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Abstract

Objective: To compare the diagnostic value of water-hydroxyapatite (Water-Hap)-based material
alignment and pseudo-color image in patients with acute knee trauma by dual-energy CT material
separation technology. Methods: A total of 31 patients with acute knee trauma who underwent
dual-energy CT and MRI examinations were selected, and the dual-energy CT scan data were trans-
mitted to the AW4.7 workstation for post-processing, and the MRI images were used as the reference
standard. Two imaging diagnostic doctors evaluated the presence of bone marrow edema in the
images and pseudocolor images using Water Hop based substances, and calculated the sensitivity,
specificity, positive predictive value, and negative predictive value of the water Hop based sub-
stances for diagnosing the bone marrow edema area in the knee joint on the images and pseudo-
color images, respectively. The diagnostic efficacy of the two was compared. Results: In 31 cases of
knee trauma, MRI showed 124 areas of bone marrow edema, and the diagnostic sensitivity (true
positive rate) of the two doctors was 38.6% and 40.9%, the specificity was 95% and 95%, the pos-
itive predictive values were 81% and 81.8%, the negative predictive values were 73.8% and
74.5%, and the Youden index was 33.6% and 35.9%, respectively. The diagnostic sensitivity and
specificity of the two doctors were 34.1% and 34.1%, the specificity was 100% and 98.7%, the
positive predictive values were 100% and 93.8%, and the negative predictive values were 73.4%
and 73.1%, respectively, and the kappa values of the two doctors for the visual evaluation of Wa-
ter-Hap-based substances and pseudocolor images were 0.972 and 0.963, respectively, which
were highly consistent. Conclusion: Compared with pseudo-color images, Water-Hap-based sub-
stances have higher sensitivity and higher false positive rate (misdiagnosis rate) for the assess-
ment of bone marrow edema on images, and dual-energy CT material separation technology has
the potential to be applied in clinical practice in the diagnosis of bone marrow edema in patients
with acute knee trauma.
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1. 518§

IR ICATHGAE H H A TG B E L, 150G IS G 7 7 106 A 308 Wi )45 10 ) B 7 R P AL
AEEE N, AN JE B B KB W, R S W AT TA T T RS2 R R SR IR I RORE AN R
i, WO IR, BCE T AR B DR R AR, R AR (R T SRR ] A8 5 i A AN W] (R 1 [ 1]
[2] [3]. MR /2 — i W8, 228045 B b Hh2) 7%~9% [4] [5]. XSG 15 475 % H
IR T X 4. CT #1 MRI, MRI & W 821G 1 9 4 1) e A A 07 20, BROA e g s i R K i [6]
BB MIE R E MRI ) TIWI FRAIRBUNEGE S, T2WI FHIEIUEE S X . T2WI KR 75
TR EBEAKMEEITE R, ST, 2 H Al kKM R A s UK. R BRI R R E
HR[7] [8]. #RT0, MRI fFERI AR TR Ao A i (] (AT BE XS — L i 4 & 3k DL AZ) A 2 N () 52
BRASEh 5, EEAZ B2 EEA N E R[] [10] [11]. 5 MRI AL, CT HAHMN a4, AEiE
BT s B T AR A, SR, RA R E B /N RS M BEAS T AR B CT A BEAK M IS . X AE
& CT WA e A 15 FEUGON B Rl /K i B RE 5 PPA B T e DA A 72 K 2 A8 XURE CT R4l 2545
(VNCa) i AR & Bl 7K M [12]-[18]. Feilf, A #2078 FH XEE CT M5 70 B B AR Sk 7R fE 7K i [19]
[20] [21] [22], X SERff 5 HoAS il B B8 7K i (2 W 1 BE B A 77%~100% F 50264 F1T 40%~1009% 1) 45 7 1 o
WAE CT PO 43 ffH AR R AT R 2 Fh T AR N B TRt Sk ik AR — 200 X 283808, SR A
RIE—H I o R AR, T8 B AR GRS o 1 e M DA B e AT, P R R s B K RS L K
AHAP, AR KA HAP fE 54 it 47 Bfg, KA Liao &% A 2% A iF B F2 25 % K A1
[Ca10(PO4)s(OH)2, HAPISHGAHLL, 5-& 0 4 i) 35 S 20 i 2 AT 5 iy IO AH AL [23]. I F XLRE CT #5
I BB AR A B Water-Hap 3847157 o] BS54 B & G AT DUAE B 6 4 i 1) O R R R o i BE 7K i
{H 2 R (R AH SR AF F A EL A Water-Hap JE47) 57 %t G D R GO 2 7 MR IR OG0 495 £ 35 i B K
B2 W AE R, DR, FRATTG E B X LT Al Water-Hap BRI Oy B BRIE s SRR 1 Qi 8
B BEAK S WA E

2. BRISH%E
2.1 IkmPRBER
JEHR 2022 4 9 F~2024 4F: 3 J4E T B IR BRI UMRHT XA CT A MRI KA 2 PEIE G 13 i

B 31, A B 10401, Lotk 21 1, 4ERS 14~69 % . HERRARHE: MRI M EZETRE; B4 BREA
g, RIEFRENENEE . ARET S KFEMBE G TR RS HIZE.

22. BERGZX

1) XLAE CT ¥ 7% 256 FE CT (Revolution CT, GE Healthcare) LA GEi: (GSI)FT## 75 AT B <1549
R, FREENIRE EBRERCE T &I 80/140 KV HLim ), 4 HLIT 200 mA, igkirf A 0.5, 12
P 0.516:1, MEAETEHCN 7, J2IF 1.25 mm, JZ[A)HE 1.25 mm. 40%F B iE N STk E 2 -V Bk (ASIR-V),
I3 AN AE AR A G R i S R i P A RE T DataFile JR 4R MG . REREELIE L 22 ADWA.7 T/Euk GSlviewer 15
Pt T UG e b3 . A2 Rk Water-Hap B, RIZKGRIEEBEICR) Y KN, BLK 74 keV Hiig R K
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%, Il EmE R EE.

2) MRI FE 2 AT 58 2R A 3.0T MR IR 2R Bl AT 434, FdiF 41 wtRAr T2wi R AR I,
H W [E](TR) 2540 ms, [E13 I [R](TE) 32.1 ms, WURKKE(NEX) = 1, % FP 412 E3478 4 mm, J=[E]#E 1 mm,
Sl 288 x 224,
2.3. MEiTE

A Pache 5 N[12]00 757, FROCTTIEAT B0 X, BBRCHTTE DL T 4 AR, 43 B E
e, BE MU, RE-Fanm. BEFasM, SRR T2WI BB 75 MRI B, % 1
L EA 30 AENLAE B AR IS Wi 50 (U RHEE AR 12 B8 2 XX T MRI UG AT VR0, A7 B BE K i )
X SAd A A, TEE BRI ) XD A B . SRS, IR A AR RN TR AR (A A, BAT 10 4E
BT W RIS IR A R AE B, B 8 SR 2 Wi & 58 IR AR) R A1 MRI 45 R 115 0L T 4373l %) Water-Hap
FW it G AN B R UG AT W50 VP Ak, Al AT 5 b 45 1 B K e 7E 5 AL 2R R b R B AR AL
(Water-Hap Z=9)506f UG B0 A (X3 Dy R UGBS X 3k, OLIA] 1~3), A7 B Bl 1 X i N
BRPE, T BE K (0 DX 3510 B

24. BESHT
EFEHI—MEAELE C), XTH MRI EG B 5K X AT B K X BRSO E , (EXT )
Water-Hap F4 5% B 4% b3k 3] [ R 947 B BCE ROIL, ROI JBCEE DX i Hh g, & T A5 DX 4 14 T~ 40 A %6 7K

B, X MRI SIS R, M6 TARRRIE 2 (ROC) 7 -1 B /K & B AE SV 519 814
HREKI RIS BANE, IR 20 SRR RO 5 2 Wi A 28 i s I~ AR K 2 B R B AR I T

Figure 1. (A) Patient male, 70 years old, MR shows bone marrow edema in the lateral femoral condyle. (B) Doctor A as-
sessed that there was no bone marrow edema in the lateral condyle of the femur, while Doctor B assessed that there was bone
marrow edema in the lateral condyle of the femur. (C) The pseudo color image corresponding to Figure A, both Doctor A
and Doctor B assessed that there was no bone marrow edema in the lateral femoral condyle

1.(A) BES, 7105, MR ERERESMUBREEEKM. (B) A EIXTRZAY Water-Hap 2B ER, BEE AFMEIA
AREIMUBRAFFETEKM, EE BITHREIMIBRGFERTHKM. (C) ABNEMNMIEE, EX AFMEEBY
WHE R B IMUBRT F B BE/K A
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Figure 2. (A) Patient male, 57 years old, MR shows bone marrow edema in the medial femoral condyle. (B) The corres-
ponding Water Hap substrate in figure A was evaluated by both Doctor A and Doctor B for the presence of bone marrow
edema in the medial femoral condyle and tibial plateau. (C) The pseudo color image corresponding to figure A, both Doctor
A and Doctor B assessed the presence of bone marrow edema in the medial femoral condyle, Doctor A assessed the absence
of bone marrow edema on the medial tibial plateau, and Doctor B assessed the presence of bone marrow edema on the medi-
al tibial plateau

2.(A) BHEB, 57%, MR BRERBANEEEEEKE. (B) A BIXRIA) Water-Hap EHM I ER, E4 A MES B
BIHE R B RMBRFMR BT LEANFEEEKM. C) ABNEMNMEE, EX AFES B IHLEREANBREE
BEEKM, BEE AITEREFLEANTEFESEKM, EEX BITEREEERNEEEEKM

Figure 3. (A) Patient female, 22 years old, MR shows bone marrow edema in the medial femoral condyle. (B) The corres-
ponding Water Hap substrate in figure A was evaluated by both Doctor A and Doctor B for the presence of bone marrow
edema in the medial femoral condyle. (C) The pseudo color image corresponding to Figure A, both Doctor A and Doctor B
assessed the presence of bone marrow edema in the medial femoral condyle

3.(A) BEL, 2%, MR ERERBANBREESHKM. (B) A EXRA) Water-Hap BRI ER, EE AF
E4 B iR ERMEBRFESIEKM. (C) ABXNMMAKE, EE AFES B T IRE ANEREE S HEK M

2.5. GIFESH
KM SPSS25.0 Ziitarbriist, Mg CT WL Al T B Bk i 10 45 R =00 R gevt, FFA
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Kappa #3504 2 A ERAE(BRAE Ay BRAE B)YMLBE PG K — k. L MRI SIS R NS HhriE, 70U
R, ornlhR 2 GLBEAEAEXURE CT 1(Water) Hap 4506t BRI Rl (K D R2 BB A2 W7 5% 15 B Bl 7K i [X
M RABE S Rp e PHPETRINE . FAPETRINAE . PR . FIRCX -RJ7 K56 7075 70 Water-Hap ZE47) i
XEME . R ES MRI G RCTTE KM X2 Wk ae ) 2 R A gt s 3, P <0.05 hERAGS
TH R e I 23 AL #h 4 (ROC) 73 -1 S AH X 7K & Bl A2 SR IR OG5 Q47 B B /K i o 1) 12 W
W, IFARIE LS FE Bt S50 12 W AR B 2 i e I T A AR 7K 5 R R i A

3. &R

30 BT AMIT I B — 37 il 1 128 AN XA, Horh, MRIEUR RS 1B B8 K I X 3 — 30 45 4L,
=4 A PEAL Y Water-Hap B4 000t S R 7R 1B BE K I X3 — 35 33 &b, Forb 4 by fBi s, W& 1,
=4 B VAT ) Water-Hap JE40 56 G s (1) B K I X 38— 3508 34 b, JLHr 4 JhMfEREME, IL# 2,
BEA A VEAS DR BUS BoR I BE K i X3 — S 26 &b, WA HBUEFEME X, WL 3, R4 B P4
IO S B R B R X3k — 30 27 4b, FoAE L BAMRFATE, W 4, PIALEEAEAE Water-Hap %
TR UG DA B R K M (1012 W R R (CECBH 1 532) 23 71 64.4% . 66.7%, 7 57 FE 7373 95.2%. 95.2%,
BHAE FRCIIAE 23 1/ 87.9%. 88.2%, FAPETINIME S 74 83.2%. 84%, Z1&+a%isr7IA 0.596. 0.619. P
REEAELE O R MG PP Ak B B8 A e )12 W7 R R (FCRR I 28) 7373 R 57.8%. 57.8%, 72437124 100%.
98.8%, [H 1t FUMIE 7377y 100%. 96.3%, BTG 731y 81.4%. 81.2%, )& 5417771 0.578. 0.566.
2 frEEAE X Water-Hap S99 500t UG RN O 7 BUE AR 5E PRAl 1Y) kappa fEL43 il 0.972 1 0.963, HA w1 B 1)
— 8P, AR AR RS Y Water-Hap ZEY)F0 S . D5 R S MR USROG B BE K il X 12 Wi 2 RE 1)
BORR 5 K56 1 P B> 514 0.012. 0.000. 0.019. 0.000, P {f#4<0.05, %% HA it L. ROC Hi
2553 S B B I e 1 B I FLELN 939.06 mg/em®, BH 4L R THI AL (AUC) A 0.971, 2 i R 5% N 93.5%.
RSN 92.7%. LG FRE(MEMRAL) N 0.862. ILIE 4.

Table 1. Visual assessment of bone marrow edema by Doctor A on images of Water-Hap-based substances (number)
% 1. EXE A 7 Water-Hap B4R 3T B 1§ L3 & 37K B9 5214 (1)

MRI E &2 K

Water-Hap E{&12 a1t
1E0E3 (51¢3
FH 1% 29 4 33
iRis 16 79 95
&it 45 83 128

Table 2. Visual evaluation of bone marrow edema by Doctor B on water Hap based imaging (number)

= 2. E% B 7 Water-Hap Z4 5% Elf§ L33 & BE7K B a9 L 5 744 (1)

MRI B2 W

Water-Hap F& 2 o
BRI FA 7k
PR E 30 4 34
FATE 15 79 94
it 45 83 126
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Table 3. Visual evaluation of bone marrow edema by Doctor A on pseudocolor images (number)
%= 3. B4E A FEMAREG X BB KA IR (D)

MRI B2 W

Water-Hap %127 it
BA 1 Bt
FR 14 26 0 26
RH 4 19 83 102
&t 45 83 128

Table 4. Visual evaluation of bone marrow edema by Doctor B on pseudocolor images (number)

4. EXE B EHREIR LB EEK A 51T (1)

MRI B2 W

Water-Hap F& 2 o
FH 4 A
BH 26 1 27
[k 19 82 101
&1t 45 83 128
ROC Hig
1.0
0.8
06|
[
&
53
0.4/
0.2
0.0
0.0 0.2 0.4 0.6 0.8 1.0
1- %tk

Figure 4. ROC curve analysis of acute knee joint trauma induced bone marrow edema evaluated by measured average rela-
tive water content, with an AUC of 0.971
4. MISH B S 2THE MR XTI 85 B BE/K M EY ROC iz 574, AUC 75 0.971
4. g

L4 CT A R B R SR P, (EANRE R B RE /K. WUEE CT MIAT & (KPR ERE Bk
BEATHAH, OSSR P RE R IR AT HL A, AT AT A M R B BRI . HRT, XUEE CT ATLAH
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PRI AR SR B R AL (VNCa) AR T 7> B AR . o3 N TEVU G 8 B 45347 i 5
B RN — L8 5 PR AR PR B K . BEE CT W /3 AR @ i W R 4 0 (1 2 & = A AR TR
(1) X B IR R R B AR X BeaE i AR BEEFE AN [F) e B 1) X 23z 9k BHR J3 fil ik we
TR o )% B B, AR O RS 0 V0 MR AT SR v B0t 0 0 (1 85 P55 R 2 B) 40 AT, S I I P 7 52 50T o
F ot EAG S s ge R BGRB8 R (g, B S I B Hh R 88K B . Pache 25 A [12]
H IR RGEE CT K Q45 P BE A, AT AR A0, 2545 (VN Ca) BEAH 21 491 St R OG5 15 110 S ik
TR VAL, LA MRI &b, P94 A2 I B BIUREE 53 il 86.4%F1 86.4%, F 5 FE 73 A 94.4%F!
95.5%. Wang %5 A\ [1417ERLfE CT KE I 245 (VNCa) B A WIME A s 28 V15 37 160 B8 A b i e R A5 1 T
—ANRAELWHE . BURTERE N 96.3%, HFREE N 98.2%. U RIWTFE[13] [17] [24] [25] [26] [27]3IKH
A CT X040 BCE 4 B Bk g7 VAl o IX SSRF 78 rhoA - B K e R 12 T M RE A 77%~100% 11 Bk
PEAN 40-1000% 104 51 . 7E Son [19]% A FIXUAE CT /K (HAP)JEW 57 X6t 52 Ao Al 400 P 8 35 e BB i
K EIE WM E R FE R, DL MRI ARHE, 94415038 007K -hap BEG H - BE K I R0 o e S5 ME R HE AR
P73 519 85%7F1 85%. 93%7FH 73%. 89%FH 79%. FKLLEF N[28]#ERETE CT VAN IR OCTT Stk aMA & #E /K
g S FANE R, R RERE CT B G H AR A iiK-Ca. /K-Hap ¥ - i E1g, JEH7K-Ca. 7K-Hap
VI oy S S 70 keV i CT UG RGOV B BIG o FBE T IR o0t 4 ARG OGSt A Mo Ve
BEAK IR (i Wi dER P, 7K-Ca Rt gmtid G 3L 5515 135 Ab/K i X3, Hodbh 5 AMERFATE, 6 AbIATE, R
79 95.6%, KiREEN 98.8%; K-Hap (o gihid BUEILRTT 128 AKX I, Horh 5 AbEBHE, 13 AR
BT, REEHN 90.4%, KRy 98.8%. W AR N[20]/ERERE CT 7K - BREEME K A 73 B EOARAE G5 14
B 7K ) S FE AR B R BT 9 Hh A2 B Watter-Hap M8, DL 70 keV BLgEEL ], JEE— 00 — 38 ala it
F K, LL MRI &Rk, Water-Hap 547057 6 EUZ 12 Wi 7K i DX BUBRBE N 77.1%, F5 57 58 92.9%.
DAERIBE AU T 70 keV Hie =g, FOAZBER EIEHEAL T 5 M 120 kvp B, HAHLTH CT 1)
120 kVp EUE B A 5 1 EUE S 4 L (signal to noise ratio, SNR) AT Lt 1 75 Lt (contrast to noise ratio, CNR).
PAVERE T 74 keV FIRREREEG, AT SRERGER R, 3 H2 508 HEEB BRI keV H,
FAVELER 74 keV #1170 keV PIFpRLE EUE, KIIEEA BERIEALN . 52070 LA, 84T
I 7 B2 AEAE Water-Hap FE4)J5 6 BE AN O R UG VP0G B BE K I 2 W R IR, (E R B Oy
FIE o A FUE R X BE A X S A K X T R AR K A s AT ROC #Zk o, 73 2 ik =
e i G S 939.06 mg/em®, 2 W7 R BTN 93.5% KRN 92.7%, {EFTA H B /K B RH A X
DA (T3 F K AR TG S e, DRt 2 43 Il B 7 RS VA e Rf e . UK B (R ke
FHEAER XG0T 2, @i EE MR SR KM X, FATRIEA TR R K2 2 MRI R 7K
(1 X 3G B AL/, 76 MRIE R (7K b DX, 33 B Bl s /N K i o 7 3% 22 B LR A8, 2 i i) — S8R 55 [20]
[28]H#B B ik —EB /- BRI S5 5, AT TR RN 9 MRI SR 7K i Bl X S/, 3 in R 7 14 4 mp
A&, 5 MRIAHLL, XUAEE CT XS LGRS 7 FR e, ARSI A2 B2 /K i 07 T R U PR LG . FEFRATT BB F A,
PRI E A DPAS ) Water-Hap JE4 56T B B T 4 AME B VERI X3, —RrBE ATk O R Bl 4% X B
T 1B, AR AN I RBA S5 R . AL B AETE Water-Hap JE4) 500 UG VA B
AP R I 235 0 4.8%, WAL AETE DR UG B VPAil i BE K B (B BE MR 20 i 0% 1.2%, A I
AEAE Water-Hap JE47 500 BG EPEAS & BE 7K M )2 I R BURE 5370 66.4%. 66.7%, M EAETEDr R &
VA RE K S W RSN 57.8%, WALIRAZTE Water-Hap 54505 G b VF Ak B fE K 1912
RPPEETOREG, Fik, A HER: SR BB, Water-Hap F:40 500 B E1FAS B #E7K
JP A o ) R, AT R B M R (R ), XTI —4518, AT AR 7. bl
X Water-Hap ZE9) 5 G A DR UG AT 27 G 0. LU, SRVPAG 2 BAEE B BEAK M, FTREZSIRAR
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HEKZEA L, WMIRTHSBISUREL . BRARERIER, 2R, ZIRE M, BEGILER, &
2 B 2 B AR MR 22 (K B AT 3 1P A . ARR OB U3 7T LA TR A E AT S8 . AW TiAF
FE—EMRIRYE: (1) FEARRD, MR RS Mmer, BARBATMD XITEEm THA%E, HS5
JEIENINRFEA . (2) WAE CT WAL VFAG T ERE, AFKEAERREAARNL®R, FHEAH
BRI WA R R AFAEZE 57 o () ASSCAS HH 45 R AT g HUd T 3RAT BT F L2 B4 A s AL EE 5T
%, AEXAFRIHLE A R IR B, B Bl — PR I

5. &g

Zr LR, S5O EGALL, Water-Hap JE4) 5O I EIPAS B B8 K A 50 e i R ABRE, RS O Al
FHPEZR (IR ), EARPIRER BURE R, EEEEWEE CT SR AW R B EEN T 2, &
FETHZ W BRI, AT SEFH 2 PR
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