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SUMMARY This study attempted to identify baseline

predictors of positive outcome of arthrocenteses plus

hyaluronic acid injections in degenerative temporo-

mandibular joint disease (TMJ DJD). Ninety (n = 90)

consecutive patients with Research Diagnostic

Criteria for Temporomandibular Disorders TMJ

osteoarthritis (RDC ⁄ TMD 1.0 Axis I Group IIIb)

underwent a cycle of five arthrocenteses with injec-

tions of 1 mL hyaluronic acid and were followed up

for 3 months. Eight potential predictors of positive

treatment outcome (sex, age, pain duration, baseline

pain at chewing, presence of uni- or bilateral arthri-

tis, presence of other concurrent RDC ⁄ TMD diagno-

ses, type of intervention and tolerability of

treatment) were included in a logistic regression

model to identify baseline predictors of treatment

effectiveness. At follow-up, 85Æ6% of patients

improved with respect to baseline VAS values, and

64Æ4% had a 50% or more decrease (positive out-

comes). Correlation with positive outcomes existed

only for unilateral osteoarthritis, and the logistic

regression identified the side of arthritis (uni-

lateral ⁄ bilateral) as the only predictor of positive

treatment outcome (P = 0Æ032). The achievement of

any treatment improvement was predicted by high

baseline pain levels (P = 0Æ016). The regression

models explained only 7Æ7–15% of the variance in

the outcome variable. The attempts to find pre-

dictors of positive treatment outcome with HA

injections for TMJ degenerative joint disease have

been successful only in part. The search for other

outcome predictors is likely to benefit from the

assessment of psychosocial features associated with

TMJ disorders.
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Introduction

Degenerative joint disease (DJD) is a slowly progressive

condition resulting in the destruction of joint structures

over a period of years (1). The signs and symptoms of

degenerative joint disease of the temporomandibular

joint (TMJ) are also related to concurrent inflammatory

processes and include unilateral pain, stiffness, joint

clicking, crepitation and limitation of movement (2–4).

The evolution and natural course of TMJ DJD is

benign in the strong majority of cases (5, 6), thus

justifying the adoption of conservative treatments,

ranging from physiotherapy to occlusal splints, to

reduce joint load and achieve pain relief (7, 8). Within

the context of the search for new treatments, evidences

that impairment in joint lubrification may be involved

in the pathogenesis (9) led to the introduction of

viscosupplementation and hyaluronic acid injections as

a treatment option for these disorders (10–16), but

despite the encouraging and positive outcomes reported

in most patients, literature findings did not provide

conclusive findings as for the most effective protocol

and did not allow identifying predictors for treatment

efficacy.

Considering these premises, this study is an attempt

to identify baseline predictors of positive outcome in a

sample of consecutive patients with degenerative TMJ

disease treated with a cycle of five weekly arthrocent-

eses plus hyaluronic acid injections.
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Materials and methods

Study design

Participants to the study were 90 (N = 90) consecutive

patients (80 women, 10 men; mean age 56Æ3 years,

range 24–81) with a diagnosis of temporomandibular

joint osteoarthritis according to the Research Diagnostic

Criteria for Temporomandibular Disorders version 1.0

(RDC ⁄ TMD Axis I Group IIIb) in the absence of any

systemic rheumatic disease seeking for the treatment at

the TMD Clinic, University of Padova, Italy. All partic-

ipants underwent a cycle of five arthrocenteses with

injections (one per week) of 1 mL hyaluronic acid

(Hyalgan*) according to the classical two-needle (13) or

a newly introduced single-needle technique described

by Guarda-Nardini et al. (17) and three follow-up

assessments after the end of the treatment (at 1 week,

at 1 month and at 3 months).

According to RDC ⁄ TMD 1.0 guidelines (18), a Group

IIIb diagnosis of osteoarthritis was made when the

following signs and symptoms were present:

1 arthralgia (TMJ pain with lateral and ⁄ or posterior

palpation plus anamnestical reporting of TMJ pain

during maximum voluntary mouth opening and ⁄ or

maximum assisted mouth opening and ⁄ or lateral

excursions);

2 crepitus sounds;

3 radiological signs of TMJ bone structures abnorma-

lities, such as erosions, sclerosis, flattening and

osteophytes, showed by means of magnetic reso-

nance imaging.

Outcome variable

Scores in the clinical parameter ‘pain at chewing’,

assessed by means of a Visual Analogue Scale (VAS)

from 0 to 10, with the extremes being ‘no pain’ and

‘pain as bad as the patient ever experienced’ respec-

tively, were assessed by the same operator at the time

of the diagnosis (baseline), at each appointment during

the treatment and at each appointment during the

follow-up period. With the aim to create a dichotomic

outcome variable, a 50% or more decrease in the ‘pain

at chewing’ values at the end of the 3-month follow-

up was taken as an indicator of clinical success

(positive outcome), and all the other findings, viz.,

improvement of <50%, no change and negative

changes, were taken as the indicators of unsuccessful

results (non-positive outcome). The so-created variable

was adopted as the dependent variable to be identified

by the following predictors in a binary logistic regres-

sion model.

Predictors

Factors included in the logistic regression analysis as

independent variables were:

1 sex: eighty women and 10 men;

2 age: the variable was dichotomised taking the mean

age as the cut-off value. As a result, 39 patients were

included in the <56 group and 51 in the ‡56 group;

3 pain duration: the study sample was split into two

groups, made of patients with pain lasting from

<12 months (n = 38) or equal or more than 12

months (n = 52);

4 baseline pain at chewing levels: a cut-off value of 7

points on the 10-point VAS was selected to split

patients into a group with <7 ⁄ 10 VAS score (n = 45)

and a group with 7 or more points (n = 45);

5 presence of uni- or bilateral arthritis: treatment was

unilateral in 27 and bilateral in 63 patients;

6 presence of other concurrent RDC ⁄ TMD diagnoses:

Fifty-two patients received multiple RDC ⁄ TMD axis I

diagnoses, viz., any group I or II diagnoses alongside

with group III diagnosis of osteoarthritis, while 38

received only a group III diagnosis;

7 type of intervention: the classical two-needle tech-

nique was performed in 82 patients, while eight

underwent single-needle interventions [for detailed

descriptions of the techniques, readers are referred to

Guarda-Nardini et al. (13, 17)];

8 tolerability of treatment: a 4-point ordinal scale (0,

poor; 1, slight; 2, moderate; 3, good and 4, excellent)

was used to ask patients rating their subjective

perception of treatment’s tolerability. Tolerability

was judged good if ranked 3 or 4 on the 4-point

scale (n = 52 patients) and less than good if ranked 0,

1 or 2 (n = 38 patients).

All the clinical RDC ⁄ TMD assessments were per-

formed using the standard, internationally accepted

Italian version of the RDC ⁄ TMD instrument available

since 2002 on the RDC ⁄ TMD consortium website. The

assessments were performed by the two same trained

examiners (D.M., L.G.N.), who took part in several

previous researches adopting the RDC ⁄ TMD.*Fidia, Abano Terme, Italy.
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Statistical analysis

A correlation analysis with Spearman’s rank test was

performed to test the existence of a univariate relation-

ship between the outcome variable and any of the

predictors. Also, the accuracy of each of the single

predictors to identify positive outcomes was assessed.

Furthermore, a stepwise multiple logistic regression

model was used to identify the significant associations

between the predictors (independent variables: sex,

age, pain duration, baseline pain at chewing, presence

of uni- or bilateral arthritis, presence of other concur-

rent RDC ⁄ TMD diagnoses, type of intervention and

tolerability of treatment) and the outcome (dependent

variable: 50% or more decrease in pain at chewing

levels). Selection was made among the potential pre-

dictors of positive outcome using a backward stepwise

selection method. Significance needed for removal was

set at P ‡ 0Æ10 and significance for re-entry at P £ 0Æ05.

Nagelkerke’s R-square (R2) was obtained as an estima-

tion of the total log-likelihood explained by a summa-

tion of the significant clinical factors. The log-likelihood

in a logistic regression model is the analogue of the

variance in a linear regression model and represents the

amount that the independent variables can differentiate

the dependent variable. R2 represents a numerical

expression of the dependent variable’s (positive ⁄ non-

positive treatment outcome) variance accounted for by

the model constituted of the significant predictors. If R2

is >0Æ75, the fitted model is considered capable of

predicting the treatment outcome at a very good level.

The model’s ability to predict outcome is considered

good if R2 is comprised between 0Æ50 and 0Æ75, fair if R2

is comprised between 0Æ25 and 0Æ50 and poor for a R2 of

0Æ25 or less (19). Therefore, in the last case, the fitted

model should predict treatment outcome at an unac-

ceptable level. The accuracy of the final logistic regres-

sion model to correctly identify patients with positive

outcomes was also assessed from the observed ⁄ pre-

dicted 2 · 2 classification table in the logistic output.

All statistical procedures were elaborated with the

Statistical Package for the Social Sciences (SPSS 15.0†).

Results

At the end of the 3-month follow-up, 77 ⁄ 90 patients

(85Æ6%) improved with respect to baseline VAS pain at

chewing values. Fifty-eight subjects (58 ⁄ 90, 64Æ4%)

had a 50% or more decrease, thus being considered as

‘positive outcomes’ in the statistical analysis. No com-

plications or side effects were observed in any patients.

Univariate analysis showed that correlation with

positive outcomes existed only with unilateral osteoar-

thritis, because 22 ⁄ 27 subjects who received treatment

only to a single joint had a positive outcome (81Æ4%)

with respect to 36 ⁄ 63 subjects with bilateral osteoar-

thritis (57Æ1%) (Table 1).

As for logistic regression analysis, the best fitting

model allowed confirming the identification of the side

of arthritis (unilateral ⁄ bilateral) as the only predictor

variable associated with positive treatment outcome

(P = 0Æ032). Notwithstanding that, odds ratio for posi-

tive outcome is low and within the 95% confidence

interval (OR 0Æ3; 95%CI 0Æ1–0Æ9), and the percentage of

variance in the outcome variable explained by the

significant predictor is poor (R2 7Æ7%). Also, the

accuracy of the model was 64Æ4%, only slightly higher

than univariate analysis, thus suggesting that the

clinical significance of the identified model is likely low.

In consideration of the poor predictability of the

detected model, another logistic regression was per-

formed by a dichotomisation of the outcome variable

on the basis of the detection of any improvement

(85Æ6%) vs. no improvement (14Æ4%) at the end of the

follow-up period. The final model included the variable

‘baseline pain levels’ as the only significant predictor

(P = 0Æ016; OR 6Æ95; 95%CI 1Æ44–33Æ51) and explained

up to 15% of the variance in the outcome variable

(Table 2).

Discussion

Techniques for temporomandibular joint lavage and

injections have been the subject of several investiga-

tions over the past two decades, but despite the

encouraging findings reported in the literature, it seems

that available data are inconclusive as for the actual

mechanism of action (20). The hydraulic distension

provoked by the under pressure lavage of the upper

joint compartment with a large volume of saline has

been considered the reason for the positive clinical

outcomes in patients with sudden-onset closed lock

(21). Notwithstanding, once that a single-session

arthrocentesis was proven effective also to improve

pain and dysfunction also in subjects affected by

TMJ osteoarthritis (22) and that the importance of†SPSS Inc., Chicago, IL, USA.
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lubrification impairment in the pathogenesis of degen-

erative joint disease was shown (9), viscosupplementa-

tion therapy with hyaluronic acid injections following

arthrocentesis gained popularity as a treatment option,

as happened for larger joints (23).

At present, the majority of data on TMJ DJD came

from the use of the same protocol used for larger joints,

viz., five weekly injections of low molecular weight HA

(11–13, 16), but protocols providing two injections (14,

15) or even a single injection (10) of a higher molecular

weight HA also gave positive outcomes. Such encour-

aging findings achieved with HA injections in the

management of osteoarthritis symptoms described in

almost all studies prevented researches from identifying

the best protocol to be routinely adopted in the clinical

setting. Considering these premises, the identification

of reliable outcome predictors may be a first step

towards tailoring HA treatments and getting deeper into

the description of specific indications and patients to be

selected for viscosupplementation therapy.

In the present study, attempts to identify outcome

predictors were focused on those factors that may be

easily recorded in the clinical records of any healthcare

centre (sex, age, pain levels and duration, type of

intervention, side of the disorders, concurrent disorders

and treatment tolerability) and a protocol combining

TMJ arthrocentesis plus HA injection performed once a

week for 5 weeks was adopted because long-term

positive effects in the management of TMJ degenerative

joint disease have been already described over a 1-year

span (13).

At 3 months, up to 85% of the patients showed an

improvement with respect to their baseline pain at

chewing levels, thus confirming the positive outcome

achieved with this protocol and its effectiveness in the

management of clinical symptoms related to TMJ

disorders. About two-thirds of patients did exhibit a

50% or more decrease in their pain levels; such finding,

which is without any doubt a clinically relevant

outcome, was taken as the indicator of positive out-

come, and its predictability was tested by means of both

univariate analysis and logistic regression.

Unfortunately, the search for strongly significant

predictors failed, and few clinically useful information

may be drawn. The presence of unilateral disease was

identified as the only significant predictor, because

more than 80% of subjects treated for unilateral disease

reported the above-defined positive outcome with

respect to 57% of subjects with bilateral disease.

Moreover, up to 92Æ5% (25 ⁄ 27) patients with unilateral

disease showed at least a partial improvement at the

end of 3-month observation period. Also, when a

Table 2. Significant predictors in the final logit models

Outcome variable Significant predictor(s) P value Odds ratio (95%CI) Model’s R2 (%)

50% or more improvement

in VAS pain levels

Side of arthritis 0Æ032 0Æ3 (0Æ1–0Æ9) 7Æ7

Any improvement Baseline pain 0Æ016 6Æ95 (1Æ44–33Æ51) 15

Table 1. Potential predictors of treatment outcome. Results of

univariate analysis

Predictors

Patients with

positive

outcome (%)

Correlation

with positive

outcome

(P values)

Accuracy

to predict

positive

outcome (%)

Sex

Female 52 ⁄ 80 (65) 0Æ759 70

Male 6 ⁄ 10 (60)

Age

<56 years 25 ⁄ 39 (64Æ1) 0Æ953 52Æ2
‡56 years 33 ⁄ 51 (64Æ7)

Pain duration

<12 months 25 ⁄ 38 (65Æ7) 0Æ822 51Æ1
‡12 months 33 ⁄ 52 (63Æ4

Baseline pain

VAS < 7 30 ⁄ 45 (66Æ6) 0Æ664 52Æ2
VAS ‡ 7 28 ⁄ 45 (62Æ2)

Side of arthritis

Unilateral 22 ⁄ 27 (81Æ4) 0Æ027 54Æ4
Bilateral 36 ⁄ 63 (57Æ1)

Other diagnoses

Multiple diagnoses 33 ⁄ 52 (63Æ4) 0Æ822 51Æ1
Group III diagnosis

alone

25 ⁄ 38 (65Æ7)

Type of intervention

Two needles 53 ⁄ 82 (64Æ6) 0Æ906 62Æ2
Single needle 5 ⁄ 8 (62Æ5)

Tolerability

Good 35 ⁄ 52 (67Æ3) 0Æ512 55Æ5
Less than good 23 ⁄ 38 (60Æ5
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model predicting the achievement of any improvement

was identified, the only significant predictor was base-

line pain level, viz., the higher the baseline pain the

higher the probability to improve. Both these findings

are not unexpected, because in the clinical setting it

may be plausible that patients with localised disease,

viz., unilateral, and with high pain levels are more

likely to benefit from treatment. Apart from these

suggestions, the present investigation seems to suggest

that the effectiveness of a cycle of five arthrocenteses

plus hyaluronic acid injections in patients with DJD is

not specific and only in part dependent upon structural

and biomedical factors.

The present investigation did not gather data on the

use of other protocols providing the adoption of joint

lavage alone or in combination with HA injections in a

single session, which have been also suggested to be

useful approaches for the management of TMJ dis-

orders’ symptoms (10, 14, 21). The reason for the

adoption of a five-session combined arthrocentesis plus

HA protocol lies in the fact that a multi-session HA

protocol is the standard of reference in larger joints (24)

and in the strong experience achieved by the authors

over the years with this technique. The two main

authors performed all the injections and each of them

attended the intervention performed by the colleague,

and despite there are no data on their calibration in the

treatment phases, the operator’s influence on treatment

outcomes is likely to be low, as both operators were

skilled TMD practitioners with years of experience and

training in TMJ arthrocentesis and injections. Besides,

to avoid potential influences of the examiners on data

recording, before each injection, patients were asked to

rate their pain levels by a dental student blind with

respect to the study’s aim.

Notwithstanding that, the need for a better under-

standing of the most suitable protocol for the man-

agement of symptoms in smaller joints cannot be

underestimated, and a compelling aim for future

studies is the design of randomised and controlled trials

comparing different treatment protocols.

In the search towards the identification of other

predictors of treatment effectiveness, it is likely that

useful information may be drawn by the assessment of

psychosocial features related with the presence of TMJ

disorders. Also, the assessment of predictors at the

individual level is likely to benefit from a detailed

investigation of several other quantitative and qualita-

tive features of the subjective pain experience, viz.,

timing of the pain, factors inducing the pain (yawning,

chewing, talking), location of the pain, and, more in

general, from a thorough recording of information

regarding the clinical examination and the individual

imaging. Moreover, it should be kept in mind that the

present investigation involved patients treated by few

researchers in a single tertiary clinic and followed up for

a short post-treatment period. Thus, the external

validity of these findings has to be tested with future

studies on larger sample sizes, with the involvement of

more researchers and performed over a longer follow-

up. In any case, in consideration of the strong need to

define better the epidemiology, natural course

and prognosis of temporomandibular disorders, the

above-mentioned data may represent a first step

towards the definition of specific and tailored treatment

protocols.

Conclusions

The positive effects of a cycle of five weekly arthro-

centeses followed by hyaluronic acid injections in the

management of symptoms of degenerative temporo-

mandibular joint disease, which at the 3-month follow-

up were observed in up to 85% of patientsand seem to

be mainly unspecific. The only variables that appear to

be associated with a successful outcome were high

baseline pain levels, which are predictors of symptoms

improvement, and the presence of unilateral disease,

which is associated with clinically relevant, viz., more

than 50% symptoms improvement. In the next future,

the search for other predictors of positive treatment

outcome is likely to benefit from the assessment of

psychosocial features associated with TMJ disorders.
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