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Abstract

Introduction: This study aims to determine the urine concentrations of malondialdehyde (MDA), and tumor necrosis factor-alpha
(TNF-α) biomarkers with pain intensity in a patient with low back pain (LBP) compared to healthy controls. Also, the correlation
between these biomarkers and clinical findings of pain intensity was determined during 25 weeks to find a molecular diagnostic
factor of disease progression.
Case Presentation: Participants in this case study are students at Shahed University, Iran. A 22-year-old man patient with a three-
month history of progressive LBH and gait instability and an age, sex, and body mass index (BMI) matched healthy man was enrolled
for 25 weeks. Spinal MRI (Siemens 1.5 T) revealed disc degeneration and displacement. LBP symptoms were diagnosed by a neurol-
ogist using ICD-9 diagnostic codes. Other diseases that affect the urine levels of MDA and TNF-α in the patient, such as allergic or
infectious diseases, have been ruled out. After collecting demographic information, the facial pain scale (FPS) and numerical rating
scale (NRS) for pain and 24-hour urine samples of a healthy person and a patient were collected weekly for 25 weeks. Samples were
analyzed for MDA and TNF-α.
Conclusions: During the experiment, urinary MDA levels were significantly elevated while TNF-α levels were not changed in LBP
patients compared to control individuals (P ≤ 0.001). Furthermore, the assessment of LBP by the FPS and NRS pain scores was only
correlated with urinary MDA levels, and urinary TNF-α levels did not change during the experiment. Pearson correlation analysis
revealed a positive correlation between pain scores during 25 weeks and urine concentrations of MDA (r = 0.60, P-value < 0.001).
According to the present study, chronic LBP patients had higher levels of MDA in their urine than those who did not have chronic
LBP. There was a significant positive association between urine MDA level and pain intensity progression.
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1. Introduction

Nearly 80% of people around the world have experi-
enced low back pain (LBP) at least once in their lifetime (1).
It is categorized into acute, sub-acute, and chronic. There
is a very high transition rate between acute and chronic
low back pain due to the lack of accurate diagnostic symp-
toms, and chronic low back pain patients experience re-
current low back pain throughout their lives (2). Although
many efforts have been made to determine the cause of the
progression of low back pain, its exact pathophysiologic
mechanism remains poorly understood. Multiple factors
have been implicated in the pathogenesis of LBP, includ-
ing elevated levels of oxidative stress and inflammatory
factors (3, 4). Currently, no accurate diagnostic biomark-
ers have been identified for the progression from acute to
chronic low back pain. Increasing evidence suggests that

oxidative stress plays a role in low back pain and the pos-
sibility of changing from an acute to a chronic condition
in patients suffering from intervertebral disc degeneration
(5). It is necessary, however, to examine more clinical pre-
sentations, especially inflammation and oxidative stress
factors in relation to LBP, in order to establish their po-
tential role in the diagnosis and treatment of this disease.
The need for further research into the factors involved in
the transformation of acute to chronic conditions of this
disease has been highlighted by researchers (6). The pri-
mary aim of this case study was to compare urine concen-
trations of malondialdehyde (MDA) and tumor necrosis
factor-alpha (TNF-α) between a patient and age, sex, and
body mass index (BMI) matched healthy control. The sec-
ondary aim of this study was to determine the correlation
between these biomarkers with pain progression after the
caseation of analgesic therapy.
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2. Case Presentation

The patient was a 22-year-old man with moderate LBP
who presented to a specialist with a three-month history
of progressive backache and difficulty maintaining correct
posture. There was no history of physical trauma around
the onset of symptoms in the patient. He did not have any
other medical or familial history. A routine blood biochem-
istry test and a hematological test revealed no abnormali-
ties. Physical examinations and MRIs revealed anomalies
in the lumbosacral area involving the L1 - S1 vertebral disks.
Images and MRIs showed lumbar disc degeneration from
the L4 - L5 and L5 - S1 discs to be evenly distributed among
the four lowermost discs. The straight leg raising (SLR) test
has been used as the primary test to diagnose lumbar disc
herniation. The International Classification of Diseases
(ICD-9-CM) diagnosis codes were applied to patients with
mechanical low back problems. The researcher measured
patient pain intensity using the Facial Pain Scale (FPS) and
Numerical Rating Scale (NRS), and pain scores were corre-
lated with urine biomarkers. Urinary MDA and TNF-α lev-
els were measured together with other serological tests.
He had no other complaint which affected his serum lipid
peroxidation product levels. An age- and gender-matched
healthy person was used as a control. During the 25-week
sampling period, 24-hour urine samples of the patient and
healthy person were collected weekly, and the commercial
assay kit measured urinary MDA and TNF-α.

In Figure 1A and B, patients preferred FPS (n = 3 to 9)
and NRS (n = 5 to 9). The result of the SLR test in the pa-
tient was significantly (P < 0.01) different compared to the
healthy control. The MRI imaging revealed degeneration
and herniation of the lumbar disk in the L5 - S1 region with
nerve root compression and disc prolapse, confirmed by
the radiologist (Figure 2A and B). The conus medullaris and
nerve roots presented normal signal intensity and no signs
of compression or pathological enhancement. X-ray stud-
ies of the lumbar spine showed little instability, and disc
height and alignment were abnormal (Figure 3A and B).
Compared with healthy subjects, the patient with LBP had
significantly higher mean concentrations of MDA but no
difference in TNF-α. During the experiment, urinary MDA
concentrations gradually increased (P < 0.01) without any
significant (P < 0.01) change in urinary TNF-α levels com-
pared to a healthy subject (Figure 4A and B). In the patient,
higher MDA concentrations in urine were associated with
higher pain intensity scores (Figure 4C).

3. Discussion

The current study found that urinary levels of MDA, a
product of lipid oxidation, were higher in patients with
LBP compared to healthy subjects, but TNF-α, a biomarker

of systemic inflammation, showed no difference. Al-
though serum concentrations of inflammatory indices
have been researched in patients with painful interverte-
bral disc degeneration, data regarding urine concentra-
tions of MDA and TNF-α in LBP patients are limited (7). Clin-
ical studies have shown that low back and musculoskeletal
pain improvements were accompanied by a significant re-
duction in MDA serum levels (8).

There is a concurrent increase in serum MDA levels in
patients with lumbar disc degeneration disease, as well as
a significant reduction (P < 0.01) in serum endogenous an-
tioxidant levels (9). Similar to our finding in this study,
other researchers did not find any significant differences
in TNF-α (serum or CSF) concentrations between patients
with different pain syndromes (10).

In addition, a previous report indicated that serum
lipid peroxidation factors were associated with pain and
limitations in joint mobility in patients (11). There was a
significant (P < 0.01) relationship between pain score and
blood MDA level in premature neonates after having been
exposed to painful stimuli in another case study (12). Ad-
ditionally, no differences were detected in the inflamma-
tory biomarkers in the serum of individuals with chronic
low back pain (13). Based on studies in animals and hu-
mans, elevated reactive oxygen species (ROS) levels are re-
lated to the release of substance-P at the spinal level, which
is a critical neurotransmitter peptide involved in promot-
ing pain transmission in the intervertebral discs (14). Also,
it has been reported that serum MDA levels are signifi-
cantly higher in workers suffering from work-related mus-
culoskeletal pain or impairment in the lower back or upper
extremities (15). In this study, the increase in urinary excre-
tion of MDA in patients with LBP could explain the grad-
ual increase in pain caused by the increase in general levels
of MDA in the body. In conclusion, we sought to draw at-
tention to the slow progression of LBP associated with sys-
temic lipid peroxidation and increased urinary MDA levels.
As such, it seems that MDA may be a convenient, accessible,
and possibly useful biomarker for diagnosing the progres-
sion of LBP. The current findings further support the rela-
tionship between oxidative stress and LBP pathophysiol-
ogy. Thus, lipid peroxidation management seems promis-
ing for preventing LBP progress.
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Figure 1. Numeric rating scale (NRS) and facial pain scale (FPS) rating. A, Changes in NRS; and B, FPS rates in the low back pain patient during the experimental period.

Figure 2. The MRI images from the lumbosacral spinal region. A, The sagittal T1WI show degenerative changes as disk dehydration and inner nuclear cleft noted at all lumbar
spine; B, Disk dehydration and a left paracentral disk protrusion were observed at L3/L4 and L5/S1 levels. The conus medullaris is normal at L1 (the imaged soft tissue was
interpreted as normal).
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Figure 3. X-ray films of the lumbar spine from A, Lateral view; and B, Lateral view
with extension. These X-ray films show instability and abnormal disc height and
alignment. Plain X-rays of the lumbar spine (A) show a slight loss of height with
anterior wedging of L2.

Figure 4. A, Change of malondialdehyde (MDA); and B, Tumor necrosis factor-alpha
(TNF-α) in the urine of the LBP patient in comparison with the healthy person dur-
ing 25 weeks; C, Correlation of numeric pain scores and urinary MDA levels in the
LBP patient for 25 weeks.
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