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— Abstract —

Study Design: The ingrowth of the nociceptive nerve ending into intervertebral disc was examined using immunohistochem-
istry and quantified using western blotting.

Objectives: To determine if the nociceptive nerve innervates into the intervertebral discs of internal disc disruption (IDD).
Summary and Literature Review: Nociceptive nerve ending and vessel ingrowth into intervertebral disc is associated with IDD
and HNP. Substance P is a neurotransmitter that is found in the nociceptive nerve endings. Immunohistochemistry has con-
firmed the presence, and western blot has isolated the target. The localization of novel nociceptive innervation, and a quantita-
tive comparison was made according to the original pathology is of interest.

Materials and Methods: 10 specimens of intervertebral disc were collected from IDD during total disc replacement surgery , and
another 10 specimens of intervertebral disc from HNP were collected during discectomy. The control samples of intervertebral
disc were obtained from 3 adolescent patients with idiopathic scoliosis, and 2 patients with a lumbar bursting fracture. Standard
immunohistochemical techniques were used to test for the nociceptive neurotransmitter (substance P), which is a protein
expressed during axonogenesis (growth-associated protein 43, GAP43), and a general nerve marker (protein gene produce 9.5,
PGP9.5). The expression of substance P protein was quantified using western blot for its polyclonal antibody.

Results: In IDD (n=10), substance P was expressed in 6 cases of outer annulus fibrosus (AF), 5 cases of inner AF, and 3 cases of
nucleus pulposus (NP). In HNP (n=10), substance P was expressed in 4 cases of outer AF, 3 cases of inner AF, and 2 cases of
NP. In the control group, only 2 cases expressed substance P in outer AF. GAP43 was only positive in outer AF as follows: IDD
3 cases, HNP 1 case, and control 1 case. None of the specimens showed localized PGP 9.5.

Substance P was localized significantly in larger quantities in IDD than in the control group (p=0.002). In HNP, the expression
level was larger than the control and lower than the IDD group but this was not statistically significant (p=0158, p=0.108).
Conclusions: Innervation of nociceptive nerve endings was identified at the degenerative intervertebral disc of IDD, which may
contribute to back pain.
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Table 1. Patient Information

Pt No. Age Sex Level Diagnosis Interval from Sx. onset to surgery

IDD group

1 44 M L5-S1 IDD 36m

2 41 M L4-5 IDD 24m

3 46 F L4-5 IDD 12m

4 51 F L5-S1 IDD 48 m

5 26 M L4-5 IDD 5m

6 24 M L5-S1 IDD 60m

7 34 M L4-5 IDD 6m

8 50 F L3-5 IDD 48 m

9 47 F L4-5 IDD 30m

10 45 F L5-S1 IDD 7m

HNP group

11 27 F L4-5 HNP 2d

12 40 F L4-5 HNP 210d

13 35 M L4-5 HNP 210d

14 33 M L4-5 HNP 42d

15 22 F L4-5 HNP 10d

16 23 M L4-5 HNP 2d

17 37 M L4-5 HNP 5d

18 19 M L4-5 HNP 18d

19 27 F L5-S1 HNP 90d

20 36 M L5-S1 HNP 24d

Control group

21 13 M L3-4 AIS

22 10 F L3-4 AIS

23 19 M L4-5 AIS

24 41 M L4-5 BF

25 45 M L3-4 BF

(IDD, internal disc disruption; HNP, herniated nucleus pulposus; AlS, adolescent idiopathic scoliosis; BF, bursting fracture; m,
months; d, days; Sx., symptom)
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Fig. 1.CT dlscography shows leakages of dye. Intervertebral disc specimens is obtained from the |nd|cated area by rectangle (A).
MRI of the same patient shows the degeneration of intervertebral disc of L4-5, L5-S1 and the hight intensity zone (B)
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Table2. MR and CT Discographic Findings of IDD (HIZ, High Intensity Zone)

Decreased  End plate abnormality  Facet osteoarthritis®

No.*  Concordant pain MRI grade’  HIZ* disc height (Modic type**) (grade) Discography*
1 + 5 - + I 2 \%
2 + 5 + + - 1 \%
3 + 4 - + - 2 \Y
4 + 5 + - I 2 \%
5 + 4 + + I 2 \%
6 + 5 + + 11 3 \%
7 + 5 + - 11 1 \%
8 + 5 + + I 1 \%
9 + 3 - + 11 1 \%

10 + 5 - + I 1 \%

**

: the same numbering as Table 1.
: grade 3. mild degeneration, blurred differentiation of the nucleus pulposus from the annulus, slightly decreased signa of the

nucleus pulposus with minor irregularities; grade 4, moderate disc degeneration, blurred differentiation of the nucleus pulposus
from the annulus, moderately decreased signal of the nucleus pulposus, with hypointense zones; grade 5, severe degeneration, a
loss of differentiation of the nucleus pulposus from the annulus, hypointense signal of the nucleus pul posus with or without a hori-
zontal hyperintense band.

: focal zone of high signal intensity within the posterior aspect of the annulus fibrosus, without focal protrusion or extrusion of the

disc.
: typel, low signa intensity of T1-weighted images and high signal intensity on T2-weighted images; type |1, high signal intensity
on both images; type l11, low signal intensity on both images.

: grade 1, mild degenerative disease(indicated by narrowing of the facet joint space, small osteophytes, and/or mild hypertrophy of

the articular process); grade 2, moderate degenerative disease(indicated by narrowing of the facet joint space, moderate osteo-
phytes, moderate hypertrophy of the articular process, and/or mild subarticular erosions); grade 3, severe degenerative
disease(indicated by narrowing of the facet joint space, severe osteophytes, severe hypertrophy oh the articular process, severe
subarticular erosions, and/or subchondral cysts).

++: typel, cottonball; type I1, lobular; type I11, irregular; type IV, fissured; type V, ruptured.
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Fig. 2. Photomicrographs showing evidence of innervation in internal disc disruption. SP-immunoreactive nerve fiber is present in
outer one third of the annulus fibrosus (arrows in A and B), and in the nucleus pulposus, with longitudinal (open arrowsin C
and D) and cross (arrows in E and F) section. (SP: substance P).
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Fig. 3. (A, B) GAP43-immunoreactive nerve fiber (arrow) is present in the annulus fibrosus of IDD (A) and of HNP (B).

Table 3. Substance P-, GAP43- and PGP9.5-immunoreactive fibersin the groups of discs. IDD, n=10; HNP, n=10, Control, n=>5.

Substance P GAP43 PGP9.5
Control IDD HNP Control IDD HNP Control IDD HNP
Outer 1/3 of AF 2 6 4 1 3 1 0 0 0
Inner 2/3 of AF 0 5 3 0 0 0 0 0 0
NP 0 3 2 0 0 0 0 0 0
(AF, annulus fibrosus; NP, nucleus pulposus; IDD, internal disc disruption; HNP, herniated nucleus pul posus.)
control IDD HNP contra=0.002) FHREEZ > 2+ 2 FHANAS
substEnce P R 15| Do F9 8k 2ol 7t ¢l A BH(PrNp-contra=0.158, Pipp-nnp=0.108)
20000 - (Fig. 4).
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