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Kinetics of Inf lammatory and Pain Biomarkers during 
Self-Management Program Treatment of Temporomandib-

ular Disorders - Myofascial Pain Syndrome: A 
Prospective Observational Study

Abstract: 

Objectives: Investigate the salivary flow rate together with salivary levels of IL-6, IL-1β, substance P, glutamate and reactive oxygen species (ROS) in patients with temporomandibular disorders (myofascial pain) before and during self-management program. Moreover, evaluate the association of pain intensity with the biomarkers concentration. 
Materials and method: Saliva of nineteen patients diagnosed with TMD-MD was collected before self-management program and during the treatment (4 and 8 weeks). 
Results: No significant alteration of the expression levels of the biomarkers evaluated and the salivary flow rate throughout time was found. No correlation was found between pain intensity and the molecular parameters evaluated at any of the three moments. 
Conclusion: the biomarkers evaluated and salivary flow rates did not change during eight weeks of self-management program intervention in the sample evaluated.
Keywords: Pain Biomarkers; Myofascial pain; Temporomandibular disorders; Salivary flow; Self-management program treatment  
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DIMST: Deep Intramuscular Stimulation �erapy

Introduction

Temporomandibular disorders (TMD) are de�ned as sign 
and symptoms collection that involve masticatory muscles, 

temporomandibular joint (TMJ) or both. �ey can a�ect 25 to 40% in 
general population, and the most common type of presentation is the 
TMD of muscular origin, de�ned as TMD muscle disorders (TMD-
MD) [1]. TMD-MD includes mostly TMD myalgia and myofascial 
pain. It can lead to pain, decreased muscle strength, limited range 
of motion and, in some cases, decreased salivary �ow rate [2,3]. 
�is disorder interferes with many daily activities and the functional 
capacity of those a�ected. �us, TMD-MD has a signi�cant impact on 
the quality of life of those who su�er from its symptoms [4]. Although 
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this condition is one of most common pain syndromes, it is yet poorly 
understood due to its multifactorial aetiology [5]. Biological, social 
and psychological factors are involved in the complex pathogenesis 
of TMD-MD. 

Previous studies suggest that some biomarkers such as IL-6, IL-1β, 
glutamate, substance P and reactive oxygen species (ROS) participate 
in chronic pain mechanisms [6], but only a few studies investigated 
those in TMD-MD. �ose biomarkers stimulate the opening of ion 
channels in nociceptors, �ring pain threshold, causing hyperalgesia 
and pain, as the noxious stimulus continues to excite the nociceptor, 
the action potential is maintained by feedback from in�ammatory 
and pain mediators that are released as a function of the nociceptor 
stimulation, chronifying the pain [7-10].

Among the proposed treatments to TMD-MD, there are 
pharmacotherapy, dry needling, transcutaneous electrical stimulation 
(TENS) in addition to others. In a recent study, Medeiros et al. [9] 
described the e�ects of two di�erent treatments, repetitive transcranial 
magnetic stimulation (rTMS) and deep intramuscular stimulation 
therapy (DIMST), on the expression of some biochemical parameters 
[9]. �ey assessed TNF-alfa, IL-6, IL-10 and ROS in blood samples at 
baseline, on the ��h treatment day (a�er receiving the intervention), 
and on the tenth day (immediately before receiving the intervention). 
�e interventions did not change the biochemical parameters blood 
levels [9].

Physiotherapy combined with cognitive/behavioural therapy, also 
know as self-management program [11], is a treatment modality for 
TMD-MD, which presents advantages over the others, including that 
it is simple to execute, reversible and non-invasive [12]. �is modality 
of treatment aims to lead to pain control, reduce muscular tone and 
improve kinetic and functional parameters of the temporomandibular 
joint. However, there is no data on the e�ects of such therapy on the 
salivary expression of pain mediators such as IL-6, IL-1β, glutamate, 
substance P and ROS. In addition, it is not known if this treatment 
modality impacts in salivary �ow, as reported previously in other TMD 
treatment types [2,3]. �is information could help to clarify the e�ects 
of self-management program in this clinical parameter. �erefore, the 
aim of the present study was to investigate salivary �ow rate, as well as 
the levels of pain biomarkers, in the saliva of patients diagnosed with 
TMD-MD before and during self-management program treatment. 
Also, we tested the association of pain intensity with the concentration 
of the biomarkers. We hypothesized that self-management program 
treatment modulated pain, leading to pain biomarkers’ reduction, 
as well as to salivary �ow increase. Although the determination of 
the levels of these substances in the saliva cannot directly serve as 
diagnostic biomarkers for the spontaneous pain, the understanding 
of their kinetics during self-management program treatment can 
contribute to the understanding of the biological basis this condition 
treatment.

Materials and Method

�is study was carried out according to STROBE (Strengthening the 
Reporting of Observational studies in Epidemiology) (accessed at 
https://www.strobe-statement.org/index.php?id=strobe-home).

Patient recruitment and study design 

Individuals were recruited at the School of Dentistry of Universidade 
Federal de Minas Gerais. A convenience sample of patients diagnosed 
with muscle disorders, myalgia or myofascial pain, according 
to the criteria de�ned by the Research Diagnostic Criteria for 
Temporomandibular Disorders (RDC-TMD) [13]. Were eligible 
to participate in the study. �e group of muscle disorders was 
called Temporomandibular Disorders – Muscle Disorder (TMD-

MD). �e eligibility criteria was the diagnosis of TMD-MD, the 
protocol treatment and study participation acceptance. �ose who 
were su�ering from other odontogenic pain such as pulpitis, and/
or neuropathic pain; generalized/regional pain such as �bromyalgia 
and/or whiplash-associated disorders; diagnosed with periodontitis 
and/or systemic in�ammatory disease; were under analgesic or anti-
in�ammatory use during treatment, were under orthodontic treatment 
and/or were under another kind of treatment for TMD were excluded. 
�e sources of medical information was according previous medical 
exams, when there was some doubt about a medical diagnostic, the 
individual was excluded from the study. 

�e eligible patients answered the validated version for the Portuguese 
language of the questionnaire RDC-TMD and were invited to 
take part in the study, composing a convenience sample. �e study 
was conducted a�er obtaining approval from the Research Etic 
Committee of Universidade Federal de Minas Gerais (protocol CAEE: 
50915415.1.0000.5149), and the patients signed informed consent 
forms a�er agreeing to participate.

�e non-stimulated saliva collection method was chosen to avoid 
the induction of increased muscular pain in the individuals and 
also to avoid interferences in the protein analysis in the total saliva. 
Non-stimulated saliva of each patient was collected at three di�erent 
moments: �rst, day 0 (before starting treatment, at the day of 
diagnosis), second time a�er four weeks of treatment, and third time, 
eight weeks a�er starting treatment. �e treatment was conducted 
according the department protocol. �e participants who abandoned 
the study and, therefore, did not have their saliva collected at three 
moments were excluded from the study. �e patient’s chronic pain 
grade classi�cation was assessed according to the graded chronic 
pain scale (GCPS) and pain intensity was scored according to a pain 
scale in which zero means “no pain” and ten “the worst possible pain”, 
both scales available at the RDC-TMD questionnaire. Details of saliva 
collection and parameters evaluated are described below.

Self-management program treatment

�e participants were instructed, to follow the treatment and received 
written instructions. �e treatment consists in the change of habit of 
clenching teeth during the waking period by focusing on the habit of 
maintaining the jaw in habitual position: tongue slightly located in the 
anterior palate with the teeth in disocclusion, keeping the functional 
space free, and stretching of the masticatory and neck muscles for 
about 10s, �ve times each session, three sessions a day [11,12,14-17].

Saliva collection

Human saliva mirrors the body’s health, so, it is been used as a 
diagnostic tool and in researches on developing technologies for the 
detection of biomolecules [18,19]. �e following collection method 
has already been standardized in other works [20].

Patients were instructed not to eat or drink liquids for 60 minutes 
before saliva collection. A�er this, at the clinics, the patient’s mouth 
was rinsed with water, and he/she remained at rest state, without 
swallowing, chewing or speaking, sitting with his torso facing 
forward for two minutes. All saliva accumulated during this period 
was discarded by swallowing, and from that moment the patient was 
instructed to spit in a sterile 50 ml Falcon tube for 10 minutes. All 
saliva collections were performed on ice and in the morning period, 
between 9:00 and 11:00 am.

�e saliva was centrifuged at 1129G for 15 minutes at 4ºC, and then 
the supernatant was measured by micropipettes and diluted 1:1 in 
PBS solution (0.4mM NaCl and 10mM NaPO

4
) containing protease 

inhibitors. It was kept frozen at -80°C for up to six months prior to 
analysis.
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Analysis of pain biomarkers

Total protein concentration of each sample was measured by using 
standard Bradford method, and then the total values obtained were 
used to correct the values of each sample in ELISA’s and glutamate 
dosing assay. �e concentration of IL-6, IL-1β and substance P 
were measured by using Human DuoSet ELISA Kit (IL-6’s Catalog 
Number: DY206-05; IL-1β’s Catalog Number: DY201-05, R&D 
Systems Inc, USA) and Substance P ELISA Kit (Kit number 
583751, Cayman Chemical, USA), respectively, in an EpochTM 
Microplate Spectrophotometer (BioTek, Winooski, USA). Glutamate 
concentration was measured by the enzymatic method, following the 
increase in the �uorescence due to the production of NADPH in the 
presence of glutamate dehydrogenase (GDH) and NADP+ [21] using 
spectrophotometry (Shimadzu, model RF-5301). ROS was dosed by 
the experimental method of DCF-DA’s deacetylation (6 HALLIWELL, 
GUTTERIDGE, 2007) using a microplate reader (VICTOR 4X, Perkin 
Elmer, Waltham, USA). IL-6, IL-1β and ROS concentrations were 
performed in replicates, and interleukins and ROS of all samples for 
each patient were evaluated on a same experiment, to avoid the “batch 
e�ect” [22].

Statistical analysis

Ordinal (pain intensity scale) and continuous (biomarkers’ 
concentration and salivary �ow rate) outcomes were represented 
using median and interquartile range. Mann-Whitney test compared 
medians of two independent groups. Friedman’s test was used to 
compare medians of longitudinally measured outcomes. Continuous 
variable associations were assessed using Spearman’s correlation 
coe�cient. Analyses were carried out using R version 3.3.2 with 
nominal signi�cance level of 0.05. Bonferroni corrected signi�cance 
level was set at 0.001.

Results

Patients characterization

Sixty-nine individuals met the inclusion criteria, and thirteen met 
exclusion criteria of the study, but only thirty-four accepted to take 
part in the study, of which, ��een came only at day zero, and 19 came 
on day zero, 4th and 8th weeks, according to a �ux diagram shown in 
Figure 1. Twenty-two individuals did not accept to participate in the 
study, being the main reason for that time incompatibility with the 
appointments in the morning period. Besides that, we had 15 drop-
outs probably in function of pain symptoms improvement, once the 
subjects claimed that was not needed to come back for follow-ups 
when they were contacted by phone. Pain intensity reported at the 
day of TMD-MD diagnosis by the group that came only once (at day 
zero) was not statistically di�erent from the 19 patients included in 
the study (p>0.05). Figure 2 shows the median of pain intensity score 
during the proposed treatment. Although there was a decrease in pain 
intensity the di�erence did not reach statistical signi�cance (p>0.05). 

�e sample group consisted of 19 individuals diagnosed with TMD-
MD who were followed-up for eight weeks, presenting a median age 
of 34 year-old, ranging from 21 to 60 year-old. �e sample showed a 
predominance of female individuals (89.5%). Regarding chronic pain 
grade classi�cation, 58% of the sample showed high disability and 
moderate limitation (III grade), 31.5% presented low disability and 
high pain intensity (II grade) and 10.5% low disability and low pain 
intensity (grade I). Pain chronicity time ranged from one year to 25 
years.

Molecular parameters vs clinical parameters

An increase in salivary �ow was observed during the proposed 
treatment (Figure 3), but it did not reach no statistical signi�cance 
(p>0.05). No correlation was found between pain intensity and the 

molecular parameters evaluated at any of the three moments (day 0, 
week 4 and week 8) (p>0.05; 95% of con�dence intervals) as shown 
in Table 1.

Figure 1: Flux diagram of individuals eligible for the study. A�er applying 
exclusion and inclusion criteria and participants’ loss, 19 individuals were 
included in the study.

Figure 2: Median of pain intensity score (median and IQR value)  before 
treatment (measured at day zero) and self-management  treatment (4th week 
and 8th week). Axis X represents pain intensity score graduated from zero to 
10. �ere was no di�erence in pain intensity score before and during treatment 
(p>0.05, Friedman Test).

Figure 3: Salivary �ow rate before treatment (measured at day zero) and during 
self-management program treatment (4th week and 8th week). Axis X represents 
the three moments of collection of saliva and axis Y represents the salivary �ow 
rate in milliliter per minute. �ere was no di�erence in the salivary �ow rates 
before and during treatment (p>0.05, Friedman Test).

�e kinetics of the �ve biomarkers according to time is shown in 
Figure 4. �ere was a variation of the median salivary concentration of 
each biomarker among the three saliva collections, which follows  3.12 
pg/mg (IQR 3.09) day zero, 3.76 pg/mg (IQR 3.66) 4th week and 3.21 
pg/mg (IQR 4.86) 8th week for substance P; 6.06 pg/mg (IQR 3.97) day 
zero, 4.5 pg/mg (IQR 4.45) 4th week and 6.52 pg/mg (IQR 5.54) 8th week 
for IL1-β; 1506047 ROS/pg (IQR 2578246) day zero, 1634916 ROS/pg 
(IQR 2375204.33) 4th week and 2916197 ROS/pg (IQR 3476536.25) 8th 
week for ROS; 278.32 pmol/µl (IQR 275.06) day zero, 280.85 pmol/µl 
(IQR 510.99) 4th week and 231.72 pmol/µl (IQR 370.42) 8th week for 



Kinetics of Inflammatory and Pain Biomarkers during Self-Management Program Treatment of Temporomandibular Disorders - Myofascial Pain Syndrome: A Prospective Observational Study 12

Citation: Soares FFC, Pereira EMR, Siqueira EC, et al. Kinetics of Inflammatory and Pain Biomarkers during Self-Management Program Treatment of Temporo-mandibular Disorders - Myofascial Pain Syndrome: A Prospective Observational Study. Int. J. Orl. Health. 2021;1(1):09‒14. DOI: 10.51626/ijoh.2021.01.00003

glutamate and 0.76 pg/mg (IRQ 0.48) day zero, 0.78 pg/mg (IQR 0.53) 
4th week and 0.61 pg/mg (IQR 0.56) 8th week for IL-6. It was used 95% 
of con�dence intervals. However, the statistical analyses did not reveal 

signi�cance for these di�erences at the three moments for any of the 
�ve biomarkers (p>0.05). None of the presented results remained 
signi�cant a�er multiple testing corrections.

Table 1: Correlation between pain intensity reported by the individual and the biomarker’s concentration in each stipulated moment. It was used 95% of con�dence 
intervals.

Day zero 4th Week 8th Week

Biomarkers Spearman’s Coe�cient P Value Spearman’s Coe�cient p Value Spearman’s Coe�cient p Value

IL-1β 0.023 0.925 0.079 0.747 0.016 0.954

IL-6 -0.21 0.388 0.293 0.223 0.071 0.801

Glutamate -0.011 0.965 0.127 0.606 -0.061 0.815

Substance P 0.226 0.382 -0.07 0.729 -0.448 0.108

ROS -0.188 0.503 0.128 0.649 -0.22 0.815

Figure 4: Kinetics of each evaluated biomarker during the study.  Levels of Substance P (A), IL-1β (B), ROS (C), Glutamate (D) and IL-6 (E) in saliva of individuals 
with TMD-MD before (day zero) and during self-management program treatment (measured a�er 4 weeks and 8 weeks). Axis X represents the three moments of 
the collection of saliva and axis Y represents the concentration of the biomarkers in picogram per milligram, except for (C), in which axis Y represents arbitrary 
units of �uorescence per milligram and in (D) picomol per microliter. No statistically signi�cant di�erence was found for the di�erences in each individual marker 
before and during treatment *p>0.05 (Friedman Test).

Discussion

Pain biomarkers have scarcely been investigated in TMD-MD, 
especially myofascial pain syndrome (MPS) [7-10]. Case-control 
studies have shown high concentrations of nociceptive mediators in 
blood and decreassed salivary �ow rate in individuals diagnosed with 
TMD when compared to healthy patients, but those parameters have 
not been prospectively evaluated [7-10]. �e study of salivary pain 
biomarkers can not only clarify pain mechanisms, but also help in the 
identi�cation of potential therapeutic targets [23]. To date the e�ects 
of self-management program treatment on biochemical parameters 
and salivary �ow in TMD-MD patients is unknown. We assessed the 
salivary levels of markers of chronic pain in TMD-MD individuals, 
as well as the kinetics of those mediators during self-management 
program therapy. It is important to notice that human saliva is a 
blood re�ection and it is been used in bioinformatics, metabolomics, 
genomics and proteomics researches cause has the ability to mirror 
both oral and systemic conditions [18]. When compared to blood, 
saliva contains smaller quantity of proteins, but since our study used 
a standard collection of saliva and always in the same individuals, the 

possible di�erences that could be found would be proportional to that 
protein concentration present in the saliva. It is worth mentioning 
that saliva has been previously proven to be a valuable source of 
nociceptive mediators to be used in study of chronic pain disorders, 
including TMD [18-24-27].

We assessed the concentrations of �ve biomarkers in total saliva, once 
before self-management program treatment and twice during it. Each 
of these markers is important in di�erent pain mechanisms. While 
ROS is an indicator of oxidative stress, IL-6 and IL-1β participate 
in in�ammatory pain [28], substance P is important in neurogenic 
in�ammation, and glutamate is a neurotransmitter involved in 
peripheral and central nociception [29]. We hypothesised that the 
salivary concentration of IL-6, IL1β, substance P, ROS and glutamate 
would decay throughout treatment time, whereas the salivary �ow 
would rise. However, our data did not con�rm our hypothesis and 
we did not �nd any signi�cant alteration among the �ve biomarkers 
throughout time (considering each subject individually). Morever, 
the salivary �ow rate did not present any signi�cantly change, as 
previously reported in two di�erent occlusal appliance treatment of 
TMD-MD [3]. 
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Medeiros et al. [9] evaluated the e�ect of rTMS and DIMST’s treatment 
on biochemical parameters in blood samples in individuals diagnosed 
with MPS and no signi�cant alteration was also observed [9]. Moreover, 
we could not prove any association between the molecular parameters 
and pain intensity at any given moment. We have to consider that this 
is a pilot study, with a small sample size. �erefore, it is possible that 
lack of observed associations may be due low statistical power and not 
necessarily due to their true absence. 

Molecular studies in TMD �eld for the most part concentrate in 
potential biomarkers present in synovial �uid of temporomandibular 
joints [30-32]. �ese studies concluded that clinical symptomatology, 
like pain intensity, could not be correlated with the biomarkers 
concentration [33,34]. In the context of muscular pain TMD, our data 
corroborates with those results.

We have to be cautious not to further over interpret our results, as 
our sample size is small. We speculate that the group of individuals 
who continued the treatment until the 8th week probably included 
some individuals refractory to the treatment. We acknowledge 
that the adherence to home-exercise treatment is still a challenge. 
Future studies should include other methods, beyond the physicians 
recommendations at the appointment, to assure the adherence to the 
home-exercise treatment like text-messages and an exercise diary.  
One has to consider that the moments de�ned for the second and 
third saliva collection were arbitrarily set as the 4th and 8th treatment 
week, as there is not currently established protocol in the literature. 
Despite these limitations, the exploratory nature of this study provides 
preliminary �ndings for future research.

Conclusion

In conclusion, our results suggest that IL-6, IL-1β, ROS, glutamate, 
substance P salivary levels and salivary �ow rates do not change 
during eight weeks of cognitive/physiotherapeutic intervention. We 
could not prove an association between pain intensity and salivary 
concentration of these biomarkers. �ese preliminary results may 
guide new molecular works in temporomandibular disorders �eld, 
including a larger cohort of samples, strati�cation into subgroups and 
di�erentiated follow-up times.
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