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Abstract Degenerative joint disease (DJD), a common
osteoarthritic problem encountered in clinical practice
presents as a chronic debilitating disease resulting in
altered joint structure due to degradation and loss of
articular cartilage, along with changes in the subchondral
bone and other soft tissues. DJD is a frequent finding in the
Temporomandibular joints (TMJs). Consequently, a good
understanding of the use of a diagnostic algorithm will lead
to a better control of DJD in the TMJ. The etiopathogenesis
of osteoarthritis is complex, and it is associated with
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multiple risk factors. The condition progresses slowly
through different phases with periods of remission and
activity finally reaching the burnout phase. Conservative
management forms the cornerstone for the treatment of
most of these cases. This review attempts to acquaint the
dentist with the diagnosis, pathogenesis and general char-
acteristics of the disease while highlighting and updating
them with the current conservative treatment algorithms in
order to assist in the formulation of a treatment plan for
these patients.
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Introduction

Osteoarthritis, a form of arthritis is characterized by
chronic degeneration of the various hard and soft tissues
around the joint [1, 2]. This results in anatomical changes
in the joint, and joint pain due to alteration in peripheral
and central pain processing mechanisms [2, 3]. Stress
bearing joints of the body such as knee, hips, spine, and
fingers are most commonly affected [4]. Osteoarthritis can
also affect other joints in the body such as wrist, shoulder,
ankle and Temporomandibular joint (TMJ). TMJ osteoar-
thritis affects the cartilage, subchondral bone, synovial
membrane, and other hard and soft tissues causing changes
such as TMJ remodeling, articular cartilage abrasion and
deterioration [5, 6]. Osteoarthritis localized to the TMJ
may also be a part of this generalized condition [7].

It is estimated that approximately 15 % of the world’s
population suffers from osteoarthritis [8]. Large scale
multicenter, well conducted epidemiologic studies are
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lacking in India. However, it is estimated that 22-29 % of
people in India may have osteoarthritis [9].

Osteoarthritis can occur at any age, although, it occurs
with greater frequency as age increases. At 40 years of age,
only 20 % of the population may have osteoarthritis;
however, by 65 years the rates drastically increase and a
majority will exhibit radiographic evidence of the disease
[10]. A study of subjects in the age group of 73-75 years
estimated that 70 % of the subjects have radiographic
evidence of osteoarthritis [11]. However, in spite of the
high prevalence, only 9.6 % of men and 18 % of women
>60 years have symptomatic Osteoarthritis. The preva-
lence pattern exhibits a bell shaped curve with peak prev-
alence in 5th and 6th decade followed by a reduction in the
progression after 75 years [12, 13].

Epidemiologic studies on the prevalence of TMJ
osteoarthritis vary due to variations in diagnostic criteria
employed to define the condition. However, the prevalence
and the symptomatic rates are similar to generalized
osteoarthritis. In osteoarthritis of TMIJ, clinical evidence of
the disease occurs in 8-16 % of population [14, 15] TMJ
Osteoarthritis may be unilateral or bilateral and has a
strong preference for women [16]. This may be due to
Estrogen Receptor alpha polymorphism and may be asso-
ciated with increased pain susceptibility in female TMJ
Osteoarthritis patients [17].

According to the American Academy of Orofacial Pain,
TMJ Osteoarthritis is categorized into primary and sec-
ondary. Primary TMJ osteoarthritis is characterized by the
absence of any distinct local or systemic factor. Secondary
TMIJ osteoarthritis is however associated with a previous
traumatic event or disease [7].

Etiopathogenesis

Osteoarthritis has a complex and multifactorial etiology.
Risk factors’ include age, genetics, trauma (previous
instances of fracture, repetitive adverse loading, high-
impact and torsional loads, external or overt jaw trauma
and instances of prolonged micro trauma), disturbances of
joint or muscle (joint instability, inadequate muscle
strength/endurance, internal derangements, discectomy,
ligament laxity), systemic conditions (generalized osteo-
arthritis, infection and idiopathic degenerative process,
congenital and developmental abnormality) [18-23].

The etiopathogenesis involves a sustained inflammatory
process [4, 8, 24]. Metabolic or mechanical factors con-
tribute to the early damage to the cartilage. This initiates a
series of biomechanical changes in the hard and soft tissues
of the joint triggering the immune response. Immune cells
trigger an inflammatory response by releasing various

inflammatory mediators such as cytokines and chemokines.
The process is coupled with the activation of the comple-
ment system, the release of cartilage degrading factors such
as matrix metalloproteinase (MMPs) and prostaglandin E
(PGE) which further damage the articular cartilage. This
results in the eventual degradation and abrasion of joint
cartilage and the remodeling of the subchondral bone by
the initiation of a local inflammatory response [4, 23]
(Fig. 1).

Clinical Features

In general, the natural course of TMJ osteoarthritis is
favorable [26] and can be divided into three slow pro-
gressive phases, with periods of remission and cartilage
regeneration [25, 27]. The initial stage where there is
evolution of the condition is termed early phase. This
may take on average 2.5-4 years. Clinically it is associ-
ated with clicking sounds and intermittent locking. The
intermediate phase, associated with TMJ destruction, lasts
on average 6 months to a year and clinically the patient
may undergo spontaneous joint pain at rest or with
function, limitation in opening, and grating sounds. The
late phase is the stage at which there is no degenerative
activity, and the joints are said to be stable or in the
“burnout phase”. It lasts about 6 months, and it will
eventually stabilize with time and therefore, if invasive
procedures can be postponed with medical management,
patients will ultimately benefit from it. There is the
absence of joint pain, absence or presence of limitation,
absence or presence of grating sounds. The entire process
from initiation to the final burnout phase takes approxi-
mately 5.5 years [27].

The most common clinical signs and symptoms include
pain, restriction in joint function, and joint sounds. Pain is
usually dull aching and may have occasional sharp com-
ponent on movement. Pain is prevalent in initial phases
due to the presence of synovitis [25]. It may be associated
with joint stiffness, limitation in mouth opening, increasing
sensitivity to cold and damp and may be relieved with rest,
and NSAIDs. Patients usually have morning stiffness for
more than 30 min, joint crepitus, joint sounds and absence
of joint warmth. Patients in advanced stages may be
exhibit facial skeletal remodeling, with chin deviation
towards the affected side, unstable or fluctuating maloc-
clusion with occlusal discrepancies [28]. Occlusal changes
like skeletal anterior open bite, reduced overbite and
increased overjet may be associated with osteoarthritic
TMIJ [23, 29]. In addition, internal derangements may co-
exist in the same joint in approximately one-third of cases
[11, 30].
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Fig. 1 Table showing the etiopathogenesis of TMJ osteoarthritis in the different phases
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«Fig. 2 OPG of three cases of TMJ osteoarthritis The condyles show
typical OA changes namely flattening of the superior surface, loss of
joint space of the affected joints, bird-beaking,generalized sclerosis of
the articular surfaces and changes to the articular eminence as well

Diagnosis

The diagnosis starts with an orderly and systematic review
of patient history and thorough physical examination. The
information thus gained should be integrated with pre-
liminary radiographic evidence to formulate a differential
diagnosis. Once the clinician has a differential diagnosis,
the diagnosis may be confirmed through appropriate
imaging studies and necessary clinical lab studies. This
entire process of completing the different aspects is
essential for successful management of these patients.

Clinical Laboratory Evaluation and Imaging

In the lab panel, Erythrocyte sedimentation rate (ESR) is
commonly used. Normal ESR should be 40 mm/h. Rheu-
matoid tests are used to rule out rheumatoid arthritis.
Rheumatoid factor titer should be less than 1:40. The ele-
vation in ESR and C reactive protein is indicative of an
infectious or inflammatory etiology [4].

In addition, if radiographs are deemed necessary, the
panoramic evaluation is the imaging of choice because it
can be used as a screening tool to assess the overall status
of the maxillo-mandibular complex (Fig. 2), and to rule out
other possible disease processes. TMJ tomograms may be
used for showing osseous condylar abnormalities in the
clinic. However, transcranial projection examination is
inferior [31]. Both transpharyngeal and transcranial views
are no longer used for the radiographic diagnosis of TMJ
osteoarthritis. A study comparing the different imaging
modalities concluded that for the radiologic diagnosis of
OA, reliability and marginal sensitivity was inadequate for
panoramic radiography, average for MRI, and close to the
threshold for excellent for CT. Using MRI, reliability was
excellent for diagnosing disc displacements [32]. Cone
beam CT, which reproduces multiple images including
axial, coronal and sagittal planes of the joint, provides a
comprehensive radiographic inspection of the bony com-
ponents of the TMJ [31] (Fig. 3).

The following were the most frequent morphological
changes observed: flattening of the anterior surface of the
condyle; followed by erosions and irregularities of the joint
surfaces; flattening of the articular surface of the temporal
eminence, subchondral cysts, osteophytes; and idiopathic
condyle resorption [33]. Ultrasonography has been tried
because of its lower costs and has shown promising results
[34].
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Treatment

Once the diagnosis has been established; treatment will be
contingent upon the stage of the disease clinical symptom-
atology, preexisting risk factors. Treatment of TMJ osteoar-
thritis should be directed at suppressing the active
inflammatory process, preserving function, preventing further
deformity and relieving pain [23]. Management is largely
symptomatic. Studies have shown that nonsurgical treatment
can successfully be used to treat patients with osteoarthritis
[35]. Treatment includes physical therapy, pulsed electrical
stimulation, pharmacological, topical ointments, supplements,
steroid injections, hyaluronic acid (HA) injections, acupunc-
ture. Early initiation of concomitant multimodal therapies
offers best outcome for long term management [36] (Fig. 4).

Non Pharmacologic

Most of the recommendations for treatment of TMJ
osteoarthritis are similar to algorithms followed for hip and
knee osteoarthritis with certain changes. Recommendations
include the use of education and self-management, regular
telephone contact, referral to a physical therapist, muscle
strengthening, appliances, thermal modalities, transcuta-
neous electrical nerve stimulation and acupuncture [37,
48]. There is moderate-quality evidence that acupuncture,
transcutaneous electrical nerve stimulation, and low-level
laser therapy reduce pain and that psychoeducational
interventions improve psychological outcomes [38].

Patient education and self-management consist of
patient counseling and patient education on the natural
course of the disease. Activity modification includes
patient instruction on soft diet, avoiding excessive mouth
opening, avoiding gum chewing and habit modification.
The use of active and passive jaw movement, manual
therapy techniques, correction of body posture and relax-
ation techniques [23] have also been recommended. Thus a
combined approach may be used in patients. Auto-mas-
saging may help in reducing pain and stiffness but may not
have any effect on range of motion [39].

Oral Appliance Therapy

Literature on the use of appliance therapy to treat osteo-
arthritis is weak since most of the studies lack the basis of
sound clinical research. Certain studies on the use of
appliances for reduction of painful conditions of TMJ have
found resolution of painful symptoms after insertion of
appliances [40-42]. Others conclude that they are not
effective [43, 44]. Among appliances, joint stabilization
appliances are most commonly used and they have been

@ Springer

hypothesized to provide joint stabilization, protect teeth,
redistribute forces, relax elevator muscles, reduce bruxism
decrease joint loading, and may secondarily stabilize
occlusion and cause masticatory muscle relaxation [45]. In
certain specific instances an anterior repositioning appli-
ance may be beneficial [46]. The benefits of the splint
therapy may be further enhanced in combination with
pharmacotherapy [47]. In general, in carefully selected
instances with an accurate diagnosis, patients report
symptomatic relief of pain with the use of intra oral
appliances. Therefore, intraoral appliance therapy cannot
be ruled out for patients with TMJ arthropathies.

Irreversible Oral Rehabilitation

TMIJ Osteoarthritis progresses through phases and finally
reaches a burn out phase. Long term follow up of patients
treated with conservative reversible procedures have shown
best results [35, 63]. Dental procedures such as orthodontic
treatment, full mouth rehabilitation and fixed partial den-
tures should be avoided in the active phase of the disease.
In the active phase of the disease, reversible procedures
and stabilization procedures must be carried out to offer
best results.

Pharmacological

Pharmacological management is usually based on side
effects, safety, patient acceptance, medical complexity,
cost and routes of intake. Pharmacological modalities of
treatment include acetaminophen, cyclooxygenase-2
(COX-2) non-selective and selective oral non-steroidal
anti-inflammatory drugs (NSAIDs), topical NSAIDs and
capsaicin, intra-articular injections of corticosteroids and
hyaluronates, glucosamine and/or chondroitin sulphate for
symptom relief; glucosamine sulphate, chondroitin sul-
phate and diacerein for possible structure-modifying
effects and the use of opioid analgesics for the treatment of
refractory pain [23, 37, 54].

Acetaminophen is one of the oldest and most widely
used pharmacological agents for treatment of osteoarthritis.
Although its effectiveness for pain reduction is not as high
as NSAIDs it is preferred because of its safety profile and
therefore, is the commonly used as the first line of treat-
ment. Maximum dosage is up to 4 g/day. It should be used
with caution in alcoholics and patients with history of liver
problem.

NSAIDs are extremely beneficial for treating patients
with TMJ Osteoarthritis as they have a dual effect of
reducing pain and reducing inflammation. By reducing the
inflammatory process we automatically slow down the
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<Fig. 3 TMJ coronal and sagittal views of two cases of TMJ
osteoarthritis-one with unilateral involvement and other with bilateral
TMIJ OA. Both are taken with ICAT(R) CBCT machine and displayed
with ICATvision software. The condyles show typical OA changes
namely flattening of the superior surface, loss of joint space of the
affected joints, bird-beaking and generalized sclerosis of the articular
surfaces. Most commonly, there will be changes to the articular
eminence as well

degenerative process. NSAIDs have the propensity to cause
gastrointestinal (GI) problems and should be used with
caution in patients with peptic ulcers and renal failure.
Selective COX-2 inhibitors have a somewhat better GI
profile. However, most of them were discontinued because
of risk to cause Cerebrovascular accidents. In general
NSAIDs can be used with GI prophylaxis (generally proton
pump inhibitors).

Two randomized controlled trails indicate that tramadol
is an effective and well tolerated as adjunctive therapy. In
resistant cases, opioid analgesics can be used [48].

Supplements and Alternate Medicine

Ayurvedic medications have recently been compared to
supplements and celecoxib and have shown similar effi-
cacy. However, long term assessment and monitoring for
side effects has to be done [49].

Supplements

These are perhaps the one of the controversial subjects in
the management of OA.

Among supplements glucosamine and chondroitin have
been studied most with conflicting results. A meta-analysis
in 2000 concluded that it may show some effects [50].

Glucosaminoglycan polysulfate and chondroitin sulfate
have been suggested to have chondro-protective effects.
Glucosamine in combination with hyaluronate reduced
pain and improved joint function in one study [51]. How-
ever, another study concluded that it had no effect in
comparison to placebo [52]. Other supplements that have
been studied include vitamin D supplements and a recent
study concluded that it may not have any effect [53].
Results of various studies have to be dealt with caution and
more careful research is warranted in this area.

Topicals

Guidelines proposed by the American Academy of
Orthopaedic Surgeons, European League Against Rheu-
matism, Osteoarthritis Research Society International, and
National Institute for Health and Clinical Excellence for
patients with mild to moderate osteoarthritis of the knee or
hand, especially in instances of insufficient affected joints
and/or a history of sensitivity to oral NSAID; topical
NSAIDs may be considered before oral therapies [37].
Most of the clinical trials of topical NSAIDs, have studied
diclofenac and ketoprofen, and these have shown improved
safety and tolerability with the efficacy significantly
superior to placebo and similar to oral NSAIDs (piroxicam
being the exception). Diclofenac sodium topical solution
1.5 % with dimethyl sulfoxide was also found to be ben-
eficial [55-57]. Topical salicylates and capsaicin have not
shown substantial efficacy in clinical trials. In addition,
concerns exist about their ability to cause serious adverse
events such as unexpected poisonings with salicylates,
capsaicin-induced nerve desensitization and its ability to
increase the risk of skin ulcers in diabetic patients because
of its autonomic nerve effects. Topicals trolamine salicy-
late [58] may be helpful.

Fig. 4 Treatment pyramid for &
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Intraarticular Injections, Arthrocentesis
and Viscosupplementation

Intra-articular injection of local anesthetics and cortico-
steroids has also been suggested following failure to oral
medications. Methylpredinisolone and triamcinolone-
acetonide have been used [4]. A systematic review con-
cluded that lavage of the TMJ may be slightly more
effective than nonsurgical treatment for pain reduction.
However, this difference is not likely to be clinically rel-
evant [59]. Systemic side effects include allergic reaction,
elevated blood sugar in diabetics and long term effects
include fat atrophy and cartilage softening.

Viscosupplementation is now gaining popularity. Vi-
scosupplementation is effective in primary and secondary
osteoarthritis [60]. Viscosupplementation has analgesic,
anti inflammatory, anabolic, and chondroprotective effects
[61]. It is a disease modifying agent as well as provides
pain relief [62]. Arthrocentesis combined with HA injec-
tions may be useful in reducing pain, improving function
Controversy exists in the use of low molecular weight or
high molecular weight HA.

A study which compared efficacy of six different treat-
ment protocols providing TMJ arthrocentesis with or
without additional drugs concluded that there was no sig-
nificant difference regarding outcome with the different
treatment protocols and different molecular weight HA:
however, the five session low molecular weight HA was
slightly better [64].

A systematic review on the use of HA injections sug-
gests that since the superiority of HA injections have been
shown only against placebo saline injections, their efficacy
compared to other therapeutic modalities is inconclusive,
and the outcomes may be comparable with those achieved
with corticosteroid injections or oral appliances [65].
Hence, this approach should be used in select cases with
failure of conservative techniques.

Surgery

Surgical interventions should be considered only when
conservative modalities fail. The different surgical inter-
ventions include arthroplasty procedures such as condy-
lotomy, autogenous disc replacement and total joint
replacement procedures [66].

Future Prospects
The role of cytokine directed therapy might be an option in

the future. TNFo and other proinflammatory cytokines have
also been demonstrated to play an important role in

osteoarthritis [4, 23, 24]. Therefore, interventions directed
at curtailing the activity of these proinflammatory cytokines
may serve to reduce the destruction caused by these gly-
coproteins.Other potential future therapies include use of
transforming growth factor beta 1, strontium ranelate, NGF
antibodies, biological inhibitors of inflammatory cytokines,
apoptosis (small molecule inhibitors of caspases), facilita-
tion of cartilage repair using growth factors BMP-7, FGF-2,
FGF-18, IGF-1, cartilage matrix using inhibitors of MMPs
aggrecanases, cathepsins, etc. preventing oxidative damage
utilizing antioxidants and enhancing lubrication, using
agents such as lubricin, hyaluronan advanced glycation end-
products inhibitors and selective estrogen receptor modu-
lator like raloxifene (Ral) [67-72].

Stem cells are also one of the areas of research with
promising results. Intra-articular injection of mesenchymal
stem cells could delay the progression of TMJ osteoar-
thritis, and in vitro chondrogenic induction could enhance
the therapeutic effects [73]. Efficacy of treatment and side
effects have to be evaluated on long term basis.

Conclusion

Successful diagnosis is the key to management. The clini-
cian should be able to recognize stages of osteoarthritis in
order to provide contingent treatment. Treatment of
advanced stage TMJ osteoarthritis can be successfully
achieved by reversible and conservative non-surgical
techniques. The first treatment option for the treatment of
TMIJ osteoarthritis should be conservative therapy owing to
the non-progressive nature of the condition in the advanced
stages. A conservative approach has a proven effective with
the least morbidity to the patient. Irreversible oral rehabil-
itation should be avoided in active stages of the disease.
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