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H#: FF ANTHEBE(Artificial intelligence, AD) B ARIREOEHE CTIELE 55 4RE  To /K B E MR PA BBl &8
5&% B ERAHRENS LR, AEEBENEREF N IIENERR. 71k BEBERASL7THEZ T
HIECTEM-FERERBRERE, 43EHAIFEENERANMNEXEFE FE{ (dual x-ray ab-
sorptiometry, DXA)W & 321 & 55 — FEHME D) 55 Y B HE (L1~L4) #E /4 X B %5 ¥ (bone mineral density,
BMD)E. RALME F7ES I B A K BN &E S LA B 7 AT e & % B A K.
PADXAZE RASE bR AR R 53 AIEH (T-score 2 -1), B FIAE(-2.5 < T-score < -1)HIE FH G
fE(T-score < -2.5), AR % BB R T 85 53 15 1 DA B 388 58 T 7K B I 00 A Tl )-8 R AR . 4
A SDXAAE BRI S B RAE LT LB . 2 521838 T/ERHE (receiver operating characteristic, ROC)
B2k, THESAE TIERHED BT 22 T H X (area under the curve, AUC), FIFAZEIZ1EHEE AN
EPPAEALR Gt DA K A3 S X0 K R B AR AR B B T R AE 2 W oA B IR B L RV P . R A 7
. R FHEEEIXLKRENEESAIRGNELI~L4EENEEELERAYNSRERA
0.91~0.93; JEIMsEMBATO/KBLEN E{E 5DXANEL1~LAMEARK B % E 2 B KRR K, HRR
HR2H0.57~0.65. LADXANSWiin#E, ALRS53E8E R85 T0 K it B & (A ZE P A R & JR BiAARE L
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Abstract

Objective: To study the correlation between vertebral cancellous bone measurement and bone
mineral density measurement based on the extraction of non-enhanced spectral CT lodine-no-
water Map observed value with artificial intelligence (Al), and to provide a new method and idea
for bone mineral density measurement. Method: A total of 317 healthy subjects who underwent
spectral CT lumbar scan were retrospectively enrolled using Al bone densitometry system and
dual x-ray absorptiometry bone mineral density (BMD) was measured from the first to the fourth
lumbar vertebrae (L1~L4). Linear regression method was used to analyze the correlation between
the non-enhanced mode anhydrous iodiogram measurements and the BMD values measured by
the above two methods. The patients were classified as normal (T-score = -1), osteopenia (-2.5 <
T-score < —1) and osteoporosis (T-score < —2.5) using DXA results as the reference standard. The
bone condition predicted by the Al bone densitometry system and the non-enhanced lodine-no-
water Map observed value measurements were compared with the actual bone condition gener-
ated by DXA. The receiver operating characteristic (ROC) curve was drawn, and the area under the
curve (AUC) was calculated. Truncation values reaching the Yoden index were used to evaluate the
accuracy, sensitivity, and specificity of the Al system and the non-enhanced mode Iodine-no-water
Map observed value vertebral cancellous bone measurements in diagnosing patients with bone
conditions. Results: The linear regression goodness of fit RZ between the measured values of an-
hydrous iodiogram in non-enhanced mode and the bone mineral density of L1~L4 vertebral body
measured by Al system was 0.91~0.93. The correlation between non-enhanced anhydrous iodio-
gram measurements and DXA measurements of bone mineral density in the L1~L4 vertebral body
was reduced, with a correlation coefficient of 0.77~0.65 in R2. Using DXA as diagnostic criteria,
both Al system and non-enhanced mode anhydrous iodiogram showed good performance in eva-
luating and detecting osteoporosis. Conclusions: The measurement values of lumbar cancellous
bone lIodine-no-water Map observed value in non-enhanced CT mode are closely related to verte-
bral BMD values. The measurement values of lumbar cancellous bone Iodine-no-water Map ob-
served value in non-enhanced CT mode can well reflect the status of vertebral bone mineral den-
sity, which is expected to be a sensitive index for the change of vertebral bone mineral content.
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1B, ABUEE /N, Wi, BED>, RREAE, ARt . NRAE 30 Z I, B EMEE
JE R, % 60~80 B, FEE EREFIA 20%~30%, ZoMEAlIA 35%~50%. Hif 7T AR R 0 E A i
R EEERZ, REEEILE RS 8 5, H WU NEEERERMREIFMGE[L]: JLH 24
K e, TR R TUE BT R R E ST YRR R AR R R 2 [2] [3]
[4] [5]. FAJ B & 2 5RO KRB E /DA B AR LR R, AR B B LB B AL
B B s B/ INGEAE B R B HES NG AT 5 52 3 0 e (FE) 3 AL 2R R 5K T AEE E, FA Jo i )X o 5
AR DL/ B AR B s R B SR [, (A IS  /IN SR R I IR o 20 BB A A X o BN FA
EEE A YN 4~5 N H, EREERK, R K200 10 4, FABUERERE TR0y 25%,
B E N A%: A E SR AR BT, MEAR N RA BT B e e R I T, A B B AR AL, ]
ERMEN IR BUE B & B A DRI TUE A, IF HAFEE AW S R, BT
DA S IR BB R AR v VT AL, 2RI R Bt AR A = L.

48 CT Bulg M H X Gl i A [F A U A A RIREFE LI R B, X AMET S & B8R DA
JO R EAT A AT DG BN I B T VA L6] [7]. B R B B SR 3 A FE X RE X 2R SR % R
& (Dual Energy X-ray Absorptiometry, DXA). & &= CT (quantitative computed tomography, QCT) [8] [9] [10].
CT HARIT 10 KK & J7 W] © 248 AR G i 4141 18 B2 A HEB (PRI 25 2 FE) Il e & CT #7748, FRAEIG IR 3 T
JERNFH, XUZFM 2863 CT (dual-layer spectral detector CT SDCT)J@ X KM AL 4% . £ I P ST T R &
CT EPEPIAEE Z B & T RIS B, T AR AR R WA, BRI AT TRk
122 F R AR ZH S T S5 A A 42K, A % % (bone mineral density, BMD) 58 At el 52 i 1 A $e 26 4F .
Sk CT v DAR ML TEARME S | B4R SR E R g, it & RPN REE R X B4 T SC I Re E AT,
—XARTTERE 12 BAFSENE R, B A EN CT BRI F 582 & (MonoE) . RE LT & (Virtual
Non Contrast VNC). &7k &l (lodine-no-water Map). f#i%% [ € (lodine density Map). A %R 1 F50&(Z
Effective). SRR (Uric Acid). 4541 &l (Calcium Suppression CaSupp)%s, Jtitt £ S iig 4t 7% 2 1%
4i CT kAL A SUHEIEE R . ARTFERY], 1Qon J6ilk CT 5 QCT Al DXA il 45 R AT IR R ) 2k
PESRF, JFRE T 1Qon Jeil CT X % LR A R T4T 1R [11] [12].

BE#E N T8 Be(Artificial intelligence, ANFIA il & AT &, JCHAER S & A2 A, Al 1E
B BB E S WINERE, H O BRE RN AR5, Valentinitsch 8 \[13]bbAL 14 R AR & % 5
(VBMD)-5 2T~ X 35k [ 3D SUHAFHE K BN AR AR 73 228 I VERE , DX 208 FACA B A R 3T I 2 ke 2
AR AN [F] R AN 42 JR SO 4L &, LT 42 )R vBMD, 3 87 H UM AME B B 3 S2 a3 1 ol 77
Savage ¢ A[141584E N T8 Re i B S FHAE &S CT &% B e i g EmR T, 5 DXA R, 45K 1%
Al BRI AT LR D BMD, 5 DXA BA MM, Rz e R ah & A TP Al O JIE A0 it 50 2 9 (1)
Al 53, RN Be A B T RRIE T BN CT 286 TR R fiE. C.-1. Hsieh 58 A[15]H T — 1M HZI L
FoREE AT, Tl BMD, JFEEFHEE X Ot Al 3 AR . 1% X 5206 44 (84.8%) 32 far 5 (1) 5t it
FASEAT 959 BHPE BB FRIMA « XA~ B 30k TR AT e Bl TR 0 & BB Aa i (1 = AU 5240 . Yasaka
S N [L6TAIF FERE AR FBE 27 I B B FH B MR IS 58 G CT UG A B EAE Y BMD. 5 35 AH G 1 £E 3 50
ESEFN AP RIS IR AR F3HUAS AR IVERE, X IR BE S ) TION EMER) BMD $2 4t 1 R 4 (B 7T 2L A
Christian 25 \[1718 7t 55 UL DXA N2 #4rAER) Hounsfield B4 (Hounsfield unit, HU) AR EL, PR443ET
XRETHH AL Z 194 (dual-energy computed tomography, DECT)FARFR Y 5 53 i VP-4t FEAR: B 25 (BMD)
DB SRR AAE S B ERf PR, SRI0ah SRS HU I EAH LG DECT XA 0B 2 B VEAL IR 5 5 e, X
HREAAE IS W AR PE T o AT FCIRA PR 6 CT A3 i ASE SXME AR o 1 J0 /K Al 0 4 ) 7
X, BEEEROT T BUSAL B T BT A EOR R R, AIAEBIIRE % ) (Deep Learning) A TR RERIAR,
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FHYEE CT ARIG sk 2T /K Al P AR B I A, %o BN [RI S AR B B 5 P S v i L 53tk
R DN R A (1) 7 R A R
2. M5
2.1. AR ANE

R P PR 2 K558 — I B R B AR B T o e T AWE T 7, iS5 SPHFIPK2021001-02. fE3k
BT HE B AR E S, FEPEST T 2021 4F 1 A & 2022 4 12 A fER B AR O 1R CT.
DXA AGEHE . PINFRUER: 1) [Fl—FEASKH 1Qon Jtil CT M1 Hologic Discovery #47 M CT FljEHE
DXA F1##, PSR FG/NT 24 /NEFs 2) JEREURIFE ARSI N A EME L1~L4 #8110 CT BIE, &AM
A EHE AL 120 kVp BB AN 52 % SBI (Spectral Base Images) 3t . HERRFRER: EUGEHE A 2%,
UG R kbRl . FEMEIARIILIREE T 320 MR, Hod 3 MRGIEEEA e BB HERR, &9
A\ 317 f1l.,

22. BBRESY

K% CT (1Qon spectral CT, Philips Healthcare, 77 %) K4 E%, HLE = 120 kVp, HLRE = 182 mA,
HEHEZ: 2x64x0.625mm, ZEMZEF: 1mm, 25 =0.984, JigfkhfE =0.75 #/%, HinE =71
', Recon Mode = iDose* 3, Filter = Standard (B), #1&f =250 mm, HE#E#HF =512 x 512,

2.3. FiEEBIE (Spectral Base Images SBI)AbTE
TAE¥ ISP 10.1.5.51277, ik ¥4 0, 8 £ Fo /K i (lodine no water), #hf#tabsRrs, EEME

PH = 1mm, BAREAERE 1),
Figure 1. Processing process of spectral base data
1. SEERURA IS 12

2.4. DXA 134

FiT A5 526 3 148 P XURE X 2R B 25 FEAGIEAT 3L DXA K2 (HOLOGI Discovery ¢, £, APEX A
5 3.3.01). ZHUF: HIE =140/100 kVp, HJRE =25mA, % =50Hz, ZkfAFE =0.1008 cm, £i4>
2 =0.0901 cm, AL = EHE. DXA SWIrE BUEARE FIARAEN[18]: IE% (T-score > —1), & JFJk
/DE(-2.5 < T-score < —1)F1'H i BiAafiE (T-score < —2.5).
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25. Al RGNEETEE

Al BEEINERF(ERE CT MBhZW R4, ERETRERAARAR, HEIC ) GIEHER 5 E]
R FEAEL O] 2)o T 5%, YIS 20m R FE 2% 2] U-Net LSS5 R AL, T2 sz A & 5 — At 31
SEVUEMEMEIR(LL~LA). =, LA QCT M B a5 FEAEAE AR [11] (B & IEF[>120 mg/lem®], B &b
[80~120 mg/cm®| I 'E i i # iE [<80 mg/em?]), A1 DenseNet [1] I [9 £ Fil 0 Jak 481 [X 15, (Volume of interest,
VOI) )&% JEAE, VO K8 E y UME A Hh o 51 J&] B9 SO KA AR S TT A, RIS AL 35 B R

UNet 2% [19]2 = 7 B 7 1R LU B L, RN T e 2 BE r ElR . &
FE—Fh U BRI G S5, H A0 215820 TR Gt 9 288 R4 21 30 23 (PR (X 48 2 B, b RO RN g A A Ee 2 (1]
B RRIE AT R AR S, AT LRI RE B RSB BN EE R, R Z R R R RS Gtk
28 S 3 x 3 x 3 IEFEM 2 x 2 x 2 [ Ktk )Z (stride = 2) R B4k, L& 4 R KFE,
A — N RFE, BIEREIR . BRI H—A 2x 2 x 2 I FREEERZR 24~ 3x 3 x 3 EIE R
BRIs, LAk 4 Ik ERFE MR —ZiEd— 1 x 1 SRR E T R 203 K 2(a)% s
i I U-Net ZEA7HEAA 7 FI 7~ =

5 P [ VEAS I R T AAE A 8AR [0 I R A ke, [0S ar ) 15 ) 32 300 5505 S IR 25 S A SR B
TR, AT Al R G0R A a1 B0 F B /2 R BE 7 =) Densenet121 [20148Y . M4 = B3R fE 7
I SY : AR SRR 4 1 B2 (R VA Aar il 2k o 8 2 R FH A AR RH 22 I 2 25 14 4 9 3 T (backbone) # B AR FFAE
SR JG TN A% (Full connect, FC) 431 v [l VARG Sk 4 HH 25 5 . DenseNet H I FEAS BT R 2 42 B (Dense
Block, DB), DB /2 ti#5#71Z(Convolution, Conv), ftt)4—14t)Z(Batch Normalization, BN)F1 ReLU ¥
REZ AN, RN Conv-BN-ReLU %5#). DenseNet i 45— 1) DB #b a] DA R 8 G0 5% 2 e Hi 4
FEEIRSE A — BBl 28 R I Sk 73R A KT 3K, %) DenseNet %t 1 x 1 x 1 FFAEE], @
o B R B R E SR N 512, HAWWNZESERM MR 1 NI, AR R
TR B2 Bl . 1] 2(b) i H DenseNet AT RIG HUN K /R S K F A S2RE 2B mA Al R4,
AT E IR 2R L1~L4 MHEAR I 2 A

LIL21L314

[

(oIS |

|

BMDf&

TR |

PR

B e
# E =0 it HEI i HHS
bl H i H i %
I . Yl o o A - S A
L00000 % 2100600 L= o000 .
e A S e s S 4 L SN A4 M

Figure 2. Flow chart of bone mineral density measurement by Al system
2. Al RGN E B EERITRIZE

FEHE SR Te K A BT B B SR BGRAR A B Al B % LI B R S8 . 1% dh 7] 3 23 BRI SO0
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XIBGRE . KBS MR/ 10 120 kVp RIEGEEHE CT SR MmNt B i R FE 2 = 4y
FIGIE, R A7 7 70 B9 21 120 kvp 5218 L1~L4 HEAR 6T WAL bRy FE « % T 0K IUE 5218 5 120 kVp
FEIEAS FRR—8), IR As by BT 22 AR s s KO0 K B 545 EAS BN R L1~L4 MEARRR 70 2
Ja kSRS B RS, B ANERE IR E A S MR B O AMT AR tF AR 0 s,
FETEAE I LGP 35 21 60%1E N,  LARA CROGEBEHE B 60 S MEAR I AA B 0 40 AR B X M8 R E
AR Rtk IR AR AR 1) 18 i X0 7K AL 2

2.6. Gt A=

SPSS 25.0 #fF(IBM SPSS Statistics for Windows) Fl T4t it/ #1. 43 #7ii%F 4E#4% & F Kolmogorov-
Smirnov K 3T IEASTERSS, IEASARITH RO PIEA R EZE RN, RIS TR SR
RLECRTE 3 04 (25th, 75th)#R7R. TEAIAR R KA E, DN (F 0 )RR, R MHEARKT EAEH
Bland-Altman 74 Al ‘B % £ & R 40 5 DXA IS % B 0 — 5, I Hosid X0 s 2 14 5] )5 430 6
KL BAE 53 551 5 AL RGERT DXA 245 5 i 2 AR A AR 51

GBS SZ A () L, L2, L3 Al L4 55 4 ANHEMR IS 35 5 5 BE (BRSPS Ve odk A7 e it o b, 3
173238 TAF 4 1L (receiver operating characteristic, ROC) i £k 43 # Al #h £k T [ #H (area under the curve,
AUC)ITHEL, DAV X 43 S B 26 BE R IR i % B, DR IX 70 B B A i 51 T el i 1) B A I A
FIFHIA BN 2SS0 0BT R, THEUERRTE . BURPEAES e, SR AL 2G5 A0 T8 /K Rl B ot B o 155 0 1
Witk ge. FrA TS RUR T, p < 0.05 #IA AR B EN.

3. R

IRYEAINHEERRUE, A SCHREIIN T 317 232804, Hrp Btk 153 i), ik 164 4], ~F 1444y 51.48
+11.34 % . 14 DXA T8/, HITA 2R 2 A8 IR (n = 164). B B> (n = 112)FE B FA (n = 41)
=2, A L1~L4 “FHMIE 5 58 3.63 £ 1.11 mg/mI*, 3.48 + 1.11 mg/ml*. 3.29 + 1.06 mg/mI*#1 3.39
+ 111 mg/ml*. % 1 R45 T A 2R N B Ge it SRk .

Table 1. Demographic characteristics of all subjects

* 1 MBAZRENAOFHIE

RFAE 25 HiF(N = 317)
£E#% (mean (SD)) 51.48 (11.34)
4511 (%)
S 153 (48.26)
7 164 (51.74)
2 (%)
B R IEH 164 (51.74)
B k> 112 (35.33)
B BB 41 (12.93)
L1 f{f (mean (SD)) 3.63 (1.11)
L2_fiftfEi(mean (SD)) 3.48 (1.11)
L3_filtfE(mean (SD)) 3.29 (1.06)
L4 f#{E (mean (SD)) 3.39 (1.11)
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3.1 {EEEEA TR BE N EBESHHFR S XN E R & REEZ B XS4

XF 317 Kt A1 s A A OE K LRI 2B 5 4371 5 AL RGURT DXA =15 20 1) B 25 B AR HEA T DU &
AERNAHT, R AR s AT K M RES Al RGNE L1I~L4 MR % E 2 W EA R
(AR TE, M55 RECN RN 0.91~0.93 (51 3). 5 Al RGiAHLL, R g 00 K i Bl & 5 DXA &
L1~L4 A IR B 95 B 2 1) FRAR S A T RRAR, AHSE R BN R A 0.57~0.65 (K 4). Tt Bl 5 20 /K it
B A 53T QCT 1 Al RGN &3 2 (1) & % BEAE BA G AR G

L1 L2
2501 y=36.03%x+7.48 y=36.20%x+6.83
— R=001 2501 — R°=0.91
P<0.001 = P<0.001 e
72200 ¥
5 5200/
8D 8D
£ g .
— 150 =
= =150
@) a
100 o °
3 51001
o o4
501 50
1 2 3 4 5 6 1 2 3 4 5 6 7
lodine value (mg/ml*) lodine value (mg/ml*)
(@) (b)
L3 L4
y=37.88%x+0.23 y=36.56%x+0.02
— R=0093 — R=091
P<0.001 o ®_ 90 @
~ 2001 ~2007 .
g &
°Q 3}
g e
E 150 £ 150/
2 SN~
2 2
1100+ ml 100
5 ~
=t 3
50+ 501
1 2 3 4 5 6 i 2 3 4 5 6
lodine value (mg/ml*) lodine_value (mg/ml*)
(c) (d)

Figure 3. Linear regression of non-enhanced mode anhydrous iodine no water measurements from L1 to L4 vertebral bodies
(a)~(d) to bone mineral density measurements from the Al system. Here lodine_value is defined as the anhydrous iodine

map measurement in the non-enhanced model
3. M L1 B L4 #EfR(a)~(d), IRERIERNTKBMENEES Al RZNEN T ZEEEMZLMEEYI. A lodine_value

TE X A EHESEAR A T oK E N 18

3.2. Al A 5FEERN Tk B E N B E 0B BR A RE LS

DL DXA AZFEARAE, JET Al R G000 0B 2% AR DL S AR 3 5 s X0 7K R 0 24 VP B 1% L i)
ROC HIZE WL 5. ToibRAEX 4 570 B 25 BRI 3% FE (1145 1)3 2 X 43 TR B A RE AR o a2 i (fF
% 2).L, Al £%:(0.832 [0.788~0.876]41 0.808 [0.737~0.879]) 5 I8 5 % 2, I /I st 21 201 £2: 4. (0.842
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L1

1.41

y=0.09%x+0.56 ®
— R>=065

P<0.001 .

[ ]

(g/cm?)
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DXA_BDM
S
(o)}

1 2 3
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5 6

lodine value (mg/ml*)
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—_ — —
(o o0

L !
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s B
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e 2o
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S

¥=0.09*x+0.69
— R=059
P<0.001

3 4
lodine value (mg/ml*)

(©

L2
2.0 ° y=0.10%x+0.61
— R=0.62
1.84 P<0.001

(g/em?)

DXA_BDM

<
o

g
=)
:

=}
;

12 3 4 5 6 7
lodine value (mg/ml*)
(b)
L4
y=0.08%x+0.72 o Ll
— R=057 N
P<0.001 . .

lodine value (mg/ml*)

(d)

Figure 4. Linear regression of non-enhanced mode anhydrous iodine no water measurements to DXA bone mineral density
measurements from L1 to L4 vertebra (a)~(d). Here lodine_value is defined as the anhydrous iodine map measurement in the

non-enhanced model

4. M L1 B L4 #EfR(a)~(d), FEIERRNTTKBMENEES DXA WERBEEERNZMEEYT. 1AL lodine_value

TE X A SRR T oK EN 18

[0.799~0.844]#1 0.803 [0.730~0.877])izWr & B IG5 M HS T A s RItERE, JFH Al RGN EFHEHSAE
B e K I 2 W RS LA et 2 5 (p E35 > 0.05) (3% 2). SULFER, FRATH KIS
£%5 1 BUES 2, PR AR DAL 2R B T DL PR RE L35G BT NI, U0 BHE DX 43 10 R S 5 T

WY S A AT S v DX R O R A 1, 3Kt L

FEEINAL

Table 2. Comparison of Al system and non-enhanced mode anhydrous iodine no water measurements for bone diagnosis
2. Al R 5iEEEE X KB EEIZSH B RIERALEER

5%

X 73 T IE R

=GR R I RS DTS

0.832 (0.788~0.876)

0.808 (0.737~0.879)

Al &4i_AUC (95% CI)

JoK A I AE_AUC
(95% Cl)

0.842 (0.799~0.844)

0.803 (0.730~0.877)

p-value

>0.05

>0.05
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Figure 5. ROC curve for evaluating bone condition based on Al system and non-enhanced mode anhydrous iodi-
ogram measurements. (a)~(b) distinguishes abnormal BMD from normal BMD, and (c)~(d) is used to detect os-
teoporosis and osteopenia

5. BT Al R AndEEia R oK B E N 8 EITE & RIF A ROC Bk . (a)~(b) X 57 * & 5 1E% BMD,
(©)~(d)BTHNF RBANES B Fum >

4. g

XA B TE 45 SRR, 5 DXA MRS EI BMD AL, JER s Ue Kt E i EE S Al
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