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Abstract: Osteopetrosis is a disease characterized by osteoclast dysfunction, which is often familial, and most cases are recessive in-
heritance. The patients present persistent existence of calcified cartilage, which leads to extensive sclerosis, and in severe cases, the medul -
lary cavity is closed, combined with thrombocytopenia and severe anemia. Because of the brittleness and poor flexibility of the bones, the
patients are prone to occur fractures. This paper reports a case of osteopetrosis with femoral shaft re—fracture after primary open reduction

and internal fixation, who was revised with adolescent femoral intramedullary nail, buttress locking plate and bone morphogenetic protein—

7, and achieved good outcome. In addition, relative literatures were reviewed in this article.

Key words: osteopetrosis, postoperative re—fracture, juvenile intramedullary nail, bone morphogenetic protein—7
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Figure 1. A 27—year—old female. la: X-ray shows that the rib density is obviously increased, with bone island, and sandwich vertebra in

spine; 1b: The fracture of left femoral shaft caused by fall was treated with open reduction and internal fixation with plate, and X-ray find-

ing 6 months after operation; 1c: The fracture of left femoral shaft occurred again a year later, with plate broken; 1d: X—ray immediately af-

ter revision; le: X—ray 12 months after revision surgery showed that the fracture healed well.

239



33 EFHIW
202542 H

T LSRR S
Orthopedic Journal of China

Vol.33,No.3
Feb.2025

2 e S XEGRR

2.1 A BRSPS R A

1904 4715 5] 5L 2% & Albers—Schonberg T 5C il
W7 AERE, HARHIE A AN ) BE R A 2 R AL
FREAEPERR 7 R T R AR R A R R B
W DIREABREE ), BB AR, R R [ B
Bz BRPE Y, W SRR R AR, BRI I RE %
X, SECEATRIE— L8
22 ATHAER IR

Clairmont FlI Sching B ¥ HIA T A HHE HA K%
B HARE AL AR IR], A3 ki e G R s
&5 iE  (autosomal recessive osteopetrosis, ARO)
WK MR A EIE  (autosomal dominant heredi-
tary osteopetrosis, ADO) """ /. ARO &K 1/30 J7
~120 7 7, A HLIXRESRE . ADO £ KR T AR
N, B, RTEERE, RO EAE. BT
THLRAER, (B TERES B, W EEZNE
¥r, THTEERZ R WA, WAl fSiRfZs2 Tk m)
R, EAEACT . KERIEAE, BE 6 L4 5
PEBAG, 7 fm— AR SZ 0 . ADO X530 3 NI
B TRL, R R BE AL, (A S REE
ER R OR RS A, BRE BHURAN, R
e, AR BN EAS A, HEIARR CJnHE”
[ GV SN = o T K T S VBB S VN 1 O 8
RAARKATY, PR, PRYEBERNEG . il LRI
B[] K- Th R 1, A 2 ER . 2 5%
B o BT S R B REIR T S5 A R SE R
AN R A LR, AR RIS ADO-IT £ 111
B, CBOMET Al BEREZ R TIEE KT
Ab T, HE LU Sk AR
2.3 fHAERFE R T HEITINEST

XA EAE R E TS ET, A L]
et RWRSFIRITARL, (B WA R T L2 8 BTC RS
BLAEAT 20 X TR o M BCE TR, IRSHA
J7IE TR B RRCR B o AR R T
HITF AT, HESGRZ U SEAE, &
i IR GE (B, sk, BUE iRm0
%) MBENETRG. B RGAE T ARL B Ed
PIFFAEAR 22 IRIME - 7 B R0 B Jor ol T G EL s e
., BENETYREAR SR ME ", AL SRBEREE
o PRERAG LTS . A AR B, T I )
FERUIRIRE, TR el , T Am Tl BhoL, Bhiflib s
240

T BT IR RSP, A, ARJE BT AER A
A ABEEEFEITNE MR BAR .

H O A e B el T ARG BEmaIT
MIHGEAER D, WA B T iR YT 7 S mt it = BEAE
CHRS R, DA E IR EE FARRMRR . (1) #iE
PAMR N Y, R KN . DIRETT R
W)= B TARRE B, BT A AR B 4
L BEEARESE . BDEREAE . PR
(2) ZEFENABRERS, BWEEREERER, X
PIPEZE, AW PRSI TR R, SRR
ARIM = BT 1 IRFARMARBr 20, A< H
BARLE AR AT TR RO TR B A, IF24E
A 7 4 ] s 46 A [ A A 1 A A7 11
MR T . REEETE G . FIRRAAS IR
B A IR R L A5 TR JF RRE ™, HEBR AT A1 [
2 NP RE AP, BEN R RS E E H
HEY A T2 a3, B F AR
AR RETRBIES) . B8 AR e
AP IR ARAS R IR R RS AR 2 g5 2 Y
I, ZEE T BT U T RIE . SRR L
NFUBENET I EAR RO, T LEFPERE N ET I B X
KN, Tok S e > s R A B
BEIE EAR M AT, LRI A BT 2R MRET, O
TSN AR BB N BT ] S Ny A R . 7 A4F
U REB S P E T 0] b N A T AN RS 1Y) 7 A
KT aErEaE, LA PRI 2400 JC 2 (8 i A 7
BENET KA TEITEE ™ XE—METREIEE
MR AR, AT SN 240~400 mm, BENET
HAAA 8.2, 9.0 F110.0 mm 3 RS i A
B P AN, A ST I BN EE A B A AR e
B2 A BMP-T7 (R E TG . AT S
RG o HIRAE T WA e s, BN BT E
FERNBE N ET TG EE BN ) o BRG]
55, NS RIOR B AR E & AR ™, AR5 TTH 5
FEY, AR T RFE T RIS IReE . 3
Fii, BMP-2 Fl BMP-7 i i & 4 56 IF 5 R il
5, IR R TSR EANERIGIT . R R
B, HHA BMP 5 AREBAACRAY >, HEA A
TRFE AR AH DG I I i P, IR XU TEAIG, i 25 B
B, Krishnan %5 ' % H thBMP-2 #1 AR5 A4
7 /N e T B i i R 3, thBMP-2 JR97 4
FE 8. 12 JEE A S B T ARE BRI T, X
ULEH thBMP-2 7EfE i i A i 2R 4 b Re 55
T HEEBAA. A, b FHEERRE,



33 EH3IW
202542 H

T EBTESR RS
Orthopedic Journal of China

Vol.33,No.3
Feb.2025

BMP 8 7] LA S 354 1) 70 5 40 i 16k B A, AR F
HYr@A ™, WIsE A eI R & IRIT .
i LTI, AP0 A EERE TR R
N ETFARIGST, XA S ERE T E AR FE T
BHEFMETA, WHE M ARTIR, EEEE
I EED . ST A2 —R T FT I B g, 18
Jr R EA R, R R ORERE, TR,
BMP-7 A B A EAE B E N EITEA
Rz RZErR A (R4 R 5
fEERMAR  RUEE. BRAEITSR . SOEPFs . iR Rk
SIMTRIMR . RRCEE | SCRE L AT KA ST
50, RMEEUE . SCEEWBE . BEAMIT; KRBT RAEMUE . ST
FRBRAR . AT

S 3 Hk

[1]  Coudert AE, Devernejoul MC, Muraca M, et al. Osteopetrosis and
its relevance for the discovery of new functions associated with the
skeleton [J] . Int J Endocrinol, 2015, 2015: 372156. DOI: 10.1155/
2015/372156.

[2]  Sit C, Agrawal K, Fogelman I, et al. Osteopetrosis: radiological and
radionuclide imaging [J] . Indian J Nucl Med, 2015, 30 (1) : 55—
58. DOIL: 10.4103/0972-3919.147544.

[3]  VFOR, Eipoe, R 5 AR EE — G I SRk e >
1. 4B EE 2%, 2019, 22 (2) : 238-242. DOIL: 10.12114/j.
issn.1007-9572.2018.00.106.

Xu SC, Wang SY, Li K, et al. Adult osteopetrosis: a case report and
literature review [J] . Chinese General Practice, 2019, 22 (2) : 238~
242. DOI: 10.12114/).issn.1007-9572.2018.00.106.

(4] FhER, BETA, PMNBCE | Mo P S b 20 XA A i A

FRAERESY [J] . P H 2R 4k, 2009, 28 (2) : 225-227. DOL:
10.3760/cma.j.issn.1000-4955.2009.02.033.
Sun YF, Zhao LJ, Sun DJ . Study on the evaluation indexes and cri-
teria of control of endemic fluorosis [J] . Chinese Journal of Ende-
miology, 2009, 28 (2) : 225-227. DOI: 10.3760/cma.j.issn.1000-
4955.2009.02.033.

[5] W, BT, WIBIAR, 45 . — (7= WA B TCIRG 1 ZE R e
PERAE G B %L AT [J] . R AR B, 2015,
31 (7): 1237-1241. DOI: 10.3969/}.issn.1000-4718.2015.07.015.
Hu B, Zeng BH, Hu YL, et al. An unusual and novel heterozygous
TCIRG1 mutation causes infantile malignant osteopetrosis [J] . Chi-
nese Journal of Pathophysiology, 2015, 31 (7) : 1237-1241. DOI:
10.3969/.issn.1000-4718.2015.07.015.

[6] RR, A=FH, sKIEME, 55 . FF AAERBUE RN IR LR T

B EIF R[] . R B4R, 2021, 24 (1) : 116-118. DOI:
10.3969 /}.issn.1008-0287. 2021. 01. 045.
Xie K, Li Y, Zhang YP, et al. The effect of adolescent locking intra-
medullary nail for femoral shaft fractures in children [J] . Journal of
Clinical Orthopaedics, 2021, 24 (1) : 116-118. DOI: 10.3969 /].
issn.1008-0287.2021.01.045.

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Tolar J, Teitelbaum SL, Orchard PJ. Osteopetrosis [J] . N Engl J
Med, 2004, 351 (27) : 2839-2849. DOI: 10.1056/NEJMra040952.
Del Fattore A, Cappariello A, Teti A, et al. Pathogenesis and com-
plications of osteopetrosis [J] . Bone, 2008, 42 (1) : 19-29. DOI:
10.1016/j.bone.2007.08.029.

Farfan MA, Olarte CM, Pesantez RF, et al. Recommendations for
fracture management in patients with osteopetrosis: case report [J] .
Arch Orthop Trauma Surg, 2015, 135 (3) : 351-356. DOI: 10.1007/
s00402-014-2144-z.

Amit S, Shehkar A, Vivek M, et al. Fixation of subtrochanteric frac-
tures in two patients with osteopetrosis using a distal femoral lock-
ing compression plate of the contralateral side [J] . Eur J Trauma
Emerg Surg, 2009, 36 (3) : 263-269. DOI: 10.1007/s00068-009—
8237-17.

Aslan A, Baykal YB, Uysale E, et al. Surgical treatment of osteope-
trosis—related femoral fractures: two case reports and literature re-
view [J] . Case Rep Orthop, 2014, 2014: 891963. DOI: 10.1155/
2014/891963.

Petryka A, Polgreen L, Defor TE, et al. Bone mineral density,
growth and endocrine function in children with infantile osteopetro-
sis after HCT [J] . Biol Blood Marrow Transplant, 2016, 22 (3) :
S257-258. DOI: 10.1016/j.bbmt.2015.11.687.

JE A, FE b, phate, &5 . SNX10 76 A B i 4 FHLEI B 5T
HERE (1] A BL R RS I R A5, 2021, 18 (3) = 72-77. DOL:
10.3969/j.issn.1672-5972.2021.03.014.

Zhou W], Tang GS, Shen Y, et al. Advances in molecular mecha-
nism of SNX10 in osteopetrosis [J] . Orthopaedic Biomechanics Ma-
terials and Clinical Study, 2021, 18 (3) : 72-77. DOI: 10.3969/j.
issn.1672-5972.2021.03.014.

RN, BREL SRAEAR, 5F . TCIRG JEH 28R U8 LA E
AE 11T SR AT (] . G LRHR A, 2018, 13 (5) : 367~
372. DOI: 10.3969/ j.issn.1673-5501.2018.05.010.

Zhang XX, Lu M, Wu BR, et al. A case report of infantile malig-
nant osteopetrosis caused by TCIRG1 mutation and literature re-
view [J] . Chinese Journal of Evidence Based Pediatrics, 2018, 13
(5) : 367-372. DOL: 10.3969/ j.issn.1673-5501.2018.05.010.
XKL, B, DTN, 45 R RE AR I PR FE B 5 A o 1
[J]. FEPREE 2R, 2020, 43 (1) : 46-51. DOL: 10.3760/cma.j.
issn.1673-4386.2020.01.008.

Liu QZ, Cui QB, Jiao XY, et al. Clinical manifestations and genetic
pathogenicity of osteosclerosis [J] . International Journal of Genet-
ics, 2020, 43 (1) : 46— 51. DOL 10.3760/cma.j.issn.1673~
4386.2020.01.008.

AR, B ASR, §IF . CLONT-Y99C 2878 S8 I A H e &
MR AT AE 1 ) R SCHRAZ ) ()] . RS S T SR
7% 7%, 2020, 34 (11) : 1175-1177. DOIL: 10.13507/j.issn.1674-
3474.2020.11.027.

Zhao 7], Huangpu JR, Hu L. Autosomal dominant type I osteope-
trosis caused by CLCN7-Y99C mutation: a case report and litera-
ture review [J] . Journal of Chinese Practical Diagnosis and Thera-

py. 2020, 34 (1) : 1175- 1177. DOL 10.13507/j.issn.1674—

241



5533 % 4 3 4 T EBIEAMHE Vol.33,No.3
202542 H Orthopedic Journal of China Feb.2025

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

242

3474.2020.11.027.

RN, LEL . A EILBHEABRER R IBAE 50T 1] .
R E A g, 2023, 31 (6) : 1250-1253. DOL: 10.13404/
j.cnki.cjbhh.2023.06.012.

Yu XR, Wang ZH. Genetic analysis of a pedigree with infantile ma-
lignant osteopetrosis [J] . Chinese Journal of Birth Health & Hered-
ity, 2023, 31 (6) : 1250-1253. DOI: 10.13404/j.cnki.cjbhh.2023.06.
012.

ZAE, AV, AR, 45 G LT A0 N RS AR L R A AR I
RGLLAMEIT ()] . TP AEs BUs A FIR ™ B 2% A, 2022,
15 (5) : 545-555. DOI: 10. 3969/j.issn.1674-2591.2022.05. 016.
Li X, Wang ZY, Ren N, et al. Extra—hematologic actions of hemo-
poietic stem cell transplantation on osteopetrosis patients [J] . Chi-
nese Journal of Osteoporosis and Bone Mineral Research, 2022, 15
(5) : 545-555. DOI: 10. 3969/j.issn.1674-2591.2022.05. 016.
TR RO RE 1R (] 9D ERRRR, 2020, 26
(3) : 285-289. DOI: 10.13795/j.cnki.sgkz.2020.03.025.

Yuan Y, Xu L. A case report of adult osteopetrosis [J] . Journal of
Practical Orthopaedics, 2020, 26 (3) : 285-289. DOI: 10.13795/j.
cnki.sgkz.2020.03.025.

EWI, BHEAR, B, 5F B EACAE AT T ARTR YT HERE ()]
A 3 b Bt A2 2022, 24 (3) : 233- 238. DOIL: 10.3969/;.
issn.1009-4237.2022.03.015.

S :L‘\

Wang MM, Yan HD, Lv B, et al. Research progress on surgical
treatment of osteosclerosis fractures [J] . Journal of Traumatic Sur-
gery, 2022, 24 (3) : 233-238. DOI: 10.3969/].issn.1009-4237.2022.
03.015.

Bhargava A, Vagela M, Lennox CM. "Challenges in the manage-
ment of fractures in osteopetrosis"! Review of literature and techni-
cal tips learned from long—term management of seven patients [J] .
Injury, 2009, 40 (11) : 1167-1171. DOI: 10.1016/j.injury.2009.02.

009.

2R, TR, T AL, S L SPEREN AT S BIARGT T ORI  LEE I
BT R EI (0. R EBESMNI AR, 2022, 30 (8) : 683-688.
DOI: 10.3977/}.issn.1005-8478.2022.08.03.

Li F, Yu TQ, Wang YG, et al. Elastic stable intramedullary nail
versus proximal femoral locking compression plate for femoral sub-
trochanteric fracture in old children [J] . Orthopedic Journal of Chi-
na, 2022, 30 (8) : 683-688 . DOI: 10.3977/j.issn.1005-8478.2022.

08.03.

W Ix, L, Wl WAL SO [ R I S ot
U1 . A= 98 BB RS i PR AF 5%, 2023, 20 (5) : 75-79. DOI:
10.3969/j.issn.1672-5972.2023.05.015.

Yang B, He Z, Yang B. Application and research progress of
bridge combined fixation system [J] . Orthopaedic Biomechanics
Materials and Clinical Study, 2023, 20 (5) : 75-79. DOI: 10.3969/;.
issn.1672-5972.2023.05.015.

Chhabra A, Westerlund LE, Kline AJ, et al. Management of proxi-
mal femoral shaft fractures in osteopetrosis: a case series using in-
ternal fixation [J] . Orthopedics, 2005, 28 (6) : 587-592. DOI:
10.3928/0147-7447-20050601-15.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

T, A A, 55 A AERIBENE IR T ORI LB e TR
Priviz fyif?xﬂcliﬁmﬁ 0. P EE S 4%, 2022, 11 (12) : 935-
938. DOL: 10.3969/j.issn.2095-252X.2022.12.010.

Wang L, Li J, Li T, et al. Short—term effectiveness of adolescent in-
tramedullary nail for femoral shaft fractures in elder children [J] .
Chinese Journal of Bone and Joint, 2022, 11 (12) : 935-938. DOI:
10.3969/j.issn.2095-252X.2022.12.010.

TR, EEET, TR, 45 B T b e R N B AT IR e T
BRI (0] R B R 44 R, 2023, 26 (6) : 856~ 860. DOI:
10.3969/j.issn.1008-0287.2023.06.030.

Yu C, Wang ZY, Geng DW, et al. Proximal femoral nail antirota-
tion fixation for treatmentof the peritrochanteric fracture of femur
[J] . Journal of Clinical Orthopaedics, 2023, 26 (6) : 856— 860.
DOI: 10.3969/}.issn.1008-0287.2023.06.030.

RETE, R, I, 55 . TSR B A ERA RS T
LI 5T 2E 2 ()] . v 7 B AR 242 A, 2020, 28 (14) @ 1288-
1292. DOI: 10.3977/j.issn.1005-8478.2020.14.09.

Xu YD, Xu YE, Zhou MW, et al. Research progress in the molecu-
lar mechanism of accordion technique for bone nonunion [J] . Or-
thopedic Journal of China, 2020, 28 (14) : 1288 1292. DOL:
10.3977/.issn.1005-8478.2020.14.09.

Mara KM, Allam MF. Intramedullary fixation of failed plated femo-
ral diaphyseal fractures: are bone grafts necessary [J] . J Trauma,
2008, 65 (3) : 692-697. DOI: 10.1097/TA.0b013e31812f6dd9.
SEWIRE, EAML EIL, 55 . =R T ARITERIGY T IH AL E K
BT EIT IR ] . T EBIE SRS, 2018, 26 (8) : 692
697. DOI: 10.3977/}.issn.1005-8478.2018.08.05.

Chai MX, Wang BZ, Wang SS, et al. Comparison of three surgical
techniques for pediatric closed femoral shaft fractures [J] . Orthope-
dic Journal of China, 2018, 26 (8) : 692-697. DOI: 10.3977/j.
issn.1005-8478.2018.08.05.

NSE, LB, XA, 45 lﬂA”EuN'J VEREIN BT IR T R A
ﬁiJLi&i/'\ﬂiﬂx‘%’ B[] SERE R, 2020, 26 (10)
873-876. DOL: 10.13795/j.cnki.sgkz.2020.10.003.

Sun L, Bai R, Liu WL, et al. Close reduction and rigid intramedul-
lary nailing fixation of femoral shaft fracture in older and over-
weighted children and adolescent [J] . Journal of Practical Ortho-
paedics, 2020, 26 (10) : 873-876. DOL: 10.13795/j.cnki.sgkz.2020.
10.003.

AIeln, IR . LRIGE DERCE SMUBER £ IR E YT R
% LE R TBY (0] P EE 5Bk, 2019, 34 (2) -
155-156. DOI: 10.7531/j.issn.1672-9935.2019.02.013.

Li BB, Wang XY. Expert adolescent lateral femoral intramedullary
nail internal fixation for treatment of femoral shaft fracture in older
children [J] . Chinese Journal of Bone and Joint Injury, 2019, 34
(2) : 155-156. DOI: 10.7531/j.issn.1672-9935.2019.02.013.
T, R I, SERER), 45 | R e AT P T R AT Y
HERE (1] . A BL R RS I R A 5T, 2023, 20 (5) @ 69-74. DOI:
10.12114/j.issn.1007-9572.2018.00.106.

Feng JC, Gao MX, Xin XM, et al. Research progress on internal fix-

ation instruments for intertrochanteric fractures of the femur [J] .



33 EH3IW rhEBFIE SRR R Vol.33,No.3

202542 H Orthopedic Journal of China Feb.2025
Orthopaedic Biomechanics Materials and Clinical Study, 2023, 20 10.3977/j.issn.1005-8478.2018.08.13.
(5) : 69-74. DOI: 10.12114/j.issn.1007-9572.2018.00.106. Han C, Ma JX, Ma XL. The factors impacting femoral shaft non-
[33] TRHYEER, WP, XINEE, 55 . 0 22 AL Ak R 40 B RS N £ TR YT union and relative interference [J] . Orthopedic Journal of China,
EAERLRE ) B T A I R 5[0 . o b i O R Rk, 2023, 2018, 26 (8) : 728-733 . DOI: 10.3977/j.issn.1005-8478.2018.08.
31 (8) : 71-74. DOI: 10.20085/j.cnki.issn1005-0205.230815. 13.
Xu WZ, Luo DQ, Liu H, et al. The study of clinical efficacy of wire [37] Termaat MF, DenBoer FC, Bakker I'C, et al. Bone morphogenetic
cerclage reinforcement fixation combined eith intramedullary nail proteins. Development and clinical efficacy in the treatment of frac-
on the treatment of intertrochanteric fractures in the elderlt pa- tures and bone defects [J] . ] Bone Joint Surg Am, 2005, 87 (6) :
tients [J] . Chinese Journal of Traditional Medical Traumatology & 1367-1378. DOI: 10.2106/JBJS.D.02585.
Orthopedics, 2023, 31 (8) : 71- 74. DOI: 10.20085/j.cnki. [38] Krishnan L, Priddy LB, Esancy C, et al. Hydrogel-based delivery
issn1005-0205.230815. of thBMP-2 improves healing of large bone defects compared with
[34] Gillman CE, Jayasuriya AC. FDA-approved bone grafts and bone autograft [J] . Clin Orthop, 2015, 473 (9) : 2885-2897. DOLI:
graft substitute devices in bone regeneration [J] . Mater Sci Eng C 10.1007/s11999-015-4312~z.
Mater Biol Appl, 2021, 130: 112466. DOI: 10.1016/j.msec.2021.11 [39] R, 2=, kMG, % . A AE AV E RSN ET iR T LE R T
2466. BT RL[T] . I AR B 24k, 2021, 24 (1) : 116-118. DOT:
[35] FHUX ShENHE, Fou, 45 . PRI A B = AR B 10.3969/j.1ssn.1008-0287.2021.01.045.
WFIEIERE [J] . TP EFIE MR AR, 2023, 31 (19) : 1783-1787. Xie K, Li Y, Zhang YP, et al. The effect of adolescent locking intra-
DOI: 10.3977/j.issn.1005-8478.2023.19.10. medullary nail for femoral shaft fractures in children [J] . Journal of
Yu CS, Ma JX, Lu B, et al. Research progress of bone grafts in Clinical Orthopaedics, 2021, 24 (1) : 116-118. DOIL: 10.3969/j.
open wedge high tibial osteotomy [J] . Orthopedic Journal of China, Issn.1008-0287.2021.01.045.
2023, 31 (19) : 1783-1787. DOI: 10.3977/}.issn.1005-8478.2023. (Wi :2023-09-26 f& 111 :2024-04-03 )
19.10. (R PP 5. BARAE, Ti4E, #EER)
[36] S SOV, S5 e . MR TR @ A B 2 BT ST B

Jrs ). EERE AN ER 4R A, 2018, 26 (8) - 728-733. DOI:

BEH - AEE - dw

TSR R 1 F AT I ORI R 1

BEE (R B BRI e, A AR T RE 7 AW AE AW A2 . Horp, WITIT BRI 3R (open access,
0A) BE&h—Milas, A RERIEIR SO RG, BT AR 2 i . T &l rk. B, e
H W SCRES AN 2 AL # , (2 7oA RS AR R SR S I HLER R 2R 2 ), e K
THITIR R ERHAR, S ERHEA TR AL TIREER S B, A B Tim R TAE KRBT PED . A RldeE B H
X R AT A SEAT T AR IR i

AR AT RS A oRs e f - R B R, SR F M, SeImicgiick s, At Em)s 1AW, Rl
FTEAS il RGH T ORI AR e HIME 7 B C SO, 3188 22 09 13235 e 6% Jy (i b AR LA
2EARIB L

RRA TSR AR ST ST ) KA S 2O N A AR 55, SRR SCTEA S, tEFRATT—E& N
(hEBIESMRRER) R R e STk T

HOEXEE ChEFFIEIMEE) Mk, hip//jxwk.ijournal.cn

CREBFFIEIMNEL D it
20244E2 H 22 H

243



