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ABSTRACT

The objective of this study was to compare the treatment potential of
glucosamine sulphate (GS) and ibuprofen in patients diagnosed with temporomandibular
joint (TMJ) osteoarthritis (OA). Fourty females and 5 males received either GS (500 mg
tid) or ibuprofen (400 mg tid) for 90 days in a randomized double-blind study.
Assessment - TMJ pain with function, pain free and voluntary maximum mouth opening,
Brief Pain Inventory (BPl) questionnaire and masticatory muscle tendemess was
performed after a one-week washout and at day 90. Acetaminophen (500 mg) dispensed
for breakthrough pain, was counted every 30-days to day 120.

One hundred and seventy-six adults were interviewed, 45 (26 %) qualified, 39
(87%) completed the study (21 GS, 18 ibuprofen). Four discontinued due to stomach
upset (3 ibuprofen, 1 GS), 1 due to dizziness (GS), 1 due to inadequate pain control
(ibuprofen). Within group analysis revealed significant improvement compared to
baseline of all variables in both treatment groups but no change in acetaminophen used.
Fifteen (71%) and 11 (61%), GS and ibuprofen respectively, improved with positive
clinical response set as 20% decrease in primary outcome (TMJ pain with function).
Between group comparison revealed those patients taking GS had a significantly greater
decrease in TMJ pain with function, impact of pain and acetaminophen used between
day 90 and 120 compared with patients taking ibuprofen.

In conclusion, GS and ibuprofen reduce pain levels in patients with TMJ OA.
Glucosamine sulphate had a significantly greater influence in reducing pain produced
during function and impact of pain with daily activities. Glucosamine sulphate has a

carry-over effect.
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CHAPTER 1
INTRODUCTION AND LITERATURE REVIEW

1.1 GENERAL INTRODUCTION

Osteoarthritis (OA) is the most common form of arthritis'2. Clinically, it is
characterized by joint pain, tendemess, limitation of movement, crepitus, effusions and
variable degrees of local inflammation, but without systemic effects. Pathologically
degenerative changes of articular cartilage, sclerosis of subchondral bone, subchondral
bone cysts, marginal growth of bone and cartilage (osteophytes) and synovial
inflammation characterize OA. A recent definition of OA gives emphasis to the concept
that OA may not represent a single disease entity:>

Osteoarthritis is a group of overlapping distinct diseases, which may have
different etiologies but with similar biologic, morphologic and clinical outcomes. The
disease processes not only affect the articular cartilage but also involve the entire joint,
including the subchondral bone, ligaments, capsule, synovial membrane, and
penarticular muscles. Ultimately, the articular cartilage degenerates with fibrillation,
fissures, ulceration, and full thickness loss of the joint surface.

A classification of OA into two major groups was developed at the "Workshop on
Etiopathogenesis of Osteoarthritis'. The first is idiopathic (sometimes referred to as
primary), that is divided into two forms: localized or generalized, the latter representing
forms involving 3 or more joint groups®. Idiopathic OA (the more common type) is
considered OA in which no single definable precipitating event or disease has been
identified as a causative factor. The other group of OA is classified as secondary OA.
Secondary OA is associated with some clearly defined event (e.g. trauma) or pathology.

Secondary OA has been further subdivided by the specific cause or associated disease®.



Within the literature there are many synonymous terms for OA, including
osteoarthrosis and DJD. The suffix “itis” means inflammation, however, inflammation is
not considered the primary event in OA. For this reason the terms osteoarthrosis and
DJD may be preferred to describe the degenerative and biomechanical characteristics of
OAS. Today there is still no universal consensus regarding the terminology of OA. The
terms DJD and OA are used interchangeably in this thesis to describe the overall
disease process whether or not inflammation is considered to be the primary event in the
process.

The readers of this thesis should also note that the term “cartilage” is used as a
general descriptor only, describing the articular tissue of synovial joints. A distinction
needs to be made between synovial joints in general and the temporomandibular joint
(TMJ) since the articular tissue of the TM condyle is a dense fibrous connective tissue
not cartilage. The term fibrocartilage has appeared in the literature to describe the TM
articular tissue since it contains a small percentage of chondrocytes, the cells of
cartilagenous joints. The term fibrocartilage is used in this thesis to denote the tissue

covering the TM condyle and articular eminence.

1.2 STATEMENT OF PROBLEM

Osteoarthritis brings discomfort and disability to millions of North Americans each
year and the costs involved in treating OA are expected to reach 1% of the United States
gross national product in year 2000°. A recent report in the United States on resource
utilization and cost of care for 10,101 OA patients, revealed that the average annual cost
for treating this disorder is $543.00 per person®. This figure seems unremarkable against

$2,162.00 per person spent annually on rheumatoid arthritis patients, however,



prevalence of OA is far greater making OA seven times more costly to the managed
care provider®.

Whereas rheumatoid arthritis is a chronic systemic inflammatory disease
affecting many joints, OA can be limited to one or very few joints. It is not uncommon to
know a friend or family member diagnosed with OA of either the knee, hip or hand joints
for example. Osteoarthritis is a degenerative disease of joints characterized by a
progressive loss of normal structure and function of articular cartilage. Its pathogenesis,
although having been correlated to joint use, age and “wear and tear”, remains
uncertain.

The TMJ is not immune in development of OA, or more commonly referred to as
degenerative joint disease (DJD) of the TMJ. A recent review by Kamelchuk and Major®,
reported approximately 8% to 12% of patients seeking treatment at temporomandibular
dysfunction clinics receive a diagnoses of DJD. Once the diagnosis is made, and pain is
an issue, the clinician generally places the patient on a soft diet, advises jaw functioning
within a pain-free range, and prescribes a nonsteroidal anti-inflammatory drug (NSAID)®.
Nonsteroidal anti-inflammatories such as ibuprofen have traditionally been the medicines
of first choice'®'!.

Nonsteroidal anti-inflammatory drugs have a well-documented record of relieving
pain and reducing inflammation, but this record is not completely favorable.
Unfortunately many of these medications are known to cause muitiple side effects,
notably upper gastrointestinal (Gl) damage'?. Geis et a/*® reported that 14.6% to 43.9%
of OA patients treated with traditional NSAID's develop gastric ulcers after 6 months of
therapy. Epidemiological and clinical studies report that the cost of NSAID treatment
should be multiplied by a coefficient range of 1.36 to 3 when the cost of treating the

induced GI damage is also taken into account™.



There is now a growing body of evidence that many of the more traditional
NSAID’s exacerbate the loss of the articular cartilage necessary for joint health by
inhibiting proteoglycan synthesis at the level of the chondrocyte'>'®. This problem has
prompted research into medicinal agents that have cartilage sparing, regenerative
capacities and pain relieving effects.

Glucosamine is a naturally occurring aminomonosaccaride in the human body,
biosynthesized from glucose and used to form glycosaminoglycans (GAG's), a
constituent of proteoglycans which is an important component of the extracellular matrix
(ECM) of articular cartilage®. It's potential as a therapeutic agent for OA was first
reported in 19692, Investigations in the early 1980’s found those patients with OA of the
knee, when administered glucosamine compared to placebo, reported gradual and
progressive reduction of articular pain and tenderness and improvement in the range of
motion???%, Oral administration of glucosamine sulphate (GS) has also been reported to
not irritate the Gl tract® and may stimulate the production of protective gastric
mucoproteins?’. Several studies have also reported that therapeutic benefits of GS were
maintained for weeks after therapy was discontinued?®.

Glucosamine sulphate is regarded as a food supplement and is available in
health food and drug stores. It's potential as an adjunctive medicine for OA is gaining
growing acceptance, supported by tissue, animal and human studies. Like other joints of
the body, traditional pharmacological methods for treating patients with degenerative
disease of the TMJ have largely depended on NSAID's. "Natural medicines" like GS may
also provide pain relief for this patient population without the inherent side effects of
many traditional NSAID's. To date there are no published clinical trials to assess the
efficacy of GS in treatment of DJD of the TMJ. The articular surface of the TMJ has
structural differences and direct comparison to other synovial joints with hyaline

cartilaginous articular surfaces may not be appropriate. It is therefore the intent of this



study to investigate the potential GS for treating patients diagnosed with TMJ DJD with

associated pain.

1.3 RESEARCH QUESTIONS

1.

Is GS more effective than ibuprofen in reducing TMJ functional pain (pain on
yawning, pain on chewing, pain on talking, pain on laughing)?

Is GS more effective than ibuprofen for increasing pain free and voluntary range of
jaw opening?

Is GS more effective than ibuprofen for reducing pain intensity (pain at it's worst, pain
at it's least, pain on average, pain right now) and pain impact in terms of how much it
interferes with general activity, mood, walking ability, normal work, relations with
other people, sleep, enjoyment of life?

Is GS more effective than ibuprofen for reducing secondary masticatory muscle
pain?

Will patients who have taken GS use less acetaminophen for breakthrough pain than

those patients taking ibuprofen?

1.4 HYPOTHESES

1.4.1 Null hypotheses

1.

Glucosamine sulphate is not more effective than ibuprofen in reducing functional
pain (pain on yawning, pain on chewing, pain on talking, pain on laughing).
Glucosamine sulphate is not more effective than ibuprofen for increasing pain free
and voluntary range of jaw opening.

Glucosamine sulphate is not more effective than ibuprofen for reducing pain intensity
(pain at it's worst, pain at it's least, pain on average, pain right now) and pain impact
in terms of how much it interferes with general activity, mood, walking ability, normal

work, relations with other people, sleep, enjoyment of life.



Glucosamine sulphate is not more effective than ibuprofen for reducing secondary
masticatory muscle pain.
Patients taking GS will not use less acetaminophen for breakthrough pain than those

patients taking ibuprofen.

1.4.2 Alternate hypotheses

1.

Glucosamine sulphate is more effective than ibuprofen in reducing functional pain
(pain on yawning, pain on chewing, pain on talking, pain on laughing).

Glucosamine sulphate is more effective than ibuprofen for increasing pain free and
voluntary range of motion.

Glucosamine sulphate is more effective than ibuprofen for reducing pain intensity
(pain at it's worst, pain at it's least, pain on average, pain right now) and pain impact
in terms of how much it interferes with general activity, mood, walking ability, normal
work, relations with other people, sleep, enjoyment of life.

Glucosamine sulphate is more effective than ibuprofen for reducing secondary
masticatory muscle pain.

Patients taking GS will use less acetaminophen for breakthrough pain than those

patients taking ibuprofen.

1.5 LITERATURE REVIEW

1.5.1 Overview of Histological Features of OA in Hyaline Lined

Synovial Joints
Osteoarthritis typically affects all of the tissues that form synovial joints. Primary

changes consist of loss of articular cartilage, remodelling of subchondral bone and

formation of osteophytes. These changes are overviewed in the following sections.



1.5.1.1 Articular Cartilage
Many of the mechanisms involved in the degeneration of articular cartilage in OA

remain unknown, but three overlapping stages can be described™®:

1) lInitial stage in which disruption or aiteration of articular cartilage matrix and
increased water characterize this stage. Features of this stage include decreases in
the aggregation of proteoglycans, the concentration of aggrecans and the length of
GAG chains. There is no change in the concentration of Type il coliagen but there
are alterations in the collagenous framework that includes changes in the
relationships between the minor collagen's and collagen fibrils. Cartilage
degeneration frequently begins with the disruption of collagen fibrils in the superficial
zone. These changes may allow the aggrecan molecules to swell.

Overall the changes seen in this stage are thought to increase the ease with which
water and other molecules move through the matrix and decrease the stiffness of the
matrix thereby making the tissue vulnerable to mechanical damage.

2) Second stage: chondrocytic response to tissue damage.

As a response to the disruption of their matrix, chondrocytes release mediators that
stimulate a cellular response. The response consists of increased matrix synthesis
as well as degradation and chondrocyte proliferation. Clusters or clones of
profiferating cells surrounded by newly synthesized matrix molecuies are a histologic
hallmark of the chondrocytic response to the degeneration of cartilage. The
increased synthesis of matrix macromolecules, and to a lesser extent cell
profiferation, counters the catabolic processes and may stabilize and/or restore the
tissue. This repair response may continue for years. Cartilage superficial tearing of
the articular tissue occurs along more or less vertical lines; clefts and fissures are

thereby generated and the cartilage becomes fibrillated. Fibrillation, if not repaired,



gives rise to extensive fragmentation of the articular cartilage and eventually to
subchondral bone.
3) Third stage: decline in the chondrocytic response to maintain the articular cartilage
resulting in progressive loss of cartilage with time.
Advanced stages of OA are characterized by complete loss of articular cartilage
(denudation of the subchondral bone). Chondrocyte necrosis is apparent’'. The
collagen network is severely disorganized and disintegrated, and histochemical
stains for proteoglycans show severe depletion of proteoglycans®'.
It is worth pointing out that when articular cartilage is damaged the defects are classified
as either partial (superficial) or full-thickness®. In tissues such as skin or bone, injury
elicits an inflammatory response followed by repair. Lacerations and fractures become
filled with a fibrin clot and inflammatory cells. Mesenchymal cells migrate into the clot,
proliferate and differentiate, and the lesion becomes plugged with dense scar or native
tissue®. In early OA partial thickness defects are common but do not penetrate through
the zone of calcified cartilage into the subchondral bone. These defects have no access
to the inflammatory cells, macrophages and mesenchymal stem cells located within the
marrow. Therefore no fibrin clot develops within the clefts and fissures or fibrillated
cartilage, and neither chondrocytes nor mesenchymal cells migrate into these
regions®>*. Consequently, they do not become filled with repair tissue. On the other
hand with full-thickness defects or advanced degeneration of articular cartilage,
penetration of subchondral bone disrupts subchondral blood vessels. Blood from the
marrow wells up into the lesion leading to the formation of a space-filling fibrin clot
containing inflammatory cells and undifferentiated mesenchymal cells that differentiate
into cells with the morphological features of chondrocytes®>%. The full thickness defects

become filled with a fibrocartilagenous repair tissue.



The fibrocartilagenous repair tissue has been shown to contain Type [ collagen,
the type found within TMJ articular tissues. Human cartilage explants from OA joints
were reported in 1973 to synthesize collagen Type | as well as collagen Type Il in
contrast to explants from normal joints that synthesize only collagen Type 113,
Immunofluorescence studies have shown chondrocytes surrounded by collagen Type |
in articular cartilage from OA joints**#'. Osteophytes and reparative fibrocartilage also

express collagen Type 141,

1.5.1.2 Subchondral Bone
Subchondral bone is thought to play an important role in OA, but whether the

bony changes observed during OA initiates or is involved in the progression of cartilage
loss remains a matter of debate. Experiments with rabbit knee joints have found that
repetitive impulse loading resuilts in early bony responses characterized by increased
bone formation and stiffening followed by articular cartilage degeneration*. Subchondral
bone changes have also been proposed as an early event in the pathogenesis of OA in
guinea pig femoral heads®. Radin and colleagues*® believe sclerotic changes in
subchondral bone predispose to cartilage matrix degeneration. In contrast, longitudinal
studies of subchondral bone responses in dogs*’ have found that bony changes were
associated with progression of cartilage degeneration, rather than initial development.
Regardiess of initiation, the alterations of the subchondral bone that occur with
OA include increased density (subchondral sclerosis), formation of cyst-like bone
cavities containing myxoid, fibrous or cartilagenous tissue and the appearance of
regenerating cartilage within and/or on the subchondral bone surface®. The increased
density of the subchondral bone resulting from formation of new layers of bone on
existing trabeculae is considered the first sign of DJD in subchondral bone®. At the end

stage of the OA disease process, the articular cartilage is completely lost, leaving



thickened subchondral bone articulating with a similarly denuded osseous surface®. The
bone remodelling combined with a loss of articular cartilage changes the shape of the

joint and can lead to shortening of the involved limb, deformity and instability™.

1.5.1.3 Synovial Membrane
Although, by definition, OA is not considered to be a prominent inflammatory

condition, some degree of synovial hypertrophy and fibrosis is seen in the majority of
symptomatic cases*. The loss of articular cartilage leads to secondary changes in
synovial tissue with mild to moderate inflammatory reaction and the tissue may contain
fragments of articular cartilage*®. Synoviali macrophages and fibroblasts are stimulated,
resulting in generation of a broad range of inflammatory mediators, resembling those
found in inflammatory joint disease such as rheumatoid arthritis*®. These biochemical

mediators involved in OA are discussed in the following section.

1.5.2 Overview of Biochemical Features of OA in Hyaline Lined
Synovial Joints

The previous section described initial changes in osteoarthritic cartilage that
include increased water content, loss of proteoglycans and alterations in the collagenous
framework. This also consists of a cellular response by the chondrocytes and
chondrocyte proliferation into clusters or clones with newly synthesized ECM
components. This histologically observed chondrocytic repair response is mediated by
growth factors, with insulin-like growth factor (IGF-1) considered to be the most
important®™. Insulin-ike growth factor-1 stimulates chondrocyte proteoglycan synthesis
and inhibits proteoglycan catabolism®. Nitric oxide (NO) may also play a role in this
chondrocytic response, since chondrocytes produce this molecule in response to a
variety of mechanical and chemical stresses® 2. Other growth factors produced locally

by chondrocytes and neighboring tissues (synovial membrane and bone) affect cartilage
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metabolism and include fibroblast growth factor, epidermal growth factor, platelet-
derived growth factor and transforming growth factor- (T GF-B)*. A variety of cytokines
and protease's are also important in normal tissue tumover and degradation of ECM
components. There is a balance established between repair and degradation of the ECM
components. Unfortunately if this balance fails, chondrocytes start secreting more
proteolytic enzymes and catabolic cytokines. The factors that cause the balance to tip
remains unknown but could include: alteration in the cartilage macromolecule structure,
chondrocyte phenotypic change, interleukin-1f (IL-1B) overproduction, increase
susceptibility of chondrocytes to cytokine-induced degradation, focal over-expression of
IL-18 and tumor necrosis factor-a (TNF-a) receptors, growth factor synthesis and
bioactivity down-regulation, reduction of chondrocyte sensitivity to growth factors and
chondrocyte apoptosis®®’. |

Proteolytic enzymes are involved in normal tissue turnover and degradation of
ECM components. A great deal of attention has been focused on identifying the
protease responsible for initial occurrence of ECM digestion. Current literature has
focussed on the matrix metalloproteases (MMP). Three groups are elevated in OA: the
collagenases, stromelysins and gelatinasesss. A recently discovered membrane type
MMP may also be important®. The synthesis of these enzymes by chondrocytes,
synovial cells, and inflammatory cells is mediated by a variety of cytokines, growth
factors and hormones in normal articular cartilage including tissue inhibitor of
metalloprotease and plasminogen activator (PA) inhibitor®. An imbalance between
protease and protease inhibitor levels may tip the balance in the favour of OA disease
progression.

The integrity of articular tissue is thought to be maintained through a balance in

cytokine-driven anabolic and catabolic processesss. At the clinical stage of the disease,
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changes caused by OA involve cartilage and the synovial membrane where an
inflammatory reaction (synovitis) is often seen. Synovial inflammation is of fundamental
importance in OA mainly due to the secretion of mediators such as the cytokines®.
Cytokines induce the synthesis of protease's that results in increased ECM degradation
and proteoglycan depletion. Interleukin-18 and TNF-a are considered to be the most
involved in the catabolic process of OA®. They are produced by the synovial membrane,
diffuse into the cartilage through the synovial fluid and activate the chondrocytes to
produce proinflammatory cytokines®.

Other cytokines expressed in synovial membrane or fluid of OA patients include
IL-6, IL-7, IL-8 and leukemia inhibitory factor®™. All are upregulated by the
proinflammatory cytokines IL-1p and TNF-a, and aiso have the ability to increase the
synthesis of the latter two®°. Their exact roles in OA have not been clearly established.

Nitric oxide may promote cartilage catabolism in OA. Compared to normal, OA
cartilage produces a larger amount of NO®'. Increased levels of nitrate, representing
local NO production have been demonstrated in synovial fluid and/or sera from patients
with rheumatoid arthritis and OA®2. The exact role of NO in OA is stili uncertain.

The mechanisms involved in the bony responses of OA are not completely
understood. Lajeunesse ef af” have hypothesized that abnormal osteobiasts in
subchondral bone in OA are a result of increased activity of growth factors and
protease's present locally and two systems are involved, the IGF-1 and PA/plasmin
systems. As a result of repetitive loading, microfracture and/or the activity of IGF binding
protein (IGFBP), there is an abnormal subchondral bone response. This in tumn creates
cartilage matrix damage in the form of microfractures, repaired by either local synthesis
or the release of IGF/IGFBP that stimulates matrix formation in the cartilage.

Concurrently, IGF promotes bone cell growth and bone matrix deposition. The IGF-1
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system is enhanced in subchondral bone, while PA/plasmin activation promotes local
cartilage alteration. Therefore, the local induction in bone and cartilage of IGF-1 and its
protease regulatory system promotes both cartiiage damage and subchondral bone
plate thickening. The imbalance in the repair capacity and damage of cartilage due to
subchondral plate thickening subsequently leads to a progressively altered cartilage
matrix and eventually to OA. In summary, Lajeunesse et af® suggest that a bone defect
contributes to the onset and/or progression of cartilage degradation in OA.

Moskowitz®® suggests that subchondral bone responses play a role in OA
disease progression, as opposed to disease initiation/development. He suggests that
bone can exhibit an early metabolic response but it is the chondrocyte that plays a more
important role in OA initiation. Chondrocyte activity in OA cartilage is characterized by
increased formation of ECM proteoglycans, collagen and hyaluronic acid which is
consistent with a primary role for grow factor related stimulation. Later in the OA
process, release of cytokines from synovium and cartilage leads to catabolic cartilage
degradation. Increased subchondral bone responses related to growth factors augment
the osteoarthritic process with altered biomechanical stresses across the joint. Late
stage osteophyte formation they suggest plays a compensatory role in redistribution of

forces to provide articular cartilage protection.

1.5.3 Temporomandibular Degenerative Joint Disease
1.5.3.1 Introduction

The vast amount of knowledge of OA in general has created a desire for greater
understanding of TMJ degenerative processes. Today, much of our understanding of OA
of the TMJ still relies heavily upon research on other synovial joints. However,

differences do exist between the TMJ and other synovial joints (e.g. the articular surface
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of the TMJ is a dense fibrous connective tissue not hyaline cartilage). The intent of the

following sections is to review the OA literature specific to the TMJ.

1.5.3.2 Epidemiology
Degenerative joint disease is found in all populations regardless of ethnic

background or geographic location and is present in one to two individuals out of three in
any population over the age of 35%. DJD in general is considered uncommon in adults
under age 40 and becomes extremely prevalent above age 60%. Most often patients
with TMJ DJD tend to be young females in their second and third decades of life®-%.
Signs and symptoms of TMJ degenerative disease can also occur in early childhood™.
The exact prevalence of DJD of the TMJ in society is unknown, but 8% to 12% of

patients treated at temporomandibular dysfunction clinics receive a diagnosis of DJD®.

1.5.3.3 Clinical Features
The signs and symptoms of TMJ DJD include pain, stiffness, reduced range of

motion and crepitus’”? and can be accompanied by secondary masticatory muscle

tendemess. It is not uncommon for DJD to first appear in only one TM joint™™, although

signs and symptoms may eventually appear in the unaffected joint”". Onset of symptoms

can be sudden or gradual”'. A sudden onset is not uncommon as there is a clinically

assymptomatic population of DJD patients that given the right circumstances (e.g.

trauma) suddenly becomes symptomatic’>. A more gradual progression of DJD often

can present as:

1. Initial pain of the joint after use which is relieved by rest. Morning stiffness of the joint
or stiffness after periods of inactivity.

2. More persistent pain often accompanied by muscle splinting or “guarding”.

3. Pain on movement or biting.

4. Deviation of the joint to the affected side due to joint restriction.
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5. Joint crepitus.
6. Persistent chronic symptoms due to progressive joint breakdown.

Degenerative disease of the TMJ runs a clinical coarse from 1 to 3 years,
followed by progressive resolution of symptoms’'’®7®. Some studies suggest that
approximately 70% of patients may experience a remission of symptoms’"’*. Limited
range of movement and crepitus can remain long after subjective symptoms subside®"*
with one study reporting crepitation being persistent for as long as 6 years’.

During the early painful stages of DJD there is often restricted joint mobility and
mandibular movements, often accompanied by pain in the muscles of mastication and

tendemess of the joint capsule™?°. Although joint crepitus is a sign of DJD, radiographic

evidence of bony change is required to make a definitive diagnosis of DJD.

1.5.3.4 Radiographic Features
Routine radiographic imaging techniques for the TMJ include panoramic, lateral

transcranial projections and tomographic imaging, the latter considered the imaging of
choice for bony evaluation of the TMJ. During the initial stages of DJD, radiographic
changes may not be apparent™. Absence of radiographic changes cannot exciude the
presence of degenerative change because fibrous articular cartilage is not calcified. In
addition, osseous change must be pronounced to be detected radiographically and early
degenerative changes in the articular soft tissue may occur long before radiographic
signs are visible®'#2,

When early changes are seen radiographically they typically occur on the load
bearing area of the condyle®*®. Early changes may appear as an inconsistent
appearance in the form of the TMJ with a dimuition of superior joint space with flattening

of the anterior superior surface of the condyle and an increased radiodensity. Surface

erosions may identify active stages with loss of cortication. Small radiolucencies called
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“Ely’s" cysts may also be noted in the condylar head that may be accompanied by
subchondral sclerosis®®. Advancing stages of the disease are characterized by
osteophytes and “lipping” or “beaking” on the anterior aspect of the condyle due to bone
deposition®. Osteophytes may detach from the articular surface and become “loose
bodies” in the synovial space®. Very advanced cases of the disease are apparent when
the entire functional area of the condyle and eminence looses its regular appearance
and the bony contour becomes hazy or distorted. Flattening of the posterior slope of the
articular eminence and the condyle including osteophyte formation may be an adaptive
response to increase load bearing surface area®”. Eventually, bony remodeling leads to

the end stage of the disease®.

1.5.3.5 Pathogenesis of TM Degenerative Joint Disease
Even though TMJ DJD has been cited by many as a maladaptation to increased

joint loading®, the pathogenesis of TMJ DJD remains a debatable controversial issue.
The intent of the following subsections is to review some of the factors implicated in the

pathogenesis.

1.5.3.5.1 Aging
Autopsy studies have suggested that the frequency of TM joint degenerative

disease increases in older individuals®*®. Age related degenerative changes and
decreases in cellular densities of articular cartilage have been reported in mice and
rats®%. Age related changes are also seen in the articular tissues of the human
condyle'®. Even though age may be correlated with TMJ DJD, the correlation has not
elucidated etiology. Furthermore, in other synovial joints changes observed in articular
cartilage from older individuals differ from those observed in articular cartilage from
people who have OA'' and normal life-long joint use has not been shown to cause

degeneration'0%1%3,
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1.5.3.5.2 Occlusion
The role of occlusion in temporomandibular disorders (TMD's) has been and

remains a controversial issue. Most epidemiological studies have either found no or poor
correlation between occlusal interference's and disease in adults®. Pullinger et a/'®
used a multiple regression analysis to compute the odds ratios for 11 different occlusal
features as risk factors for the development of five separate TMD’s, including
osteoarthrosis with disc displacement history and primary osteoarthrosis. They found
that although the relative odds for disease were elevated with several occlusal variables,
including anterior open bite, overjet greater than 6-7 mm, five or more missing posterior
teeth, unilateral maxillary lingual crossbite, and a retruded contact position to intercuspal
position slide greater than 2 mm, occlusion was not a dominant factor. They concluded
that clinical features such as anterior open bite in osteoarthrosis patients are a
consequence of, rather than etiologic factors for, the disorder. Seligman and Pullinger'®
acknowledge that epidemiological studies may possibly demonstrate associations
between occlusal factors and DJD but fail to prove the etiologic contributions of

occlusion.

1.5.3.5.3 Joint Loading
Unlike synovial joints such as the knee that are loaded in a static state, the

articulating tissues of the TMJ are loaded during function®. The load bearing areas of the
TM joints are the posterior slope of the eminence and the latero-central third of the
anterior-superior surface of the condyle. Radiological studies have found that these
areas are more frequently associated with DJD'%.

Repetitive microtrauma due to parafunctional habits (eg bruxing or clenching)
excessively loads the articular cartilage and, if for extended period of time, may
decrease the capacity of the tissues to maintain and regenerate damaged tissue'”. With

the loss of normal tissue repair, tissue breakdown ensues with articular surface
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fibrillation, loss of proteoglycans, loss of tissue compressiveness and formation of
microadhesions'®®'%. Microtrauma in the presence of disc displacement may exacerbate
the repetitive abnormal loading and lead to subchondral bone sclerosis that occurs prior
to the onset of TM degenerative disease'*°. It remains unclear whether TM degenerative
disease can be attributed to the cumulative effects of repetitive microtrauma.

Major trauma to the joint or mandible may excessively load and damage the
articular tissues. Overt trauma has been reported to be linked to degenerative changes
of the TMJ7*'"".

Lubrication necessary for normal mechanics of the TM joint comes from three
sources: 1) Weeping lubrication, released from the disc and squeezed into the joint
space between the loaded bony surfaces and the disc'®; 2) Boundary lubrication,
formed by surfactants such as glycoproteins and phospholipids deposited on the
surfaces of the articulating surfaces''>''* and 3) Synovial fluid produced by the synovial
membrane. In a normal TM joint the articular disc is positioned between the osseous
articular surfaces during all movements. Its unique position allows for lubrication of the
joint surfaces and perfusion of the avascular fibrous connective tissue covering the TM
condyle'. Altered disc position may affect the perfusion of the articular cartilage,
thereby affecting nutrition to this surface'”. Inadequate joint lubrication may predispose
or exacerbate articular tissue failure by increasing frictional resistance during loaded

joint movements®.

1.5.3.5.4 Disc Displacement
The articular disc is a biconcave structure situated between the head of the

mandibular condyle and glenoid fossa and composed of dense fibrous connective tissue

(collagen Type 1). The disc functions as shock absorber and load distributor, aids in
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lubrication of joint surfaces by spreading synovial fluid over the articular surfaces,
maintains joint stability, and permits rotary motion to occur within the joint''.

Magnetic resonance imaging (MRI) studies have revealed a + 30% disc
displacement in asymptomatic individuals''®''®, and a + 86% in individuals that present
with joint symptoms''’. The pathogenesis of disc displacement remains controversial
and those factors investigated to determine their role in disc position include
macrotrauma, microtrauma, joint hypermobility, occlusal instability, action of the lateral
pterygoid muscle and OA'.

It has been reported that both the condyle and the temporal bone undergo
degenerative changes if the articular disc is deranged, perforated or removed''%'%,
Westesson'! conducted a study with 128 patients that suggests that osteoarthrosis may
occur secondary to disc displacement due to the loss of the load distributing ability
provided by the disc. This study found osseous changes in 50% of patients with anterior
disc displacement without reduction but only minimal osseous change in those with
anterior disc displacement with reduction. This author also reported that degenerative
changes were consistently found in patients with disc perforation, a finding noted by
other authors'?'2*, Anderson and Katzberg'®® have reported similar findings, noting in
their study of 141 participants, only 9% of patients with a displaced disc with reduction

revealed signs of degeneration, in contrast to 39% of patients with nonreducing disc

displacement, and 60% of patients with disc perforation.
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Although studies have suggested that DJD occurs secondary to disc
displacement and/or disc perforation, others have disputed this. A double blind
arthroscopic study of joints with normally positioned discs, displaced but reducing discs
and displaced nonreducing discs, perforations were found only in cases with DJD but in
73% the cases with DJD no perforations were found at all'®®. This study implies that DJD
may be the cause and perforation is the effect.

Section 1.5.3.5.3 briefly reviewed loading and its potential influence in T™
degenerative disease. Degenerative TMJ disease may also occur prior to the onset of

disc displacement since changes in the condylar surface due to excessive loading

107

induce degenerative changes in the disc'’. Stegenga et a/'?” have proposed that muscle

pain and disc displacement are signs of DJD rather than the cause.

1.5.3.6 Articular Cartilage - Structure and Chemistry
A discussion of the pathogenesis of OA needs to include a review of the tissue

that is dynamically involved in the OA process. Unique features of the TM condyle
articular surface distinguish it form other synovial joints. The purpose of this section is to
identify some of these features.

Articular cartilage is an avascular, aneural and alymphatic tissue covering of
synovial joints and together with synovial fluid allows for almost frictionless movements
and dissipation of mechanical stresses'®. The articular tissues of the TMJ derive
nutrition from synovial fluid, which is stimulated by the altemate loading and unloading of
the joint'®”. Articular cartilage of most synovial joints is of the hyaline type, however, the
articular surface of the TM joint (mandibular condyle and the temporal fossa) consists of

dense fibrous connective tissue (also referred to as fibrocartilage).
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The skeletal components of the elbow, hip and knee develop embryologically in a
similar manner. They are derived from a solid hyaline cartilage precursor, which form
moulds for the future bone'®®. Once the bone is completely formed, hyaline cartilage
remains as the articular cartilage'®*'*. Articular cartilage derived in this way, i.e. from
the original hyaline precursor, is termed primary cartilage. In contrast rather than being
preformed in cartilage, the bones of the TMJ are formed directly from intramembranous
centers of ossification''. The developing bones become completely surrounded by
periosteum, including the future articular surfaces of the TMJ™'. The periosteum lining
these articular surfaces is gradually transformed into the dense fibrous articular tissues
of the TMJ™'. Formed in this way, the articular cartilage of the TMJ is termed secondary
cartilage since it is not a remnant of a cartilagenous precursor.

The articular fibrocartilage of the TM condyle is maintained by continual tumover
and replacement of cells and matrix produced by chondrocytes within the underlying
cartilage'®”. The fibrocartilage of the TMJ consists primarily of Type | collagen' rather
than the Type Il collagen seen in hyaline cartilage'®. The collagen fibrils make up about
50% of the organic dry weight in hyaline cartilage'®. In hyaline cartilage approximately
90% of the collagens are Type II, however, Type VI, IX and XI also exist within the
ECM™3,

The ECM of both fibrocartilage and hyaline cartilage consists of chondrocytes (as
well as fibrocytes in TMJ articular cartilage), collagen, proteoglycans, structural
glycoproteins (fibronectin and laminin), water and small amounts of lipid and inorganic
components. Water is the major component and constitutes over 65%-70% of the total
weight of hyaline cartilage™ and cited as smaller in TMJ fibrocartilage™. Chondrocytes
are distributed throughout the ECM accounting for approximately 2%-3% of the totai
tissue volume in hyaline cartilage' and 0.01%-0.1% of the total tissue volume in TMJ

articular cartilage™®. In hyaline cartilage a pericellular and territorial matrix has been
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described and surrounds individual chondrocytes, that when in groups are referred to as
chondrons'®. Chondrocytes have the capacity to synthesize as well as degrade all
components of the ECM"".

Beginning at the outermost layer, the articular fibrocartilage of the TMJ can be
divided into four layers: 1) The articular zone has collagen fibers organized into sheets
and bundles creating a network with a predominantly sagittal orientation'?® with scanning
electron microscopy studies also revealing a three dimensional network'?'. This layer
has some fibrocytes but no chondrocytes'?. 2) The proliferative zone, which is mainly a
cellular layer of pre-chondroblast cells. 3) The fibrocartilagenous zone, usually the
thickest zone, with randomly oriented bundles of collagen fibers'. This is a region of
cartilage formation that can be further divided into three zones: a) zone of matrix
formation, characterized by sparse matrix formation (when compared to hyaline
cartilage). Chondrocytes in this zone are progressively displaced from one another as
they approach the zone of cellular hypertrophy. b) Zone of cellular hypertrophy where
the chondrocytes become expanded, the cytoplasm is vacuolated, but each cell remains
enclosed in its separate lacuna. c) Zone of cartilage mineralization and resorption. 4)
The calcified cartilage zone. This zone is in direct contact with cortical bone.

Adult human normal hyaline articular cartilage can also be divided into 4 zones or
layers'®. These zones are: 1) The supefficial or tangential zone, with chondrocytes that
are small, flattened (elongated), oriented parallel to the articular surface and inert with
respect to matrix synthesis. This layer has abundant collagen fibers organized
horizontally (parallel to the surface) as a mesh: 2) The transitional or middle zone, with
large and round chondrocytes: 3) The radial or deep zone, that contain the largest
chondrocytes. Both the middle and deeper layers contain vertically oriented
(perpendicular to the surface) collagen fibers, separating chondrons (structures that

contain vertical aligned ovoid chondrocytes) and their associated matrix. The
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chondrocytes in the middle and deep zones exhibit high metabolic activity and are
responsible for cartilage homeostasis. 4) The calcified zone. In the deepest layers, the
matrix surrounding the chondrocytes shows calcium apatite calcification. The junction
between the uncalcified and calcified articular cartiage is commonly called the
"tidemark”, a thin distinct layer of enhanced calcification that is parallel to the articular
surface.

The collagen network gives articular cartilage the tensile strength to maintain

139140 and is enhanced by covalent, intermolecular cross-links

tissue shape and volume
formed between collagen molecules**'. The collagen network also provides a framework
for GAG's produced by chondrocytes and counteracts swelling pressure exerted by the
hydrophilic proteoglycans within the network'42.

Proteoglycans (at times referred to as ground substance) are the major space
filling macromolecules of the ECM of articular cartilage and constitute 15% to 40% of the
dry weight of hyaline cartilage'®. This proteoglycan percentage is thought to be smaller
in TMJ articular cartilage'. Proteoglycan molecules by their nature are highly
hydrophilic and full expansion of the molecules is limited by the inextensibility of the
collagen network'¥2. Together with the collagen network, proteoglycans allow articular
cartilage to undergo reversible deformation'*2.

Proteoglycans of synovial joints in general are large macromolecules composed
of a central protein core to which GAG's of varying composition and length are covalently
attached to the protein core'. There are four main groups of GAG's which have been
classified: 1) hyaluronic acid; 2) chondroitin suiphate (CS) and dermatan sulphate; 3)
heparan sulfate and heparin; and, 4) keratin sulphate. Glycosaminoglycans are
unbranched polymers of repeating disaccharide units that are combinations of
hexosamines (D-glucosamine or D-galactosamine) and hexuronic acids (D-glucuronic

acid, iduronic acid, or L-galactose). They are termed GAG’s because one of the two

23



sugar residues in the repeating disaccharide is always an amino sugar (either N-acetyl-
D-glucosamine or N-acetyl-D-galactosamine). In hyaline cartilage, the GAG chains of
proteoglycans consist of 90% chondroitin 4 and 6-sulphate and keratin sulphate. In
TMJ fibrocartilage, dermatan sulphate content has been cited as being higher and
keratan sulphate content is smaller'*.

The major proteoglycan constituent of articular cartilage is aggrecan making up
approximately 90% of the mass of proteoglycans'®. Aggrecan molecules contain three
globular domains (G1,G2 and G3), of which the G1 domain can bind covalently to
hyaluronic acid, forming large macromolecular aggregates. A specific globular protein
known as a link protein'* stabilizes the interaction between the G1 domain and
hyaluronic acid. It is worth noting that hyaline cartilage also contains nonaggregated
small proteoglycans such as biglycan, decorin and fibromodulin'*®. They represent only
a fraction of the mass of proteoglycans in articular cartilage but may be as numerous as
the larger aggregating proteoglycans'®®. Although the exact roles of these smaller

proteoglycans is uncertain they are known to interact with collagens, fibronectin and

growth factors within the ECM'*.

1.5.3.7 Histology and Biochemistry of Temporomandibular DJD
Unlike other synovial joints of the human body there have been relatively few

studies published on the histology and biochemistry of TMJ OA tissues. Of the few
published many have incorporated the literature on hyaline lined joints on the basis that
the TMJ is also a synovial joint and therefore knowledge of OA in other synovial joints is
applicable to the TMJ'3*'*_ Fundamental differences exist between the TMJ and other
synovial joints (previously reviewed) and while similarities may exist, generalizations

may be inappropriate.
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Although the exact cause of OA remains unknown, we do know that OA is a
multifactorial disease process and does not occur simply when joints are ‘'worn out'. The
degeneration of articular cartiiage and changes in the synovial membrane and
subchondral bone are central features of OA. The following subsections review the
histological and biochemical features of OA specific to the articular cartilage, synovial

membrane and subchondral bone of the human TMJ.

1.5.3.7.1 Articular Cartilage
Initial changes in fibrocartilage of the TMJ are characterized by fragmentation of

the collagen fibrils resulting in decreased stiffness of the collagen network™’. The
disintegration of the collagen allows for proteoglycan depletion and now combined with
increased water content results in localized regions of articular tissue softening (often
referred to as chondromalacia)'*”'*®. During this period chondrocytes are found
arranged in small groups or clusters and electron microscopically show characteristics of
increased metabolism, characterized by dilated or vesiculated rough endoplasmic
reticulum, well developed Golgi apparatus and secretory vesicles'’. As the OA process
progresses regions of fibrillation (vertical splitting) and irregularities of the articular
surface become apparent'® in addition to horizontal spiitting (detachments)'®. Cluster
formation of chondrocytes is often observed adjacent to the splits"®. In advancing
stages pathologic features of chondrocytes inciude prominent nuclear fibrous lamina,
accumulation of intracytoplasmic filaments, swollen mitochondria with distorted cristae
and vacuolization of the cytoplasm. Electron microscopically the collagen fibrils show a
loose and very disordered arrangement'¥’. Ultrastructural pathologic features of the
ECM include matrix vesicles and lipid globules derived from necrotic chondrocytes, often

containing needle-shaped calcium apatite crystals'¥’. Extensive fibrillation of the articular
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tissue and eventual denudation of the subchondral bone'' characterize the advanced

stages of OA of the TMJ.

1.5.3.7.2 Synovial Membrane
The synovial membrane of the TMJ is a highly vascularized and aneural layer of

connective tissue that lines the surfaces of the joint cavity except the articular surfaces
of the condyle, eminence, and the disc*''*2. The main functions of the synovial
membrane are production and removal of synovial fluid and removal of debris from the
joint space. The synovial fluid is a transudate from the blood to which is added
hyaluronic acid, proteoglycans and proteins produced by the synovial cells'3.

Investigations of synovial fluid of human osteoarthritic TM joints have shown
increased levels of GAG components which is thought to reflect evidence of early OA
change'*'%. Light and electron microscopic studies suggest that the initial changes in
the synovial membrane of osteoarthritic TM joints include synovial intimal hyperplasia
and cell hypertrophy with subsequent deposition of fibrous material in the intimal
matrix®®'%. Increases in the number of active fibroblasts initiates fibrosis of the
subintimal layer with fibrosis being the most characteristic feature of OA synovial
membranes®'57. Although the role of inflammation in the OA process remains unclear,
investigations on OA of the TMJ have found that synovial inflammation (synovitis) is
almost always present when patients show arthroscopic evidence of DJD'%15%1¢1,

Since the synovial membrane is not innervated'®’ synovitis in itself does not
cause pain directly. Pain mediators generated in the inflamed synovial membrane may
stimulate capsular nociceptors. As reviewed in previous sections, chemical mediators
and cytokines play a major role in OA. Unfortunately, there is little information in regards
to the pathophysiological mechanisms that underlie the development of local pain in the

TMJ. There have been reports on the influence of neuropeptide Y and serotonin on TMJ
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pain and inflammation, but these have been limited to studies on rheumatoid arthritis of
the TMJ'®2. Recent investigations have found higher levels of the cytokines IL-1 ra
(receptor antagonist) and beta, IL-6, IL-10 and TGF-B1 as well as MMP activity in
synovial fluid aspirates of human TM joints with OA compared to normal controls'®"%.
Sandler and colleagues'®” have found a positive correlation between IL-6 concentration
and arthroscopically observed synovitis, hypervascularity and redundancy of the
synovial tissue in patients with TMJ internal derangement. Elevated levels of nitrate have
been reported in the synovial fluid of patients with TMD’s'® and significantly higher
levels of NO were demonstrated in patients with internal derangement and OA when

compared to controls'®. These reports appear to indicate that increased levels of NO

are involved in the pathogenesis of cartilaginous degeneration of the TMJ.

1.5.3.7.3 Subchondral Bone
The subchondral bone of the TMJ appears to be involved early in the

osteoarthritic process. De Bont et a/ 0 in a light microscopic study observed
subchondral bone resorption and fibrosis of the adjacent bone marrow that accompanies
horizontal splitting of the articular cartilage and clustering of chondrocytes creating
degenerative lesions underneath the unaffected superficial articular zone. These early
changes are not seen radiographically. Progressive degeneration eventually results in
loss of the subchondral cortical layer, bone erosion, and subsequent radiographic

evidence of OA'™C.

1.5.3.8 Proposed Mechanisms of TMJ DJD
Although the pathogenesis of OA in hyaline joints is not completely understood

two general pathways are currentiy thought to lead OA®%. The first implies that there is a
fundamental defect in cartilage and the matrix of cartilage fails under normal loading of

the joint. Therefore OA follows biomechanical failure. The second and most prevalent is
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based on the concept that physical forces (repeated microtrauma or single event
macrotrauma) cause damage to normal articular cartilage matrix. Two subpathways are
involved: a) direct injury of the matrix, and b) injury of chondrocytes embedded in the
matrix by the same forces. The chondrocytes in reaction begin to release increased
amounts of degradative enzymes and develop inappropriate repair responses.

A maladaptation to increased joint loading has been considered by many
researchers to lead to DJD of the TMJ®. There have been two concepts proposed for
the pathogenesis of DJD. The first is the “TMJ Osteoarthritis Concept"®*'"*'"'. Here
abnormal joint loading exceeds the functional adaptive capacity of the tissues and
changes the equilibrium between form and function. There is subsequent proteogiycan
degradation, changes in the synovial membrane, inflammation, and changes in the
synovial fluid that lead to impaired lubrication and nutrition of the chondrocytes,
ultimately resulting in cartilage degradation. The second is the "Oxidative Stress and
Degenerative TMJ Hypothesis"'>'"?, a model for the molecular pathogenesis of
degenerative TMJ disease. These authors originally advanced three models for TMJ
DJD based on the premise that the primary cause of TMJ DJD is abnormal mechanical
stress'”2. These models are direct mechanical injury, hypoxia/reperfusion injury and the
neurogenic inflammation models. Here excessive mechanical stress could be of
magnitude sufficient to damage tissues directly (i.e. direct mechanical injury) or indirectly
(i.e. hypoxia-reperfusion injury or neurogenic inflammation). Each mechanism is thought
to affect common "downstream" elements involved in tissue loss and pain and include
synthesis and activation of proinflammatory cytokines (e.g. IL-1B, IL-6, TNF-a),
enhanced arachidonic acid catabolism with the production of PG’s and leukotrienes, and
synthesis and activation of matrix degrading enzymes (e.g. collagenases, stromelysins,
gelatinases). These authors have advanced that abnormal mechanical stresses (e.g.

parafunctional habits) lead to the generation of free radicais in articular tissues, creating

28



an 'oxidative stress''™. The free radicals accumulate in the articular tissues and serve as
a transduction mechanism for the initiation of molecular events (e.g. proinflammatory
cytokine production, protease synthesis and activation, arachidonic acid catabolism),
involved in the evolution of degenerative TMJ disease. The mechanical stress may also
cause microbleeding, leading to hemoglobin deposition in the articular tissues that
provides a reactive heme group to catalyze the formation of extremely reactive hydroxyl
radicals. The accumulation of these radicals damages or destroys the cartilage matrix

with the elaboration of an inflammatory response ultimately affecting the biochemical

properties of the articular tissues.

1.5.3.9 Estrogen and DJD
Osteoarthritis in general has a substantially higher prevalence among women

than men®-174. Osteoarthritis is more common among men than women until around age
50 but becomes much more prevalent among women after 50 and this sex difference in
prevalence then increases with age'’>'". These gender and age related prevalence
patterns are consistent with a role of post menopausal hormone deficiency in increasing

177-178

the risk of OA'7®. Estrogen receptors are found in osteoblasts and the effects on

prevention of postmenopausal osteoporosis is well established'”*"®.

Little information exists about in vitro and in vivo effects of estrogen on cartilage
and its role in the pathogenesis of OA is controversiai'®'. Rosner et al'®* demonstrated
that tamoxifen, an estrogen antagonist, reduces the development of experimentally
induced DJD in rabbits. In contrast, estradiol facilitates the process. A study using
animals has suggested that the upregulation of estrogen receptors in cartilage might
initiate the osteoarthritic changes'® The authors of this study found both the

chondrocyte number and proteoglycan concentration were significantly reduced in the

supefficial layer of cartilage in estradiol-injected knee joints. Estrogen has been found to
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inhibit cartilage in animal models of OA'™ and increase the production of
proinflammatory cytokines in uterine tissue'®® and by macrophages'®®. Some believe that
the importance of estrogen in OA may not be mediated through cartilage but rather
through bone where it is known to prevent the activation of osteoclasts'®’.
Temporomandibular disorders in general have there highest prevalence among
women in their reproductive years'™® and 80% of treated cases of TMD are women'%%1%,
Between 8% to 12% of patients that present to a TMD and Orofacial pain clinic receive a
diagnosis of TMJ degenerative disease’. It is well recognized that these patients tend to
be young females in their second and third decades of life®°*%. The influence of
endogenous reproductive hormones may play a role as the age of onset of TMD
conditions is generally after puberty, prevalence rates are higher in women than men,
and prevalence is lower for women in the post menopausal years than those of
reproductive age'®''. Recently a study comparing post-menopausal hormone use
among 1291 women over age 40 to 5164 controls found that the odds of being a TMD
patient were approximately 30% higher among those receiving estrogen compared to
those not exposed'®'. Little is known in regards to the influence of estrogen in TMJ DJD,
however, estrogen receptors have been identified in the TMJ of female baboons'? and
rats'®® but not male baboons'®*. Ng ef a/'* in their study of resected TM condyles from
female rats cultured for 4 days in media with different estradiol concentrations reported a
qualitative decrease in chondroblast, thickness of condylar fibrocartilage, and significant

decrease in proteoglycan content. Further research is required to clarify the role of

estrogen in TMJ DJD.

1.5.3.10 Overview of Treatment of TMJ DJD
Conservative treatment may involve reducing joint loading by advising patients to

avoid parafunctional habits (clenching, bruxing and gum chewing) and modifications in
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diet (soft foods, small bites). Physiotherapy may also be advised in which modalities
such as ultrasound and transcutaneous nerve stimulation (TENS) may used to controi
inflammation, decrease secondary muscle spasm and improve joint mobility. The
physiotherapist may also suggest various home exercises.

Pharmacological approaches are an important conservative adjunct for treating
the symptoms of DJD when pain is an issue. Nonsteroidal anti-inflammatories such as
ibuprofen, have traditionally been the medicines of first choice'®'%*. Muscle relaxants
may also be prescribed in those situations were myalgia may be a factor secondary to
the DJD.

Occlusal splint appliances are often advocated for patients with TMD. Splint
therapy may prove palliative for those patients when secondary masticatory myaigia is
associated with DJD.

Injections into the TMJ may be a treatment modality for patients with symptoms
refractory to more conservative approaches. Intraarticular (i.a.) injection of
corticosteroids have been shown to provide symptom relief '*7'*® but multiple injections
should be avoided since they have been associated with tissue necrosis'®. Hyaluronic
acid functions as a lubricant in normal synovial fluid. Intracapsular injection of sodium
hyaluronate has been shown to provide pain relief in patients with non-reducing disc
displacements2®2°! but are no better than placebo injections in patients with DJD*%2.

Surgical intervention is rarely indicated for degenerative diseases of the TMJ
because the disease process is self-limiting in a high percentage of cases®®. Minor

surgical interventions such as arthrocentesis may be suggested only if conservative

efforts to control pain fail®*.
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1.5.4 Nonsteroidal Antiinflammatories
1.5.4.1 Historical Overview

The bark of the willow tree has been known for centuries to have medicinal
effects with its ability to relieve fever noted by Reverend Edmund Stone of England in
17632%. Approximately 50 years later, salicin, a glycoside of salicylic acid and the first
known NSAID and precursor to aspirin, was isolated from willow bark®*®. Subsequent
synthesis and mass production of sodium salicylate was used for treatment of rheumatic
fever’®.

Acetylacetic acid (ASA) was discovered in 1898 by a chemist at the Bayer
division of |.G. Farber’®. At 4 grams per day it was found to relieve fever and pain and
reduce inflammation®®. Acetylacetic acid has the distinction of being the most used drug
this century, billions of tablets consumed daily, and still considered the standard against
which all NSAID's are compared to determine efficacy’®. It is estimated that
approximately 2% of North Americans use NSAID's on a daily basis®®’ and 60 to 100
million prescriptions are written per year in the United States alone?®*?%. The term

"nonsteroidal anti-inflammatory" drug was first applied to phenylbutazone in 1949%"°.

1.5.4.2 Classification
There are a very large number of NSAID's manufactured and marketed in North

America. it would not be meaningful to the reader to divide them into their chemical
classifications and list all their names. It is more important that the reader is aware that
approximately 18 different NSAID's are prescribed in Canada that fall into one of nine

main categories presented in Table 1.1%'.

32



TABLE 1.1

NSAID CLASSIFICATION
CHEMICAL CLASS DRUGS TRADE NAME
Salicylic acids Acetylsalicylic acid Aspirin
Diflunisal Choline Dolobid
Propionic acids ibuprofen Motrin
Naproxen Naprosyn
Flurbiprofen Ansaid
Fenoprofen Nalfon
Tiaprofenic acid Surgam
Phenylacetates Diclofenac Voltaren
Pyranocarboxylic acid Etodolac Ultradol
Pyrazolones Phenylbutazone Butazolidin
Indoleacetic acids Indomethacin Indocid
Sulindac Clinoril
Tolmetin Tolectin
Oxicams Piroxicam Feldene
Tenoxicam Mobiflex
Alkanones Nabumetone Relafen
COX-2 selective Celecoxib Celebrex
Rofecoxib Vioxx
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1.5.4.3 Pharmacokinetics
Nonsteroidal antiinflammatories chemically are weak acids or metabolized to

weak acids?'>. Even though chemical similarity between NSAID's lead to common
pharmacokinetic properties (absorption, distribution and elimination), there are still
considerable differences in some phamacckinetic and to some extent
pharmacodynamic profiles?'2.

Most NSAID's are almost completely absorbed from the Gl tract, their hepatic
clearance is low and as a consequence there is little first pass metabolism by the liver.
As a result, most NSAID's have a high bioavailability after their oral administration®'?.
Aspirin and diclofenac are an exception to this since they are subject to considerable
first pass metabolism®’?'2, Peak serum concentrations (Cmax) generally occur within 2
to 3 hours post-administration. Absorption is quicker when taken on an empty stomach,
but potential gastric irritation makes it necessary to take them with meals®'.

Nonsteroidal anti-inflammatory drugs like many acidic drugs are highly protein
bound (>90%) but most strongly bound to albumin in plasma, and their volumes of
distribution low?®’. Their acidic nature, fortunately, makes them amenable for effective
distribution into cells with acidic environments like those of inflamed joints through the
process of ion-trapping?'2. The concentration of NSAID's in these tissues is thought to be
responsible for some of the characteristic therapeutic and adverse effects of NSAID's*".

Peak serum concentration of NSAID's are generally achieved within 2 to 3 hours
post-administration (Table 1.2). Based on their half-life, NSAID's can be divided into 3
categories: those with haif-lives less than 6 hours, those with half-lives of 6-12 hours and
those with half-lives in excess of 12 hours?'2. Nonsteroidal anti-inflammatory drugs with

long half-lives are usually administered once or twice a day with minimal plasma

concentrations fluctuating resulting in a relatively constant pharmacological effec 2,
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TABLE 1.2

PHARMACOKINETICS OF NSAID'S

DRUG ABSORPTION PEAK HALF-LIFE
EXCRETION
PLASMA LEVEL (hours) (hours)
Acetylsalicylic acid 1-2 0.25 Renal
Diflunisal choline 2-3 7-8 90% renal
Ibuprofen 1-2 2 50%-75% renal
Naproxen 2-4 12-15 95% renal
Flurbiprofen 1.5 3-9 Renal
Fenoprofen 2 3 Renal
Tiaprofenic acid 0.5-1.5 hours 1.7 Renal
Etolac 0.8-2.0 3-11 72% renal, 16% fecal
Phenylbutazone 2.5 84 Renal
Indomethacin 2 4-11 60% renal, 30% fecal
Sulindac 2 16 50% renal, 25% fecal
Tolmetin 0.5 1-3 Renal
Piroxicam 2-5 38 67% renal, 33% fecal
Tenoxicam 1.25 72 60% renal, 17% bile
Nabumetone 2.54 23-30 Renal
Diclofenac 2 1.8 60% renal, 40% bile
and fecal
Celecoxib 3 11 57% fecal, 27% urine
Rofecoxib 3 17 72% renal, 14% fecal
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These drugs also tend to accumulate in the body for a prolonged period (e.g. Tenoxicam
has a half-life of about 72hours) and changes in the rate of absorption tend to have little
effect on their plasma concentrations during long-term therapy*'>. Nonsteroidal anti-
inflammatory drugs with shorter half-lives including ibuprofen and indomethacin and
administered every 6-8 hours. Plasma concentrations of these NSAID's fluctuate over a
dosage interval because the dosage intervals are longer than their half-lives, however,
analgesic and anti-inflammatory activity is found to be well maintained®'?>. Many short
half-life NSAID's are available in a sustained release formulation so that the absormption
profile and consequently the clinical effect of the drug are prolonged®®’.

It is thought that a major site of action of NSAID's is in the synovium?®'2. They are
slowly transferred between plasma and synovial fluid with concentration between the two

207 Total mean concentration in

sites influenced by their individual half-lives of elimination
synovial fluid is approximately 60% of the mean drug concentration in plasma. This
difference is due to the lower levels of albumin in the synovial fluid that results in
reduced binding of NSAID's?”".

Nonsteroidal anti-inflammatory drugs are cleared predominantly as inactive
metabolites by hepatic metabolism either through oxidation or glucuronide

conjugation?*?'2, Only small proportions of NSAID's are excreted unchanged in the

urine?®’.

1.5.4.4 Pharmacodynamics
The first hypothesis to explain the effects of NSAID's was proposed by John

Vane?'®. He demonstrated that NSAID's inhibited the enzymatic synthesis of
prostaglandin’s (PG). Today it is generally accepted that NSAID's work specifically by
inhibition of the enzyme PG endoperoxidase synthase (PGHS) or cyciooxygenase

(COX)?**. Cyclooxygenase is reported to have two catalytic sites (Figure 1.1)*'*. The
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FIGURE 1.1

THE CYCLOOXYGENASE AND LIPOXYGENASE PATHWAYS OF
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first, described as the COX active site, converts arachidonic acid to the endoperoxide,
PGG.. The second, described as the peroxidase active site, then converts the PGG; to
another endoperoxide, PGH,. PGH; is then further processed by specific isomerases
forming the PG's, prostacyclin, and thromboxane A2. Inhibition caused by aspirin is the
result of the irreversible acetylation of the COX site of PGHS, leaving the peroxidase
activity of the enzyme unaffected.

in the early 1990s, researchers discovered two isoforms of the COX enzyme:
COX-1 and COX-2*'® (Figure 1.2). The genes for the two forms are on separate
chromosomes. They are present in various amounts in different organs, and serve
distinct biological functions®'®. Cyclooxygenase-1(or PG H synthase-1) has been
described as the “housekeeping” enzyme regulating normal cellular processes and is
stimulated by hormones or growth factors?'’. Cyclooxygenase-1 is constitutively

218 and PG’s synthesized by this enzyme are thought to be

expressed by normal cells
important in maintaining physiological function of tissues*'®. For example, COX-1 activity
is thought to be important in maintaining the integrity of the gastric and duodenal
mucosa from damage induced by toxins such as NSAID's and alcohol*'3%'S,
Cyclooxygenase-1 is inhibited by virtually all known NSAID's (with exception of the
newer COX-2 specific NSAID's) to varying degrees and this inhibition is considered the

primary reason for the toxic effects of NSAID's on the Gl and renal systems?'4217219,

Cyclooxygenase-2 (or PG H synthase-2) is an inducible enzyme of inflammatory cells®'®
that is usually undetectable?*?'. Inflammatory stimuli and cytokines increase its
expression. The anti-inflammatory actions of NSAID's are caused by the inhibition of

COX-2.
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FIGURE 1.2

THE ROLE OF CYCLOOXYGENASE ISOFORMS 1 AND 2 IN NORMAL AND
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1.5.4.5 Central Nervous System Effects
it is well established that NSAID's have antipyretic, analgesic and anti-

inflammatory properties. NSAID's are generally considered peripherally acting
analgesics but also have effects in the spinal cord and brain. This influence of NSAID's
on the central nervous system (CNS) has been reported by Catania ef a#%°. They found
that when lysine acetylsalicylic acid and sodium salicylate were injected into the lateral
cerebral ventricle, they inhibited edema induced in the mouse ear by topical application
of picryl chloride. Systemic injection of doses that were effective centrally did not affect
inflammation indicating that the inhibitory activity they observed was not due to systemic
escape of the drug. On the other hand, central administration of indomethacin that is
anti-inflammatory when given intraperitoneally did not inhibit peripheral inflammation
suggesting that it lacks the central anti-inflammatory effect of salicylates. This
observation, in addition to a lack of an anti-inflammatory effect with a PG inhibitor
(dexamethasone) or pro-inflammatory influence with PGE,, suggested that not all the
effects of NSAID's can be explained by the inhibition of PG synthesis and PG's may not
be important to central modulation of inflammation. Several lines of evidence, however,
implicate the inhibition of central PG synthesis in analgesia, particularly in models with a
strong hyperalgesic component to their pathophysiology®*'. The mechanisms involved in
analgesia may be a COX independent inhibition of central hyperalgesia induced by
glutamate and substance P?'.

Taiwo et a** reported that intrathecal injections of PGE; in rats antagonized the
analgesia produced by both brain stimulation and intracerebroventricular morphine. In
contrast NSAID's (indomethacin and acetylsalicylic acid) synergized with brain
stimulation and morphine-induced analgesia. In addition, phentolamine (alpha-

adrenergic antagonist)y and 6-hydroxydopamine (catecholaminergic selective
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neurotoxin), that block tonic catecholamine activity in endogenous opioid-mediated
analgesia systems, prevented the hyperalgesia induced by intrathecal PGE,. These
results demonstrate PG's ability to inhibit the pain suppressing influences of spinal
noradrenergic synapses. NSAID's with central effects may be reducing pain by
eliminating these effects of PG’s. The exact mechanisms involved remain to be clarified.

There have been other reports for a CNS involvement with various NSAID's?'%%*
225 Much of the data to support a central analgesic activity of NSAID's has come from
|228

animal pain models?*?%?2’  Using the nociceptive flexion reflex model*® various

NSAID's (i.e. indomethacin, ibuprofen, ketoprofen) have demonstrated a CNS analgesic

activity in humans?*2,

1.5.4.6 NSAID's and Osteoarthritis
Despite nonpharmacological treatment strategies (reduced joint loading,

exercise, physiotherapy, surgery, mobility aids, etc.), pharmacological therapy remains a
commonly employed method of symptom relief for OAZ*2. For decades, NSAID's have
provided relief of joint pain and improved mobility for millions®* with scientific evidence
supporting the efficacy and superiority of numerous different NSAID's to placebo for
symptomatic treatment for OAZ*. The use of NSAID's continues to grow?"’, with 60 to

100 million prescriptions annually in the U.S.?°*2%  Research papers continue to be

217 pharmacokinetic and

published reporting new information on their biologic effects
pharmacodynamic profiles®® and mechanisms of action?'®. Over the last ten years,
however, there has been increasing evidence that NSAID's may be hazardous, at times
making their use controversial. It has been suggested that the availability of such a large

number of NSAID's may be evidence of the failure of any to diminish major side

effects®®.
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1.5.4.6.1 Side Effects

This section is not intended to argue whether these hazards outweigh the
therapeutic benefits of NSAID's, but to enlighten the reader to some of the important
issues that have arisen from their use

Many people taking nonselective COX NSAID's experience mild side effects such
as dyspepsia, heartburn and generalized abdominal discomfort™®. Major side effects
associated with NSAID's include renal insufficiency, Gl bleeding or ulceration,
congestive heart failure, hypertension and hyperkalemia?®’?*! with the elderly being at
greatest risk for deveioping these adverse effects. Gastrointestinal upset and ulceration
is considered the most frequently reported side effect for patients with OA taking
NSAID's?**. NSAID therapy has been associated with a Gl ulceration prevalence of 12%
to 30% for the stomach and 2 to 19% for the duodenum?®*®. They have been implicated in
causing up to one-third of all serious peptic ulcers?¥?. The elderly are at greatest risk to
develop OA, and because the prevalence of side effects is age related, the elderly are
also at greatest risk of developing Gl symptoms, ulceration, hemorrhage and death as a
result of inhibition of the synthesis of protective PG’'s?*?*. The risk of complications in
the elderly increases with higher doses and is highest in the first month of usage®®. It
has been reported that among the elderly, the annual rate of hospitalization for ulcers as
a result of NSAID use is 16/1000, 4 times greater than non NSAID users?®. In addition,
30% of all hospitalizations and deaths of people over the age of 65 is due to NSAID
use®9245.24 Enidemiological studies support the fact that chronic use of NSAID's results
in a high incidence of Gl ulceration’s, which are associated with major and serious
complications such as perforation, bleeding and death®?¥’. In the United States alone,

there are an estimated 41,000 hospitalizations and 3,300 deaths each year among the

elderly that are attributable to NSAID's2*®.
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1.5.4.6.2 Cyclooxygenase1 and 2
Today there is much interest in COX-2 selective NSAID's for treatment of

arthritis. Theoretically COX-2 selective NSAID's should decrease inflammation but not
influence normal physiologic functions and thus cause fewer Gl side effects. Two COX-2
selective inhibitors, MK-966 (Vioxx®, Merck and Co.) and celocoxib (Celebrex®, G.D.
Searle and Co.), have been studied in Phase il and Il clinical triais in OA, rheumatoid
arthritis, and dental pain models?®. In a 2-week OA trial, 293 patients with painful OA of
the knee were randomized to placebo or celecoxib®®. Patient and physician global
assessments, an OA severity index, patient assessment of arthritis pain using a visual
analog scale and a functional-capacity scale assessed symptoms. Celecoxib therapy
was associated with greater symptomatic improvement when compared with placebo.
Patients in the celecoxib treatment group also experienced a significant benefit in their
health-related quality of life®° © & in 251 Adverse events observed in patients who
received celecoxib were similar to those in the placebo group. In a 6-week, multicenter,
placebo-controlled trial involving 672 patients with knee and hip OA, MK-966
outperformed placebo as measured by the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) pain scale®™ " " 249 No significant difference between
treatment and placebo groups was seen with respect to the incidence of patient

discontinuation because of adverse effects.

1.5.4.6.3 Effects on Articular Cartilage
For a number of years there have reports in the literature that NSAID's worsen

OA because of their effects on cartilage metabolism via inhibition of proteoglycan
biosynthesis. However, there is no general consensus that all NSAID's cause cartilage
damage. Numerous in vitro studies have shown that some NSAID's, for example
acetylsalicylic acid, fenoprofen, ibuprofen, sodium tolmetin?*** inhibit the net synthesis

of proteoglycans by chondrocytes in vitro, while others such as diclofenac,
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indomethacin, naproxen®®, tiaprofenic acid and piroxicam®*® have no in vitro effect. On
the other hand sulindac sulfide has shown to have a slight stimulatory effect and
benoxaprofen markedly stimulated proteoglycan synthesis in vitro®*’. These results are
not in total agreement with Dingle?®® who reported that in an in vitro assessment of
NSAID action on 300 patients' femoral head cartilage synthesis. This author reports that
nimenezulide, ibuprofen, indomethacin and naproxen depress GAG synthesis in a
statistically significant way, diclofenac, piroxicam, aspirin and nabumetone have no
major effect and acelofenac, tenidap and tolmetin were stimulatory.

In vivo animal models using dogs that were fed aspirin have found that cartilage
degeneration is much more marked than those dogs not fed aspirin®*. In addition, the
proteoglycan concentration of the cartilage matrix was significantly reduced in those
dogs fed aspirin and the augmentation of proteoglycan synthesis in the OA cartilage,
reflecting repair activity was virtually eliminated. Oral administration of aspirin has also
been found to accelerate OA in black mice genetically predisposed to this disease'’.

Recently, Huskisson et al.'® reported the results of the effects of the NSAID's,
indomethacin and tiaprofenic acid versus placebo on 812 patients with OA of the knee.
Their study found patients taking indomethacin at 25 mg three times a day for at least a
year were 2 times more likely to have an increased rate of radiological deterioration of
joint space than those patients taking placebo only. On the other hand no difference in
rate of deterioration was seen with tiaprofenic acid when compared to placebo.

The use of NSAID's and its role in advancing OA remains controversial. It's
apparent, however, that long-term use of non-selective NSAID's can result in serious
side effects (notably Gl) and evidence is mounting that some NSAID's may effect the
progression of OA at the level of the chondrocyte. These issues have created research
for newer medications, those that have reduced toxicity profiles and cartilage sparing.

Newer NSAID's as reviewed previously, are found to have improved side-effect profiles
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over current NSAID's due to their selective inhibition of the COX-2 enzyme. Food
supplements sucth as GS and CS are also being investigated and discussed in the

following sectionss.

1.5.5 Glucosamine Sulphate
1.5.5.1 Physical Properties and Pharmacokinetics:

Glucosamiine (2-amino-2-deoxy-alpha-D-glucose) is a naturally occurring
aminomonosaccarride of almost all human tissues, including cartilage. It is synthesized in
the body by additiion of an amino group to glucose and used to form glycoproteins and
GAG's?®. D-gluccosamine is the hexosamine component of GAG's. Hyaluronic acid,
keratin sulphate and heparan sulphate are composed in part of repeating units of
glucosamine®®°.

Glucosamiine is a small molecule with a molecular weight of 179.17%".
Commercial preparations are in the form of the sulphate salt, GS. After oral,
intramuscular (i.n.) or intravenous (i.v.) administration GS is rapidly absorbed and split
into D-glucosamime (DG) and sulphate ion*®'. At 37°C (human body temperature), DG
has a pka of 6.91, and with the human intestinal pH 6.8, 54% of DG is non-ionized. At
pH 7.4 (human bBood) 75% is non-ionized. The pka of DG therefore makes it favorable

for absorption acmwoss the lumen of the intestine and then diffusion amongst the cells of

the body*®.
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The pharmacokinetics of glucosamine have been investigated by Setnikar?®'?%22
using 'C labeled glucosamine administered to dogs, rats and humans either by i.v., i.m.
or oral route. Following oral administration of GS, close to 90% is absorbed in the human
intestine and free glucosamine is not detectable in plasma®**?. Maximum urinary
excretion of radioactivity after oral administration is achieved between 4 and 8 hours,
with a ti» of approximately 3 hours. Eight hours after administration 77% of the total
excreted radioactivity is recovered. Fecal excretion of radioactivity accounts for 11% of
the administered oral dose, and occurs mainly between 24 and 72 hours after
administration. One hundred and twenty hours following oral administration 11%
appears in the feces and 10% appears in the urine®®'. The radioactivity excreted with the
feces after oral administration is thought to represent the non-absorbed fraction of DG,
and therefore after oral administration Gl absorption is almost 90% of the administered
dose. Studies with dogs have found that DG rapidly diffuses into most tissues and

organs with a special tropism for articular tissue of the femoral head®".

1.5.5.2 Pharmacodynamics
An in vitro study in the 1950’s showed that glucosamine stimulated the uptake of

3350,~, a marker of GAG synthesis by cartilage’®. Glucosamine sulphate has been
found to significantly increase in vitro secretion of GAG's by fibroblast cultures®®. Other
research in the 1970's and early 1980's have also demonstrated that exogenous
glucosamine increased the synthesis of GAG's in cartilage cultures®**?**. More recently,
using chondrocytes isolated from and cultured from human osteoarthritic femoral heads
has found that GS induces a significant and dose dependent increase of proteoglycan
synthesis but did not effect deoxyribonucleic acid (DNA) synthesis or collagen Type [l or

PGE; production by chondrocytes®®’.
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Using animal models of inflammation oral glucosamine was reported to protect
rats from inflammation caused by several non-specific foreign agents (dextran, formalin
and acetic acid) but does not exert activity against specific mediators of inflammation
(histamine, serotonin or bradykinin)***?®°, Glucosamine sulphate has no anaigesic
activity, is ineffective against proteolytic enzymes of inflamed tissues and against the
biosynthesis of PG’s elicited from arachidonic acid or histamine®**?*®. Glucosamine
sulphate reduces superoxide radicals generated by macrophages, inhibits lysosomal
enzymes and its effects are PG independent®®®?*°. Glucosamines effects have been

described as a PG independent, COX independent "antireactive” activity?*®%°.

1.5.5.3 Glucosamine Sulphate for Osteoarthritis
Over the past five years public interest in GS for treatment of OA has increased

due in part by two non scientific publications, The Arthritis Cure®® and Maximizing the
Arthritis Cure®”’. The lack of interest in GS by researchers and pharmaceutical
companies in general has been attributed by some to the fact that glucosamine is a
natural product that cannot be patented®”.

The potential of glucosamine as a therapeutic agent for OA was first reported in
1969 by a German physician’®. Approximately a decade later other German
investigators?’+?’® reported decreases in pain often accompanied by increased mobility
when patients received a 400 mg solution of GS once daily administered either i.v., i.m.
or i.a. These results should not be considered definitive since they were uncontrolled
studies. Numerous controlled, double-blind investigations evaluating glucosamine (oral,
i.v. or i.m. administration) versus placebo in patients diagnosed with OA of the knee
were carried out in the early 1980’s>’7%%_ All studies reported gradual and progressive

reduction of articular pain, joint tenderness and swelling, and improvement in the range

of motion. A double-blind eight week study involving 40 patients with OA of the knee,
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found that GS 500 mg tid was as effective as ibuprofen 400 mg tid in relieving pain after
the first two weeks and by the end of the trial was more effective®’.

Many of these earlier studies reported improvement in symptoms when patients
with OA of the knee were administered glucosamine, but there were limitations in study
design that included using hospitalized patients undergoing active physiotherapy,
blinding placebo injections and short study times. These earlier studies have been
critically reviewed?®>2%¢,

A number of articles on GS have been published within the last decade. Muller-
Fassbender and colleagues 2*° in a double blind 4-week trial, randomized 200 patients
with OA of the knee. These researchers found oral GS (500 mg tid) just as effective as
ibuprofen (400 mg tid) from the second week of treatment and no difference was found
between groups with respect to the magnitude of response. Adverse events were found
to occur in 35% of the ibuprofen group, but in only 6% of the GS group, with fewer drop-
outs in the latter. Qiu et a* in a similar 4 week trial of 178 Chinese patients found both
GS (1500mg daily dose) and ibuprofen (1200mg daily dose) significantly reduced the
symptoms of knee OA with a trend toward GS to be more effective. The GS group
reported fewer adverse reactions (6%) compared to ibuprofen (16%) group and there
were no drop-outs in the GS group as compared to 10% in the ibuprofen group. Noack
and colleagues®’ in a 4 week placebo controlled study of 252 patients with OA of the
knee reported patients that had taken 1500 mg/day of GS orally showed significant
improvement in the Lequesne index compared to the placebo group. Reichelt et aP®
compared treatment of 400 mg of GS i.m. twice per week for 6 weeks with placebo
injections administered on the same schedule in 155 patients with OA of the knee. Fifty-

five percent of patients who received GS and 33% of those patients given placebo

responded as judged by the Lequesne index.
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In the most recent study published, patients with OA of the knee in an 8 week
double biind study were given either glucosamine hydrochloride (n=41), 500mg three
times per day, or placebo group (n=48)**°. No statistically significant difference was
found between groups in the primary endpoint measured (WOMAC pain score) between
Week O and Week 8. However, significant differences from Week 5 to Week 8 in
secondary endpoints (daily diary and knee examination) were found that suggested that
glucosamine hydrochloride benefits some patients with knee OA.

There has been only one published report of GS for patients with TMJ OA*®_ The
primary outcome of this study of 50 patients was a reduction in joint noise. All patients
received glucosamine hydrochloride (1600 mg twice daily), 1000 mg of calcium
ascorbate (1000 mg twice daily) and a mixture of CS-4 and CS-6 (1200 mg twice daily).
Eighty percent of patients after an undefined period of time reported a reduction in joint
noise. Unfortunately, this study does not indicate treatment time (other than patients
were re-evaluated every 2-3 weeks) and cannot distinguish which of the co-administered
supplements influenced outcome the most. In addition, the influence of either occlusal
splint therapy introduced during the study for "many" patients, or ibuprofen and aspirin
permitted (counts not reported) when joint pain and/or swelling interfered with daily
routines and activities, on the primary outcome is unclear. This study was neither
randomized nor blinded. Reducing joint noise as a primary treatment outcome for TMD

patients is questionable and the value of this study is uncertain.

1.5.6 Chondroitin Sulphate

Chondroitin sulphate is a GAG composed of the monosaccharides N-acetyl-D-
galactosamine and D-glucuronic acid with sulphate groups located at either C4 or C¢*".
There are approximately 60 repeating units per molecule of CS. It is present

predominantly in the ECM surrounding cells and is most abundant in those tissues with
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large ECM such as those that form the connective tissues of the body, cartilage, skin,
blood vessels and also bone, ligaments and tendons.

The mechanism of action of CS may be similar in nature to GS, since it can also
provide substrates for proteoglycan synthesis. Using cultured articular chondrocytes
from humans Bassleer ef a® have found that CS induces a significant and dose
dependent increase of proteoglycan synthesis and significantly increased amounts of
proteoglycan in chondrocyte clusters. Chondroitin sulphate does not, however, effect
collagen Type Il or PGE; production or DNA synthesis by chondrocytes. Cell culture
studies have shown that exogenously supplied CS competitively inhibits the action of
metalloproteases in the cartilage matrix?°"® " 22 decreasing the degradation of collagen
and proteoglycans.

Chondroitin sulphate has been investigated in the treatment of arthritis, typically
using proprietary CS products. The most commonly investigated products are referred to
in the literature as GAG polysulphate (Arteparon), galactosaminoglycuronogylcan
sulphate (Matrix), CS (Condrosulf), and CS(Structum). Arteparon has been used in
veterinary medicine in Europe for over two decades for the treatment of DJD**. The
drug is administered directly into the diseased joints to improve functional properties of
the cartilage and to stimulate cartilage metabolism. Arteparon administered i.a. or i.m. in
humans with OA of the hips resulted in reduction of pain, and improved function and
mobility®®. Matrix given orally (800 mg/day) for OA of the hands®**® and im. for
tibiofibular arthritis of the knee®*® produced improvement in arthritic symptoms
regardless of the manner of administration.

Oral administration of CS (Condrosulf), 800 mg or 1200 mg per day, proved more

297-299 t300

effective than placebo for patients with OA of the knee and finger joint™". Morreale
et af®' conducted a randomized, muiticenter, double-blind clinical trial to assess the

efficacy of CS administered orally in comparison with the NSAID diclofenac sodium. The
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patients treated with diclofenac showed prompt reduction of clinical symptoms, however,
symptoms reappeared quickly after the discontinuation of treatment. Patients treated
with CS had a slower response to treatment, although the favorable response remained
up to three months after discontinuation of treatment.

Chondroitin sulphate is a large molecuie with a molecular weight is about 50000
and oral absorption has been questioned by some researchers®2. Whereas more than
90% of GS is absorbed, it is thought that the absorption rate of CS is between 0% and
8% after oral administration¥o™s"(1970 in 283 The pharmacokinetic properties of CS
(Condrosulf) were investigated by Conte ef aP®™. Significant extraction procedures were
utilized to generate a low molecular mass product, which could be characterized for
structure, physiochemical properties and purity. Only the fraction with a relative
molecular mass of 14250 Daltons with a purity of 97% was used in their experiments.
The preparation was radioactively labeled and administered by oral route in the rat and
dog. Although more than 70% of the radioactivity was absorbed and was subsequently
found in urine and tissues, the radioactivity associated with the intact molecule of CS
corresponding to the molecular mass of the administered dose was relatively small (app.
8.5%) and decreased rapidly over time. The majority of the radioactivity absorbed was
actually associated with molecules with a molecular mass of less than or equal size to N-
acetylgalactosamine (one of the two constituent monosaccharides comprising the
polysaccharide chain of CS). This radioactivity increased over time and remained
elevated. Radioactivity after 24 hours was highest in the smail intestine, liver and
kidneys, with relatively high amounts found in joint cartilage, synovial fluid and trachea.

The intact absorption of CS subsequent to an oral dose is a controversial
subject?®. It's generally considered a physiological fact that molecules with a high
molecular mass and charge density cannot pass through gastric and intestinal mucosa

intact?®®. Available data seem to partially refute this belief since some findings indicate
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as much as 8.5% of an oral dose can be absorbed intact under some circumstances®®.
However, the majority of the physiological benefits subsequent to administration of CS
appear to be a direct resuit of increased availability of the monosaccharide building
blocks (glucuronic acid and N-acetylgalactosamine) created by the hydrolysis of CS into

smaller molecules during digestion and absorption®*.
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CHAPTER 2

EVALUATION OF GLUCOSAMINE SULPHATE AND
IBUPROFEN FOR TREATMENT OF
TEMPOROMANDIBULAR OSTEOARTHRITIS: A
RANDOMIZED DOUBLE BLIND CONTROLLED 3-MONTH
CLINICAL TRIAL

2.1 INTRODUCTION

Osteoarthritis is a degenerative disease of synovial joints characterized by a
progressive loss of normal structure and function of articular cartilage. Osteoarthritis
brings discomfort and disability to millions of North Americans each year and the costs
invoived in treating OA are expected to reach 1% of the United States gross national
product in year 2000'. Its pathogenesis, although having been correlated to joint use,
age and 'wear and tear, remains uncertain.

The TMJ is not immune in development of OA (also referred to as DJD) and a
recent review reports approximately 8% to 12% of patients seeking treatment at
temporomandibular dysfunction clinics receive a diagnosis of DJD?. Once the diagnosis
is made, and if pain is an issue, the clinician generally places the patient on a soft diet,
advises jaw functioning within a pain-free range, and prescribes an NSAID?.
Nonsteroidal anti-inflammatories such as ibuprofen, have traditionally been the
medicines of first choice®*.

Nonsteroidal anti-inflammatory drugs have a well-documented record of relieving
pain and reducing inflammation. Unfortunately many of tiiese medications are known to
cause mulitiple side effects, notably upper Gl damage®. !t has been reported that 14.6%

to 43.9% of OA patients treated with traditional NSAID's develop gastric ulcers after 6
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months of therapy®. Epidemiological and clinical studies report that the cost of NSAID
treatment should be muiltiplied by a coefficient range of 1.36 to 3 when the cost of
treating the induced Gl damage is also taken into account’.

There is now a growing body of evidence that many of the more traditional
NSAID’s exacerbate the loss of the articular cartilage necessary for joint health by
inhibiting proteoglycan synthesis at the level of the chondrocyte®*2. This problem has
prompted research into medicinal agents that have a cartilage sparing, regenerative
capacities and pain relieving effects.

Glucosamine is a naturally occurring aminomonosaccaride in the human body,
biosynthesized from glucose and used to form GAG's, a constituent of proteoglycans
which is an important component of the ECM of articular cartilage™. It's potential as a
therapeutic agent for OA was first reported in 1969, Investigations in the early 1980’s
found those patients with OA of the knee when administered glucosamine compared to
placebo reported gradual and progressive reduction of articular pain and tendemess and
improvement in the range of motion'™'®, Oral administration of GS has also been
reported to not imitate the Gl tract'® and may stimulate the production of protective
gastric mucoproteins®®. Several studies have also reported that therapeutic benefits of
GS were maintained for weeks after therapy was discontinued?'?.

Glucosamine sulphate is regarded as a food supplement and is available in
health food and drug stores. It's potential as an adjunctive medicine for OA is gaining
growing acceptance, supported by tissue, animal and human studies (please see
discussion). Like other joints of the body, traditional pharmacological methods for
treating patients with OA of the TMJ have largely depended on NSAID's®. "Natural
medicines" like GS may provide symptom relief for this patient population without the
inherent side effects of many traditional NSAID's. To date there are no published clinical

trials to assess the efficacy of GS in treatment of those patients with DJD of the TMJ
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with pain. The articular surface of the TMJ is composed of a dense fibrous connective
tissue (also referred to as fibrocartilage) and direct comparison to other synovial joints
with hyaline cartilaginous articular surfaces may not be appropriate. It was therefore the
purpose of this study to investigate the potential of GS for treating patients diagnosed

with TMJ DJD with pain.

2.2 MATERIALS AND METHODS

Forty-five individuals from a total of 176 interviewed (156 females, 20 males)
over a 16 month period were diagnosed with DJD of one or both TM joints and deemed
eligible to participate in this study. Participants were either patients of our Orofacial Pain
Clinic, at the University of Alberta, or recruited via mail out to Edmonton and surrounding
area dentists or through local newspaper advertisement. Of the females not recruited
(116), 45 did not show radiographic evidence of OA, 30 had inadequate pain levels, 10
reported allergy to NSAID's and 31 did not proceed for radiographic assessment. Of the
male's not recruited (15), 10 did not show radiographic evidence of OA, 3 had
inadequate pain levels, and 2 reported allergy to NSAID's. in addition to exclusion
criteria set for this study (Table 2.1), patients met diagnostic criteria for DJD established
by the American Board of Orofacial Pain®* including radiographic evidence of DJD
confirmed by polycycloidal axially corrected tomographic radiographs (Tomax -
Incubation Industries Inc. 429 Easton Rd. Warrington, Pennsylvania, USA, 18976) and a
minimum mean pretreatment TMJ pain on function (pain on chewing, yawning, laughing
and talking) visual analogue scale (VAS) score of 3 out of 10. Three was used since it is
considered the lower boundary in establishing a moderate pain level for a 1 to 10 VAS
scale?® and moderate pain levels are required before administration of analgesic agents

to ensure adequate sensitivity of treatment effect?®.
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This study was conducted in a double blind manner. Neither the patients nor the
investigators knew which of the two medications was administered until the end of the
study and medications were prepared and coded as identical clear capsules by a local
pharmacist from batches that came with certificate of analysis of ingredients to ensure
uniformity throughout (Appendix I). Jamieson™ (Windsor, Ontario, Canada) and Apotex
Co. (Toronto, Ontario, Canada) kindly donated GS and ibuprofen respectively. There
was no drug crossover since carry over effects have been reported for GS*'%. Patients
were block randomized into one of the two treatment groups, GS (500mg) and ibuprofen
(400mg). The advantage of block randomization is that it ensures that the number of
participants is equally distributed among the treatment groups over the coarse of the
study. There was a one-week pretreatment washout period for all patients to eliminate
the potential effects of previously used NSAIDs and/or analgesics. Participants were
instructed to take the medication q8h with food and allowed only acetaminophen tablets
(500mg), 1-2 q4-6h prn (maximum 4000 mg per day) for breakthrough pain. Patients
returned every 30 days to count acetaminophen used and dispensed the next 30 days of
study medication.

The primary clinical outcome in this trial was a reduction in joint pain with function
(chewing, yawning, talking, laughing) measured using a modified visual analogue scale,
the coloured analogue scale (CAS) developed by McGrath et af’. The CAS, used in
pediatric pain, is a modification of the visual analogue scale, a valid and reliable pain
measurement tool 2%,

Secondary outcomes measured were: 1) Pain free and voluntary maximum
interincisal opening, measured with a 100 mm ruler. 2) Brief Pain Inventory
questionnaire, a valid and reliable questionnaire that measures pain intensity and impact
(interference) on quality of life®'. Intensity (worst and least pain in the last week, average

pain, pain right now) recorded on numerical scales running from O (no pain) to 10 ("pain
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as bad as you can imagine"). The impact of the pain was recorded in terms of how much
it interferes with general activity, mood, walking ability, normal work, relations with
others, enjoyment of life, sleep, recorded on a numerical scale running from O (does not
interfere) to 10 (completely interferes). Permission to use this questionnaire was given
by Dr. Charles S. Cleeland (developer) on March 9, 1998. 3) Extraoral masticatory
muscle tendemess (7 equivalent sites bilaterally (total of 14) was assessed using a
pressure threshold meter (algometer) with palpation sites located according to Kim et a/
199632, Muscles assessed were the anterior, middie and posterior temporalis, anterior,
inferior and deep masseter and medial pterygoid. The algometer is used to obtain the
pressure pain threshold (PPT), the minimum pressure (force) inducing discomfort or
pain. Validity®*® and reliability>>*43"® of this measure has been reported. The pressure
algometer used was the Baseline® push/pull dynamometer (GNR Orthopaedic and
Rehabilitation Products, Ocala Florida), a hand held force gauge fitted with a soft rubber
disk with a surface area of 1cm2 The gauge is calibrated in kg/cm?, with a range to 5 kg
and 50 g divisions. The recording procedure has been previously described® and
consists of placing the tip of the gauge perpendicular to the site of interest, increasing
the pressure at a rate of 1kg/second. The pressure was stopped and the gauge removed
for reading when the patient says "yes" indicating her/his pressure threshold. Pressure
pain threshold values (in kilopascals) for masticatory muscles of specific interest in our
study have been previously reported in females and males without history of headache,
facial, or neck pain® (Appendix !l). Our study used the mean minus one standard
deviation values reported by Chung et a* and converted them to kg/cm® units
according to the formula kg = 0.0102 X kPa/kPa. Readings obtained in our study that
were equal to or below these "normal" PPT values were noted as positive responses
and those that were equal to or higher than the normal values were noted as negative

responses. A value of 1 is assigned for each positive response and O for each negative
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response. In this way a palpation index similar to that described by Fricton et a*' for
masticatory muscles was used to access muscle tendemess. The index used in this
current study is the sum of the positive responses out of the total number of sites (in this
case 14).

Appendix lil presents the intra-rater reliability of the three measurement tools
used (100mm ruler, pressure algometer, CAS) for all variables measured.

Statistical analysis involved paired t-tests for within group analysis and
independent sample t-test for between group analysis. Statistical significance was set at
alpha 0.05. Data were analyzed using SPPS software, version 9.0 for windows.

The University of Alberta Ethics Committee approved this study April of 1998.

2.3 RESULTS

One hundred and seventy-six patients were interviewed for this study from
August 15, 1998 to November 1%, 1999. Of the 45 patients that qualified (mean age
37.5 years; 40 females, Smales), 39 (87%) completed the study. The most common
reason for exclusion was the lack of radiographic evidence of DJD (31%). Four (9%)
patients taking ibuprofen and 2 (4%) patients taking GS discontinued the study due to
side effects. Three of the four dropouts in the ibuprofen group discontinued due to
stomach upset (dropout at day 7 for two of these, day 57 for the other), the other due to
inadequate pain control (dropout at day 64). One dropout in the GS group was due to
dizziness (dropout day 43) the other due to stomach upset (dropout day 34).

There were no significant differences between treatment groups in terms of

demographic characteristics or measured variables at the start of the study (Appendix

V).
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When all patient data was analyzed, there were significant improvements from
baseline (day 0) to day 90 for all variables measured (except acetaminophen used) for
both treatments (Table 2.2).

Six (29%) and 7 (39%) of patients taking either GS or ibuprofen respectively did
not respond when clinical significance was set as a 20% improvement in TMJ pain with
function. Between-group analysis of differences for patients showing at least 20%
reduction in functional pain revealed that participants taking GS improved significantly
greater in terms of functional pain evaluation and overall pain interference than those
taking ibuprofen (Table 2.3). In addition, patients that had taken GS used significantly
less acetaminophen than the ibuprofen group from day 90 to 120.

When clinical significance for functional pain improvement is set at 20% and
above no significant differences are found between the two treatment groups other than

when set at greater than 80% (Table 2.4).

2.4 DISCUSSION

Over the past five years public interest in GS for treatment of OA has increased
due in part by two non scientific publications, The Arthritis Cure* and Maximizing the
Arthritis Cure®®. The lack of interest in GS by researchers and pharmaceutical
companies in general has been attributed by some to the fact that glucosamine is a
natural product that cannot be patented*.

The potential of glucosamine as a therapeutic agent for OA was first reported in
1969 by a German physician'’. Approximately a decade later other German
investigators*>*’ reported decreases in pain often accompanied by increased mobility
when patients received a 400 mg solution of GS once daily administered either
intravenously, intramuscularly or intraarticularly. These results should not be considered

definitive since they were uncontrolied studies. Numerous controlled, double-blind
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investigations evaluating glucosamine (oral, intramuscular or intravenous administration)
versus placebo in patients diagnosed with OA of the knee were carried out in the early
1980's'5-'8. All studies reported gradual and progressive reduction of articular pain, joint
tendemess and swelling, and improvement in the range of motion. A double-blind eight
week study involving 40 patients with OA of the knee, found that GS 500 mg tid was as
effective as Ibuprofen 400 mg tid in relieving pain after the first two weeks and by the
end of the trial was more effective*®. Although these studies reported improvement in
symptoms when patients with OA of the knee were administered glucosamine, there
were limitations in study design that included using hospitalized patients undergoing
active physiotherapy, blinding placebo injections and short study times. These earlier
studies have been critically reviewed***".

A number of articles on GS have been published within the last decade. Muller-
Fassbender and colleagues® in a double blind 4-week trial, randomized 200 patients
with OA of the knee. These researchers found oral GS (500 mg tid.) just as effective as
ibuprofen (400 mg tid.) from the second week of treatment and no difference was found
between groups with respect to the magnitude of response. Adverse events were found
to occur in 35% of the ibuprofen group, but in only 6% of the GS group, with fewer drop-
outs in the latter. Qiu ef af in a similar 4 week trial of 178 Chinese patients found both
GS (1500mg daily dose) and ibuprofen (1200mg daily dose) significantly reduced the
symptoms of knee OA with a trend toward GS to be more effective. The GS group
reported fewer adverse reactions (6%) compared to ibuprofen (16%) group and there
were no dropouts in the GS group as compared to 10% in the ibuprofen group. Noack
and colleagues®, in a 4 week placebo controlled study of 252 patients with OA of the
knee reported patients that had taken 1500 mg/day of GS orally showed significant
improvement in the Lequesne index compared to the placebo group. Reichelt et al.*'

compared treatment of 400 mg of GS intramuscularly twice per week for 6 weeks with
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placebo injections administered on the same schedule in 155 patients with OA of the
knee. Fifty-five percent of patients who received GS and 33% of those given placebo
responded as judged by the Lequesne index.

In the most recent study published, patients with OA of the knee in an 8 week
double blind study were given either glucosamine hydrochloride (n=41), 500mg tid, or
placebo (n=48)*. No statistically significant difference was found between groups in the
primary endpoint measured (Westem Ontario and McMaster University Osteoarthritis
Index (WOMAC) pain score) between Week O and Week 8. However, significant
differences from Week 5 to Week 8 in secondary endpoints (daily diary and knee
examination) were found that suggested that glucosamine hydrochloride benefits some
patients with knee OA.

There has been only one published report of GS for patients with TMJ OA®. The
primary outcome of this study of 50 patients was a reduction in joint noise. All patients
received glucosamine hydrochloride (1600 mg bid), 1000 mg of calcium ascorbate (1000
mg bid) and a mixture of chondroitin sulphate-4 and chondroitin sulphate-6 (1200 mg
bid). Eighty percent of patients after an undefined period of time reported a reduction in
joint noise. Unfortunately, this study does not indicate treatment time (other than patients
were re-evaluated every 2-3 weeks) and cannot distinguish which of the co-administered
supplements influenced outcome the most. In addition, the influence of either occlusal
splint therapy introduced during the study for "many" patients or ibuprofen and aspirin
permitted (counts not reported) when joint pain and/or swelling interfered with daily
routines and activities, on the primary outcome in unclear. This study was neither
randomized nor blinded. Reducing joint noise as a primary treatment outcome for TMD
patients is questionable and the value of this study is uncertain.

Our study was designed to establish whether the food supplement GS, reported

to help the symptoms of knee OA, will improve symptoms in patients diagnosed with OA
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of the TMJ when compared to a more traditionally used pharmacological agent for OA.
An overall > 20% decrease in TMJ pain with functioning (chewing, yawning, talking,
laughing) was our primary clinical outcome since a decrease in pain on function is often
a primary reason why patients present for treatment at our clinic. Important secondary
issues that often arise due to TMJ OA are decreases in pain free and voluntary mouth
opening and masticatory muscle tendemess. Patients aiso report symptoms that
fluctuate in severity over time and interfere with their daily functioning. All these
secondary issues were addressed in this study.

Results from this study found that GS decreased TMJ pain on function, increased
pain free and voluntary mouth opening and decreased the severity and interference the
pain has on daily functions. Similar results were seen for the ibuprofen treatment group,
but improvement in functional pain was significantly less than the GS treatment group
and patients in the ibuprofen group found no significant improvement from the start of
the study in terms of how the pain interfered with daily activities.

Both treatment groups wused approximately equivalent amounts of
acetaminophen for breakthrough pain throughout the study, but once study medication
was discontinued the ibuprofen treatment group needed significantly more
acetaminophen over the ensuing 30 days. This may be attributable to ibuprofen's ability
to only help symptoms while a therapeutic dose is maintained, and a carryover effect for
GS that has been previously reported?'?2,

Important questions clinicians are often asked by their patients are "how much
will this medication help my joint pain and are there any side effects”. Results form our
study indicate that approximately 50% of patients that are prescribed GS will achieve
atleast a 50% reduction in their joint pain on function and 70% of patients at least a 39%

reduction of their pain. Side effects and dropouts in this study are comparable to past
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literature comparing GS and ibuprofen. In general one can expect few side effects -when
taking GS and will mainly consist of minor Gl problems.

Osteoarthritis of the TMJ is a prevalent and serious health care issue. Eight to
12% of patients that present to a TMD and Orofacial pain clinic receive a diagno=sis of
this disease®. These patients tend to be young females in their second and third decades
of life’°, times we consider the most fruitful and productive. In addition, signs and
symptoms of TMJ degenerative disease can occur in early childhood®. Professi-onals
treating OA of the TMJ face similar dilemmas as those treating OA of other joirts in
terms of what's best to prescribe when pharmacotherapy is necessary. For the mos:t part
decisions have been based on knowledge acquired from research on joints other- than
the TMJ. Can we assume that "knowledge of OA in other synovial joints is appropriate to
apply to the TMJ"'?

Fundamental differences exist between the TMJ and other synovial joirsts. A
major difference is that the articular surface of the TM joint (mandibular condyle armd the
temporal fossa) is not cartilage but a dense fibrous connective tissue (also referred to as
fibrocartilage) and consists primarily of type | collagen® rather than type [l seen in
hyaline cartilage®™. Water constitutes over 65-70% of the total weight of hwaline
cartilage® and cited as smaller in TMJ fibrocartiiage®’. Chondrocytes distribbuted
throughout the extracellular matrix accounting for approximately 2%-3% of the total
tissue volume in hyaline cartilage® but only 0.01%-0.1% of the total tissue volurme in
TMJ articular fibrocartilage®. The articular tissue of the TM joint consists mairly of
fibroblasts not chondrocytes as in hyaline cartilage®. In hyaline cartilage, the
glycosaminoglycan chains of proteoglycans consist of 90% chondroitin 4 and 6-sulphate
and keratin sulphate®*. Temporomandibular joint fibrocartiage, dermatan sulphate
content has been cited as being higher, whereas keratan sulphate content is smuch

smaller®'.

95



Our results add to a growing body of literature advocating the use of GS in OA
but also to the controversy that exists with this food supplement. As of 1997, The
Arthritis Foundation does not recommend the use of glucosamine as a treatment of
OA®. GS has been termed a ‘chondroprotective agent'®®’, that has been defined as ‘a
substance able of increasing chondrocyte anabolic activity, while simultaneously
suppressing the degradative action of mediators (cytokines, prostaglandins, proteinases)
on cartilage'ss. This term, however, has been considered misieading and inappropriate
when applied to OA since OA is a process of the entire joint not only the articular
cartiiage®®. The term disease modifying OA drug (DMOAD) (also called structure
modifying drugs for OA) has been used to describe 'an agent that arrests or retards the
progression of OA and/or enhances normal reparative processes in the diseased joint'®.
To date, there have been no agents proven to have structure modifying properties in
humans® and it is not known if GS has DMOAD activity. At this point it may be more
appropriate to describe GS as a 'symptom modifying agent' since improvement in joint
pain is reported for most clinical trials to date and improvement in joint pain is
recommended as the primary outcome measure for symptom modifying agents®.

An in vitro study in the 1950's showed that glucosamine stimulated the uptake of
3g50,~, a marker of glycosaminoglycan synthesis by cartilage™. Glucosamine sulphate
has been found to significantly increase in vitro secretion of glycosaminoglycans by
fibroblast cultures”. Other research in the 1970's and early 1980's have also
demonstrated that exogenous glucosamine increased the synthesis of
glycosaminoglycans in cartilage cultures™". More recently, using chondrocytes isolated
from and cultured from human osteoarthritic femoral heads has found that GS induces a
significant and dose dependent increase of proteoglycan synthesis but did not effect

DNA synthesis or collagen type |l or PGE; production by chondrocytes™.
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Using animal models of inflammation oral glucosamine was reported to protect
rats from inflammation caused by several non-specific foreign agents (dextran, formalin
and acetic acid) but does not exert activity against specific mediators of inflammation
(histamine, serotonin or bradykinin)'®*">. Glucosamine sulphate has no analigesic activity,
is ineffective against proteolytic enzymes of inflamed tissues and against the
biosynthesis of prostaglandin’s elicited from arachidonic acid or histamine'®™.
Glucosamine sulphate reduces superoxide radicals generated by macrophages, inhibits
lysosomal enzymes and its effects are prostaglandin independent'®’. Glucosamines
effects have been described as a prostaglandin independent, cyclooxygenase
independent "antireactive" activity'®’>.

The biochemical events to explain symptom relief in patients taking GS are not
completely known but perhaps only partially explained by GS's ability to act as a
substrate and stimulant of glycosaminoglycan production within articular cartilage. Has a
focus on articular cartilage alone become a 'red herring'? Osteoarthritis is a disease
process of the entire joint that includes the synovial membrane and subchondral bone
and not just the aneural articular tissues. Traditional NSAIDs' decrease symptoms by
inhibiting cyclooxygenase but can also interfere with cartilage metabolism. Glucosamine
sulphate induces cartilage metabolism and its effects are cyclooxygenase independent.
Can symptom relief be entirely explained by cartilage metabolism effects or are there
secondary events such as inhibition of catabolic mechanisms of OA induced by pro-
inflammatory cytokines such as interleukin-1 and tumor necrosis factor aipha that
explain GS's effects? This may warrant further research and provide more insight as to
GS's role in OA.

This study was designed to evaluate whether GS would help the symptoms of

TMJ OA that many patients present with at our Orofacial Pain Clinic. Our resulits,

although only the first for the TMJ, indicate that GS has at least the same potential as a
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traditional medication prescribed for OA and temporomandibular disorders. It is too
early, however, to make definitive conclusions on this food supplement since limitations
were encountered and include; 1) Low statistical power that would be improved with a
larger study population - a post hoc analysis of our results, with a power of 0.80,
revealed that 82 patients would be more suitable for future comparative studies with GS.
2) Large variances in the results, perhaps attributable in part to psychological aspects
known to influence the pain experience- difficult to measure clinically. 3) No placebo
control - although our research did find that once patients taking GS discontinued this
medication less acetaminophen was required for pain over an ensuing 30 days than the

ibuprofen treatment group which is not indicative of a placebo response.
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TABLE 2.1.
EXCLUSION CRITERIA.

Age < 18 years

Baseline pain intensity < 3/10 VAS

DJD as a result of acute trauma, previous infection or general joint/muscle disease
(e.g. rheumatoid arthritis

History of congestive heart failure, renal disease or hepatic disease
History of peptic ulceration or Gl bleeding

Coagulation disorders

Pregnant or nursing mothers

History of hypersensitivity to NSAID's

Active dental disease, periodontal disease, oral infection or pathology,
Using antidepressant or anxiolytic medication

Using an occlusal splint for < 3months

Unwilling to give informed consent

Unwilling to take oral medication

Unwilling to undergo a one week washout

Unable to understand English
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TABLE 2.4.

PERCENTAGE FUNCTIONAL PAIN IMPROVEMENT AT VARIABLE
CLINICAL LEVELS OF SIGNIFICANCE

Glucosamine Ibuprofen

szti:rl:i?::::nm;)d sulphate n=18 P
Negative response 4(19%) 4(22%) 0.807
0 to19 17 (81%) 14 (78%) 0.807
20to 39 15 (71%) 12 (67%) 0.749
40 to 59 10 (48%) 5 (28%) 0.191
60to 79 6 (29%) 3 (17%) 0.367
80 to100 4 (19%) 0 (0%) 0.026

*Test for equality of proportions
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CHAPTER 3
GENERAL DISCUSSION

3.1 INTRODUCTION

The main aim of this thesis was to investigate whether the food supplement GS
would benefit patients diagnosed with TMJ DJD. The impetus for this research was the
fact that many patients that present to our Orofacial Pain Clinic are young women who
receive a diagnosis of TMJ DJD. Once the diagnosis is made and pain an issue, many
are given home care instructions (e.g. soft diet, function within a pain free range of
motion, etc.), referred for physiotherapy if deemed necessary, receive an occlusal splint
appliance where appropriate and placed on anti-inflammatory medications. [buprofen
has traditionally been the first line NSAID in treating TMD conditions™. Unfortunately, Gl
upset will force some patients to discontinue the medication leaving the clinician to
decide what is appropriate for patients with persistent symptoms. In addition, traditional
NSAID's such as ibuprofen may adversely affect the articular tissue of joints*®. This
adds to the challenge of using medications that provide symptom relief but with suitable
side effect profiles.

Our interest in GS was to establish whether our patient population would receive
any benefit from a food supplement which has recently received increased scientific and
media attention. Our results aithough only the first for the TMJ finds GS may have at
least the same potential as a traditionally used NSAID with fewer side effects. In
addition, GS has an additional benefit of providing continued symptom relief after it is

discontinued. Others®'® have also reported this carry-over effect, which may be
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attributable to it's potential for being a substrate and stimulant of anabolic processes
within articular tissues'®.

Osteoarthritis is a dynamic process involving all the joint structures with complex
histological and biochemical processes. Symptom relief with traditional NSAID’s is
mediated via inhibition of COX pathways. Glucosamine sulphate’s effects are COX
independent and it is not considered a true anti-inflammatory'®'". It is evident that GS
provides symptom relief but can this be entirely explained by effects within articular
tissues alone? In other words is it possible for cartilage to “repair” and/or stabilize within
a matter of months and transiate into symptom relief? Might there be cartilage
independent effects? Setnikar and colleagues'®'’ have reported that administered to
rats in high oral doses (50-800 mg/kg), GS inhibited sponge and croton oil granulomas,
carrageenin-induced edema, kaolin-induced and adjuvant arthritis, and peritonitis
evoked by formalin. In mice, glucosamine inhibited acetic acid induced peritonitis. These
authors also reported that glucosamine did not inhibit COX, nor the edema provoked by
injection of the specific inflammatory mediators bradykinin, histamine or serotonin. Given
that glucosamine did not inhibit the response to inflammatory mediators, Setnikar coined
the term ‘anti-reactive’- as opposed to ‘anti-inflammatory’ — to characterize it's activity.
These authors found that glucosamine has no analgesic activity but was able to reduce
the generation of superoxide radicals by macrophages and inhibit lysosomal enzymes.
Further research is required to clarify the mechanism(s) of action of GS.

To date most of our knowledge and treatment of TMJ DJD has relied on
knowledge gained from other synovial joints. In comparison very little is known about
TMJ DJD but it has been assumed that since it is also a synovial joint it follows the same
principals for OA as in other synovial joints'®. Embryologically, however, the TMJ forms

unlike other joints of the body and basic histological differences exist. Furthermore OA of

the TMJ is mainly a disease of young women post puberty and premenopausal, not
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postmenopausal as in other joints of the body. Certainly similarities may exist between
OA of hyaline cartilaginous joints and the TMJ but generalizations are inappropriate.

The pathogenesis of TMJ OA remains a controversial issue. Some researchers
suggest it is a result of mechanical overloading'®. The role of disc displacement is also
unclear, some believing that disc displacement precedes and predisposes to DJD®
while others believe that disc displacement is a sign rather than a cause of DJD*.

In the presence of disc displacement normal functional loads may result in
adaptive tissue responses. At rest (closed mouth position) the condyle now rests on the
highly innervated and vascularized retrodiscal tissues rather than the inferior surface of
the disc. Because the disc is displaced, the opposing osseous articular surfaces
(condyle and articular eminence) are now incongruous (since the disc usually fills the
space between these two convex surfaces)?. With function these incongruous surfaces
approximate with point localization’s of load??. Normal reparative capacities may prevent
damage and retrodiscal tissues remodel into a functional pseudodisc establishing a new
equilibrium?®.

A source of lubrication necessary for normal joint mechanics is weeping
lubrication, released from the disc and squeezed into the joint space between the loaded
bony surfaces and the disc®. Altered disc position may result in decreased joint
lubrication thereby increasing frictional resistance during loaded joint movements. In the
presence of sustained load (e.g. parafunction) altered disc position along with decreased
lubrication may predispose or exacerbate articular tissue failure. The diminution of
adaptive repair leads to regressive remodelling and degeneration may follow?®.

Perhaps of greater value when discussing the etiopathogenesis of TMJ DJD is
the metabolic and/or inflammatory tissue responses that occur in both fibrocartilage and
synovial tissue. As previously discussed adaptive responses may follow disc

displacement. This response represents a balance between repair and degradation of
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ECM components and may be mediated in part by IGF-1, an important growth factor
known to stimulate proteoglycan synthesis but also inhibit proteoglycan catabolism in
chondrocytes?®. In the presence of disc displacement sustained loading (clenching)
and/or repetitive microtrauma (bruxing) or a single event trauma (macrotrauma) may
result in damage to the articular tissues. Fibrocytes in reaction may now release
increased amounts of proteolytic enzymes (MMP'’s) and catabolic cytokines resuiting in
breakdown of the ECM. This could correlate with increased levels of GAG components
found in synovial fluid thought to reflect early signs of TMJ DJD?*®. The ECM
degradation products in addition to other mediators produced by fibrocytes stimulate
synovial macrophages and fibroblasts that in turn secrete a broad range of inflammatory
mediators thereby inducing an observable synovitis®*>*. An immune reaction may aiso
be involved under conditons where the individual loses the tolerance against
autoantigens from the articular tissue®. Cytokines (e.g. IL-1, TNFa) produced by the
synovial membrane diffuse into the articular tissues through the synovial fluid and induce
increased production of proteolytic enzymes and catabolic cytokines. The increased
production of matrix degrading enzymes and cytokines relative to growth factors now
results in the deterioration of articular tissue.

Loading and compression of the vascular synovial tissues in the presence of a
displaced disc could exceed in magnitude the end capillary perfusion pressures of the
tissue. When the intracapsular hydrostatic perfusion pressure exceeds the end-capiilary
perfusion pressure, blood flow is disrupted, resulting in tissue hypoxia®. Protracted
episodes of hypoxia with long-term loading (clenching and bruxism) will affect the
metabolic response of tissue. When tissue perfusion is reestablished blood now re-
perfuses the subintimal tissues and the oxygen debt generated establishes a gradient for

oxygen diffusion into joint tissues. The oxygen is now converted into damaging free
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radicals. These oxygen radicals contribute to the persistence of chronic inflammation

through this process termed hypoxic-reperfusion®’-%.

3.2 STUDY LIMITATIONS

There were a number of limitations and/or potential improvements that could
have been made in this study. The first was patient sample size. Sample size estimation
was based on previously published studies comparing ibuprofen and GS on patients with
OA of the knee®**“? - Appendix V. Sample size calculation indicated that 67 patients were
needed per treatment group, however, only 45 in total were recruited. Recruiting for
appropriate patients involved searching through 1000 active patient charts at our
Orofacial Pain Clinic and 176 interviews of potential candidates acquired either through
mailout to local dentists or local newspaper advertisement. The entire process
demanded 16 months. Acquiring the ideal number of patients would have been beyond
the time constraints of this research project.

The second limitation of this study was that there was no placebo control group.
A three-atmed study with placebo would have been ideal. However, because of
difficulties in obtaining suitable study participants within a reasonable length of time a
comparative study with ibuprofen was undertaken. Ibuprofen, 400 mg tid, has
traditionally been recommended for pain relief of TMD symptoms'= and most studies on
GS compared to an NSAID have used ibuprofen 400mg tid>**'. Although anecdotal in
nature many patients interviewed have said, "you're not using a placebo are you?"

Patient compliance with placebo control would have been difficult.

The author of this thesis believes that DJD of the TMJ is a chronic inflammatory
condition. An argument can be made then that ibuprofen used should have been 1800-
2400 mg/day (anti-inflammatory dose) rather than 1200 mg /day (analgesic dose). The

primary endpoint of this thesis, however, was a reduction in pain rather than
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inflammation and this choice was made from the fact that aimost all patients that present
to our clinic are searching for pain relief. In addition, several papers have reported
similar efficacy between acetaminophen and ibuprofen at both an analgesic (1200mg) or
an anti-inflammatory (2400 mg) daily dosage when treating patients with OA of the
knee*?. The argument can then be made that if a reduction in joint pain is the primary
outcome then only acetaminophen need be used for the comparison group. Many
consider that the therapeutic effects of NSAID's in OA result primarily from their
analgesic rather than anti-inflammatory properties**®. Although the literature suggest
that joint symptoms in many patients can be adequately controlled without NSAID's,
other studies also suggest that some patients prefer NSAID's*. For these patients it is
important to minimize the risk associated with NSAID therapy by minimizing the dose

taken per day*. For these reasons an analgesic dose of ibuprofen was chosen.

3.3 CLINICAL IMPLICATIONS

The results of this study indicate that GS may be useful for patients diagnosed
with TMJ DJD. This food supplement appears to ease symptoms of OA with few side
effects. In combination with other forms of therapy (occlusal splint appliance,
physiotherapy etc.) it may complement more recently developed pharmacotherapeutic
strategies for treating the symptoms of OA. In particular are NSAID’s that are COX-2
specific now available in Canada and include Celebrex® (200-400 mg bid) and Vioxx®
(12.5-50 mg qd). These NSAID’s are purported to be effective against the mediators of
inflammation but with no specific effects on the GIT. At this time there is no reason (other
than cost) that patients with TMJ DJD cannot be prescribed either of these two NSAID’s
in addition to recommending the use of GS — 500mg 3 times/day. If cost is an issue,
NSAID's with high but incomplete COX-2 specificity such as Relafen® (Nabumetone)

are good altemnatives. Acetaminophen can be recommended for breakthrough pain.
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3.4 DIRECTIONS FOR FUTURE STUDIES

At this point in time most, if not all, medications prescribed for OA are useful for
symptomatic management of this disease. As expressed many times throughout this
thesis there can be side effects associated with many of the traditional NSAID's. Hence
the dawn oi the COX-2 specific NSAID's. These newer agents may prove (as did the
traditional NSAID's) useful for alleviating pain, swelling and stiffness but with reduced
side effect profiles. But are they useful for slowing, stopping or even reversing the
structural changes of the disease? Research over last two decades or so has focussed
on medicinal agents that have disease (or structure) modifying abilities. These agents
have been termed chondroprotective agents by some*’*® and more recently disease
modifying OA drugs (DMOAD's)*. A DMOAD's has been described as an agent that
'arrests or retards the progression of OA and/or enhances normal reparative processes
in the diseased joint'?. Table 3.1 shows a variety of pharmacologic agents that have
been investigated for potential DMOAD effects. To date, none have been identified as an
effective DMOAD in humans. | believe that further research is required to assess the

potential of these agents for our patient population.
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TABLE 3.1.

POTENTIAL DISEASE-MODIFYING OSTEOARTHRITIC DRUGS*

Sulfated glycosaminoglycans
Glycosaminoglycan-peptide (GAG-peptide)
Glycosaminoglycan polysulfuric acid (GAGPS)
Pentosan polysulphate
Chondroitin sulphate
Glucosamine sulphate

Non-sulfated glycosaminoglycans
Hyaluronic acid

Agents acting on bone
Bisphosphonates

Etidronate
Caicitonin

Anti-inflammatory agents

Nonsteroidal anti-inflammatory drugs

Piroxicam

Tenidap

Tiaprofenic acid
Glucocorticoids

Oral

Intra-articular
Anthroquinones

Diacerhein
Lipids

Enzyme inhibitors

Tetracycline’s

Doxycyline

Chemically-modified tetracycline’s
Specific stromelysin inhibitors
Specific collagenase inhibitors

Cytokines/growth factors
Growth hormone
Insulin-like growth factor-1
Transforming growth factor-pg
Interleukin-1 receptor antagonist
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APPENDIX I

Appendix I

APOTEX INC.

CANADA'S PHARMACEUTICAL COMPANY
SOCIETE PHARMACEUTIQUE ENTIEREMENT CANADIENNE

June 3, 1998

Dr. Norm Thie Via Courier
TMD Investigational Unit

Faculty of Medicine & Oral Health Science

4068 Dentistry/Pharmacy Centre

University of Alberta

EDMONTON, ALBERTA

T6G 2N8

Dear Dr. Thie:

We are happy to donate to you as discussed, 6 kilograms of pure Ibuprofen USP for

use in your study, “Double-blind clinical evaluation of the effectiveness of Glucosamine
Sulphate and Ibuprofen for treating patients with temporomandibular joint degenerative
disease with pain”. | have aiso enclosed a Certificate of Analysis of this lot of Ibuprofen

for your records.

t wish you great success in your study and if you have any questions regarding this
Ibuprofen, do not hesitate to call me directly at 416-401-7315.

Sincerely.
APOTEX INC.

NG Lo

Nicholas F. Cappuccino, Ph.D.
Vice-President Research & Development

NC/Donations/DeNThie/pl
cc: Dr. M. Spino
J. Kay
. . Scientific Affairs Fax # (416) 749-3234
150 Signet Drive, Weston, Ontario, Canada MSL 179 - ®
Tel: (416) 749-9300 + Telex: 065-27284 « Fax: (416) 749-9578 Coma
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APOTEX INC.

Material Type

CERTIFICATE OF ANALYSIS

- IBUPROFEN USP

Rec. No. : CDO518
Sample Type : RM-3080-05 Jssue No. 11
Specification : 3090-05 Vers. No.3

Storage Precautions : STORE IN TIGHT CONTAINERS

QUALITY CONTROL LAB
RAW MATERIAL TESTING

Page 1 of 2

DATE PRINTED : 5/29/98 18:20:40

( 200007468 / 100006844 )

127

METHOD
COMPONENT SPECIFICATION RESULT
APPEARANCE
OVERALL APPEARANCE FINE, WHITE, CRYSTALLINE PASS
POWDER.
" PARTICLE SIZE (IMAGE)
% UNDER 50 um MINIMUM 90 % 98 %
% GREATER THAN 100 um MAXIMUM 1% 1%
IDENTIFICATION
IR SPECTRUM CORRESPONDS TO STANDARD.  PASS
UV SPECTRUM CORRESPONDS TO STANDARD.  PASS
% ABSORPTIVITY DIFF. 264 MAXIMUM 3.0 % 08%
am
% ABSORPTIVITY DIFF. 273 MAXIMUM 3.0 % 12%
nm
HPLC: RETENTION TIME CORRESPONDS TO STANDARD.  PASS
WATER
MAXIMUM 1.0 % 0.0%
RESIDUE ON IGNITION
MAXIMUM 0.5 % 00%
HEAVY METALS
NOT MORE THAN 0.002%. LESS THAN 0.002%
ORGANIC VOLATILE IMPS
BENZENE MAXIMUM 100 PPM NONE DETECTED
CHLOROFORM MAXIMUM 50 PPM NONE DETECTED
1,4-DIOXANE MAXIMUM 100 PPM NONE DETECTED
METHYLENE CHLORIDE MAXIMUM 500 PPM NONE DETECTED
TRICHLOROETHYLENE MAXIMUM 100 PPM NONE DETECTED
SPECIFIC RELATED COMPOUND
4-ISOBUTYLACETOPHENONE MAXIMUM 0.1 % 0.00 %
RELATED COMPOUNDS
1B RC7 MAXIMUM 0.3 % 0.03%
I8 RC6 MAXIMUM 0.3 % NONE DETECTED
IB RC5 MAXIMUM 0.3 % 0.07 %
MAX. UNIDENTIFIED COMPOUND  MAXIMUM 0.3 % TRACE
TOTAL RELATED COMPOUNDS MAXIMUM 1.0 % 0.10%



CERTIFICATE OF ANALYSIS QUALITY CONTROL LAB

APOTEX INC. RAW MATERIAL TESTING
Material Type : IBUPROFEN USP
Rec. No. : CDos18
Sample Type : RM-3090-05 JIssue No. 11
Specification - 3090-05 Vers. No. 3
Storage Precautions : STORE IN TIGHT CONTAINERS
METHOD
COMPONENT SPECIFICATION RESULT
ASSAY
AVG. ASSAY (anhydrous 97.0to 103.0 % 100.6 %
basis)
Expiry Date: 31-MAY-00
St
Released By: Ve Sainatal Date: __29-MAY-98 17:54
V. Subramaniam
Supervisor, Q.C. Raw Materials Testing
Page 2 of 2

DATE PRINTED : 5/29/98 18:20:40
( 200007468 / 100006844 )
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Jamieson

Since £ 1922

Stanley M. Chiacko

Quality Assurance Coordinator
Phone: (519) 974-8482 Ext 292
Fax: (519)974-4742

E-mail: schacko@jamicsonvitamins,com

TO: COMPANY:
Dr. Notman Thie University of Alberta
FAX NUMBER: DATE:
(403) 492-1624 08/27/98
PHONE NUMBER: TOYAL NO-OF PAGES INCLUDING COVER:
(403) 492-2101 4
RE: cCs
Glucosamine Sulfare C. of A. Danie! Houde, Manager of Technical Suppoct
——

U urGeNt O rorREVIEW [ pLEASE COMMENT [IPLEASE REPLY [ PLEASE RECYCLE

Dear Dr. Thie,

Imb@fmmﬁqhmm&&ﬁﬁm&m&&fm&wmm I have
also endosed our Ingredient Listing for this producr.

If chere is anything else you require, please conract me.

Thankyou,

Best Regards,

=

Stan Chadko

C.E. Jami & Corapany Limited
4025 Rhodcs Drive, Windsor, Ontario NSWSBS #  Tceb: (519) 9748482 Fax: (519) 97447$2
Manufacturing # Administration # Labacatories
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amieson

Since @ 1922

CERTIFICATE OF ANALYSIS

GLUCOSAMINE SULFATE

TESTS SPECIFICATIONS RESULTS

DESCRIPTION WHITE OR PALE BROVWN CRYSTALLINE CONFORMS
POWDER OR GRANULAR CRYSTALS

OPTICAL ROTATION +62.0 TQ +566.0° +£83.2°

pH <.04.4 43

TRANSMITTANCE >=06_0% Q7.9%

CHLORIDE (Cn 11.9- 12.8% 12.3%

IRQON (Fe) <=10 PPM CONFQRMS

ARSENIC <=1 PPM CONFORMS

HEAVY METALS (Pb) <=1 PPM CONFORMS

LOSS ON ORYING <=0.5% 0.11%

RESIDUE ON IGNITION 23.8-257% 24.7%

ASSAY 6.0 - 104.0% 101.1%
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APPENDIX Il

Pressure Pain Threshold (&SD) values (kPa)* converted to kg/cm? and used as

cut off for the present study.

Males Females
Total Total
(right and left) (right and left)
Muscle Mean SD Kg/cm® Mean SD Kg/cm®
Anterior temporalis 308.0 93.34 2.19 2391 58.5 1.84
Middle temporaiis 357.8 1349 2.27 2746 60.9 2.18
Posterior temporalis  354.2 109.3 2.50 298.0 76.4 2.26
Deep masseter 249.2 70.6 1.82 201.4 50.3 1.54
Anterior masseter 228.1 41.5 1.90 188.0 39.3 1.51
Inferior masseter 219.0 58.0 1.64 168.2 30.3 1.41
Medial pterygoid 156.9 30.1 1.29 133.5 304 1.05
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APPENDIX L.

Intra-rater reliability of measurement tools for all variables - § TMD patients
independent of study over 3 consecutive days (Mon., Wed., Fri.)

Variable Reliability Coefficient

1) Functional pain evaluation (CAS)
a) Pain when yawning 0.8923
b) Pain when chewing 0.8615
c) Pain when talking 0.9747
d) Pain when laughing 0.9099

2) Pain free mouth opening (mm) 0.9666

3) Voluntary mouth opening (mm) 0.9336

4) Muscle paipation

i) Right
a) Anterior temporalis 0.8174
b) Middle temporalis 0.8577
c) Posterior temporalis 0.8087
d) Anterior masseter 0.9546
e) Inferior masseter 0.9424
f) Deep masseter 0.9098
g) Medial pterygoid 0.9137
i) Left

a) Anterior temporalis 0.9791
b) Middle temporalis 0.9175
c) Posterior temporalis 0.9667
d) Anterior masseter 0.9620
e) Inferior masseter 0.8873
f) Deep masseter 0.7954
g) Medial pterygoid 0.9609
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APPENDIX IV.

Pretreatment comparison of study groups.

) Observed
Variable Gllslz?pshaa"t';ne Ibup=r1o ;en difil;er::ce p
n=21 between
treatments
Demographics
1) Age (years) 36.62(10.30) 38.73(13.30) -2.11 0.55
2) Disease duration (months) 16.61(8.06) 15.09(8.01) 1.52 0.53
Measured Variables
1) Functional pain evaluation (CAS) 23.18(6.53) 19.52(6.74) 3.66 0.09
2) Pain free mouth opening (mm) 24.71(9.25) 26.06(8.12) -1.34 0.64
3) Voluntary mouth opening (mm) 34.52(7.26) 37.39(7.46) -2.87 0.23
4) BPI questionnaire (CAS)
i) Pain intensity 22.67(5.34) 19.36(7.65) 3.31 0.13
ii) Pain interference (CAS) 32.26(13.26) 25.19(14.79) 7.07 0.12
5) Extra oral masticatory muscle pain 7.81(5.07) 8.00(5.43) -0.19 0.91

(positive on 14 sites)
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APPENDIX V
Sample size estimation

Sample size estimation was based on the two published studies on humans comparing
Ibuprofen and GS (39,40).

To determine sample size we must specify

1) o%

2) The probability, a, of a Type | error;

3) The magnitude of the difference p4-p2 to be detected; and

4) The power, 1-B, or equivalently the probability of a Type Il error, B.

A=]p-upl

A =2/466

A =0.4292

n= 2‘21.0,/2 + 21-&2
AZ

n = 2(1.645+0.84)°
0.4292°

n=67
Power = 0.80

Therefore, 67 patients are needed per treatment group for a total of 134 in this
investigation.
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