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Inflammatory mediators such as cytokines have been suggested to be important in the pathophysiology
of disc herniation. However, few studies have been ever conducted for evaluating the serum levels of
these cytokines. This study aimed at assessing the agreement of serum and operation-field cytokines in
diagnosis of herniated lumbar disc type. In this study, 43 patients with lumbar disc herniation were
recruited in Tabriz Imam Reza Hospital during a 12-month period. According to the type of herniation,
the patients were categorized in two groups: with excursion or sequestration (group A) and with
bulging (group B) of disc, with 22 and 21 cases, respectively. The level of interleukin (IL)-1a, IL-6 and
tumor necrosis factor (TNF)-a was determined in nucleus pulposus (NP) and serum of the patients by
employing enzyme-linked immunosorbent assay (ELISA) method. Agreement rate between the two
readings was determined. There was full agreement between the serum and NP readings for all the
studied parameters. The optimal cut-off points for serum IL-1qa, IL-6 and TNFa were <0.25, 0.05 and <0.7
pg/ml, respectively, for discrimination between the extrusion and bulging discs. Serum levels of IL-1a,
IL-6 and TNFa may be applicable for preoperative diagnosis of the type of the herniated lumbar disc,
especially TNFa, and IL-6 parameters which have a high sensitivity and specificity for differentiation

between bulging and extrusion or sequestration discus.
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INTRODUCTION

Disc herniation is one of the most common health-
medical problems all over the world. In United States, the
occurrence rate has been reported 1 in 32. Annually, 8/4
million people around America suffers from discus hernia
(American Surgeon’s Editorial, 2004). Lumbar disc
herniation is one of the most prevalent disc herniation
between the vertebra in spine and can occur at any age
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Abbreviations: IL, Interleukin; TNF, tumor necrosis
factor; NP, nucleus pulposus; ELISA, enzyme-linked
immunosorbent  assay; ROC, Receiver-operating
characteristic.

with two patterns (bulging, extrusion or sequestration)
(Roberts et al., 2006). It seems that the symptoms of
extrusion and sequestration lumbar disc are more severe
than the bulging discs (Aithala et al.,, 2010). In most
cases, pain is the main symptom, although the
mechanism of pain and root irritation has not been
clarified yet clearly (Olmarker and Rydevik, 1991;
Rydevik et al., 1984; Rydevik, 1990). Meanwhile, the role
of cytokine has been considered (Kelly, 1956; Marshall et
al., 1973; McCarron et al., 1987; Saal et al., 1990; Saal,
1995).

Defining the relation of cytokine and growth factors with
vertebral disc has been of interest to various researchers
in two recent decades and they got some conflicting
results (Le Maitre et al., 2007; Haro et al., 1996; Levine et
al., 1984; Ohtori et al., 2011; Nagashima et al., 2009).
The aim of this study was to examine the difference of
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cytokines types and levels in extrusion or sequestration
and bulging discus hernia in both nucleus pulposus (NP)
and serum samples.

MATERIALS AND METHODS

In this analytical research which was performed in the Neurosurgery
Department of Tabriz Imam Reza hospital from 2009 up to 2010, 43
patients with disc herniation were studied in two groups by
magnetic resonance imaging (MRI) assessment: 22 cases in
extrusion or sequestration group and 21 cases in Bulging group.
Patients with previous surgery history and any infection were
excluded from study. Pre- inflammatory cytokines [interleukin (IL)-6,
IL-1a and tumor necrosis factor (TNFa)] were measured in NP and
serum of patients and compared in two groups. Sampling was
performed by method which was described by Nygaard et al.
(1997).

Before surgery, blood samples of patients were taken and serum
samples kept in freezer. In the operation room, after complete
homeostasis and preventing the entrance of blood to the surgery
field, annulus was cut and nucleus pulposus was out. These
samples were frozen directly in liquid nitrogen within 2 min and
subsequently at -7°C. The samples were cut into small pieces with
the help of a knife, re-suspended in frozen NaCl, and again placed
in ice bath. The pieces then were grinded by homogenizer and
were ultra-centrifuged for 15 min and the supernatant was used to
examine the IL-6 and IL-la, TNFa by Bender Medsystems
commercial kits using the enzyme-linked immunosorbent assay
(ELISA) method. Serum samples were also assessed by same kits
and method. The laboratory had no information about the clinical
condition of patient and the type of hernia and also the surgeon was
not reported about the test results.

Statistical analysis

The collected information is represented as average, standard
deviation (mean * SD) and percentage. Differences between
groups were analyzed using independent sample T-test and Mann-
Whitney U-test. Correlation assessment was analyzed by
Spearman’s correlation coefficient. For determination of cut-off
points, receiver-operating characteristic (ROC) curve were used.
McNemar test was used for difference between correlated
proportions. Difference were considered to be significant when
P<0.05. The employed application is SPSS version 15.

RESULTS

22 patients (51/2%) had an extrusion or sequestration
disc (group A), while 21 patients (48.8%) had a bulging
disc (group B) herniation. In all cases, MRI and computed
tomographic (CT) results were in accordance with the
final diagnosis. The amount of serum TNFa in group A
was 2.57 + 2.39 pg/ml, and that in group B was 0.20 +
0.36 pg/ml. The average of serum TNFa in group A was
noticeably higher (p<0.001). The amount of nucleus
pulposus TNFa in group A was 4.34 + 5/43 pg/ml, and in
group B was 0.21 + 0.33pg/ml. The average of nucleus
pulposus TNFa in group A was noticeably higher
(p<0.001).

The amount of serum IL-1a in group A was 1.40 + 1.36
pg/ml, while that in group B was 0.17+ 0.27 pg/ml. The

average of serum IL-1a in group A was noticeably higher
(p<0.001). The amount of nucleus pulposus IL-1a in
group A was 1.45 + 1.18 pg/ml, and in group B was 0.20
+ 0.29pg/ml. The average of nucleus pulposus IL-1a in
group A was noticeably higher (p<0.001). The amount of
serum IL-6 in group A was 6.23 = 12.27 pg/ml, and in
group B was 0.18 + 0.57 pg/ml. The average of serum IL-
6 in group A was noticeably higher (p<0.001). In addition,
the amount of nucleus pulposus IL-6 in group A was
28/10 = 84/74 pg/ml, and in group B was 0.27+0.88
pg/ml. The average of nucleus pulposus IL-6 in group A
was noticeably higher (p<0.001). The correlation between
nucleus pulposus and serum variants in all patients was
as follows: There was a noticeable and strong positive
correlation between the serum and nucleus pulposus
TNFa, IL-la and IL-6 quantites in all patients
(respectively p<0.001, rho=0.827, p<0.001, rho=0.903
and p<0.001, rho=0.905). There was also a noticeable
and strong positive correlation between the serum and
nucleus pulposus TNFa, IL-la and IL-6 quantities in
group A patients. Furthermore, there was a noticeable
and strong positive correlation between the serum and
nucleus pulposus IL-loand IL-6 quantities in group B
patients but there was no noticeable correlation between
the serum and nucleus pulposus TNFa quantities in this
group (p<0.001, rho=0.296).

Cut-off points in these cytokines to estimating extrusion
or sequestration by using ROC curve (Figure 1), was as
follows:

a) Serum TNFa: The best cut-off point=0.7 pg/ml with
83% sensitivity and 90% specificity.

b) Nucleus pulposus TNFa: The best cut-off point =0.9
pg/ml with 77% sensitivity and 95% specificity.

¢) Serum IL-1a: The best cut-off point 20.25 pg/ml with
77% sensitivity and 76% specificity.

d) Nucleus pulposus IL-1a: The best cut-off point 20.35
pg/ml with 82% sensitivity and 81% specificity.

e) Serum IL-6: The best cut-off point =0.05 pg/ml with
95% sensitivity and 81% specificity.

f) Nucleus pulposus IL-6: the best cut-off point =0.05
pg/ml with 95% sensitivity and 81% specificity.

The results of examining the agreement of serum and
nucleus pulposus parameters showed that there was
complete agreement between TNFa, IL-la and IL-6
parameters in serum and nucleus pulposus in both two
groups. In comparison, there was no noticeable statistical
difference between the average of TNFaq, IL-1 and 1I-6 in
serum and nucleus pulposus in the two groups.

DISCUSSION

In this research, the level of TNFa, IL-1a, IL-6 in NP and
serum of patients with disc herniation and their difference
in two types of hernia: bulging and extrusion or
sequestration discs was studied. Based on the results,
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Figure 1. Serum and NP cytokines ROC curve for determination of extruded disc.
the levels of these cytokines in serum and nucleus IL-6 concentration could indicate pathological nerve

pulposus in extrusion or sequestration discus was
considerably high. Several studies showed different
results.

Nygaard et al. (1997) represented that there is no
considerable difference between the level of cytokines
like TNFa, IL-6 in normal and herniated discs. However,
the levels of LTB4 and TXB2 in disc herniation are
considerably higher and it is concluded that the several
kinds of discs have different inflammatory processes
(Nygaard, et al., 1997). In another research, Kang et al.
(1996) represented that IL-6 level in hernia discus is
considerably higher than normal discus, but there is no
difference between TNFa, IL-6 levels in the two groups.
Study on 30 hernia patients showed that the IL-6 level
topically increases in these patients (Specchia et al.,
2002). A study on 77 patients with perforated, extrusion
and sequestration discs also showed that the IL-1 level is
topically higher in perforated patients, while there is no
difference in TNFa and IL-6 levels in three groups
(Takahashi et al., 1996). In addition, Genevay et al.
(2008) represented that TNFa level in hernia patients is
considerably higher. A study showed that elevated CSF

damage or degeneration of lumbar radiculopathy (Ohtori
et al., 2011).

A real time-PCR study showed that IL-1 B and TNFa
cytokines are produced by human degenerated
intervertebral cells and IL-1p is expressed at higher levels
in degenerated discs (Le Maitre et al.,, 2007). Another
study also showed that the concentration of TNFa, IL-1 8
and IL-6 cytokines in colony-stimulating factor (CSF) can
indicate certain pathological aspects of cervical
myelopathy or lumbar radiculopathy (Nagashima et al.,
2009). Other studies showed that cytokines like IL-1
and IL-6 have high concentrations in the herniated discs
associated with myelopathy (Demircan et al., 2007). In an
Immunohistochemical study, IL-4, IL-6, IL-12 and IFNy
levels were modest in surgical degenerated and higher in
herniated discs (Shamiji et al.,, 2010). A study on 39
patients with disc herniation and sciatica showed that
serum and CSF level of TNFaq, IL-1, IL-6, IL-8, and IFN-y
were normal except IL-8 (Brishy et al., 2002).

As earlier mentioned, the results of various studies on
this field are different and sometimes incoherent.
However, we represented that the cytokines levels in
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extrusion or sequestration discs in nucleus pulposus and
serum are higher than bulging discs. This is the first study
that compares cytokines levels in serum and nucleus
pulposus in bulging and extrusion or sequestration
herniated discs. It is demonstrated that releasing the
substances from inner section of discus (NP) in
perforated cases can cause local inflammation and evoke
the leukocytes (Byréd et al., 2000; Olmarker et al., 1996;
Yabuki et al.,, 1998). These phenomena increase the
vessels permeability and cause the elevation of cytokines
in blood (Brisby et al., 2002). Simultaneous elevation of
nucleus pulposus and serum cytokines levels (with high
correlation and agreement) in our study confirms this fact.

One of the other advantages of this study is the
definition the cut-off points of cytokines for serum and
nucleus pulposus in bulging and extrusion or
sequestration discus .Therefore, using TNFa, IL-6
parameters have a high sensitivity and specificity for
differentiation between bulging and extrusion or
sequestration discus. By considering the high
compatibility of serum and nucleus pulposus levels,
serum measurements can be used as a simple and non-
invasive method to diagnose and estimate the patient
condition. However, we need more study to examine the
exact role of these inflammation parameters in discus
hernia pathogenesis.

REFERENCES

Aithala J, Rajagopal SR, Asha K (2010). Correlation between clinical
features and magnetic resonance imaging findings in lumbar disc
prolapsed. Indian J. Orthop., 44(3): 263-269.

American surgeon’s editorial (2004). Herniated Disc-Fact sheet. Am
Neurolog Surg., 4: 1-12.

Brisby H, Olmarker K, Larsson K, Nutu M, Rydevik B (2002).
Proinflammatory cytokines in cerebrospinal fluid and serum in
patients with disc herniation and sciatica. Eur. Spine J., 11(1): 62-66.

Byréd G, Otani K, Brisby H, Rydevik B, Olmarker K (2000).
Methylprednisolone reduces the early vascular permeability increase
in spinal nerve roots induced by epidural nucleus pulposus
application. J. Orthop. Res., 18: 983-987.

Demircan MN, Asir A, Cetinkal A, Gedik N, Kutlay AM, Colak A, Kurtar
S, Simsek H (2007). Is there any relationship between
proinflammatory mediator levels in disc material and myelopathy with
cervical disc herniation and spondylosis? A non- randomized,
prospective clinical study. Eur. Spine J. 16: 983-986.

Genevay S, Finckh A, Payer M, Mezin F, Tessitore E, Gabay C (2008).
Elevated levels of tumor necrosis factor-alpha in periradicular fat
tissue in patients with radiculopathy from herniated. Spine, 33(19):
2041-2046.

Haro H, Shinomiya K, Komori H, Okawa A, Saito |, Miyasaka N, Furuya
K (1996). Upregulated expression of chemokines in herniated
nucleus pulposus resorption. Spine, 21: 1647-1652.

Kang JD, Georgescu HI, Mcintyre-Larkin L, Stefanovic-Racic M,
Donaldson WF, Evans CH (1996). Herniated lumbar intervertebral
discs spontaneously produce matrix metalloproteinases, nitric oxide,
interleukin-6, and prostaglandin E2. Spine, 21(3): 271-277.

Kelly M (1956). Is pain due to pressure of nerves? Neurol. 6: 32-36.

Le Maitre CL, Hoyland JA, Freemont AJ (2007). Catabolic cytokine
expression in degenerate and herniated human intervertebral discs:
IL-1B and TNFa expression profile. Arthritis Res. Ther. 9: R77.

Levine JD, Lau W, Kwiat G, Goetzl EJ (1984). Leukotriene B4 produces
hyperalgesia that is dependent on polymorphonuclear leucocytes.
Sci. 225: 743-745.

Marshall LL, Trethewie ER, Curtain CC (1973). Chemical irritation of
nerve root in disc prolapse. Lancet, 2: 321-322.

McCarron RF, Wimpee MW, Hudkins PG, Laros GS (1987). The
inflammatory effect of nucleus pulposus: A possible element in the
pathogenesis of low-back pain. Spine, 12: 760-764.

Nagashima H, Morio Y, Yamane K, Nanjo Y, Tashima R (2009). Tumor
necrosis factor-a, interleukin-1b, and interleukin-6 in the
cerebrospinal fluid of patients with cervical myelopathy and lumbar
radiculopathy. Eur. Spine J., 18:1946-1950.

Nygaard @P, Mellgren Sl, @sterud B (1997). The Inflammatory
Properties of Contained and Noncontained Lumbar Disc Herniation.
Spine, 22(21): 2484-2488.

Ohtori S, Suzuki M, Koshi T, Takaso M, Yamashita M, Inoue G.,
Yamauchi K, Orita S, Eguchi Y, Kuniyoshi K, Ochiai N, Kishida S,
Nakamura J, Aoki Y, Ishikawa T, Arai G, Miyagi M, Kamoda H,
Suzuki M, Toyone T, Takahashi K(2011). Proinflammatory cytokines
in the cerebrospinal fluid of patients with lumbar radiculopathy. Eur.
Spine J. 20: 942-946.

Olmarker K, Rydevik B (1991). Pathophysiology of sciatica. In: Brown
MD, Rydevik B, eds. Causes and cure of low back pain and sciatica.
Philadelphia: W.B. Saunders Co., 1991 Orthop. Clin. North Am.
22(2): 223-34.

Olmarker K, Rydevik B, Nordborg C (1996). Ultrastructural changes in
spinal nerve roots induced by autologous nucleus pulposus. Spine,
21: 411-414.

Roberts S, Evans H, Trivedi J, Menage J (2006). Histology and
pathology of the human intervertebral disc. J. Bone Joint Surg. Am.,
88(2): 10-14.

Rydevik B (1990). Etiology of sciatica. In: Weinstein JN, Wiesel SW.
The Lumbar Spine. Philadelphia: W. B. Saunders Co., pp. 133-40.
Rydevik B, Brown MD, Lundborg G (1984). Pathoanatomy and

pathophysiology of nerve root compression. Spine, 9: 7-15.

Saal JS (1995). The role of inflammation in lumbar pain. Spine, 16:
1821-1827.

Saal JS, Franson RC, Dobrow R, Saal JA (1990). High levels of
inflammatory phospholipase A, activity in lumbar disc herniations.
Spine, 15: 674-678.

Shamji MF, Setton LA, Jarvis W, So S, Chen J, Jing L, Bullock R,
Isaacs RE, Brown C, Richardson WJ (2010). Pro-inflammatory
Cytokine Expression Profile in Degenerated and Herniated Human
Intervertebral Disc Tiss. Arthritis Rheum., 62(7): 1974-1982.

Specchia N, Pagnotta A, Toesca A, Greco F, Cytokines and growth
factors in the protruded intervertebral disc of the lumbar spine disc.
Eur. Spine J., 11(2): 145-151.

Takahashi H, Suguro T, Okazima Y, Motegi M, Okada Y, Kakiuchi T
(1996). Inflammatory cytokines in the herniated disc of the lumbar
spine. Spine, 21(2): 218-224.

Yabuki S, Kikuchi S, Olmarker K, Myers RR (1998). Acute effects of
nucleus pulposus on blood flow and endoneurial fluid pressure in rat
dorsal root ganglia. Spine, 23: 2517-2523.



