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Study Design: Cohort study.
Purpose: This study primarily aimed to evaluate the serum levels of tumor necrosis factor-alpha (TNF-α) and interleukin (IL)-4 in pa-
tients with lumbar radiculopathy 1 and 12 months after microdiscectomy.
Overview of Literature: Lumbar radiculopathy is possibly caused by inflammatory changes in the nerve root. The intraneural appli-
cation of pro-inflammatory cytokines induces behavioral signs associated with pain. Anti-inflammatory cytokine treatment effectively 
reduces hyperalgesia. 
Methods: The role of TNF-α and IL-4 in long-lasting lumbar radiculopathy was addressed. A total of 262 patients were recruited from 
Anqing Hospital, Anhui Medical University. During inclusion at 1 and 12 months, serum concentrations of TNF-α and IL-4 were ana-
lyzed by enzyme-linked immunosorbent assay, and pain intensity was reported on a 0–10 cm visual analog scale (VAS).
Results: Sixty six patients had VAS <3 and 196 patients had VAS ≥3. Serum concentrations of pro-inflammatory TNF-α and anti-
inflammatory IL-4 in patients with lumbar radiculopathy related to disc herniation were measured at 1- and 12-month follow-up. 
TNF-α decreased in both VAS groups with time. In contrast, IL-4 increased in both groups at 1 month and then decreased gradually 
until month 12. The changes in serum levels of TNF-α and IL-4 over time between the VAS ≥3 and VAS <3 groups were significantly 
different.
Conclusions: Chronic lumbar radiculopathy may be associated with high level of pro-inflammatory substances, such as TNF-α, in 
serum after disc herniation, and elevated anti-inflammatory cytokine in patients with lumbar radiculopathy may indicate a favorable 
outcome.
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Introduction

Lumbar radiculopathy is a term that describes symptoms 
of pain, numbness, and/or weakness that radiate along the 

sciatic nerve from the lower back to the buttocks and leg 
[1]. Lumbar radiculopathy is a relevant health problem 
that affects quality of life, resulting in high health costs 
and economic loss worldwide [2]. The reported prevalence 
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of sciatica varies widely from 1.2% and 43% in the general 
population [3].

Although initially believed to be a primary mechani-
cal insult to the nerve root and dorsal root ganglion, 
lumbar radiculopathy is possibly caused by inflamma-
tory changes in the nerve root [4]. The role of cytokine-
mediated neuroimmune interactions in the development 
and persistence of pain has been extensively studied [5-
7]. Intraneural application of pro-inflammatory cytokines 
induces behavioral signs associated with pain [8]. Anti-
inflammatory cytokine treatment effectively reduces hy-
peralgesia [9]. Inflammatory cytokine inhibitors provided 
long-lasting analgesia in an inflammatory neuropathic 
pain model [10,11]. On the basis of these findings, we 
evaluated whether cytokine profiles differ between severe 
and mild human sciatica, as well as whether distinct cyto-
kine profiles provide relevant information regarding lum-
bar radiculopathy pathogenesis.

Tumor necrosis factor-alpha (TNF-α) is a pleiotropic cy-
tokine that can stimulate inflammatory responses of syn-
apses and myelin sheath, promote cellular apoptosis be-
cause of its cytotoxic effect, and induce nerve swelling and 
neuropathic pain [12]. TNF-α influences neural survival, 
exerting both neuroprotective and neurodegenerative ac-
tions [13]. Following peripheral nerve injury, upregulation 
of TNF-α expression has been documented in several neu-
ropathic pain models [14]. In contrast, anti-inflammatory 
cytokines, such as interleukin 4 (IL-4), may inhibit pro-
inflammatory cytokine response. IL-4 may directly inter-
act with the endogenous opioid system by inducing and 
upregulating the transcription of μ and δ opioid receptors, 
and production of anti-inflammatory cytokines may re-
flect a natural analgesic system regulating the activity and 
sensitivity of the endogenous opioid system [15].

Serum levels of inflammatory cytokines in patients over 
a long period of time are unclear. No clear correlation ex-
ists between inflammatory cytokines and the severity of 
pain after microdiscectomy. The current study primarily 
aimed to evaluate the serum levels of TNF-α and IL-4 in 
patients with lumbar radiculopathy at 1 and 12 months 
after microdiscectomy.

Materials and Methods

1. Participants

A total of 300 patients with lumbar radiculopathy sec-

ondary to disc herniation were recruited from our spine 
center from 2013 to 2014. The inclusion criteria were age 
between 18 and 60 years, lumbar disc herniation verified 
on magnetic resonance imaging (MRI) with dermatomal 
distribution of pain in lower limb, pain lasting for at least 
1 month, and positive straight leg raising test. Exclusion 
criteria were use of oral or systemic corticosteroid therapy 
in the preceding 3 months, treatment with acetaminophen 
or a non-steroidal anti-inflammatory drug, lumbar spinal 
stenosis, previous surgery for herniated disc at the same 
level or fusion at any level in lumbar spine, generalized 
musculoskeletal pain, inflammatory rheumatic disease, 
diabetic polyneuropathy, cardiovascular disease (NYHA 
III and IV), cancer, psychiatric disease, cauda equina 
syndrome, alcohol or drug abuse, recent surgery (within 
1 month), pregnancy, or poor Norwegian language. Ten 
patients (3.3%) were excluded with another 20 (6.7%) 
patients excluded because of missing clinical data at base-
line. In addition, 8 patients (2.6%) dropped out during the 
study. The final clinical dataset comprised 262 patients. 
All included patients received microdiscectomy and un-
derwent rehabilitation under the instruction of doctors 
beginning about one week after surgery.

2. Ethics statement

Patients were included after they signed a written in-
formed consent. The study was approved by the Clinical 
Ethics Committee of Anhui Medical University.

3. Blood sampling and analysis

Before blood was withdrawn, all patients completed a pain 
evaluation questionnaire at baseline and the 12-month 
follow-up. Venous blood was collected between 8:00 AM 
and 9:00 AM to reduce variability resulting from diurnal 
variations. Cytokine concentration in the serum was ana-
lyzed. Two 10 mL blood samples were drawn into glass 
tubes containing 35 μmol of dipotassium ethylenediami-
netetraacetic acid and 1,500 kallikrein inactivator units 
of Trasylol. The tubes were kept in an ice bath and then 
centrifuged at 2,000×g for 15 minutes at 4°C. Plasma was 
separated from the cells, stored at –80°C, and analyzed 
using a commercially available enzyme-linked immuno-
sorbent assay (ELISA). Based on the observations in the 
clinic, we devised a visual analog scale (VAS) method to 
determine the cutoff that best distinguished patients with 
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chronic pain as a function of the impact of pain on patient 
functioning. A VAS score on a 0–10 point scale of 1–2 in-
dicated no or low pain, 3–6 indicated moderate pain, and 
7–10 indicated severe pain. Presently, scores ≥3 were clas-
sified as high pain and <3 as low pain. 

4. ELISA

Protein levels of TNF-α and IL-4 were determined from 
the sera of patients with sciatica at 1 and 12 months. 
Commercial ELISA kits were used in accordance with the 
manufacturer’s instructions (Abcam, Cambridge, UK). 
The assays were performed in duplicate in 96-well plates, 
and the results are presented as pg/mL. The collected sam-
ples were analyzed on the same day on one ELISA plate 
for each cytokine.

5. Data evaluation and statistical analyses

Data are shown as mean±standard error of the mean. The 
serum levels of TNF-α and IL-4 in the high-pain group 
(VAS ≥3 at 12-month follow-up) versus the low-pain 
group (VAS <3 at 12-month follow-up) were compared 
by repeated measures analysis of variance (rmANOVA). 
Statistical analyses were performed using SPSS version 18. 
Unequal variance and sample size were corrected for by 

the software. A p-value <0.05 represented the level of sta-
tistical significance.

Results

Data from 262 patients were included in the analyses. On 
the basis of pain intensity on the 0–10 VAS, two groups 
were devised: the high pain group (VAS ≥3; n=196) and 
low pain group (VAS <3; n=66). At baseline, 132 patients 
(67%) in the high pain group were smokers, which was 
significantly higher than the 20 (30%) smokers in the low 
pain group. The duration of sciatica in the VAS ≥3 group 
(mean, 48.10) was significantly longer than in the VAS<3 
group (mean, 23.4). In the VAS ≥3 group there were 30 
protruded, 160 extruded, and 6 sequestrated discs. The 
respective numbers in the VAS <3 group were 46, 18, and 
2. There were significant differences in the protruded and 
extruded types, and Oswestry disability index (ODI) total 
score preoperatively and at the 12-month follow-up. The 
initial VAS score in the VAS ≥3 group (7.8±0.6) was not 
significantly different from the low pain group (7.7±0.6). 
No difference was observed between the VAS ≥3 and VAS 
<3 groups in terms of age, sex, and leg pain (Table 1).

Serum concentrations of pro-inflammatory TNF-α and 
anti-inflammatory IL-4 in patients with lumbar radiopathy  
secondary to disc herniation were measured at inclusion  

Table 1. Baseline characteristics of patients 

Characteristic  VAS≥3 group (n=196)   VAS<3 group (n=66) p-value

Age (yr)  34.0±12.3   35.2±10.4   0.84a)

Sex (male/female)     51/49 (100/96)   50/50 (33/33)   0.89b)

Smoker (yes/no)     67/33 (132/64)   30/70 (20/46) <0.01b)

Duration of sciatica (wk)  48.10±28.96 23.40±5.97 <0.01c)

Leg pain, left-side/right-side (%)   50/50 (98/98)   50/50 (33/33)   0.98b)

The type of herniated disc (%)

   Protruded type   30 (15)   46 (70) <0.01b)

   Extruded type 160 (82)   18 (27) <0.01b)

   Sequestrated type   6 (3)   2 (3)   0.67b)

Visual analog scale  7.8±0.6   7.7±0.6   0.67a)

Oswestry disability index

   At baseline (%)  70±19   45±24 <0.05c)

   At 12-month (%)  42±16   28±10 <0.05c)

Values are presented as mean±standard deviation or number (%).
The Oswestry disability index ranges from 0 to 100, with lower scores indicating less severe symptoms.
VAS, visual analog scale.
a)Unpaired Student’s t  test; b)Pearson chi-square; c)Two-sided Mann–Whitney U test.
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and at 1- and 12-month follow-up (Table 2). TNF-α de-
creased over time in the VAS ≥3 and VAS <3 groups (Fig. 
1), while IL-4 increased in both groups at 1 month and 
then gradually decreased until month 12 (Fig. 2). The 
changes in serum levels of TNF-α and IL-4 over time be-
tween the VAS ≥3 and VAS <3 groups were significantly 
different. ODI was significantly correlated with TNF-α 
in the VAS ≥3 group (r=0.2, p<0.01) and VAS <3 group 
(r=0.37, p<0.01) at the 12-month follow-up. ODI was not 
significantly correlated with IL-4 in the VAS ≥3 group 
(r=–0.09, p=0.23) and VAS <3 group (r=0.08, p=0.5) at the 

12-month follow-up (Fig. 3).

Discussion

This study investigated the involvement of the TNF-α and 
IL-4 inflammatory cytokines in the serum of patients with 
lumbar radiopathy. Previous studies have contributed to 
the understanding of the pro-inflammatory cytokine pro-
cess in serum during a 1-year follow-up, demonstrating 
that pro-inflammatory cytokines may be associated with 
the mechanisms underlying the development of chronic 

Table 2. The serum concentration of the TNF-α and IL-4 measured at baseline, at 1 month and at 12 months

Inflammatory cytokines VAS≥3 group VAS<3 group p-valuea)

Tumor necrosis factor-α (pg/mL)

   Baseline     123.81±30.67 80.01±36.88 <0.001

   1 mo   79.53±34.36 71.78±31.09 0.02

   12 mo   75.96±33.26 69.92±32.79 0.07

Interleukin-4 (pg/mL)

   Baseline       3.46±2.33 5.03±3.23 <0.001

   1 mo   5.09±2.62 5.41±3.08 <0.001

   12 mo   3.87±2.24 5.14±2.99 <0.001

TNF-α, tumor necrosis factor-alpha;  IL-4, interleukin 4; VAS, visual analog scale.
a)Unpaired Student’s test.

Fig. 1. ODI in the two patient groups. ODI was significantly correlated 
with TNF-α in the VAS ≥3 group (r=0.2, p<0.01) and VAS <3 group 
(r=0.37, p<0.01) at the 12-month follow-up, but was not significantly 
correlated with IL-4 in the VAS ≥3 group (r=–0.09, p=0.23) and VAS <3 
group (r=0.08, p=0.5) at the 12-month follow-up. ODI, Oswestry dis-
ability index; TNF-α, tumor necrosis factor-alpha; VAS, visual analog 
scale; IL-4, interleukin 4.
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Fig. 2. Serum concentration of the pro-inflammatory cytokines TNF-α 
in patients with lumbar radicular pain due to disc herniation measured 
at inclusion, 1 month, and 12 months follow-up. The data are given as 
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pain after disc herniation, and cytokine reduction during 
early phase may also be a reflection of treatment [16].

In the present study, TNF-α blood protein levels in the  
VAS ≥3 group were higher than those in the VAS <3 group, 
while IL-4 was higher in the VAS <3 group. These results 
are consistent with previous reports and may provide 
new quantitative evidence regarding high amounts of 
anti-inflammatory cytokine in patients with lumbar ra-
diculopathy to possibly indicate a favorable outcome. IL-4 
upregulates opioid receptors [17] and the increase in IL-4 
production may correspond to the natural analgesic system 
regulating the activity and sensitivity of the endogenous 
opioid system. IL-4 markedly inhibits the expression and 
release of pro-inflammatory cytokines. Moreover, IL-4 can 
block or suppress monocyte-derived cytokines including 
TNF-α, IL-1, IL-6, IL-8, and macrophage inflammatory 

protein 1α. IL-4 can also suppress macrophage cytotoxic 
activity and macrophage-derived nitric oxide production 
[18]. In the current work, higher TNF-α blood protein 
levels were found in the VAS ≥3 group. There are several 
explanations. First, TNF-α can induce apoptosis in dorsal 
root ganglion neurons and apoptosis-associated caspase 
promotes pain-related behavior [19]. Second, TNF-α can 
give rise to the changes in potassium channel in these 
neurons and decrease potassium ion outward currents, 
leading to overall neuronal hyperexcitability and sciatica 
pain [20].

Significantly more of those in the VAS ≥3 group 
were TNF-α positive at all three time points during the 
12-month follow-up. The TNF-α level in these patients 
declined during the first month of multidisciplinary treat-
ment but remained high throughout the entire follow-up 

Fig. 3. Serum concentration of the anti-inflammatory cytokine IL-4 in patients with lumbar radicular pain due to disc herniation measured at 
inclusion, 1 month, and at 12 months follow-up. The data are given as mean±standard error of the mean. ODI, Oswestry disability index; TNF-α, 
tumor necrosis factor-alpha; VAS, visual analog scale; IL-4, interleukin 4.
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period. TNF-α, as a pro-inflammatory mediator, plays a 
central role in the pathophysiology of lumbar radiculopa-
thy [21]. In the present study, the IL-4 levels in all the 
patients were also elevated slightly during the first month 
of multidisciplinary treatment and declined slowly to 
the 12th month. The subtle process of IL-4 elevation and 
decline during the follow-up period suggests a protective 
mechanism that is analgesic for neuropathic pain.

Age, sex, smoking status, duration of lumbar radicu-
lopathy, side of pain, and ODI were comparable in both 
groups. Inflammatory diseases, advanced degenerative 
spinal changes, and medications including nonsteroidal 
anti-rheumatic drugs, and locally or systemically admin-
istered corticosteroids that may influence inflammatory 
processes were excluded in this study. Notably, microd-
iscectomy in patients with protruded and extruded type 
was associated with better outcomes than sequestrated 
type. 

There are some limitations. Protein analysis was par-
tially impeded by the low serum levels of some examined 
cytokines. Negative results were easily obtained because 
of the limited number of samples. Additional data should 
be obtained with time to address this issue. Several fac-
tors including the type of herniated disc and duration 
of symptoms affect serum cytokine levels, which could 
inevitably produce biased results. The concentration of 
inflammatory cytokines close to the nerve roots or in the 
cerebrospinal fluid was not measured. Hence, the current 
results cannot provide direct information regarding the 
inflammatory process close to the nerve roots or in the 
pain pathways.

Conclusions

Chronic lumbar radicular pain may be associated with a 
high level of the pro-inflammatory TNF-α in serum after 
disc herniation, and of anti-inflammatory cytokine IL-4 
in patients with lumbar radiculopathy, which possibly in-
dicate a favorable outcome. This is the first demonstration 
of a positive correlation between pain and pro-inflamma-
tory cytokines, and negative correlation between pain and 
anti-inflammatory cytokines. 
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