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MAGNETIC RESONANCE IMAGING (MRI) ASSESSMENT IN SPLINT
THERAPY VS. ARTHROCENTESIS IN THE TREATMENT OF
TEMPROMANDIBULAR JOINT (TMJD) DISORDERS

Seham B.Tayel* and Magda Saleh**

ABSTRACT
The prosthetic rehabilitation of patients affected by temporomandibular (disordersTMDS) is a particular
challenging task.TMDS had become the topics of interest in the medical & dental fields.This study included
twenty patients with partially edentulous mandibluar arch manifesting symptoms of TMDS.. Clinical and
radiographic examination  were performed for each patient. AT the beginning of treatment the patients were
treated by arthrocentesis of the pro-inflammatory cytokines in synovial fliud of TMJ superior compartment
,then estimation of pro-inflammatory cytokines, glucosaminoglycans and glucuronic acid in the synovial fluid
was done. Then, the patients were divided into two groups; each of ten:Group I wore RPD  after 7 days of
arthrocentesis  and Group II wore anterior repositioning splint  after 7 days of lavage for two months.Our
conclusion reported that arthrocentesis decreased requirement for hospitalization, less operating time and was
done under  loca anesthesia.The combination treatment of arthrocentesis of the TMJ and mandibular
repositioning splint gave the advantages of relief pain and considered as treatment modality before surgical
intervention . The patients with erosions showed the least improvement by both methods of treatment
(,arthrocentesis with RPD or disc repositioning appliance) .

INTRODUCTION
The temporomandibular joint is a synovial

gliding joint with unique anatomic features. A
fibrocartilaginous disk positioned between the
mandibular fossa and the mandibular condyle
separates the joint into an upper joint
compartment, which is involved in translational
movement, and a lower joint compartment, which
is involved in rotational movement.(1)

Temporomandibular disorders (TMD) are
currently defined as ‘a collective term embracing a
number of clinical problems that involve the
muscles of mastication, the temporomandibular
joints (TMJ) and associated structures, or both.
TMD are further considered as a major cause of
non-dental pain in the orofacial region, a
subclassification of musculoskeletal and pain
disorders in general and with multidimensional
and biopsychosocial aspects to the condition.(2)

Temporomandibular joint disorder
(TMJD) involves synovitis, which is caused by
excessive mechanical stress in the joint. The intra-
articular pressure of the TMJ is high in individuals
with TMJD(3) , and free radicals generated by
mechanical stress in the TMJ  initiate molecular
events in degenerative joint disease(4). In addition,
anterior disc displacement is one of the most
common features of internal derangement in
individuals with TMJD(5). Furthermore, in anterior

disc displacement, the posterior part of the
synovium in the TMJ is thought to be subjected to
direct mechanical compressive force during
chewing, resulting in inflammation(6) that
modulate inflammatory cytokines.

Controversy exists regarding the
prevalence of TMD; these disorders can occur in
dentates and also in edentates and partially
edentates and it has been reported that 50-70% of
the population have signs of this kind of disorder
at some stage during their life.The cause of most
TMD has not yet been established, however, it has
been reported that the likelihood of degenerative
joint disease increases with higher
tempromandibular joint loads.(7,8)

Temporomandibular joint (TMJ) pain is
recognized as an important source of disability
that leads to considerable socioeconomic costs as a
result of medical treatments, surgical
interventions, and frequent absences from work.
Arthroscopic studies have confirmed the concept
that inflammatory processes of the synovium,
capsule or retrodiscal tissues are the underlying
mechanisms for the occurrence of TMJ pain.
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Mechanical disturbances were regarded as
etiologic in the production of an imbalance
between anabolic and catabolic processes,
progressive cartilage degradation, and secondary
inflammatory components, while therapeutic
procedures such as splint therapy and
arthrocentesis were described to correct the
dysfunctional state by decreasing TMJ loading and
promote healthy synovial fluid production.(9,10,11)

Temporomandibular joint (TMJ)
arthrocentesis consists of lavage of the upper joint
space of the TMJ done with no direct vision to
remove necrotic tissue, blood and pain mediators
from the joint(12).

Nitzan et al.(13) first described TMJ
arthrocentesis as the simplest form of surgery in
the TMJ, aiming to release the articular disc and to
remove adhesions between the disc surface and
the mandibular fossa by means of hydraulic
pressure from irrigation of the upper chamber of
the TMJ. Arthrocentesis has low morbidity, few
risks and low cost compared to other TMJ surgical
interventions, and may be conducted under local
anesthesia in an outpatient clinic setting(14,15,16)

AIM OF STUDY

The purpose of the present study was to
evaluate clinically, biochemically and
radiographically the efficacy of lavage
(arthrocentesis) of pro-inflammatory cytokines in
the synovial fluid in symptomatic TMJ with the
use of anterior repositioning splint or RPD. Also,
the detection of glucosaminoglycans(GAG) and
glucuronic acid (GA) in the synovial fluid as a
marker of internal derangement and cartilage
destruction.

MATERIALS AND METHODS
This study included 20 patients with

symptoms of TMJ pain, joint noises, limitation of
jaw opening, tenderness located in the articular
region. Their age ranged between 25-45 years.

All the patients, selected, were partially
edentulous with bilateral missing of posterior
teeth. They underwent a complete history, clinical
examination, and diagnostic imaging (panoramic
radiograph and magnetic resonance imaging
(MRI). MRI was used to determine the disk
derangement. The clinical diagnosis was based on
the presence of clicking on auscultation,

tenderness of the lateral or posterior aspect of the
TMJ and local pain associated with mandibular
movement directly to the TMJ.

AT the beginning of treatment the patients
were treated by arthrocentesis of the pro-
inflammatory cytokines in synovial fliud of TMJ
superior compartment.The estimation of pro-
inflammatory cytokines, glucosaminoglycans and
glucuronic acid in the synovial fluid was done.

Then, the patients were divided into two groups; each of
ten:
 Group I: RPD were inserted after 7 days of

arthrocentesis
 Group II: Anterior repositioning splint were

inserted after 7 days of lavage for two months.

Postoperative medication after
arthrocentesis consisted of nonsteriodal anti-
inflammatory (paracetamole tablets) and
antibiotics, three times daily for four days.

The follow up was evaluated by the
clinical examination and by self-assessment
questionnaire and MRI assessment before and
after arthrocentesis. The clinical examination and
self-assessment questionnaire were carried out for
two months after arthrocentesis. The assessment
questionnaire included TMJ pain on jaw
movement. The clinical examination included
measurement of maximum mouth opening
(MMO), range of lateral and protrusion
movements in millimetres, the presence of joint
tenderness (tender or not tender ) and the presence
or absence of joint sound (click or none clicking ).
Assessment questionnaire include:

Assessment of pain according to the score:
o= none, 1= little, 2-=moderate, 3=extreme.

Arthrocentesis technique and collection of SF
sample(13,17)

Arthrocentesis was done under strict
aseptic technique. Two points were marked over
to skin of the affected joint indicating the
arthicular fossa and eminence (fig I,2a). This was
followed by 10 ml of lidocaine (10 mg/ ml) local
anesthesia, injected to block auriculotemporal
nerve posterior to condylar neck and to infiltrate
the subcutaneous tissues lateral to the joint. After
local anesthesia, 2 ml of normal saline solution
with synovial fluid. Samples were obtained by
washing the joint cavity with saline using push-
and-pull technique performed with two syringes;
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one used for washing the solution that was
injected and the other for aspiration (2b & c).
About 14.5 ml diluted SF was collected. The fluid
and cellular components were immediately
separated by centrifugation (2000) rpm for 10
mintes) and the supernatant was transferred to
polypropylene tubes and stored at -20C until
used.
Biochemical analysis of the aspirated synovial fluid
from the superior joint space was done as follow:
 Assay of the cytokines of interleukin- I (IL-1),

interleukin-6 (IL-6) and tumor necrosis factor
alpha (TNF) were performed using enzyme-
linked immunosorbent (ELISA-Kit _ Immuno _
Tech-France),(18,19,20) These cytokines were
expressed as picogn/ml (pg/ml)

 Determination of glucosaminoglycans
concentration in the synovial fluid was done as
described by Whiteman (1973) and expressed as
mg/L.(21,22,23)

 Determination of glucuronic acid concentration
in the synovial fluid as described by Bitter
(1962) and expressed as mg/ 100 ml.(24)

Fig(1):Anatomic component of the TMJ. Okeson JP.
Management of TMJ disorders and occlusion. Third

edition. CV Mosby Co,St Louis 1993: fig 1-1

Fig(2a): Diagram of TMJ over skin, (2b,c): Washing of the joint with saline solution & collection of SF.

Prosthetic Construction:
1- For patients of groupI ,an acrylic removable

partial dentures were constructed and inserted
after 7 days of arthrocentesis and the patients
were seen intervals for two months for
necessary adjustment of dentures

2- Clear hard acrylic mandibular anterior
repositioning splint was constructed for
patients of groupII, the splint was inserted
after 7days of arthrocentesis.

Impressions of maxillary and mandibular
dental arches were made in irreversible
hydrocolloid impression material. The impressions
were casted in stone plaster. The maxillary cast
was mounted on an semi- adjustable articulator
using a face-bow. The mandibular cast was
mounted using an interocclusal registration at
intercuspal position. Another interocclusal
registration was taken by instructing the patient to
protrude slightly and to open and close in that
position which eliminate the clicking. The
interocclusal record was adjusted on the

articulator. Complete processing of this splint
position was done in clear acrylic resin . (fig.3).

The splint was tried in the patient's mouth
while closing in the forward position. All
adjustments were performed with simultaneous
contact in the stabilized forward position was
obtained. The patients were instructed to wear the
appliance continually all the times and were
allowed to discontinue only during brushing their
teeth and during meal. The patients were seen at
weekly intervals for necessary adjustment of the
occlusal splint.
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Fig(3): Mandibular anterior repositioning splint inside
the patient mouth.

A final evaluation was done at two, and
eight weeks (two months). Examination was done
and focused on the presence of headache,
earaches, hearing sound when opening or closing
the mandible, maximum mouth opening and
tenderness on palpation of TMJ and muscles.

Evaluation of the occlusion in the final
position without the splint was done by occlusal
adjustment and construction of removable partial
denture. Removable partial denture was
constructed for the patients to stabilize the
maxillomandibular relations and improve
chewing function.
.Plain X-ray for TMJ using orthopantongram was
performed in the open and closed mouth position
for all patients before and after two months of the
start of treatment . Plain X-ray was done to show
any gross bone abnormality, abnormal variation in
the joint space and limitation of the anterior
translation of the affected condyle.

Magnetic Resonance Imaging (MRI) Assessment
MRI was performed twice for all patients as

follow. MRI was performed with 1.5 Tesla systems
(Philips) Gyroscan* with TMJ surface coil (6.0 cm
in diameter). The scan parameter was adapted (TR
450, E20 FOV 130/1.7). The TMJ was scanned for
detection of disc erosion, confirming disc
displacement and grading of this displacement.
The scanning was done with closed and open
mouth for both right and left joints. Rescanning of
the patient after two months from starting of the
treatment was performed. The same scans as
pretreatment parameter but in addition, scanning
with mandibular repositioning appliance were
performed in group II.

We considered the grading of severity of the
TMJ as follow: less than half the disc displaced
anteriorly to the anterior turbercle of glenoid fossa
(grade I)), all the disc displaced (grade III), less

* MRI, Philips Gyroscan, Faculty of Medicine.

than full disc displacement (grade II). The criteria
of disc capture adapted by Kurita et al.(25) was
used to assess the success of our treatment
methods; (1) complete splint capture (fig.4) , (2)
partial splint capture, (3) no splint capture (fig.5).
Erosion of the disc material was searched for and
tabled

The data were collected, tabulated and
statistically analyzed using Mann Whitney test,
Wilcoxon signed ranks test, Monte Carlo test and
Pearson correlation coefficient.

Fig(4):Complete  splint capture ( gradeI)

Fig(5): No splint capture

RESULTS

From the synovial fluid samples collected,
the mean value and the standard deviation of IL-
1B, IL-6 and TNF, GA and GAG were shown in
Table I.

In group I , eight  patients showed joint
tenderness improvement (8/10), two patients have
not been improved (2/10), eight  patients showed
joint sound ( clicking ) and ,8/10 showed no click
sound in joint  .  In groupII, three patients have no
improvement (3/10) and showed joint tenderness
during palpation, while two patients have been
symptoms-free (marked improvement), 7/10
showe markedly improvement as regard clicking
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and the rest 1/10 showed moderate improvement
(table II).

Before lavage extreme pain was
predominant in all selected patients, while after 24
hours of lavage 30% of the selected patients were
complaining of extreme pain and 70% were
complaining of moderate pain. After one week of
lavage patients were not suffering any pain (table
III).

The mean of MMO, the lateral movement
and the protrusive movement measurement were
increased after two months follow up than before
lavage in group I and group II which was
statistically significant at 5% level (table IV).

In group I before lavage the finding of
MRI showed two patients with grade I, five
patients showed grade II and three patients
showed grade III. After two months follow up
grade I showed complete disc capture (complete
repositioning), (table V).

Also after two moths follow up of MRI
two patients of grade II showed partial
improvement (partial dics capture fig.6) with
change in the grading to be grade I while the three
remain showed grade II before lavage and no
change was observed after two months,( table V).

In group II before lavage two patients
showed grade I (fig.7, 8) and five patients showed
grade II and three patients showed grade III. After
two months follow up one patient showed
complete repositioning (complete disc capture). In
grade II five patients showed improvement
(complete repositioning) with the splint appliance.
The last three patients in group I and group II
showed grade III before and after lavage and no
change was noticed after two months ( no disc
capture fig.9 ), ( table V).
There was a significant difference between MRI
before lavage and after two months in both group
at 5% level (P1= 2.00, 2.43) respectively. Also there
was a significant difference between MRI finding
of group I and group II after two months at 5%
level (P2= .022).

Fig(6): Partial disc displacement(grade II),partial disc
capture.

Fig(7): Grade I disc displacement before starting
treatment ( Group II).

Fig(8): Totally improved condition after 2 month of
treatment ( Group II).
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Fig(9): Grade III disc displacement and erosion with the
appliance (no disc capture)

Table VI showed a significant negative
correlation at 5% level between MRI finding &
MMO in groupII and protrusive movement in
group I& group II.

Table VII showed that there was a
significant correlation at 5% level between

biochemical mediator TNF, GA & protrusive
mandibular movement measurement, also
between GAG & lateral movement in group I. In
group II there was a significant negative
correlation between TNF and protrusive
movement and between GAG & lateral
mandibular movement.

Table I: The level of biochemical mediators in the synovial fluid of selected patients.  .
Range Mean ± SD Median

IL-1 125.50 – 126.71 126.23 ± 0.39 129.40
Il-6 210.90 – 211.50 211.18 ± 0.21 211.15
TNF 150.0 – 150.90 150.45 ± 0.30 150.45
GA 112.10 – 114.0 112.73 ± 0.53 112.65
GAG 165.20 – 166.50 165.52 ± 0.42 165.35

Table II: The success rate of improvement of signs and symptoms of TMD in group I.
Postoperative

2 months
Preoperative

No=10 Assessment criteria

8 9 Lateral joint tenderness Group I7 9 Clicking
7 8 Lateral joint tenderness Group II8 8 Clicking

Table III: Comparison between pain score in selected patient before lavage after one week of lavage.
Pain score

NO= 0 Little= 1 Moderate= 2 Extreme= 3

% Selected
patients % Selected

patients % Selected
patients % Selected

patients
_ _ _ _ _ _ 100% 20 Before Lavage

_ _ _ _ 70% 14 30% 6 After 24 hours of Lavage

_ _ _ _ 70% 14 30% 6 After 1 week of Lavage (day of insertion)

Table IV:Range of mandibular movement (in mms) before and after arthrocentesis in groups I and II.
Group I Group II

Before
arthrocentesis

At follow up 2
months

Before
arthrocentesis

At follow up 2
months

Maximum mouth
opening(MMO)

Mean ± SD 27.69 ± 0.84 30.75 ± 0.79 31.14 ± 2.26 36.44 ± 0.81
P# 0.005 0.005
P <0.001*

Lateral movement in mms
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Mean ± SD 2.57 ± 0.44 3.33 ± 0.08 3.78 ± 0.99 5.53 ± 0.19
P# 0.005 0.005
P <0.001*

Protrustive movement in mms
Mean ± SD 3.12 ± 0.13 3.46 ± 0.21 3.61 ± 0.19 4.15 ± 0.09

P# 0.005 0.005
P <0.001*

p : p value for Mann Whitney test
p# : p value for Wilcoxon signed ranks test
* : Statistically significant at p ≤ 0.05

Table V: MRI assessment of group I and II.
Grade II Grade I Patients

numberAfter two months Before lavage After two months Before lavage
Complete repositioning Grade I Complete repositioning Grade I 1
Complete repositioning Grade I Complete repositioning Grade I 2
Complete repositioning Grade II Grade I Grade II 3
Complete  repositioning Grade II Grade I Grade II 4
Complete repositioning Grade II Grade II Grade II 5
Complete repositioning Grade II Grade II Grade II 6

Grade I Grade II Grade II Grade II 7
Grade III Grade III Grade III Grade III 8
Grade III Grade III Grade III Grade III 9
Grade III Grade III Grade III Grade III 10

2.43* 2.00* P1
0.022** P2

P1 : Wilcoxon matched pair rank test for comparison between finding before lavage &after two months in each group
P2:  p value for Monte Carlo test for comparison between finding of group I and group II after two months.

Table (VI): Correlation between MRI finding and mandibular movement measurement in group I & group II.
MRI assessment

Group I Group II
Before After Before After

Maximum mouth opening rho 0.389 -0.069 0.422 -0.791*

p 0.266 0.850 0.224 0.006

Lateral movement in mms rho 0.143 -0.106 0.461 -0.506
p 0.694 0.770 0.180 0.135

Protrustive movement in mms rho 0.921* -0.050 0.741* -0.602
p <0.001 0.890 0.014 0.066

rho: Spearman coefficient
*: Statistically significant at p ≤ 0.05

Table (VII):Correlation between biochemical mediator and mandibular movement measurement before lavage.
Maximum mouth opening Lateral movement in mms Protrustive movement in mms

G
ro

up
 I

IL-1
r -0.479 0.143 0.338
p 0.161 0.694 0.339

Il-6 r 0.468 -0.083 0.024
p 0.172 0.819 0.948

TNF
r 0.258 0.101 0.703*

p 0.472 0.782 0.023

GA r -0.139 -0.055 0.746*

p 0.701 0.881 0.013

GAG r -0.282 0.659* 0.514
p 0.429 0.038 0.128

G
ro

up II IL-1
r 0.151 0.420 0.412
p 0.678 0.227 0.237

Il-6 r 0.277 -0.256 -0.136
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p 0.438 0.475 0.708

TNF
r 0.371 0.463 0.790*

p 0.292 0.178 0.007

GA r 0.396 0.444 0.252
p 0.257 0.198 0.482

GAG r 0.792 0.686* 0.379
p 0.006 0.028 0.280

r: Pearson coefficient rho: Spearman coefficient
*: Statistically significant at p ≤ 0.05

DISCUSSION

TMI pain is a significant part of the
symptoms in patients with TMJ disorders and a
common source of orofacial pain. However, we
have little knowledge about the pathophysiologic
mechanism that underlies the development of the
local pain in the TMJ.

The patients selected in this study were
partially edentulous with missing posterior teeth
as the loss of teeth with subsequent abnormal
loading of the TMJ leads to histomorphological,
pathological and pathophysiological changes in
the articular cartilage, the articular disc, synovium
and bony articular component. Lost molar support
may be associated with presence of severe
osteoarthrosis.(8)

TMJ fluid analysis (SF) used in our study,
is a method of great future potential to obtain
information about local joint pathology. It may
help to develop more specific diagnostic and
prognostic tools to identify markers of disease.(26)

Arthrocentesis is  a safe procedure, less invasive
modality and less costly than arthroscopy or open
surgery. Arthrocentesis procedure has been of
much interest to clinicians because of its relative
high success as well as its unique treatment
manner, it is a borderline procedure between
nonsurgical and surgical intervention and can be
performed under local anesthesia.(13,17)

The results of this study revealed that
after lavage there was a significant increase in the
measurement of mandibular movement in groupII
more than groupI. This may be attributed to the
using of mandibular repositioning splint reduce
the muscle hyperactivity by forward repositioning
of the mandible thus keeping a normal disc-
condyle-glenoid fossa relationship. Also the splint
has the advantageous action of assisting the
unloading of the joint thus the painful spasm cycle

of stimulated neuromascular system is interrupted
& microtrauma to joint as well as the condylar
displacement is reduced, thus reducing the
inflammation and cytokines release.(25,27)

All the selected patients in this study were
suffering from clicking, eight patients in groupII
were cured from clicking while in groupI seven
patients .This results may due to wearing of
mandibular repositioning splint which avoids
clicking resulting from jumping of the condyle
below the posterior margin of the anteriorly
displaced disc causing the clicking.

The patients in this study were
complaining of pain & joint tenderness in groupI
& groupII but after lavage pain showed decreasing
in intensity as 70% had moderate pain & 30% still
showing extreme pain .It may be due to the
hypothesis that lavage procedure removes
inflammatory agents.(14) It is an effective treatment
for alleviation of TMJ pain dysfunction in the
pathologic joint fluid followed by elimination of
the vacuum cap effect in the locking joint. The
cytokines stimulate and activate the matrix
degradation. This affects the extracellular matrix
and secondary leads to cartilage deterioration. As
a result of degradation of extracellular matrix,
proteoglycan aggregates are broken into small
fragments. The breakdown of cartilage GAG with
increased glucuronic acid (due to activity of B-
glucuronidase enzyme) will diffuse into SF and
blood circulation. This inflammatory reaction may
contribute to internal derangement of the TMJ. The
action of IL-I, IL-6 and TNFa results in the
production of PGE2 and induces collagenase
production in fibroblasts and synovial cells. These
inflammatory cytokines lead to joint degeneration
and pain.(28) The efficacy of lavage of upper
compartment of the TMJ will improve the
translation of the disc along the eminence allowing
the condyle to complete its natural path and
decreased or eliminate pain in the joint (without
relocation of the disc) through reduction of the
joint loading.(12,13,14)

The MRI assessment was used in this
study, because it is very fast, curative single
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screening method to assess the success of the
treatment. The clinical and MRI findings before
and after arthrocentesis treatment were matched
together, (two out of 10) patients in group I
considered cured clinically and manifested
complete disc capture, while in group II, six
patients have been markedly improved clinically
and manifested complete disc capture by MRI. The
patients with erosions showed the least
improvement by both methods of treatment
(,arthrocentesis with RPD or disc repositioning
appliance). These clinical and MRI results were in
agreement with the results of Kurita et al (1998).(25)

CONCLUSIONS

We conducted from this study the following:
1- Arthrocentesis decreased requirement for

hospitalization, less operating time and
therefore shortened anesthesia (loca
anesthesia).

2- The combination treatment of arthrocentesis of
the TMJ and mandibular repositioning splint
gave the advantages of relief pain and
considered as treatment modality before
surgical intervention to avoid high morbidity
associated with surgery.

3- The increase of pro-inflammatory cytokines
may be considered as sign of early cartilage
degradation followed by structural loss of the
bony components of the TMJ and clinical
symptoms of pain in the joint area.

4- The measurement of glucuronic acid in the SF
provides indirect information about the
activity of proteoglycan metabolism.

5- The detection of proteoglycan and its product
in the synovial fluid appear to be a marker of
active cartilage destruction.

6- MRI is the only direct objective, very sensitive
and accurate imaging modality to test the
validity and affect as well as the prognosis of
lavage (arthrocentesis) and prosthesis
treatment of TMD.

7- Erosion of the disc is a sign of bad omen in the
way of anatomical repositioning of the disc
after different modalities of treatment.
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