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Finite element analysis of intervertebral disc biomechanical changes
after percutaneous transforaminal endoscopic discectomy*

Xing-xing Duan, Yu-wei Li, Xiao -feng Shen, Zhi-gang Zhang, Hong-wei Li
(Department of Diseases of Orthopedics and Traumatology, Suzhou Hospital of Traditional Chinese
Medicine Affiliated to Nanjing University of Chinese Medicine, Suzhou, Jiangsu 215009, China)

Abstract: Objective To investigate the biomechanical changes of intervertebral disc after percutaneous
intervertebral foramen and nucleus pulposus resection. Methods Based on CT scan data, three-dimensional finite
element models of lumbar spine and intervertebral disc after partial discectomy were established by software, and
the changes of stress distribution in 7 motion directions (upright, forward bending, backward extension, left and right
lateral bending, and right and left rotation) were recorded, compared with normal intervertebral disc to analyze the
changes of stress. Results Compared with the normal group, the stress of intervertebral disc in the 6 groups with
nucleus pulposus removal was higher than that in the normal group. Except for the rotation position, the change of
disc stress was A2 > Al > B2 > B1, which was larger than B2 group with twice the removal area. In the left rotation
position, the stress of intervertebral disc increased significantly, B2 > B1 > A2 > Al > normal group. The stress of
intervertebral disc in group C2 was the highest in all groups except lateral bending, and the stress in group C1 was

higher than that in group Al and B1. Conclusion At the same location, the size of the disc was positively correlated
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with the change of stress after discectomy. After the removal of lateral and extreme lateral disc herniation, the stress

effect was the greatest, followed by central disc herniation, and the smallest was paracentral disc herniation. In the

case of narrow disc removal, the effect of depth of disc removal on disc mechanics is relatively small.

Keywords: intervertebral disc; biomechanics; percutaneous transforaminal endoscopy technology; finite

element model; intervertebral disc stress

TEHE R 358 HHAE R R 8 e , AT ARG T T AT
MEROT % . MERMRDIBRIEHENR] SRR A . B SRR e
. PRI G L SR MAHRBL BT TR | Fetlln
kL, &k ME W Sl R
transforaminal endoscopic discectomy, PTED) 1M
HORB) "z . SEGIF M T AR, PTED A 814
ANCRSEE B FRAR ELRR I I A D AL, A5
B TIRZEEANEDE. PTED WATHIIEIN, B4
T E R HIZA AR VI CH —LE R, . R
HAEA) B0 2 BR 20 RS SR AHE ] B 77 - BT AR
() 28 5 Y E 5 e S (B AR A8 45, T AR HrAfE ) 2 2 o
Z /0 AR JE EHERI SN ) B VIR DG, (H B RTE
ol AFE 1) 28 08 20 DD i A TR L0 1 SO BT e 480, e
IR AR A [ 8 e TR/ IS A e ) 48 DD R R AT e 3800
Br, WIEHERAS | KBRS RBA RGN, B
A X LATE T AR A A DT ] 50 A S A ] B A2
RN o AT PROCIEIE B A . I aeL, T H A2 1
. RS2 R CERZROCTEY, AT LSS i nfE:
I T I I BTG Sl, REREHU AR &R
&, AW RPIRZS T 19 1 22 A 0L . A BROTIETE
FALL PTED A Ji5 MEIR] £ A8 285 K ) 228 7 T HAT AR
PN

ABIFFEAUAE BT8R AR A BRIT #0712
ST =L ) 25 08 0458 5 AR I M e i) 28 17 = 4
ABRTTHIRL, MG 2 BRAE IR A & S RN IR
4. A1, A24 BI4. B24. CIAMC24, Jii
IS JEBEAUNAR T A28 5w (B, w5
i, ZEEs . e ), e s AR AT EAT R
F RGN, A TOARRYERE . S A PSSR
SE IR o

1 ARSI

HiERiR
W — 4 45 X WEEH, B 170em, fAH
75 kg, BROMEMES YT M ORE R £ 58 A

( percutaneous

1.1

PRI o
1.2 ZHRAEST
N2 JE CT  (Computer Tomography) X 1E % A
L—L 0 B AT 2 2 A4, A E M EHEL, 2
M S, A5 810 W2 ERFH1, LA Dicom #5X
FEAEFETT AL . PS5 A Mimics 15.0 P52 E{R 40 HE
B, A =4k d Dy AR T L- Lo MEAA =4k
JUATASEAY
1.3 HEEZFALRRR R E T

B RIS A B 3—matic K 0F, PAMEIRS 1 F
TSoAHA, SRR LR M, AT
2571 BOMEN] S0 B ZOAAsi Ay R ] SR A4 B
N HEBIAR OB B, PR S AR S TR Bk
PRIEATAH AT JR VAR, RIS RERZAREAY oA M
) AR A 449% o B 1 IR HE ] AR 55 B A% AT AR P-4
AR, ARAFLF AR, AR 1 56%
1.4 SLEERREIEYER ST

FIH Geomagic Studio 34X i TAI 58 K 1 4& 52 A4
BHEST, H4 Mimics 15.0 5 1 19 L—Ly BB STL 3¢
15 A Geomagic H, 1| A% 471 A= D) g %k 1 3% 1 2k
TTHEAMEAN, BPARIRL; X A MBLRLEL TRAE 731
Ja, EEEL-LoMERAR & il . KA Bt LA
iges T o B LIARBERL T A Proe #4720
%E, HRLL,-Ls T BOMEAR Y SCAARBERY A5 AU A0 5 A ]
& BER N &b, DAL JE 22 Hypermesh 114
fiiH.
1.5 MiExo

TE Proe B AFrh H A B AR 5, ¥ H S A
Hypermesh {41, HEASE Y (1) 4635 4343 Sl e 7 ok — 1
Tl o KPR RS AT L) quick edit KEFRFS, R
ORI o BRORHERAR B S AN KRR XA e DU 1
A Solid 187 FAITRIAS . WL 1,
1.6 #HEMERE

TE Hypermesh £/ H XL (1) 4538 024 7 44 B g
PR, W1,

- 42 -



MEMR e B . ZMR—HEMR fH B 90 E R, TN
KATNA BRI R, HEERBON 0.1, 1
Hypermesh {4 1 2 3 4304 4% 153 BC A R s 1 fg 4%
XA AT S H SRk edb SO, PSS Ansys 13.0 5K
PR B AR SRS, BRI R w4
eSO

172 A3 fELJHE FIREEIN400 N, 2996 F
MNAE B E T, BELEDIRE.

1.7.3  JRAY A L HE 35 G0 400 N, R i i
7.5 N-m B J 5, JrmHgm + X gy i, A AKRHET

5511 B, S G ROl FLE IR A IR AR ) U A IR TT
A B C
A HERIBEACTSLIURS 3 B HEIR]EEIOIRAL RS 5 G FE A R ] 4 I R
Bl L, e R M i 5 = 4 AR A B
Fig.1 Three—-dimensional mesh model of L, vertebral body and intervertebral disc
x1 JZIMMEEEREEER
Table 1  Attribute elastic modulus table of various materials
FrEH PR/ MPa AL FBET I A/
HEMR B BT 12 000.0 0.30 -
AR B 100.0 0.20 -
Rl 3500.0 0.25 -
R 24.0 0.40 -
fiit% 1.0 0.49 -
LTHEPRIE T 4.2 0.45
LIEN Ik 7.8(e < 12%),20.0(e > 12%) = 63.7
Nk 1.0(e < 11%),20.0(e > 11%) - 20.0
R 1.5(e<6.2%),1.9(e > 6.2%) = 40.0
KT 7.5(e <25%),33.0(s >25%) - 30.0
S [l 10.0(e < 18%),59.0(& > 18%) = 1.8
JRIRIEAF 1.0(e < 14%) ,1.2(& > 14%) - 40.0
L 3.0(e <20%),5.0(& >20%) = 30.0
1.7 BRFHRAR Jer RS FG feR A
171 F A FEL-LAMRITCHRp, &4k 174 W E 7 L MOHE DT G 400 N, 5] e it

7.5 N-mB 5, Jrmdgia =Y 5], BHAARZE
IS A 2 5
1.7.5  F& 4k 1E L JOME L5 e in 400 N, [R] B it
7.5 Nem B35, T4 ) £ 20516, B RS
TR AV e RS
1.8 &4

ARAJEARE I 288 25 BRI B R A EA T 0 4

BT MRI rpMER] £ 28t A2 & SRR 8, SRR
X EHR M 1Y) Lawrence Walter Mysliwiec e AR T
% WA M 37 K %% (Michgan State University, MSU)

.« 43 -



[ N B 5 26 4

METE] 4540 780 o 0 700 B 0] 2 S 0 G 15 28 N ki — 41, RBR1BERA24]; KB, CIXERRS A14IH%

TR THEM AL, WLZEEE 48, HROHER SN BIA ., C14, KBRS A24H55

[P0 FHEE th o g A X, 34—t FUMERIEVE R B2 4L, C24. HT4RUME IR FLAE T AR 4

HEAE ok HAEHERE B W BIX, BIXAMIU C X BRASFIOZE . AS [ R/ INHENR] 85 A 0 R e . UL I
ABEFE T, A X RBRILHEM A0 U6/ AL 213,

©

®:A[X;@:BlX;@:CIZ;A:AléE;B:Azéﬂ;C:Bléﬂ;D:BZéﬂ;E:ClZﬂ;F:CZéﬂ
El2 #HEZERERSH
Fig.2 Groups of disc removal area

D E F
A:AT4LB:A241;C:B14L;D:B241; E:C141;F:C241
E3 AREERHEEETIE
Fig.3 Discectomy in different groups

- 44 -



11 BEAE, %

22 PO FLBEREAZ IR A S A1) A ) 0 2 B B A R OT 2

1.9 ZhAHMH

T LA TR B 53 DD R A i M FIME ] B Y =4
AHBRIOHRL, s (400N, AR EEEEFET)),
WCSRTEENL . BUJE . R0, 226 et 14005
ZE RS T, W4, A14]l. A241. B14l. B2
4. CLAURT C2 AL AIHERIEEN 1 7341 S T

S

XA BRTCAST AR, 7 LA 7 R AL T AARE ) 107
TIEHEAT AT A B, BERL BRI 6 25 IEH AL
B, AR AMERIZEN 32T (BRI AL

2

TEH AR 4% 51, FABARD T e/ DB K EE
11% ~26%, TcEdmE -k 129% ~ 49%) ; i T HENR]
BN B, AR N HER BN R AL B
B, BRBEFEARNIT, MEMIELN 7S A2 4 > Al
4 >B24H >BUA; ZEBERARNIT , MEM SN 35
B, B24H>B14l>A241 > A14] > IEH 4, %44
BEAE AL S 5390 R 39% . 36% . 22% 1 16%;
FEBRZES Y S FMALE T, C2 ZMEIRI 0 J1 Rl T 4l
i, HCIAM A KRFAITHAMBIA, Hrf, 2
AL TR ARG T N IR A IE W Hi % (48%) ,
B DA (15%) ., W2 FIK 4.

F2 ARAMNEAREL THHEERZNILLE MPa

Table 2 Comparison of disc stress in different groups and positions MPa

g HY i It LS ity ZENERE Tkt
IEH A 2.53 4.47 0.72 2.66 2.43 2.64 2.58
A4 3.22 5.68 0.77 3.47 3.40 3.07 2.97
A24] 3.42 6.04 0.81 3.69 3.63 3.23 3.15
B14] 3.03 5.50 0.75 2.97 3.08 3.61 3.01
B24 3.21 5.67 0.76 3.12 3.31 3.68 3.10
Cl4i 3.32 5.86 0.78 3.25 3.41 3.67 3.02
C24 3.53 6.22 0.83 3.46 3.60 3.92 3.21
6.71 Rl HAPRIRE, W DL B R oy A | B4 R K
i OAl4 N N “ N
:3 q mA24] DX 8 Ao 43, L op DL B 2 G R R R A DL
Ve N BB14 o N o 2e
5ol \ 4 MACNAB %5 b 12 155 B2 0 R0, JEE A i) 48 58
£ N N 3 e -
g 47y \ H o O RIT 2E, B S R RR AN iz 8, S
4.24 N . > o pre > I
S \ FELTR B AR, Fohge | AR
: N 8 N -
321 \ BT A RS SE LAY, AAOSISSLS 432, K AfE ff]
\ s A N > N Ay
27 \ : N M AIRAR L I SRR, P S
224 A il (i L : i

fhr o RUE A 0B i i
4 AEHENEREEAL THEE &N LR

Fig.4 Comparison of disc stress in different positions of

different groups

3 it
FEHEE SR HER B

WEAFE ) 258 AR A AE SR UL, AR
IROPRIARZS , (HE Az Gi— R o bR . 5

3.1

R F R 2R RR R R A AR I &2
SRR RZESG, AT VR FEE PR T 43 A FEC A 1] 45 114
R g RIZE | RARRARAISE Y | AR A RIS
B AR M 4 R 58 A SRS, SRt T TR
FHZE B 5 7 A SHE ] FLARE TESSYS £ ARIATT 46 i3
71 FUMBERE (] 458 HRE £, B TV R A I RT3
T[] A A AL RLAE 1998 AR 48 MY 1 ] 4828 1 1 X
WA AR, TRIE AR A B] 4 58 Hh 7E CT 3 MRI
AIIN, MIRARDE . AL FRVEGUIR A7 ) = 22 0]

« 45 -



[ N B

5526 %

A 1 I R N T SO VAR S SR 5 oo S| YA = =
MYSLIWIEC # 42142010 4 $2 1 [ Ak ] 48 28 1 /9
MSU 3 AU, b FEHMER] £ 5 A2 55 AL BL C =
X, FUHER RS ARV =2 X 2K TR LY
fiff, HABAR b (M) 8558 67 B S KN, eI
PR RStk
32 E#EHERHMETAR

JHE [R]85 22 Hh A% 48 19 T RGBT 7 O MEAR 8]
T . AHER YIRS AR U GR EME ) 4% 58 M BR AR
X3FFAR, SCHIESMHERDIER, G K& .
XA S IEHE R RS E PE A RS2 . AP 36 (A H]
F M BF AT PTED SEGHERFBEAR, 2K
EFEXT L& B, PTED REMERG L bRos ik £, B
AR/ AR, BUS TR AR RIRYTRICR
Wil 5 R B MR BRI R Jr R ) 282 R 11
ENATF AR T EED . SMITH"E 1964 4F- R H]
25 B Jer & MIAFE ) 285 25 i AR TN 7L 2R (A R 9 5 0A
T IEMENR] B 58 R FR A, BUR TR IE IR Ak, LA
ICTFRE T A [R]85 98 HRRE AL AR A S i), (EHAKT
SEHHEMR B AR UIRR , 1207k HRe L T Al Al
TR (] 558 HRE A SR, TDRHIFE R 7 | e SR A ] 4%
M AE AR E R ROR — Mo H A 89 lm R BE i
HIJIKATAMTE 1975 45 15 TR R FH 28 1 B 18] S AR BR AR
(percutaneous lumbar diskectomy, PLD) & 97 M ME[R]
FRMAERE, AECHILBUW T, TIRIMUHA SE
ZAERAEL, BRI, ARSI ERAMER A, (HiX
Jrik AR AT AR, FARGCRA — 5 AN AT i W
PE. 1997 4E, SMITH F1 FOLEY" % Ji 5 B% i 190 P 45
HE 0] 5% 88 4% 4% BR R (micro endoscopic discectomy,
MED) {697 HEHER] 28 11 4E . MED /F 8 —Fp il ] F
AR, REUEAE RN ERFE B T EDULHLE 2158 H A a]
B JREAL, BARIG/N i AR DAL
o 1999 4F, YEUNG' Wil 55 = A48 Je pf (] FLAR
R4 (YESS), Bl “Z&=f" HTI/IEEEEA
MEM &, 32 FAl A 0 A BT DA P ] SFEAE
V) FEBEAZ AR, AFOME LA BRI 25 T A4S P A HE R 4%
20034F, f#[E HOOGLAND ##217F YESS £4f Fi%it
WHERFLBEFAR RS (TESSYS), ‘Bl Ak (a] fLiE iE
FE N G AHER N BERSS , B R 28 ) A e 48
PR T FARMIENIE, BA G ERALE AT R HE
JE . ZRa RN R, MIEMED, PTEDYY

Y@ ERTER) NN s AN K Gl | S R VAT AN T3
B 7R AHET, IS TR ITAL YU SIS
T1T 805 Bk A PTED B¢ & MED F-AR (1 HE A H] 8528
JERFH, PTED A7EEFER . FARVIOKE . K5
FbARS[R] & ODLAE %L E4E T MED 41 .
3.3 FARIGHEIZN TN

AT RN, B T HEM SN Ty s, a7
TFHERI B T EAR, AT S JE US55 4
BT HEZMN A5 A BALE, BRIEFEIANT,
HETR] 45 0 1 B8 A2 4 > A1 4 > B2 4 >B1 41,
AV R T RIS MR B2, X A
2155 B YIMERI AL R BRIGAH LA, T8 R FLR )5 i A
Ky ZETEREARAL T, MR &N ) 3 m B &, B2
H>BIH>A24 >A1H > EHA, HBIAHKTFE
BT AU AR A2 41, T RE XY A2 M R) 4% 25 B
TRA, SRAUBERE R IR, R R TERR 2
LS AN, C2 4UMER #E N ) B AT 4 v B
HCITHRM I RT ATHMBIAL, XUl 7ELBRA
F/INHENR] B AT T, MSU 4350k G (AMI A% 4
MUAER] AR S ) AR AR S HER SR 3K, ARG
IRAR RS XSRS, SR M ) 28 S B AR S5 1R 72 1 1 XU
B, Py AR (e BRI ), BRL (55
PRI S8 ) R (] 4% PR AR5 B AR R AR 1

AR, TEMERTE R Sk, HERI A SE H
JE N/ B TGS . Kb S5 R, RBRAHENR]
FAZL S, Wi @AY, BN SRRk, R
Jea thBERAR | AR N IR AR R . X T A Mk
B HMINAER] 558 B B, W AEPRUEASCR A [) i FR
Mo Fe A, RBERE LBRT ZAESURME R A, LA
TRARJF IR
3.4 AHEMARE

AN 5T I 1 =4 BRICHEE AL | PTED AR5 HE
[ EAIER, JEHEAT TARIT T, XHlE R TARA —
FEMTE R, (HAFEE— AR . ARG
LA XA AT 3D A, FRE MR,
FINFF A ARG 152 RIE L, (R EE e 45dhe
KAV, BIREA B S0, X EES E
Som T RRLAA R AR SRR At i i Ak
Pk, HEANANEAEARRAAZE R, ABRITHRALA
RESE RN BN LY 2R 450 B 115 0. BE T
FHEA . A BRI Kk myidi e, A BRITRIRLY

.46 -



5118 BrEA,

85 G BOMEN) AL BERERZAR PR A HE R AR Y ) 2 R B AT BRIT AT

IREHBOR ML B, A7 FROTTT VA AE PR~ U )
K HM) 1z S e o ASBIFTEHCSE MSUAE ] 8500 71,
B 2 BRANTR) TERE SR EE AOMEIRI B0 7 2 (R AR IE S
4); BRI A RESE 2GR ITA TR B LR
B OSEARE, HFREBREER AL O AL
B, ZERR/PMUATERME, BTSRRI
PRI FHIE A BEMERRRS I o AT — IR PR A i,
B 80075 JEIE 07 AT RSN, FEMENRIFLBEAR S, HE
PR ST 8 BRSOV B 2 N Sy, IR AR
IBAE

i bpnid, AvrsEd ARGk, WAk
FEH AT I AT R LA IR RACR 89 PTED AR J5 1 ) 284k
PEAT T 0HT, T TIRERANIRIOLE | R/ NME ] Xt
AR S METI I T S50, XA el 25 BRI £ 5 /)N
L GEEA —E AR AR, XN 7 2 KrH R FrOHE ]
FHRAAT ARG VR

o

% X W

PAN Z, HA'Y, YI S, et al. Efficacy of transforaminal endoscopic
spine system (TESSYS) technique in treating lumbar disc
herniation[J]. Med Sci Monit, 2016, 22: 530-539.

LI Z Z, HOU S X, SHANG W L, et al. Modified percutaneous
lumbar foraminoplasty and percutaneous endoscopic lumbar
discectomy: instrument design, technique notes, and 5 years
follow-up[J]. Pain Physician, 2017, 20(1): E85-E98.

A, UL A BRIT TR MR B A B A N T 1.
Jea R, 2016, 38(7): 706-708.

LIANG D H, LU S B. Application progress of finite element

[3]

[3]
analysis in thoracolumbar spine fracture[J]. Beijing Medical
Journal, 2016, 38(7): 706-708. Chinese

MYSLIWIEC L W, CHOLEWICKI J, WINKELPLECK M D.

MSU Classification for herniated lumbar discs on MRI: toward

(4]

developing objective criteria for surgical selection[J]. Eur Spine J,
2010, 19(7): 1087-1093.

WONG D A, TRANSFELDT E. Macnab's backache[M]. 4th ed.
Philadelphia, USA: Lippincott Williams & Wilkins, 2006: 78-90.
SEOLRE, JH T, s, A5 AR DR MR 2R AL DS 7).
T EF A, 2004, 17(11): 643-646.

JIANG W Z, ZHOU W, ZHANG L T, et al. Standardized study of
diagnosis and treatment for discogenic lumbago-leg pain[J]. China
Journal of Orthopaedics and Traumatology, 2004, 17(11): 643-

[3]

[6]

[6]

47

646. Chinese

S, SRR, Wil . 2 B MENR]FLEHOR IR T IEEHE ] 2428 HIFE[T].
PB4, 2017, 30(9): 851-865.

WU G N, ZHANG S M, JIN J. Percataneous endoscopic lumbar

(7]

(71
discectomy for the treatment of lumbar intervertebral disc
protrusion[J]. China Journal of Orthopaedics and Traumatology,
2017, 30(9): 851-865. Chinese

BIATA, FOBCEL, BRIAAe . MEARE F] 2 58 Hh AR 79 DXIUE AL 0], P e
BRI, 1998, 18(1): 14-16.

HUY G, LU C Y, CHEN B H. The three-dimensional localization of
the herniation of lumber disc[J]. Chinese Journal of Orthopaedics,
1998, 18(1): 14-16. Chinese

P . 28 RO LB S AR SR 8 AR 2GR A2 R MR A ]
RO PR HEL]. R B S5, 2016, 9(3): 189-192.

XUE H. Comparison of the efficacy between percutaneous

(8]

(8]

9l

(91
transforaminal endoscopic discectomy and traditional laminectomy
in the treatment of recurrent lumbar disc herniation[J]. Chinese
Journal of Bone and Joint Surgery, 2016, 9(3): 189-192. Chinese

[10] SMITH L. Enzyme dissolution of the nucleus pulposus in human[J].

JAMA, 1964, 187: 137-140.

[11] HIJIKATA S. Percutaneous

technique and 12 years' experience[J]. Clin Orthop Relat Res,

1989, 238: 9-23.

SMITH M M, FOLEY K T. Microendoscopic discectomy:

results[J].

nucleotomy. A new concept

[12]

surgical technique and initial clinical Clinical
Neurology and Neurosurgery, 1997, 99(Suppl 1): S105.

[13] YEUNG A T. Minimally invasive disc surgery with the Yeung

Endoscopic Spine System (YESS)[J]. Surg Technol Int, 1999, 8:

267-277.

[14] HOOGLAND T. Transforaminal endoscopic discectomy with

foraminoplasty for lumbar disc herniation[J]. Surg Techn Orthop

Traumat, 2003, 99: 320-323.

YU P, QIANG H, ZHOU J. Percutaneous transforaminal

endoscopic discectomy versus micro-endoscopic discectomy for

lumbar disc herniation[J]. Med Sci Monit, 2019, 25: 2320-2328.

CRH 4ifH)

[15]

A5 AtER:

BB, T, e, 55 | 2 HOHEIRI LS RERMBR A S ME ) 44
Y012 B BRI [I]. R R A BEARE, 2020, 26(11): 41-47.
DUAN X X, LI Y W, SHEN X F, et al. Finite element analysis of
intervertebral disc biomechanical changes after percutaneous
transforaminal endoscopic discectomy[J]. China Journal of Endoscopy,

2020, 26(11): 41-47. Chinese



