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Abstract

:

The aim of the present systematic review was to assess the antinociceptive efficacy of 15-deoxy-Δ12,14-prostaglandin J2 (15d-PGJ2) therapy in rats with experimentally induced temporomandibular joint (TMJ) arthritis. The focused question was “Is 15d-PGJ2 therapy effective in the management of TMJ nociception?” Indexed databases were searched without time and language restrictions up to and including September 2023 using different key words. Original studies were included. Risk of Bias (RoB) was assessed using the SYRCLE tool. Six studies performed in male Wistar rats with experimentally induced TMJ arthritis were included. The observation or follow-up period ranged between 45 min and 14 days. Four studies reported that 15d-PGJ2 therapy retards the production of proinflammatory cytokines in TMJ tissues. Four studies reported that 15d-PGJ2 therapy inhibits leukocyte migration and plasma extravasation in TMJ tissues. In one study, the expression of decay-accelerating factor in TMJ tissues increased after 15d-PGJ2 therapy. One study showed that 15d-PGJ2 inhibits nociception in a dose-dependent manner via the activation of peripheral kappa/delta opioid receptors. Prior sample-size-estimation (SSE) was performed in none of the studies and all studies had a high RoB. Due to a high RoB, methodological variations, and the absence of prior SSE within the included studies, it is demanding to derive an absolute verdict regarding the antinociceptive efficacy of 15d-PGJ2 therapy in response to experimentally induced TMJ arthritis.
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1. Introduction


The term “nociception” specifically denotes intricate physiological processes and the transmission of signals that encode the sensation of pain [1]. Within the temporomandibular joint (TMJ), nociception is primarily orchestrated by specialized nerve endings known as “nociceptors” [2,3]. These highly sensitive receptors respond to noxious stimuli, encompassing a spectrum from inflammation and mechanical stress to trauma and various pathological conditions [4,5,6]. Proinflammatory cytokines, including tumor necrosis factor-alpha (TNF-α), interleukin 1-beta (IL-1β), and IL-6, assume a pivotal role in the pathophysiology of TMJ, influencing nociception, inflammation, and joint degeneration [7]. In the context of temporomandibular disorders (TMDs) such as TMJ arthritis, the release of inflammatory mediators during tissue injury or inflammation sensitizes nociceptors, thereby reducing their activation threshold. This heightened sensitivity contributes to an augmented perception of pain, extending even to innocuous stimuli like normal jaw movement or gentle pressure. Nociception, acting as a central player in the pathophysiology of TMDs, operates through heightened central pain processing mechanisms [8]. Understanding the intricate interplay between inflammatory mediators and nociceptive processes provides crucial insights into the multifaceted nature of TMJ disorders and lays the foundation for targeted therapeutic interventions.



Non-invasive treatments such as occlusal splint therapy (OST), pharmacologic medications such as non-steroidal anti-inflammatory drugs, manual therapy, and the correction of malocclusion are commonly performed for the management of nociception in the TMJ region [9,10,11,12]. Other adjunct therapies that have been reported to be potentially effective in this context include photobiomodulation and injections of botulinum toxin and 15-deoxy-Δ12,14-prostaglandin J2 (15d-PGJ2) [13,14,15,16,17,18,19,20]. The 15d-PGJ2 is a representative J-series cyclopentenone prostaglandin (lipid compounds that have hormone-like effects) that contributes to the regulation of by inhibiting pro-inflammatory signaling [21]. The 15d-PGJ2 participates in various physiologic activities such as lipid metabolism, glucose homeostasis, growth, and fibroblast activation [22,23]. It also exhibits anti-cancer and anti-inflammatory properties [23,24]. Similarly, Shan et al. [25] evaluated the potential role of 15d-PGJ2 in the apoptosis of human articular chondrocytes (HAC). The results of this study [25] showed that 15d-PG J2 is released by HAC and is found in joint synovial fluids taken from patients with rheumatoid arthritis or osteoarthritis. Furthermore, results by Shan et al. [25] demonstrated that proinflammatory cytokines such as interleukin-1beta (IL-1beta) and tumor necrosis factor-alpha (TNF-alpha) upregulate the chondrocyte release of 15d-PG J2. Overall, these results suggest that 15d-PGJ2 may play an important role in the pathogenesis of arthritic joint destruction via a regulation of chondrocyte apoptosis [25]. An experimental study [13] on male Wistar rats with albumin-induced arthritis reported that the intra-articular injection of 15d-PGJ2 exerts an anti-inflammatory effect by inhibiting leukocyte migration (LM), plasma extravasation (PE), and the release of cytokine-induced neutrophil chemoattractant-1 and inflammatory cytokines including interleukin (IL)-6, -12, and IL-18 in TMJ tissues. Results from another study [17] on rats with antigen-induced arthritis showed that 15d-PGJ2 reduces TMJ hypernociception by decreasing the levels of keratinocyte-derived chemokines and proinflammatory cytokines (tumor necrosis factor-alpha [TNF-α] and IL-1β) in the TMJ. It has also been proposed that 15d-PGJ2 therapy is a potential anti-inflammatory therapy and can therefore be used for the management of TMD conditions such as arthritis-induced inflammation [13,17]. A vigilant evaluation of the indexed literature revealed a significant gap, as no systematic review/s have been conducted to investigate the anti-nociceptive effects of 15d-PGJ2 therapy in the TMJ region.



The aim of the present systematic review was to assess the antinociceptive efficacy of 15d-PGJ2 therapy in rats with experimentally induced TMJ arthritis. The focused question (FQ) addressed was “Is 15d-PGJ2 therapy effective in the management of TMJ nociception?”




2. Materials and Methods


2.1. Ethics Statement


The present study is a systematic review of published indexed studies. Therefore, the study protocol was exempted from attaining prior approval from an Institutional Review Board.




2.2. Registration in the International Database of Prospectively Registered Systematic Reviews (PROSPERO)


Prior to initiation, the protocol of the present systematic review was registered in the international database of prospectively registered systematic reviews (PROSPERO). The PROSPERO registration number is CRD42023454837.




2.3. Inclusion and Exclusion Criteria


The Population, Intervention, Control, Outcome (PICO) approach was used to facilitate the efficient literature search, study selection, and analyses, as shown in Table 1. Original studies that investigated the therapeutic efficacy of 15d-PGJ2 for the management of TMJ nociception were included.




2.4. Literature Search


The literature search process was conducted meticulously, adhering to the guidelines outlined in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [26]. The search strategy involved querying indexed databases, including PubMed/Medline, Scopus, and ISI Web of Knowledge, along with the exploration of Google Scholar. This comprehensive search spanned from the inception of these databases up to and including November 2023, and it was executed without imposing any restrictions on language. Various combinations of keywords, such as Inflammation, Nociception, Pain, Prostaglandin J2, Temporomandibular joint, and Temporomandibular disorders, were employed to ensure a thorough exploration of the existing literature. The search process was refined using Boolean operators (AND/OR) to enhance precision and relevance. The systematic approach to literature tracking and retrieval is detailed in Table 2, showcasing the systematic and thorough methodology employed to identify relevant studies. Full texts of potentially relevant original studies were then independently reviewed by two authors (FH and FJ) in accordance with the focused question and eligibility criteria. In instances where disagreements arose regarding the eligibility of a particular study, a consensus was reached through discussions involving two additional authors (PER and DM), ensuring a rigorous and collaborative decision-making process. Additionally, to minimize the risk of overlooking pertinent studies, the reference lists of both potentially relevant original studies and review articles were meticulously examined by hand. This supplementary manual search aimed to identify any additional studies that might not have been captured during the initial electronic database search. This exhaustive and systematic approach to literature retrieval and study selection underscores the commitment to comprehensiveness and transparency in the systematic review process. By employing such rigorous methodologies, the study aims to mitigate the possibility of selection bias and ensure a robust foundation for the synthesis and analysis of the available evidence.




2.5. Risk of Bias Assessment


The risk of bias within the included studies was assessed using the Systematic Review Centre for Laboratory animal Experimentation (SYRCLE) tool [27]. This tool consists of 10 specific domains, which are (a) sequence generation; (b) allocation concealment; (c) random housing/caging; (d) blinding of personnel; (e) blinding of outcome assessors; (f) incomplete outcome data; (g) selective outcome reporting; (h) animal characteristics; (i) environmental conditions; and (j) other sources of bias. Based on each domain, the study was assigned a judgement of “low”, “high”, or “unclear” RoB [27]. The RoB was independently assessed by two authors (FH and FJ). Disagreements were resolved by discussion and consultation with other authors (DM and PER).





3. Results


3.1. Literature Search


The total number of studies identified through PubMed, Scopus, Web of Science, and Google Scholar searchers were 78, 454, 404 and 302 articles, respectively (total articles identified = 1238). Duplicates and studies that did not abide by the FQ (n = 1202) were excluded. Of the remaining 36 studies, investigations that did not abide by the PICO (n = 30) were excluded (Table S1). Six studies [13,14,15,16,17,18] were included and processed for data extraction (Figure 1).




3.2. General Characteristics of Included Studies


All studies were performed in male Wistar rats with weights ranging between 150 and 250 g [13,14,15,16,17,18]. The study by Abdalla et al. [14] was performed on 12 rats, whereas the remainder [13,15,16,17,18] did not report the number of animals used. One study [15] was performed on 6–8 weeks old rats, and the remaining studies [13,14,16,17,18] did not report the age of animals used. Animals in the test- and control groups received IA injections 15d-PgJ2 and vehicle, respectively [13,14,15,16,17,18]. Prior sample-size estimation was performed in none of the studies that fulfilled the eligibility criteria [13,14,15,16,17,18]. These results are shown in Table 3.




3.3. 15-Deoxy-Δ12,14-Prostaglandin J2 Therapy


In all studies [13,14,15,16,17,18], animals underwent an experimental induction of arthritis specifically in the TMJ via intra-articular injections. In one study [13], TMJ arthritis was induced using methylated bovine serum albumin (10 μg/TMJ), and in another study [14] 30µL of formalin was used for arthritis induction. In the remaining studies [15,16,17,18], formalin in concentrations ranging from 0.5% to 1.5% was used for the induction of arthritis in the TMJ. Concentrations of 15d-PgJ2 ranged between 0.01 and 100 ng/TMJ in the studies included [13,14,15,16,17,18]. The observation or follow-up period ranged between 45 min and 14 days [13,14,15,16,17,18]. In three studies [15,16,18], animals in the control group were administered saline injections, whereas Quinteiro et al. [17] and Silva Quinteiro et al. [13] used phosphate-buffered saline and methylated BSA, respectively, at control-sites. These results are shown in Table 4.




3.4. Other Parameters Assessed


Leukocyte migration in TMJ tissues was assessed in studies by Quinteiro et al. [17] and Abdalla et al. [14] One study [14] assessed Intercellular Adhesion Molecule 1 levels in preauricular tissues (PT). Macedo et al. [15] assessed the total protein content and endogenous opioids (dynorphin and β-endorphin) in PT, whereas Pena-dos-Santos et al. [16] investigated PT for vascular permeability and neutrophil recruitment. Four studies [13,14,17,18] assessed levels of proinflammatory cytokines in PT. These results are shown in Table 5.




3.5. Outcomes


3.5.1. Antinociceptive Effects of 15-Deoxy-Δ12,14-Prostaglandin J2


All studies [13,14,15,16,17,18] showed that 15d-PgJ2 administration inhibits TMJ nociception. According to Macedo et al. [15], the antinociceptive effects induced by 15d-PgJ2 are attributed to the release of dynorphin and β-endorphin opioid peptides from leukocytes in the periarticular tissue, whereas two studies [14,18] reported that nanocarrier capsule systems contribute to increasing the antinociceptive effect of 15d-PGJ2. Results by Pena dos Santos et al. [16] showed that 15d-PGJ2 inhibits nociception in a dose-dependent manner via the activation of peripheral kappa/delta opioid receptors. These results are shown in Table 5.




3.5.2. Effect of 15-Deoxy-Δ12,14-Prostaglandin J2 Leukocyte Migration, Plasma Extravasation, and Cytokine/Chemokine Profile


Four studies [13,14,16,17] reported that 15d-PGJ2 therapy inhibits LM and PE in TMJ tissues. Four studies [13,14,17,18] reported that 15d-PGJ2 therapy retards the production of proinflammatory cytokines in TMJ tissues. Results by Silva Quinteiro et al. [13] and Abdalla et al. [14] showed that 15d-PGJ2 significantly reduces the release of cytokine-induced neutrophil chemoattractant-1 (CINC-1) and the following proinflammatory cytokines, TNF-α, IL-6, IL-12, and IL-18, compared with vehicle administration. A significant reduction in the production of IL-1β in TMJ tissues following 15d-PGJ2 therapy was reported in two studies [17,18]. In the study by Abdalla et al. [14], the expression of CD55 or decay accelerating factor (DAF) in TMJ tissues increased after 15d-PGJ2 therapy. These results are shown in Table 5.




3.5.3. Risk of Bias Assessment and GRADE Analysis


All included studies [13,14,15,16,17,18] had a high RoB, as shown in Figure 2 and Table 6.






4. Discussion


An in-depth exploration of the indexed scientific literature reveals a conspicuous gap in research concerning the comprehensive assessment of the antinociceptive role of 15d-PGJ2 therapy in the context of TMD, specifically focusing on TMJ arthritis. To address this notable research void, the primary objective of the present study was to conduct a systematic review of existing literature, scrutinizing studies that employed 15d-PGJ2 therapy for the management of TMJ arthritis. It is crucial to underscore that the exclusive emphasis of this study on TMJ arthritis stems from the fact that the entirety of accessible scientific evidence pertained specifically to the utilization of 15d-PGJ2 therapy for the intervention and management of this precise pathological condition. Adhering to the FQ and PICO framework, the study aimed to identify and analyze both preclinical and clinical studies elucidating the impact of 15d-PgJ2 therapy on TMJ arthritis. However, a restricted number of studies (six in total) met the eligibility criteria, all of which were conducted on animal models, specifically rats [13,14,15,16,17,18]. These studies underwent systematic data extraction and subsequent analysis, revealing a consistent affirmation across all assessed studies that the administration of 15d-PgJ2 therapy exerts an antinociceptive effect in rats with experimentally induced TMJ arthritis. However, a meticulous evaluation of the methodologies employed within the included studies [13,14,15,16,17,18] unveiled a noteworthy observation—the absence of power analyses or SSE. The SSE is a crucial aspect of research design with significant scientific importance [28]. It involves determining the appropriate number of participants needed in a study to achieve statistical power and precision in drawing meaningful conclusions from the data [28]. Proper SSE enhances the reliability and validity of research findings, contributing to the overall robustness of scientific investigations [28]. In other words, statistical power is the probability of detecting a true effect when it exists. Inadequate sample sizes increase the risk of type II errors, where researchers may fail to detect real effects due to insufficient power. A well-estimated sample size ensures that a study has a high probability of identifying true effects when they are present. This particular omission raises concerns regarding the adequacy of the reported sample sizes and the statistical robustness of the findings. Recognizing that smaller sample sizes compromise the internal and external validity of a study, while excessively large samples may magnify statistically significant variances with minimal clinical relevance, these concerns underscore the need for methodological rigor in future research endeavors [29]. Furthermore, within the homogeneity observed in the definitions of the test (IA injection of 15d-PgJ2) and control (IA vehicle injections) groups among the studies [13,14,15,16,17,18], there was considerable variability in the outcome variables assessed. For example, one study [16] delved into vascular permeability and neutrophil recruitment, while another examined endogenous opioids (dynorphin and β-endorphin) and total proteins in periarticular tissues. This diversity in outcome variables renders it challenging to subject the results to qualitative assessment, such as meta-analysis, and other qualitative assessments like the “Grading of Recommendations, Assessment, Development, and Evaluations” (GRADE). In summary, while the present study contributes valuable insights into the antinociceptive effects of 15d-PgJ2 therapy in TMJ arthritis, it is imperative for readers and researchers alike to exercise caution and consider methodological constraints, as referenced above, when interpreting the results of the included studies [13,14,15,16,17,18]. As the field advances, an enhanced focus on robust study designs and transparent reporting practices will undoubtedly contribute to a more nuanced understanding of the potential therapeutic applications of 15d-PgJ2 in the context of TMJ disorders.



Despite methodological limitations among the included studies [13,14,15,16,17,18], such as a high RoB and the absence of a preceding power analysis or SSE, the authors of the present systematic review have endeavored to shift their focus towards a comprehensive understanding of the potential mechanisms underpinning the antinociceptive and anti-inflammatory attributes of 15d-PgJ2. Recognizing the complexity of these mechanisms, the authors acknowledge that a singular mechanistic pathway is elusive, and instead propose that various events come into play, contributing to the observed therapeutic effects of 15d-PgJ2. One potential mechanism by which 15d-PgJ2 and its derivatives alleviate nociception is through the activation of peroxisome proliferator-activated receptors (PPARs), with a specific emphasis on PPAR-γ. PPAR-γ has been associated with anti-inflammatory and analgesic effects [30], suggesting a role in mediating the observed benefits of 15d-PgJ2. Furthermore, a separate study has reported that 15d-PGJ2 and its metabolites downstream inflammatory hypernociception by inducing the release of β-endorphin and dynorphin. These endogenous opioids, in turn, activate κ- and δ-opioid receptors in primary sensory neurons, contributing to the overall antinociceptive effects of 15d-PgJ2 [30]. Understanding the interplay between inflammatory processes and nociception, the investigation highlights the modulation of proinflammatory cytokines such as IL-1β, IL-6, and TNFα by 15d-PgJ2. The elevated production of these cytokines in response to tissue injury or infection can sensitize nociceptors, lowering the pain threshold and intensifying pain perception [31,32,33]. Importantly, 15d-PgJ2 has been shown to modulate various transcription factors, including nuclear factor-kappa B and activator protein-1, implicated in the expression of proinflammatory cytokines [34]. Additionally, the compound activates pathways promoting the production of anti-inflammatory cytokines, thereby counteracting the effects of proinflammatory cytokines and contributing to pain reduction [35]. While these findings offer insights into the potential mechanisms, the authors underscore the need for additional studies to further elucidate the anti-inflammatory and antinociceptive characteristics of 15d-PgJ2. The comprehensive exploration of these mechanisms will enhance our understanding of the compound’s therapeutic potential, paving the way for targeted interventions in the management of nociceptive conditions.



Translating outcomes from the evaluated experimental studies [13,14,15,16,17,18] into clinical contexts presents a certain level of challenge, particularly when considering factors such as age and gender that were often overlooked in the analyzed studies. With advancing age, wear and tear in joint tissues have been associated with the development and progression of arthritic conditions such as osteoarthritis [36]. Despite this crucial connection, it is noteworthy that at least 83% of the experimental studies assessed in the present systematic review did not report the mean age of rats [13,14,16,17,18]. Understanding the age-related changes in the joint tissues of animal models is imperative for extrapolating findings to human conditions, as the severity of temporomandibular joint (TMJ) arthritis may correlate with advancing age. Moreover, the exclusive use of male rats in all studies subjected to the systematic review [13,14,15,16,17,18] introduces a gender-related gap in the research. Studies [37,38] have consistently shown that temporomandibular disorders (TMDs) are more frequently manifested in females than males. The antinociceptive effects of testosterone, emphasized in relevant works in the literature [21,39], highlight the potential influence of gender on pain perception and response to treatments. This raises a critical consideration for future research: the administration frequency and dosage of intra-articular therapies, such as 15d-PgJ2 injections, might need to be tailored differently for each gender when used for managing patients with TMJ arthritis. In light of these observations, it is evident that bridging the gap between experimental studies and clinical applicability necessitates more comprehensive reporting standards in animal research. Future well-designed and power-adjusted clinical and experimental studies on animal models are imperative to address these gaps, allowing for a more nuanced understanding of the potential age and gender influences on the efficacy of intra-articular treatments for TMJ arthritis. This approach will contribute to the development of more tailored and effective therapeutic strategies for managing TMJ disorders in diverse patient populations.




5. Conclusions


Given the high RoB, methodological variations among the included studies, and the absence of a preceding SSE, arriving at an unequivocal and definitive conclusion regarding the antinociceptive efficacy of 15d-PGJ2 therapy in response to experimentally induced TMJ arthritis poses a considerable challenge.
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Figure 1. PRISMA flowchart. * and ** means that both databases and registers were searched. 
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Figure 2. Weight plot for the SYRCLE risk of bias. 
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Table 1. The Population, Intervention, Control, Outcome (PICO) approach.
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	Parameters
	Description





	Patients/Subjects (P)
	Patients/subjects with TMJ arthritis



	Intervention (I)
	Management of TMJ arthritis with 15d-PGJ2 therapy



	Control (C)
	Management of TMJ arthritis with placebo or no therapy



	Outcome (O)
	Change in TMJ nociception










 





Table 2. Search tracking of electronic databases.






Table 2. Search tracking of electronic databases.





	
Data Source

	
Database

	
PubMed

	
Scopus

	
Web of Science

	
Google Scholar




	
Vendor

	
NLM

	
Elsevier

	
Clarivate

	
Google




	
Date searched

	
5 June 2023

	
5 June 2023

	
5 June 2023

	
5 June 2023




	
Database Update

	
-

	
-

	
-

	
-




	
Limiters

	
English only?

	
No

	
No

	
No

	
No




	
Time period searched

	
No restrictions

	
No restrictions

	
No restrictions

	
No restrictions




	
Publication type

	
-

	
-

	
-

	
-




	
Other

	
Not applicable

	
Not applicable

	
Not applicable

	
Not applicable




	
Key words

	
Items found

	
78

	
454

	
404

	
302




	
Internal duplicates (within one database)

	
0

	
0

	
0

	
0




	
External duplicates (between databases)

	
0

	
0

	
0

	
0




	
Name of saved search

	

	

	




	
1

	
Inflammation OR Nociception OR Pain AND

	
Inflammation OR Nociception OR Pain AND

	
Inflammation OR Nociception OR Pain AND

	
Inflammation OR Nociception OR Pain AND




	
2

	
Prostaglandin J2 AND

	
Prostaglandin J2 AND

	
Prostaglandin J2 AND

	
Prostaglandin J2 AND




	
3

	
Temporomandibular joint OR Temporomandibular disorders

	
Temporomandibular joint OR Temporomandibular disorders

	
Temporomandibular joint OR Temporomandibular disorders

	
Temporomandibular joint OR Temporomandibular disorders











 





Table 3. General characteristics of the included experimental studies.
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	Authors et al.
	Subjects (n)
	Gender
	Age
	Weight Range
	Study Groups
	SSE





	Silva Quinteiro et al. [13]
	Wistar rats (NR)
	Male
	NR
	150–250 g
	Test group: IA injection of 15d-PgJ2

Control group: IA vehicle injection
	NR



	Abdalla et al. [14]
	Wistar rats (12)
	Male
	NR
	200–250 g
	Test group: IA injection of a PL-407 micellar system of 15d-PgJ2

Control group: IA injection of 15d-PgJ2 without PL-407 micellar system
	NR



	Macedo et al. [15]
	Male Wistar Rat (NR)
	Male
	6–8 weeks old
	200–300 g
	Test group: Intra-TMJ injection of 15d-PgJ2

Control group: IA 1.5% formalin injection
	NR



	Pena-dos-Santos et al. [16]
	Wistar Rats (NR)
	Male
	NR
	150–250 g
	Test group: IA injection of 15d-PgJ2

Control: IA vehicle injection
	NR



	Quinteiro et al. [17]
	Wistar Rats (NR)
	Male
	NR
	150–250 g
	Test group: Intra-TMJ injection of 15d-PgJ2

Control group: IA vehicle injection
	NR



	Clemente-Napimoga et al. [18]
	Wistar Rats (NR)
	Male
	NR
	150–250 g
	Test group: Intra-TMJ injection of 15d-PgJ2

Control group: IA vehicle injection
	NR







IA: Intra-articular, NR: Not reported, PgJ2: Prostaglandin J2, SSE: Sample-size estimation, TMJ: Temporomandibular joint, 15d-PgJ2: 15-deoxy-Δ12,14 Prostaglandin J2.













 





Table 4. Study characteristics related to 15-deoxy-Δ12,14-prostaglandin J2 therapy.
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	Authors et al.
	Induction of Arthritis
	Mode of PgJ2 and Vehicle Administration
	Concentration of PgJ2
	Control Group Injected with:
	Other Parameters Assessed
	Follow-Up





	Silva Quinteiro et al. [13]
	AIA

(10 μg/TMJ)
	IA injection
	100 ng/TMJ
	mBSA
	
	
LM



	
IL-6, IL-12, IL-18 in TMJ tissues





	48 h



	Abdalla et al. [14]
	30 µL/TMJ Formalin
	IA injection
	0.3 and 1.3 ng/TMJ
	Vehicle Control Group
	
	
LM



	
IL-1β, IL-10, TNF-α and KC in TMJ tissues



	
ICAM-1





	14 days



	Macedo et al. [15]
	1.5% Formalin Injection
	IA injection
	100 ng

(15 µL/TMJ)
	0.9% saline (45 µL/TMJ)
	
	
Total proteins in periarticular tissue



	
Endogenous opioids (dynorphin and β-endorphin)





	45 min



	Pena-dos-Santos et al. [16]
	1.5% Formalin
	IA injection
	1, 10, 100 ng

(15 µ/TMJ)
	0.9% saline
	
	
Vascular permeability



	
Neutrophil recruitment





	45 min



	Quinteiro et al. [17]
	0.5% Formalin
	IA injection
	30, 100 and 300 ng/TMJ

15 µ/TMJ
	PBS
	
	
Total proteins in periarticular tissue



	
TNF-a, IL-1β, chemokine KC in the TMJ tissue





	45 min



	Clemente-Napimoga et al. [18]
	1.5% Formalin
	Intra-TMJ 15d-PgJ2 Nanocapsules
	0.01, 0.1, 1 ng

(15 µL/TMJ)
	Saline nanocapsules (15 µ/TMJ)
	
	
IL-1β levels in preauricular tissues





	45 min







AIA: Antigen-induced arthritis methylated bovine serum albumin, LM: Leukocyte migration, mBSA: methylated bovine serum albumin, PBS: Phosphate buffered saline, IL-1β: Interleukin 1-beta, TNF-α: Tumor necrosis factor alpha, KC: Keratinocyte chemoattractant, ICAM-1: Intercellular Adhesion Molecule 1 (also known as CD54 protein).













 





Table 5. Outcomes of included studies.
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Authors et al.

	
Effects of 15d-PGJ2 on TMJ Nociception and Protein Expression in Peri-Auricular Tissues

	
Conclusion




	
Experimental Nociception

	
LM and PE

	
Release of Proinflammatory Cytokines

	
CD55 Expression

	
Opioid Receptors






	
Silva Quinteiro et al. [13]

	
Inhibited

	
Inhibited

	
Reduced

	
NR

	
NR

	
15d-PgJ2 administration inhibits TMJ nociception




	
Abdalla et al. [14]

	
Inhibited

	
Inhibited

	
Reduced

	
Increased

	
NR

	
15d-PgJ2 administration inhibits TMJ nociception




	
Macedo et al. [15]

	
Inhibited

	
NR

	
NR

	
NR

	
Activated *

	
15d-PgJ2 administration inhibits TMJ nociception




	
Pena-dos-Santos et al. [16]

	
Inhibited

	
Inhibited

	
NR

	
NR

	
Activated *

	
15d-PgJ2 administration inhibits TMJ nociception




	
Quinteiro et al. [17]

	
Inhibited

	
Inhibited

	
Reduced

	
NR

	
NR

	
15d-PgJ2 administration inhibits TMJ nociception




	
Clemente-Napimoga et al. [18]

	
Inhibited

	
NR

	
Reduced

	
NR

	
NR

	
15d-PgJ2 administration inhibits TMJ nociception








LM: Leukocyte migration, PE: Plasma excavation. * The antinociceptive effect of 15d-PGJ2 is mediated by kappa and delta opioid receptors.













 





Table 6. SYRCLE risk of bias assessment.
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	Domains
	Silva Quinteiro

et al. [13]
	Abdalla

et al. [14]
	Macedo

et al. [15]
	Pena-dos-Santos

et al. [16]
	Quinteiro

et al. [17]
	Clemente-Napimoga

et al. [18]





	Sequence Generation
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear



	Baseline Characteristics
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes



	Allocation Concealment
	No
	No
	No
	No
	No
	No



	Random Housing
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear



	Blinding (Performance)
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear



	Random Outcome Assessment
	No
	No
	No
	No
	No
	No



	Blinding (Detection)
	No
	No
	No
	No
	No
	No



	Incomplete Outcome Data
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes



	Selective Outcome Reporting
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes



	Other Sources of Bias
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear



	Overall Bias Rating
	High
	High
	High
	High
	High
	High
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