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Background and Objective: Temporomandibular joint (TMJ) intracapsular pain can sometimes persist 
after pursuing reversible techniques. TMJ pain reduction may require a more focused treatment approach such 
as arthrocentesis to remove intracapsular inflammatory mediators. Evidence of efficacy for treating TMJ pain 
and mandibular mobility using TMJ arthrocentesis is available from a small number of high-quality evidence 
randomized controlled trials (RCTs). However, there still remains a lack of high-quality evidence to test the 
efficacy of various supplements that have been proposed to further enhance the outcomes after arthrocentesis. 
The purpose of this review was to examine published RCTs to determine the efficacy of TMJ arthrocentesis 
alone and with supplementation by steroids, hyaluronic acid and platelet-rich plasma growth factors.
Methods: A literature search in MEDLINE, EMBASE and CENTRAL databases was completed on 
July 1, 2020 to identify randomized clinical trials that studied the efficacy of temporomandibular joint 
arthrocentesis with or without supplements on primary outcome measures of pain and mandibular mobility. 
Studies were also identified from reference lists of review articles or systematic reviews. The literature search 
spanned the years 1989-2020 and only articles written in English were evaluated. Search terms included 
“temporomandibular joint” OR “TMJ” AND “arthrocentesis”.
Key Content and Findings: Thirty-one RCTs were identified from the literature with most of the 
studies having low to medium quality evidence. Most of the RCTs suffered from a lack of controlling 
experimental bias, lack of inclusion and exclusion criteria, lack of pain source validation, lack of stratification 
by sex and inclusion of bilateral TMJ arthrocentesis procedures that can confound the interpretation of the 
results of the procedure. Some RCTs were single or double blind studies, but the majority did not use a 
blinded experimental design. Low to medium quality evidence RCTs that focused on a comparison of TMJ 
arthrocentesis alone to post arthrocentesis supplementation found no differences in resting pain intensity 
or mandibular mobility. However, one high-quality evidence RCT that evaluated steroid supplementation 
(triamcinolone acetonide) found a significant improvement and normalization of chewing pain and the 
normalization of mandibular mobility at 12 weeks post-arthrocentesis compared to the control group. 
Hyaluronic acid has been evaluated by medium quality evidence RCTs and these studies did not find 
differences between supplementation and control groups for pain or mandibular mobility. Finally, platelet-
rich plasma has been used as a supplement and one study with medium quality evidence found significant 
differences between groups for pain, mandibular mobility and chewing efficiency.
Conclusions: The paucity of high-quality evidence RCTs has not allowed a consensus for the efficacy of TMJ 
post-arthrocentesis supplements and further studies are required to guide the practicing clinician on their use.
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Introduction

Temporomandibular joint (TMJ) arthrocentesis has gained 
popularity as a minimally invasive technique to effectively 
manage intra-capsular TMJ pain and mandibular mobility 
restriction secondary to TMJ internal derangements such 
as an anteriorly displaced disk without reduction (or closed 
lock) (1-8). More recent studies have duplicated the results 
of earlier studies (9-33). The original article by Nitzan  
et al. (1) reported placement of two needles into the TMJ 
superior joint space under local anesthesia and lavaging 
the joint with lactated Ringer’s solution to normalize 
translation of the disk and condyle in patients with a 
closed lock condition and to reduce pain. All 17 patients 
reported a sudden limitation in mandibular opening prior 
to TMJ arthrocentesis that was consistent with either an 
acute anterior displaced without reduction or an articular 
disk adhered to the fossa due to a vacuum effect caused 
presumably from clenching. Both of these conditions would 
respond favorably to TMJ arthrocentesis. In fact, all patients 
had an improved mandibular mobility measured at four 
months or later post-arthrocentesis and 16/17 (94%) had 
substantial pain reduction. A few years later, the addition of 
various medications to supplement the lavage technique was 
reported with anecdotal outcomes of success. More recently, 
randomized controlled trials (RCTs) have been conducted to 
determine the efficacy of the TMJ arthrocentesis procedure 
for a variety of TMJ arthralgia conditions and most have 
reported a significant decrease of resting pain intensity and 
limited mandibular mobility over time but no significant 
difference between the TMJ arthrocentesis procedure and 
the additional supplementation of a medication. However, 
there are confounding factors in these studies that 
complicate the interpretation of the results.

The purpose of this review was to evaluate and discuss 
the strengths and weaknesses of these evidence-based studies 
and to provide recommendations for clinical management of 
intra-articular pain using TMJ arthrocentesis. Medication 
supplements after TMJ arthrocentesis such as a steroid or 
hyaluronic acid or autologous supplements such as platelet 
rich plasma were also reviewed to determine their additional 
efficacy.

Methods 

The search for relevant literature was completed on 
July 1, 2020 in MEDLINE, EMBASE and CENTRAL 
(Cochrane Central Registry of Controlled Trials) databases. 

Relevant studies were also identified from reference 
lists of review articles or systematic reviews of TMJ 
arthrocentesis. Articles were considered for review if they 
were published in English between 1989–2020. The search 
terms included any studies that had “temporomandibular 
joint” OR “TMJ” AND “arthrocentesis”. Identified 
studies from this search strategy were further examined 
for the word “randomized” to separate clinical reports or 
retrospective studies from randomized clinical trials. The 
article designation as an RCT was independently verified 
by both authors (agreement was unanimous). Each article 
was evaluated for the randomization process, blinding 
procedures, patient description (sex, TMJ diagnosis), 
inclusion/exclusion criteria, type of anesthesia (local, IV 
sedation with local), unilateral or bilateral TMJ pain, 
placebo group, passive lavage or active distension of TMJ 
during arthrocentesis, appropriate statistics applied, sample 
size calculation, follow-up duration, primary and secondary 
outcome measures, pain assessment measures, supplemental 
medications after TMJ arthrocentesis and effectiveness of 
the procedure on pain and mandibular mobility. 

Identifying the appropriate patient to test TMJ 
arthrocentesis efficacy

TMJ arthrocentesis is a technique that effectively manages 
intracapsular pain conditions such as inflammation 
(retrodiscitis, osteoarthritis) and displaced disk mobility 
conditions within the TMJ. The lavaging action decreases 
inflammatory mediators and cytokines that are responsible 
for pain (34,35) and lubricates the superior joint space to 
allow the disk to move without restriction. Also, distension 
of the condyle from the eminence during the procedure can 
effectively relieve small adhesions that may have formed 
also improving mandibular mobility. This procedure is 
usually considered after patients have been initially treated 
using medications such as non-steroidal anti-inflammatory 
drugs (NSAIDs) or muscle relaxants, physical modalities, 
behavioral management and an occlusal appliance to treat 
both the joint and muscle pain conditions. To be considered 
a candidate for a successful TMJ arthrocentesis procedure, 
patients should subsequently present with predominant 
TMJ pain and minimal muscle pain after the initial 
treatment regimen. During our examination of published 
RCTs testing the efficacy of TMJ arthrocentesis, it was 
important to determine if the patient sample was identified 
using appropriate inclusion and exclusion criteria to exclude 
predominant pain from other sources such as muscle. It 
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was also important that well-defined physical examination 
techniques such as the Research Diagnostic Criteria 
for Temporomandibular Disorders (RDC/TMD) (36)  
or other validated techniques were used to identify the 
presence or absence of signs and symptoms that defined 
the patient sample. In our review of 31 published RCTs, 
some studies had no inclusion or exclusion criteria (2,14,33) 
or used a diagnosis of disk displacement with or without 
reduction as the inclusion criteria without reporting 
the exclusion of other pain sources such as masticatory 
muscle myalgia (3-5,7-11,15,17,18,20-22,24,26-32). Only 
a few RCTs confirmed the source of pain was from TMJ 
innervated structures by either the use of a local anesthetic 
to anesthetize the auriculotemporal nerve and eliminating 
the TMJ pain (6) or by selectively loading the TMJ by 
contralateral biting and duplicating the intracapsular source 
of pain within the joint (19).

Based on our experience, there seems to be a need 
to distinguish between capsular pain and intracapsular 
pain associated with the TMJ. Pain relief after TMJ 
arthrocentesis is more reliably achieved when the pain is 
from an intracapsular source such as the retrodiscal tissues 
or from bone to bone contact in inflammatory conditions 
such as osteoarthritis. Although there are no studies currently 
available to document this differential success, it has been 
our experience that capsular pain identified by palpable 
tenderness lateral to the TMJ is not predictably eliminated by 
lavage of the joint using 100 mL of lactated Ringers solution 
and supplementation of a steroid (triamcinolone acetonide). 
Therefore, we used a positive response to TMJ loading as a 
diagnostic criterion for selection of patients for management 
of articular pain using TMJ arthrocentesis (19).

Another important inclusion criterion that was used in 
some RCTs of TMJ arthrocentesis was unilateral TMJ pain 
(3,14,16,18,19,22,23,25,29,31,32). Since all of the studies 
used pain as one of the primary or secondary outcome 
measures, the inclusion of bilateral TMJ pain would have 
been problematic if the treatment was only applied to 
the joint with the highest level of pain and residual pain 
continued in the opposite joint or if both TMJs were 
treated and only one was successfully managed. Mandibular 
mobility and pain assessments could be affected by TMJ 
pain that was unresolved after bilateral TMJ arthrocentesis 
and this residual pain would confound the interpretation 
of the results of the study. Review of the 31 RCTs for TMJ 
arthrocentesis efficacy found that only 9 studies (29%) had 
inclusion criteria that would specifically identify unilateral 
TMJ pain patients for participation in the study.

RCTs evaluating TMJ arthrocentesis efficacy 
and research design issues

RCTs are considered the best evidence compared to 
most other types of studies due to the ability to compare 
treatment outcomes, minimize bias by the use of blinding, 
and evaluate a homogeneous group of patients that are 
defined by specific inclusion and exclusion criteria (see 
above) to minimize selection bias. In review of the RCTs 
for TMJ arthrocentesis, the randomization process used 
to assign a patient to a specific treatment group was 
accomplished by a computer-generated random number 
list (seven studies), a randomized table/list (three studies) 
or a sealed envelope methodology (four studies). However, 
in a majority of the 31 RCTs reviewed, no description was 
provided regarding the methodology of randomization. 
One study used a set sequence rather than random 
assignment and classified their study as an RCT (7) and 
this misinterpretation of random assignment suggests that 
a description of the methodology is needed to determine if 
the study has been properly conducted.

Many of the early RCTs lacked the appropriate research 
design to minimize bias. Bias can exist in many different 
forms and can affect the ability to accurately test for 
differences in treatment outcomes [for review, see table 
3 in Dolwick and Widmer (37)]. Bias can be observed in 
studies where the investigator and patient know the type of 
treatment or medication that is being used and have a pre-
conceived expectation for the outcome such as comparing 
TMJ arthrocentesis alone to TMJ arthrocentesis with a 
supplement such as a steroid or hyaluronic acid (HA). A 
double-blind study involves blinding the patient and the 
examiner to minimize bias towards an outcome that is 
anticipated by the patient and/or examiner to be beneficial. 
A double-blind study is the gold standard of research design 
in an RCT. Less than half of the TMJ arthrocentesis RCT 
studies were blinded (13/31 or 42%) and less than a quarter 
of the studies were double-blind studies (7/31 or 23%). 
The use of a placebo supplement compared to a medication 
supplement after arthrocentesis was an additional method to 
control for bias and was used in 6/31 (or 19%) of the RCT 
studies and all were double-blinded. These data support the 
observation that there was a large variation in the quality of 
the research design in these RCT studies and most did not 
adequately evaluate the efficacy of different techniques and 
their success due to bias.

Another methodological consideration that must be 
given to studies of pain in the orofacial region is the 
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presence of sex differences. It has been known for a long 
time that females have a higher prevalence of masticatory 
musculoskeletal pain compared to males (38) and females 
respond more robustly to experimental pain conditions such 
as standardized clenching and the resulting post-exercise 
muscle soreness (39). Therefore, results of therapeutic 
studies for orofacial pain should ideally be reported for each 
sex rather than combining both male and females as a group. 
Reporting of outcomes by sex was only conducted in 13% 
of the RCT studies (4/31) that were reviewed. Therefore, 
over 85% of the outcomes reported in RCT studies of TMJ 
arthrocentesis were not from a homogeneous group of 
patients and may have led to a higher variability of outcome 
measures within the group. These multiple methodological 
issues that have been identified may partially explain the lack 
of statistical significance between experimental groups that 
have been reported in many studies. The methodological 
disparities also limit the ability to evaluate multiple studies 
using meta-analysis.

Studies of TMJ arthrocentesis efficacy without 
and with medication supplements

I t  has  been  wel l -es tab l i shed  in  RCTs that  TMJ 

arthrocentesis without the addition of medications or 
growth factors can be effective to reduce pain and improve 
mandibular mobility over time (2,3,8,9,11-14,16,17,19-
22,24,26,27,29,32). However, the effectiveness of additional 
supplements infused into the superior joint space of the 
TMJ has not been clearly established. There are three 
supplements that have been evaluated by at least two RCTs 
to determine the efficacy of these medications or growth 
factors: steroids, HA and platelet-rich plasma (PRP).

Steroid supplementation to reduce intracapsular 
inflammation

Steroid injections into the TMJ have been used for 
many years to treat inflammatory conditions such as 
various arthritides and arthralgia resulting from disk 
displacement with or without reduction. So, it was logical 
to consider injecting an intra-articular steroid after a 
TMJ arthrocentesis procedure to further reduce the 
inflammation and extend the reduction or elimination of 
pain. Steroids such as dexamethasone (6,8), triamcinolone 
acetonide (7,19), methylprednisolone acetate (9,23) 
and betamethasone (13) have been evaluated in TMJ 
arthrocentesis RCT studies. None of the seven studies 
found statistical differences for primary outcome variables 
of resting pain intensity and maximum interincisal opening 
between the steroid group and the control group. Only 
one of seven RCT studies found statistically significant 
differences between secondary outcome measures. The 
steroid group had a reduction of chewing pain at 6 and 
12 weeks, an increase in the number of patients with a 
greater than 50% reduction of pain at 12 weeks as well 
as an improvement of mandibular mobility (maximum 
mandibular opening >38 mm without pain) at 12 weeks in 
patients with osteoarthritis or disk derangements (19). One 
explanation for the ability to detect differences between 
steroid and control groups compared to other RCT 
studies was the minimization of experimental bias, the 
inclusion of only females with unilateral TMJ pain, well-
defined inclusion and exclusion criteria and the validation 
of TMJ intra-articular pain. Also, functional pain such as 
chewing pain rather than resting pain intensity is a better 
outcome measure to evaluate changes after medication 
supplementation (Figure 1) but was not used in most RCT 
studies of TMJ arthrocentesis. Normalization of chewing 
pain and mandibular mobility at 12 weeks was found to 
be significantly better for the steroid group and can be 
valuable outcome measures of efficacy of medication 

Figure 1 Bars representing the means and 95% confidence 
intervals for the magnitude of Visual Analog Scale (VAS) change 
in chewing pain for placebo and steroid patient groups at various 
timepoints (2, 6 and 12 weeks post-TMJ arthrocentesis) and 
calculated from previously published data (19). Note that the 
steroid group had a relatively constant reduction in chewing pain 
over the 12 weeks and was always greater than the placebo pain 
reduction. The placebo group had a reduction in pain but the 
reduction was progressively less over the 12 weeks. A statistically 
significant difference (P=0.013) was found between the placebo and 
steroid group mean chewing pain decrease at the 12th week (†).
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supplementation.

HA supplementation after TMJ arthrocentesis to improve 
TMJ disk mobility and reduce inflammation

 
In TMJ osteoarthritis patients, HA supplementation 
was not found to significantly decrease pain or increase 
mandibular mobility over TMJ arthrocentesis alone in two 
of three RCT studies (7,17). The one study where HA 
supplementation did improve pain and mandibular mobility 
had five consecutive, weekly TMJ arthrocentesis procedures 
with HA supplemented after each procedure (33). However, 
this study had a majority of male patients compared to 
other studies where the sample was predominantly female, 
had a small sample size (10 patients in each group), was not 
a blinded study and the statistical analyses that were used 
were not described.

HA supplementation after TMJ arthrocentesis has also 
been tested in patients with displaced disks with or without 
reduction. Out of eight RCT studies, two studies reported 
a significant decrease of resting pain intensity compared 
to TMJ arthrocentesis alone (14,21), one study found a 
significant increase in maximum interincisal opening (22) 
and one study found both a decrease in pain intensity and 
an increase in maximum opening (2). All four of these 
studies did not have a blinded examiner to conduct the 
post-arthrocentesis measures and the lack of experimenter 
blinding may have allowed a bias. Also, 2 of the 3 studies 
that found a significant decrease of pain intensity had 
a majority of males in the treatment groups and the 
predominance of male subjects could have influenced 
the outcome measure of pain (14,21) and emphasizes the 
importance of stratification of the outcome measures by 
sex. The other four RCT studies did not find significant 
differences in resting pain intensity or maximum interincisal 
opening and all four studies used blinded examiners who did 
not know the treatment group of the patient (12,13,15,23). 
Since the research design that incorporates blinded 
examiners is a more powerful design, the lack of significant 
differences between the TMJ arthrocentesis group and the 
TMJ arthrocentesis with hyaluronic supplementation group 
may be a more accurate assessment of the benefit of HA. 
However, until a rigorous research design is implemented 
to test HA as a potential benefit after TMJ arthrocentesis 
for each sex, it remains unclear if this expensive supplement 
should be used for managing TMJ pain and mandibular 
mobility restriction.

Platelet rich plasma supplementation after TMJ 
arthrocentesis to reduce inflammation and stimulate HA 
synthesis and repair damaged tissue

Only two RCT studies have been published using platelet-
rich plasma (PRP) as a supplement after TMJ arthrocentesis. 
PRP has been used in one study involving TMJ osteoarthritis 
patients (11). The benefit of PRP is the potential repair of 
damaged tissue within the joint by stimulating mesenchymal 
stem cell proliferation and promoting chondrocyte 
differentiation (40) and inducing new bone formation (41). 
Two groups of patients were studied where one group 
received TMJ arthrocentesis while the other group had the 
arthrocentesis procedure supplemented by PRP and then 
had weekly PRP injections for four more treatments. No 
statistically significant differences were found between the 
two groups for primary outcome measures of resting pain 
intensity or mandibular mobility improvement. However, a 
statistically significant improvement in masticatory efficiency 
(determined by VAS assessment) was found for the PRP 
group compared to no supplementation. The two groups 
were not the same sample size (12 vs. 18 subjects) and did not 
have the same proportion of females to males.

The other RCT studied PRP combined with calcium 
to release platelet-rich growth factors (also known as 
plasma-rich in growth factors or PRGF) and the effect 
of these growth factors was compared to no supplement 
after TMJ arthrocentesis (22). PRP growth factors 
stimulate the regeneration of new cartilage and bone (42) 
and stimulate the release of HA to lubricate the joint and 
reduce inflammation (43). The focus of this study was on 
patients with TMJ disk displacement without reduction and 
primary outcome measures were resting pain intensity and 
mandibular mobility. Statistically significant improvement 
was found for pain and maximum interincisal opening as 
well as masticatory efficiency. This study examined patients 
with only unilateral disk displacement without reduction 
and this inclusion criterion may have allowed the detection 
of differences between arthrocentesis groups without and 
with supplementation. However, experimental bias was 
not well controlled since a placebo was not included in the 
design and the examiner and the patient were not blinded to 
the patient’s group assignment.

Conclusions regarding the efficacy of supplements after 
TMJ arthrocentesis

Most of the RCTs that compared TMJ arthrocentesis with 
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TMJ arthrocentesis with a supplement were low quality 
evidence since they were not well controlled, did not 
have adequate inclusion and exclusion criteria and did not 
adequately design the study to minimize experimental bias. 
The one high-quality evidence RCT that was designed to 
test subjects with confirmed unilateral TMJ intracapsular 
pain had a strong experimental design found a significant 
effect of a steroid supplement (triamcinolone acetonide). 
The steroid group had reduced chewing pain compared 
to the control group and the steroid normalized pain and 
mandibular mobility over TMJ arthrocentesis alone for 
the three month monitoring in female subjects. Further 
studies that include a group of males and a longer follow-
up time using steroid supplementation would be valuable 
to determine the efficacy of this approach. However, it 
must be emphasized that steroid supplementation must be 
used sparingly since repeated joint exposure can cause bone 
resorption and remodeling.

HA as a post-TMJ arthrocentesis supplement has 
been the most intensely studied using RCTs. HA 
supplementation was not found to be significantly different 
from arthrocentesis alone in the moderate quality evidence 
RCT studies that included blinded examiners but these 
studies did not have sufficient inclusion and exclusion 
criteria to study a homogeneous sample. Most studies 
combined both sexes as a group to report outcomes and 
included unilateral and bilateral TMJ pain as inclusion criteria. 
At this time, the use of HA as supplement does not appear to 
provide additional efficacy over arthrocentesis alone.

PRP supplementation after TMJ arthrocentesis 
compared to arthrocentesis alone was examined in two 
RCT studies with one study finding significant differences 
between groups while the second study did not find 
differences. Studies using PRP or stimulated PRP to release 
growth factors are gaining more attention due to the 
multiple effects within the joint, particularly the potential to 
repair bone and cartilage from the growth factors released 
by platelets. The use of autologous sources to repair 
damaged tissue has the advantage of tissue compatibility 
and investigations into PRP supplementation after TMJ 
arthrocentesis appear promising but further study is 
necessary to ascertain the PRP efficacy.

TMJ arthrocentesis studies on methodology

There have been multiple studies that have examined various 
modifications to the TMJ arthrocentesis technique to 
improve patient outcomes. For example, multiple studies have 

examined the theoretical basis for determining the necessary 
volume of the flushing medium to eliminate inflammatory 
mediators  within the TMJ us ing TMJ computer 
modeling (35) or a protein recovery method (34). Both 
of the studies concluded that approximately 100–109 mL  
of flushing medium would be necessary to replace 100% 
of synovial fluid or remove proteins and proteases to below 
physiologic thresholds for proinflammatory cytokines. The 
joint modeling study also supported a two-needle lavage 
rather than a single needle-two cannula system to effectively 
lavage the superior joint space.

Needle placement using guided techniques such as 
ultrasound have been advocated over the “blind” method 
of needle placement due to increased visualization of the 
soft tissues. However, no studies have found that increased 
visualization is necessary for appropriate needle placement 
in the superior joint space and that outcome measures were 
no different using either technique (44-46).

Conclusions

Based on a review of RCTs, TMJ arthrocentesis without 
supplements is an effective technique to reduce resting pain 
intensity and chewing pain and increase mandibular mobility 
when usual treatment regimens such as pharmacotherapy, 
physical modalities, behavioral management and occlusal 
appliance therapy have not been successful. It was also 
concluded that additional imaging techniques such as 
ultrasound were not required to appropriately place the 
needles within the superior joint space to perform the 
procedure. Also, based on clinical monitoring of TMJ 
inflammatory mediators and TMJ modeling, the two-needle 
technique using at least 100 mL of saline or lactated Ringers 
had the most efficient outcome for lavaging the joint.

Intracapsular supplementation after arthrocentesis 
has  been supported by a  very l imited number of 
moderate to high-quality evidence RCTs for a steroid 
(triamcinolone acetonide) and for PRP growth factors. 
HA supplementation has not been shown to be efficacious 
by moderate quality evidence RCTs although these trials 
had design deficiencies. After review of the available TMJ 
arthrocentesis RCTs, there is a need for additional RCTs 
that address the deficiencies that have been described in 
this review to adequately identify the most appropriate 
supplementation for a specific TMJ clinical condition and 
to examine supplementations that may be sex specific. 
Successfully addressing these issues may provide a more 
efficacious, evidence-based approach to the practicing 
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clinician for management of intracapsular pain, disk 
mobility conditions and improved joint remodeling after 
osteoarthritis.
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