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Abstract

Objectives: We aimed to determine the serum concentrations of some inflammatory and oxidative stress biomark-
ers in relation with pain intensity and quality of life in patients with myofascial pain syndrome (MPS) compared to
healthy controls. This study is a case—control study. The participants were selected from MPS patients who referred to
rehabilitation outpatient clinics of the Tabriz University of Medical Sciences, Iran.

Results: Serum hs-CRP (4.68+4.36 vs. 2.92 +4.55 g/mlu respectively, p=0.011), phospholipase A2 (PLA2)
(6.81+2.22 vs. 473+ 2.97 pg/ml respectively, p<0.001) and malondialdehyde (MDA) (2.63+0.71 vs.

1.98 £ 0.90 nmol/ml respectively, p <0.001) levels were significantly higher and serum total antioxidant capacity
(TAC) (246+£0.49 vs. 2.83 £ 0.82 mmol/L respectively, p=0.011) and superoxide dismutase (SOD) (78.89+37.93 vs.
154.25£115.93 U/ml respectively, p <0.001) levels were significantly lower in the MPS patients compared to healthy
controls. Serum high-sensitivity C-reactive protein (hs-CRP) level was significantly and positively associated with rest-
ing (r=0.349, p=0.019), activity (r=0.295, p=0.049) and night pain (r=0.304, p=0.043) intensities, pressure pain
threshold (PPT) (r=0.210, p=0.047) and pain duration (r=10.283, p=0.007). Serum TAC level was significantly and
negatively associated with resting pain intensity (r=—0.312, p=0.037). Some scales and subscales of quality of life
were positively correlated with serum TAC level and negatively associated with serum hs-CRP and PLA2 levels.
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Introduction

Myofascial pain syndrome (MPS) is a chronic pain-
ful dysfunction that can distress any striated muscle in
the human body [1]. MPS is a very common and costly
disorder affecting society, and its prevalence has been
reported currently from 30 to 85% [2, 3]. The exact
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pathophysiologic mechanism of MPS is still poorly
understood, yet new researches are enlightening the
mechanisms that could have a noteworthy effect on the
way this disorder is established and managed [4]. Bio-
chemical changes have been studied to some extent in
MPS. However, more in-depth studies, especially on
sub-acute inflammation and oxidative stress in relation
with clinical presentation, are required to establish their
potential role in the diagnosis and treatment of disease
[5-7]. Additionally, pain is frequently accompanying with
other complaints such as depression, mental stress, anxi-
ety, and, subsequently decreased quality of life [8] and
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there is very limited evidence regarding the association
between inflammatory and oxidative stress indices and
quality of life in the scientific literature especially in MPS
patients.

The primary aim of this study was to compare serum
concentrations of important inflammatory biomarkers
and oxidative stress between primary MPS patients and
age and body mass index (BMI) matched healthy con-
trols. The secondary aim of this study was to determine
the correlation between these biomarkers with clinical
findings, and quality of life exists.

Main text

Methods

Study population

The present study was a case—control study. Patients
with the primary MPS attending the university rehabili-
tation outpatient clinics and satisfying inclusion criteria
[(age between 18 and 60 years, patients with persisting
neck or shoulder pain for >3 months, MTrPs in one or
more of the trapezius, the infraspinatus, and/or the leva-
tor scapulae muscles, visual analog scale (VAS)>4) and
normal neurologic examination], were involved via sim-
ple random sampling from October 2018 to May 2019.
The exclusion criteria were fibromyalgia, cervical radicu-
lopathy, metabolic diseases like hypothyroidism and dia-
betes mellitus, and previous injection for MPS treatment
within the last 6 months before the enrollment.

The control group was a sample of healthy subjects,
matched for age (+2 years) and BMI selected randomly
from the other outpatient clinics of the same university.
The exclusion criteria were the presence of systemic dis-
eases, chronic pain, or psychiatric disorders. The ratio
of the case to the control group was 1:1. The study was
carried out following the principles of the Declaration of
Helsinki. Written informed consent was achieved from
all participants.

Sample size

Based on a previous study by Koca et al. [9] and TAC
level of 0.93+0.11 (mmol Trolox equivalent/l) in sub-
jects in the case group and 1.05+0.20 (mmol Trolox
equivalent/l) in subjects in the control group, power
as 80%, type of test as two-sided and the probability of
incomplete data as 15%, a sample size of 45 in each group
and 90 in total was estimated.

Measurements

Demographics and medical information

The demographic data of participants were gathered
through face to face interviews by a general characteris-
tics questionnaire containing demographic and medical
information. BMI was calculated by dividing the weight
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(kg) by the square of height (m?) [10]. The physical activ-
ity of the study participants was evaluated through the
short-form International Physical Activity Questionnaire
(IPAQ) [11]. Three categories of physical activity were
proposed: low, moderate, and high [12].

Visual analogue scale (VAS)

VAS was used to measure the pain observed by the
subjects in the last 24 h through a 0-10 cm scale. Each
patient was instructed to represent their perceived rest-
ing pain, night pain, and pain intensity with the activity
which ranged from ‘0’ (no pain) to ‘10’ cm (worst imagi-
nable pain). The VAS is a simple and commonly applied
method for the evaluation of pain intensity [13]. This
rating scale has been confirmed to have satisfactory psy-
chometric powers to be used in chronic pain studies, and
also to be more appropriate when the greatest consist-
ency is needed [14].

Pressure pain threshold (PPT)

The least force exerted which persuaded pain was
inspected using PPT through the pressure algometry
method. Estimation precision was distinguished at 1 kg/
cm? An electronic pressure algometry device was placed
perpendicularly on the location of the trigger point to
increasing compression pressure against the muscle
under examination by 1 kg/cm?/s [15].

Quality of life

The validated Persian version of the 36-item question-
naire SF-36 was used to evaluate the quality of life in par-
ticipants [16].

Biochemical analysis

Serum high-sensitive C-reactive protein (hs-CRP) (pg/
mL) was measured by the Monobind hs-CRP Elisa kit.
The Luminex-based immunoassay using the Serum Phos-
pholipase A2 kit (Nevandsalamat) was used to meas-
ure phospholipase A2 (PLA2) as described by Hsu et al.
[17]. Measurement of serum TAC concentration was
performed using the Naxifer" -Total Antioxidant Capac-
ity Assay Kit-TAC Colorimetric Assay Kit [18]. Serum
Malondialdehyde (MDA) was measured using Nalondi' -
Lipid Peroxidation Assay Kit-MDA. Serum superoxide
dismutase (SOD) levels were measured by colorimetric
method using an ELISA kit (RANDOX, Antrim, North
Ireland UK) according to the manufacturers’ instruction.

Statistical analysis

All statistical analyses were performed using the statisti-
cal package SPSS (version 19.0, SPSS Inc., Chicago, IL).
An independent sample t-test or Mann—Whitney U test
was done to inspect the differences in inflammatory
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markers and oxidative stress indices between patients
with MPS and non-MPS controls. Unadjusted linear
regression was run to assess the association between
inflammation and oxidative stress biomarkers with pain
intensity and quality of life. A P-value <0.05 was consid-
ered statistically significant.

Results

A total of 96 patients with MPS were evaluated for eligi-
bility. Of these, 11 were excluded due to the disagreement
of participation in this study or lack of inclusion criteria.
Finally, 85 participants were studied in this. Distribution
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of demographic variables like age, weight and BMI, serum
levels of biomarkers, and subscales of quality of life are
presented in Tables 1 and 2. There were no significant
differences in demographic findings and also anthropo-
metric indices between case and control group (P >0.05).
Twenty, 13, and 10 patients in the case group had MTrPs
in the trapezius muscle, trapezius+infraspinatus mus-
cles, and trapezius+levator scapulae muscles, respec-
tively. The mean duration of symptoms in patients was
9.93+4.36 months. The intensity of resting pain, noc-
turnal pain, and pain during the activity were 5.51+2.11,
5.11+3.29, and 7.96+1.74, respectively. The PPT was

Table 1 Distribution of demographic characteristics among the study participants

Variable Case group (n =43) Control group (n =42) P value®
Age (year) 9.35%36.44+ 37134847 0.715
Weight (kg) 715841346 70.084+11.08 0.546
Height (cm) 162.58 £7.00 161.08+6.40 0.291
BMI (kg/mz) 27.06+4.75 27.01+£4.09 0.901
Sex
Male 2 (4.6%)° 5(11.9%) 0.240
Female 41 (95.4%) 37 (88.1%)
Education Education
llliterate 7 (16.3%) 1(2.4%) 0.089
Primary school 7 (16.3%) 7 (16.7%)
Secondary school 2 (4.6%) 0 (0.0%)
High school 3(7.0%) 5(11.9%)
Diploma 9 (20.9%) 9 (21.4%)
University 15 (34.9%) 20 (47.6%)
Job
Unemployed 23 (53.5%) 20 (47.6%) 0.529
Employed 20 (46.5%) 22 (52.4%)
Marital status
Single 5(11.6%) 8 (19.0%) 0.399
Married 38 (88.4%) 34 (81.0%)
BMI Classification
Normal (18.5-24.9) 15 (35.0%) 1(26.2%) 0.955
Overweight (25-29.9) 14 (32.5%) 26 (61.9%)
Obese (>30) 14 (32.5%) 5(11.9%)
Physical activity
Low 31 (72.1%) 25 (59.5%) 0.486
Moderate 22 (27.9%) 7 (40.5%)
Any multivitamin use
Yes 25 (58.2%) 16 (38.1%) 0.061
No 18 (41.8%) 26 (61.9%)

BMI Body Mass Index, CRP C-reactive protein, EF energy/fatigue, EW emotional wellbeing, GH General health, hs-CRP high-sensitive, MDA malondialdehyde, MH mental
health, P pain, PF physical function, PH physical health, PLA phospholipase A2, RE role limitation due to emotional problems, RP role limitation due to physical health,

SF social function, SOD superoxide dismutase, TAC total antioxidant capacity
@ Values are means=+SD

b Values are N (%)

¢ Significantly different at p <0.05 by Independent-Samples T test, Mann-Whitney U test or chi-square test
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Table 2 Distribution of inflammatory and oxidative
stress biomarkers and quality of life among the study
participants

Variable Case group (n =43) Control group P value?
(n=42)
hs-CRP (g/mlu) 4.68+£4.36 2924455 0.011
TAC(mmol/L) 2464049 2834082 0.065
MDA (nmol/ml) 263+0.71 1.98+£0.90 >0.001
SOD (U/ml) 78.89437.93 15425411593 >0.001
PLA2 (pg/ml) 6.81+£222 4.73£297 >0.001
PF 6867 £2.63' 7589+ 1895 0.057
RP 344414240 60.00 £ 4244 0.004
RE 37.02+41.57 59.98+41.19 0.010
EF 55.504+18.82 62.88+20.35 0.077
EW 61.51£16.87 67.75£17.42 0.073
SF 62.55+£24.57 72.50+24.65 0.033
p 48.5+£2091 79.27 £28.38 0.028
GH 51.81+20.91 63.13+£20.64 0011
PH 20297 4£85.09 27830£88.36 0.001
MH 21344479.18 264.61+65.87 0.001

Values are means +SD

CRP C-reactive protein, EF energy/fatigue, EW emotional wellbeing, GH general
health, hs-CRP high-sensitive, MDA malondialdehyde, MH mental health, P pain,
PF physical function, PH physical health, PLA phospholipase A2, RE role limitation
due to emotional problems, RP role limitation due to physical health, SF social
function, SOD superoxide dismutase, TAC total antioxidant capacity

2 Significantly different at p <0.05 by Independent-Samples T test, Mann-
Whitney U test or chi-square test

2.1940.65. The concentration of hs-CRP and PLA2 and
MDA were significantly higher in MPS patients com-
pared with those of healthy controls. The levels of SOD
were significantly lower in patients with MPS compared
with those of healthy controls. All scales and subscale of
quality of life were significantly lower in MPS patients
compared with those of healthy controls, except Physical
function (PF), Energy/fatigue (EF), and Emotional well-
being (EW).

Data were more analyzed to determine the associa-
tion between serum concentrations of biochemical indi-
ces with clinical findings and quality of life by Pearson/
Spearman correlation. The analysis also performed in
controls concerning the correlation of the biomarkers
and the quality of life (Table 3).

Discussion

Comparison of serum concentrations of inflammatory

and oxidative stress indices among participants

with and without MPS

In this study, we showed that circulating plasma lev-
els of inflammatory indices of hs-CRP and PLA2 and
also MDA as an oxidative stress marker are higher and
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the plasma level of SOD antioxidant enzyme is lower in
patients with MPS in comparison with healthy subjects.

Although serum concentrations of inflammatory and
oxidative stress indices have been researched in dif-
ferent pain disorders, data in MPS patients are few.
Human studies suggest a probable pathogenic role of
the cytokines in pain [19]. Koch et al. [20] revealed the
elevated levels of IL-6 in patients with light pain and
elevated levels of IL-6 and nitrate/nitrite in severe pain
patients. Other studies have shown increased levels of
IL-8 pro-inflammatory cytokine in blood and also Cer-
ebrospinal fluid (CSF) of the patients with chronic pain
[21], elevated levels of IL-6, IL-1p, and TNF-« in CSF of
the patients with complex regional pain syndrome [22]
and prominent levels TNF-a in Schwann cells of the
patients with painful neuropathies [23]. Nonetheless,
Ludwig et al. [24] and Fischer et al. [25] didn’t found any
significant differences in terms of serum or CSF concen-
trations of interleukin-6 and TNF-a and plasma levels of
MDA, F2-isoprostanes, and 8-hydroxy-2-deoxyguano-
sine between patients with or without painful polyneu-
ropathies and Complex Regional Pain Syndrome.

During the inflammatory response, an increase in the
amount of oxidative stress also contributes to the pain.
Reactive oxygen species (ROSs) and reactive nitrogen
species (RNSs) can, directly and indirectly, induce sensi-
tization and activation of nociceptor receptors [26]. The
accumulation of ROSs in skeletal muscle contributes to
myopathy and contractile dysfunction, both of which
are components of MPS [27]. Taken together, these data
suggest that complex and multi-mechanism regulatory
systems for the role of cytokines in pain are not fully
understood.

Correlation between serum levels of inflammatory

and oxidative stress indices and pain intensity and quality

of life among participants with and without MPS

Based on our findings, higher serum concentrations of
hs-CRP and lower serum level of TAC was associated
with higher pain intensity and duration in patients with
MPS. These findings suggest that key symptoms of MPS
may partly be the consequence of systemic inflammation.

Pain experimental models established pro-nociceptive
properties of cytokines [28]. In the clinical background,
the association between CRP (as a substitute for IL-6)
and other inflammatory cytokines and pain has been
shown in different situations [29-31].

We found that, there were significant and negative cor-
relations between some scales and subscales of quality
of life and serum concentrations of hs-CRP and PLA2 in
MPS patients. In return, TAC concentration was directly
correlated with some scales and subscales of quality of
life in the patients. In healthy controls, TAC and SOD
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concentrations were directly and hs-CRP, PLA2, and
MDA concentrations were negatively correlated with
scales and subscales of quality of life.

Previous studies have evaluated the association
between inflammation and quality of life in other dis-
orders [32-34] and consistent with the results of the
present study, the relationship between inflammatory
biomarkers and quality of life components in other con-
ditions has been emphasized [35, 36].

The association between mental conditions and the
endocrine and immune systems, especially inflammation
may be somewhat explained by the hypothalamic—pitui-
tary—adrenal (HPA) axis function. Given that acute psy-
chological stress can induce an inflammatory response
[37], stress perception may contribute to the quality of
life and may explain some of the present findings. Fur-
thermore, inflammation may disturb the quality of life
because of reduced happiness [38]. So, inflammation
management is serious for preserving mental health and
quality of life.

The findings of this study may theoretically impact clin-
ical practice by suggesting a novel approach to symptom
treatment in which systemic inflammation is recognized
as a key therapeutic object.

Conclusion

Patients with MPS had significantly higher concentra-
tions of hs-CRP, MDA, and PLA2 and lower concentra-
tions of SOD in comparison with healthy subjects. In
these patients, higher concentrations of hs-CRP and
lower concentrations of TAC were associated with higher
pain intensity and duration and lower scores of some
scales and subscale of quality of life. The serum level of
PLA2 was also associated negatively with some scale and
physical health subscale scores of quality of life in MPS
patients. Additionally, serum concentrations of SOD and
TAC were positively and serum concentrations of PLA2,
MDA, and hs-CRP were inversely associated with differ-
ent scale and physical and mental health subscale scores
of quality of life in healthy matched controls.

Limitations

Our study has a relatively small sample size. Addition-
ally, the case—control design limits the capability to
causality assessment of how inflammatory and oxida-
tive stress biomarkers implements in predicting MPS.
Moreover, the serial examination of biomarker levels
for assessing dynamic alterations was not examined.
Lack of dietary intake assessment of micronutrients
with anti-inflammatory and anti-oxidative properties
is another limitation. Furthermore, we did not execute
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subgroup analysis based on the levels of stress and
other psychological elements that may be accountable
for the raise in the biomarker concentrations. Finally,
we studied a particular group of MPS (i.e., MTrPs the
trapezius, the infraspinatus, or the levator scapulae
muscles). Thus, external validation may not be applied
to other patients with MPS.

Abbreviations

BMI: Body Mass Index; CRP: C-reactive protein; CSF: Cerebrospinal fluid;

EF: Energy/fatigue; EW: Emotional wellbeing; GH: General health; hs-CRP:
High-sensitive; IPAQ: International Physical Activity Questionnaire; MDA:
Malondialdehyde; MH: Mental health; MPS: Myofascial pain syndrome; MTrPs:
Myofascial trigger points; P: Pain; PF: Physical function; PH: Physical health; PLA:
Phospholipase A2; RE: Role limitation due to emotional problems; RNSs: Reac-
tive nitrogen species; ROSs: Reactive oxygen species; RP: Role limitation due
to physical health; SF: Social function; SOD: Superoxide dismutase; TAC: Total
antioxidant capacity; TNF: Tumor necrosis factor.

Acknowledgements

We are thankful to all of the participants who helped us to conduct this study.
The authors would like to acknowledge the staff of the Physical Medicine and
Rehabilitation Research Center of Tabriz University of Medical Sciences for
their support with this study. The results presented in this article were a part of
a thesis by S. Omidbakhsh.

Authors’ contributions

SKwas the main supervisor and contributed AZ of research conduct and
reporting. ND contributed AZ of research conduct and reporting. SO and AP
contributed in clinical examinations and data collection as well as inter-
pretation of the results. MH prepared the first draft of the manuscript. All
authors are in agreement with the manuscript and declare that the content
has not been published elsewhere. All authors read and approved the final
manuscript.

Funding

This project was supported financially by Physical Medicine and Rehabilita-
tion research center of Tabriz University of Medical Sciences, Tabriz, Iran. The
funding sources did not have any influence on the conduct and results of the
study.

Availability of supporting data

All the necessary data are presented herewith. However if needed, raw data
on excel format can be availed on reasonable request from the corresponding
author.

Ethics approval and consent to participate

This study was accompanied based on the guidelines laid down in the
Declaration of Helsinki and all procedures involving human subjects/patients
were approved by the Ethics Committee of the Research Vice-Chancellor of
the Tabriz University of Medical Sciences (IRTBZMED.REC.1396.1275). Written
informed consent was obtained from all subjects/patients.

Consent for publication
Not applicable.

Competing interests
None declared.

Author details

! Physical Medicine and Rehabilitation Research Center, Aging Research Insti-
tute, Tabriz University of Medical Sciences, Tabriz, Iran. 2 Department of Physi-
cal Medicine and Rehabilitation, Faculty of Medicine, Tabriz University of Medi-
cal Sciences, Tabriz, Iran. > Department of Biology, School of Art and Science,
Utica College, Utica, NY, USA. 4 Physical Medicine and Rehabilitation Research
Center, Emam Reza Hospital, Golgasht, Azadi Ave, Tabriz, Iran.



Shakouri et al. BMC Res Notes

(2020) 13:510

Received: 23 July 2020 Accepted: 23 October 2020
Published online: 07 November 2020

References

1.

Parthasarathy S, Sundar S, Mishra G. Assessment of predisposing factors
in myofascial pain syndrome and the analgesic effect of trigger point
injections—a primary therapeutic interventional clinical trial. Indian J
Anaesth. 2019;63(4):300.

Fleckenstein J, Zaps D, Ruger LJ, Lehmeyer L, Freiberg F, Lang PM, et al.
Discrepancy between prevalence and perceived effectiveness of treat-
ment methods in myofascial pain syndrome: results of a cross-sectional,
nationwide survey. BMC MusculoskeletDisord. 2010;11:32.

Rivers WE, Garrigues D, Graciosa J, Harden RN. Signs and symptoms of
myofascial pain: an international survey of pain management provid-

ers and proposed preliminary set of diagnostic criteria. Pain Med.
2015;16(9):1794-805.

Srbely JZ. New trends in the treatment and management of myofascial
pain syndrome. Curr Pain Headache Rep. 2010;14(5):346-52.
Grosman-Rimon L, Parkinson W, Upadhye S, Clarke H, Katz J, Flannery

J, et al. Circulating biomarkers in acute myofascial pain: a case—control
study. Medicine. 2016;95:37.

Medeiros LF, Caumo W, Dussan-Sarria J, Deitos A, Brietzke A, Laste G,

et al. Effect of deep intramuscular stimulation and transcranial magnetic
stimulation on neurophysiological biomarkers in chronic myofascial pain
syndrome. Pain Medicine. 2016;17(1):122-35.

Dantzer R, O'Connor JC, Freund GG, Johnson RW, Kelley KW. From inflam-
mation to sickness and depression: when the immune system subjugates
the brain. Nat Rev Neurosci. 2008;9(1):46-56.

Mongini F, Ciccone G, Ceccarelli M, Baldi |, Ferrero L. Muscle tenderness in
different types of facial pain and its relation to anxiety and depression: A
cross-sectional study on 649 patients. Pain. 2007;131(1-2):106-11.

Koca I, Tutoglu A, Boyaci A, Pehlivan Y, Yildiz H, Turkbeyler |, et al. An
evaluation of oxidative stress and antioxidant capacity in patients with
myofascial pain syndrome. Mod Rheumatol. 2014;24(6):992-6.

WHO Expert Consultation. Appropriate body-mass index for Asian popu-
lations and its implications for policy and intervention strategies. Lancet.
2004;363(9403):157-63.

Lee PH, Macfarlane DJ, Lam TH, Stewart SM. Validity of the International
Physical Activity Questionnaire Short Form (IPAQ-SF): a systematic review.
Int J BehavNutr Phys Act. 2011;8:115.

Hoet JP, Lukens FD. Carbohydrate metabolism during pregnancy. Diabe-
tes. 1954;3(1):1-12.

Carlsson AM. Assessment of chronic pain. I. Aspects of the reliability and
validity of the visual analogue scale. Pain. 1983;16(1):87-101.

Haefeli M, Elfering A. Pain assessment. Eur Spine J. 2006;15(Suppl
1):S17-24.

Fischer AA. Documentation of myofascial trigger points. Arch Phys Med
Rehabil. 1988;69(4):286-91.

Montazeri A, Goshtasebi A, Vahdaninia M, Gandek B. The Short Form
Health Survey (SF-36): translation and validation study of the Iranian ver-
sion. Qual Life Res. 2005;14(3):875-82.

Hsu H-Y, Schneider EM, Weiss M, Joos TO. Suspension microarrays for the
identification of the response patterns in hyperinflammatory diseases.
Med Eng Phys. 2008;30(8):976-83.

Rice-Evans C, Miller NJ. Total antioxidant status in plasma and body fluids.
Methods Enzymol. 1994;234:279-93.

Ugeyler N, Schafers M, Sommer C. Mode of action of cytokines on nocic-
eptive neurons. Exp Brain Res. 2009;196(1):67-78.

Koch A, Zacharowski K, Boehm O, Stevens M, Lipfert P, Von Giesen H, et al.
Nitric oxide and pro-inflammatory cytokines correlate with pain intensity
in chronic pain patients. Inflamm Res. 2007;56(1):32-7.

21.

22.

23.

24.

25.

26.

27

28.

30.

31

32.

33.

34.

35.

36.

37.

38.

Page 8 of 8

Lundborg C, Hahn-Zoric M, Biber B, Hansson E. Glial cell line-derived
neurotrophic factor is increased in cerebrospinal fluid but decreased in
blood during long-term pain. J Neuroimmunol. 2010;220(1-2):108-13.
Alexander GM, Van Rijn M, Van Hilten J, Perreault MJ, Schwartzman RJ.
Changes in cerebrospinal fluid levels of pro-inflammatory cytokines in
CRPS. Pain. 2005;116(3):213-9.

Empl M, Renaud S, Erne B, Fuhr P, Straube A, Schaeren-Wiemers N, et al.
TNF-alpha expression in painful and nonpainful neuropathies. Neurology.
2001;56(10):1371-7.

Ludwig J, Binder A, Steinmann J, Wasner G, Baron R. Cytokine expression
in serum and cerebrospinal fluid in non-inflammatory polyneuropathies.
J NeurolNeurosurg Psychiatry. 2008;79(11):1268-74.

Fischer S, Perez R, Nouta J, Zuurmond W, Scheffer P. Oxidative Stress in
complex regional pain syndrome (CRPS): no systemically elevated levels
of malondialdehyde, F2-Isoprostanes and 80HAG in a selected sample of
patients. Int J Mol Sci. 2013;14(4):7784-94.

Ndengele MM, Cuzzocrea S, Esposito E, Mazzon E, Di Paola R, Matuschak
GM, et al. Cyclooxygenases 1 and 2 contribute to peroxynitrite-mediated
inflammatory pain hypersensitivity. FASEB J. 2008;22(9):3154-64.

Jafri MS. Mechanisms of myofascial pain. IntSch Res Not.
2014,2014:523924.

Wojdasiewicz P, Poniatowski t A, Szukiewicz D. The role of inflammatory
and anti-inflammatory cytokines in the pathogenesis of osteoarthritis.
Mediators Inflamm. 2014;2014:561459.

. Laird BJ, McMillan DC, Fayers P, Fearon K, Kaasa S, Fallon MT, et al. The

systemic inflammatory response and its relationship to pain and other
symptoms in advanced cancer. Oncologist. 2013;18(9):1050-5.

Walsh DA, Mapp PI, Kelly S. Calcitonin gene-related peptide in the

joint: contributions to pain and inflammation. Br J ClinPharmacol.
2015;80(5):965-78.

LiL, Li Z LiY,Hu X, Zhang Y, Fan P. Profiling of inflammatory mediators in
the synovial fluid related to pain in knee osteoarthritis. BMC Musculoskel-
etDisord. 2020;21(1):99.

Courtney J, Kelly M, Watt A, Garske L, Bradley J, Ennis M, et al. Quality

of life and inflammation in exacerbations of bronchiectasis. Chronic
RespirDis. 2008;5(3):161-8.

Ehrs PO, Sundblad BM, Larsson K. Effect of fluticasone on markers of
inflammation and quality of life in steroid-naive patients with mild
asthma. ClinRespir J. 2010;4(1):51-8.

Farag Y, Keithi-Reddy S, Mittal B, Surana S, Addabbo F, Goligorsky M, et al.
Anemia, inflammation and health-related quality of life in chronic kidney
disease patients. ClinNephrol. 2011;75(6):524-33.

Nowakowski AC. Chronic inflammation and quality of life in older adults:
a cross-sectional study using biomarkers to predict emotional and rela-
tional outcomes. Health Qual Life Outcomes. 2014a;12(1):141.

Maxwell SE, Cole DA. Bias in cross-sectional analyses of longitudinal
mediation. Psychol Methods. 2007;12(1):23.

Steptoe A, Hamer M, Chida Y. The effects of acute psychological stress on
circulating inflammatory factors in humans: a review and meta-analysis.
Brain Behavimmun. 2007;21(7):901-12.

Nowakowski AC. Chronic inflammation and quality of life in older adults:
a cross-sectional study using biomarkers to predict emotional and rela-
tional outcomes. Health Qual Life Outcomes. 2014b;12:141.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Serum inflammatory and oxidative stress biomarkers levels are associated with pain intensity, pressure pain threshold and quality of life in myofascial pain syndrome
	Abstract 
	Objectives: 
	Results: 

	Introduction
	Main text
	Methods
	Study population
	Sample size

	Measurements
	Demographics and medical information
	Visual analogue scale (VAS)
	Pressure pain threshold (PPT)
	Quality of life
	Biochemical analysis
	Statistical analysis

	Results
	Discussion
	Comparison of serum concentrations of inflammatory and oxidative stress indices among participants with and without MPS
	Correlation between serum levels of inflammatory and oxidative stress indices and pain intensity and quality of life among participants with and without MPS

	Conclusion

	Limitations
	Acknowledgements
	References




