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Abstract: Lumbar disc herniation is one of the most common spinal degenerative disorders which may lead to low
back pain (LBP) and radicular leg pain. However, it remains difficult to diagnose a degenerative herniated disc as
the LBP generator in clinical practice. The purpose of this study is to explore the characteristic changes of a herni-
ated disc causing LBP on MRI and to clarify the underlying role of inflammatory mediators and annulus fibrous (AF)
tears in LBP generation associated with disc herniation. We prospectively collected intervertebral disc specimens
and MRI from 57 single-segment disc herniation patients with radiculopathy. All subjects were grouped according
to LBP occurrence or disc degeneration severity for the comparison of inflammatory mediators’ expression and AF
tears occurrence (High Intensity Zone, HIZ, on MRI). LBP incidence under circumstances of different degeneration
severity with or without HIZ was further analyzed. Both LBP incidence and Inflammatory mediators expression in
moderately degenerated group was higher than mildly and severely degenerative groups. HIZ incidence was higher
in moderately and severely degenerated groups. LBP incidence in the patients with both moderately degenerated
discs and HIZ was 86.7%, much higher than the rest of the patient population. In conclusion, the high expression
of inflammatory mediators with AF tears causes LBP associated with disc herniation. Moderately degenerative disc
with HIZ is MRI morphological change of herniated disc causing LBP, which can be applied to diagnose LBP.
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Introduction

Low back pain (LBP) has become one of the
most serious public health problems, with a
lifetime prevalence as high as 84% [1]. The
total cost associated with LBP in the United
States is estimated to exceed 100 billion dol-
lars per year [2].

Spinal degenerative disorders, such as disc
herniation, spinal stenosis, and degenerative
spondylolisthesis may lead to LBP. According to
a joint clinical practice guideline from the
American College of Physicians and the
American Pain Society, LBP was classified into
three categories: nonspecific LBP, LBP poten-
tially associated with radiculopathy or spinal
stenosis, and LBP potentially associated with
another specific spinal cause [3]. Of all, lumbar

disc herniation is one of the most common spi-
nal degenerative disorders leading to LBP asso-
ciated with radiculopathy [3-6].

On the other hand, some studies found that
disc herniation was actually common in asymp-
tomatic people as well [5, 7, 8]. Boden et al per-
formed MRI on asymptomatic subjects and
found that herniated disc was demonstrated in
24% of the subjects overall, with 21% in the 20
to 39 age group, 22% in the 40 to 60 age group,
and 36% in the over 60 age group [7]. Jensen et
al conducted a similar study and showed that
27% of asymptomatic subjects had disc hernia-
tion [8].

Both disc inflammation and nerve root com-
pression together are responsible for radicular
pain [3-6]. However, what causes the difference
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in LBP occurrence among disc protrusion
patients is still unclear. Great effort has been
paid to find the answers. Inflammatory response
has been acknowledged to be important in the
process of disc degeneration [9-11] and may
play an important role in pain generation [12-
15]. However, controversial studies reporting
its irrelevance with LBP makes it improbable to
be the only answer [16, 17]. Intervertebral disc
Annual Fibrous (AF) tear is another important
factor related to disc degeneration and pain
generation [13, 14, 18-21]. Previous studies
demonstrated that AF tear detected by histolo-
gy and MRI in the patient with LBP could be
considered a reliable marker for a painful disc
[13, 14, 19, 20]. However, controversial results
were also reported [22, 23], indicating that AF
tear alone may not be sufficient to cause LBP
arising from a degenerative disc. One compre-
hensively accepted explanation of AF tears
causing LBP is that it could enhance the trans-
portation of macromolecules from the NP to AF
and ingrowth of nerve fibers into internal AF or
NP [13, 14, 24, 25]. Thus, we hypothesize that
under the circumstances of disc degeneration,
overexpressed inflammatory mediators acting
as pain stimuli transport from the NP to exter-
nal AF or even the periphery of AF, and interact
with the nociceptive receptors that are usually
located around the periphery of AF and have
grown into the AF even NP through tears [13,
14, 24, 25], consequently causing LBP.

The aims of the current study are (1) to ex-
plore the characteristic changes of a herniated
disc causing LBP on MRI; (2) to clarify the
underlying role of inflammatory mediators and
AF tears in LBP generation associated with disc
herniation.

Materials and methods
Subjects

Ethical approval from the local ethical commit-
tees and informed consent from patients were
obtained.

A total of 57 disc protrusion patients (28 males
and 29 females) undergoing lumbar interverte-
bral discectomy surgery from July 2011 to
November 2013 in our department were includ-
ed. All subjects were admitted to hospital
because of lower extremity radiculopathy. The
primary indication of discectomy is to manage
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radiculopathy, however, some of the patients
had LBP whereas some did not. All subjects
meet the following inclusion criteria: (1) a sin-
gle-segment disc herniation on MRI; (2) lower
extremity radiculopathy; (3) no response to
conservative treatments, such as anti-inflam-
matory drugs and physical therapy. Patients
with endplate Modic changes, facet joint arthri-
tis, Schmorl’s nodes, spinal deformity, tumor,
infection, spondylolisthesis or canal stenosis
were excluded.

Clinical outcomes

All patients described the intensity of their LBP
on a 0-10 (O, no pain; 10, worst pain) visual
analogue scale (VAS) 1 week before surgery.
Based on their preoperative VAS and the dura-
tion of LBP, all patients were divided into the
LBP (+) group (VAS > 3, lasting for a minimum of
3 months) and the LBP (-) group, according to
the rationale that a VAS of 4 is considered a
disruption in quality of life [16].

MRI analysis

MR imaging was performed using a 3.0-T unit
(Symphony Quantum, Siemens AG Medical
Solutions). Spin echo Tl-weighted (repetition
time [TR] < 800) proton density (1,000 < TR <
2,000; echo time [TE] < 30) and T2-weighted
(TR =2000; 50 < TE < 100) sagittal and axial 4
mm thick MR images were generated. HIZ was
evaluated based on the criteria set by Aprill
[26]. Two experienced spine surgeons evaluat-
ed the MRI scans in a blinded fashion to deter-
mine HIZ by reviewing the sagittal and axial T-2
weighted images. Additionally, according to the
degeneration degree (Pfirrmann grading sys-
tem [27]) of the dissected level, all subjects
were grouped into three categories: mildly
degeneration (Grade Il), moderately degenera-
tion (Grade lll), and severely degeneration
(Grade IV and Grade V).

Sample tissue collection and preparation

Nucleus pulposus samples were harvested
from the lumbar intervertebral discs of all 57
patients intraoperatively. Immediately upon
collection, the samples were divided into two
equal parts. One part was stored in liquid nitro-
gen for gRT-PCR. The second part was prepared
by fixing in a 10% formalin solution for immuno-
histochemical analysis.
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Figure 1. LBP incidence in moderately degenerated
disc was higher than those in mildly and severely de-
generated disc (P < 0.05).

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

Total RNA was extracted using Trizol reagent
(Invitrogen), according to the manufacturer’s
protocol. The complementary DNA was synthe-
sized using a Reverse Transcription Kit (Toyobo
FSQ-101), and the PCR reaction system
was performed using the SYBR qPCR Mix Kit
(Toyobo QPS-201), according to the manufac-
turer’s protocol. RT-PCR was carried out using a
CFX 96 (BIO RAD) that detects SYBR Green
fluorescent dye incorporated in double strand-
ed DNA. Forty real-time PCR cycles were
performed for denaturation (95°C for 15 s),
annealing, and elongation (60°C for 45 s). The
primers sequences were as follows: IL-1[3: for-
ward 5-GACCTGAGCACCTTCTTTCC-3’; reverse:
5-CTGGAGGTGGAGAGCTTTCA-3’; TNF-a: for-
ward: 5-TTCTGCCTGCTGCACTTTG-3’; reverse:
5 -TGGGCTACAGGCTTGTCACT-3’; iNOS: forward:
5-ACCAGTACGTTTGGCAATGG-3’; reverse: 5-G-
AACACGTTCTTGGCATGCA-3’; Substance P: for-
ward: 5-GAGCCCTTTGAGCATCTTCT-3’; reverse:
5-TCTGGCCATGTCCATAAAGAG-3’; B-actin: for-
ward: 5’-TGGATCAGCAAGCAGGAGTA-3’; reverse:
5-TCGGCCACATTGTGAACTTT-3. The mRNA lev-
els of IL-1B, TNF-a, iINOS and Substance P
were standardized versus B-actin. The mRNA
expression of group LBP (+) was expressed as
a ratio to group LBP (-). The mRNA expressions
of moderately and severely degenerated
patients were expressed as ratios to mildly
degenerated patients.

Immunohistochemical analysis (IHC)

Disc samples were prepared for analysis by fix-
ing in a 10% formalin solution, dehydrating in a
graded alcohol series, treating with xylene for
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transparency, and embedding in paraffin.
Thereafter, the paraffin blocks were sliced
into 5 um tissue sections. After antigen retriev-
al, quenching of endogenous peroxidase and
blocking of non-specific binding, sections
were incubated with mouse polyclonal anti-
body against TNF-a (Santa Cruz, sc-130349),
rabbit polyclonal antibody against IL-1p3 (Santa
Cruz, sc-7884), goat polyclonal antibody again-
st substance P (Santa Cruz, sc-9758), and
rabbit polyclonal antibody against iNOS (Santa
Cruz, sc-651) at 1:250 dilution, followed by
HRP-conjugated secondary antibody. Sections
in which the primary antibodies had been
omitted were used as negative controls. There
were nine fields of view under microscopy,
with 100 maghnifications scanned to count
the number of positive staining cells for
IL-1B, TNF-a, INOS and Substance P. Finally,
the number of immunopositive cells was
expressed as a percentage of the total nu-
mber.

Statistical analysis

Statistical analysis was performed using SPSS
18.0 (SPSS, Inc, Chicago, IL, USA). One-way
analysis of variance (ANOVA) was performed to
determine the significance of age distribution.
The Mann-Whitney U test was performed to
determine the significance of the percentage of
immunopositive cells and mRNA expression
between LBP (+) and LBP () groups. The
Kruskal-Wallis H test was performed to deter-
mine the significance of the percentage of
immunopositive cells and mRNA expression in
mildly, moderately and severely degenerated
discs. HIZ incidence and LBP occurrence were
compared using a chi-square test. In most
cases, numbers are presented as the mean +
standard deviation (SD). P < 0.05 was consid-
ered statistically significant.

Results
Subjects

The LBP (+) group consisted of 25 patients (12
males and 13 females), with a mean age of
30.2 £ 7.4 years. The LBP (-) group consisted of
32 patients (16 males and 16 females), with a
mean age of 28.0 £ 6.0 years. There was no
significant age distribution difference between
the LBP (+) group and the LBP (-) group (P >
0.05).
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Figure 2. The inflammatory mediators expression in moderately degenerated disc was the highest for IL-10, TNF-q,
iNOS and Substance P (P < 0.05), bar = 100 um. Mil: Mild, Mod: Moderate, Sev: Severe.

LBP incidence and disc degeneration

LBP incidences were compared among groups
according to Pfirrmann disc degeneration grad-
ing system. The data showed that 16.7% (2/12
patients) of patients with mildly degenerated
discs and 28.6% (6/21) of patients with severe-
ly degenerated discs were with LBP respective-
ly, while 62.5% (15/24) of patients with moder-
ately degenerated discs were with LBP (P <
0.05) (Figure 1), suggesting that moderately
degenerated discs are closely correlated to
LBP.

Inflammatory mediators expression and disc
degeneration

Immunoreactivity for the detected inflammato-
ry mediators was observed in all categories of
degenerated discs. In the mildly degenerated
group, percentages of immunopositive cells
were 13.5 + 3.2% for IL-1B3, 14.2 + 3.0% for
TNF-t, 12.6 + 1.9% for iINOS and 13.0 + 2.4%
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for Substance P. Compared to the mildly degen-
erated group, a significant increase of immu-
nopositive cells percentages was observed in
the moderately degenerated group (IL-13 40.9
+6.6%, TNF-a0 40.1 £ 5.7%, iINOS 29.9 + 10.9%,
Substance P 32.4 + 6.3%, P < 0.05) and the
severely degenerated group (IL-1B 23.2 + 5.1%,
TNF-aa 22.9 £+ 5.7%, iINOS 20.1 = 4.9%,
Substance P 19.2 £ 5.2%, P < 0.05). However,
compared to the moderately degenerated
group, a significant decrease of immunoposi-
tive cells percentages was observed in all four
detected inflammatory mediators in the severe-
ly degenerated group (P < 0.05) (Figure 2).

Similar expression trends of the detected
inflammatory mediators in mMRNA levels were
observed. Compared to the mildly degenerated
group, a significant increase of MRNA level
was observed in the moderately degene-
rated group (IL-1B 3.663-fold, TNF-ax 3.693-
fold, INOS 3.801-fold, Substance P 3.625-fold,
P < 0.05), and the severely degenerated group

Int J Clin Exp Med 2015;8(2):1634-1644
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Figure 3. The mRNA level in moderately degenerated disc was the highest for IL-1p3, TNF-&, iNOS and Substance P
(P <0.05).
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Substance P did not reach significance (P > 0.05), bar = 100 um.
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reach significance (P > 0.05).

100 5

80 - 62.5%
60 1

40

61.9%

HIZ incidence

20 b 00/@

Mild Moderate Severe

Figure 6. HIZ incidence in moderately and severely
degenerated discs were higher than that in mildly
degenerated disc (P < 0.05).

(IL-1B 1.893-fold, TNF-a 1.797-fold, INOS 2.016-
fold, Substance P 1.852-fold, P < 0.05). How-
ever, compared to the moderately degenerated
group, a significant decrease of mMRNA levels
was observed in all four detected inflammatory
mediators in the severely degenerated group (P
< 0.05) (Figure 3).

These data suggest that inflammatory media-
tors’ expression depends on the severity of disc
degeneration. Compared to mildly and severely
degenerated discs, moderately degenerated
discs demonstrate the highest expression of
inflammatory mediators.
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Inflammatory mediators’ expression and LBP

In the asymptomatic group, the immunoposi-
tive cells percentages of the detected inflam-
matory mediators were 28.2 + 9.7% for IL-10,
33.1 + 5.9% for TNF-a, 22.5 + 9.9% for iNOS
and 22.3 + 9.8% for Substance P (Figure 4). In
the LBP group, the immunopositive cells per-
centages of the detected inflammatory media-
tors were 33.2 + 11.4% for IL-1B, 37.9 £ 12.7%
for TNF-, 24.9 + 9.3% for iNOS and 26.9 +
9.7% for Substance P (Figure 4). Differences
between the two groups did not reach statisti-
cal significance (P > 0.05). Compared to the
asymptomatic group, the detected inflammato-
ry mediators expression in mRNA level was IL-
1B 1.484-fold, TNF-a 1.383-fold, iNOS 1.35-
fold and Substance P 1.46-fold in LBP group.
The differences between the two groups did
not achieve statistical significance (P > 0.05)
(Figure 5).

HIZ incidence and disc degeneration

No HIZ (0/12) was found in mildly degenerated
discs in the current study, while 62.5% (15/24)
of moderately degenerated discs and 61.9%
(13/21) of severely degenerated discs demon-
strated HIZ (Figure 6).

Int J Clin Exp Med 2015;8(2):1634-1644



Moderately IVDD with AF tear causes LBP

100 ;
801 60.7%
60 |
40 |
20

0
HIZ + -

Figure 7. LBP incidence in HIZ (+) was higher than
that in HIZ (-) (P < 0.05).
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HIZ incidence and LBP incidence

LBP incidences were compared between the
groups of HIZ (+) and HIZ (-). The data demon-
strated that 60.7% (17/28 patients) of patients
in HIZ (+) group were with LBP, while 20.7%
(6/29 patients) of patients in HIZ (-) group were
with LBP (P < 0.05) (Figure 7).

LBP incidence analysis with degeneration
severity and HIZ incidence

To further elucidate the relationship between
disc degeneration and LBP, all subjects were
divided into groups according to the severity of
disc degeneration and HIZ existence, which
were mild degeneration + HIZ (-), mild degener-
ation + HIZ (+), moderate degeneration + HIZ (-),
moderate degeneration + HIZ (+), severe degen-
eration + HIZ (-), severe degeneration + HIZ (+).
LBP incidence of the above groups were 16.7%
(2/12), 0% (0/0), 22.2% (2/9), 86.7% (13/15),
25% (2/8), and 30.8% (4/13), respectively. LBP
incidence was significantly higher in the group
demonstrating moderate degeneration + HIZ
(+) than in any of the other groups (P < 0.05)
(Figure 8). Magnetic resonance imaging effec-
tively illustrated the role of moderate degenera-
tion + HIZ (+) in LBP pathogenesis, and sug-
gests that both are necessary (Figure 9).

Discussion

Etiology of LBP is complicated and requires fur-
ther elucidation. Many factors in the process of
spinal degeneration may cause LBP [28, 29].
Lumbar disc herniation is one of the most com-
mon spinal degenerative disorders. And it usu-
ally leads to a combination of discogenic lum-

1640

-
o
o

86.7%
80 1

60 1

40 4 ,, 30.8%
22.2% 25%

16.7%

20 -

0 o
Mild + +
Moderate - -

Severe -~ -
HIZ - + -

LBP patients percentage

+ 1 4
-+ 1
+ + 10

Figure 8. LBP incidence was significantly higher in
the group with both moderately degenerated discs
and HIZ than those in the other groups (P < 0.05).

bago and radicular leg pain [30, 3-6], while
there are still some of the disc protrusion
patients only presenting radicular leg pain.

Magnetic Resonance Imaging (MRI) is the gold
standard for evaluating the relationship of disc
material to soft tissue and neural structures
[27, 31-33]. MRI often can identify morphologi-
cal changes in low back structures; however, it
cannot conclusively identify them as pain gen-
erators. So far there is no sensitive noninvasive
diagnostic tool to help with identifying whether
a degenerative herniated disc is a source of
pain, and whether the treatments targeting a
degenerative herniated disc would well relieve
the LBP symptom. Our study prospectively
studied disc herniation patients who had dis-
cectomy indicated for lower extremity radicu-
lopathy. Patients with acknowledged LBP con-
tributors like Modic changes, facet joint
arthritis, Schmorl’'s nodes, canal stenosis,
spondylolesthesis were excluded. The purpose
of the current study is to explore the character-
istic changes of a herniated disc causing LBP
on MRI and to clarify the underlying role of
inflammatory mediators and AF tears in LBP
generation associated with disc herniation.

In the current study, the correlation between
disc degeneration severity and LBP incidence
is not linear, and moderately degenerative disc
group showed the highest (62.5%) LBP inci-
dence, while mildly and severely degenerative
disc groups were much lower (16.7% and
28.6%, respectively) (Figure 1). As we acknowl-
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Figure 9. Three representative MRI scan imaging of intervertebral disc protrution patients. A: Severely degenerated
disc with HIZ had no LBP. B: Moderately degenerated disc with HIZ had LBP. C: Moderately degenerated disc without
HIZ had no LBP.

edged, this is the first time to show the associa-
tion of disc degeneration severity and LBP. This
result may partially explain why disc degenera-
tion was common in asymptomatic people.
If the study subjects include a high percentage
of patients with severely degenerative discs,
the LBP incidence may be affected and over-
looked.

Inflammation response has been acknowl-
edged to be important in the process of disc
degeneration [9-11]. The current study demon-
strated that both severely and mildly degener-
ated discs showed a lower expression of inflam-
matory mediators, while moderately degene-
rated discs showed the highest expression
level, which is a novel finding not found in previ-
ous reports (Figures 2, 3). The decrease in
inflammatory mediators’ expression in severely
degenerated disc may be attributed to the
reduced cell number and the decreased meta-
bolic activity of disc cells [28, 34-39]. Impor-
tantly, this expression pattern of inflammatory
mediators was corresponding to the LBP occur-
rence pattern, both highest in the moderately
degenerative discs. It suggested that inflamma-
tory mediators might play an important role in
LBP.

Inflammation response has been acknowl-
edged to be possibly related to LBP generation
[12-15]. Our study directly compared inflamma-
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tory mediators’ expression between painful
and asymptomatic group patients. Unexpec-
tedly, no significant difference (Figures 4, 5)
was found between the two groups. It suggests
that if it is true that inflammation does corre-
late to LBP generation, inflammatory mediators
expression by itself may be insufficient to
induce LBP, Considering that the LBP incidence
in the moderately degenerative group with a
high level inflammatory mediators expression
was only around 60% (Figure 1), even though
higher than mildly or severely degenerative
groups, it is reasonable to assume that some
other factors may take effect and influence the
LBP generation.

AF tear is a common phenomenon along with
the process of disc degeneration [18, 21, 36].
The nerve fibers tend to extend along AF tears
into the internal part of AF, even NP tissue [13,
14]. Besides, with such tears, the transport of
inflammation cytokines and nociceptive stimu-
lators from within NP to nociceptive receptors
in AF would be enhanced [25]. In this accepted
theory, AF tear plays an important role in LBP
generation. High intensity zone (HIZ) on MRl is
considered to represent AF tears [19, 20, 26].
In the current study, HIZ was not observed in
mildly degenerated discs, and the HIZ inci-
dence of moderately and severely degenerated
discs was around 60% (Figure 6), suggesting
that AF tears are closely related to disc degen-

Int J Clin Exp Med 2015;8(2):1634-1644
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Figure 10. A typical disc protrusion case performing radiofrequency ablation. A and C: Preoperative MRI scan
imaging showed moderate degeneration and HIZ. After radiofrequency ablation, the low back pain patient had pain
relief. B and D: After half one year, MRI scan imaging had no obvious changes. But, the patient had no recurrence
of LBP.

eration. Since the LBP incidence in HIZ (+)
group was only around 60% (Figure 7), it is also
reasonable to speculate that HIZ is not a single
factor to induce LBP. Therefore, a combined
analysis of disc degeneration severity and HIZ
on LBP incidence was further conducted.
Interestingly, the LBP incidence of the popula-
tion having a moderately degenerated disc
along with HIZ was 86.7%, while a much lower
incidence was found in each of the other situa-
tions (Figure 8). It not only confirmed that AF
tears exerted a crucial effect on pain genera-
tion, but also both moderate disc degeneration
with a high level inflammatory mediator expres-
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sion and AF tears are essential for LBP associ-
ated with disc herniation.

Figure 10 shows an example of the above theo-
ry in clinical practice. The patient suffered from
chronic LBP for over one year. MRI showed a
moderately degenerated disc with mild hernia-
tion and HIZ. After performing radiofrequency
ablation, the LBP symptoms were relieved, but
the follow-up MRI remained unchanged. The
pain relief was probably caused by inflammato-
ry mediators’ inactivation by the heat of radio-
frequency ablation, which eliminated the stimu-
lation for nociceptive receptors.

Int J Clin Exp Med 2015;8(2):1634-1644
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The current study has several limitations.
Firstly, we only investigated a few kinds of
inflammatory mediators which have been con-
firmed to be involved in degenerative disc and
LBP. Secondly, to confirm our proposed mecha-
nism of LBP pathogenesis, lumbar disc hernia-
tion animal studies will be necessary to identify
the synergistic contribution of HIZ and high
inflammatory mediator expression. Thirdly, a
prospectively randomized controlled study is
needed to evaluate diagnosis value of moder-
ately degenerative disc with HIZ in clinical
practice.

Conclusion

In summary, our results indicate that the high
expression of inflammatory mediators with AF
tears causes LBP associated with disc hernia-
tion. Moderately degenerative disc with HIZ is
MRI morphological change of herniated disc
causing LBP, which can be applied to diagnose
LBP.
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