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Abstract 

Objective  Epidural scar fibrosis commonly leads to functional disability and pain following spinal surgery and is a 
prevalent manifestation of Failed Back Surgery Syndrome (FBSS). This study aimed to evaluate the use of silver nano-
articles (AgNPs) loaded on chitosan (Chi/Ag-NPs) with platelets-rich fibrin (PRF) gel for the reduction of post-laminec-
tomy epidural scar adhesions.

Methods  A total of 90 male Sprague Dawley rats (255 ± 55gm) were randomized in-to six groups, each group 
with 15 rats: control group, laminectomy group, PRF group, Chi/Ag-NPs group, combined treatment group (PRF + Chi/
Ag-NPs), and a group to prepare PRF. Lumbar laminectomy procedures were performed between L3-L5 in all rats 
except the control group. After a 30-days follow-up, macroscopic examination, histological studies, and mRNA evalua-
tion for TGFβ-1and IL-6, were conducted.

Results  Data revealed that epidural scar adhesion, scaring, arachnoid involvement, dural thickness, as well as inflam-
mation and TGFβ-1and IL-6 coding genes expression were significantly reduced in PRF group, Chi/Ag-NPs group, 
and combined group compared to the laminectomy group. Combined treatment showed more significant better 
outcomes.

Conclusion  The use of PRF with Chi/Ag-NPs as nano biomaterials could be considered a combination therapy 
for the reduction of EF post-laminectomy in a rat model.
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Introduction
Lumbar laminectomy is widely regarded as the most 
commonly recognized treatment for lumbosacral dis-
orders [1]. Patients with Failed back surgery syndrome 
(FBSS) or post-laminectomy syndrome experience per-
sistent pain in the lower back and /or legs [2, 3]. To date, 
determining the primary cause of postoperative back 
pain after lumbar spine surgeries remains challenging. 
The most prevalent causes include foreign body reaction, 
spinal stenosis, pseudoarthrosis, recurrent disc hernia-
tion, root degeneration, spinal instability, and operations 
on Epidural scar fibrosis and inaccurate spinal level [4].

Epidural scar fibrosis refers to the formation of scar tis-
sue or fibrosis in the surgical area of the spine. This scar 
tissue surrounds and sticks to the epidural and /or lat-
eral nerve roots, leading to pain following spine surgery 
as well as functional disability [5]. Multiple clinical and 
experimental studies have been conducted on substances 
aimed at preventing or reducing EF after laminectomy 
[6–11]. Additionally, Metformin [12], berberine [13], 
Tubastatin A [14], Laminin α1 [15], Tranexamic acid [6], 
and medical ozone treatment [16] were evaluated.

Platelets-rich fibrin (PRF), Chitosan (Chi), as well as 
Silver nanoparticles (AgNPs) were shown have benefi-
cial effect for wound healing with proper tissue regen-
eration and decreased sacring for different mechanisms. 
PRF is a platelet and immune concentrate, it contains all 
the components of a blood sample that are beneficial for 
promoting immunity, healing. PRF can also reduce the 
density of chronic inflammation cells after laminectomy 
in rats, enhances tissue healing, angiogenesis, and osteo-
blast proliferation through cytokines and growth factors 
released from platelets [17]. Chitosan (Chi) has been 
extensively utilized in transdermal drug delivery as well 
as tissue engineering [18]. Chi utilization with triple com-
pression bandage have been found to enhance venous leg 
ulcers [19]. The Chi barrier demonstrates efficacy in alle-
viating peridural adhesions in a post-laminectomy rab-
bit model [20]. While, Silver nanoparticles (AgNPs) had 
shown broad-spectrum antibacterial activity have been 
developed [21]. AgNPs have been utilized as adjunctive 
agent, following burn injuries, and resulting in dimin-
ished inflammation as well as faster wound healing [22], 
suppressing cytokine production and fibroblast prolifera-
tion [23, 24]. AgNPs have been used in fields such as drug 
delivery [25], bone tissue engineering  [26], and wound-
healing [27].

There are no prior studies about the use of Chi/Ag-
NPs for the reduction of EF post-laminectomy, either 
in human beings or in experimental animals. Conse-
quently, this study aimed to evaluate the efficacy of Chi/
Ag-NPs with or without PRF for the reduction of lum-
ber EF in a laminectomy rat model via macroscopical, 

histopathological, and mRNA expressional levels of IL-6 
and TGFβ-1.

Materials and methods
Preparation of (Chi‑AgNPs)
Materials
Chi (medium molecular weight, with deacetylation of 
85%) was purchased from Acros Organic—New Jersey 
(USA). The electrochemical cell consists of a platinum 
(Pt) and silver (Ag) sheet (99.9% purity, Sigma Aldrich- 
St. Louis, USA). The reagents were used as received.

Preparation of (Chi‑AgNPs) solution
The electrochemical method was used to prepare AgNPs 
within a chitosan matrix (CS-AgNPs) in  situ. Briefly, 
1%(w/v) of Chi powder was dissolved using 1 M of aque-
ous citric acid, with a concentration of 7% (v/v). Under 
applied potential 1.5 v using a power supply, ECOS on a 
cell consists of a platinum sheet (as cathode) and a silver 
sheet (as anode) separated by 1 cm immersed in the Chi 
solution under constant stirring at 450 rpm at the ambi-
ent condition. The process was carried out for two hours. 
AgNPs formation was detected due to the solution’s color 
changing from transparent to yellow [28].

Characterization of Chi/Ag‑NPs
Chi/Ag-NPs characterization was conducted via UV–vis-
ible spectroscopy, Zeta potential, TEM, as well as ICP 
studies. UV–visible spectroscopy via Double Beam spec-
trophotometer (T80 double beam UV–vis spectropho-
tometer, pg instruments, UK) was used to investigate the 
in  situ electrochemical synthesis of Ag-NPs within the 
electrolyte of a Chi solution at a wavelength of 250 nm. 
The zeta potential of AgNPs within the polymer matrix 
CS was measured utilizing the Zeta size Nano-zs90 
instrument (Malvern instruments, Malvern, UK). TEM 
was conducted to study the formation of spherical AgNPs 
within the Chi matrix by TEM (JEOL TEM-2100). Finally, 
ICP analysis was performed in order to quantify the con-
centration of silver (Ag) using inductively coupled plasma 
spectrometry (ICP–MS, Agilent 7700X, Australia).

Animals
This study utilized a cohort of 90 adult male Sprague 
Dawley rats (255 ± 55  g), obtained from the medical 
experimental research center (MERC), Mansoura Uni-
versity. The study design was approved the Local Ethical 
Committee, Faculty of Veterinary medicine, Mansoura 
University (registration number; Ph.D./102). Ethical 
guidelines of the Ethics committee of national research 
Center-Egypt for research animal handling were applied.
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Study design
The rats were divided randomly into five groups (15 per 
group), which were classified as the follows (Fig. 1): group 
A. Control Group (N = 15); group B. Laminectomy group 
without treatment (N = 60): laminectomy was performed 
and rats received no treatment, group C PRF treated 
group (N = 15):: Laminectomy was performed and PRF 
was applied after laminectomy on dura mater, group D. 
Chi/Ag-NPs treated group (N = 15): Chi/Ag-NPs were 
applied post- laminectomy on the dura mater, and group 
E. Combined PRF with Chi/Ag-NPs (N = 15): Both Chi/
Ag-NPs and PRF were applied separately (without mix-
ing) post- laminectomy on the dura mater. Group F. PRF 
preparation group (N = 15). Blood samples were obtained 
from donor animals to prepare PRF.

Preparation of the PRF
According to Dohan et al. [29] blood samples were col-
lected from 15 donor animals prior the surgical proce-
dures via cardiac puncture. Briefly, 5  ml of blood was 
extracted into a glass centrifuge tube and centrifuged 
for 10  min at speed of 3,000  rpm (RCF = 402 × g) at a 
450-rotor angulation with a radius of 40  mm, resulting 
in three centrifugation strata were obtained: a fibrin clot 
(PRF), located in the middle of the tube, was collected. A 
durable self-derived fibrin membrane was subsequently 
obtained by expelling the serum from the clot.

Laminectomy surgical procedure
Rats were generally anesthetized utilizing intraperitoneal 
injection (a mixture of 10 mg/kg Xylazine Hcl and 75 mg/
kg ketamine Hcl). The rats were positioned in a prone 
position. Following the sterile preparation of their lower 
backs, a longitudinal incision was performed in the skin 

along the midline between the dorsal spinous processes 
of the L3 and L5. The lumbosacral fascia was opened 
longitudinally, followed by dissection of paraspinal mus-
cles on both sides in a subperiosteal manner to expose 
the laminae in L3–L5 region. A complete laminectomy 
was conducted at the L3 vertebra level, followed by the 
excision of the ligamentum flavum and epidural adipose 
tissue from the surgical area. The dura mater was fully 
exposed and left intact. Cotton pads were used to achieve 
hemostasis. The rats were sacrificed after 30  days using 
over dosage (120 mg/ kg) of thiopental sodium intraperi-
toneally. Rats were euthanized in a humane manner. Sub-
sequently, intracardial perfusion was carried out using a 
4% paraformaldehyde solution. Five rats were randomly 
chosen, and their surgical sites were reopened carefully 
for macroscopic examination, while the other ten rats 
were used for histopathological evaluation.

Macroscopic grading of epidural scar adhesion
Epidural scar fibrosis degree (at the L3–L5 level) was 
determined in randomly selected 5 rats based on the 
Rydell classification [30] (grade 0 = epidural scar tis-
sue indicates non- adherence to the dura mater; grade 
1 = indicates epidural scar tissue adherence to the dura 
mater but could be easily dissected; grade 2 = indi-
cates epidural scar tissue adherence to the dura mater 
and challenging to separate without damaging the dura 
mater; and grade 3 = denotes epidural scar tissue was 
firmly adherent to the dura mater and could not be dis-
sected). Two independent experts, unaware of the experi-
mental groups, conducted macroscopic evaluations of 
the rats’ lesions. Each expert submitted an independent 
evaluation, and inter-rater reliability was computed. In 

Fig. 1  Schematic diagram for the rats grouping in the study design
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instances of discord, a consensus was attained following 
collaborative examination.

Histopathological evaluation
For histopathological examination, ten rats were selected 
from each group. En-bloc vertebral columns between 
L3 and L5 were removed after sacrifice and placed into 
the 10% Neutral-buffered formaldehyde solution for 
five days. The specimens were subsequently decalcified 
in 10% EDTA (Sigma Aldrich, St Louis, MO, USA) for 
three weeks according to Sangeetha et al. [31] and then 
embedded in paraffin. Three consecutive sections were 
obtained from region’s distal, middle and proximal parts 
and then placed in sampling cassettes. Additionally, 5 μm 
axial sections of the laminectomy site were stained with 
(H&E) [32] and Masson stain [33]. Then epidural scar 
adhesions were assessed utilizing a light microscope.

Quantitative morphometric analysis
Masson-stained sections were subjected to quantitative 
morphometric analysis using image analysis software 
(Image J, 1.46a, NIH, USA). Two independent patholo-
gists, unaware of the experimental groups, conducted 
histopathological evaluations of the tissue slides. Each 
pathologist submitted their evaluation independently, 
and inter-rater reliability was computed. In instances of 
discord, a consensus was attained following collaborative 
examination.

Epidural scar adhesions scoring
Epidural scar adhesion was graded using a grading sys-
tem devised by He et  al. [8] Grade 0 indicates, no scar 
tissue on the dura mater; Grade 1 indicates, a thin 
fibrous band between dura mater and scar tissue; Grade 
2 indicates, scar tissue in less than two-thirds of the 
laminectomy defect; and Grade 3 indicates, scar tissue 
covering more than two-thirds of the laminectomy defect 
or extending to the nerve roots. Subsequently, the dura 
mater thickness was measured (at three different points) 
using a magnification of 400X. In addition, the presence 
of arachnoid involvement was also recorded.

Scaring density scoring
Scaring density was also assessed based on the myofibro-
blast differentiation and categorized to: grad 0: differenti-
ated myofibroblast less than 10%, grade 2: differentiated 
myofibroblast 11–50%, Grade 3: differentiated myofibro-
blast 51–75%, and grade 4: differentiated myofibroblast 
greater than 76%.

Inflammation scoring
Finally, inflammation was graded into 0 = absent inflam-
mation, 1 = mild cellular infiltrates of neutrophils which 

may be mixed with few lymphocytes with mild tissue 
edema, 2 = moderate mixed cellular infiltrate with tissue 
edema may be noticed and 3 = severe cellular infiltrate 
with marked edema and altered normal tissue pattern.

The mRNA measurements of IL‑6 and TGF‑β1
According to Heid et  al. [34], the mRNA levels of IL-6 
and TGF-β1 were assessed 30  days postoperatively. 
Five rats were euthanized in a humane manner, and 
the scar tissues from the sites where the laminectomy 
was performed were collected. Total RNA extraction 
was done utilizing Trizol reagent, and the RNA (2  μg) 
was transcribed into cDNA utilizing a Promega reverse 
transcriptase kit. The qRT-PCR, a triple quantitative 
technique, was conducted using the Bio-Rad MYIQ2 
(USA) instrument, following the methodology described 
in a previous study. The primer sequences for the investi-
gated genes are provided in (Table 1). The amplification 
of GAPDH was utilized as an internal control.

Statistical analysis
The results were analyzed utilizing the 22nd version of 
SPSS software (IBM, USA). Verification of data nor-
mality was performed using the Shapiro test. Quan-
titative results were expressed using means ± SE. A 
one-way ANOVA test followed by Tukey’s post-hoc test 
was employed to compare various groups. The Chi square 
test (Pearson and Exact Fisher) was utilized to determine 
the significance of the association between the different 
groups and as well as the qualitative data (epidural scar 
adhesion scores). P-value < 0.05 was considered statisti-
cally significant. Cohen’s kappa statistics were utilized to 
evaluate the inter-observer agreement in order to guar-
antee that all of the evaluators were consistent with one 
another.

Results
Characterization of Chi/Ag‑NPs
The UV–vis spectroscopic measurement was used to 
investigate the in  situ electrochemical synthesis of Ag-
NPs within the electrolyte of a Chi solution due to the 
distinctive observation of surface plasmon resonance. 

Table 1  Showing the primer sequences for the studied genes 
(IL-6 and TGF-β1)

Gene Sequence Product size

GAPDH Forward: CTC​TGC​TCC​TCC​CTG​TTC​TA
Reverse: AGT​TGA​GGT​CAA​TGA​AGG​GG

187

IL-6 Forward: GAA​GTT​AGA​GTC​ACA​GAA​GGA​GTG​
Reverse: GTT​TGC​CGA​GTA​GAC​CTC​ATAG​

105

TGF-β1 Forward: TGC​TAA​TGG​TGG​ACC​GCA​A
Reverse: CAC​TGC​TTC​CCG​AAT​GCT​GA

101
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The (Fig. 2A) demonstrates the presence of a maximum 
at 420  nm, which can be attributed to the surface plas-
mon resonance of AgNPs. This observation aligns with 
findings from prior research indicating the presence of 
spherical nanoparticles which is also confirmed later by 
TEM results. Additionally, an absorption peak has been 
observed at a wavelength of 250 nm, indicating the poten-
tial formation of a [chitosan]-Ag + complex [35]. The zeta 
potential of AgNPs within the polymer matrix CS was 
measured yielding a value of + 27.9 ± 9.35  mV [36]. The 
positive surface charge of the AgNPs arises from the 
increased abundance of protonated NH3 + groups pre-
sent in the solution (Fig.  2B). The generation of favora-
ble electrostatic repulsion among the particles can lead to 
enhanced stability [37].

The formation of spherical AgNPs within the Chi 
matrix is depicted in (Fig.  2C) after a two-hour elec-
trosynthesis process. SAED pattern as represented in 
(Fig. 2C), which exhibits a combination of observed ring 
patterns and diffraction spots. Therefore, it indicates 
that the AgNPs formed possess a polycrystalline struc-
ture 33. The determination of the size distribution of the 
AgNPs, as depicted in (Fig.  2D), demonstrated a highly 

homogeneous distribution of AgNPs with a narrow aver-
age size of 4.2 nm. The small size of silver particles can be 
ascribed effective capping agent properties, which effec-
tively envelop the nano-silver particles, thereby impeding 
their aggregation [28].

Finally, ICP analysis was performed in order to quan-
tify the concentration of silver (Ag). Dat revealed that 
the concentration of silver detected in CS-AgNPs is 
1196 mg/L, which is deemed to be an acceptable quantity 
of silver that has been released electrochemically within 
the polymeric matrix.

Macroscopic assessment of epidural scar adhesion
The grades of epidural scar adhesion in rats were evalu-
ated according to Rydell’s classification as shown in Fig. 3. 
The grades of epidural scar adhesion in rats were statically 
evaluated. Data showed a significant association (Pearson 
X2 = 54.071, df = 12, P-value =  < 0.0001) between differ-
ent interferences and the Rydell’s score. The laminectomy 
group significantly exhibited a grade 3 score (90%, 
P-value =  < 0.0001). PRF was non-significantly different 
(fisher’s exact = 5.900, df = 4, P-value = 0.197) from Chi/
Ag-NPs in reduction of the score grade. Interestingly, the 

Fig. 2  Represents the characteristic properties of the prepared system a UV–vis spectra of CS-AgNPs sample, b Zeta potential distribution 
of the prepared CS-AgNPs sample, c TEM image for the prepared CS-AgNPs sample with inset of the SAED patterns, and d the size distribution 
of the formed AgNPs
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PRF + Chi/Ag-NPs group showed a non- significant (fish-
er’s exact = 3.810, df = 1, P-value = 0.141) difference from 
the control group (score grades (0 = 50% and 1 = 50%) 
(Fig. 3).

Histological analysis
Hematoxylin and eosin-stained control group verte-
bral sections showed normal spinal cord, arachnoid, 
dura mater, and bone structures were seen in vertebral 
sections from control normal group (Fig.  4A). In the 
laminectomy group, excessive epidural deposition of 
scar tissue, massive inflammation, granuloma forma-
tion and dystrophic calcification were observed around 
the spinal cord, leading to increased thickness of the 
dura mater and marked adhesion with the Pia mater. 
In addition, excessive deposition of scar tissue with 
or without adherence to dura mater, heavy leukocytic 
cell infiltration, granuloma formation, and dystrophic 
calcification were detected in vertebral sections from 
the laminectomy group (Fig.  4B–D). PRF group sec-
tions showed moderate inflammation and epidural scar 

tissue formation (Fig.  4E). While milder inflammation 
and more epidural scar tissue formation were detected 
in the Chi/Ag-NPs group, leading to focal adhesion of 
Pia to dura mater (Fig.  4F). Interestingly, a very mild 
Epidural scar fibrosis was seen in a combined treated 
group (Fig.  4G). Other images of the different groups 
are available as supplementary data files.

Masson-stained sections showed no fibrous tissue 
in control group (Fig.  5A), while excessive fibrosis was 
shown in the laminectomy group sections with granu-
loma formation around the spinal cord and increased 
dura mater thickness that penetrates nervous tissue 
in some sections (Fig.  5B, C). Treated groups sections 
showed markedly decreased epidural fibrous tissue for-
mation in the PRF group (Fig. 5D). Denser epidural scar 
tissue formation was detected in the Chi/Ag-NPs group 
(Fig. 5E). While mild epidural scar adhesion was found in 
the combined treated group (Fig.  5F). Microscopic pic-
tures showed markedly increased dura mater thickness 
in the Laminectomy group section, which was mitigated 
in the treated groups to variable levels (Fig.  6). Other 

Fig. 3  Represents Macroscopic assessment of epidural scar adhesion a grade0 = epidural scar tissue indicates non- adherence to the dura mater 
in control group; b grade 1 = epidural scar tissue adherence to the dura mater but could be easily dissected in combined group; c grade 2 = epidural 
scar tissue adherence to the dura mater and challenging to separate without damaging the dura mater in PRF and Chi/Ag-NPs groups; d grade 
3 = epidural scar tissue was firmly adherent to the dura mater and could not be dissected in laminectomy group. e showed Grades of epidural 
scar adhesion in rats, according to the Rydell standard. #5 rats were selected from each treatment group. (statistically analyzed by Chi square test). 
Combined group more significantly decrease in epidural scar adhesion compared with laminectomy group and other treated groups
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images of the different groups are available as supple-
mentary data files.

Histological grading of epidural scar adhesion
According to He at el. [8], grades of epidural scar adhe-
sion were statically shown in (Fig.  7A). The results 
showed a significant difference between the differ-
ent groups. The laminectomy group (P-value ≤ 0.0001) 
exhibited epidural scar adhesion scores 2 (40%) and 
3 (60%). However, the Chi/Ag-NPs group was non-
significant (P-value = 0.227) in epidural scar adhesion 
reduction from the laminectomy group. In contrast, 
PRF and PRF + Chi/Ag-NPs groups showed significant 
(P-value = 0.003) reduction in epidural scar adhesion 
compared to laminectomy group but still significant 
from control group. Both PRF and PRF + Chi/Ag-
NPs groups were non-significant from each other 
(P ≤ 0.650), Also arachnoid involvement according to 

Cemil et  al. [38] was observed with statistically sig-
nificant difference between the laminectomy and 
the combined treatment group treated group rats 
(P-value = 0.023) (Fig. 7B).

The statistical analysis of scar tissue density scores 
revealed a significant decrease in both the treated PRF 
and the combined groups compared to laminectomy 
groups (Fig.  7C). Statistical analysis revealed a signifi-
cant reduction in dura mater thickness across all treated 
groups compared to the laminectomy group (Fig. 7D).

Expression of TGF-β1 coding genes, fibrosis marker, 
was markedly elevated (P-value < 0.0001) in the lami-
nectomy group compared to controls. Treated groups 
showed significantly (P-value < 0.0001) lower expression 
than the laminectomy group. Interestingly the combined 
treatment group showed significantly lower levels of 
the studied gene expression than each treatment alone 
(Fig. 7E).

Fig. 4  Microscopic pictures showing normal structures of Pia mater (dashed black arrow); Dura mater (black arrow); B: Bone; S: spinal cord in control 
normal group (A). Excessive epidural deposition of scar tissue (blue arrow), massive Inflammation (thick black arrow), granuloma formation (yellow 
arrow) and dystrophic calcification (*) are seen around spinal cord leading to increased thickness of dura mater and marked adhesion with Pia mater 
in laminectomy group (grade 3 epidural fibrosis) (B–D). Moderate inflammation and epidural scar tissue formation (blue arrow) are seen in group 
PRF group (E). Milder inflammation and more epidural scar tissue formation (blue arrow) is seen in Chi/Ag-NPs group leading to focal adhesion 
of Pia to Dura mater (F). Very mild epidural fibrosis (blue arrow) is seen in group combined treatments group (G). Pia mater (dashed black arrow); 
Dura mater (black arrow); B: Bone; S: spinal cord H&E, X: 40 bar 200 μm
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Fig. 5  Microscopic pictures showing no fibrous tissue deposition in control group (A). Excessive epidural deposition of fibrous tissue is seen 
in laminectomy group (black arrow) with granuloma formation (yellow arrow) around spinal cord accompanied by increased thickness of dura 
mater that invade nervous tissue (*) in some sections (B, C). Markedly decreased epidural fibrous tissue formation (black arrow) is seen in PRF 
group (D). Denser epidural scar tissue formation (black arrow) is seen in Chi/Ag-NPs group (E). Very mild epidural fibrosis (black arrow) is seen 
in the combined PRF and Chi/Ag-NPs treatment group (F). B: Bone; S: spinal cord. MT, X: 40 bar 200 μm 

Fig. 6  Microscopic pictures showing decreased dura mater thickness in the control group (A), Laminectomy group (B), PRF treated group (C), Chi/
Ag-NPs group (D), and combined PRF and Chi/Ag-NPs treatment group (E). MT, X: 400 bar 50 μm Pia mater (dashed black arrow); Dura mater (thin 
black arrow)
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Inflammation scores
The inflammatory scores showed a significant decrease 
in Chi/Ag-NPs and combined treatment groups com-
pared to the laminectomy group score grading (Fig. 7F). 
The outcomes of mRNA expression levels of IL-6 showed 
that IL-6 level in laminectomy group was significantly 
increased (6.26 ± 0.781) compared to the control group 
(1.032 ± 0.36). In the PRF group, the IL-6 expression level 
was substantially declined (P-value < 0.0078) compared 
with the laminectomy group. Conversely, its level was 
substantially downregulated in the Chi/Ag-NPs group 
compared to the laminectomy group (P-value < 0.0005). 
The IL-6 expression level in combined group significantly 
decreased (P-value < 0.0001) compared to laminectomy 
group and other treated groups (Fig. 7G).

Discussion
To the best of our knowledge, there was no data regard-
ing the effect of Chi/Ag-NPs on the reduction of post 
laminectomy epidural scar adhesion and its combina-
tion with PRF either experimentally or clinically. Epidural 
scar adhesion has been identified as a major contribut-
ing factor to FBSS in patients undergoing laminectomy 
procedures for conditions such as disc herniation and 
stenosis. Due to radix compression or dural entrapment, 
epidural scar adhesion may lead to radicular symptoms 
resembling those induced by surgery; this significantly 
lowers the success rate of repeated surgery to a range of 
5–30% [39] and worsen symptoms and pain [40]. Addi-
tionally, repeated surgeries elevate epidural scar adhesion 
rates, inducing persistent patient distress, consequently, 
epidural scar adhesion reduction is mandatory post-lami-
nectomy, so this study aimed to eliminate epidural scar 
adhesion in a rat model utilizing Chi/Ag-NPs and PRF 
combinations.

The key mechanism in the development of EF is the 
rapid proliferation of fibroblasts triggered by the activa-
tion of cytokines and growth factors. This proliferation 
is aimed at repairing the local defective vertebral region 
where laminectomy is performed [41]. Epidural scar 
adhesion arises due to the natural wound-healing pro-
cess. In patients undergoing redo surgery, the incidence 
of complications such as epidural hematoma, nerve root 
damage, dura damage, and infection increases because of 

adhesions and scar tissues due to epidural scar adhesion 
in the healing area. Consequently, research on prevent-
ing the formation of epidural scar adhesion has become 
increasingly significant in recent years [6, 12–16, 42–44].

The current study utilized male Sprague Dawley rats 
because endogenous estrogen may impact EF formation 
following lumbar laminectomy in rats [6]. The effect of 
PRF and Chi/Ag-NPs were evaluated to eliminate the 
post laminectomy epidural scar adhesion; PRF resulted 
in reduction of both inflammation and the formation 
of epidural scar tissue surrounding the spinal cord, in 
comparison to the group that underwent laminectomy 
without treatment. The observed effects can be ascribed 
to angiogenesis, enhanced osteoblast proliferation, 
reduced bleeding in epidural space, and tissue healing 
facilitated by cytokines [42, 45]. Growth factor released 
from platelets indicated that fibrin-containing gels alle-
viated epidural scar adhesion with in the first two weeks 
post-laminectomy, that growth factor containing platelet 
concentrate decreased fibrotic tissue through enhancing 
damaged muscle tissue reperfusion [46]. Furthermore, 
IL-6 and TGFβ-1 were markedly eliminated in PRF-
treated rats than in the laminectomy group. This was 
done to validate the histopathological scoring related to 
aforementioned advantages of PRF.

The primary outcome suggests that PRF has the ability 
to stimulate the regeneration of soft tissues and promote 
the healing of wounds. In addition, PRF is a safe, reliable, 
and cost-effective option for expediting wound healing 
and enhancing tissue repair following damage or injury 
[47]. This outcome demonstrates that PRF effectively 
reduces epidural scar adhesion with decreased arachnoid 
involvement to 50% in comparison to the laminectomy 
group, which agrees with the prior studies published data 
[2, 3, 42, 48].

Chitosan has been widely applied to topical dressing 
in wound healing due to its stypticity, antimicrobial 
and nontoxic, biocompatible and biodegradable prop-
erties [49–51] with inhibition of collagen production 
and fibroblasts growth. Hence Chitosan can protect 
the spinal cord from epidural scar adhesion following 
disc injury [52]. Ag-NPs show great potential as antimi-
crobial agents because of their inherent properties and 
outstanding thermal stability while also demonstrating 

Fig. 7  The histopathological and quantitative PCR evaluation of the effect of laminectomy and studied treatment PRF, Chi/Ag-NPs group, 
and combined PRF and Chi/Ag-NPs (PRF +) on the fibrosis and inflammation of the rats’ vertebral sections. The grades of epidural scar adhesion (A), 
arachnoid involvement (B), scaring tissue density (C), dural thickness (D), inflammation scoring (E), TGF-β1 and IL-6 (F, G) coding genes expression 
showed that laminectomy induced fibrosis and inflammation, while the applied treatment modalities significantly improved laminectomy 
induced inflammation and fibrosis. Significance was evaluated by One way ANOVA test with posttest Tucky’s multiple comparison test. * means 
P-value < 0.05, **means P-value < 0.001, while *** means P-value < 0.0001

(See figure on next page.)
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minimal harm to mammalian cells and tissues [53].
The utilization of silver-based antimicrobial nanocom-
posite materials can offer significant benefits. This can 
be achieved by employing a range of natural reduct-
ants, including ascorbic acid, and other biomolecular 
reducing agents [54, 55]. The combination of Chi/Ag-
NPs created a synergistic effect, enhancing the antimi-
crobial properties and promoting  tissue regeneration 
which make them ideal dermal substitute for wound 
healing [52, 56].

In the present study, macroscopic assessment of 
epidural scare adhesion in the chitosan silver nano-
particle treated group revealed significant decrease in 
the post-laminectomy scaring, adhesions, dural thick-
ness, arachnoid involvmnet, as well as inflammation 
in comparison with the laminectomy untreated group. 
This result attributed to the effect of Chi/Ag-NPs, 
which inhibit collagen production and regulate fibro-
blast migration this result is consistent with the previ-
ous studies outcomes [21, 52, 54–56]. Also, IL-6 and 
TGFβ-1 coding genes expressions were found to sig-
nificantly decreased in Chi/Ag-NPs treated rats com-
pared to the laminectomy group. It may be attributed 
to TGFβ-1 and IL-6 being involved in promoting both 
fibroblast proliferation and collagen synthesis, as illus-
trated by [57].

The PRF and Chi/Ag-NPs group exhibits the presence 
of growth factors, including PDGF, VEGF, and TGFβ-1, 
which stimulate angiogenesis and enhance vascular den-
sity in the wound region [58–60]. The addition of Chi/
Ag-NPs to PRF enhances its physical and chemical prop-
erties, reduces microbial activity, and is not harmful to 
cells. This leads to faster wound healing within 14 days. 
Furthermore, it demonstrates outstanding wound heal-
ing activity, and could be regarded as an effective topical 
burn wound healing treatment [61]. Incorporating PRF 
into the prepared hydrogel has an advantage in supply-
ing growth factors, platelets, circulatory fibrocytes, and 
cytokines, further enhancing the wound-healing mecha-
nism in diabetic rats [62].

In the present study, macroscopic and microscopic 
assessment of the rats revealed that of epidural scare 
adhesion in Chi/Ag-NPs combined with PRF treated 
group revealed that the combined effect of PRF and 
Chi/Ag-NPs significantly improved all studied out-
come parameters regarding scaring and inflammation 
in comparison to each modality alone. These results 
may be due to the combined effect of PRF and Chi/Ag-
NPs to decrease bleeding in epidural space, improve tis-
sue healing, have an anti-inflammatory effect, regulating 
fibroblast migration and macrophage activation. This 
combination has the best effect on inflammation reduc-
tion than all treated group [58, 62].

Conclusion
Based on the findings of the study, it was found that the 
application of PRF with Chi/Ag-NPs on the dura after 
laminectomy resulted in a significant reduction in epi-
dural scar adhesion formation after 30  days in male 
Spraque Dawley rats with marked decrease in the asso-
ciated inflammatory response, scaring and arachnoid 
involvement. This conclusion was drawn based on the 
results of macroscopic examination, histological analysis, 
and mRNA expression of IL-6 and TGFβ-1.

Limitation of the study
Additional research could be beneficial in utilizing long-
term duration measurement to assess the complete 
reduction of post-laminectomy epidural scar adhesion.

Studies on a wide range of patients may be required 
to understand the effect of combination groups on the 
reduction of epidural scar adhesion.
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