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Background: The incidence of intervertebral disc (IVD) degeneration has increased in recent
years. A simple, reliable, and reproducible animal model is critical for understanding the
underlying mechanisms of IVD degeneration. The caudal discs of rats have been proposed as
a common puncture model in which to induce IVD degeneration. However, there is still no
consensus on the size of needle to be used.

Objectives: The present study aimed to identify the appropriate needle size to establish an
IVD degeneration model.

Study Design: A randomized, experimental trial.

Setting: Department of Orthopaedic Surgery, The First Affiliated Hospital of Soochow
University, China.

Methods: Validity was verified by magnetic resonance imaging (MRI) and histology.

Results: From T2-weighted MRI imaging and histological examination, the IVD punctured
by the 16-gauge needle degenerated acutely one week after the operation, whereas the
26-gauge needle puncture did no harm to the IVD. An 18-gauge needle showed a progressive
degeneration in IVD.

Limitations: The observation period was not very long (4 weeks).

Conclusions: An 18-gauge needle can be used to induce IVD degeneration in rats.
Therefore, an 18-gauge needle is the optimal selection to establish the degenerative VD
model on rats, whereas the 26-gauge needle failed to cause IVD degeneration. Thus, to
study the prevention and treatment of IVD degeneration, a 26-gauge needle can be used
for IVD injection of growth factors, plasmids, and drugs. A 16-gauge needle may be used to
induce acute disc injury, but not IVD degeneration.

Key words: Low back pain, degenerative intervertebral disc, animal model, puncture
needle, rat model, optimal choice
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n recent years, low back pain caused by intervertebral
disc (IVD) degeneration has become a common
disease. Epidemiologic surveys indicate that IVD
disorders occur in about 90% of individuals aged > 60
years, seriously affecting their quality of life. Therefore,
elucidating the pathogenesis of IVD disorders, as well

as identifying preventative measures and treatment
options are critical research points that require animal
models for investigation.

Several methods can be used to induce IVD degen-
eration. The biomechanical property of the IVD can be
changed using a mechanical stress model (1,2) or spinal
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instability model (3,4). Annulus fibrosus (AF) incision
(5), endplate injury (6), and retroperitoneal drilling
(7) can be conducted to disrupt the AF and endplate
cartilage. The nucleus pulposus (NP) can be destroyed
via injection of chemicals that dissolve the NP (8) or
NP aspiration. Furthermore, IVD degeneration can be
induced via gene knock-out, such as by induction of
HLA-B27 expression (9) or type Il collagen degeneration
(10). Additionally, Yuan et al (11) recently evaluated the
causal relationship between IVD degeneration and the
blocking of the main blood supply gateway through
the endplate. They established an IVD degeneration
model by inducing an ischemic sub-endplate in the rat
tail. It is critical to establish an ideal animal model to
elucidate the pathogenesis of IVD degeneration (12).
In recent years, a novel IVD degeneration model,
namely the puncture model caudal discs of rat tail, has
been put forward and gradually accepted by more and
more scholars (13). However, there is still no consensus
on the size of the needle to be used during this proce-
dure. The present study aimed to determine the opti-
mal size of the needle that is required to establish a rat
model of IVD degeneration. This model was verified by
magnetic resonance imaging (MRI) and histology, thus
providing a reliable animal model of IVD degeneration.

MEeTHODS

Animals

A total of 24 male Sprague Dawley (SD) rats (aged
3 months, weighing 400 + 20 g) were provided from
the animal center of Soochow University. MRI and x-ray
were used to exclude congenital malformation of the
caudal vertebra and degenerative disc disease. Animals
were randomly divided into 4 groups: 1 control group
and 3 experimental groups. All groups included 6 rats.
Each rat was individually housed in a dedicated room
under a controlled temperature of 25°C.

Model Establishment

The experimental procedure was approved by the
animal committee of The First Affiliated Hospital of
Soochow University. Before the operation, x-ray was
used to locate the IVDs, including coccygeal 7/8 (Co7/8),
coccygeal 8/9 (Co8/9), and coccygeal 9/10 (Co9/10). Rats
were weighed and anesthetized with 10% chloral hy-
drate (3.5 mL/kg) via peritoneal injection. After success-
ful anesthetization, the percutaneous needle puncture
technique was performed with 16-, 18- or 26-gauge
needles at Co7/8, Co8/9, and Co9/10, respectively. The

needle perpendicularly punctured the rat tail, penetrat-
ed the contralateral skin, was rotated 360°, and held
for 30 seconds. After operation, rats were provided
free access to food and water and were monitored
for postoperative complications such as uroschesis and
infection. To evaluate the degree of disc degeneration,
one of the experimental groups was randomly selected
1, 2, and 4 weeks postoperatively. Rats from the nega-
tive control group were euthanized for the further
histological evaluation.

During needle puncture, the following points
should be considered. First, to avoid damaging the
upper and lower endplates and the periosteum of the
vertebral body, and to prevent osteophyte formation
and IVD segment stability subsequently, the needle
point should enter at the center of the IVD (14). Addi-
tionally, the IVD segment needle puncture time should
be the exact same to produce a consistent degree of
IVD degeneration (15). Finally, the puncture direction
should be vertical to the longitudinal axis of the IVD.

MRI Examination

Rats were anesthetized with 10% chloral hydrate
(3.5 ml/kg) via peritoneal injection. After anesthetiza-
tion, IVD signals in the experimental groups were ob-
tained on a 1.5T MRI scanner (Philips Medical Systems,
Andover, Massachusetts, USA), using the following pa-
rameters of T2-weighted sagittal plane: repetition time/
echo time: 3500/102 ms, field of view: 15.0, thickness: 3
mm, interval: 0 mm. The degree of disc degeneration
was assessed by signal intensity on T2-weighted imag-
ing (T2WI) of IVD, and graded with a 4-grade modified
Thompson system: grade 1: normal; grade 2: slightly
decreased signals and obvious reduced high-signal ar-
eas; grade 3: moderately decreased signals; and grade
4: significantly reduced signals.

Histological Examination

After MRI, animals were euthanized and IVDs (Co7-
8, Co8-9, and Co9-10) were harvested, fixed in 10%
neutral formalin for 24 hours, and decalcified in 10%
ethylenedinitrilo tetraacetic acid (EDTA) for 2 weeks.
The IVD was cut into 4-pm slices for hematoxylin and
eosin (HE) staining. Slices were dewaxed in xylene twice
for 5 minutes, dehydrated in graded ethanol (100%, 2
minutes; 95%, 1 minute; 80%, 1 minute; 75%, 1 min-
ute), and stained with hematoxylin for 5 minutes and
eosin for 2 minutes. The morphology of the IVD was
scored under a light microscope according to Table
1. The method of euthanasia conforms to the animal

354

www.painphysicianjournal.com



Selection of the Optimal Puncture Needle for Induction of a Rat IVD Degeneration Model

ethics and was approved by the animal
committee.

Immunohistochemical Staining
of Type Il Collagen

The expression of type Il collagen
was detected using immunohistochem-
istry. In brief, slices were dewaxed in
xylene, dehydrated in graded ethanol,
incubated in 3% H,0, at 37°C for 10
minutes, washed in phosphate-buff-
ered saline solution for 5 minutes 3
times, boiled in 0.01 M citric acid buf-
fer for antigen retrieval (95°C, 15-20
minutes), and blocked in goat serum
for 10 minutes at 37°C. Slices were
then incubated with primary antibody
at 4°C overnight, and biotin labelled
secondary antibody for 30 minutes at
37°C. Slices were counterstained with
HE and observed under a light micro-
scope at 400x magnification.

Statistical Analysis

The nonparametric Kruskal-Wallis
and the Mann-Whitney U tests of MRI
observations and histological grade
were performed using SPSS 17.0 soft-
ware (SPSS Inc., Chicago, IL). A P < 0.05
was regarded as statistically significant.

REsuLts

MRI

One week after surgery, disc Co7/8,
punctured with a 16-gauge needle,
presented decreased signals with re-
duced high-signal areas. Discs Co8/9
and Co9/10, punctured with 18- and
26-gauge needles, respectively, exhib-
ited high signals that were not differ-
ent from that seen in the normal disc
(Fig. 1A). Two weeks postoperatively,
the signal from IVD Co7/8 further de-
creased and exhibited “dark disc” with
diminished intervertebral space. Co8/9
signals began to decrease, whereas
the C09/10 signal remained unchanged
(Fig. 1B). At 4 weeks from the initial in-
jury, the MRI signal of Co8/9 decreased

Table 1. Grading for morphology.

Morphology Change Under Optical Microscope | Grade
Annulus Normal texture and free of damage and distortion 1
| Fibrosus The damaged and distortion area is less than 30% 2
e The damaged and distortion area is more than 30% 3
Boundary Normal !
II | between AF Micro disrupted 2
and NP Medium or severe disrupted 3
Normal cells with large amounts of vacuoles 1
III | NP Cells Cells and vacuoles decreased slightly 2
Cells decreased moderately or severely without vacuoles 3
Normal gel appearance 1
IV | NP Matrix Slightly congealed 2
Morderate or severe condensation 3

further, whereas the Co9/10 signal remained unchanged (Fig. 1C). One
week postoperatively, the Thompson scores of Co7/8 were significantly
higher than the normal disc (normal disc Thompson Score = 1; P < 0.05).
Four weeks after needle puncture, the Thompson scores of the 18-gauge
needle-punctured disc were significantly increased compared with the
first week. Four weeks postoperatively, Co9/10 signal was slightly in-
creased and presented no statistic differences when compared to the
normal disc (P > 0.05, Fig. 2).

Histology

One week after puncture, the NP of disc Co7/8 was shrunken or
absent, with a disordered or damaged AF. Moreover, an indistinct
boundary was noticed between the AF and the NP. The size of the NP
was reduced with time and had even been replaced by fibrous tissue
(Fig. 3A, D, and G). One week after surgery, the NP of disc Co8/9 dis-
played a rounded shape and had a distinct border separating it from
the surrounding AF. We also observed rounded and dispersive cells and
an intact AF. Two weeks later, the NP began to shrink, and the AF was
twisted. Four weeks later, the NP was even smaller, and the AF was
disordered (Fig. 3B, E, and H). The NP of IVD Co9/10 only decreased 4
weeks after surgery and had a slightly ruptured AF (Fig. 3C, F, and I). Ac-
cording to the histological scoring system, the one-week postoperative
evaluation showed that Co7/8 scores significantly increased in a time-
dependent manner (P < 0.05), and the scores of Co8/9 were significantly
different 4 weeks after surgery. No significant differences in score were
observed in Co9/10 (P > 0.05, Fig. 4).

Immunohistochemical Staining of Type Il Collagen

One week after surgery, the expression of type Il collagen in IVD
Co7/8 decreased in a time-dependent manner (Fig. 5A, D, and G). Two
weeks later, type Il collagen levels in Co8/9 began to decrease (Fig.
5B, E, and H). The expression of type Il collagen in Co9/10 showed
no changes compared to the normal disc, and the NP was yellow or
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Fig. 1. A) One week afier operation, Co 7/8 (16G) presented decreased signals. Co8/9 (18G) and Co9/10 (26G) exhibited high
signals like normal disc. B) Two weeks after operation, the signal from intervertebral disc Co7/8 (16G) further decreased.
Co8/9(18G) signals began to decrease. Co9/10 (26G) signal remained unchanged. C) Four weeks later, the MRI signal of Co8/
9(18G) decreased further, while the Co9/10 (266G ) signal remained unchanged.
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Fig. 2. Thompson scores of 16G group were significantly
higher thanl. Thompson scores of the 18G group at 4th week
were significantly increased compared to the first week(P <
0.05). 266G group present slightly increasing in 4 weeks (P
>0.05).

yellowish-brown (Fig. 5C, F, and I). These results indicate
that puncture with a 16- or 18-gauge needle, and not
a 26-gauge needle, lead to the reduced expression of
type Il collagen within the IVD.

Discussion

Animal models of IVD degeneration differ in their
reliability and reproducibility (16). Because of their
similarity to humans in both anatomic structure and
physiological features, primates are the optimal IVD de-
generation model. However, due to ethical limitations
and high costs, large-scale studies using primates are
limited. The use of mammals, including pigs and dogs,
in large-scale investigations are also limited because of
their high cost, difficulty in model establishment, high-
standard experimental conditions, long experimental
cycle, and poor reproducibility. In addition, the use of
rabbits, frequently used in laboratory experiments, are
limited owing to the complexity of model establish-
ment, high infection rate, and lack of availability of
relevant antibodies for the further research, whereas
rats are better than the animals mentioned earlier on
account of the cost and availability of relevant antibod-
ies. Compared with the lumbar IVD, caudal IVD of rats is
even easier to be located and operated. Several studies
have carried out the research based on the rat caudal
discs, especially in morphologic, biologic, and molecular
research (17-20). As a novel animal model, it has been
accepted by more and more scholars. We believed the
caudal IVD of SD rats were beneficial to be used in this
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Fig. 3. HE staining
of 1VD. 16G group
presents an NP
absence and AF
rupture. 18G group
demonstrates a
progressive process of
1VD degeneration.
26G group presents
little change in 4
weeks.

Needle Size

Time

study because of their similarity to human biochemi-
cal components (16,21,22), ease of use in simple and
reproducible procedures, and availability of relevant
antibodies.

In this study, the AF was disrupted to induce IVD
degeneration. This method, first applied on dogs by
Key and Ford (23) in 1948, is commonly used in the
laboratory testing. The mechanism of AF injury is not
fully elucidated. Some scholars suggest that rupture
of the AF activates an immune response and apoptosis
in NP cells, resulting in the degeneration of the IVD
(24,25). In addition, blood to the outer AF is supplied
by the micro vessels in the spinal artery, whereas the
inner AF and the NP have no blood supply, obtaining
their nutrition from the cartilage endplates. Based on
their theory, Eyre et al (26) showed that the outer AF
was more capable of repair than the inner AF. Such
properties make AF repair a key determinant for IVD
degeneration. Lotz et al (27) suggested that the dam-
aged AF is an open structure, and that the volumetric
pressure of the NP is unbalanced, resulting in acute
disc protrusion, decreased NP pressure, and finally disc
degeneration. Although according to Hsieh et al (28),
degenerative annular changes induced by puncture are

151
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Q
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Q
-
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-
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<] (<]
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Needle size

Fig. 4. Histological scores of 16G group were significantly
higher than4. Histological scores of the 18G group at 4th
week were significantly increased compared to the first week
(P <0.05). 26G group present slightly increasing in 4
weeks (P> 0.05).

associated with inadequate biomechanical functioning
of the disc. Generally speaking, a relatively large dis-
continuity of AF would be highly possible to cause the
IVD degeneration, including fibrous replacement of the
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nucleus, loss of type Il collagen, aggrecan and water,
and osteophyte formation, and others (27,29).

As T2WI signal intensity sensitively reflects changes
in water, hydrogen, and proteoglycan content, MRI is
the most direct and objective method to evaluate disc
degeneration (30). Degenerative discs are characterized
by decreased T2WI high-signal intensity and area. Ad-
ditionally, HE staining is an important method used to
observe tissue morphology. As the AF and NP are clearly
detected under a microscope, it is easy to evaluate the
degree of disc degeneration. The normal AF consists of
several layers of fibrocartilage made up of fibroblast-
like cells (outer layer) and chondrocyte-like cells (inner
layer), whereas the NP is mainly composed of noto-
chordal cells and chondrocyte-like cells. Degenerative
discs present with disordered AF layers, increased cell
death, a shrunken NP, and fibrochondrocyte-like tis-
sue. In addition, degeneration of the IVD leads to the
death of notochord cells and chondrocyte-like cells,
osteophyte formation in the cartilage, and an indistinct
boundary between the AF and NP (31). Immunohisto-
chemistry is efficient for evaluating the degree of disc
degeneration. Type Il collagen is the main component

of the NP, and its content is decreased in degenerative
IVD. Thus, the expression of type Il collagen is an indica-
tor used to evaluate the degree of disc degeneration.
According to Hsieh et al (28), annular defects
should be large enough to prolong the duration of im-
paired disc function instead of being sealed and healed.
Elliott et al (32) has revealed that the ratio of the needle
diameter to the height of the punctured disc should be
over 40% to induce significant IVD degeneration. Some
research used a surgical blade, which is relative larger
than the 40% of disc height, to establish IVD degenera-
tion onrat (5), rabbit (14,33), dog (34), pig (35), and oth-
ers. Both histology and radiology degeneration were
achieved. However, on account of the large incision, it
seems that stabbing was less controllable than needle
puncture for inducing disc degeneration (14). Kim et al
(36) compared the differences between puncture with
a 21-gauge needle 3 times and an 18-gauge needle
one time, and found that the former contained less
water, as shown by MRI examination. Moreover, both
showed significant reductions in IVD signal compared
to the normal disc. Their study confirmed that both the
18- and 21-gauge needles were capable of inducing

358

www.painphysicianjournal.com



Selection of the Optimal Puncture Needle for Induction of a Rat IVD Degeneration Model

IVD degeneration in rats. Sobajima et al (15) punctured
the rat AF to a depth of 5 mm with a 16-gauge needle.
MRI showed a reduction in the signal intensity of IVD
3 weeks postoperatively. Meanwhile, x-ray examina-
tion indicated osteophyte formation, and histological
staining revealed reduced notochordal cells replaced by
fibrous cartilage in the NP. These studies suggest that
the degeneration of IVD is determined by the degree
of injury in the AF and that excessive disc defects cause
acute protrusion and acute degeneration of the NP.
Thus, it is critical to create an optimal sized disc defect
that induces disc degeneration without protrusion of
the NP.

In our study, 3 gauges of needles were used for disc
puncture. MRI, histological, and immunohistochemical
analysis showed that puncture with a 16-gauge needle
induced IVD degeneration one week after operation,
and fibrosis also occurred 2 weeks postoperatively.
This may result from the large needle size and acute
IVD injury. Puncture with a 26-gauge needle did not

induce significant IVD degeneration. Puncture with
an 18-gauge needle caused disc degeneration 2 weeks
after operation, mimicking chronic IVD degeneration.
Our results, obtained using the SD rat model of IVD
degeneration, were consistent with that of previous
studies. Based on our study, the 18-gauge needle was
optimal for disc puncture and the 26-gauge needle
could not induce disc degeneration. Thus, the 26-gauge
needle may be used for injection of growth factors,
plasmids, or drugs to study the prevention and treat-
ment of IVD degeneration.

CONCLUSIONS

To establish a degenerative IVD rat model, an
18-gauge needle is the optimal choice, although a
26-gauge needle can be used to inject growth fac-
tors, plasmids, or drugs to study the prevention and
treatment of IVD degeneration. A 16-gauge needle
may be used to induce acute disc injury, but not IVD
degeneration.
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