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Abstract. This systematic review aimed to investigate whether intra-articular
injections of hyaluronic acid (HA) are better than other drugs used in
temporomandibular joint arthrocentesis, for the improvement of
temporomandibular disorder (TMD) symptoms. Two independent reviewers
performed an electronic search of the MEDLINE and Web of Science databases for
relevant studies published in English up to March 2016. The key words used
included a combination of ‘hyaluronic acid’, ‘viscosupplementation’, ‘intra-
articular injections’, ‘corticosteroids’, or ‘non steroidal anti inflammatory agents’
with ‘temporomandibular disorder’. Selected studies were randomized clinical
trials and prospective or retrospective studies that primarily investigated the
application of HA injections compared to other intra-articular medications for the
treatment of TMD. The initial screening yielded 523 articles. After evaluation of the
titles and abstracts, eight were selected. Full texts of these articles were accessed
and all fulfilled the inclusion criteria. Intra-articular injections of HA are beneficial
in improving the pain and/or functional symptoms of TMDs. However, other drug
therapies, such as corticosteroid and non-steroidal anti-inflammatory drug
injections, can be used with satisfactory results. Well-designed clinical studies are
necessary to identify an adequate protocol, the number of sessions needed, and the
appropriate molecular weight of HA for use.

Key words: hyaluronic acid; viscosupplementa-
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Temporomandibular joint disorder (TMD)
is a widely researched disease in the lit-
erature, since it has a high prevalence and
is often associated with chronic pain and
limited function of the temporomandibu-
lar joint (TMJ), resulting in decreased
quality of life for the patient.' > The joint
disorders include disc displacement and
degenerative and/or inflammatory disor-
ders. Due to its complex aetiology and
varied classification, different conserva-
tive and surgical treatments have been
studied in an attempt to improve clinical
symptoms and restore function for the
affected patients.’*'*

Conservative treatments include rest,
the use of non-steroidal anti-inflammatory
drugs (NSAIDs) and corticosteroids, botu-
linum toxin injections, bite splints, and
physical therapy."*''"'¢  Arthrocentesis
is among the surgical alternatives per-
formed when there is no effective response
to conservative treatment; this is a simple
and minimally invasive procedure, com-
monly used to remove inflammatory med-
iators  associated with  nociceptive
processes within the synovial fluid. >
' The procedure can be associated with
the injection of various drugs, such as
sodium hyaluronate (SH), which can also
be used separately, with the aim of in-
creasing the treatment efficacy.'”-2"!

The use of intra-articular injections of
SH (viscosupplementation), which is a
viscous, high molecular weight polysac-
charide, allows the lubrication and subse-
quent  protection of the  joint
cartilage.>7-%*2 2% This substance con-
sists of a sodium salt of hyaluronic acid
(HA), a physiological component of syno-
vial fluid, which is responsible for the
lubrication of synovial joints including
the TMLJs 2222730

There is still controversy in the litera-
ture regarding the benefits of the use of
intra-articular HA injections in the treat-
ment of TMD,' as well as in establishing
an ideal protocol and technique to restore
function and promote pain relief for
patients.>'*> The aim of this study was
to evaluate, through a systematic review,
whether intra-articular injections of HA
are better than other drugs used in TMJ
arthrocentesis, for the improvement of
TMD symptoms. The null hypothesis
was that there is no difference in the
improvement of TMD symptoms treated
with HA injections when compared to
other intra-articular medications.

Materials and methods

A systematic literature review was per-
formed following the PRISMA statement

(Preferred Reporting Items for Systematic
Reviews and Meta-Analyses). The proto-
col for this systematic review was regis-
tered in the PROSPERO database
(International Prospective Register of Sys-
tematic Reviews; registration number
CRD4201603348). The first step in the
systematic review was to use the PICO
format to define a clinical question for
comparative studies involving patients
with a TMD (P, population) who were
treated with HA injections (I, interven-
tion), compared to other types of intra-
articular drug therapy (C, comparison),
regarding the improvement in TMD symp-
toms (O, outcome).

Search strategy and study selection

An electronic search of the MEDLINE
(PubMed search form) and Web of Sci-
ence databases was performed for relevant
studies published in English up to March
2016. A double-blind screening of all titles
and abstracts, obtained through the elec-
tronic search, was conducted for possible
inclusion in the study by two independent
reviewers. The key words (medical sub-
ject heading (MeSH) terms) included a
combination of ‘hyaluronic acid’, ‘visco-
supplementation’, ‘intra-articular injec-
tions’, ‘corticosteroids’, or ‘non steroidal
anti inflammatory agents’ with ‘temporo-
mandibular disorder’. The titles and
abstracts were selected according to the
inclusion criteria. Two reviewers (EVFS,
RAM) were calibrated for the identifica-
tion of eligible studies and any disagree-
ment was resolved by discussion. A third
reviewer (MCG) acted as the moderator.>*
The Cohen kappa method was used to
calculate agreement between reviewers.
The full texts of potentially relevant arti-
cles were accessed for selection according
to pre-established inclusion and exclusion
criteria.

Inclusion and exclusion criteria

The following studies were selected: ran-
domized clinical trials (RCTs) and pro-
spective or retrospective studies that
primarily investigated the application of
HA injections compared to other intra-
articular medications for TMDs.

Animal and in vitro studies, case
reports, duplicate articles, interviews,
comments, and literature or systematic
reviews were excluded. Furthermore,
studies that did not comparatively evalu-
ate HA injections with other intra-articular
medications for TMD treatment were also
excluded.

Quality analysis of studies

The selected studies were classified
according to the Jadad scale and were
categorized as low quality (score between
0 and 2) or high quality (score between 3
and 5).**

Data analysis

Several factors were extracted from the
selected studies and analyzed. These in-
cluded the study design, number of
patients, sex (male and female), mean
age (years), and method of TMD diagnosis
(clinical, by imaging, and/or through the
Research Diagnostic Criteria for Tempo-
romandibular Disorders (RDC/TMD)).
The pathology diagnosed in the patients,
type of treatment used, follow-up period,
and results found were also recorded.

Results
Study selection

The initial screening yielded a total of
771 articles. After the removal of dupli-
cate studies, 523 articles remained, of
which eight texts were selected after the
evaluation of their titles and abstracts
(kappa score = 1.00). The full texts of
these articles were accessed and all arti-
cles fulfilled the inclusion criteria and
were included in the study (kappa
score = 1.00) (Fig. 1).

According to the Jadad scale, four stud-
ies had a score of 5, three had a score of 4,
and one had a score of 3, for a total of eight
high quality studies (Table 1).

Study characteristics

The main characteristics of the studies
included are detailed in Table 2.

Among the eight studies, seven were
RCTs> 71016242631 and one was a retro-
spective study.! The total number of
patients treated was 350, ranging from
16 to 100; 275 were female and 75 were
male.

Regarding the clinical diagnosis, four
studies evaluated patients with osteoar-
thritis,”'®***!  one study evaluated
patients with osteoarthrosis or an inflam-
matory joint disorder,'” two studies clas-
sified patients according to Wilkes
classification, with internal derangements
ranging from I to V,'? and one study
evaluated patients with rheumatoid arthri-
tis (RA).>

Concerning the types of treatment per-
formed, four studies compared the use of
HA with corticosteroids,”!%!®?**  one
study evaluated an additional group of
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Fig. 1. Flow chart of the screening process.

saline solution,”® and one study added the
analysis of NSAID therapy.” Two studies
used drugs in association with arthrocent-
esis: HA was compared to corticosteroids
in one study’' and to NSAID therapy in
one study.' The follow-up period ranged
from 1 month to 24 months.

There was no consensus in the studies
that HA injections showed better results
than the intra-articular use of other med-
ications for the treatment of TMD
(Table 2). In the studies by Bjernland
et al. and Gencer et al., the groups of
patients who received intra-articular HA
injections exhibited better results in
terms of pain relief”’ and/or joint func-
tion’ than the other groups analyzed. In
the study performed by Manfredini et al.,
all groups showed improvements in pain
relief and joint function, with no statisti-
cal difference between them.”' However,
patients who underwent arthrocentesis
followed by high molecular weight HA
injection showed unsatisfactory results.
In the study by Emes et al., no significant
reduction in pain or improvement in joint

function was observed using HA injec-
tions." On the other hand, Moystad
et al.>* and Kopp et al.'”'** found no
statistical difference in the use of corti-
costeroids or HA, but reported benefits of
both techniques.

Although seven RCTs were included in
this review, no meta-analysis was per-
formed due to the wide clinical diversity
between the studies.

Discussion

According to the Jadad scale, all of the
studies included in this systematic review
(100%) had a well-designed methodology
with appropriate randomization and blind-
ing for a clinical trial analyzing the effi-
cacy of intra-articular injections of HA
compared to other intra-articular medica-
tions for the improvement of TMD symp-
toms. The null hypothesis proposed
initially was rejected, since there was no
consensus in the studies included in this
review that HA injections had similar
results in the improvement of TMD

Table 1. Quality assessment of the selected studies.

symptoms when compared to other
intra-articular medications.

Although the best results were found for
groups of patients undergoing HA injec-
tions,”” several RCTs found no superiori-
ty in the results achieved with this
substance when compared to corticoster-
oid injections regarding the different clin-
ical symptoms studied.'®-'¢2*2¢

TMD consists of a TMJ disorder related
to pain in the joint or surrounding tissues
and functional limitations associated or
not with joint sounds during movement.”
Wilkes proposed a classification for inter-
nal derangement of the TMJ with catego-
ries of early (I), early intermediate (II),
intermediate (II1), late intermediate (IV),
and late (V) stages, which vary according
to the clinical and radiological progres-
sion, as well as the pathology of the dis-
order.*

The literature reports that conservative
treatments, such as the use of oral medica-
tions for the treatment of TMD, should
precede more invasive procedures.”®% In
some studies included in this review, the

Kop]i) Kop}lb Kopg Bjernland Maoystad Manfredini Gencer Emes

Jadad scale etal.'” etal'® et al.® et al.’ et al.”* et al.’! et al.” et al.!

Was the study described as randomized? Yes Yes Yes Yes Yes Yes Yes Yes

Was the randomization described and No No No Yes Yes Yes Yes Yes
appropriate?

Was the study described as double-blind? Yes Yes Yes Yes Yes Yes Yes No

Was the double-blind method appropriate? Yes Yes Yes Yes Yes Yes Yes No

Was there a description of withdrawals Yes Yes Yes Yes Yes Yes Yes Yes
and drop outs?

Result 4 4 4 5 5 5 5 3

Quality of study High High High High High High High High
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Table 2. Characteristics of studies included in the review.

Number and sex Mean age, Diagnostic
Author Study design Objective of patients years (range) method Pathology diagnosed
Kopp et al.'”  Double-blind  Efficacy of HA and 33 patients 46 (26-77) Clinical and Osteoarthrosis or
RCT corticosteroid injections on 4 M and 29 F imaging inflammatory joint
various clinical symptoms disorder
Kopp et al.'®  Double-blind  Efficacy of HA and 24 patients 50 (26-77) Clinical and Osteoarthritis
RCT corticosteroid injections on 3 Mand 21 F imaging
various clinical symptoms
Kopp et al.’®  Double-blind  Efficacy of HA, 41 patients 60.5 (17-84) — Rheumatoid arthritis
RCT corticosteroid, and saline 2Mand 39 F
injections on various clinical
symptoms
Bjernland Double-blind  Efficacy of HA and 40 patients 51.7 (37-55)  Clinical and Osteoarthritis
et al.’ RCT corticosteroid injections on 6 M and 34 F imaging
various clinical symptoms
Maoystad Double-blind  Bone changes after HA and 36 patients 49.9 RDC/TMD and  Osteoarthritis
et al.”** RCT corticosteroid injections 5M and 31 F imaging
Manfredini Double-blind  Efficacy of arthrocentesis 60 patients 50.1 RDC/TMD Osteoarthritis
et al.”! RCT with or without other drugs 9 M and 51 F
on various clinical symptoms
Geneer et al.>  Double-blind  Efficacy of HA, 100 patients 42.5 (20-65)  Clinical and Wilkes stage IV
RCT corticosteroid and NSAID 45 M and 55 F imaging and V disease
injections on pain relief
Emes et al.' Retrospective  Efficacy of arthrocentesis 16 patients 30.8 (19-57)  Clinical and Wilkes stage I to
associated with HA and (18 TMJs) imaging V disease
NSAID injections on various 1 M and 15 F
clinical symptoms

Author Type of treatment Follow-up Outcome

Kopp et al.'” Group 1: two 0.5-ml HA injections (14 days apart) (18 patients) 6 weeks Groups 1 and 2: improvement
Group 2: two 0.5-ml corticosteroid injections (14 days apart) (15 in clinical symptoms
patients)

Kopp et al.'® Group 1: two 0.5-ml HA injections (14 days apart) (12 patients) 24 months Groups 1 and 2: improvement
Group 2: two 0.5-ml corticosteroid injections (14 days apart) (12 in clinical symptoms
patients)

Kopp et al.”® Group 1: two 0.7-ml saline injections (14 days apart) (13 patients) 4 weeks Groups 2 and 3: improvement
Group 2: two 0.7-ml HA injections (14 days apart) (14 patients) in clinical symptoms
Group 3: two 0.7-ml corticosteroid injections (14 days apart) (14
patients)

Bjernland et al.’ Group 1: two 0.7-1.0-ml HA injections (14 days apart) (20 6 months Group 1: significantly more
patients) effective in reducing pain
Group 2: two 0.7—1.0-ml corticosteroid injections (14 days apart)

(20 patients)

Moystad et al.** Group 1: two HA injections (14 days apart) (17 TMIJs) 6 months Groups 1 and 2: no statistical
Group 2: two corticosteroid injections (14 days apart) (19 TMIs) difference observed between

them

Manfredini et al.>' Group 1: 2-needle arthrocentesis (11 patients) 3 months Groups 1, 2, 3, 5, and 6:
Group 2: 2-needle arthrocentesis + 1.0 ml corticosteroid improvement in clinical
injection (9 patients) symptoms
Group 3: 2-needle arthrocentesis + 1.0 ml low MW HA injection
(11 patients)

Group 4: 2-needle arthrocentesis + 1.0 ml high MW HA injection
(5 patients)

Group 5: 5 weekly 2-needle arthrocentesis + 1.0 ml low MW HA
injection (12 patients)

Group 6: 5 weekly 1-needle arthrocentesis + 1.0 ml low MW HA
injection (12 patients)

Gencer et al.” Group 1: 0.5-ml saline injection (control) (25 patients) 6 weeks Group 2: significantly more
Group 2: 0.5-ml HA injection (25 patients) effective in reducing pain
Group 3: 0.5-ml corticosteroid injection (25 patients)

Group 4: 0.5-ml NSAID injection (25 patients)
Emes et al.' Group 1: arthrocentesis + 1.0 ml HA injection (8 TMIs) 3 months No significant benefits for

Group 2: NSAID injection (10 TMJs)

either technique

F, female; HA, hyaluronic acid; M, male; MW, molecular weight; NSAID, non-steroidal anti-inflammatory drugs; RCT, randomized controlled
trial; RDC/TMD, Research Diagnostic Criteria for Temporomandibular Disorders; TMJ, temporomandibular joint.



patients included for surgical procedures
had previously undergone conservative
treatment but without success.””'*-'°

According to Alpaslan and Alpaslan,’
despite intra-articular injections of corti-
costeroids improving TMJ pain symp-
toms, the prognosis following their use
is unpredictable, since adverse local
effects can occur in the joint tissues. A
similar reason was used by Kopp et al. to
justify their studies.'®'® The authors in-
vestigated whether HA injections were
more effective than corticosteroid (beta-
methasone) injections in patients with
TMJ pain and tenderness for at least 6
months. In these studies, the patients were
evaluated 4 weeks after the second treat-
ment session. Kopp et al. found that both
procedures reduced the clinical symptoms
and dysfunction of patients.'” However,
they stated that HA was a more suitable
treatment since it is a physiological com-
ponent of synovial fluid and therefore the
risk of the progression of joint degenera-
tion, which may be caused by corticoste-
roids, is reduced. In one of the studies by
Kopp et al., patients who showed no im-
provement in symptoms (28% of patients
in the HA injection group and 40% in the
corticosteroid injection group) received
two more injections of the alternative
drug, with an interval of 2 weeks between
injections, and this had no significant in-
fluence on the treatment effect.'® The
patients were evaluated at 12 and 24
months, and an improvement in clinical
symptoms was verified for both drugs.

Similar to Kopp et al.,'® Bjernland
et al.” compared the efficacy of HA and
corticosteroid (betamethasone) injections
on different clinical symptoms in patients
with TMJ osteoarthritis, but with a shorter
follow-up period. Patients were evaluated
14 days, 1 month, and 6 months after the
initial injection, and it was verified that
those in the first group (HA injections)
showed a greater reduction in pain and
improvement in jaw function than the
second group (corticosteroid injections).
The joint sounds improved in both groups.
Among the complications of treatment,
temporary pain conditions related to HA
injections were observed, possibly due to
the amount of HA injected in the TMJ or
to incorrect placement within the joint
capsule.

Osteoarthritis is the most prevalent TMJ
disease. Patients with this disorder tend to
exhibit a reduction in intra-articular HA
concentration due to depolymerization by
reactive oxygen species and the production
of acid molecules with a lower molecular
weight than normal.*? Consequently, a re-
duction in lubrication and an increase in

Intra-articular hyaluronic acid for TMD

joint mechanical stress occur, resulting in
clinical and radiographic progression of
the disease.”

For the imaging diagnosis of TMJ
alterations, magnetic resonance imaging
and computed tomography (CT) are the
most commonly used methods for soft
tissue and bone examinations, respective-
ly.** Thus, Moystad et al. compared bone
changes after HA and corticosteroid (beta-
methasone) injections in patients with
TMIJ osteoarthritis using CT Images 24.
The contralateral TMJ with minor symp-
toms was used as the control, and radio-
graphic signs of the disease were classified
through a score (presence of erosions,
sclerosis, osteophytes, and flattening of
the condyle). After 6 months, there was
no statistically significant difference be-
tween the groups or between the period
before and 6 months after treatment. How-
ever, progression, regression, and no
changes in osseous abnormalities were
observed in both groups.

Arthrocentesis, which consists of joint
lavage with Ringer’s lactate solution or
saline solution for the removal of intra-
articular inflammatory components, can
be combined with viscosupplementation
with HA.'7-'®2? Several studies have eval-
uated the effectiveness of arthrocentesis
associated or not with HA injections on
pain intensity and jaw function in patients
with TMDs.”!"!?-*%2% The authors found
that the combination treatments gained
superior results. Alpaslan and Alpaslan
stated that the HA provides a long-term
lubricating effect, reducing the actions of
inflammatory mediators and increasing
joint mobility.” On the other hand, Aktas
et al. suggested that arthrocentesis is suf-
ficient for the treatment of patients with no
degenerative changes on imaging exami-
nations'”; however, the association with
HA is necessary when there is joint de-
generation.

Emes et al. analyzed the effects of
arthrocentesis associated with HA injec-
tions compared to NSAID (tenoxicam)
injections in patients previously treated
unsuccessfully with arthrocentesis associ-
ated with HA after 6 months of follow-
up.! Patients were evaluated for the pres-
ence of pain and maximum and assisted
mouth opening at 1 week, 1 month, and 3
months. In the first group (HA injections),
the pain decreased between periods, al-
though this was not statistically signifi-
cant. In the second group (NSAID
injections), the pain reduced in the first
week, but increased after 1 and 3 months
of follow-up; again, the difference was not
statistically significant. A small improve-
ment in the functional aspect was found in
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both groups, however without statistical
significance. The authors stated that more
invasive procedures, such as repeated
injections, arthroscopy, and open joint
surgery, are necessary in these cases.

Gencer et al. compared the effect of
intra-articular injections of HA, cortico-
steroid (betamethasone), and NSAID
(tenoxicam) on pain relief in patients with
capsular or cartilage degeneration and
TMD symptoms.” The study had a control
group of patients who received saline
injections, and the evaluation of pain relief
was performed after 1 and 6 weeks. Al-
though all groups had greater pain relief
than the control group, the best results
were observed for HA injections at 1
and 6 weeks. For patients using tenoxi-
cam, pain relief was not maintained be-
tween these periods.

Guarda-Nardini et al., Sato and Kawa-
mura, and Sato et al. extensively investi-
gated the efficacy of five arthrocentesis
sessions associated with viscosupplemen-
tation with HA in patients with
TMD.+121415.18.27.28.3032 Tpeu ohserved
that this protocol is beneficial regarding
the improvement in subjective symptoms
(such as pain at rest and in motion) and
clinical signs (such as mouth opening and
lateral movements), with these being
maintained for long periods after the ces-
sation of treatment.

In 2015, Guarda-Nardini et al. com-
pared two single-session protocols with
high or medium molecular weight HA
injections with the reference protocol of
five arthrocentesis sessions associated
with viscosupplementation with medium
molecular weight HA.*° The authors noted
that the latter protocol was superior to the
others after 6 months of follow-up.

In the study of Manfredini et al., dif-
ferent protocols for the treatment of os-
teoarthritis, lasting more than 6 months,
were compared regarding the improve-
ment of nociceptive and functional
symptoms.>' The drugs associated with
arthrocentesis were corticosteroid (triam-
cinolone) (group 2), low molecular
weight HA (groups 3, 5, and 6), and high
molecular weight HA (group 4). The
protocol used for group 4 was interrupted
due to the unpleasant side effects experi-
enced after treatment with the high mo-
lecular weight HA, which included
excess TMJ pain. According to the
authors, the high molecular weight HA
results in higher viscosity and lower ease
of diffusion thereof within the TMJ intra-
articular space. All other groups showed
improvements in the variables assessed
(chewing efficiency, pain at rest and in
motion, and improvement in mouth
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opening values), with no statistically sig-
nificant difference between them. How-
ever, group 5 showed the best results
from a numerical point of view. Regard-
ing the use of one or two needles for the
application of the drug, no difference was
observed between the groups, similar to
the results of Guarda-Nardini et al.,*?
who also found no difference between
the techniques in five sessions of arthro-
centesis followed by HA injections. Re-
garding the molecular weight of HA, the
results differ from those of Yeung et al.,
who assessed the clinical signs and
symptoms in patients with disc displace-
ment without reduction before and 6
months after treatment with two sessions
of high molecular weight HA injec-
tions.”! The authors observed an im-
provement in symptoms and proposed
high molecular weight HA as the primary
treatment for TMDs.

Rheumatoid arthritis is a chronic in-
flammatory disease that can compro-
mise, among other joints, the TMJ.*°
Kopp et al. evaluated the short-term
effects of HA, glucocorticoids (methyl-
prednisolone), and saline solution injec-
tions in the TMJs of patients with RA,
with the presence of symptoms for less
than 1 year in this joint.>® Patients in the
first two groups (HA and glucocorticoid
injections) exhibited significant positive
results when compared to those who had
saline injections; they showed a reduc-
tion in pain and clinical dysfunction,
as well as increased maximum mouth
opening.

Regarding the clinical diagnosis, no
comparative studies on the use of HA
for the treatment of articular disorders
caused by disc displacement or by degen-
erative and/or inflammatory disorders
were found. Patients in the studies includ-
ed had only one type of clinical diagnosis,
making it difficult to establish for what
type of condition HA is more favourable.

Furthermore, this treatment is relatively
expensive2 and has, until now, been ap-
proved by the US Food and Drug Admin-
istration only for wuse in knee
osteoarthritis.*® Therefore, further studies
with a larger number of patients and lon-
ger follow-up periods are necessary to
identify a suitable protocol, number of
sessions needed, and appropriate molecu-
lar weight of HA in order to ensure safe
use in patients.

In conclusion, intra-articular injections
of HA are beneficial for the improvement
of the pain and/or functional symptoms of
TMDs. However, other drug therapies,
such as corticosteroid and NSAID injec-
tions, can be used with satisfactory results.

Therefore, RCTs with longer follow-up
periods and larger sample sizes are neces-
sary to assess the actual effectiveness of
this technique.
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