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IZATHEYE | 2 H0 Tk RAF ST (3R FEHLIRIIX BGR ) 40 A 2019 4F 6 A %= 2023 4F 12 A 0] #
[ Ko B 2E B MR A 1 A R EE B 1 T 208 X b0 BE g LA R 5% K= B IR _E i i o5 DU N R EE B
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XURE X 24 W7 WA 32 A 00 B M R 561 R 488 |, A R I 75 B G 0 [ (45545 % (BGP) | 1 R
JRAFLEHIR (P TNP) | T BURIR C itk B 43R4 (B-CTX) ] i3 I 2r 7] 22 ( SF-36) , Harris i
SEATPEAr (HHS) | PG 22 KM AN 78 TR R 22 B Y R A EL( WOMAC) 4 5l R PR 16T R JG B
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[ Abstract] Objective To evaluate the treatment efficacy of * Tc-methylene diphosphonate ( MDP)
in patients with osteonecrosis of the femoral head (ONFH). Methods This prospective, multicenter, in-
terventional clinical study ( non-randomized concurrent controlled trial) enrolled 49 patients with ONFH (13
males, 36 females; age (62.9+15.7) years) who were treated at Shanghai Tenth People’s Hospital, Tongji
University School of Medicine, Huangpu District Central Hospital of Shanghai, and Shanghai Fourth People’s
Hospital Affiliated to Tongji University between June 2019 and December 2023. All patients received *Te-
MDP treatment. Hip *Tc™-MDP SPECT/CT was performed before treatment in all patients and at 1 year after
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treatment in a subset of patients. Anteroposterior radiographs of the hip, dual-energy X-ray absorptiometry
(DXA) of the lumbar spine and hip, and serum bone turnover markers, including bone Gla protein
(BGP) , procollagen type I N-terminal propeptide (P I NP), and B-C-terminal telopeptide of type I col-
lagen (B-CTX), were assessed before and after treatment. The medical outcomes study 36-item short form
health survey (SF-36), Harris hip score (HHS) , and Western Ontario and McMaster Universities Osteoar-
thritis Index (WOMAC) were used to evaluate changes in quality of life, hip joint function, and pain. Data
were analyzed using the paired ¢ test or Wilcoxon signed-rank test. Results Among 49 ONFH patients, a
total of 74 hips were involved. Before and after *Tc-MDP treatment, WOMAC pain, stiffness, and physical
function scores were 13.00(9.00,19.00) »s 5.00(2.50,8.00), 2.00(0.00,5.00) »s 1.00(0.00,3.00) , and
40.00(24.00,51.50) vs 15.00(11.00,27.00) , respectively (Z values: —5.03, —4.18, -5.49, all P<
0.001). The HHS increased from 63.00(51.00,74.00) to 66.00(54.00,76.50) (Z=3.76, P<0.001).
Scores for physical function, role physical, bodily pain, general health, vitality, social function, role emo-
tional, mental health, and health transition in the SF-36 were all higher after treatment than before treatment
(Z values: 2.35-5.24, all P<0.05). Lumbar spine and femoral neck bone mineral density (g/cm®) in-
creased from 0.74(0.66,0.80) to 0.79(0.74,0.90) (Z=5.22, P<0.001) and from 0.75(0.70,0.80) to 0.89
(0.83,0.94) (Z=5.89, P<0.001), respectively. P I NP increased from 46.86(35.29,52.00) to 52.00
(37.00,64.00) pg/L (Z=4.61, P<0.001), B-CTX changed from 0.360(0.277,0.522) to 0.350(0.290,
0.503) pg/L (Z=-0.94, P=0.348), and BGP increased from 20.15(13.73,26.38) to 22.00( 14.77,
27.57) wg/L (Z=3.01, P=0.002). No significant changes in hepatic or renal function were obhserved (¢
values: 0.15-1.45, all P>0.05). Conclusions *Tc™-MDP hone scintigraphy/® Te-MDP theranostics is
feasible and non-invasive. *Tc-MDP can improve the hip pain, hip function, quality of life, the lumbar
spine and femoral-neck bone mineral density for ONFH patients, which therefore provides a treatment option
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for young ONFH patients and patients who are not suitable for surgery.
[ Key words] Femur head necrosis; Technetium Tc 99m medronate; *Tc-MDP
Trial Registration ; Chinese Clinical Trial Registry ( ChiCTR1900024876)
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2. PTe-MDP GI7 71k P Te-MDP (JL#F = 52l
WA BR DT 7 ) 20 mg 5 A EEER 7K 250 ml # ki
HEIGYT B 2~3 YR FEE 5 JH B VR A E 1R,
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205 F i B R B DA T A ST 1) PPl AR U8
PEIHIF 5 Hp 2 ( Association Research Circulation Os-
seous, ARCO) 7325 R4 4T ONFH s BRI
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CT SARIIAEIR] T K 2% B2 24 Be B 26 1 N R B2 B 5
B FEERAG A o 4 B AR A BT SR A TR e
VIR HSE ) o B SRS Te"-MDP (
R ERRREEE 24547 BR 2> w2 ) 740 ~ 925 MBq (i fk
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Discovery NM/CT 670) A%, 44 (kHeiE H
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WG DIRENE K ,80~89 J3 M IIRE R 4F,70~79 432
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H Wilcoxon 5 B A 6, & M %R AUE (A 4
Fo) 3R BT R Sy SUI A 55, P<0.05 ok 22 53
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FHHORUI ONFH 25 i 2l 7 1) A0 17 1] 255k
ONFH 5 #1(10.2%) . #MjiJ& ONFH 8 £ (16.3%) ¥
% ONFH 36 #(73.5%) ; BEA: & 3w 1L E 9 141 b
PRI 1) AR Sh Bk RERE AL M O eSS 2 191 R Gi bk
CIBEARAE 1 M), 49 BT ILP K 74 /)~ ONFH #i5¢
9 IAYTHT ARCO ZM AT 17 /MEC T T 13 4>
ST IV I 44 AT % Te"-MDP SPECT/CT
KB ONFH ¥ 3¢ 3y J5y 3 45 F vk 5, Te™-MDP
BRI 2 2% 11 T 3 S 27 MY 4 9% 36 4
Wi, Horh 2 9 |05 85.1% (63/74) ,” Te-MDP
BITIE VAR AN 1 AT fr e S T
HAWAT /WA WA L, MR 7R SCT1H T B 48
SRR K i 4% % Te™-MDP SPECT/CT J& &8 A% 5
IR DA, MR B FVRTT RIS SRR LA 1,

2T TIRE PN S A T L TAR (P4 R
41) o Te-MDP 3R 77 HiJ& , HHS 43524 63.00(51.00,
74.00) F1 66.00 ( 54.00,76.50) ( Z=3.76,P<0.001) ,
*Te-MDP J&YFHIT G WOMAC FPIR 4343 310 13.00
(9.00,19.00) F15.00(2.50,8.00) , EAHIE4> 4351 K
2.00(0.00,5.00) 1 1.00(0.00,3.00) , LI ETE4> K
40.00(24.00,51.50) F1 15.00( 11.00,27.00) , ZFA 51t
2N (Z(H.-5.03 .-4.18 . —5.49 %] P<0.001) ,* Te-
MDP 597 )5 SF-36 A= BLIjfig | A= B AE | R AU
i — R RS ) ALSTIRE R RE R b
e KA RS AU 3 24 i THIRYT T (Z {H:2.35~5.24,
¥ P<0.05;% 1),

3. BN BB B % B (R . g/ em®) ¥ Te-MDP
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B 1 B KkIRSE(ONFH) 35 (4,58 X)) ZEMIAR QI ONFH IR YTHIGE SRR L (A (C . E (G .1 HIRYTHI; B.D.F H.J AIRITE)

A, B.1E

N X LRIEAL R 7RIAYT BT ZE MR SRR BE AR S, SR 1T T B FE AN, RFR B 52 X, B SR 52 Wb 23 (ARCO) W5 ¥R 97 ) 1 BB AL B &, ok
PE— 2B IR AMBIARAS ; €~ HLAHE 6T J3 B b 2 SR A7 L SRR 5% Te™ -7 Y 3k — JBk B2 £k ( MDP ) SPECT/CT %A% ( 1470 CT |, F43Hh
SPECT/CT filt& &l , fabrge/m 2 Te™ -MDP HEGREE ) , Al ULIGYT 52 Te™ -MDP $tHUH Hart 4 28754 3 9% ;1,1. MRI T, SNAUSARIE 5 40 61 5
G (WI-FS ) SEARAL TG TT BB KR BE -, G T B Bk W i (K T, (55 5 1RI7 5 B B I et T, ISk R WLt — 25 353

£ 1 49 7] ONFH HE " Te-MDP 377 R J& 42 3% Bt SF-36 ¥E40[ 433 M(Q,, Q) ]

YRIT RIS A JR g 1 B AE YRR I8 — AR R AL
TRITHT 30.00( 12.50,60.00) 0.00(0.00,25.00) 32.00(0.00,62.00) 40.00(25.00,55.00)
BIT IR 56.00(45.00,70.00) 50.00(0.00,100.00) 62.00(62.00,74.00) 57.00(45.00,71.00)

ZfH 5.09 4.57 4.83 5.24
Pl <0.001 <0.001 <0.001 <0.001
IRITHIG K HLaYifE ik R A R fe s e
YRITHI 50.00(37.50,65.00) 62.50(37.50,62.50) 33.00(0.00,50.85) 48.00(34.00,68.00) 25.00(25.00,50.00)
BIT R 70.00( 57.50,80.00) 62.50(56.25,75.00) 67.00(33.30,100.00) 68.00(56.00,82.00) 50.00(25.00,75.00)
Z 14 5.17 2.57 4.22 5.21 2.35
Pa <0.001 0.009 <0.001 <0.001 0.018

T : ONFH J e Sk ¥R4E , MDP 4 TF HY 3 — R £h | SF-36 S falt B i 2 17 %

IRITRTRIRYT 1A 5 A e DL R 3908 4% R 4y
124 0.74(0.66,0.80) F10.79(0.74,0.90) ( Z=5.22,
P<0.001) ,0.75(0.70,0.80) F1 0.89(0.83,0.94) ( Z=
5.89,P<0.001) , AYT & B E IEEME S B B 201 9% B
BIBGRIT I T

4. B AHE bR (AL pg/L) . Te-MDP IR 47 Hi
FAYF 1 4E)5 P 1 NP B-CTX F1 BGP 4351 46.86
(35.29,52.00) 1 52.00(37.00,64.00) ( Z=4.61,P<
0.001),0.360(0.277,0.522) 1 0.350(0.290,0.503)
(Z=-0.94,P=0.348) ,20.15(13.73,26.38) Fl1 22.00

(14.77,27.57) (Z=3.01,P=0.002) ,
5.8l SIRITETAH L IRYT 1 AR AR

F MG ALT  AST .BUN K Cr ZR ¥ FE %58 X

(tfH:0.15~1.45,3 P>0.05;% 2) ,

Wi

ONFH Ji BB 52 2% 377 IRE, H AT v b v
WIRITTT 5 . RUBRRREL 25y T &, % T A
H W R, fE ) ONFH e 33T b5 B B 5 T
A RE AR , 25 AT R AN REA RO e Sk B
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&R 2 49 il ONFH 4" Tc-MDP BT HI G
B DTS bR LA (R+s)

VRITHIE ALT(U/L)

AST(U/L) BUN(mmol/L) Cr(pmol/L)

VAITHT 21.20£7.55  22.90+4.16  5.14+1.33  61.98+12.35

VRITIE  20.10+7.40  21.57+£5.37  5.10x1.14  63.39+11.56
18 0.70 1.45 0.15 0.60
P1d 0.487 0.153 0.882 0.552
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F14) 1] B A 5 45 SR — 3, Bl 6 2~ H % Te-MDP iR
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Ja 193 E R ERSMEHM2: (American Orthopaedic Foot &
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(visual analogue scale, VAS) . H % A 1% i sl GE 1
(Barthel 8%0) LA S BE B MR AR (A . mm ) 535
} 68.66+9.76 1 85.4+8.31 3.05+0.34 F1 1.85+0.36
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P<0.01) , DL EZ5RHLIR P Te-MDP #E36 97 B IR FE
PR HLAT R T
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AR Fr B e 25 S — 80, S %Y
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bRy B-CTX 2 F B (Z2=-0.94,P=0.348) ,
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BN, S S TR SR HE N i e NG
SRR AT REE

XU R ER 259 AR 2 Pk AT AF AR 2R TR |
WL PR R S A (A AN BRI, A m) DA 0 % A ™
HAA R R (A0 F fE IR FE) . AR5 Te-
MDP 6975 1| AE0A BB A BN I & A 16
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