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Comparison of 2 Hyaluronic Acid Drugs
for the Treatment of Temporomandibular

Joint Osteoarthritis
Luca Guarda-Nardini, MD, DDS,* Cristina Cadorin, MD,†

Antonio Frizziero, MD,‡ Giuseppe Ferronato, MD, DDS,§ and

Daniele Manfredini, DDS, PhD�

Purpose: To compare the effectiveness of 2 treatment protocols providing 5 weekly temporomandib-
ular joint (TMJ) arthrocenteses immediately followed by injections of 2 different molecular weight
hyaluronic acid (HA) drugs to manage symptoms in patients with inflammatory-degenerative TMJ disease.

Materials and Methods: Patients with a Research Diagnostic Criteria for Temporomandibular Disor-
ders diagnosis of osteoarthritis were randomly assigned to 1 of 2 study groups receiving either low– or
medium–molecular weight HA after arthrocentesis. The level of maximum pain at chewing was the
primary outcome variable, and maximum pain at rest, subjective chewing efficiency, functional limita-
tion, treatment tolerability, perceived treatment effectiveness, and jaw range-of-motion function in
millimeters were the secondary outcomes. All variables were assessed and compared between groups at
baseline, at the end of treatment, and 3 months later.

Results: Forty subjects entered the study. At the end of the follow-up period, all the outcome variables
improved in both groups of patients. A between-group comparison of changes over time showed that
differences were not significant for any of the outcome variables, that is, pain at chewing (F � 0.056,
P � .815), pain at rest (F � 0.383, P � .541), chewing efficiency (F � 0.050, P � .825), functional
limitation (F � 0.268, P � .609), and mouth opening (F � 0.003, P � .954). In addition, no between-
group differences were shown for perceived treatment effectiveness and treatment tolerability.

Conclusions: Similar positive effectiveness was shown for 2 treatment protocols for TMJ osteoarthritis
(ie, 5-session single-needle arthrocentesis plus low– or medium–molecular weight HA).
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The first works on temporomandibular joint (TMJ)
arthrocentesis focused on its application to increase
jaw function and achieve relief from pain in patients
with restricted mouth opening.1,2 Then, with the in-
crease of knowledge on the role of joint lubrication
impairment as a risk factor for TMJ internal derange-
ments, viscosupplementation with sodium hyaluro-
nate, that is, hyaluronic acid (HA), became an option
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for the management of symptoms in the clinical set-
ting.3 This led to the progressive expansion of poten-
tial clinical indications for the use of arthrocentesis
plus HA injections, with particular regard to joints
with inflammatory-degenerative disorders.4,5 Proto-
ols for symptom management in larger joints provided
he adoption of a cycle of 5 weekly HA injections im-
ediately after arthrocentesis,6,7 and encouraging find-

ngs also emerged from long-term case series on patients
ith TMJ disorders,8,9 as well as from a previous clinical

trial from our research group supporting the superi-
ority of multiple-injection protocols with respect to
single-session joint lavage.10

Notwithstanding the previously mentioned find-
ings, definitive information on the most suitable pro-
tocol as concerns the number of injections, the ideal
HA molecular weight, and—more in general—the
most effective approach (ie, arthrocentesis alone or
combined with drugs) is still to be gathered.11 Among
these aspects, comparative trials on the effectiveness

of HA drugs of different molecular weight may be
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useful to add information to the existing amount of
knowledge on TMJ injections.

In view of these considerations and in line with the
need to perform exploratory trials on the issue, the
aim of this investigation was to answer the following
question: In patients with TMJ osteoarthritis who un-
derwent a treatment protocol of 5 weekly arthrocen-
teses plus HA injection, does treatment effectiveness
at 3 months depend on the use of different molecular
weight HA? The null hypothesis was that there are no
differences between the protocols using the different
molecular weight HAs. To test the hypothesis, we
compared treatment-related changes in some clinical
outcome variables between patients receiving low–
molecular weight HA and patients receiving medium–
molecular weight HA.

Materials and Methods

To address the research purpose, we designed an
exploratory randomized clinical trial. The study pop-
ulation was composed of consecutive patients with a
Research Diagnostic Criteria for Temporomandibular
Disorders version 1.012 diagnosis of osteoarthritis
(axis I group IIIb) with joint pain lasting for more than

FIGURE 1. Flow diagram of progre
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Table 1. COMPARISON OF DEMOGRAPHIC FEATURES A
STUDY GROUPS

Study Variable G

Women (%)
Mean age (yr)
Pain at rest (0-10 on VAS)
Pain at chewing (0-10 on VAS)
Chewing efficiency (0-10 on VAS)
Functional limitation (0-4 on Likert-type scale)
Mouth opening (mm)
Guarda-Nardini et al. Hyaluronic Acid and TMJ Osteoarthritis. J Oral M
6 months seeking treatment at the TMD Clinic, De-
partment of Maxillofacial Surgery, University of Pa-
dova, Padua, Italy, who were randomly assigned to 1
of 2 study groups. Both groups of patients underwent
5 weekly single-needle arthrocenteses plus HA injec-
tion and a 3-month follow-up period. According to an
alternate allocation of patients into the 2 groups,
patients received 1 of 2 different types of HA, which
was the same for all 5 sessions. Patients were in-
structed to undergo a 2-week washout period before
starting the treatment protocol and to not use medi-
cations on a routine basis during the active treatment
and follow-up periods (ie, only 500 mg of acetamin-
ophen was allowed in the immediate post-interven-
tion phases).

The single-needle technique refers to the approach
first described by Guarda-Nardini et al,13 which ad-
opted only 1 needle for both saline fluid injection and
ejection. The technique was performed with the pa-
tient under local anesthesia, and on average, about 10
mL of saline fluid was used for joint lavage. After joint
lavage, patients in group A received 1 mL of medium–
molecular weight (ie, 1,200-kDa) HA (Sinovial; IBSA
Farmaceutici, Lodi, Italy), and patients in group B

ugh different phases of clinical trial.

axillofac Surg 2012.

ASELINE VALUES IN OUTCOME VARIABLES BETWEEN

(n � 17) Group B (n � 18) P Value

82 88 .337
� 15.0 52.9 � 16.1 .329
� 2.2 2.5 � 3.1 .552
� 2.5 5.1 � 2.7 .889
� 1.6 6.4 � 1.3 .062
� 1.0 1.8 � 0.9 .303
� 8.4 36.7 � 5.7 .946
ss thro
ND B

roup A

47.7
1.9
5.2
7.4
1.6

36.9
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received 1 mL of low–molecular weight (ie, 600-kDa)
HA (Hyalgan; Fidia, Abano Terme, Italy).

To ascertain the needed sample size for the inves-
tigation, the primary outcome variable was treatment
effectiveness based on the assessment of pain levels at
chewing on a 10-point visual analog scale (VAS), with
0 being absence of pain and 10 being the worst pain
ever. An a priori power analysis based on literature
data9 and assuming a mean VAS value of 6 � 3 (out of
10) for the main outcome variable, that is, pain at

FIGURE 2. Changes over time (x-axis) in pain-at-chewing VAS sco
for both groups (P � .001). Between-group differences in change

Table 2. SIGNIFICANCE OF DIFFERENCES IN
TREATMENT EFFECTIVENESS WITH RESPECT TO
GENDER AND AGE

Outcome Variable

P Value

Gender Age

Pain at rest (0-10 on VAS) .415 .617
Pain at chewing (0-10 on VAS) .333 .842
Chewing efficiency (0-10 on VAS) .412 .527
Functional limitation (0-4 on

Likert-type scale) .659 .735
Mouth opening (mm) .583 .612

Guarda-Nardini et al. Hyaluronic Acid and TMJ Osteoarthritis.
J Oral Maxillofac Surg 2012.
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chewing, showed that a 40-subject study design was
needed to detect about a 40% between-group differ-
ence in mean VAS values for pain at chewing with a
statistical power of 5% for type I error (ie, false-
positive results) and 20% for type II error (ie, false-
negative results).

For each patient, a number of secondary outcome
parameters were assessed: maximum pain at rest on a
10-point VAS with the same extreme points as the
pain-at-chewing scale; subjective chewing efficiency
(0-10 VAS, with 0 being the worst efficiency ever and
10 the best efficiency ever); functional limitation;
treatment tolerability and perceived treatment effec-
tiveness on a 5-point scale, with 0 being the lowest
and 4 the maximum value; and jaw range-of-motion
function in millimeters. All variables were evaluated at
baseline, at the end of treatment, and at a 3-month
follow-up after the end of treatment. All interventions
were performed by 1 of the 2 main investigators
(D.M. and L.G.-N.) in accordance with the previously
described random sequence of intervention, and the
outcome parameters were recorded by the same cli-
nician (C.C.) fully blinded to the type of HA injected
in the patients. In an attempt to achieve a double-
blind design, we did not tell the patients which of the

xis) in the 2 study groups. Improvement over time was significant
ime were not significant (P � .815).
res (y-a
s over t
axillofac Surg 2012.



4 HYALURONIC ACID AND TMJ OSTEOARTHRITIS
2 HA solutions was injected into the joint; they re-
ceived a generic explanation of the potential benefit
of administering arthrocentesis plus HA injections, as
well as an explanation that the specific intervention
that they were undergoing was indicated for their
disease. All patients gave their written consent after
being informed about the study’s aims and design.
Official approval by the University Review Board and
Medical Direction was received (authorization code
50361).

For statistical purposes, VAS pain levels and jaw
range-of-motion values were managed as continuous
variables, whereas data on subjective efficacy and
tolerability levels were managed as ordinal variables.
For all variables, analysis of variance for repeated
measures was performed to assess the existence of
significant within-group and between-group treat-
ment effects. Adjustments for age and gender were
performed to assess the influence of demographic
features on treatment effectiveness. For all compari-
sons, statistical significance for differences was set at
P � .05.

FIGURE 3. Changes over time (x-axis) in pain-at-rest VAS scores
group B (P � .002), whereas it was not significant for group A
significant (P � .541).
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Results

A total of 40 consecutive patients entered the study
protocol. The treatment protocol and follow-up pe-
riod were completed by 17 patients (82% of whom
were female patients; mean age, 47.7 � 15.0 years)
assigned to protocol A and 18 patients (88% of whom
were female patients; mean age, 52.9 � 16.1 years)
assigned to protocol B. Between-group gender (�2 �
2.17, P � .337) and age (t � �0.990, P � .329)
differences were not significant. The remaining 5 pa-
tients (3 in group A and 2 in group B) did not com-
plete the treatment protocol (1 subject) or strictly
follow the weekly appointments (4 subjects) because
of personal problems that prevented them from at-
tending the clinic regularly (Fig 1). Baseline levels in
the outcome parameters were not different between
the 2 groups, with P values ranging from .062 to .946
(Table 1).

At the end of the follow-up period, both groups of
patients improved with regard to all the outcome
variables. The effect of treatment was not different

in the 2 study groups. Improvement over time was significant for
242). Between-group differences in changes over time were not
(y-axis)
(P � .
axillofac Surg 2012.
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GUARDA-NARDINI ET AL 5
with regard to age and gender, thus not being influ-
enced by the demographic features of the sample
(Table 2). Patients in group A reported significant
mprovement in pain at chewing (P � .001), mouth
pening (P � .003), chewing efficiency (P � .004),

and functional limitation (P � .041), whereas im-
provement in pain at rest was not significant (P �
.242). Patients in group B reported significant im-
provement in chewing efficiency (P � .001), pain at
hewing (P � .001), and pain at rest (P � .002),
hereas improvement over time in mouth opening

P � .106) and functional limitation (P � .211) was
ot significant. No relevant adverse or side effects
ere observed in any patients, with the only minor

xception of a transient anesthesia of the temporal
nd zygomatic branches of the facial nerve area after
n intervention in 3 patients.

Between-group comparison of changes over time
howed that differences were not significant either
n the primary outcome variables, that is, pain at
hewing (F � 0.056, P � .815) (Fig 2), or in the

other outcome variables, that is, pain at rest (F �

FIGURE 4. Changes over time (x-axis) in VAS scores for chewin
significant for both groups (group B, P � .001; group A, P � .00
P � .825).

uarda-Nardini et al. Hyaluronic Acid and TMJ Osteoarthritis. J
.383, P � .541) (Fig 3), chewing efficiency (F �
0.050, P � .825) (Fig 4), functional limitation (F � 0.268,
� .609) (Fig 5), and mouth opening (F �

0.003, P � .954) (Fig 6). In addition, no between-
group differences were shown for perceived treat-
ment effectiveness and treatment tolerability (Table
3). The null hypothesis that there are no differences
between the protocols using the different molecular
weight HAs could not be rejected.

Discussion

The available literature has not been conclusive so
far in terms of indicating which is the most suitable
viscosupplementation protocol to achieve pain relief
and restore jaw function in patients with TMJ osteo-
arthritis.11 So, there is a need to gather as much data
as possible to explore the effectiveness of the differ-
ent protocols’ features (eg, number and sites of injec-
tions, HA molecular weight, and combination with
arthrocentesis) for the different conditions (eg, phys-
ical and psychosocial diagnoses). Considering these
drawbacks, as part of an ongoing attempt to gain

iency (y-axis) in the 2 study groups. Improvement over time was
ween-group differences in changes over time were not significant

axillofac Surg 2012.
g effic
4). Bet
deeper knowledge on the effectiveness of arthrocen-
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6 HYALURONIC ACID AND TMJ OSTEOARTHRITIS
tesis and injections in the management of inflam-
matory-degenerative disorders of the TMJ, investiga-
tions were performed by our research group to
identify predictors of treatment effectiveness14 and to
ompare different protocols.10,15 With these prem-
ses, the aim of the present investigation was to assess

hether, in patients with TMJ osteoarthritis who un-
erwent a treatment protocol of 5 weekly arthrocen-
eses plus HA injection, treatment effectiveness at 3
onths depends on the use of different molecular
eight HA. To address the research question, we
esigned a clinical trial to compare the treatment-
elated changes in some clinical outcome variables in
atients receiving low– versus medium–molecular
eight HA.
Findings suggested that both protocols were effec-

ive in improving symptoms at the 3-month follow-up,
nd no between-protocol differences in effectiveness
ere shown. These findings are open to several sug-

estions with regard to the magnitude of the treat-
ent effectiveness and to the comparison of the 2
rotocols providing HA of different molecular weight.

FIGURE 5. Changes over time (x-axis) in 5-point Likert-type scores
time was significant for group A (P � .041), whereas it was not s
ver time were not significant (P � .609).

uarda-Nardini et al. Hyaluronic Acid and TMJ Osteoarthritis. J
oth study groups improved significantly with regard
o most outcome variables, with a 57.8% reduction in
ain-at-chewing levels for group A and a 59.3% reduc-
ion for group B. These findings are in line with
iterature data supporting the effectiveness of 5-ses-
ion single-needle arthrocentesis plus HA injection for
MJ osteoarthritis. Importantly, the fact that between-
roup differences were not significant suggests that
edium–molecular weight HA is equally as effective

s low–molecular weight HA. This finding assumes
mportance in light of previous reports on the adop-
ion of low–molecular weight HA in patients with TMJ
isorders16-18 and may be worthy of further explora-

tion with future trials.
The adoption of the 5-injection protocol for visco-

supplementation of the TMJ was based on similar
approaches adopted for larger joints, and a recent
randomized controlled trial by our group suggested
that it may be viewed as the most effective approach
for viscosupplementation of the TMJ.10 The same
study also concluded that high–molecular weight HA
is not suitable for injecting the TMJ because of its high
viscosity and large steric interaction that prevents one

ctional limitation (y-axis) in the 2 study groups. Improvement over
nt for group B (P � .211). Between-group differences in changes

axillofac Surg 2012.
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GUARDA-NARDINI ET AL 7
TMJ intra-articular space. Notwithstanding that, no
information is available on the effectiveness of using
HA of medium molecular weight, which is the ratio-
nale underlying this investigation. Another compara-
tive trial suggested that no differences existed in pro-
tocols adopting the classical 2-needle technique or
the newly introduced single-needle technique for ad-
ministering arthrocentesis.15 For that reason, our in-
estigation adopted the single-needle technique to
educe the number of needles inserted into the joint
uring the 5-session protocol, to avoid the outflow of
he HA from the second skin hole and, possibly,
educe the patient’s discomfort.

FIGURE 6. Changes over time (x-axis) in millimeters of mouth ope
for group A (P � .003), whereas it was not significant for group
ignificant (P � .954).

uarda-Nardini et al. Hyaluronic Acid and TMJ Osteoarthritis. J

Table 3. BETWEEN-GROUP COMPARISON (t TEST) FOR
TOLERABILITY AT END OF FOLLOW-UP PERIOD

Outcome Variable Group A (

Perceived treatment effectiveness 2.6 �
Treatment tolerability 3.0 �
Guarda-Nardini et al. Hyaluronic Acid and TMJ Osteoarthritis. J Oral M
Indeed, the risk for overtreating the TMJ, especially
f one is performing the 2-needle arthrocentesis with

total of 10 needles inserted into the small joint
avity within a 5-week span, cannot be denied. As a
urther step on the way to reduce joint trauma, a
eduction of the number of serial injections seems to
e a promising strategy, and the use of HA with
otentially longer-lasting activity is an option worthy
o be explored to pursue that goal. The medium–
olecular weight HA adopted in this investigation
as shown to be equally as effective and tolerable as

he commonly used low–molecular weight prepara-
ion, showing an absence of side effects that charac-

axis) in the 2 study groups. Improvement over time was significant
.106). Between-group differences in changes over time were not

axillofac Surg 2012.

IVED TREATMENT EFFECTIVENESS AND TREATMENT

7) Group B (n � 18) P Value

2.5 � 0.8 .879
2.4 � 0.9 .116
ning (y-
B (P �
PERCE

n � 1

1.1
0.9
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8 HYALURONIC ACID AND TMJ OSTEOARTHRITIS
terized previous experimental use of higher–molecu-
lar weight HA for TMJ disorders.10 In view of these
considerations, data gathered in this investigation
may be viewed as a starting point to explore the
possibility to identify less invasive protocols, with a
reduced number of serial injections by the use of
medium–molecular weight HA.

Longer follow-up periods are strongly needed to sup-
port these findings, even though it must be borne in
mind that the technique used in our study as a compar-
ison reference (ie, 5-session single-needle arthrocentesis
plus low–molecular weight HA injections) was already
shown to be effective for longer post-treatment spans
than that adopted in this study.15

Generally, despite the need to define potentially
less invasive protocols and to better identify, the in-
dications for performing joint lavage and injections, it
should also be stressed that no side effects have been
reported with the adoption of the described protocol.
The worst, and only, discomfort noted by the patient is
the unpleasant feeling associated with the transient ef-
fects of the local anesthesia in the TMJ area, as shown by
the good tolerability level. So, safety in use for the
technique described in this study has been supported,
and future studies might help to define the needed
learning curve for approaching TMJ arthrocentesis and
injection with a good risk management strategy.

From a methodologic viewpoint, it should be borne
in mind that, because of the paucity of available data
on these treatment protocols, it was difficult to ad-
here strictly to the criteria for conducting randomized
controlled trials.19 In particular, along with compari-
sons with placebo, injection techniques must withstand
comparison with other conservative approaches, such
as oral appliances, physiotherapy, and cognitive-behav-
ioral treatments. With this premise, specific study
designs for comparison with other treatments must
be adopted on the basis of the CONSORT (Consoli-
dated Standards of Reporting Trials) guidelines for
reporting clinical trials,19 with additional strategies
or measuring pain in a multidimensional conceptual-
zation and for controlling for symptoms’ fluctuation
ver time. Notwithstanding that, it should be kept in
ind that the peculiar nature of the treatments under

nvestigation prevents one from achieving a full dou-
le-blind design, because the operators were blind
ith respect to the patients’ outcome parameters but

he operators could not obviously be blind with re-
pect to the technique they were performing. Actu-
lly, the expertise of the investigators performing the
nterventions and the expertise of the blinded single
xaminer recording the patients’ outcome parameters
eem to be key factors to warrant the validity of the
esults and should be taken into account also in future
nvestigations. As a further suggestion for the design

f future studies, it can be pointed out that, on the
asis of data gathered in this study and in our previous
ublication,10 much larger sample sizes are necessary

to detect lower threshold differences; for instance, up
to 43 patients per group and 97 patients per group are
needed to detect 30% and 20% between-group differ-
ences, respectively. Thus, considering the clinical and
logistic difficulties in performing large-sample clinical
trials on this issue, studies attempting to identify the
clinically significant VAS change threshold in patients
with chronic TMJ pain have to be designed in the near
future to avoid type II errors in the field of research
on TMJ disorder treatment. Keeping this in mind, the
design of multicenter studies has to be taken into
account as a possible strategy to increase the external
validity of these findings.

Within the limits of this investigation, similar posi-
tive effectiveness was shown for 2 treatment proto-
cols for TMJ osteoarthritis (ie, 5-session single-needle
arthrocentesis plus low– or medium–molecular weight
HA). The null hypothesis that no differences existed
between the protocols using the different molecular
weight HAs could not be rejected. Future investiga-
tions with longer follow-up periods and possibly in-
cluding other comparison protocols (eg, saline fluid
injections) have to be planned to increase knowledge
on the strategies to perform TMJ arthrocentesis and
injections in patients with TMJ inflammatory-degener-
ative disorders.
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