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SStt rreesszzcczzeenniiee

WWssttêêpp  ii cceell  pprraaccyy::  Zwiêkszone zw³óknienie powstaj¹ce
po operacji w obrêbie lêdŸwiowego odcinka krêgos³upa mo-
¿e w wiêkszoœci przypadków byæ przyczyn¹ zespo³u nieuda-
nej operacji krêgos³upa. Do zapobiegania zw³óknieniu nad-
twardówkowemu wykorzystywano ró¿ne materia³y, ale
z ograniczonym powodzeniem. W pracy autorzy zbadali
wp³yw FloSealu (substancji hemostatycznej opartej na trom-
binie i zawieraj¹cej ¿elatynê) na zw³óknienie nadtwardówko-
we w szczurzym modelu laminektomii.
MMaatteerriiaa³³  ii mmeettooddyy::  U 16 szczurów rasy Wistar wykonano la-
minektomiê na poziomie L4 i L5. U 8 szczurów w miejscu
laminektomii podano miejscowo 0,5 ml FloSealu, a u kolej-
nych 8 – tworz¹cych grupê kontroln¹ – miejsce laminekto-
mii przep³ukano fizjologicznym roztworem chlorku sodu.
Szczury uœmiercono po 4 tyg. Ka¿dy preparat zbadano
pod k¹tem gêstoœci zw³óknienia oraz gêstoœci fibroblastów
i komórek zapalnych.
WWyynniikkii::  Gêstoœæ zw³óknienia nadtwardówkowego ró¿ni³a siê
istotnie miêdzy badanymi grupami. Ocena gêstoœci fibrobla-
stów i komórek zapalnych równie¿ wykaza³a istotne ró¿nice
miêdzy grupami.
WWnniioosseekk:: Podanie FloSealu w miejsce laminektomii mo¿e
byæ przydatne w zmniejszaniu przylegania na z³¹czu miêdzy
opon¹ tward¹ i zw³óknieniem nadtwardówkowym.

SS³³oowwaa  kklluucczzoowwee:: zw³óknienie nadtwardówkowe, FloSeal,
œrodek hemostatyczny, zespó³ nieudanej operacji krêgos³upa.

AAbbss tt rraacc tt

BBaacckkggrroouunndd  aanndd  ppuurrppoossee:: An increased amount of fibrosis
formed after lumbar surgery may be the underlying cause
of the failed back surgery syndrome in most cases. Various
materials have been used to prevent epidural fibrosis, but 
only limited success has been achieved. In this study, the au-
thors investigated the effect of FloSeal (a gelatine-containing
thrombin-based haemostatic agent) on spinal epidural fibro-
sis in a rat laminectomy model.
MMaatteerriiaall  aanndd  mmeetthhooddss:: Sixteen Wistar rats underwent lami-
nectomy at L4 and L5 levels. In 8 rats, 0.5 mL of FloSeal
was locally applied to the laminectomy site. The laminecto-
my site was irrigated with saline in the control group of
8 other rats. The rats were sacrificed four weeks later. Each
specimen was examined for density of fibrosis, and both fi-
broblast and inflammatory cell density.
RReessuullttss:: Epidural fibrosis density differed significantly be-
tween the FloSeal group and the control group. Evaluation
of the fibroblast density and the inflammatory cell density
showed a statistically significant difference between the Flo-
Seal group and the control group.
CCoonncclluussiioonn::  Application of FloSeal at a laminectomy site may
be useful to decrease adhesion at the interface between the
dura mater and epidural fibrosis.

KKeeyy  wwoorrddss::  epidural fibrosis, FloSeal, haemostatic agent,
failed back syndrome.
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IInnttrroodduuccttiioonn

Each year, a significant number of patients all over
the world undergo lumbosacral surgery for disc herni-
ation [1-3]. In spite of the progress that has been achie-
ved by microsurgical techniques and diagnostic neuro-
radiological modalities, the rate of unsatisfactory results
after lumbar disc surgery ranges from 5 to 40% [4-6].
The formation of epidural scar tissue is an expected con-
sequence of laminectomy surgery [7-9]. Extensive epi-
dural fibrosis with extradural compressing or tethering
of the nerve roots has been shown to play a key role in
the pathogenesis of failed back surgery syndrome
(FBSS) [10-13].

It is well known that the post-laminectomy epidural
fibrosis is formed by fibrous connective tissue ingrowths
into the surgical haematoma from the posterior paraspi-
nal muscles [8,14]. Many authors support the thesis
that the best way of avoiding the appearance of epidu-
ral fibrosis is to reduce its formation [15-17]. Meticu-
lous surgery, as a preventive intraoperative measure, has
been suggested [18,19] with careful haemostasis and
the placement of physical [15,20] and chemical 
[21-23] barriers between the muscles and the dura 
mater.

FloSeal (Baxter International Inc, Deerfield, Ill) is
a bovine collagen-derived gelatine matrix that is combi-
ned with bovine thrombin at the time of use. Because
of its granular consistency, it conforms to irregular sur-
faces and ensures direct contact of the thrombin with
the haemorrhagic tissue surface. Since the matrix swells,
it also provides some tamponading of injured vessels.
Because blood permeates between the gelatine granu-
les, clot formation is rapid and is structurally supported
by the matrix. Undisturbed, the material is fully resor-
bed within 6 to 8 weeks [24].

This study employed a rat laminectomy model to in-
vestigate the use of a new gelatine-containing thrombin-
based haemostatic agent to limit the formation of
epidural fibrosis. Our hypothesis was that the gelatine-
containing thrombin-based haemostatic agent would si-
gnificantly reduce the extent of the epidural fibrosis tis-
sue.

MMaatteerriiaall  aanndd  mmeetthhooddss

AAnniimmaall  mmooddeell  aanndd  ssuurrggiiccaall  tteecchhnniiqquuee

Sixteen male Wistar rats weighing between 300
and 350 g were used for this study after approval was

obtained from the Gazi University Ethical Committee.
To control for surgical technique, the same surgeon per-
formed the surgeries. 

Anaesthesia was performed with an intravenous in-
jection of ketamine (35 mg/kg) and xylazine (5 mg/kg).
The lower half of the back of the rabbits was shaved and
a preoperative dose of intramuscular cefazolin sodium
(0.1 mg/kg) was administered for infection prophylaxis.
The surgical field was prepared with povidone iodine
(Betadine) soap and solution. A posterior midline skin
incision was performed from L1 to S1 vertebrae. 
The paraspinal musculature was dissected subperioste-
ally. After lumbar vertebral segments were exposed, to-
tal laminectomies were performed at L4 and L5 levels.
The ligamentum flavum and epidural fat were then re-
moved and the dura mater was exposed. Rats were ran-
domly separated into two groups; in the control group
(n = 8) the laminectomy site was irrigated with saline,
and in the FloSeal group (n = 8) 0.5 mL of FloSeal
(4000 IU of bovine thrombin per 5 mL of FloSeal) was
placed on the laminectomy side [25].

After 4 weeks, all animals were sacrificed by a lethal
dose of pentobarbital (150 mg/kg) (IE Ulagay, Istan-
bul Turkey).

HHiissttooppaatthhoollooggiiccaall  eevvaalluuaattiioonn

The spine was cut into an L3–S1 complex for pa-
thological analysis and placed in 10% buffered forma-
lin for 2 weeks, decalcified and processed for patholo-
gical evaluation. Sections of 8 µm were obtained for
optimal visualization of the laminectomy site. These sec-
tions were stained with haematoxylin and eosin and
Masson trichrome. All specimens were pathologically
evaluated by a pathologist who was blinded to the treat-
ment. Each specimen was examined for density of fibro-
sis, and both fibroblast and inflammatory cell density. 

Based on the data reported by He et al. [23],
the sections were subjectively classified with regard to
the extent of fibrosis and density along the dura mater:
grade 0 – dura mater is free of scar tissue; grade 1 
– only thin fibrous bands are observed between the scar
tissue and dura mater; grade 2 – continuous adherence
is observed in less than two thirds of the bone defect;
grade 3 – scar tissue adherence is large, affecting more
than two thirds of the bone defect, or the adherence
extended to the nerve tissue.

Based on the data reported by Hinton et al. [26],
the sections were subjectively classified with regard to
the fibroblast and inflammatory cell density: grade 1
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– 100 or fewer cells in every region at 400 times magni-
fication; grade 2 – 100-150 cells in every region at 400
times magnification; grade 3 – 150 or more cells in eve-
ry region at 400 times magnification (Fig. 1).

SSttaattiissttiiccaall  aannaallyyssiiss

The density of epidural fibrosis, fibroblast density,
and inflammatory cell density were statistically analyzed
using a standard χ2 test. P-values < 0.05 were accepted
as statistically significant.

RReessuullttss

The postoperative course was uneventful in all ani-
mals. There was no case of neurological deficit, wound

infection, or disturbance of wound healing. The residu-
al gelatine component of the agent was not observed in
any section within any group.

The measured values of epidural fibrosis density, fi-
broblast density, and inflammatory cell density are pre-
sented in Table 1. In terms of the extent of postoperati-
ve epidural fibrosis, a significant difference was found
between the FloSeal group and the control group. Eva-
luation of the fibroblast and the inflammatory cell den-
sity also showed a statistically significant difference be-
tween the FloSeal group and the control group (Table 2).

DDiissccuussssiioonn

Since the first studies of LaRocca and Macnab [8], 
various physical barriers have been proposed in order 

FFiigg.. 11.. (A) Grade 1 fibroblast density within the epidural fibrotic tissue in a rat from the FloSeal group (haematoxylin and eosin; original magnification, × 100). 
(B) Grade 2 fibroblast density within the epidural fibrotic tissue in a rat from the FloSeal group (haematoxylin and eosin; original magnification, × 200). (C) Grade
3 fibroblast density within the epidural fibrotic tissue in a rat from the control group (haematoxylin and eosin; original magnification, × 200). (D) Grade 2 epidural
fibrosis in a rat from the control group (Masson trichrome; original magnification, × 100)
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to prevent epidural fibrosis formation. These barriers
prevent the migration of the fibroblasts from the para-
vertebral muscles to the dura mater. Recently, 
an expandable polytetrafluoroethylene membrane 
(ePTFE) [8] and an ADCON-L (bioresorbable gela-
tine and polyglycan gel) [27] have been recommended.
Autogenous free-fat grafts are currently the most popu-
lar interpositional material used clinically [28-30]. Ho-
wever, the use of this fat may result in some complica-
tions, such as infection and haematoma in the donor area
[22]. Kuivila et al. [31] mention other inconveniences
of the fat graft such as necrosis, atrophy and even com-
pression on the cauda equina [32]. Because of the con-
troversial results of mechanical and physical barriers, 
attempts have been made to apply chemicals such as non-
steroidal anti-inflammatory drugs [33], activators of tis-
sue plasminogen [34], mitomycin C [21], and urokina-
se [35]. However, these are no longer used [17,22,35].

The extent of the laminectomy seems to be related
to the mechanism of scar formation. The authors
of a prospective randomized study have reported that
the reduction of scar formation was associated with cli-
nically better results in patients undergoing single level
lumbar discectomy [36,37]. The prevention of epidu-
ral scarring is the result of meticulous haemostasis, mi-
nimal tissue trauma, and good sterile technique. A va-
riety of haemostatic agents and techniques are used by
neurosurgeons depending on the type, source, and lo-
cation of haemorrhage. FloSeal is a gelatine-based ma-
trix and thrombin solution derived from bovine colla-
gen and cross-linked glutaraldehyde. When applied
the gelatine matrix conforms to the bleeding surface, ab-
sorbs blood and swells, physically restricting blood flow.
The thrombin then converts the patient’s fibrinogen in-
to a fibrin polymer which forms a clot around the gela-
tine granules. FloSeal is resorbed by the body within
6-8 weeks. It has been used in vascular and cardiac pro-
cedures as a topical haemostatic agent. It has been ap-
proved as a haemostatic agent except in intra-urinary or
intraocular procedures [24]. 

The aim of this study was to demonstrate the effect
of FloSeal in epidural fibrosis in a rat laminectomy mo-
del. The results of the epidural fibrosis, and the fibroblast
and the inflammatory cell density showed statistically si-
gnificant differences between the FloSeal and the control
groups. The results of this study are compatible with
the results of Miyamoto et al. [38]. We propose two hy-
potheses to explain our findings. Firstly, the thrombin may
have played a haemostatic role. Therefore, it may have
contributed to a decrease of the postoperative haemato-

ma. Secondly, adhesive tissue maturation at the interface
between the epidural fibrosis and dura mater may have
been hindered by thrombin, as shown by a decrease in
collagen cross-link formation. The reports of Yong-Hing
et al. and Songer et al. suggested that a gelatine sponge
had no effect or increased fibrosis formation in lumbar
surgery [14,39]. In contrast to these reports, it is still 
possible that the gelatine itself may have contributed to
the reduced spreading of the haematoma at the surgical
area by preventing fibrous connective tissue ingrowth. Al-
though much effort was given to reproduce the clinical
situation in this rat laminectomy model, further studies
will be required to show the complete mechanism of ac-
tion of this haemostatic agent.

CCoonncclluussiioonn

This study revealed that the application of a new 
gelatine-containing thrombin-based haemostatic agent
was able to decrease adhesion at the interface be-
tween the dura mater and epidural fibrosis. In addi-
tion, this gelatine-containing thrombin-based haemo-
static agent may be useful to minimize postoperative
complications. 

DDiisscclloossuurree

Authors report no conflict of interest.

GGrroouupp  &&  GGrraaddeess** NNuummbbeerr  ooff  rraattss

EEppiidduurraall FFiibbrroobbllaasstt IInnffllaammmmaattoorryy
ffiibbrroossiiss ddeennssiittyy cceellll  ddeennssiittyy

Grade 1 - 1 1

Control Grade 2 1 2 1

Grade 3 7 5 6

Grade 1 5 3 4

FloSeal Grade 2 2 5 3

Grade 3 1 - 1

TTaabbllee  11..  Characteristics of studied groups

MMeeaassuurreemmeennttss TTeesstt  ssttaattiissttiiccss PP--vvaalluuee

Epidural fibrosis 9.84 < 0.05

Fibroblast density 7.28 < 0.05

Inflammatory cell density 6.36 < 0.05

TTaabbllee  22..  The standard χ2 test statistics among the FloSeal group and control
group regarding epidural fibrosis, fibroblast density, and inflammatory cell density

*see text for definitions of grades
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