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[Abstract] Objective:To investigate the instantaneous centre of rotation(ICR) and the point of pedicle screw
insertion (PPSI) trajectory during lumbar flexion—extension motion and to provide the data for design of spine
non—fusion technique.Method:61 healthy volunteers(31 males and 30 females) with the average age of 27.8+
7.1 years (range,19-43 years) were included in this series.The average height for male and female was
178.5+4.6¢m (range, 174-190cm) and 164.4+3.3cm (range, 157-168cm) respectively.Based on lumbar flexion—
extension X-ray,the ICR position and distribution was first demonstrated,then the PPSI sagittal displacement,
angular variation,rotation radius and flexion—extension ROM during flexion—extension movement were mea-
sured.The data between male and female were analyzed statistically.Result: Although greater height and greater
L2-S1 upper—endplate posterior—anterior width for males than females(P<0.01),the ICR distribution and PSAP
displacement at each segment did not show sex-related difference (P>0.05).In posterior—anterior direction from
L1 to L5,ICRs during lumbar flexion—extension motion lied approximately in the middle of the upper—end-
plate of lower vertebra with a backward tendency.In cranial-caudal direction from L1 to 14,ICRs moved from
the middle of the disc to the upper—endplate of lower vertebral,but ICR of L5 returned to the middle of the
disc.In sagittal plane,the PPSI of each level moved from inferoposterior to superoanterior with an arc trajecto-

ry.The PPSI displacements and angular variation increased from L1 to L4 however,these two decreased in LS5

EE&TE Pviy ER S 1ES H 445 :2009KW-13(2)]
FE—EE BN P (1983-) WAL, 5K 7 1) F KSR
L35 . (029)84775285 E—mail :heqizhen21@126.com
WIRAEH B S5



o [E A A 2 7 2010 4E4E 20 4855 5 1)

Chinese Journal of Spine and Spinal Cord,2010,V0l.20,No.5 417

simultaneously.The rotation radius had no relationship with lumbar segment.Flexion—extension ROM from L1/2

to L5/S1 increased gradually.Conclusion: Lumbar flexion—extension motion is characteristics and regular which

indicate that non—fusion surgery at different lumbar level should be associated with relative device get better

reconstruction of the spine physioactivity.

[Key words] Lumbar;Spine non—fusion;Instantaneous centre of rotation;Pedicle

[Author’s Address] Department of Orthopedic Surgery,Xijing Hospital ,the Fourth Military Medical Universi-

ty, Xi'an,710032, China

I A A 18] fil G AR IR YT AR AT 1 =
BB (H R H B Ok B 9 RO TTE
B Rl T BT B R U U T RO Kk
iE R QBRI BB AR AT ) fE A R R RS
AR P Bk R AR Rl AR T L TS IR
TEH NB G S . AW 3 SO S IEAE s i 05
Bl BB JiE %% 0 (instantaneous centre of rota-
tion, ICR) FIHE = ML 42 £T 3 £1 55 (point of pedicle
screw insertion, PPSD) 1% sh L3 | % 1 A el it
EE R S A/ e

1 &RE5HE
1.1 W5t g

2008 4= 7 H~2009 4F 4 AR A 61 &2 &R
HEST WIEFSE, B 31 4, & 30 & 4R 19~
43 % 1278471 % 0 BES R 174~190em,F
¥ 178.5+4.6cm; /R T 60~80kg, *F-14 71.0+6.9kg .,
L E B 157~168cm, V-3 164.443.3cm; K H
47~62kg, V-3 54.15.7kg, BT LI & & B H K
HIEH I 12 A JolRE sl bl o . RS E
A8 VG 2 WM J5 SR B ST A, BB A o i 3k
O X TR, 1380080 BIZ A Scion
Image %1420 Fr il & ICR A1 PPSI, &5 Be A L1
EI
1.2 ICR gy

HENE ARy R AR AR 5 R 2 HEATE 25 AH <177 Be
JEARIE B ICR P07 & AR (B 1), B
T 55 B A B e R X R, DA
WEH R MR L O S BE S, HE P
ST BOME AR A S A B R By R, A LR
Gy Fen it AL E AR BRIF A O BEAE DN T B
A HER L ZOHT TS AR A R X S i i B
WATE AR, Y il i O Tl F X 4, Dhadfh
B X - R v BT s MEAAR 8 L (A) R LG
(B) R bric A, 2 AR ity I 5 76 o J A X 2k
FhRliEsh R AT B A, 26 AAT BB L

1) 22 pii A2 IO HE A4 e A5 B B 1% TICRPICET 1) 4%
AN AE BN A bR FR X il A 2 T S R LT A7 A
A b 2B B RIS AR BT A A 43 LB = TCR 7 Ak
WA B RALE NS, X DL EE %R
N FE X B FHAE R RIBE 32 A B Ak A
Y Sl A% 3 T R R DAR D HE AR | AR R AR
FIEAS B E 43 b2 ICR 78 A bR & i a0 & 19 43
L6 Y A IE 2R, 78 Y LA i fE
PR o o H X 1 R /INE IR B A R D A Y

TR JE

1 RV e rhrcs (ICR) I & 5 ¥ 78 2 2 ad i for Bz
HEPR B L A (B) A LS A (A) A A iE s, AR A 3 fif
i 25 S AL S 8% T AA” BB/ 3RO, Pk BL it 3 -
LRI H R AN AR BUE G S Y ICR . LR AL HEMR | 2847
X IR A R R (0), Y g R O R ET
X

1.3 PPSI Ayl &

FEMEMEJE AR A7 X 7 v, PPSI A5 ic 2 1
PRl X A7 50 5 ) T A0 5 R SRR A 3 18 S R AR
7 EAREAE 5 AR R 58 B9k (D) S X
2 R i LA B () bR T 28 56T T Y 32 5 DT
(1 2), 0 MEAR S Al 3k et 67 B PPST Ao
C.C’,CC/{ J2& 0 47 B PPSI fJE A 7 8%, AH 4
WEBMESARVEET SN D, D.C SRR 2]
L4 cC'Mze,DC 5 CC Y3 £ 0 BD A PPSI JE
TR B st AR L PPST A C LU ICR S A0 Jig %



418 ot [E R 2L R 2010 4EE5 20 55 5 1)

Chinese Journal of Spine and Spinal Cord,2010,V0l.20,No.5

B2 AR S AR RET HEET A1 (PPSD) Ji i 1 3 B < Rk
97 A 5 AR 1 R SEE 1T 4r R (D) 5 B RS RETY
I /)38 224 PPSI (D), I FAHSR W4~ PPSI #E £ CD &5
PPSI {5 £ Bt CC#Y I A1 A BURH A 0, o SRy 3277 BB A i
(UiRGIE=I)ES

2| CB BT A JE S o BRI A 2 AR T B 1 JE A i
B,
1.4 Stk

N SPSS 12.0 Seit B it 47 430 . iHH
FAGIR I bRl 2 B R IR B HE
TR 2B T )5 58 B ICR 43 Aii {6 \PPSI i 7% 17 IR
K # 77 2 5 1 (One—way ANOVA), P<0.05 N
BEMNER

2 H#R

S NEHMET B & B B ARFEAR ICR 43 A 1 Bl
WL 1, BPEASIEAET B ICR 78 X 4l Y Bl e 4 kb
SR B LRy TR EEES (P>
0.05), BV 5 & KT Lt (P<0.01), B 12
Z Sl 2T E R T2k (P<0.01) , 1 55 M &
JEAE T Bt PPSI AL B8 5 [A) 5 B 2ok L T T

FMEES (P>0.05,% 2), HILS 2 ICR K& PPSI
B AT LLGE— AT 5007 o 78 R R AL T HT S 5 )
b, RVARRE AR EEME JE A0S B ICR KB T F A
PR SO HROL BRI, N LT & LS A B #1054
k%, EFm E L ICR M LL & L4 Z#im |
S3AR, B EAE ] S Bl R SRR AR L)
FALE, LS 9 ICR 913 & L5/S1 A A 4% v o0
(F3),

JEAE 255 Bt PPSI WAL i AL | s
B MR AR WL 3, L1 & 14 PPSI (VS (H 2
B e T Sl A R (0) [ I3, H LS
(A0 % (L RV A B AT AR R R B 45 T
LLICR 0 19 PPSI i % > 42 5 IEEAE 17 41 T W]
WK R L4 5K LS fe/N AR 4545 B PPST i 3
BT BE UL B 4, 53 A0 EAE TR AR 16 3 o
ML1/2 Z L5/S1 B i Kash,

3 iTie

AR RS BOR BOAZ0 PSR B B A
BRI, SCRE R L IE 3 1012 3 I BE , Bi
WEBBIT Y BB A XA ESRIZ I AR B A B A
WIRZATE , TH s A I R AT, i iz 32
REEAFE T35 30 52 i Kt R fie 0 F B AR PR Bl 2 —
W A Sl BE AL, TE A A B IR A O Y 2 A
PRE LA R BE TR 1] 22 4 i O A A S A
8l A7 SCHkGE ICR Wl {5 DX 1) AL B 1 20 A 5
0 ME ST A W A OC R 4R 7R X ICR BFSE Y
A AR R AN AN RS 575 1 ICR
BRSBTS e RO B AR
o

£1 ESEHVTRELHRERZSO(ICR)SFHMAGEL ICR HHBERS 95% X iF (xs)
-~ ICR7E X 4l H 40 b (%) ICRTE Y %A 4 e (%)
%é 5 4 RRES BAAREA W i otk BAkREA
(n=31) (n=30) (n=61) 95% n] 15 IX. 1] (n=31) (n=30) (n=61) 95% ] {5 X [A]
5.7+11.8 1.1+12.3 2.5+11.9 9.1+8.8 12.4+10.4 10.6+9.5
L1/2 -3.8~8.7 6.1~15.2
(-14.2~27.0) (-19.1~25.6) (-19.1~27.0) (-6.6~21.8) (-2.3~25.0) (-6.6~25.0)
1273 1.2+11.2 2.1+11.6 223-79 8.7+12.1 12.9+10.2 9.8+11.5 6.2-17.1
(-11.6~21.8) (-15.2~14.6) (-15.2~21.8) (-10.2~27.4) (-7.2~24.6) (-10.2~27.4)
13/4 4.5+12.1 1.9+11.1 34-73 0.3+10.4 -4.1+11.5 -1.8+12.1 79-44
(-19.3~22.6) (-19.3~22.6) (-18.9~29.1) (-22.3~17.1) (-22.3~29.1)
L4/5 -2.5+11.9 -0.9+11.8 ~6.8-5.0 -6.9+10.1 -7.1+11.7 -7.0+10.6 12.1~-1.9
(-23.2~23.1) (-14.7~20.2) (-23.2~23.1) (-24.8~14.7) (-19.6~13.2) (-24.8~14.7)
-1.1+11.3 -1.5+11.6 11.9+10.4 13.2+12.4 12.5+12.2
L5781 (-10.8~20.0) (-22.8~20.0) (-22.8~20.0) 7764 (-18.9~25.2) (-10.3~28.0) (-18.9~28.0) 3:9-19.2

TE PR IEMEY B ICR 70 X A5 Y Siiy 23 A 5 ) 4 B Lok L ey P>0.05



o [E A A 2 7 2010 4E4E 20 4855 5 1)

Chinese Journal of Spine and Spinal Cord,2010,V0l.20,No.5 419

x2 BLHEEHELBRNERESHESRESTHITR

(PPSI) L #%1E (x%s,cm)
JEEHE R ACHER L ZARET S A o ME K PPST {3 R
B B(»=31) & (n=30) B(n=31) % (n=30)
L2 443+0.28  3.7920.15Y 091+0.14  0.84+0.14%
(3.91~4.81) (3.59~4.01)  (0.77~1.17)  (0.70~1.15)
12/3 453+0.27  3.88+0.21¢ 1.1840.16  1.10£0.292
(1.04~4.87) (3.48~4.16)  (0.99~1.55) (0.75~1.49)
L3/4 4424021  3.94+0.16" 141+0.16  1.33+0.262
(3.89~4.58) (3.72~4.17)  (L1.13~1.73)  (0.94~1.66)
Las 4442020 3.9720.147 1474023  1.58+0.27
(4.07~4.64) (3.76~4.19)  (0.99~1.77) (1.23~2.01)
L5/S1 426£0.17  3.74x0.187 1.47+033  1.55+0.40%

(3.95~4.47) (3.53~4.11) (1.01~1.95) (0.81~2.22)

A5 Y B 5 e (DP<0.01,2P>0.05

B 3 e T BE ICR 40 A 1 i 4% 5 Pl 2 [ el e 0 43
SR 3 45 M2 A T BE ICR 43 Aii B9 95% 1T {5 X i) K 3 349 (i
B4 L1 % L5 Missint PPSI #Yiz sh ik (K4 )

#x3 EHEZTEPPSIEHHE (x%s ,n=61)

P e [E:A iktm RIS EhE e R

B (em) (®) () (cm)

L2 0.87+0.14 38.1+8.1 10.2+1.9 5.01+£0.51
(0.70~1.17) (10.3~48.5) (7.6~15.2) (4.08~5.84)

1273 1.15+0.23 44.1+7.9 13.5+2.2 4.82+0.61
: (0.75~1.55) (29.8~55.0) (8.8~18.6) (3.63~5.93)

L3/4 1.37+0.21 47.5+5.9 14.5+1.5 5.45+0.55
(0.94~1.73) (37.8~56.7) (12.1~17.4) (3.91~6.20)

L4/5 1.52 £0.06 50.7+6.2 16.2+2.3 5.48+0.69
(0.99~2.01) (37.9~59.7) (13.1~21.2) (4.16~6.80)

L5/S1 1.51+0.25 44.5+5.8 18.3+4.1 4.77+0.61

(0.81~2.22) (36.6~57.4) (10.5~25.3) (3.86~5.77)

I Aiy £ A 4 M 18] 5 R B EL R TR
Z JFZE T IR PG T4 NS 45 5100,
BSOS B A b, O T B A A A1
Bl iy L 435 50 B RN B RS M AR, DL
AW ARG, BT A IR

HER ELIR Y ICR 20 15 00, 45715 B 2 38 i N A
[ 28 9 3% e & — BUW i ARBESE 25 R w4
JEHE TCR J2 78 50 58 30 0 A A L 2R v 8 L,
TREEIEA AR, W ae)E 67 & L L1~L5 & i 1) 5
T o FESKREHR AR b LS 5 30 M ) 45 o 18] B4 7
B W ICR M B 3 8 AN HERRRE 2 X0 B A8
FEAEANR T, TR 2 AR A R RS A
343 AT T 305 A I A W AR Al R ™
Y JE SRS XA RRR Y ICR 3 AR ML R £
XA R Be s b 0 59201 BORE A T 2 2 80 DR id
bR, DT S8 B Rl Y BOE A E S BT SR

XF TG BB AS B e b, HE S AR IR AT HEET A
V7B 1 JE AR TG S 2 B R SR R S
s, Bt RE S HERR BLME 5 B B BR AR Y 2k
EA BRIV A R AP R IE M, HATE RS
SIS NI 2 R G0 R AR, an o, R s ) fe K e
12 1Y Dynesys , {H HRBE S 0] 58 19 J5 B Ao 1 fiff
FLR FH A2 1) JRy RS, 3 A o — L6 35 2% A8 K 2 i £
g o — A B, A0 — 1 B R BRI
B 40 NFlex s FRE RS0 ; s 2 ) 3L 4
B 4 R FEHE R TG 3508 40 Stablilimax NZ J& 4%
JEHEARE = AR AR ET 2 ) B R gt U= R BeaE 45
P AE 5 MR ET 35l 1), 40 Cosmic BIAFE &
Gt AHIXBEHE 5 AR IR ET R8Tt 1005 3 D g
WA 58276 TEHETE i iz Zh iF PPSI A& T 1Y
BB, ARk L B A 2 T A R Y B
SEA 25, NRE g R A R A AT S
BRI SRS, AU AL T — 2 1Y 1 23 1)1 I A
AE I B HE A9 IE 5 A4 BV SRS, KO E K AT
Al Hh AR B A KEAR Z (B R ) B, e &S
HOE AR ATE W 52 R B A AR ™,
ISANEHAROR , PPSI 1942 sh il B BUA P A
FEERME  (RT KHE K IE 5 N RFEAR DN B A5, 0F
J A A A 4 A e AR A AN ) A Y B B
TG Bh R s T, JE T 2 LS/ST 7 BEAY RR A

TR Lo RE AR B v FOME AR RN I 3 22
S AHB LA W) ICR 5 PPSI oW 22 57, 48
ARFRATHEBE T Al A 2R 1 501 25 57 - AN BEVE
BET RS 520 PR 2R, T A 2 o O e 45 M A
BERR TR IE sk . ARBIFSE H ICR 07 B 4 il i
S AE X RhAY o L B b AR R AR P
(AB AR ) IR B R S PR i B (E 7 AT S



420 ot [E R 2L R 2010 4EE5 20 55 5 1)

Chinese Journal of Spine and Spinal Cord,2010,V0l.20,No.5

BRE S, A ERE R 2 T R AR R
FECHE (e A B2, IR AR % HLA I = E STy
2, BIJE T REAS R T A SR ICR A I (5 3%
FERRIEGE — 0 A6 b5 3R TR EAT HREC RIS 1, iR
TCR - 45 {0 5 30 i o, WU 230 O, PRI Ik DA 3%
1P B K45 bR il 22 30K . EAR S A B 52 19 Jr
Be, 21 PR RRME 22 R B Z R AT R
TSI AR 25 AR B T S SA (R S R

iAo} F e Ul B T HE S AR i s s 5 A
Jei B EF S s AR XA N L1~14 R
WG O LS 9 Ak HAmRE f R L2 2 R S
L4 et A I 3 i, T e X R LS/ST AfETR]
FE AR S, %1 B BRI 0 LA A 43 A
b FEHEAS [R]120 A5 ol — 2 BT 45 A 4 B Jit A
T 20 B AR fh i 4R 45 1 B PPSI i RS A iRt
FAS AR Ty — B, PR T M i M
B A 15 35 B 5 PPSI iz sh Bl 2 i) & 5 2
A A TR T R I R G 50 1T .

4 SEXH

. Bae HW,Zhao L,Kanim LE, et al. Intervariability and in-

—_

travariability of bone morphogenetic proteins in commercially
available demineralized bone matrix products [J].Spine (Phila
Pa 1976),2006,31(12) :1299-1308.

2. Ghiselli G,Wang JC,Bhatia NN,et al.Adjacent segment degen-
eration in the lumbar spine [J].J Bone Joint Surg Am,2004,
86-A(7):1497-1503.

3. Younger EM, Chapman MW. Morbidity at bone graft donor
sites[J].J Orthop Trauma,1989,3(3):192-195.

4. Gillet P.The fate of the adjacent motion segments after lumbar
fusion [J].J Spinal Disord Tech,2003,16(4):338-345.

5. Reuleaux F.The Kinematics of Machinery:Outlines of a Theory
of Machines[M].London : Macmillan, 1876.60-67.

6. Karahalios DG, Apostolides PJ, Sonntag VKH. Technique of
pedicle screw fixation of the lumbosacral spine [J].Operative
Techniques in Neurosurgery, 1998,1(3):134-141.

7. Phillips FM,Ho E,Cunningham BW. Radiographic criteria for
placement of translaminar facet screws[J].Spine J,2004,4 (4):
465-467.

8. Amevo B,Aprill C,Bogduk N. Abnormal instantaneous axes of
rotation in patients with neck pain[J].Spine (Phila Pa 1976),
1992,17(7) :748-756.

9. Nockels RP. Dynamic stabilization in the surgical management
of painful lumbar spinal disorders [J].Spine (Phila Pa 1976),
2005,30(16 Suppl) :S68-S72.

10. Stoll TM,Dubois G,Schwarzenbach O. The dynamic neutral-
ization system for the spine:a multi—center study of a novel
non—fusion system[J].Eur Spine J,2002,11 (Suppl 2):5170-
S178.

11. Huang RC,Wright TM,Panjabi MM, et al. Biomechanics of
nonfusion implants [J].Orthop Clin North Am,2005,36 (3):
271-280.

12. Adams MA ,Dolan P. Spine biomechanics[J].J Biomech,2005,
38(10):1972-1983.

13. Lemaire JP,Carrier H,Sariali E, et al. Clinical and radiologi-
cal outcomes with the Charite artificial disc:a 10-year mini-
mum follow—up [J].J Spinal Disord Tech,2005,18 (4):353-
359.

14. Lemaire JP,Skalli W, Lavaste F, et al. Intervertebral disc
prosthesis:results and prospects for the year 2000 [J].Clin
Orthop Relat Res,1997(337).:64-76.

15. Van Ooij A,Oner FC,Verbout AJ. Complications of artificial
disc replacement:a report of 27 patients with the SB Charite
disc[J].J Spinal Disord Tech,2003,16(4):369-383.

16. Schmoelz W ,Huber JF,Nydegger T,et al. Dynamic stabiliza-
tion of the lumbar spine and its effects on adjacent seg-
ments:an in vitro experiment [J].J Spinal Disord Tech,2003,
16(4).418-423.

17. Barrey CY,Ponnappan RK,Song J,et al.Biomechanical evalu-
ation of pedicle screw—based dynamic stabilization devices
for the lumbar spine:a systematic review [J].SAS J,2008,2
(4):159-170.

18. Meyers K,Tauber M,Sudin Y, et al. Use of instrumented
pedicle screws to evaluate load sharing in posterior dynamic
stabilization systems [J].Spine J,2008,8(6):926-932.

19. Schmoelz W ,Onder U,Martin A,et al.Non—fusion instrumen-
tation of the lumbar spine with a hinged pedicle screw rod
system:an in vitro experiment [J].Eur Spine J,2009,18(10):
1478-1485.

20. Bertagnoli R,Schonmayr R. Surgical and clinical results with
the PDN prosthetic disc —nucleus device [J].Eur Spine J,
2002, 11 (Suppl 2):S143-S148.

21. Tsuji H,Yoshioka T,Sainoh H.Developmental balloon disc of
the lumbar spine in healthy subjects [J].Spine (Phila Pa
1976),1985,10(10) :907-911.

(W B #1.2010-02-01 & 181 H #1.2010-03-12)
(X% & MIFTEH)
(AL FHE)



