
Summary. Introduction: It is difficult to prevent and
treat intra- and peri-neural fibrosis after peripheral nerve
surgery. Many authors have attempted to develop and
verify the effectiveness of substances to decrease the
formation of adherences in different tissues. Material
and Methods: this study aimed to assess the
effectiveness of a barrier of oxidized regenerated
cellulose (ORC) to reduce adherence and perineural
fibrosis in a model of surgical perineural induced
fibrosis in rat sciatic nerve in 40 rats. After tissue
aggression, the nerve of the right rear limb was wrapped
in ORC and the left limb served as control. Animals
were killed at 3 and 6 weeks, and nerves and muscle
mass were extracted en bloc. Connective tissue was
quantified by conventional histopathological techniques
and Fibrosis HR® automatic image analysis. Results: No
significant differences were found in intra- or peri-neural
induced fibrosis between control nerves (6.88% and
8.90%, respectively) and treated nerves (6.57% and
9.90%) at 3 or 6 weeks (10.41% and 12.51% in controls;
11.85% and 15.72% in treated nerves). Inflammatory
phenomena and granulomatous reactions were more
frequent in treated animals. Conclusions: ORC conferred
no advantage in prevention of nerve fibrosis and might
have interfered with healing.
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Introduction

It is difficult to prevent and treat intra- and peri-
neural fibrosis after peripheral nerve surgery. Recurrence
of carpal tunnel syndrome after surgical release of the
median nerve occurs in 0.3-20% of cases (Steyers,
2002). Postoperative fibrosis and adherences are the
main factors implicated in symptom recurrence (Steyers,
2002; Stütz et al., 2006). After fibrosis has developed,
even meticulous neural decompression with surgical
microscope often exacerbates symptoms, because every
tissue manipulation is a new stimulus to induce further
fibrosis (Millesi et al., 1993). Indeed, some patients may
best be described as having a “Sisyphus syndrome”, in
which repeated surgery initially relieves symptoms that
eventually return to haunt the patient and the surgeon,
often associated with extraneural fibrosis (McCall et al.,
2001).

Numerous complicated procedures have been
proposed, including fascio-fat or muscle flaps, vein graft
wrapping or even free vascularized flaps to reduce
perineural scarring and postoperative fibrotic
adherences, with very heterogeneous results (Rose et al.,
1991; Tham et al., 1996; Guillemot et al., 1999; Dahlin
et al., 2002; Goitz and Steichen, 2005 ). 

Many authors have attempted to develop and verify
the effectiveness of substances to decrease the formation
of adherences in different tissues (Petersen et al., 1996;
Oncel et al., 2004; Dam-Hieu et al., 2005; Ilbay et al.,
2005; Massie et al., 2005; Ivanic et al., 2006). However,
evaluation of their effectiveness is hampered by the lack
of objective assessment methods to demonstrate small or
moderate but possibly clinically relevant
histopathological differences between the use and non-
use of these materials.
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The objective of this experimental study is to assess
the effectiveness of a barrier of oxidized regenerated
cellulose to reduce adherences and intra- and peri-neural
fibrosis in a model of surgical perineural induced
fibrosis in rat sciatic nerve. 
Materials and methods

Experimental animals

We studied 40 Sprague-Dawley male rats with a
weight of 300-350 g. The study complied with current
European legislation on research ethics and was
approved by the ethical commission for animal research
of our institution.
Procedure

Animals were anesthetized with ether inhalation
followed by intraperitoneal injection of a solution of
ketamine (1 ml), diazepam (0.8 ml) and atropine (0.2
ml). Preoperative anti-infectious prophylaxis was
conducted by administering 30 mg/kg of intramuscular
cefuroxime. 

Both sciatic nerves were exposed between vastus
lateralis and biceps femoris by longitudinal
posterolateral incision. The sciatic nerve was dissected
from the surrounding tissue with a surgical microscope,
and the tibial and peroneal fascicles were proximally
separated along a length of 1 cm. The perineurium of
these two fascicles in the previously dissected segment
was resected using microsurgery instruments, taking care
to minimize nerve fascicle lesions (Fig. 1A).

In order to stimulate a local fibrogenic response
around the nerve, bipolar forceps were used to cauterize
the muscle bed (femoral biceps) where the sciatic nerve
would rest, while the sciatic nerve itself was kept

isolated. After this tissue insult, the nerve was covered
with a 1.5x5 mm sheet of oxidized regenerated cellulose
(Divide®; Johnson & Jonson, Raritan, NJ, USA) (Fig.
1B). This anti-adhesion mesh barrier changes to a gel
consistency within a few hours of its application.

The wound was closed with silk suture in skin. The
left rear limb served as internal control, applying no anti-
adherent barrier before wound closure.

Twenty rats were killed at 3 weeks and the
remaining twenty at 6 weeks post-surgery by overdose
of sodium pentobarbital after anesthesia with ether. The
nerves and surrounding soft tissues were then extracted
en bloc.
Histopathological and morphometric study

Tissues were fixed in 4% buffered formalin and
embedded in paraffin. For histopathological study,
longitudinal sections were cut from the nerve-muscle
complex of rat rear limb. After identifying the sciatic
nerve, 4-µm sections were cut, deparaffinized, and
histologically stained with hematoxylin-eosin, PAS,
Masson trichromic stain or Syrius red. 

Connective tissue was quantified by image analysis,
assessing 20 images per sample (10 including
perineurium and 10 only endoneurium) by means of a
Sony camera connected to a BH-2 microscope (Olympus
Optical Company, Ltd., Tokyo, Japan) with an MTV-3
adapter, using a 3.3X intermediate lens and 20X
objective. Images were processed and quantified by
applying Fibrosis HR® (ImaGesp, Barcelona, Spain)
(Masseroli et al., 1998).
Statistical analysis

SPSS for Windows version 15.0 (SPSS Inc.,
Chicago, IL) was used for the statistical analyses. The
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Fig. 1. A. Exposure of rat sciatic nerve. Perineurium removal and isolation of main fascicles. B. Thermal lesion in muscle bed with bipolar forceps. C.
Placement of oxidized regenerated cellulose sheet between nerve and thermally-injured muscle bed.
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Fig. 2. Sciatic nerve (n) at 3 weeks from lesion induction with accumulations of oxidized regenerated cellulose (A) and extensive postoperative fat
necrosis (B) (hematoxylin-eosin, x40). Sciatic nerve at 6 weeks from lesion induction with persistence of oxidized regenerated cellulose (*) (C), chronic
granulomatous reaction with presence of giant cells (arrows) (D) (hematoxylin-eosin, x100), intense induction of perineural fibrosis (f) (E), and bacterial
contamination with abscess formation (F) (hematoxylin-eosin, x40).



normal distribution of variables was assessed by the
Kolmogorov-Smirnov test. After descriptive analysis,
statistical significance was evaluated by means of the
Student’s t-test. Confidence intervals were 99%
(p<0.001) and 95% (p<0.05).
Results

Six rats were discarded (and replaced by new
animals) due to: unexplained death at 48 h post-surgery
(n=1); self-mutilation of intervened limbs (n=1); suture
dehiscence (n=1); and development of neurotrophic
(n=3) ulcers. No signs of infection were observed during
the postoperative study period.

Histopathological results

Seven (33%) of the animals treated with oxidized
regenerated cellulose showed more pronounced
development of foreign body granulomas surrounding
nerve fibers (Fig. 2A-C). The treated group showed a
more intense fat necrosis, with numerous foamy
histiocytes in the perineural adipose tissue bed and, in
some cases, within the nerve structure itself. A clinically
undetected perineural abscess was observed in one
treated rat (Fig. 2F). The semi-quantitative study found
no difference between treated and control animals in the
development of connective tissue in the lesioned area.

Histopathological findings in animals killed at 6
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Fig. 3. Panoramic image of
oxidized regenerated cellulose
-treated sciatic nerve and
striated muscle at 3 (A) and 6
(B) weeks post-surgery,
showing the increase in
perineural fibrosis over time
(arrows) (Syrius red staining).



weeks revealed a lower degree of nerve and soft tissue
injury in control animals; 50% of them had no nerve
fiber alterations or lymphoplasmocytic chronic
inflammatory infiltrate, and only a few histiocytes were
observed. Control muscle tissue showed solely
morphological features of thermal injury, whereas the
treated muscle still showed fat necrosis, granulomatous
reaction with giant cells (Fig. 2D), and histiocyte cells
around the epineurium and within the sciatic nerve. In
the semi-quantitative assessment of vascular connective

tissue at 6 weeks, no differences were found between
controls and treated animals (Fig. 2E). 
Morphometric results

Table 1 shows the mean (and standard deviation)
percentages and areas (in square microns) of intraneural
connective tissue, including the perineurium, at 3 and 6
weeks. Morphometric study confirmed an increase in the
percentage and extent of connective tissue in sciatic
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Fig. 4. Automatic image analysis processing of connective tissue. 1) Microphotograph of rat sciatic nerve perineurium section with Syrius red-stained.
2) Normalized digital image. 3) Automatic segmentation of connective tissue area through Fibrosis HR® program. A. Control group: Connective tissue
percentage 11.09%. B. Oxidase regenerated cellulosa-treated sciatic nerve group: Connective tissue percentage 15.39%. Bar: 100 µm.

Table 1. Connective tissue automatically quantified by image analysis with the Fibrosis HR® program in Syrius red-stained sections of control and
oxidized regenerated cellulose-treated sciatic nerve from animals killed at 3 and 6 weeks. 

Rats (n=20/group) Intraneural connective Tissue (%) Perineurium + connective tissue (%) Connective tissue (µm2) Perineurium + connective tissue (µm2) P-Value

Control 3-wks 6.8±2.7 8.9±3.1 12036.3±4848.6 15569.2±5454.7
Treated 3-wks 6.5±3.2 9.9±3.2 11489.4±5600.5 17319.1±5608.7 NS
Control 6-wks 10.4±3.8 12.5±4.4 18214.2±6740.1 21878.8±7697.1
Treated 6-wks 11.8±1.8 15.7±3.4 20733.2±3151.5 27487.8±6010.6 NS

Values are expressed as mean ± Standard Deviation. P- values, Student t test.



nerve increases over time (Fig. 3) but no significant
differences were found between the control and oxidized
regenerated cellulose treated animals at either time 
point.
Discussion

Postoperative perineural fibrosis is an unresolved
and frequently underestimated surgical problem (Stütz et
al., 2006). Various substances such as Adcon, hyaluronic
acid and derivatives, mitomycin C or polytetra-
fluoroethylene gels and membranes have been proposed
to exert anti-adherent effects (Petersen et al., 1996;
Oncel et al., 2004; Dam-Hieu et al., 2005; Ilbay et al.,
2005; Massie et al., 2005; Ivanic et al., 2006), but the
evidence has been non-conclusive.

Their application in human clinical trials (Petersen et
al., 1996; Loick et al., 1997; McCall et al., 2001; Ganzer
et al., 2003; Gerszten et al., 2003; Golash et al., 2003;
Ivanic et al., 2006) has yielded controversial results of
doubtful interpretation, since fibrosis is a
histopathological, non-clinical entity that is not directly
related to patient symptomatology and is influenced by
numerous factors. Reports that these substances may
inhibit conjunctive tissue formation have aroused
suspicions of a possible negative influence on the
healing of injuries and surgical wounds (Golash et al.,
2003; Zou et al., 2004). 

It is not feasible to take the requisite tissue samples
from human subjects for pathological analysis, and
histological assessment is limited to experimental animal
models, especially rat and rabbit (Ikeda et al., 2002;
Clark et al., 2003; Isla et al., 2003; Oncel et al., 2004;
Dam-Hieu et al., 2005; Ilbay et al., 2005; Massie et al.,
2005; Ohsumi et al., 2005; Merle et al., 2008; Temiz et
al., 2008). Fibrosis analysis methodology is also highly
variable. Studies have used highly subjective semi-
quantitative scales (Petersen et al., 1996; Isla et al.,
2003), cell counts (Ilbay et al., 2005), biomechanical
tests of adherence rupture force (Petersen et al., 1996;
Oncel et al., 2004; Ohsumi et al., 2005) or
hydroxyproline quantification as an indirect measure
(Massie et al., 2005). 

Image digital analysis has been applied to the
morphometric analysis of normal and pathological tissue
(Gil et al., 1986; Wootton et al., 1995), allowing
objective and reproducible quantifications to be obtained
(Masseroli et al., 1998; Caballero et al., 2001; Pajares-
López and Hernández-Cortés, 2005). The use of the
Fibrosis HR® program is therefore strength of the
present study. The experimental model developed by
Oshumi (Ohsumi et al., 2005) was selected for its
technical simplicity, controlling for any interanimal
variability in wound-healing capacity by using the nerve
in the other hind limb of each animal as control. 

Anti-fibrotic agents currently available for humans
include bovine pericardium, Silastic®, collagenous
Vycril®, Gore-Tex®, Adcon-T® and oxidized regenerated
cellulose such as Interceed® and Divide® (Ikeda et al.,

2002; Merle et al., 2008).
Few studies have been published on the use of

oxidized regenerated cellulose to prevent perineural
fibrosis. Ikeda et al. (2002) found this material to be
effective in preventing the formation of histologically
assessed perineural adherences in an experimental model
of fibrosis in rabbit sciatic nerve. Loick et al. (1997)
published good clinical outcomes from its use in nine
patients undergoing carpal tunnel release, epineurolysis
and flexor synovectomy, although histopathological
studies were evidently not possible.

Termiz et al. (2008) recently demonstrated
adherence reduction in a model of tendon injury in
rabbits and found no interference with wound-healing,
assessing adherences on a semi-quantitative scale. Merle
et al. (2008) presented a mixed rabbit experimental and
clinical study on the use of oxidized regenerated
cellulose in tendon surgery, also with good results,
assessing adherences in the animal model from the
degree of rabbit limb mobility and measuring the
histological response based on descriptive microscopic
criteria.

The percentage of intraneural and perineural
connective tissue increased with longer postoperative
follow-up; No significant difference in intraneural or
perineural fibrosis was found between control and
treated nerves at 3 or 6 weeks, indicating that this
pharmaceutical has no antifibrogenic effect.
Furthermore, inflammatory phenomena and foreign body
granulomatous reactions were more frequently detected
in oxidized regenerated cellulose -treated than in
untreated nerves and remains of the material were still
observed at 6 weeks after its application. 

In conclusion, these histopathological and
morphometric results do not support the antifibrogenic
effect of locally applied oxidized regenerated cellulose
in this experimental model, and this material induced a
chronic granulomatous inflammatory response that may
interfere with the healing process.
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