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Abstract
Context: Many inflammatory cytokines are also elevated in degenerated or herniated intervertebral 
discs. Among biomarkers, interleukin‑6 (IL‑6) plays an essential role in the inflammatory process of 
disc herniation. Some studies have suggested that an increase in serum IL‑6 levels occurs in sustained 
radicular pain. Aims: The aim of this study was to determine the relationship between changes in 
IL‑6 serum level and pain and disability index in patients with radicular pain in acute herniated 
lumbar disc before and after lumbar disc surgery. Settings and Design: This is a descriptive‑analytic 
prospective study to examine the association between IL‑6 serum levels on pain and disability before 
and after the surgery in patients admitted with acute herniated lumbar intervertebral discs from 2015 
to 2018 in Imam Khomeini Hospital, Sari, Mazandaran, Iran. Subjects and Methods: The blood 
level of IL‑6, the severity of pain based on visual analog score, and disability based on the Oswestry 
disability index were measured before and 3  months after surgery. Statistical Analysis Used: All 
data were analyzed using SPSS version 24. Results: Thirty‑two patients were enrolled in the study. 
Seventeen patients were male. The mean age was 39.53  ±  8.89  years. IL‑6 concentration, 4.36 and 
1.16  pg/ml were determined as cutoff before and after the surgery. Conclusions: The acceptable 
sensitivity and specificity of IL were obtained in this study. Our findings revealed that IL‑6 could be 
used as a biomarker for predicting postoperative pain relief and disability improvement.
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Introduction
The compression of neural elements made 
by herniated disc can produce numerous 
complications for the patients, but the pain 
is the most common manifestation.[1] Back 
pain causes a serious load on the health‑care 
structure.[2] Low back pain  (LBP) is the 
second source of referred to clinics in the 
USA with an estimated 50–100  billion 
dollars in health‑care charges.[3,4] Finally, 
LBP is the main cause of disability in the 
world.[5]

Radicular pain relief seems to be influenced 
by several physical, psychosocial, surgical, 
and clinical factors.[4] The role of biological 
agents in the improvement of lumbar disc 
herniation is not fully understood.[4] Mental 
stress, fear of movement, lumbar pain, 
long‑term symptoms, smoking, clinical 
factors such as muscle weakness, and 
nonsurgical treatment do not improve the 
lumbar disc radicular pain.[3] In contrast, 
magnetic resonance imaging (MRI) findings 

are helpful in predicting postoperative 
prognosis.[6]

Many inflammatory cytokines are also 
elevated in degenerated or herniated 
the intervertebral discs,[5,6] including 
interleukin  (IL)‑1, IL‑6, IL‑17, tumor 
necrosis factor‑α  (TNF‑α), and 
interferon‑γ  (IFN‑γ). Inflammatory 
cytokines also advocate the enlistment of 
immune cells to the disc in its processes.[7] 
Infiltrated and activated immune cells result 
in refinement of an inflammatory response 
and the release of neurotrophic factors that 
contribute to nerve sensitization of spinal 
nerves.[8]

Several in  vitro and animal studies of 
pain have confirmed the influence of 
pro‑inflammatory mediators on peripheral 
and central nociception.[9] In human studies, 
focal and diffuse induced cytokines have 
been concerned as intermediaries of pain.[6] 
Conversely, although the impact of TNF‑α 
to prolonged pain has been revealed 
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frequently, documents on the roles of IL‑1b and IL‑6 in 
human radicular pain are inadequate.[10]

Clinically, the IL‑6 concentration has been used as a marker 
of surgical magnitude after major surgery, but the kinetics 
of the IL‑6 concentration differs based on the surgical 
procedure.[6] There have been few studies evaluating the 
kinetics of IL‑6 after spinal surgery.[11] Among biomarkers, 
IL‑6 plays an essential role in the inflammatory process of 
disc herniation. Several studies have recently reported the 
relationship between IL‑6 and radicular pain.[3,5,11] Some 
studies have suggested that an increase in serum IL‑6 levels 
occurs in sustained radicular pain.[12] A cross‑sectional 
study has shown that increased levels of IL‑6 in patients 
with chronic lumbar pain cause disc herniation.[3] IL‑6 
concentrations have also been shown to increase in the 
cerebrospinal fluid and serum in the 1st  days after the disc 
herniation.[13]

Therefore, the aim of this study was to determine the 
relationship between changes in IL‑6 serum level and pain 
and disability index in patients with radicular pain in acute 
herniated lumbar disc before and after lumbar disc surgery 
so by results of this study this biomarker can be used as a 
predictor of patient recovery.

Subjects and Methods
Study design

This is a descriptive‑analytic prospective study to examine 
the association between IL‑6 serum levels on pain and 
disability before and after surgery in patients admitted 
with acute herniated lumbar intervertebral discs from 2015 
to 2018 in Imam Khomeini hospital, Sari, Mazandaran, 
Iran. The blood level of IL‑6, the severity of pain based 
on visual analog score  (VAS), and disability based on the 
Oswestry disability index (ODI) were measured before and 
3 months after surgery.

Ethical consideration

The study was submitted to the Department of Research and 
Technology, Mazandaran University of Medical Sciences, 
and approved by the ethics committee on biomedical 
research, code IR.MAZUMS.REC.94.1509. Patients were 
informed about the study objectives and procedures. The 
confidentiality of patients’ information was guaranteed. 
Study participants were provided written informed consent. 
All the experimental procedures involving human samples 
were conducted with strict adherence to the guidelines of 
the Declaration of Helsinki.

Patients

Patients who selected informed consent and all information 
as confidential. Entering the study had no interaction 
with the patient’s treatment process and was safe. 
Patients aged 18–60  years, who had acute radicular and 
LBP for  <3  months, the herniated lumbar disc had been 

confirmed by MRI, were eventually candidates for surgery, 
entered the study. Patients with spinal cord stenosis, 
history of spinal surgery, generalized musculoskeletal pain, 
pregnant, congenital syndromes, scoliosis, vertebral fracture, 
and pain due to systemic diseases  (e.g., inflammatory 
spondyloarthropathies, spinal cord infection, and tumor) 
were excluded.

Laboratory procedures

Venous blood samples were taken before and 3  months 
after surgery. Samples were collected in heparinized tubes 
and centrifuged at 3000  rpm for 10  min. They were then 
stored at  −20°C until assayed. Serum IL‑6 was measured 
by enzyme immunoassay. All procedures were conducted 
in a blind fashion.

Questionnaires

ODI  (also known as the Oswestry LBP disability 
questionnaire) is an essential tool measuring the patient’s 
permanent functional disability. The test is considered 
the “gold standard” of low back functional outcome tools 
includes ten items. The total score of the questionnaire 
is expressed as a percentage. In our study, <20% were 
considered as minimal, 21%–40% moderate, and over 41% 
severe.

VAS is a measurement instrument that tries to measure a 
characteristic or attitude that is believed to range across 
a continuum of values and cannot easily be directly 
measured. A  person rates their pain on a scale of 0–10 or 
0–5. Zero means “no pain,” and 5 or 10 means “the worst 
possible pain. In this study, this scale was used for the 
evaluation of pain before and after surgery.

Statistical analysis

Normality distribution of data was evaluated using the 
Kolmogorov–Smirnov test. All quantitative data except 
age have not normal distribution  (P  <  0.05). Therefore, 
on‑parametric tests were used during the study to analysis 
them. Furthermore, in this study, the relationship between 
quantitative variables based on the Chi‑square test was 
investigated. Mann–Whitney test and one‑way ANOVA 
were used to examine the relationship between quantitative 
variables. The roc curve test was used to determine the 
cutoff point; all analyses were performed with IBM® 
SPSS® Statistics V24.0 (IBM, Chicago, Illinois, USA).

Results
Thirty‑two patients were enrolled in the study based on 
inclusion and exclusion criteria. The frequency (percentage) 
of males and females was 17  (53.1) and 15  (46.9), 
respectively. The mean age was 39.53  ±  8.89  years. The 
frequency of disc herniation at levels L3‑L4, L4‑L5, 
and L5‑S1 were 2  (6.3%), 12  (37.5%), and 18  (56.3%), 
respectively. Serum levels mean of IL‑6 were evaluated 
before and after surgery 3.45  ±  1.22  pg/ml and 
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0.91  ±  0.29  pg/ml, respectively. The mean and standard 
deviation of the VAS score before and after the surgery 
were 3.24  ±  3.24 and 1.37  ±  1.40; and ODI score were 
25.00 ± 18.60 and 12.62 ± 7.71, respectively. There was a 
significant difference between serum IL‑6 levels, VAS, and 
ODI before and after surgery (P < 0.05) [Figure 1].

Correlation between serum IL‑6 level, VAS, and ODI 
score before and after surgery was evaluated. The results 
are shown presurgery IL‑6 had Inverse and statistically 
significant correlation with difference  (post‑pre) in 
VAS (correlation coefficient (CC) = −0.443 and P = 0.011) 
and difference in ODI  (post–pre)  (CC = −0.460 and 
P  =  0.008). That is, presurgery IL‑6 levels decreased with 
decreasing pain and improvement inability to perform 
activities and had a positive significant relationship with 
presurgery VAS  (CC  =  0.532 and P  =  0.002). This means 
that higher presurgery VAS score was associated with 
higher presurgery IL‑6 levels [Table 1].

Serum IL‑6 levels before and after surgery were assessed 
according to the interpretation status of the ODI. There was 
a significant difference in presurgery IL‑6 variable with 
the interpretation of the ODI questionnaire before surgery 
so that presurgery IL‑6 levels were higher in patients with 
severe disability (4.73 pg/ml) than in minimal (3.03 pg/ml) 
and moderate  (2.46  pg/ml)  (P  =  0.0001). However, there 
was not a significant difference in postsurgery IL‑6 with 
the interpretation of the ODI after surgery (P = 0.304).

Patients were divided into two groups based on the 
interpretation of ODI after surgery as severe and  (both 
minimal and moderate). The cutoff point of serum level of 
IL‑6 for postsurgery severe disability was measured. Based on 
the results of presurgery IL‑6 concentration, 4.36 pg/ml with 
a sensitivity of 66% and specificity of 90% was determined 
as severe disability after surgery. According to the ROC 
diagram, the area below the diagram is 0.598. Furthermore, 
about the postsurgery IL‑6 concentration level variable, the 
concentration of 1.16 pg/ml with 66.7% sensitivity and 80% 

specificity was determined as the cutoff for severe disability 
after surgery. According to the ROC diagram, the area below 
the diagram is 0.667. Moreover, these cutoff points were 
significant, given the area below the graph [Figure 2].

Discussion
There was a significant difference between serum IL‑6 
levels, VAS, and ODI before and after surgery. The results 
showed that improvement in patients’ symptoms based on 
VAS and ODI was correlated with serum levels of IL‑6. 
Serum levels of IL were also lower in patients with low 
presurgery VAS and ODI scores. Furthermore, patients 
with low severity of pain and disability in postsurgery had 
low IL levels. These relationships have been reported in 
previous studies.[5,6]

Previous studies have shown that an increase in the 
level of inflammatory cytokines  (IFN‑γ, IL‑1β, IL‑2, 
IL‑6, and TNF‑α) is associated with an increase in pain 
score in various types of neurological and rheumatologic 
disorders.[14] For example, Binshtok et  al.[15] have shown 
that, in addition to producing inflammation and sensitizing 
sensory receptors for pain stimuli, inflammatory cytokines 
such as IL‑1 rapidly and directly activate sensory receptors 
for pain and substantially increase pain sensitivity. 
Interestingly, increased IL‑1β release may also increase the 
level of other inflammatory cytokines such as IL‑6.

One of our remarkable results was about 66% sensitivity 
and high specificity of IL‑6 before and after surgery that it 
can be a predictor for prognosis of injury and improvement 
of the patient. In this regard, the results of Schistad et al.[6] 
showed that high levels of IL‑6 had a negative effect on 
recovery rate in patients with a long‑term herniated disc, 
and the modic changes and disc degeneration had no effect 
on patients’ recovery over a year.

In another study by Ohtori et  al.,[4] the effect of epidural 
injection of monoclonal antibody receptor monoclonal 
antibody, on radicular pain in patients with spinal stenosis 

Figure 1: The mean of serum IL‑6 levels, VAS score, and ODI percentage before and after surgery
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were studied. Sixty patients with radicular pain were 
enrolled. Thirty patients received lidocaine and monoclonal 
antibody receptor, and 30  patients received lidocaine and 
dexamethasone. The results of this study showed that 
this drug reduces the pain of radicular legs, numbness, 
and lumbar pain. Therefore, IL6 seems to induce pain 
in people with spinal canal stenosis. There have been 
inconsistent findings among the studies, but most of 
them have emphasized the association between IL‑6 and 
discopathy‑related pain and functional disability; however, 
further studies with larger sample sizes are needed.

Conclusions
The acceptable sensitivity and specificity of IL were 
obtained in this study. Our findings revealed that IL‑6 
could be used as a biomarker for predicting postoperative 
pain relief and disability improvement.
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