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Study Design: Prospective cohort study.
Purpose: Inflammatory cytokines produced at the site of disc herniation are considered as pain generators in patients with lumbar 
disc disease. Whether a high-sensitivity C-reactive protein (hs-CRP) assay can be used in order to predict the quantum of inflamma-
tion surrounding nerve roots is a matter of investigation. This study aimed to evaluate the association of hs-CRP level and functional 
outcomes measured by the Modified Oswestry Low Back Pain Disability Questionnaire (MODY) before and after epidural steroid injec-
tion (ESI) in patients with lumbar disc disease.
Overview of Literature: Although many studies examining the role of hs-CRP levels and lumbar pain have been published previ-
ously, the results are equivocal, and there is no clear consensus regarding which patients will benefit from an ESI.
Methods: This was a prospective study, with 77 patients in the study group and 23 participants in the control group. Baseline hs-
CRP levels were obtained for both groups. Study group patients received a single ESI and were subjected to detailed pre- and post-
procedure evaluation using MODY scores. For this group, hs-CRP levels were measured at 1 and 2 months after injection.
Results: Out of 77 patients, 52 had acute and 25 had chronic low back pain. Thirty-six patients with acute pain obtained significant 
improvement, while 16 had an insignificant response to the ESI. None of the chronic cases had a significant response. The mean 
baseline hs-CRP (mg/L) among the study group (29.83±10.43) was significantly higher than for the controls (10.26±2.783). The base-
line hs-CRP among acute cases, where post ESI MODY score at 2 months had significant reduction, was 32.19±5.126, and those with 
insignificant reduction was 18.13±7.949 (p<0.001).
Conclusions: Baseline hs-CRP levels can be used to prognosticate the outcome following ESI in patients with acute lumbar disc dis-
ease, with radicular pain refractory to physiotherapy and analgesics.
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Introduction

Low back pain (LBP) is a common health problem, and 
is a major cause of disability affecting work performance 
and general well-being of an individual. The 2017 Global 
Burden of Disease Study estimated that LBP remained 
in the top list of global all age years lived with disability 
[1]. LBP is experienced by 60%–80% of adults at some 
point in their lifetime. The prevalence of LBP among 
young adults in India has been reported to be nearly 42% 
[2]. Patients with LBP due to structural damage of a disc 
have been reported to exhibit higher circulating levels of 
several inflammatory factors [3]. Radicular pain from a 
herniated disc may result from inflammation surround-
ing the nerve roots or from compression of nerve roots 
by the disc herniation. Generally, both components co-
exist, with one being predominant. Underlying inflamma-
tion in LBP can lead to an increase in C-reactive protein 
(CRP) levels [4,5]. Treatment options for LBP primarily 
are analgesics and physiotherapy. Non-responders may be 
offered epidural steroid injections (ESIs). Steroids, if in-
jected locally, can reduce the production of inflammatory 
molecules, and thus, can theoretically reduce inflamma-
tion around the disc, providing pain relief. Additionally, it 
has been suggested that steroids may inhibit pain by sup-
pressing ectopic discharges from injured nerve fibers, and 
by depressing conduction in normal unmyelinated type C 
fibers [6].

Previous studies aiming to predict the risk of coronary 
and cerebrovascular disease in an apparently healthy pop-
ulation, much before their occurrence found an elevated 
level of CRP in the susceptible group [7,8]. The high-
sensitivity C-reactive protein (hs-CRP) has been used by 
obstetricians to predict the outcome of pregnancies com-
plicated by pre-eclampsia [9]. The traditional methods of 
CRP measurement are capable of measuring CRP in the 
ranges of 3–5 mg/L, which is useful for infections, but not 
if there is only a minute increase. The ultrasensitive hs-
CRP enzyme-linked immunosorbent assay (ELISA) assay 
measures the CRP levels in the range of 0.007 mg/L [10]. 
Inflammatory response in LBP patients in terms of hs-
CRP levels has been studied only sparingly.

This research paper was designed to study the pre and 
post ESI hs-CRP levels in LBP patients. Additionally, the 
clinical relevance of hs-CRP in LBP patients with radicu-
lopathy is also examined, aiming to identify if it can be 
used as a marker for the extent of inflammation, and thus 

as a probable tool to predict the outcomes following ESIs 
in appropriately selected patients. The basic research ques-
tion was to evaluate the efficacy of hs-CRP as a marker 
of inflammation and a predictor of ESI outcomes in LBP 
patients.

Materials and Methods

This prospective cohort study included patients presenting 
to the LBP clinic of a tertiary care center (Post Graduate 
Institute of Medical Education and Research [PGIMER], 
Chandigarh, India) over a 1-year period. Institutional 
ethics committee clearance from PGIMER, Chandigarh 
(approval no., NK/1627/MS) was obtained. Patients be-
tween 20 and 50 years of either gender, who were diag-
nosed with lumbar disc disease with radiculopathy, and 
who were consenting to participate were included (study 
group). These patients had no symptomatic relief after an 
initial course of physiotherapy and analgesics (minimum 
6 weeks), and all complained of pain that interfered with 
their activities of daily living. Magnetic resonance imaging 
confirmation of lumbar disc herniation was ensured, and 
co-related with our clinical findings. Patients suffering 
from chronic inflammatory diseases, malignancy, uncon-
trolled diabetes mellitus; having any local and/or systemic 
source of infection; chronic smokers; morbidly obese pa-
tients (body mass index more than or equal to 30 kg/m2) 
and patients with ischemic heart disease and stroke were 
excluded. The control group consisted of normal subjects, 
with no co-morbidities, who had visited the hospital along 
with a family member. They were matched to the study 
group in terms of gender and age. Written consent for 
participation was obtained from all participants. All pa-
tients in the study group were evaluated for any systemic 
or local infection at the injection site, any allergic reac-
tion to contrast agent, lignocaine, or methylprednisolone 
acetate injection. A coagulation profile and HbA1c levels 
were obtained prior to the procedure.

Venous blood (3 mL) was collected from the antecubital 
vein of all participants for hs-CRP measurement, by using 
a quantitative CRP solid-phase ultrasensitive immunoas-
say (CRP Ultra EIA; Xema Co. Ltd., Moscow, Russia). The 
results of these tests were interpreted after deriving optical 
density (OD) value using the ELISA reader for each sample. 
A quantitative value of hs-CRP in each sample was derived 
by using a calibration curve plotted for OD value versus 
CRP concentration, as per manufacturer’s instruction.
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All injections were administered in the operating room 
by a senior anesthetist, who regularly practiced epidural 
injections, with the patient in the prone position on a 
radiolucent table. The interlaminar space between two 
contiguous vertebrae was identified (the level where in-
jection was planned) on fluoroscopy images. Lignocaine 
skin infiltration (2%) was completed, and an 18G Tuohy’s 
epidural needle was inserted using a standard medial 
approach and loss of resistance technique. Fluoroscopic 
images were obtained to confirm the needle position and 
0.5–1 mL of Iohexol (Omnipaque 300; GE Healthcare, 
Piscataway, NJ, USA) was injected to confirm the appro-
priate placement of needle near the desired nerve root (Fig. 
1). Following this, 2 mL of methyl prednisolone acetate (80 
mg) was injected, without any local anesthetic.

All injections were performed as day care procedures, 
and the patients were discharged with Paracetamol 500 
mg tablets to be taken thrice daily for 5 days. Aceclofenac 
(100 mg) was prescribed, to be taken only for break-
through pain. The patients were warned about feelings of 
numbness or temporary weakness, and were advised to 

resume routine activities and back strengthening exercises 
from the next day and onwards. hs-CRP levels were mea-
sured 1 month and 2 months after the procedure. Modi-
fied Oswestry Low Back Pain Disability Questionnaire 
(MODY) scores were calculated before, after 1 month, 
and after 2 months of the procedure. Data was collected 
in a pre-designed format, and analyzed using the SPSS for 
Windows ver. 17.0 (SPSS Inc., Chicago, IL, USA). A Shap-
iro–Wilk test was performed, and normal-quantile (Q-Q) 
plots were constructed to determine the normality of data. 
A Student t-test was used for comparison of mean hs-
CRP levels. Repeated measures analysis of variance were 
used to study the trends of hs-CRP and MODY scores in 
acute and chronic cases. For comparison of proportions, a 
chi-square test was used. A p-value of <0.05 was taken as 
significant.

Results

Of the 160 patients screened, 84 patients received a lum-
bar ESI. Seven patients were excluded from assessment 
(Fig. 2). Final assessment was done on 77 patients in our 
study, and 23 patients from the control group. The mean 
age was 34.14 years and 30.13 years for the study and 
control groups, respectively. In the study group, 52 pa-
tients had acute (<3 months) and 25 had chronic LBP (>3 
months). Fifty-six patients had a single level disc disease 
whereas, 21 had multiple level disc disease.

The baseline hs-CRP level was significantly higher in 
the study group as compared to the control group. Pa-
tients with chronic LBP had a higher baseline hs-CRP 
when compared to acute cases (p=0.016). The mean of 
baseline hs-CRP among cases with a single level disc dis-
ease was 28.65±9.59, and among cases with multiple level 
disc disease, was 32.15±11.7; there was no statistically sig-
nificant difference in hs-CRP level (p=0.164) for patients 
with single level versus multiple level disc disease (Table 1).

Difference in reduction of MODY score by >10 or 10 
points at 2 months post ESI, when compared with the pre-
procedural score, was taken considered as a significant re-
duction. The MODY score was found to have significantly 
improved in 36 patients of the acute LBP study group; 
16 patients with acute LBP had no significant improve-
ment (Table 2). While the patients with chronic LBP had 
improvement in their MODY score, none of them had a 
significant reduction of the score. Significant reduction of 
MODY score was seen in those acute LBP patients who 

A

B

Fig. 1. Anteroposterior (A) and lateral (B) view of lumbar spine showing needle 
in epidural space. Contrast dye was used to ensure needle position in epidural 
space and near desired nerve root.
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had higher baseline hs-CRP levels when compared to 
those with relatively lower baseline hs-CRP levels (Fig. 3). 
Analysis of the trends of hs-CRP change within the study 
group showed that patients who had a significant reduc-
tion of MODY score had higher baseline hs-CRP level, 
and had a rapid reduction. Also, in patients with chronic 
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Fig. 3. Trend of hs-CRP levels in acute low back pain cases with significant 
and insignificant reduction of MODY scores. hs-CRP, high-sensitivity C-reactive 
protein; MODY, Modified Oswestry Low Back Pain Disability Questionnaire.

160 Patients screened

84 Patients included and had 
epidural injections

77 Patients included for 
final assessment

52-Acute pain
 (<3 mo duration)

36 -Significant response (reduction in MODY score at 
2 mo post injection by >10 or 10)

16-Insignificant response

3  Patients had mild respiratory 
infections during FU and may 
alter hs-CRP levels (excluded)

23 Matched controls for baseline hs-CRP

76 Patients excluded (exclusion criteria)

3 Patients lost to FU 
(excluded)

25-Chronic pain
 (>3 mo duration)

1  Patient had surgery for gastrointes-
tinal problem and may alter hs-CRP 
levels (excluded) 

Fig. 2. Flow diagram illustrating the selection process of patients for epidural steroid injection and for final assess-
ment. hs-CRP, high-sensitivity C-reactive protein; FU, follow-up; MODY, Modified Oswestry Low Back Pain Disability 
Questionnaire.

Table 1. Baseline hs-CRP levels in different groups

Variable Mean baseline hs-CRP levels (mg/L) p-value

Group <0.001

Controls 10.26±2.783

Cases 29.83±10.43

Low back pain 0.016

Acute cases (<3 mo) 27.87±8.922

Chronic cases (>3 mo) 33.92±12.22

Level 0.164

Single disc cases 28.65±9.59

Multiple disc cases 32.15±11.7

Values are presented as mean±standard deviation. Bold type is considered sta-
tistically significant.
hs-CRP, high-sensitivity C-reactive protein.

Table 2. Baseline hs-CRP in relation to MODY score in acute cases

Reduction in MODY scorea) Mean baseline hs-CRP level (mg/L) 
in acute cases

>10 or 10 32.19±5.126

<10 18.13±7.949

p-value <0.001

Values are presented as mean±standard deviation. Bold type is considered sta-
tistically significant.
hs-CRP, high-sensitivity C-reactive protein; MODY, Modified Oswestry Low 
Back Pain Disability Questionnaire; ESI, epidural steroid injection.
a)At 2 months post ESI while comparing with pre-procedural score.
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LBP, the rate of reduction in the hs-CRP level was slower; 
this reduction was not statistically significant. Even 
though the baseline hs-CRP level was higher in patients 
with chronic LBP in comparison to the acute LBP cases, 
the rate of fall in hs-CRP level was faster in the acute 
patients (blue line) (Fig. 4). The hs-CRP level remained 
almost the same in chronic LBP patients even after an ESI. 
No major complications were encountered following epi-
dural injection, except in one case, where transient flush-
ing developed and later settled on its own.

Discussion

LBP causes significant morbidity and disability. The 
commonest cause of LBP in young adults is a prolapsed 
intervertebral disc (PIVD), resulting from a rupture of an-
nular fibers and the consequent displacement of nucleus 
pulposus. The periphery of the disc possesses nociceptive 
innervation; pain may be produced by mechanical or de-
generative pressure on the outer annular fibers. PIVD can 
also cause nerve root compression. Local inflammation 
around the protruded disc leads to an inflammatory re-
sponse, and a consequent increase in inflammatory mark-
ers. Treatment in the form of analgesics and exercise-
based physical therapy is recommended during the initial 
weeks of management, in the absence of severe neurologi-
cal deficits [11]. In case of inadequate response, patients 
can be offered a lumbar ESI, but an equivocal response 
obtained in many patients is a reason for dissatisfaction 
both among patients and clinicians. This is primarily be-
cause, while most LBP has an inflammatory component, 
some episodes may comprise a mechanical component 
as well. Recent studies have focused on the use of serum 
inflammatory markers, such as hs-CRP, interleukin (IL)-
6, tumor necrosis factor-α, IL-8, IL-1β, IL-21, and IL-17 
as potential biomarkers of LBP due to disc herniation [12]. 
Pedersen et al. [13] co-related the serum concentration 
of IL-6 and IL-8 with pain intensity (using Visual Analog 
Scale [VAS]) in patients with chronic lumbar radicular 
pain due to disc herniation. Cheng et al. [14] found that T 
helper 17 lymphocyte levels were higher in patients with 
ruptured versus non-ruptured lumbar discs.
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Fig. 4. Trend of hs-CRP in acute and chronic low back pain cases. hs-CRP, high-
sensitivity C-reactive protein.

Groups_duration of symptoms
 Acute group
 Chronic group

Table 3. Table showing multiple studies showing relation of hs-CRP levels to lumbar disc disease

Author Level of evidence Sample size hs-CRP used as Low back pain ESI Result/inference

Benny and Patel [23] (2014) Systematic review 50 Articles Predictor of outcome + Used No significant relation

Park and Lee [24] (201) Case series 55 Predictor of VAS + Used No correlation

Ackerman et al. [25] (2006) Case-control 60 Predictor of outcome + Used Negative correlation

Le Gars et al. [21] (2000) Case-control 70 Predictor of symptoms + Used Positive correlation

Gebhardt et al. [19] (2006) Case series 72 Predictor of outcome + Used Negative correlation

Sturmer et al. [18] (2005) Prospective case series 72 Predictor of VAS + Used Po sitive with acute and negative with 
chronic symptoms

Rannou et al. [26] (2007) Cohort 36 Relation to disc changes + No Ra ised in patients with Modic type 1 
changes

Sugimori et al. [20] (2003) Case-control 48 Predictor of outcomes + No Positive correlation

Rathod et al. [22] (2014) Case-control 50 Predictor of outcomes + No Positive correlation

hs-CRP, high-sensitivity C-reactive protein; ESI, epidural steroid injection; VAS, Visual Analog Scale.
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The use of epidural steroids for radicular and LBP was 
first reported by Lievre et al. [15]. Heyse-Moore [16] 
showed a 62% success rate and Watts and Silagy [17] 
achieved 75%–95% relief in their series of patients with 
LBP. In our study, 72 out of 77 patients, those with either 
acute or chronic LBP, obtained improvement in terms of 
MODY scores at 2 months, thus showing an efficacy of 
93%. Previous studies examining the role of hs-CRP levels 
and lumbar LBP which have been published are summa-
rized in Table 3 [18-26].

Our study utilized methylprednisolone, a particulate 
steroid possessing a longer duration of action, due to a 
local depot effect as compared to nonparticulate steroids 
like dexamethasone, which has a rapid clearance and a 
short duration of action [27]. Although, the current trend 
favors a transforaminal approach, there is not much evi-
dence to support its superiority [28,29]. The interlaminar 
route ESIs are commonly practiced at our institute. The 
interlaminar route has been reported to be safe for deliv-
ery of methylprednisolone, and the possibility of adverse 
events with methylprednisolone via the interlaminar route 
is less than via the trans-foraminal route. If a transfo-
raminal route is being used, then a nonparticulate steroid 
should preferably be used [30]. A single injection was 
used in this study instead of cumulative multiple injec-
tions; recent literature suggests that there is no evidence 
to favor a series of injections [31].

Sturmer et al. [18] concluded that mean pain inten-
sity assessed by VAS was independently associated with 
high levels of hs-CRP in patients with acute sciatic pain, 
but not in those with chronic LBP. Thus, pain severity in 
patients with acute sciatic pain may be linked more to 
inflammatory changes than in patients with chronic LBP, 
where additional factors might also come into play. Geb-
hardt et al. [19] concluded that there was no difference in 
mean hs-CRP levels in acute versus chronic LBP patients, 
but the acute group displayed a decline in hs-CRP over 3 
months, while remaining static in the chronic group.

The MODY score was used for measurement of out-
comes in our study, as it is a more objective measure than 
VAS. We found that the chronic LBP patients had higher 
mean hs-CRP levels and these values did not reduce, even 
after ESI as in the acute group, thus reaffirming the find-
ings of Gebhardt et al. [19]. Furthermore, limitations of 
previous studies included not having an appropriate con-
trol group, not considering factors such as obesity, smok-
ing, or alcohol consumption, all of which are known to 

affect the hs-CRP levels. However, an appropriate control 
group was included in our study, and the confounding 
factors were kept to a minimum.

Studies by Sugimori et al. [20] and Le Gars et al. [21] 
found no significant difference in the hs-CRP levels in 
a single or multiple disc involved back pain. Our results 
also confirmed this. Sugimori et al. [20], Le Gars et al. [21], 
and Rathod et al. [22] have studied the relation between 
preoperative and postoperative hs-CRP levels in patients 
who underwent discectomy. Sugimori et al. [20] and Le 
Gars et al. [21] used Japanese Orthopaedic Association 
scoring, whereas Rathod et al. [22] used the MODY score 
for outcome analysis. Sugimori et al. [20] and Rathod et 
al. [22] used ultrasensitive latex assay for measuring hs-
CRP levels, whereas Le Gars et al. [21] used the ELISA 
test.

All three studies showed that patients with high preop-
erative hs-CRP levels had insignificant improvement in 
postoperative pain scores. The probable reason for this 
finding is that a high hs-CRP indicates a primary inflam-
matory component, which is not addressed by discectomy. 
In the current study, ELISA method for hs-CRP calcula-
tion was used. MODY score for outcome measurement 
demonstrated that all patients in the study group had a 
higher baseline hs-CRP as compared to the members of 
the control group. Patients with acute LBP who had an 
improvement on outcome parameters following also ESI, 
had a significant decline in hs-CRP levels. One can infer 
that the high hs-CRP levels are an indication of a predom-
inantly inflammatory etiology of LBP. If LBP patients fail 
to respond to analgesics and physiotherapy, the hs-CRP 
level can be estimated, and then used as a tool to decide 
if these patients would benefit from ESI or not. Based on 
the outcomes of the present study, patients with acute LBP 
with high hs-CRP levels can be considered as good can-
didates for ESI, and they may be counseled as such before 
offering the injection. Patients with chronic LBP can also 
be offered an ESI, but with an explanation provided to the 
patient beforehand regarding the possibility of improve-
ment.

The study was not without its limitations. Short-term 
follow-up of 2 months, non-recording of the final out-
comes of patients (such as how many required surgery), 
non-randomization of cases and that the patients were 
allowed to take analgesics for breakthrough pain, which 
theoretically might alter the hs-CRP levels, are few no-
table limitations. Additionally, MRI was used to confirm 
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the presence of a lumbar disc herniation, but we applied 
no specific classification system. No separate sub-group 
analysis was thus performed for evaluating the role of 
different types of disc conditions, and the hs-CRP levels. 
The strength of this study is having baseline hs-CRP levels 
from our control group for comparison, as well as the use 
of ESI performed by a senior anesthetist, who has been 
routinely performing such injections. A future study eval-
uating the association of hs-CRP level with different levels 
of MRI-inferred disc conditions, and the course of disease 
over a longer time frame, can be conducted to further ex-
plore this investigation modality.

Conclusions

Baseline hs-CRP levels are raised significantly in patients 
with LBP indicating a considerable inflammatory com-
ponent. Baseline hs-CRP can be used as an indicator of 
severity and a prognosticator of efficacy in patients with 
acute LBP, who are refractory to physiotherapy and an-
algesics. It can assist in determining which patients will 
likely experience improvement in symptoms following an 
ESI, thus adding a tool to the armamentarium of spinal 
surgeons.
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