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Abstract

Arthrogenic temporomandibular joint dysfunction is a prevalent condition often associated with arthralgia. It is also commonly caused by osteoarthritis. 
Palmitoylethanolamide has been reported to exhibit analgesic, neuroprotective and anti-inflammatory effects in pain pathological conditions. This paper 
will critically appraise recent evidence on the effectiveness of palmitoylethanolamide for the treatment of pain in arthrogenic temporomandibular joint 
dysfunction and related disorders. This paper will assess both the magnitude and longevity of the analgesic effect of palmitoylethanolamide.

Method: An electronic database search was performed by two independent authors on the following databases: PubMed, Web of Science, Medline and 
Embase. A total of 23 articles were retrieved including relevant articles from reference lists. After the elimination of duplicates and further eligibility 
screening, a resultant total of 5 articles were suitable for review. One of these was a retrospective cohort study while the following 4 were randomised 
clinical trials. There was considerable heterogeneity of primary outcome variables and trial design across all selected studies which did not permit a 
meta-analysis of results. 

Conclusion: Palmitoylethanolamide is effective for the treatment of pain in arthrogenic temporomandibular joint dysfunction and related disorders. 
However, the longevity of palmitoylethanolamide-induced analgesia remains unclear. Further high-quality trials are warranted to reveal the relative 
effectiveness of palmitoylethanolamide in comparison to current medication.  
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Introduction

The Temporomandibular Joint (TMJ) is one of the most frequently 
used joints in the body. Over time, normal or parafunctional 
use can lead to the initiation of degenerative joint disease, [1]. 
Degenerative joint disease localised to the TMJ is termed: arthrogenic 
temporomandibular joint dysfunction (A-TMD), according to group 
III of the RDC/TMD, [2]. Current evidence shows that A-TMD 
accounts for 30% of all TMD cases, [3]. A-TMD has considerable global 
prevalence and accounts for a high proportion of socioeconomic costs, 
which are typically related with other psychological disorders, such as 
depression, [4,5]. A-TMD is a growing public health concern due to 
its debilitating repercussions on essential orofacial functions such as 
mastication, speaking and swallowing, [6], which in amalgamation 
with psychological comorbidities can ultimately impede patient 
quality of life.

Osteoarthritis (OA) is the most common degenerative TMJ disease 
associated with A-TMD, affecting 50% of individuals beyond the age 
of 65 years and existing in adolescents following TMJ trauma, [7,8]. 
The pathogenesis of OA involves a cascade of aberrant biomechanical 
alterations in the tissues of the joint that subsequently triggers the 
immune response. Immune cells instigate an inflammatory response 
by secreting various inflammatory mediators, [9]. The process is 
coupled with the activation and release of cartilage degrading factors 
such as matrix metalloproteinase and prostaglandin E which further 
damage the articular cartilage, [10]. This results in articular cartilage 
degradation and remodelling of the subchondral bone, causing chronic 
pain with a central sensitisation component in most cases, [11].

Sensory innervation of the TMJ is derived from the mandibular 
(V3) branch of the trigeminal cranial nerve. The inferior alveolar nerve 
(a branch of the mandibular nerve) provides sensory innervation 
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to the mandibular dental arch, which is itself the third branch of 
the  trigeminal nerve. Therefore, orofacial trauma in the mandibular 
vicinity can give rise to referred pain in the TMJ, [12].

Current pharmacological treatment of A-TMD quintessentially 
entails the use of acetaminophen or NSAIDs. Several studies 
have revealed that acetaminophen provides negligible short-term 
benefit for patients with OA, [13,14]. NSAIDs have proven to be 
more effective for pain relief than acetaminophen for patients with 
arthralgia, [15,16]. Despite the superior effectiveness of NSAIDs to 
acetaminophen, it is well-documented that long-term NSAID overuse 
has been associated with increased likelihood of adverse side effects 
such as gastric and cardiovascular complications [17,18]. Considering 
this, there is an urgent need to develop innovative drugs that produce 
both significant analgesic effects and minimal side effects. 

Palmitoylethanolamide (PEA) is an endogenous 
N-acylethanolamine and is analogous to the endocannabinoid 
anandamide, [19] but without psychotropic influences. PEA has been 
described to induce analgesic, neuroprotective and anti-inflammatory 
effects in previous studies involving acute and chronic pain states, 
[20,21]. The precise mechanism of action of PEA is not entirely 
understood, although it has been posited that PEA may interact 
with peroxisome proliferator-activated receptor (PPAR)-α which 
exhibits anti-inflammatory effects, [22]. The literature also suggests 
that PEA mimics an endogenous ligand for the CB2 receptors, [23], 
which mediates analgesic effects in neuropathic pain states, [24]. 
The beneficial effects of PEA have been demonstrated in previous 
studies either alone or in combination with a different drug [25,26]. 
In this regard, PEA shows promising results for an innovative 
pharmacological intervention. However, the paucity of knowledge 
on the duration of the treatment effect derived from PEA warrants 
further investigation.

This systematic review aims to critically appraise evidence on 
the effectiveness of PEA for the treatment of pain in arthrogenic 
temporomandibular joint dysfunction and related disorders. Both the 
magnitude and longevity of the analgesic effect of PEA will be assessed. 

Methods

This systematic review is grounded upon the recommendations of 
the PRISMA statement for systematic reviews, [27].

Data Sources and Search Strategy

An electronic literature search was conducted on the following 
databases: PubMed, Web of Science, Medline and Embase up to 
14 July 2019, with no restrictions on the publication language or 
date. The key words inputted in this search were: Arthralgia; pain; 
palmitoylethanolamide and temporomandibular joint dysfunction. 
(Table S1) depicts the search terms and strategy (see supporting 
information). The reference list of provisionally selected studies was 
manually reviewed to identify studies that were absent from the 
electronic databases and were then included for further screening. We 
methodically contacted corresponding authors for studies with partial 
data [28–32].

Eligibility Criteria and Study Selection

The inclusion and exclusion criteria for study selection are 
itemised in (Table 1). Titles and abstracts of all studies found from 
the database search were manually screened for compatibility with the 
inclusion criteria by two review authors.  Data was extracted based 
on the nature of participants’ TMD, type of intervention, comparison 
or control interventions, relevant outcome variables and study design. 

Table 1. Eligibility criteria for study selection.

Inclusion criteria Exclusion criteria

Participants 1. Active A-TMD

2. Osteoarthritis

3. Orofacial trauma

1. Mixed TMD

2. Myogenic TMD

Experimental 
Intervention

PEA Non-PEA treatment

Comparison or control 
intervention

1. NSAIDs

2. Opiates

3. Muscle relaxants

4. Analgesics

5. Benzodiazepines

6. Anticonvulsants

N/A

Primary outcome 
variable

Pain Non-pain related

Study design All designs N/A

Notes: N/A: Not applicable, NSAID: Non-steroidal anti-inflammatory drugs PEA: 
Palmitoylethanolamide, TMD: Temporomandibular joint dysfunction

After selecting studies based on eligibility criteria, the 
kappa coefficient (k) for agreement among the reviewers was 
k = 0.937.

Data collection

A standardised proforma was used to systematically cumulate data 
on the type of study design, participant characteristics, intervention 
and control or comparison characteristics, primary outcome variables, 
and follow-up intervals if present. Additional pertinent data such as 
the funding source, potential conflict of interests between authors and 
reported risk of bias was also collected. 

Risk of Bias and Quality Assessment

The risk of bias (RoB) and subsequent methodological quality of 
the selected studies was ascertained according to the Cochrane Risk 
of Bias Tool, [33] by two independent reviewers. The tool was used to 
assess bias from the following domains: random sequence generation, 
allocation concealment, blinding of participants and personnel, 
blinding of outcome assessment, incomplete outcome data, selective 
reporting, and other bias. Each domain was scored as either ‘low’, 
‘high’ or ‘unclear’ RoB for each respective study. The overall RoB in a 
study was categorized as high quality if all criteria were scored as ‘low’ 
RoB; moderate quality if only one criterion was scored as ‘high’ RoB 
or if two criteria were scored as ‘unclear’ RoB and Low quality if two 
or more criteria were scored as ‘high’ RoB or if at least three criteria 
possessed ‘unclear’ RoB, [33]. 

https://en.wikipedia.org/wiki/Trigeminal_nerve
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Discrepancies in overall RoB classifications for each study between 
reviewers was settled by providing supporting reasons and a final 
consensus was reached. After critical appraisal of selected studies, 
there was a final agreement of k = 0.884 between reviewers.

Patient involvement

No patients with A-TMD were involved in the conceptualisation 
or completion of this review, assessment of outcomes, interpretation 
of findings, or editing of the manuscript.

Results

As shown in (Figure 1), 21 studies were obtained from the initial 
electronic database search and 2 additional studies were later found 
from a manual search of reference lists. After the elimination of 
duplicates, screening titles, abstracts and full texts, 5 studies with a 
cumulative total of 227 trial participants were included in this review. 

Figure 1. PRISMA flowchart of study selection.

Study characteristics
Details on the key characteristics of the 5 eligible studies are 

provided in (Table 2). A total of 4 randomised clinical trials (RCTs) and 
1 retrospective cohort study were retrieved. Of the 185 participants 
who were randomised, 108 (58%) were assigned to receive PEA. 
The mean sample size was 45.4 (range: 24–111). The mean age of 
participants in human trials was 40.5 years (range: 18–60) and the 
median proportion of male individuals was 41.6% (range: 33–47%). 
No follow -up assessment was detected in 4 studies, yet a single study, 
[28] showed a follow-up period ranging from 3 to 7 days.  

The overall quality was moderate for 3 studies (60%) and low 
quality for 2 studies (40%). (Figure 2) shows the cumulative RoB on 
each RoB criterion presented as a percentage across all selected studies. 
More specifically, the risk of selection bias (sequence generation and 
allocation concealment) was unclear for 30% of studies and low for 
70% of studies. The risk of performance bias (blinding of patients 
and investigators) and detection bias (blinding of investigators) was 
low for 20% and 10% of studies, respectively. Lastly, 60% of trials 
presented with low RoB for incomplete outcome data. Overall, we 
have interpreted the results of the included studies with moderate 
confidence in the quality of the studies in question. (Table 3) shows a 
comprehensive assessment of the RoB for each study. Figure 2 depicts 
the proportion of RoB for each criterion across all selected studies.

Arthrogenic TMD

Three studies, [29,31,32] addressed the effectiveness of PEA on 
A-TMD. The participant eligibility criteria used for 2 of the 3 studies, 
[29,31] were based on group III of the Research Diagnostic Criteria 
for TMD (RDC/TMD). All 3 studies concluded that PEA is useful for 
attenuating A-TMD-related pain and few studies revealed that PEA is 
superior to common NSAIDs in pain reduction, [29,31]. All 3 studies 
concluded that PEA is an effective treatment for TMJ pain associated 
with A-TMD. Further details are shown in Table 2. 

Osteoarthritis

One study, [30] investigated the effectiveness of PEA for the 
treatment of pain in patients with knee OA. As previously mentioned, 
the data from this trial is applicable to A-TMD due to the similar 
pathophysiology and symptomatology of both conditions. Steels 
et al, [30] implemented comprehensive eligibility criteria which 
only included patients with moderate knee OA and were medically 
stable. The study ultimately concluded that PEA is effective for pain 
attenuation in knee OA, and as such this finding is generalisable to 
A-TMD. 

Orofacial pain

One study, [28] investigated the effectiveness of PEA following 
bilateral tooth extraction. Again, as previously stated, the data from 
this trial was deemed to be pertinent to A-TMD and provide further 
evidence to support or negate the effectiveness of PEA in pain 
reduction. The participant eligibility criteria were based on signs and 
symptoms as well as radiographic dentition assessment. This study 
also concluded that PEA demonstrated an ameliorative effect on 
orofacial pain. 

Adverse events

The medical literature shows that PEA is well-tolerated by human 
subjects. A total of 2 separate mild adverse events were reported by 
2 individual participants treated with 300  mg of Normast™ after an 
impacted molar tooth extraction, [28]. This represents an incidence 
risk of 0.88% across the pooled sample size of selected studies (227) 
and is therefore insignificant. One patient reported a transient episode 
of drowsiness after Normast™ treatment. Another patient reported a 
2–3-hour episode of cardiac palpitations on the third day of the trial. 
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This arose 1 hour after Normast™ administration, and subsequently 
the patient dropped out of the trial after this incident. This patient’s 
medical history showed evidence of cannabinoid use. Hence, it is 
therefore logical to suggest that the symptom reported by this patient 

was due to the synergic effect of PEA and tetrahydrocannabinol. The 
low rate of adverse events for PEA is encouraging, however we cannot 
definitively conclude whether the low incidence of adverse events 
depicts a true low risk based on the few published studies. 

Table 2. Characteristics of selected studies.

Author(s), date, 
country

Participant characteristics PEA Intervention Comparison/ Control 
intervention

Assessment interval(s) Outcome variable(s)

Bacci et al, 2011
Italy

Condition: Bilateral impacted 
lower third molar extractions

Treatment + control group 
combined:
n = 30

Total M: F = N/D
Mean age of total participants = 
24.00 ± 21.21

m-PEA tablet

Dose: 300mg x2 tablets per 
day for 15 days

Unilateral impacted lower 
third molar extraction 
without m-PEA

Measurement at baseline, 
Follow-up at 3 days 
post-surgery and 7 days 
post-surgery

Pain assessed by VAS

Marini et al, 2012
Italy

Condition: TMJ osteoarthritis 
and arthralgia

1.PEA group: n = 12
2.Control group: n = 12

Total M: F = 8:16
Mean age of total participants = 
39.00 ± 15.00

PEA tablet

Dose: 300mg in morning and 
600mg in evening for days. 
Then 300mg x2 per day for 
7 days.

Ibuprofen

Dose: 600mg x3 per day 
for 14 days

Measurement at baseline, 
day 1 before treatment 
and day 14. No follow-up.

Pain assessed by VAS

Bartolucci et al, 
2018
Italy

Condition: Induced TMJ 
inflammation in rats

1.Sham group: n = 10
2.Sham + PEA: n = 10
3.CFA + vehicle: n = 10
4.CFA + PEA: n = 10

Total M: F = N/A
Mean age of total participants: 
N/A

Intraperitoneal m-PEA 
administration in:
1.Sham +PEA group

2.CFA + PEA group

Dose: 10 mg/kg

1.Sham group (Saline 
injection into left TMJ 
capsule)

2.CFA + vehicle group 
(50 µl of CFA injection 
into left TMJ capsule)

Measurement at 24 hours 
and 72 hours post-
injection respectively. No 
follow-up.

Mechanical allodynia 
threshold

Marini et al, 2018
Italy

TMJ osteoarthritis and arthralgia

1.um-PEA + celecoxib group: 
n = 6
2.um-PEA group: n = 6

Total M: F = 5: 7
Mean age of total participants: 
42.50 ± 24.75

um-PEA tablet + celecoxib 
tablet

Dose: um-PEA 600mg x1 
+ celecoxib 200mg in the 
morning and 200mg in the 
evening for first 4 days. 
Then, 600mg um-PEA daily 
for 14 days

um-PEA tablet (600mg for 
14 days)

Measurement at baseline 
and each day for 14 days. 
No follow-up.

Pain assessed by VAS

Steels et al, 2019
Australia

Knee osteoarthritis

1.300mg PEA group: n = 36
2.600mg PEA group: n = 35
3.Placebo group: n = 40

Total M: F = N/D
Mean age of total participants: 
57.00 ± 26.87

1.300mg PEA tablet group
Dose: 150mg x2 per day for 
8 weeks

2.600mg PEA tablet group
Dose: 300mg x2 per day for 
8 weeks

Placebo group (received 
maltodextrin x2 per day 
for 8 weeks)

Measurement at baseline, 
day 2, week 1, week 4 
and week 8. No follow-
up.

Pain assessed by NRS

Notes: CFA – Complete freund’s adjuvant, N/D – Not detected, NRS – Numerical rating scale, VAS – Visual analogue scale, m-PEA – Micronised palmitoylethanolamide, PEA – 
Palmitoylethanolamide, um-PEA – Unmicronised PEA.
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Figure 2. A cumulative risk of bias graph representing the reviewer’s findings on each risk of bias criterion presented as a percentage across all selected studies in the literature review. 

Table 3. Methodological quality appraisal of selected studies and associated risk of bias.

Study  
(Author and year)

Random sequence 
generation

Allocation 
concealment

Blinding of 
assessors and 
participants

Blinding 
of outcome 
assessment

Incomplete 
outcome data

Selective 
reporting

Other 
bias

Overall 
quality rating

Bacci et al, 2011 Low Unclear High Unclear Low Low Low Moderate

Marini et al, 2012 Low Low Low Low Low Low Unclear Moderate

Bartolucci et al, 2018 Low Unclear High Unclear High Low High Low

Marini et al, 2018 Low Unclear Unclear Unclear Unclear Low High Low

Steels et al, 2019 Low Low Low Unclear Low Low High Moderate

Notes: ‘High’, ‘low’ or ‘unclear’ risk of bias RoB. 

Discussion

Principal findings

In the present systematic review, we merged data from 5 studies 
involving 227 participants. These studies generally used a small 
sample size, with the largest consisting of 111 patients. Based on RCTs 
at moderate and low risk of bias, we discovered moderate to high 
quality evidence that PEA has a significant effect on pain reduction 
in A-TMD. This finding was also corroborated by a single animal 
study, [32]. However, the longevity of this analgesic effect remains 
inconclusive due to the dearth of trials that include a follow-up period.   

PEA effectiveness

This systematic review shows that offering PEA to patients with 
A-TMD and associated conditions, may prove to be an effective 
pharmacological intervention to enhance clinical outcomes. All 5 
studies in this review concluded that PEA was indeed effective for 
pain reduction.  

Firstly, Bacci et al, [28] found that on the third day after extraction, 
the mean VAS recorded by the Normast™ group was 3.8 ± 3.09 cm, 
whereas the control group showed a change of 5.5 ± 2.42 cm. Similarly, 
this trend continued at the 7-day follow-up interval with the mean 
VAS for the Normast™ group inferior compared to the control group 
at 1.0 ± 1.82 cm and 1.5 ± 2.18 cm respectively. Despite this positive 
finding, the authors did not report a power calculation and the 
study used a small sample size of 30 participants, of which only 26 
completed the protocol. Consequently, the small sample size may have 
increased the prospect of detecting a false-positive (Type II error) 
result, which reduces the power of the study. Although a strength of 
this study, was the implementation of a rigorous screening protocol 
and assessment for homogeneity of baseline characteristics which 
may have diminished the effect of confounding bias on the summative 
results. 

In addition, the results of the study by Marini et al, [31] showed 
that VAS scores decreased to 37.42 ± 0.36 mm and 7.69 ± 0.16 mm in 
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the ibuprofen and PEA groups respectively by the end of treatment. 
The difference between the mean VAS values at baseline and those 
obtained at treatment cessation between both groups was statistically 
significant (p = 0.0001). However, a limitation of this study was the 
short trial duration (14 days) and as such, there is uncertainty whether 
the favourable findings are sustainable in treated individuals in the 
long-term. 

Another study by Marini et al, [29] showed a gradual decline in 
pain intensity following the administration of Celecoxib + um-PEA. 
Mean VAS scores reduced from 71.08 ± 8.7 mm at baseline to 5.5 ± 2.1 
mm at treatment cessation, so the decrement in mean VAS score over 
time was vastly significant (p = 0.0001). However, the authors failed 
to report or potentially omitted data on the results for the um-PEA 
alone group and as such, it is difficult to deduce if um-PEA caused 
the statistically significant results observed. Yet, other similar studies 
have discovered significant results in favour of PEA. Thus, in this case, 
um-PEA was likely to have induced the significant analgesic effect in 
this trial. 

Furthermore, Steels et al, [30] revealed that NRS pain scores were 
significantly reduced in the 300 mg PEA group (p = 0.0005) and 600 
mg PEA group (p < 0.001) compared to the placebo group. In the 
300 mg PEA group, there was a considerable increase in the number 
of participants that no longer experienced pain during  the study 
(baseline, n = 8; week 1, n=15; week 4, n=17; and week 8, n=21). A 
similar trend was also observed for the 600 mg PEA group (baseline, 
n=9; week 1, n=14); week 4, n=23; and week 8, n=24). Overall, both 
groups demonstrated a 163% and 167% increase in absolute pain 
resolution respectively. However, the placebo group showed negligible 
dissimilarity in the number of patients that no longer experienced 
pain during the trial (baseline, n=13; week 1, n=14; week 4, n=11; 
week 8, n=11). This discrepancy highlights the marked effectiveness 
of PEA in pain attenuation for arthralgia. 

The findings in the animal study by Bartolucci et al, [32] were 
considered with less weighting in this review due to both the limited 
validity of the trial design and the use of an unconventional outcome 
variable which made comparisons with other studies challenging. 
Despite this, the study did provide ancillary evidence as to the 
effectiveness of PEA. The authors reported that CFA-injected rats 
(induced A-TMD) treated with m-PEA, displayed reduced orofacial 
mechanical allodynia in comparison to the CFA-vehicle group. A 
criticism of this study resides in the difficulty to extrapolate these findings 
to human subjects due to the significant disparity in pharmacokinetics 
of PEA and dosage regimens in both species, conceivably leading to 
variation in effectiveness and toxicity of the drug. However, a benefit 
of this study is that it supports the superiority of m-PEA over um-PEA 
which will ultimately inform future human trials. 

Strengths and limitations of this study 

This systematic review is the first to investigate the effectiveness 
of PEA for the treatment of pain in A-TMD and related disorders. 
This review possesses several strengths. Firstly, we conducted a 
rigorous and extensive literature search, contacted several authors, 

and meticulously examined the reference lists of all provisional studies 
to find relevant articles. Therefore, the likelihood that a trial was 
missed, in the presence of an already limited evidence base, was low. 
Additionally, most included studies involved participants with similar 
characteristics that would be observed in clinical practice. Therefore, 
the results from this review is generalizable to the clinical population.

However, we acknowledge several limitations in this review. 
Solely studies published in peer-reviewed journals and in the English 
language were selected for review which may predispose our findings 
to publication bias. There may also be the potential for confirmation 
bias, owing to the selection and interpretation of data which validates 
pre-existing hypotheses. However, the utilisation of a systematic search 
strategy, methodological quality appraisal and independent reviewers 
may assuage this matter. Another short coming was the inclusion of 
trials whereby a placebo control group was absent, lacked blinding or 
possessed obscure blinding protocols. Such drawbacks may perhaps 
cause the gauged benefits of PEA to be understated or overestimated. 
Additionally, the significant heterogeneity in trial design, outcome 
variables and PEA formulation did not permit a meta-analysis, and 
therefore the clinical significance of PEA could not be assessed.  

Implications for future research 

The clinical data regarding the effectiveness and tolerability of PEA 
are promising, yet further randomised clinical trials are necessary to 
reveal the clinical significance of PEA on a larger scale. Due to the 
shortcomings of the included trials in this systematic review, we 
recommend several developments for future research on this topic: 1) 
Use randomised, placebo-controlled trial design to facilitate unbiased 
measurements on the effectiveness, tolerability and longevity of PEA 
; 2) Consistent and complete reporting of adverse events in all study 
groups; 3) Conduct cost-effectiveness analysis such that the quality-
adjusted life years can be established and inform policy makers ; 
4) Implement trial follow-up assessments to assess the longevity or 
potential long-term side effects of PEA treatment;  5) Ensure trials 
are sufficiently powered, with statistically satisfactory homogeneity 
in outcome variables and participant characteristics to permit future 
meta-analyses; and 6) Conduct head-to-head comparisons with 
current medication to discover the relative effectiveness of PEA and 
further inform policy makers. 

Conclusion

This systematic review imparts introductory evidence that PEA 
is effective for the treatment of pain in A-TMD and related disorders. 
The findings from this review are promising as PEA demonstrates a 
superior analgesic effect to some NSAIDs, yet the longevity of this 
effect remains indeterminate. Further high-quality trials with follow-
up assessments are warranted to compare the effectiveness of PEA 
relative to various medications currently used for the treatment of 
pain in A-TMD. 
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Abbreviations

A-TMD: Arthrogenic temporomandibular joint dysfunction

M-PEA: Micronised PEA

NSAID: Non-steroidal anti-inflammatory drug

OA: Osteoarthritis

PEA: Palmitoylethanolamide

PRISMA: Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses

RCT: Randomised clinical trial

RDC/TMD: Research Diagnostic Criteria for Temporomandibular 
joint disorders

RoB: Risk of bias

TMD: Temporomandibular joint dysfunction

TMJ: Temporomandibular joint

Um-PEA: Unmicronised PEA

VAS: Visual analogue scale

Table S1. Literature search terms and strategy

Database (search date) Search

PubMed (14 July, 2019) (palmitoylethanolamide OR 
Palmitoylethanolamide OR PEA) AND 
(temporomandibular joint dysfunction OR TMD 
OR temporomandibular joint disc disorder) 
AND (pain OR arthralgia)

Web of science (14 July, 
2019)

(Palmitoylethanolamide OR PEA) AND 
(temporomandibular joint dysfunction OR 
temporo-mandibular disorder TMD OR TMJ)

Medline (14 July, 2019) (Palmitoylethanolamide OR PEA) AND (TMD 
OR TMJ OR temporo-mandibular disorder OR 
temporomandibular joint dysfunction)

Embase (14 July, 2019) #1 TMJ OR TMD OR temporomandibular AND 
joint OR ‘temporo-mandibular’ AND joint OR 
‘temporo-mandibular’ AND disorder

#2 ‘palmitoylethanolamide’ OR PEA AND 
‘Palmitoylethanolamide’ 

#1 and #2
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