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Effects of Unilateral Graded Facetectomy of Facet Joints under
Endoscope on Stability of Cervical Spine
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Abstract; Objective To investigate the effect of facet joint resection at different ranges under endoscopy on the
stability of the cervical spine and provide a biomechanical theoretical basis for clinical surgery. Methods A
normal finite element model of the cervical spine C5-6 was established based on CT data, and unilateral
facetectomy models with different ranges (0, 25%, 50%, 75% , and 100% ) of laminectomy were obtained
(Models 1-5) by simulating cervical endoscopic surgery. The ranges of motion (ROMs) of C5-6 and the
von Mises stresses of the discs for the models in each group were compared and analyzed. Results Except for
flexion, Models 1 and 2 showed insignificant changes in ROMs and disc von Mises stresses in each direction
compared with those of the normal model. Model 3 showed a noticeable increase in ROMs and disc von Mises
stresses in each direction compared with those of the normal model. ROMs under flexion, extension, left lateral
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bending, right lateral bending, left rotation, and right rotation increased by 27% , 4%, 3%, 13% , 5% , and 16% ,
respectively, and von Mises stresses increased by 32% , 4% , 2% , 5% , 9% , and 5% , respectively. Models 4 and 5
exhibited a significant increase in the ROMs and disc von Mises stresses in each direction compared to the normal
model. For Model 4, ROMs were increased by 27% , 14% , 6% , 24% , 7% , 167% , and von Mises stresses were
increased by 33%, 13%, 3%, 32% , 10% , 130% . For Model 5, ROMs were increased by 27% , 17% , 6% , 25% ,
7% , 167% , and von Mises stresses were increased by 33% , 29% , 8% , 33% , 12%, 138% . Conclusions As the

range of unilateral facetectomy increased, cervical ROM and disc von Mises stress extremum gradually

increased. The cervical spine shows a significant ROM increase and stress changes when facet joint resection on

one side exceeds 1/2. More than 1/2 of the facet joint should be preserved during surgery to avoid medical

instability.
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Fig. 1  Normal cervical spine and cervical laminectomy
model with different ranges of facetectomy
(a) Normal model, (b) Model 1, (c¢) Model 2,

(d) Model 3, (e) Model 4, (f) Model 5
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Fig. 2 Comparison of ROM between normal model and

previous studies under different working conditions
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models under different working conditions
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Fig.5 Comparison of von Mises stress extremum

for models in each group under different

working conditions

3 g

CSS A AESIBF WP , AT A A A R 12
U LT UM A A D B U R VR T
FATEE CSS WA T AT A, SR, A& ST Tk s
HEAR ISR A7 7 1 40 ™ F B0 DR 39 B 45 4 5 B 1k 5
EME TFARIFRIEZ ARG 5 IR WL [0
FHHEZ T B FENBE T SUHEMEAR T 27 AR BEAS 16 55 B
SUHEAE 78 730 A9 [R] I 5 A FIREE i sk /> T 5 2 21
LR B B0, S G M 2 R UM IE W AR W) ) o
FEpER

SUHE/ NS U S 3R AT A2 08 T AR A 23 8] Al
R AR Y SR, (EL/ NS i BE D) BRoRs S B
HET B Mk, Zdeblick %517 A8 P RS |-
B, SIUFEMEAR DI BRI, i 5096 S& 7 VI BR 2 %

SR i A0 ORE % B AR E PE 2%, T Nowinski
LR RTS8 S 2 B SMEAEAR V) Bk
B, A 25% G 19 T U R it 2 0 S0 ME B2 Pk 7 AR 5
Wi, SR, OC T SUHE N B TR rh AN [l /N 5G9 D)
W X STUHE A W) 3 2 1 100 RS R e 140 552 i) 00 e A i
i, P, AR SCHl I T N T SUHEAE AR O 7 A PR
JURERY  RALL T B B B0 /N 5GP LB
ST BRI OGS Rl DI B IS A2 0 2
oL, ARSCAFRMBA T a6 i F AR =, 45
Bkt Fe b H AR K /NS VTR I AR LLAE
BRI AR P HEAR BOE 5200

TE s SUHERS RIS IUAN [F] 5 () 328 2y Bsf S00AE [ 45
PR32 21 b HEAR AR 07 B8 & AR 5 R 7 AR B2 B
T BN A DU A v A A ] 250 AR DXk, B
J1 L NTEAR N AE B 5 N, R A M TR] 2 2
A IR SRR e K T REAZ AL, o T T3Py
RN AFTE , S 22 0 JJ A RIS 2 A 4R A4 -
X 5 1lf PR SR 3] (1 2T 4 30 24 5 BUBE A% 28 1)
BRGAHENIE Y | AR SCR IR, 245X — M0 SR A A 1 T 2
Sl e, SUHE Y B 15 300 R BG in B E HE D
Jir PR] A A AR T Bk 0 20 25 85 B 90l S R 58 40 s
O ) 553 ST S st e bl 9 sl A B A
FMEMEN T % )5, Bt DIBR — /1N DG 15 3 FR] 328 i 18
T, Z5UHE S BE 4S5 ] ROM 24545 r s, 4% 0 2 5
i A0S AT HERT ROM B4 A B | 24—l /NG 35
VIGREE 172 B, b3k 3 Fh 00 T S0AE s B0 5 i 0
B, FHEN SRR AR AT LR TR &
AR S AT A B IL R R HEAR S T 2 254
LRI ) AR A A SR 2k ) B B BE O A OB
IEHEGRRE B AL 27 20U /N 5T B
IR 5 Be AR S A 02 R e % IE ROM 1 fin B
W ARSI R IR Bl A — O SR /N O 1 DD B v R
AN AH R T BEMER] 8 6 Fp 00T 3z v Ay
5 B e NS IR 172 B, 3
MEA] A S5 i A 0025 R A e 2 Bsf il 52 1 7 B A 1
)[R0 VA N S P e S e = B L0 A = S A
BREERE 7R B LR IR AR 2 — N ey
Bt FE R IR IS, B 2 (W N R AR 5 R S
e, B ) 28 X IR g 6 e 42>

FUURE /N T VR A MEAR B 22 1Y) 0 2R 45 4, BT 4k
Fraiihe Yy Bea e MR /E FR T e SUHE S I M4



B, % NETRMNKT S RYIR I ST RIZE S m
YANG Guangnan, et al. Effects of Unilateral Graded Facetectomy of Facet Joints under Endoscope on
Stability of Cervical Spine 405

FeFAR A ARG 2L BRI/ NG LASRAT 58 2
845 A 2 T KB 5 14 9 1 1 X i 2 AU 590
MEIE B 127 450, 2 REOR G EREATRN &
Ao ARSCERRIR A, /N ST 16 SUHE T BE ROM K L]
Rk ERAEEARA], M 172 SiHEN ST )R
W S B UHE Y Be ROM K2 HME ] 55 DX 38R B g {8 =5 3%
o FEARGESME I i T Ul e A ry | afl LIS Al
il /N IBR , AR 20 BE R B /N 1Y ) 7 4K
HALITE > B Fr AR X L5 X ] BE 2 B 43 2/ 1y
HOGT BER A AF LSS M, Zdeblick FY G TR
STV /IN IR 7Y 519 8 U1 B 17 AN B3 DA P 45 4 14 T
FEA I, RV B2 U B — M 2 509 5645 9,
23 R BUHE T Be ROM , BN BUHE IE 5 A2 9 7 2%
SR AR T A T B A2 % UM A PR P A 2
Fio AAENBERGE—J7 Al HORSEE  HLEF, [k
S0 SR e B b LR R B 3 TR DX ) 4
Hay AR B P9 B e BRSO LB RIS BRURS ofE ]
PR, T JC R Ik JBE 45 £ 1 e 22 UL PR 47 45 2
U AR T AR 5 PR B 5 R Ak 15 UM 1Y Beds e 1k
BEAN, FEAN I JEE BB IR SR /N OGO T, SR AE Al
PRIT G F A 2 R0 e BORR g k. g,
T PR HR g S5 B SUME S 5 23 Dok T LI ] D R AME
BOT G, KB BB 1 A e T 1 1 il i
SRR EOR IR B b ik K B, b T H B op A
B slMEN]FL ™ HB A JR 3, SUHE/N ST B A R Y
PRAEAEA L LS B TE 70 0, 1 a2 1) /N 1 DT R
AL 2 T EOR 5 SUHE B IR AR, L 2 m] RE i 3 35
HEMR SRR . XTI, 2 70 0 I Jm ok ff
BA G SITHE /N S DL Fy SUME IR % A= W) ) 2 A e
P LU FESS R Rl 181 5 A O i Bl LA sl 5 30
A B VR AN R ) 5 5 1 S0 A RE

4 ZHig

AR SCE S b A RE R SOREME AR T R
FRITAETRY A3 BT AS RIS G5 VTR % R S5 B 53
BB 2R e g, 255 —m)
FME/N AT YIS B T 1/2 B, B00ME 5 B2 B
T S, AR A (] 455 07 7 W S 8 i, R e, R AT A
PBE T STUMEME AR 8 A ] 7S o B A /)N G
FE 172 LA, DAZERRSIURE ST B 19 18 AR 0 24 Fa e
P BT R R, AR SCR F A7 16 90HE A B e AR

B T bm v A Al 18 T AR BV o) S AR
PERFZ I T SEBRIG R o B AR 2 e,
I, 7 E FAR TG SR, B 785 % 8 HLARE B, LA
PREBAEIRITROR

FFHRER. L,

TEBETREAER . ) & f st A1 3T BFR 5%
7 RIS B IR E ]I K B AR B A A 5
F FRATRBERER SIS L B
RFTHB RIS TF R AR R F . #BX
B F Ak S,

SE Lk

[ 1] INVESTIGATORS O, CHIKUDA H, KOYAMA Y, etal.
Effect of early vs delayed surgical treatment on motor
recovery in incomplete cervical spinal cord injury with
preexisting cervical stenosis: A randomized clinical trial
[J]. JAMA Netw Open, 2021, 4 (11);: e2133604.

[2] ITA ME, ZHANG S, HOLSGROVE TP, etal. The
physiological basis of cervical facet-mediated persistent
pain. Basic science and clinical challenges [J]. J Orthop
Sports Phys Ther, 2017, 47 (7) : 450-461.

[3] T, %o, SIER:, & B W EHERIT 5 R AR BT
HHEEPAE [ J]. P EE S Bifi2eE, 2022, 37 (11) .
1121-1125.

[4] KIMJ, HEO DH, LEE DC, etal. Biportal endoscopic
unilateral laminotomy with bilateral decompression for the
treatment of cervical spondylotic myelopathy [ J]. Acta
Neurochir, 2021, 163 (9) . 2537-2543.

[5] SEOJ, SUK KS, KWON JW, et al. Cervical foraminal
stenosis as a risk factor for cervical kyphosis following
cervical laminoplasty [ J]. Spine J, 2022, 22 (8): 1271-
1280.

[ 6] T, WH, K, & FOHREHEN DI | SR DI K

AR AE BT B9 523 F 5T [ J]. B A 9 2, 2021, 36
(6): 929-934.
HUANG JY, HUANG Y, ZHANG C, et al. Experimental
study of hemilaminectomy, total laminectomy and
recapping laminoplasty of cervical spine in sheep [J]. J
Med Biomech, 2021, 36 (6) : 929-934.

[ 7] ke, WL, KLH, 55, 3D FTE m B AT I 2R ok Pk e 350

MERE M ALA 25 LA BT 5P [ J]. S 1%, 2021,
36 (2): 177-183.
ZHANG TT, DONG EC, ZHENG JB, et al. Optimization
design and evaluation of three-dimensional printed PEEK
cervical interbody fusion cage with adjustable height [J]. J
Med Biomech, 2021, 36 (2): 177-183.



EREMAE $£39% $£3H 2024%F6A

406 Journal of Medical Biomechanics, Vol.39 No. 3, Jun. 2024

[ 8] CAI XY, SANG D, YUCHI CX, et al. Using finite element [20] KIM BJ, CHO SM, HUR JW, etal. Kinematics after
analysis to determine effects of the motion loading method cervical laminoplasty: Risk factors for cervical kyphotic
on facet joint forces after cervical disc degeneration [ J]. deformity after laminoplasty [ J]. Spine J, 2021, 21 (11);
Comput Biol Med, 2020(116) ; 103519. 1822-1829.

[ 9] MANICKAM PS, ROY S. The biomechanical study of [21] CARR DA, ABECASSIS IJ, HOFSTETTER CP. Full
cervical spine; A finite element analysis [J]. Int J Artif endoscopic unilateral laminotomy for bilateral
Organs, 2022, 45 (1) 89-95. decompression of the cervical spine. Surgical technique

[10] MO zJ, ZHAO YB, WANG LZ, etal. Biomechanical and early experience [J]. J Spine Surg, 2020, 6 (2):
effects of cervical arthroplasty with U-shaped disc implant 447-456.
on segmental range of motion and loading of surrounding [22] ZDEBLICK TA, ZOU D, WARDEN KE, etal. Cervical
soft tissue [J]. Eur Spine J, 2014, 23 (3): 613-621. stability after foraminotomy. A biomechanical in vitro

[11]  BHZE, skEkE, Tk, & EWTHEA Rooi Ay KA analysis [J]. J Bone Joint Surg Am, 1992, 74 (1) ; 22-27.
RPERUEL J]. P E B AR AR 2023, 40 (4) @ 487-495. [23] NOWINSKI GP, VISARIUS H, NOLTE LP, etal. A

[12] YUCHI CX, SUN G, CHEN C, et al. Comparison of the biomechanical comparison of cervical laminaplasty and
biomechanical changes after percutaneous full-endoscopic cervical laminectomy with progressive facetectomy [ J].
anterior cervical discectomy versus posterior cervical Spine, 1993, 18 (14) . 1995-2004.
foraminotomy at C5-C6: A finite element-based study [ J]. [24] BKBHE, 7, FhNEEHR. B R AR 1 20850 09 el it 45 8 21
World Neurosurg, 2019(128) : €905-e911. [J]. EHIEY 512, 2021, 36 (2): 169-176.

[13] YOGANANDAN N, KUMARESAN S, PINTAR FA. OUYANG J, QIAN L, SUN PD. Retrospect and prospect
Geometric and mechanical properties of human cervical on researches of spine biomechanics [ J]. J Med
spine ligaments [ J]. J Biomech Eng, 2000, 122 (6) : 623- Biomech, 2021, 36 (2): 169-176.

629. [25] CORNAZ F, WIDMER J, FARSHAD-AMACKER NA,

[14] WANG QA, GUO C, SUN MJ, et al. Three-dimensional etal. Intervertebral disc degeneration relates to
spiral CT observation of the facet joints of the lower biomechanical changes of spinal ligaments [ J]. Spine J,
cervical spine and its clinical significance [ J]. Eur Spine 2021, 21 (8): 1399-1407.

J, 2021, 30 (6): 1536-1541. [26] KWEE RM, KWEE TC. Imaging of facet joint diseases

[15] A#0s, 28, XI55, 45, VIBRASIR I B 4 58 I M 5G4y [J]. Clin Imaging, 2021(80) : 167-179.

RIARTTRT LA [J]. h EH A TARBTSE, 2023, 27 [27] JONAS R, DEMMELMAIER R, WILKE HJ. Influences of
(18) : 2789-2796. functional structures on the kinematic behavior of the

[16] FINN MA, SAMUELSON MM, BISHOP F, etal. Two- cervical spine [J]. Spine J, 2020, 20 (12): 2014-2024.
level noncontiguous versus three-level anterior cervical [28] GUPTA S, XIAO R, FAINOR M, et al. Level dependent
discectomy and fusion: A biomechanical comparison [ J]. alterations in human facet cartilage mechanics and bone
Spine, 2011, 36 (6) . 448-53. morphometry with spine degeneration [J]. J Orthop Res,

[17] PANJABI MM, CRISCO JJ, VASAVADA A, etal 2022, 41 (3) . 674-683.
Mechanical properties of the human cervical spine as [29] Zhop, T, &5, . BNBUHESCTT 2867718 E CT — 4
shown by three-dimensional load-displacement curves SR E [J]. T EBAEISMR R, 2021, 21 (2) . 145-
[J]. Spine, 2001, 26 (24) : 2692-2700. 149.

[18] FINN MA, BRODKE DS, DAUBS M, etal. Local and [30] ZDEBLICK TA, ABITBOL JJ, KUNZ D N, et al. Cervical

[19]

global subaxial cervical spine biomechanics after single-
level fusion or cervical arthroplasty [ J].
2009, 18 (10): 1520-1527.

N, VPR, TR C, S RTRAL B O T A SO A
BRI I B BB A 2B L B v B ORISR [ J ]
hE BSR4, 2023, 38 (7) : 673-677.

Eur Spine J,

[31]

stability after sequential capsule resection [ J].
1993, 18 (14) . 2005-2008.
REVESZ DF, CHARALAMPIDIS A, GERDHEM P.

Effectiveness of laminectomy with fusion and laminectomy

Spine,

alone in degenerative cervical myelopathy [J]. Eur Spine
J, 2022, 31 (5): 1300-1308.



