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ABSTRACT

Objective To investigate the clinical value of MRI lumbar spine bone marrow fat quantification
parameter proton density fat fraction (PDFF) combined with bone metabolism markers in the
assessment of osteoporosis (OP). Methods 119 chronic low back pain patients were selected, the cases
were collected from January 2024 to March 2025, all of them originated from our hospital, and the
selected patients underwent lumbar spine QCT examination and MRI lumbar spine bone marrow fat
quantitative technique, and according to the patients' bone status they were divided into the groups of
normal bone mass, reduced bone mass, and OP, which were 29, 43, and 47 cases respectively. Patient
data were collected, and BMD values, MRI lumbar bone marrow fat quantification parameters PDFF,
and serum 25(0OH)Ds, PINP, B-CTX, and OC of the groups were compared, and the correlation between
MRI lumbar spine bone marrow fat quantification parameter PDFF and bone metabolism markers,
and the correlation between MRI lumbar spine bone marrow fat quantification parameter PDFF,
bone metabolism markers, and bone mineral density were analyzed, and the diagnostic value of MR
lumbar spine bone marrow fat quantitative parameter PDFF combined with bone metabolic markers
for OP was analyzed. Resufts BMD values and 25(OH)Ds, PINP, and OC gradually decreased between
the normal bone mass, decreased bone mass, and OP groups (P<0.05), whereas PDFF and B-CTX
gradually increased between the three groups (P<0.05). PDFF was positively correlated with B-CTX
and negatively correlated with 25(OH)D3, PINP, and OC (P<0.05); and the value of BMD was negatively
correlated with PDFF, B-CTX, whereas they were positively correlated with 25(OH)Ds, PINP, and OC
(P<0.05). The combination of PDFF and 25(0OH)D3, PINP, B-CTX, and OC tests for diagnosis of OP had an
AUC value of 0.932, higher than the individual detection of each index (0.794, 0.847, 0.736, 0.800, 0.781,
P<0.05). Concilusion The MRI lumbar bone marrow fat quantitative parameter PDFF and serum B-CTX
were higher in OP patients, while the BMD values and serum 25(OH)Ds, PINP, and OC were lower.
There was a certain connection between the above indexes, and the combination of the MRI lumbar
bone marrow fat quantitative parameter PDFF with the bone metabolism markers is advantageous in
the assessment of OP.
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Correlation; Diagnostic Value

EEEY, BREMEOP)ERESS L ABGDNBEREERY19.2%, BEEFR
E—EMASHEE, BE—BHHOPSEMBINHNIG, Hit, FHERIZIOPITIE
R B AT iRm0 X8, WAEXLRUCE542TEBMDA 5%, BHEISHERE
MsmExE", BEERFITENNERRE(QCT) REBR T IHENM R (CT) A
HIRMVER £, 2% WHRESTIEBMDIAEE, HRTFWAEXERINEE:, HaES
BRI R B RIS R, BEIRME(MR)ER SN 22 NHE T BERB S
(PDFF){ER B RENHIET, EIZHEEMNEHREMKEIE, 1o, OPHEIEFTS
R SIEEBIEM, 25-BEMEEED[25(0H)D:]. | BaIRES BB (PINP).
B-BEHEHFES(B-CTX). B (0C)2— LT ENZSREmERE"", EEH%
FMRIFEH SHEEEH 22 MPDFFE & SRBITSYETEOP RIS RN ERE NS
fRo BT, & AR EEE—F FEMRIER SSREHT 22 HPDFFSA B RBIR
EYXTOPHITEMNE, NIGFKREHERISUTOPIZISE,

1 BREHZ*
1.1 —fRAE EISMHEERELLN, HHUWEREN2024E18E2025%38,
KEFTHR, SARERESERCEZASHE,

MNITE: TIREIEMERERE;, ER>505E; SENBERERES. HRNF
B SIMRI. BHQCTREFEREEXRZERE, MARIIERFAE, #BEEFME.
B, ehEREERIMEIESE; KEPBESHEEREMERENAYE, #E88%
B, REHEMNRAGERE,; BHEREEES.
1.2 5%
1.2.1 FEHEQCTHIE FAIIFIVECT Flash CTHKRMidwaysATIWROERIEST BE

(5—1FE] FRERm, X,
(BREE] DHF, 5,

FERIM, TEMTAM:

156 -

AN AR, E-mail: 15903615949@163.com

BITAEM, TERRAR: BEARZKRIZE. E-mail: mahongyu@126.com



HITIBIERH, S508E: EHR. ELESHIN110 mA. 120
kv, #2860.8, fEshviall s, BE. MEF25083 mm. 20 cme
BLHE EEELEXRTSETAE, EEARBNEGEQCTS
WIEL, MEL~LMEENRBEEBMD, §8RNMEBX, FESE
ERBLNEE, REEEBRRSTHABRIEE(BMDENE
>120 mg/cm’). B2E/(80~120 mg/cm’)FIOP(<80 mg/cm’)
4, £7929. 43704741,

1.22 MRIE#BEEHEERARE BEETEMQCTHIELR
N, TMRIE#BREEHEERAKRE, AEMAMER, ARG
IMRIE#SHRENEER AN, XABEAIIFVida3.0T
BEHEIRFBOGH TN, Li#, WFETSE/M, MKk
AEAE, SiES% BEEORETIMREG(TIW. T2
Ff&(T2WI TSE Dixon)#Liver-labFFIi3#, FAREULIMEER
File RiRfILiver-LabFrFlRES%: EERTE(TR)9.00 ms,
3% ATl (TE)1.05. 2.46. 3.69. 4.92. 6.15. 7.38 ms, %t
a4°, BE. AEME2353.5 mm. 40 cmX40 cm, %P
380X 304, EERE N, E2RMSIRIEIRER ) FRLIRTE
i FEGERIEST(NEE), FEREMEX, MNEEHEL~LHE
{KBYPDFFE, MEIXHENTFIHE,

1.2.3 AR E WEBEERREIER(BMI). Fid. MH3IK%BMD
[EE TSN

1.2.4 BRBHETKFRN BENRE24 hHHELEREXM3 mL,
¥ Llcobas e 6012 B e A (N miE (IEREE S 05

CHINESE JOURNAL OF CT AND MRI, Feb. 2026, Vol.24, No.2 Total No.196

REY, BO¥RE8cm, BFE15min)25(0H)Ds.
OCKF,

1.3 5308 RASPSS 26,00 A 4T IR, TBEHER
WHEESDH, U(x £s)RE, TREIBERRAED I,
HHERT < x BBRE, MUn(%)]RF. HXUEDIRF
LlPearsonf8xM 9. 4LHIROCHILZ 2 MRIEH# & BE s Bh
EESHPOFFAEEBREIREYOPHIZEINE. KRKKE
a=0.05(M), P<0.05 HEEHITFESR.

24 B

2.1 ZHA—KEHKLBMDfELLE BMDEEBEEE. B2
DL OPAAZ[B)ZMFEME(P<0.05), &1,

2.2 Z4AMRIEHSHEEHERSM PDFFXRIIE25(0H)Ds.
PINP. B-CTX. OC/KFLbik PDFFRB-CTXKFEHESEEE. &
=280, OPAZEIZEHAS, MmMmE25(0H)Ds. PINP. OCKFE
E=Az EFEHFEHE(P<0.05), &2,

2.3 MRIEHE B ERSHPDFFS BRSBTS YRR
¥ PDFF5R-CTXZEAE¥, 525(0H)Ds. PINP. OCEHE%
(P<0.05), W3,

2.4 MRIEH S B ER2MPDFF. BRBIFEYSBMD
AIAE¥Y BMDESPDFF. B-CTXEfME%, 525(0H)Ds.
PINP. OCZIF#E%(P<0.05), W#&4o

PINP. B-CTX.

®R1 =H—EHRE RBMDELLE

b=t OP4(n=47) B=RDPHN=43) BEEEA(N=29) F/x*E PE
BMI(kg/m?) 23.87+£1.55 23.92%1.52 23.95%+1.61 0.026 0.947
FR(F) 63.22+5.12  63.19%+5.08 63.07%5.23 0.008 0.992
M3 (%)] 0.039 0.981
=3 25(53.19) 22(51.16) 15(51.72)

zZ 22(46.81) 21(48.84) 14(48.28)

BMD(mg/cm?) 61.43%3.19% 103.17+5.22°  151.54+10.07 1916.562 <0.001

E: 588ERALER, °P<0.05; SE2HVALE, *P<0.05

+2 ZAMRIEHEMISH E RS ¥ PDFFRM#25(0H)Ds. PINP. B-CTX. OCKFHE

E=Lan OP4H(n=47) BEHVAN=43) BEEEH(N=29) FE PE

PDFF(%) 59.22+10.37% 53.48+5.29° 41.37+£4.33 50.136  <0.001
25(0H)Ds(ng/mL)  19.48+6.15% 23.41%6.10° 42.34%7.11 122.966 <0.001
PINP(ng/mL) 20.87+3.44% 25.43+3.56° 35.47%5.89 109.059 <0.001
B-CTX(ng/mL) 1.79%0.52% 1.22+0.32° 0.69%0.10 76.066  <0.001
0C(ng/mL) 9.22+3.03%® 12.67%£3.13° 19.45%2.37 110.170 <0.001

E: 5E2ERANER, °P<0.05; 582HVAELR, *P<0.05

&3 MRIE# S8R E RS KPDFFS BAMIRSWREX T

1E1T PDFF

r P
25(0OH)Ds -0.461 0.015
PINP -0.425 0.009
B-CTX 0.579 0.002
ocC -0.459 0.013

&4 MRIEHE & 8IS ERSHPDFF. BABMESYSBMDEEXM

b=l BMDf&
o
PDFF -0.467 0.010
25(0H)D;3 0.586 0.001
PINP 0.573 0.005
B-CTX -0.490 0.019
ocC 0.522 0.007

. 157



HEICTRIMRIZRE 2026428 $£24% $2H8 2519687

2.5 MRIFEH: &8RS 5 E B 2 ¥ PDFFA A B RBIFSHNOP
BYISHT{E PDFFR25(0H)Ds. PINP. B-CTX. OCEX&i&NI2S
HTOPEJAUCIE/90.932, BT EIEITEIRIGNI(0.794. 0.847,
0.736. 0.800. 0.781,P<0.05), M5, EL,

2.6 BRSEBEE ABRS50PEEQCTERMMRIEHSBASH
EEE NE2,

&®5 MRIE# SR ERSHPDFFE A B ABIFEYNOPRISEHHE

BT Bin(E AUC 95%(Cl PE  BRE(%) HRE(%)

PDFF 58.65% 0.794°  0.710~0.863 <0.001 60.19 98.61

25(0H)D® 27.18 ng/mL 0.847¢  0.769~0.906 <0.001 72.22 87.23

PINP 24.28 ng/mL 0.736°  0.647~0.813 <0.001 70.83 87.23

B-CTX  1.27ng/mL 0.800°  0.717~0.868 <0.001 80.85 68.06

oC 12.35ng/mL 0.781¢  0.696~0.851 <0.001 75.00 78.72

3=y ol 0.932 0.871~0.970 <0.001 87.23 84.72

. SEARINLR, P<0.05 Q

gaﬁgﬁﬁ%%%%E%ﬁ&mwﬁéﬁﬁﬁﬁ%%%%wﬁ

®
)

B2 BFABEY AR ERBMEHQTERIMRIEEGHER T EE. E2A~20E: BRAELEY ABERQTERLERSERE, RKN
QCTZE. T2WI In-Phase (FAE{L) . T2WI-Water (E A5 &) . Fg /il & ®PDFFIE, PDFFIE - {4 [ B 7 L1-SHER B 855 i W ER0T; E2E~HE: OPH
HBAMQCTE R KB IEIRE, KK HQCTE R, T2WI In-Phase (FAEfr) . T2WI-Water (EAg ) . A5 A5 € EPDFFE, PDFFIE b & % B B RL1-5H

R 8 8 B I EROT,

33 i

EEFRERE"ER, OPHEBFRRERA, OPRIEME
EREBFHRG, BEREEIREBSERAEY. A, G4
EOPREFMEENNEMNELSHE, LURYIRINE ML
M, FRSREEOPHELLE, HREEREXY, AERSREN
FERENZMSIGKREN, NEOEETEERESH M
BHRNHRS, ARRREMRIER S TESMPDFFES
BRETEYTEITEOPHIIRRNE, BEAIRRBA0PRE—

EREFE X

158 -

OPEEEH LA, MEBERNNISHESR, SHEF
BRENE, FsRREAREMRSE, 8/ REHE, AR
E7RRETE, SHEBRE TR, MXMELEIEITLEERMRI
S MRIEH S BRI E SRR AR TR S AR RS
58, ZRARELE. LHEIRES. BIEGH. BATERE
EMBEMSE, WEKESENERSIMERESERS, 5%
EZRI, OPEREMFEEMAMNISIL, BUDEE TR, S8k
R ERENE. 25(0H)D:REEEDNTE/IFRR, slTi



SRR, AN TEE, DR HEREARPNEEER
DEK, FEEETBHAMBRUE", PINPRREAEAH |
BRENHNEEY, AIRMEEREEY, OCHMBMAISH,
BEBERN L, FANSHERKEE, ERXESTMMRSYRR
SIMBBIIEED, B-CTXRRESMAArEAR | BRI RS B it
BB, EERUCEE™, AHRHBMDER25(0H)Ds. PINP.
OCHEBEBIER. B/, OPAZEZMNEE, MPDFFRBR-CTXE
#HAE, BPDFF5B-CTXE1EME%, 525(0H)Ds. PINP. OCE
ti18%, BMD{ESPDFF. B-CTXEf#H%, 525(0H)Ds. PINP.
OCZIFAE%, 1B TROPEEMRIEH SBEESHE 25 5 PDFF&ZM
AB-CTXKFIRE, MBMDEMIME25(0H)Ds. PINP, OCKIFIR
1§, B RIS EFE—EBR, HUEHHSIETEER, MR
B S BEAS RN T 2 2 5PDFF R P S 3RS B4R 5 3 4R AR A 4E
STELE], EESsELUEMASRRE, PDFFRIR, MOPEE S5
BARREI2ITIE %, PDFFEEASE . B4M25(0H)D:FZ B ENE
WIEIR, SRS TR, BEMREY, MRSARELT3IE
B-CTXBEAS, SHBRIKATFEIM, #—F3IEPINP. OC
KERETHR, MERERE, #HAaIR0PZ,

KARROCHITERE R, PDFFAIME25(0H)Ds. PINP,
B-CTX. OCEX&#MIZErOPMIAUCIEN0.932, BF Kigtne
AN, IBRMRIER SR TESRPOFFESBREIRE
METEOPHEE—EMRE. ZEREBERTEER, POFF&IM
525(0H)Ds. PINP. B-CTX. OCEE&#eMaEaRAh 28— MR
B, BEUARENSRE, #MElTiRETENE,

£+, OPBREMRIEHSBEASET 25 MPDFFRIER-CTX
KRS, MBMDEMKIMME25(0H)Ds. PINP. OCKFIRME, £
RIET 2 BEE—EH R, EMRIEHE ST ESHPDFFL
AERBITEYILTEOPHAE—ERE, BEARRTAN. K
B ZEMRE], (NANT LI9BIMERIEA, BRFAMK, #
ARRUEEE—TBEY; ANAHRRAREEBR, TE
OPRAM D FRERAFNEHTER, kK, EABETIAN
R, #—SRIEARRER,

2E XM

M KAE, x| 5, RKE W, % ZHESDEE TGS 78 M REE % T30 55
L 1. FORE A, 2025, 32(10): 122-125.

[2]Baumann AN, Trager RJ,Gong DC,et al.Osteoporosis is not associated with
reoperation or pseudarthrosis after anterior cervical discectomy and
fusion through 4-years’ follow-up:a retrospective cohort study of us
academic health centers[J].Spine J,2025,25(2):290-298.

31047, BUBL, B AM, . R ECTH 4Rk & & L3 An 3t b % 4 A JEAR B S B 3
[J1. W) 2, 2024, 45(9): 946-950.

M1 /N, B R, B A&, 5. TN B 45 NBHEQCTH 5 BB M B 37 09 5 L
AU KR E 23, 2023, 39 (1)1 60-65.

[5]Lee H,Park S,Kwack KS,et al.Ct and mr for bone mineral density and
trabecular bone score assessment in osteoporosis evaluation[J].Sci
Rep, 2023,13(1): 16574-16574.

(6150 /N 3, W3R, M 41, Mk Asprosin, MIP-1p . 25— (OH) D3AT 52848 ik o & &
S B AR R P AT [T]. oF S fR i R S A0 R, 2024, 26 (6): 773-777.

CHINESE JOURNAL OF CT AND MRI, Feb. 2026, Vol.24, No.2 Total No.196

(71 E R, A%, FARHE, %. ik B-CTX. Cathe K. OPGX%4FOPFEH AR5 BITHL
H FIAE [T]. o 8 BB 40 R, 2022, 28 (2): 205-209.

[81¥AF &, #hak, B M4k, . MUHOLP-1. PINP. SOSTA-F 5 FIRMEA B B R RAE
HIX % 1. T 5 k5T 438, 2025, 17 (4): 614-617.

DIFEEF2FRGERIET LRK 22, FRA EXEFRRRELTHE
(2022) [7]. FEAFE S, 2023, 26 (14): 1671-1691.

[10]Madrid A,Lamm C,Aeberli D.Glucocorticoid-induced osteoporosis;
epidemiology, pathogenesis and treatment [J]. Ther Umsch, 2025, 82 (1): 20-25.

[T 4RAR. B R R E S T B F RERHARE AT 5EREEHW X R
(11, E0 ¥k 4%, 2023, 30 (10): 78-80.

(120 M8 7%, B3R, 23 5K B AR AR i 2 2Rk & R 2B B R AR AE 8 95 W 0 (B 200 T
[J1. P ECTFIMRI 24 5, 2024, 22 (7): 169-171.

[13]Li G,Xu Z,Li X,et al.Adding marrow r2 to proton density fat
fraction improves the discrimination of osteopenia and osteoporosis
in postmenopausal women assessed with 3d fact sequencel[]].
Menopause, 2021, 28 (7) : 800-806.

[14]Gassert FT,Kufner A,Gassert FG,et al.Mr-based proton density fat
fraction (pdff) of the vertebral bone marrow differentiates between
patients with and without osteoporotic vertebral fractures[J].
Osteoporos Int, 2022, 33(2): 487-496.

[15]Yuan K,Liu Q,Luo P,et al.Association of proton-density fat fraction
with osteoporosis:a systematic review and meta—analysis[J].Osteoporos
Int, 2024, 35(12):2077-2086.

[16]Leonhardt Y,Gassert FT,Feuerriegel G,et al.Vertebral bone marrow t2%*
mapping using chemical shift encoding-based water—fat separation in
the quantitative analysis of lumbar osteoporosis and osteoporotic
fractures[J]. Quant Imaging Med Surg,2021,1(8):3715-3725.

[17]1Sollmann N,Kirschke JS,Kronthaler S,et al.Imaging of the osteoporotic
spine — quantitative approaches in diagnostics and for the prediction
of the individual fracture risk[J].Rofo,2022,194(10):1088-1099.

(1813, % A0 T, AU, fiF1L-6. $KE Q. 25 (OH) DIACF R AL 5 B JT G4 M 12
ERFEERTIENE AL ENAR U] FUEHAFE, 2024, 45(5): 825-830.

(19] &1, Fif, REe4E, 5. MF2SR%E £ D, FRFMAE. & I RAREAERLE
KR/ B —JCHR P A 7= M K - 5 2 4 B 50 WA R8O JE A e 24 ek o 47 R AR B Al
BT BeFE S 2, 2024, 53(6): 768-772.

(20123, TH, XX, %. B HEEH B -CTX. PINPFuE 45 & 2 AL Rl R & SR
[ R fr L 42 &, 2024, 23(23): 2510-2513.

[21] 7, KEE, BRAZR, . M Irisin, SOST. H2SHRH X% X & 0F BB
WA B A F TR BRERE WA X R FMNE ], IR A E ¥
JE,2024,24(10):1980-1984.

221 &, ¥ 7, %1k, 2. R2+. PDFFITf6 o %4 Ll B B B SR VUA
B R B BT L] A AR AR, 2025, 16 (3): 90-95.

(23] T4k, M4, RER, 5. FRFMEEERUENG T ESRKE25-BEELRD
BB I R 8 (1], SEH A3, 2024, 40/ (22) : 3238-3243.

(24) BEAR, & & 245 7 OG0 B 4 B % 2 BCTiE & % BN B LK 7 BALP.
IGF1. 25 (OH) D3ACF-# 3l & 3 [J]. # ECTFMRIZL &, 2023, 21 (11): 164-166.

(251, 2, A3k, %. Gremlin-1. SUARH R 36/ RIEAKF 5 F 5o
BAERMPFEREMEXERERED WM E4J]. AR AN EFH#
JE,2024,24(15): 2862-2866, 2886.

RE R & B Bt

(WFsEHA: 2025-07-08)
(Rex4mie: knsm)

+ 159



