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Abstract Post laminectomy arachnoiditis has been
shown by experiments with rats and post operative radio-
logical imaging in humans. The purpose of this experi-
mental study was to determine the efficacy of tenoxicam in
preventing arachnoiditis in rats. Twenty-four Wistar rats
were divided into two groups, and L3 laminectomy was
performed. In the tenoxicam group, 0.5 mg/kg tenoxicam
was applied intraperitoneally. Normal saline was applied
intraperitoneally in the control group. Later, the rats were
killed at weeks 3 and 6, and the laminectomy sites were
evaluated pathologically for arachnoiditis. The results
showed that 6 weeks after surgery, the tenoxicam group
showed lowest arachnoiditis grades. However, statistically
significant difference was not found in arachnoiditis
between the control group and the tenoxicam group. Based
on these findings it is concluded that application of the
tenoxicam after lumbar laminectomy did not effectively
reduce arachnoiditis. Performing the most effective surgi-
cal technique without damage around tissue in a small
surgical wound and having meticulous hemostasis in
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surgery seem to be the key for preventing arachnoiditis
effectively.
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Introduction

Spinal adhesive arachnoiditis is a chronic nonspecific
inflammatory condition involving the leptomeninges and
intrathecal neural elements [1]. The possible etiologic
factors were reported to be mechanical disorders and
bacterial infections such as prolapsed intervertebral disc,
degenerative spinal stenosis, spinal trauma, surgical
intervention to the spine, and intrathecal injection of
myelographic dyes or anesthetics [2, 3]. Following lumbar
disc surgery, 4.6% of patients have lumbar adhesive
arachnoiditis [4]. Symptomatic cases may present chronic
low-back pain, motor and sensory loss, and reflex changes
[3]. Previous clinical studies have demonstrated that
adhesive spinal arachnoiditis in the caudal sac is very
difficult to treat [5].

Nonsteroidal anti-inflammatory drugs (NSAIDs) are at
present the most widely used medications in the treatment of
inflammation and pain [6]. NSAIDs are inhibitors of pros-
taglandin H synthase, more commonly referred to as
cyclooxygenase (COX) [7]. Tenoxicam, one of the NSAIDs,
has been tested in many experimental studies intraperito-
neally to prevent the initial inflammatory stage of adhesion
formation in a noninfectious environment [8, 9]. Previously,
tenoxicam has not been used for the treatment of post lam-
inectomy arachnoiditis. In the present study, we examined
the effect of intraperitoneal tenoxicam application on the
prevention of arachnoiditis in laminectomized rats.
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Materials and methods

Twenty-four Wistar rats, each weighing 250-300 g, were
used for this study. The protocols were approved by the
Gazi University Institutional Animal Care and Use Com-
mittee for ethics in animal experiments.

Surgical procedure

Animal were anesthetized with intraperitoneal ketamine
sulfate of 5 mg/kg (Ketalar, Parke Davis, Eczacibasi,
Turkey) and 2% xylazine of 10 mg/kg (Rompun, Bayer,
Istanbul, Turkey). The lumbosacral regions of the animals
were first shaved; Later, the surgical area was prepared
using povidine iodine (Betadine). Then, a midline skin
incision from L2 to L4 was incised, and paraspinous
muscles were dissected bilaterally. A total laminectomy
was performed at L3 lamina. Care was taken not to damage
the dura mater. In addition, hemostasis was achieved with
electrocautery, and meticulous microsurgical technique
was performed using loupe magnification (Easy loupe,
Oculus, Germany). The wound was closed in layers after
the operation.

Rats were randomly assigned to 2 groups of 12 rats
each. Normal saline (control group) and 0.5 mg/kg tenox-
icam (tenoxicam group) were applied intraperitoneally
immediately after laminectomy. Both the control group and
the tenoxicam group were further divided into two equal
groups, each comprising six rats. Subsequently, the animals
were killed with an overdose of intraperitoneally injected
pentobarbital at 3 and 6 weeks of surgery. In the post-
operative period, none of the rats showed the evidence of
infection and neurological deficit.

Light microscopy evaluation

The surgical area, including the laminectomy site and
paraspinal musculature, was removed en bloc including
distal and proximal sites of lesion and fixed in 10%
buffered formaldehyde solution. After fixation, the spec-
imens were decalcificated and dehydrated. Then, the spine
was further sawn to 8 mm axial sections and embedded in
paraffin. The sections were stained with hematoxylin and
eosin. Pathological sections were evaluated by a pathol-
ogist who was blinded to the animals. Since post
laminectomy arachnoiditis has not been evaluated quan-
titatively previously in the literature, we have used a new
grading system for arachnoiditis evaluation which is a
modified form of the system defined by He [10]. The
extent of arachnoiditis was graded according to the fol-
lowing classifications:

@ Springer

Fig. 1 Pathologic section (hematoxylin and eosin) of the laminec-
tomy site demonstrating Grade 1 arachnoiditis in the tenoxicam group
at week 6. No direct contact was observed between the dura mater
(D) and the underlying arachnoid mater (A). SC Spinal cord. Scale
bar 1 mm

Grade 1  Without spinal cord compression, when the dura

mater was free from the arachnoid mater
(Fig. 1).

Without spinal cord compression, when only
thin adhesion region between the dura mater and
arachnoid mater was observed.

Without spinal cord compression, when
continuous adherence was observed between
the dura mater and leptomeninx.

When spinal cord compression and continuous
adherence were observed between the dura
mater and leptomeninx.

Grade 2

Grade 3

Grade 4

The grades of arachnoiditis were determined for each
section of groups.

Statistical analysis

Comparison of arachnoiditis grades of the control group
and the experimental groups was performed with Chi-
square test. Statistical significance was determined at
p < 0.05.

Results

There was no evidence of any systemic and/or local
adverse effect due to the application of tenoxicam. None of
the rats developed neurological deficits during the experi-
ment. Summary of the pathological grades of the control
and the tenoxicam groups is presented in Table 1. The
control group and the tenoxicam group did not show Grade
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Table 1 Results of the arachnoiditis grades in the control group and
the tenoxicam group

Group Grade 1 Grade 2 Grade 3 Grade 4

Control Group, 3 weeks 3
Tenoxicam Group, 3 weeks 2
Control Group, 6 weeks 0
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Tenoxicam Group, 6 weeks 3

Fig. 2 Pathologic section (hematoxylin and eosin) of the laminec-
tomy site demonstrating Grade 4 arachnoiditis in the control group at
week 6. The dura mater was adhered to the underlying leptomeninx
(arrows) with spinal cord (SC) compression. Scale bar 1 mm

3 and Grade 4 arachnoiditis in 3 week evaluation. Grade 4
arachnoiditis was observed only in one animal of the
control group killed 6 weeks after the surgery (Fig. 2). In
addition, none of these control group animals (killed at
6 weeks of the experiment) showed Grade 1 arachnoiditis.
There were no statistically significant differences between
groups and weeks when the results of arachnoiditis were
analyzed (p > 0.05). Even though no statistically signifi-
cant differences between the groups were found, grades of
arachnoiditis were highest in the control group and lowest
in the tenoxicam group in 6 week evaluation.

Discussion

Spinal arachnoiditis is a condition of fibrous invasion of the
pia mater. The fibrosing process may be secondary to a
deformity of the spinal column, to the sequelae of physical
injury to the spine, or to toxic effects of introduced noxious
substances [11]. Following the spinal surgeries, the exact
mechanism of the spinal arachnoiditis promoted by epi-
dural inflamation is currently unknown [12]. Three dis-
tinctive pathological stages of arachnoiditis were defined:
arachnoiditis, adhesive arachnoiditis and arachnoiditis

ossificans [1]. It has been hypothesized that the pathological
process starts with fibrin deposition and a mild inflammatory
response followed by collagen deposition and granuloma-
tous reaction [3]. Burton et al. [11] reported that it could
result from an inflammatory focus (a herniated lumbar disc),
foreign body (especially Pantopaque myelography) and
autoimmune reaction.

Reactive oxygen species (ROS) such as superoxide
anion, hydroxyl radical and hydrogen peroxide are crucial
in inflammatory responses where they participate in phys-
iological processes such as arachidonic acid cascade and
phagocytosis [13, 14]. As the inflammatory process is
typically a situation of increased ROS production that may
aggravate the pathological manifestations of the diseases
[15], several commonly used or potential NSAIDs have
been tested as potential free radical scavengers. Their
capacity to react with some of these species and therefore
to prevent oxidative damage in vivo has also been com-
paratively determined [16, 17].

Tenoxicam 4 hydroxy-2-methyl (N-C2 pyridyl) 2H-thi-
eno-(2-3e)-1,2-thiazine carboxamide 1,1 dioxide is a new
non-steroidal anti-inflammatory and analgesic agent of the
oxicam class useful in the treatment of rheumatoid arthritis,
osteoarthritis, ankylosing spondylitis and gout [18]. Pre-
viously, Naziroglu et al. [14] reported that tenoxicam has
protective effects on the oxidative stress by inhibiting free
radicals and supporting antioxidant redox system in rat
brain. In addition, Galvao et al. [19] reported that tenoxi-
cam prevented ischemia-induced cerebral eicosanoid for-
mation, and caused significant reduction of the damaged
area. Furthermore, Ezberci et al. reported that tenoxicam
inhibited the formation of postoperative intra-abdominal
adhesions without compromising wound healing. In our
study, the tenoxicam group showed lowest arachnoiditis
grades in the 6 week evaluation.

Arachnoiditis has been treated by drug therapy, phys-
iotherapy, surgical dissection of scar tissue from the cauda
equina, transcutaneous nerve stimulation and injection of
corticosteroids, but frequently with little benefit [20]
because it was reported that tenoxicam had beneficial
effects on central nerve system previously [14, 19]; we
hypothesise that it may be useful as an arachnoiditis pre-
venting agent. The results of this study showed that at
6 weeks of surgery, formation of arachoiditis was inhibited
in the tenoxicam group. However, statistically significant
difference was not found regarding the arachnoid forma-
tion between the control group and the tenoxicam group.

In the English literature till date, none of the treatment
modality such as chemical agents or surgical technique has
been successful to prevent arachnoiditis. Because of this
situation, it has been necessary to investigate new chemi-
cals or surgical interventions to achieve effective arach-
noiditis treatment. In this report, tenoxicam has shown
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better grades than control group. However, statistically
significant difference could not been found. We believe
that the best way to prevent arachnoiditis following lumbar
surgeries is performing the operation carefully with mini-
mally surgical wound, decreased muscle and laminectomy
damage as well as a meticulous hemostasis using bipolar
cautery.

Conclusion

The findings of this study propose that the application of
the tenoxicam did not prevent arachnoiditis formation. The
findings of this study propose that performing the most
effective surgical technique without damage around tissue
in a small surgical wound and having meticulous hemos-
tasis in surgery may be the key for preventing arachnoiditis
effectively.

Conflict of interest None.
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