gray level size zone
matrix, GLSZM) RAFIIKE 2% 53 Wi (neighborhood
gray-tone difference matrix, NGTDM) £,
1.3 BHESHMH %M Microsoft Excel 2016 #{4, 11
% 2 2 A RRR AR (B 1 - S (o) FAR UE 22 (o) 5 3R
548 5 2 # (coefficient of variation, CV),CV =¢/

AR IR R IR Z B AR X it
[(XEHS]

1003-3289(2019)07-1099-04

pX100% ;9 H Heml 1. 0 344 2 il 25 R#AF 28 5 1Y
P AR CV H RN, 20 51 LU [ 2568 360 - 41
AR RE AR /NCV5Y%) , ¥ @0 KA 7%
NG <<CV=<10%0) , g A AR A F i 55 (10 <<
CV=20%) , B AR RAE T R K (CV=>209%)1

ROTI'4

e

1.

1 ROIAmREE ROI 1~ROI 5 4 4t 3=
BRI LY K S g 17 4 40

2 #R

B 2E R AR AR S R AR LB 2, NREAR R
AR A ZE /N T AR R AE B B i 8 /N (CV K10 %), A
210 X Il 3L T HoAth 6 & ARAE Fb 4 R 43 1 4R AR
AR (CV=>20%) . DLE @ X8R 32

FETEARFRAE 2 L 2 R 50 T2 A RR AR 19 748 55t J 4%
AN AR H N GE L0, CV <10 %) AVAE A [/
)2 JEE B R A R AR R B AR R B (SR, 1000 <
CV<20%).,

£ GLDM F¢AE 4, 2 FH 43 R AT 1 28 S B 30K
(ﬂFé CV>20%) , HE#)JZE K FOV A FXFRAE

ZEHLAY R oM 22 5 OR K, Hod 4K #8 4 ( dependence

entropy) 75 i 2 J& & FOV £ v A8 53 i 34 %5 /s A
H/NCE AL, CV<10%),

X F— W RAE T2 R X T R A 4 S A0 5 iR 4R
FOV K, HREAFRIEAE R E R K (CV>20%) .,

£ GLRLM FRAEA 4 K8 43 FRAE (9 728 S5 B 4%
K (CV > 20%), i H & JF 2 9 3 (short run
emphasis) FIHFFE M (run entropy) B CV<<10% ,

£ GLCM FiEd i, E g 28 & FOV 32y 1k
EJUEIPOIRR 1R S E-A 1Rk NI EE S LE =3 sy |



oh [ BE2E R R 2019 AR5 35 #2485 7 ] Chin ] Med Imaging Technol, 2019, Vol 35,No 7 « 1101 -

Tl 3
Maximum 20 D

Shape

GLDM

Lasge Dependence
Sl Dependence Low
ow

first order

Robust Mean Absolute Dev
Mean é\hsoh_llqc Dy

GLRELM

GLCM

GLSZM

NGTDM

B2 AEZEHM FOV 44 T RAE A 5 A

—Ak (ldmn) & 7 2% 15—k (1dn) #9728 5 B2 3R 3% /N (CV
Bj<<2%) , 29 (1dm) B2 2 (1d) /Y78 5 5 o 41 0 4%
INCV ¥1<<8%) .

T GLSZM K NGTDM $#AF 41 H L 4 K &R 53 FEAE
18 S B R (CV 2 > 20%), T X 48 4% (zone

entropy) CV<<10%,
3 it

AR AL T A 1 AR ARBOR R AR U o
14 52 PR AIE o 22 3 R A 5 8 15 080 23 B i SRR, T
I PR DR SR S AR TR T/ 4 L S AR A R B R E
PR E A R (1 AT AR L DR O AR A Y R E T B B R
SERAR UL I I Dy 02—

TEFAR AL 2 (9 52 B T v o B T S8 AN T) A 2
AP ERRIE Z R S 15O 4R A0 i A P A %

P &, g EY . E S S
bV G N R VAl S
B A A 2 X AR R AE
P E R, Saeedi &1 X
A1 AR A 22 FRAE HEAT I 5T L 45
R A8 % BYFFAE 5 45 M AE
BRI LT 27 % B AR AE Z A
LR e, K PR R A R e
P R 0T, AS ) A5 HL R 7 A
{14 5 £ B 335 AN [ 17 5 35 m] Ao 20 21
1y CT {8 22 5, P 1 AR AIE 25
MR EE —ERE L
PANEEE S E U NE S A (SR W)
AU CT AH 52 w58/, BT i
SRR S AG A 2 R AE 1 52 AN
FHERE ., FEENLEEIRF
Mackin =0 B RFSE .

A5 3 L 98 T A ER
FOV 2K B R 2 1 KD,
DRI A 28 0078 ot S AR 4 2 R A
(R 5% ), 45 SR e B, A 22 08 b 4
Ko CT AR FHRAE = T
R, LR N T AR RO 2 4
b fiE (4 3158 77 25 R Y K B 9 Fn

23 AR R AR 188 VA S0 i A4

I FE R R A3 () R 17 2 A

@ o A AE

WM, W GLRLM H (f)

At Ht (energy) FFAE 2 25 K H K

JEE RN 5 R, b 8K 55 AR 22 0 H ARG L BT XY iR R

B H B AR i, B AR TR A s i 6 F A A7 {H (median) ,

VBN BT AR 28 IR B R/ i 48, SRR ECH C &R
ANTK S TR A2 S BE AR XT3N

ARHFFT LG R R TR EEAE 4L P 4 KBS
FRAE 09 728 5 B B /N sl AR /D (B B s 20 65, CV 3 <<
1096 AN HEAS ] T 8 22 J55 (40350 43 AR E o B2 TR o 45 A0 S
JE (0,10 %<<CV<<20%) , /R U2 J2 2 5 50R 1k
2000 X R I B W B ik A FOV O K, BRI AT RE7E T
AR AR TR b o R A5 B AT il
53 23 ] J& M R AE AR 5K T FOV Y
A% R A RRON 0 M BB RN 3
AR Z R IE AR, T B FOV X 26 R 3B 43 T8 R4 AF 19
BuIER /N (CV<<5%), He Z IR £, RS



« 1102 - i

SERARHIR 2019 4FEE

35 455 74  Chin ] Med Imaging Technol, 2019, Vol 35,No 7

Xof R B 7K S5 B R GLCM 45 5% 0 3%, 5 A 5%
GERILAR — B, MR AR — AR WL LR RN
1.25 mm [ E R I8 5 A2 5 E (AUC =
0. 862) % | I ~7 Pk il 45 35 BB PE R 2L e T2 R N
5 mmfy ER (AUC=0. 785) , AT fE Je il T 42 )5 1y (&1 4%
TR H R MR T R AE B0 IX 20 8% fi s (HZ W 58 9F R
KRR KN 75— R -—FOV, 1fi FOV K& JZ
JEHJE WE MR R R R/ EER R,

ARBFFE RIS L S A 5T 3 TR 5L 56
Ul BB A 22 P A BB N B 5R F AR v g 2

IR 5 NI BV AE 25 5, P 4K 45 S-S g 58 4 ) W I
PR B S Btk B0 5 FLUR AR 92 R B UL %€ 3% F- 2 /2) Il ROT
1975 ¥ T Velazquez 2555 Lo 1 2 1 340 1 7 ¥: 1
Tl o B HERE BE A 2E A B B4R 5 T R UIER
1 F IR b AR 8 B W G 5 O g, LR A o R L
T e e M s TR AR LRI R T AN AR
Xt AR A1 2E R E AR S B BB, A R R i — AT,
SKEARAL AR A R R KNS HE

25 A A 3 A R S AR A A R S e L A
FEAR AL 2 1 1N FHAIF 50 P B 45 T 30 43 O 7 5 BRdis 190 Ak
A AE SR R UE R AR AR S M 00 B0 s 2, R N X T 2
OB 1 I B

[ 5% 30k ]

[1] Yip SS, Aerts HJ.

Phys Med Biol, 2016,61(13):R150-R166.
(2] XIF5, BRI QA F M. PEESEGRER,
2017,33(12):1765-1767.

[3] Fave X, Cook M, Frederick A, et al.

Applications and limitations of radiomics.

Preliminary investigation
into sources of uncertainty in quantitative imaging features.
Comput Med Imaging Graph, 2015,44:54-61.

[4] Warszawski A, Rottinger EM, Vogel R, et al. 20 MHz

ultrasonic imaging for quantitative assessment and documentation

of early and late postradiation skin reactions in breast cancer

patients. Radiother Oncol, 1998,47(3):241-247.

(6]

7]

(8]

(9]

(10]

(1]

[12]

[13]

[14]

[15]

[16]

Golden DI, Lipson JA, Telli ML, et al. Dynamic contrast-
enhanced MRI-based biomarkers of therapeutic response in triple-
negative breast cancer. J] Am Med Inform Assoc, 2013,20(6):
1059-1066.

Leijenaar RT, Carvalho S, Velazquez ER, et al.

FDG-PET radiomics features:

Stability of
An integrated analysis of test-
retest and inter-observer variability. Acta Oncol, 2013,52(7):
1391-1397.

van der Vos CS, et al. The impact of

Grootjans W, Tixier F,

optimal respiratory gating and image noise on evaluation of
intratumor heterogeneity on "$F-FDG PET imaging of lung
cancer. ] Nucl Med, 2016,57(11):1692-1698.

Balagurunathan Y, Gu Y, Wang H, et al. Reproducibility and
prognosis of quantitative features extracted from CT images.
Transl Oncol, 2014,7(1):72-87.
Shiri I, Rahmim A, Ghaffarian P, et al. The impact of image
radiomic features:

Eur Radiol, 2017, 27

reconstruction settings on SF-FDG PET
Multi-scanner phantom and patient studies.
(11):4498-4509.

Mackin D, Ger R, Dodge C, et al. Effect of tube current on computed
tomography radiomic features. Sci Rep, 2018, 8(1):2354.
Lambin P, Riosvelazquez E, Leijenaar R, et al. Radiomics:
Extracting more information from medical images using advanced
feature analysis. Eur J Cancer, 2012,48(4):441-446.
BL, P TR ARG, AR AR A S T AR AR SR IR Y kR b [ B
AR AR 2017,33(12):1792-1796.
Saeedi E, Dejkam A, Beigi J, et al. Radiomic feature robustness
and reproducibility in quantitative bone radiography: A study on
radiologic parameter changes. ] Clin Densitom, 2018, Jun 27.
pii: S1094-6950 (18 )  30070-2. doi: 10.1016/j.
joed. 2018. 06. 004. [Epub ahead of print].
Galavis PE, Hollensen C, Jallow N, et al. Variability of
textural features in FDG PET images due to different acquisition
modes and reconstruction parameters. Acta Oncol, 2010,49(7):
1012-1016.
He L, Huang Y, Ma Z, et al. Effects of contrast-enhancement,
reconstruction slice thickness and convolution kernel on the
signature in solitary

2016,6:34921.

performance of radiomics

Sci Rep,

diagnostic
pulmonary nodule.
Velazquez ER, Parmar C, Jermoumi M, et al. Volumetric CT-based
segmentation of NSCLC using 3D-Slicer. Sci Rep, 2013,3:3529.



