BRI, 20194E8 A, 5B 17 54554 1Y J Spinal Surg, August 2019, Vol. 17, No. 4 - 277 -

B /R JESRAEME S5 HRIRET R AR 5T Ui

PILH, AL, KL, £ X, KV H, kEnT
R E N RAR A B R BEE R, JEAT 100853

[ %A ] gfehs; BCR; B34 S5k
[FESES] R6814 [ xEkiRERT] A
[ DOI ] 10.3969/.1ssn.1672-2957.2019.04.012

[xxEHS] 1672-2957(2019 )04-0277-05

Research progress of pedicle screw augmentation with bone cement

HU Fan-qi, HU Wen-hao, ZHANG Zhi-fa, WANG Yao, ZHANG Shao-fu, ZHANG Xue-song”
Department of Orthopaedics, Chinese PLA General Hospital, Beijing 100853, China

[ Key Words ] Osteoporosis; Bone substitutes; Bone nails; Review literature

ENIR N T e S SN U S R e
AR AR, HR A SR T
P R PR B B 28 I A T B R A T o,
S BERIE AL ok T — B U >, X
FATEAL R BN IEE RS, —H G I8 s
B, FLARETRAGIME Hh PR 2 L) e A A< W] A 394
E Al SO R E TRA S | 12 5 1A ] 5
R FESNRR BRI I i A E IR R R R, H iR
P 5 ALBRET B9 5 1 J2 SRR MR AT K B A
A2 ol FH AT RS2 TR 7 AR MR ET LA R A B /K Y8 55
BT PIRR 595 AT A R T i) 2 As e 1k, (HIGIL 5%
PR AN POAENR | 38 R R HER BT 57 18, A
J T RE HE BUAME A TR AP B A 5 MU R S5 0T
RAET T K PESRALH AR T AT RO IR ET Y
[ S SR, X T ANMEAR A TR AL, TE IR R bR
W T3 BAA AN RS . ASCHUE K IR AHE S
HRRET AR AW 12 WE 5 | i R B I R hE K
AL 2554

1 FKERLESRIZSTRA

B K PETRACHE S MR THA R EE A BTt
FATEBL, SR FH T A N TEACB KR A8 5 20 A 75 AR
BRET Y PN &1 R UE e AL, M SRETAR 5l |

EETA: FEZEAREHEEE FH (81371911)
EEEA: $HLEF(1989—), T, FIREENN; hufanqi301@163.com
*BIEIEE: KEM  zhangxuesong301@126.com

J Spinal Surg, 2019, 17(4). 277-281

PR P9 B B AR AE 5 ARIRET AR AR H
FIAT 23 R 228 3 — 2R MG S 52 O ME 5 ARIRET
FARS B ICEETIE N EAE KRS B EAMES
HRIBET; 55 R as MFLB T ME = AR IBET, R
PR D HURET B G IS A0, SRS e
BAPSEETAEKIE, BKIRLBET LR
AMEARE B, SCatssAbVE R . H T E 7K e Ao
5 MRRETHOR 20 T B BT e 10367 SR+
JE BT ARG #E

H 1960 4Lk, R H LN R H E ( PMMA ) ‘B
IKUG R T RAF R AR AR Ak, e/ 1 9 R FAH
Xof B AR () AR TR 32 o o L 58S 7 B oA
HEAR (9 BF 5% vt e T PMMA B 7K U8 3 Ak Fn s Ak
IRET, B PMMA B /K Jesm AL IBET (4 Hh i 3 358 o
2% YuZE O RGN ST S R, A i R S
B FH PMMA B /K Jesm AL IRET , 5538 30 ME 5 AR IRET
AHECHR 73800 1.5 ~ 2.0 f5 . Hoppe %558 & 31,
KR A AR AT A A e AR R T e B A 2
FAVRFEAA H 8 P T e, AER A T 81 I A M A rh
A A B s AR . LA RIS BH , ixsRAk T
B A TR R E B B R B T 3R25

TEBHE G BT ARG BB b, 3502
6 FH TG B A 3 M 5 ARAVET Y TR A ME A A 7
PRANSES , 205 AT DASERLA A S s A B TR
Kiner 25112 1 FFA 25 61 #5056 72 R A5 L T K&
RI2ET (8 mm ), PMMA ‘B 7K U 5 AL BT 5 35 36 422



.+ 278 -

WML, 45 . B KU A S RS T BRI ST i

F1(6 mm ) 7ERDL B T AR A 22 AR, 4528 0
71 PMMA ‘B 7K 8 58 A B2 BT 1490 463 0 5 2 16k 1] B )
AR PRI T B ARET, HOREARIRET AL B
TR A P T PMMA B K Jesi (L IRET
Schmoelz % 7L A ¥ A ) 1 W 5T AP T IR
FIRAh R B KR R, S5 R B /KU nl A R
R RET Y I SR, B AR S K
PRCRHAE,

2 BKIEERNESRIEZSTRARNEN FHAR

2.1 EMpAFAR I

X R M B A A 5 ARARETHE R I BT
FRAE AR TR TR . H A
P bR A Sk R B U1 AL A e 3 o 2 4
AT v} 28 o it 280) 1 PR DA S 3 4 R T B
TR ARE R, Fris pgs RIE AR T A P A
(4, PR kA g A B I S e 4 30 I AR S o g )
WOk, (H AR R a5 R — ki, KRBT
A7 A% M 3 A ) R T Sk B Tt hn 25t A R 5
W, SEBRERAE e bR AR [ e ML L, 4R
e PR 4 B MRET 3k |, AIHE—E 1 1R 2k
TEAJE &AL, tn] fEk 2] — A R 5 15 1k
Tz, ] HE A AR DL AR BRI ET 2k, JF 5
ARHRET R AR Sl , 1T I R SEBRdE 5] 5 A L
F14) PR 1 52 SR S PR 1
22 BATRGT

MR B (5 P A R T S e TR T AN, B
B E A 2 FORE A E K e b H R —FihJE e
{5 FHAR E B HE R BB AR (PVP) SOREAR J5 ™ BB AR
( PKP Bk U AMEIR, Bl B ASRAERHE S AR AZ
BT, BOKURTEARET E ISR s n—Fge B Ahas
MFLHE = ARIRET , AR5 B K e i SR T b A L
HEAFNHEAR S Goost ZEH10 I E PURAE M) 12058 vh
il FH T HRET A0 B A ) b s IFLIRET, 25 R R IZ
FARWD T KIEB IR, 768 s A
IRETHUIR TR 2.1 1

7 2 R Ak AT EE R, Kueny 2604 (15T
RIL, s MFLIRET HOR B 7t B K Je B AR IRET
BUR I 130 15% , $U 55 9 I 37% , (H &
KRB I HEHIIE 67% . Bostelmann 25117 3 13 {422
Tk BB my i 1, B2 MR I A B
225, Chao 2 S ITA A, 2 Rl AR [0 4 1 52 ik
FEARRL, E Rl 45 0 3G IR AR i BEAIG, TUE
FEAARAE [ 2 3R S LA T Chang %5104

IS LIRS TR AR DL SR 40 T T A ERT (a) 9
AR T B K B T I AU

TEAY I 20 b, SR AR 5 2O HE 75 AR 08
ETHEATE /K Jesm AL Y vl 4G 358 s IR AT Bk g,
HAS D IBETEAE R R 8, AT AR R .
23 FARRENETLSZ40EIES

A Z I 5T U T AN R E K e A s liia 4k
HERE R, FIAESE B8, 2.0 ~3.0 mL A9 E K
Ve ATl [ s fe KAk, i 25 KR IEABRIE—2
WP R R, IR SR K YR SNE KUK, I
AESK, Folsch 282 5T T A6 B 3 A A5 780 o fi
0.5~4.5 mL PMMA B /K B amfb s i, 45 R8s,
TE 2.0~ 4.0 mL 938 [l P 4l 1) 7 4 o B ) S A P 4
Tl Chen 252 7E 1 Jit B AR 78 rp 43 5114 FH 1.0, 2.0
F13.0 mL PMMA ‘B /K Je s b HE 5 HIRET, & IR
H R VST A3 T, P s B AR Rl 2 35 A 0 3
o HETEA s LR ET H AR [ e i, K4
ARE R 2.0~3.0 mL B K I ASAS AR AL ROR

K Z B 05 7K e 55 AR 5% & 7E PMMA B
KU RN G S B EAIRET A ST EL AR T AR K
YRk [0 B A IBET A 22591, Linharde 552 7645
FE g i FAARPR A B ST 2 B, 7E PMMA 5 7K 8
“TE A B ET P ARAS HO R AR S Pk
Flahiff 252 5T L4 T PMMA B /K T8 5 & 2 “ i
R T A KRS AR S BT X s AR A A R
KBS AE A T A AR, BRI R R,
Al Jo 5 o Hr s LR AT H AR T A B 7K e i i
FOHR G KV TE AR EAL, Ho %> B 0F 58 LB, B
KV FE BRI B ST, (HE 0 T 95 e Ak 2
B DRSS, SIS0 TR A 40 T s S A K R P
FREFEA

B KV AT RN S ] P4 K T s Ak
FAR S 2L A5 o X TR Y PMMA B 7K Je e 6,
2.0~ 3.0 mL A A5 R THIRET 7 BsTAME A b (1 4=
Yy i kRe, I AR SAT o = 0B K TR B AU .
TS LR TR 5 B R 4k 1 B K e A AL
B R AR T 2 g K R AMB B RS, I
T DUAT RE DR B 7K VR A i« BEL T 3 R R PR M
3 BIKERNHESRBETH ARIGKN AR H % iE

FAAE 1986 4, Zindrick 25120 g PUARRA S8
KIR, FEH FURAAMHEIR T A PMMA 5 /K Ve 5 FRE A

HES MUIRET, BRETAPTIRH J7 AT N2 96% . %7
VLB W N I IR, Chang 551273 31 X 41 ]



BRI, 20194E8 A, 51755548 ) Spinal Surg, August 2019, Vol. 17, No. 4 + 279 -

JR A HB R FH T TS PMMA B 7K U8 5 AL HE 75 AR
AT 2, FFEAT 3 22 H B WM gs, Rk
PUIBETRAZ | P53 S AT FERRTIE (1) B S i e . UL 7S
K Ve P ERAE LB BB A2 B K U B [ s
(i) Py B A TG 72 [RI B %o 2 ME AR R A T Ak . 2005 48,
Yazu %5289 oA e THAS T RBR A OR T s
MFLIRETH AR AR i, e B AL 4 o0t RAZH 1
PRET PP A 5 . IEJS , Fransen' ® 7E 3 il
FTgi A 8 N S M FLIRETHOR , RIEAR KA
HKJeH I RAE , INZE AR PVPIRTT AR —
., B AT AR AR E TR [ r RS e M, ST B
(B 50, BRAER A [T 2R A IXUBS: o Amendola %520 7E
21 1) o B s B AT P A 2 v R R s LR
ETHOR, BUS T r e b aCR, 736 1~ H 1y
Bty A & A MRETRA SN . Pifiera 25130 FE— IR T REM:
WEFEHXT 23 6 > 70 4 1 B T i b 28 2 SR b s il
FUBRETHOR Ao AL, IEXS T A B ETT —4ECT
KA PG BK IE B IR Ta O, Bl 45 R B R & A
B KJeB T B REER , PR Tz ik
A O R e 4k

e FLIRET R E T 2 W T 2R/ G618
FTEAA AR T, AR BT is iR T TR
W BAEEPT . BRI B TOR . AR, Bk
R (I RAH ST 23 M FLARETBOR 2 PR R AT
BRI T T HRGH , Cao 55132 YE SR 22 A ) FLA 5 122
HEMEIRI R A A (TLIF ) fp W AR fRREES R
FZEARIGST T 20 19115 B Jo i b 1) FEATE i It A
B, HSEEHEARIITXE, 7623 ~714 H ibE i
W R R AEAT AT R OE A AE s A 3R o3 % R
FHrR S LR ET BAIR YT B SR B A PP B ot
AP T RAFIRTTRCR S A, M
FEAMEHMAN B AR AN KT & i, B 7K e s A - L2
ETHARABZ W B FH T2 B2 BB A N e R, R
A7 THE A0 5t 26 B4 1 A (14 A AR A TP
SR R 28 B P RE T B /KU ME 75 AR ERET [ e YR 97
Bl WL EE 4 A Hh BB B ol e i 7 L B KT B e L HE
5 AR ET WA B BT 5455 01 AORE , I R RICR I & .
I, EH N KIETRAHE 5 HURETBOR B BN
BB R B AR AR T PR T — 40
TGRS, TR ARG AR Y 3 AR R i AEAS I
KIE R, BAIE WA R B 2T R

BT AT, BRI B TR AMEE T BeX #
21t LA M e, 2 2 i T PMMA B /K U 19 4
ROV FEO LS HRE . B BS T B oK s A

5 HUIBET B AR v B K U AR 56 2 th 245 138 .
2009 4F-, Moon % i Fi v 25 il FLARET B ARG T7 1Y
37 i 85 T 2 i BB K VR ) R 2 U, TOHES Y
B 20114F, Pifiera %03 38 Hh s IIFLIRET HA
B E K IEB IR R IA 29.3%, (A EABINE I TIER
T SCHRARGE , A K U s A = AR ET H AR
i, 5% ~39% BB E BB, 4% BB, e
PRI, R R K TR A 5 HUIRET H R A7 A
BKIB I IR , I R L 2% A% 4R 1 AR Y
VLR, HRiih R bk 2 e e s o & iR
BRAAREI) (B3 B TME < 2.5 ) sl fEB R s AN 5 | s
Ak B AT SR P2 A 7 PN [ s s Al 0 HZ
D5 ¥ B E FHTE B AR B = A it 2f 8 O S BT
BEMEAROC B AL AR AR, T B — 2D R A B AH K I
RIS o

4 FHES5RE

X E AN S AEA G IR, HHHES
HEBRET [ 72 A R MRy, T RO A B K st
PHE S IR ETHOR I B SR TR Ry e 4, X
AT [T e P 8 R S b B 1 T b . UL ST
IRV HIBA i T A S H A 2 8 =S il L
BRETEARBAN, R A IE RS KA TE AR
FESIIBL, & TEKIRAE TR HARIER —E 2%
5, ATRES I RS IRV E RO T2 0 %

SR SRAHE S HURETEOR HETC &5 R
SRR AR 2N, I EORATR A A E—
I o %5 & N B A VAT S D (% A N
B, T BT XTI 22 v L OREAS A TR 1 s A
Fes HW, SRZEEOKIEE T | Ml 2855 A0 G 0F
FAEBRTT RN AT em, T e B2
Ji LT, XE KRR T .

i AR B K Vs A B AN A AL | AR
AL . AL, 0T R AR BB R AT B2
JLIST T )5 ST F o RIS R T R A A 2k
BES R RSB I {4t B 22 S (SR ) TR AR
Wb — b BE R T AR, SR FEBIRIZIA I

Y S
W

2 % Xk

[1] Chen P, Li Z, Hu Y. Prevalence of osteoporosis in
China: a meta-analysis and systematic review| J |. BMC
Public Health, 2016, 16(1): 1039.

[2] Mohd-Tahir NA, Li SC. Economic burden of osteoporosis-



+ 280 -

WML, 45 . B KU A S RS T BRI ST i

(3]

[4]

[5]

6]

(7]

(8]

(9]

[10]

[11]

[12]

related hip fracture in Asia: a systematic review [J].
Osteoporos Int, 2017, 28(7): 2035-2044.

FORR, XUGEE . LM B BT A HE 5 AR T [
SREEASCHOR L ) |, h B #EZ4R, 2016,
26(5): 466-470.

Weiser L., Huber G, Sellenschloh K, et al. Insufficient
stability of pedicle screws in osteoporotic vertebrae:

biomechanical correlation of bone mineral density and
pedicle screw fixation strength[ J1. Eur Spine J, 2017,
26( 11 ): 2891-2897.

Patel PS, Shepherd DE, Hukins DW. The effect of
screw insertion angle and thread type on the pullout
strength of bone screws in normal and osteoporotic
cancellous bone models[ J ]. Med Eng Phys, 2010, 32
(8): 822-828.

Wu ZX, Gao MX, Sang HX, et al. Surgical treatment
of osteoporotic thoracolumbar compressive fractures
with open vertebral cement augmentation of expandable
pedicle screw fixation: a biomechanical study and a
2-year follow-up of 20 patients [J].J Surg Res, 2012,
173(1): 91-98.

Wang XY, Dai LY, Xu HZ, et al. Biomechanical
effect of the extent of vertebral body fracture on the
thoracolumbar spine with pedicle screw fixation: an
in vitro study[ J ]. J Clin Neurosci, 2008, 15(3):

286-290.

Liu D, Wu ZX, Pan XM, et al. Biomechanical
comparison of different techniques in primary spinal
surgery in osteoporotic cadaveric lumbar vertebrae:

expansive pedicle screw versus polymethylmethacrylate-
augmented pedicle screw[ J ]. Arch Orthop Trauma
Surg, 2011, 131(9): 1227-1232.

Yu BS, Li ZM, Zhou ZY, et al. Biomechanical effects
of insertion location and bone cement augmentation on
the anchoring strength of iliac screw[ J |. Clin Biomech
( Bristol, Avon ), 2011, 26(6): 556-561.

Yu BS, Zhuang XM, Zheng ZM, et al. Biomechanical
comparison of 4 fixation techniques of sacral pedicle
screw in osteoporotic condition [J].7 Spinal Disord
Tech, 2010, 23(6): 404-409.

Hoppe S, Sven H, Loosli Y, et al. Influence of
screw augmentation in posterior dynamic and rigid
stabilization systems in osteoporotic lumbar vertebrae:

a biomechanical cadaveric study [J]. Spine( Phila Pa
1976 ), 2014, 39( 6 ): E384-E389.

Kiner DW, Wybo CD, Sterba W, et al. Biomechanical

analysis of different techniques in revision spinal

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

instrumentation: larger diameter screws versus cement
augmentation [J]. Spine ( Phila Pa 1976 ), 2008, 33
(24): 2618-2622.

Schmoelz W, Heinrichs CH, Schmidt S, et al.
Timing of PMMA cement application for pedicle screw
augmentation affects screw anchorage[ J ]. Eur Spine J,
2017, 26( 11): 2883-2890.

Kueny RA, Kolb JP, Lehmann W, et al. Influence of the
screw augmentation technique and a diameter increase on
pedicle screw fixation in the osteoporotic spine: pullout
versus fatigue testing[ J 1. Eur Spine J, 2014, 23(10):
2196-2202.

Law M, Tencer AF, Anderson PA. Caudo-cephalad
loading of pedicle screws: mechanisms of loosening and
methods of augmentation [1]. Spine ( Phila Pa 1976 ),
1993, 18( 16 ): 2438-2443.

Goost H, Deborre C, Wirtz DC, et al. PMMA-augmentation
of incompletely cannulated pedicle screws: a cadaver
study to determine the benefits in the osteoporotic spine
[ J ]. Technol Health Care, 2014, 22(4 ). 607-615.
Bostelmann R, Keiler A, Steiger HJ, et al. Effect of
augmentation techniques on the failure of pedicle screws
under cranio-caudal cyclic loading [J]. Eur Spine J,
2017, 26(1): 181-188.

Chao KH, Lai YS, Chen WC, et al. Biomechanical
analysis of different types of pedicle screw augmentation :
a cadaveric and synthetic bone sample study of
instrumented vertebral specimens [J]. Med Eng Phys,
2013, 35(10): 1506-1512.

Chang MC, Kao HC, Ying SH, et al. Polymethylmethacrylate
augmentation of cannulated pedicle screws for fixation
in osteoporotic spines and comparison of its clinical
results and biomechanical characteristics with the needle
injection method [J].] Spinal Disord Tech, 2013, 26
(6): 305-315.

Yan YB, Teo EC, Qiu TX, et al. Finite element study on
the amount of injection cement during the pedicle screw
augmentation[ 71.] Spinal Disord Tech, 2013, 26(1):
29-36.

Folsch C, Goost H, Figiel J, et al. Correlation of pull-
out strength of cement-augmented pedicle screws with
CT-volumetric measurement of cement| J ]. Biomed Tech
(Berl ), 2012, 57(6): 473-480.

Chen YL, Chen WC, Chou CW, et al. Biomechanical
study of expandable pedicle screw fixation in severe
osteoporotic bone comparing with conventional and

cement—augmented pedicle screws[ J ]. Med Eng Phys,



BRI, 20194E8 1, 5B 17 54554 Y J Spinal Surg, August 2019, Vol. 17, No. 4 - 281 -

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

2014, 36( 11): 1416-1420.

Linhardt O, Liring C, Matussek J, et al. Stability
of anterior vertebral body screws after kyphoplasty
augmentation. An experimental study to compare
anterior vertebral body screw fixation in soft and cured
kyphoplasty cement[ J ]. Int Orthop, 2006, 30(5):

366-370.

Flahiff CM, Gober GA, Nicholas RW. Pullout strength of
fixation screws from polymethylmethacrylate bone cement
[ J ]. Biomaterials, 1995, 16(7): 533-536.

HuMH, Wu HT, Chang MC, et al. Polymethylmethacrylate
augmentation of the pedicle screw: the cement
distribution in the vertebral body [J]. Eur Spine J,
2011, 20(8): 1281-1288.

Zindrick MR, Wiltse LL, Widell EH, et al. A
biomechanical study of intrapeduncular screw fixation in
the lumbosacral spine[ J 1. Clin Orthop Relat Res, 1986
(203): 99-112.

Chang MC, Liu CL, Chen TH. Polymethylmethacrylate
augmentation of pedicle screw for osteoporotic spinal
surgery: a novel technique[ J ]. Spine( Phila Pa 1976 ),
2008, 33( 10): E317-E324.

Yazu M, Kin A, Kosaka R, et al. Efficacy of novel-
concept pedicle screw fixation augmented with calcium
phosphate cement in the osteoporotic spine[ J ]. J Orthop
Sci, 2005, 10(1): 56-61.

Fransen P. Increasing pedicle screw anchoring in the
osteoporotic spine by cement injection through the
implant. Technical note and report of three cases| ] .
J Neurosurg Spine, 2007, 7(3 ): 366-369.

Amendola L, Gasbarrini A, Fosco M, et al. Fenestrated
pedicle screws for cement-augmented purchase in

a review of 21 cases| J |.

193-199.

patients with bone softening:
J Orthop Traumatol, 2011, 12(4):.
Pifiera AR, Duran C, Lopez B, et al. Instrumented
lumbar arthrodesis in elderly patients: prospective study

using cannulated cemented pedicle screw instrumentation

[J]. Eur Spine J, 2011, 20( Suppl 3 ): 408-414.

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Cao Y, Liang Y, Wan S, et al. Pedicle screw with
cement augmentation in unilateral transforaminal lumbar
interbody fusion: a 2-year follow-up study[ J . World
Neurosurg, 2018, 118: €288-e295.

R, XUBRRE, FMAR, 25 B R A] A H K e A 5 AR
WRET 5 B KPR BT I8 5k AL TE TR 7 HEEAR IR JBE P B A
O BT L) ] B AR R, 2014, 12(5):
257-261.

TEIEAR, Nﬁﬁ XUBESE:, 55 . ARG E K e HE S AR
BITE R UG ANAE 13 AL A [ 5 T2 A0 v 9 b K 3 i
ﬁxﬁlﬁfﬁ[]] HEFERYAANR, 2018, 40(19):

1777-1783.

BEIR, XA, FBAG, 5. MORIBERRER G B K JEET 1R
AR 5 ARMRET T BT s A I HE R 5 AR P e R BF 5
[T ). il B 244 2018, 43(112): 1044-1048.
RATHE, DA, BRI . 28 e T B K A = AR
B2 167 I 7 5B BB AAAE A R AR A T M
[T HEETEH, 2017, 29(5): 37-39+47.

Teng MM, Cheng H, Ho DM, et al. Intraspinal leakage

of bone cement after vertebroplasty: a report of 3 cases

[ J]. AJNR Am J Neuroradiol, 2006, 27( 1): 224-229.

Moon BJ, Cho BY, Choi EY, et al. Polymethylmethacrylate-
augmented screw fixation for stabilization of the
osteoporotic spine: a three-year follow-up of 37 patients
[ J].J Korean Neurosurg Soc, 2009, 46(4). 305-311.

Kerry G, Ruedinger C, Steiner HH. Cement embolism
into the venous system after pedicle screw fixation: case
report, literature review, and prevention tips[ Il Orthop
Rev( Pavia ), 2013, 5(3): e24.

IMEAR, T, I, 55 . 24Ut S HURET
BRI [ R R TT G I8 BTG AME Y B HE IR A
DAL T ] st R 2 4 CBE A2 i ), 2016, 48(6):

1019-1025.

B, ML, A, L RS RIRET S E KT

HUME =5 HR IR AT L6 TS A TR P A BB 5T
[T]. hEE S5, 2015, 4(8): 655-660.
(W H . 2017-12-28)

(ASCHmis: skdof)





