Vol 15, No 4, October — Decemmber 2006 \/ Rabbir model in dise degeneration 199

Rabbit model of intervertebral disc degeneration by external compression
device characterized by X-ray, MRI, histology, and cell viability

Ismail”, Hee Hwan Tak’, James CH Golt/, Wang Shih Chang™, Wong Hee Kitf

Abstract

Appropriate experimental animal models, which mimic the degenerative process occurring in hnman intervertebral disc (VD)
breakdown and can be used for new treatment studies  such as fissue engineering or disc distraction are lacking. We stucied the
external compression device that used by Kroeber er af 1o creare inrervertebral disc degeneration in rabbit model characterized by X-
rav, MRY, Ristolugy, and Cell Viability. Ten NZW rabbit were randomly assigned 1o onte of five groups. Intervertebrat disc VIA-LS are
compressed using an external loading device, 1.9 MPa. First group rabbit are loaded for M days, second loaded for 28 days, thirth
gronp are loaded for 14 days. and wtloaded for 14 days, forrth group loaded for 28 days and wunloaded for 28 days. The fifih group,
rabbiss inderwent ¢ sham operarion. Adiditional, rabbits were used as sample for cell viability stady, In dise height : sample in group
one have biggest decreasing of disc height, that is 23.9 unit. In MR} assessment, the worsi grade is grade 3. In histological score, the
worst group ix group three {58.69), und the best is group 4 (45.69). Gronp ene have the largest dead cell, thar are 403.5. and the
smmallest is group four (124.75), Trypan bine staining showed that group four have betier viable cell (91.1) compare than group ihree
(86.4). The study conclude disc degeneration can be created by external axial loading for 14 days in rabbir imervertebral disc.
Duration of 28 days wloading gave better result for cells to recover, (Med J Indones 2006; 15:199-207)

Abstrak

Model hewan chsperimental yang memadat den menyerupai proses degeneratif diskus imtervertebralis manusia, dan sekaligus diginakon
sebagai studi terapi baru seperti rekayasa jaringan atan distraksi diskns masih knrang, Kita meneliti rentang penggnnaan alat
kowmpresi eksterna cara Kroeber dkk wnink membutar degenerast diskus imtervertebralis pada model kelinici yang dibukiikan secara
sinar X, MRI, histologis, dan viabilitas sel. Sepiluh kelinci putih selundia barn secara acak dibagi menjadi lima grap. Diskns
intervertebralis limbar 4-5 dikompresi 1.9 MPu dengan alat kempresi eksierna, Grup sati kelinei dikompresi seloma 14 hari, grup
et selena 28 hard, grup tiga dikompresi 14 hari dan 14 hari dilepaskan karpresi, grup empat 28 hari korapresi. 28 hard wapa kowpresi.
Grip lima, kelinei dipasang alat rapi tunpa dikompresi. Emipat kelinci lain digunakan sebagai sampel wnink siudi viebilitas sel.
Penurunan ketinggian diskus terbesar pada grup satu, sebesar 23,9 wnit, degencrasi diskus secara MRI yanyg rerjelek adalah derajar
iign. Skor histologis terjelek pada grup tiga (38,69), yang terbaik grip empat (45.69). Kemaiion sel terbanyak terjadi pada grip san
(403,5), dan terecil pada grup empar (124.75). Pewarmaan Trypan blue memnjukkan bulnva pada grup empat (91,1)  memiliki sel hidup
lebil besar daripada grup tiga (86,4). Studi menyimpidkan degenerasi diskus dapat dikreasi dengan kompresi aksial eksterna selama
14 hari pada kelinci, Lani senpa kompresi 28 hari ntiemberikan hasil lebil baik wntuk pendifan sel. (Med J Indones 2006; 15:199-207)
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Low back pain (LLBP) is an epidemic human condition
with a major socioeconomic impact, disabling millions
of individual each year.' It has been estimated that up
to 80 % of the population experiences LLBP at some
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time.2? Among the various causes of LBP, Inter-
vertebral disc degencration (IDD) has been es;limaled
to be involved in approximately 39% of cases.>

Conceplually, disc degeneration is a product of lifelong
degradation with synchronized remodeling of the disc
and neighboring vertebrae, including simultancous
adaptation of the disc structures to changes in physical
loading and healing from the occasional injury with
scar tissue formation.® IDD is a multifaceted, chronic
process involving certain detrimental, progressive
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changes in disc composition, structure, and function
occurring more quickly and or with arcatcr severity
than those associaled with normal aging.® IDD is
characlerized by a complex sct of morphologic,
biochemical, and biologic changes leading to mechanical
dysfunction, and in many cases, pain. Common features
associated with IDD include nuclear dehydration,
proteoglycan depletion, diminished cellularity, anular
disorganization, and disruption.”

Interestingly, management of Intervertebral Disc
Deﬁencrauon that are either conservative or surgical
fusion 2 aims 1o rclieve the symptoms as opposed to
(reating its underlym“ causc or application of repair
methodologies.® A biologic method of reversing or
retarding disc degeneration could revolutionize spinal care.”

Advancement of any new therapy from laboratory 1o
the spine clinic will require improved understanding
of the pathogenesis and pathophysiclogy of IDD,
together with rigorous demonstrations of safely and
cfficacy in suitable animal models that closely rmrmc
the specific aspects of human IDD being laroe[ed

There are numerous in vivo animal models, both
naturally occurring and experimentally in duced, to
study degenerative disease. Spontancous disc degeneration
has been found in the sand rat,"""" pin tail mouse, Chinese
hamster, baboon, and certain dogs, but the inability to
obtain large numbers of discased animal curtails
widespread use of these madels.1 Experimental models of
induced degeneration include in sand rat, rabbit, dog,
and sheep, and the way lo induce was also vary.

Nomura et al'* have used rabbits in a model in which
degeneration was induced by aspiration of the nucleus,
followed by implantation of intact nucleus pulposus.
Injection of cultured cells from the nucieus showed
less degeneration than rabbits receiving no treatment.

In 1948, the stabbing of the Intervertebral Disc (IVD)
with a scalpel began to used as a ool 1o cause disc
degeneration in animals. Stab models are classified
into 2 types : total annular stab model (Lipson and
Muir) and superficial anulus injury model.® Osti and
Vernon-Roberts used a discrete cut |nJury to the disc
of sheep Lo induce degeneration.'> Animal models
have also been used in older protocols that include
denucleation of the dlSC and chymopapain or
chondroitinase treatment.® Jason P Norcross et al
crealed degeneration of IVD by injection of Chondroilinase
ABC (an agent used in some couniries to reduce
swelling pressure in herniated discs).'
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In 2005, Koichi Masuda et al'* and Satoshi Sobajima
et al® devcloped mild, rcproducihle disc degeneration
by annulus necdle puncture in Rabbit modc] Thn
model also proposed by Keun Su Kim et al” that
performed a biochemical and radiologic comparison
of 4 disc injury models to produce iDD. They carried
out in 2 experiments, first : used intradiscal injection
of campthotecin (an apoptotic agent) and second
experiment with the necdle number 2l-gange was
made 3-punciure and the 18-gange was 1-punclure.

Lotz et al'® have developed an experimental model 1o
induce disc degeneration based on loading of external
compression device to wmouse lail discs. Forceful
bending was found to induce increased cell death,
decreased awrecan gene cxpression, and rissue
organiza[ion His previous study also suggest that
maintenance of appropriate stress within the disc may
be an impertant basis for s[rﬂteﬂles to mitigate disc
degeneration and initiate disc repair.”’

Colliou et al'® used an cxiernal apparatus to apply
compression forces to the tail mice.They found that
static external forces increased the number of apoplotic
cells. Smdy of Iatridis ct al'" used an Nlizarov-1ype
apparaltus o chronically apply compressive forces and
immobilization on discs in a rat tail model caused
changes in mechanical properties and composition of
tail discs. They not only reduces disc thickness, but
also ellect stiffness, angular laxity, and disc composition.

Hutton et a1”® used coil springs to apply high compressive
forces 1o the lumbar spines of mature dogs for up 1o
53 weeks and found no degeneration in any visible
form. It does produces microscopic and numerical
changes, however, in the amounts of protcoglycans
and collagen in the nucleus, inner annulus, and outer
annulus.

A new in vivo rabbit model was developed by Kroeber
et al' that produces disc degeneration through the
application of controlled and quantified axial mechanical
load. The study showed that the unloaded inter-
vertebral discs of the rabbits consisted of a layered
annulus fibrosus, a carlilaginous endplate, and a
nucleus pulposus comparable with those ol humans,
Alfier 14 and 28 days of loading, the discs demonstrated
a significant decrease in disc space. Histologically,
disorganization of the archilecture ol the annulus
occurred, The number of dead cells increased significantly
in the annulus and cartilage endplate. These changes
were not reversible after 28 days of unl(:ozu.ling.ls
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Although treatments that stralegize to repair or
regenerate the nucleus pulposus and annulus fibrosus
are necded, appropriate experimental animal models,
which mimic the degenerative process often occorring
in human intervertebral disc (IVD) breakdown and
can be used also for pharmacological studies or new
biologic interventions such as tissue engineering or
disc distraction are lacking ™"

In this paper, we developed the external compression
device that used by Kroeber et al'® 1o create intervertebral
disc degeneration in rabbit model characterized by X-ray,
MRI, Histology, and Cell Viability. This model was
applicated, because the model could be further followed
by interventional treatment by bone marrow stromal cells
implantation and IVD distraction by modifying the
exicrnal compression device,

METHODS

Experimental study, Post Test Only Control Gronp Design
was performed in Animal Holding Unit and Department of
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Onhopaedic Surgery, National University of Singapore
(NUS)-National University Hospital (NUH), Singapore
from May 2004 ull april 2005. 10 New Zcaland
skeletally matre white rabbits weighing an average
3.57 kg are used for this study. The rabbit were
randomly assigned 1o one of five groups. In each
group Lhere are two samples of rabbit. In group onc to
eroup four, the discs are compressed using an external
loading device. First group rabbit are loaded for 14
days, second loaded for 28 days, thirth group rabbits
are loaded for 14 days, and unloaded for 14 days,
fourth group loaded for 28 days and unloaded for 28
days. The fifth group, rabbits underwent a sham
operation. The external loading device is situated. but
they remained unloaded, and they served as control
subjects. They will be sacrificed at 14th day. Other 4
rabbits were used as sample for cell viability study for
three and four, which each are 1wo rabbits. This
additicnal, because speciments for trypan blue
staining (ccll viability) have to be brought directly in
fresh form and shattered, so they can not be used for
other examination,

10 New Zealand skeletally mature white rabbit, average weight 3.57 kg,

[ [

Group 1 Group 11 Group 111 Group 1V Group V
I I [ | '
Exlernal compression device, 3 times Body weight loaded into L4-L5
v v v v
14 days 28 days 14 days load 28 d load Sham
4 days unload 28 d unload operation
sacrificed

l sacrificed

l sacrificed l

Lateral X-ray : to measure disc height
MRI : for grading of disc degeneration
|
¥

Tissue preparation : 22 days

v

Disc Morphology :
Hemaloxylin —cosin staining

v

Cell Viability : TUNEL and trypan blue staining
¢ Trypan blue staining : additional 4 rabbils sample,
that are 2 rabbits for group III and 2 rabbits for group IV
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Figure 1. A, external compression device , B. Kirschmer wire 1.5 were inserted in VL 4 gnd 5. C. external compression device has

been atrached to the K-wire, and applied 1o VI4 and 5

Tissue preparation, After 14, 28 days of loading, 14
and or 28 days of loading and unloading, the animals
were sacrificed and the lumbar spine was harvested
for examination. First, the loading device and the
Percutancous pins were removed. The loaded inter-
vertebral disc with adjacent veriebral bodies and the
cranial adjacent segment were then dissected using
sterile technique. From each dissected segment, firstly
they were put in bottle with normal saline solution.
The Magnetic Resonance Imaging {MRI) was performed
and then a control radiographs was taken with a lateral view.

Nexl, control and loaded intervertebral dises with
adjacent vertebral bodies were placed immediately in
4% paraformaldehyde and fixed overnight. Decalcification
in 30% fomic acid up to 21 days was followed by
dehydration in a graded series of ethanol before
paraffin embedding. Sagitally oriented sections were
made at 5 to 7 pm intervals and placed on silan-coated
slides. The sections were stained using hematoxylin-
eosin (H&E) to demonstrate cell densily as well as
general morphologic structures. Four midsagittal
sections of each disc were stained for dead cells using
the TdT-dUTP terminal nick-end labeling (TUNEL)
reaction (In Siwu cell death detection kit, fluorescin;
Boehringer-Manheim, Manheim, Germany).

Magnetic Resonance Imaging (IMRI) and Radiology.
All the harvested specimens were subjected 1o MRI
and radiologic examination. Magnetic resonance imaging
examinations were performed on all the rabbils using
a 1.5 -T imager (GE LX Signa, USA) with a quadmature
extremify coil receiver. T2-weighied scclions in the
sagittal plane were obtained in the following settings:
fast spin echo sequence with time to repetition (TR}
of 4050 msec and time to echo (TE) of 83 msec; echo
tran lengh :16, received bandwith : 2085 KHz; 320 (h)
X 320 (v) matrix; ngx : 20; field of view of 5. The
section thickness was 2 mm with a 0.2 mm gap. MR]
was graded according to the Koichi Masuda et al*' :

the modified Thompson classification based on
changes in the degree and area of signal intensity
from Grade 1 1o 4.

Table I. MRI grading of Disc Degeneration

Grade | normal

Grade 2 minimal dcerease of signal intensily  but

obvious narrowing of high sigral arca:
Grade 3 moderate decrease of signal inlensity

Grade 4 severe decrease of signal intensity

Digital lateral radiographs were using GE Senographe
DMR+ with senovision system. The selting are : track
and filter molybdenum, focal spot 0.1 mm, Kvp 25 mm,
AES (automatic Exposure Setting). Each subjected
intervertebral disc (L4-L.5) with adjacent vertebral
bodies and the cranial adjacent segment (L3-L4) was
taken. The disc hecight was measured by enter in
radiology centricily programme on which images
were could be magnified. Under lateral view, inter-
vertebral disc height was calculated by averaging the
measurement obtained from the anterior, middle, and
posterior portions of the IVD, Number is in unit (U).

Disc morphology. The disc histology and architecture
were analyzed by slandard light microscopy (20x
Olympus). After preparation of control and loaded
intervertebral discs for histology, as previously described,
the specimens were scored using Histological scoring
developed from histological grading scale of anulus
and nucleus pulposus that proposed by Koichi
Masuda et al'! (12 points) [table 2] and vertebral end
plate was asscssed according scoring that developed
by Boos N et al ® (18 points) [table 3}, and the
average of percentage of each points of part of IVD
was reported. The bigger the point, the score meuned
worse. The assessment of the changes of 1VD in three
part, thar are annulus fibrosus, nucleus pulposus, and
verlebral end-plate.
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Table 2. Histological scaring of annulus and nucleus pulposus

I.  Anulus fibrosus
Grude :

I. Normal, patlem of fibrocartilage lamellae (U-shaped in
the posterior aspect and slightly convex in the anterior
aspect) wilhout ruptured fibers and without a serpeniine
appezrance anywhere within the annulus

2. Ruplured or serpentined patlemned [ibers in less than 30%
of the anulus

3. Ruptured or serpentined pattemed fibers in more than
30% at the annulus

II. Border between the anulus fibrosus and nucleus pulposus
Grade :

I. Normal

3. Minimally Interrupted

3. Moderute/severe inlerruption

T, Cellularivy at the nucleus pulposus
Grade -

1. Normmat cellularity with large vacuoles in the pelulinous
structure a1 the matriz

2. Slight decrease in the number at cells and fewer vacuoles

3. Moderaie/severe decrease (>30%) in the number of cells
and in vacuoles

IV. Matrix of the nucleus pulposus
Grade :

1. Nommal gelalinous appearance

2, Slight condepsation of the extracellular matrix

3. Moierate/severe condensation of the extracellulur matnx

Histological grading scale based on 4 calegaries of degencrtive
changes, Maximum |2 points.

Table 3. Histolapical scoring of venebral end-plae

Endplate

Cells

0 = normal cellularily

1 = localized cell prolileration
2 = diffuse cell proliferation

3 = cexicnsive cell proliferation
4 = scarflissuc defecis

Cartilage diserganizalion

0 = wcll-structured hyaline cartilage

Il =cartilage irrcgularities (obliteraicd vesscls 7}

2 =disorganized matrix with thinning

3 =complele canilape disorganization wilh delects
4 =scur/ tissue delects

Cartilage cracks

0 =absent

I = rarely present

2 = present in intermediale amount
3 = ubundantly present

4 = scur/ tissue defects

Microlraciure

0 = absent

| = present

2 = scar tssue delects

New bane formalion
{} = absent

1 = present

2 = scar lissue defecls

Bony sclerosis

) = absent

| = present

2 = scar lissue defects

maximum = 18 points
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Cell viability. Quantitative analysis was used 1o
correlate the extent of cell death {TUNEL-positive
cells) wilh the magnitude and duration of loading. The
number of cells that were positive by the TUNEL
reaction were counted in each section with a fluorescence
microscope (Vanox). The TUNEL-positve cells were
bright green, and the unaffected cells appeared light
red. In combination with the nucleus color the
morphology character of the cells also was considered.
Typical morphologic features of TUNEL-positive
cells are condensation of chromatin, celi nucleus
DNA fragmentation, and blebbing. The celis were
reported as the average of total number of cells
(nucleus pulposus, annulus fibrosus, and end-plate) in
the examined disc sections.

Cell viability in the disc loaded for 14 and or 28 days,
and unloaded for 14 and or 28 days, was additionally
analyzed by releasing the cells from the fresh disc
spccimen by combined collagenase type 2 (2 mg/ml) /
hyaluronidase (10 mg/ml) digestion overnight. The
total number of released cells was determined by
trypan blue staining.

RESULTS

Of 17 animals, 15 survived thc complete experiment.
One animal {rom group one was paralyzed, and excluded,
so there are 14 rabbits. The external compression
device weighed 133 g and was tolerated well by the
animals, because they can move freely in Lthe cages.

Compare 1o the control group, in disc height : sample
in group | (14 days loading) have lowest disc height
5846 unit (U) (figure 2) and biggest decreasing of
disc height, that is 23.91 U. The group 2 did not show
worse decreasing of disc height compare than group 1.
Referring to the normal disc (L3-L4), among the
experiment group : group 4 have lowest in decreasing
of disc height (figure 3). In MRI assessment, among
experiment group, grading of group 3 have beuter
result, 1 sample have grade 1, and another is grade 2
(table 4). Among the experiment and conlrol, the
worst grade is grade 3, that are one sample in group
one and four (table 4 and fig. 5).
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Table 2. Histological scoring of unnulus and nucleus pulposus

I.  Anulus fibrosus
Grade :

1. Normal, patiem of fibrocartilage lametlae (U-shaped in
the posterior aspeet and slightly convex in the anteror
aspect) without ruplured fibers and without a serpentine
nppearance anywhere within the annulus

2. Ruptured or serpentined paterned fibers in less than 30%
of the annlus

3. Ruptured or sespentined patterned fibers in more Lhan
30% at the annulus

1I. Border between the anulus fibrosus and nucleus pulposus
Grade ;

1. Normal

2. Minimally Interrupted

3. Moderae/severe interruption

1. Cellularity at the nucleus pulposus
Grade :

L. Normal cellulanily with large vacuoles in the gelatinous
structure at the matrix

2. Slight decrease in the number at cells and fewer vacuoles

3. Moderte/severe decrease (>50%} in the number of cells
and in vacuoles

IV, Matrix of the nucleus pulposus
Grade :

t. Normal gelatinous appearance

2. Slight condensalion of the extracellular matrix

3. Moderate/severe condensation of the exircellulur mulrix

Histological grading scale based on 4 categories of degenentive
chanpes. Muximum 12 points.

Table 3. Histological scoring of vertebral end-plate

Endplate

Cells

0 = normal cellularivy

1 = localized cell proliferstion

2 = diffuse cell proliferation

3 =cxtensive cell proliferation

4 = scarfiissue defects

Canilape disorganization

= well-struciured hyaline canilage

= carlilage irregularities (oblileraled vessels 7)
= disorganized matrix wilh thinning

= complele cantilage disorganization with delects
= scar/ lissue defecls

Cartilage cracks

D = absent

1 = rarcly present

2 = present in inlermediate amount
3 = ubunduntly present

4 = scar/ tissuc defects

D — 0

Microfraciure

D = absent

L = present

2 = scar lissue defecls

New bone formalion
{0 = absent

1 = present

2 = scar lissuc defecis

Bony sclerosis

() = abscnt

| = present

2 = scar lissue defects

maximum = 1§ points
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Cell viability. Quantitative analysis was used lo
correlate the extent of cell death (TUNEL-positive
cells) with the magnitude and duration of loading. The
number of cells that were positive by the TUNEL
reaction were counled in each section with a fluarescence
microscope (Vanox). The TUNEL-positive cells were
bright green, and the unaffected cells appeared light
red. In combination with the nucleus color the
morphology character of the cells also was considered.
Typical morphologic features of TUNEL-positive
cells are condensation of chromatin, cell nucleus
DNA fragmentation, and blebbing. The cells were
reporied as the average of total number of cells
(nucleus pulposus, annulus fibrosus, and end-plate) in
the examined disc seclions.

Cell viability in the disc loaded for 14 and or 28 days,
and unloaded for 14 and or 28 days, was additionally
analyzed by releasing the cells from the fresh disc
specimen by combined collagenase type 2 (2 mg/ml}) /
hyaluronidase (10 mg/ml) digestion overnight. The
total number of released cells was delermined by
trypan blue staining.

RESULTS

Of 17 animals, 15 survived the complete experiment.
One animal from group one was paralyzed, and excluded,
so there are 14 rabbits. The external compression
device weighed 133 g and was tolerated well by the
animals, because they can move freely in the cages.

Compare to the control group, in disc height : sample
in group 1 (14 days loading) have lowest disc height
58.46 unit (U) (figure 2) and biggest decreasing of
disc height, that is 23.91 U. The group 2 did not show
worse decreastng of disc height compare (han group 1.
Referring to the normal disc (L3-1.4), among the
experiment group : group 4 have lowest in decreasing
of disc height (figure 3). In MRI assessment, among
experiment group, grading of group 3 have better
resull, 1 sample have grade |, and another is grade 2
(table 4). Among the experiment and control, the
worst grade is grade 3, that are one sample in group
one and four (lable 4 and fig. 5).
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Figure 2. Disc height according 1o digital x-rey
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Dise heisht
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Figure 3. Gup disc thickness/ heighs interverrebral dise Lionbar 4-5
compare fo Limbur 3-4 according 1o ihe digital X-ray

Group 5 Decreasing of disc height of L4-L5 in
{conlrol) group 1.2, 3, and 4

Fignre 4. disc height according to the digital x-ray
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Grade 1 Grade 2 Grade 3

Figiere 5. MRI of T2-weighted. midsagial plane image in group 3,
that is grade 1, group T and 2, the grade is 2, and grade 3 in rabbit
group 4 { 28 days loading and loading)

Table 4. MRI Grading according 1o the Modified Thompson
{Koichi Masuda ¢l al)

grade | 2 3 4
group

L | 1

2 2

3 l 1

4 1 I

5 2

Among experiment group, in  histological score
(figure 6), the worst group is group 3 (58.69), and
then group 2 (53.13), and the best group is group 4
(45.69). Histologically in group 3 (fig 6}, annulus
fibrosus is ruptured or serpentined patterned fibers in
less than 30% of the annulus, border between the
anulus fibrosus and nucleus pulposus is mimmally
Interrupted. Nucleus pulposus cellularity is slight
decrease and fewer vacuoles, and slight condensation
of the extracellular matrix. In vertebral end plate,
there are localized cell proliferation, disorganized
matrix with thinning, rarely present of canilage cracks,
new bone formation, and bony sclerosis (fig.7).
Microfracture is only found in one sample of group 2.

In dead celf count, group 1 have the largest dead cell,
that are 403.5, and the smallest is group 4 (124.75)
{figure 8). The result is also supported by cell viability
test (figure 9). Trypan blue staining showed the group
4 have better viable cell (91.1) compare than group 3
(86.4).
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Figure 7. disc morphology according hematoxylin-eosin in control gronp (A), and in group 3 (B. nuclens pulposus eppearance). and C
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DISCUSSIONS

New Zealand White (NZW) Rabbit was used as a
model in this study. This animal is considered a good
animal model for IDD, because they maich to a
number of factors that are important : 1) the animals
arc casily obtainable and not expensive; 2} the disc
should be easy 1o surgically access and be of adequate
size; and 3) the onset of disc degeneration should
occur reliable and quite quickly. ** The age of sample
rabbits is 20-24 weeks with the average weight is
3.57 kg. we use it, because there are no degenerative
changes of the intervertebral disc of the New Zealand
rabbit up to 24 months age.* Degeneration model
was created in which changes pathognomonic of
human intervertebral disc degencration are created by
axial compressive loading, and not due to spontaneous
OF giNg process.

Axial compressive loading caused decreasing of disc
height. Rabbit in group 1 show have lowest disc
height and biggest decreasing of disc height. 14 days
loading have alrcady resulted in altered in composition
and cellular apoplosis. Dead cell according to the
Tunel staining proved it. Sample in group | have
largest dead cell among the group. Histology score
and MRI assessment also supported. Based on
Hematoxylin-eosin staining , histology score of group
1 have more that two fold percentage of control
group. IDD grading of MRI also showed grade 2 and
grade 3. Grade 3 in this study is the highest grade
found among sample.

Logically, rabbits in group 2 that have loaded period
of 28 days assumcd Lo have a worse result. Bur it was
not in this study. This possibly caused by inadequate
compressive axial loading. We did not control and
moenilor of spring compressive force In exiernal
device. During loading times, spring may be loosened,
so it simulate like unloading period. Lotz et al study
conclude that maintenance of appropriate stress within
the disc may be an important basis for strategics Lo
mitigate disc degeneration and initiate disc repair. "’

Duration of unloading influcnced the viability of the
cells. In group 4, although they got loading time for
28 days, they have 28 days unloading for cells
recovery. Iis Disc height, histology score, TUNEL test
showed best result among experiment group. Moreover
disc height and dead cells number are relative as same
as control group. Group 4 sample also give better
result in viable cells compare to the group 3, according
to the trypan blue staining. Longer unloading time
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influence Lo the cell viability. This result is dilferent
to the study of Kroeber et al that they concluded
group of animals were loaded for 28 days and
unloaded for 28 days lead 1o a chronic state and the
discs can notl rccover once the loading has been
removed, The difference may be caused that our
compression loading force has not been sufficicnt
enough 1o make true cells death. MRI also support
that it failed to get grade 4 disc degenceration in this
model, according to Koichi Masuda classification.
Moreover if we used five grading IDD’s Plirmann et
al, ** the IDD highest grade is only grade 2. Other
studies also show that disc tissue has a very limiled
ability to regenerate. We have to modily the external
compression device o give adequale force for
sufficient cells death in next study. But, beyond that,
in unchronic state of compression, duration of
unloading have a role in cells recovery.

CONCLUSIONS

1. The disc degeneration can be created by external
axial loading in rabbit intervertebral disc.

2. Duration of 14 days loading has given disc

degeneration, the decad cell according to the

tunnel test showed the largest number of dead cell

among experiment group.

Duration of 28 days unloading gave beticr result

for cells to recover, wnong the experiment group .

4. It was nceded larger magnitude of compression
force of external compression device, to get
significant difterent among the group in MRI disc
degeneration grading,

Tk
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