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Predictors for patient satisfaction of a single 
intra‑articular injection of crosslinked hyaluronic 
acid combined with mannitol (HANOX‑M‑XL) 
in patients with temporomandibular joint 
osteoarthritis. Results of a prospective 
open‑label pilot study (HAPPYMINI‑ARTEMIS 
trial)
Dominique Baron1, Hugo Baron2, Catherine Baerer1, Céline Bodere3 and Thierry Conrozier4* 

Abstract 

Background:  Chronic pain and functional impairment interfere with the quality of life of subjects suffering from tem-
poromandibular joint (TMJ) disorders. Intra-articular (IA) hyaluronic acid (HA) injections have been shown to alleviate 
pain and improve mandibular mobility in patients with TMJ osteoarthritis (OA).

Objectives:  The primary aim of the study was to identify the prognostic factors of patient satisfaction for a single 
IA injection of a mannitol-modified crosslinked HA (HANOX-M-XL) in patients with TMJ-OA. The second goal was to 
obtain clinical data on effectiveness, safety and mandibular mobility throughout a six-month follow-up period.

Patients and methods:  This was an observational single-arm prospective trial with a six-month follow-up. Inclusion 
criteria: patients with TMJ-OA which is not relieved by analgesics and/or non-steroidal-anti-inflammatory drugs and/
or orthotics, with radiological evidence of TMJ-OA. All patients received a single IA injection of 1 ml HANOX-M-XL in 
the target TMJ. The primary endpoint was patient satisfaction on day 180. The main secondary outcome measures 
were pain variation on a 11-point numeric scale (0–11) between the date of injection and month six, the variation 
over time of the Maximum Inter-Incisal Opening Distance (MIIOD) and the patient’s assessment of effectiveness. Pre-
dictive factors of success or failure were also studied. All adverse events were recorded.

Results:  36 subjects (mean age 55.3 years, mean disease duration 98 months), covering a total of 52 injected TMJs, 
were included. Between baseline and endpoint, the average pain while chewing decreased dramatically from 
6.9 ± 1.2 to 2.9 ± 1.3 (p < 0.0001) and the MIIOD increased from 29 ± 7 to 35 ± 5 mm (p < 0.01). On day 180, all patients 
were satisfied with the treatment, with 34 patients (94%) rating it as highly effective or effective. Tolerability was good 
in all but one patient. In the multivariate analysis, patient satisfaction on day 180 was highly correlated with the pain 
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Temporomandibular disorders are the most common 
cause of pain of non-dental origin in the orofacial region, 
affecting 21.5 to 51.8% of adults [1]. Temporoman-
dibular joint (TMJ) internal derangements include disc 
displacements,

with or without reduction, that are often responsi-
ble for joint sounds, pain and discomfort in the TMJ 
area. Usually, joint displacements are strictly related 
to the structure and cinematics of the TMJ and masti-
catory system, although they can be also caused by the 
peculiar anatomical morphology of the condyle, glenoid 
fossa and/or articular eminence [2]. Furthermore, age, 
dentition and condition of masticatory muscle could be 
important factors in determining or maintaining TMJ 
dislocations. Disc displacement is an intracapsular dys-
function that may lead in some cases to degenerative 
changes in the disc and articular surface [3].

TMJ osteoarthritis (OA) is a degenerative condition, 
often caused by increased load on the joint, consisting of 
progressive loss of articular cartilage, subchondral scle-
rosis and abnormal bone formation (osteophytes) lead-
ing to joint damage of the mandibular condyle and the 
glenoid fossa. The main clinical features of TMJ OA are 
pain while chewing, joint sounds (clicking or crepitus), 
restricted motion and mouth opening, and more rarely 
loss of joint function [4]. The clinical management of 
TMJ OA includes non-invasive, conservative and multi-
disciplinary therapies. However, evidence of the effective-
ness of these therapies is weak and the results are often 
disappointing. Conservative treatments for TMJ OA 
include the correction of occlusal abnormalities, physi-
cal therapy, isometric exercises, analgesics, non-steroidal 
anti-inflammatory drugs (NSAIDs) and intra-articular 
(IA) injections of corticosteroids, hyaluronic acid (HA) 
and platelet rich plasma (PRP). If first-line therapies fail, 
more invasive treatments are considered.

A recently published systematic review showed that 
TMJ OA has a negative effect on quality of life [5], which 
supports the need for more research on the prevention, 
diagnosis and treatment of this condition.

Takahashi et al. showed that the concentration of high 
molecular weight HA in the synovial fluid (SF) of patients 
with TMJ OA is decreased due to depolymerization 

by reactive oxygen species (ROS) and the production 
of HA molecules with a molecular weight lower than 
normal [6]. These changes reduce the SF’s lubricating 
properties, contributing to OA progression, as articular 
cartilage and synovial connective tissue are submitted to 
increased mechanical stress. These findings suggest that 
IA injections of a high molecular weight HA may restore 
the concentration of HA in the SF and help restore TMJ 
homeostasis and function [7].

As IA HA injections, also known as viscosupplementa-
tion (VS), are effective in decreasing pain and improving 
function in knee OA, it is logical to draw the hypothesis 
that similar benefits could be achieved in the treatment 
of TMJ OA [8–13].

Despite several encouraging findings achieved with HA 
injections in the management of TMJ OA symptoms, the 
best protocol to be routinely adopted in the clinical set-
ting has not been formally determined. The identifica-
tion of reliable outcome predictors is the first step that 
remains to be achieved in order to improve the use of HA 
products in TMJ OA management and to better identify 
specific indications and the best patients to be selected 
for viscosupplementation therapy.

The primary aim of the present study was to look for 
predictive factors of patient satisfaction with a single IA 
injection of crosslinked high molecular weight HA com-
bined with mannitol (HANOX-M-XL) in patients suffer-
ing from TMJ OA. The second objective was to obtain 
prospective data on the safety and efficacy of HANOX-
M-XL, which has already been proven to be safe and 
effective in OA of the knee [14], hip [15] and trapezomet-
acarpial joint [16].

Ethics approval and consent to participate
The study received approval from the Comité Consul-
tatif sur le Traitement de l’Information en matière de 
Recherche dans le domaine de la Santé (CCTIRS, the 
Consultation Committee on the Processing of Health 
Sector Research Information) and of the Commis-
sion Nationale de l’Informatique et des Libertés (CNIL, 
the National Committee for Information Technology 
and Civil Liberties). It has been carried out in accord-
ance with Good Clinical Practice and the Declaration 

while chewing score, pain on palpation score and the decrease of pain over time (all p < 0.0001) but not with MIIOD, 
gender, age, bruxism, articular noise and symptom duration. Previous viscosupplementation was also related to 
higher satisfaction (p = 0.01).

Conclusion:  Despite a long history of pain, most of the patients with symptomatic TMJ-OA benefited from a single 
injection of HANOX-M-XL, as shown by the sustained (up to 6 months) decrease in pain and improvement in man-
dibular mobility, with no safety concerns.

Keywords:  Osteoarthritis, Temporomandibular joint, Crosslinked, Hyaluronic acid, Intra-articular injection
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of Helsinki. Before enrolment, patients were required to 
provide informed consent and were free to withdraw at 
any time for any reason.

Declarations
The ARTEMIS Study has been registered by the French 
Agence Nationale de Sécurité du Médicament (ANSM, 
the National Drug Safety Agency) under the name of 
HAPPYMINI-ARTEMIS trial (EUDRACT No. 2016-
A0017744). The study was registered on August 13, 2018 
under ClinicalTrials.gov Identifier NCT03627429.

Patients and methods
The study was a prospective, open-label, single-centre 
trial with a six-month follow-up.

Study population
All of the patients were recruited during a multidiscipli-
nary chronic pain consultation at the Lannion-Trestel 
Hospital Centre, France. Patients with symptomatic 
TMJ OA that is not sufficiently relieved by usual first-
line treatments and who had undergone a radiography 
showing evidence of OA (joint space narrowing and/
or osteophyte), and for whom the indication of visco-
supplementation had been approved by the rheuma-
tologist or dental surgeon, could be included in the trial. 
Patients with other TMJ involvement (internal derange-
ment related to disc displacement, rheumatoid arthritis 
and other inflammatory TMJ involvement), those who 
received viscosupplementation in the target joint within 
the last 6 months, or corticosteroids during the previous 
3 months, cannot be included in the trial. Patients with 
contraindications to viscosupplementation (i.e. hypersen-
sitivity to HA or mannitol) or to the IA injection proce-
dure (infectious disease in progress, infected skin lesions 
next to the injection area, clotting disease, etc.) and those 
in whom the treatment cannot be effectively assessed, 
who did not speak French or who were unable to give 
their informed consent were not able to be included in 
the trial.

Intervention
All patients received a single IA injection of 1 ml of 
HANOX-M-XL (HappyMini®, LABRHA Laboratory, 
Lyon, France) in the first TMJ. To reduce the number 
of IA injections, HA crosslinking processes have been 
developed. Crosslinking consists of binding HA mole-
cules together using a crosslinking agent (1,4-Butanediol 
diglycidyl ether -BDDE, vinyl-sulfone, formaldehyde, 
etc.) with the aim of protecting the HA from enzymatic 
and ROS degradation and thus increasing its IA persis-
tence and viscosity [17]. The addition of mannitol (3.5%), 
a powerful antioxidant polyol, has also been shown to 

significantly decrease the rate of HA degradation [18] 
and to reduce its onset of action [19]. HANOX-M-XL 
is a HA viscosupplement specifically designed for small 
joints, made up of BDDE crosslinked high molecular 
weight HA (16 mg/ml) combined with 35 mg/ml of man-
nitol, that delays the in  situ degradation of HA. These 
specificities allow HANOX-M-XL to be injected using a 
single injection regimen. Injections were performed by 
one single very experienced physician as per the follow-
ing procedure.

The patient was positioned in the lateral decubitus 
position, on the healthy side. After careful disinfection 
with povidone, an iodinated derivative (Betadine der-
mique® 10%, Mylan Medical SAS, France) was applied 
and, if necessary, the pre-auricular zone was shaved, 1 cm 
below and in front of the tragus, so as to properly identify 
the condylar process. Then, the patient was asked to open 
their mouth slowly by about 2 cm. Under fluoroscopic 
control, a 25 gauge/25 mm needle was introduced in the 
temporomandibular joint. In the event of synovial effu-
sion, the latter was removed before injecting HA. If no 
synovial fluid can be removed, 0.1 ml to 0.5 ml of ioxaglic 
acid, 320 mg iodine/ml (Hexabrix® 320 mg, Laboratoire 
GUERBET, France) was injected, allowing the visualiza-
tion of a linear image of about 1 cm, confirming the accu-
rate positioning of the needle. The contrast agent was 
then removed, and 1 ml of HANOX-M-XL was slowly 
injected. Again, the patient was asked to open and close 
their mouth several times. Lastly, a dressing was placed 
on the injection point.

Study design
Outpatients referred to multidisciplinary orofacial pain 
consultations at Lannion Hospital Centre were recruited 
by a dental surgeon algologist or a rheumatologist if 
experiencing the following symptoms: unilateral or bilat-
eral TMJ pain, at rest or while chewing, impairment of 
jaw movements on maximum voluntary effort and/or 
assisted opening of the jaw. The degenerative origin of 
TMJ involvement was confirmed using the DC/TMD 
including the imaging criteria [20]. Diagnosis was based 
on radiographic evidence of TMJ OA on both dental pan-
oramic X-ray and Computed Tomography (CT) or Mag-
netic Resonance Imaging (MRI).

Patients with temporo-mandibular disorders from 
other origins (i.e myalgia, myofascial pain …) were not 
included in the trial. The In the present study, attempts 
to identify outcome predictors were focused on features 
that any healthcare centre can easily record on their clini-
cal record forms (sex, age, pain levels while chewing and 
on TMJ palpation, pain duration, unilateral or bilateral 
injection, NSAIDs and analgesic use).
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Because the patient’s judgement is the most used out-
come measure in daily clinical practice, patient satisfac-
tion was selected as the primary criteria, from which the 
predictive factors were assessed. The level of patient sat-
isfaction was rated ‘yes’ (very satisfied/satisfied) or ‘no’ 
(hardly satisfied/not satisfied).

Response to treatment was also evaluated with two 
other tools: patient assessment of effectiveness (very 
effective/effective = yes, hardly effective/not effec-
tive = no) and a decrease in pain of at least 50% on the 
numeric scale.

Course of the study
Selection visit
Before enrolment, patients were required to give their 
informed consent to participate. During the selection 
visit on day 0 (D0), the following data were collected: 
demographics (sex, age, height, weight), duration of 
pain, target TMJ, previous and current treatments for 
the TMJ OA (NSAIDs, analgesics, specific rehabilitation 
of the buccal sphere, wearing an occlusal splint, previ-
ous IA corticosteroid injection, previous IA–HA injec-
tions, etc.). The investigators asked the patients (and their 
spouse, if any) if they suffered from bruxism at night or 
if they felt noises and/or crackles during chewing. TMJ 
pain while chewing and on palpation was assessed using 
a numeric scale (NS): 0–10 (0 = no pain, 10 = maximum 
pain). The Maximum Inter-Incisal Opening Distance 
(MIIOD) was measured with a Vernier calliper in milli-
metres (mm) as the vertical distance between the maxil-
lary and the mandibular central incisor edges.

At the end of the selection visit, the IA injection of 
HANOX-M-XL was performed or scheduled, mostly for 
organizational reasons, within a maximum of 15 days, 
in order to limit the risk of variation in clinical state 
between the evaluation and the day of injection.

Follow‑up visits at three and six months
During the visits in month 3 (D90) and month 6 (D180) 
following the injection, the following data were collected: 
TMJ pain while chewing (NS 0–10), TMJ pain on palpa-
tion (NS 0–10), MIIOD (mm), patient satisfaction with 
the treatment (Likert scale comprising four points, where 
0 means ‘not satisfied’, 1 ‘hardly satisfied’, 2 ‘satisfied’ and 3 
‘very satisfied’), patient perception of the effectiveness of 
the treatment (Likert scale comprising four points, from 
0, ‘not effective’, to 3 ‘very effective’), patient perception 
of pain reduction across six categories ([0%], [1–24%], 
[25–49%], [50–74%], [75–99%], [100%]), and variation 
in consumption of analgesics or NSAIDs compared to 
the baseline ([yes/no] and if [yes], the quantification of 
such on a five-point Likert scale ([1–24%], [25–49%], 

[50–74%], [75–99%], [100%]). During each assessment 
visit, all of the adverse events were recorded.

Statistics
Baseline and six-month follow-up data are provided as a 
number, percentage or mean value [CI 95%]. We looked 
for the predictive factors of response or non-response, 
first in univariate then in multivariate analysis, by inte-
grating all of the factors with a p-value < 0.2 in the uni-
variate analysis, as well as possible confounding factors 
such as patient age, sex, NSAIDs intake and if they wear 
an occlusal splint.

The main analysis was intended to be carried out in 
the per protocol (PP) population using only patients for 
whom all of the data on day 0 and day 180 were available, 
then confirmed in the intend-to-treat (ITT) population 
by processing missing data with the Last Observation 
Carried Forward (LOCF) method. Mann-Whitney or 
chi-square tests were used, as appropriate, to assess the 
association of quantitative or qualitative factors with 
patient satisfaction. The regression coefficients of the 
multivariate models (ANCOVA and mixed model) were 
considered significant if they were less than 5%. Statistics 
were achieved using XLstats software© (Addinsoft, Paris, 
France).

Results
Thirty-six patients (27 female, 9 male) were included in 
the trial. There was no drop-out, so the statistical analy-
sis was performed on the total patient sample. The aver-
age age (range) was 55.3 years (range 27 to 72 years). 
Fifty-two TMJs were injected, since 20 patients suffered 
from a single TMJ disorder and 16 suffered bilateral TMJ 
involvement. The mean (range) symptom duration was 
98 months (2–480). Most of the patients were taking 
analgesics and/or NSAIDS and wore an occlusal splint. 
Detailed characteristics of the patients at baseline are 
given in Table 1.

Ninety days after the injection of HANOX-M-XL, 36% 
of patients (N  = 13) were very satisfied, 61% (N  = 22) 
were satisfied and 1 subject was hardly satisfied. Pain 
while chewing decreased significantly from 6.9 (1.2) to 
3.4 (1.3) and pain on palpation from 7.7 (1.1) to 3.8 (1.3) 
(all p < 0.0001), The MIOOD increased significantly from 
29 (7) mm to 36 (6) mm (=0.005). A decrease in analge-
sics or NSAIDs consumption was reported by 61.3% of 
the patients.

Between D90 and D180, pain continued to decrease, 
reaching 2.9 (1.3) and 3.2 (1.4) on D180 for pain while 
chewing and on palpation respectively (p versus baseline 
< 0.0001). On D180, MIOOD was not significantly differ-
ent to that measured on D90 (6.0 + 2.0 mm). All patients 
were satisfied with the treatment (22 satisfied and 14 
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very satisfied) and 81% of analgesics/NSAIDs users had 
decreased their drug consumption. The reduction in pain 
killers was > 50% in half of those patients. No compli-
cations or side effects were observed in any patient but 
one, who experienced local pain during injection due to a 
technical problem. Outcomes in month three and month 
six are given in Table 2 and Figs. 1, 2 and 3.

Among the 36 patients recruited, 18 received unilateral 
injections and 15 bilateral injections, so we compared the 
two populations in case the results were different accord-
ing to the number of joints involved. In the single injec-
tion group, all 18 patients were satisfied by month six, 
versus 14/15 in the bilateral group. There was no inter-
group difference in pain level and MIIOD at baseline, or 
in month three and six. The comparisons made between 
patients with unilateral and bilateral involvement is pro-
vided in Table 3.

In the univariate analysis, patient satisfaction on day 
180 was highly correlated with satisfaction on day 90 
(p < 0.001), as well as chewing pain, pain on palpation 

and the decrease of pain over time (all p < 0.0001). Unsur-
prisingly, patient satisfaction was also highly related to 
the patient’s assessment of effectiveness on D90 and 
D180 (p < 0.0001). Previous viscosupplementation was 
significantly related to higher satisfaction (p = 0.01), as 
well as the decrease in pain killer use (p = 0.012). There 
was a trend for higher satisfaction in patients using an 
occlusal splint (p = 0.12) and achieving buccal rehabilita-
tion (p = 0.07) and in those with shorter symptom dura-
tion (p = 0.13), but the difference did not attain statistical 
significance, likely because the sample size was too small.

Inversely, satisfaction on both D90 and D180 was not 
correlated with pain on D0 (p  = 0.63), MIIOD on D0 
(p  = 0.68) and D180 (p  = 0.46), MIIOD variation over 
time (p = 0.64), gender (p = 0.54), age (p = 0.19), previ-
ous corticosteroid injection (p = 0.46), baseline pain kill-
ers use (p = 0.65), bruxism (p = 0.46) or articular noise 
(p = 0.39).

In the multivariate analysis, no prognostic factors of 
satisfaction were identified.

Table 1  Characteristics of 36 patients with temporomandibular joint osteoarthritis, at baseline

TMJ Temporomandibular joint, SD Standard deviation, F/M Female/male, BMI Body mass index, MIIOD Maximum inter incisive opening distance, IA-HA Intra articular 
hyaluronic acid, IA-CS Intra articular corticosteroid
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Discussion
Because IA HA injections have previously been dem-
onstrated to be effective for relieving durable pain in 
patients suffering from TMJ OA, the present study was 
not designed for assessing the effectiveness of visco-
supplementation, but specifically to look for prognos-
tic factors of patient satisfaction. Patient satisfaction 
is a growing concern and plays a crucial role in the 
healthcare system, the patient’s opinion being increas-
ingly used for assessing treatments effectiveness. Pre-
dicting patient satisfaction/dissatisfaction may help 

practitioners make decisions about viscosupplementa-
tion and therefore may optimize the rate of treatment 
success.

HANOX-M-XL is a second generation viscosupple-
ment [21] combining crosslinked HA and mannitol and 
allowing, because of its long-lasting IA residence time, 
a single injection regimen, which is much more com-
fortable for patients than multiple weekly injections. 
This may influence patient satisfaction, especially in 
those who have been treated previously with a multiple 
injection regimen.

Table 2  Efficacy outcomes on day 0, day 90 and day 180 in 36 patients with symptomatic temporomandibular joint osteoarthritis 
treated with a single injection of HANOX-M-XL 1 ml

SD Standard deviation, MIIOD Maximum inter incisive opening distance

Satisfaction: 1 = not satisfied, 2 = hardly satisfied, 2 = satisfied, 3 = very satisfied

Effectiveness: 1 = not effective, 2 = hardly effective, 2 = effective, 3 = very effective

Fig. 1  Variation over time of pain while chewing in patients with symptomatic temporomandibular joint osteoarthritis treated with a single 
intra-articular injection of HANOX-M-XL 1 ml
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Unfortunately, our study failed to identify predic-
tive factors of patient satisfaction, likely because the 
rate of satisfaction was extremely high, since all patients 
remained satisfied with the therapy 6 months after a sin-
gle IA injection. There was a trend for better results in 
patients with shorter symptom duration and in those who 
had previously received a HA injection. It is interesting to 
underline that a long history of TMJ pain (mean disease 
duration 98 months), advanced age, a smaller MIIOD and 
a high level of baseline pain did not significantly reduce 
the rate of success of the HANOX-M-XL injection. In 
our study, we did not find any differences in outcome in 
patients treated for unilateral or bilateral TMJ OA, unlike 
Guarda-Nardini et al. [14], who found that patients with 

unilateral TMJ OA benefited more from IA HA injections 
than those with bilateral involvement. In their study, 22 
out of 27 subjects who received treatment only in a single 
joint had a positive outcome (81.4%) compared to 36 out 
of 63 subjects with bilateral OA (57.1%).

However, in the absence of a control group, the pre-
sent pilot study does not allow to formally assert that 
HANOX-M-XL acts better than a placebo. Although 
this study was open-label, and not intended to prove the 
effectiveness of HANOX-M-XL injections for TMJ OA, it 
is interesting to note that all of the enrolled patients ben-
efited from the treatment, as shown by the percentage of 
satisfied patients, that reached 100% by month 6. A pla-
cebo effect cannot be formally excluded, at least in some 

Fig. 2  Variation over time of pain on palpation in patients with symptomatic temporomandibular joint osteoarthritis treated with a single 
intra-articular injection of HANOX-M-XL 1 ml

Fig. 3  Variation over time of the Maximum Inter Incisive Opening Distance in patients with temporomandibular joint osteoarthritis treated with a 
single injection of HANOX-M-XL 1 ml
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patients. However, the percentage of satisfied patients 
exceeded the expected proportion of placebo respond-
ers [22–24]. Furthermore, placebo response is generally 
mild to moderate whereas, in the present study, 80% of 
patients exhibited a decrease in pain of more than 50%. 
Among the other strengths of this study, the fact that the 
injections were all carried out by a single experienced 
rheumatologist, using the same procedure, must be men-
tioned. Safety was good in all patients, the only reported 
adverse event being pain at the time of injection, which 
was due to the injection procedure and not to the injected 
product. Contrary to what is mentioned regarding other 
joints [18–20], none of our patients reported pain within 
a few hours or a few days after injection.

However, our study suffers from several limitations. The 
sample size was small, which likely explains the lack of sta-
tistically significant correlations between patient satisfac-
tion and symptom duration, the use of an occlusal splint 
and buccal rehabilitation. The fact that IA injections were 
performed without the help of imaging guidance can be 
considered an important limitation. However, the high 
rate of responders during months three and six strongly 
suggests that the TMJs were injected with accuracy. Lastly, 
we did not collect precise data on the radiological features 
and therefore cannot explore the relationship between 
treatment effectiveness and the anatomical severity of 
OA. Anyway our study confirms the positive data on the 
effect of HA in TMJ pathologies obtained using different 
protocols. Kopp et al. first reported in 1985 and 1987 the 
short- and long-term therapeutic outcomes of HA injec-
tions after arthrocentesis of the TMJ, and compared their 
effects with that of IA injections of corticosteroids [8, 9]. 
The authors concluded that both drugs were useful for the 

treatment of TMJ OA, demonstrating good results in the 
long term. Many studies support the usefulness of IA HA 
injections in a large percentage of patients with degenera-
tive TMJ disorders. The most common dosing regimen 
for TMJ VS is five weekly injections preceded by arthro-
centesis, although a meta-analysis concludes that washing 
the TMJ is effective and does not require the addition of 
another drug [10]. Guarda-Nardini et  al. [11] compared 
the effectiveness of two treatment protocols comprising 
five weekly arthrocentesis sessions on the TMJ followed 
by injections of a low or a medium molecular weight HA 
in patients with TMJ OA-related pain persisting for more 
than 6 months. Three months after treatment, similar 
positive effectiveness was shown for the two treatment 
protocols. Most of the other published data on TMJ OA 
viscosupplementation come from trials using the same 
regimen of five weekly injections of low molecular weight 
HA [12]. Other protocols providing two injections or even 
a single injection [13] of a higher molecular weight HA 
also saw positive outcomes.

In conclusion, despite no response predictors being for-
mally identified, this open-label trial gave relevant infor-
mation on the use of HANOX-M-XL in patients suffering 
from symptomatic TMJ OA. Six months after a single 1 ml 
injection in the TMJ, all patients experienced a decrease in 
pain and an improvement of jaw mobility. All were satisfied 
with the treatment and 39% said they were highly satisfied 
with the therapy despite a long history of pain. A single IA 
injection of HANOX-M-XL might be a new therapeutic 
option to relieve pain and improve function in patients suf-
fering from TMJ pain of degenerative origin, with no safety 
concerns. Further controlled studies with larger sample 
sizes are needed to confirm these promising results.

Table 3  Differences in pain and Maximum Inter Incisive Opening Distance (MIOOD) between patients with unilateral and bilateral 
temporomandibular joint osteoarthritis treated with a single injection of HANOX-M-XL 1 ml



Page 9 of 10Baron et al. BMC Musculoskeletal Disorders          (2022) 23:392 	

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12891-​022-​05352-3.

Additional file 1. 

Acknowledgements
The authors would like to thank Elodie Bouvier (Clinical Research Unit, Hôpital Nord 
Franche-Comté, Belfort) and ALPHATRAD France for their editorial assistance.

Authors’ contributions
D. Baron: the national coordinator of the study, who selected and treated 
patients, collected clinical data and wrote the manuscript. T. Conrozier: 
participated in the design of the study, validated the results and contributed 
to writing the manuscript. H. Baron: performed the statistical analysis and 
contributed to writing the manuscript. C. Boderer: participated in the design 
of the study and contributed to writing the manuscript. C. Baerer: selected 
and treated patients, collected clinical data and contributed to writing the 
manuscript. All authors read, commented on and suggested appropriate 
changes and then approved the final manuscript.

Funding
LABRHA SA, Lyon, France, funded the ARTEMIS study.

Availability of data and materials
The datasets used and analysed during the current study available on reason-
able request from the trial promoter: Laboratoire de Rhumatologie Appliquée, 
19 place Tolozan, 69001, Lyon, France (info@​labrha.​com).

Declarations

Ethics approval and consent to participate
The ARTEMIS study was performed in accordance with appropriate guidelines. 
The patient informed consent form and the protocol that complied with the 
requirements of the International Conference on Harmonization (ICH) were 
reviewed and approved by the CCTIRS. The study was registered on August 
13, 2018 under ClinicalTrials.gov Identifier NCT03627429.

Consent for publication
Not applicable.

Competing interests
D. Baron received fees from LABRHA for board member services and from LCA 
and Expansciences for speaker services.
H. Baron does not declare any conflicts of interest.
C. Baraer does not declare any conflicts of interest.
C. Bodéré does not declare any conflicts of interest.
T. Conrozier received fees from LABRHA, SANOFI, MEDAC and FIDIA for scien-
tific, speaker and/or board member services.

Author details
1 Consultation pluridisciplinaire de la douleur, Centre de réadaptation 
fonctionnelle de Lannion-Trestel, Trévou‑Tréguignec, France. 2 Cabinet de 
chirurgie dentaire, Parc d’activités de Coataner, Douarnenez, France. 3 Faculté 
d’odontologie, Département des sciences anatomiques, Université de 
Bretagne Occidentale UBO, Brest, France. 4 Service de rhumatologie, Hôpital 
Nord Franche-Comté, CS 10499 Trévenans, 90015 Belfort, France. 

Received: 4 February 2022   Accepted: 18 April 2022

References
	1.	 Sun H, Su Y, Song N, Li C, Shi Z, Li L. Clinical outcome of sodium hyaluro-

nate injection into the superior and inferior joint space for osteoarthritis 
of the temporomandibular joint evaluated by cone-beam computed 

tomography: a retrospective study of 51 patients and 56 joints. Med Sci 
Monit. 2018;24:5793–801. https://​doi.​org/​10.​12659/​MSM.​908821.

	2.	 Zotti F, Albanese M, Rodella LF, Nocini PF. Platelet-rich plasma in treat-
ment of temporomandibular joint dysfunctions: narrative review. Int J 
Mol Sci. 2019;20(2):277. https://​doi.​org/​10.​3390/​ijms2​00202​77.

	3.	 Taşkaya-Yilmaz N, Oğütcen-Toller M. Magnetic resonance imaging evalu-
ation of temporomandibular joint disc deformities in relation to type of 
disc displacement. J Oral Maxillofac Surg. 2001;59(8):860–5; discussion 
865-6. https://​doi.​org/​10.​1053/​joms.​2001.​25015.

	4.	 Manfredini D, Piccotti F, Guarda-Nardini L. Hyaluronic acid in the treat-
ment of TMJ disorders: a systematic review of the literature. Cranio. 
2010;28(3):166–76. https://​doi.​org/​10.​1179/​crn.​2010.​023.

	5.	 Dahlström L, Carlsson GE. Temporomandibular disorders and oral 
health-related quality of life. A systematic review. Acta Odontol Scand. 
2010;68(2):80–5. https://​doi.​org/​10.​3109/​00016​35090​34311​18.

	6.	 Takahashi T, Tominaga K, Takano H, Ariyoshi W, Habu M, Fukuda J, et al. 
A decrease in the molecular weight of hyaluronic acid in synovial fluid 
from patients with temporomandibular disorders. J Oral Pathol Med. 
2004;33(4):224–9. https://​doi.​org/​10.​1111/j.​0904-​2512.​2004.​00024.x.

	7.	 Triantaffilidou K, Venetis G, Bika O. Efficacy of hyaluronic acid injections in 
patients with osteoarthritis of the temporomandibular joint. A compara-
tive study. J Craniofac Surg. 2013;24(6):2006–9. https://​doi.​org/​10.​1097/​
SCS.​0b013​e3182​a30566.

	8.	 Kopp S, Wenneberg B, Haraldson T, Carlsson GE. The short-term effect 
of intra-articular injections of sodium hyaluronate and corticosteroid on 
temporomandibular joint pain and dysfunction. J Oral Maxillofac Surg. 
1985;43(6):429–35. https://​doi.​org/​10.​1016/​s0278-​2391(85)​80050-1.

	9.	 Kopp S, Carlsson GE, Haraldson T, Wenneberg B. Long-term effect of intra-
articular injections of sodium hyaluronate and corticosteroid on tempo-
romandibular joint arthritis. J Oral Maxillofac Surg. 1987;45(11):929–35. 
https://​doi.​org/​10.​1016/​0278-​2391(87)​90443-5.

	10.	 Marty P, Louvrier A, Weber E, Dubreuil PA, Chatelain B, Meyer C. Arthro-
centèse de l’articulation temporomandibulaire et injection(s) intra-
articulaire(s) : un état des lieux [Arthrocentesis of the temporoman-
dibular joint and intra-articular injections : an update]. Rev Stomatol 
Chir Maxillofac Chir Orale. 2016;117(4):266–72. https://​doi.​org/​10.​1016/j.​
revsto.​2016.​07.​020.

	11.	 Guarda-Nardini L, Cadorin C, Frizziero A, Ferronato G, Manfredini D. Com-
parison of 2 hyaluronic acid drugs for the treatment of temporoman-
dibular joint osteoarthritis. J Oral Maxillofac Surg. 2012;70(11):2522–30. 
https://​doi.​org/​10.​1016/j.​joms.​2012.​07.​020.

	12.	 Guarda-Nardini L, Tito R, Staffieri A, Beltrame A. Treatment of patients with 
arthrosis of the temporomandibular joint by infiltration of sodium hyalu-
ronate: a preliminary study. Eur Arch Otorhinolaryngol. 2002;259(5):279–
84. https://​doi.​org/​10.​1007/​s00405-​002-​0456-z.

	13.	 Alpaslan GH, Alpaslan C. Efficacy of temporomandibular joint arthrocen-
tesis with and without injection of sodium hyaluronate in treatment of 
internal derangements. J Oral Maxillofac Surg. 2001;59(6):613–8; discus-
sion 618-9. https://​doi.​org/​10.​1053/​joms.​2001.​23368.

	14.	 Henrotin Y, Berenbaum F, Chevalier X, Marty M, Richette P, Rannou F. 
Reduction of the serum levels of a specific biomarker of cartilage deg-
radation (Coll2-1) by hyaluronic acid (KARTILAGE® CROSS) compared to 
placebo in painful knee osteoarthritis patients: the EPIKART study, a pilot 
prospective comparative randomized double blind trial. BMC Musculo-
skelet Disord. 2017;18(1):222. https://​doi.​org/​10.​1186/​s12891-​017-​1585-2.

	15.	 Eymard F, Maillet B, Lellouche H, Mellac-Ducamp S, Brocq O, Loeuille D, 
et al. Osteoarthritis Group of the French Society of rheumatology and of 
the French research Group in Interventional Rheumatology. Predictors 
of response to viscosupplementation in patients with hip osteoarthritis: 
results of a prospective, observational, multicentre, open-label, pilot 
study. BMC Musculoskelet Disord. 2017;18(1):3. https://​doi.​org/​10.​1186/​
s12891-​016-​1359-2.

	16.	 Dauvissat J, Rizzo C, Lellouche H, Porterie J, Melac-Ducamp S, Locquet V, 
et al. Safety and predictive factors of short-term efficacy of a single injec-
tion of mannitol-modified Cross-linked hyaluronic acid in patients with 
Trapeziometacarpal osteoarthritis. Results of a multicentre prospective 
open-label pilot study (INSTINCT trial). Clin Med Insights Arthritis Mus-
culoskelet Disord. 2018:11:1179544118782901. https://​doi.​org/​10.​1177/​
11795​44118​782901.

	17.	 Guarda-Nardini L, Ferronato G, Favero L, Manfredini D. Predictive 
factors of hyaluronic acid injections short-term effectiveness for TMJ 

https://doi.org/10.1186/s12891-022-05352-3
https://doi.org/10.1186/s12891-022-05352-3
info@labrha.com
https://doi.org/10.12659/MSM.908821
https://doi.org/10.3390/ijms20020277
https://doi.org/10.1053/joms.2001.25015
https://doi.org/10.1179/crn.2010.023
https://doi.org/10.3109/00016350903431118
https://doi.org/10.1111/j.0904-2512.2004.00024.x
https://doi.org/10.1097/SCS.0b013e3182a30566
https://doi.org/10.1097/SCS.0b013e3182a30566
https://doi.org/10.1016/s0278-2391(85)80050-1
https://doi.org/10.1016/0278-2391(87)90443-5
https://doi.org/10.1016/j.revsto.2016.07.020
https://doi.org/10.1016/j.revsto.2016.07.020
https://doi.org/10.1016/j.joms.2012.07.020
https://doi.org/10.1007/s00405-002-0456-z
https://doi.org/10.1053/joms.2001.23368
https://doi.org/10.1186/s12891-017-1585-2
https://doi.org/10.1186/s12891-016-1359-2
https://doi.org/10.1186/s12891-016-1359-2
https://doi.org/10.1177/1179544118782901
https://doi.org/10.1177/1179544118782901


Page 10 of 10Baron et al. BMC Musculoskeletal Disorders          (2022) 23:392 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

degenerative joint disease. J Oral Rehabil. 2011;38(5):315–20. https://​doi.​
org/​10.​1111/j.​1365-​2842.​2010.​02164.x.

	18.	 Fallacara A, Baldini E, Manfredini S, Vertuani S. Hyaluronic acid in the third 
millennium. Polymers (Basel). 2018;10(7):701. https://​doi.​org/​10.​3390/​
polym​10070​701.

	19.	 Conrozier T, Mathieu P, Rinaudo M. Mannitol preserves the viscoe-
lastic properties of hyaluronic acid in an in vitro model of oxidative 
stress. Rheumatol Ther. 2014;1(1):45–54. https://​doi.​org/​10.​1007/​
s40744-​014-​0001-8.

	20.	 Schiffman E, Ohrbach R, Truelove E, Look J, Anderson G, Goulet JP, et al. 
International RDC/TMD consortium network, international association for 
dental research; orofacial pain special interest group, International Asso-
ciation for the Study of Pain. Diagnostic criteria for temporomandibular 
disorders (DC/TMD) for clinical and research applications: recommenda-
tions of the international RDC/TMD consortium network* and orofacial 
pain special interest group†. J Oral Facial Pain Headache. 2014;28(1):6–27. 
https://​doi.​org/​10.​11607/​jop.​1151.

	21.	 Conrozier T. Is the addition of a polyol to hyaluronic acid a significant 
advance in the treatment of osteoarthritis? Curr Rheumatol Rev. 
2018;14(3):226–30. https://​doi.​org/​10.​2174/​15733​97113​66617​07101​
15558.

	22.	 Park JK, Ahn SH, Shin K, Lee YJ, Song YW, Lee EB. Predictors of a placebo 
response in patients with hand osteoarthritis: post-hoc analysis of two 
randomized controlled trials. BMC Musculoskelet Disord. 2021;22(1):244. 
https://​doi.​org/​10.​1186/​s12891-​021-​04089-9.

	23.	 Yazici Y, McAlindon TE, Fleischmann R, Gibofsky A, Lane NE, Kivitz AJ, et al. 
A novel Wnt pathway inhibitor, SM04690, for the treatment of moderate 
to severe osteoarthritis of the knee: results of a 24-week, randomized, 
controlled, phase 1 study. Osteoarthr Cartil. 2017;25(10):1598–606. 
https://​doi.​org/​10.​1016/j.​joca.​2017.​07.​006.

	24.	 Pham T, van der Heijde D, Altman RD, Anderson JJ, Bellamy N, Hochberg 
M, et al. OMERACT-OARSI initiative: osteoarthritis research society inter-
national set of responder criteria for osteoarthritis clinical trials revisited. 
Osteoarthr Cartil. 2004;12(5):389–99. https://​doi.​org/​10.​1016/j.​joca.​2004.​
02.​001.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1111/j.1365-2842.2010.02164.x
https://doi.org/10.1111/j.1365-2842.2010.02164.x
https://doi.org/10.3390/polym10070701
https://doi.org/10.3390/polym10070701
https://doi.org/10.1007/s40744-014-0001-8
https://doi.org/10.1007/s40744-014-0001-8
https://doi.org/10.11607/jop.1151
https://doi.org/10.2174/1573397113666170710115558
https://doi.org/10.2174/1573397113666170710115558
https://doi.org/10.1186/s12891-021-04089-9
https://doi.org/10.1016/j.joca.2017.07.006
https://doi.org/10.1016/j.joca.2004.02.001
https://doi.org/10.1016/j.joca.2004.02.001

	Predictors for patient satisfaction of a single intra-articular injection of crosslinked hyaluronic acid combined with mannitol (HANOX-M-XL) in patients with temporomandibular joint osteoarthritis. Results of a prospective open-label pilot study (HAPPYMIN
	Abstract 
	Background: 
	Objectives: 
	Patients and methods: 
	Results: 
	Conclusion: 

	Ethics approval and consent to participate
	Declarations
	Patients and methods
	Study population
	Intervention
	Study design
	Course of the study
	Selection visit
	Follow-up visits at three and six months

	Statistics

	Results
	Discussion
	Acknowledgements
	References


