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XBMD+0.373 X NMID+0.428 X PINP+0.602 X C
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ABSTRACT

Objective To explore the value of imaging diagnosis of osteoporosis in peri-menopausal women based
on apparent diffusion coefficient (ADC). Methods Perimenopausal women (170 cases) admitted to our
hospital from September 2020 to September 2022 were retrospectively selected as the study objects.
170 patients were divided into a training set (130 cases) and a validation set (40 cases) using random
number table method. According to whether osteoporosis occurred, the patients in the training set
were divided into an osteoporosis group (72 cases) and a non-osteoporosis group (58 cases). The
clinical data of the two groups were compared. Logistic regression models of imaging and clinical factors
were constructed to obtain the Rad-score and clinical-score of each patient. The variables are further
screened through the generalized linear regression model, and the joint prediction model is constructed
to obtain the combination-score. The model was verified by receiver operating characteristic curve (ROC),
Hosmer-Lemeshow test and decision curve analysis (DCA). Results The clinical score (Clinic-score) was
0.515 x ADC+0.211 x SIR+0.681 x BMD+0.373 x NMID+0.428 x PINP+0.602 x CTX+0.586 x vitamin +0.862
x serum calcium + 0.945 x serum phosphorus + 0.709 x E2. Imaging score (Rad-score) =-1.356xoriginal
_ ngtdm_Busyness+ 0.926xwavelet.LHL _ firstorder_Median+ 2.815xwavelet.LHH _ ngtdm_Busyness-
0.719xlog.sigma.3.0.mm.3D _ gldm_DependenceVariance-1.528. The combined score (Combine-score)
was 1.686 x Rad-score+1.861 x ADC+1.916 x SIR+0.371 x BMD+0.213 x NMID+0.539 x PINP+0.931 x
CTX+1.174 x vitamin + 0.759 x serum calcium + 0.493 x serum phosphorus + 0.899 x E2. There were
significant differences in Rad score, Clinic score and Combine score between osteoporosis group and
non-osteoporosis group (P<0.05). The AUC of clinical prediction model was significantly different from
that of imaging omics model and combined prediction model in training set and validation set (P<0.05).
The verification results showed that all models fit well in both the training set and the verification set
(P>0.05). Conclusion Compared with the simple clinical prediction model and the imaging omics model,
the combined prediction model has the best differential ability, and has higher diagnostic value in the
diagnosis of perimenopausal female osteoporosis.
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1.2.2 IRRERIRE WESENIRKER, 8IF85. FE. &£
. XUEEFRHPRUT. BF. KERULE). BEBER#E
B, FE). KEEEH(body mass index, BMI). ADC. SIR.
FREmEY[BMD. FERFELE 52 (N-MID osteocalcin,
NMID). B FIRERE IR (procollagen type IN-terminal
proprtide, PINP). IERR#EKRIHAK(C-terminal peptide
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MmEE. MmiERE). MBERINER I (follicle-stimualting
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ROC). Hosmer-Lemeshowi@IeH1;REE/ILL 2 # (decision curve
analysis, DCA)SHERLEHITIE,
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222 IRERERDER LUREEANELE, BEERBREAMN
ANESRRNAESERITFERN(P<0.05)MIGKETE, 17
ZE K LogisticEAN . LREH, ADC<0.4X10°mm?/s.
SIR>50%. BMD<70mg/cm’. NMID>12ng/mL. PINP>24pug/
L. CTX>0.1ng/mL. #4££ED3<25ng/mL. MM;E$5<2.3mmol/
L. mAE®<l.3mmol/L. E2<30pg/mLEELLHALZHE SRR
MBI B R R (P<0.05), W&R3FR, FHitEHIGKES
(Clinic-score)=0.515XADC+0.211 X SIR+0.681 X BMD+0.373 X
NMID+0.428 X PINP+0.602 X CTX+0.586 X 44 & +0.862 X ;5
£5+0.945 X M5 #E+0.709 X E2,
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R1IGEANBTERBE RKFE R

mBE 455 (n=130) IDIEEE (n=40) tE P{E

FH (%) 48.64+3.27 4952+3.84 1427  0.155

&&(cm) 158.62+4.93 157.98+4.53 0731  0.466

1KE (kg) 56.75+1.19 56.64+1.22  0.508  0.612

XRE 0.385  0.825

MARUT 25(19.23) 6(15.00)

B 76(58.46) 25(62.50)

KERUE 29(22.31) 9(22.50)

B&iER 0.079 0.778

iz 52(40.00) 17(42.50)

PN EeS 78(60.00) 23(57.50)

BMI(kg/m?) 26.73+2.82 25.94+2.67 1568  0.119

BRIREY

BMD(mg/cm?) 71.74%7.34 71224795 0384  0.701

NMID(ng/mL) 17.62£3.27 17.49+339 0218  0.828

PINP(ug/L) 46.75+1.64 46.93+1.72  0.601  0.549

CTX(ng/mL) 0.15+0.06 0.14%0.04 0988  0.325

KR

#EED2ng/mL)  3.14%1.25 3.09£1.29 0221  0.826

%4 ED3(ng/mL)  21.79+3.32 2143+3.67 0585  0.559

&S (mmol/L)  2.11+0.35 2.16+0.37 0.781  0.437

miEH(mmol/L)  1.23+0.27 1.29+0.23 1271 0.206

i3 EN

FSH(IU/L) 17.29+3.74 1736352 0.105 0917

LH(IU/L) 18.17£3.75 18224372 0.074 0941

E2(pg/mL) 30.59+3.96 31.22+4.01 0877  0.382

BEHHRN)]  72(55.38) 21(52.50) 0.103  0.749
72 YIS E ISR TR LR

mE BREMAN=72) IEFBREA(N=58) tE P&

(%) 48.78+3.25 49.64+3.81 1389 0.167

F&(cm) 157.54+5.07 158.03+4.68 0.567 0.572

1K E (kg) 56.94+1.23 56.58+1.09 1.744  0.083

XRE 0.279 0.869

MARUT 15(20.84) 10(17.24)

L 41(56.94) 35(60.34)

AERUE 16(22.22) 13(22.41)

B&iER 0.083 0.773

e 28(38.89) 24(41.38)

R 44(61.11) 34(58.62)

BMI(kg/m?) 26.65+3.14 25.73%+2.79 1.744 0.083

ADC(X10°mm?/s) 0.29%0.06 0.44+0.13 8.172 <0.001

SIR(%) 59.64+12.32 41.78+11.45 8.478 <0.001

SREIRED

BMD(mg/cm?) 65.11%6.14 95.37+10.22 20.887 <0.001

NMID(ng/mL) 18.93+3.54 10.59+1.73 16.423 <0.001

PINP(ug/L) 48.33%1.57 23.04+1.38 96.303 <0.001

CTX(ng/mL) 0.23+0.05 0.09£0.03 16.783 <0.001

Xt

#$%D2(ng/mL)  3.06£1.13 3.12+1.27 0.285 0.776

#EED3(ng/mL)  21.63%3.41 25.76+3.85 6.481 <0.001

&S (mmol/L)  2.06%0.25 2.34+0.32 5.601 <0.001

miEH(mmol/L)  1.17+0.26 1.35+0.29 3.727 <0.001

&

FSH(IU/L) 19.35+4.87 17.62+3.64 2.246 0.026

LH(IU/L) 19.32+4.75 17.46+3.83 2432 0.016

E2(pg/mL) 26.87+3.28 70.48+5.14 59.496 <0.001
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R3 IRRMNER S ERKLogisticBl)A D4 =5 BRATMNRE T N EHEEARE
EEE B SE WaldxYE P@ OR(95%CI) ~BZ& B SE Waldx{@ P& OR(95%CI)
ADC<0.4X10°mm?/s 0.515  0.634  0.659 0.036 1674(1.367-1796) Rad-score 1686 0925 3322 0.043 53%(3274-5974)
BMD<7Omg/cm®  0.681 0417  2.667 0.003 LoTe(La7a 218 SIRZ50% 1916 1369 1959 0.002 6794(6031-6934)
NMID>12ng/mL 0373 0396  0.887 0.039 1452(1.192-1542) BMD<70mg/cm® 0371 1436  0.067 0.036  1445(1.234-1536)
PINP>24g L 048 0347 1521 0043 Lsuizsiee 'MIDZL2ng/mi o 0213 075 0081 0013 123711472379
PINP>24pg/L 0539 0974 0306 0023 1715(1364-1897)

CTX>0.Ing/mL 0602 0934 0415 0031 L85(1AT22105  (ryogine/mi 0931 1124 0.686 0009  2.536(1474-2.982)
MEFD32ng/mL0.586  0.351 2787 0.029 1T%(L436183) samnasrsncml 1174 1237 0901 0.008 323422393647)
Eﬂi%%f§<2.3mmol/L 0.862 0.267 10.423 0.006 2.367(1.652-2.692) Eﬂi%%55<2.3mmol/L 0.759 1.174 0.418 0.005 2.136(1.193-2.367)
m&ERE<L.3mmol/L 0.945 0371 6488 0.038 2573(L1842785) mi&Ré<l3mmol/L 0493 1698  0.084 0039 1637(1364-1739)
E2<30pg/mL 0.709 0934 0576 0.049 2031(1192-2234) E2<30pg/mL 0.899 098  0.831 0047 2456(1.793-2.639)
23 RBAFREKE %6 FRIERE D KA LR
2.3.1 RBRAFREN—BE EMAFRRXNENANICCER Haz= BRLIAA FEREAA R P&
0.817-0.958, HFEMAZE—RNEMEMBZ BRARICCER e - -
0.807-0.953, tBALAAMR B AVFHIEIREN — K=o Rad-score 1.67+0.45 1.43+035 3331  0.001
2.3.2 HIERMS ik MESEXEEAIS30MEBGAFHRE,  Clinicscore 1.19+0.47 0591033 8223  <0.001
RATHIELRI IO FE (T8N BHIEHANXBEEREFER  combinescore  1.69+0.73 1144062 4563  <0.001
fiE, WEL, 250 Rwavelet.LHL firstorder_Median. wavelet. gyre n=21 n=19
LHH_ngtdm_Busyness. original_ngtdm_Busyness. l0g.  Rad-score 0.79£0.31 0.55+023 2756  0.009
sigma.3.0.mm.3D_gldm_DependenceVariance, Clinic-score 1.69+0.43 1424036 2141 0.039

FEHEAFTINEE ETFBorutafiE B4 M, M combine-score  1.34%0.63 0.96+0.46 2159  0.037

o 16 4 ook g ’ S oroi
HEAFER, H&K4, Rad-score= -1.356 X original_ 26 BEWE

ngtdm Busyness+0.926 X wavelet.LHL_firstorder_
Median+2.815 X wavelet.LHH_ngtdm_Busyness-0.719 X log.
sigma.3.0.mm.3D_gldm_DependenceVariance-1.528,

o
B Borutaff 4HE; REMARKRRENEBRE, WESERAN

original_ngtdm_Busyness. wavelet. LHL_firstorder_Median. wavelet.

2.6.1 WARIMKOERZLLE ZHosmer-Lemerhowi@ISEH,
FEMIEEPBREESEREPESF70.134. 0.686, IGFKIEEPE
23790.857. 0.564, HHERAFERPESF10.789. 0.329, &
TG ERBNINE T, TE2,

B2 HER AR o
2.6.2 REBVIZUTREALLAR ISR EMIIEE P IRRTTVEE 737!

LHH_ngtdm_Busyness. log.sigma. 3. 0. mm. 3D_gldm_DependenceVarianceF4E SeeASiEn | BEAMIERMAUCLHRZERE ST EE X
(P<0.05), MEHRAFRESHESTNIERNAUCLLRERTS
%4 LogisticS AEE A4 HEEX(P>0.05) M&ET. 8

FHIE XX Z R %51 H7T BBNBNED
original_ngtdm_Busyness ZiE FEHREGSINKEERE  o@H gt AUC 95%Cl  SRE(%) HRE(%)
wavelet.LHL_firstorder_Median ~ #{i¥ INE—IE T ERE NS BERAFRE 0782 06570895 706 2.8
wavelet.LHH_ngtdm_Busyness — Z{TE NS IR FE = FE l|ﬁ’%%mfmuﬁﬁ 0.745 06450823 584 784
l . 30 BEFUNER  0.833 0.737-0.921 70.6 83.3
Og-slgma.3.2.mm. BIFE  BEATEE 0764 0538089  50.3 64.9
3D_gldm_DependenceVariance  K¥ERE A hiilik ER#HERE ISERFENAEE 0731 0.545-0.839  52.6 66.7
24 ﬁAfmwj&ﬂﬁE = q E I R E E R A T BEETUNER  0.794 0.603-0.912 61.4 72.4
. 7 FRad-scoreSlla kAR IEZEX SN
Wigh, NS, @ADEERad-score. ADC. SIR. BMD, R ERBAUCHR
NMID. PINP. CTX. 44 %, miEH. migk. E2, Hit# na B - W PR
HEXA189 (Combine-score)=1.686 X Rad-score+1.861 X A AR ERTIVREVSEEAFRE 1.954  0.017
DC+1.916 XSIR+0.371 X BMD+0.213 X NMID+0.539 X PINP+ BETUNERVSEGAFER 0167  0.073
0.931XCTX+1.174 X FEH+0.759 X MEF5+0.493 X ;5% H%Ai‘ﬁmUﬁEEVSIIEH‘E?)ﬁ;‘NHEﬂ 2.359  0.006
+0.899 X E2, WiFE IRRTUIERVSEGHAFIER 1434 0.039
2.5 AABREESLSNAELE EAMNKEXBNIEEMRIE BEATUIAVSSBASER 0232 0.209
£ th = MERE S LLEE R E FIT 2B X (P<0.05), 16, B ATTUREVSIEETIEE 2000 0.019
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2.6.3 RERML DT SPEZEMATHEMERBTHAEL, 30
TR FIRIGBA RS a, ENIGRER, BRETUIREER
ABEEHRCER SRS TEMRMRE,; MERIEESR,
KSR GAAREER ) WS EM RN RREES,
B GAFREERANREMR SRS TS TUNE
gg) JI_ILJ3O

B3 AL B 5 i L AT 9
33 i

BREGMEBHNE LR, TEXRNNSHENTK. S8
AL, BRRERE, MEERNEKEFREEE LAY, BL2H
B SN TAE TR, SRR WAL, AR EHE IR
B4, BREIRBEMRE, REFEBRENL. BEAEER
TN BRI TBISEEN, B5SHEDINEEL ERERE,
EEHAEN, NBENEE, BEESRTERE, FFil, BER
BRI, RESATUBERENLEE, 2EWEER,

MMER, ISKRTE2BITECT. DXA, EERESTARY
WA B ERHHITISN. BEECTREBMDIKSERA, B
WEERIR, DXABAREBBF LM SHEH, WEBMD, BEFR
Bexd BB HTHIN, TEBRENINE. BHRERE",
LSIREDUNES, BSTYRSE. SEMSEHaR
ELERERTN, ERRRE", SHEHLANBMDEREM,
B LIS B BE 4 4@ B BMD T B IR M I, BEIH
FHRNAE, NEMALEN. SREMFETIZHTISN, £
Bl. HMES. LEAH. BHE. HEAEHRESEHIMRIE
BIES, B ZNAT SRS,

BNiEBAE PR NERHERNEERENT ", BRNE
INPIEIPRIET, BUSHAMIMARAR L, RS FHT 8D
B0E), B\REEHME, FIHERE, MTSILZSHRTY
Bl BRAR, #MSRERGMN~E, RiERE", 8F
B BEMRIGE R MBHOTEIHERTFRESRE, SHY
MBS LSS S8, MEERIEM, NIERISH
SETHR, E0MES, HALTFASHE, SSHETEEHNLE
BENIRES, FREMNEMEEE, SREMNERILE, 78
FREB 2B RSSR AN, SEMSIRABESE
1EFD, BEMBEEBNHITREMMISN., WERMEESIEKkDER
R, BESNEARNKD S EMNMEL, EBHTEER
N, BEERGNESY., SIREBWISHS 2HTEETMN,
SREET M. SEARNERSRENNEEREHRT™,
LT LU X SIRMHT I E SR T & R ERHA BT IS U

BEEEDREMNNRERBARTE. AZEHARR
0, BRNSKERANAEREERMIFGE, KESIRELFH;
1A B B AERR S 2 MBS A ABLIET, SEUKD FHT SZEID
4, ADCEEZNKS FH Soasn#TRT, HENMADCE
S ERE", M TFEEEEESRNNEESIRERE
FE, SALBMRLERET. ALRARLERLWADC, SIRME
FIDXAT/SHIBMD, TEEEMAEHIEEM, HBBADC, SIRMER
TR B BEBMDHT R B, S R T A X2 .
BERA A EE SN (EE, NMDESERENENH
REY;, RERRSREREEN, ABEREEENEER
ZBKAPINP; | RUREE A MREARITECTX, ALY RS4RI
EMRTRM, NELRPLENSBUERTER, WS
B AIE R TG, AMRPERENALERDI. M55,
mEHKEEEZRFESRGMA, HARREY, BLLBLH
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SELRUEYIRRIEE. B, £4ERD3, HEBRHBMHNALERK
H—% tH, EERHSETERREEXRER. SHARFTE
FRIFMAE2K FEERTIESRRNAE, ERISILIEINERINGE
TF%, E2EMER, FEERKEM, 5188 RHME,

EERREALUBE EGAFHNEMHELLTM, PTE
5igFRRERZNEXY, NERER, AEAEREGED
WHEBHE, FARBELHEGHI NIRRT FGAFHE
B, G111 RIBEGSIRHFE (original_ngtdm_Busyness). 1
MR T B — M 4E1E (wavelet.LHL_firstorder_Median). 11
BT/ R TR AVSIBIFE (wavelet. LHH_ngtdm_Busyness)f114
BEFSinSR2 A g i B F 4R FHIE (log.sigma.3.0.mm.3D_
gldm_DependenceVariance). BEB A& (local binary
patterns, LBP). SHURKSEMIEHHE F(laplace of
Gaussian filter, LoG)Fl/VERHER FEMEFE. “NE” 2@
MNEKEBRAKE, NEEMRERREEGHITZEIR RS
#r, A L ®REIAEE, “‘H RTESMER, H8MHAE
R LBPARMEGRBEEMEDERDRETIR, LoG
BFREBGRENBIZIZWL, EERRITREN, AERT
UFREM. —MEFBRFERTEMBX AR RREND T,
Minimum#Median 2 B REMBX ARG ERENR/IVERH
i, NARFREGAFREY, IRRFUNEEMEBSTUNERE
WEEMRITEPYE RFNISHMEE, THRDEITN T SER
FGEENBRITETIREELD, SBENINSRERIISA
P>0.05, IRTINEMRHRYE, BIIGEFSERESKRERIEN
BREREMTIIES, i, IEHERBE TR AR KSR
meTHMRE, RREKASTURENIREKN AN EES.

SEFMR, SIRRFUIEREMEZGAFEIALL, el
REMSFIRE N RE, RAEEZHBELLBLEERBMNPA
BRSHIZENE,
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