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Abstract—The available data on the innervation of the thora-
columbar fascia (TLF) are inconsistent and partly contradic-
tory. Therefore, the role of the fascia as a potential source of
pain in the low back is difficult to assess. In the present
study, a quantitative evaluation of calcitonin gene-related
peptide (CGRP) and substance P (SP)-containing free nerve
endings was performed in the rat TLF. A preliminary non-
quantitative evaluation was also performed in specimens of
the human TLF. The data show that the TLF is a densely
innervated tissue with marked differences in the distribution
of the nerve endings over the fascial layers. In the rat, we
distinguished three layers: (1) Outer layer (transversely ori-
ented collagen fibers adjacent to the subcutaneous tissue),
(2) middle layer (massive collagen fiber bundles oriented
obliquely to the animal’s long axis), and (3) inner layer (loose
connective tissue covering the paraspinal muscles). The sub-
cutaneous tissue and the outer layer showed a particularly
dense innervation with sensory fibers. SP-positive free nerve
endings—which are assumed to be nociceptive—were exclu-
sively found in these layers. Because of its dense sensory
innervation, including presumably nociceptive fibers, the TLF
may play an important role in low back pain. © 2011 IBRO.
Published by Elsevier Ltd. All rights reserved.

Key words: thoracolumbar fascia, low back pain, immunohis-
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The thoracolumbar fascia (TLF) is the most extensive apo-
neurosis in both humans and rats. It has been suggested
that the TLF plays a role in low back pain (Yahia et al.,
1992; Schleip et al., 2007). Furthermore, the TLF is a key
structure in the mechanics of the lumbar spine and entire
back area (Vleeming et al., 1995; Vleeming and Stoeckart,
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2007). However, although low back pain has become a
major problem in our health care system and often the
origin of low back pain cannot be determined (so called
non-specific low back pain), very few data are available
regarding the TLF as a potential source of pain. In the past,
the interest was mainly focused on spinal structures (ver-
tebrae, intervertebral discs, annulus fibrosus, facet joints,
and spinal ligaments). The TLF was largely ignored as a
potential source of low back pain, even though soft tissues
of the low back are assumed to play a key role in low back
pain of unknown origin. Another fascia, the tibial anterior
fascia of the lower leg, has been shown to be important for
the pain of delayed onset muscle soreness (Gibson et al.,
2009). Recently, an electrophysiological study showed that
lumbar dorsal horn neurons receive nociceptive input from
the TLF (Hoheisel et al., in press), indicating that the TLF
is a possible source of pain. However, to date, little is
known about the distribution and density of sensory nerve
fibers in the TLF. This knowledge is a prerequisite for
assessing the role of the TLF in low back pain. Another
problem is that the few histological studies performed so
far are partly contradictory: Bednar and colleagues (1995)
did not find any sensory receptors in TLF specimens and
stated that the TLF of low back pain patients “is deficiently
innervated,” whereas the results of a histological study by
Yahia and colleagues (1992) did show that the TLF is
innervated. Benetazzo and colleagues (in press) found
that only the superficial layer of the human TLF is inner-
vated, and Corey and colleagues (in press) showed a
sensory innervation of the collagen matrix in the low back
of the rat. Various staining techniques have been used to
study the innervation of ligamentous structures in the low
back. Hirsch and colleagues (1963) investigated the su-
praspinous and intraspinous ligaments with Methylene
Blue, an intravital stain. Yahia and colleagues (1992) im-
pregnated these ligaments with gold chloride and reported
the presence of mechanoreceptors in humans. Immuno-
staining for the S-100 protein has demonstrated free nerve
endings in the same ligaments (Rhalmi et al., 1993). A
comprehensive visualization of all nerve fibers can be
obtained with protein gene product 9.5 (PGP 9.5) immu-
nohistochemistry. PGP 9.5 is a universal marker for all
neural elements (Lundberg et al., 1988; Danielson et al.,
2006). Sensory free nerve endings can be identified with
antibodies to neuropeptides, such as calcitonin gene-re-
lated peptide (CGRP) and substance P (SP; Danielson et
al., 2006), with SP-positive fibers being assumed to supply
nociceptors (Lawson et al., 1997; Tsukagoshi et al., 2002;
Danielson et al., 2006). A disadvantage of this staining

technique is that it does not visualize non-peptidergic af-
ts reserved.
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ferent fibers. Nevertheless, neuropeptide immunohisto-
chemistry gives a good overview over a large fraction of
sensory fibers (Ohtori et al., 2007).

The aim of the present study was to obtain data on the
density and distribution of nerve fibers in the rat TLF.
Therefore, PGP 9.5-immunoreactivity (IR) was used as a
universal marker for all nerve fibers, tyrosine hydroxylase
(TH)-IR as a marker for sympathetic nerve fibers, and
CGRP-IR/SP-IR as markers for sensory peptidergic nerve
fibers. Moreover, a quantitative evaluation of CGRP-immu-
noreactive (ir) and SP-ir nerve fibers and sensory endings
was performed. Such an investigation is important for two
reasons: (1) The density of neuropeptide-containing fibers
(such as SP and CGRP) has been shown to vary from one
tissue to the other (McMahon et al., 1984, 1989; Brismee
et al., 2009; Szadek et al., 2010). Therefore, these data
cannot be simply transferred to the TLF. (2) Information on
the density and distribution of the sensory fibers in the
various layers of the TLF is essential for a better under-
standing of the role the TLF may play in low back pain. For
reasons of comparison, a preliminary non-quantitative
evaluation of nerve endings was also performed in speci-
mens of the human TLF.

EXPERIMENTAL PROCEDURES

The experiments were performed on eight adult male Sprague–
Dawley rats (body weight 280–470 g). In five animals immuno-
histochemistry was performed on transversal sections of the TLF.
In three further animals whole mount preparations of the TLF were
studied. All experiments were carried out in accordance with the
German law on the protection of animals. The experimental de-
sign was approved by the local ethics authority responsible for
animal experimentation.

Immunohistochemistry

The animals were killed with an overdose of thiopental sodium i.p.
(Trapanal®, Altana Pharma, Germany) and transcardially per-
used with 4% paraformaldehyde in 0.1 M phosphate buffered
aline (PBS) followed by PBS containing 10% sucrose. The su-
erficial lamina of the left thoracolumbar fascia including subcu-

aneous tissue (SCT) and the underlying multifidus muscle were
emoved at the level of the lumbar vertebrae L4, L5, and L6 close
o the spinous processes. The tissue was passed through PBS
ontaining 30% sucrose for cryoprotection and snap frozen. Serial
ryostat cross sections were made at a thickness of 40 �m. The

sections were processed for immunohistochemistry as follows:

PGP 9.5-IR: Primary antiserum: rabbit anti-PGP 9.5 (Biotrend,
Germany), dilution 1:1000 in PBS, incubation for 24 h at room
temperature. Secondary antiserum: biotinylated anti-rabbit
IgG (Vector Lab., USA), 1:200, 60 min at room temperature.

TH-IR: Primary antiserum: sheep anti-TH (Chemicon Interna-
tional, USA), dilution 1:200 in PBS, incubation for 24 h at room
temperature. Secondary antiserum: biotinylated anti-sheep
IgG (Vector Lab., USA), 1:200, 60 min at room temperature.

CGRP-IR: Primary antiserum: rabbit anti-CGRP (Peninsula Lab.,
Bachem, USA), 1:4000 in PBS, 48 h at room temperature.
Secondary antiserum: biotinylated anti-rabbit IgG (Vector
Lab., USA), 1:200, 60 min at room temperature.

SP-IR: Primary antiserum: rabbit anti-SP (Chemicon International,
USA), 1:1000 in PBS, 24 h at room temperature. Secondary
antiserum: biotinylated anti-rabbit IgG (Vector Lab., USA),

1:200, 60 min at room temperature.
All immunoreactive fibers were visualized using the avidin–biotin
complex method and 3,3-diaminobenzidine tetrahydrochloride as
the chromogen. The quantitative evaluation of SP/CGRP fibers
and free nerve endings required a stable, non-fading staining.
Therefore, 3,3-diaminobenzidine tetrahydrochloride staining was
performed over fluorescent techniques.

To exclude unspecific staining, control experiments were per-
formed by omission of the primary or secondary antibody. No
staining could be seen under these conditions.

Quantitative evaluation of immunoreactive nerve
fibers

Every tenth section—approximately 35 sections per animal—was
chosen for immunohistological processing. In each of the selected
sections, immunoreactive nerve fibers were identified at 400 times
magnification under the light microscope and their length recon-
structed using an imaging software (analySIS B, Soft imaging
System, Olympus Company, Germany). Only neural elements
outside of nerve fiber bundles were evaluated.

For scanning specifically free nerve endings, neural elements
were subdivided into fibers of passage and free nerve endings.
Free nerve endings were distinguished from fibers of passage in
that they showed a chain of at least three varicosities. These
axonal expansions are assumed to be the site where stimuli act on
sensory endings.

In each section, an area of 5 mm in length starting at the
spinous process was analyzed. The length of all fibers and nerve
endings was measured within that area and the mean fiber length
calculated. The quantitative evaluation of CGRP- and SP-ir was
performed separately for each layer of the TLF (see Fig. 1). For
PGP 9.5-IR, the outer layer of the fascia was evaluated together
with the SCT because of the difficulties to determine the exact
border between the two structures and the finding that fibers often
crossed the border.

Whole mount preparations

Whole mount preparations of the TLF were removed close to the
spinous processes L4, L5, and L6 (10�10 mm in length, thickness
approximately 0.5–1 mm). They were fixed for 2 h in 4% parafor-
maldehyde in 0.1 M PBS and rinsed in PBS for 24 h. Immunohis-
tochemistry for PGP 9.5 and CGRP were performed on free-
floating preparations as described for immunohistochemistry of
tissue sections.

Immunohistochemistry of the human TLF

After approval by the ethical committee at Heidelberg University,
specimens of the TLF roughly 10�10 mm in size were removed
during surgery of three patients (two males, one female) undergoing
an intervertebral disk surgery. The specimens were removed at the
L4-L5 level, stored in 0.1 M PBS, and fixed in 4% paraformaldehyde
for 2 h. Cryostat cross sections (thickness 40 �m) were processed
for immunohistochemistry as described for the rat TLF.

RESULTS

Composition of the rat TLF

The rat TLF had three layers that were well visible medially close
to the spinous processes and less distinct laterally (Fig. 1a):

(1) The thin outer layer (OL) adjacent to the SCT and
consisting of densely packed collagen fibers oriented
in the transversal plane. (2) The middle layer (ML)
composed of massive bundles of densely packed col-

lagen fibers oriented obliquely to the long axis of the
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rat. This layer was the thickest one. (3) The thin inner
layer (IL) of loose connective tissue separating the
middle layer from the underlying paraspinal muscles.
The IL consisted of irregularly oriented collagen fibers
with relatively few elastic fibers in between.

nnervation of the rat TLF

Fibers immunoreactive to PGP 9.5. Fibers immuno-
reactive for PGP 9.5 were mainly found in the OL plus SCT
and the IL of the fascia (Fig. 1b, c). The neuronal structures
included fibers of passage and nerve endings character-
ized by chains of varicosities close to the nerve terminal. In
whole mount preparations, the TLF had the appearance of
a densely innervated tissue exhibiting an extensive net of
nerve fibers (Fig. 2a). The dense innervation appears to be
a general feature of the TLF, at least we did not find any
difference in innervation density between the lumbar levels
L4, L5, or L6. In the SCT close to the OL of the fascia, often
fibers were found that accompanied blood vessels (Fig.
2b). Nerve endings were present in all layers; however, no
corpuscular receptors such as Pacinian and paciniform
corpuscles or Golgi tendon organs were found. In one
specimen of the human TLF (see below) there were cross
sections of a corpuscular receptor, which may have been a
Ruffini ending, but no clear identification was possible,
because the adjacent tissue sections were not available.

Fibers immunoreactive to tyrosine hydroxylase (TH).
The majority of TH-ir nerve fibers were found in the SCT
and the OL of the fascia. Most fibers appeared to accom-
pany blood vessels (Fig. 2c). TH-ir fibers—at a lower fre-
quency—were also found in the IL of the fascia but not in
the ML. Interestingly, the TH-ir fibers in IL often had no
association with blood vessels but terminated freely in the
connective tissue (Fig. 2d).

Peptidergic sensory nerve endings. CGRP- as well

Fig. 1. Structure of the rat thoracolumbar fascia (TLF) close to the sp
TLF (hematoxylin and eosin staining): OL, outer layer with transversely
oriented diagonally to the long axis of the body; IL, inner layer of loose
tissue. (b) PGP 9.5-ir nerve fibers in the layers of the TLF. Black arrow
9.5-ir fibers in the TLF. The great majority of all fibers were located in
part of the bar: subcutaneous tissue plus outer layer of the TLF; blac
as SP-ir fibers were densely stained thin fibers of passage
or looked like strings of beads with numerous varicosities
(Fig. 3a, c). Of these endings, not a single one exhibited
branches. Generally, the varicosities of SP-ir nerve end-
ings were smaller than those of CGRP-ir endings (com-
pare Fig. 3a, b). CGRP-ir nerve fibers were present in all
layers of the TLF, but the majority was located in the OL
plus SCT (Fig. 4a). SP-ir nerve fibers were found mainly in
the OL and the SCT with some isolated fibers in the IL (Fig.
4b). No SP-ir structures were present in the ML of the
fascia. CGRP- as well as SP-ir nerve fibers were also
found in lateral regions of the TLF where muscle fibers are
attached to the TLF (Fig. 3d).

By scanning specifically for free nerve endings, it be-
came clear that SP-containing free nerve endings existed
exclusively in the SCT and OL. Fig. 4c, d shows the
proportion of immunoreactive endings exhibiting a chain of
at least three varicosities (Fig. 3b, c) and therefore fulfilled
the criteria for a free nerve ending. SP-ir endings were
found in both the dense collagenous tissue of the OL and
in the loose connective tissue of the SCT (Fig. 4d). In the
IL of the TLF, only SP-ir fibers of passage were found.
CGRP-ir free nerve endings were present in the SCT in the
OL, and a few also in the IL (Fig. 4c). The ML was free of
CGRP-ir free nerve endings, only some isolated CGRP-ir
fibers of passage were found.

Quantitative evaluation

The quantitative evaluation of the distribution of CGRP-
and SP-ir nerve fibers showed that the great majority of
these fibers were situated in the SCT and the OL of the
TLF (Fig. 4a, b) and thus exhibited a distribution pattern
similar to that of all PGP 9.5 fibers (Fig. 1d). CGRP- and
SP-ir fibers represented only a small fraction of the total
innervation visualized with PGP 9.5 (compare Figs. 1d and
4a, b). In the IL, only a small fraction of both fiber types were
found. In contrast to CGRP fibers, SP-ir fibers were not

cesses L4/L5. (a) Transversal section showing the three layers of the
collagen fibers; ML, middle layer composed of collagen fiber bundles
e tissue covering the multifidus muscle (muscle). SCT, subcutaneous
n passage; open arrows, nerve endings. (c) Mean fiber length of PGP
layer (OL) of the fascia and in the subcutaneous tissue (SCT). White
layer; hatched: inner layer. n, number of sections evaluated.
inous pro
oriented

connectiv
s, fibers o
the outer
present in the ML (Fig. 4a, b). SP-containing free nerve
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endings—which are assumed to be nociceptive—were lo-
cated only in the SCT and the OL of the fascia (Fig. 4b),
whereas CGRP-containing endings were also found in the IL.

view). (b) PGP 9.5-ir fibers in the subcutaneous tissue closely asso-
ciated with blood vessels (transversal section). (c) TH-ir nerve fiber in
the subcutaneous tissue surrounding a blood vessel. (d) TH-ir nerve
fibers (arrows) not associated with blood vessels in the inner layer (IL)
of the fascia (arrows mark varicosities). SCT, subcutaneous tissue;

Fig. 3. Peptidergic sensory fibers and nerve endings in the rat
thoracolumbar fascia. (a) Whole mount preparation showing a
CGRP-ir receptor with varicosities in the deep layer of the fascia
(open arrows). The cross striation of the underlying multifidus mus-
cle is faintly visible. (b) SP-containing free nerve ending/terminal
axon with a chain of varicosities close to the outer layer (OL; ML,
middle layer). (c) Area boxed in (b) at a higher magnification. (d)
SP-ir free nerve ending in a region where cells of a low back muscle
(Mu) made contact with collagen fibers of the fascia (TLF). (e) Area
boxed in (d) at a higher magnification.
Fig. 2. PGP 9.5- and TH-ir nerve fibers in the rat thoracolumbar
fascia. (a) A dense network of PGP 9.5-ir fibers in a whole mount
OL, outer layer of the TLF; ML, middle layer; IL, inner layer.
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Innervation of the human TLF

A preliminary non-quantitative evaluation of the human
TLF indicates that the innervation is comparable with that
of the rat TLF: (1) the innervation density of the human TLF
visualized by PGP 9.5-IR (Fig. 5a) was likewise high and
(2) the appearance of the free nerve endings was similar.
A high number of fibers showed TH-IR (Fig. 5b) indicating
that the human fascia has a rich innervation with sympa-
thetic fibers. Again, peptidergic fibers represented only a
small fraction of the total innervation. The stained neuronal
structures included nerve endings characterized by chains
of varicosities (Fig. 5c–e). The majority of peptidergic
nerve endings were located in the SCT and in structures
comparable with the OL and IL of the rat TLF.

DISCUSSION

Studies of the nerve supply to the human lumbar spine
have been conducted by researchers for more than one
century (Luschka, 1850; Yahia et al., 1992), but in these

Fig. 4. Distribution of CGRP and Substance P (SP)-immunoreactive
nerve fibers in the TLF. (a) Mean fiber length of CGRP-ir nerve fibers.
(b) Mean fiber length of SP-ir nerve fibers. Almost all fibers were found
in the outer layer of the fascia and the subcutaneous tissue. The middle
layer was free of SP-positive fibers. Gray part of the bars: subcutaneous
tissue; white: outer layer of the TLF; black: middle layer; hatched: inner
layer. n�number of sections evaluated. (c, d) Distribution of CGRP- (c)
and SP-containing receptive free nerve endings (d) expressed as percent
of the total number of CGRP- or SP-containing fibers in each layer. For
classification as receptive endings, the structures had to exhibit at least
three varicosities. SP-containing free nerve endings were restricted to the
outer layer of the thoracolumbar fascia and the subcutaneous connective
tissue while CGRP-containing free nerve endings were also found in the
inner layer of the thoracolumbar fascia.
studies the TLF was not mentioned. To date, the knowl-
edge about the innervation of the TLF is still scarce, and
the existing data are partly contradictory. One study re-
ported that no pain can be perceived from the TLF at all
(Kuslich et al., 1991). However, from other anatomical
(Budgell et al., 1997) and electrophysiological studies
(Bove and Light, 1995), it is known that the thoracolumbar
body region is innervated by the dorsal rami of spinal
nerves. These rami have been shown to contain unmyeli-
nated and myelinated afferents with conduction velocities

Fig. 5. Nerve fibers and endings in the human thoracolumbar fascia.
(a) PGP 9.5-ir nerve fibers between collagen fibers and low back
muscle corresponding to the inner layer of the rat. (b) TH-ir nerve fibers
in the subcutaneous tissue (SCT) close to collagen fibers (CF) of the
TLF. Black arrow, fiber on passage; open arrows, nerve endings. (c)
SP-ir free nerve terminal in the subcutaneous tissue close to collagen
fibers (CF). (d, e) CGRP-ir free nerve endings with varicosities (ar-

rows) between collagen fibers (CF) and low back muscle (not visible).
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in the range of C, A-delta, and A-beta fibers and that the
tissues supplied by these fibers are sensitive to mechani-
cal and noxious chemical stimulation (Bove and Light,
1995; Budgell et al., 1997). A recent immunohistochemical
investigation showed both free and encapsulated nerve
endings in the human iliolumbar ligament (Kiter et al.,
2010). Studies using techniques other than immunohisto-
chemistry suggested the presence of fine nerve fibers and
complex unencapsulated endings in the supraspinous and
intraspinous ligaments (Hirsch et al., 1963) but did not
address fibers in the TLF. Yahia and colleagues (1992)
reported the presence of encapsulated and free nerve
endings in the thoracolumbar fascia suggesting for the first
time a sensory role of the TLF in lumbar pain mechanisms.
In the rat, Corey et al. (in press) recently described a dense
innervation of the non-specialized connective low back
tissue with PGP 9.5-ir fibers. They also confirmed the
presence of CGRP-containing sensory nerve fiber termi-
nations in the collagen matrix of the low back. However, a
more detailed quantitative analysis of sensory nerve end-
ings in distinct layers of the TLF was not undertaken.

Likewise, detailed anatomical studies concerning the
macroscopic and microscopic characteristics of the rat TLF
are still lacking. First anatomical analyses of the rat back
musculature showed similarities with the multilayered
structure of the human TLF (Brink and Pfaff, 1980) and
associated muscles, but a detailed analysis in rats has not
been performed so far.

Our study demonstrates that the rat TLF and the SCT
overlying the fascia are densely innervated tissues, and
therefore both the TLF and SCT, may play a role in low
back pain. Most nerve fibers are located in the OL of the
TLF and in the SCT, whereas in the ML nerve fibers are
rare. Actually, no SP-ir fibers were found in this layer.
Teleologically, the lack of fibers in the ML, particularly
those containing SP, makes sense because each move-
ment of the body causes shearing forces between the
collagen fiber bundles, which might excite nociceptors.
However, it has to be kept in mind that the peptidergic
(CGRP- and SP-ir) fibers are not the only sensory fibers,
because there are also non-peptidergic/lectin positive un-
myelinated and thin-myelinated sensory fibers. In afferents
innervating lumbar vertebral bodies, these non-peptider-
gic/lectin positive units represent 4% of all sensory neu-
rons in the spinal ganglia, whereas 32% are peptidergic
(CGRP-ir; Ohtori et al., 2007).

The relative abundance of the CGRP- and SP-ir nerve
fibers in the TLF is similar to that of neuropeptide-ir fibers
in skeletal muscle (Reinert et al., 1998). In the sections
evaluated in the present study the overall number of nerve
fibers appeared to be higher in the fascia than in the
underlying muscle. The total number of PGP 9.5-ir fibers
was five to six times higher than that of CGRP- and SP-ir
fibers, indicating that only a small fraction of the TLF
innervation is sensory. It has to be noted that a comparison
of data from skeletal muscle and TLF is difficult, because
the evaluation of both data sets was not identical. Further-
more, a dense innervation is only one prerequisite for a

structure to play a role in nociception, central connections
(e.g. convergence) are likewise important. On the other
hand, results from the human anterior tibial muscle show
that the surrounding fascia is more pain sensitive than the
muscle itself (Gibson et al., 2009).

The preliminary non-quantitative data obtained in
specimens of the human TLF show a first indication that
the innervation of the human TLF is comparable with that
of the rat TLF. As in the rat, the human TLF was densely
innervated. Many fibers—especially in the SCT—ex-
pressed TH, an enzyme characteristic for postganglionic
sympathetic fibers. This finding may explain why patients
with low back pain report increased intensities of pain
when they are under psychological stress (Chou and
Shekelle, 2010). The location of most TH-ir fibers around
blood vessels suggests that at least parts of them are
vasomotor fibers. When activated, these fibers may cause
ischemic pain.

The sensory TLF fibers appear to fulfill an important
role as an input source for dorsal horn neurons. This
interpretation is underpinned by recent studies of our
group showing that many nociceptive dorsal horn neurons
in the lumbar spinal segments receive a strong input from
the lumbar TLF (Taguchi et al., 2008; Hoheisel et al., in
press).

CONCLUSION

We show that the TLF possesses a dense network of
nerve fibers including nociceptive ones. Therefore, the TLF
may well be an important source for low back pain. The
finding that most CGRP- and SP-ir (sensory) fibers are
located in the outer layer of the fascia and the subcutane-
ous tissue may explain why some manual therapies that
are directed at the fascia and the subcutaneous tissue
(e.g. fascial release) are often painful.
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