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Hyaluronic acid application vs arthroscopy in treatment of 
internal temporomandibular joint disorders
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ABSTRACT
AIMS: The goal of this study was to compare the treatment outcome after two different treatment modalities 
in cases of disc displacement of the temporomandibular joint diagnosed via magnetic resonance technique, 
namely surgical procedure in form of arthroscopic lysis and lavage vs. hyaluronic acid superior joint space 
application.
MATERIALS AND METHODS: Magnetic resonance imaging was performed before and one year after 
treatment. Simultaneously, pre- and post-treatment visual analogue scales and maximal mouth opening 
distance were documented. 
RESULTS: In our study, out of the total of 145 patients who were initially diagnosed with magnetic resonance 
imaging to have internal derangements and treated with arthroscopic lysis and lavage or hyaluronic acid 
application, we observed progression of internal derangement in 27 cases (18.6 %), improvement in 37 
cases (25.5 %) and stationary state in 81 patients (55.9 %). Both treatment methods signifi cantly improved 
the followed maximal mouth opening distance and visual analogue scale, as confi rmed upon the 12-month 
follow-up examination. Maximal mouth opening was 4.7mm for hyaluronic acid application and 12.2mm for 
arthroscopic lysis and lavage (p<0.005). The mean visual analogue scale values decreased from 6.2 to 2.1 
for hyaluronic acid application and from 6.9 to 1.2 for arthroscopic lysis and lavage (p<0.005). 
CONCLUSION: Our study shows that both arthroscopic lysis and lavage and hyaluronic acid injections are 
effective and safe in the treatment of disc displacement in the temporomandibular joint (Tab. 3, Ref. 30). Text 
in PDF www.elis.sk.
KEY WORDS: arthroscopic lysis and lavage; hyaluronic acid intraarticular application; internal derangement 
of temporomandibular joint; magnetic resonance imaging.

Department of Oral and Maxillofacial Surgery, Comenius University in 
Bratislava, Jessenius Faculty of Medicine in Martin, University Hospital 
Martin, Slovakia 
Address for correspondence: I. Malachovsky, Department of Oral and 
Maxillofacial Surgery, Comenius University in Bratislava, Jessenius
Faculty of Medicine in Martin, University Hospital Martin, Kollárova 2, 
SK-036 01 Martin, Slovakia.
Phone: +0434203357
Acknowledgement: The study was supported by Grant of the Ministry of 
Health of the Slovak Republic 2018/14-UKMT-10.

Introduction

Magnetic resonance imaging (MRI) is considered to be the 
golden standard in diagnosing the intraarticular pathologies. Due 
to its capability of high-quality imaging of soft tissues of the tem-
poromandibular joint, (TMJ) it is a perfect facility for diagnosing 
the condylar disc pathologies as well as for determining the disc 
displacement severity. The standard MRI technique of TMJ uses 
oblique sagittal and oblique coronal images. The dynamic imaging 
is performed in straight sagittal orientation along the anticipated 
path of the condylar motion (7). The position of the posterior band 
of the disc in sagittal mouth-closed images is known as a standard 

reference point for normal superior disc position. It is normally 
located at the 11 o’clock or more posterior clockwise position of 
the superior condyle surface. 

If the disc is malpositioned in relation to the mandibular 
condyle and articular eminence (disc displacement), this state is 
known as internal derangement (ID) of TMJ. The most frequent 
displacement type is anterior disc displacement (DD), which can 
be seen in oblique sagittal images. In most large MRI studies, 
about 80 % of TMD patients referred for diagnostic MRI imaging 
of the TMJ have resulted with the diagnosis of disc displacement 
(13). Mouth-opened sagittal images give us information about disc 
mobility. According to disc reduction ability, reducing (DDR) or 
non-reducing disc dislocations (DDwR) can be distinguished and 
the severity of the defect determined. The diagnostic accuracy of 
MRI on fresh autopsy material using oblique sagittal and oblique 
coronal sections has been found to be 95 % and 93 % in determin-
ing the disc position and bone status, respectively (13). 

Arthroscopy (AS) of TMJ is a diagnostic-therapeutic mini-
invasive surgery technique fi rst used by Onishi in 1974. It allows 
direct visual inspection of the internal TMJ structures through
arthroscope. When extended, the therapeutic abilities of AS are 
used (i.e. shaver, laser, suturing, etc). This procedure is usually 
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referred to as operative arthroscopy. Arthroscopic lysis and la-
vage (ALL) are modifi ed AS protocol procedures described in 
1986 by Sanders for the treatment of chronic closed lock of TMJ. 
The mechanism of action of this procedure is usually proposed as 
breaking down the adhesions by sweeping-through catheter ma-
neuvers reducing the surface tension and friction. At the same time 
the lavage washes out the intra-articular infl ammatory substances 
and degradation products, increases mobility, disrupts adhesions, 
normalizes intraarticular pressure, improves disc mobility and 
releases the disc (9, 16, 19, 21, 29). 

Hyaluronic acid (HA) is a biological molecule found naturally 
in the TMJ and produced by synovial cells. It provides viscoelastic 
properties to synovial fl uid. HA was fi rst used in form of intraartic-
ular application (IA) in the treatment of osteoarthrosis of the knee 
in 1971. HA can stimulate natural HA production, inhibit osteo-
arthritis progression, and reduce fi brous tissue proliferation (17). 
The proposed mechanism of action is down-regulation of matrix 
metalloproteinase-3 and IL-1β in synovium during early develop-
ment of osteoarthritis (10). IA HA is known for shock absorption, 
joint lubrication, anti-infl ammatory effects, chondroprotection, 
proteoglycan synthesis and cartilage matrix alterations (3). An 
injection of HA into the superior joint compartment could modify 
the synovial fl uid constitution and improve the microcondition 
within the joint space. It can relieve the clinical symptoms in the 
short term, and possibly prevent TMJ disease progression in the 
long term (14). 

Material and methods

This retrospective study was approved by the Ethics Commit-
tee of Jessenius Faculty of Medicine, Comenius University (JFM 
CU) (EK 49/2019), and as a real retrospective local clinical trial 
it obtained an exemption from the demands of signed informed 
consent. 

Inclusion criteria encompass patients who underwent TMJ 
arthroscopy or HA joint injection of upper joint space due to posi-
tive ID clinical symptoms confi rmed with initial MRI. Most of the 
patients were previously treated in a non-invasive way with un-
satisfactory results. Patients were of any gender and ethnic group, 
and aged above 18 years. The monitoring period was set between 
January 1st, 2014 and January 1st, 2019. The contralateral mostly 
asymptomatic TMJs were used as the control group. 

The exclusion criteria were as follows: myofascial pain dys-
function syndrome, systemic or autoimmune disease, extensive de-
generative joint disease, polyarthritis, known birth defects of TMJ, 
past local corticoid application, major joint trauma, previous joint 
surgery, contralateral joint ID more severe than 2nd degree accord-
ing to Wilkes, missing clinical or MRI control in designed inter-
vals, poor compliance or non-compliance, and age under 18 years.

In total, 145 patients met the inclusive criteria. Two study 
groups were assembled. The fi rst group comprised 46 patients 
treated with ALL. The second group comprised 99 patients treated 
with HA joint space injection.

All patients underwent preprocedural clinical examination. 
This was based on Diagnostic Criteria for Temporomandibu-

lar Disorders (DC/TMD) axis I revised by Schiffman in 2014, 
the main clinical diagnostic guide for establishing the diagnosis 
and treatment protocol for TMDs, including discopathy (28). This 
encompassed the collection of visual analogue scale (VAS) score, 
TMJ sounds auscultation, TMJ and masticatory muscles palpation, 
maximal mouth opening (MMO) and basic radiological assessment 
through orthopantomogram. Nevertheless, in our study we used 
only 2 indicators as variables, of which one is objective (MMO) 
and one is subjective (VAS). 

To evaluate the pain level, the patients were asked to rate their 
pain on VAS from 0 to 10, (0 for the absence of pain and 10 for 
the maximum pain). MMO was measured as a distance (in mm) 
between the incisal edges of the upper and lower patient’s central 
incisors in the maximal abduction position of mandible. 

HA /1 ml 0.8 % solution, “Sinovial Mini”, IBSA Farmaceutici 
Italia Srl/ was administered in a series of a total of three IA injec-
tions in one-week intervals. There was no special recommendation 
given to the patient after the procedure. ALL was realized during 
a three-day hospitalization period at the Martin University Hos-
pital Department of Stomatology and Maxillofacial Surgery. The 
surgery was performed on the second day after admission under 
general anesthesia with naso-tracheal intubation and mouth held in 
a wide-open position. The procedure was done by a skilled senior 
surgeon using an endoscope, 1.9 mm in diameter. After surgery, 
the patients were instructed about strict soft diet for 7 days, and 
analgesic options, as well as relaxing, atraumatic and antiseptic 
local and systemic measures. In most cases, the clinical follow 
up examinations were carried out one week and two months after 
surgery. The clinical examination study data were collected six and 
twelve months after the procedural examinations for both groups. 

MRI of TMJ was conducted in each patient prior to the pro-
cedure and one year after it. MRI was performed using 0.25 Tesla 
MRI scanner (ESAOTE S – scan) with dedicated double-sided 
TMJ coil, 3-mm sections thickness, 150 x 150 mm fi eld of view, 
256 x 256 matrix, 0.859 mm pixel dimension, and FSE PD tech-
nique /fast spin echo proton density/ TR 2030 / TE 25.0 ms. The 
MRI protocol was based on oblique sagittal and oblique coronal 
sections in closed and open mouth positions. All MRI images 
were assessed by an independent senior radiologist according to 
generally established assessment criteria. The initial and one-year 
follow-up MRI results were compared and the changes in state 
were classifi ed as improved, stationary or progressive.

The statistical analysis was performed with the SPSS software 
(ver. 22.0 for MAC OSX; SPSS, Chicago, IL, USA). The data on 
age, VAS scores, MRI fi ndings and MMO values were reported 
as medians. The sex distribution is reported as the ratio of males 
to females. These parameters were statistically compared between 
the two treatment groups by using Mann-Whitney test. P values 
less than 0.05 were considered statistically signifi cant.

Results

At our department, we examined 2,684 patients with the diag-
nosis of TMD between 2014 and 2019. The mean age of patients 
was 44.5 years. Women accounted for 80.22 % (2,153 patients) 
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and men accounted for 19.78 % (531 patients) with a ratio ex-
ceeding 4:1. ALL was performed in 112 patients. Our inclusion 
criteria for arthroscopic surgery were met in 46 cases. Superior 
joint space application of HA was performed in 644 patients. Our 
inclusion criteria for superior joint space application of HA were 
met in 99 cases. Precise distribution of patients’ characteristics 
as gender, age, and side (right or left) of the studied joint can be 
seen in Table 1. 

Both clinical parameters, MMO and VAS, were improved at 
6- and 12-month follow-up examinations as depicted in Table 2. 
The increase in mean MMO distance was 4.2 mm for IA HA ap-
plication and 10.0 mm for ALL at the six-month follow-up and 4.7 
mm for IA HA and 12.2 mm for ALL at the twelve-month follow-
up. The difference at the twelve-month follow up of MMO was 
statistically signifi cant (p < 0.005). In six months, the mean VAS 
values decreased from 6.2 to 1.2 for IA HA application and from 
6.9 to 0.9 for ALL. In twelve months, the VAS values decreased 
to 2.1 for IA HA application and to 1.2 for ALL. The difference 
at the twelve-month follow up of VAS value was statistically sig-
nifi cant (p < 0.005). The subgroup analysis of patients in both 
ALL and HA AI groups is depicted in Table 3. The comparison 
of preoperative/basal and twelve-month follow-up data on VAS 

showed an improvement by 95.7 % for ALL and by 77.8 % for HA 
IA application, and the improvement in MMO by 91.3 % for ALL 
and by 59.6 % for HA IA application (response criteria accord-
ing to American Association of Oral and Maxillofacial Surgeons; 
successful treatment VAS £ 3 mm, MMO ³ 35 mm), respectively, 
while the results were statistically signifi cant (p < 0.005, p < 0.01, 
respectively) and in favor of ALL. We observed a treatment success 
by 77.8 % in VAS and by 59.6 % in MMO for HA IA application, 
by 95.7 % in VAS and by 91.3 % in MMO for ALL, respectively 
(according to the criteria of American Association of Oral and Max-
illofacial Surgeons; successful treatment VAS ≤3 mm, ii ≥35 mm). 

Most joints in both groups (90 of all 145 studied joints) were 
initially MRI-diagnosed as 3rd degree of ID of TMJ according to 
Wilkes. The Wilkes stages identifi ed upon the initial MRI in both 
groups, namely stages I, II, III, and IV were found in 11 (7.6 %), 
33 (22.8 %), 90 (62 %), and 11 (7.6 %) studied joints, respec-
tively. Overall, of the total of 145 initially MRI-diagnosed IDs of 
TMJ, the 12-month follow-up MRI showed an improvement in 
ID in 37 cases (25.5 %), namely in 1 case of Wilkes I, 7 cases of 
Wilkes II, 25 cases of Wilkes III, and 4 cases of Wilkes IV. The 
state stayed stationary in 81 patients (55.9 %) namely in 7 cases 
of Wilkes I, 20 cases of Wilkes II, 47 cases of Wilkes III, 7 cases 
of Wilkes IV. The progression took place in 27 cases (18.6 %), 
namely in 3 cases of Wilkes I, 6 cases of Wilkes II, 18 cases of 
Wilkes III, and 0 cases of Wilkes IV). Precise distribution of 
pre-procedure and post-procedure MRI results for used treatment 
modality can be seen in Table 2. We have documented no overall 
permanent complications after either of the types of treatment.

Discussion

The goal of this paper is to assess the post-treatment results 
of ID-affected joints preoperatively confi rmed by MRI in patients 
after ALL surgery and HA joint space application. Degenerative 
changes, joint effusion, and bone marrow edema were not set as 

the purpose of this study due to limited ana-
lytic data caused by the retrospective nature 
of the study. 

ALL
According to the review of articles 

published by White et al., no defi nitive dif-
ferences in range of motion, postoperative 
pain, or time required to rehabilitate the 
joint were found, regardless of whether 
advanced arthroscopic techniques or only 
ALL were used (30). Actually, in the re-
sults of his meta-analysis of literature con-
cerning the management of ID, Al-Moraissi 
favored the treatment with ALL versus AS 
with regard to pain reduction (2). The main 
success rates for ALL when treating ID or 
chronic closed lock in the literature vary, 
but they generally support the effective-
ness of ALL. 

Patient characteristics Hyaluronic acid 
joint space injection Arthroscopy

Number of patients 99 46
Sex

Male (%)
Female (%) 

19 (19.2)
80 (80.8)

10 (21.3)
36 (78.3)

Median age, range (years)
<65 years (%)
>65 years (%)

40 (18–81)
91 (91.9)
8 (8.1)

34 (18–72)
44 (96)
2 (4)

Side
Right (%)
Left (%)

48 (48.5)
51 (51.5)

19 (41.3)
27 (58.7)

Tab. 1. Patient characteristics.

Patient characteristics Hyaluronic acid 
joint space injection Arthroscopy p value

Mean VAS
Before
After 6 months
After 12 months

6.2
1.2
2.1

6.9
0.9
1.2

0.01
0.17 (n.s.)

0.002 (<0.005)
mean MMO (mm)

Before
After 6 months
After 12 months

32.2
36.0
36.9

27.0
37.0
39.2

0.001
0.06 (n.s.)

0.005
MR (%)

0
1
2
3
4

Before After Before After
0 (0)

11 (11.1)
28 (28.3)
60 (60.6)

0 (0)

11 (11.1)
11 (11.1)
31 (31.3)
37 (37.4)
9 (9.1)

0 (0)
0 (0)

5 (10.9)
30 (65.2)
11 (23.9)

2 (4.3)
3 (6.5)
7 (15.2)
17 (37)
17 (37)

Improvement in MRI fi ndings (%)
Stable MRI fi ndings (%)

23 (23.2)
54 (54.5)

11 (23.9)
24 (52.2)

MRI – Magnetic resonance imaging; MMO – maximal mouth opening; VAS – visual analogue scale; n.s. – non-
signifi cant

Tab. 2. Main results.
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Murakami reported that different authors studying AS de-
scribed generally acceptable results of ALL for all Wilkes stages 
of ID. The procedure of ALL is currently preferred for stages III 
and IV with a good outcome but the success rates for ALL surgery 
were slightly lower in advanced stages of ID (20). In this regard, 
Bronstein and Merrill observed a success rate of 96 % for stage 
II, 83 % for stage III, 88 % for stage IV, and 63 % for stage V (5). 

Most of our patients in both groups had ID of degree III be-
fore treatment. This is similar to the majority of subject groups 
in other ID studies. DDwR is the most studied ID degree because 
of its dramatic clinical symptoms. The patients frequently suffer 
from impaired function due to the closed lock.

Abboud et al published clinical results similar to ours. In his 
study, in intermediate/late stage of ID, the mean MMO increased 
from 27 mm preoperatively to 38 mm postoperatively, and VAS 
decreased from 7.2 preoperatively to 2.2 postoperatively (1). How-
ever, there is still no clear consensus in literature to date about the 
improvement in MMO and VAS values. We observed an improve-
ment in the followed diagnostic criteria of MMO and VAS at six- 
and twelve-month follow-ups. According to our results, the effi cacy 
of ALL was confi rmed by signifi cant improvement in both MMO 
and VAS values at the twelve -month follow up. 

Hyaluronic acid 
Gencer et al found that IA HA in TMJ produced better pain 

relief scores when compared to other anti-infl ammatory agents, 
namely betamethasone and tenoxicam (8). Because of the severity 
of systemic and local side effects of corticosteroids, HA seems to 
be a favorable alternative. There have been lots of different HA 
application protocols mentioned in literature concerning the treat-
ment of IDs of TMJ. Their differences vary from the number of 
IA applications to combinations with other treatment protocols. 

However, in their systematic review of selected papers, Man-
fredini et al found that the superiority of HA injections was shown 
only against placebo saline injections. Nevertheless, the outcomes 
are comparable with those achieved with corticosteroid injections 
or oral appliances (18). The available literature seems to be in-
conclusive as to the effectiveness of HA injections with respect to 
other therapeutic modalities in treating TMJ disorders. There are 
studies that support the effectiveness of HA intraarticular therapy 

in both DDR and DDnR. Most of the authors report a decrease 
in VAS as well as in clicking. There is no consensus concerning 
the improvement in MMO. Yet, some positive results concerning 
VAS and MMO in the diagnosis of ID were documented in studies
by Sato et al, Long et al and Korkmaz et al (11, 15, 24, 25). 

Aforementioned results of other authors are in accordance with 
the results of our study. We found a signifi cant increase in main 
MMO as well as a reduction in VAS at the twelve-month follow-
up. The increase in these values at the six-month follow-up was 
statistically non-signifi cant.

MRI
Kurita et al studied disc morphology through MRI after

arthroscopic and nonsurgical treatment and found no signifi cant 
difference in progression, or improvement in these two groups. 
Their study also showed that an increase in disc mobility occurred 
more often after arthroscopic surgery than after nonsurgical treat-
ment at a twenty-month follow-up (12). 

Sato et al reported a persistent disc displacement in patients 
with DDwR of TMJ after treatment of IA HA application. Never-
theless, the clinical symptoms concurrently improved (26). An 
MRI-based increase in the width of posterior and superior spaces 
of affected joints after ALL were described in literature.

In the study by Ohnuki et al, comprising four different treat-
ment modalities, only 10 % of the joints became DDwR and the 
other joints remained DDwR despite the treatment. Upon one-year 
control MRI, all TMJs had mobile discs. After arthroscopic surgery, 
the discs were located more anteriorly and also the deformity of 
the disc advanced when compared with the pre-treatment state. 
He concluded that the position and deformity of the disc do not 
need to necessarily improve to get the improvement of signs and 
symptoms. On the contrary, he proposed that the increase in disc 
mobility is supposed to be crucial (22). In an eight-year observa-
tional study using CT and MRI control by Schiffman et al., from 
the total of 789 baseline joint-specifi c soft tissue diagnoses of DD, 
598 (76 %) joints showed no change, 109 (14 %) demonstrated 
progression, and 82 (10 %) had reversal. Schiffman et al. state 
that currently, we cannot predict which individuals will progress, 
and at the same time no treatments, including TMJ surgery, can 
predictably prevent progression of either soft or hard tissue disor-

Patient characteristics Hyaluronic acid joint space injection p value Arthroscopy p value
Mean VAS

Before
After 6 months 
After 12 months

Male Female
0.15
0.051
0.24

Male Female
0.19 (n.s.)
0.86 (n.s.)
0.74 (n.s.) 

5.8
1.7
2.5

6.3
1.1
2.0

6.6
0.8
1.2

7.0
0.9
1.2

Mean MMO (mm)
Before
After 6 months
After 12 months

Male Female
0.2
0.1
0.2

Male Female
0.1 (n.s.)
0.8 (n.s.)
0.1 (n.s.)

34.1
37.5
38.3

31.8
35.6
36.5

28.7
37.2
41.0

26.8
36.9
38.6

Improvement in MRI fi ndings (%)
Stable MRI fi ndings (%)

Male Female Male Female
5 (26.3)
13 (68.4)

18 (22.5)
41 (51.3)

5 (50)
4 (40)

6 (16.7)
20 (55.5)

MRI – Magnetic resonance imaging; MMO – maximal mouth opening; VAS – visual analogue scale; n.s – nonsignifi cant

Tab. 3. Subgroup analysis.
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ders. Therefore, the current clinical practice should focus on the 
symptom management rather than on structural intervention for 
TMJ (27). When treating symptomatic disc displacement of TMJ 
using ALL, Da Silva et al. found improvement in disc position 
in 37 cases of TMJ (68.51 %), the same disc position in 13 cases 
of TMJ (24.07 %) and worsened disc position in 4 cases of TMJ 
(7.42 %) upon six-month follow-up MRI (6).

Our MRI results are consistent with the studies mentioned 
above. In our study, we found an improvement in the disk po-
sition or recapture of the disc’s anatomical position in 34 cases 
(23.44 %). However, neither ALL or IA HA were able to correct 
the disc’s position in most of the cases. Despite the disc malposi-
tions, there was a signifi cant improvement in clinical symptoms 
in these patients. No MRI-confi rmed improvement was docu-
mented in 108 cases (74.5 %), while the state stayed stationary in 
81 patients (55.9 %), and progressed in 27 cases (18.6 %)). The 
improvement in clinical symptoms was not primarily related to 
the improvement in disc’s position. In spite of frequent absence of 
MRI-confi rmed improvement, there were only few patients resis-
tant to therapy. This is in support of the presumption that no disc 
repositioning is needed to improve TMJ function and relieve the 
patients’ symptoms. There is a current trend emerging not neces-
sarily focused on repositioning of the articular disc. Similarly, as 
in Ohnuki’s study, we state that the function of the disc, in terms 
of its mobility, is more important than its position (22).

Besides, it has been shown clinically that in displaced discs, 
the posterior band becomes thicker and a cartilage-resembling 
structure is formed (23). This so-called pseudo-disc formation 
could enhance the adaptive capacity and bear additional functional 
loads. According to Bristela, in a study group with pseudodisc, 
more joints showed normal translation compared to baseline evalu-
ation. Some authors found the presence of pseudo-disc in almost 
half of the temporomandibular joints with DDwR (4). 

We can speculate that chronic overload and overwhelmed com-
pensatory capacity of the joint with a combination of DD could be 
responsible for the fi brous formation and overbuild of supportive 
articular structures leading to change in joint stress management.

ALL proved to be superior to HA IA application in both fol-
lowed clinical parameters. There was no signifi cant difference in 
MRI results for both groups. Additionally, when the therapy was 
initiated, the starting MMO and VAS values were less favorable 
for ALL than for the HA group.

This study had some limitations. First, it was a retrospective 
study. We were restricted in terms of previously collected data. 
Therefore, no additional changes to therapy or patient manage-
ment could possibly be implemented. Secondly, there was no pla-
cebo control group. This point is partially justifi able. It would be 
unethical to treat suffering patients with placebo instead of using 
proven treatment modalities.

In conclusion, we state, that both ALL and HA IA application 
are successful and safe methods in the treatment of TMJ ID. A 
larger and long-term prospective controlled study will be needed 
to acquire more relevant and detailed information about the in-
traarticular changes and joint chronic transformation in studied 
treatment modalities.
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