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screw loosening, fracture, non-union, or spinal instability2,11,13). 
Considering the relationship between paraspinal muscles and 
lumbar degenerative deformities, chronic degeneration of para-
spinal muscles seem to have a key to solve the medical and socio-
economic problems. 

In order to investigate the pathophysiology of degeneration 
of paraspinal muscles, an excellent animal model for chronic 
muscle injury will be necessary. There had been many experi-
mental studies of the lumbar kyphosis3,5,15,16,23), but most previ-
ous animal models were developed to study muscle diseases 
with genetic disorders. In this study, we tried to establish a chron-
ic paraspinal muscle injury model which can be useful to study 
the pathophysiology of the degenerative thoracolumbar kypho-
sis or degeneration of paravertebral muscles. 

MATERIALS AND METHODS

Experimental animals 
12-week old, male Sprague-Dawley rats (Central Lab. Animal 

Inc., Seoul, Korea) with a weigh of 200–250 g were used. All pro-

INTRODUCTION

Loss of lumbar lordosis in elderly people is known as one of 
the most common cause of degenerative lumbar deformity in 
the Asia. Degenerative lumbar kyphosis is known to be related 
with degeneration of the paraspinal extensor muscles and result 
in chronic low back pain22).

The degenerative lumbar disorders related with degeneration 
of paravertebral muscles are an age related disorders8). Accord-
ing to the data of the Statistics Korea (search word : ageing), our 
country already became an aging society by reaching of elderly 
population (above 65) to 7.2% of the total population in the year 
2000. The Korean society is expected to become a super-aged 
society in 2050 (38.2%), which will in turn increase the number 
of the patients with degenerative lumbar disorder and related 
medical costs. 

Although we can restore the lumbar lordotic angle in the el-
derly population by surgical treatment, but, which is too inva-
sive and extensive for their age4,6,11,13,18,24). That kind of surgery 
may results in excessive bleeding, respiratory complications, 
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cedures were performed in accordance with the guidelines of 
care and use of laboratory animal approved by Chung-Ang 
University’s Institutional Animal Care and Use Committee. A 
total of 54 rats were used after grouping them into experimental 
(30 rats), sham (15 rats), and normal group (9 rats). 10, 5, and 3 
rats of each group were sacrificed at 4, 8, and 12 weeks after the 
first surgery.

Surgical procedures
The rats were anesthetized with ketamine HCL (60 mg/kg) 

and xylazine (10 mg/kg) injected at thigh muscle. 
We divided the surgery into two steps, the paraspinal muscles 

were detached from vertebrae and tied in the first step, and un-
tied the muscles after 2 weeks in the second step. In brief, after 
shaving and sterilization, the rats were placed in a prone posi-
tion and a midline vertical skin incision was made to expose 
paraspinal muscles from T7 to L2. The paraspinal muscles were 
dissected longitudinally in both sides from spinous process, 
lamina, facet and transverse process. The dissected paraspinal 
muscle columns were tied with 4-0 black silk until the tied 
muscle became pale and the muscle diameter decreased about 
50% at each intervertebral level to induce muscle ischemia (Fig. 
1A, B, C).

Sham operation was done by dissection of bilateral paraspi-
nal muscles in the same manner as the experimental group, and 
the wound was closed without muscle tying.

At 2 weeks after the initial surgery, a skin incision was made 
at the previous operation site and the wound was closed after all 
the ties of paraspinal muscles were removed for the rats of ex-
perimental group (Fig. 1D). For sham group, a skin incision 
was made at the previous operation site with exposure of para-
spinal muscles, and then the wound was closed.

To prevent postoperative infection, 40 mg of Gentamicin sul-
fate (Kun Wha Pharmaceutical Co. Ltd., Seoul, Korea) was in-
jected at thigh muscle immediate after the two surgeries.

Kyphotic index and Cobb’s angle
Whole body lateral X-ray was taken with C-arm fluoroscopy 

(GE OEC 9600 C-Arm, Salt Lake City, UT, USA). To minimize 
the muscular relaxation during anesthesia, diethyl ether was 
used for anesthesia without additional muscle relaxant. The 

anesthetized rats were placed on the panel of C-arm fluorosco-
py and checked lateral X-ray in a true lateral position. To reduce 
errors in measuring index or angle, the rat’s body was stretched 
briefly by gentle pulling of head and tail and released just before 
taking X-ray. The lateral X-ray was taken before the first surgery 
and 2, 4, 8, and 12 weeks after surgery (Fig. 2). 

To check the changes of thoracolumbar kyphosis after sur-
gery, kyphotic index3,16) and the Cobb’s angle were measured. 
Kyphotic index was calculated as the ratio of length to depth of 
the thoracodorsal kyphosis. Length was measured as the linear 
distance between the two lowest ventral surfaces of C7and L6 
vertebral bodies. Depth was measured as the maximum perpen-
dicular distance from the length line to the dorsal surface of the 
highest vertebra, mostly T11 (Fig. 3). The Smaller kyphotic in-
dex represents higher kyphosis. The thoracolumbar Cobb’s an-
gle checked for kyphotic angle between T5 upper endplate and L5 

Fig. 1. Incision was done from T7 to L2. Paraspinal muscles were detached from the spinous processes, facet joints and transverse processes (A). The 
Fig. of confirming the paraspinal muscles though Adson forcep (B). Tied both muscles eight respectively at each intervertebral level with black silk 4-0 
(Ethicon) (C). Two weeks after the surgery, paraspinal muscle exposed (D) and untied. 

A B C D

Fig. 2. Representative lateral radiographs of an experimental rat model 
with C-arm. Preoperative image (A) and the image after 12 weeks of the 
surgery (B). The kyphotic deformity at 12 weeks after the surgery increased 
compared to preopearive image.

Fig. 3. Kyphotic index was calculated as the ratio of length to depth of 
the thoracodorsal kyphosis (length/depth). Length was measured as the 
linear distance from the ventral surface of the vertebral bodies of C7 to 
L6. Depth was measured as the maximum perpendicular distance from 
that line to the dorsal vertebral border.

Maximum curvature

C7 L6
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lower endplate, where the most prominent kyphosis was noted.

Histological examinations
We euthanized 10 rats of experimental group, 5 rats of sham 

group, and 3 normal rats at each of the three time points, 4, 8, and 
12 weeks after surgery. After anesthesia with ketamine HCL 
and xylazine, the chest cage was opened and cardiac infusion of 
0.1M PBS followed by 4% paraformaldehyde with a peristaltic 
pump injector (Cole Parmer Instruments, Vermon Hills, IL, 
USA) was performed.

The tissues including the vertebral body and paraspinal mus-
cles were obtained at the center of muscle injury, T11 body lev-
el. Decalcification was done using ethylenediaminetetraacetic 
acid (EDTA). The bone was dried out using 70–100% high-con-
centration graded ethanol, and a paraffin block was made and 
cut into 5 μm thickness slices for hematoxylin and eosin (HE) 
staining, and picrosirius red staining using picrosirius red stain-
ing kit (Polysciences Inc., Warrington, PA, USA). Muscle necro-
sis and centronucleated myofibers were checked at the tissue 
slides with HE staining, and interstitial fibrosis was checked by 
the picrosirius red staining under a light microscope.

Statistical analysis
Data was suggested as mean±standard deviation (SD). Student’s 

t-test and repeated measures of ANOVA was used for statistical 
analysis. p<0.05 was considered to be statistically significant.

RESULTS

Surgical results
The rats of experimental and sham groups showed normal 

locomotive and feeding activities after the two surgeries. The 

rats of experimental group started to show more kyphotic pos-
ture during several days after the first surgery comparing to 
those of sham or normal group (Fig. 2B). There was no compli-
cation or mortality in relation with the surgical procedures.

Kyphotic index 
Fig. 4 shows kyphotic index in the each groups at the different 

time points. In the experimental group, kyphotic index decreased 
significantly at 2 weeks after surgery comparing to preoperative 
index (p=0.008), and at 4 weeks after surgery comparing to the 
index at 2 weeks after surgery (p=0.007). All the kyphotic indi-
ces of experimental group at 2, 4, 8, and 12 weeks after surgery 
were smaller significantly comparing to those of sham and nor-
mal groups at the corresponding time points (p<0.05). 

In the sham group, there was no significant difference in the 
postoperative kyphotic indices comparing to the preoperative 
index, and all the indices of sham group did not show any signifi-
cant difference comparing to those of normal group at the cor-
responding time points.

Thoracolumbar Cobb's angle
Fig. 5 shows thoracolumbar Cobb’s angle in the each groups 

at the different time points.
In the experimental group, Cobb’s angle increased significant-

ly at 2 weeks comparing to preoperative value (p=0.016), and the 
angle also increased significantly at 4 weeks comparing to that 
of 2 weeks (p=0.008), and there was no significant change in the 
angles between 4 and 12 weeks after surgery. All the Cobb’s an-
gles of experimental group at 2, 4, 8, and 12 weeks after surgery 
were greater significantly comparing to the corresponding an-
gles of sham and normal groups (p<0.05).

Fig. 5. Cobb’s angle increased significantly at 2 weeks comparing to 
preoperative index, and the angle also increased significantly at 4 weeks 
comparing to that of 2 weeks. There was no significant change in the 
angles between 4 and 12 weeks after surgery. All the Cobb’s angles of 
experimental group at 2, 4, 8, and 12 weeks after surgery were greater 
significantly comparing to the corresponding angles of sham and normal 
groups. *Significant difference between the experimental and sham 
groups (p<0.05), †Significant difference in experimental group between 
preoperative and POD#2 week (p<0.05), ‡Significant difference in ex-
perimental group between POD#2 week and POD#4 week (p<0.05). 
POD : post-operative day.
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Fig. 4. Kyphotic index decreased significantly at 2 weeks after surgery 
comparing to preoperative index, and at 4 weeks after surgery compar-
ing to the index at 2 weeks after surgery. All the kyphotic indices of ex-
perimental group at 2, 4, 8, and 12 weeks after surgery were smaller 
significantly comparing to those of sham and normal groups at the cor-
responding time points. *Significant difference between the experimental 
and sham groups (p<0.05), †Significant difference in experimental group 
between preoperative and POD#2 week (p<0.05), ‡Significant difference 
in experimental group between POD#2 week and POD#4 week (p<0.05). 
POD : post-operative day.
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In the sham and normal group, there was no significant differ-
ence in the postoperative Cobb’s angle comparing to the preoper-
ative angle, and all the indices of sham group did not show any 
significant difference comparing to those of normal group at the 
corresponding time points.

Histological findings
The histological findings in the tissue slides of both sham and 

normal groups show no specific abnormal finding.
In the experimental group, at 4 weeks after surgery, many ne-

crotic muscle fibers, infiltrations of inflammatory cells, and rel-
atively weak fibrosis were observed. At 8 weeks, decreased num-
bers of necrotic muscle fibers and inflammatory cells, muscle 
fibers with irregular shape, centronucleated myofibers, and 
more abundant fibrosis were found comparing to the findings 

in 4 weeks. At 12 weeks, most of the findings were similar to 
those of 8 weeks except fibrosis which was more compact and 
wider (Fig. 6, 7, 8).

DISCUSSION

Although the degenerative lumbar kyphosis may be caused 
by the intervertebral disc degeneration, the compression of ver-
tebral body due to osteoporosis, or the weakening of the spinal 
extensor muscles22), however, the pathophysiology of the degen-
erative lumbar kyphosis is still unclear. There are many studies 
conducted on the correlation between degenerative lumbar ky-
phosis and muscles1,3,8,10,12,15,22). Thoracic kyphosis in the elderly 

Fig. 6. The distribution of muscle fibers in the sham group is regular. 
Hematoxylin and eosin (H&E), ×100 (A), Picrosirius red, ×100 (B).

B

A

Fig. 7. In the experimental group at four weeks after the surgery, the fi-
bers with necrosis (*) and inflammatory cells infiltrations are visible [he-
matoxylin and eosin (H&E), ×100, A]. Connective tissue proliferation and 
segmental fibrosis are observed (Picrosirius red, ×100, B).

A

B
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women with osteoporosis increases more than that of healthy 
women, which is known to be associated with the weakening of 
spinal extensor8). Also it has been reported that the extension 
exercise of spine is effective in preventing the progression of de-
generative kyphosis1). And the amount of paraspinal muscles is 
more reduced in the patients with degenerative lumbar kypho-
sis than the control group with chronic low back pain12). The 
cause-and-effect relationship whether the change of paraspinal 
muscles causes degenerative kyphosis or the change of spinal 
and skeletal system kyphosis, which will in turn change the mus-
cle is still unknown. However, with who has a degenerative change 
in the lumbar spine, kyphosis may occur to someone or not oc-
cur to the other. So the muscle problem may have a correlation 
with the development kyphosis.

To make an animal model which will explain the correlation 
between the paraspinal muscle injury and kyphosis, we have re-
viewed the muscle injury models introduced to date. The bupi-
vacaine is the most widely used material, the injection of bupiva-
caine weakens the strength of skeletal muscles and this induces 
the necrosis of muscle fibers in histology17). Besides, it was re-
ported that venom phospholipases A2 induces the necrosis of 
skeletal muscle9). In addition, it was reported the injured muscle 
by the venom extracted from a snake called Notexin is extensive 

and more time is needed for the damaged muscle to recover20). 
However, the existing muscle damages models are reversible and 
the recovery period is within 2 weeks, thus they can be applied 
to acute phase models only. 

This study was to observe the change of spinal curvature while 
the damages to paraspinal muscles were being maintained for a 
long period of time after initial muscle injury. The previous mod-
els were not adequate for this study since their muscle damages 
were corresponding to the acute phase muscle damages that 
were recovered reversibly within several weeks. So we selected 
the method causing ischemic damages on the paraspinal muscles 
to produce a model similar to lumbar degenerative kyphosis. 

The reason for untying the threads that fastened the muscles 
after the first surgery was that a model would be determined as 
appropriate for the kyphosis when the kyphosis is not improved, 
yet maintained even after the blood flow re-circulated in the 
damaged muscles. In fact the kyphosis increased the most around 
when the thread was undone 2 weeks after surgery and kypho-
sis advanced until 2 weeks after the thread was undone. Kypho-
sis was maintained unchanged from week 4 up to Week 12. The 
chronological changes of kyphotic index and thoracolumbar 
Cobb’s angle after surgery seemed to show nearly identical pattern.

In the event of severe pain, rats tend to become sensitive and 

Fig. 8. In the experimental group at eight weeks after the surgery, inflammatory cells and necrotic fibers are decreased and connective tissue prolif-
eration and segmental fibrosis are increased by comparison with findings at four weeks after the surgery. The forms of the muscle fibers are irregular 
and the centronucleated myofibers (arrow) are observed [A : Hematoxylin and eosin (H&E), ×100; B : Picrosirius red ×100; C : Picrosirius red ×400]. 
In the experimental group at twelve weeks after the surgery, similar findings are observed (D : H&E, ×100; E : Picrosirius red ×100; F : Picrosirius red 
×400).

A B C
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not to take foods. In the experimental and sham groups, the be-
haviors including dietary habits of rats were the same as those 
before surgery and were not different from those of the normal 
group. Considering these findings, the possibility of the effect of 
pain after surgery on kyphosis could be eliminated. However, if 
the two groups were statistically compared by objectively mea-
suring pain levels of rats, more accurate result would be acquired. 
But, failure of such process was considered to cause some insuf-
ficiency. 

In the histological examination, the muscles of the sham and 
normal groups showed consistent shape and arrangement, 
whereas necrotic muscle cells were observed in the experimen-
tal group and extensive advancement of fibrosis was observed 
around the muscle fibers. In addition, centronucleated myofi-
bers were observed in the experimental group. A centronucle-
ated myofiber is observed in the patients with muscular dys-
trophy and known as the regenerated muscle fiber19). This was 
observed in all experimental groups. 

Picrosirius red staining is very useful for observing the colla-
gen in the tissue, where collagen structures are stained with bright 
red color7,14). Picrosirius red staining of experimental group, the 
extensive progression of fibrosis around muscle cells was ob-
served (Fig. 7, 8).

Many studies had been conducted to reveal the correlation of 
muscle fibrosis and kyphosis. It was reported that the fibrosis 
after lumbar laminectomy might cause kyphosis5). It is known 
the muscle fibrosis affects the spinal curvature and induces the 
change of spinal morphology and that have a connection with 
the development kyphosis. In addition, the morphologic change 
of spine affects the elector spine muscle secondarily10,25). The ne-
crotic muscle is known to eventually turn into the connective 
tissue which does not contract and thus degrade the muscle 
strength, which in turn result in kyphosis16). If blood supply is 
insufficient to muscles, it puts muscles in an ischemic state and 
thereby causes the deformity of lumber flexion, which in turn 
worsens muscle damages23). Skeletal muscle regeneration mech-
anism is activated when the skeletal muscle is in an ischemic 
state, which is proportional to the injury period and the degree 
of injury. To prevent the lesion permanently, the blood circula-
tion needs to be recommenced21). In this study, muscle injury 
was caused not only by the muscle dissection but also the blood 
circulation disturbance for a long time. In this study it can be con-
sidered that kyphosis was caused by the irreversible, structural 
and functional change after the paraspinal muscle injury. Thus 
kyphosis was remained even if the thread was undone 2 weeks 
after surgery. 

This study had some limitations. Humans walk upright and 
cervical has lordotic angle, thoracic has physiologic kyphotic 
angle and lumbar has lordosis. On the contrary, rats are quadru-
pedal animals, and thoracic and lumbar vertebra form physio-
logic kyphotic angle, which are quite different from that of bi-
pedal human. We thought that a thorough experimental study 
about paraspinal muscle injury and kyphotic deformity in bi-

pedal rat models is needed. 
Checking X-ray on rats in the conscious state is the most ac-

curate. However, since no communication is possible with rats, 
the X-rays were checked on rats under the anesthetic state. In-
halation anesthesia was performed without using any muscle 
relaxants so that simple tensions remained in the muscle. How-
ever, this is considered as a limit since the normal contraction 
state of muscle was failed to be reflected. Such limit should be 
compensated in the future studies. 

While taking a biopsy, the authors could not statistically 
quantify and compare the degree of fibrosis, the difference in 
the shape of muscle fibers and the expression of centroneucleat-
ed myofibers. 

CONCLUSION

Our chronic injury model of paraspinal muscles in rats shows 
necrosis and fibrosis in the muscles for 12 weeks after surgery, 
which might be useful to study the pathophysiology of the degen-
erative thoracolumbar kyphosis or degeneration of paraspinal 
muscles. 
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