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Degeneration of intervertebral disc to compression in a rat tail model

HRRS AR, ONER RS, RRAE
Tomokazu NAKAMURA*, Takaro IRIBE**, Yoshinori ASOU***,
Hiroo MIYAIRI*, Kozo IKEGAMI*, and Kazuo TAKAKUDA**

Abstract: Intervertebral disc degeneration (IVD) induces the deterioration of spinal motion
segment, which was important matter in stability of head and its disorder associated with
neck pain was indicated by many researchers. The goal of this study was to reveal a
development mechanism of the IVD induced by mechanical compression. In this study, we
performed an in vivo experiment using rat tail model in which the tail disc between adjacent
vertebrae was used. To investigate an effect of chronic compression to histology and
mechanical properties of the disc, we developed an external loading device equipped with
super elastic springs. Using this device, we applied a 1.0 MPa compression stresses to the
rat tail disc for 2 weeks. The discs of sham group were applied sham surgery (the device was
attached, but no loading). Before and after the experiment of 2 weeks period, we took x-ray
photograph of ventral-dorsal direction of the tail to measure a disc thickness, and carried out
an in vivo mechanical test, in which the tail disc was applied an axial tension-compression
loading (from 16 to -16 N, 0.1 Hz, sinusoidal curve), to measure the load-displacement
curve of the disc. Analyzing the curve, we evaluated the mechanical properties of the disc
such as range of motion (ROM), neutral zone (NZ), hysteresis loss ratio (HLR), Stiffness
(ST). Further, a mid-saggittal histological section of the disc was qualitatively observed
under the light microscope. The experimental findings indicated that our loading device
succeeded to apply the precise compression to the rat tail disc over for 2 weeks, and
revealed that the chronic compression induced the decrease of disc thickness and
considerable change of mechanical properties accompanying with histological degeneration
of the disc. These findings suggested that the stability of the disc was collapsed after the
compressive stress of 1.0 MPa for 2 weeks.

Keywords: Intervertebral disc, Compression load, Mechanical properties, Stability, Rat tail
model

A, B AR, MR BT &AW ik

1. #&8

FHEZE FOEEBREGEDOTHEIE 72D 2 & D,
HEAEIEIZB O T IR LR 2 EE2 21T T
BY, FHEMEESCHMIEER &S SERBEEN D

SOMEAMEBEE L TRIET DL EZELOLNT
W5, RRICHERIAR O ZEMEE, #hik AR LEE
JERZ B &ML 23 ERMEN S D Z E b, TR
AT = XN EfRE U P RIEOIR L & et
HIENRKRDLINLTWND

JiFasz A A :2008 42 12 H 24 A, =¥ A:2009 41 A 20 A
*HUR R R e St R S BT SRR

Graduate School of Advanced Science and Technology,

Tokyo Denki University

**PUR R B AR AR A Se

Institute of Biomaterials and Bioengineering,

Tokyo Medical and Dental University

PR R BRI SRR A I SRR T S
Section of Orthopedic Surgery, Graduate School,

Tokyo Medical and Dental University

HERIMRZEME DR IR I, i, &ix, BREE/R s
ffi 2z DR F-IRIBENTWSD, FE& L TEH
T E b ) HMIRTER T OREBNER S
TWaY, Zo7®, ZRETICHE FREIY &
O HEH U7 HERTAR 2 DN CHERIAR DS A F A
=7 AT HRFSEN M S T & =@ L
L, ERICEDFRNZHHAT 20+ EE2D
FREIIRTICE STV, —FF, MacGill®,
HERIAR D MEITIBE DK Z SOMEZ T TR,
for B DMEFERFRNAKAE L THRAET H Lk~ T
5. ZhUE, HERIARZEMOFREAIZIBNT, BT
EOWER 2N F 7210 T L, MlnER ot
W R R FEs ST L 2R LTV,
F b, BT E SR D RO RR O A
W72 I & & 8 LT 1B M 2 Bl S L B2 72 D
EEZOND. T, B EICE R HHE
RAMRZEPELIZBI LT In vitro 2233201 S 7=,



40 thkHh BEEERI N A A A T = 7 A4 14(2008)39-46

Bl Z1F, Handa® 513, MERHR 2> & 6 H L 7= 40
IZErKIEZAM L, WMEORKE SR R
TAT VIl EORE DA REEICHEET DD
AR L. UL, ZdX 97 Invitro EBRoD
FEFIZHOWTIE, RO W THEH T
XDOMEIDPRGRET AR ENDHDH. & Z AN,
W ERICE L TIE, TOFEOHL S HH
ETHTORERIELNA TN, Znk )
IR EMD, FEEICR ST, F - WEO R EHER
WaERAWEEMERETET LVREBINTWVD
@L0ILI213) - fhf 2 13 Lotz™ B 1%, ~ 7 A RBEITR L
THMTF R DM ET SA A2 0 £, In vivo
CREHMEMMIC 1 RN > THERBEA 72 1A faf
HAaAM Lz, ZORE, JEMmEIC X > T
FEARFE DD R0 AU 5 BRiEdm Ak O L
72 EHERIAR DORERRIE IS D L WEMERSHER S
o, Fie, ag—=FrReT7 70 OBGTHR
ROV ET Y > 7 E2RBT 505 %R
B, EBITIET AR b= A8 & R
DI & 9 FLRRAEIE OEE 2 RR T 555 b
WOLNTZ. ZOL DT, BEEME S AEWFEN
I O BIFR DY In vivo BFSEIZ L > THRRE S AUER
TWAHNR, DML S 1R o2& i
DWVWTIHHDITRFT STV AR, BRSO AE
iy DL X 2B HERIH o 1af B S FFERE Dl e &
FHMT 5 Z &%, MrESCRHER & L CHERIAR O
WEM R HRTH L TEETHLD.

F ZTARMZETIX, T v MEREBHERMIARICER
[E#E ) 2 AT 5 7= 0 OB X 3 2 iV 724k
FTRIDOFET NA ZAZBF L, HEFRIZ 2 8
R > TRk 22 i EME i E 2 Afi 9 5 In
vivo EBR A EfE L=, = LT, HERIMR DM 2
MR BIER T 5 LT, ERETHROAERF
HIRFME D ZEAL 2 FEAIC A, EAEfRf B K1 23 HE
MR O E X FFRENNC G- 2 DB A S T
52 L E BT EIT o T2,

2. MEEARE
2.1 BEMEET/NAR

) O REHERIBUZ S L C, B B A A
T DO DONTTROT A 2 & LT
(Fig.1). ZDOF A A(FRER: 69)i, 2HDT
NI=TAEERY 7T L— b, ThEHEE
ICHEET A0 4KRKAT LAY (B 0.8
mm), V> 7L — e U EEETHIZDDT
NI =2 AAEEROFRLV BT M, £L
TU 77— MEIZE S FRICELE Sz 8 A
OB IX R (EREEHSI R A VT

[Super elastic spring
[Stainless steel pins

Vertebral body|
[Intervertebral disc

Bolt and nut

Fig. 1 Static loading device for rat tail disc. Eight super
elastic springs installed between two plates generated 1.0
MPa compressive load on the intervertebral disc. Device
attached to a rat tail by stainless steel pins inserted to the
fifth and sixth vertebrae.
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Fig. 2 Mechanical testing machine and biomechanical
characteristics of the disc. (a) Electro-magnetic material
testing machine (MMT-250N; Shimazdu, Kyoto, Japan)
was used to measure the mechanical behavior of the disc.
(b) Magnified view of the rat tail. The rat tail was
attached to the machine via device and was applied an
axial load by an actuator. A X-Y stage was used for
positioning of the tail. (c) Typical load-displacement
curve of the disc in the sham group measured. Range of
motion (ROM) was defined as the peak-to-peak
displacement difference under the axial load ranging from
-16 to 16 N. Neutral zone (NZ) was the range of average
displacement corresponding to the load ranging from -2
to 2 N. NZs were defined for both the upper curve and
lower curve. Hysteresis loss ratio (HLR) was the ratio of
the area surrounded by the loading and unloading curves
versus the area surrounded by the loading curve and
x-axis. HLRs were defined for both the tension and
compression side. Stiffness (ST) was defined as the
gradients of the linear approximation of the
load-displacement curve in the range from 2 to 16 N. STs
were defined for both the tension and compression side.
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Fig. 3 Disc thicknesses before and after the
experimental period of 2 weeks. Data are presented as
mean = SD. (**) indicates a significant difference with P
< 0.01 compared to the disc thickness before the
experiment; (=) indicates a significant difference between
sham and 1.0 MPa group with P < 0.01. The disc
thicknesses after the experiment were significantly
smaller than that before (P < 0.01). Further, the thickness
of 1.0 MPa group was significantly smaller than that of
sham (P < 0.01).
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Fig. 4  Histological sections of the rat tail disc. H-E
and Safranin-O stained mid-saggital section of the disc
are presented with macroscopic views and magnified
views of annulus fibrosus. (a) Sham group, (b) 1.0 MPa
group. Bar length = 1.0 mm.
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Fig. 5  Typical load-displacement curves of the discs in
sham of before the experiment, sham and 1.0 MPa group
after the 2-week experimental period. The curves
expressed nonlinear S-shaped relation. The sham group
demonstrated stiffer behaviors than that of before
experiment. Further, the 1.0 MPa group demonstrated
stiffer behaviors than the sham group.

LCWe. LavL, 2 #EICHE-> T 1.0 MPa O
JEAE T B 2 52 U T MERRTAR T U, BERZ T AR A3 R
DL, FLTEIUTEE, HER R MERR XA
M AMANZ R 2> TR LTz, Lo,
1ﬁ' D e i D FMANFEIE I TAMANZ i L TV A o
Wk LT, AR RE SR X BERE NS A s o Tl L
TWiz. o=, SMusEER & RAIREE O M o
R REIE O B EIEE LSBT, 7,
ZD XD RBAEIL, 1.0 MPa BEOETOMIRIZE
WCHBIER S NT-. —J7, Safranin-O Yufa kg n>
5, Safranin (2 L > TR e F 2ECEARIEE D4y
fFizefeE Uiz, TS, Sham BETIE, Btz &
HHE R O B AT Th 3 IR Y4 % DT xt
LT, 1.0MPa#EClE, BRI > Tl %
FoTW, F7o, HRRRMERERICB VT

WY O JE SR G a3 2 IEE D R S Tz

3. 4 HERERD Kt
TR L > THE L= — 2L AR 1T
Fig. 5 1TRT L 918, IEMIBD S — 7%%%
NZ B ELTHLR & & - T2, EBRENZ LR T,
Sham &%, 1.0 MPa BEDNEIZH: & (ZREIPE2 H N L
TUWo. Z O E— BN & it LC, H1%
FrtEfETd 5 ROM, NZ, HLR, ST %K 7= fk R
% Fig. 6 lZ7" 7. t-REICE > T, HHEOERSE
P8 X O IR -3 SR 2% L CHRERTHIIC
ﬁi‘fcﬁﬁfﬁ%%o: ERENTZ. ROM B XD
ZIZBE LTI, SBEE BICERINICHENTHE
i:?)ﬁi’)b‘(b\f:. % L C, Sham #£iZHE~<T 1.0
MPa FED A EIZHA LT (P < 0.01). L

(@) 15
_ T e T
IS
E 1o} **
=
o
o
0.5t
0 L
Sham 1.0 MPa
(b)) s
Upper curve Lower curve
€
£ 1.0}
N T
P

**

0.5f **
0 - .

Sham 1.0 MPa Sham 1.0 MPa

(© 100 . .
Tension Compression
= 80r
S *k
= *k
o 60f
|
I
40f
20f
0 L L
Sham 1.0 MPa Sham 1.0 MPa
@ 12 : .
Tension Compression
100F
T«

ST (N/mm)
3

(2}
(=]
T

8 &
b
[ +
.
I ¥

0

Sham 1.0 MPa Sham 1.0 MPa

Fig. 6  The range of motion (ROM), neutral zone (NZ),
hysteresis loss ratio (HLR), and stiffness (ST) of the disc
obtained by the test. Data are presented as mean * SD.
(**) indicates a significant difference with P < 0.01 and
(*) with P < 0.05 compared to the properties of before the
experiment; (=) indicates a significant difference between
the 1.0 MPa group and sham group with P < 0.01.
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