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Abstract
Objective

Inflammation plays an important role in the pathophysiology of disc herniation. The aim of
this study was to evaluate blood neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio
(PLR), and C-reactive protein (CRP) levels in cervical disc herniation (CDH) patients.

Materials and methods

We retrospectively analyzed the medical records of 126 patients with neck pain who were
treated as inpatients at the Neurosurgery Department of Harran University Faculty of Medicine.
The NLR, PLR, and CRP levels during hospital admissions were documented.

Results

The study included 73 patients with CDH and neck pain, 53 patients with normal cervical MR
examination and neck pain, and 50 healthy control subjects. The group with cervical disc hernia
had a significantly higher mean serum leucocyte count, neutrophil count, NLR, and CRP level
compared to those with a normal MR but neck pain and the control group. NLR was
significantly higher in the multi-level CDH group compared to the control group, while the
single-level CDH and multi-level CDH had no significant difference with respect to mean
serum inflammatory parameters.

Conclusion

Higher NLR and CRP in patients with CDH compared to patients with neck pain but normal
cervical MR and the controls may be due to a developing inflammatory response. It may be
speculated that among patients with neck pain, those with non-elevated NLR and CRP levels
may have normal neck MR imaging, and in patients with elevated NLR and CRP levels, early
protective approaches may play a preventive role in disc degeneration and cervical disc hernia
development.
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Introduction

Neck pain is an important public health problem, and the lifetime prevalence rate of neck
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pain has been reported to be 48.5% [1,2]. Neck pain that occurs in the absence of
underlying disease such as radiculopathy is also called mechanical neck pain [3]. The
cervical intervertebral disc is a common source of neck pain [2]. It has been shown that pain
occurs as a result of the release of local inflammatory cytokines in cervical disc herniation
(CDH). Although these cytokines are reported as a part of pain cascade, it has also been
reported that inflammation around disc herniation causes an increase in C-reactive protein
(CRP) levels. In general, an increase in the plasma concentration of interleukin 6 (IL-6)
produced by macrophages around the disc tissue causes an increase in CRP levels [4-6].

Recent studies have reported that increased neutrophil-lymphocyte ratio (NLR) and platelet-
lymphocyte ratio (PLR) are novel inflammatory markers used to assess the prognosis of various
disorders. NLR is a cheap and readily available inflammatory marker and is calculated by using
neutrophil and lymphocyte levels obtained from full blood count [7]. It has been shown that
blood NLR is a novel potential predictor of systemic inflammation in various disorders such as
coronary heart disease, chronic diseases, and malignancy [8-10]. Similarly, a recent study has
reported that a high NLR predicted glioblastoma multiforme in a statistically significant
manner [11].

Similarly, it has been observed that increased PLR was associated with adverse

prognosis among patients with stroke, malignancy, and aneurysmal subarachnoid
hemorrhage [8,12,13]. Although the predictive values of increased NLR and PLR have been
shown in a variety of disorders, the relationship of NLR, PLR, and CRP with CDH has never
been studied. We aimed to study the differences in the systemic inflammatory response
between patients with symptomatic disc herniation and healthy subjects.

Materials And Methods

All patients gave written informed consent prior to study entry, and the Harran University
Faculty of Medicine local ethics committee approved the study protocol.

One hundred and seventy-six participants were included in the study; 126 patients who were
under follow-up at the Department of Neurosurgery of Harran University Faculty of Medicine
between February 2017 and December 2019 were enrolled in the study. The control group
consisted of 50 healthy adults. The participants were divided into three groups. The first group
consisted of patients with CDH and neck pain (n=73); the second group consisted of patients
with neck pain but a normal cervical MR (n=53); and the third group consisted of healthy
subjects (n=50). The group of patients with CDH was further categorized as single-level CDH
(n=46) and multi-level CDH (n=27). The exclusion criteria for patients and healthy control
groups included hematological, autoimmune, renal, and hepatic disorders, acute or chronic
systemic infections, chronic diseases such as diabetes mellitus, hypertension, and
inflammatory diseases, anti-inflammatory drug use, and malignancy.

The medical records of the patients were retrospectively reviewed. Age, sex,
neurological examination findings, and cervical MRI findings were recorded. All patients’ blood

parameters at admission were reviewed and mean serum leucocyte (u/mm?), neutrophil (K/uL),

lymphocyte (K/uL), and platelet (u/mm°) count as well as CRP (mg/dl) levels were recorded.
NLR was calculated by dividing neutrophil count by lymphocyte count; PLR was calculated by
dividing platelet count by lymphocyte count.

Statistical analysis

Statistical analyses were performed using SPSS Statistics for Windows version 22.0 (IBM,
Armonk, NY) software package. Descriptive statistics included mean #* standard deviation,
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number, and percentage. Normally distributed continuous variables were compared using
Student’s t-test and non-normally distributed continuous variables using the Mann-Whitney U
test. One-way analysis of variance (ANOVA) was used to compare more than two groups with
normally distributed variables and the Kruskal-Wallis test was used for non-

normally distributed continuous variables in more than two groups. Categorical variables

were compared using Chi-square or Fisher’s test. Statistical significance was set at a p-value of
<0.05.

Results

A total of 176 records were reviewed. The study included 73 patients with CDH and neck pain
(mean age: 42.52 +10.41 years); 53 patients with normal cervical MR examination (mean age:
40.07 £10.06 years) and neck pain; and 50 healthy control subjects (mean age 40.94 £13.49
years). There was no significant difference between the groups with respect to sex distribution
and mean age (Table 7). The group with cervical disc hernia had a significantly higher mean
serum leukocyte count, neutrophil count, NLR, and CRP levels compared to those with a normal
MR but neck pain and the control group. The study groups did not significantly differ with
regard to mean serum lymphocyte count, platelet count, and PLR. Table / summarizes the
demographic properties and laboratory findings of the patients.

Variable Group | (n=73) Group Il (n=53) Group lll (n=50) P P1 P2 P3
Age, years 42.52 +10.41 40.07 £10.06 42.52 +13.49 0.105 0271  0.903 0.08
Male 42.5% 54.7% 57.4% 0856 0715 1 0.914
Female 57.5% 45.3% 42,6%

Leukocyte, u/mm? 9.39 +2.76 7.66 £1.70 7.86 +1.75 0.000 0.001 0.658  0.000
Neutrophils, K/uL 5.88 +2.68 4.37 £1.44 4.46 £1.49 0.000 0.000 0.953 0.000
Lymphocytes, K/uL 2.60 £0.79 2.57 £0.53 2.54 £0.64 0.825 0.694 0.828 0.726
NLR 2.55 +2.30 1.76 +0.73 1.85 £0.78 0.000 0.009 0.644 0.001
Platelet, u/mm3 2.87 £78.06 296.04 +63.84 308.63 £76.43 0.639 0.166  0.661 0.178
PLR 117.03 £45.02 122.04 +43.898 120.04 £35.55 0.000 0.487 0.979 0.004
CRP, mg/dL 0.74 +1.13 0.31 +£0.77 0.48 +1.09 0.000 0.048 0.001 0.000

TABLE 1: The demographic and laboratory characteristics of patients and control
groups

Group | consisted of patients with cervical disc herniation and neck pain; group Il consisted of patients with neck pain but a normal
cervical MR; group Il consisted of healthy subjects; the data were presented as mean +SD. P: significance between group | and group
II; P1: significance between group | and group Ill; P2: significance between group Il and group llI; P3: within groups

NLR: neutrophil-lymphocyte ratio; PLR: platelet—lymphocyte ratio; CRP: C-reactive protein; SD: standard deviation

The categorization of the CDH group by the number of involved discs showed that there was no
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significant difference in the mean serum inflammatory parameters of the subgroups with
single-level CDH and multi-level CDH, while NLR was significantly higher in the multi-level
CDH group compared to the control group (Table 2).

Variable Single-level CDH (n=46) Multi-level CDH (n=27) Control group (n=50) P P1 P2 P3

Leukocyte, umm?®  9.39 +2.76 7.66 +1.70 7.86 +1.75 0.458 0.007 0.003 0.003
Neutrophils, K/uL 5.88 +2.68 4.37 £1.44 4.46 £1.49 0.727 0.002 0.006 0.002
Lymphocytes, K/uL  2.60 +0.79 2.57 £0.53 2.54 +0.64 0.635 0.732 0.958 0.602
NLR 2.55 +2.30 1.76 £0.73 1.85£0.78 0.12 0.072 0.005 0.011
Platelet, u/mm3 287 +78.06 296.04 +63.84 308.63 £76.43 0.15 0.736 0.330 0.784
PLR 117.03 £45.02 122.04 +43.898 120.04 £35.55 0.515 0.797 0.286 0.602
CRP, mg/dL 0.29 +0.60 0.32 £0.87 0.48 +1.09 0.852 0.151 0.069 0.139

TABLE 2: Comparisons of inflammatory markers between single-level and multi-level

CDH subgroups

The data were presented as mean £SD. P: significance between single-level CDH and multi-level CDH; P1: significance between
single-level CDH and control group; P2: significance between multi-level CDH and control group; P3: within groups

CDH: cervical disc herniation; NLR: neutrophil-lymphocyte ratio; PLR: platelet-lymphocyte ratio; CRP: C-reactive protein; SD: standard

deviation

Discussion

Nerve root pain caused by disc herniation is attributed to both chemical and mechanical factors
[14]. As a chemical effect, nucleus pulposus found in the inner part of a disc has

been experimentally shown to induce an inflammatory-like reaction in the nerve root after

the annulus fibrosus is torn [14,15]. It has been reported that pro-inflammatory

substances including interleukins and cytokines like tumor necrosis factor-a (TNF-) are
expressed immunohistochemically in the region of disc herniation [16]. These cytokines
increase the release of chemokine from the degenerated disc and the infiltration and activation
of T and B cells, macrophages, and mast cells [4,17].

There is evidence that the inflammatory process plays an important role in the development of
degeneration and there is a significant correlation between the levels of inflammatory markers
and the degree of degeneration [18-20]. Xue et al. have reported that as compared to healthy
controls, patients with lumbar disc herniation (LDH) had significantly higher serum IL-21 and
IL-17 levels. They also reported higher IL-21, IL-17, and cyclooxygenase-2 (COX-2) expression
levels in disc tissues obtained from patients with LDH compared to normal disc tissues;

visual analog scale (VAS) pain scores showed a positive correlation with serum IL-21 levels,
and inflammation was responsible for LDH-related pain [21]. Likewise, a recent study

showed that IL-21 played a role in the pathological development of intervertebral disc
degeneration and it may worsen intervertebral disc degeneration by inducing TNF-a [18]. It is
known that IL-21 plays an important role in the persistence and differentiation of both T and B
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cells [22]. Another study has reported an association between high-sensitivity CRP (hs-
CRP) levels and severe pain (VAS of >40) [23].

There are a few studies in the literature that have examined the relationship between CDH and
serum inflammatory markers. No study has yet investigated the relationship between NLR, PLR,
and CRP levels in patients with neck pain accompanying cervical disc hernia but normal MR
findings. Recently, Yilmaz et al. reported that NLR was an independent predictor in patients
with lumbar disc hernia and low back pain [20]. Similarly, another study showed that
preoperative and postoperative pain was more severe among patients with lumbar disc hernia
and a higher NLR level, as an indicator of inflammation [24]. Dagistan et al. found no
significant difference between serum NLR and PLR levels of the LDH patients and healthy
controls [25]. In our study, the group with cervical disc hernia had a significantly higher NLR
level as compared to the patients with neck pain but normal MRI and healthy controls.

In a recent study, it was reported that inflammatory cytokines (IL-6, IL-8) in disc

samples obtained from humans were found to be significantly higher in multi-level compared
to single-level [26]. In our study, there was no significant difference between single-level

and multi-level CDH patients in terms of inflammatory parameters, while it was

significantly higher in multi-level CDH patients than in the control group. As the compressed
nerve tissue increases, it causes an increase in the inflammatory response, and these findings
may make it easier to monitor if the damaged nerve tissue has increased. We believe that the
reason for the lack of a significant difference between the CDH levels groups was probably the
small sample size, and this subject should be further studied in larger patient groups.

Similarly, a recent study found that patients with extruded disc hernia had significantly

higher mean serum hs-CRP levels compared to patients with bulging disc hernia and
significantly higher mean serum IL-21 levels compared to patients with protruded disc hernia,
which the authors potentially attributed to inflammation around nerve roots [19,27]. Sugimori
et al. have found significantly higher mean hs-CRP levels among patients with LDH than the
controls; they reported no significant correlation between hs-CRP levels and herniation level
[28]. Our literature review showed that no study to date has specifically studied serum CRP
levels in patients with cervical disc hernia. In our study, the mean serum CRP level was
significantly higher in the CDH group than the control group, although we found no significant
difference with respect to the CDH levels.

The limitations of our study include its relatively small sample size, retrospective design, and
the lack of repeat tests to check if systemic inflammatory response subsided in patients with
CDH.

Conclusions

Higher NLR and CRP in patients with CDH compared to patients with neck pain but

normal cervical MR and the controls may be due to a developing inflammatory response.

The detection of significantly higher NLR in multi-level CDH patients compared to the

control group is an indication that the inflammation increases as the affected nerve tissue
increases. NLR and CRP are easy-to-use, rapid, and inexpensive indicators of systemic
inflammation. It may be speculated that among patients with neck pain, those with non-
elevated NLR levels may have normal neck MR imaging. Similarly, among patients with elevated
NLR levels, early protective approaches may play a preventive role in disc degeneration and
cervical disc hernia development. These findings warrant prospective studies involving larger
patient groups.

Additional Information
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