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Abstract

Background and Objective: Bony endplate is a kind of sponge-like bone porous tissue, with a capillary network inside the 
heterogeneous foramina to provide the tissue structure foundation for the nutrition metabolism of the intervertebral disc. However, 
changes in bony endplate structure and foramina during spinal degeneration are poorly understood. This study aims to study the 
microstructural change of bony endplate and foramina during spinal degeneration in rats. 

Methods: Degeneration was made in the lumbar spine and coccygeal vertebra, respectively, of rats. Structural changes in bony 
endplate and foramina during spinal degeneration were analyzed by scanning electron microscopy and atomic force microscopy. 

Results: In lumbar spine degeneration, there was no significant change in the degenerative bony endplate, and osteophytes 
appeared in some of the foramina. Sagittal section results showed that there was no significant change in the number and primary 
morphology of the foramina. Atomic force microscope test showed that modulus of elasticity has no obvious change between 
the degenerated bony endplate and the normal bony endplate. In the coccygeal vertebra degeneration model, with the time of 
degeneration, the foramina on the surface of the bony endplate grew more and more osteophyte, also with the reduction in the 
number of the foramina and the disappear of normal “8” or “吕” shape. From the sagittal position, the cross foramina in the bony 
endplate began to close or even disappear, and the number of bony channels decreased significantly. Atomic force microscope 
showed that bony endplate of the 8-week degenerated coccygeal vertebra was tougher than normal bony endplate. 

Conclusion: Mild degeneration of the spine will not lead to changes in the bony endplate, while severe degeneration will lead to 
changes in the bony endplate, such as decreasing number of the foramina and osteophytes formation.
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Introduction
The intervertebral disc (IVD) degeneration is a common 

spinal disorder that has been implicated in its pathogenesis and 
pathological changes [1]. Some pathological structural changes 
in IVD, such as tears in the anulus fibrosus has been observed in 
spinal degeneration patients [2,3]. Especially, structural changes  

 
of cartilaginous bony endplate that lie between the rigid vertebral 
bodies of the spine are one of the pathological degenerative 
changes of IVD, which are a major cause of back pain even 
neurological deficits in human [4]. In a healthy state, vertebral 
bony endplates have a sponge-like porous structure that provides 
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the tissue structure foundation for the nutrition metabolism of 
the intervertebral disc. In the adult with the spinal degenerative 
disorder, IVD degeneration significantly correlated with 
intervertebral disc-endplate degeneration [5,6], and the altered cell 
nutrition in the IVD caused by bony endplate structural dysfunction 
is considered the main cause for disk degeneration [7]. However, 
very little data exists on acute structural change of vertebral 
bony endplate at the onset and progression of IVD degeneration. 
In the previous study, we observed the unique three-dimensional 
structure combined with interior foramina on the surface using 
scanning electron microscopy [8]. In this study, we will observe 
the change process of bony endplate during spinal degeneration by 
detailed visualization and microstructural characterization using 
scanning electron microscopy and atomic force microscopy.

Materials and Methods
Animals

Fifty-four male Sprague Dawley rats were housed in a 12:12 
h bright light-dark (1,000 lux) cycle cage and were allowed to 
acclimatize for 7 days before the commencement of treatments. 
Animal experiments protocols have been approved by the Animal 
Care and Animal Research Ethics Committee of Orthopaedic 
Institute, The First Affiliated Hospital of Soo Chow University.

Models’ Establishment 

Experiment I

Thirty-two rats were randomly divided into two groups: a 
normal group and a model group (n=16 in each group). For lumbar 
spine degeneration establishment, rats were anesthetized with 
chloral hydrate and exposed to the lumbar vertebrae. The spinous 
process and its associated ligaments were removed to destabilize 
the lumbar spine. The wound was sutured and treated with a local 
injection of penicillin avoiding infection. Normal rats exposed only 
the lumbar vertebrae and did not remove other tissues. The two 
groups of rats were raised in the same feeding environment, and 
two rats were randomly selected and killed every other month. 
The lumbar vertebrae of rats were taken, and the changes of the 
tissues were observed with the scanning electron microscope. At 
the end of 6 months, no accidental death was found in either group. 
In the remaining 4 rats of each group, 2 were examined by scanning 
electron microscopy and 2 by atomic force microscopy. 

Experiment II

After 6 months of treatment of lumbar process de-spinous 
instability, the degeneration of lumbar bony endplate was not 
obvious, so experiment II was further designed to promote the 
degeneration of the spine through coccygeal vertebra compression. 

Twenty-two rats were randomly divided into two groups: a normal 
group and a model group (n=11 of each group). For coccygeal 
vertebra degeneration establishment, rats were anesthetized with 
chloral hydrate. At the central point of the coccygeal vertebra of the 
model group of rats from the L7-L10 vertebra, a fine needle was 
injected horizontally, and a pre-made mold was used to pressurize 
it (the nail spacing was 12mm under normal conditions, and the 
nail spacing was changed to 11mm after pressurization). 

A small dose of penicillin was injected around the nail track to 
prevent infection. The normal group of rats did not do any treatment. 
Both groups were kept in the same feeding environment, and two 
rats were randomly selected and killed at weeks 2, 4, and 8. The 
coccygeal vertebra of rats was taken, and the changes of the tissues 
were observed with the scanning electron microscope. At the end 
of 8 weeks, one rat died in the model group and none in the normal 
group. In the remaining 4 rats of each group, 2 were examined by 
scanning electron microscopy and 2 by atomic force microscopy. 

Specimen processing

According to L1 - L6, the lumbar spine was cut into 6 portions 
with the integrity of each vertebral bodies and the bony endplate 
with the intervertebral disc and articular process joints were 
cut up to remove the spinal cord and respectively put in the 
six with cover tube (without the use of glutaraldehyde soaking 
pretreatment, because of protein denaturation, unable to take the 
next step processing). Each tube has two vertebral bodies. The 
coccygeal vertebra was divided into 4 parts according to C7-C10 
(only the distal half of C7 was taken, and the proximal half of C10 
was taken, because only the two parts of the C7 and C10 coccyx 
were compressed to produce degeneration), and they were put into 
4 tubes with lidded (also without glutaraldehyde immersion and 
other pretreatments), with 2 vertebral bodies in each tube. 

A volume of 20ml of the mixed solution of collagenase type I 
and collagenase type II (1:1 of both with a concentration of 1%) was 
added to each test tube and put into a 37℃ incubator. The mixed 
solution was changed every 2 days. After 6 days, the specimens 
soaked with collagenase were removed, and all the soft tissues 
and cartilage on the surface were cleaned, and the integrity of the 
bony endplate was preserved. After repeated washing with normal 
saline, gradient dehydration with 70%, 80%, and 90% alcohol was 
carried out and then air-drying in a cool and ventilated place for 24 
hours. After the above treatment, the osseous endplate has been 
separated from the vertebral body (part of the bony endplate has 
been completely separated from the vertebral body). If not, the 
bony endplate can be completely detached from the vertebral body 
with only a slight external force. If the special condition that the 
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bony endplate of the coccygeal vertebra after 8 weeks of partial 
pressure has been closely combined with the vertebral body and 
cannot be separated from the vertebral body at all, the degenerative 
bony endplate can only be sawed off with the part of the vertebral 
body.

Scanning electron microscopy detection 

After the specimen treatment, four bony endplates (two 
upper and lower bony endplates for each vertebral body) could 
be obtained from the samples in each test tube, and 20ml Formic 
acid formalin mixed solution was added to each test tube for 
decalcification. Three days later, use the “the double cutters and 
slice method” along the endplate by sagittal cut. The complete 
section including annulus fibrosus and nucleus pulposus area of the 
bony endplate and complete not damaged was directly pasted in 
the conductive adhesive paste of the electron microscope samples 
on the stage, put in a cool ventilated place dry naturally for 24 
hours, and sprayed gold following by using a scanning electron 
microscope observation.

Atomic force microscopy

After specimen processing, the highest degree degeneration 
and the good integrity of L4 and C8 bony endplate of the model rat 
and the L4 and C8 bony endplate of the normal rat was compared 

using the atomic force microscopy. Because of bony endplate 
surface is uneven, so it picks a point to test rather than use the 
scanning function of atomic force microscopy. 

Statistical analysis

Statistical analysis of all data was performed using IBM SPSS 
Statistics 26 software (Armonk, NY, USA).

Results
Changes In the Surface Characteristics of The Bony 
Endplate In Lumbar Spine Degeneration Rat

In the surface of the section of the bony endplate, the 
microstructure after 6-month degeneration has no obvious change 
and there is the only osteophyte that occurred in some foramina 
(Figure 1). The foramina kept its primary structure of the “8” or “
吕” (Figure 1). These data suggesting the lumbar spine was mild 
degeneration.

Changes In the Foramina of The Bony Endplate in 
Lumbar Spine Degeneration Rat

According to the observation of the sagittal section, there was 
no obvious change in the number and shape of the foramina (Figure 
2) suggesting that the mild lumbar spine degeneration had no 
obvious interior foramina degeneration. 

Figure 1: Microstructural characterization of lumbar spine bony endplate by scanning electron microscopy. The upper is the bony endplate after 
instability for 6 months and the lower is the normal bony endplate. Zoom in from left to right.
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Figure 2: Microstructural characterization of the lumbar spine bony endplate in the sagittal section by scanning electron microscopy. The upper 
is the bony endplate after instability for 6 months and the lower is the normal bony endplate. Zoom in from left to right.

Changes In the Surface Characteristics of The Bony 
Endplate in Coccygea Vertebral Degeneration Rat

Compared with normal bony endplate, 4-week depression-
induced the mild degeneration and 8-week induced severe 

degeneration (Figure 3). With the time of degeneration, foramina 
on the surface of bony endplate grew more and more osteophyte, 
which made the loss of smooth form (Figure 3). Some foramina 
were closed, so the total number of foramina decreased. Except, the 
foramina lost its normal “8” or “吕” shape (Figure 3). 

Figure 3: Microstructural characterization of coccygeal vertebra bony endplate by scanning electron microscopy. The upper is normal bony 
endplate, the middle is the bony endplate after 4-week degeneration and the lower is the bony endplate after 8-week degeneration. Zoom in 
from left to right.
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Changes In the Foramina of The Bony Endplate in 
Coccygeal Vertebra Degeneration Rat

According to the observation of the sagittal section, on the 
8-week degeneration, the interior foramina of bony endplate 

began to close and even disappear. The number of bony channels 
was decreased (Figure 4). However, there was no obvious change 
in shape, osteophyte formation, and the number of foramina in the 
backing of bony endplate (Figure 5). 

Figure 4: Microstructural characterization of the coccygeal vertebral bony endplate in the sagittal section by scanning electron microscopy. The 
upper is the bony endplate after 8-week degeneration and the lower is the normal bony endplate. Zoom in from left to right.

Figure 5: Microstructural characterization of coccygeal vertebra bony endplate in the reverse side after 8-week degeneration by scanning 
electron microscopy. The lower is normal control. Zoom in from left to right.

The Elasticity Modulus of The Bony Endplate of The 
Degenerated Spine by Atomic Mechanics Microscopy

In rat with lumbar spine degeneration, the elasticity modulus 
of bony endplate was 104.7±5.07MPa，which had no significant 

difference from normal rat (103.5±7.59 MPa) (P>0.05). The bony 
endplate of the rat with 8-week coccygeal vertebra degeneration 
had a 114.8±3.85 elasticity modulus, which significantly higher 
than normal bony endplate (99.53±5.19) (P<0.05). 
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Figure 5: The elasticity modulus by atomic mechanics microscopy in rat with (A) lumbar spine degeneration rat and (B) coccygeal vertebra 
degeneration, respectively.

Discussion 
The cartilaginous bony endplate transmits complex and 

multiaxial loads between the disc and vertebra to ensure proper 
range-of-motion. Evidence is attempting to define the involvement 
of bony endplate in the spinal degeneration due to its critical 
role in supplying intervertebral disk nutrition [7,9]. The present 
study compared the change in microstructural characterization 
of the cartilaginous bony endplate in both mild and severe spinal 
degeneration and to understand the change process of bony 
endplate during spinal degeneration. Observations based on rat 
lumbar spine degeneration and coccygeal vertebra degeneration 
showed the significant structural change in bony endplate and 
foramina in severe spinal degeneration of coccygeal vertebra. 

Due to an avascular structure, cells in the center of the disc 
of an adult must survive from their nearest blood supply. The 
approximately 40% porous in the central region of the bony endplate 
is such foundational support for the vascular network [10] to enable 
the nutrient and metabolite exchange for the disc adjacent to the 
bony endplate. Recently researchers found that changes to endplate 
morphology and composition impair its permeability associate 
with disc degeneration [11]. In our experiment I, in the model of 
spinal degeneration induced by the unstable lumbar spine in rats, 
there was no obvious structural change in the microstructure of the 
lumbar bony endplate, and the most foramina kept their primary 
structure of “8” or “吕” shape, suggesting no obvious degeneration 
occurs. However, osteophytes can be seen in some of the foramina. 
It indicates that the degeneration of the lumbar spine endplate in 
rats is mild, which may be because the rats walk on all fours and 
carry less load on the spine. Even if the structure around the lumbar 
spine is seriously damaged, no obvious degeneration will occur 
in a short period in the rat. In our experiment II, in the coccygeal 
vertebra degeneration rat, the foramina lose its normal “8” or “吕” 
shape and begin to close, suggesting bony endplate of rat coccygeal 

vertebra has severe degeneration. Endplate biomechanical function 
is determined by multiple structural factors, such as thickness, 
porosity, and curvature, and it is the guarantee of the normal 
function of the bony endplate [12-15]. 

We evaluated the function of the bony endplate by examining 
the elastic modulus of the mild and severe degenerated endplate 
and found that in experiment I, there was no significant change 
in the elastic modulus of the bony endplate after degeneration, 
and in experiment II, the elastic modulus of the bone endplate 
after degeneration was significantly changed compared with the 
normal one, indicating that mild degeneration would not cause 
fundamental changes in the bone quality of the bony endplate, 
and if the spine experienced more serious degeneration, the bone 
quality of the bone endplate would undergo fundamental changes. 
According to the results of the atomic force microscope in the above 
two experiments, mild degeneration of the spine will not lead to 
changes in the bone quality of the bony endplate, while more severe 
degeneration will lead to changes in the bone quality of the bony 
endplate.

 The absence of significant degeneration in the bony endplate 
in experiment I does not mean that the internal vascular network 
is normal. However, the integrity of its internal foramina suggests 
that there may still be a relatively complete capillary network. In 
experiment II, the bony endplate after 8 weeks of pressure showed 
obvious changes, and the internal foramina had been seriously 
deformed or even closed and disappeared, which indicated that 
the internal capillary network showed obvious changes, and even 
many vascular networks had disappeared. Further, during the 
degeneration, no significant changes were observed in the foramina 
at the back of the bony endplate (the side facing the vertebral body). 
In combination with the results of previous experiments, it can be 
concluded that during spinal degeneration, the capillary network 
inside the bony endplate will undergo significant degeneration, but 
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the capillary network inside the bony endplate penetrating from 
the side of the vertebral body does not undergo significant change.

In this study, elastic modulus, and microstructure in the 
experiment I have no obvious change while significantly changed 
in experiment II. We can conclude that in the process of spinal 
degeneration, the first degeneration occurs in the capillary 
network, which has an impact on the nutrition and metabolism of 
the surrounding structure and finally leads to a series of changes 
in the bony endplate, including osteophytes, foramina closure, and 
changes in the bone quality. Still, there are shortcomings in this 
study due to experimental restrict need further to be investigated: 
what is the changing process of the capillary network inside the 
heterogeneous foramina during bony endplate degeneration? 
Whether the capillary network of the back of bony endplate changes 
although this site has no significant degeneration? 

Conclusion
In summary, based on previous experiments, this study studied 

the degeneration process of bony endplates in the process of spinal 
degeneration. The bony endplate is also an important factor in the 
process of spinal degeneration and to understand the change of the 
bony endplate makes better comprehension of the degeneration 
of the spine. However, there are still many deficiencies in this 
experiment. In the next experiment, we will try to make up for the 
deficiencies in this experiment and learn more about the changes in 
bony endplates in the process of spinal degeneration.
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