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Abstract

Animal models of intervertebral disc degeneration play an important role in clarifying the physiopathological mechanisms and

testing novel therapeutic strategies. The objective of the present study is to describe a simple animal model of disc

degeneration involving Wistar rats to be used for research studies. Disc degeneration was confirmed and classified by

radiography, magnetic resonance and histological evaluation. Adult male Wistar rats were anesthetized and submitted to

percutaneous disc puncture with a 20-gauge needle on levels 6-7 and 8-9 of the coccygeal vertebrae. The needle was inserted

into the discs guided by fluoroscopy and its tip was positioned crossing the nucleus pulposus up to the contralateral annulus

fibrosus, rotated 3606 twice, and held for 30 s. To grade the severity of intervertebral disc degeneration, we measured the

intervertebral disc height from radiographic images 7 and 30 days after the injury, and the signal intensity T2-weighted

magnetic resonance imaging. Histological analysis was performed with hematoxylin-eosin and collagen fiber orientation using

picrosirius red staining and polarized light microscopy. Imaging and histological score analyses revealed significant disc

degeneration both 7 and 30 days after the lesion, without deaths or systemic complications. Interobserver histological

evaluation showed significant agreement. There was a significant positive correlation between histological score and

intervertebral disc height 7 and 30 days after the lesion. We conclude that the tail disc puncture method using Wistar rats is a

simple, cost-effective and reproducible model for inducing disc degeneration.
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Introduction

Degenerative disc disease (DDD) is one of the most

important public health problems and one of the most

common causes of low back pain (1,2). DDD is

characterized by complex serial progressive morphologi-

cal, biochemical and biomechanical changes of the

intervertebral disc that contribute to the impairment of

mechanical function and, in some cases, to the onset of

discogenic low back pain (3). The causes of DDD are

multifactorial and a clear understanding of the pathophy-

siology and pathogenesis of the condition is still lacking

(4,5).

The initiation and progression of the degenerative

cascade probably depend on multiple interdependent

factors. It has been suggested that these factors may

include reduced nutrient supply (6), hereditary factors

(7), altered mechanical loading (8), age (9), up-

regulated levels of proinflammatory cytokines and

associated catabolic enzymes (10), and decreased

diffusion of nutrients through the endplates (6).

Evidently, the occurrence of one or more of these

factors can promote several disc tissue changes (for a

review, see Ref. 11).
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Animal models of intervertebral disc degeneration play

an important role in clarifying pathomechanisms and

testing novel therapeutic strategies for this condition (12).

No ideal model for DDD currently exists, although several

categories of animal models have been developed. These

models can be classified as either experimentally induced

(mechanical or structural models) or spontaneous, which

include animals genetically altered or specially bred to

develop degenerative disc disease (13,14). Many rodent

disc degeneration models have been described and are

advantageous for DDD because of their low cost and

ease of care (15).

A recently developed needle puncture model has

shown altered morphological and biochemical features

similar to many of those found in human degenerative

discs (4,16). In the injury model, the use of needle

puncture has gained popularity mainly because of its

reproducibility and the short time required to produce the

desired degenerative effect (17). The rat tail disc has

been proposed as a platform for the puncture model

inducing disc degeneration (17-22). Rodent tail discs can

be easily manipulated to induce degeneration and

represent a desirable model for disc degeneration/

regeneration research (20). The tail disc is accessible to

intervention and does not require open exposure or tissue

retraction. As a result, tail disc annular puncture involves

a minimal risk of damage to surrounding structures. In

addition, while human disc degeneration is a complex and

multifactorial process that occurs over decades, it is clear

that focal annular injury is a potential initiator of disc

degeneration (23).

The needle puncture model was first described for use

in the lumbar spine of rabbits (16) and, because of its

advantages, was also used in rodents in a few publica-

tions, all of them using Sprague-Dawley rats (18,20-22). It

is important to point out that there are differences in

intervertebral discs regarding species, spinal level and

age (for a review, see Ref. 12). The properties of the discs

vary significantly at different locations within the spine

level of the same animal, e.g., caudal and lumbar discs of

the rat (24). The shape, profiles and relative sizes of the

intervertebral disc and adjacent spinal tissues vary

between species, with variations also occurring in the

ossification centers. The variation of properties (biome-

chanical, morphological and cellular) between regions

within the disc itself is also an important factor to consider

in choosing and designing a model (12). Also, there may

be variation between different colonies of the same animal

strain (12). A rodent DDD model using Wistar rats, which

are available in Brazil, has not been reported previously.

Thus, the objective of the present study is to describe

an experimental model of DDD using Wistar rats, induced

by needle puncture as a simple, less invasive and reliable

method to study intervertebral disc degeneration since

this method allows a complete experimental condition in

the tail of the same animal. The model was validated by

imaging (radiography and magnetic resonance) and

histological analysis.

Material and Methods

Experimental animals

Sixteen Wistar rats (300-350 g) obtained from the

Animal House of the Ribeirão Preto Campus, University of

São Paulo, Brazil, were used. Before the experiments, the

animals were housed in groups of 4 and kept at a

temperature of 23 ± 16C on a 12-h light-dark cycle. Food

and drinking water were available ad libitum. All experi-

ments were carried out in accordance with the Brazilian

Society of Neuroscience and Behavior guidelines for

animal care and all efforts were made to minimize animal

suffering.

Needle puncture technique

Animals were anesthetized with a combination of

ketamine and xylazine (10:7, 100 mg/kg injected intraper-

itoneally). The coccygeal intervertebral spaces Co6-7,

Co7-8, and Co8-9 were selected for the study. The needle

puncture was performed at coccygeal intervertebral levels

Co6-7 and Co8-9. The intervertebral level Co7-8

remained undisturbed as the control level. The selected

coccygeal intervertebral levels (Co6-7 and Co8-9) were

identified by digital palpation and confirmed by fluoro-

scopy. After tail skin antisepsis with alcohol iodate and

using fluoroscopy, a 20-gauge needle was inserted at the

level of the annulus fibrosus of Co6-7 (proximal) and Co8-

9 (distal), crossing the nucleus pulposus up to the

contralateral annulus fibrosus. After full penetration, the

needle was rotated 3606 twice and held for 30 s. The

depth of needle penetration was controlled by the

resistance of the contralateral annulus fibrosus.

Magnetic resonance imaging (MRI) acquisition

MRI was performed on 9 animals 30 days after

intervertebral disc puncture. Animals were anesthetized

as described before so they would remain immobile

throughout the entire MRI examination. Images were

acquired with a 3.0 T MRI machine (Philips, Achieva, The

Netherlands) using a dedicated coil for small animals. The

tail was inserted into a tube containing a 0.1 M CuSO4

solution to reduce the effects of susceptibility and to

increase the contrast in the image. We used a 2-D spin

echo-dual echo sequence with the following parameters:

repetition time = 9000 ms, echo times = 16 and 80 ms,

flip angle = 90, number of averages = 2, slice thickness

= 0.6 mm, field of view = 40 6 40 mm, in plane

resolution = 0.1 mm, 30 sagittal slices. The disc signal

intensity was calculated using the T2-weighted image

(echo time = 80 ms) for better visualization as an indirect

measure of disc hydration since it is well known that

reduction of water content is a common finding in

intervertebral disc degeneration. The mean signal inten-
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sity (brightness) in the control disc was set as reference

for the signal intensity of the injured discs in each animal

(Figure 1). Thus, the normalized intensity of the injured

discs had a value between 0 and 1.

Radiographic analysis

Radiographs of all rats were taken under anesthesia

just before and after intervertebral disc puncture at 7 (n =

7) or 30 (n = 9) days. The animals were placed on a

millimeter radiopaque scale to improve the identification of

the intervertebral disc level (Figure 2). Radiographic

images were taken with a Siemens MultixH instrument

(Germany; 35 kV, 3 mA, 2.5 ms, 1 m) and were scanned

and digitally stored using an image capture software

program. Extreme care was taken to maintain a consis-

tent level of anesthesia during radiography of each animal

and at each time point (before and after lesion) in order to

obtain a similar degree of muscle relaxation, which may

affect the disc height. Therefore, based on the method

proposed by Masuda et al. (4), the preoperative radio-

graph was always used as a baseline measurement.

Using digitized radiographs, measurements including the

proximal (PV) and distal (DV) vertebral body height and

intervertebral disc height (DH) were analyzed using the

public domain image analysis program developed by the

U.S. National Institutes of Health - ImageJ (http://imagej.

nih.gov/ij/) (Figure 2). Data were transported to the Excel

software and the intervertebral disc height was reported

as the DH index (DHI) (4). DHI was calculated by

averaging the measurements obtained from the anterior

(1), middle (2), and posterior (3) portions of the DH and

dividing them by the average height of the adjacent

vertebral body (Formula 1). Changes in the DHI of

punctured discs were expressed as %DHI and normalized

to the measured preoperative intervertebral disc height

(Formula 2).

DHI~2 � DH1zDH2zDH3ð Þ=
½ PV1zPV2zPV3ð Þz(DV1zDV2zDV3)�

(Formula 1)

%DHI~(DHI post-lesion=DHI pre-lesion)�100 (Formula 2)

Figure 1. T2-weighted magnetic resonance imaging (MRI) of

intervertebral discs. A, Normal discs before lesion. B, Punctured
discs 30 days after lesion. The first arrow indicates the distal

segment (Co8-9) and the second one the proximal segment

(Co6-7). C, ImageJ analysis. D, The x-axis indicates the distance

measured in millimeters and the y-axis indicates mean MRI

intensity profile along the yellow line. The peak value (± 60)

indicates the control segment and the depressions of the curve

indicate the punctured segments marked by dashed lines on the

graph. The results were normalized according to the respective

control.

Figure 2. Radiographic assessment of intervertebral disc

degeneration. A, Radiographic images were taken using a

radiopaque scale with millimeter markings to recognize the

intervertebral disc level of interest. Arrows indicate punctured

intervertebral discs. B, Using digitized radiographs, measure-

ments including the proximal (PV) and distal (DV) vertebral body

height and intervertebral disc height (DH) were analyzed using

the public domain image analysis program developed by the U.S.

National Institutes of Health - ImageJ (http://imagej.nih.gov/ij/).

1 = anterior; 2 = middle; 3 = posterior.
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Histological analysis

Animals were sacrificed at 7 (n = 7) or 30 (n = 9) days

after the tail needle puncture by excess anesthesia with

ketamine/xylazine. The whole discs with the vertebrae

adjacent to the punctured segments (Co6-7 and Co8-9) and

non-punctured segment (Co7-8) were removed and dis-

sected. Tissue was fixed in 4% paraformaldehyde, pH 7.4,

for 24 h and decalcified in 10% ethylenediaminetetraacetic

acid (EDTA) for 30 days, paraffin-embedded, and sectioned

to 5-mm thickness with a microtome. The sections were

stained with hematoxylin and eosin for histological score

and graded in a blind fashion using the definition

established by Norcross et al. (18), with some modifications

(Table 1), under a light microscope (LeicaH, Germany) at

106 magnification. This scale scores the disruption of the

collagenous architecture and cellularity of the nucleus but

not the vascular changes. The slides were graded based on

the histological appearance of the characteristics of the

nucleus pulposus and annulus fibrosus. The qualitative

analysis of collagen fiber organization was performed using

picrosirius red staining and polarized light.

Picrosirius red

Sagittal sections of intervertebral discs and adjacent

vertebral body segments were stained with picrosirius red

to visualize changes in collagen organization/orientation.

The slides were initially deparaffinized in xylene (3

changes - 10 min), followed by two ethanol washes - first

absolute ethanol (3 changes - 3 min) and next 95%

ethanol (v/v; 3 min), and washed rapidly in water. Tissue

sections were stained with picrosirius (0.5 g Sirius red and

500 mL saturated picric acid) for 1 h and were again

washed rapidly in water and 95% ethanol since Sirius red

is soluble in water. Tissue sections were then washed in

several changes of absolute ethanol (3 changes - 3 min)

cleared in xylene (3 changes - 3 min) and mounted.

Reliability of images and histological analyses

To assess the interobserver reliability of the analyses,

2 authors independently performed histological rating.

The degree of interobserver agreement regarding the

histological analyses was determined using the Cohen

kappa coefficient.

Statistical analyses

The normalized intensity values from MRI were

analyzed by the paired t-test. Intervertebral disc height

and histological score were analyzed by univariate

analysis of variance with condition (control or lesion

segments) as between-subject comparison. All tests were

followed by the Duncan test for multiple comparisons (P ,

0.05). Histological score and intervertebral disc height

data were tested by Pearson’s correlation analysis.

Results

MRI

The T2-weighted images retrieved from serial imaging

Table 1. Histological grading scale criteria based on Norcross et al. (18).

Histological grading scale

Nucleus pulposus (NP)

5. Large, bulging central cavity with abundant NP material; .2/3 intervertebral disk (IVD) height; smooth borders with minimal
disruption

4. Slightly reduced central cavity size with some NP material present; .1/3 IVD height and ,2/3 IVD height; minimal border
disruption may be present

3. Markedly reduced and disrupted cavity with minimal NP material and compartmentalization; total cavity .1/3 IVD height and
,2/3 IVD height

2. Severe disruption of NP with minimal cavity; total cavity ,1/3 IVD height but .0; consists only of a few small pockets lined by
NP-like cells

1. Complete obliteration of cavity with no NP-lined pockets

Annulus fibrosus (AF)

5. Discrete, well-opposed lamellae bulging outward with no infolding; minimal preparation defect with ‘‘simple radial clefting’’

4. Discrete lamellae, less well-opposed; minimal infolding may be present; fibers remain well-organized, but with ‘‘complex radial
clefting’’

3. Moderate to severe infolding of discrete, relatively well-opposed lamellae; moderate fragmentation of lamellae; AF fibers remain
well organized

2. Severe infolding and distortion of poorly opposed lamellae; severe fragmentation of lamellae; small regions of disorganized
fibrous material replacing central lamellae

1. Severe infolding, distortion, and fragmentation of lamellae; extensive amount of disorganized fibrous material replacing central
lamellae

This scale mainly scores the disruption of nucleus pulposus central cavity and cellularity and collagen fiber orientation of annulus

fibrosus. Simple radial clefting = the presence of radial gaps between AF lamellae with minimal fragmentation; complex radial clefting

= the presence of radial, transverse, and/or oblique gaps in the lamellae with significant fragmentation.
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studies of the coccygeal disc showed degeneration of the

disc 30 days after needle puncture. A decrease of signal

intensity was observed in punctured discs and the control

discs did not reveal loss of the signal. The control disc

remained consistent over the 30-day period of evaluation.

Punctured discs showed a significant decrease of the MRI

signal compared to control discs (Co8-9: t8 = -4.75; P ,

0.001 and Co6-7: t8 = 8.49; P , 0.001) (paired t-test, P ,

0.05) (Figure 3) 30 days after the lesion. We did not detect

any difference in MRI signal between punctured discs

(Co8-9 and Co6-7).

Radiographic assessment

Radiographic assessment of the disc height was

performed considering the DHI, that was calculated by

averaging measures before and after disc needle punc-

ture. The control discs showed no significant differences

among time points. Punctured discs showed a significant

decrease in intervertebral DHI compared to control discs

[F(5,48) = 6.83; P = 0.001] 7 and 30 days after tail

needle puncture (univariate analysis of variance followed

by the post hoc Duncan test, P , 0.05; Table 2). The

effect of time after needle puncture on DHI was not

statistically significant. No significant difference in inter-

vertebral disc height was observed between punctured

discs (Co8-9 and Co6-7), or between 7 and 30 days after

lesion.

Histological score

Histological sections of the nucleus pulposus and

annulus fibrosus showed a range of morphological

changes after needle puncture. The nucleus pulposus

and annulus fibrosus of punctured discs showed sig-

nificant alterations compared to control discs 7 and 30

days after lesion [F(11,180) = 19.50; P = 0.001] by

univariate analysis of variance followed by the post hoc

Duncan test, P , 0.05 (Figures 4 and 5). No significant

difference in histological score was observed between

punctured discs (Co8-9 and Co6-7), or between 7 and 30

days after lesion. The only difference found was in the

annulus fibrosus score between 7 and 30 days after

lesion. Since we detected a significant degree of

histological interobserver agreement determined by the

Cohen kappa coefficient, the data are reported as the

average of observers 1 and 2 (Figure 4). Collagen fiber

orientation was assessed using picrosirius red staining

and polarized microscopy and is shown in Figure 6.

Correlations between techniques

Pearson’s correlation (P , 0.05) analyses revealed a

significant positive correlation between histological score

Figure 3. Normalized magnetic resonance imaging (MRI) signal

evaluated 30 days after lesion in the three discs. A, Punctured
distal (Co8-9) and proximal (Co6-7) discs showed a significant

decrease of MRI signal compared to control. We did not detect any

difference in MRI signal between proximal and distal segments. *P

, 0.05 compared to control (paired t-test). B, MRI T2-weighted

signal of punctured discs Co8-9 (top arrow) and Co6-7 (bottom

arrow) and the intermediate disc as a control (Co7-8).

Table 2. Percentage of disc height index (%DHI).

Disc segment Time after lesion

7 days 30 days

Co(6-7) 71.5 ± 6.70* 60.0 ± 6.70*

Co(7-8) 98.6 ± 5.02 93.5 ± 2.30

Co(8-9) 76.2 ± 10.65* 62.8 ± 7.50*

Punctured discs (Co6-7 and Co8-9) showed a significant

decrease of %DHI 7 and 30 days after lesion. *P , 0.05

compared to control disc (Co7-8) (univariate analysis of variance

followed by the post hoc Duncan test). Based on previous

published research (31).

Figure 4. Histological analysis of the nucleus pulposus (left) and

annulus fibrosus (right) 7 and 30 days after lesion. Punctured

proximal and distal discs showed a significant decrease of

histological score compared to control (Co7-8). There was no

difference between proximal and distal discs. The Cohen kappa

coefficient showed a significant degree of histological interobser-

ver agreement. *P , 0.05 compared to control; #P , 0.05

compared to 7 days (univariate analysis of variance followed by

the post hoc Duncan test).
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and intervertebral disc height 7 and 30 days after lesion in

both regions (nucleus pulposus and annulus fibrosus).

Linear regression curves are presented in Figure 7. We

did not calculate the correlation between histological

score and MRI because we tested only the latest time (30

days after lesion) by MRI.

Discussion

Percutaneous needle puncture induces degenerative

signs similar to those of human discs (16,18,20-22).

Needle puncture of the caudal discs of Wistar rats

induced early and clear degeneration very similar to that

previously reported for rabbits or Sprague-Dawley rats

(16,20-22). The described model is simple and economic

and seems to be appropriate for investigating the

pathogenesis of intervertebral disc degeneration. Image

and histological outcome measures validated the model

presented here and may strongly predict the severity of

disc degeneration.

The main features observed included disc space

narrowing, decreased disc height, water content reduc-

tion, and histological disorganization. Among classical

histological alterations, we detected changes ranging

from discrete disruption of the nucleus pulposus and a

small decrease of its cavity to its complete obliteration and

absence of nucleus pulposus cells. Similarly, we were

able to measure different degrees of lamellar disorganiza-

Figure 5. Representative sections stained with hematoxylin and eosin of intact control and punctured discs 7 or 30 days post-lesion.

A, Intact control showing an unbroken annulus fibrosus with its border clearly defined and the nucleus pulposus comprising a significant

disc area in the sagittal sections. B, Annulus fibrosus of an intact disc with well-opposed lamellae. C, Nucleus pulposus of a large intact

disc with abundant material. Punctured disc 7 (A9) or 30 days (A0) after lesion showing poorly opposed lamellae and complete

obliteration of the nucleus pulposus cavity. Annulus fibrosus of punctured discs with severe lamellar disorganization/fragmentation

7 (B9) or 30 days (B0) after lesion. Nucleus pulposus cavity of punctured discs without true nucleus pulposus cells replaced with fibrous

material 7 (C9) or 30 days (C0) after lesion.
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tion of the annulus fibrosus. These results are similar to

those first obtained with Sprague Dawley rats (20-22).

We already know that in experimental models the

severity of intervertebral disc degeneration is directly

correlated to the needle gauge used. A larger diameter

needle consistently resulted in degeneration (16,20,21).

The severity of disc degeneration could be reasonably

calculated by the selection of needle gauge. Small

diameter needles, for example more than 30 gauge,

could be used to inject gene therapy agents or several

other biological agents for disc manipulation. According to

our results, the 20-gauge needle was able to induce

important disc degeneration 7 days after lesion, and these

results were not different 30 days post-lesion. Therefore,

our model did not reveal any spontaneous regeneration

and suggests a stable injury. In a recent publication,

Zhang et al. (22) reported that 21-gauge needle puncture

into the rat tail disc induces a rapid and progressive disc

degeneration process without spontaneous recovery.

Comparing our results for 7 and 30 days after injury, a

tendency to progressive disc degeneration was detected

in DHI (Table 2) and in the histological score (Figure 4).

This progressive injury is a relevant representation of disc

degeneration in humans and is suitable for evaluating the

effectiveness of new treatments (4). Also, the significant

correlations between %DHI values and histological results

(Figure 7) confirm that DHI can be used as a good

indicator of the injury (4).

Additionally, we did not find any difference in MRI

signal between proximal and distal segments (Figure 3).

The same finding was repeated in radiographic (Table 2)

and histological data (Figure 4). This independence

between the injury and different segments of the caudal

level suggest that in this model several conditions could

be tested in the same tail. Indeed, we conducted another

cohort of experiments (data not shown here) using

adjacent coccygeal intervertebral levels to promote a

complete experimental condition in order to test the effect

of an innocuous substance (as control) or the drug of

interest either in a lesioned or intact disc with success

(Figure 8).

The annulus puncture model for inducing disc degen-

eration was initially used in the lumbar spine of rabbits

(16). Rodent tail disc degeneration was later used

considering its easy manipulation since it does not require

a surgical procedure (20). Additionally, the tail disc

degeneration model induced by needle puncture is a

simplified low-cost procedure. To our knowledge, the use

of Wistar rats as an animal model for disc degeneration

has not been reported before. Basically, animal models of

Figure 6. Collagen fiber orientation was assessed using picrosirius red staining and examined under polarized light. The upper panel

shows a control intervertebral disc (A) and the same disc viewed by polarizing microscopy (A9). The lower panel shows the same

condition with a lesioned disc (B and B9). Collagen type I fibers are shown in green in the annulus fibrosus, and collagen type II fibers

are shown in red. Proliferation of collagen type I fibers was detected in the nucleus pulposus space of a lesioned disc.
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disc degeneration must be ethical, uncomplicated, repro-

ducible, and controllable, of low cost, effective and

clinically relevant to the human situation. According to

our results, the use of Wistar rats fulfilled most of the

expected requirements. Therefore, we found a significant

degree of agreement in histological interobserver evalua-

tion and a significant positive correlation between

histological score and intervertebral disc height 7 and 30

days after injury, characteristics that validate the tools

used in the current model.

Acute herniation and subsequent nucleus depressur-

ization are considered to be the basic mechanism initiated

by the degenerative cascade after annulus fibrosus

puncture (13). The disruption of the annulus fibrosus in

several animals and also in humans has induced disc

degeneration (25-27). In fact, in the tail puncture model,

the rate of degeneration is positively related to the depth

of needle puncture, i.e., half or full penetration of the

annulus fibrosus (20).

As mentioned before, the tail model became attractive

because its discs are accessible to interventions, with

minimal risk of damage to surrounding structures, and

minimal interference with normal physiological function

(12). However, the limitations and drawbacks of the

experimental model of rat tail puncture should be

recognized. Although this model has the advantage of

being inexpensive compared to larger animals, the cell

biology and biochemistry of the rat nucleus pulposus do

not resemble those of mature humans (28). The inter-

vertebral discs of small animals consist predominantly of

Figure 7. The graphs represent the linear regression of data obtained by radiographic and histological analysis of the nucleus

pulposus and annulus fibrosus at 7 and 30 days after surgery. Pearson’s correlation coefficients obtained were: 7 days post-injury - annulus

fibrosus: r = 0.67, P , 0.01 (A) and nucleus pulposus: r = 0.54, P , 0.05 (A9); 30 days after injury - annulus fibrosus:

r = 0.71, P , 0.01 (B) and nucleus pulposus: r = 0.76, P , 0.01 (B9). DHI = disc height index.
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notochordal cells embedded in gelatinous material,

whereas human vertebral discs consist mostly of chon-

drocyte-like cells embedded in a fibrocartilaginous matrix.

In humans, intervertebral disc notochordal cells are

present in a limited number until the age of 12 years,

while in small animals these cells remain and are not

replaced. Also, this model has the disadvantage that

rodents’ tail discs are clearly different from lumbar discs in

terms of biomechanics and composition. Furthermore, it is

important to consider that the tail disc has been suspected

to have lesser loading and different anatomy and

dimensions (for a review, see Ref. 12).

Nevertheless, we should consider that this tail

puncture model permits simple, efficient, inexpensive,

and numerous experimental evaluations to test different

treatment modalities (18). Significantly, this model also

raises the intriguing question of whether the attempted

therapeutic injection in human discs can paradoxically

lead to degeneration because of the needle puncture (29).

Clinical studies have already found that actual needle

puncture into the disc may have contributed to the

progression of disc degeneration (27,30).

Although the pathological changes involved in DDD

have been well described (3,7,9,10), further studies are

needed to elucidate the nature of these events, the

mechanism of pain in DDD and possible intervention

therapies. In conclusion, we believe that the Wistar rat tail

puncture model is an attractive tool to be used in further

studies to better understand DDD and explore potential

treatments for this condition.
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