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Background and purpose - Epidural
fibrosis after all spinal surgeries is an im-
portant surgical issue. Various biological and
non-biological materials have been tried to
inhibit epidural fibrosis, which is deemed to
be the most important cause of pain after
spinal surgery. Olive oil, nigella sativa oil and
soybean oil employed in oral nutrition in clin-
ics involving liquid fatty acids, palmatic acid,
linoleic acid, stearic acid and palmitoleic acid.
The effectiveness of olive oil, nigella sativa

oil and soybean oil on epidural fibrosis was
researched on for the first time in laminecto-
my model.

Methods - Fifty adult male Wistar albino
rats weighing between 300 and 400 grams
were used in the research. A total of 5 groups
were formed: sham (Group I) (n = 10), no
application was created; Group Il (n = 10)

1 cc saline; Group Il (n=10) 1 cc olive oil;
Group IV (n=10) 1 cc nigella sativa oil;
Group V (n =10); T cc soybean oil was
applied topically to the epidural region after
laminectomy. The total spine of the rats was
dissected, histopathological and immuno-
chemical measurements were conducted.
Neuro-histopathological results were scored
semi-quantitatively in terms of vascular mod-
ification, neuron degeneration, gliosis and
bleeding criteria.

Results - The lowest level of fibrosis and
connective tissue proliferation was observed
in the group where nigella sativa oil was
used after the operation, followed by the
group treated with olive oil and lastly with
the group given soybean oil.

A magas biokompatibilitasu szerves
névényi olajok hatékonysaga

az epiduralis fibrosis megel6zésében:
Kisérleti tanulmany

Akgul MH, MD; Akgun MY, MD; Anteplioglu T,
MD; Kul O, MD

Hattér és cél - Az epiduralis fibrosis min-
den gerincm(tét utan fontos sebészeti prob-
Iéma. Kulonboz8 bioldgiai és nem bioldgiai
anyagokkal probaltak gatolni az epiduralis
fibrosist, amit a gerincmUtétek utani fajdalom
legfontosabb okanak tartanak. Az olivaolaj,

a Nigella sativa (fekete kdmény) olaj és a
szbjaolaj a klinikakon a taplalasban szajon at
alkalmazott, palmatinsav-, linolsav-, sztea-
rinsav- és palmitoleinsav-tartalmu folyékony
zsirsavak. Az olivaolaj, a Nigella sativa-olaj

és a szojaolaj hatékonysagat az epiduralis
fibrosisra kutatécsoportunk vizsgalta el8szor
laminectomias modellben.

Médszerek - Otven felnétt, 300-400 gramm
kozotti sulyd him Wistar albind patkanyt hasz-
naltunk a kutatasban. Osszesen 6t csoportot
alakitottunk ki: sham (I. csoport) (n = 10), nem
volt kezelve; Il. csoport (n = 10) 1 koncentralt
séoldat; Ill. csoport (n = 10) 1 koncentralt
olivaolaj; IV. csoport (n = 10) 1 koncentralt
Nigella sativa-olaj; V. csoport (n = 10); 1 kon-
centralt szdéjaolajat helyileg alkalmaztunk az
epiduralis régiora a laminectomia utan. A pat-
kanyok teljes gerincét felboncoltuk, szévettani
és immunkémiai méréseket végeztink. A neu-
rohisztopatologiai eredményeket félkvantitativ
maodon pontoztuk az érrendszeri elvaltozas, a
neuronok degeneréacidja, a gliosis és a vérzési
kritériumok alapjan.

Eredmények - A fibrosis és a kot8szoveti
proliferacio legalacsonyabb szintje abban a
csoportban volt megfigyelhetd, ahol a mtét
utan Nigella sativa-olajat hasznaltak, ezt
kovette az olivaolajjal kezelt csoport, végUl
pedig a szojaolajjal kezelt csoport.
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Conclusion - Nigella sativa oil and olive ol
are very efficient for lowering the degree of
epidural fibrosis and adhesions following

laminectomy and can be employed as a sim-

ple, inexpensive and highly biocompatible
material in clinical practice.

Keywords: epidural fibrosis, laminectomy,
nigella sativa, olive oil, soybean oil

Kovetkeztetés - A Nigella sativa-olaj és
az olivaolaj nagyon hatékonyan csokkenti
a laminectomiat kovetd epiduralis fibrosist
és az Osszendvések mértékét, és egyszer(,
olcso és nagymértékben biokompatibilis
anyagként alkalmazhatdk a klinikai gyakor-
latban.

Kulcsszavak: epiduralis fibrosis,
laminectomia, Nigella sativa, olivaolaj, szdjaolaj

Intervertebral disc degeneration is a physiological pro-
cess. A higher number of people pass through surgery
of the lumbosacral area, and laminectomy is a kind of
surgery where part of the vertebral lamina is deducted for
decompression of the spinal cord or roots. The formation
of epidural fibrosis can be seen normally following sur-
gery'-2. However, it causes some compression symptoms
and reduces the progress of spinal surgery with compres-
sion and/or stretching the nerve root or the dura mater.
Furthermore, neuronal atrophy and axonal degeneration
have been reported under the scar tissue®.

Epidural fibrosis is a challenging topic in neurosur-
gery. In clinical practice, epidural fibrosis is a compo-
nent of “post-laminectomy syndrome” or “failed-back
surgery” which is a main source of strain and anxiety in
daily activities, as well as of a decreased quality of life
following spinal surgery. About 8% to 48% of patients
who had surgery for lumbar disc herniation experienced
post-laminectomy syndrome or failed-back surgery*.
Re-operation to excise fibrotic tissues has a danger of du-
ral tears, nerve injuries and excessive bleeding®.

Considering the high complication rates and the grad-
ually reduced progress rates of repetitive operations, it
was concluded that the most significant approach is to
hinder the advancement of epidural fibrosis. Presently,
there is no efficient treatment of epidural fibrosis, and
prophylaxis is a suggested alternative. In the recent years,
a number of studies have been carried out and biological
and non-biological constituents to hinder epidural fibro-
sis have been investigated in various experiments®’.

In the literature, to our knowledge, there is no study
about clinical or experimental research on the effective-
ness of organic vegetable oils on epidural fibrosis fol-
lowing spinal operations. The major reason for selecting
organic vegetable oils is that they can be employed as a
simple, inexpensive and greatly biocompatible material
in clinical practice. As a result, our research might be a
guide for a prospective clinical trial.

Materials and methods

All the experimental processes employed in this research
were unveiled and offered by the local Animal Research
Ethics Committee of Kirikkale University. Animal care
and all the tests followed the European Union Council
Directive of November 24, 1986 (86/609/EEC) associ-
ated to the care of animals for experimental use. This re-
search was carried out at Kirikkale University School of
Medicine, Experimental Animals Research Laboratory.

Fifty male Sprague—Dawley rats weighing approxi-
mately 250-300 g were employed. Animals were housed
with a single animal per cage at the Animal Experimen-
tal Research Centre and fed a standard rodent chow diet
and water ad libitum and kept at a consistent temperature
(22°C) on a 12:12 h light/ dark cycle. Maximum effort
was expended to minimise the discomfort of the animals
during surgery and sacrifice. The rats were randomly as-
signed to five groups with 10 rats per group.

The groups were as following: Group 1: Sham (n =
10); Group 2: Control (n = 10), laminectomy was con-
ducted, as explained below, afterwards, 1 cc of saline was
used topically to the epidural region; Group 3: Olive oil
(n = 10), laminectomy was conducted, and afterwards, 1
cc of olive-oil was used topically to the epidural region;
Group 4: Nigella sativa oil (n = 10), laminectomy was
carried out, and afterwards, 1 cc of nigella sativa-oil was
used topically to the epidural region; Group 5: Soybean
oil (n = 10), laminectomy was conducted, and afterwards,
1 cc of soybean-oil was used topically to the epidural re-
gion.

Every rat had the same surgical process. One dose of
50 mg/kg ceftriaxone (Rocephine, Roche, Turkey) was
given through the intraperitoneal route for prophylaxis
30 min before the operation. Rats were placed on an
operating board in a prone position after receiving in-
traperitoneal injections of ketamine hydrochloride (90
mg/kg, Ketalar; Pfizer, Istanbul, Turkey) and xylazine
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hydrochloride (10 mg/kg, Rompun 2%; Bayer, Istanbul,
Turkey). The dorsal hair was shaved off from the skin
and the surgical field was disinfected with povidone-io-
dine and draped with sterile towels. A longitudinal mid-
line skin incision was created between the LII and LIII
spinous processes. The lumbosacral fascia was uncov-
ered longitudinally, and the paraspinous muscles were
dissected bilaterally in a subperiosteal fashion to open
the laminae of the LIII-LV vertebrae. LIII-LV lami-
nectomy and flavectomy were performed, and epidural
fat was removed, leaving the dura mater clean and dry.
Haemostasis was achieved using cotton pads. No cau-
tery or bipolar coagulation was used. The wounds were
closed in an anatomical fashion via a propylene suture
(Prolene polypropylene sutures; Ethicon; Ethicon En-
do-Surgery, Inc., Cincinnati, OH, USA). There were
no comorbidities or adverse effects due to the materials
used. For postoperative analgesia, all of the rats were
provided ketorolac (50 mg/kg, intraperitoneal) for 5
days. Rats were sacrificed 6 weeks later with an over-
dose of intraperitoneal sodium thiopental (100 mg/kg).
When obtaining the samples, the animals were inspect-
ed for dura tear, nerve damage and illnesses. There was
no spotted dura tear or illnesses in the rats. The lumbar
spine, including the surgical site, was removed en bloc
and then fixed in 10% formic acid.

After postfixation in 10% formaldehyde solution, the
vertebral samples were placed in fixation and decalcifi-
cation solution (Biocal C, code RRDC3/G, composition:
EDTA <1%, potassium sodium tartrate <1%, sodium
tartrate <1%, hydrochloric acid <1%, Biostain [UK]) for
36 hours. The tissues were trimmed, washed, dehydrated
and embedded in paraffin wax for histopathologic exam-
ination. Using standard histological protocols, axial sec-
tions of 4 um thickness were obtained and stained with
hematoxylin—eosin. Furthermore, sections were stained
with Masson’s trichrome (Bio Optica, Italy) to assess
fibrosis. All sections were examined by a pathologist
who was blinded to the rats’ treatment. Light microsco-
py (Leica DFC450C, Germany) was used to examine the
slides, and digital photomicrographs were taken. Histo-
morphometric examinations were conducted using Leica
QWin image analysis software. The fibrosis density was
determined using Leica QWin image analysis software
and 20 x objective lens (Leica Microsys-
tems Imaging Solutions, N Plan). The in-
corporated optical density of all progres-
sive staining was measured, and the mean

Statistical analysis

IBM SPSS Statistics for Windows Version 24.0. was
used to analyse the data (IBM Corp., Armonk, New York,
USA). The Shapiro—Wilk test was employed to evaluate
whether the representation of continuous variables was
normal. The nonparametric Kruskal-Wallis test was used
to compare differences in groups, while the difference be-
tween subgroups was analysed using the Mann—Whitney
U Test. A likelihood ratio test was used to determine the
presence of arachnoidal involvement. A p-value less than
0.05 was considered statistically significant.

Results

No mortality or morbidity happened after the procedure.
The application of the study oils had no adverse effects
on the surrounding tissue or on wound healing in any rat.
We observed no wound infections, haematomas or cere-
brospinal fluid leaks. The evaluation of tissue fibrosis re-
sponse and the results of the histomorphometric analysis
of the degree of fibrosis between the groups are demon-
strated in Table 1 and Table 2.

Histopathological evaluations of connective tissue
formation and fibrosis in dura mater-related tissues after
surgery revealed that the highest degree of connective tis-
sue and fibrosis was formed in the Control group (Group
1) (p = 0.001). However, dura mater, spinal cord and
vertebral bone tissue were detected in normal histologi-
cal appearance in the sham group (Group 2). The lowest
level of fibrosis and connective tissue proliferation was
seen in the nigella sativa oil group (Group 4) , followed
by the olive oil applied group (Group 3) and finally, the
soybean oil applied group (Group 5) (p < 0.05). Although
there was no statistically significant difference in fibro-
sis between the nigella sativa oil and olive oil group (p
> (0.05), both groups had significantly less fibrosis than
the soybean oil group (p < 0.05). The histopathological
evaluation results of the fibrotic changes formed in the
operation area, as well as the degree of fibrosis between
the dura mater and the dorsal fascia and the bone roof
are given.

In Group 2, fibrosis was diffusely concentrated in the
dorsal vertebral region, and dense collagen tissue content

Table 1. Evaluation of tissue fibrosis response

: > Items Tissue fibrosis response scores
fibrosis-positive arca/total arca was cal- 0 ] > 3
culated using Leica QWin Plus v4. After
calculating the proportion (% pixels) of the Fibrosis No  Fewfibro-  Fibroblastic Fibrosis, collagen

stained area to the whole field, the mean
(in % pixels) staining area for each slide
was determined®.

blasts proliferation bundles
and increased

collagen
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was detected with a cellular appearance  Table 2. Histomorphometric analysis results of the degree of fibrosis

due to fibroblastic activity, particularly in  between groups

regions where adhesions were formed. In

areas of severe fibrosis, newly formed cap- Control ~ Sham Soybean- Olive-oil  Nigella-
illaries and enlarged venous vessels filled oil sativa-oil
with erythrocytes were observed. Despite Case 1 1.14 0.05 0.93 0.17 0.47

all of tﬁese ﬁndfings(,i almost no inflamma- Case2 209 0.26 100 024 0.07
tory cells were found.

The most severe histopathological Case3 2.2 012 0.63 0.25 0.21
changes were observed in the soybean oil ~ Case4  2.03 0.16 1.09 0.52 0.27
group. Connective tissue repair activities Case5 1.41 0.22 1.18 0.14 0.25
at the dorsal vertebral level were charac- Case 6 142 0.03 104 0.10 0.21

i fibroblasti tivit
terised by advanc.ed broblastic ac ity T 7 512 0.04 0.77 0.31 0.03
and collagen matrix. The collagen matrix
was unusually stained in dark blue. In ad- _C3se8  2.06 0.06 115 0.13 0.07
dition, multiple neovascularisation activi- Case9 215 0.10 1.05 0.24 0.20
ties were also present in this group. In the Case 10 178 014 0.78 018 0.09
connective tissue and healing areas, poly- Vean 178 013 0.05 025 022

morphous nuclear leukocytes and mac-

rophage activity were outlined, although

their numbers were variable. In particular,

the intense macrophage activity can be assessed as the
inflammation-increasing effect of soybean oil.

It was outlined that in the nigella sativa and olive oil
groups, minimal fibrosis was formed similarly to each
other. In particular, it was characterised by focal or mild
fibroblastic activity in the dorsal area. All rats survived
during the clinical follow-up. The histopathological
changes are shown in Figure 1.

Discussion

The degenerative spine, seen with today’s industrial
working conditions and increasing life expectancy, has
made low back pain one of the most common medical
problems in clinical practice’. Additionally, more spine
procedures are being performed for a variety of reasons,
including spinal stenosis, lumbar disc herniation, spon-
dylolisthesis, fracture and infectious diseases. One of the
most often used operations is laminectomy'’. Epidural
fibrosis is a well-known complication and is widely seen
after conducting laminectomy''. It is known that fibrosis
develops as a result of fibroblast activation secondary to
the increase in inflammatory cytokines in the operation
area. These fibroblasts produce mounts of collagen fibres
in the laminectomy defect sites'?. It has been found that
fibroblasts turn into fibrocytes with the formation of col-
lagen fibres before the scar tissue is formed from fibrous
connective tissue'?. Although it has been reported that the
post-laminectomy membrane is formed due to the inva-
sion of fibroblasts originating from spinal muscles, the
exact mechanism behind the formation of postoperative
peridural fibrosis has not yet been fully elucidated'.
Developing fibrosis is among the causes of postoper-

ative low back pain and failed-back syndrome'. It is be-
lieved that by limiting the growth of fibrosis, this difficult
problem for surgeons can be greatly avoided. It is believed
that traction in the dura and nerve roots as a result of fibro-
sis are the causes of pain'>. Prolongation of hospitalisation,
increase in hospital costs and development of neurological
deficits occur due to this epidural scar malformation'®. It
is stated that after the development of fibrosis, the surgical
operation will be complicated due to the risk of dural tear
and haematoma, and the correct approach is the attempt to
prevent the development of fibrosis'®.

Potential fibrosis development varies depending on the
patient’s metabolic activity and surgical circumstances.
Well-known fibrosis-increasing surgical agents defined
so far are the anatomical region, the surgical style, the
development of postoperative infection and the amount
of peri/postoperative haemorrhage. Transforming growth
factor-1b (TGF-1B) is thought to play a leading role in
fibrosis formation'” '®. Consequently, the inhibition of the
migration of fibroblasts from the paraspinal muscles or
haematoma related to surgery could prevent or reduce
epidural fibrosis formation.

Many studies have been performed, and many sub-
stances have been used to prevent epidural fibrosis
developing after spinal surgery. They examined the
effectiveness of other compounds for the prevention
of epidural fibrosis'’, such as steroids, non-steroidal
anti-inflammatory drugs, pedicle fat grafts, synthetic
membranes, haemostatic sponges, and anti-adhesion
barrier gels®”?!. The use and results of anti-inflammato-
ry agents that prevent the induction of TGF-1B and hae-
mostatic agents that provide efficient control of bleed-
ing have also been reported in the literature®. It has
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been stated that quite satisfactory results were collected.
Olive oil and nigella sativa oil, which are employed in
our study, two well-known Mediterranean foods whose
consumption has been associated with beneficial effects
on human health. There are current studies in the liter-
ature that these healthy foods can modulate inflamma-
tion through antioxidant and epigenetic mechanisms?.
Furthermore, the major difference between soybean and

olive/nigella sativa oil lies between their fat type, i.e.
soybean oil contains polyunsaturated fat, while olive oil
contains monounsaturated fats. The outcomes of these
natural ingredients, which are popular and have various
structures, were compared in our study.

Ozkan et al. examined the effects of 5-fluorouracil
(5-FU) and bevacizumab (BV), alone and combined, on
epidural fibrosis in rat laminectomy model*. Savran et al.

Figure 1. Histopathological sections of the spinal cord. All sections
were stained with Masson’s trichrome. In the group without laminecto-
my (Group 1), normal structure of spinal cord (SC) and subdural space
(asterisk) are seen, bar=320 um (A).

In the group that did not receive any treatment after laminectomy
(L3-4) (Group 2), intense fibroblastic activity (arrow) and local oste-
oid differentiation are observed in the dorsal root laminectomy area,
bar=210 ym (B and C).

In the group in which olive oil was applied after laminectomy (L3-4)
(Group 3), a low level of fibroblastic activity (arrow) is seen, with the
exception of minimal fibrous adhesions, bar=210 ym (D).

In the group using Nigella sativa oil after laminectomy (L3-4) (Group4),
mild to moderate fibrosis and fibroblastic activity (arrow) with collagen
are seen in the regeneration area, bar=320 um (E).

In the group given soybean oil after laminectomy (L3-4) (Group 5), an
area of fibrosis (arrow) in the dorsal laminectomy region that progress-
es further into the spinal space, bar=320 um (F) is seen

analysed the prevention of epidural fibrosis
in rats by local or systemic administration
of citicoline®. Bahrami et al. investigated
the effect of N-acetyl-cistein®. According
to some studies, alpha-tricalcium phos-
phate (a-TCP) may prevent the develop-
ment of fibrosis not only through its direct
actions on fibroblasts but also by lowering
TGF-B levels because of the crucial role
that TGF-p plays in collagen synthesis®.

The fact that more and more information
has been gained about the fundamental uses
of vegetable oils and their positive contribu-
tions to human health, thanks to the bioac-
tive components they contain, has led to an
increasing interest of consumers in vegeta-
ble oils produced by cold pressing and con-
sumed without refining. It is well recognised
that the main cause of these effects is the ox-
idative stability of vegetable oils*.

In our study, we analysed the effects of
relatively inexpensive organic vegetable oils,
which are easy to obtain and are frequent-
ly used in daily life. Since they are organic,
biocompatible and inexpensive, their use as
raw materials in the production of active sub-
stances and their involvement in clinical prac-
tice will be relatively easy. Nigella sativa oil
is also among the oils with high oxidation sta-
bility. A significant decrease in fibrosis rates
was found in all of the active ingredients we
used, and the best result was obtained with ni-
gella sativa oil. More detailed cohort studies
are needed to apply our satisfactory results in
clinical practise.

Limitations

First, there are likely to be species differ-
ences in the inflammatory reaction to sur-
gery. Second, sacrificing time is another
limitation of the study. Epidural fibrosis
level may be higher after a long-time peri-
od. Finally, to improve the statistical power
of the data, more rats should be included in
each group.

Az alabbi dokumentumot magancélra toltétték le az eLitMed.hu webportalrdl. A dokumentum felhaszndldsa a szerzéi jog szabalyozasa ala esik.



384 Akgul: Organic vegetable oils in preventing epidural fibrosis

Conclusion

Based on our study, organic oils reduce epidural fibrosis
after laminectomy in rats. It is proposed that these natural
products can safely be used in other species, including
human.

References

. Tao H, Fan H. Implantation of amniotic membrane to reduce

postlaminectomy epidural adhesions. Eur Spine J 2009;18:1202-12.
https://doi.org/10.1007/s00586-009-1013-x

. Chan CW, Peng P. Failed back surgery syndrome. Pain Med

2011;12:577-606.
https://doi.org/10.1111/j.1526-4637.2011.01089.x

. Mohi Eldin MM, Abdel Razek NM. Epidural fibrosis after lumbar

disc surgery: prevention and outcome evaluation. Asian Spine J
2015;9:370-85.
https://doi.org/10.4184/asj.2015.9.3.370

. Giirer B, Kahveci R, Gék¢e EC, Ozevren H, Turkoglu E, Gékge

A. Evaluation of topical application and systemic administration
of rosuvastatin in preventing epidural fibrosis in rats. Spine J
2015;15:522-9. https://doi.org/10.1016/j.spinee.2014.10.018

. Masopust V, Hickel M, Netuka D, Bradac O, Rokyta R, Vrabec M.

Postoperative epidural fibrosis. Clin J Pain 2009;25:600-6.
https://doi.org/10.1097/AJP.0b013e3181a5b665

. Bozkurt H, Kuru Bektasoglu P, Borekci A, Oztiirk OC, Kertmen H,

Egilmez R, et al. Antifibrotic effect of boric acid in rats with epidur-
al fibrosis. World Neurosurg 2019;122:¢989-¢994.
https://doi.org/10.1016/j.wneu.2018.10.187

. Sun Y, Zhao S, Li X, Yan L, Wang J, Wang D, et al. Local applica-

tion of rapamycin reduces epidural fibrosis after laminectomy via
inhibiting fibroblast proliferation and prompting apoptosis. J Orthop
Surg Res 2016;11(1):58.
https://doi.org/10.1186/s13018-016-0391-0

. Luvizuto ER, Queiroz TP, Dias SM, Okamoto T, Dornelles RC, Gar-

cia IR Jr, et al. Histomorphometric analysis and immunolocalization
of RANKL and OPG during the alveolar healing process in female
ovariectomized rats treated with oestrogen or raloxifene. Arch Oral
Biol 2010;55(1):52-9.
https://doi.org/10.1016/j.archoralbio.2009.11.001

. Pilitsis JG, Khazen O, Wenzel NG. Multidisciplinary firms and the

treatment of chronic pain: A case study of low back pain. Front Pain
Res (Lausanne) 2021;2:781433.
https://doi.org/10.3389/fpain.2021.781433

. Bogaert L, Thys T, Depreitere B, Dankaerts W, Amerijckx C, Van

Wambeke P, et al. Rehabilitation to improve outcomes of lumbar
fusion surgery: a systematic review with meta-analysis. Eur Spine J
2022;31(6):1525-45.

https://doi.org/10.1007/s00586-022-07158-2

. Sun P, Miao B, Xin H, Zhao J, Xia G, Xu P, et al. The effect of res-

veratrol on surgery-induced epidural fibrosis in laminectomy rats.
Evid Based Complement Alternat Med 2014;2014:574236.
https://doi.org/10.1155/2014/574236

. Zhu J, Li Y, Shen W, Qiao C, Ambrosio F, Lavasani M, et al. Rela-

tionships between transforming growth factor-betal, myostatin, and
decorin: implications for skeletal muscle fibrosis. J Biol Chem 2007
282:25852-63.

https://doi.org/10.1074/jbc.M704146200

. Kitahara T, Hanakita J, Takahashi T. Postlaminectomy membrane

with dynamic spinal cord compression disclosed with computed to-
mographic myelography: a case report and literature review. Spinal
Cord Ser Cases 2017;3:17056.
https://doi.org/10.1038/scsandc.2017.56

DECLARATION OF CONFLICTING INTERESTS — The authors
declare no potential conflicts of interest with respect to
the research, authorship and/or publication of this article.
FUNDING — The authors received no financial support for
the research, authorship and/or publication of this article.

20.

21.

22.

23.

24.

25.

26.

. Samy Abdou M, Hardy RW Jr. Epidural fibrosis and the failed

back surgery syndrome: history and physical findings. Neurol Res
1999;21(Suppl 1):S5-8.
https://doi.org/10.1080/01616412.1999.11758603

. Ross JS, Robertson JT, Frederickson RC, Petrie JL, Obuchowski N,

Modic MT, et al. Association between peridural scar and recurrent
radicular pain after lumbar discectomy: magnetic resonance evalua-
tion. Neurosurgery 1996;38:855-61.

. Wu CY, Jou IM, Yang WS, Yang CC, Chao LY, Huang YH. Signifi-

cance of the mass-compression effect of postlaminectomy/lamino-
tomy fibrosis on histological changes on the dura mater and nerve
root of the cauda equina: an experimental study in rats. J Orthop Sci
2014;19(5):798-808. https://doi.org/10.1007/s00776-014-0590-7

. Laurent GJ, Chambers RC, Hill MR, McAnulty RJ. Regulation of

matrix turnover: fibroblasts, forces, factors and fibrosis. Biochem
Soc Trans 2007, 35:647-5.
https://doi.org/10.1042/BST0350647

. Ismailoglu O, Albayrak B, Gulsen I, Tanriover G, Demir N. Topical

application of tacrolimus prevents epidural fibrosis in a rat postlami-
nectomy model: Histopathological and ultrastructural analysis. Turk
Neurosurg 2011;21(4):630-3.

. Jacobs RR, McClain O, Neff'J. Control of postlaminectomy scar

formation: An experimental and clinical study. Spine (Phila Pa
1976) 1980;5(3):223-9.
https://doi.org/10.1097/00007632-198005000-00004

He Y, Revel M, Loty B. A quantitative model of postlaminectomy
scar formation. Effects of a nonsteroidal anti-inflammatory drug.
Spine (Phila Pa 1976) 1995;20(5):557-63.
https://doi.org/10.1097/00007632-199503010-00010

Gill GG, Scheck M, Kelley ET, Rodrigo JJ. Pedicle fat grafts for the
prevention of scar in low-back surgery. A preliminary report on the
first 92 cases. Spine (Phila Pa 1976) 1985;10(7):662-7.
https://doi.org/10.1097/00007632-198509000-00012

Tural Emon S, Somay H, Orakdogen M, Uslu S, Somay A. Effects of
hemostatic polysaccharide agent on epidural fibrosis formation after
lumbar laminectomy in rats. Spine J 2016;16(3):414-9.
https://doi.org/10.1016/j.spinee.2015.11.014

Bordoni L, Fedeli D, Fiorini D, Gabbianelli R. Extra virgin olive
oil and Nigella sativa oil produced in Central Italy: A comparison of
the nutrigenomic effects of two mediterranean oils in a low-grade
inflammation model. Antioxidants (Basel) 2019;9(1):20.
https://doi.org/10.3390/antiox9010020

Ozkan U, Osun A, Samancioglu A, Ercan S, Firat U, Kemaloglu S.
The effect of bevacizumab and 5-Fluorouracil combination on epi-
dural fibrosis in a rat laminectomy model. Eur Rev Med Pharmacol
Sci 2014;18:95-100.

Savran M, Bekar A, Cansev M, Tolunay S, Ulus IH, Taskapilioglu
MO. Prevention of epidural fibrosis in rats by local or systemic
administration of citicoline. Turk Neurosurg 2012;22:634-40.
https://doi.org/10.5137/1019-5149.JTN.6008-12.0

Bahrami R, Akbari E, Rasras S, Jazayeri N, Khodayar MJ,
Foruozandeh H, et al. Effect of local N-acetyl-cysteine in the
prevention of epidural fibrosis in rat laminectomy model. Asian J
Neurosurg 2018;13(3):664-8.
https://doi.org/10.4103/ajns. AJNS_294 16

Az alabbi dokumentumot magancélra toltétték le az eLitMed.hu webportalrdl. A dokumentum felhaszndldsa a szerzéi jog szabalyozasa ala esik.



