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ABSTRACT

AIM: To explore the changes in imaging after lumbar disc nucleoplasty in rabbits.   
MATERIAL and METHODS: Twenty-four rabbits were randomly selected for X-ray, computerized tomography (CT), and magnetic 
resonance imaging (MRI) at 2, 6, and 12 weeks post operation. Moreover, their L3/4, L4/5, and L5/6 intervertebral discs were 
randomly selected as the untreated, annulus puncture, and nucleoplasty groups, respectively. Changes in disc height index (DHI%) 
and MRI grade were measured and compared. CT three-dimensional reconstruction was used to evaluate adjacent bone endplate 
changes.
RESULTS: The untreated group’s DHI% decreased slightly at different time points (p>0.05), while that of the nucleoplasty and 
annulus puncture groups decreased progressively (p<0.05). At six weeks post operation, the nucleoplasty group’s DHI% was 
significantly lower than that of the annulus puncture group (p<0.05), with mild osteosclerosis and local rough changes in the 
endplate. At 12 weeks post operation, a “bone bridge” connection was observed in the nucleoplasty group. There was no significant 
difference in MRI grade between the untreated and annulus puncture groups at different time points (p>0.05). MRI grades of the 
intervertebral disc in the nucleoplasty and annulus puncture groups showed a progressive increase (p<0.05). Compared with the 
annulus puncture at the same time point, the nucleoplasty group’s MRI grade of the intervertebral disc was significantly higher 
(p<0.05). Thus, damage caused by an annulus puncture can lead to progressive degeneration of the lumbar disc.
CONCLUSION: Nucleoplasty may have a cumulative effect with the injury of the annulus puncture. Clinicians need to 
comprehensively consider advantages and disadvantages of nucleoplasty, strictly grasp indications of treatment, and prevent long-
term complications.
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clinical diseases such as cervical spondylosis and lumbar 
disc herniation (4,6). In 1934, Mixter and Barr were the first 
to successfully report the use of discectomy to treat IVDD 
(5). Since then, discectomy has been widely applied and has 

█   INTRODUCTION

Diseases caused by intervertebral disc degeneration 
(IVDD) are commonly called degenerative diseases of 
the intervertebral disc, including a series of common 
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become the main method to treat degenerative disc disease 
in clinical practice (23). However, the recurrence rate of the 
disease is high, the cause of which is not yet clear.

In July 2000, percutaneous disc nucleoplasty was first used 
in the United States to treat lumbar disc herniation (7); later, 
it was gradually popularized and applied in many hospitals 
(10,17,21). Because the operation of percutaneous disc 
nucleoplasty is performed through the fiber ring puncture 
channel, it is difficult to determine whether it may lead to 
aggravation of degenerative disc changes in the long-term. 
Very few basic studies have reported the above issues in the 
literature (1,16). However, the method of annulus puncture 
could simulate the posterior discectomy of nucleus pulposus 
(15) as well as demonstrate the imaging and histopathological 
changes after aspiration of the nucleus pulposus of the lumbar 
disc (8).

Therefore, this study aimed to explore the secondary changes 
in imaging after percutaneous disc nucleoplasty in rabbits 
through randomized controlled animal experiments. This 
study’s results can provide important reference for the clinical 
selection of treatment plans for degenerative diseases of the 
intervertebral disc.

█   MATERIAL and METHODS
Laboratory Animals and Equipment

A total of 24 healthy four-month-old female New Zealand 
white rabbits, weighing 2.3 ± 0.3 kg, were used in this study. 

Before the experiment, all rabbits were examined using X-ray 
and magnetic resonance imaging (MRI) to confirm that there 
was no abnormality in the lumbar vertebrae and intervertebral 
disc. The rabbits were kept in a single cage for one week 
under standard conditions.

The 19G trocar puncture needle, nucleus pulposus working 
electrode, and orthopedic cryoplasma operation system were 
all provided by Arthrocare (Figure 1A). The imaging equipment 
mainly included the 3.0T MRI scanner (Siemens, Germany), 
128 slice spiral computerized tomography (CT) scanner 
(Toshiba, Japan), Dr machine (Tsushima, Japan), and C-arm 
X-ray machine (Philippe, Netherlands).

The experimental protocol was reviewed and approved by the 
Experimental Animal Ethics Committee of Southern Medical 
University.

Experimental Grouping

The rabbits were fasted for 8 h before the operation and then 
weighed to calculate the amount of anesthetic. The rabbits 
were anesthetized by injecting zolazepam hydrochloride 
(France Vick Co., Ltd.) at a dosage of 5 mg/kg in their ear edge 
vein. After the pain reaction disappeared, the researchers 
moved the rabbits into the prone position, fixed the limbs, 
prepared the skin, disinfected them, and spread the towel 
on the left lumbar back (Figure 1B). C-arm X-ray fluoroscopy 
was used to locate the lumbar intervertebral space. The L3/4, 
L4/5, and L5/6 intervertebral discs of the 24 experimental 
rabbits were randomly assigned as to the untreated, annulus 
puncture, and nucleoplasty groups (Figure 2).

Figure 1: Equipment and 
operation. A) 19G trocar needle 
(upper) and nucleoplasty 
electrode (lower). B) Rabbit 
fixation for the operation. L3/4 for 
the annulus puncture, L4/5 for the 
untreated operation, and L5/6 for 
nucleoplasty.

A

B
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Operative Strategies

Annulus puncture

The central line of the horizontal left side of the target 
intervertebral space was about 4–6 cm from the needle 
entry point. The puncture needle directly penetrated the 
skin at the needle entry point with a 19G casing needle. The 
angle between the puncture needle and the horizontal plane 
ranged from 0° to 10°, and the puncture needle was inserted 
into the targeting intervertebral disc under the guidance of 
X-ray (puncture depth was about 5 mm). The perspective in 
the positive and lateral positions confirms that the puncture 
needle tips were all located in the middle of the intervertebral 
disc. The puncture needle remained in the intervertebral disc 
for 20 s or under; then, the puncture needle was pulled out, 
and sterile dressing was used to cover the puncture hole.

Nucleoplasty

During the operation, fluoroscopy confirmed that the tips of 
the trocar puncture needle were all located in the middle of the 
intervertebral disc. Then, the inner core of the trocar needle 
was pulled out, and the nucleus pulposus forming electrode 
connected with the plasma operation system was placed 
into the target intervertebral disc along the trocar. The tip of 
the electrode was located in the center of nucleus pulposus 
to the opposite side (the puncture depth was 6–7 mm). The 
energy level of the plasma host was set to level 2. If the nerve 
reflex of the lower limb was induced by thermal coagulation 
for one second, the position of the working electrode needed 

to be readjusted. If the nerve reflex of the lower limb was 
not induced, the ablation thermal coagulation operation was 
carried out. First, the ablation and thermocoagulation were 
performed for 5 s and 180 degrees, respectively. Then, the 
tip of the electrode retreated 2–3 mm, and the ablation and 
thermocoagulation were repeated again near the inner layer of 
the fibrous ring near the puncture site. After all operations, the 
working electrode and puncture needle were pulled out, and 
a sterile dressing covered the puncture hole after disinfection.

At the end of the above experiments, all rabbits were put back 
into the cage for routine feeding without antibiotics. Eight 
rabbits were randomly selected at 2, 6, and 12 weeks after 
the operation. Finally, X-ray, CT, and MRI scans of the lumbar 
spine were performed after anesthesia.

Observation Indexes

General situation

The survival, mental state, limb mobility, and defecation 
of the experimental rabbits were observed after the 
operation. 

X-ray and CT

The target disc height was evaluated using the disc height 
index (DHI) according to a previous study (20). The DHI was 
calculated as follows:

DHI% = (postoperative DHI / preoperative DHI) × 100%.

According to the three-dimensional reconstruction of the 
CT sagittal plane, changes in the adjacent endplates and 
osteophytes at the edge of the vertebral body were evaluated.

The sagittal T2 scanning parameters of the MRI are listed 
as follows: repetition time/echo time 3,500/100 ms, Fov12, 
layer thickness 2.5 mm, and interval 0 mm. According to 
the changes in signal intensity and the area of lumbar disc 
on the T2 weighted image, we could judge whether there is 
degeneration or not. According to the improved Thompson 
standard (20), the MRI grades of the intervertebral disc were 
divided into four: grade I (normal), grade II (signal intensity 
slightly weakened but with the high signal area significantly 
reduced), grade III (signal intensity moderately weakened), 
and grade IV (signal intensity significantly weakened).

Statistical Analysis

Data were analyzed using SPSS 21.0 software (IBM Corp., 
Armonk, NY, USA). DHI% was analyzed using the one-way 
analysis of variance. MRI grades of the intervertebral disc 
was analyzed using the Friedman test. If the difference was 
statistically significant, multiple comparisons between groups 
were conducted. The significant difference was assigned as 
p<0.05.

█   RESULTS
General Conditions of the Rabbits Pre- and Post- 
Operations

In the whole processes of experimentation, all the rabbits 
survived. On the second day after the operations, their mental 

Figure 2: Anterolateral fluoroscopy during the operations. L3/4 
annulus puncture is represented by blue arrows, L4/5 untreated 
operation is represented by green arrows, and L5/6 nucleoplasty 
is represented by red arrows.
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groups, height of the intervertebral space decreased slightly 
at two weeks after the operations, but without sclerosis and 
osteophyte formation in the adjacent vertebral endplates 
(Figures 3–5A and 3–5B). At six weeks after the operations, 
height of the intervertebral space in the nucleoplasty group 
decreased significantly, and it showed slight osteosclerosis 
and local rough change in the endplate. At six weeks after the 
operations, height of the intervertebral space in the annulus 
puncture group also decreased significantly, but without 
obvious endplate sclerosis and osteophyte hyperplasia. At 12 
weeks after the operations, height of the intervertebral space 
in the nucleoplasty and annulus puncture groups continued 
to decline (Figures 3–5A and 3–5B). The adjacent endplates 
showed osteosclerosis, and osteophyte hyperplasia was 
obvious. Moreover, the connection of the anterior “bone 
bridge” could be observed in the nucleoplasty group. 

Nucleoplasty Operation Enhanced MRI Grades of the 
Intervertebral Disc

There were no significant differences in MRI grades at 
different time points in the untreated group. MRI grades of the 
intervertebral disc in the annulus puncture and nucleoplasty 
groups at different time points (improved Thompson standard) 
increased gradually with significant differences. Compared 

state, limb mobility, and defecation all recovered to the status 
at the preoperative period.

Nucleoplasty Operation Reduced the DHI Values

The lateral X-ray and CT showed that DHI% values of the 
nucleoplasty and annulus puncture groups demonstrated 
a progressive downward trend at 2, 6, and 12 weeks post 
operation, illustrating a significant difference. The DHI% 
values of the untreated group showed a slight downward 
trend, but without significant differences. Compared with 
the untreated group at the same time point, DHI% values of 
the nucleoplasty and annulus puncture groups decreased 
significantly. At six weeks after the operations, DHI% values of 
the nucleoplasty group were significantly lower compared with 
those of the annulus puncture group, but without significant 
differences between the two groups at other time points. See 
Table I (p>0.05) for detailed results.

Lumbar Lateral X-ray and CT Findings

At 2, 6, and 12 weeks after the operations, height of the 
intervertebral space in the untreated group was equal to 
that prior to the operations, demonstrating no formation 
of osteosclerosis or osteophyte in the endplate (Figures 
3–5A and 3–5B). In the nucleoplasty and annulus puncture 

Table I: Percentages for the DHI of Intervertebral Disc in Each Group at Different Time Points Post the Operation

Groups 2 weeks 6 weeks 12 weeks

Nucleoplasty group (%) 85.45 ± 3.32* 52.18 ± 4.69*,# 41.64 ± 5.06*

Untreated group (%) 97.24 ± 2.10 95.67 ± 3.33 94.75 ± 4.11

Annulus puncture group (%) 86.92 ± 3.77* 62.44 ± 5.78* 43.75 ± 4.27*

* p<0.05 vs. untreated group at the same time points. # p<0.05 vs. annulus puncture group at the same time points.

Figure 3: Comparison 
of the preoperative and 
postoperative X-day, 
computerized tomography 
(CT), and magnetic 
resonance imaging (MRI) 
at two weeks. A) X-ray 
before/post operation. 
B) CT before/post 
operation. C) MRI before/
post operation. L3/4 
annulus puncture: blue 
arrows, L4/5 untreated 
operation: green arrows, 
and L5/6 nucleoplasty: red 
arrows.

Before
A

Post Before Post Before Post
B C



580 580 | Turk Neurosurg 33(4):576-583, 2023

Yin H. et al: Lumbar Disc Nucleoplasy in Rabbits

clear. At 12 weeks after the operations, the signal intensity 
decreased significantly, and the intervertebral disc lost its 
normal shape. The nucleus pulposus showed stratified 
changes, and the boundary between the nucleus pulposus 
and the annulus fibrosus was unclear (Figure 5C).

In the nucleoplasty group, signal intensity of the disc was 
significantly weakened from two weeks after the operations, 
and the boundary between the nucleus pulposus and annulus 
fibrosus was slightly blurred (Figure 3C). At six weeks after 
the operations, the shape of the disc began to change, and 
some of the nucleus pulposus protruded into the spinal canal 
(Figure 4C). The disc degeneration and protrusion increased 
significantly 12 weeks after the operations (Figure 5C).

█   DISCUSSION
IVDD is a long and complex process, involving natural, 
environmental, and other factors. However, the exact 
etiology and pathophysiological mechanism of IVDD have 

with the untreated group at the same time point, MRI grades 
of the intervertebral disc in the nucleoplasty and annulus 
puncture groups were significantly higher. Compared with the 
annulus puncture group at the same time point, MRI grades 
of the intervertebral disc in the nucleoplasty group was 
significantly higher. See Table II (p<0.05) for more details on 
these findings.

Lumbar MRI Findings

At 2, 6, and 12 weeks after the operations, the signal intensity 
and area of intervertebral disc in the untreated group were 
not changed significantly compared with those prior to the 
operations (Figures 3C and 4C; p>0.05).

According to Figures 3C and 4C, in the annulus puncture 
group, there were still some bright signals at two and six 
weeks after the operation, but the signal intensity and area 
were significantly reduced compared with those before 
the operations (Table II; p<0.05). Meanwhile, the boundary 
between the nucleus pulposus and annulus fibrosus was still 

Table II: MRI Grading of Intervertebral Disc at Different Time Points Post the Operation

Thompson 
grading

Nucleoplasty group*,# Untreated group Annulus puncture group*

2 weeks 6 weeks 12 weeks 2 weeks 6 weeks 12 weeks 2 weeks 6 weeks 12 weeks

Ⅰ 0 0 0 8 7 6 0 0 0

Ⅱ 2 0 0 0 1 2 7 2 0

Ⅲ 5 5 1 0 0 0 1 6 4

Ⅳ 1 3 7 0 0 0 0 0 4
* p<0.05 vs. untreated group at the same time points. # p<0.05 vs. annulus puncture group at the same time points.

Figure 4: 
Comparison of 
the preoperative 
and postoperative 
X-day, computerized 
tomography (CT), 
and magnetic 
resonance imaging 
(MRI) at six weeks. 
A) X-ray before/
post operation. 
B) CT before/post 
operation. 
C) MRI before/post 
operation. L3/4 
annulus puncture: 
blue arrows, L4/5 
untreated operation: 
green arrows, and 
L5/6 nucleoplasty: 
red arrows.

Before Post Before Post Before Post
A B C
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Before Post Before Post Before Post

trauma as well as improve survival rate and puncture accuracy 
of experimental animals. To avoid the influence of different 
puncture needle specifications, frequencies, depths, and 
retention times on findings, the 19G puncture needle was used 
in both groups. Meanwhile, combined with X-ray fluoroscopy 
positioning, the puncture frequency was controlled once, 
puncture depth was controlled at 5 mm, and retention time 
of the puncture needle in both groups was controlled at 20 s.

The present findings showed that with the prolonged time after 
the operation, there was no significant difference in disc height 
for the untreated group, although there was a slight downward 
trend. At the same time, there was no endplate sclerosis or 
osteophyte formation at all time points in the untreated group. 
In the annulus puncture group, disc height decreased with 
prolonged time after the operation. There were no significant 
changes in the intensity and area of the MRI signal in the 
untreated group. In the annulus puncture group, the signal 
intensity and area of the disc decreased or decreased in 
different degrees from two weeks after the operation, and the 
MRI grading of the disc increased progressively. At 12 weeks 
after the operation, the intervertebral disc lost its normal shape, 
the boundary between the nucleus pulposus and annulus 
fibrosus was unclear, and stratified changes appeared.

This study confirmed that the 19G trocar needle can lead to 
progressive degeneration of the lumbar disc in rabbits after 
an injury of the fiber ring. Due to the shortcomings of the 
X-ray plain film and MRI, this study innovatively proposed 
to combine CT three-dimensional reconstruction technology 
to observe subtle early changes in the bone endplate. At the 
same time, it found that endplate sclerosis and osteophyte 
formation appeared in the puncture group at 12 weeks after the 

not been fully elucidated in the literature (22). In this study, 
rabbits were selected as the model animal for IVDD. Guo et 
al. confirmed that the intervertebral discs of rhesus monkeys 
are the most similar to humans; however, rhesus monkeys 
are rare, expensive, and lack economy in China (9). Rabbits 
are common animals, and their intervertebral disc structure is 
basically the same as that of humans. Meanwhile, the rabbit 
is gentle and easy to operate, and it has good modeling 
repeatability. Therefore, rabbit is more practical as an animal 
model for IVDD. At present, the most commonly used method 
to construct IVDD model is the annulus puncture approach 
(13,15,18). Kwon and other researchers believed that the 
rabbit IVDD model could also be successfully constructed by 
percutaneous annulus puncture under the guidance of X-ray 
fluoroscopy (14). For the puncture needle specifications and 
puncture frequency, Masuda et al. reported that three kinds of 
fine needles (16G, 18G, and 21G) could successfully induce 
the degeneration of lumbar intervertebral disc in rabbits after 
the puncture (20). We believe that the degree and speed of 
disc degeneration are closely related to the diameter of the 
puncture needle. The degree of disc degeneration in the larger 
diameter group (16G and 18G) is more serious than that in the 
smaller diameter group (21G). Additionally, Kim et al. found 
that a three-time 21G annulus puncture was more likely to 
cause degeneration of the intervertebral disc than a one-time 
18G annulus puncture (11). Therefore, we thought that the 
frequency of needling can also affect disc degeneration. For 
the puncture depth and needle retention time, Aoki et al. (2) 
found that degeneration of the intervertebral disc in the 5-mm 
group was more serious than that in the 1-mm group. In this 
study, both the annulus puncture and nucleoplasty groups 
used X-ray fluoroscopy to guide the percutaneous puncture 
of target intervertebral disc, which could reduce surgical 

Figure 5: Comparison 
of the preoperative and 
postoperative X-day, 
computerized tomography 
(CT), and magnetic 
resonance imaging (MRI) at 
12 weeks. A) X-ray before/
post operation. B) CT 
before/post operation. 
C) MRI before/post 
operation. L3/4 annulus 
puncture: blue arrows, 
L4/5 untreated operation: 
green arrows, and L5/6 
nucleoplasty: red arrows.

A B C
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technique demonstrating both safe and successful outcomes, 
especially when conducted with appropriate indications in 
cervical and lumbar disc herniations. Therefore, we believe 
that application of the nucleoplasty technique (especially for 
well-planned nucleoplasty technique) would contribute to the 
evaluation of disc degeneration.

█   CONCLUSION
The 19G trocar puncture can cause progressive degeneration 
of the lumbar disc in rabbits. Because of ablation of the 
vaporized part of the nucleus pulposus tissue, nucleoplasty 
may have a cumulative effect with the injury of the annulus 
puncture, which leads to acceleration of disc degeneration and 
aggravation of the degree. This study suggests that clinicians 
need to comprehensively consider the advantages and 
disadvantages of nucleoplasty, strictly grasp the indications 
of treatment, and prevent long-term complications. In future 
studies, we recommend improving the biomechanical test 
of the operative segment and inspecting the histology or 
molecular biology related to disc degeneration. The findings 
of this study have implications for clinicians in choosing the 
appropriate surgical method (whether to use nucleoplasty 
method or not) after considering the treatment indications, 
long-term complications, histology, and molecular biology. 
This study also contributes to the literature, especially in terms 
of evaluating disc degeneration.
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