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ABSTRACT 

Introduction: Since oxidative stress is related to the pathogenesis of  TMD, it has been shown that an 

increase in the generation of free radicals, the release of neuropeptides and cytokines, and the 

activation of matrix-degrading enzymes from various TMJ tissues were observed. Few studies 

reported reactive oxygen species (ROS) in TMD. This systematic review aimed to evaluate the role of 

oxidative stress as an etiological agent in temporomandibular disorders. 

Materials And Methods: The search was done on Pubmed, Embase, and Cochrane till January 2023. 

A title scan was done to identify relevant articles, which were further analyzed for inclusion criteria. 

Studies that assessed the oxidative stress markers before and after any treatment modality in TMD 

patients, were included.  

Results: A total of three studies were included in this review, which consisted of prospective clinical 

trials. Risk of bias assessment was done by RevMan software. All the studies show low risk of bias. 

The included studies show occlusal splints is proven to be effective in the managment of TMD with 

reduction of oxidative stress marker levels. 

Conclusion: It is evident that improvement of the oxidative stress would raise the possibility of 

constructing novel treatment strategies for TMD. We could postulate new treatment strategies such as 

antioxidant therapy for TMD in the near future. 
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                       INTRODUCTION 

The temporomandibular joint is a fibrous 

avascular disc. It is known as a diarthrodial and 

bilateral joint with two condyles of the 

mandibular bone fitting the reciprocally concave 

surface of the temporal bone just in front of the 

ear. It permits movement of the mandible both 

in the horizontal and transverse axis.  

It works synchronously with the dentition along 

with the masticatory muscles and occlusal loading 

contributing to a healthy stomatognathic 

system[1,2]. Any interference or disturbance in 

any one of the components of this system will 

affect the TMJ[3].

https://paperpile.com/c/2WLSwR/T2Ww+EfVd
https://paperpile.com/c/2WLSwR/FaNvy
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The term “Temporomandibular disorders” 

confines a wide range of conditions. It is the 

second most common cause of musculoskeletal 

pain. It is a condition that includes 

musculoskeletal and neuromuscular 

abnormalities that result in pain and dysfunction 

of the masticatory muscles, temporomandibular 

joint, and its associated structures[4]. The 

common symptoms of TMD include pain in the 

joints and their associated structures, reduced 

mouth opening/ trismus, and joint sounds like 

clicking or crepitations[5]. The intensity of pain 

can be mild to severe, the latter would hamper the 

normal daily activities of the affected individual 

and impact the patient’s psychological 

functioning and quality of life. The other 

symptoms of TMD include pain in the face, head, 

and ear region, tinnitus, ear fullness, and vertigo. 

It causes a great deal of suffering in society and 

widespread problems in clinical practices[2]. 

The prevalence of TMD includes 5-12% in the 

general population[6].The equal predilection of 

male and female. Few studies report female 

predilection with a female-to-male ratio of 2:1 in 

the general population. Rauch A et al, 2021 

reported incidence of TMD is around 2% with a 

peak at 20-40 years of age[7]. The etiology of 

TMD is highly unresolved[8]. In literature, there 

is no primary etiological factor or there is no 

unified opinion about the exact primary 

etiological factor. Studies suggest that it is of 

multifactorial origin and associated with various 

risk factors like biological factors, individual 

anatomy, injuries, stressors, pharmacotherapy, 

occlusal interferences or occlusal factors, 

behavioral factors, neuroendocrine elements, 

genetics, and systemic disease stress, 

characterized by a disturbance between the 

formation of free radicals and uptake by 

antioxidant defenses, has been related to the 

pathophysiology of several diseases, including 

those of the stomatognathic system, such as 

temporomandibular disorders (TMDs)[9]. 

Recent evidence suggests that oxidative stress 

plays a role in the pathogenesis of TMD[10]. 

With the presence of pain conditions, there is 

increased neural activity with increased 

production of ROS. When the pain is chronic, the 

production of ROS can overcome the limitations 

of the protective mechanisms resulting in 

oxidative stress. It is believed that in TMD, the 

mechanical stress on the joint and on the 

masticatory muscles can generate free radicals, 

triggering a cascade of reactions that can 

exacerbate tissue damage, inflammation, and 

pain[11]. 

Despite numerous publications on oxidative 

stress of temporomandibular disorders, limited 

information is available on the oxidative stress 

levels in the intervention of temporomandibular 

disorders. Therefore, this systematic review aims 

to assess oxidative stress levels in the 

management of temporomandibular disorders.  

 

Research Question 

Can oxidative stress be an etiological agent of 

temporomandibular disorders? 

Are there any changes in the level of oxidative 

stress markers during the management of 

temporomandibular disorders? 

 

Pico Analysis 

P (Population) - Temporomandibular Disorders 

I (Intervention) - Pharmacological Agents 

/Agents/Splints Therapy / Surgical Management 

O (Outcome) - Changes In The Level Of 

Oxidative Stress Markers  

 

MATERIALS AND METHODS 

Search Methods And Sources 

The present systematic review followed the 

PRISMA guidelines and was registered. We 

searched three databases for relevant articles 

published till January 2023. The sources included 

were PubMed, Cochrane Library, Google 

Scholar, and grey literature. A detailed 

personalized search strategy was used for the 

following electronic databases: PubMed, and 

Cochrane Library. Google was chosen as the 

search engine for studying grey literature. 

  

Inclusion Criteria  

Studies that analyzed the level of oxidative stress 

markers at pre & post treatment of TMD patients 

English language  

 

https://paperpile.com/c/2WLSwR/jlAYt
https://paperpile.com/c/2WLSwR/fYiUQ
https://paperpile.com/c/2WLSwR/EfVd
https://paperpile.com/c/2WLSwR/AdzCl
https://paperpile.com/c/2WLSwR/rezRC
https://paperpile.com/c/2WLSwR/7rNIu
https://paperpile.com/c/2WLSwR/F4AbD
https://paperpile.com/c/2WLSwR/9NDx8
https://paperpile.com/c/2WLSwR/yzXUK
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Exclusion Criteria 

• Studies that did not have follow-

up/intervention for TMD 

• Studies that did not assess oxidative stress 

levels in the management of TMD 

• Case reports, case series, and discussion 

papers 

 

Study selection 

Search and study selections were made by the 

first author and checked by the second author. 

After the initial search, potentially appropriate 

articles were selected based on the title and 

summary. The full text of the selected articles 

was reviewed and three related studies were 

identified, which included studies published till 

January 2023.         

 

Prisma Flow Chart  

Data Extraction 

We retrieved a total of 522 articles from 

electronic and hand searches. After the removal 

of duplicates, was screened 123 articles for 

further evaluation and, therefore, excluded 87 

based on their title or abstract. Of the 36 articles 

selected for full-text assessment, we considered 3 

of them eligible for inclusion in the review. We 

excluded the other 33  articles because they did 

not fulfill the eligibility criteria. The general 

information of the included studies was 

tabulated. 

 

Characteristics Of Included Studies  

 

S.No Author Study Type Sample 

Size 

Treatment 

Given 

Follow 

Up 

Period  

Measure

ments  

Primary 

Outcome 

Secondary 

Outcome  

Results  

1 Bas (2019) Prospective 

randomized 

trial  

24 

patients  

GROUP 1: 

Arthrocentesi

s followed by 

splint therapy  

GROUP 2: 

Arthrocentesi

s alone  

Baseline 

and 3 

monthly 

follow 

up  

TMJ 

synovial 

fluid 

samples  

Interleukin 

6 

Malondiald

ehyde & 

8-

hydroxydeo

xyguanosin

e levels in 

the synovial 

fluid 

VAS 

Maximal 

mouth 

opening 

Arthrocentesis 

has positive 

effects on 

patient clinical 

symptoms, 

regardless of 

postoperative 

splint use. 

Clinical 

success after 

arthrocentesis 

does not 

correlate with 

markers of 

inflammation 

and oxidative 

stress in the 

synovial fluid 

2 E.Vrbanovic 

(2019) 

Prospective 

study 

12 

female 

patients  

Hard Acrylic 

splint 

Baseline, 

1st 

month, 

3rd 

month 

Saliva VAS, 

Maximal 

comfortable 

mouth 

opening, 

Oral Health 

Impact 

Profile 

Salivary 

analysis of 

MDA, TAC, 

Superoxide 

dismutase 

and uric acid 

Occlusal splint 

therapy in 

female patients 

contributes to 

increasing 

their capacity 

to remove free 

radicals 
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(OHIP-14), 

Level of 

perceived 

stress (PSS) 

3 Iva Z (2020) Randomized 

controlled trial 

34 GROUP 1: 

Stabilization 

splint  

GROUP 2:  

Placebo splint  

Baseline, 

3rd 

month 

follow 

up and 6 

month 

follow 

up 

Saliva VAS 

Maximal 

comfortable 

mouth 

opening  

 

Generalised 

Anxiety 

Disorder 

(GAD-7) 

Patient 

Health 

Questionnair

e (PHQ-9) 

Biochemical 

stress 

markers : 

Uric acid, 

Superoxide 

dismutase, 

total 

antioxidant 

capacity, 

Total 

antioxidant 

status, 

Malondialde

hyde 

 

SS provide 

additional 

advantages 

over PS in the 

treatment of 

chronic TMD, 

especially in 

reducing 

symptoms of 

depression and 

improving 

pain-related 

disability. 

The efficacy of 

SS could be 

reflected in a 

significant 

decrease in 

oxidant/ 

antioxidant 

ratio which 

was not present 

for PS. 

 

 

 

Risk Of Bias    
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Risk Of Bias Assessment 

An assessment of the risk of bias for all the 

included studies was done. This study has 

extracted data from randomized controlled trials 

(RCTs) and prospective trials. This risk of bias 

for the RCTs was assessed using the risk of a 

randomized trial of bias tool, given study bias 

does not change dependent on our review 

purpose. Randomized trials were assessed using 

the Cochrane Risk of Bias (RoB 2.0) tool and 

Higgins JPT 2016, which involve judgment on 

seven headings as formulated by the Cochrane 

group. The risk of bias for each of the domains 

and the overall risk of bias was made as per the 

recommendations of the RoB 2.0 tool. Trials 

were classified as low risk bias and unclear or 

high risk of bias as described in the RoB 2.0 tool.  

 

RESULTS  

Three studies were selected for analysis. Patients 

reporting symptoms of TMD, particularly pain, 

were alone taken into the studies. Bas et al (2019) 

evaluated the oxidative stress markers by using 

TMJ synovial fluid levels and the remaining two 

studies included salivary samples. All the three 

studies suggest that oxidative stress plays an 

important role in the pathogenesis of TMD. The 

common outcome measures among the three 

studies were maximal mouth opening, VAS and 

Malondialdehyde levels. Results on use of 

physical therapy and splints to counter oxidative 

stress was inconclusive. Based on risk of bias 

assessment all the three studies shows low risk of 

bias. Iva Z (2020) reported all the parameters 

accurately showing low risk of bias comparing to 

the other two studies.  

 

DISCUSSION  

Results from this systematic review indicated 

that there is a significant difference in the pain 

intenstiy and oxidative stress marker levels in 

TMD subjects treated with splints and 

arthocentesis. Oxidative stress, characterized by 

a disturbance between the formation of free 

radicals and uptake by antioxidant defenses, has 

been related to the pathophysiology of several 

diseases, including those of the stomatognathic 

system, such as temporomandibular disorders 

(TMDs)[12]. Recent evidence suggests that 

oxidative stress plays a role in pathogenesis of 

TMD[13]. With the presence of pain conditions, 

there is an increased neural activity with an 

increased production of ROS. When the pain is 

chronic, the production of ROS can overcome the 

limitations of the protective mechanisms 

resulting in oxidative stress. It is believed that in 

TMD, the mechanical stress on the joint and on 

the masticatory muscles can generate free 

https://paperpile.com/c/2WLSwR/r5ueR
https://paperpile.com/c/2WLSwR/wC3fh
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radicals, triggering a cascade of reactions that can 

exacerbate tissue damage, inflammation and 

pain[14]. 

Cai et al. reported that the antioxidant 

enzyme,superoxide dismutase levels were 

increased in TMD patients compared to healthy 

individuals[15].  Güven et al. observed that the 

activity of SOD seemed progressively reduced as 

the stage of the disease increased, which they 

explained as an insufficient scavenging capacity 

of free radicals[16]. Nitzan et al. investigated the 

hypothesis that uncontrolled oxidative stress 

causes the collapse of the lubrication system. 

They analyzed the synovial fluids by measuring 

their overall reducing power and found that the 

capacity to cope with oxidative stress is lower in 

joints with anchored disc phenomenon. They 

suggested that increased oxidative stress caused 

by free radicals in the TMJ could cause an 

imbalance of local antioxidant defenses[17].The 

authors proposed the explanation that the 

overactivity of oxygen free radicals can lead to 

the overgeneration of antioxidant enzymes[18]. 

Rodríguez de Sotillo et al. reported increased OS 

products in TMD patients, with the oxidants 

MDA and 8-OHdG being statistically higher in 

patients with TMD compared to the control and a 

significant association between pain intensity and 

salivary OS markers. Moreover, significant 

differences in the MDA/total antioxidant status 

(TAS) and 8-OHdG/TAS ratios between patients 

with TMD and the controls indicate that 

oxidative stress plays a role in TMD 

pathophysiology[19]. Richards et al. evaluated 

blood oxidative stress in individuals with 

temporomandibular dysfunction who also suffer 

from chronic fatigue syndrome and found out that 

jaw muscle pain and TMJ clicking and/or locking 

was associated with an increase in 

malondialdehyde levels[18].  De Almeida and 

Amenábar determined a lower TAC in patients 

with pain-related TMD but found no correlation 

between TAC and pain intensity[20] .  A study 

that compared the treatment effect and outcomes 

in female TMD patients after a 3- month 

stabilization splint therapy showed a significant 

reduction in afternoon TAC and a significant 

reduction in afternoon MDA. A decrease in 

afternoon MDA to the superoxide dismutase ratio 

was present in high-intensity pain patients. The 

effect of treatment on the self-perceived quality 

of life was more pronounced in Myofascial pain 

patients while the reduction of spontaneous pain 

was significantly greater in high-intensity pain 

patients[21]. Etöz et al. support the role of OS in 

the intensity of pain in TMD but specimens other 

than saliva were used in these studies[22]. In the 

pilot study, Vrbanović et al found that TAC was 

significantly higher in TMD patients than in the 

controls. Significant differences were also 

observed when the TAC levels between high-

intensity pain patients and controls were 

compared. In addition, the TAC levels differed 

significantly between patients with disc 

displacement and the controls suggesting that the 

salivary oxidant status in chronic TMD is 

dependent on the intensity and source of pain[23] 

Based on our research, only three studies 

assessed the oxidative stress markers levels in the 

pre and post management of TMD.  There are 

various treatment modalities in the management 

of TMD like physical therapy, drug therapy, 

behavioral therapy etc. Therefore, assessment of 

oxidative stress levels in each treatment modality 

is required. 

Our team has extensive knowledge and research 

experience that has translate into high quality 

publications(J et al. 2018)(J et al. 2018; Atul 

Tanaji Lakde & Dr. Laxman Babasaheb Patil 

2023) (Chandrasekar et al. 2020) (Kanimozhi et 

al. 2018) (Kavarthapu and Gurumoorthy 

2021)(Kavarthapu and Gurumoorthy 2021; J et 

al. 2018) (Kavarthapu and Gurumoorthy 2021; J 

et al. 2018)(Vijayashree Priyadharsini, Smiline 

Girija, and Paramasivam 2018)(Govindaraju and 

Jeevanandan 2023) (Jeevanandan et al. 2021) 

(Marimuthu et al. 2018)(Marimuthu et al. 2018; 

Ramesh et al. 2019)(Gupta, Ariga, and Deogade 

2018) 

 

CONCLUSION 

It is hypothesized that, the mechanical stress on 

the temporomandibular joint and on the 

masticatory muscles can generate free radicals, 

triggering a cascade of reactions that can 

exacerbate tissue damage, inflammation and 

pain. To advance this evidence, studies evaluated 

oxidative stress levels in TMD patients treated 

with arthrocentesis and splint therapy. It is 

https://paperpile.com/c/2WLSwR/a5tId
https://paperpile.com/c/2WLSwR/bJ77e
https://paperpile.com/c/2WLSwR/U2PZW
https://paperpile.com/c/2WLSwR/SPcOU
https://paperpile.com/c/2WLSwR/NNUfm
https://paperpile.com/c/2WLSwR/4Doy2
https://paperpile.com/c/2WLSwR/NNUfm
https://paperpile.com/c/2WLSwR/OsyEH
https://paperpile.com/c/2WLSwR/5WUQA
https://paperpile.com/c/2WLSwR/AJuRg
https://paperpile.com/c/2WLSwR/gweUA
https://paperpile.com/c/MF24mk/9pq8
https://paperpile.com/c/MF24mk/9pq8+IckL
https://paperpile.com/c/MF24mk/9pq8+IckL
https://paperpile.com/c/MF24mk/9pq8+IckL
https://paperpile.com/c/MF24mk/hg6p
https://paperpile.com/c/MF24mk/M7S2
https://paperpile.com/c/MF24mk/M7S2
https://paperpile.com/c/MF24mk/kUBy
https://paperpile.com/c/MF24mk/kUBy
https://paperpile.com/c/MF24mk/kUBy+9pq8
https://paperpile.com/c/MF24mk/kUBy+9pq8
https://paperpile.com/c/MF24mk/kUBy+9pq8
https://paperpile.com/c/MF24mk/kUBy+9pq8
https://paperpile.com/c/MF24mk/K92u
https://paperpile.com/c/MF24mk/K92u
https://paperpile.com/c/MF24mk/NJJb
https://paperpile.com/c/MF24mk/NJJb
https://paperpile.com/c/MF24mk/v4ui
https://paperpile.com/c/MF24mk/zhTW
https://paperpile.com/c/MF24mk/zhTW+pFzL
https://paperpile.com/c/MF24mk/zhTW+pFzL
https://paperpile.com/c/MF24mk/khDs
https://paperpile.com/c/MF24mk/khDs
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evident that improvement of the oxidative stress 

would raise the possibility of constructing novel 

treatment strategies for TMD. We could postulate 

new treatment strategies such as antioxidant 

therapy for TMD in the near future. 

 

REFERENCES 
1. Bhargava D. Temporomandibular Joint 

Disorders: Principles and Current Practice. 

Springer Nature; 2021. 362 p. 

2. Gauer RL, Semidey MJ. Diagnosis and treatment 

of temporomandibular disorders. Am Fam 

Physician. 2015 Mar 15;91(6):378–86. 

3. Thaddeus Connelly S, Tartaglia GM, Silva RG. 

Contemporary Management of 

Temporomandibular Disorders: Fundamentals 

and Pathway to Diagnosis. Springer; 2019. 227 p. 

4. Temporomandibular disorders. Am Fam 

Physician. 2015 Mar 15;91(6):Online. 

5. American Academy of Family Physicians. 

Temporomandibular joint (TMJ) pain. Am Fam 

Physician. 2007 Nov 15;76(10):1483–4. 

6. Mishra R. Global Burden of Temporomandibular 

Disorder (TMD): A Systematic Review of TMD 

Prevalence and Incidence (1990- January 2019). 

2019. 55 p. 

7. Rauch A, Angrik C, Zenthöfer A, Weber S, 

Hahnel S, Nitschke I, et al. [Prevalence of 

temporomandibular disorders in seniors-

Symptom-related analyses in younger and older 

seniors]. Z Gerontol Geriatr [Internet]. 2021 Aug 

5; Available from: 

http://dx.doi.org/10.1007/s00391-021-01954-z 

8. Nagori SA, Roy Chowdhury SK, Thukral H, Jose 

A, Roychoudhury A. Single puncture versus 

standard double needle arthrocentesis for the 

management of temporomandibular joint 

disorders: A systematic review. J Oral Rehabil. 

2018 Oct;45(10):810–8. 

9. Hilgenberg-Sydney PB, Schenato LF, Marques 

HB, de Paiva Bertoli FM, Bonotto D. 

Interexaminer reliability for tomographic 

findings in temporomandibular joint degenerative 

disease and its agreement with clinical diagnosis: 

a blinded controlled cross sectional study. Oral 

Radiol. 2022 Jan;38(1):155–61. 

10. Milam SB, Zardeneta G, Schmitz JP. Oxidative 

stress and degenerative temporomandibular joint 

disease: a proposed hypothesis. J Oral Maxillofac 

Surg. 1998 Feb;56(2):214–23. 

11. Özben T. Free Radicals, Oxidative Stress, and 

Antioxidants: Pathological and Physiological 

Significance. Springer Science & Business 

Media; 2013. 395 p. 

12. Liguori I, Russo G, Curcio F, Bulli G, Aran L, 

Della-Morte D, et al. Oxidative stress, aging, and 

diseases. Clin Interv Aging. 2018 Apr 26;13:757–

72. 

13. Website [Internet]. Available from: Hilgenberg-

Sydney PB, Schenato LF, Marques HB, de Paiva 

Bertoli FM, Bonotto D. Interexaminer reliability 

for tomographic findings in temporomandibular 

joint degenerative disease and its agreement with 

clinical diagnosis: a blinded controlled cross 

sectional study. Oral Radiol [Internet]. 2021 May 

24; Available from: 

http://dx.doi.org/10.1007/s11282-021-00539-1 

14. Muthukrishnan A, Sekar G. Prevalence of 

temporomandibular disorders in Chennai 

population [Internet]. Vol. 27, Journal of Indian 

Academy of Oral Medicine and Radiology. 2015. 

p. 508. Available from: 

http://dx.doi.org/10.4103/0972-1363.188686 

15. Cai HX, Luo JM, Long X, Li XD, Cheng Y. Free-

radical oxidation and superoxide dismutase 

activity in synovial fluid of patients with 

temporomandibular disorders. J Orofac Pain. 

2006 Winter;20(1):53–8. 

16. Güven O, Tekin US, Durak I, Keller EE, 

Hatipoglu M. Superoxide dismutase activity in 

synovial fluids in patients with 

temporomandibular joint internal derangement. J 

Oral Maxillofac Surg. 2007 Oct;65(10):1940–3. 

17. Nitzan DW, Goldfarb A, Gati I, Kohen R. 

Changes in the reducing power of synovial fluid 

from temporomandibular joints with “anchored 

disc phenomenon.” J Oral Maxillofac Surg. 2002 

Jul;60(7):735–40. 

18. Richards RS, McGregor NR, Roberts TK. 

Association Between Oxidative Damage Markers 

and Self-Reported Temporomandibular 

Dysfunction Symptoms in Patients with Chronic 

Fatigue Syndrome [Internet]. Vol. 12, Journal of 

Chronic Fatigue Syndrome. 2004. p. 45–61. 

Available from: 

http://dx.doi.org/10.1300/j092v12n03_04 

19. Rodríguez de Sotillo D, Velly AM, Hadley M, 

Fricton JR. Evidence of oxidative stress in 

temporomandibular disorders: a pilot study. J 

Oral Rehabil. 2011 Oct;38(10):722–8. 

20. Almeida C de, de Almeida C, Amenábar JM. 

Changes in the salivary oxidative status in 

individuals with temporomandibular disorders 

and pain [Internet]. Vol. 6, Journal of Oral 

Biology and Craniofacial Research. 2016. p. S1–

4. Available from: 

http://dx.doi.org/10.1016/j.jobcr.2016.10.006 

21. Vrbanović E, Lapić I, Rogić D, Alajbeg IZ. 

Changes in salivary oxidative status, salivary 

cortisol, and clinical symptoms in female patients 

http://paperpile.com/b/2WLSwR/T2Ww
http://paperpile.com/b/2WLSwR/T2Ww
http://paperpile.com/b/2WLSwR/T2Ww
http://paperpile.com/b/2WLSwR/EfVd
http://paperpile.com/b/2WLSwR/EfVd
http://paperpile.com/b/2WLSwR/EfVd
http://paperpile.com/b/2WLSwR/FaNvy
http://paperpile.com/b/2WLSwR/FaNvy
http://paperpile.com/b/2WLSwR/FaNvy
http://paperpile.com/b/2WLSwR/FaNvy
http://paperpile.com/b/2WLSwR/jlAYt
http://paperpile.com/b/2WLSwR/jlAYt
http://paperpile.com/b/2WLSwR/fYiUQ
http://paperpile.com/b/2WLSwR/fYiUQ
http://paperpile.com/b/2WLSwR/fYiUQ
http://paperpile.com/b/2WLSwR/AdzCl
http://paperpile.com/b/2WLSwR/AdzCl
http://paperpile.com/b/2WLSwR/AdzCl
http://paperpile.com/b/2WLSwR/AdzCl
http://paperpile.com/b/2WLSwR/rezRC
http://paperpile.com/b/2WLSwR/rezRC
http://paperpile.com/b/2WLSwR/rezRC
http://paperpile.com/b/2WLSwR/rezRC
http://paperpile.com/b/2WLSwR/rezRC
http://paperpile.com/b/2WLSwR/rezRC
http://dx.doi.org/10.1007/s00391-021-01954-z
http://paperpile.com/b/2WLSwR/7rNIu
http://paperpile.com/b/2WLSwR/7rNIu
http://paperpile.com/b/2WLSwR/7rNIu
http://paperpile.com/b/2WLSwR/7rNIu
http://paperpile.com/b/2WLSwR/7rNIu
http://paperpile.com/b/2WLSwR/7rNIu
http://paperpile.com/b/2WLSwR/F4AbD
http://paperpile.com/b/2WLSwR/F4AbD
http://paperpile.com/b/2WLSwR/F4AbD
http://paperpile.com/b/2WLSwR/F4AbD
http://paperpile.com/b/2WLSwR/F4AbD
http://paperpile.com/b/2WLSwR/F4AbD
http://paperpile.com/b/2WLSwR/F4AbD
http://paperpile.com/b/2WLSwR/9NDx8
http://paperpile.com/b/2WLSwR/9NDx8
http://paperpile.com/b/2WLSwR/9NDx8
http://paperpile.com/b/2WLSwR/9NDx8
http://paperpile.com/b/2WLSwR/yzXUK
http://paperpile.com/b/2WLSwR/yzXUK
http://paperpile.com/b/2WLSwR/yzXUK
http://paperpile.com/b/2WLSwR/yzXUK
http://paperpile.com/b/2WLSwR/r5ueR
http://paperpile.com/b/2WLSwR/r5ueR
http://paperpile.com/b/2WLSwR/r5ueR
http://paperpile.com/b/2WLSwR/r5ueR
http://paperpile.com/b/2WLSwR/wC3fh
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
http://paperpile.com/b/2WLSwR/a5tId
http://paperpile.com/b/2WLSwR/a5tId
http://paperpile.com/b/2WLSwR/a5tId
http://paperpile.com/b/2WLSwR/a5tId
http://paperpile.com/b/2WLSwR/a5tId
http://paperpile.com/b/2WLSwR/a5tId
http://dx.doi.org/10.4103/0972-1363.188686
http://paperpile.com/b/2WLSwR/bJ77e
http://paperpile.com/b/2WLSwR/bJ77e
http://paperpile.com/b/2WLSwR/bJ77e
http://paperpile.com/b/2WLSwR/bJ77e
http://paperpile.com/b/2WLSwR/bJ77e
http://paperpile.com/b/2WLSwR/U2PZW
http://paperpile.com/b/2WLSwR/U2PZW
http://paperpile.com/b/2WLSwR/U2PZW
http://paperpile.com/b/2WLSwR/U2PZW
http://paperpile.com/b/2WLSwR/U2PZW
http://paperpile.com/b/2WLSwR/SPcOU
http://paperpile.com/b/2WLSwR/SPcOU
http://paperpile.com/b/2WLSwR/SPcOU
http://paperpile.com/b/2WLSwR/SPcOU
http://paperpile.com/b/2WLSwR/SPcOU
http://paperpile.com/b/2WLSwR/NNUfm
http://paperpile.com/b/2WLSwR/NNUfm
http://paperpile.com/b/2WLSwR/NNUfm
http://paperpile.com/b/2WLSwR/NNUfm
http://paperpile.com/b/2WLSwR/NNUfm
http://paperpile.com/b/2WLSwR/NNUfm
http://paperpile.com/b/2WLSwR/NNUfm
http://paperpile.com/b/2WLSwR/NNUfm
http://dx.doi.org/10.1300/j092v12n03_04
http://paperpile.com/b/2WLSwR/4Doy2
http://paperpile.com/b/2WLSwR/4Doy2
http://paperpile.com/b/2WLSwR/4Doy2
http://paperpile.com/b/2WLSwR/4Doy2
http://paperpile.com/b/2WLSwR/OsyEH
http://paperpile.com/b/2WLSwR/OsyEH
http://paperpile.com/b/2WLSwR/OsyEH
http://paperpile.com/b/2WLSwR/OsyEH
http://paperpile.com/b/2WLSwR/OsyEH
http://paperpile.com/b/2WLSwR/OsyEH
http://dx.doi.org/10.1016/j.jobcr.2016.10.006
http://paperpile.com/b/2WLSwR/5WUQA
http://paperpile.com/b/2WLSwR/5WUQA
http://paperpile.com/b/2WLSwR/5WUQA


e161 

Role Of Oxidative Stress As An Etiological Agent In Temporomandibular Disorders: A Systematic Review  

                  J Popul Ther Clin Pharmacol Vol 30(10):e154–e161; 10 May 2023. 

This article is distributed under the terms of the Creative Commons Attribution-Non  

                         Commercial 4.0 International License. ©2021 Muslim OT et al. 

 

 

with temporomandibular disorders during 

occlusal splint therapy: a 3-month follow up. 

BMC Oral Health. 2019 Jun 6;19(1):100. 

22. Etöz OA, Akçay H, Neşelioğlu S, Erel Ö, Alkan 

A. Total antioxidant capacity and total oxidant 

status of synovial fluids in patients with 

temporomandibular joint pain and dysfunction. 

Clin Oral Investig. 2012 Dec;16(6):1557–61. 

23. Vrbanović E, Alajbeg IZ, Vuletić L, Lapić I, 

Rogić D, Rogulj AA, et al. Salivary 

Oxidant/Antioxidant Status in Chronic 

Temporomandibular Disorders Is Dependent on 

Source and Intensity of Pain – A Pilot Study 

[Internet]. Vol. 9, Frontiers in Physiology. 2018. 

Available from: 

http://dx.doi.org/10.3389/fphys.2018.01405 

24. Atul Tanaji Lakde & Dr. Laxman Babasaheb 

Patil. 2023. Indian Council of Social Science and 

Research Celebrating Azadi Ka Amrit Mahotsav 

Sponsored. Ashok Yakkaldevi. 

25. Chandrasekar, Raghavan, Shyamala 

Chandrasekhar, K. K. Shantha Sundari, and 

Poornima Ravi. 2020. “Development and 

Validation of a Formula for Objective 

Assessment of Cervical Vertebral Bone Age.” 

Progress in Orthodontics 21 (1): 38. 

26. Govindaraju, Lavanya, and Ganesh Jeevanandan. 

2023. “Evaluation of the Antimicrobial Efficacy 

of Different Concentrations of a Novel Root 

Canal Filling Material for Primary Teeth - An 

Study.” Dental Research Journal 20 (February): 

20. 

27. Gupta, Pushkar, Padma Ariga, and Suryakant C. 

Deogade. 2018. “Effect of Monopoly-Coating 

Agent on the Surface Roughness of a Tissue 

Conditioner Subjected to Cleansing and 

Disinfection: A Contact Profilometric Study.” 

Contemporary Clinical Dentistry 9 (Suppl 1): 

S122–26. 

28. Jeevanandan, Ganesh, Lavanya Govindaraju, 

Erulappan Muthu Ganapathi Subramanian, and 

Pragyna Priyadarshini. 2021. “Comparative 

Evaluation of Quality of Obturation and Its Effect 

on Postoperative Pain between Pediatric Hand 

and Rotary Files: A Double-Blinded Randomized 

Controlled Trial.” International Journal of 

Clinical Pediatric Dentistry 14 (1): 88–96. 

 

 

 

 

 

 

 

 

29. J, Pradeep Christopher, Thenaruvi Marimuthu, 

Krithika C, Poorna Devadoss, and Santhosh M. 

Kumar. 2018. “Prevalence and Measurement of 

Anterior Loop of the Mandibular Canal Using 

CBCT: A Cross Sectional Study.” Clinical 

Implant Dentistry and Related Research 20 (4): 

531–34. 

30. Kanimozhi, I., Mahesh Ramakrishnan, 

Dhanalakshmi Ravikumar, and Ningthoujam 

Sharna. 2018. “Management of Crown-Root 

Fracture in Primary Canine by Surgical 

Extrusion: A Case Report with 1-Year Follow-

Up.” Case Reports in Dentistry 2018 (August): 

3753807. 

31. Kavarthapu, Avinash, and Kaarthikeyan 

Gurumoorthy. 2021. “Linking Chronic 

Periodontitis and Oral Cancer: A Review.” Oral 

Oncology 121 (October): 105375. 

32. Marimuthu, Madhulaxmi, Manoharan 

Andiappan, Abdul Wahab, M. R. Muthusekhar, 

Anandan Balakrishnan, and Sambandham 

Shanmugam. 2018. “Canonical Wnt Pathway 

Gene Expression and Their Clinical Correlation 

in Oral Squamous Cell Carcinoma.” Indian 

Journal of Dental Research: Official Publication 

of Indian Society for Dental Research 29 (3): 

291–97. 

33. Ramesh, Asha, Radha Vellayappan, Sheethalan 

Ravi, and Kaarthikeyan Gurumoorthy. 2019. 

“Esthetic Lip Repositioning: A Cosmetic 

Approach for Correction of Gummy Smile - A 

Case Series.” Journal of Indian Society of 

Periodontology 23 (3): 290–94. 

34. Vijayashree Priyadharsini, J., A. S. Smiline 

Girija, and A. Paramasivam. 2018. “An Insight 

into the Emergence of as an Oro-Dental Pathogen 

and Its Drug Resistance Gene Profile - An in 

Silico Approach.” Heliyon 4 (12): e01051. 

 

 

 

http://paperpile.com/b/2WLSwR/5WUQA
http://paperpile.com/b/2WLSwR/5WUQA
http://paperpile.com/b/2WLSwR/5WUQA
http://paperpile.com/b/2WLSwR/AJuRg
http://paperpile.com/b/2WLSwR/AJuRg
http://paperpile.com/b/2WLSwR/AJuRg
http://paperpile.com/b/2WLSwR/AJuRg
http://paperpile.com/b/2WLSwR/AJuRg
http://paperpile.com/b/2WLSwR/gweUA
http://paperpile.com/b/2WLSwR/gweUA
http://paperpile.com/b/2WLSwR/gweUA
http://paperpile.com/b/2WLSwR/gweUA
http://paperpile.com/b/2WLSwR/gweUA
http://paperpile.com/b/2WLSwR/gweUA
http://paperpile.com/b/2WLSwR/gweUA
http://paperpile.com/b/2WLSwR/gweUA
http://dx.doi.org/10.3389/fphys.2018.01405
http://paperpile.com/b/MF24mk/IckL
http://paperpile.com/b/MF24mk/IckL
http://paperpile.com/b/MF24mk/IckL
http://paperpile.com/b/MF24mk/IckL
http://paperpile.com/b/MF24mk/IckL
http://paperpile.com/b/MF24mk/IckL
http://paperpile.com/b/MF24mk/hg6p
http://paperpile.com/b/MF24mk/hg6p
http://paperpile.com/b/MF24mk/hg6p
http://paperpile.com/b/MF24mk/hg6p
http://paperpile.com/b/MF24mk/hg6p
http://paperpile.com/b/MF24mk/hg6p
http://paperpile.com/b/MF24mk/hg6p
http://paperpile.com/b/MF24mk/hg6p
http://paperpile.com/b/MF24mk/NJJb
http://paperpile.com/b/MF24mk/NJJb
http://paperpile.com/b/MF24mk/NJJb
http://paperpile.com/b/MF24mk/NJJb
http://paperpile.com/b/MF24mk/NJJb
http://paperpile.com/b/MF24mk/NJJb
http://paperpile.com/b/MF24mk/NJJb
http://paperpile.com/b/MF24mk/NJJb
http://paperpile.com/b/MF24mk/khDs
http://paperpile.com/b/MF24mk/khDs
http://paperpile.com/b/MF24mk/khDs
http://paperpile.com/b/MF24mk/khDs
http://paperpile.com/b/MF24mk/khDs
http://paperpile.com/b/MF24mk/khDs
http://paperpile.com/b/MF24mk/khDs
http://paperpile.com/b/MF24mk/khDs
http://paperpile.com/b/MF24mk/khDs
http://paperpile.com/b/MF24mk/v4ui
http://paperpile.com/b/MF24mk/v4ui
http://paperpile.com/b/MF24mk/v4ui
http://paperpile.com/b/MF24mk/v4ui
http://paperpile.com/b/MF24mk/v4ui
http://paperpile.com/b/MF24mk/v4ui
http://paperpile.com/b/MF24mk/v4ui
http://paperpile.com/b/MF24mk/v4ui
http://paperpile.com/b/MF24mk/v4ui
http://paperpile.com/b/MF24mk/v4ui
http://paperpile.com/b/MF24mk/9pq8
http://paperpile.com/b/MF24mk/9pq8
http://paperpile.com/b/MF24mk/9pq8
http://paperpile.com/b/MF24mk/9pq8
http://paperpile.com/b/MF24mk/9pq8
http://paperpile.com/b/MF24mk/9pq8
http://paperpile.com/b/MF24mk/9pq8
http://paperpile.com/b/MF24mk/9pq8
http://paperpile.com/b/MF24mk/9pq8
http://paperpile.com/b/MF24mk/M7S2
http://paperpile.com/b/MF24mk/M7S2
http://paperpile.com/b/MF24mk/M7S2
http://paperpile.com/b/MF24mk/M7S2
http://paperpile.com/b/MF24mk/M7S2
http://paperpile.com/b/MF24mk/M7S2
http://paperpile.com/b/MF24mk/M7S2
http://paperpile.com/b/MF24mk/M7S2
http://paperpile.com/b/MF24mk/M7S2
http://paperpile.com/b/MF24mk/kUBy
http://paperpile.com/b/MF24mk/kUBy
http://paperpile.com/b/MF24mk/kUBy
http://paperpile.com/b/MF24mk/kUBy
http://paperpile.com/b/MF24mk/kUBy
http://paperpile.com/b/MF24mk/kUBy
http://paperpile.com/b/MF24mk/zhTW
http://paperpile.com/b/MF24mk/zhTW
http://paperpile.com/b/MF24mk/zhTW
http://paperpile.com/b/MF24mk/zhTW
http://paperpile.com/b/MF24mk/zhTW
http://paperpile.com/b/MF24mk/zhTW
http://paperpile.com/b/MF24mk/zhTW
http://paperpile.com/b/MF24mk/zhTW
http://paperpile.com/b/MF24mk/zhTW
http://paperpile.com/b/MF24mk/zhTW
http://paperpile.com/b/MF24mk/zhTW
http://paperpile.com/b/MF24mk/pFzL
http://paperpile.com/b/MF24mk/pFzL
http://paperpile.com/b/MF24mk/pFzL
http://paperpile.com/b/MF24mk/pFzL
http://paperpile.com/b/MF24mk/pFzL
http://paperpile.com/b/MF24mk/pFzL
http://paperpile.com/b/MF24mk/pFzL
http://paperpile.com/b/MF24mk/pFzL
http://paperpile.com/b/MF24mk/K92u
http://paperpile.com/b/MF24mk/K92u
http://paperpile.com/b/MF24mk/K92u
http://paperpile.com/b/MF24mk/K92u
http://paperpile.com/b/MF24mk/K92u
http://paperpile.com/b/MF24mk/K92u
http://paperpile.com/b/MF24mk/K92u

