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Abstract

Objective: To evaluate the diagnostic value of dual-energy CT (DECT) parameters, the effective atomic
number (Zeff) and normalized iodine concentration (NIC) in the arterial phase, for differentiating thy-
roid papillary carcinoma (PTC) from common benign nodules. Methods: We retrospectively analyzed
arterial-phase DECT data from 60 patients with pathologically confirmed thyroid nodules (16 PTC, 34
nodular goiters, 10 adenomas). Zeff and NIC values were measured and compared across the three
groups using Kruskal-Wallis tests with post-hoc pairwise comparisons. For groups showing signifi-
cant differences, we constructed ROC curves to assess diagnostic performance. Results: Significant
overall differences in arterial-phase NIC and Zeff were observed among the three groups (P < 0.05).
Pairwise comparisons specifically revealed that both parameters were significantly higher in the PTC
group than in the nodular goiter group (all P < 0.01). No significant differences were found between
PTC and adenoma groups, or between nodular goiter and adenoma groups (all P > 0.017). For discrim-
inating PTC from nodular goiter, arterial-phase NIC demonstrated the highest diagnostic efficacy (AUC
= 0.770) with an optimal cutoff of 0.17, yielding 81.3% sensitivity and 67.6% specificity. Although ar-
terial-phase Zeff had a slightly lower AUC (0.737), it showed excellent sensitivity (93.8%). Conclusion:
Arterial-phase NIC serves as areliable indicator for distinguishing PTC from nodular goiter, while Zeff
provides outstanding value for ruling out malignancy due to its high sensitivity. However, both pa-
rameters show limited utility in differentiating PTC from adenoma, necessitating integration with
other diagnostic modalities in clinical practice.
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1. 5|15

FRORIREE 5 R IG R WL A 73 RGO, HOROR AR BRIEH N 2 3% &% . ¥ 2022 4E4x 8k
FEIE ST (GLOBOCAN 2022) 57, FEOIR B a7 R I8 20 82.1 i, A f& A BRIsAE KR 25 -6
B, FE LR B S 28 A1), T — AN ZE A A S T AR A R AR T SR AR 8 AR R,
R RBVERREAESE A, X Tl Sl FEVR T il G BT R R GE B TG B0 E .

HAT, &Pl /i 2 AR AT VPl FRIRES 1 B s 8 2 071 (2] [3], IS Wi ReAE — AR L A7
TERRAEF RO, HX I 5 SRR AT B 1 451 BoRANEE - 40T 28 B S e A B 9 AR T2 T (1 S Am it ™,
BHEA QRE,  FL B R 258 R A S W AE SRR . 0 CT A S 30 BT M Ak i 1 455 ) I
VAL R LS5 R 7 AL 55 A, (R OB S 2 SRR e S FE DI &, AR e e Wi T AME A IR . XOR
CT A EEE(DECT) UGB A M A A HUR RS 1 M E B VAP 4L TBng R . ZHEARETYREAR
X SHRRE T I 2 5, ReRE S B, IMRMBURE . AR TR SR B3,
IO 2 T 48 7~ ZH 2R A FR05 FRAAE[4] [5]. SRTT,  BIA IF 9 22 45 vh -0 PRI 32 Pt 2E 20 0 L 3 0
FLAE M =F B HR IR 530 4 R IR AL SR S e BB S, SirE Rtz R, A8 7

DOI: 10.12677/acm.2026.161258 2046 Il A 2= 27 ik


https://doi.org/10.12677/acm.2026.161258
http://creativecommons.org/licenses/by/4.0/

Wkt <5

FPBUE N — R a A 23N JE R R E B AR, PR B RN X A R BER A R 45 1 1R At BN 12
WrfE 2, (H H TR FURBRE S . Rl FORIR AL IR £ 02 Wrh i R Gt e B A e, HIEE2
PHEA FHRNTZH -

B, AHTTE B R RGHDWEER CT A RUR 7 P80 & AR FEAE R IR LI 555032 Wb 1A
H, UHIAIRRARRCE) . 2B 4t oyl SRR & 2 AL ik .

2. M5 5%
2.1. HFRIR

=] W B 2024 4F 9 ) %8 2025 4F 10 H ZE 3R B AR FT 32 SO0 CT X Ae & 1Y s =1 4 H AT 3 B 45
RITHARIRE T EFH B EIRR TR AR © ARAT 1 AN EZNEEE CT HEFHE + W5k
i, @ HURBE T HEAS >5mm; @ CT &R RIEZAWIRTT . FRIERETFRIEBIT . HtrdE: ©
FURIRIRIEB B # . @ BUEA i kg Sl & 1 D852 « IR BRZE BN A, AN 60 1
B, CPIER, St 60 NS, Hop PTC 16 ], 4N HEHUIRIRM 34 41, MR 10 Bil. RAEAE oM
(n=44). RWFFIRFKPACEEZ B SHAENCE S : SYYLL-2025048), #i4%E & AfEF=.

22. U{ERZ*

K& E Siemens DSCT (SOMATOM Drive) A4 A7 315 A e & 149 3G sl . & BUWEM,
ot SERIAE, JE T M AR RO R . G AR E E K S K. EiES L A BR
EHIE 80 KV, B EREFHLIE 140 KV, JF/2 CARE Dose 4D F &1 HL i SR MR L FE 5 70 B, 4000 2%
HEE AR YT N 64 x 0.6 mm. EEZET)Y 64 x 0.6 mm, HEZE 1.0mm, Z[EEE 0.6 mm. HIEFARILAH
it R ik R A B - B RIOGT B 7R (AE B, 350 mgl/mL), #EE A 1.5 mL/kg MR, JFESHAZE 3.5 mL/s. %
N TR A, #MEIX (RONE T HUAB K X AL, BIEE )Y 100 HU, A3 B 5 2R 5
305 Shah ik XURE A . X B S S 40 U SEIR 25 s, 50 s SRAEEFBKIAFI P 0 A & CT B .

23 EffRLESSHNE

e Ha Ak 2 syngo.via VB10 Ja AL TAF S #EAT WAE B0 M. FEXNRE B 5 AR BRI rp, ARV
# “Liver VNC. Rho/Z” #4770 #r. 1 4 RA7 6 DL ESKEARRARI2 Wy 22 56 10 T ARk = AL AN Jg 2
ZURMGOL TR, MBS (1) IR (NIC), #4078 mg/mL; (2) ZhikHIA
WU T ¥ (Zeff), B RON P31 . ARAEALBIIR BE(NIC) = o3 ) AR 38/ [) J2 25 A Sl AR 3 o R A &
Tiid: TRHIERKJZ M2 ROl BT 28 S X, BRI ey oo R e S 3 A2 il 2 /e B
SPEMEILIE 1) 5 SUA BIRKAFAE W] S BG4, TSR St A Sk AR A 2 1

24, BEXEMKE

BT BIEAREAR N 16 4], RIGSWITERT T Logistic [F1H 1 EPV JE U (RIFATERAFE > 10 < BA
A, R RIRE VE R it S, AT TR 2 A BRI UHME S B () KIY] Zeff 5 NIC)
BEANZ BT

2.5. GEHE S

SKH SPSS 27.0 AT ST 73 br . FFEIER AT E TR DA% £ b2 (X +s) &R, AEL
BOR FH IR 2R 7 290 1B Welch ANOVA;  HE TEZS 7045 Tk DL A7 £ (10 4307 B B) R ) R, 2L 18] bR
Mann-Whitney U a5 . 13050k LI (E 73 L) &R, AR ELECR R U7 .

DOI: 10.12677/acm.2026.161258 2047 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.161258

Wikt 4%

B SEE Kruskal-Wallis H A& 36 174k = 4110 2 57, XHAFLEG 243 U250t — 5 % A Bonferroni 1%
IEMIPRRE L & T ROR AR A BRI BAEWDE i bR B B 2, JE82EH 40 PTC 5451 MR
ARIRM SR WiREe . B SR A Mann-Whitney U £ 56 FUECPR AL IR S50 5, 1410 ROC £ PPli2
Wrzkee, TREMZ NI, BAEENE. RBUE. FF558 LR, Rk 2 5 fa5un KA i
o N SIRRZ WA LWIINE, #E 0 Logistic [ ARSI PPAl Ha2 Wik e -

P 4 WL MO RN RE L CT 40, SR 4L AR R B L8381/ — 3, 1CC > 0.90 AH1E
FEMG . PR AL AU, P <0.05 A% RAH SR L.

3. /R
3.1 BEELHH

AW FEILGIN 60 5 229 BRALE S 1A FOR AR 455 B3, S HOIRIRFL SRS (PTC) 16 i, 4575 14 FOIR AR
Jiir 34 15 K BOR R RSRE 10 ). =2 AR AR LR TR b e 1 R, 45BN, =4 SRR (Welch
F =6.648, P =0.007) 54511 EL 42 (H = 6.961, P= 0.031) L[ 2 38 BA Giih2% 5 . PTC 48 4E I8 B 3K
T RS (ST R AR SRR ), HHEEWTEAWE /NI P < 0.05), XFFA HURERAL SR &7
RTINS R DG RER 25 . =48 2 B A e 2 3% 25 57 (P > 0.05).

Table 1. Comparison of baseline characteristics among three groups of patients with thyroid nodules
1 ZHRARKRETLEENELENLE

T A AR W sitE P
ER(S, x £ 9) 42.75 +13.88 56.41 + 8.37 51.40 £ 12.42 6.648 0.007
#9542 [em, M (IQR)] 1.00 (0.79) 1.90 (1.63) 1.29 (1.44) 6.961 0.031
) 1.623 0.444
e, n (%) 2 (12.5%) 2 (5.9%) 0 (0.0%)
ZHE, n (%) 14 (87.5%) 32 (94.1%) 10 (100.0%)

E: PTC, HURMRFLICWRIE: X+s, B¥ + brdE%: M (IQR), HhAcsu(MY 7 hr i lal BE) .

3.2. PTC. 454514 FR K PR e A0 BRCLR B BB = 4H IR BREE TS BUBHBKER Zeff {EF0 NIC Eeist

Table 2. Pairwise comparisons of dual-energy CT parameters for three groups of thyroid nodules
2. ZHHRRKBRETNEEE CT SHHAMLLE

* LA Al CT S P = 0.007)
Ik NIC 0.002
PTC (n=16) vs. 5T EHARER (n = 34) z E,]‘(ﬁﬁ Zeff 0.007
B NIC 0.673
PTC (n=16) vs. I8 (n =10
(n ) vs. IR (n ) Nk Zeff 0.460
B NIC 0.107
S5 FUIR =34) vs. Jl(n =10
P FCRER (n = 34) vs. i8I (n = 10) ik Zeff 0.022

¥E: PTC, HUWRRAKRIE: NIC, AnifEfbiikE; zeff, A8URTFE

NS AR R CT SENEREWINE, Bex AT SHT 7 St . Kruskal-
Wallis H #6556 &7, SR AL A FE (NIC) S5 R 1 R (Zeff) e =4LIAI(PTC. 453 R AR . iR
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Je) [ SR oy A 22 S B Geit 2% 7= (P < 0.05) . Bl 5 3EAT I A LL AR (4 Bonferroni 12 1E, W35 /K- P& €
9 0.017)% M 7E PTC S5 1 M FARIRM A LA b, SEMESE BN NIC 5 Zeff H35 1535 & T R %45
F5(P=0.002, P =0.007), 4RI, 7£PTC SR, PAKEETERIRIRM SR 2, iR 2H 25
Bikguit e (A P>0.017) (W35 2). BT MEFARR/NH=HERREZ R, JFLE R PTC
55851 FOR Bk ) 45 0 (.22 3).

a5 RUIR IR ZHARLE, PTC RSN KA U + 7 £ (Zeff) S5 AR HE ALK B2 (NIC) 35 &5t 3 B 1y
(Zeff: P = 0.007; NIC: P = 0.002) (.7 3).

Table 3. Comparison of dual-energy CT parameters for PTC and nodular goitre [M (IQR)]
% 3. PTC ST FRIRINAEE CT SHELR[M (IQR)]

PTC (n = 16) SETT I R R (n = 34) Giit& P1E
k) Zeff 8.60 (0.41) 8.23 (0.96) —2.684 0.007
Bk NIC 0.21 (0) 0.10 (0) -3.059 0.002

(@) (b) (c) (d)

© m © e
(€)~(h) 4545 TR X i CT SR 2 MO EL 6 F%. BR. Rhosz JE BB

&

) i) ® 0
(0)=C1) OB 5L, Lot 2 2 S B CT S 5B O AR B . . Rhol2Z [ K 2

Figure 1. Examples of dual-energy CT arterial phase images, iodine uptake images, Rho/Z images, and pathological findings
in three groups of patients with thyroid nodules (HE, x100, H) (Rho/Z, Electron Density/Effective Atomic Number)

1. SRR EHENEEE CT ShAkEE . #E. Rho/z B R FIEERHI(HE, 100, H) (Rho/z, BFEE=/IH
HIRTFFH)
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3.3. ThBKHA Zeff . NIC HEASSHAISHREED T

it ROC HIZR Al 1 -2 M0 i) PR BRI SR 5 45 1 PO BRI 2 T R RE (18] 2, 3% 4). Bk
BRI R B LI SR B2 Wi Re 70, L2 T AR B s (AUC = 0.770).  SIlKITA XU T £ 5
WL RER I (AUC = 0.737), (HAERAEBTE 2RI H R O BUREE (93.8%) . EAFERENIE, BRI
W BER Logistic [BHBE R, H AUC J 0.732, 2k i I AR R £ 1 3 — S 4

ROCHh%
1.0 .
Bhék kiR
——NIC
— 7 eff
| —— NIC+Zeff
08 — %%z%e
0.6
b}
&
041
0.2}
0.0
0.0 0.2 0.4 0.6 0.8 1.0

1-H5H

Figure 2. ROC curves for arterial phase NIC, Zeff and combined models in distinguishing PTC from nodular goitre
2. BFKEANIC. Zeff REFSIERILR PTC 54T IRERIPA) ROC Bhk

Table 4. Diagnostic performance of dual-energy CT parameters in differentiating papillary thyroid carcinoma from nodular

%Iﬁ{e WEER CT SRR ISR TS 5 55551 B R B O30 B 2 B
ZH AUC 95% Cl P BEEENE GUREO)  RRE)  EHE%)
ik NIC 0.770 0.643~0.897 0.002 0.17 81.3 67.6 70.0
Nk Zeff 0.737 0.601~0.873 0.007 8.31 93.8 58.8 70.0
NIC + Zeff 0.732 0.595~0.868 0.009 0.30 81.3 61.8 68.0
4. WHig

4.1. WM EEZIIEMN SRR EAL

AW TR GV T RENRE R CT & ESHE RIS Sz i E. 45K S8R, shikis
TR AR B A 45 ) FRODR R 7L S PR 5 65 05 M LR R ek 7 T L HH AR S5 A PRI 255 12 T BE (AUC = 0.770),
T B bk B 20051 e K B A4 ) 39 6 SRS (AUC = 0.737), {BLZE S EEAR NI N A A% v R BBURK  (93.8%)
TEHEBR 528 75 T B A TEAE N FHANME . SR, AT HIGRE], iR AUC B THEKE, FeRE
(NIC 67.6%, Zeff 58.8%) 7K ANELFHAH, 7R H— DECT S8 A 2 DI St PR R v s, Hof 080 BE AT
N R TR MR el ebriE” .

BNIKIA Zeff =ik 93.8% R B AE L B AE v “iidrt” B “HERRME” THRME ——R1Y Zeff (A
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T BRME(8.31) I, Tt RS AR A, 7T e S AN 0 ZE ) 51 o (ELN AR WL LR )45 57 AN 1 (58.8%)
WA RGBT R () 41.2%), WRESBURE SIS S M. FFE, NIC B AUC I, {H 67.6%
Ry e FEAT PR A1) FE PR PRI . (AR, A BAUR BEIRTIEE(AUC = 0.732), %
G EEE, MR AT EA R PR R E A IR . AR EATIE PR AR A BA S i3 e AT
2, FFRRSEEARILNZ AR, RTHE Wz fdtE

4.2. A a SN KA

DECT Il PR EE A0 75 4 TR 1Y B3R 28 S AE U . BT THT, AU Re B HE 3G N2 15%~20% (1 s
A, JGALERFER ) 10~15 438l FEERST UTURAA BRHL X HET T AAAE A FRS R E T T, S5 DECT A
RS R LN 2~4 mSv,  BAKT 5 IS CT, (HE & TS (REH). X THERE L8 E AR
PTC W F¥FEs 42.75 %), RAGES 58 1 B08 KA S 2 3£ EBUR % Fi(ACR) TR <40 % i
HEREBRE] CT . ML R, masRERLES TI-RADS 732K A . AL, 7l s sh#&F
AT EARAIEA[2] [3]. Kk, DECT ARAEN—LZeI0H T 5, 0 A3 1 R @ A B A2 R A 2
ANERHf (A0 TI-RADS 4A 28). 4575 B ARFIR (Ui 1 )5 ) B AR (5] I VP AL S0k L A5 e Re I, A AR SR IGIET
B, PASZELRUS: - 2038 HE B Ak« AR TR 8 DA 450 20T 78 (03 A XL 33 b ICER 40 #7) b S5l
HAVE AR S R B S0t Sk e, B DECT %) TI-RADS 4 28453 2 etk v s B s, IEaa s
ZHHEBMEA B, KT e HIEDUA 2B s D s .

4.3. 587 TI-RADS KE M RIRHISLITLEL S : ZIRSEASEE

AR IR IR Es T vl A, H TI-RADS 73K R4 (4 C-TI-RADS. ACR TI-RADS) CLENG IR
ZIRAIE, X 4 G5 HEE XUl B AR HERR 2 0] ik 70%~85% [17]. AHEFT DECT 2% AUC (0.770)3F
o 35 R T R S S W ke, IX 38 DECT MO N HANMEA PR . 4R, DECT HIHg &M vl &
WRILAE: (1) B P o B AR SR 2 e 7n: DECT Rt AR W btatr, mIARAELITAS,
WD EWRZE: (2) XRFBRIBAI S T HIE S N TR BRRAERIRE 5. RE G457, DECT A4
B AR MR o E R

5 BPE AR T b R RS SO R (D BT D) s A8 SWE) I ik 4H 0 B VAR UK, E 4 2R
T AR R S R T 2 80% LA 1-[18]. DECT MMM BE [ Wi A= i, Zeff [ RL4HR %S B, — 3% SHlifE 2
AT A YL FH AN, Big b, A DECT MM RAIES S0V AR 00 1 2, AT REA i ik o —
FAR L WAL,

4.4. DECT FEISHf 3812 p B EE L 5 I R B2 F SR

BT Y ATuEdE, FATE UK DECT AN R 2 7 iife: B—BBe(WITm): XA HURIRGS 1547 = 2 9%
K + C-TI-RADS 7035 3 B 7r2): X TI-RADS 4A K UL 45T, #58 F RrEA R 5k
FEAERARPR S, #h78 DECT fufr; 25 =BrBt(#3K): #7 DECT B NIC>0.17 H. Zeff>8.31, /LA F4HE
AT AE, WHEREANET 2 RI(FNA); %5 Zeff <8.31 HIEASF W&, v % B A YT . I 5Eng § 785 H DECT
[ RIS, RIS BT 455 3E1T DECT A7 RN BT RIRIR P SHm i B a5 . 76 ORI &=
& 5 I (active surveillance) H 25 3% & ()75 5t N, DECT 5l 4l BIR B A& PTC [k J KU, £t A0 B U7 1) B

4.5. FRIEAE TR AR BE AT

WEA: 2 Wimt Fe R W, 2T DS-DECT M)5E B2 Kl Jy R BR ST A RS 28 4 1t 3 K 4 [6]-[8] -
AT TR BB G5 SRR AR B B 3% = T R AE4L, 1X5 Dohén Z5[6] [8]% T “S&EEs T ftifizh
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BETFR” MARERFIEER . X— R AT R SR A FE B2 VI G BRI IE 2 00 I K 8%
BLIhRE I ER ST AR, A 7C R A T Bk, i R FE T 22 S B ) 2 465 15 1R I 3 77 SRR - WU 3
TN, AR RSN FAR RS e “IMRHE” 5 “H8Thae” MahASEZE. RE PTCH)
PSR 08 6L 200 IR0 4k 40 o LA T HE LSRRI 8 5243 [, AL L P 33 26 I S5 M AN S 2 | i 1k =i [10],
FHOG LRSI R IR &S H R M SRR, FTRERT RS 7 AR e FREM AT . ik, 30
kAR AR P55 B 22 S PR R TR ) A AR R, T AR ol R I Zh BB AR UPIRES, 1X 5 Jiang
TR RO — 3. Xeegs Rk 53 FF T DS-DECT & ES AT JIEMAIE TIRADS % 2%
T TRV AEANE, AR RREAE 5 R AR A B0E L I PR3 FH 17

Zeff VE N IR ZIC RIS % FE I 24 WS AR B oy BAA 3 s e I [11] . BEAEIE AL C
UESE, Zeff 7Rl B S B (AR AT RSBV 2 W (A [12]-[14] . ASHIF T3 B BRI 1 251
(IR Zeff B 5525 = T RAELS WA, 1 BRI RUF0ZWiaiae. i F B2 1 d B b R4
H R A BE[15], X AT Re RS Zeff (HEE M AE MR HhAh, BRAES AL AR LE T Re i — D A
PEAL I Zeff (187 . AWFF R HIVEI 1T DS-DECT Ja A BT & S W N AT E BSR4 e 11, S IR i
LTS b IR B AAAE SRR 33 AT RS B B I R MR PR AR — e e . BRAh, I RUR T4
(18 vt AT i 2 A e B = ) IR R R A DR [16]

4.6. RBRSRFKAE

ABIINEE— 2R RIREE: 5, (EAFBHETIIE, FTRER 2EA LKl . K, B¢ (ROI)
B4 1 ROK R T A 281, T s 4 R 251 00 57 . AR LR 445 1(3D-ROI M7,
G A UM SRR R A . TR, BORALREA R LN =10), )T DS-DECT ZH{E PTC &5
BRI SHEA BUS T BB HE P, BUR . ABICA 5875 TI-RADS BRI 17 Sk, 3¢
HIRFI T 3455 0 R 0 (T R 2 A 2 BRI AROREIERT: (1) MIMEHEREE, AEACRE A ORiE
3D-ROI 15 21 ROI IS 5E: (2) £ b, SUAAR I BA L 5 (G T 54 CT) DURE 20
Ps (3) TR ALGIBYA BSOS, SO E BRI (4) T/EAUFEVRR, YIN DECT #R M AN
E(ICER) R A MR B s (5) ARATRIR ARG, BRFIRTEALIE . ISP A (R G T AT
REIGIRE . AL FiR%E Sy, A RERLAHH ST DECT fERNHE RRIRGS 1127 B G oy 4 BB

5. &g

LR LPrIR, EXGER CT M9 fli FRBRGS I, A U7 7 8(Zeff) S AR LR L (NIC) RENE u R
I ERIE TG B0 4 012 W PR AR 45 15 1) RO PESR ST Bl o 1207 E 0] TG PR R UM E HOIR RS 15 V67 7 SR I %
WE R —E S H M-

SE K
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