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ABSTRACT: Hyaluronate acid (HA) injections are gaining attention as a treatment option to manage 

symptoms of temporomandibular joint (TMJ) disorders, but updated evidence-based data on their effec- 

tiveness are actually lacking. The present paper aims to summarize and review systematically the clini- 

cal studies on the use of hyaluronic acid injections to treat TMJ disorders performed over the last 

decade. On November 9, 2009, a systematic search in the National Library of Medicine's PubMed 

(http://www.ncbi.nlm.nih.gov/pubmed) database was performed by means of a combined MeSH and 

word terms to identify all peer-reviewed papers published in the English literature dealing with the 

hyaluronic acid infiltration in patients affected by TMJ disorders. The selected papers were assessed 

according to a structured reading of articles format, which provided that the study design was method- 

ologically evaluated in relation to four main issues, viz., population, intervention, comparison, and out- 

come. Nineteen (N=19) papers were selected for inclusion in the review, 12 (N=12) dealt with the use of 

hylauronic acid in TMJ disk displacements and seven (N=7) dealt with inflammatory-degenerative dis- 

orders. Only nine groups of researchers were involved in the studies, and less than half of the studies 

(8/19) were randomized and controlled trials (RCTs). All studies reported a decrease in pain levels inde- 

pendently by the patients' disorder and by the adopted injection protocol. Positive outcomes were main- 

tained over the follow-up period, which was varied among studies, ranging between 15 days and 24 

months. The superiority of HA injections was shown only against placebo saline injections, but outcomes 

are comparable with those achieved with corticosteroid injections or oral appliances. The available liter- 

ature seems to be inconclusive as to the effectiveness of HA injections with respect to other therapeutic 

modalities in treating TMJ disorders. Studies with a better methodological design are needed to gain 

better insight into this issue and to draw clinically useful information on the most suitable protocols for 

each different TMJ disorder.  
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1 

Temporomandibular disorders (TMD) are a hetero- 

geneous group of pathologies affecting the tem- 

poromandibular joints, the masticatory muscles,  

or both.1 The disorders are characterized by a classically  
described triad of clinical signs: muscle and/or temporo- 

mandibular joint (TMJ) pain; TMJ sounds; and restric- 



tion, deviation or deflection of mouth opening path.2 

TMDs are considered the most common orofacial pain 

condition of nondental origin, with a prevalence at popu- 

lation level ranging from 1% to 75% for objective signs 

and from 5% to 33% for subjective symptoms,3 even 

t

h

o

u

g

h the percentage of subjects who actually need  
treatment is about 16%.4,5  

Intracapsular disorders of the TMJ, viz., disk displace- 

ments and inflammatory-degenerative disorders, account 

for a large part of TMD patient populations6 and may be  
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managed with a number of approaches that aim to relieve 

pain and to improve function.7 Among them, intra-articu- 

lar injections of sodium hyaluronate, viz., hyaluronic acid 

(HA), are gaining attention as a potentially effective tech-  
nique, alone or combined with joint lavage.8  

In physiological conditions, hyaluronic acid plays an 

important role in maintaining intra-articular homeostasis; 

it favors the elasticity and viscosity of the synovial fluid, 

providing a cushion against any shocks; HA has a lubri- 

cating, anti-inflammatory and pain-relieving action and 

enables activation of the tissue repair process in the carti- 

lage, with a normalizing action on the synthesis of 

endogenous acid by the synovial cells.9,10 It has been 

hypothesized that abnormalities of the joint lubrication 

system may play a role in the onset of TMJ disorders,11,12 

thus providing a rationale for the visco-supplementation 

with HA in patients with TMJ internal derangements and 

inflammatory-degenerative disorders. Early uses of HA 

in TMJ disorders date back two decades,13,14 but despite 

the number of investigations which have been done on 

this issue, there is little evidence-based information  
gleaned by a systematic review of the literature.15  

Considering these drawbacks, the present paper aims 

to summarize and review systematically the clinical stud- 

ies done over the last decade on the use of hyaluronic acid 

injections to treat TMJ disorders.  
 

Materials and Methods  
 

On November 9, 2009, a systematic search in the 

National Library of Medicine's PubMed (http://www. 

ncbi.nlm.nih.gov/pubmed) database was performed to 

identify all peer-reviewed papers in the English literature 

dealing with the hyaluronic acid infiltration as a treat- 

ment for TMJ disorders using the search strategy described 

below. The studies included for review were assessed on 

the basis of a structured reading of articles, which is also 

described in detail in the following sections.  
 

Search Strategy and Literature Selection  
A search with Medical Subjects Headings (MeSH) 

terms was used initially, and the following terms were 

used to identify a list of potential papers to be included in  
the review:  

Temporomandibular joint disorders: A variety of 

conditions affecting the anatomic and functional charac- 

teristics of the temporomandibular joint. Factors con- 

tributing to the complexity of temporomandibular diseases 

are its relation to dentition and mastication and the symp- 

tomatic effects in other areas, which account for referred 

pain to the joint and the difficulties in applying traditional 

diagnostic procedures to temporomandibular joint pathol-  
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ogy where tissue is rarely obtained and x-rays are often 

inadequate or nonspecific. Common diseases are devel- 

opmental abnormalities, trauma, subluxation, arthritis, 

and neoplasia. Year introduced: 1997 (Previous indexing: 

temporomandibular joint diseases 1982-1996).  
Hyaluronic Acid: A natural high-viscosity muco- 

polysaccharide with alternating beta (1-3) glucuronide 

and beta (1-4) glucosaminidic bonds. It is found in the 

umbilical cord, in vitreous body and in synovial fluid. A 

high urinary level is found in progeria. Year intro- 

duced: 2002.  
The search was limited to papers on adult populations 

(+19 years) in the English language and published later 

than 01/01/1999. The inclusion criterion for admittance 

in the systematic review was the type of study viz., clini- 

cal studies on humans, assessing the effectiveness of 

hyaluronic acid injections in the treatment of any TMD 

disorders. The inclusion in the review was based on con- 

sensus decision by all three authors, who reached a per- 

fect inter-examiner agreement in all cases.  
 

Systematic Assessment of Papers  
The selected papers were assessed according to a struc- 

tured reading of articles format (PICO format), which 

provided that the study design was methodologically 

evaluated in relation to four main issues, viz., population, 

intervention, comparison, and outcome, for each of 

which specific questions were constructed.  
For each article, the study population ('P') was described 

in light of the criteria for inclusion, the demographic fea- 

tures of the sample, and the sample size. The study design 

was described in the section reserved for questions on 

study intervention: protocol, reference variables, follow- 

up and statistical analysis. The comparison criterion ('C') 

assessed the presence of any comparison groups, viz., a 

control group or a specific comparison subgroup within 

the patient population. The study outcome ('O') was 

described based upon the results reported by the authors.  
 

Results  
 

The combination of the two MeSH terms, which alone 

yielded 4863 and 2080 citations, respectively, allowed 

identification of 51 citations, the abstracts of which were 

read to select articles for retrieval of full-text. After read- 

ing the abstracts, 37 papers were excluded from further 

assessment, and the remaining 14 papers were retrieved 

in full-text and assessed for possible admittance in the 

review. All 14 papers retrieved were included in the 

review. Also, the PubMed search was expanded to arti- 

cles related to the ones selected and the reference lists of 

the full-text papers were read carefully to search for other  
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studies, which had potential for inclusion in the review.  

After examination of the full-text articles, 19 papers 

were selected for inclusion in the review, twelve (N=12) 

of which dealt with the use of hylauronic acid in TMJ 

disk displacements and seven (N=7) of which dealt with 

inflammatory-degenerative disorders.  
 

Summary of Findings from Studies on TMJ Disk  
Displacement  

Twelve studies on the use of hyaluronic acid in patients 

with TMJ disk displacement were performed by seven 

different research groups (Table 1) and accounted for a 

total of 487 joints in 433 patients (348 females, 52 males, 

33 unspecified gender; mean age was between 27 and 42 

years), 20 of whom took part to two studies.16,17 Twenty- 

five joints (N=25) were affected by unspecified internal 

derangements, 89 were diagnosed disk displacement 

with reduction and 373 disk displacement without reduc- 

tion. Five studies were performed by the same research 

group,18-20 and two were duplication studies, presenting 

different results from the same investigation.16,17 Another 

research group accounted for the other two studies.21,22  
The study protocols were different among the various 

investigations, ranging from single HA injections with 

or without arthrocentesis21 to five HA injections (one per 

week) following arthrocentesis.23 Other protocols 

included five HA injections without arthrocentesis (one 

per week),16-20 three HA injections,24 three HA injections 

either in the upper or in the lower joint space,25 two injec- 

tions (one26 or two weeks apart),27 one HA injection two 

weeks later than either arthrocentesis or arthrocentesis 

plus HA injection.22 As a general rule, the number of 

injections is dependent upon the HA molecular weight, 

viz., the lower the molecular weight the higher the 

number of injections, even though it was specified only in 

a minority of studies. An active control group was 

recruited in four studies, adopting either saline injec- 

tions,26 arthrocentesis,21 or other HA injection proto- 

cols/sites of injections,25,22 and passive control groups of 

untreated patients were included in the five studies of the 

same research group.16-20 All studies based outcome 

assessment on measurement of jaw range of motion and 

pain levels at rest and while chewing, as measured on a 

VAS scale. Additional radiological,18 kinesiographic,16 or 

electromyographic17 evaluations were provided in three 

studies, the last two of which were performed on the same 

study population. Follow-up spans ranged between 15 

days22 to 24 months,19,21 even though in the majority of 

studies, patients were followed up for one year.17,18,20,24  
As to findings, all studies reported a decrease in pain 

levels, and positive outcomes also considered parameters 

of condylar mobility,18 kinesiographic,16 and electromyo-  
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graphic recordings,17 as well as a reduction in the Helkimo 

clinical dysfunction index.25 Range of motion improved 

in the majority of studies, but a couple of papers24,27 

reported the absence of significant changes in mouth 

opening. Results from studies with an active control 

group suggested that arthrocentesis plus HA injection is 

superior to arthrocentesis alone in patients with closed 

lock,21 that a protocol of two HA injections at weekly 

intervals is more effective than placebo injections of 

saline,26 that a protocol of injections within the lower 

joint space is superior to injections in the upper joint 

space,25 and that joint catabolyte levels decreased more  
significantly with a supplemental HA injection.22  
 
Summary of Findings from Studies On TMJ Inflammatory  
Disorders  

Seven studies (Table 2) on the use of hyaluronic acid 

injections in patients with inflammatory-degenerative 

disorders were performed by three different research 

groups and accounted for a total of 171 patients (87 

females, eight males, 76 unspecified sex), 20 of which 

were included in the same investigation which was 

described in two different papers.28,29 Four studies were 

performed by the same research group30-33 and two others 

were conducted by another group and presented different 

data gathered on the same study population.28,29 Patients 

were given a diagnosis of osteoarthritis according to the 

Research Diagnostic Criteria for TMD (RDC/TMD)34 in 

almost all studies (6/7), confirmed radiologically in one  
study.29  

The study protocols adopted by the three research 

groups provided either a single HA injection,35 two injec- 

tions (two weeks apart),28,29 or a cycle of five HA injec- 

tions (one per week) following arthrocentesis.30-33 Also in 

this case, molecular weight of the hyaluronic acid was 

reported only in some cases. An active comparison group 

was recruited in three investigations; in one study control 

group, patients received the same injection protocol as 

the study group by using corticosteroids instead of 

HA.28,29 In another study controls underwent a four-week 

treatment with oral drugs (methocarbamol plus paraceta- 

mol),35 and in another one, an active control group under- 

going occlusal appliance therapy and a passive untreated 

control group were recruited.32 In all studies, parameters 

used for outcome assessment were based on the evalua- 

tion of jaw range of motion and pain levels (VAS), with 

an additional CT evaluation performed in one study.28 

Follow-up periods ranged between three months35 to one 

year,31 with 5/7 studies28-30,32,33 following up patients for 

six months after the end of treatment.  
Findings from the studies suggested that marked 

improvement was achieved in all studies in all outcome  
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variables, and that improvement was kept constant over 

the follow-up period. Studies with control groups showed 

that a single HA injection was superior to oral adminis- 

tration of methacarbamil plus paracetamol,35 and that a 

significant positive difference, with respect to untreated 

joints28,29 or patients,32 was observed. No significant dif- 

ferences were detected with respect to patients treated  
with corticosteroids28,29 or occlusal appliances.32  
 
Discussion  
 

The issue of temporomandibular disorders treatment is 

one of the most controversial and intriguing aspects of the 

dental and orofacial pain literature. There is broad con- 

sensus among scientists that symptomatic management is 

currently the most effective approach to treatment of such 

disorders in terms of reversibility and benefit-to-risk 

ratio.36 Such suggestion has led to the proposal of several 

conservative treatment modalities for both muscle and 

joint disorders, including oral appliances,37 physiother- 

apy,38 physical therapy,39 artrocentesis and joint lavage,40 

drugs,41 and behavioral therapies.42 However, it seems 

that the level of evidence coming from the literature on 

the use of such different approaches is still insufficient, 

since very few systematic reviews have been performed  
on the issue of TMD treatment.43,44  

Within this context, viscosupplementation with 

hyaluronic acid injections is gaining attention as a poten- 

tially useful technique to improve jaw function and 

achieve relief from pain in patients with TMD, as sug- 

gested by the literature on larger joints, such as the knee 

and hip joints.45 The present review was only a systematic 

review performed to assess the effectiveness of intra- 

articular injection of hyaluronic acid, both alone and in 

combination with other remedies for TMJ disorders.15 

The review was limited to randomized or quasi-random- 

ized controlled trials (RCTs), thus examining findings 

from very few studies from the year 1985 to 2002 (N=7) 

and concluded that there was positive but weak evidence 

for using hyaluronate to treat TMD and rheumatoid TMJ 

cases. Some methodological flaws and incomplete report- 

ing were the main factors influencing validity and repro- 

ducibility of the conclusion. There is a need for further 

high quality RCTs of hyaluronate before drawing firm 

conclusions with regard to its treatment effectiveness.15  
The aim of the present review was to update knowl- 

edge on this issue, by evaluating the literature produced 

over the last decade. Nineteen papers were selected for 

discussion, 12 of which dealt with patients with TMJ disk 

displacement (sometimes referred to as internal derange- 

ment) and seven of which dealt with TMJ inflammatory- 

degenerative disorders, with interesting emerging results.  
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Few papers provided a IIb level of evidence (random- 

ized controlled trials),46 since only 8/19 (42.1%) papers 

concerned with six different investigations provided the 

presence of an active control group, while all the other 

papers reported data from uncontrolled or passively con- 

trolled investigations, viz., case series thus providing a 

IIIb or IV level of evidence. All low-evidence papers 

reported encouraging findings as to the effectiveness of 

different hyaluronic acid injection protocols to improve 

jaw range of motion and to decrease pain levels. 

Notwithstanding, data from the RCTs suggested that such 

effects are not superior to those achieved with corticos- 

teroids injections28,29 or occlusal appliance therapy32 in 

patients with inflammatory-degenerative disorders, they 

do seem to be superior to those achieved using placebo 

injections26 or arthrocentesis21 in subjects with disk dis- 

placement with reduction. Other findings from RCTs on 

disk displacement patients suggest that additional visco- 

supplementation with additional HA injections, com- 

pared with a single HA injection plus arthrocentesis is 

more effective in achieving symptom management,22 and 

that injections in the lower joint space are more effective 

than the classical upper joint approach.25 Unfortunately, 

there was no data provided on how to achieve a repro- 

ducible and accurate approach to the lower joint space.  
A major concern with the literature on HA injections in 

TMJ disorders is that a large number of papers is accounted 

for by only a couple of research groups, which performed 

five studies each and were likely based upon the same 

patient population, followed up at different points in 

time. Such an observation is a concrete matter of concern 

when trying to discuss the overall external validity of the 

literature findings. Moreover, very little data exist com- 

paring the different protocols of HA injections, alone or 

combined with arthrocentesis, since the studies from the 

different research groups are not consistent with each 

other with regard to the number and interval of HA injec- 

tions. Even the more extreme examples of different pro- 

tocols, viz., a cycle of five HA injections plus arthrocentesis 

(one week apart) vs. a single HA injection, seem to find a 

biologically plausible rationale and seem to be justified 

by the choice to adopt HA of different molecular weights. 

Uncertainties in the choice of the protocols are likely due 

to the absence of literature guidelines for this specific 

issue on which a clinician may base a treatment plan. 

Unfortunately, the present systematic assessment of the 

literature did not provide much useful information at the 

clinical (single patient) level. However, it must be kept in 

mind that there are some objective problems related to the 

need to do further research into this issue, the main one 

being the difficulty in designing methodologically cor- 

rect studies. The different protocols that are usually  
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adopted for arthrocentesis (single session) and HA injec- 

tions (five weekly injections) in other joints make it 

impossible to perform, e.g., a double-blind, randomized, 

and controlled clinical trial to test for the superiority of 

one treatment or the combination of the two over the 

other, or even to test for the relative effectiveness of dif- 

ferent protocols.  
From a methodological viewpoint, it should be pointed 

out that the inclusion criteria were here enlarged to stud- 

ies with less than optimal evidence levels and poor qual- 

ity designs. Such an approach may not be the most 

suitable when performing reviews at the highest levels, as 

suggested by some guidelines for the assessment of qual- 

ity, methodological systematic reviews,47 but it did 

accomplish the review's intention to gather as much data as 

possible on the argument. Inclusion was limited to 

English literature included in PubMed, which is the most 

diffuse and comprehensive medical database. However, 

there is a likelihood that some minor publications in other 

languages and included in other databases , even low, 

cannot be excluded and should be considered in future 

reviews. The problem of publication bias, viz., the likeli- 

hood that negative findings on the outcome of a particu- 

lar treatment may be published less frequently than 

positive ones, has not been addressed. Even if consis- 

tency of findings from case series published by the differ- 

ent research groups suggest a good outcome with HA 

injections for TMJ disorders seems to rule out this poten- 

tial problem. It should be noted that redundancy con- 

cerns, viz., duplication studies on the same study 

populations, cannot be ruled out due to the small number 

of few groups involved in this clinical research field, 

some of which contribute multiple papers with different 

follow-up periods.  
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managed with a number of reversible an conservative 

approaches, among which visco-supplementation with 

hyaluronic acid injections is gaining attention as a poten- 

tially effective tool to improve jaw function and decrease 

pain levels. Nonetheless, evidence-based data appears to 

be lacking, and a systematic assessment of the available 

literature was performed to summarize current knowl- 

edge on the issue. Nineteen papers dealing with HA 

injections in patients with either disk displacement 

(N=12) or inflammatory-degenerative disorders (N=7) 

were published in the last decade, and their structured 

reading suggests that several shortcomings still affect the 

literature on this issue. So few papers have been done and 

by only nine research groups, with a couple of those 

accounting for more than half the published papers, thus 

limiting generalization of findings. Moreover, few ran- 

domized and controlled trials comparing the effective- 

ness of HA injections with that of other treatments have 

been performed. In general, despite the effectiveness 

shown by all case series, HA injections did not prove 

superior to other active treatments, such as corticosteroid 

injections or occlusal appliances. Some studies showed 

that viscosupplementation has an additional value with 

respect to joint lavage alone, viz., arthrocentesis. Strong 

evidence-based data to identify the best protocol (e.g., 

number and sites of the injections, HA molecular weight, 

combination with arthrocentesis) for the different clinical 

conditions (e.g., inflammatory-degenerative disorders, 

arthralgia, closed lock, other internal derangements) are 

needed before supporting the routine clinical use of HA 

injections to manage TMJ disorder symptoms.  
 
References  

In general, despite the fact that the literature supports 

the potential effectiveness of visco-supplementation to 

manage TMJ disorders, it seems that evidence-based data 

are still lacking to support its use in daily practice. The 

literature is still in a growing or preliminary phase, which 

is a striking observation if one considers that early studies 

on the issue date back almost 30 years.48 Moreover, the 

clinical use of HA injections should also be supported by 

detailed benefit-to-cost ratio evaluations in future studies, 

because HA injections need to stand comparison with 

conservative approaches, such as occlusal splints, phys- 

iotherapy, and pain medication, before being definitively 

introduced within the daily armamentarium of the TMD 

specialist.  
 

Conclusions  
 

Temporomandibular joint disorders are commonly  

1.  
 
2.  
 
3.  
 

 
4.  
 

 
5.  
 

 
6.  
 
7.  
 

 
8.  
 

 
9.  
 

 
10.  

McNeill C: Management of temporomandibular disorders: concepts and con-  
troversies. J Prosthet Dent 1997; 77:510-522.  

Laskin DM: Etiology of the pain-dysfunction syndrome. J Am Dent Assoc  
1969; 79:147-153.  

Friction JR, Schiffmann EL: Epidemiology of temporomandibular disorders.  
In: Friction JR, Dubner R, eds. Orofacial pain and temporomandibular dis- 

orders. New York, Raven Press, Ltd., 1995:1-14.  
Al-Jundi MA, John MT, Setz JM, Szentperry A, Kuss O: Meta-analysis of  

treatment need for temporomandibular disorders in adult nonpatients. J 

Orofac Pain 2008; 22:97-107.  
Manfredini D, Guarda-Nardini L: TMD epidemiology and classification. In:  

Manfredini D, ed. Current concepts on temporomandibular disorders. 

Berlin: Quintessence Publishing, 2010.  
Okeson JP: The classification of orofacial pains. Oral Maxillofac Surg Clin  

North Am 2008; 20:133-144.  
Nitzan DW, Benoliel R, Heir G, Dolwick F: Pain and dysfunction of the tem-  

poromandibular joint. In: Sharav E, Benoliel R, eds. Orofacial pain and 

headache. Philadelphia: Mosby-Elsevier, Philadelphia, 2008: 149-192.  
Guarda-Nardini L, Ferronato G: TMJ arthrocentesis. In: Manfredini D, ed.  

Current concepts on temporomandibular disorders. Berlin: Quintessence 

Publishing, 2010.  
Nitzan DW, Nitzan U, Dan P, Yedgar S: The role of hyaluronic acid in pro-  

tecting surface-active phospholipids from lysis by exogenous phospholi- 

pase A2. Reumatol 2001; 40:336-340.  
Cascone P, Fonzi Dagger L, Aboh IV: Hyaluronic acid's biomechanical sta-  

bilization function in the temporomandibular joint. J Craniofac Surg 2002; 

13:751-754.  
 

 
 

10  THE JOURNAL OF CRANIOMANDIBULAR PRACTICE  JULY 2010, VOL. 28, NO. 3  



MANFREDINI ET AL.  TMD TREATED WITH HYALURONIC ACID  
 

 
11.  
 

 
12.  
 

 
13.  
 
 
14.  
 

 
15.  
 

 
16.  
 

 
17.  
 

 
18.  
 

 
19.  
 
 
20.  
 

 
21.  
 

 
22.  
 
 
23.  
 
 
24.  
 

 
25.  
 
 
26.  
 
 
27.  
 
 
28.  

 

 
Nitzan DW: The process of lubrication impairment and its involvement in  

temporomandibular joint disk displacement: a theoretical concept. J Oral 

Maxillofac Surg 2001; 59:36-45.  
Nitzan DW, Kreiner B, Zeltser B: TMJ lubrication system: its effect on the  

joint function, dysfunction, and treatment approach. Compen Contin Educ 

Dent 2004; 25:443-444.  
Kopp S, Carlsson G, Haraldson T, Wenneberg B: The short-term effect of  

intra-articular injection of sodium hyaluronate and corticosteroid on tem- 

poromandibular joint pain and dysfunction. J Oral Maxillofacial Surg 

1985; 43:429-435.  
Kopp S, Carlsson G, Haraldson T, Wenneberg B: Long-term effect of intra-  

articular injections of sodium hyaluronate and corticosteriod on temporo- 

mandibular joint arthritis. J Oral Maxillofacial Surg 1987; 45:929-935.  
Shi Z, Guo C, Awad M: Hyaluronate for temporomandibular joint disorders.  

Cochrane Database of Systematic Reviews 2003, Issue 1. Art. No.: 

CD002970.  
Sato S, Nasu F, Motegi K: Analysis of kinesiograph recordings and mastica-  

tory efficiency after treatment of non-reducing disk displacement of the 

temporomandibular joint. J Oral Rehabil 2003; 30:708-713.  
Sato S, Nasu F, Motegi K: Analysis of post-treatment electromyographs in  

patients with non-reducing disk displacement of the temporomandibular 

joint. J Oral Rehabil 2002; 29:1126-1130.  
Sato S, Kawamura H: Changes in condylar mobility and radiographic alter-  

ations after treatment in patients with non-reducing disc displacement of 

the temporomandibular joint. Dentomaxillofac Radiol 2006; 35:289-294.  
Sato S, Oguri S, Yamaguchi K, Kawamura H, Motegi K: Pumping injection  

of hyaluronic acid for patients with nonreducing disc displacement of the 

temporomandibular joint: two year follow-up. J Craniomaxillofac Surg 

2001; 29:89-93.  
Sato S, Sakamoto M, Kawamura H, Motegi K: Disk position and morphology  

in patients with nonreducing disk displacement treated by injection of 

sodium hyaluronate. Int J Oral Maxillofac Surg 1999; 28:253-257.  
Alpaslan GH, Alpaslan C: Efficacy of temporomandibular joint arthrocente-  

sis with and without injection of hyaluronic acid in treatment of internal 

derangements. J Oral Maxillofac Surg 2001; 59:613-618.  
Alpaslan C, Bilgihan A, Alpaslan GH, Güner B, Ozgür Yis M, Erba D: Effect  

of arthrocentesis and sodium hyaluronate injection on nitrite, nitrate, and 

thiobarbituric acid-reactive substance levels in the synovial fluid. Oral 

Surg Oral Med Oral Pathol Oral Radiol Endod 2000; 89:686-690.  
Guarda-Nardini L, Manfredini D, Ferronato G: Short-term effects of arthro-  

centesis plus visosupplementation in the management of signs and symp- 

toms of painful TM disk displacement with reduction. A pilot study. Oral 

Maxillofac Surg 2009 Oct 21 (Epub ahead of print).  
Basterzi Y, Sari A, Demirkan F, Unal S, Arslan E: Intraarticular hyaluronic  

acid injection for the treatment of reducing and nonreducing disk displace- 

ment of the temporomandibular joint. Ann Plast Surg 2009; 62:265-267.  
Long X, Chen G, Cheng AH, Cheng Y, Deng M, Cai H, Meng Q: Superior  

and inferior temporomandibular joint space injection with hyaluronic acid 

in treatment of anterior disk displacement without reduction. J Oral 

Maxillofac Surg 2009; 67:357-361.  
Hepguler S, Akkoc YS, Pehlivan M, Ozturk C, Celebi G, Saracoglu A,  

Opzinar B: The efficacy of intra-articular hyaluronic acid in patients with 

reducing displaced disk of the temporomandibular joint. J Oral Rehabil 

2002; 29:80-86.  
Yeung RWK, Chow RLK, Samman N, Chiu K. Short-term therapeutic out-  

come of intra-articular high molecular weight hyaluronic acid injection for 

nonreducing disk displacement of the temporomandibular joint. Oral Surg 

Oral Med Oral Pathol Oral Radiol Endod 2006;102:453-461.  
Møystad A, Mork-Knutsen BB, Bjørnland T: Injection of sodium hyaluronate  

compared to a corticosteroid in the treatment of patients with temporo-  

 

 
31.  
 
 
32.  
 

 
33.  
 
 
34.  
 

 
35.  
 
 
36.  
 
 
37.  
 

 
38.  
 
 
39.  
 

 
40.  
 

 
41.  
 

 
42.  
 

 
43.  
 
44.  
 

 
45.  
 
46.  
 

 
47.  
 

 
48.  

 

 
Guarda-Nardini L, Stifano M, Brombin C, Salmaso L, Manfredini D: A one-  

year case series of arthrocentesis with hyaluronic acid injections for tem- 

poromandibular joint osteoarthritis. Oral Surg Oral Med Oral Pathol Oral 

Radiol Endod 2007; 103:14-22.  
Guarda-Nardini L, Masiero S, Marioni G: Conservative treatment of tem-  

poromandibular joint osteoarthrosis: intra-articular injection of hyaluronic 

acid. J Oral Rehabil 2005; 32:729-734.  
Guarda-Nardini L, Tito R, Staffieri A, Beltrame A: Treatment of patients with  

arthrosis of the temporomandibular joint by infiltration of sodium 

hyaluronate: a preliminary study. Eur Arch Otorhinolaryngol 2002; 

259:279-284.  
Dworkin SF, Leresche L: Research diagnostic criteria for temporomandibu-  

lar disorders: review, criteria, examinations and specifications, critique. 

J Craniomandib Disord 1992; 6:301-355.  
Oliveras-Moreno JM, Hernandez-Pacheco E, Oliveras-Quintana T, Infante-  

Cossio P, Gutierrez-Perez JL: Efficacy and safety of sodium hyaluronate in 

the treatment of Wilkes Stage II Disease. J Oral Maxillofac Surg 2008; 

66:2243-2246.  
Greene C. Concepts of TMD etiology: effects on diagnosis and treatment. In:  

Laskin DM, Greene CS, Hylander WL, eds. TMDs. An evidence-based 

approach to diagnosis and treatment. Chicago: Quintessence Publishing 

2006:219-228.  
Klasser GD, Greene CS: Oral appliances in the management of temporo-  

mandibular disorders. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 

2009; 107:212-223.  
Medlicott MS, Harris SR: A systematic review of the effectiveness of exer-  

cise, manual therapy, electrotherapy, relaxation training, and biofeedback 

in the management of temporomandibular disorders. Phys Ther 2006; 

86:955-973.  
McNeely ML, Armijo-Olivo S, Magee DJ: A systematic review of the effec-  

tiveness of physical therapy interventions for temporomandibular disor- 

ders. Phys Ther 2006; 86:710-725.  
Al-Belasy FA, Dolwick MF: Arthrocentesis for the treatment of temporo-  

mandibular joint closet lock: a review article. Int J Oral Maxillofac Surg 

2007; 36:773-782.  
Hersch EV, Balasubramaniam R, Pinto A: Pharmacologic management of  

temporomandibular disorders. Oral Maxillofac Surg Clin North Am 2008; 

20:197-210.  
Dworkin SF. Psychological and psychosocial assessment. In: Laskin DM,  

Greene CS, Hylander WL, eds. TMDs. An evidence-based approach to  
diagnosis and treatment. Quintessence Publishing, 2006: 203-218.  

Scrivani SJ, Keith DA, Kaban LB: Temporomandibular disorders. N Engl J  
Med 2009; 359:2693-2705.  

Manfredini D: Fundamentals of TMD management. In: Manfredini D, ed.  
Current concepts on temporomandibular disorders. Berlin: Quintessence 

Publishing, 2010.  
Axe MJ, Shields CL: Potential applications of hyaluronans in orthopedics.  

Sports Med 2005; 35:853-864.  
Sackett DL, Rosenberg WM, Gray JA, Haynes RB, Richardson WS:  

Evidence-based medicine: what it is and what it isn't. BMJ 1996; 312:71- 72.  
Shea BJ, et al.: Development of AMSTAR: a measurement tool to assess the  

methodological quality of systematic reviews. BMC Medical Research 

Methodology 2007; 7:10.  
Kopp S, Wenneberg B: Effects of occlusal treatment and intraarticular injec-  

tions on temporomandibular joint pain and dysfunction. Acta Odontol 

Scand 1981; 39:87-96.  

 

 
29.  
 
 
30.  

mandibular joint osteoarthritis: a CT evaluation. Oral Surg Oral Med Oral 

Pathol Oral Radiol Endod 2008; 105:e53-e60.  
Bjørnland T, Gjærum AA, Møystad A: Osteoarthritis of the temporo-  

mandibular joint: an evaluation of the effects and complications of corti- 

costeroid injection compared with injection with sodium hyaluronate. J 

Oral Rehabil 2007; 34:583-589.  
Manfredini D, Bonnini S, Arboretti R, Guarda-Nardini L: Temporomandibular  

joint osteoarthritis: an open label trial of 76 patients treated with arthrocen- 

tesis plus hyaluronic acid injections. Int J Oral Maxillofac Surg 2009; 38: 

827-834.  

Dr. Fabio Piccotti received his D.D.S. degree from the University of  
Pisa, Italy in 2009. He is currently receiving post-graduate training in 
the field of occlusion and temporomandibular disorders.  
 
Dr. Luca Guarda-Nardini received his M.D. degree at the University of  
Padova, Italy in 1985. He has earned specialty degrees in ear-nose- 
throat pathologies, dentistry, and maxillofacial surgery.  

 

 
 
 
 
 
 
 
JULY 2010, VOL. 28, NO. 3  THE JOURNAL OF CRANIOMANDIBULAR PRACTICE  11  


