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A three —dimensional finite element analysis of the biomechanical properties of a new lumbar
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[Abstract] Objectives: To evaluate the biomechanical properties of a new lumbar spondylolysis repair device
by three—dimensional finite element analysis. Methods: A nonlinear finite element model of L3-S1 segment(A)
was constructed on the 3D reconstruction of the lumbar CT data extracted from a healthy volunteer and was
verified. Based on this, L5 spondylolysis model(B), pedicle screw—U-shaped rod fixation model(C), and the
new lumbar spondylolysis repair device model (D) were established. The freedom of the lower surface of S1
vertebral body of the four models were constrained. The axial compression forces of 500N and moment loads
of 10N +m were applied to the upper surface of L3 vertebral body to simulate six motion states of lumbar
flexion, extension, left and right bending and rotation. The range of motion(ROM) of lumbar spine, the stress
of L5 spinous process root, and axial pressure of isthmus were compared between models under different
motion states. Results: The ROM of model A at 14-L5 and L5-S1 segments were similar to those reported
previously, demonstrating the effectiveness of this model. At all motion states, the ROMs of models C and D

decreased by 16.46%-55.98% and 17.48%-40.65% than model B, respectively; the average ROM of model D
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was 0.44° larger than that of model C. Comparing with model C, the maximum stresses of the L5 spinous
process of the model D decreased by 12.71%, 54.95%, 58.46%, 53.97%, 46.91%, and 72.34%, respectively,
which can reduce the risks of L5 spinous process fracture; and the axial pressures of lumbar isthmus in-

creased by 236.51%, 282.51%, 216.98%, 231.47%, 294.03%, and 138.91%, respectively, which may acceler-

ate bone healing more effectively. Conclusions: The new lumbar spondylolysis repair device could better

stabilize lumbar spondylolysis while preserving the ROM of lumbar spine. As compared with pedicle screw-U-

shaped rod,

reduce the risk of spinous process fracture.

the new lumbar spondylolysis repair device might provide sufficient mechanical stability and
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b L5 spondylolysis model ¢ Pedicle
screw—U—shaped rod fixation model d
New lumbar spondylolysis repair de-

vice fixation model



158 of A HA A 24 R 2023 4E5E 33 B85 2 1 Chinese Journal of Spine and Spinal Cord, 2023, Vol. 33, No.2

A TR ROM LA C SEX K 0.44°, T RTFEAR D AR C 5 D A& KN )5
2.3 L5 BEEARER N H AR AR RS AR S | PN [ R 2 A AL AR T

B C AR D Py [ 2 i o S P i 2 AR AN D R A ZE S 2 2 e
JE BN ) 5 P B LS RFEARTR R N Sy = ELULIEL A e e g KR g 0 fE A3 A T 12.71%
3 AEFTAIZ PR B CAE LS BRAE Y. 54.95% .58.46% 53.97% 46.91% % 72.34% , 4 W]

L5 BRoe B A MBS R IR . BERY C SRR D A Al
#1 ARTEROHEEYE

= . e
Table 1 Material properties used in the finite #2 mEHEEI4-L5.L5-81 TR ROM 55
element model Wt 5T B R Y LE 3 (®)
e Table 2 Comparison of the ROMs of the intact model
_— MRBE e e . . .
: (Mpa) Poisson  (N/mm) at [4-L5 and L5-S1 segments with previous studies
Materials Young's : Stiff
modulus ratio Stiffness
B BUR 12000 03 - Yamamoto 2§24 . Huang%2 AR WF 5%
Cortical bone . Yame Shim %2 . .
amamoto, et Shim. et al Huang, et Current
WA al e al study
100 0.2 -
Cancellous bone
sig
Je kst 3500 025 - L4~L5
Posterior element
A4 2000 02 - i 89107  548:088 615 52
Endplate Flexion
N S fofe L
K 50 03 - Gy 58604  279:042 588 352
Cartilage Extension
B = P U
Annulus fibrosus 42 0.45 - Left bending 5.5£0.5 4.45:1.01 491 3.51
HEAZ A
Nucleus pulposus ! 0499 - Right bending 5.9:0.5 4.45:1.01 491 3.49
s L
HEEY 100 02 - LEMERE 17503 380099 278 161
Bone graft Left rotation
PET4g 17 e e
PET rope 1500 0.4 - Right rotation 2.7+0.5 3.80+0.99 2.78 1.69
R 11000 03 - 15~81
1tantum
HESES i
Anterior longitudinal ligament - - 8.74 Flexion 10.0£1.0 B 6.81 6.88
GEN K Je
Posterior longitudinal ligament - - 583 Extension 7.810.7 B 5.04 3.38
) A Lo
Interspinous ligament - - 0.19 Left bending 5.3:04 - 3.55 4.04
WA A
Ligamentum flavum - - 15.75 Right bending 3.7:04 B 3.55 411
e 1 e NS
5% 1] 1 4 - - 239 LR 152022 - 264 302
Intertransverse ligament Left rotation
B A ek
Supraspinous ligament - - 15.38 Right rotation 1.3:0.2 - 2.64 2.98
3 4 FEEE L4-L5 L5~S1 TEAREHKETH ROM (®)
Table 3 ROMs of the four models at L4-L5 and L5-S1 segments in different motions
LA~LS % 3h L5~S1 iE s i
L4-L5 ROM L5-S1 ROM
TR A T B TR C ()] FETY A T B R C R D
Model A Model B Model C Model D Model A Model B Model C Model D
HiJ#E Flexion 5.20 5.66 5.22 5.12 6.88 8.58 6.88 7.08
J& ffl Extension 3.52 3.71 3.50 3.57 3.38 4.01 3.35 3.18
ZEM 2 Left bending 3.51 3.16 3.55 3.48 4.04 6.55 4.22 4.46
4125 Right bending 3.49 3.08 3.52 3.50 4.11 6.57 4.23 447
ZEJiERs Left rotation 1.61 1.70 1.74 1.80 3.02 7.02 3.59 4.50

A% Right rotation 1.69 1.91 1.92 1.89 2.98 8.02 3.53 4.76




o [ A A 2 7S 2023 4EAS 33 4855 2 1)

Chinese Journal of Spine and Spinal Cord, 2023, Vol. 33, No.2 159

KR 135 e A AE e it Fevp, AEA0 C A2 ERE N
331.68Mpa, 17 Ji€ ¥ &1 336.63Mpa, 15 %1 D /¢ jiE %
H 176.08Mpa, 17 Jie ¥4} 93.12Mpa (£ 4)
2.4 L5 e ik

PR C S5A D A8 LS W2 350 A il ) JE S WL 3%
5. BRLC 5ER D Y e KA R ¥ R AR AR A
FERZS, 20 M 514N [ 12.28N SR C A HE , #5
AL D Y s Kl ) e 2R C Y 2.39~3.94 £,
FE 72 TG AL R DY) Ry W (B R AR C 1Y 3.94
5, ARG I AR C Y 2.39 £ AR TS C,
BT D 08 1% il 1) ey WA R TR S A 22
A A E B R AT E B B 43 8
236.51% .282.51% .216.98% .231.47% .294.03% X
138.91% , 1] LAE @ a4 A -5 Pr i 45

3 g
TEEAE I 3R 52 04 T AR 7 7 AR IR R T E A 4K
ZARIE o F A, W AR B Rl IS Y BN B2 VR T

AL M

e,
]
m
P
L]
—
LR
[r=2
1 Epems paws

(™
. 1mar
1 s
sl

.

i

i

15

T N
[

h

JEAFE W AT 2L 00 T ARy =0 1 153 T 280 E A
AL A 772 Kl R FHAIE SE i AR AT Ay R HE ok
R ER AL B g ny R vk, H B G0/ IR T A
S HE TR S0 AF O 5. Altaf® Barakat 552 H
U B N [ 58 F AR IR YT IEME B TR A IESE T U B
e A [ 7€ F AR AT DL B RS SR AR R R, S it 1
BRI AN, By 1k i — 20 e Ry i A
Mohammed F5 I — 35 25 % 43§71 & W], Buck 19
Scott " Morscher £ U JE 4% N [# & 99 | U
TE A oA T AR EL AT e o A B SR LR AR 10 0
$iE SR, U TR N [ 0 2 AR 5T b 8 T W Pk # )
PN 1 R 2, Y M T Bl sl AR o ) i ) [ A
GEMRIR N T HRAS R T IR T 4 T RS AR
B L AR A T R R I A T B T
TR AT AT 9 A, AR Wolf 2 A, #r 42

T ATURRCEA A5 I T A A A, 3 2 R R AT R
B PrER AL @m S, NI IRATER I T —3HES
MR -2 PN [ e I ME e i e i &2, L

-
i
(T
I
AT

.-I-‘
Sl

-
mau

e |

B3 HACOMBER D FERTIE 5 AN A TR A RRFIRE T R = A a~f BEAY COBIRRL T s 1E g~1
B C A LS RGN 7 m~r BHL D HEARR ) = & s~x AL D 18 LS BRI AR AR B F1

Figure 3 Stress nephogram of model C and model D in flexion, extension, left bending, right bending, left rotation, and

right rotation a—f Stress nephogram of model C g-l Stresses of model C at the root of spinous process of L5 m-r

Stress nephogram of model D s—x Stresses of model D at the root of spinous process of L5



160 o[ R 2L R 2023 4E4S 33 455 2 1)

Chinese Journal of Spine and Spinal Cord, 2023, Vol. 33, No.2

E T O ME S MR ET AN Sk R, RE T
WRFER LT BB S AR T S Loy R R . T
WRMBLN REREFYE, ARRIMESE R, A
%, EE S T ARFE B P ARTOL, 328 T Rl X g e
NG shRLH, RIS b AT LS 4y b A1 20 B A 0ok i
Pran G o PEAT 208 B e T 2448 52 e B 10 A 5t
AHEGEIE A BRIT T 7, X L T A A
WA E R E SHE S ARIRET U BN E ek E
WA= T35 g

ABEGEH, PILH N [ R G R AR 4G Bl AR
BT HRE MR M MR it s, 5
BEAL A A EL AR B () ROM 7 T4~L5 37 BEok W,
W2 ARk, ok L4 HEFR ROM 78 T4 iz 3l Jr 1) I
HICH A AR L, I AE L5~S1 AT B ROM 284k
25 R DU T e i e ol 1 35 BN T 5.04° 3iF
TAHAEMFREE TR, FEREEE AN, BAC
AL D 7E L5~S1 B &N E g kAT 9 ROM
FHAL, B AR & 2 S48 A AH TR 9 ROM, i W
Tofr PN [ 302 2 495 22 R Ay A e 30 8 B A1 A2 0% 1) MO A
FoE Pk, HACH D 2l 285 P [ 24 fE e 21 5 7Y
C I [ 2 AR R PRI, D2 IR 52 P [T 2
EOCR M S T W E S, KA T AR
(4= ) F1 AP A 9T 38 & BRASEAL D HAR 7Y
C WS- HEAE ROM K 0.44°, 33t ik BH 5 744 A
e S A6 5 24 TR A A0k T A 0k 8 22 1 () e,
RZT BRI b i sh A ORI ME AR e M D
HEHE T35 20 BE K 52 A A AR

W P I 28 BB A G L LS B AR AT RE AT
FEN T EE IS . AR B  BLA C T i
PR LS BEIEARES e RN 14K TR D, AH
BT AR COBEAY D (e AR A A s e A e e

x4 EBECMERDEL BRBIARRZIRE

T&RANA (Mpa)
Table 4 Maximum stresses of model C and model
D under different motion states at the root of the L5

spinous process

tOLS RS MR N g 43 i ek 2> 12.71% .54.95%
58.46% .53.97% 46.91% .72.34% , % & MR D
DAY i1 2 206 5 o 5 e TR REUK AR €, 1Y
ML), HARA SR A BT, NI
AN LT T R D BOR JE W [ E S
R R AWM v R I 8 N 1 B rh . R 1 S
ES QORI AR X = S i E e B S I VA E Lk
T2 FIEE K B 5y & R T . T /N S AR
RS R] 2 B ARTR YT e 20 O & Hh T R
FTEVEIEMR R B KRS . Li SF2EAT 7 —Ie T
U JE i P9 81 55 4 5 AR MR T — A A 40 P9 1 TR 7
JEHE e R 2L i A FROCAI Y, R N Tt ¥ v 7
L e B S ME RS A AL B U B R S
HER 28 B Ak B HEAR R 7 K T HE =5 AR MR BT —HE A 4
ARG G HEAR IS R b N Ty, LT R U BB  HE IR
E2 LR AV NN LDV K N i b R
T IR) R S SO0 4 TP i AR AR S DRI RO R A 7
A ol 350 446 A 4 A LS R S Ah A A T X )
T /INA L T B8 AT R AT 5 B A e RS

HR 4 Wolff &, 47 o 1 L g R e 5 21
SV A KA DR B ) A2 SE B T s i A A, —
RN A il Ry 7 B B T A RO R A Y
Lu®Y5 Cole 45 JF 57 4 B, Hilt [a] b7 7 ) Jonn 28 {45
T A i 04 B 4 R e T RS AN A T ARG A
JIAEH A v (9 A% 356 T A i S A R0 R S 2T
A 200 B v Ak B A AR TG Kim 4B
WFFE 2 B, A6 VAR 25 7 B A i A i) 0, 45
BT R AR GG R, DT R 5 22 R A Al
MR E A, DL G s A R 1 A8 4k, Takeda
AL R BUCE AT IR B HEAT T — TR ) R S
WFSE 3 T2 A2 5 o B o | B 3T G o

x5 HECHMERDZE LS IRABAREHRET
& K | £ (N)
Table 5 Maximum axial pressures of model C and

model D under different motion states of L5 isthmus

BHRES R C F7 D B FPRES T C R D
Motion states Model C Model D Motion states Model C Model D
Hii - Flexion 81.89 71.48 HIJE Flexion 1.89 6.36
J& fff Extension 40.09 18.06 J& fit Extension 2.63 10.06

£ Left bending 152.35 63.29 ZEfE Left bending 3.12 9.89
4% Right bending 145.28 66.87 £ 2 Right bending 1.97 6.53
e Jie %% Left rotation 331.68 176.08 e JiE%% Left rotation 2.01 7.92
11 7iE % Right rotation 336.63 93.12 Filie 4% Right rotation 5.14 12.28




o [ A A 2 7S 2023 4EAS 33 4855 2 1)

Chinese Journal of Spine and Spinal Cord, 2023, Vol. 33, No.2

161

R Bl 1) 46 00 A R A R B A DR B, il )
FE AT I o B i B, 55 TR s 2 2 )
45 5 EE T2 B (sh A1k ) B, 3ol KA E X3
B AT AR A AR 5 T A e S A
SRS R KR E 58 o TS i S mh b A ek
52 1) 5 S 7 3 A 304l e S 2 57 i )5 TRk
SIS A1 R g S5 A P 0 3 e A 0 )
HEAEH . AW BN, e 4 1 Ry T B
B D KB RE T N AR AR C 1Y 3 154
A M TR COBRL D FEJE A A2 A S A
A7 e 5% v oy B 88 T 236.51% .282.51% .216.98%
231.47% 294.03% J 138.91% , K 0 48 2 AT 11 3
P R I o A A2 T35 2 st o ke 30 2 2 e sh e SR, L
AR I A E R T, AR T W B i, P
W, FRATTIN Sy i 75 AT Dol 35 SR04 5 2 i mT oy A
W A B S R LA B R AR, e T AT
A1 i N e B T A A

ABEGE I T A BRIT b, T LAAT
FE— S Ry B M 1 5 A IO B T B M 3T
(8, TCk i S A A ) 22 5 i 7 AR B AN R 45 28 O HL
SRR AN G AT, b GeateE b, IR AR
R A R R AL AR F AR R | A —
S i 5 ) LA 0 3 RS ) AR Ak B e A TR A
W R A8 57 4 B T S K IR E . BRI BL
I 55 R IR A I T T AR I A W g A S i —
RIS HT

g bk, x4 MR = 4E G BR oo
IR, R IR B ME R S5 5 A BN B R
FoAE 5 ARARET U BN E REA B B I
Y1 PERE . S S ARIRET U T A P [ 0 2 A
LU, R 2R AT Dl 350 SR 5 2 o A MRS B b A
T ) A [ E AR T Ik 2] S5 HE S AR RET U P
i PN [ 2 R O 1) [ R, IR EEE LS o
AR S N A AT A) Dy M e B AL A R
PR G PRt RAFAREE , AT DR I HE = ARIRET U
TEETEEIG T IEMEWGR R B F AT E .,

4 SEXH

1. Hsu WK, Jenkins TJ.
the elite athlete[J]. J Am Acad Orthop Surg,
489-498.

Management of lumbar conditions in

2017, 25(7):

2. Mora—de Sambricio A, Garrido—Stratenwerth E. Spondylolysis
and spondylolisthesis in children and adolescents[J]. Rev Esp
Cir Ortop Traumatol(English Edition), 2014, 58(6): 395-406.

12.

13.

14.

15

16.

17.

18.

19.

. Elliott BC. Back injuries and the fast bowler in ecricket[]J]. J

Sports Sci, 2000, 18(12): 983-991.

. Kim HJ, Green DW. Spondylolysis in the adolescent athlete

[J]. Curr Opin Pediatr, 2011, 23(1): 68-72.

. Wright J, Balaji V, Montgomery AS. Spondylolysis & spondy-

lolisthesis[J]. Orthopaedics and Trauma, 2013, 27(4): 195-200.

. Altaf F, Osei NA, Gamrido E, et al. Repair of spondylolysis

using compression with a modular link and screws[J]. ] Bone

Joint Surg Br, 2011, 93(1): 73-77.

. Fujii K, Katoh S, Sairyo K, et al. Union of defects in the

pars interarticularis of the lumbar spine in children and ado-
lescents:

[J]. J Bone Joint Surg Br, 2004, 86(2): 225-231.

the radiological outcome after conservative treatment

. Lee GW, Lee SM, Ahn MW, et al. Comparison of surgical

treatment with direct repair versus conservative treatment in
young patients with spondylolysis: a prospective, comparative,

clinical trial[]J]. Spine J, 2015, 15(7): 1545-1553.

. Yabuno S, Yunoki M, Kanda T, et al. A case of nonconsec-

utive multiple —level lumbar spondylolysis successfully treated
NMC

with single—level repair of the pars interarticularis [J].

Case Rep J, 2019, 6(1): 29-34.

. Buck J. Direct repair of the defect in spondylolisthesis: pre-

liminary report[J]. ] Bone Joint Surg, 1970, 52-B: 432-437.

. Nicol RO, Scott JH. Lytic spondylolysis: repair by wiring[J].

Spine(Phila Pa 1976), 1986, 11(10): 1027-1030.
Morscher E, Gerber B, Fasel J. Surgical treatment of
spondylolisthesis by bone grafting and direct stabilization of
spondylolysis by means of a hook screw [J].  Arch Orthop
Trauma Surg, 1984, 103(3): 175-178.
MR, BEAH, BRREE, . Smiley face rod [ ARIEIT
AR M TR LD SE HE R ()] W REAMRLAS R, 2021, 19
(1): 58-61.
WS, XA, AR, L R U R BRI E R G
B [ 5 e AR AE AR T T AR I HEW R L)) PR R E
AAMRHRRE, 2014, 28(3): 354-357.
Park H, Zhang HY, Cho BY, et al. Change of lumbar motion
after multi—level posterior dynamic stabilization with Bioflex
system : 1 year follow up[J]. J Korean Neurosurg Soc, 2009,
46(4): 285-291.
Benezech J, Garlenq B, Larroque G. Flexible stabilisation of
the degenerative lumbar spine using PEEK rods[J]. Adv Or-
thop, 2016, 2016: 1-7.
Lee SE, Park SB, Jahng TA, et al. Clinical experience of
the dynamic stabilization system for the degenerative spine
disease[]]. J Korean Neurosurg Soc, 2008, 43(5): 221-226.
Lu T, Lu Y. Comparison of biomechanical performance a-
mong posterolateral fusion and transforaminal, extreme, and
oblique lumbar interbody fusion: a finite element analysis|J].
World Neurosurg, 2019, 129: e890-e899.
Sairyo K, Goel VK, Faizan A, et al. Buck’s direct repair of

lumbar spondylolysis restores disc stresses at the involved



162

o[ R 2L R 2023 4E4S 33 455 2 1)

Chinese Journal of Spine and Spinal Cord, 2023, Vol. 33, No.2

20.

21.

22.

23.

24.

25.

26.

27.

28.

and adjacent levels[]J]. Clin Biomech(Bristol, Avon), 2006, 21
(10): 1020-1026.

Shih SL, Liu CL, Huang LY, et al. Effects of cord preten-
sion and stiffness of the Dynesys system spacer on the
biomechanics of spinal decompression—a finite element study
[J]. BMC Musculoskelet Disord, 2013, 14: 191.

Wang Z, Ma R, Cai Z, et al. Biomechanical evaluation of
stand—alone oblique lateral lumbar interbody fusion under 3
different bone mineral density conditions: a finite element

analysis[J]. World Neurosurg, 2021, 155: €285-€293.

Li L, Jiang S, Zhao J, et al. Comparison of two internal

106713.

29(8): 732-740.

Pa 1976), 2008, 33(22): E820-827.

complex can prevent

posterior lumbar interbody fusion surgeries:

29.

30.

spondylolysis using a pedicle screw U-shaped rod construct:
a preliminary study of 25 young patients with a mean
follow—up of 24 months [J].
2021, 12(2): 170-177.

J Craniovertebr Junction Spine,

Mohammed N, Patra DP, Narayan V, et al. A comparison of
the techniques of direct pars interarticularis repairs for
spondylolysis and low —grade spondylolisthesis: ~ a meta —
analysis[J]. Neurosurg Focus, 2018, 44(1): E10.

Wilke HJ, Drumm J, Haussler K, et al. Biomechanical effect

of different lumbar interspinous implants on flexibility and

intradiscal pressure[J]. Eur Spine J, 2008, 17(8): 1049-1056.

J Trauma,

J Orthop

J Dent

(EXL%HF
(KX thit %

o)
)

(E#% 154 W)

20.

21.

22.

(Phila Pa 1976), 2014, 39(13): 1084-1090.

cal discectomy and fusion:

BMC MusculoskeletDisord, 2019, 20(1): 49.

treatment  of

fixation systems in lumbar spondylolysis by finite element 31. Beil FT, Barvencik F, Gebauer M, et al. Effects of increased
methods[J]. Comput Methods Programs Biomed, 2022, 218: bone formation on fracture healing in mic [J].
2011, 70(4): 857-862.
BER, EhAR, ZEW A, AL AREAMUHE ] RS IS B HE AR 32. Lu C, Saless N, Hu D, et al. Mechanical stability affects
BT [ E AR 09 = ZE 4 IR A )], P EE AR B4R, 2019, angiogenesis during early fracture healing [J].
Trauma, 2011, 25(8): 494-499.
Yamamoto I, Panjabi MM, Crisco T, et al. Three-dimen- 33. Cole JH, van der Meulen MC. Whole bone mechanics and
sional movements of the whole lumbar spine and lumbosacral bone quality[J]. Clin Orthop Relat Res, 2011, 469(8): 2139-
joint[J]. Spine(Phila Pa 1976), 1989, 14(11): 1256-1260. 2149.
Shim CS, Park SW, Lee SH, et al. Biomechanical evaluation 34. Kim IS, Song YM, Hwang SJ. Osteogenic responses of hu-
of an interspinous stabilizing device, Locker[]J]. Spine (Phila man mesenchymal stromal cells to static stretch [J].
Res, 2010, 89(10): 1129-1134.
Huang YP, Du CF, Cheng CK, et al. Preserving posterior 35. Takeda T, Narita T, Ito H. Experimental study on the effect
adjacent segment disease following of mechanical stimulation on the early stage of fracture
a finite element healing[J]. J Nippon Med Sch, 2004, 71(4): 252-262.
analysis[J]. PLoS One, 2016, 11(11): e0166452. 36. Lawrence KJ, Elser T, Stromberg R. Lumbar spondylolysis in
Roca J, Iborra M, Cavanilles—Walker JM, et al. Direct repair the adolescent athlete[J]. Phys Ther Sport, 2016, 20: 56-60.
of spondylolysis using a new pedicle screw hook fixation: (ks A #1.2022-10-09 K A& 11 H #.2023-02-03)
clinical and CT-assessed study: an analysis of 19 patients|]].
J Spinal Disord Tech, 2005, 18 Suppl: S82-89.
Barakat AS, Soliman WS, Elgharabawy AF, et al. Repair of
2143-2147.
23. Gao Y, Liu M, Li T, et al. A meta—analysis comparing the
Wu TK, Meng Y, Wang BY, et al. Biomechanics following results of cervical disc arthroplasty with anterior cervical
skip—level cervical disc arthroplasty versus skip-level cervi- discectomy and fusion (ACDF) for the
a finite element-based study [J]. symptomatic cervical disc disease[J]. J Bone Joint Surg Am,
2013, 95(6): 555-561.
24.

WEE, MEA, WIE, . M7 E RS AR S 48T BOR
ARG RBF R[] b B S AT 44k, 2016, 5(11): 803-807.
van Eck CF, Regan C, Donaldson WF, et al. The revision

rate and occurrence of adjacent segment disease after

anterior cervical discectomy and fusion: a study of 672

consecutive patients[J]. Spine (Phila Pa 1976), 2014, 39(26):

V¥, mRAS TR A AR R YT ST LA AR S AR HERS 19T
BOTHTID]. KM K, 2021.
(W B3 . 2022-09-01 AR KB H 1 .2022-12-15)
(EXmE %)

(RXsh# 3® o)





