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Abstract (J Korean Assoc Oral Maxillofac Surg 2019;45:15-20)

Objectives: The aim of this study was to use four sets of success criteria to evaluate the outcomes of arthrocentesis treatment with hyaluronic acid 
injection in patients with internal derangement (ID) of the temporomandibular joint (TMJ).
Materials and Methods: The study included 40 patients diagnosed with unilateral Wilkes stage III TMJ dysfunction. Clinical parameters, including 
maximum mouth opening (MMO) and pain during function, were evaluated preoperatively, 6 months, and 1 year after TMJ arthrocentesis. Outcomes 
were assessed and compared using four sets of success criteria from the following: the American Association of Oral and Maxillofacial Surgeons 
(AAOMS; MMO ≥35 mm and visual analogue scale [VAS] score ≤3), Murakami et al.’s criteria (MMO >38 mm and VAS score <2), Emshoff and Ru-
disch criteria (MMO ≥35 mm and >50% pain reduction), and patient self-reports (self-evaluation of treatment as successful or unsuccessful). 
Results: Significant improvements in MMO and pain reduction during function were observed between the preoperative period and 6 months and 
1 year postoperatively (P<0.01). The success rates of treatment determined using AAOMS (52.5%), Emshoff and Rudisch criteria (57.5%), and self-
reported patient criteria (40.0%) were similar. Application of the Murakami et al. criteria reported the lowest success rate (12.5%). 
Conclusion: The AAOMS and Emshoff and Rudisch criteria are consistent with patient expectations and can be used to assess treatment efficacy.
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I. Introduction

Temporomandibular joint (TMJ) dysfunction is caused by 
a wide variety of diseases, ranging from disc-dependent to 
degenerative conditions. All these diseases include functional 
difficulties and pain in the joint1,2. They cause various joint 
symptoms, most frequently limitations in and pain during 
mouth opening, and may also lead to degenerative changes 
in the cartilage and bone structures of the joint1-3. The most 
frequent cause of TMJ dysfunction is internal derangement 
(ID), which refers to alteration of the joint’s normal path of 

motion, largely involving the function of the articular disc1,3,4. 
The severity of ID is assessed using the Wilkes classification, 
which consists of five stages ranging from symptom-free 
slight forward displacement to degenerative arthritic changes 
accompanied by severe symptoms5.

The most frequently used initial treatments for ID of the 
TMJ are medication, occlusal splinting, and arthrocentesis6-8. 
Attempts to use these conservative methods prior to perform-
ing open joint surgery has become the standard clinical prac-
tice3,9. The area of indication for arthrocentesis is especially 
broad6-9. Many studies have shown that arthrocentesis is an 
effective treatment for disc displacement without reduc-
tion4,10. Arthrocentesis is extremely effective in eliminating 
joint adhesions, removing inflammatory cytokines, correct-
ing joint function in the early stage of disease, and reducing 
pain7,8,11. However, whether its effects persist over the long 
term is controversial; indeed, in most cases, it cannot address 
disc displacement adequately, and it does not contribute to 
the regeneration of degenerated joint structures2,12-14. Surpris-
ingly, several articles refer to the importance of arthrocente-
sis, even for catastrophically degenerated joints.
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Many studies have used a decrease in pain values and an 
increase in mouth opening as success criteria without consid-
ering patient opinions. For example, a significant reduction in 
the visual analogue scale (VAS) score for pain from a preop-
erative value of 7 to a postoperative value of 5 reflects treat-
ment success. However, a VAS pain score of 5 is indicative 
of disorder, and patients experiencing such pain probably do 
not consider treatment to have been successful; for this rea-
son, a decrease in pain to a certain level does not mean that 
the treatment was completely successful. 

Despite the publication of several sets of success criteria 
and their application in many studies, no clear standard has 
been established. The purpose of this study was to use differ-
ent success criteria to evaluate the success of arthrocentesis 
with hyaluronic acid injection in patients with Wilkes stage 
III TMJ dysfunction.

II. Materials and Methods

This retrospective study included 40 patients with TMJ in-
ternal disorders who were diagnosed with unilateral localized 
TMJ pain and restricted mouth opening (disc displacement 
without reduction). All joints were evaluated clinically and 
radiologically (panoramic radiography and magnetic reso-
nance imaging), and the Wilkes classification was used to 
determine the severity of TMJ disease. For standardization, 
only patients with Wilkes stage III dysfunction were included 
in the study. Wilkes stage 3 includes joint tenderness, limited 
mouth opening, frequent pain, non-reducing disc displace-
ment, deformity/prolapse of disc (moderate to marked thick-
ening of posterior edge), and no bone changes. Panoramic 
radiography confirmed that there was no change in hard 
tissue and the disk position was assessed by magnetic reso-
nance imaging. Only patients with complete records from the 
treatment and follow-up periods through the beginning of the 
study were included. The inclusion criteria were patients with 
Wilkes stage III TMJ disorders, pain in the TMJ during man-
dibular movement and function, and unassisted maximum 
mouth opening (MMO) <35 mm. The exclusion criteria were 
degenerative joint disease, collagen vascular disease, diagno-
sis of TMJ myalgia, previous open TMJ surgery, pregnancy, 
history of acute trauma, and medical contraindications. 

All patients were treated at the Department of Oral and 
Maxillofacial Surgery, Faculty of Dentistry, Karadeniz Tech-
nical University (Trabzon, Turkey) between 2016 and 2017. 
This study was conducted in compliance with the principles 
of the Declaration of Helsinki and with the approval of the 

Human Ethics Committee of Karadeniz Technical University 
(2015/78). Patients provided written consent after the study 
procedures had been explained to them in detail. 

1. Clinical assessment

The same clinician assessed clinical parameters, includ-
ing pain during function and MMO, preoperatively (T0), 6 
months after treatment (T1), and 12 months after treatment 
(T2). Pain during function was evaluated using VAS ranging 
from 0 (no pain) to 10 (the most severe pain ever experi-
enced) and reflects the maximum pain occurring during all 
mandibular movements. MMO was measured as the distance 
between the incisal edges of the upper and lower central inci-
sors. The success of arthrocentesis with hyaluronic acid injec-
tion as the treatment for ID of the TMJ was evaluated using 
the following four sets of criteria: 

• The criteria proposed by the American Association of 
Oral and Maxillofacial Surgeons (AAOMS), in which treat-
ment is considered to be successful in the presence of mild or 
no pain (VAS score ≤3) and an MMO ≥35 mm at 12 months 
after treatment15.

• The criteria suggested by Murakami et al.13, comprising 
an MMO >38 mm and a VAS pain score <2;

• The criteria suggested by Emshoff and Rudisch16, com-
prising an MMO ≥35 mm and a >50% pain reduction; and

• Patient treatment self-evaluation as successful or unsuc-
cessful. 

2. Treatment procedure

The same surgeon performed all arthrocentesis procedures 
under local anesthesia; each procedure was completed in a 
single session. Local anesthetic (4% articaine hydrochloride 
with 1:200,000 epinephrine) was injected into the superior 
joint space and overlying tissues by gently withdrawing the 
needle, followed by lysis and lavage of the upper joint com-
partment using the technique described by Nitzan et al.17. 
A 21-gauge needle was then inserted into the upper joint 
space, 10 mm anterior to the tragus and 2 mm inferior to an 
imaginary line connecting the tragus and lateral canthus. Two 
milliliters of saline were administered to release fibrous ad-
hesions, distend the joint space, and facilitate insertion of a 
second 21-gauge needle into the distended compartment. The 
joint was irrigated with 250 mL of ringer lactate solution, es-
tablishing free flow of the irrigating solution. Finally, 1 mL of 
hyaluronic acid (Orthovisc; Biomeks, Istanbul, Turkey) was 



Evaluation of success criteria for TMJ arthrocentesis

17

injected into the upper joint space. After treatment, patients 
were prescribed an analgesic, a muscle relaxant, and soft diet 
for 1 week, and patients were advised to completely rest the 
joint for 3 days. No other treatments were performed during 
the follow-up period.

3. Statistical analysis

Statistical analysis was performed with the SPSS software 
(ver. 17.0 for Windows; SPSS, Chicago, IL, USA). Data on 
age were reported as means with standard deviations, and 
VAS scores and MMO values were reported as medians and 
ranges. The sex distribution is reported as the ratio of males 
to females. The normality of VAS and MMO data was tested 
using the Kolmogorov–Smirnov test. Differences in VAS 
scores and MMO values between time points were analyzed 
using the Wilcoxon signed rank test. Spearman’s correlation 
analysis was used to compare treatment outcomes according 
to the AAOMS15, Murakami et al.13, Emshoff and Rudisch16, 
and patient criteria at each time point. The confidence level 
was set to 95%. 

III. Results

Of the 40 patients included in the study, 32 were female 
and 8 were male. The mean age of the patients was 31.73 
years (range, 18-57 years). All patients tolerated arthrocen-
tesis well. Aside from temporary facial paralysis due to the 
administration of local anesthesia, no complications were 
observed. 

1. �Effects of arthrocentesis with hyaluronic acid 

injection on pain scores and MMO

The reduction in pain scores from preoperative to 6 months 
(7 vs 4; P<0.001) and preoperative to 12 months (7 vs 3; 
P<0.001) were found to be statistically significant.(Table 1) 
The reduction in pain scores from 6 to 12 months was not 
statistically significant (P>0.05).(Table 1) MMO values were 
significantly higher 12 months and 6 months after treatment 
than at baseline (P<0.01).(Table 1) The difference between 
12 months and 6 months was not statistically significant 
(P>0.05).(Table 1) These results indicate that treatment was 
successful 6 months and 12 months postoperatively. 

2. �Success of arthrocentesis with hyaluronic acid 

injection according to various criteria

At 12 months after treatment, 16 patients reported that the 
treatment was successful, and 24 patients reported that it 
was unsuccessful. According to the AAOMS criteria15, the 
treatment was successful in 21 patients and unsuccessful in 
19 patients. According to the Murakami et al.13 criteria, the 
treatment was successful in 5 patients and unsuccessful in 
35 patients. According to the Emshoff and Rudisch16 criteria, 
treatment was successful in 23 patients and unsuccessful in 
17 patients.(Table 2)

Correlations were observed between all pairs of success rat-
ings except between those obtained by patient self-evaluation 
and the Murakami et al.13 criteria. The strongest correlation 
was observed between the ratings obtained with the Emshoff 
and Rudisch16 and the AAOMS15 criteria (r=0.904, P<0.01), 
followed by those obtained with patient self-evaluation and 
the AAOMS criteria (r=0.572, P<0.01).(Table 3) These re-
sults show that ratings obtained with the AAOMS and Em-
shoff and Rudisch criteria are consistent with patient ratings, 
with the AAOMS criteria aligning more closely than the Em-
shoff and Rudisch criteria with patient self-evaluations.

Although pain scores decreased significantly and MMO 

Table 1. Comparison of preoperative and 12-month follow-up 
data (n=40)

Preoperative 
(T0)

6 months 
(T1)

12 months 
(T2)

P-value

MMO (mm) 35 (20-43) 36 (28-44) 38 (30-45) 0.0011

Pain during 
function (VAS)

7 (5-8) 4 (2-7) 3 (2-7) 0.00012

(MMO: maximum mouth opening, VAS: visual analogue scale)
1There were statistically significant differences between pretreatment 
and other periods (P<0.01), but there were no statistically significant 
differences between 6 months and 12 months (P>0.05).
2There were statistically significant differences between pretreatment 
and other periods (P<0.001), but there were no statistically significant 
differences between 6 months and 12 months (P>0.05).
Values are presented as median (range).
Onur Yilmaz et al: Evaluation of success criteria for temporomandibular joint arthrocen-
tesis. J Korean Assoc Oral Maxillofac Surg 2019

Table 2. Distribution of patients according to different criteria, 
classified as successful/unsuccessful

Emshoff and 
Rudisch16 

Patient  
self-report

AAOMS15 
Murakami 

et al.13

Successful 23 (57.5) 16 (40.0) 21 (52.5) 5 (12.5)
Unsuccessful 17 (42.5) 24 (60.0) 19 (47.5) 35 (87.5)
Total 40 (100) 40 (100) 40 (100) 40 (100)

Values are presented as number (%).
Onur Yilmaz et al: Evaluation of success criteria for temporomandibular joint arthrocen-
tesis. J Korean Assoc Oral Maxillofac Surg 2019
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values increased significantly 1 year postoperatively, the 
treatment was rated as unsuccessful by a large number of pa-
tients. Application of the Murakami et al.13 criteria yielded an 
especially low treatment success rate.

IV. Discussion

Since the introduction of arthrocentesis, the indication 
range for this procedure has broadened3,4,9,10. Since arthro-
centesis is a minimally invasive surgical procedure, it is 
preferred for the treatment of ID of the TMJ10,11,18,19. When 
it is performed with pressure, the elimination of adhesions 
in the joint is the key element in the success of this method. 
Joint mobility increases as a result of the elimination of ad-
hesions19-21. The elimination of inflammatory cytokines by 
arthrocentesis plays a role in pain reduction20,22. Many studies 
have confirmed the positive effects of arthrocentesis, espe-
cially in the improvement of pain and MMO20,21,23. 

The indications for arthrocentesis vary among researchers. 
Monje-Gil et al.24 reported that arthrocentesis is more suc-
cessful in acute locking situations than in cases of chronic 
disc displacement without reduction. Al-Baghdadi et al.25 
reported that arthrocentesis could be more successful in terms 
of clinical parameters in cases with the anchored disc phe-
nomenon and had claimed that the procedure’s long-term suc-
cess in patients with non-chronic reduction disc displacement 
could be due to remodeling. Several studies have documented 
the success of arthrocentesis for treating disc displacement 
with reduction accompanied by severe pain and sound23,26. 
The literature also supports the long-term efficacy of arthro-
centesis in patients with ID. Alpaslan et al.27 had evaluated 
pain, dysfunction, and MMO after arthrocentesis in patients 
with ID of the TMJ. After an average follow-up period of 
22 months (range, 3-60 months), they observed significantly 

reduced pain and dysfunction and significantly increased 
MMO. Dimitroulis et al.18 considered arthrocentesis to be an 
alternative to more invasive TMJ procedures. In a review, 
Monje-Gil et al.24 reported that arthrocentesis was successful 
in 80% of studies examined. These reports of the procedure’s 
success have prompted surgeons to test the applicability of 
arthrocentesis for more severe joint diseases. Some authors 
have reported that arthrocentesis is successful, as measured 
by function and pain scores, even in patients with advanced 
degenerative disease8,28. However, arthrocentesis is performed 
more widely in patients with Wilkes stage III and IV dysfunc-
tion. For this reason, patients with Wilkes stage III dysfunc-
tion were included in this study and followed for 1 year.

Eighty percent of participants in our study were female. 
Joint disorders are observed more frequently in women than 
in men, and the data obtained in our study are similar to 
those reported in other studies3,29-32. At 1 year after arthro-
centesis with hyaluronic acid injection, the mean VAS score 
had decreased significantly, and the mean MMO value had 
increased significantly. These results are in agreement with 
those of many other studies7,9,23. According to some authors, 
Wilkes stage III dysfunction is an indication for TMJ surgery. 
McCain et al.33 had reported that arthroscopic disc reposition-
ing is an effective treatment modality in patients with Wilkes 
stage II and III disorders. Bronstein and Merrill34 had re-
ported that, according to the Wilkes classification, the success 
rate of arthroscopic surgery was higher in patients with less 
advanced dysfunction. However, Nan et al.7 had reported that 
arthrocentesis effectively reduced pain and articular effusion 
in the short term in Wilkes stage III cases. Ungor et al.35 had 
reported that arthrocentesis was a reliable treatment modality 
in patients with Wilkes stage II and III dysfunction. Similarly, 
our results show that arthrocentesis with hyaluronic acid in-
jection was successful at 1 year after surgery in patients with 
Wilkes stage III dysfunction.

According to many reviews, the success of arthrocente-
sis has been determined according to increased MMO and 
decreased pain scores20,23,24,31. However, the reduction of 
pain to a certain level does not indicate that treatment had 
been completely successful and that no further treatment is 
required. Patient ratings of treatment success provide a dif-
ferent perspective. To determine the appropriate success cri-
teria, we evaluated arthrocentesis using four sets of criteria. 
In developing their criteria, Murakami et al.13 and Emshoff 
and Rudisch16 had made evaluation of arthrocentesis success 
more detailed and systematic. For this reason, these criteria 
were applied in this study. The AAOMS defines diagnostic 

Table 3. Correlation of different success criteria

Murakami 
et al.13 AAOMS15

Emshoff 
and 

Rudisch16

Patient 
self-

report

Murakami  
et al.13

r 1.000 0.360 0.325 0.309
P-value - 0.023* 0.041* 0.053

AAOMS15 r 0.360 1.000 0.904 0.572
P-value 0.023* - 0.000** 0.000**

Emshoff and 
Rudisch16 

r 0.325 0.904 1.000 0.496
P-value 0.041* 0.000** - 0.001**

Patient self-
report

r 0.309 0.572 0.496 1.000
P-value 0.053 0.000** 0.001** -

*Correlation is significant at the 0.05 level.
**Correlation is significant at the 0.01 level.
Onur Yilmaz et al: Evaluation of success criteria for temporomandibular joint arthrocen-
tesis. J Korean Assoc Oral Maxillofac Surg 2019
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and treatment criteria for maxillofacial surgery that many re-
searchers use as a reference15,36. For this reason, the AAOMS 
criteria for the success of arthrocentesis were also evaluated 
in this study. Additionally, patient assessments of whether the 
treatment was successful were compared with the ratings ob-
tained using the aforementioned criteria. To our knowledge, 
no other study in the literature has involved the evaluation 
of treatment success according to different criteria or has 
investigated whether these criteria are consistent with patient 
expectations. The results of this study reveal which criteria 
are better for evaluating treatment success.

At 1 year postoperatively, arthrocentesis was rated as un-
successful in 60.0%, 47.5%, 87.5%, and 42.5% of patients 
according to patient self-reports and the AAOMS, Murakami 
et al.13, and Emshoff and Rudisch16 criteria, respectively. Al-
though arthrocentesis had positive effects on pain scores and 
MMO values, its success is debatable in light of these results. 

Significant correlations were observed among ratings ob-
tained with the AAOMS, Emshoff and Rudisch16, and Mu-
rakami et al.13 criteria. Ratings obtained with the AAOMS 
and Emshoff and Rudisch criteria were strongly correlated 
with patient self-reports, whereas those obtained with the 
Murakami et al.13 criteria were not correlated with patient 
self-evaluations. Thus, the use of the AAOMS and Emshoff 
and Rudisch16 criteria yielded results that were more consis-
tent with patient treatment expectations. The Murakami et 
al.13 criteria appeared to include extremely high expectations, 
as ratings obtained with these criteria indicated that treat-
ment was successful in only 12.5% of patients at 1 year after 
surgery. On the other hand, although ratings obtained with 
the AAOMS and Emshoff and Rudisch16 criteria were signifi-
cantly correlated, the AAOMS criteria were more consistent 
with patient reactions to the treatment. 

The literature contains other success criteria used to assess 
the efficacy of treatment of TMJ disorders. Guarda-Nardini 
et al.37 examined the effects of arthrocentesis with hyaluronic 
acid injection on degenerative joint disorders using success 
criteria that included a 50% decline in the pain score and ob-
tained more objective data. Similarly, Holmlund et al.38 used 
their own criteria to evaluate the success of discectomy. In 
recent years, the indication range for arthrocentesis treatment 
has widened8,9,12,32. Determination of its success will clarify 
its effects on different pathologies. 

The limitations of this study included the evaluation of 
treatment as successful/unsuccessful according to patient 
reactions but in the absence of a more detailed exploration of 
patient expectations. Patient pain thresholds and psychologi-

cal characteristics should be taken into consideration. Other 
limitations of the study were that patients with disorders at 
different Wilkes stages were not evaluated and the sample 
size was small. 

V. Conclusion

The AAOMS and Emshoff and Rudisch16 criteria can be 
considered appropriate for the evaluation of arthrocentesis 
success, as the criteria generated results that are in agreement 
with patient expectations. Further research is needed to make 
these criteria more systematic by including various param-
eters.
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