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Abstract 

Objectives: Temporomandibular dysfunction (TMD) is a group of disorders in the facial 

region and temporomandibular joint (TMJ). Biomarkers are assumed to play a role in pain 

and early detection of destruction. The aim of this study was to compare the saliva and se-

rum antioxidant levels in patients with TMD and healthy subjects. 

Materials and Methods: This case-control study was conducted on 28 TMD patients 

without pain, 28 TMD patients with pain and 28 healthy controls. The total antioxidant 

capacity of saliva and serum of patients was measured. Data were analyzed using ANOVA 

and Tamhane’s test. 

Results: The mean (±SD) total antioxidant capacity of serum (plasma TAC) was 0.8900 

(±0.11627) mmol/L in TMD patients with pain, 1.2717 (±0.18711) mmol/L in TMD pa-

tients without pain and 1.7500(±0.18711) mmol/L in the control group. Based on 

ANOVA, the difference in this regard among the three groups was statistically significant 

(P=0.000). The mean salivary TAC was 1.34 (±0.06721) mmol/L in TMD patients with 

pain, 1.42 (±0.16677) mmol/L in TMD patients without pain and 1.35 (±0.11627) mmol/L 

in the control group. The difference in this respect among the three groups was not signifi-

cant (P>0.05). 

Conclusion: The mean plasma TAC in TMD patients with/without pain was significantly 

lower than that in the control group but no significant difference was detected in salivary 

TAC among the three groups. 
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INTRODUCTION 

Temporomandibular disorders are a group of 

joint disorders associated with pain, muscular 

tenderness, articular sounds, jaw deviation and 

mouth opening limitation [1]. This condition 

can become chronic and adversely affect the 

quality of life. The underlying molecular 

events responsible for the degenerative chang-

es of the TMJ have been poorly understood. 

Recent evidence suggests that a variety of mo-

lecular substances namely cytokines, matrix 

degrading enzymes, neuropeptides, and catab-

olites of arachidonic acid may play a role in 

this process [2]. Levels of biomarkers have 

been evaluated in patients with TMD to de-

scribe the pain mechanism and enable early 
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detection of joint pain and destruction with the 

aim of preventing the progression of pain and 

disability [3-5].  

Oxidative stress (OS) occurs due to the release 

of free radicals in high concentrations over-

whelming the natural scavenging mechanisms 

of antioxidant defense leading to subsequent 

initiation of inflammatory processes [4,6]. 

Physiologically, antioxidants neutralize the 

toxicity of free radicals and cytokines, and re-

duction in antioxidant levels leads to OS [7]. 

Oxidative stress, at least in part, is responsible 

for development of a wide range of conditions 

such as the Alzheimer’s disease, rheumatoid 

arthritis, Parkinson’s disease and premalignant 

conditions [8-12]. However, it is not clear 

whether the oxidants initiate the disease or are 

secondary to tissue damage [12]. But, the role 

of oxidants (LDL) in initiation of atherogene-

sis and subsequent atherosclerosis and cardio-

vascular diseases has been confirmed [13]. 

Several antioxidant enzymes such as the su-

peroxide dismutase (SOD), catalase, glutathi-

one peroxidase, glutathione reductase and glu-

tathione S-transferase protect DNA against OS 

[14]. Oxidative stress biomarkers were found 

to be significantly higher in serum of rats with 

TMJ arthritis [15]. In TMD, trauma, mechani-

cal stress, disc disorders and destructive 

changes can trigger the release of free radicals 

leading to OS and oxidant/antioxidant imbal-

ance [16]. This reduction in antioxidant de-

fense system leads to an increase in the con-

centration of OS biomarkers namely 8-

hydroxydeoxyguanosine (8-OHDG) and 

malondialdehyde (MDA) and reduction in 

TAC of serum and saliva [4,17].  

Rodriguez de Sotillo et al, in a pilot study 

evaluated the correlation of TMD pain and 

level of OS biomarkers including 8-

hydroxydeoxyguanosine, MDA and saliva and 

serum TAC of patients and found significant 

associations between both saliva and serum 

levels of biomarkers and TMD pain [18]. 

Canakci et al. reported high levels of salivary 

8-OHDG and MDA and low levels of salivary 

SOD and glutathione peroxidase in patients 

with periodontitis [19]. 

Ueno et al. proposed a theory regarding the 

accumulation of free radicals as the result of 

mechanical stress to the TMJ of susceptible 

individuals leading to OS [2].  

Studies evaluating the serum and saliva TAC 

in TMD patients are scarce. Considering the 

existing controversies in this respect in the lit-

erature, this study sought to assess the serum 

and saliva TAC of TMD patients and make a 

comparison with healthy subjects. The null 

hypothesis was that the serum and saliva TAC 

of TMD patients would not be significantly 

different from those of healthy controls. 

 

MATERIALS AND METHODS 

This case-control study was conducted on 28 

TMD patients with no systemic disease and no 

history of drug use or TMJ pain as the case 

group one and 28 TMD patients with no sys-

temic disease or drug consumption and posi-

tive history of TMJ pain as the case group 

two. Moreover, 28 controls matched with cas-

es in terms of no cigarette smoking, no perio-

dontal disease according to the clinical at-

tachment level (CAL), no systemic condition, 

no drug use and no alcohol consumption were 

enrolled. Patients with a history of systemic 

disease or drug consumption were excluded 

from the study. The study design was ap-

proved by the Ethics Committee of the Islamic 

Azad University. All participants provided 

written informed consent. Pain evaluation was 

done by questioning the patient and clinical 

examination. For the assessment of the tender-

ness of the muscles of mastication, masticato-

ry muscles were passively examined. Pain up-

on palpation of the masseter, temporal, medial 

pterygoid or lateral pterygoid muscle was con-

sidered as tenderness of the respective muscle 

and was recorded in the patient’s file [20]. 

Click was determined by clinical examination 

and use of a stethoscope. For assessment of 

mouth opening, the distance between the max-

illary and mandibular central incisors was 
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measured using a caliper by taking into ac-

count the amount of open bite and deep bite.  

We measured maximum opening without pain. 

If this distance was less than four centimeters 

it was considered as mouth opening limitation. 

Jaw deviation was determined by clinical ex-

amination and observation of the midline shift. 

To assess the reliability of the laboratory, five 

saliva and blood samples obtained from pa-

tients were divided into two parts and sent to 

the laboratory under different names. The kit 

for assessment of antioxidant was valid. The 

laboratory results were exactly the same for all 

five specimens. To assess the reliability of the 

examiners, five patients and five healthy indi-

viduals were examined by an oral medicine 

specialist and a prosthodontist during a two-

week period. The results showed that the di-

agnoses made by the examiners during the 

two-week time period were uniform for both 

healthy and TMD cases. The selected patients 

in both groups were dentulous. None of them 

were edentulous or had lost more than two 

teeth.  

The degree of mouth opening was measured 

using a caliper. The degree of mouth opening 

was calculated taking into account the pa-

tient’s primary open bite or deep bite. Painless 

mouth opening was the criterion for calcula-

tion of this variable. For assessment of jaw 

deviation during opening, the alignment of 

upper and lower midlines in centric occlusion 

and when opening the mouth was checked. 

None of the patients had closed lock (anterior 

disc displacement without reduction). To as-

sess the presence of closed lock, articular MRI 

was performed. If the examined patients had 

three of the six following symptoms, the diag-

nosis of TMD was made. These symptoms 

included: 1. Articular pain, 2. Cervical or faci-

al muscle pain, 3. Articular sounds, 4. Mouth 

opening limitation, 5. Jaw deviation during 

opening, and 6. Masticatory muscle tenderness 

on palpation [20]. 

Case group one had articular pain or facial 

muscle pain along with at least two of the  

other symptoms. Case group two had at least 

three of the third to sixth symptoms. The con-

trol group had none of the mentioned symp-

toms on clinical examination [20]. According 

to a study by Rodriguez de Sotillo et al, [18] 

and use of Compare Means option to perform 

multiple comparisons of group means, sample 

size was calculated using Minitab software. 

Considering α=0.05, β=0.1, minimum differ-

ence of 1.2 and mean standard deviation of 

0.62, the sample size for each group was cal-

culated to be 28 subjects. The case group pa-

tients were randomly selected among TMD 

patients presenting to the Oral Medicine De-

partment of Islamic Azad University, Dental 

Branch. Patients were clinically examined by 

an oral medicine specialist and a prosthodon-

tist and TMD sign and symptoms such as 

muscle tenderness, articular sounds, jaw de-

viation and mouth opening limitation were 

evaluated. The controls were selected among 

healthy individuals presenting to the Oral 

Medicine Department of the university who 

had no systemic condition or drug use. The 

case and controls were matched in terms of 

cigarette smoking and periodontal disease 

based on CAL. 

 

Sample collection 

Blood and salivary samples (5mL) were col-

lected. Samples were collected for five 

minutes during 9-12 am in a stress-free envi-

ronment. Blood samples were also taken and 

centrifuged at 3000 rpm and serum and saliva 

specimens were stored in a freezer at -7°C un-

til the experiment.  

 

Measurement of saliva and serum TAC: 

 Serum and saliva TAC was measured spec-

trophotometrically using Randox kit (Randox, 

Antrim, England). To ensure the reliability 

and validity of the laboratory, blood and sali-

vary samples of two patients were evaluated 

twice in terms of TAC. By obtaining similar 

results, the validity and reliability of the labor-

atory were confirmed.  
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Statistical analysis 

After ensuring the normal distribution of data, 

one-way ANOVA was used for comparing 

TAC among the study groups. 

The linear regression analysis was applied to 

evaluate the simultaneous effects of TMD and 

other covariates on TAC and the Spearman’s 

correlation test was used to compare the crude 

correlations between outcomes. Data were an-

alyzed using SPSS version 18 (Chicago, IL, 

USA) considering P=0.05 level of signifi-

cance. 

 

RESULTS 

Twenty-eight patients were evaluated in the 

group of TMD patients with pain; out of 

which 14 were females and 14 were males 

with a mean (±SD) age of 29.50±3.8 yrs. 

Twenty-eight other patients were evaluated in 

the group of TMD without pain; out of which 

14 were males and 14 were females with a 

mean (±SD) age of 28.83±4.2 yrs.  

The control group consisted of 28 healthy sub-

jects with a mean (±SD) age of 28.56±3.9 yrs.; 

out of which 14 were males and 14 were fe-

males. Subjects in the three groups were 

matched in terms of smoking status, alcohol 

consumption and CAL. Table 1 summarizes 

the demographic characteristics of patients in 

the three groups. Statistical analyses of data 

showed that the mean plasma TAC was 

0.8900 (±0.11627) mmol/L in TMD patients 

with pain, 1.2717 (±0.18711) mmol/L in TMD 

patients without pain and 1.7500 (±0.18711) 

mmol/L in the control group (Table 1). 

The mean saliva TAC was 1.34 (±0.06721) 

mmol/L in TMD patients with pain, 1.42 

(±0.16677) mmol/L in TMD patients without 

pain and 1.35 (±0.11627) mmol/L in the con-

trol group.  

 

 

 

 

 

Table 1 summarizes the descriptive statistics 

of serum and saliva TAC in the three groups. 

ANOVA demonstrated that the difference 

among the three groups was statistically sig-

nificant for plasma TAC (P<0.001) and insig-

nificant for salivary TAC (P=0.117). Multiple 

comparisons by Tamhane’s test revealed that 

plasma TAC was significantly different among 

the three groups (P≤0.005). Also, analyses 

demonstrated that plasma TAC was not signif-

icantly correlated with age (P=0.830), sex 

(P=0.327), cigarette smoking (P=0.520), alco-

hol consumption (P=0.129) or CAL (P=0.901) 

but had a significant association with TMD 

(P<0.001). Salivary TAC had no significant 

correlation with any of the mentioned factors 

(P>0.05). 

Moreover, among TMD patients with pain, 19 

had clicking, 28 had tenderness of the muscles 

of mastication, 15 had mouth opening limita-

tion and six had deviation. Of TMD patients 

without pain, 17 had clicking, 10 had tender-

ness of the masticatory muscles, eight had de-

viation and four had mouth opening limitation. 

The results showed an inverse relationship be-

tween the plasma TAC and the severity of 

pain, and the lower the plasma concentration 

of TAC, the more severe the pain. This associ-

ation for salivary TAC was not significant.  

The Spearman’s correlation test found no sig-

nificant association between the plasma and 

salivary TAC. The mean (±SD) pain score in 

TMD patients with pain was 6.5±2.1. 

 

DISCUSSION 

This study showed that TMD patients 

with/without pain had significantly lower 

plasma TAC compared to the control group. 

But, salivary TAC was not significantly dif-

ferent among the three groups. 

 

 

 

 

 

 

Groups Plasma TAC Saliva TAC 

Normal 1.750±0.187 1.350±0.116 

TMD without pain 1.271±0.169 1.420±0.167 

TMD with pain 0.890±0.116 1.340±0.067 

P value <0.001 0.117 

 

Table 1. Descriptive statistics (mean±SD) of plasma and salivary total antioxidant capacity (TAC) 
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Lower TAC levels were associated with high-

er pain intensity. Decreased TAC in TMD pa-

tients with and without pain indicates oxi-

dant/antioxidant imbalance due to the pain 

mechanisms. Although the pathological pro-

cesses involved in TMJ dysfunction have yet 

to be fully understood, TAC may play a role in 

this respect. Previous studies have confirmed 

reduction of TAC in patients with acute pain 

or inflammation [6,21-23]. 

Cai et al, in their study on oxidation of free 

radicals and activity of SOD in synovial fluid 

of patients with TMJ disorders concluded that 

free oxygen radicals and antioxidant enzymes 

may be involved in the pathogenesis of TMD, 

which is in accord with our findings [24].  

Guven et al. evaluated the activity of SOD in 

synovial fluid of patients with internal disor-

ders of the TMJ. They reported that SOD ac-

tivity progressively decreased by the aggrava-

tion of disease and concluded that decreased 

activity of SOD may be due to the insufficient 

elimination of free radicals, which is in 

agreement with our results [25].  

Tomida et al. investigated the correlation of 

intra-articular oxidative state with the patho-

genesis of TMD and showed that TMJ was 

influenced by the intra-articular OS. Moreo-

ver, they indicated a high correlation between 

TMD and number of oxidative factors and 

suggested that OS is responsible for develop-

ment of TMD. These results confirm our find-

ings. They also emphasized the role of in-

flammatory and molecular mediators present 

in synovial fluid in the pathogenesis and etiol-

ogy of TMD [26]. Etoz et al. believed that a 

correlation may exist between the serum TAC 

and facial pain disorder and stated that de-

creased serum TAC may be responsible for 

pain in such patients [27]. 

The current study showed that TAC in the 

TMD group with pain was lower than that in 

the other two groups. This finding indicates 

that presence of inflammation and pain in the 

muscles or the TMJ results in higher produc-

tion of free radicals in the site that initiate a 

cascade of inflammatory reactions in the joint 

or muscle. Previous studies have also  

confirmed that serum or salivary TAC de-

crease in patients with muscular or joint pains. 

Studies on the mechanism of chronic muscular 

pain suggest that regional progressive increase 

in oxidative metabolism especially in type I 

muscle fibers increases the byproducts of oxi-

dative metabolism by draining the energy 

sources and subsequently stimulates peripheral 

pain receptors [16,7,28,29]. 

Rodriguez de Sotillo et al [18], in their pilot 

study showed significantly different OS bi-

omarkers in TMD patients compared to the 

controls and stated that salivary biomarkers 

were reliable diagnostic predictors for pain 

intensity and were also correlated with higher 

serum levels of antioxidants. Higher levels of 

antioxidant markers were associated with 

higher pain scores. Decreased salivary and se-

rum TAC were noted in TMD patients with 

pain. Their results regarding decreased serum 

TAC are in accord with ours. However, in 

contrast to them, we could not find any differ-

ence in saliva TAC of the three groups. Small 

sample size in their study may be responsible 

for lower accuracy of results and the men-

tioned difference.  

Moreover, they did not match patients in terms 

of periodontal status, smoking status and alco-

hol consumption while these factors can affect 

saliva TAC. The role of inflammation and OS 

in TMD is being increasingly elucidated. In 

most cases of TMD, inflammation is present. 

The inflammatory process is a complex of bi-

ochemical pathways with the final goal of pain 

generation, movement limitation and initiation 

of a compensatory process. Evidence supports 

the association of serum levels of some media-

tors and OS with pain, chronicity, severity of 

degenerative changes and response to treat-

ment [30]. Just like chemical antioxidants, 

cells are protected from OS by the interactions 

of a network of antioxidant enzymes [31,32]. 

Acute inflammatory processes include a cas-

cade of mediators.  
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Active macrophages produce numerous cyto-

kines mainly IL1 and TNF-alpha. Cytokines 

derived from macrophages further induce the 

vascular adhesion of endothelial cells through 

intercellular adhesion molecule-1 and E-

Selectin.  

This phenomenon enhances the migration of 

polymorphonuclear leukocytes to the inflamed 

tissue. Eventual tissue destruction depends on 

the production of free radicals and reactive 

oxygen species (ROS) by phagocytic cells 

namely neutrophils and macrophages. Free 

radicals and ROS have been indirectly detect-

ed in patients with symptomatic joints; OS 

pursues as the result of an imbalance between 

the production of ROS and the ability of the 

biologic system to detoxify them. Inability to 

quickly manage the situation leads to destruc-

tion mainly due to lipid peroxidation [33].  

Mechanical stresses to the TMJ and muscles 

of mastication may lead to production of free 

radicals through several mechanisms and initi-

ate a cascade of responses aggravating tissue 

damage, inflammation and pain. Factors neu-

tralizing the free radicals may prevent this 

pathological process. In other words, antioxi-

dants may have the potential for use in preven-

tion of TMD. 

 

CONCLUSION 

Within the limitations of this study, we found 

that TMD patients with/without pain had sig-

nificantly lower serum TAC compared to con-

trols. But, no significant difference was de-

tected in salivary TAC. Lower TAC was asso-

ciated with higher intensity of pain. Limitation 

of this study: One limitation of our study was 

finding an accredited laboratory to obtain reli-

able saliva and serum test results. Three dif-

ferent labs and several kits were evaluated and 

the reliability and validity of the one, used in 

our study, were confirmed.  
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