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The density of nociceptive SP- and CGRP-immunopositive nerve
fibers in the dura mater lumbalis of rats is enhanced after
laminectomy, even after application of autologous fat grafts

Guido Saxler - Jochen Brankamp - Marius von Knoch -
Franz Loer ¢ Gero Hilken - Ulrike Hanesch

Received: 8 April 2008/ Revised: 19 June 2008 / Accepted: 29 July 2008 /Published online: 15 August 2008

© Springer-Verlag 2008

Abstract A considerable number of patients complain
about pain after lumbar surgery. The spinal dura mater has
been debated as a possible source of this pain. However,
there is no information if laminectomy influences the
nociceptive sensory innervation of the dura. Therefore, we
quantitatively evaluated the density of SP- and CGRP-
immunopositive nerve fibers in the dura mater lumbalis in
an animal model of laminectomy. Twelve adult Lewis rats
underwent laminectomy, in six of them the exposed dura
was covered by an autologous fat graft. Further six animals
without surgical treatment served as controls. Six weeks
after surgery, the animals were perfused and the lumbar
dura was processed immunohistochemically for the detec-
tion of CGRP- and SP-containing nerve fibers. In controls,
the peptidergic nerve fibers were found predominantly in
the ventral but rarely in the dorsal dura mater lumbalis.
After laminectomy, the density of SP- and CGRP-immu-
nopositive neurons significantly increased in ventral as
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well as in dorsal parts of the dura. Axonal spines could be
observed in some cases at the site of laminectomy. The
application of autologous fat grafts failed to inhibit the
significant increase in the density of peptidergic afferents.
Thus, we have provided the first evidence that laminecto-
mies induce an increase in the density of putative
nociceptive SP- and CGRP-immunopositive neurons in the
lumbar dura mater ascribable to an axonal sprouting of fine
nerve fibers. This effect was not prevented by using
autologous fat grafts. It is conceivable that the neuronal
outgrowth of nociceptive afferents is a cause of low back
pain observed after lumbar surgery.

Keywords Laminectomy - Pain - Fat graft -
Dural innervation - SP-/CGRP-immunopositive
nerve fibres

Introduction

Low back pain persists or recurs in up to 40% of patients who
underwent one or more surgical procedures on the lumbo-
sacral spine [49, 67]. It can result in chronic pain and dis-
ability with a poor clinical outcome. Postoperative ongoing
pain is not only a physiological problem but also a complex
with socioeconomic and psychosocial implications like
depression, anxiety, sleeplessness or deconditioning [58].
Many patients are consigned to a life of long-term narcotic
treatment with little chance of recovery.

The reasons for persisting pain in appropriate spinal
surgery remain in many cases are unclear. Adhesive
arachnoiditis and the formation of scar tissue referred to as
epidural fibrosis are suspected as the causes [4, 8, 43].
Based on these complex physiological processes, it is
conceivable that the spinal dura is a trigger of pain after
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surgery. Various authors have considered the dura mater
not only as a structure protecting the spinal cord, but also
as a possible source of low back pain [2, 7, 11, 18, 51, 57].
Blikra [6] reported that patients experienced relief from
low back pain after removal of herniated lumbar disc
material occupying the whole dural sac. McCarron et al.
[45] suspected a nonmechanical irritation of the dural sac
and nerve roots as one of the causes of pain. These authors
postulated that tension applied to the dura might produce
back pain if an inflammatory response is involved.

In recent studies, Sekiguchi et al. [59] demonstrated that
in rats a large number of sensory nerves distribute to the
dura mater of the spinal cord via the sinuvertebral nerve.
This may provide an anatomical substrate for the under-
standing of back pain [26]. However, up to now, there is no
information if and how the sensory innervation of the dura
mater is influenced by lumbar spine surgery.

For this reason, the purpose of the current study was to
investigate the potentially nociceptive innervation of the
dura mater lumbalis of rats under normal conditions and
after laminectomy of L4 by using substance P (SP) and
calcitonin gene-related peptide (CGRP) antibodies as
markers for fine sensory afferent nerve fibers.

In lumbar disc surgery, the transplantation of free fat
grafts is frequently employed to improve the surgical out-
come. However, the effectiveness of this procedure is
under debate. To clarify this inconsistency, we further
applied free autologous fat grafts on the exposed dura
mater lumbalis to examine if the sensory innervation is
affected by the adipose tissue.

Materials and methods

Eighteen adult male Lewis rats, each weighing 300-350 g,
were used in this study. In six animals, no surgical treat-
ment was performed (controls, group 1). Twelve animals
were anaesthetized. Six of them underwent laminectomy of
lamina 4 and exposure of the dura mater lumbalis (group 2)
and in the remaining six animals the dura was covered by
an autologous fat graft following laminectomy (group 3).

All animals were handled according to German laws
governing animal experiments.

Surgical procedure

Anesthesia was induced and maintained with 1.5% isoflu-
rane. During surgery, the eyes of the animals were
protected using sterile lubricant ointment. The animals
were positioned prone on the operating table. With the aid
of a surgical microscope and using an aseptic technique
laminectomy of L4 was performed. The dorsal skin and
fascia were incised in the midline. After separation of the

paraspinal muscles the proc. spin., the fourth lamina, the
ligamentum flavum and epidural fat were removed. For the
full extent of laminectomy, the dura was then cleaned and
exposed (Fig. 1). The laminectomy cavity was irrigated
using sterile saline solution. Additionally, in group 3, the
dura was covered with an autologous fat graft which was
taken from the animals’ belly fat. Haemostasis was
obtained by applying gentle pressure with cotton.

The surgical wound was then closed in layers with No.
4-0 nylon sutures. The animals were carefully returned to
their cages. Water and food were given ad libidum. Com-
plications did not occur in the animals. All wounds healed
uneventfully.

Tissue preparation

Six weeks after surgery the animals were anaesthetized by
CO,, killed by an overdose of 400 mg/kg sodium thio-
pental i.p., and perfused intracardially with 250 ml Tyrode
solution (pH 7.4) followed by 350 ml of fixative consisting
of 4% paraformaldehyde and 0,2% picric acid in 0.1 M
phosphate-buffered saline (PBS; pH 7.4). With the aid of
an operating microscope whole tissue samples of the
lumbar spinal cord of L4 including the dura mater were
carefully removed from the vertebral column. In a few
cases, epidural scarring adherent to the dorsal aspect of the
dura was seen. The dura was dissected free from this
structures, incised along the ventral midline by using
microdissection scissors, removed from the spinal cord,
spread out, postfixed in fresh fixative for up to 4 h, and
placed in 30% sucrose solution overnight at 4°C.

Then the specimen were stained immunohistochemi-
cally as a whole mount preparation either for CGRP- (four
of each group) or for SP-containing nerve fibers (two of
each group).

Fig. 1 Exposed and cleaned dura mater of lamina 4 after
laminectomy
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Immunohistochemistry

The durae matres were washed in PBS, incubated in 0.15%
H,0, for 30 min, rinsed in PBS and treated with graded
ethanol (10, 25, 40, 25 and 10%; 5 min each) to facilitate
antibody penetration. Then they were rinsed in three
changes of PBS and subsequently preincubated in 5%
normal goat serum (NGS) in PBS containing 0.5% Triton
X-100 for 30 min. Afterwards, the durae were placed in
primary antiserum raised in rabbits, either anti-SP (1:500;
DiaSorin), or anti-CGRP (1:2,000; Peninsula) and incu-
bated overnight at room temperature with gentle agitation.
All antisera were diluted in PBS containing 1% NGS and
0.5% Triton X-100. The primary antibodies were visua-
lized by the avidin-biotin complex (ABC) method
(Vectastain Elite ABC Kit). The durae matres were rinsed
in PBS (5 x 10 min), incubated in the secondary antibody
(biotinylated goat anti-rabbit IgG, 1:200) for 1 h and then
placed in AB-complex for 30 min. After rinsing with PBS
(5 x 10 min) the peroxidase label was visualized with
0.03% 3,3'-diaminobenzidine tetrahydrochloride (DAB;
Sigma), activated with 0.01% H,0,. The reaction was
stopped with aqua dest. and excess reaction product was
washed out with PBS. The durae were dehydrated in
ethanol, cleared in xylene, and coverslipped in DePeX.

Specificity of immunostaining was tested either by
omitting the primary antiserum or by preabsorbing the
antibodies with 100 pg/ml of SP or with 50 pg/ml of
synthetic rat CGRP overnight at 4°C. No staining was
obtained in either of these cases.

Light microscopic examination and data analysis

The CGRP- and SP-immunoreactive (-ir) nerve fibers were
localized and characterized in regard to their topography,
distribution and innervation density with a Zeiss Axiophot
microscope at a magnification of 200x. The density of
nerve fibers in ventral and dorsal parts of the dura was
determined by counting the number of immunopositive
neurons that were longer than 15 pm per microscopical
vision field (700 x 420 pum) and by fitting it into an ana-
logue scale ranging from O (no fibers) to 10 (>91 fibers)
(Table 1).

For each dura, 77 fields (11 rows x 7 columns; see
Fig. 2) were analyzed, 42 for the ventral and 35 for the
dorsal parts. To show the overall distribution of CGRP- and
SP-positive nerve fibers the numbers of density of these
fields were then averaged for each group. In order to
compare the innervation density in the three experimental
groups, the mean fiber densities were calculated for the
dorsal (vision fields of rows 2, 1, 0, —1, —2; see Fig. 2) and
the ventral (vision fields of rows 3, 4, 5 and —3, —4, —5;
see Fig. 2) parts of the durae.
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Table 1 Density of immuno-

" Density Number of fibers

positive neurons per
microscopical vision field 0 No fibers found
(700 x 420 pum)

1 1-10

2 11-20

3 21-30

4 3140

5 41-50

6 51-60

7 61-70

8 71-80

9 81-90

10 >91

The results were expressed as means and standard
errors of the mean. The difference between groups
was compared using the unpaired Student’s ¢ test. All
P values were compared to a o-value of 0.05 to
determine significance.

Results

Distribution and density of CGRP- and SP-
immunopositive nerve fibers in the lumbar dura mater
of control animals (group 1)

In the controls (group 1), CGRP- and SP-positive nerve
fibers, many of which are thought to be nociceptors, were
predominantly found in the ventral parts of the dura mater
lumbalis, whereas they were rarely observed in dorsal areas
(Fig. 2). No difference in the frequency of SP- and
CGRP-ir fibers was seen. The stained neurons that were
mostly very small in diameter were running either in thin
bundle with varying numbers of fibers or as individuals
(Figs. 3a, b, 4a, b). Some of them accompany blood vessels
(Fig. 4a). In the ventral parts of the dura, smaller bundles
and single immunopositive fibers branch off from “main”
bundles that run longitudinally and they extend into the
areas of connective tissue thereby forming a fiber network.
In dorsal areas of the lumbar dura mater, most of the im-
munopositive neurons were found running singly or in very
small bundles of two or three stained axons. Single im-
munopositive fibers showed multiple varicosities and
appeared like strings of pearls. They either divided into
branches and some of them formed coiled endings
(Fig. 3b) or terminated in a single straight end branch that
usually appeared thickened (Figs. 3a, b, 4a, b). Nerve fiber
endings were rarely seen in close association with blood
vessels (Fig. 4a). Most of them are terminated in the con-
nective tissue between vessels (Figs. 3a, b, 4a, b).
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Fig. 2 Three dimensional
graphs showing the mean
densities of CGRP- and SP- density
immunopositive nerve fibers per Moo 910
microscopical vision field in the WMo Hso
dura of L4 of controls (group 1), m7s m7s
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and rats with laminectomy that
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received free autologous fat
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increased in ventral as well as in E23 @23
dorsal parts of the dura, W12 M12
independent of the use of fat MWo1 Mo
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density
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The mean densities of CGRP- and SP-positive nerve
fibers per vision field are represented for the whole piece
of dura in a three-dimensional graph (Fig. 2). For the
dorsal midline and the adjacent dorsal areas the fiber
density varied between O and 0.8 for CGRP and between
0 and 0.5 for SP. Toward the ventral parts the density
increased up to a maximum of 2.3 in the case of CGRP
and to 3.0 for SP. To facilitate the comparison between
the experimental groups, mean fiber densities were cal-
culated for the dorsal and for the ventral areas. For the
controls (group 1) the density of CGRP-positive nerve
fibers was 1.2 & 0.2 (mean #+ SD) in the ventral and
0.2 & 0.1 in the dorsal dura mater and the density of SP-
positive neurons was 1.1 & 0.3 in ventral and 0.2 &£ 0.1
in dorsal parts (Fig. 5).
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Changes in pattern and density of peptidergic nerve
fibers in the lumbar dura mater following laminectomy
of L4 (group 2) and additional application of fat grafts

(group 3)

Six weeks post-laminectomy there was a clearly visible
increase in the peptidergic sensory innervation of groups 2
and 3 in the ventral and, particularly, in the dorsal parts of the
dura mater (Figs. 2, 3, 4). In the ventral dura a higher number
of CGRP- (Fig. 3c, e) and SP-ir (Fig. 4c, e) small nerve fiber
bundles and single fibers formed a widespread fiber network
with branched endings terminating mainly in the connective
tissue. In the affected durae, the nerve fibers extended to the
dorsal parts and arborized along the dorsal midline (Fig. 4f).
These immunopositive nerve fibers had a higher number of
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Fig. 3 CGRP-immunopositive
nerve fibers in the ventral (a, c,
e) and dorsal (b, d, f) dura mater
lumbalis of controls (a, b),
laminectomized rats (c, d), and
animals that underwent
laminectomy and application of
fat grafts (e, f); light
microscopic micrographs of
whole-mount preparations. a
Thin bundles of nerve fibers and
single neurons of small diameter
innervating the ventral dura.
Some of them terminate with
straight and thickened end
branches in the connective
tissue (arrowheads). b Nerve
fibers running in parallel to the
dorsal midline and showing a
coiled (arrow) and straight
thickened terminals
(arrowheads) in the connective
tissue of the dorsal dura.

¢ Dense network of
immunopositive nerve fibers in
the ventral dura mater lumbalis.
d Small bundles of stained
varicose nerve fibers branching
and terminating (arrowheads) in
the dorsal dura. Note the axonal
spine-like structures (arrows) at
the end branches. e Prominent
network of immunopositive
nerve fibers in the ventral dura.
f Network of stained varicose
nerve fibers arborizing and
terminating in the connective
tissue along the dorsal midline.
Note the thickened nerve
terminals (arrowheads). dm
dorsal midline. Bars 100 pm

varicosities and the tips of the end branches usually appeared
thicker (Fig. 3f) compared to controls. In a few cases, a
sprouting of nerve fibers at the level of the terminal receptive
fields could be seen in the dorsal dura. The outgrowth of
neurons became visible by the formation of axonal spine-like
structures (Fig. 3d). This phenomenon was observed after
laminectomy as well as after application of autologous fat
grafts following laminectomy.

In group 2, the density of immunopositive neurons
increased significantly in the ventral areas: nearly threefold
for CGRP (3.1 &+ 0.4; P = 0.004) and more than twofold
for SP (2.5 &+ 0.2). In the dorsal parts of the affected dura,
the increase was even more pronounced: more than sixfold
for CGRP (1.3 £ 0.3; P = 0.006) and about fivefold for
SP (1.1 £ 0.1) (Fig. 5).

Application of fat grafts (group 3) did not significantly
reduce the sprouting of immunoreactive nerve fibers fol-
lowing laminectomy. The density of CGRP-positive
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in ventral

still enhanced
P =0.004) as well as in dorsal (1.4 + 0.6; P = 0.046)
areas of the dura compared to control and that of SP-ir
neurons was increased to 2.7 & 0.02 in the ventral and to
0.9 £ 0.4 in the dorsal dura (Fig. 5).

neurons was 2.2 £ 0.1;

Discussion

The current study provides the first evidence that laminec-
tomy, regardless of the use of fat grafts, induces an increase
in the density of potentially nociceptive CGRP- and SP-
immunopositive nerve fibers in the dura mater lumbalis.

Innervation of the spinal dura mater lumbalis

The innervation of the spinal dura has been controversial for
many years. It is generally accepted that the lumbar dura
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Fig. 4 SP-immunopositive nerve fibers in the ventral (a, ¢, e) and
dorsal (b, d, f) dura mater lumbalis of controls (a, b), laminectomized
rats (¢, d), and animals that underwent laminectomy and application
of free autologous fat grafts (e, f); light microscopic micrographs of
whole-mount preparations. a Small bundles of nerve fibers and single
neurons innervating the ventral dura. Some of them (arrows)
accompany delicate meningeal blood vessels. A few nerve fibers
terminate at or close to the blood vessels (arrowheads) others end up
in the connective tissue (open arrowheads). b Single nerve fiber with
a straight thickened terminal (arrowhead) in the connective tissue of

mater is innervated mainly through the fibers of the sinu-
vertebral nerve and its branches. The sinuvertebral nerve is
composed of spinal and sympathetic nerve fibers emerging
from the sympathetic trunk or the rami communicantes [52,
65]. Using acetyl cholinesterase immunohistochemistry
Groen et al. [26] demonstrated a rich plexus of nerve fibers
in the ventral spinal dura of the human fetus. The nerve
supply to the dorsal aspects of the spinal dura is still under
debate. Whereas some groups did not observe nerve fibers
in the dorsal parts [17, 36, 52], others described a sparse

the dorsal dura. ¢ Dense network of immunopositive nerve fibers in
the ventral dura mater lumbalis. Note the prominent varicosities.
d Dense innervation of the dorsal dura mater lumbalis after
laminectomy. Immunopositive nerve fibers are predominantly
arranged parallel to the dorsal midline. e Widespread fiber network
in the ventral dura. f Network of stained nerve fibers running in
parallel to the dorsal midline. Note one fiber (arrow) that extends
from the ventral dura to the dorsal parts and arborizes along the
midline. dm dorsal midline, MV meningeal blood vessels. Bars
100 pm

innervation [26, 63]. The fibers in the dura were charac-
terized as small in size and were shown to terminate in non-
corpuscular, naked nerve endings [26]. Together with the
finding that the neurons in the lumbar dura mater are cap-
saicin sensitive [35] and that at least a good portion of the
cells are SP- and/or CGRP-immunoreactive provided evi-
dence that these structures may contribute to nociception
and might be a trigger of back pain.

The presence of sensory neuropeptidergic nerve fibers in
the spinal dura was described by a few groups. Kumar et al.

@ Springer



Eur Spine J (2008) 17:1362-1372

1368
407 CGRP N ventral
* % [ dorsal
3.5 1
3.0 1
> 2.5 1 *%k .
g 2.0 1 -
S 151
1.0 1
0.5 1
0.0
407 gp
3.5 1
3.0 1
> 2.5 1
‘® 2.0
c
$ 151
1.0 1
0.5 1
0.0
group 1 group 2 group 3

Fig. 5 Density of CGRP- and SP-immunopositive nerve fibers in the
ventral and dorsal dura of controls (group 1), laminectomized rats
(group 2), and animals that underwent laminectomy and application
of free autologous fat grafts (group 3). At 6 weeks post surgery the
density of CGRP-ir fibers increased significantly above control in the
dorsal and ventral dura of the laminectomized animals. The appli-
cation of fat grafts could not prevent the increase in the density of
stained nerve fibers. For C GRP-ir comparisons were carried out with
Student’s unpaired ¢ test; n = 4. *P < 0.05, **P < 0.01

[39] reported a sparse innervation of CGRP- and SP-posi-
tive neurons in the ventral part of the dura mater lumbalis,
but observed no fibers in the dorsal dura. In contrast to this
finding, other authors demonstrated a network of CGRP-
and SP-positive primary afferents in the ventral dura mater
lumbalis and a less dense innervation in the dorsal aspects
[1, 2, 30, 39]. The present study confirms the sensory
peptidergic innervation of the ventral as well as the dorsal
parts of the lumbar dura and adds quantitative data on their
innervation density. Ventrally we observed a network of
small immunopositive fibers crossing the dense connective
tissue of the dura and terminating as free nerve endings.
Only very few nerve terminals were associated with blood
vessels. Towards the dorsal midline, the density of SP- and
CGRP-positive nerve fibers decreased to about one-sixth of
those determined for the ventral part. In the dorsal dura,
mainly very small immunopositive nerve bundles and
single nerve fibers with multiple varicosities and straight
thickened end branches were seen.

Interestingly, the density of CGRP-positive nerve
fibers is not different from that determined for SP-
immunoreactive neurons in the lumbar dura. This is in
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contrast to observations in the dura mater encephali of
rats and cats [47]. In this tissue, it was shown that
CGRP-positive nerve fibers were much more abundant
than SP-positive fibers. In the trigeminal ganglion of the
rat, nearly twice as many CGRP-ir neurons as SP-posi-
tive cells were found [50]. Using retrograde tracing these
authors showed that this difference was associated with a
higher density of CGRP-positive afferents innervating
intracranial vessels.

Influence of laminectomy on the sensory peptidergic
innervation density

Six weeks post lesion, we demonstrated a considerable
increase in the density of fine peptidergic primary afferents
in the dura mater lumbalis. The increase was even more
pronounced in the dorsal parts at the site of the laminec-
tomy cavity. This sensory sprouting of potentially
nociceptive CGRP- and SP-immunopositive nerve fibers
became visible in some cases by the formation of axonal
spine-like structures. The occurrence of axonal spines is
well investigated in the central nervous system. Various
authors have demonstrated that the formation of axonal
spines leads to a sprouting of fine nerve fibers [56, 61, 66].
To our knowledge, the presence of such axonal spines in
peripheral tissues has not been described in prior studies.
However, further studies are required to prove whether the
increased density of the neuropeptide containing nerve
fibers is, in fact, caused through axonal sprouting or is due
to an increased neuropeptide expression.

The phenomenon of axonal sprouting in peripheral tis-
sues has been shown in different studies. Grelik et al. [25]
demonstrated an increase in CGRP-immunopositive nerve
fibers in the skin of the lower lip of rats following chronic
constriction injury. Mosconi and Kriiger [48] found
increased numbers of unmyelinated sensory axons in sec-
tions of sciatic nerves after application of polyethylene
cuff, and Yen et al. [68] observed a migration of CGRP-
immunopositive nerve fibers into the upper dermis of the
rat hind paw in a model of partial peripheral nerve injury.
In these cases, axons were damaged and both regenerative
and collateral sprouting may have taken place. Also, an
outgrowth of nerve fibers was seen in the inflamed skin of
the rat hind paw [41], in the mucosa of inflamed bladders
[15], in inflamed skeletal muscle [55], and in biopsies of
human contact eczema [33] and sprouting and rearrange-
ment of nerve fibers have been demonstrated in the cornea
[27].

Our observations further support the hypothesis of a
plasticity of peripheral neuron terminals in the mammalian
nervous system in response to various stimuli. The
sprouting of fine sensory afferent neurons and the novel
fiber arrangement may play an important role in the
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development and persistence of low back pain following
spine surgery.

Possible mechanisms of sensory sprouting and
pathophysiological relevance of increased fiber density

The sensory sprouting presented in the current study was a
surprising observation since it was unlikely that the dura
mater lumbalis was mechanically damaged by the lami-
nectomy and that axonal injury was caused to the dural
neurons. The outgrowth of neurites, therefore, requires
specific factors either existing in the microenvironment of
the nerve fibers or provided by systemic modulation.

An enhanced local synthesis of modulators like cyto-
kines or different nerve growth factors could be a
mechanism for the increased density of peptidergic nerve
fibers. In a recent study, Matsuda et al. [44] demonstrated
that the wound healing process, for example after surgery,
induces increased levels of the nerve growth factor “NGF”
in the tissue. This peptide is not only an important com-
ponent of wound healing and tissue repair [31] but also an
inductor of sprouting of sensory afferent nerve fibers [9,
54]. Diamond and his group [13, 14, 22, 23] stated that
NGF mediates collateral sprouting in rats, but that regen-
erative sprouting is NGF independent. In fact, the sprouting
of cutaneous nerves and an increase of NGF at the same
time has been shown by Leslie et al. [41] in inflamed rat
paws. In the allergic contact eczema, the changes in the
skin innervation were accompanied by an increase in NGF
content and in the number of GAP-43-positive nerve fibers,
suggesting actively sprouting nerve endings [33]. NGF up-
regulation was also shown to be necessary for collateral
sprouting of sensory neurons in the thoracic skin of the rat
[46]. Further evidence comes from studies using transgenic
animals. The over expression of NGF in mouse airways
increased the sensory innervation [28] and animals that
over expressed NGF in the epidermis showed an increase
of cutaneous nociceptors and sympathetic fibers [3, 12].

NGF can be produced by numerous cells including
inflammatory cells, fibroblasts, mast cells, macrophages,
astrocytes, and Schwann cells. Probable sources of NGF in
our animal model are the fibroblasts that could be found in
the laminectomy cavity. It is likely that NGF released from
the surrounding (scar) tissue penetrates the dura mater
lumbalis and acts as a neurotrophic molecule by stimula-
ting the sprouting of nerve fibers.

Besides local modulation, systemic mechanisms can
take place in triggering the reorganization of nerve fibers.
The Lewis rat strain used in our study is known to have
decreased blood corticosterone levels due to a reduced
HPA-axis activity and to be more susceptible for e.g.
inflammatory stimuli [37, 62]. Corticosteroids have been
shown to depress NGF synthesis induced by pro-

inflammatory cytokines in endoneural fibroblasts from the
rat sciatic nerve [42] and they can inhibit the stimulatory
effect of NGF on primary neurons of the superior cervical
ganglion [19]. Moreover, corticosteroids are negative
regulators of GAP-43 [19] that is expressed in actively
sprouting nerve endings. It is, therefore, conceivable that
the low corticosterone levels seen in Lewis rats lead to a
disinhibition of NGF synthesis and GAP-43 expression
following affecting stimuli. In humans, it could be shown
that patients exhibiting a relative hypocortisolism along
with enhanced blood IL-6 levels are at a higher risk for a
poor outcome in disc surgery compared to patients with
normal cortisol levels [21].

Until now there are no studies investigating whether
peripheral sprouting as seen here after laminectomy can
be a mechanism for triggering, maintaining, and exacer-
bating pain. However, it is very likely that the free nerve
endings containing SP and CGRP found in a higher
number in our study are nociceptors. Once a painful
stimulus acts on tissues with increased nociceptor density
it will excite more nociceptors and consequently result in
enhanced pain. Moreover, there is good evidence that the
unmyelinated nociceptive nerve fibers are not uniquely
sensory in function. When stimulated, they release their
peptides and start a local neurogenic inflammatory
response leading to a further release of inflammatory
mediators that in turn may sensitize the nociceptors. In
this way, even normally innocuous (mechanical) stimuli
can elicit pain. The process of neurogenic inflammation is
discussed for the dura mater encephali as one possible
mechanism explaining the pathogenesis of migraine and
cluster headaches [32, 47].

It is quite possible that laminectomies in humans also
result in sprouting of nociceptive peptidergic nerve fibers
in the lumbar dura mater. This increase in nociceptor
density, the expansion of the input region along with pro-
inflammatory processes as part of the wound healing
cascade that lead to a sensitization of nociceptors may
contribute to the subjective symptoms associated with low
back pain.

Are fat grafts an appropriate material to reduce fiber
sprouting?

In human spine surgery, many materials have been used to
enhance successful surgical outcome. Beside dextran [10],
methyl metacrilate [38], fibrin glue [64], silastic membrane
[16], sodium hyaluronate [60], ADCON-L [53], Tacho-
comp, and many others, autologous fat grafts [5, 20, 24, 29,
34, 40] were applied to reduce failed-back surgery syn-
drome. In previous clinical studies, contradictory results
were found. Most of them suggested that the use of free fat
grafts in lumbar disc surgery is clinically ineffective [5, 24,
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29]. On the other hand, Gambardella et al. [20] found a
positive effect in the reconstruction of epidural fat with
autografts of adipose tissue to prevent postoperative failed-
back syndrome.

In the present study, we have clearly demonstrated that
the increase in the density of nociceptive CGRP- and SP-
positive nerve fibers in the dura mater lumbalis following
laminectomy can not be significantly reduced by the
application of autologous fat grafts. In our opinion, the
effectiveness of such adipose grafts remains still unclear.

Conclusion

We documented for the first time that laminectomies
induce an increase in the density of putative nociceptive
CGRP- and SP-immunopositive primary afferents in the
lumbar dura mater of rats, which is ascribable to an axonal
sprouting of the fine nerve fibers. Enhanced local synthesis
and penetration of NGF and/or modulations by low corti-
costerone blood levels are discussed as possible
mechanisms for the neuronal reorganization. We suggest
that the increased density of nociceptive afferents is a cause
of low back pain observed after lumbar surgery. Treat-
ments decreasing dural sensory hyper-innervation might
be, therefore, effective in reducing low back pain following
spinal surgery. However, the use of autologous fat grafts
was not effective in inhibiting peripheral sprouting of
presumably nociceptive peptidergic nerve fibers in our
animal model.
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