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ABSTRACT

Biomechanies of the Lumbar Intervertebral Disk

Ji~Whan Park, R.P.T., M.P.H.
Graduate School of Health Science and
Management, Yonsei University

The intervertebral disc in the anterior portion of the function unit gives the spine its
flexibility, The disc is attached closely to the vertebral endplates, Between these
endplates and the annulus fibrosus, the nucleus pulposus of the lumbar disc is enclosed
in a circle of unyielding tissues,

Compressive pressure placed on the disc is dissipated circumferentially in a passive
manner, In response to the greater axial forced exerted on the lumbar spine in
comparison to the cervical and thoracic spines, the nucleus pulposus has its greatest
surface area in the lumbar spine, The intervertebral disc is not only structure that
helps diss pate stresses placed on the spine, With flexion, extension, rotation, or shear
stress, the load distribution on the function unit is shared by the intervertebral disc,
anterior and posterior longitudinal ligaments, the facet joints and capsules, and other
ligamentous structures like the ligamentum flavum, interspinous and supraspinous
ligaments, which attach to the posterior elements of the functional unit,

Key words : Spine, Intervertebral disc.
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Fig. 1. Components of the intervertebral disk.
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Fig. 2. Annulus fibers, B. Concentric laminat-

ed bands of annular fibers, C, Orientation of

annular fibers to the disk plane,
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I Ae ALE, o] e BHIEL He
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I2EE, 3B HE8E & (neutral axis)
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(bending) o] LtEhAH BT}, HAF (vertebral

column) & SIEE ARl £ Ues TEE

A, d¥o] MY FHY xAr} By
(strain) I} 71 (stress)& WO} F@OIH ®ri.

B BUT FHE 2AE diskiot 2 B
Wy WLE VI YOSE R straing

diskolAl 4 Wi,
2. ot W A

Puxel RACATNM UHEY spineo]

412] Qi (compression) & XAt WHERE
X277 e @78 #Fol ol ft, Hv}

o1 QI8HE (compressive load) o4} TiA37}t &

& (herniated) 51 730]) ok}, QB4 Ewt
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Fig. 4. Stress(E, kgimm) or the ratio of force

(0ad) per unitarea is piotted against the

-c,_orfespo‘ﬁding strains(E, mm/mm) to obtain a

stress-strain curve. The slope of the curve is
the elastic modulus(E, kg/rhm’), or the ratio
beween unit stress and unit strain. The larger
the value of E, the stiffer the material.
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Fig. 5. -Compression load in a normal

nondegenerated disk., A. Reaction of the
nucleus pulposus pushing out against annulus
and cartilaginous end-plates. B. Outer annulus
layers ‘have alarger temsion stress along the
fibers and also in the tangential peripheral
The fibers have

stresses of smaller magnitude.

direction. inner annulus

load)o] WAE tj£3A9] #Wol 73Rk 21
3L v §4EHA 234, F£9 F4474
&yto] Hg(transfer) T @A ®Hct, 71 of
d ol F7ig 3HEol 44/ Sujgct,
ojfd  AMERoiAS] F4AMHRS Y (outer
annulus fiber) 2 stress F43h= 4H4871H
(fiber mechanism)olit #E B4ARF|=
nucleus &gto] Riol4d, o & TH UTE v
A =0} 2XH 2R wgo] uhEd) stressE vt
Al oY 6). Nachemson @ 4= HAH
430l Aol 43 (nucleus pulposus) 2}
EE AR uh, FAEQ cjA30 4y B
o} 0% B Td4E UE 5¢€E veEldoa
HI8a Uk,
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Fig. 6. Compression load in a degenerated
disk. A. Load is transferred to annulus only,
with no reaction of nucleus. B, Annulus fibers
show outer layers are subjected to increased
amount of tensile stress. The inner annulus

fibers have a high compressive stress.
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H&AE (vertebral column)9) 715X $EL
HERQ loadings} 1FHQ loadingo] X8}
¥ Ho|o}, agiB8 &4)}(trauma) O F A7)
€ spine stress H@ %olut etdl Y
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bending2 ©]A~39] 2tz} ciE QiRjolA BY
I} gheb 71Eo] BAlol 2+ HOE, BE ¥
SR FHeIHUY Yo &2 g PERed
annulus®] B8 9 (convex side)l AMEIIA}
(tensile stress)® 2= W (concave side) ol
HZo) 9% ub71E} (compress stress) & W
A ¥t} bending® A& AS annulusvlZ



Compressive

Instantaneous axis’ of rotation
Fig. 7. Tensile and comp_ress'ive; stresses in the
disk during bending.
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A} (torsion stress) & Hrigh 4,&9] rotation}
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o= twistingT} rotationg WAME 4 |ivt
= golth) ¥ HAY SAUYL tiE Hi ol
thal annulus WHollA] A 7% (tensile  stress)
9l Mei7iZ} (shear stress) & =10l Sutalgl
2y 8. MYy 7IEL 3 M& (rotational
axis) ol sl £HOR Yoluvtswl, 1 olfE
B44R7E gHo tish AR 2 (oblique
angles) 241 IASHL W71 WEOITH. E S
o HHWel Agele 4R Y 1PoR
QI3 PHM (torsion) it Bz} BI1A =
ot M2 disk7lAxle) 2oE 2 HEgE wol
EolAl i R4HOE Z FHY4E €A H
ct, :

o] straing A7)E 7HE AElE RE E43)
B2 (rotation axis) 7}X|9) Helol Bie|¥},
Diskoll4] R® ©] stresse= ojn] TFXAOR
OF8E HFHEE X annulus® #Q]éil(«]a]oﬂ
Hol2 7}i3lct, olg|ste] d|E (twisting) €
A% EF (bending) I} ¥ E$XE #EES
disk®] straini} stress& J}EA]7IH, ©GlS0]
&8 loadingA] B IEiskHch. oW HA

TN Horizontal shear stress

Tension — -

Tension < p
S shear " i
Fig. 8.. Tebsuib abd sgear stress resyk-tubg
frin a sorsion load on the disk, A. Application
of a torsion load produces shear stresses. B,
~Normal stress is present at 45 degrees to the
dis_k plane and both normal and shear stress at

~ 60 degrees to the disk plane.
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Fig. 9. Disk pressure in the third lumbar disk

during the following posturesileft to right:

supine, side lying, standing, forward bending
20 degrees, forward bending 20 degrees with a
20-kg weight, unsupported sitting, sitting bent
forward 20 degrees, and sitting bent forward

20 degrees with a 20-kg weight

& disk @§# % (herniated lumbar disks) o]
2 445, Magoras 3 XHHE 288 #s)
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AEQl diskolMe ool A7t 1728 B4
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Andersong @t2xtAMlolA &7} We Y
o] 7}& HE A= bemiolo] QEWHTT}
U YAl 1207 vAEo] R*HE W 2HE
(EM.G)4 718 W A& “eERH (O
10y ok&El ®dolzt YD chEIX]A] (thigh
support) 7} 12, XM ¥HE @ £ U B
23 Zol Uv AAPH CE gEE daA|
Z 4 Yot st Jct. Iy 10004 E=
B}2} o] QF WX (lumbar support) 810}

~
J
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aACX REST INCLINE(CEGAEES)

Fig. 10. The effect of backrest inclination and

lumbar support on intradiskal pressure.

AHE R A EvlE gtow Fyto] Eob
7} @AE 4do)( lumbo-sacral curve) 44
o diskol 2 ¢EHE WA Erl 97
(psoas muscle) 2 AT, A UL w Hoh
gol | W ol & $SHHE Jehied,
Ol QoIUE W QFFPE o] 8]0 1
Hato] disktg tiE £31417|17] aj&olt},
MAUE o T QWHE L SHRAH 1 &
€ FAl(rest) AlF1H QA 0] ojgxlo] ¢
£37 ¢rdo) WolxA o), 9% HE @
th (lumbar support)§ic] 13T &HEE
T5E] Qe XH4| (semi-fowler's position) &
f&diskeg Jpkgolzhs FHE gH€HE HY
i Yt

2. Ay

FElE ot TRE 1™HE  AH4 (stooping
position) &} F 184 QI Aol AQ] AH & X
AP e KBS w2 BT & Uehdt, I8t
disk A#He FI3 & XAAHY stooping
position FAHIKHci= &3l st EASY o
A WAL U, ©j2ift crouched &2
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stooping position® QAMFITH (lumbosacral_

curve) 9 A& 71X} disk fwol. +98
ASAAH Haol & FUEG @A 6, §
B she BAY Helrt B4-8 9wl 718
g,

I, BME TWo Bd o t2agme)
BAE AFEX. B olE Folgdurst Y
WHEch ol 2 ¢eo] FoFc, U w (push)
= AR (rectus abdominis ‘muscle) 2)
o) YA IHE (counter balance action)o]
Ul Walol wet A8cH(aY 112 D). B
of gz (pul) FRelH ke e w@H
Erector spinae muscleo] &3} 2w Hrc}
o & 31®o] tlAae Ay 119
B), _
xI8 @2 A (squating  or - crouching
position) A BHE= ‘%}@9: 3 UM
H QY Fee xm__o*r W XRHolA EO1 8
gle X3, @ Xl %S AN D B & RE
oH Wl Mol E 9ol ok, & £BE
WA TP 7)) (stress) o) MXITE XpA)}
EOI? ©hEo) QUa, & 2ZOF Yot
AL HBA0R wIH wED Y A4
& A% + Aon, o W HMs BOIFEO
Tl2390] ZAE 4 UAch, A 480l Yol

A E Bhie) 203 Axke BE WMol €

4 Qvt. Farfan $&WEe BB (trunk
rotation) o TWE F4AMI RO HAE ZAEY

Hu 152459 BBIBA) 50%= 9 (tor-

que) O 2 gloHEiX] 1, V}D?Il 5%E |X
(torsion) & WX|&}=ul o} %04521’4 as
BE Z HF U@Ho] AYH. &8 THY
(spine flexin) 4ejolxlg) 8He &Hsle 8
A Fo & Reg FH gl

3. 25
HEE gyolre *%-(back exercise)

o] &l RE& HBAIFIH HEQ FAE M
A AZ 4 Uoka YA, QBE FHHOR

, 3} 41 A (active

Pull bendmg moment

Pull force »

- Upper body weight

L S Disc
Erector spiNae load
force

Push bendmg moment.
: Push force f
Upper body
L V/“._ - weight Rectus
SV Abdominis
Force

Erector Spinae
force '

Disc
Load
Fig. 11. Forces generated in pushing versus
pulling. B. When pulling the erector spinae
muscles resist the bending moment with a
horizontal pulling force. D, When pushing the
rectus abdominis muscle reéists the bending
momeht_ with a pushing force and a larger

lever arm than the erector spinae muscles.

B YA 3XlE B30, fHOY 128 B

b 7Y AL A Q3TAA6 AsRE U

€ 1022 B8 o, 788 7RI Yojut
QO E = A (sit-up with knes bent) 2} &
back hyperextension in
prone)uj 7}& & ¢lde] uUehts NG B
4 Uok, IHMEE dHEeHoz g o st
& Bolgele AEnE t2lB g0 gl

C Ao} B} erxsle g, back extensor muscle

28 Hcte knee extensor 282780 o £
HE Folo} Bk, oijoih, BI LHIES
AR BUgE E71191Y taage o= 3
T Z4A1E + U
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Fig. 12. Disk pressure in the third lumbar
disk during performance of these exercises
Bilatjeral
hyperextension in prone, sit-up  with kness
bent standing, both knees to chest back
hyperextension with head stabilized and supine
lying with legs elevated.

V. oig

straight leg raise active back

oje} go] RER 71¥MH QIXH{mechanical
factors) 8} xidlElol I o] Yo
o] ojurgiol sl AFSHMch.

1. xp4 @&

Q1719  YAMIEEX} (activities of daily
living) 3} Z|QJol4t QF& X}Al (sitting posture)
7} Bol ATHEZ, SEHACIAE & AL
9 e XHHE B & AeHR Aol ot
FHEo] glol fojo # AR, &Hal HXE
(lumber support) &} YW (arm sup-
port) 7t Uk A2t HE 71 AXLEZA Yol
(buttock) Ro| s WWQSiD, Nuidl
IHE EFol A st ARxgwo] BEE
IR =& 24X} wold EHBUcH, or)o) oy
Bl 5 W33 Wersl 4E AXNYE & AXE H
Zpicid ol AaXoict, 3 XA F
Ayt T W FUE XHAE 3 Bl Folo}
Bk, 2B X&de  HFRUAA
(kyphotic poture)+= disk® ol Z}3¥} stress
B FUYRgeR, @x17} A& mattress= B
HAE HA & Fol 3, Fuoly RNt
golg AL 3™ & vl2 ol X g
3w 713 xjelB o)/l B R¥Eo tz|E

HOlER % YEOE ¥ YU Woiut
et ’

2. 9

BUE EY ¥ o FYIL2 a. B
#71 A A5&& Sic}, olz& S T
ol HAM tiAFol EF LAAIFIA el
b, &1 = BHE& Huidt 7izio] @ict,
olHE HATHI AN Heldk Huigl B
OB diskety} 2829 I7|# AA e
t}. c. B8 E 9+ 2R g e 7
®2el AR Mok, &, Sl o]83A #
1 €4 UeHZ cel2A Edg ozt
d, € M9 e BHA A7 X2
712 F I (lium) Mol L& BT}, e,
Big v thE gioR el &uig 3
AeiofA] 8 & I@EY «FHE FHEIL
ol BRhe X4 @ol 3tol @ #@r). f,
Ajddierg vlbg BS, S8 &R (twist-
ing) W1, 32l ®back straight) Xhalo)4]
B THME MBS 2F (rotation) A1}, g.
Xl Q= YR APE F&H Y R
2% J7le AWl (quadrupeda) & H@ct, h,
o S B AlYE A dle RE B
7 9 3o,

3. 84

¢121 <38} (body mechanics) o} m}2s 283
% 2R ¥ AR (Quadriceps femoris) 3}
&t (abdominal muscle)oltl, WHEAIFZEE
vel@ %8 BAwE 809 8W o 1E €8
B 2Roln, B2 tAauue diil7le
b E 28 F= 2olvt, 2¥d &3] 5248
FECR F &8 U8 22 vig] HE vt
2 52 KMol goiut gre (sit-up posi-
tion) WHE 21 Yew, oA tlA3uet
# 7IS8I22, EXH4Y &8 (isometric exer-
cise) & A3t 4t

tiA~3 M4 (disk displacement) o} B x|
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EE A% tj£3 239, 48 & 3™ &
& uhy (disk flexsion, extension or hyper:
extension exercise) 2 U2 IAREQ =M
ARtk QEXIIA ofF ol#E LT

U FHShs B2 2F AlY Al @xpoiA-

EYT A& (sign) 7} ERAA] Yerh BIEA]
2olstdor irt, olE Eof, tlA23 28 &
EQ¥ol £71 v William's exercise &2
ol ZUExIA) (kyphotic posture) & A EHA|
sHed, HE BpEIUY 2e WaA 8
OZM FZ (vertebrae foramiﬁa).gl 5}]%}%
7idel A= ojw disk 4 B4 WiHE
7 € SH7 Avke FHolvh, :

MCKenzie®} Cyriax& - QZ&HvH(lumbar
lordosis) 2] X8 Fasle AHERE McKen-
zies EES REXI Bio 39 @
il o] HUrkHA, QEF A4S +F
X178 9 ¥ (passive extension _exercise in
prone) & ZX3Ict.

Cyriaxe McKenzies} F&Heh wyia ob
2 grizlol 9l (traction) RAE Foi tj&
3 A TaAIHO vt FABIATE

Vi. dof

o4t ABx| jdts e} (biomechanal princi-

ples) & Q&cr|A30] HEsHH HU1, 8F
289 ANE Wl BT, 259 BulE Q
4713 oot tad BHE X1 Us B
x1e X5 Foiol sl T AHE MY 2
Holet Y Hjolc.
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