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{Abstract)

Aging has been recognized as the primary cause of disc degeneration. A biomechanical characteristics of
disc degeneration has been demonstrated that intradiscal pressure is reduced. With the increasing population
of elderly people, disc degeneration and associated problems of nerve entrapment are becoming more
prevalent. Presently, research on reduced intradiscal pressure associated with degeneration is insufficient.

In this study, we used the Finitc Element Method (FEM) of computerized simulations to investigate the
effects of variation in intradiscal pressure on mechanical behaviours of L4-5 intervertebral disc degeneration.
Degeneration was classified using four grades based on initial intradiscal pressure; Normal (135 kPa), mild
(107 kPa), moderate (47 kPa) and severe (15 kPa).

The predicted results for bending loads were as follows;

1. Range of motion increased progressively with severity of degeneration with flexion and lateral
bending moments, but decreased with extension moments.

2. Discal bulging of posterolateral aspect was larger in lateral bending and extension moment. But
bulging was increased with severity of degeneration in lateral bending and torsion(same side).

3. The rate of increasing intradiscal pressure was decreased in all bending motions with severity of
degeneration.

In conclusion, lateral bending and extension moment yield greatest bulging in severe degeneration. In
torsion, although bending load produces disc bulging, disc bulging was associated more strongly with severity

of degeneration than increasing torsional moments.



Clinical Implications;

Discal bulging may produce nerve root impingement and irritation. The effect of loading and posture on the
varying degrees of disc degeneration has important implications especially in the elderly. In the presence of

disc degeneration, avoidance of end range postures, especially extension and lateral bending may help reduce

discal bulging and in turn, nerve entrapment.
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Table 1. Ratio of the size of L4 relative to L5 for the vetebral border

Ratio of A-P * Ratio of M-L** Ratio of S-1***
distance distance distance
14 1 1 1
L5 0.98 1 0.95

*Antero-Posterior **Medio-Lateral ***Supero-Inferior

Table 2. Distribution of the collagenous fibers in the annulus

Layers 1 and 2 Layers 3 and 4 Layers 5 and 6

Layers 7 and 8

Ratio of crc ’
aLlo of cross 1.0 0.78 0.62
sectional area

0.47

A) Lateral view
Lateral

B) Superior view
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C) Frontal cross-section of disc

Figure 1. Three dimensional FE model of the human intact L4-5 motion segment model
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D) Mid-height section of disc




Table 3. Element types and material properties used for the model

. ] dul Poi ' C Sectional
Maeral Blomertpe YOS YRS B Cpos S
Cortical bone 3D Isotropic 12,000 0.30 -

solid element
Cancellous bone 3]? isotropic 100 0.25 -
solid element
Posterior elements 3D isotropic 3500 0.25 -
solid element
3D isotropic ~
Endplates solid element 10.000 0.20
Disc annulus 31? Isotropic 4.2 0.45 -
solid element
Annulus fibers 2rnode link 175 0.3 -
element
Disc nucleus SD. Isotropic 1.0 0.499 -
solid element
2-node link 7.8({12.0%)
ALL element 20.0012.0%) 0.3 24
2-node link 10.0(€11.0%)
PLL element 20.00011.0%) 0.3 7.0
2-node link 10.0({14.0%)
ISL element 11.6(>14.0%) 0.3 14.1
2-node linkt 15.0 6.2%)
LF elemen 19.50 6.2%) 0.3 0.6
2-node link 7.5({25.0%)
CL element 32.90025.0%) 0.3 10.5
2-node link 8.0(€20.0%)
S8 element 15.0020.0%) 0.3 14.1
2-node link 10.0(18.0%)
L element 58.7(>18.0%) 0.3 10.5

Facet contact surfacecontact element friction coefficient : 0.01

ALL: anterior longitudinal ligament, PLL: posterior longitudinal ligament, ISL: interspinous ligament,
LF: ligamentum flavum, CL: capsular ligament, SS: supraspinous ligament, TL: transverse ligament
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Table 4. Intradiscal pressure and ratio in relation to the grade of degeneration By Sato et al(1999)

Grade | Grade 1 Grade 1 Grade IV
Intradiscal 91425 7242 32+45 1020
Pressure(kPa) :
Ratio 1 0.79 0.35 0.11

Table 5. Intradiscal pressure and material properties of the nucleus in relation to the grade of degeneration

used in this study
Normal Mild Moderate Severe
Intradiscal 135 107 47 15
Pressure (kPa)
Young s 1 0.2 0.035 0.0078
modulus(MPa)
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Figure 2. The measurement of the disc bulge(A: the
point on the inferior endplate of L4, B:
the point on the superior endplate of LS,
d: disc bulge)
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Figure 3. Points on the endplate of L4 and L5 for
the measurement of the disc bulge(A:
anterior, P: posterior, L: lateral, P-L:
postero-lateral).
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Figure 7. Flexion, extension and lateral bending due to 7.5Nm moment.
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Table 6. Rotational motion of vertebrae in degenerated disc

T Flexion(degree) Extension(degree)
Moment(Nm)  Normal Mild Moderate  Severe Normal Mild Moderate  Severe
2 1.08 1.20 1.35 1.51 1.29 1.36 1.17 0.68
4 2.13 2.3 2.54 2.73 1.94 1.96 1.84 1.39
6 3.16 345 3.68 3.90 2.54 2.63 2.62 212
8 4.18 4.55 481 5.05 3.18 3.33 3.27 2.85
10 5.15 5.56 5.85 6.12 3.83 401 3.95 3.53
12 6.08 6.56 6.88 7.17 4,42 4.66 4.62 421
T Y — Lateral bending(degree) Torsion(degree)
Moment{Nm) Normal Mild Moderate  Severe Normal Mild Moderate Severe
2 0.76 0.91 1.00 1.04 0.34 0.36 0.42 0.47
4 1.53 1.83 1.99 2.05 0.70 0.73 0.76 0.82
6 2.30 2.75 2.93 2.98 0.93 0.95 1.00 10.5
8 3.06 3.61 3.86 3.93 1.14 1.17 1.23 1.29
10 3.79 4.46 475 4.85 1.34 1.38 1.47 1.51
12 451 5.29 5.65 5.78 1.50 1.55 1.61 1.70
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Table 7. Posterolateral bulge(mm)

g vo] Hae 28 3 Jelgt. =9 %5 12Nm
X F3se] WE Aole AEFFTY(TF)A
0.14mme°] 3 A1} € @A 0.03mm] E3431%
o HEHAM e 3 7l wE BE S7he AL
U $ZoX F 43 F=9] Aol 0.13mm=. F718HA
H(Figure 11). :

Moment Flexion Extension
(Nm) Normal Mild Moderate Severe Normal Mild Moderate Severe
0 0.11 0.13 0.16 0.20 0.11 0.13 0.16 0.20
2 0.02 0.03 0.07 0.11 0.26 0.28 0.30 0.33
4 -0.08 -0.07 -0.03 0.03 0.31 0.31 0.33 0.36
6 -0.19 -0.18 -0.12 -0.06 0.34 0.34 0.36 0.38
8 -0.29 -0.28 -0.22 -0.15 0.37 0.37 0.39 0.42
10 -0.39 -0.37 -0.31 -0.24 0.40 041 0.42 0.44
12 -0.48 ~0.46 -0.40 -0.31 0.44 0.44 0.45 0.47
Lateral bending
Left posterolateral bulge Right posteérolateral bulge
Moment
(Nm) Normal Mild Moderate Severe Normal Mild Moderate  Severe
0 0.11 0.13 0.16 0.20 0.11 0.13 0.16 0.20
2 0.23 0.25 0.29 0.33 -0.00 0.00 0.04 0.08
4 0.34 0.38 0.42 0.46 -0.10 -0.12 -0.09 -0.04
6 0.46 0.50 0.54 0.57 -0.22 -0.24 -0.21 -0.17
8 0.57 0.61 0.65 0.69 -0.33 -0.35 -0.33 -0.29
10 0.68 0.72 0.76 0.81 -0.43 -0.46 0.4 -0.40
12 0.78 0.83 0.87 0.92 -0.52 -0.55 -0.53 -0.50
Torsion
Moment Left. posterolateral bulge Right. posterolateral bulge
(Nm) Normal Mild Moderate  Severe Normal Mild Moderate  Severe
0 0.11 0.13 0.16 0.20 0.11 0.13 0.16 0.20
2 0.10 0.12 0.16 - 0.20 0.12 0.14 0.17 0.22
4 0.08 0.10 0.14 0.18 0.11 0.13 0.17 0.22
6 0.06 0.07 0.11 0.15 0.12 0.13 0.17 0.22
8 0.04 0.05 0.09 0.13 0.12 0.14 0.18 0.22
10 0.02 0.03 0.07 0.11 0.12 0.14 0.18 0.23
12 -0.00 0.01 0.05 0.09 0.10 0.12 0.16 0.23
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Bulge{mm’

Normal @ Mild QModerate O Severe

1 r
—

Flexion Extension Lat. Lat. Torsion(Lt) Torsion(Rt)
Bendgvg(ht) Bending(Rt)
ending motion

Figure 11. Posterolateral disc bulge in bending moment due to 12Nm

-12-




3) Sk Wigt

Z2v9%e] %2718 300N9 33 (preload)olr 3
A 0.276MPa, 3% 0.251MPa, 35% 0.171MPa,
%% 0.076MPa°lgitt. 2 o2 o] FYRUE 3o
A Fe Uiske 2HES] F7td) et 23AMe F
7} AR e Zashe APl dk(Figure 12). 238

U 91233, H1ER0M e Al Wit Aot A
A 252 445 17187 AAsiged 239 3
S AAAAE 718717} 14kPa/Nmoln FEME
5kPa/Nm@ct. AA9 A% 71&71 FddA
8kPa/Nmol 2 =4 E 2.6kPa/NmE ZH4s3ict
2 ZndAEe BHES] Zylde Epsln Wilio] 7
EaX =

~ 05
[y
o
=04
95’ —&¢— Noml
§ 0.3 —=— Mild
a 0.2 ~&— Moderate
R —%— Severe
o)
o 0.1
S il
€ 9 :

0 2 4 6 10 12

Moment(Nm)
A. Flexion
05
—e— Normmal

203¢
[

e

0 Il i

‘o

o

; -w
0'2‘%’\‘\“‘\‘*‘“&1‘:
001k

B e V) X

1 L 1 J

—=— Mild
—&— Moderate

0 2 4

6 8 10 12
Moment(Nm)

B. Extension

Figure 12. Intradiscal pressure in flexion and extension

V.o #

2 A7E 300 S5 FYRAE Aol BAS
g oz BYa) s 71 £9399 1459
£EUNE fPasvdz THINY. FPALEA
e AP 2 o) AAGRH 5YE of

Z3het gol AM-H T glon 3o A 54 ¥
Nl thgatA A= sloh. Shirazi-Adl ¥,
1984: Michael Lu 5, 1996). SelAE o] & o] 4%
A771 Al 271813 e AR @ER 5, 1995:
o]&7] §, 1998). 18u} {38 nde A4 mokz}
A3 9N F glz B =3 £8E 71R= 3



7) W&ol theket AR Ao} YAd Fe U
oA & To 542 vehled A,

o] A AT AL 71818 Yels EA4Ad
olale] QgL et 71813 e 58 Fiwe]
gols} F&(end-plate)d ¥I7t o8& q¥E It
(Michael Lu &, 1996). E&o] A=]d F3kae] v
o] Wolxlm 0|2 <3l F3hde] Eole AH:
2I3YYo2 IF YIuL s v B 3
#E s de Y% AREe] e 334
A 5o tds] Fad¢ 93 vAA €o. 128
U B dte Hae Agdadn 25384 §2 19
87 ghm Fmel uigh Astthe mslel HYA 2
9 23U HyPo P TEAA 80 sk 3t
4:0]7) W&ol Sato 5(1999)9] EPA [-NA
o ul &2 2o 484 & B, A=, TEE, TE
2 FE3}|(Table 5) 2F DAIA ] HAHHH 54
%, 3yt shlA Ao A4, 0% BE, Wt
£ 33t whebA obF AR He] A F F30
A= 3 Feo] ARt A 54& geRslede
A7 ow 238 1 oA dAN e 54 et
2AY Aol

(RECIETE P

Ao A& H7le] ] & AFelA e {3
o] EEHUNE 25Nt A3 HAE YFH R
FelaAY Adkske Wdle o o]&80] Ut 3§
- Bobge A4 HFoA BAHe AR AT A
o] A97} dolvke A& 20| 8}n (Pope F. 1985) ¥
Hhd o2 giRE AR A FHic 2o 329
o] &2 Panjabi(1992)<) ¢Ja] A|¢tE Neutral zone9]
Adez APAHA A3 aF-d9F4 (load-
displacement curve)el ¥A¥ojgl= o] 712E F
I i}, o= A Aidelut Rdde] =@o] 3UAl
ok FI-AAe] AR ARle] utsie . glot. o]
H) 25N WA AR 33 R4 234 &
g3k 54 My AAQ 71%E HHE ve AT,
S54oln N7 2xA 2§ Neutral zoneolre] 43
A& AY & = e 3ol ot Neutral zoned)
2Re AN oW, EFHAY FF L& FAY
241 Ho|t}.

Egjo] AgPgro A e Pt AL AaH

2 3FEAA 7} EFHHolA] Ran o] AL FIHHY ol
o] ZAE 2Ystn HHES wedpl g A3
2 AG89 &3 339 494E SVHIA E
o}, 2 0% gol9 ae XA JeAste] vzt
#adA Hol 238 A4S #F2A9A B
(Michael Lu &, 1996). o|2|3t Adte 27141 8910]
Hitglo] Ha A Wil 3] 3 54& el
A 8.

wete] HAQ Aol 20| 7 Zx vheel AA,
9253, vEY SR BHES} F7lEA A
3} 91 =732 AY Aolsl QAsict. oA A 9%
F3lol AAM} SFH 47t Acke Schultz 5(1979)
3} Panjabi 5(1984)] @stske Aoz} ek, 2}
Kapandji(1982)& 830jx 2] A %917} Aol
30° 91233 0] 20-30° 2 AAo) o7t A= Z3s}
£ 943 1o}, Schultz 5(1979)9] AFAME o
2733 AANA oies & HARE Holx glo] /A
A7} Avke A& v}, A4 A9 2NmelA 71&
717} A7) AlFRE AL o] X|AA A3 FEA]
HFo g Qe $Fdo] Aad Reg Hddd

Hyat wAzle] AAN 22, 1&FY, IS
AMe AR =7t 271845 23971 F71sad v
9 S(1977)& A7} Dol oA BREE AN
glo] Egdo] AP A4S 1-3dAM e 25Ut &
7kt 4, 5eAlA e aske AEe RolAul 54
Aoz fo4e gidn 3t Mimura 5(1994)
& R AR S ol ] wol, 25 34,
299 AstE uT o GAE TEIA Ho
APeE F3-40He] AAHY SN A455
< 742, #3Ae F7ksE 53] A5FYL AnigiA
728le] 28 %o NZR(neutral zone ratio:
NZ/ROM)& Z7kitta dgich. # d7e dgers
zA3m FFoU HAge 84X 5 o 8de 2
2i3lA] 3k W2 olF A HAGAE vebd 5
E gle ez 2. e¥idnes J39 A
< 328 o AL A3 2E o2 o] KL
o] APTSFE BT A2 Yelton], A3
Hd e £3HN7 Zasa el Svtske o
2A48S 2318 o ¥ A3xe Kirkaldy-Willis¢}
Farfan(1982)2] 984 e 7128l 859 HY
4 A3E BR9 12849 9AF 71589 54
o] Z7lshe ¥RV, & B 27u 3719 dHE Y



ehiled 43 Aoz Algdr.

229 A ZFYNA Y E5HY ke o] BgeE
o] AL JAE § 9on oF BA ] Halde
HZo] 3gggo] dojuA] e Folsin], A3 &
AALE & AXTH FHY T (isometric
exercise)o|tt 2L Radiv B4 4a ¥ Ao
2 godd Adel 4o FxoA &FE97t 23]
2] 742 AL W RAR 3] Folrt deld ¥
Aol AFo] MM 2Fo] AT Roz HZd
Z:71919] Eolr} Yol Aedae] AAFEFHAE &
8] A 5 AF FAAY FEFHS F/MA
o] #Ae] ¥ & A= A0S /M4 & F U £
Z743o M) AR tute o e IAx
@ AAL Aaold Ao Alwd

2.

Zhe

=2

I

g

P
Au

B33 delA PEL FoF WIS JEes &
et o] ¥4 Aol g3t BAs o] Al ¢7]
g o] dH oz Yiolv 8 gEo] 7P} EF X
ot}

2 AFA 292 Wiko 2ol YL & 9373
oA 2N HAAth =Y 222 VPSS BE
9] A7) FvkElged 12NmelA 343 F29) o]
7} 0.14mm= i, olzl§ A3 Lin 5(1978)
3} Reuber 5(1982) 9| A= dXsxn 3ot
Reuber 5(1982)2 H3 1-2¢A] |Fsle FE&
TR - Fo| &R BES A&FHUNA 7
Az, 3 34944 e £ A g
oA BELe 1-2¢49] =HFoM B} of 2u) &
T Az Y}, Lin S(1978)%F &85y Hals:
oA Ggol ALt ¢zt HPE F3tdeA B} HaHA H
Pg Fgor el HFo] Ackn At oA HIP
¥ F0gelA Pge] A vdehhe e Usitaz
A3l Af-gol B4 FURANED L 35S 2
3, F3e] Fol7t Yol Y AR89 71€7]9
Al Y gol FE F7] W &olth(Shirazi-Adl F,
1984).

Z}zte] FIRHENA YFEL Hol(translation)7}
dojuk= W @A} ot Aole FFo M A
oz AAgME Tz, gEFFYdMe 5o
dolulm, v]EHME A dolutA] gherH(Schultz

-15 -

2,1979). webd HFEE Hol7t dolvke WA=
Z7lsln 2 v e ZadtA | ol A%
o wja} &3] PEE FIYLANES} FILFE 2
ZAME 72, AR E 7t ASFYUANA T34
ME Z7F ioEdM e Hada, vEHAN BES
A9 Mzl JehdR e Aoz wadd

Folz ool 2bwt P HFL FHTS AYsA drt.
Gill?} Mason(1998)2 14-59M 33 F7139] A4
o] 3 A 70| 4.3mm o]/ Hoof grix 313
o} FURAE o] FItFo Avle AdAN e
ZHasla 2FAME F7RIG o2 ARz A32 L
ZPAAG SJoMEL AR Ao FFlA ghihe
e Ao g IR (Inufusa 5, 1996).

B AN A&7 AR gl IA viebsk
el 9533 B5, AL F5 U39 AVE
FaA7 2 o] T FejdlA FelEo o] YFO Fvt
£ 47329 b ¥ g ol 8910 Helg o
et} =3 U EHAN T2 & i FYIHF
Z7kache g 44 Axd] B & FEoA &0l
Z7Vel7) |l ol2j g AeolM ] v EY 52 TF
9] 89lo] 4 Q1& Rolt}, ek AA29] gtk 7
241717 918K &3 A4, HEE 52 9
A Aesojof & Fejct,

3. F2HE Uy

Z2e] ke 234AM 71T %o AdeAMe 7
2381c}. o121% A3ke Schultz §(1979)3 Sato 5
(1999)¢8] AAA <zte] F7b7t ks At &
o7} ek, 22y Goel®} Clausen(1998)2 ¢33t
9 AL o F@elA 35 88%, HFFHAE
A 242} 6% & A slen) dtele, AA A= F3h]
M 14% A3 FBEANA 22 51%9] 352 AA @t
3 3 ARdge] S AR £5H8t
A3 A3 FAHY FF AA&o] FoIR7] ool
oA 9 Wk ZAaHE Aog Algdr}

FL £Y5l J4Ee8 A= ] gla Al A
= e s5o] FHd o XA HAT 2
445 FY9 WAL $99] SFA|A| Fo] YolA]|
3 el 43 o] AHES B3l AgEy. ue)
A H3o] 22 AYPUFE FF, AA BE AL Ul
ko] Wglg(7187])o] A Aoz Alrdrth



4. AYH 2|9

g3lo] AP FFE F Ygo] #28FE FY3H3
A AFSEHAV 92F3 234 Fksle, BE
& Fojznao Yo JEFY AANN F7lske
7o) ATt ol HFo LFHA FF EEE
9j9] 229 BAdo| 9U7) el d5HAA 25
o] £ F712 AF B & sddhe ioEe
SEHY B BEAR Y £F& v At B
< A3 A8 A2 53] B2\ AFIYSE
T o1& B 5o SHA 5] A ol
Aot Betgol A AL corsetolvt RE7|E
Agste AL 2238 = & Aot

AR FFAHL FAN] AF &% Adde BE
27}, Z7bge] FolHos Qg AR shdfo] A
oA & dojur] d o] gEetFol Hastee A
A AgPsh= Ro] vidA S Ao wadch £ HE
de uste] ad %9 2% P& I/ veht
B2 #&o029 HEY &5 F|E 88T

Zhel B84 AP W] AR FAadte WA
2 AYParar gy 549 WstE veplr] i
g9l Nadguce 1 g 542 343 veotet
o A N & dgslojol & Aoz Atgdn.

=]

ok
=4

V.2 Zz2E

B QN Fue] o A 33w Uik
A 27t QA A%l o dFL vAe
A d&317] 94519 14-5 SFHAE A8 MY
& AHEl] BAsigle) i gk 373 135kPa,
A% 107kPa, 355 47kPa, 3% 15kPa°] HES
28] 2] §A A4 (Young s modulus)E 373 1MPa, 3
% 0.2MPa, 5% 0.035MPa, 2% 0.0078MPa&
A3 492 FESl] Aot 22e] 300N
o A3t AedA 2T, A4, 9533, vIEY TF
o2 FYUANFE Jleie] Ao 28, F4H B8,
yigte] Wsts 238t 2 Avke ot A

AR, LFHNE STl 71 A3 ¥EHAA
AQith, 222 A4S 239 J&FYPM e &4
9 277 9tk 2Eu ARG A = Zasg. &4,
Foj2y wge o&FF ) AAdA FRIAT. =

-16-

2 245 37hge A53YdA B4 vebhoh AA,
e F38E Z7 wet 23 e 71 AN
& 2dgn. 358 248 RE 79 7180l #
a8t

Agdog HyPA FyolAY sk e F3Y
sl Uig AA e AstE 7HH A gt o2
@ g 271, (3259 B So= A3 ¢
AR o8 §2& Histn 7154 8ol 2 £ 3
th. zzee AN A8ye] e} XAelel
ARG B T4E S F sle Aoy
AFEato] e olol & A8 Bt

2 dpiAe 2 g 9o usitats
aesiglr] Bl e 43 SAe verd #71 8l
Aok, mEy o dTe AREY BY, 25 ¥
A, A53@de] AL B39 A HPANY A
q8A Aot FaPslojol F Ao AlgdT.

(&g d)

Agd, BAE, o¥R T Y FAY 3 A
2 e o], Ui A FH3tA], 33(7), 1611-
1619, 1998,

v 9L W9y B AU 8F D FAL
Ze) A5 PelAS, dFA A,
6(1), 34-40, 1999.

uld], AYF, AEC 50 AFN 00 5P Azt
s} B4 24, a3 A], 4(2),
281-290, 1997.

o]&7), AN, YL T A AdeaRd S 9
£33 A A3 3 s FeA e YA &
A B, gk 3 el atetalz], 33(7), 1889-1896,
1998.

AZR, o]F7], A9 5. H|AMY 33 fPF8L B
9 o] B 34313 deolA 839 $YHE
Fo| 3|4, PP} A, 30(4), 795-807,
1995,

Acaroglu ER, Iatridis JC, Setton LA et al. :
Degeneration and aging affect the tensile
behavior of human lumbar anulus fibrosus,
Spine, 20(24), 2690-2701, 1995.

Adams MA, Dolan P : Could sudden increases in



physical activity cause degeneration of
intervertebral discs?, Lancet, 350, 734-735,
1997.

Battie MC, Videman T, Gibbons LE et al :
Determinants of lumbar disc degeneration,
Spine, 20(24), 2601-2612, 1995.

Brinckmann P, Grootenboer H : Change of disc
height, radial disc bulge, and intradiscal
pressure from discectomy, Spine, 16(6), 641-
646 , 1991.

Burton AK, Battie MC, Gibbons L et al. : Lumbar
disc degeneration and sagittal flexibility, J
Spinal Disorders, 9(5), 418-424, 1996.

Farfan HF, Cossette JW, Robertson GH et al. :
The effect of torsion on the lumbar
intervertebral joint, J Bone Joint Surg, 52(3),
468-497, 1970.

Gilad I, Nissan M : A study of vertebra and disc
geometric relations of the human cervical and
lumbar spine, Spine, 11(2), 154-157, 1986.

Gill TJ, Mason MD
neuroforaminal decompression in degenerative

Assessment of

spinal stenosis, Clinical orthopaedics and
related research, 348, 135-139, 1998.

Goel VK, Clausen JD : Prediction of load shearing
among spinal components of a C5-C6 motion
segment using the finite element approach,
Spine, 23(6), 684691, 1998.

Goel VK, Lim TH, Gwon J et al. : Effects of
rigidity of an internal fixation device: A
comprehensive biomechanical investigation,
Spine, 16(3), S155-S161, 1991.

Goel VK, Monroe BT, Gilbertson LG et al. :
Interlaminar shear stresses and laminae
separation in a disc, Spine, 20(6), 689-698,
1995.

Goel VK, Ramirez SA, Kong W et al. : Cancellous
bone Young s modulus variation within the
vertebral body of a ligamento}ls lumbar spine:
Application of bone adaptive remodeling
concepts, J Biomech Eng, 117, 266-271, 1995,

Inufusa A, An HS, Lim TH :@ Anatomic changes of

-17-

the spinal canal and intervertebral foramen
associated with flexion- extension movement,
Spine, 21(21), 2412-2420, 1996.

Kapandji 1A : The physiology of the joints,
Chuchill Livingstone, 115-117, 1982.

Kim Y : The mechanical sensitivity at interfaces
between bone and interbody cage of lumbar

spine segments, J Biomed Eng Res, 21(3),
295-301, 2000.

Kim YE, Goel VK, Weinstein JN et al. : Effect of
disc degeneration at one level on the adjacent
level in axial mode, Spine. 16(3), 331-335,
1991.

Kirkaldy-Willis WH, Farfan HF : Instability of the
lumbar spine, Clin Orthop, 165, 110-123,
1982. .

Kurowski P, Kubo A : The relationship of
degeneration of the intervertebral disc to
mechanical loading conditions on lumbar
vertebrae, Spine, 11(7), 726-731, 1986.

Lin HS, Liu YK, Adams KH et al. : Mechanical
response of the lumbar intervertebral joint
under physiological(complex) loading, J Bone
Joint Surg, 60(1), 41-55, 1978.

Michael Lu Y, Hutton WC, Gharpuray VM : Can
variations in intervertebral disc height affect
the mechanical function of the disc?, Spine,
21(19), 2208-2217, 1996.

Luoma K, Riihimaki H, Raininko R et al. :
Lumbar disc degeneration in relation to
occupation, Scand J Work Environ Health,
24(5), 358-366, 1998.

Markolf KL, Morris JM :
component of the intervertebral disc, J Bone
Joint Surg, 56-A(4), 675-687, 1974.

Matsui H, Kanamori M, Ishihara H et al. :
Familial predisposition for
degenerative disc disease, Spine, 23(9), 1029-
1034, 1998.

McGregor AH, Cattermole. HR, Hughes SPF :
Spinal motion in lumbar degenerative disc
disease, J Bone Joint Surg, 80-B(6), 1009~

The structural

lumbar



1013, 1998.

Mimura M, Panjabi MM, Oxiand TR et al. : Disc
degeneration affects the multidirectional
flexibility of the lumbar spine, Spine, 19(12),
1371-1380, 1994. °

Nachemson A : Lumbar intradiscal pressure, Acta
Orthop Scand(Suppl), 43, 1-104, 1960.

Natarajan RN, Andersson GBJ : The influence of
lumbar disc height and cross sectional area on
the mechanical response of the disc to
physiologic loading, Spine, 24(18), 1873-1881,
1999.

Panjabi MM, Goel V, Oxland T et al. : Human
lumbar‘vertebrae: Quantitative three-
dimensional anatomy, Spine. 17(3), 299-306,
1992.

Panjabi MM, Krag MH, Chung TQ : Effect of disc
injury on mechanical behavior of the human
spine, Spine, 9(7), 707-713, 1984.

Panjabi MM, : The stabilizing of system of the
spine; Part 11 : Neutral zone and instability
hypothesis, J Spinal Disorder, 5, 390-396,

1992,

Pope MH, Panjabi MM : Biomechanical definitions
of spinal instability, Spine, 10, 255-256, 1985.

Reuber M, Schultz A, Denis F et al. : Bulging of
lumbar intervertebral discs, J Biomech Eng,
104, 187-192, 1982,

Sato K, Kikuchi S, Yonezawa T :
intradiscal pressure measurement in healthy

In vivo

individuals and in patient with ongoing back
problem, Spine, 24(23), 2468-2474, 1999.

Schultz AB, Warwick DN, Berkson MH et al. :
Mechanical properties of human lumbar spine
motion segments: Part [: Responses in
flexion, extension, lateral bending, and torsion,
J Biomech Eng, 101, 46-52, 1979.

Shirazi-Adl SA, Shrivastava SC, Ahmed AM :
Stress analysis of the lumbar disc-body unit in
compression, Spine, 9(2), 120-134, 1984.

Snyder B, Piazza S, Edwards W et al..: Role
trabecular morphology in the etiology of age-
related vertebral fractures, Calcif Tissue Int,
53(81), S14-822, 1993.



	MRCRB4_2001_v13n1-0008.tif
	MRCRB4_2001_v13n1-0009.tif
	MRCRB4_2001_v13n1-0010.tif
	MRCRB4_2001_v13n1-0011.tif
	MRCRB4_2001_v13n1-0012.tif
	MRCRB4_2001_v13n1-0013.tif
	MRCRB4_2001_v13n1-0014.tif
	MRCRB4_2001_v13n1-0015.tif
	MRCRB4_2001_v13n1-0016.tif
	MRCRB4_2001_v13n1-0017.tif
	MRCRB4_2001_v13n1-0018.tif
	MRCRB4_2001_v13n1-0019.tif
	MRCRB4_2001_v13n1-0020.tif
	MRCRB4_2001_v13n1-0021.tif
	MRCRB4_2001_v13n1-0022.tif
	MRCRB4_2001_v13n1-0023.tif
	MRCRB4_2001_v13n1-0024.tif
	MRCRB4_2001_v13n1-0025.tif

