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SUMMARY

The authors conducted a study on human lumbar spine, aiming
to assess and determine the different kinds of nervous fibers in
normal and degenerated intervertebral discs. Ten cadaver’s lumbar
spines with approximately 48 — 72 of death have been used. The
pieces were submitted to simple X-ray and magnetic resonance
tests. Subsequently to the tests, discs were divided into normal and
degenerated. Then, they were dissected, divided into anterior and
posterior according to the region, included in paraffin and an immu-
nohistochemical study with S100 protein was performed. With the aid
ofImage-Pro Plus computer software (media cybernetics)®, nervous
fibers’ diameters were measured as micrometers and classified into

four kinds of fibers. Four types of nervous fibers were found on dif-
ferent disc regions. The number and kind of fibers varied according
to the region and degree of intervertebral disc degeneration. It was
concluded that type-lll fibers are more common at the anterior region;
type-Il and type-IV fibers are more common at the posterior region,
and type-I fibers do not show any differences regarding anterior
and posterior regions; in addition, a degenerated disc has a higher
number of nervous fibers than a normal one.
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INTRODUCTION

Vertebral spine is originated from mesoderm around the fourth week
of embryonic life. It develops due to an influence of the notochord
and neural tube. The disc initially develops in this environment with
few blood vessels and surrounded by perichondral tissue .

The disc is structurally characterized by three integrated systems: the
pulpous nucleus, the fibrous annulus, and the cartilage on vertebral
plateau.

Nervous endings found on intervertebral disc have been associated
to lumbar pain, were pain path starts with pain receptors’ free nervous
endings @ (nociceptors). Where the action potential generated is
continued on the axon of the small C fibers or A-delta fibers and goes
into the dorsal hom of spinal cord, where the first synapses occur. The
most important ascending way of pain —the second neuron transmit-
ting the message through spinal cord — on the white substance of the
spinal-thalamic tract of the thalamus, where the second synapse oc-
curs. The third neuron continues transmission at the somatosensory
cortex in the brain.

The intervertebral disc structure is well defined where we know
the origin and composition of the fibrous annulus and pulpous
nucleus, as well as its innervation; however, many studies still exist
addressing apparently normal and degenerated discs.®% Using
the immunohistochemical technique, these reported the presence
of nervous fibers on innermost layers of the fibrous annulus, as
well as the presence of nervous fibers on a degenerated disc’s
pulpous nucleus.®

The objective of our study was to make a comparison between
the number and kind of nervous endings on normal and degener-
ated discs, at anterior and posterior planes, identifying the kind of
endings according to nervous cells’ morphologic constitution and
size © (Table 1).

MATERIALS AND METHODS

Ten fresh adult cadavers (approximately 24 hours after death),
between forty and eight-five years old, five females and five males
were used.

The whole lumbar spine was removed, from L1 to L5 during necropsy
performed at the Death Examining Service, Medical College, University
of Sao Paulo, excluding any cadaver with visible intervertebral disc injury
or previous surgery on vertebral spine (Figure 1).

X-RAY METHOD

Weighted images were performed (repetition time 452 and echo time
14) at T1 and T2 (repetition time 3367 and echo time 140). 4-mm
sections were made with the aid of a 27-cm FQ.V. (fielder of view).
Twelve sections L1 L2 to L5S1 were made (Figures 2 A and 2B), as
well as X-ray images at anteroposterior and lateral planes with KV
55/16 (Figure 3).

Discs were classified by using the Pfirmann and cols.’ classification
in 2001 (Table 2).

Figures 2B represent axial sections of discs L1L2 and L5S1 on
weighted images of T1 and T2, respectively, of the anatomic piece.
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Figure 3 represents X-ray images at anteroposterior and lateral
planes with KV 55/16 for one of the specimens.

HISTOLOGICAL METHOD

Discs were identified, dissected and divided at transverse plane
and subdivided into two parts at sagittal plane, each part being
identified as anterior and posterior region, according to anatomi-
cal references.

After fixation, pieces were dehydrated with increasing concentrations
of alcohol, diaphanized in xylol and included in paraffin.

Paraffin blocks containing the matter histologically processed were
cooled in a freezer and cut by rotational microtomes, were histologi-
cal sections 3um to 4um thick were obtained by using disposable
razors specially designed to this end.

Paraffin ribbons obtained from the cutting process with the micro-
tome were submitted to histological double-boiler and the sections
were deposited on slides previously prepared with 3-aminopropyl-
triethoxisilan (APTS). The slides with sections were taken to stove
at 60° C remaining there for 24 hours for a better tissue adhesion.

Technical procedure

- Paraffin removal with heated xylol (60°C) for 15 minutes at room
temperature.

- Hydration with alcohol at several strengths ranging from absolute
alcohol to vats containing diluted distilled water (100%, 95%, 80%,
and 70%, respectively), refreshed at each 30 seconds.

- Wash with tap water.

- Endogenous peroxidase blockage with 6% hydrogen peroxide
diluted at 20 volumes in three baths of 5 minutes each, followed

Kind Morphology  Diameter (um) Ell:gf;igg?ilstic Eponyms
Ruffini’s,
. Golgi-
I Globularor  5-8 mgﬁgggrii":ptfg‘h Mazzoni’s
ovoid (myelinized) thresholdp 9, endings,
' Meissner’s
corpuscle.
Krause’s,
Il Cylindrical 8-12 :\gt‘?;::\rﬁr;g;‘eggpto ' vater, Vater-
or tapered (myelinized) fast-adaptin ’ Pacine’s
pting. corpuscles
Mechanoreceptor, Sr?(li?r:;s
; ; 13-17 high threshold, I
L Spindle-like (v elinized)  very slow- ﬁglzgloni’s
adapting.
corpuscle
a)non- 2.5 )
v mguzlzed (myelinized) Pain receptor -
Non-
L 2 - .
myelinized ;rnygr;i(:]ri‘zed) Pain receptor -

free endings

Table 1 - Classification of joint nerves, according to Freeman and Wyke.

Figure 1 — Anatomical piece AP and P and discs L1L2 to L5S1.
Source: Death Examining Service, Sdo Paulo city.
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L5871 -T1 L5S1-T2

Figure 2B - Axial sections of discs L1L2 and L5S1 on weighted images of T1
and T2 of the anatomical piece, respectively.

Figure 3 — X-ray image: Anteroposterior and lateral planes.

Kind Structure Nucleus  Sign intensity Disc height

| Homogenous Light Hyper intense  Normal

Il Heterogeneous Light Hyper intense  Normal
with horizontal
line

n Notlight Intermediate Normal
Heterogeneous
gray

IV-a Notlight Intermediate Reduced
Heterogeneous
gray

IV-b Heterogeneous Lost Hypo intense Reduced
black

Vv Lost Hypo intense collapsed
Heterogeneous ve P
black

Table 2 — Classification by Pfirmann and cols.
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by wash with tap water and PBS buffer (10mM, pH 7.4 phosphate-
buffered saline solution).

- Primary antibody incubation (diluted in bovine albumin Fraction V
Inlab Brasil code 1870 in wet chamber refrigerated at 4-C overnight.
The antibody Protein S100 -RxS100 —Dako/Z311/batch 129 (072)
titre 1/3000c) was used.

- Wash with PBS solution.

- Incubation DAKO LSAB+KIT, peroxidase code KO690, in two
vials:

- 1st vial: Solution DAKO LSAB+ SYSTEM, LINK n°Ko690: (“Bio-
tinylated antimouse, rabbit e goat”) for 30 minutes at room tem-
perature.

- Wash with PBS solution.

- 2nd vial: Solution DAKO LSAB+HRP, LINK (“Streptavidin con-
jugated to horseradish peroxidase”) for 30 minutes at room tem-
perature.

- Wash with PBS solution.

- Reaction delivery using substrate solution:

60mg Diaminobenzidine (3,3- Diaminobenzidine Tetrahydrochloride
Sigma Chemical CO USA code D5637), 600 ul oxygenated water at 30
volumes, 100mI PBS and 1ml dimethylsulfoxide, leaving slides soaked
in this solution for 5 minutes, protected from light, tissue showing a dark
brown color, which is the end product of the reaction.

- Wash with tap water.

- Counter-staining using Harris” hematoxylin for 1 minute.

- Slides soaking into ammoniacal water (0.2% ammonium hydroxide
solution).

- Wash with tap water.

- Dehydration of sections with absolute alcohol. Slides soaked
into Xylol.

- Slide mounted with coverglass and Entellan® (Merck-Germany
code 1.07961.0100).

We performed the nervous fibers counting throughout the disc,
interactively stained by immunohistochemical method with 400 x
magnification, with the aid of a Pro-Image digital analysis system,
which consists of a JVC videocamera TK 1180V model, which
shows the image captured by Olympus microscope (model BX40
with plan-achromatic objective lenses) to a computer Pentium MMX
233 MHz, 64 Megabytes RAM, mounted with a digitalizing plate and
Pro-Image software working in Windows platform.

All nervous fibers were measured for length and width using the Im-
age-Pro R plus software, with specific calibration in micro millimeters.
After fibers measurements, averages were calculated and classified
according to size and format by following the classification method
by Freeman and Wyke®. Each measurement was double checked
by an experienced pathologist at UNIFESP, expert in bone-muscular
diseases. When there was no question among researchers, the
numbers found were referred to statistical analysis.

During fibers counting, no researcher was aware of the disc degen-
eration degree and of the involved region.

Figure 4 shows an intervertebral disc field captured by the computer,
as described above. We saw different kinds of nervous fibers stained
by immunohistochemical method.

Figure 5 shows the method for measuring nervous fibers to fit the
classification by Freeman and Wyke. The smaller fibers, the free
nervous endings were directly counted.

i N \ k.4 .

Figure 4 - (Fibers on the anterior region of L5

) type-1V fibers.

Source: Department of Pathology, UNIFESP,
UNIFESP.
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Figure 5 - (Fibers on the anterior region of

L5) type-1V and Il fibers.
Source: Department of Pathology,

Figure 6 shows a photomicrography of an intervertebral disc
stained by immunohistochemical method for protein S100. Mag-
nification: 400 x.

STATISTICAL METHOD

By using the software SPSS for Windows (v. 8.0) Statistical Package
for Social Sciences, we assessed the differences between anterior
and posterior regions compared to the kind of mechanoreceptor
and nociceptor for different kinds of normal and degenerated discs.
As this was a heterogeneous sample, we used the Chi-Square test
and the significant samples were those with Z0, 01= 1,64.

RESULTS

On the ten spines studied, we found nervous fibers of different sizes
and shapes. Those fibers were found throughout the disc region in
study and in different degeneration degrees. We found significant differ-
ences regarding the kind of nervous fiber at different disc degeneration
degrees and at normal discs.

In our sample, we found degenerated discs ranging from grade |l
to IVa. We had two cases where the disc was lying between two
degeneration degrees, one between grade two and lll, and the other
between grade Il and IV. We considered, then, the highest degenera-
tion degree. We didn't find any disc with degeneration grade Vb or
Vin our sample. Table 3 shows the different degrees.

We studied the differences between posterior and anterior regions
to the kind of nervous fiber (Table 4).

HO: kind of ending does not depend on the region

H1: kind of ending depends on the region

On Table 4, there are six significant residuals. By combining this
result with the percentages found, the overall conclusion is that
type-Il nervous fibers are more frequently found at posterior region
(51.7%) and less common at anterior region (48.3%). For type-lil
nervous fibers, the incidence is higher at anterior region (54,5%)
and less common at posterior region (45.5%). For type-IV nervous
fibers, the incidence is higher at posterior region (565.2%) and less
common at anterior region (44.8%). For type-l nervous fiber, the
percentage of occurrences does not differ significantly for different
anterior or posterior regions from those seen for total sample.

By assessing Table 5, the null hypothesis HO was ruled out (p< < <0.1),
therefore, in the 90% confidence interval and by the Pearson’s chi-
square test, there are evidences showing that the kind of ending is
correlated to the region.

The existence of correlation between degeneration degree and kind
of nervous fiber regarding anterior or posterior regions has also
been determined (Table 6).

HO: degeneration degree does not depend on the kind of nervous
fiber.

H1: degeneration degree depends on the kind of nervous fiber.
On Table 6, eight significant residuals are described. By combining
this result with the percentages found, the overall conclusion is that
type-l nervous fiber is more frequently found in IVa-type degener-
ated discs (20.8%) and less common in type-l degenerated discs
(6.3%). For type-Il nervous fiber, the incidence is higher in type-IVa
degenerated discs (19.9%) and less common in type-I degener-
ated discs (9.3%). For type-lll nervous fiber, the incidence is higher

Figure 6 - (Fibers on the posterior region of L2)
type-l and Il fibers.
Source: Department of Pathology, UNIFESP,
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Patient Gender _L1/L2 L2/l3 _L3/L4 L4/L5 L5/ SI Value df Asymp. Sig. (2-sided)
F 1] 1] 1] Il I} )
Pearson Chi-Square 61,2052 3
2 F 1l 1] 1] 1] Il - ,000
3 F i [ If I I Sgg:f;‘;[ﬁin oar 61,077 8 1000
4 M IVA IVA IVA IVA IVA Association 13,817 1
5 F | | 1] 1] I/IVA ) ’ ,000
N of Valid Cases 19152
6 M 1l 1] 1] Il IVA
g m . ”: IIIII ” I\I},IA Table 5 — Shows the correlation between the kind of ending and region
according to Pearson’s test.
9 M 1] 1] 1/ 1] IVA 9
10 F | | | | | ™
Source: Department of X-ray Imaging, UNIFESP- 2004. o0 one two three four Total
ane Count 2086 178 170 g22 1476
. . Expected Count 2515 1470 1288 948 8 1476,0
Table 3 — Represents abbreviated names, gender and degeneration degree 9% within GD 14.0% 12 19 11.5% 62.5% |  100.0%
for each intervertebral disc. % within TN 6,3% 9,3% 10,2% 7,5% 7.7%
% of Total 1,1% 9% 9% 4.8% T.7%
™ Adjusted Residual -3.3 2,8 4,0 -1.5
e Two Theee Faur Total two  Count 1186 678 588 4528 6981
REGION  anterior Count 1547 921 911 5514 8893 Expected Count 11894 695,1 609,1 4487 4 69810
Expected Count 15151 8855 775,89 57165 88930 %% within GD 17,0% 9,7% 8,4% 64,9% 100,0%
2% within REGIAQ 17,4% 10,4% 10,2% 62,0% 100,0% %% within TN 36,3% 35,6% 35,2% 38,8% 3B,5%
%% within TN 47.4% 48,3% 54,5% 44,8% 46,4% % of Total 6,2% 3,5% 31% 23,6% 36,5%
% of Total B8.1% 4.8% 4.8% 28,8% 46,4% Adjusted Residual -1 -9 -1,1 13
Adjusted Residual 1.2 1.7 6.9 -6.1 three  Count 1191 671 555 4608 7025
posterior  Count 1716 986 760 6797 10259 Expected Count 1196,9 699,5 6129 | 45157 | 70250
Expected Count 17479 10215 8951 6584.5 10259,0 2, within GD 17.0% 9,6% 7.9% 65,6% 100,0%
9% within REGIAQ 16,7% 9,6% 7.4% 66,3% | 100,0% % within TN a8 5% a5 5% 49 2% 47 4% 26.7%
% within TN 52,6% 517% | 455% | 55.2% |  53.6% : o e - o .
X y ' % of Total 6,2% 3,5% 2,9% 24,1% 36,7%
2% of Total 9.0% 51% 4,0% 35,5% 53,6% .
Adlusted Residual 22 i 68 51 four giﬁrd s BBE ;é: 335; 2225I: 3670
Total Count 3263 1907 1671 12311 19152
Expected Count 32630 | 19070 | 16710 | 123110 | 191520 Expected Count 6253 65,4 20,2 2359,1 3670,0
%within REGIAO | 17.0% |  10.0% 87% |  643% | 1000% % within GO 18,5% | 10,4% 9.8% |  614% | 100,0%
% within TN 100,0% | 100,0% | 1000% | 100,0% | 100,0% %o within TN 20,8% 19,9% 21,4% 18,3% 19,2%
= of Total 17.0% 10.0% 8,7% 64,3% 100,0% % of Total 3,6% 2,0% 1,9% 11,8% 19,2%
Adjusted Residual 2,7 9 25 -4,1
Table 4 — Shows the existence of difference or not between anterior and Total Count 3263 1907 1671 12311 19152
posterior region regarding the kind of nervous fiber. E’i?;‘;decg unt ::27520 11?;;? “j;;f '2634';':__’ ‘1%1055;?
in type-lll degenerated discs (33.2%) and less common in type-| o [bociodl Iooeiioll ool I owdl ol
ad 0% ;! 7% 3% 0%

degenerated disc (10.2%). For type-IV nervous fiber, the incidence
is higher in type-Ill degenerated discs (37.4%) and less common
in type-IVa degenerated disc (18.3%). For the remaining cases, the
percentage of occurrences regarding the kind of nervous fiber does
not significantly differ for different degrees of degeneration (one or
four) from that seen for total sample.

By assessing Table 7, the null hypothesis HO was ruled out
(p<<<0.1), therefore, in the 90% confidence interval and by the
Pearson’s chi-square test, there are evidences showing that the degree
of degeneration is correlated to the kind of ending.

DISCUSSION

Our study shows a significant difference between the kind and the
number of nervous fibers in normal and degenerated discs. We
employed magnetic resonance imaging test to differentiate the
different disc degeneration degrees, assessing both qualitatively
and quantitatively, the kinds and numbers of existing nervous fibers.
Some authors calculated those differences only by assessing
macroscopic aspects ©.

The magnetic resonance imaging shows that this is a highly ef-
ficient method for differentiating disc changes, enabling to detect
degeneration at its early phases. Magnetic resonance shows an
evidence of disc degeneration even if the X-ray shows a normal
image; however, the meaning of these early changes is still unclear
. Changes on signal intensity at the resonance correspond to
biochemical changes .

Some authors have assessed cadavers and patients, and they
correlated discography, macroscopic anatomy, and magnetic reso-
nance, where this method was shown to be efficient in detecting
early changes on intervertebral discs ©.

According to some authors, magnetic resonance is an efficient
method for detecting disc degeneration, but, for assessing if the disc
is painful or not, the use of discography is recommended ©9).
Visibility of nervous fibers was greatly improved by immunohisto-
chemical staining. Many kinds of stains have been used with this
objective. Silver nitrate has been used by some authors @13 but

38

Table 6 — Shows the existence of correlation or not between degeneration degree
and kind of nervous fiber associated to anterior and posterior regions.

Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 53,5152 9 000
Odds Ratio 52,395 !
f ) 9 ,000
Linear-by-Linear
Association 6,562 1 010
N of Valid Cases 19152 !

Table 7 — Shows that degeneration degree might be correlated to the kind
of ending.

only three of them found nervous endings at fibrous annulus. The
author attributed the absence of fibers visibility to decalcification,
where this destroys nervous fibers (4,

Cholinesterase has also been successfully used by several au-
thors, where they noticed nervous fibers on the outer layer of the
intervertebral disc (11219,

In our environment, we use the immunohistochemical method to
stain nervous fibers with a brownish color, allowing for a good vis-
ibility 1618 In literature, this methodology has also been used by a
number of authors ©47.919:22)

On intervertebral disc, non-myelinized fibers (1523 and myelinized
fibers®+2% were found, leading Pedersen to determine that smaller
fibers were associated to pain and the bigger fibers were associ-
ated to proprioception.

According to the classification by Freeman and Wyke, fibers with
two to seventeen microns in diameter are myelinized, and those
measuring less than two microns are non-myelinized. In our study,
we found fibers with different diameters, a finding that is similar to
other authors’.

Groen et al."® reported that the anterior longitudinal ligament was
innervated by ventral plexus and sympathetic stem. The dorsal

ACTA ORTOP BRAS 15(1) - 2007



plexus, formed by sinuvertebral nerve fibers, innervates the posterior
longitudinal ligament.

Kojima et al.?” suggested that the fibers could be correlated to
posture and motion regulation; according to Roberts et al.®® |
posture-related fibers are equal to Pacini’s corpuscle and Ruffini’s
endings, and the Golgi’s tendons are related to pain.

We found fibers similar to those mentioned by Roberts et al.®
and concluded that those fibers are found in every kind of disc,
regardless of its degeneration degree; however, we noticed that
pain-related fibers are more frequent at disc’s posterior region and
at early phases of disc degeneration, grade Ill as per Pfirmann et
al.® and balance-related fibers were most frequently found in more
severely degenerated discs, regarded as Pfirmann’s grade IVa.
The P substance has been studied by many authors, being found
at posterior longitudinal ligament @9, around fibrous annulus sur-
face(”?12320. and at the outer and inner layers of the pulpous an-
nulus®. As staining quality and kind are improved, new discoveries
about disc innervation are made. In the past, authors reported that
there were no nervous endings at the fibrous annulus and pulpous
nucleus, but at anterior and posterior longitudinal ligaments®:.
Other authors reported that the disc was poorly innervated®.
However, the majority of authors found nervous endings on the
outer surface of the fibrous annulus 12 18:19.24,25.27.26)

Some authors showed an increased number of fibers inside degen-
erated discs when compared to normal discs #79-. Freemont et al.®
not only demonstrated the presence of these fibers on outer and
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