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Aims: To carry out a randomized clinical trial to compare the effect 
of palmitoylethanolamide (PEA) versus ibuprofen, a nonsteroidal 
anti-inflammatory drug (NSAID), for pain relief in temporomandib-
ular joint (TMJ) osteoarthritis or arthralgia. PEA acts as an endog-
enous agent with an autacoid local inflammation antagonism and 
modulates mast cell behavior controlling both acute and chronic 
inflammation. Methods: A triple-blind randomized clinical trial was 
conducted on 24 patients (16 women and 8 men) aged 24 to 54 years 
and suffering from TMJ osteoarthritis or arthralgia. The patients 
were enrolled from a group of 120 consecutive patients referred to 
the University of Bologna’s Department of Orthodontics. Patients  
were randomly divided into two groups: group A (12 subjects) 
 received PEA 300 mg in the morning and 600 mg in the evening for 
7 days and then 300 mg twice a day for 7 more days. Group B (12 
subjects) received ibuprofen 600 mg three times a day for 2 weeks. 
Every patient recorded the intensity of spontaneous pain on a visual 
analog scale twice a day. Maximum mouth opening was recorded by 
a blind operator during the first visit and again after the 14th day of 
drug treatment. A t test was used for data comparisons. Results: Pain 
decrease after 2 weeks of treatment was significantly higher in group 
A than in group B (P = .0001); maximum mouth opening improved 
more in group A than in group B  (P = .022). Conclusion: These data 
suggest that PEA is effective in treating TMJ inflammatory pain.  
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Osteoarthritis (OA) is the most common degenerative disease 
of joints, affecting at least 50% of people over 65 years of 
age and occurring in younger individuals following joint 

injury.1,2 The temporomandibular joint (TMJ) is also commonly 
 affected by OA. The disease is characterized initially by carti-
lage degradation, which precedes changes in the underlying bone. 
 Patients present with pain (predominantly function-related), stiff-
ness, joint sounds (crepitus), and reduced function resulting in a 
limited mandibular range of motion.3 Currently, there are no avail-
able disease-modifying agents to treat OA; thus, TMJ management 
consists of pain-relief treatment, physiotherapy,4 lasertherapy,5 and 
ultimately surgical joint replacement. A major concern in the man-
agement of these patients is the risk of serious side effects with the 
use of chronic nonsteroidal anti-inflammatory drugs (NSAIDs), such 
as gastric ulceration and bleeding.6 Recent evidence of an increasing 
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cardiovascular risk with the more selective COX-2 
antagonists has also added alarm and restricted pre-
scribing practices.7,8 There is hence an overwhelm-
ing need for the development of new safer drugs to 
treat OA, which reflects chronic pain that may also 
have a neuropathic component.9,18–20 

After 40 years of research in pharmacology, 
new compounds displaying anti-inflammatory and 
 analgesic properties, and effective for neuropathic 
pain, have been characterized. Among these, pal-
mitoylethanolamide (PEA), a fatty acid amide that 
belongs to the N-acylethanolamine (NAE) fam-
ily,10 a chemical analog of the endocannabinoid 
anandamide (AEA)11 but without central psycho-
tropic  effect, is an interesting molecule taken into 
account in the present study. The anti-inflammatory 
and  analgesic effects of PEA are due to different 
 actions. It has been reported that PEA acts by down-
regulating mast cell degranulation via an “autacoid 
local  inflammation antagonism” (ALIA) effect12; 
however, an “entourage effect” of PEA, ie, an effect 
due to an enhancement of  the anti-inflammatory 
and antinociceptive effects exerted by AEA, has 
also been postulated.13 A “receptor mechanism” has 
also been proposed, based on the capability of PEA 
to stimulate directly either an as-yet uncharacter-
ized cannabinoid CB2 receptor-like target, or the 
 nuclear peroxisome proliferator-activated receptor-
a (PPAR-a), which clearly  mediates many of the 
anti- inflammatory  effects of this compound, or the 
 orphan receptor G-protein coupling, GPR55.14

Until now, no study has evaluated the PEA effect 
on inflammation and pain associated with the TMJ. 
The aim of this study was to carry out a randomized 
clinical trial to compare the effect of PEA versus 
ibuprofen, an NSAID, for pain relief in TMJ OA or 
arthralgia.

Materials and Methods

Subjects 

A triple-blind, randomized, parallel arms clini-
cal trial was conducted on 24 patients (16 women 
and 8 men) aged 24 to 54 years, recruited from a 
group of 120 consecutive patients with a complaint 
of orofacial pain and referred to the Department 
of  Orthodontics, University of Bologna, Italy. The 
study was approved by the local ethics committee, 
and informed consent was obtained in accordance 
with guidelines of the Helsinki Declaration.

A temporomandibular disorder (TMD) diagno-
sis was made using Axis I group III of the Research 
Diagnostic Criteria for TMD (RDC/TMD).15 Inclu-

sion criteria were the presence of arthralgia or OA. 
The OA diagnosis consisted of joint pain at rest and 
during function, evoked pain on TMJ palpation, 
and crepitus. The arthralgia diagnosis was based on 
TMJ pain at rest, during function, and on palpation. 
Exclusion criteria for the study were the presence of 
myogenic pain, musculoskeletal pain based on Axis 
I of the RDC/TMD, depressive disorders according  
to Axis II of the RDC/TMD, odontogenic pain, 
pregnancy, malignancy, and other systemic rheu-
matologic diseases such as rheumatoid arthritis. An 
anamnestic questionnaire was administered to all 
patients to determine the participant’s eligibility for 
the study, and a dental examination was performed 
to exclude odontogenic pain. Patients were screened 
by an experienced and RDC/TMD calibrated oro-
facial pain specialist (MI) who was blind to the 
drug administered. T1- and T2-weighted magnetic 
resonance imaging (MRI) was performed on each 
 patient by the same radiologist using the same  device 
to detect anatomical changes of both hard and soft 
tissues, such as flattening and erosion of the articu-
lar surfaces and possible intra-articular effusions or 
soft tissue involvement, in order to  investigate the 
cause of the acute pain reported by the patients and 
to confirm the clinical diagnosis. 

Twenty patients were found to be affected by OA 
and four by arthralgia. Two groups were created by 
using a balanced block randomization; each block 
was made of two subjects who were assigned to the 
treatments. The patients with arthralgia were ran-
domly assigned to the groups, two in each of them. 
The therapeutic pattern provided 2 weeks of treat-
ment. Group A (12 patients) received PEA 300 mg 
(Normast 300 Epitech) in the morning and 600 mg 
in the evening for 7 days and then 300 mg twice 
a day for another week. Group B (12 patients) 
 received ibuprofen 600 mg three times a day after 
meals for 2 weeks. A supervisor assigned the sub-
jects to the treatment; the operator who adminis-
tered the treatments and the patients were blinded.

Pain Assessment

All patients were given a 14-day diary including for 
each day two visual analog scales (VAS), 100-mm 
long, in which 0 represented “no pain” and 100 rep-
resented “the worst pain imaginable,” and were in-
structed to report current pain level every morning 
and evening by putting a mark at the level that best 
represented their pain at the time of assessment, as de-
scribed by Huskisson.16 The differences between VAS 
values obtained at baseline, measured on day 1 before 
starting the treatments, and those measured on the 
last day of treatment were used for statistical analysis.
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Maximum Active Mouth Opening Evaluation 

Maximum active mouth opening was registered 
by a blinded operator before and at the end of the 
treatment, and a mean of three mouth-opening tri-
als was computed each time. The vertical distance 
between maxillary and mandibular incisors was 
measured by a ruler and recorded in millimeters. The 
 improvements of the maximum mouth opening in the 
 ibuprofen- and PEA-treated groups were evaluated by 
considering  the differences (expressed in millimeters) 
between the values obtained at the end of treatments 
minus baseline values. It was not possible to evalu-
ate the improvement in the range of lateral excursion 
as the measurement in the acute pain phase was not 
reproducible.

Adverse Effect Registration 

Every patient was requested to report any adverse 
effect during treatment by means of a questionnaire.

Statistical Analysis

For sample size determination, it was a priori 
 assumed that data are normally distributed and 
variances in the groups are similar, and that group 
sizes are the same, and so the VAS difference mea-
sured at baseline and at the end of the treatments 
was computed between the two groups. The stan-
dard deviation (SD) could not be determined at 
the time of planning, and was given the value of 1, 

 estimated by using the ratio between the largest VAS 
difference between the first day of the first week 
and the last day of the second week. Hypothesizing 
that the expected SD within each group was equal 
to 0.95 (a large effect size) and applying Cohen’s 
f formula (f = 0.0475), with a power of 0.80 and  
α = 0.05, 12 subjects for each group is needed.17 Pain 
intensity as well as the improvement of the maxi-
mum mouth opening were obtained using mean ± 
SE, and VAS data were analyzed together since no 
significant differences were found between  morning 
and evening in both groups by using t test for paired 
samples. The Shapiro-Wilk test was used to examine 
the Gaussian distribution of the outcome variables; 
being that the distribution was not Gaussian, the 
course of pain during the two treatments was com-
pared using t test for independent samples; α level 
was a priori set at 0.05. The biostatistician who 
analyzed the data was also blinded.

Results

At baseline, pain intensity was not significantly differ-
ent between the two groups (Table 1). A progressive 
decrease of pain intensity was observed in ibuprofen- 
and PEA-treated groups during the first week of treat-
ment; thereafter, the decrease of pain was higher in 
the PEA-treated group as compared to the ibuprofen- 
treated group (Fig 1). At the end of the treatment, 
pain intensity decreased to 37.42 ± 0.36 mm and 
7.69 ± 0.19 mm in the ibuprofen- and  PEA-treated 

Table 1  Pain Intensity in Patients at Baseline and After Treatment with Ibuprofen or PEA

Treatment Baseline VAS (mm) Final VAS (mm) %*

Ibuprofen (n = 12) 68.42 ± 0.15 37.42 ± 0.36 54.09 ± 0.14

PEA (n = 12) 69.96 ± 0.22 7.69 ± 0.19 11.00 ± 0.09

*Represents % of baseline values.
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Fig 1  VAS daily pain intensity ratings during ibuprofen 
or PEA treatment. The baseline VAS value was registered 
before starting the treatment. Values are expressed as 
mean ± SE; n =12 for each group; P = .0001 for PEA 
versus ibuprofen.  
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groups, respectively; the difference in mean VAS val-
ues between baseline and those obtained at the end 
of treatment between the two groups was statistically 
significant (P = .0001) (Fig 1). 

The increase of mandibular opening in the two 
groups is reported in Fig 2. The maximum mouth 
opening mean values at baseline were 38.83 ± 0.97 
mm and 38.00 ± 0.62 mm in the ibuprofen- and 
PEA-treated groups, respectively; mean values 
 increased at the end of treatment, reaching the mean 
values 40.96 ± 0.55 mm and 42.38 ± 0.62 mm in 
the ibuprofen- and PEA-treated groups, respectively. 
The difference between the mean values obtained at 
the end of treatment and baseline was significantly 
higher in the PEA-treated group as compared to the 
ibuprofen-treated group (P = .022). 

As far as adverse effects, only three ibuprofen-
treated patients reported stomachache during the 
second week of treatment; PEA-treated patients 
 reported no adverse effects.

Discussion

Degenerative joint disease with characteristic de-
struction of cartilage and alteration in bone is a very 
common cause of chronic pain, particularly in the 
elderly. The degree of pain does not always corre-
late with the extent of joint damage or the presence 
of active inflammation, raising the possibility that 
there may be a neuropathic and/or central compo-
nent of the pain.18–20 In agreement with such a view, 
recent studies have shown that long-term use of the 
standard NSAID treatment fails to reduce mean OA 
pain beyond minimal clinically important levels.21,22 
The results reported here corroborate this finding: 
the TMD patients treated with ibuprofen (at a daily 
dosage of 1,800 mg for 2 weeks) showed a rapid 
 decrease in pain intensity during the first week of 

treatment, but there was a stabilization of VAS values 
starting from around day 9 to the end of treatment. 
A better control of pain intensity in the patients was 
obtained with PEA: the VAS  decrease in the PEA-
treated group was linear and continuous and at the 
end of treatment had reached a mean value < 1.0. 
PEA-induced pain relief was also  associated with a 
higher improvement in maximum mouth opening at 
the end of the treatment as compared to ibuprofen. 

PEA has been reported to exert anti-inflammatory 
and analgesic effects in different experimental models 
of acute as well as chronic pain.23–28 The clinical use 
of PEA, in agreement with the  Commission  Directive 
1999/21/EC of 25 March 1999, is allowed in  Italy 
and other European countries as “dietary foods 
for special medical purposes.”29 PEA is commonly 
used for the treatment of chronic pain sustained by 
neuroimmune dysfunctions.30,31 In previous reports, 
the PEA-induced pain relief has been attributed to 
its ability to downregulate mast cell degranulation 
through the ALIA effect. The pain relief induced 
by PEA in the TMD patients in the present study 
may thus be due to a control of mast cell activities. 
Mast cells are a normal constituent of the synovium 
and increase strikingly in a range of joint diseases 
to regulate the immune response.32 Persistent acti-
vation and degranulation of mast cells can lead to 
the development of synovitis with consequent tis-
sue damage and arthralgia and/or OA.33 However, 
an involvement of peripheral and central glial cells 
activation in TMD pain cannot be excluded9,34–36; 
these findings raise the possibility that PEA may also 
downregulate the activity of glial cells as observed in 
cases of neuropathic pain in animal studies.37,38 

The main limitations of this study were the lack 
of a placebo group (which would have assessed the 
real efficacy of PEA), the small sample size, and the 
short time of observation. Nevertheless, the high 
reduction of pain obtained with PEA in so short 
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Fig 2  Increase in maximum mouth opening in patients 
treated with ibuprofen or PEA reflected as the difference 
in maximum mouth opening between values obtained 
at the end of treatment minus baseline values in the two 
groups. Values are expressed as mean ± SE; n =12 for each 
group; P = .022 for PEA versus ibuprofen. 
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a time is remarkable. An open question is mainte-
nance of the PEA effects after the end of the treat-
ment. It is necessary to obtain further insights in 
the reported  PEA effects to validate the results in 
a larger  study and to aquire more information con-
cerning the maintenance of the effects. Neverthe-
less, these  results are of particular interest since they 
confirm the total lack of side effects ascribed to the 
use of PEA, as demonstrated by clinical studies con-
ducted on a great number of young as well as older 
adult subjects affected by respiratory diseases.39–42 

In contrast, NSAIDs have been associated with an 
increased risk for gastrointestinal complications43,44 
and cardiovascular events including thrombosis, 
myo cardial infarction, and stroke,45 which can limit 
their chronic use in some patients, even though they 
offer important benefits in acute pain states. In the 
present study, three patients treated with ibuprofen 
reported stomachache during the second week of 
treatment.

Another possible limitation could be that a com-
puted tomography (CT) scan, the gold standard to 
assess hard tissues remodelling, was not used. As 
the diagnosis of OA was made clinically by means 
of the RDC/TMD, MRI was performed to permit an 
evaluation of soft tissue damage and blood effusions 
since it has a fair sensitivity and an excellent specific-
ity to detect OA46 and to avoid exposing patients to 
 radiation.

The endogenous nature of PEA and its capacity to 
act locally and to protect tissues against damage are 
the premises upon which its therapeutic applications 
are based: first, the lack of side effects allows the 
therapeutic use of PEA for long periods, and this is 
particularly important for patients manifesting pain 
associated with chronic diseases and who are already 
undergoing several debilitating pharmacological ther-
apies. Secondly, the presence of a double therapeu-
tic effect, anti-inflammatory and antinociceptive,47 
is particularly important for pathologies presenting 
chronic inflammatory processes such as TMJ or joint 
OA that continuously stimulate the  somatosensory 
system and induce allodynia and  hyperalgesia.

In conclusion, the results of the present study 
demonstrate that PEA is effective in reducing TMD-
related OA and arthralgia pain, thus suggesting its 
therapeutic use as an alternative tool to ibuprofen. 
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