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Abstract 

Aim: Epidural fibrosis, which develops after spinal surgery, is one of the factors which reduce the chances of successful surgery in the 

medium and long term by tightly surrounding the dura and spinal roots. In this experimental study, the aim was to compare the effects of 

local and systemic administration of dexpanthenol on epidural fibrosis formation in rats. 

Methods: Twenty-eight rats were randomly divided into 4 equal groups (control, Spongostan, local dexpanthenol and systemic 

dexpanthenol) and laminectomy was performed at the T11 level. Local dexpanthenol (500mg/kg) was administered with Spongostan, 

and systemic dexpanthenol (500 mg/kg) was administered once a day for three weeks. Epidural fibrosis, arachnoidal involvement, 

fibroblast cell count, vascular endothelial growth factor, and hydroxyproline levels were evaluated.  

Results: The grade of epidural fibrosis, fibroblast cell counts, and hydroxyproline levels were significantly lower in the systemic 

dexpanthenol groups (P=0.025). 

Conclusion: Dexpanthenol may be used as potential agent for reducing epidural fibrosis. However, it should be administered more than 

once for it to take effect.  

Keywords: Laminectomy, Epidural fibrosis, Fibroblast, Dexpanthenol, Rat 

 

Öz 

Amaç: Spinal cerrahi sonrası gelişen epidural fibrosis dura ve spinal köklerin çevresini sıkıca sararak orta ve uzun vadede cerrahinin 

balşarı şansını azaltan nedenlerden biridir. Bu nedenle, bu deneysel çalışmada, ratlarda local ve sistemik dekspanthenol uygulamasının 

epidural fibrosis oluşumu üzerine etkisini karşılaştırmak amaç edinilmiştir. 

Yöntemler: Yirmi sekiz adet sıçan rastlantısal olarak 4 eşit gruba ayrıldı (Kontrol, spongostan, local dekspanthenol ve sistemik 

dekspanthenol) ve bütün sıçanların torakal 11 düzeyine laminektomi yapıldı. Local olarak dexpanthenol 500 mg/kg dan spongostan ile 

uygulandı. Sistemik olarak dexpanthanol, 500 mg/kg dan günde bir defa olmak üzere 3 hafta boyunca uygulandı. Epidural fibrosis, 

araknoid tutulum, fibroblast hücre sayısı, vasküler endotelyal büyüme faktörü ve hidroksiprolini çeriği değerlendirildi.  

Bulgular: Epidural fibrosis derecesi, fibroblast hücre sayısı ve hidroksiprolin düzeyi istatistiksel olarak anlamlı düzeyde sistemik 

dekspanthenol grubunda düşüktü (P=0,025). 

Sonuç: Dekspanthenol epidural fibrosisi azaltmak için potansiyel bir ajan olabilir, fakat bu etkinin ortaya çıkması için birden fazla 

sayıda verilmesi gereklidir. 

Anahtar kelimeler: Laminektomi, Epidural fibrosis, Fibroblast, Dekspanthenol, Sıçan 
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Introduction 

Failed back surgery syndrome (FBSS) is described as 

chronic back pain which persists after spinal surgery, with or 

without radicular pain [1]. In the literature, the main reported 

factor in the development of FBSS is extensive fibrotic tissue 

formation in the epidural distance after surgery, causing 

widespread adhesions and retractions that involve the neuronal 

roots and dura [2-4]. It has been reported that epidural fibrosis 

(EF) occurs after lumbar disc surgery at rates varying between 

5% and 33%, and that it can vary depending on the surgery type 

[5]. Although it is not currently an effective treatment method, 

the best protection against EF is decreasing its formation [2,6,7]. 

Many etiological factors which could influence the formation of 

EF include epidural hematoma, removal of the epidural fat 

tissue, and paraspinal muscular fiber invasion. 

Although the mechanism of EF formation has not been 

understood, many authors have shown the effect of fibroblast cell 

proliferation on formation of EF, focusing to decrease fibroblast 

proliferation and its production. In these studies, free fat grafts, 

anti-neoplastic and anti-inflammatory agents, Adcol-L, and 

numerous chemical agents were investigated. However, no 

standard treatment protocol has been established for humans 

[2,8-11]. Studies on EF continue to be conducted. 

Dexpanthenol, also known as provitamin B5, is an 

alcohol analogue of pantothenic acid. Following oral or 

parenteral administration, it is transformed into pantothenic acid 

in the tissues and has frequently been used to enhance the 

recovery of skin injuries. Studies on dexpanthenol have shown 

its anti-oxidative and anti-inflammatory activity [12-15]. There is 

no information related to effect of dexpanthenol on EF 

formation. 

In this study, we investigated the effects of the local and 

systemic administration of dexpanthenol in an empirical EF 

model and discussed the results in the light of the available 

literature.  

Materials and methods 

Animals 

After receiving the approval of the Animal Ethics 

Committee (Approval Number 64583101/2017/090), all 

experimental protocols were followed according to the National 

Institutes of Health (NIH) Guide for the Care and Use of 

Laboratory Animals. Twenty-eight adult female Wistar albino 

rats weighing 300 ± 50 g were used in this study, and they were 

housed under environmentally suitable conditions at 21–25°C 

with 50% humidity and a 12-hour light/dark cycles. The rats 

were provided with free access to food and water.  

Groups  

The rats were randomly divided into the following four 

groups (n=7 each) and were treated as indicated. 

Group 1: Control (C). T11 total laminectomy was 

performed and the site was washed with saline.  

Group 2: Spongostan (S), T11 total laminectomy was 

performed and saline was administered with spongostan on the 

laminectomy area. 

Group 3: Local Dexpanthenol (D). T11 total 

laminectomy was performed and 500 mg/kg dexpanthenol 

(Bepanthen injectable solution, Bayer Turk Chemical Co., 

Turkey) was applied with spongostan. 

Group 4: Systemic Dexpanthenol (SD). T11 total 

laminectomy was performed, saline was applied with 

spongontan, and 500 mg/kg dexpanthenol was administered once 

a day for a total period of three weeks. 

Surgical procedure and sample preparation 

Intraperitoneal (IP) injection of a mixture of 10 mg/kg 

xylazine hydrochloride (BIOVETA plc, Czech Republic) and 50 

mg/kg ketamine HCl (Ketasol, Richter Pharma, Austria) were 

administered for anesthesia five minutes before the surgery. The 

body temperatures of the rats were maintained at 37°C, and they 

were placed in the prone position. The laminectomy areas were 

shaved and disinfected with povidone-iodine. The same surgeon 

carried out all surgical procedures. An incision was performed 

through the skin along the T8–L3 levels. The thoracolumbar 

fascia and paravertebral muscles were dissected in a sub-

periosteal manner, reaching the T10–L2 laminae. Total 

laminectomy was performed at the T11 level. Cotton pads and 

water were applied to maintain hemostasis. The wounds were 

sutured in anatomical layers using a 5-0 polypropylene suture 

after administration of dexpanthenol. On postoperative day 21, 

the rats were euthanized by cervical dislocation under deep 

anesthesia. The vertebral columns of the rats were removed en 

bloc between T8 and L3. 

Histopathological evaluation 

The vertebral column from T9 to L1 including the 

paraspinal muscles and epidural scar tissue was removed en bloc 

and fixed in 10% neutral-buffered formalin solution. The 

samples were decalcified in 10% formic acid for approximately 

10 days, after which tissue samples were collected from the 

laminectomy areas, washed with tap water, and routinely 

processed. Subsequently, the specimens were embedded in 

paraffin. The upright T11 vertebra was cut into 12 continuous 

transverse sections of 4 µm, among which six sections were 

stained with hematoxylin and eosin (H&E), and the other six 

with Masson’s trichrome stains. The H&E and Masson’s 

trichrome-stained fibrous tissue sections were examined using an 

Olympus BX52 microscope, and images were captured with an 

Olympus DP 25 camera. The presence of arachnoidal 

involvement was also identified, and the extent of the EF and the 

dura mater was graded according to the following scale 

described by He et al. [16]. Grade 0: the dura mater was free of 

scar tissue; Grade 1: only thin fibrous bands were observed 

between the scar tissue and dura mater; Grade 2: continuous 

adherence was observed in less than two-thirds of the 

laminectomy defect; Grade 3: scar tissue adherence was 

considerable, affecting more than two-thirds of the laminectomy 

defect or the adherence extended to the nerve roots. At 400x 

magnification, fibroblast density was calculated in three fields of 

the laminectomy sites from each section. 

Immunohistochemistry  

The immunostaining was conducted at room 

temperature using a DAKO autostainer universal staining system 

(Autostainer Link 48 DAKO, Glostrup, Denmark). The 4-𝜇m 

thick paraffin-embedded sections were mounted on positively 

charged slides, deparaffinized in xylene, and subsequently 

dehydrated using a graded series of ethanol solutions. Then, 
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antigen retrieval was performed at 96°C in a 10 mM/L citrate 

buffer (pH 6) for 40 min in a thermostatic water bath (PT Link). 

The sections were incubated with vascular endothelial growth 

factor (VEGF) (RB-9031, NeoMarkers, Fremont, CA, USA) for 

60 minutes at room temperature. Positive and negative controls 

were included for each antibody and each batch of stained tissue. 

A streptavidin-biotin enhanced immunoperoxidase technique 

(K8000 Envision Flex, DAKO, Glostrup, Denmark) was used to 

detect the immunoreactions using an automated system. The 

sections were incubated with 3,3'-diaminobenzidine (DAB) and 

counterstained lightly with hematoxylin to demonstrate the 

binding. Finally, the sections were dehydrated and mounted onto 

the slides. The positively immunostained slides were used as 

positive controls. Normal rabbit serum IgG was used to replace 

primary antibody as a negative control. 

Evaluation of immunostaining 

The slides were examined at low magnification (100x), 

areas that exhibited the highest staining intensity were 

considered "hot spots" and were further evaluated at high 

magnification (200x). The stained cell ratio was determined by 

counting at least 200 cells. When ≥10% of the cells were stained 

with the marker, the staining was considered positive. The 

staining intensity at different magnifications was evaluated using 

the following scale: "weak," "moderate," and "strong;" visible at 

200x, 100x, and 40x magnifications, respectively. 

Hydroxyproline content analysis  

Total collagen was determined by measuring the 

concentration of hydroxyproline in each specimen as described 

by Reddy et al. [17]. The samples (40 mg) homogenized in 100 

µl 2N NaOH were hydrolyzed by autoclaving at 120C for 20 

min. Then, 450 l chloramine-T was added to the hydrolysate, 

mixed gently, and oxidation was allowed to proceed for 25 min 

at room temperature. 500 l of Ehrlich’s aldehyde reagent was 

added to each sample, mixed gently, and the chromophore was 

developed by incubating the samples at 65C for 20 minutes. 

Absorbance of each sample was read at 550 nm using a 

spectrophotometer. Unknown concentrations of hydroxyproline 

in each tissue specimen were deduced from a standard 

calibration curve using L-hydroxyproline. The content of total 

collagen was calculated assuming that 14 percent of the total 

amino acids of collagen were hydroxyproline. 

Statistical analysis 

Kolmogorov-Smirnov test was used to determine 

whether the variables were normally distributed among groups. 

One-way ANOVA test was used in the groups showing normal 

distribution. Kruskall-Wallis H test was used if the group was 

non-normally distributed. Bonferroni corrected post-hoc test and 

Tamhane’s T2 test were used for pairwise comparisons. 

Descriptive statistics for the variables were presented as median 

(25.-75. percentile) and Mean (Standard Deviation). P-value of 

less than 0.05 was considered significant.  

Results 

Complications associated with wound recovery and 

medical practice 

Dexpanthenol did not induce any adverse effects in the 

wound area or peripheral tissues. In addition, no infections, 

cerebrospinal fluid collections or hematoma were seen in the 

wound area.  

Histopathological results 

Grade 3 EF (Figures 1A and 1B) was observed in 

groups C, S, D and SD in five rats, two rats, five rats and one rat, 

respectively. Grade 2 EF (Figure 2A and 2B) was observed in 

groups C, S, D and SD in two, five, two and six rats, 

respectively. These results were significantly different between 

the groups (P=0.025) (Table 1). In addition, there was a 

statistically significant difference between groups D and SD.  

Arachnoidal involvements were observed in two, one, 

two and one rats in groups C, S, D and SD, respectively, the 

difference between which was not significantly different 

(P=0.756). 

 
 

Figure 1: (A) Hematoxylin and eosin (H&E) and (B) Masson trichrome (both 100x 

magnification) staining of the epidural fibrosis in the laminectomy sites. Grade 3 fibrosis: 

scar tissue completely covered the laminectomy defects and adhered to the underlying dura 

mater (arrows) 
 

 
 

Figure 2: (A) Hematoxylin and eosin (H&E) and (B) Masson trichrome (both 100x 

magnification) staining of the epidural fibrosis in the laminectomy sites. Grade 2 fibrosis: 

scar tissue adhered to the underlying dura mater and covered less than two-thirds of the 

laminectomy sites (arrows)  
 

Fibroblast count results 

Fibroblast counts were 197.5 (190 - 200.5), 181 (173.5 - 

188.5), 195.5 (193 - 196.5), and 171 (169.5 - 175.5), 

respectively, in groups C, S, D, and SD. These results were 

significantly different between the groups (P<0.001) (Figure 3A, 

3B, 3C and 3D) (Table 2). 

Immunohistochemistry results 

The VEGF levels were evaluated in each group 

according to strong, moderate, and weak staining levels. Weak 

(Figure 4A) and moderate (Figure 4B) levels were observed in 

four and three rats in Groups C and S, respectively. Weak, 

moderate, and strong (Figure 4C) staining levels were observed 

in two, three, and two rats in Group D, respectively. Moderate 

and strong staining was observed in three and four rats in group 

SD, respectively. There was no statistically significant difference 

between the groups (P=0.068). 

 
 

Figure 3: Fibroblast numbers of Control (3A), Spongostan (3B), local dexpanthenol (3C), 

and systemic dexpanthenol (3D) were expressed as number per counting area (400x).  
 

 
 

Figure 4: Vascular endothelial growth factor (VEGF) immunostaining of the epidural fibrosis in the 

laminectomy sites. (4A) Weak, (4B) moderate, and (4C) strong staining (200x magnification). 
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Hydroxyproline results 

Hydroxyproline values were found as 1.556 (1.081) 

μgHyp/mg wet weight, 0.701 (0.309) μgHyp/mg wet weight, 

1.520 (0.346) μgHyp/mg wet weight, and 0.414 (0.104) 

μgHyp/mg wet weight, respectively, in groups C, S, D, and SD, 

which significantly differed (P=0.002) (Table 3). 
Table 1: The grades of epidural fibrosis (EF) according to the He et al. [16] 
 

 C (n=7) S (n=7) D (n=7) SD (n=7) P-value 

EF grade 3 (3-3)a 2 (2-3)b,c 3 (2-3)a,b 2(2-2)b,c 0.025 
 

Descriptive statistics for the variables were given as median (25.-75. percentile). Similar letters in the same 

line represent similarity, and different letters represent dissimilarity.  
 

Table 2: Fibroblast counting in epidural fibrosis tissue 
 

 C (n=7) S (n=7) D (n=7) SD (n=7) P-value 

Fibroblast 

Counting 

197.5 

(190-200.5)
a 

181 

(173.5-188.5)
b,c 

195.5 

(193-196.5)
a,b 

171  

(169.5-175.5)
c
 

<0.001 

 

Descriptive statistics for the variables were given as median (25.-75. percentile). Similar letters in the same 

line represent similarity, and different letters represent dissimilarity. 
 

Table 3: Hydroxyproline content of the groups 
 

 C (n=7) S (n=7) D (n=7) SD (n=7) P-value 

Hydroxyproline 

Content 

1.556 

(1.081)
a,b,c,d 

0.701 

(0.309)
b 

1.520 

(0.346)
c 

0.414 

(0.104)
b,d

 

0.002 

 

Descriptive statistics on variables were given as mean (standard deviation). Similar letters in the same line 

represent similarity, and different letters represent dissimilarity. 
 

Discussion 

The effects of local and systemic administration of 

dexpanthenol on EF grade were demonstrated in this study. 

According to our results, EF grades decreased after systemic 

administration of dexpanthenol compared with local 

administration and control group. The decrease in 

hydroxyproline levels in group SD was a factor which reduced 

EF grades. However, many factors may be responsible for these 

results. 

In the literature, a study conducted by Ermis et al. [13] 

using a bleomycin-induced lung fibrosis model showed that 

leukocyte infiltration and lung fibrosis rates were decreased in 

the dexpanthenol and bleomycin-treated group compared with 

the group treated with bleomycin alone. They also reported that 

this effect could be attributed to the combined anti-inflammatory 

and antioxidant effects of dexpanthenol [13]. Previous studies 

supported the idea that dexpanthenol may have an effect in 

decreasing EF formation. In the literature, various studies have 

shown that decreases in the pro-inflammatory cytokines TNF-α, 

IL-6, and transforming growth factor β particularly, might 

decrease the proliferation and differentiation of fibroblasts and 

EF [1,18-20]. However, in our study, local dexpanthenol was 

shown to increase the formation of EF, whereas systemic 

administration decreased it. In fact, our study results are not 

contrary to those in the literature because there are numerous 

possible explanations for these results. One of the probable 

causes is the method of administration. In a study by Ulger et al. 

[21] which investigated the effects of the local application of 

nebivolol and dexpanthenol on wound healing, it was reported 

that although this administration significantly decreased 

inflammation compared with the control group, fibrosis in the 

dexpanthenol-treated group was higher. The same study also 

reported that granulation and angiogenesis rates did not differ 

significantly between the control and dexpanthenol groups [21]. 

The study emphasized that local administration of dexpanthenol 

might increase fibrosis by supporting tissue fibroblasts despite its 

anti-inflammatory effects. The results of our study support those 

of Ulger et al. [21], because we have shown that local 

administration of dexpanthenol increases the level of 

hydroxyproline and fibroblast cell count in the laminectomy 

area. Moreover, in the previous study, authors reported that 

hydroxyproline levels indicate the amount of collagen and 

increased hydroxyproline levels are considered one of the most 

important signs in formation of EF. Therefore, our opinion is that 

increased level of hydroxyproline related to the local application 

of dexpanthenol might cause increased EF grade.  

Another reason may be that the dose of dexpanthenol is 

responsible for the observed results. A previous study, conducted 

by Yardimci et al. [22], who showed that the administration of 

substantial amounts, even at the same dosage, might induce more 

obvious anti-fibrotic activity, supports this view. In our study, we 

also showed that the administration of substantial amounts of 

dexpanthenol caused a decrease in the level of hydroxyproline 

and fibroblast cell count in EF tissue. Our opinion is that when 

dexpanthenol is systemically administered more than once, it 

may be effective not only at a single stage of inflammation but at 

many stages at once. This is because a decrease in 

hydroxyproline levels suggests that inflammation and 

proliferation phases can be affected. The proliferation phase may 

be affected indirectly because fibroblasts, which are altered due 

to decreased pro-inflammatory cytokines, are more prominent in 

the proliferation phases of the inflammation. In the literature, 

previous studies have also reported that decreasing tumor 

necrosis alpha (TNF-α), interleukin (IL)-6, and transforming 

growth factor β particularly, might decrease the proliferation and 

differentiation of fibroblasts and EF [1,18-20]. In addition to this, 

authors have stated that the use of dexpanthenol decreased TNF-

α and IL-1β levels, neutrophil flow, and IL-6 synthesis [15,23]. 

Limitations  

Although we showed for the first time that 

administration of systemic dexpanthenol had a negative effect of 

formation of epidural fibrosis, the study had some limitations. 

Firstly, different doses of dexpanthenol were not administered. 

Secondly, the molecular mechanisms were not investigated to 

reveal the action mechanism of dexpanthenol. Third, our sample 

size was small. 

Conclusion 

We demonstrated that dexpanthenol should be given 

more than once for its anti-inflammatory effect, for which the 

decrease of hydroxyproline and fibroblast cell count may be 

responsible. Also, dexpanthenol may be effective at various 

stages of inflammation and a potential agent for reducing EF. 
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