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Laminectomy is a widely used surgical method in 
the treatment of various spinal disorders, particularly 
lumbar spinal stenosis. Laminectomy membrane is 
formed in the area of bone defect due to bleeding 
in the deep layer of the paravertebral muscles after 
laminectomy.[1,2] Epidural fibrosis develops as a result 
of the exaggerated healing tissue in this area, causing 
adhesions in the dura mater and nerve roots, and 
is one of the most important causes of failed back 
surgery syndrome caused by recurrent pain after 
surgery.[3,4] Revision surgeries performed due to 
recurrent pain after surgery may cause complications 
such as epidural bleeding, nerve root damage and 
dural lacerations, and worsen the clinical outcome. 
Therefore, the number of studies investigating 
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the cellular mechanisms of epidural fibrosis and 
preventing epidural fibrosis after surgery has 
increased in recent years.[2,4-9]

Extracorporeal shock wave therapy (ESWT) is a 
non-invasive treatment method using sound waves to 
stimulate tissue healing. There is a growing number 
of studies in the literature, since shock wave therapy 
has been used for lithotripsy in the field of urology 
and, currently, it is frequently used in the treatment 
of many musculoskeletal diseases, chronic soft tissue 
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wounds, neurological pathologies, andrological 
disorders, and ischemic heart diseases.[10]

Mechanical stress caused by high amplitude 
sound waves (shock waves) applied to tissue with 
ESWT cause morphological and physiological 
changes at the cellular level. The signals generated 
due to mechanical stimulation result in cytoskeleton 
rearrangement, expression of different genes, and 
changes in the expression levels of extracellular 
matrix (ECM) proteins, and cell proliferation and 
differentiation.[11] Two types of ESWT are used in 
clinical medical treatment: focused (f) and radial 
(r) ESWT. Previous studies have shown that both 
ESWT applications improve healing by acting on 
fibroblasts.[11,12]

In recent years, the effect of ESWT on 
hypertrophic wounds and fibrosis has been 
examined in the literature.[13-15] Data from both 
animal experiments and clinical applications have 
demonstrated that ESWT reduces hypertrophic 
wound formation and fibrosis.[14,15] Considering 
these data, we hypothesized that rESWT treatment 
would reduce epidural fibrosis after laminectomy in 
rats. In this study, therefore, we aimed to investigate 
the effect of rESWT treatment in the prevention of 
epidural fibrosis after laminectomy in rats.

MATERIALS AND METHODS

All experimental procedures and care of the 
experimental animals were carried out in accordance 
with the European Communities Council Directive 
of November 24, 1986 (86/609/EEC) related to 
the protection of animals for experimental use. 

The experiments were started after the approval 
of Başkent University Animal Experiments Ethics 
Committee (DA19/28). All experiments were 
carried out under the supervision of a veterinary 
physician at the Başkent University Laboratory of 
Animal Experiments. Eighteen 16-month-old male 
Sprague-Dawley rats weighing 300 g were used were 
used in this experimental study between November 
2019 and February 2020. The rats were randomly 
divided into two groups as the control group (n=9, 
L3-L4 total laminectomy without any treatment) and 
the study group (n=9, L3-L4 total laminectomy plus 
rESWT [MASTERPULS® MP100; Storz Medical AG, 
Kreuzlingen, Switzerland] used in orthopedics and 
traumatology clinic after laminectomy). The rESWT 
was applied three times a week for a total of six weeks 
with 200 pulse shock waves at a frequency of 3 Hz, as 
described previously.[16] Energy flux densities ranged 
from 0.01 to 0.23 mJ/mm2 (14.3 MPa) at a constant 
pressure level of 3 bar. Each treatment session lasted 
approximately 75 sec in proportion to the number of 
shots under standard conditions. The treatment was 
carried out by the clinician who also performed this 
application in patients in daily clinical practice. The 
subjects were kept in appropriately sized cages at a 
room temperature of 25°C in a 12-h light, 12-h dark 
cycle. No food or water restrictions were applied. 

The subjects were fasted overnight before 
anesthesia. As an anesthetic method, intraperitoneal 
ketamine 60 mg/kg (Ketalar™, Pfizer, Sandwich, 
Kent, UK) and xylazine 7 mg/kg (Rompun® 2% Bayer 
HealthCare AG, Leverkusen, Germany) were applied. 
Anesthesia was kept at a level that could not respond 
to pain, while spontaneous breathing of the rats 

(a) (b) (c)

FIGURE 1. (a) Laminectomy. (b) Radial extracorporeal shock wave therapy application. 
(c) Appearance of surgical field at sixth week.
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continued. After the anesthesia application, the back 
area of the rats was shaved, and the prone position was 
placed in a way to fix the four limbs. Povidone-iodine 
(Betadine®, Avrio Health L.P, Stanford, USA) was 
used for local antisepsis. All surgical procedures were 
carried out by a single surgeon who was an expert in 
spinal surgery. A 3-cm skin incision was performed 
in the lower lumbar region. Following subperiosteal 
blunt dissection of the paravertebral muscles, L3-L4 
laminae were reached. Laminectomy was performed 
with the help of a rongeur. Dura was exposed. Care 
was taken not to damage the dura during surgical 
manipulations. Abundant irrigation was performed 
with warm physiological saline. After hemostasis, the 
subcutaneous tissues were primed with 3/0 Vicryl 
and the skin was closed with 3/0 Vicryl sutures 
(Figure 1). The rats were given intraperitoneal fentanyl 
0.02 mg/kg (Fentanyl; Janssen-Cilag Pty Ltd, North 
Ryde, Australia) as an analgesic after the procedure. 
Intraperitoneal enrofloxacin 10 mg/kg (Baytril®, 
Bayer HealthCare AG, Leverkusen, Germany) was 
administered for surgical infection prophylaxis. In 
the postoperative follow-up, the bladder of the rats 
was emptied regularly.

At the end of the sixth week, the rats in both 
groups were placed under general anesthesia in prone 
position, and all limbs were immobilized. The former 
skin incision was opened. The paravertebral muscle 
was opened by blunt dissection. The defective area 
undergoing lamination was detected. The vertebral 
column was removed from the proximal and distal 
approximately 0.5 cm of the laminectomy area, and 
the vertebral column was totally removed and placed 
in a 10% neutral buffered formalin solution. All rats 
were sacrificed using ketamine 100 mg/kg (Ketalar™, 
Sandwich, Kent, UK).

The specimens were fixed in 10% buffered 
formalin for one week and, then, decalcified for four 
days in ethylenediaminetetraacetic acid/hydrochloric 
acid solution. After tissue samples were dehydrated 
with alcohol, they were processed and embedded in 
paraffin and 3-μm sections were obtained. Tissue 
sections were stained with hematoxylin-eosin per 
protocol to determine the amount of acute and chronic 
inflammation and vascular proliferation. Histological 
evaluation was performed on a five-point grading 
system: (0) indicates the laminectomy defect was free 
of the parameter; (1) indicates a parameter of less 
than 25% of the laminectomy defect; (2) indicates 
a parameter of 50% of the laminectomy defect; (3) 
indicates a parameter of 75% of the laminectomy 
defect; and (4) indicates a parameter covering the 
entirety of the laminectomy side.
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Hematoxylin-eosin staining was used in the 
evaluation of epidural fibrosis. Epidural fibrosis 
was graded  according to following classification: 
(0) absence of fibrosis; (1) Fibrosis not adherent 

to the dural sac or nerve roots, less than 25% 
involvement; (2) Fibrosis adherent to the dural sac or 
nerve roots, less than 50% involvement; (3) Fibrosis 
adherent to the dural sac and nerve roots, less 
than 75% involvement; (4) Fibrosis throughout 
the vertebral canal, encompassing the dural sac 
and nerve roots, up to 100% involvement.[17] The 
preparations were evaluated under Olympus BX50 
light microscope (Olympus, Tokyo, Japan) by a 
single pathologist who was blinded to the method 
applied to the subjects used in the study.

Statistical analysis

Statistical analysis was performed using the 
SPSS version 16.0 software (SPSS Inc., Chicago, IL, 
USA). Descriptive data were expressed in mean ± 
standard deviation, number and percentage. The 
Mann-Whitney U test was used to compare the two 
groups. A p value of <0.05 was considered statistically 
significant.

FIGURE 2. Grade 4 epidural fibrosis in study group. 
Fibroblastic proliferation extending to nerve root and whole 
laminectomy area fulfilled with scar tissue (H-E, ¥2).

FIGURE 3. Grade 3 epidural fibrosis extending to nerve root in study group (H-E, ¥2 and ¥4).

FIGURE 4. Grade 2 epidural fibrosis which occupies less than one-third of laminectomy defect in 
study group (H-E, ¥2).
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RESULTS

After the surgical procedure, a rat in the control group 
was lost due to an anesthetic complication. No side 
effects were observed in the wound area and peripher 
al tissues related to the application of rESWT during 
the treatment process. Additionally, no laminectomy-
related complications such as infection, hematoma 
and cerebrospinal fluid leak were observed. 

The histological examination results are shown in 
Table I. In the control group, Grade 4 epidural fibrosis 
was observed in six (75%), Grade 3 in one (12.5%), and 
Grade 2 in one (12.5%) rat. In the study group, Grade 4 
epidural fibrosis was detected in one (11.1%) (Figure 2), 
Grade 3 in five (55.6%) (Figure 3), and Grade 2 in three 
(33.3%) rats (Figure 4). The mean value and standard 
deviations obtained as a result of evaluating the data 
obtained from histological examinations and the 
results of statistical analysis are given in Table II. 
Accordingly, epidural fibrosis decreased significantly 
in the study group compared to the control group 
(p<0.05). On the other hand, there was no statistically 
significant difference between the groups in terms 

of acute and chronic inflammation response and 
vascular proliferation (Figures 5 and 6) (p>0.05).

DISCUSSION

Epidural fibrosis develops as a result of the natural 
wound healing process. The frequency of complications 
such as dura damage, nerve root damage, epidural 
hematoma, and infection increases in patients 
undergoing redo surgery due to scar tissue and 
adhesions caused by epidural fibrosis in the healing 
area. Therefore, studies to prevent epidural fibrosis 
formation in recent years have gained importance.[3,9]

Wound healing consists of four phases including 
hemostasis, inflammation, proliferation, and 
maturation, respectively. The vascular endothelial 
growth factor (VEGF) released in the early period 
of wound healing provides the migration of cells 
to the surgical field by increasing the vascular 
permeability and enhancing neovascularization. Due 
to the presence of mediators and cytokines in this 
area secreted from inflammatory cells, structural 
changes in the normal tissue may occur.[18] Cytokines 

TABLE II
Mean histological grade and standard deviation of groups

Control Group Study Group

Mean±SD Mean±SD p

Fibrosis 3.6±0.7 2.8±0.7 0.026*

Acute inflammation 0.4±0.5 0.1±0.3 0.225

Chronic inflammation 0.9±0.4 0.9±0.3 0.935

Vascular proliferation 1±0.5 1.1±0.6 0.694

SD: Standard deviation.

FIGURE 5. Acute and chronic inflammatory cells in fibrotic area in control group (a) and study 
group (b) (H-E ¥10 and ¥20).

(a) (b)
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released into the environment in epidural fibrosis 
such as interleukin (IL)-6, IL-8, transforming growth 
factor beta (TGF-β), and tumor necrosis factor alpha 
(TNF-α) induce the pathological process by affecting 
the fibroblasts and, thereby, leading to the formation 
of granulation tissue in the hematoma in the surgical 
area.[3]

Previous studies have shown that fibroblasts 
are the main cell type which play a role in the 
pathogenesis of epidural fibrosis. The proliferation 
of fibroblasts that migrate after paraspinal muscle 
dissection and bone resection in the epidural 
space, the differentiation of myofibroblasts, and the 
accumulation of fibronectin and ECM secreted from 
myofibroblasts cause the formation of fibrosis. In 
addition, TGF-1β released from fibroblasts increases 
the formation of fibrosis by causing a positive 
feedback on the fibrotic process.[4,9]

There are many studies in the literature using a 
wide range of agents and affecting these molecular 
steps. Each treatment method used in these studies 
shows its main effect by affecting different steps of 
fibrosis formation. Based on the studies examining 
the effects of hemostasis and vascular proliferation 
on the development of epidural fibrosis, studies 
on treatment methods to reduce bleeding and 
neovascularization are at the forefront. Tural Emon 
et al.[2] applied hemostatic polysaccharide agent to 
rats after laminectomy and showed that this agent 
had no effect on the development of epidural fibrosis. 
On the other hand, in studies evaluating the effects 
of ranibizumab[9] and sorafenib,[19] VEGF inhibitors, 

on rats, both agents significantly reduced epidural 
fibrosis.

Among the studies regarding the inflammatory 
response phase, the effect of specific inhibition 
of inflammatory cytokines and the use of 
anti-inflammatory agents on epidural fibrosis have 
been frequently examined in the literature. For 
the inhibition of specific inflammatory cytokines, 
etanercept, a TNF-α blocker,[1] tamoxifen, a TGF-β 
blocker,[7] methyl palmitate,[18] and dexmedetomidine[4] 
have been extensively investigated. Also, there are 
studies using diclofenac sodium[20] and curcumin[21] as 
anti-inflammatory agents. All these studies showed 
that both inflammatory cytokine inhibition and the 
use of anti-inflammatory agents significantly reduced 
the development of epidural fibrosis by producing 
anti-inflammatory and antioxidant effects.

The inflammation phase of wound healing has a 
direct effect on fibroblast proliferation and wound 
maturation. The ECM components are synthesized 
and stored by the myofibroblasts during the 
remodeling process of wound healing, while they 
are degraded by matrix metalloproteinases (MMPs) 
and collagenases to provide ECM rearrangement. In 
severe inflammatory conditions where the balance 
between synthesis and degradation is disrupted, 
TGF-β expression increases and, thereby, increasing 
the fibroblast proliferation. The large amount of ECM 
stored by the growing fibroblasts causes fibrosis.[15,22] 
Therefore, researchers have also examined the effects 
of fibroblast proliferation and wound maturation on 
epidural fibrosis development. In previous studies, 

FIGURE 6. Chronic inflammation and angiogenesis in control group (H-E, ¥10).
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hyaluronic acid-based gels,[6] platelet-rich fibrin, and 
ADCON-L® gel[3] were used to create an anti-fibrotic 
mechanical barrier. Although the methods that create 
a mechanical barrier show different efficacy, they 
significantly reduce the development of epidural 
fibrosis. In addition, several studies are available in 
the literature reporting significantly reduced epidural 
fibrosis, using agents such as pentoxifylline[23] with an 
anti-fibroblastic effect, and diltiazem,[20] an fibroblast 
growth factor-2 inhibitor.

In the current study, we evaluated the effect of 
rESWT on epidural fibrosis after laminectomy in rats. 
Our study results showed that rESWT significantly 
reduced epidural fibrosis without affecting acute 
and chronic inflammatory response and vascular 
proliferation.[24] Therefore, we believe that rESWT 
exerts its main protective effect against epidural 
fibrosis through fibroblast proliferation and wound 
maturation. In vitro studies in which hypertrophic 
scar formation was observed demonstrated the effect 
of rESWT administration on fibroblasts.[15,22] In a 
study on fibroblasts from human hypertrophic scars, 
Cui et al.[22] reported that rESWT administration 
reduced TGF-β expression with an anti-fibrotic effect 
by significantly reducing ECM components such as 
type-1 collagen and fibronectin. In another study, 
Zhao et al.[15] created a hypertrophic wound model in 
rabbits and examined the effect of ESWT application. 
The authors showed that both low- and high-energy 
rESWT application reduced fibroblast density and 
suppressed hypertrophic wound formation. These 
findings are consistent with our study results. 
Considering these data, we believe that rESWT exerts 
its positive effect with its impact on ECM organization 
and signaling.

Radial ESWT application is a cost-effective and 
easy method which can be applied safely in the clinical 
practice. Studies on chronic wounds have shown that 
this treatment method increases wound healing.[12] 
Moreover, in these studies, rESWT administration is 
applied directly to the areas where the skin integrity 
is lost by direct contact.[25] Therefore, we believe that 
initiating rESWT in the early postoperative period in 
clinical practice would both reduce epidural fibrosis 
and positively affect wound healing without any 
adverse effects. Considering the possible side effects 
of systemic drugs that have been shown to have a 
positive effect on the prevention of epidural fibrosis, 
we expect that the use of rESWT in orthopedic practice 
would increase day by day as a result of studies 
showing the positive effects of rESWT. In addition, 
this non-invasive method can be used in combination 
with other systemic and local treatment methods after 

revision surgeries where the risk of epidural fibrosis 
is further increased. On the other hand, for humans, 
the application head of the shock wave generator can 
be changed, allowing sound waves to access deeper 
tissues. Thus, an effective application of rESWT would 
be provided in patients with different subcutaneous 
tissue thicknesses.

The main limitation of this study is its small 
sample size. In addition, the effects of rESWT 
application on different pressures and pulse 
numbers were unable to be examined. The effect 
of rESWT application,  on wound healing, was not 
evaluated. On the other hand, the main strength 
of the present study is that the expression levels 
of cellular biomarkers showing inflammation and 
vascular proliferation were evaluated. Furthermore, 
in this study, the histopathological changes at 
the postoperative sixth week were evaluated, 
and the effect of a longer follow-up period on 
histopathological findings was not examined. 
Finally, the Masson's trichrome staining, another 
staining method showing histopathological 
fibrosis, was unable to be used for histopathological 
evaluation due to financial reasons.

In conclusion, rESWT application immediately 
after surgery is effective in preventing epidural 
fibrosis after laminectomy in a rat model. To the 
best of our knowledge, this is the first experimental 
study to demonstrate the effect of rESWT application 
on epidural fibrosis in rats, which has different 
areas of use in clinic practice, such as muscle-
tendon pathologies, chronic soft tissue wounds, 
kidney diseases, cardiac, and neurological problems. 
Nonetheless, further large-scale studies are needed 
to demonstrate the effects of rESWT application on 
epidural fibrosis at the cellular level and to evaluate 
its clinical application and results in humans.
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