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Human intervertebral j oints were sub j ected t o  a constant st ress~ and the
resultant strain respons.’ was measured as a funct ion of time . Thereafter, the
stress was part ia l l y removed and the strain again measured as a function ol t ime

Based upon the data , an analytical mechanical model was t’nrmulsted fot
which the Young ’s Moduli and a coefficient of v iscos i t y  were dotennined . The
measured data indicate marked differences in the compressive behavior of the
intervertebral joint excised from the thoracic and lumbar c~ lumn. Several
types of disk degeneration were observed and itud ied . U is suggested (CON ’I~)
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that the disk acts as a sealed pressurized unit. If tears or ruptures occur
in the joint whereby nuclear fluid can easily escape from the intervertebral
disk and be in direct contact with the vertebral centrum , the mechanical
propertie. of the joint are significantly altered.
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SUMMARY

This investigatIon has yielded several Interesting findings on the lntervertsbral joint respon.e to static
compreealve loading.

S When the normal (ntsrwrtebrsl joint is sobjeeted to loading, it clearly exhibits crr.p rharsctv ristk’s.

• The magnitude and character of the creep curve Is a function of the m wpholugic condition of the
lntsrvertsbral disk.

• If nuclear herniatlon occurs, the ability of the disk to carT) axi al compressive loads Is compromised.

An analytic al model corresponding to the experimental data was generated. The Young’s Moduti and the
coef ficient of v iscos ity corresponding to the model were presented. There is some indication that the reco~-er

mechanics of the intervert ebral joint do not behave in a linear viscoelasile manner; additional analyt ical
investigations are currently underway to determine the extent of th is nonlrnearity .
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INTRODUCTION

‘)‘he intervertebral joint consists of the intervertebral disk, the adjoining vertebral centra with their paired
posterior zygapophy seal articulations, and associated ligamenious structures, The intervertebral joint isa
flexible structure thai reacts as a hydra ulic load absorber and transmitter. The joint reduces the jarring effects
of mechanical v ibration s and impact produced by walking, running. jumping , or any other acti vi ty , wherein
the spinal column is subjected to movement or stress. The interve rtebral joint is essent ial for normal
mechanical spinal function.

This investigation evaluates biomechanical data collected whil e subjecting the human intervertebral joint to
long-term axial compressive loading. The objectives of the experimental effort are to describe and measure the
long-term creep response of the interv ertebral joint in compression and to develop a theoretical model
describing the creep mechani cs for normal and diseas ed intervertebral joints.

The creep test measures the axial stnictural stability of the intervertebral joint. ‘l’he test can be of relatively
long duration ; therefore it is of great biomechanical and clinical importance due to abnormal stress
application , w hich may occur to surrounding hard and soft tissue structures. Creep tests are also important for
analyt ic modeling of dynamic joint response and determinat ing corresponding material property coefficients.
Creep test information can be applied to many clinical and research areas, such as physical medicine,
anatomy , orthopedics, rehabilitation , and for selecting suitable mater ials for disk replacement.

MATERIALS AND METHODS

The test ap~aratns illustrated in Figure 1 was used to measure creep and recovery, it consisted of an acry lic
plastic container, a positioning box which had secured onto its base an acrylic plastic platen. a humidifier , lead
weights, and associated electronic equipment. A linear voltage differential transformee ~L~’DT) was fixed to a
side of the outer box, while its core wa r mechanica lly fixed to a side of the internal positioning box. An
electrical schematic of the sy stem is shown in Figure 2. Figure 3 is a photograph of the entire test system. The
creep and ~‘rcovery characteristics of 47 vertebral joints removed from four male cadavers, ranging in age from
2 to 4(, were studied. Cause of death in each case was suicide .
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FIgure 1. The Creep Test Apparatus
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Each spinal unit was removed en masse within 24 hours following death. Anterior-posterior, lateral and
oblique radingrapha were taken. Using an electric band saw , parallel hard tissue slices were cut at each
vertebral level perpendicular to the vertebral end plates and at a level of maximum vertebral body waisting.
Each slice was cut parallel to the line of demarcation between the cartilaginous end pLate and vertebral bone.
This procedure was conducted carefully to avo id creat ing any nonuniformity of load distribution throughout
the experiment. The posterior articular facet joints and spinal ligaments were left intact. Each specimen was
labeled, inserted into a plastic bag, and placed in a deep freeze. Before testing, each vertebra l specimen was
removed from the deep freeze and allowed to stand 14-lb hours to thaw at room temperature. Throughout the
thaw ing period , the specimen remained sealed In ha plastic bag to minimize tissue dehydration. Just before the
test procedure. each ~ertebral body-bearing surface was stamped onto a foam rubber ink pad and the hiked
specimen was stamped onto millimeter -sca led paper. From this print, the vertebra l body area was determ ined.
The initial height of the specimen was measured using a set of vernier cali pers . For testing, the specimen was
placed cephalad-s ide upwards between the platens of the creep box. (The posterior spinal column was not
loaded, but free to tense. ) The humidifier was turned on. The dead weigh t load of 30 lb (with a resulti ng total
44)-lb weight applied to the specimen ) was manually placed upon the weight tray. The total creep period was
8 hours ~ I. Thereafter, the dead weight was removed, and the specimen allowed to recover for approximatel y
lb hours. During the recovery period the applied weight was 10 lb. Figure 4 illustrates a typ ical data plot. The
direction of the arrows depicts the path taken by the pen of the X-Y recorde r.

SI
RECOVERY PHASE

END OF EXPERIMEN T

S TART TIME 8 hour s / ‘

I
FIgure 4. TypIcal Mormal Creep Plot , The di rection of the arrow s depicts path taken

by the pen of the X-~ recorder.
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ANALYSIS OF DATA

W hen the in*ers srtebral joins is subjected to a stat ic compressive load. its-structure will deform antI adjust itself
to oppose the applied force. Figure 5 illustrates the salien t features of a typ ical normal creep curse for the
inienertebr.I joins . The X-Y plotter dis plays en instantaneous com pression immediately following load
application. For s’ery shtwt loading times h ess than I second), the deformation seems to consist of an
instantaneous elmstk deformation, Point A. The period after the initial defonnation is fo llowed b~ a period in
which the predominant deformation is characteristic of a v iscoelaetk response, from Point A to Point B. In the
nez: region, th. curve approaches a low constant level. When the specimen is unloaded, an Immediate increase
in height is noted. Point Rio Point C. Thereaf ter, the specimen graduall ’. elongates but in no ease does ii
recos er to its orsgmnal length. Point C to Pou ts JS),

FIgure S. Salient Features of a Creep Curs e Illustrating Elastic and ~ iscoe1asiie Regions

A typical creep curse for a normal intervertebral joint is illustrated in Figure i i .  The pretest rediogrm1th of the
vertebr al unit utilized to generate the curse is shown in the upper right hand corner of the cone. A curse for a
diseased intervertebral joint is illustrated in Figure ~ . Shown is the effect of vertebral epiph~sitis
tSi’heuern’.ann’s Disease I on the creep response, along with a radiograph of the diseased j o int. Figu re shoo s

that she ‘.-iscnelastic response of the intervertebral joint is obliter*ted. None of the data generated under this
category was quansitated. Creep i’urs-es were also collected for various degrees of Schrnorl’s nodes, ‘.-ertehral
body fract ures, diverg ent gradat ions of disk degeneration, and irners-ertebral disk protusion Into the vertebral
cenirum. In each ease the elastic portion of the curs e was retained, while the v isui’oelas*ie portion of the creep
curse was destroyed. 
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‘l’o eons eiiicnth imh’ntif~ partic ular eree~i curs e character ist ics, all ~‘~in-es were classified Into th ree
pherniuii. ’.inlust i ’al t~ I” based on the resIw ’ti’.e amplitudes of the creep curve stages. These were klentifk’d as
and i’~Iled seeordingl~.:

‘l’~pe I - Soft Sold Curs e
‘l’~pc ~ 

- Solid Curse
3 - Irregular Curs-p

It must be kept In mind that th is çoupln of curses Is not absolut, and that certain overlap of characteristic.
esists. Interpretation Is not easy because of th . continuous creep processes and Is not readily .tplaln.d Into
discrete tinr,’latcd mechanisms.

l’hc general ehara~’ter istiea of th ese three groupings of mechani~’sl lw’ha’. dir can be understoo~l best li~conadlering the combined stress tinie and str a ill time diagrams shown in Figure 8. A stres s is suddenly app lied
at time ~ HInI i kept constant t8 hours) until renios-ed at time E, which corresponds with I) on the str.lii
curs-es. ‘l’hereatter. the inter’. eriebral joint is sIlos ’. etI lime to recover at redueesl load hup to 24 hours).

In the ‘l’~ ~w I curse I Figure 8h). an instantaneous stra in along AU Is observed; this Is followed by • progressive
increasing strain for 8 hours . W hen the stress is maintained for a long time ~ I?i honral, th. stra in curve ma~equilibrate. On partial rentos al of the stress, the instantaneous consponent of the strain Is always observed
immediately along line 1W . as illustr ated in FIgure 8. A recovery process fol lows ; however, a permanent
defointation ii left .

In the l’ s 
~s’ ‘2 curse I Figure Hi’t . deformation takes place almost instantaneously w ith the applleatk’.n of the

slre~ so th at ~R appears as a straight line almost parallel In the stralti ash . l’hls Is followed ls~ a alight
transition, then Li~ an almost hori,ontal response that continues throughout the period of stress. On remos al of
the str ess at I) . elast ic recos er~ occ urs quickly so that UF appears as a s~’rdcaf Une~ recove rs Is stitiahh
incomplete.

‘u se l’s pt 3 curse usa class ifi ed under the general heading of Irregular Creep Curse. 1’hhs grouping Included
all the interve rtebral units wherein pathological conditions were known to esist and w ere radhographiealh
identified as :

Sehmorl~s Nodes: intrasponglous dsk herniatlons with undulating end ~lates .
‘2. Cleavage Fractures: vertical burst Injuries of the vertebral eentrnm. with loss of end plate i’ontlnults ,
3. Scheuernsann’s I)isesse ts -ertebrsl eplphysitls): end plate fragmentati on . steplike deformity and anterior

vertebra l body wedging .

Creep curses of the rectangular t~pe were observed and may be defin ed as curses of s’ffectls’ely cciii vhseosits
l’he app lication u t  stress produced a con sparati sely small yet instantaneous deforestat Ion represented Its AR on
the strain diagrans hEigure lid). Point U represents a quash—equIlIbrIum state under stress. I .m e UCI) tends to
he parallel to the time s’.is , Recovers is incomplete along line UF when the stress is rensoved. A permanent
du’torniatinn is left .

W hene’. er an asial lutad as applied to the intervertebral tiul t, th e height of the unit gradualh diminished.
si? u’ and ~halw itt the int er’. erteliral ilisk and the eff ect ive su rface contact area of the po’terk’.r artienlar facet
joints siere alter ed . ‘ I’liu’ magnittide itt the strain observed Indicates that the lumbar spine eshibits more creep
pi tentisl thati the ihoraed’ a1,ine. Since the inter’.-rniu’lwal joints in she upper ihoracie spine are much th inner,
this sti nk su ggests creep mas be relatei l to inters erte bral disk apace height .

- t s t rie t ls s’hust ic ulu’fnrmstion resu lts si hen a stra huu ali,wars antI disappears simultatteousls wi th the applicatliut
anti renu~i’. si ~if tin’ stn ’~ s , lit general, the greater the stress, the greater the elast ic deformation. Sonic u’s idenee
hiss roreni ls been collected to suggest eI~stIe deformation becomes nonlinear at high leve ls of stress. liii’ mas
he n’lsieuI to the amount itt ~n i-n~o weight carried Its the parti cular interver tebral joint being tested .
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I
% isenels*t k deformation was observed followi ng the initial elast ic deform ation phase. It was characterir.ed by
a high rate ’ of creep that gradually diminished with time, but did not always attain a constant rate even after
hi hours of exposure to load. In addition to the elastic and viscous deformat ion properties observed, a th ird type
of tletu rnu’.t ion mas- be defin ed : plastic deformation . This type of deformation occurred when the str ain,
w hich wa s obser ved simultaneousl y with the app licat ion of the st ress , did not van ish even when the stress was
remove d. In this st udy~ elastic , v iscous , and plastic deformat ions of the interverte bral joint were recorded as a
result cii time -dependent strain. A gradual, yet measurab le, recovery process occurred fol lowing removal of the
applied load platen , which weighed Ii) lb. In no case did the specimen return to its orI~inaI length.

CREEP CURVE ANALYSIS

the anal’. six of the experimenta lly observ ed comp ress ive creep phenomena was initi all y based on a three.unit-
hels in model ~~s shown in Figure t). This is a linear model , and thus the strain, s, is always proportional to the
couslalit ks-el of stress applied, ~ o, and may be expressed as

( It )  u’ . ,J t t I 0)

-
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Figure 9. Three-un it-KeLvIn Chain
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The function 3(t ) characteriaee the particular materi al undergoing creep and is called the creep complianos.
For the three-unit model , the total stress applied, 

~~, is equal to the sires. across each unit and may be
expressed by

~~~~
= E1.1 + ~~~ i = 1,2.3. 121

where the dot denotes differentiation with respect to time, E~ is Young’. modulus, and ‘I~ is the coefficient of
viscosity for the respective units. These are related to the unit elasticity, k 

~
, and damping coefficient. c~. by

(3 , 4)

where ~ his the initial length of the specimen and A is the effective cross-secdonal area of the specimen.

The individual strains of each of the three units were summed to give the total strain:

* = *~ + *~~ + *3 (5)

By use of the three relations given by (2) and (5), the following differential equation relating stress and st rain ,
as given by Fliigge (1975), can be derived:

~~ + Pu ~~~
+ P a V  + q~~i + q,~~ + q ,~~

’ 161

By applying the Laplace transformation to 16), and asswning that all initial values of the time deris at ive terms
are cern and that the applied stress at time t 0  Iad~, a constant, so that ~ (~) = e tj/a, the following is derived:

(1 + P u 8 ~ p,a’) (q0 + q1 s + q,s ’ q,s ’) j (a)

~ o (1 + P t~ + p,.’) —

or: q (a) $ 
— 

~~~~ 
3 (s)

.(q0 + q, s * q,a’ + q,s )

To solve for cli ), first the roots for the polynomial in the denomin ator of i(s) must be determined and the
expresalon split into partial fractions. If the roots are given by )

~, )
~ and ~~~~. then i(s) can be put in the form

J~~~~~l l (~ ti t 
~~~~~~~~~~~ +~~~ -~~~) 18)

where

~~ ~~!i~~ -~ 
p,~Ii~ (9)

I 

~~~~~~~~~~~~

t
and 

~2 and a~ are similarly expressed by permutation of Indices. Then an Inverse transfor mation of IS) ~‘klds
c li) .

• ~~~~
• (t )  — ---- — i -(l--e It ) • (1—c ‘ ) 41—c )

q, 1 10)
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Thiscan be rewritten inthe form

e (t) = _ e~~[A~ (1~_e~~ t) + A ( 1~e~
a

~t) + A (l..e 4YIt)] UI )

A complete specification of cli ) require. the determination of the six independent parameters A1 and
cx~(i=1,2 and3).

While an elaborate minimization scheme using experimental data may allow this determination, the
characteristics of the experimental data indicated the use of an approximation method which led to calculated
c li) values within approximately 5% of the measured values.

A typical experimental creep curve is shown in Figure 10. The time scale is divided into three regions indicated
by ATJ, AT2 and ~T3. It is assumd that within each repon the prsilominant time response coefficient isal,
a~ anda3, respectively; and further, that there isa minimal overlap of time-varying responses between the
regions. That these assumptions were reasonable was demonstrated by the closeness of the fit of the calculated

curves with the measured data curves.

L~T1 L~T2 t~T3 t

Figure 10. Typical compessed creep response

The analysis scheme was based on the observation that the creep response could be approx imated by three
superimpoeed reeponses, as shownin Figure 11. The ~3 responee corresponds to a Kelvinunitwith k3-s O and
exhibits a fluid response with a constantly decreasing length at a rate proportional to the applied stress. To
examine the rate of pure fluid compression, it was assumed that the first two terms in Eq. (II) had attained
maximal values at the termina tion of region AT2 and that a3t was small within region AT3. ‘thi. led to the
fol lowing approximation for elt ) in AT3.

(t) — ‘ 0(A , + A, + A ,a,t) (12) P

* 
dc (t ) . , . ,By tak ing the deriva tive -~~~—- and comparing it to the experimentally observed slope of cli) vs tnt the AT3

region , the coefficient A3a3 was determined.
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FIgure 11. Applied Stress at Individual Unit Strain Responses

The exponential response observed In region aT2 was modeled by a Kelvin unit with strain response c 
~

; and
the response in region ATi by a Kelvin unit with c 1.0 and a strain response El that exhibits purely elastic
propertie s. This approach led ins model structure as shown In Figure 10. Values for A l +A 2 were obtained by
evaluating the equation at the maxImum creep loading times measured lusually at about 8 hours). With the

* 

above approximations, an equation of the follow ing form was written

, e t
‘ 

—
i

—— + + , — a,A ,t) r A , 0 1 13)

A kast..quares fit was made to this exponential function to solve for A2 anda2. An optimization proceduret was then applied which sought the minimum value for $. by vary ing the location of the \T2afld .~ T3 region
separation point, w here

[f
(.I(cal) — c i(cux P)) ]~ 114)

and c j Ical) and ej lexpi are, respeethely, the cakulated and experhnenlal stra in values.
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The optimization technique tended to shift the separa tion point to larger time values and, in most of the cases
ana ly zed. led to the resul t that c 2>> C 3 at the term ination of the creep loading phase. For this reason the model
was further simplifwd as shown in Figure 12. The response of this three-parameter model has the form

4(t ) —e~ [A 1 A 2 (1 — eO2t
)] (151

wi th a typ ical response as shown in Figure 13.
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FIgure 12. Reduced Fluid Response Model
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FIgure 13. Reduced SolId Model and Respective Response Used For Final Coefficient Calculat ion

Using the above-described procedure, t he data were analysed on a digital computer (Cl)C titiOOl. and ~aliics
were obtained for the Young~s moduLi and the coefficient of viscosity corresponding to the model shown in
Figure 12. These values, together with specimen identification, initial area and height, are given In Table I.
Value. of 1/i iqcan ranged from about 1% to 15% with about a 5% average using Equat ion 1151 for the
three.parameter model, Inclusion of a fluid term resulted In an Insignificantly better fit of the data.
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DISCUSSION
The classical theors of elasticit ’. deals with the mechanical properties of elastic isolids, for which. according to
Hook es  Law , st ress is alwv.s directly proport ional to strain in small deformations but independent of strain
rate. l’he dassical theory of hydrod ynamics deals with the properties of viscous fluids , for which . according to
Newton ’s Law , stress is alway s directly proportional to the rate of strain , but independent of the strain itsel f.
The classical theories of elasticity and hydrod ynamics are idealizatIons. Although the behas ior of many solids
approaches Hooke’. laws for infinitesimal strains, and many liquid. approach Newton s law, for in! initesunal
ra tes of strain under other condition., devia tions are observed. Two types of deviations may be distinguished.

First . when finite strains are applied onto solids (those soft enough to substantia1l~- deform without breaking~e.g.. annulus fibrosus). the stress-strain relations become much more complicated (non ’Hookean). On t h e
other hand , in s*ead~- -state’. flow with finit e strain rates . many fluids (such as pol ymeric solutions; e.g., nucleus
I)ulf~ssLIs ) exhibit marked deviations from Newto n ’s Law nuii-Newtonian flow) . The div iding line between
fIn ite and infinit esimal is dependesit on the level of precision under consideration . It varies greatly front one
material to another.

Second, if both the strain and rate of strain are infinitesimal , a system may exhibi t behasior which combines
solidlike and liquid like charact eri stics. For examp le. a substance or bod y which is not quite solid does not
maintain a constant deformation under constant stre ss, but slowly deforms with time , or creep s. When such a
body is constrained at constant deformation , the stress required to hold it gradua lly dimini shes or relaxes. A
both- whic h is not quite liquid may , wh ile flowing under constant stress, store some of the energy input instead
of dissipating it; it may recover a portion of its deformat ion when the stress is removed (elastic recoil).
Materials whose behavior exhibit such characteristi cs are identified as viscoelastic . I f both stra in and rate of
strain are infinitesimal, the material may be viewed as possessing linear viscoelastic behavior . The
inte rvertebra l unit exhibits both elastic and viscous behavior through simultaneous dissipation and storag e of
mechanical energy . Mater ial response to stat ic loading can be explained by viscoelastic phenomena. The
prominence of s-iscoelasticity in the inter vertebral unit is not unexpect ed in light of the bioniechanica l studies
of Virgin (lQ 5l , 1958). Hirsch and Nach enison 11054). H irsch (1955), Y orra (195(i) . Es ans and Lissner (lQ( ’.S) .
Yam ada 4I Q ~Q( , Kaza r ian (19 ’2 , lQ ’5) , Far fa n ( 19’3 L Mark otf and Morris (1Q 4) , and other s.

The intervertebral disk forms the primary structural ener gy dissipat ion and transmission component of the
inter vertebral unit . The nor mal inter vertebral disk is a f’abrocartilaginous stru cture . It s-arie s in size, shape.
and thickness at different spinal levels. The disks in the cer’.-ic~l and lumbar regions are thickest to allow
greater degree (if motion. The disk is generalk consider ed to he avaseular ; however , blood vessels within the
disk have been reported by sonic invest igators up to the age 25 (Beadle 1031) . and nutriti ve can als have been
Ithscr’.ed to communicate directl y with blood s-essels of the spongiosia of the vertebral bodies (Bohmig 1Q30).
The disk is made up of th ree integ rated conlponents: the nucleus pulposus and annulus fibr osus which ar c
inter posed between superior and inferior hya line cartila ginous end plates .

The nuc leus pulposiss is the enclosed substan ce within the central par e of the inter ’. er tebr al disk sumiunded by
the annulias fibrosus. It consists of a three collagenous lattic e enmeshed in a muenprotein gel. ‘l’he direction
and arrang ement of the nuclear network in the niatrix frequently appear to be random, except at the upper and
lower internal surfaces of the cartilaginous end plates where the nucleus pulposus is intimatel y and uniformly
dispersed and attached to the end plates . The protein polysaccharide complex surrounding the interlacing
coihigenosis fibri ls endow the nucleus pulposus with an abundant water bind ing capacity (Ha bino s itch lQtd ).
Pisse hel (1930) reported that with advancing age , the water content of the disk progressively decreases. In the
newborn the estimated water content is 88%, which graduall y decreases to (iS% at age 30, where it remains at
a re lativel y constant level until old age. That is to say, to the third decade, the nucleus pul ;sosws is a water y
gelatinous su bstan ce . As growt h rate subsides, a sequence of progressive es-ems ensues that seems in effect Is’.
be a maturation process of the collagenous network. This process invokes an increase in fibril lar structure and
a change in their arrangement. The nuclear fibril s become th icker and , as. result, closely packed together,
and also become unidirect ionally oriented . H ighly organized dense fibr illa r arrays are fashioned from the
urigmal randomly distributed configuration. This process simultaneou sly invokes a progressive dehydration
of the mucoid material. I)iffer ences in biochemica l composition appear . which are reported to be of a
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ilegenerat ixe stature and continue at an ever increasing rate, affecting both the inter cellular matri x and cells.
Cellular material derix ed from the surrounding atuusil u s fibnisus and cartilaginous end plate gradualk invade
the nucleus pulposus; and the latter beeunues fibrotic and desiccated (S) ken 1Q 5 1) .

‘flw annulu . fibrusus cutuanatra from the cartilaginous end plates and is eunuposed of fibrous and cartilaginous
elements In which the fib rous eh’mcuuts predom inate. Ii is the first contponenl of the intersertebral disk to
ret esI a complex collagenous architecture full) differentiated at birth (Armstrong 1958). I’he annulus I ibrosus
is present ass serie, of incomplete sheets or walls which surround the nucleus pulpusu. and constitutes the
primary mass of the intervertebral disk. The annulus flbrornts d.velop in direct response to vertebral function
and I. capable of plastic adaptation to the exigencies of funct ional seth-it, . It also v ar ies in size, strength , and
mrrangenw’ttt in the different regions i’.f the spine Arm strong 1958, Erust I Q7~ I.

‘11w annular Laniellae in the ~ isung adu lt h tm l a dense , discrete. uuear l~ uvmn ’eutris ’ and ubliquek asterisk-like
interwo’.cn structure . Fach annular band runs au oblique par allel course. l’he directional obliquits of the
fibers alternates in subsequen t Isnicllse. l’Iw obIiquit~ of the annular bands is greatest in the outermost regions
01 atu) given disk . The ubliquity of the outermost annular walls also increases with ascending spinal let cbs.
‘11w inIerstraition ang les of the annulus fibrosus tend to run heliexiltiath Iruni one tertebral lesel to the next.
11w utumber of lamellac, their size, and obliquii~ of arrangement as well as their thickness show great tarialion
for any ghen band withi n var ious pa rt s of the saute disk. The densit) of thi s fthruemrtilaginous structure aries
within the annular eruss-set’tioual ares . The lamellac tend to be eloeel) packed anieriorl~ and poateriorl~ and
less closely packed laterall y t6alante L~)c’.’ t. The posterior lateral regions of the annulus fibrosus ha t e marked
irregularities Snul are less orderly. i’he lanu’Ila r bauusis do not form complete lath ’. idual rings but intricall, split
or merge to interlock with other bauude . ‘11w m ost periph eral fibers of the annular w ell  pass user the edges of
the cartilaginous etid plat es and anchor themseh es to au th be) ond the s ertebral rüti, to the marg ins of the
adjacent vert ebral centrum, and to its permusteunt St’hnsorl and J ung iuusuuuis 1Q ’ 1 ) .

The cartilag inous end plates ar e int imatek connected to the’ te r tebral ct’utra . In t he’ earl s )ears of life, the end
plates are structurally ehar scter iscd as a humugenous. soft, pliable materi al wit h a translucent matrix , wh ich
is a complex protein chro,idontucuid). Fhrought’.ut the matrix is scattered an intri cate arra) of inter iw iflhuig
“white fibers,” which ar e reported It’. be “matted ” and connected together . and niat’rost’opit’alk represent a
“felt~work. ” Within thi s arrs ~ are spaces containing cartilaginous elem ents (Cleland 188’.)).

I:aeh end of the vert ebral ecntrunu is cov ered by one cart ilaginous end plate’. It s function is threefold.

• It protects the vertebral spongiosa from Itressurt’ atroph~ ;

• It confines the at inuil u s fibrosuas and nucleus pul posus within their auatt’.mit’aI butundaries; and

• It acts as a semipermeable nuesubrane , which facilitate s fluid exe’hange het’.eee’m, the suinulus fibr itsus suit )
uiuuelesr pu al posus and tertebral both’. sis osmotic action tCruck 1’.) 3. Maroutbus 1’) 5) .

In tlw early %ears of life, the end plates are loosely eutne’shcd w ith the’ irregular radiating fan-shaped ridges and
furrow ”. of the underl~ing vertebral ceuu trun u by a thin la)er of calcified material (Schn’.orl and Ju mng hauuus ~’l’.) I ). Numerous minute vaust ’uhur channels are embedded with i n  and penetrate de’epl~ into the cartilaginous
plates Irons *h ’ vertebra l side. L’hese also permeate the annulus fibrosns. l’he end plate ‘us adhereust to the
spicuub ’s of the underl ) ing sic’. e-lik ’ surf ace eel th ’.’ se’rteb ral centr umu b~ a thin hoes’ eel e’ak’((icd mate’riud ,
Between the fine ’ , delicate spieuules, the u’arti lag inous plate is in contact with Os’.’ stuar t-ow thr ough whit- h it
reecites its nutri ent substance.

~1 ith ads slicing age, the inter ’. ertebral disk unsh’rgue s a pr*’cess of sequestration so that it u lti m ate-k bee’eemnes
eompletel~ segregated Iron’. its cou’.fiusiu ’.g structure . ‘l’he nucleus pulposus becomes fragnwuited, string) and sirs
in appearance. the mu’.’oid strue ’ture of the nucleus is replaced b) fIbroesrtihugc . I’he’ munnu lu s degeneu-ates.
losing its lmnsinaied ’like appearance am id stru cture. It becomes thin and uiui ab le to retaiul the sequeestrusting
nucleus II etc in lt*’.4), ‘t he s ascular i’hannds in the cartilaginous end plates diminish; by the’ thi n) decade, the
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vascular channels are largely obliterated . The remaining “holes ” found in the cartilaginous plates are called
“ossification gaps ” and are ascribed as “scars” left by the obliteration of the vascular channel s. Following the
third decade , retrogressive changes occur in the hysline cartilaginous end plates , The plates begin to show
signs of ossification along with an increase in the deposition of calcium salts. The end plates gradually become
brittle , Fibrillation becomes more evident and ranges from marked thinning to complete destruction of the
central end plate zone (Schmorl and Jung hann s 197!) . When disintegration begins to occur , the deformation
characteri stics of th is synde smotic joint incr ease , its stability is compromised , and in consequenc e other
structures in and about the involved joint must provide support and integrity. The fulcrum of levering forces is
transferred toward the posterior articulating join ts .

The interv ertebral disk undergoes with aging a progressive architectural differentia tion that is postulated to be
a series of biochemical events in which there is a rap id breakdown of the protein polvsaccharide linkages
I I)ePalma and Rothrnan 1970).

In this experiment it is uncertain if there is any exchange of fluid takin g place. Therefore , another mechanism
of deformation may be concerned with the inherent material response of the inter vertebra l disk amid specificall y
the geometry- of the annu lus fibrosus . Extensibi lit s- could occur in the annular walls by collagen fibril
alighment (i.e.. a change iii orientation of the annular walls ) . Anothr deformation mechanism might be by
rotation shearing or gliding and the stack ing of neighboring annular walls with respect to their mutual
boundar ies, Still yet another mechanism might be the mass transport and redi stribution of nuclear fluids
radiall y by diffusion outward from the nucleus into vacancies within or between the annular walls.

Based upon a comparison between the combined Type I and 2 creep curs-es and’ the Type 3 creep curses , it is
suggested that the disk forms a biomechanicall y-sealed pressurized unit following regression of the vasculature
from the annutus tibrosus. The nutritional demands of the disk are fulfilled by the diffusion of lymp h from the
adjacent marrow cavities. This study also suggests that if the vertebral end plat es lose their propertie s as a
semi permeable membrane resulting from microtrauma or disease (Smith and Brown 1% 7) . the wa ter content
of the nucleus pulposus decreases and a gradual archit ectur al different iat ion of the nucleus pulposus and
annulsis fibros us probabl y takes place. Based upon these obser vations , it may also be surmised that the weight
bearing and load transmission characteristics of the intervertebra l joint are altered . Mechanica l loads are
spread over a larger surfa ce contact area , and osteop hy tes form along the edges of the vertebral centrun ’. and at
the ar t icu lar facet joints to transmit and attenuate loads.

Hose r ea listicall y the creep observ ed in the experiments reported herein is related to the in m ire situati on is
un certain , In r ico, the inte rv ertebral joint is subject to complex , nonuniform loading. Second, the load
transmission pathways in the sp inal column are dependent large ly upon overall spinal colum n geometry and
the ph ysiologic condition of the inter vertebral disks and articu lar facet joints. The intervertebral joint cannot
be considered as a simp le str u cture.

‘l’o shed fu irther light on time mechanisms of inter vertebra l joint creep. it is convenient to consider three types of
experiments as constituting the future work to be conducted in the field of intervertebral joint creep and
recove ry. The first is the determination of the effects on creep parameters of diffe rent conditions of stress.
temperature, humidity. and anatomical and physiologica l variables. Based on such iniormat uon, relationshi ps
between stress and inter vertebral joint condition for a part icular mechanical toad or creep rate can be
formulated. Thu s, advantage can be taken of su ch relationships for interpolation or extrapolation purposes
or both.

‘I’he second type of experiment s is the determination of the ,iie’th ods by which the intervertebral joint
u ndergoes deformation during creep. F rom such observations. parti e’uila r modes, mechanics, and process es of
deformat ion should be defined in detail. The ind ividu al physiologic mechanism s of disk au’ t ion and their
subsequent short- and long-tern ’. pat homechani cal effects on hard and soft tissue ’s will contribute tiew
knowl edge as to the etiology of degenerative changes in the vertebral t’eot ra and posterior ar t icular facet jo ints.
The invasion of nuclear tissue into the eance llous bone of a vertebral body inst igates a biochemical reaction
between the hematopoictic tissue of the eent ru m and the semifluidic nuieleus pulposus. and graduall y
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transforms the herniated imm aterial into a cartilaginou s nodule which in lime is surrounded b’. sm’lerosed Lause.
Wi th time, the cartilaginous nodule shows up on a roenigenugrant ent’iri’lisd by an excavated slm*llow botmy
concavity. ‘l’he slae of the concavity varies fron t the head of mu pulti to that of a lentil bean. If hairline stell iste
Ir ai’eut res or tears me pre mn in mom end plate, o~met m channels are created tha t lea(l to mumenues of n,u’kar
dehyd r iut leun . ‘l’he intervertebra l join t space becomes narrow ed due to int erv ertebra l disk thi nning. If . on the
other hand, larg er amounts of u nclear mat erial are prolap.~d , diminution of the inter vertebral disk space is
noted , In either case, depending upon the amount of nuclear tissue p’olapsed, the stress created by constant
weight bearing is transferred to the ar ituclar facet jo ints. Adjacent vertebrae may undergo schlercels with the
formation of bony llpplng and spurring. The articular facet joints may show atrophy of the art loular cartilage,
e’burnation and erosion of bony surfse’es. Is a jo int which shows those p.ihnlogic i’hangei. able to withstand
m’xu’esMive mechanical femr e’es? This blomerhmnk ’al stud y has sheet additional information ouu the purolapiw of
tuum ’Ieau r t isatu e throuagh the cartilaginous end plate into the vertebral m’ent r un m. ‘l’Iu e ev-ideumce’ collected 1mm-rein
strongly suggests that spinal nn ’e’hanicmm are altered as a res uult of nuclear tissue pomiapuse . ‘lime eonnem ’tiouu
between clinicall y observ ed path emleug)- . secondary spinal deformities , mk’rotra umnuu and fracture potenti al is
e’ur rent ly open In furth er examilut t leun . h nemwletlgt ’ of the mee’htunie’aI response of nuclear tissue’ ~wolnj~~ will
eventu a lly estsblish certain prophyl actic ’ restrictions otu certa in activiti es , so that the dange r of further spinal
injury potential La reduced.

The third typ e of experiment Is concerned with the kinetics of flow , the nonuniform ity of stress (both in
direction and magn itude ), and the formulation of relationshi ps connecting the external var iables of stress and
ligamentous pr estr imas with the amount and rate of int radi skal flu mid exchange .
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