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Chapter 1

General introduction
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The temporomandibular joint

The articulation of the mandible with the cranium consists of two synovial joints,  
bilaterally located anteriorly of the external auditory meatus. In each temporomandibular 
joint (TMJ), the mandibular condyle articulates with the squamous part of the temporal 
bone (figure 1). The TMJs control the position and growth of the mandible.

Figure 1. Sagittal section of the right TMJ. (A) temporal bone, (B) mandibular condyle, (C) external 
auditory meatus, (D) articular disc with 1) anterior attachment, 2) anterior band, 3) intermediate zone, 
4) posterior band, 5) retrodiscal tissue.

Glenoid fossa
In its resting position, the mandibular condyle is seated within the glenoid fossa (also 
termed mandibular fossa), a concavity within the temporal bone. The anterior boundary of 
the squamous part of the glenoid fossa is formed by the articular eminence. The posterior 
boundary of the fossa is formed by the tympatic plate, which also forms the anterior  
boundary of the external auditory meatus. The roof of the glenoid fossa is a relatively thin 
part of the temporal bone, suggesting that this is not likely to be the major load bearing 
part with regard to the masticatory forces.
 The articular eminence is strongly convex in sagittal direction and moderately concave 
in transversal direction. During wide opening the complex of the articular condyle and  
intraarticular disc slides anteriorly towards the top of the eminence and onto the 
preglenoid plane. Laterally of the articular eminence the articular tubercle serves as an 
attachment area for the temporomandibular ligament, and unlike the articular eminence 
is not an articular surface. 
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Mandibular condyle
The articular surface of the condyle is located at the upper and anterior side. The condyle 
is convex in both the sagittal and transversal plane. The articular disc is attached to the 
lateral pole and medial pole of the condyle. The temporomandibular ligament is also 
attached to the lateral pole. The condyle is covered by fibrous tissue, which is derived 
from, and continuous with, the periosteum of the mandible.

Articular disc
The articular disc can be subdivided into five parts (figure 1):
• the anterior attachment of the disc, which fuses into the capsule of the TMJ;
• the anterior band which, together with the anterior attachment, forms the anterior 

part of the disc; 
• the intermediate zone, which forms the thin central part of the disc, is seated between 

the antero-superior part of the mandibular condyle and the postero-inferior slope of 
the articular eminence;

• the posterior band forms the thick posterior part of the disc;
• the retrodiscal tissue, which is the posterior attachment of the disc and also frequently 

referred to as ‘bilaminar zone’, because posteriorly it splits into two layers of highly 
vascularized tissue: the superior stratum, which is a fibro-elastic layer that attaches 
to the postglenoid process, posterior articular lip, and the tympanosquamosal 
fissure; and the inferior stratum, which consists of fibrous tissue, and attaches to 
the posterior portion of the condylar neck immediately below the articular surface. 
These two layers are separated by an intermediate layer of loose connective tissue 
that is attached to the posterior wall of the joint capsule and is richly vascularized 
and innervated. 1,2

Unlike anteriorly and posteriorly, the articular disc is not attached to the capsule  
medially and laterally. Instead, the disc is attached to the medial and lateral poles of the 
mandibular condyle, permitting it to passively follow the condyle along the eminence. 

TMJ cartilage and synovial fluid

The articular surfaces are lined with cartilage, which prevents bone contact during  
articulation. The articular cartilage consists of chondrocytes and a matrix of collagen (mostly  
type I or type II) and hydrophilic proteoglycans, and glycoproteins. In most synovial joints 
the articulating surfaces are covered with hyaline cartilage, whereas the articular surfaces 
of the TMJ are lined with fibrocartilage. Compared to hyaline cartilage, fibrocartilage has a  
lower water content (60-70% vs 68-85% by mass), a higher collagen content (15-25% vs 10-
20%  by mass) and a lower proteoglycan content (1-2% vs 5-10%  by mass). 3 In healthy TMJs the  
fibrocartilage mainly consists of type I collagen. The superficial layer may contain more 
collagen type II than the inner part, especially with regard to the articular disc. 4 Hyaline 
cartilage has relatively high contents of collagen type II. 
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Synovial joints are surrounded by an articular capsule. The inner sides of the TMJ 
capsule and disc, except the articulating surfaces, are lined with a synovial membrane. 
This membrane allows diffusion of a plasma filtrate and components of its own to 
produce synovial fluid (SF). One of the main functions of the SF is lubrication of the 
joint. 6,7 Several theories have been proposed to explain the remarkably low friction in 
synovial joints. Currently, the two most prominent and mutually complementary views 
are referred to as hydrostatic lubrication, which involves interstitial fluid pressurization 
from the cartilage and is thought to form a layer which separates the articular surfaces, 
and boundary lubrication, which assumes the existence of a substance that binds to the 
cartilage surface separating these more permanently. 5 Since the fibrocartilage lining is 
avascular, and its cells have limited ability for self repair, the circulating SF also provides 
for nutrient distribution and waste removal. 7,8 Furthermore, SF is an important protector 
of the articular surfaces, largely by means of surface-active phospholipids. 9,10 The water-
soluble glycoprotein lubricin functions as a carrier for the highly insoluble surface-active 
phospholipids and contributes to the achievement of very low coefficents of friction. 9

 Hyaluronic acid, one of the main components of SF, has been assumed to separate 
the articular surfaces under low loads because of its high molecular weight, which gives 
SF its high viscosity. Degradation of hyaluronic acid likely reduces the viscosity of the SF. 
However, this does not appear to affect the SF as a lubricant. Rather, it mainly impairs the 
protective function of the SF. Hyaluronic acid adheres to the surface-active phospholipids 
and protects them from lysis by phopholipase A2. 

11

Arthralgia of the temporomandibular joint

Arthralgia literally means ‘joint pain’. Many events may provoke arthralgia, including 
various systemic diseases and traumatic overloading. Possible causes may be subchondral 
micro fractures, stimulation of periosteal free nerve endings, synovitis and stretching of 
the capsule. In some cases the cause of the pain is known, allowing causal therapy to 
be applied. If the pain persists beyond the normal tissue healing time, it may become 
chronic. Every pain complaint involves somatic, cognitive, emotional, behavioural and 
social components. While in acute pain the somatic component is dominant, chronic pain 
is characterized by more prominent involvement of cognitive, emotional, behavioural 
and social components, thus significantly affecting the patient’s quality of life. Therefore, 
chronic or persistent pain is usually more difficult to treat than acute pain. Therefore, an 
important aim of the treatment of arthralgia is to prevent the pain from becoming chronic.
Arthralgia may present as an arthritis with distinct features of inflammation, but often 
the presentation is more subtle. Furthermore, TMJ arthritis is often accompanied with 
tendomuscular symptoms. The most common form of TMJ arthritis is osteoarthritis, which 
is rarely accompanied by acute inflammatory symptoms, except for pain and function 
impairment. 12
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Osteoarthritis
Osteoarthritis (OA) is one of the most common causes of arthralgia in the TMJ. This type 
of arthritis is related to joint loading and is also known as “wear-and-tear” arthritis or 
degenerative joint disease. Because of its chronic nature, the disease often has considerable 
impact on the patient’s quality of life 13,14 and may be associated with depression, anxiety, 
and somatisation, which lead to further limitation of daily activities. 15,17 Patients with 
arthralgia appear to make more use of health care services and consequently generate 
higher costs compared to healthy controls. 18 Unlike osteoarthritis in large synovial joints, 
where OA usually affects the older population (i.e., older than 50 years of age), in the TMJ 
the disease generally occurs at the age of 20 to 40 years. Women are more frequently 
affected than men. 
 The disease is a degenerative process affecting the joint and its surrounding tissues. 
Pain and restriction of the mandibular range of motion are the main symptoms. Although 
the cause of the pain is not always clear, it originates from the non-articular tissues since 
the articular cartilage is not innervated. Quite commonly, OA occurs in combination with 
internal derangements like disc displacements, which can lead to joint sounds like clicking 
and crepitation and can lead to locking of the joint. 19 Especially in older patients with 
a long duration of locking and a small interincisal opening, adhesion formation in the 
upper joint space may contribute to a restricted range of motion of the mandible. 20 Under 
normal conditions, loading of the articular surfaces results in proteoglycan proliferation 
thereby increasing the elasticity of the cartilage as a repair mechanism. The spin off 
for the pathologic process is when the equilibrium between mechanical load and the 
adaptive capacity of the joint’s tissues is disturbed and degradation of the articular tissues 
dominates regeneration. Moreover, progressive degradation of the components of the 
extracellular matrix of articular cartilage occurs mainly by matrix metallo proteinases and 
interleukins.21,23 Initial changes in OA include microscopic breakdown of the articular 
cartilage and chondrocyte clustering, followed by substantial matrix degradation, i.e. 
proteoglycan depletion and altering of the collagen network architecture. As a result, 
subsequent vertical and horizontal splitting occurs as well as fibrillation and thinning, 
which eventually may lead to denuding and destruction of the subchondral bone. 
Furthermore, in the articular disc transformation of cartilage seems to occur. In the 
articular surfaces collagen type II synthesis appears to be significantly higher than in the 
inner part of the TMJ disc. 4 

 Besides tissue destruction, also degradation of SF components occurs. SF is an 
important protector of the articular tissues, and degradation of its components reduces 
this function. Consequently, this leads to accumulation of intra-articular stress and 
friction, which results in more wear of the articular surfaces, changes in the proteoglycan 
aggregation, and inadequate cartilage repair. Furthermore, there seems to be a decline 
in lubricin concentrations in osteoarthritic joints, indicating an adverse contribution to 
the essential boundary lubrication mechanism. 24 Therefore, the SF of inflamed TMJs 
often contains elevated levels of degradation products, proinflammatory cytokins, matrix 
degrading enzymes, and reactive cytokines. 25
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Several theories have been proposed to explain at least a part of the processes that may be 
involved in TMJ OA. In 1998 Milam et al. proposed the theory that mechanical stresses lead 
to the accumulation of damaging free radicals in affected articular tissues of susceptible 
individuals. 26 This condition was referred to as reactive oxidative stress. Further research 
seemed to confirm this theory. 27 One of the most prominent theories of how highly 
reactive free radicals are formed is the hypoxia-reperfusion theory. This theory is based on 
the assumption that when the TMJ is loaded, hypoxia occurs in the vascularised articular, 
particularly retrodiscal tissues. When the joint unloads again, the tissues are re-perfused 
during which free radicals are formed. 26 The hypothesis that this mechanism occurs in 
TMJ OA may form a theoretical basis for treatment modalities focusing on load reduction 
of the joint and elimination for damaging molecules from the joint.

Treatment approaches for TMJ arthralgia
Because the pathophysiology and risk factors for TMJ arthralgia are not yet clear, 28 
treatment is usually focused on pain relief and functional recovery. However, pain of 
the TMJ is complicated, and multiple factors are believed to contribute to the conscious 
perception of pain. 
 In case of TMJ pain caused by acute inflammation, the treatment of preference is 
usually pain reducing and anti-inflammatory medication, for example Ibuprofen 600mg 
three times daily during two weeks. 29,30 In most cases this approach appears to be 
sufficient. However, despite this treatment the pain may persists and the inflammation 
process appears to be more chronic. The initial treatment usually is non-invasive and 
pursues force reduction on the joint surfaces in order to prevent further cartilage 
degeneration. It usually focuses on reduction of the joint loading, by prescribing a 
soft diet, physiotherapy, functional/behavioural education, and oral appliances. 31,32 
Recuperation of the joint initiated by this pursued force reduction, starts with fagocytosis 
of proteoglycan and collagen degradation products and proteolytic enzymes. 33 This 
process takes time, is dependent on patient compliance, and its outcome and duration 
are clinically unpredictable.
 Several treatment modalities, frequently referred to as minimally invasive techniques, 
include arthrocentesis, arthroscopic surgery and intra-articular application of substances 
that may reduce inflammation and pain and improve mandibular function. Currently, these 
minimally invasive techniques are applied after conservative, non-invasive treatment 
has failed. Open joint surgery, including discectomy, meniscoplasty, eminectomy, 
and adhesiolysis, may be indicated when minimally invasive techniques have been 
insufficiently effective to manage pain, restricted mandibular movement, and locking. 
34,36
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Arthrocentesis and viscosupplementation as treatment modalities for 
osteoarthritis of the temporomandibular joint

Arthrocentesis
In 1975 Ohnishi introduced arthroscopy as an invasive technique allowing direct visualization 
of the joint structures and lysis and lavage of the upper joint space. 37,38 To date, TMJ 
arthroscopy has been reported to be an effective and reliable technique for the treatment 
of closed lock. 39 Arthrocentesis of the TMJ consists of lavage of the upper joint space with 
saline without performing arthroscopy, using only two communicating needles that are 
introduced in the upper joint compartment. During lavage of the joint space, elevated levels 
of degradation products, proinflammatory cytokins, matrix degrading enzymes, reactive 
cytokines and pain mediators are flushed out. 40 This procedure can be performed under 
local anaesthesia or under general anaesthesia and has proven to be highly effective for 
resolving pain of the TMJ which is thought to be related to the molecular events referred to 
earlier. 41,42 For arthrocentesis in joints with anterior disc displacement without reduction 
success rates up to 91% have been reported. 43 Although the evidence is not conclusive, 
it seems that arthrocentesis has a beneficial effect on pain and impairment of mandibular  
motion. 42,44-48 Al-Belasy and Dolwick concluded that arthrocentesis is a highly efficient 
procedure with low morbidity. 42 In the past decade, arthroscopy and arthrocentesis have 
been applied with increasing frequency to treat TMJ internal derangements that have 
failed to improve after non-surgical treatment.  49

 In 1996 Fridrich investigated the effect on pain reduction of lavage of the TMJ with and 
without arthroscopy. Arthroscopy and arthrocentesis appeared to be equally effective in 
reducing pain, which has been confirmed by more recent studies as well. 44,50-54 However, 
not all of these studies were properly designed, and most of them lacked a control group. 
Furthermore, Guo et al. were the first to systematically search for the effectiveness of 
arthrocentesis of the TMJ compared to arthroscopy. 52 The main outcome of this study was 
that arthroscopy and arthrocentesis are equally effective with regard to pain reduction, 
although the included studies lacked a non-surgical control group. 
 Knowing this, to date a more relevant question to the patient as well as to the clinician 
is how effective lavage of the TMJ (i.e. arthrocentesis or arthroscopy) is compared to non-
surgical therapy. If non-surgical therapy appears to be more effective than TMJ lavage, 
this may support the current treatment approach. However, if TMJ lavage turns out to be 
more effective than non-surgical therapy, this may justify reconsideration of the current 
treatment approach. If lavage of the TMJ and non-surgical therapy appear to be equally 
effective in reducing the symptoms, the indication for arthrocentesis would be doubtful 
and would become more dependent on factors like cost-effectiveness and treatment 
duration. 
 In addition to the arthrocentesis procedure different supplements are used in order to 
improve the clinical outcome. Corticosteroids are commonly used in an attempt to further 
reduce pain and jaw stiffness caused by synovitis of the joint capsule. 55 Corticosteroids 
modify the vascular response during the inflammatory process and inhibit enzymes and 
the actions of inflammatory cells. However, the use of corticosteroids also has a potential 
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negative influence on chondrocyte activity, and may accelerate the degradation process 
of articular cartilage. 56 Their use in the TMJ remains controversial with regard to their 
efficacy and unknown duration. 57

 One of the substances of current interest is hyaluronic acid as mono-therapy as well 
as in combination with arthrocentesis. In large synovial joints, such as the knee joint and 
the ankle, application of this substance as mono-therapy has shown to be superior in 
the treatment of osteoarthritis with regard to pain relief and function improvement. 58,60 

However, with regard to minimally invasive treatment of the TMJ there is a paucity of 
high level evidence. 32 Hyaluronic acid can be combined with arthrocentesis in order 
to improve cartilage protection of the TMJ after lavage of the joint space. Guarda-
Nardini et al. performed a pilot study on the efficacy of arthrocentesis combined with 
viscosupplementation. 61 However, this study lacked a (placebo) control group and 
neither the patients nor the treating clinicians were blinded. Nevertheless, the results 
were promising. The indication for the use of hyaluronic acid and the dosing regimen in 
addition to arthrocentesis have not yet been established. 62,63

 At the start of the arthrocentesis procedure, saline is injected into the joint space and 
the mixture of SF en saline is aspirated in order to confirm the position of the first needle. 
This aspirate contains diluted concentrations of degradation products, proinflammatory 
cytokins and matrix degrading enzymes which can easily be used for analysis in order 
to investigate the disease activity or severity. Since the diagnosis and treatment of TMJ 
arthralgia are usually based on clinical and radiologic examination, whereby severity of 
cartilage degradation and activity of the degenerative process remain largely unknown, 
there is a growing interest in markers for degeneration in SF. Many markers have been 
investigated in the TMJ as well as in other synovial joints. The current understanding 
of articular maintenance and degradation is derived from large, load-bearing joints, in 
particular the knee joint. 64 The serum level of cross-linked carboxy-terminal telopeptides 
of collagen type II (CTX-II) is believed to be an important marker for destruction of hyaline 
cartilage, which consists mainly of type II collagen. 65,67 However, with regard to SF CTX-II, 
the importance of this marker is still ambiguous. 67,68 Since the cartilage lining of the articular 
surfaces of the TMJ predominantly consists of collagen type I, SF concentrations of CTX-II 
may be less informative for cartilage degeneration in the TMJ. Serum concentrations of 
CTX-I are generally seen as an important marker for bone degeneration in the knee joint. 
However, degradation of fibrocartilage may result in high concentrations of CTX-I in SF 
because of the degradation of collagen type I, especially in an early stage of the disease. 
Serum concentration levels of cartilage oligomeric matrix protein (COMP) are considered 
to be a biomarker of both hyaline cartilage and fibrocartilage degradation. 69,71

 In current initial therapeutic strategies for TMJ arthralgia, in which conservative 
treatment is offered first, duration and clinical outcome are unpredictable and are 
dependent on patient compliance. Consequently, this approach includes multiple visits 
to the outpatient clinic in order to monitor the clinical course and to optimize patient 
compliance. If patients are non-responsive to this approach and the arthralgia appears 
to persist, conservative therapy is usually followed by minimally invasive techniques such 
as arthrocentesis. Improvement during the conservative therapy phase usually occurs 
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slowly. Furthermore, there is no definite evidence that loading of the articular surfaces 
is reduced by conservative therapy, and since arthrocentesis seems to be highly efficient 
in patients who did not benefit sufficiently from conservative treatment, this treatment 
modality could be applied at an earlier stage. Adequate reduction of TMJ pain may prevent 
the development of chronic pain, reduce the impact on daily activities, and reduce the 
need for additional health care utilization. 72 Therefore, using arthrocentesis as an initial 
therapy for TMJ arthralgia, may reduce medical and non-medical costs, both directly and 
indirectly, as it seems to immediately reduce inflammatory and pain mediators and may 
ultimately prevent the disease from remaining symptomatic.

Viscosupplementation
Viscosupplementation is the repeated intra-articular administration of a highly viscous 
fluid e.g. sodium hyaluronate. In large synovial joints, such as the knee joint, this treatment 
has shown to be superior in the treatment of OA with regard to pain reduction and 
improvement of joint function. 58,60 However, despite the assumed similarity between 
OA of the knee and OA of the TMJ, viscosupplementation as treatment modality for 
TMJ OA has not been investigated thoroughly before. 73 Bertolami et al. performed 
a randomized, double blind, placebo controlled trial on this topic in the TMJ, but how 
blinding of the patients and the clinician was obtained was not mentioned. 74 Guarda-
Nardini et al. performed a pilot study on the effectiveness of arthrocentesis combined with 
viscosupplementation, 61 but this study lacked a (placebo) control group and neither the 
patients nor the treating clinicians were blinded. Nevertheless, the results were promising. 
Furthermore, Tang et al. investigated the effect of hyaluronate on the synovial fluid from 
the TMJ. 75 Their results confirm the possible usefulness of hyaluronate injections in the 
treatment of TMJ arthropathy.

Aims and outline of the thesis

In this thesis the clinical effectiveness and cost effectiveness of arthrocentesis 
for the treatment of arthralgia of the TMJ are studied. Furthermore, relevant TMJ 
pathology with regard to the development of new treatment modalities, in particular 
viscosupplementation, are investigated.
 The effectiveness of TMJ arthrocentesis (with or without arthroscopy) with regard to 
pain reduction and improvement of the mandibular range of motion compared to non-
surgical treatment modalities is systematically reviewed in chapter 2. In the literature, 
arthrocentesis is usually applied following insufficiently effective non-invasive treatment. 
In chapter 3 the clinical effectiveness of corticosteroid administration following 
arthrocentesis of the TMJ is investigated in a randomized placebo controlled trial. In this 
trial arthrocentesis was applied as initial treatment. However, this study was not designed 
to investigate the effectiveness of arthrocentesis as initial treatment. In order to thoroughly 
test this new treatment strategy, in chapter 4 the clinical effectiveness of arthrocentesis as 
initial treatment is compared to ‘care as usual’ in a randomized controlled trial. The cost-
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effectiveness of these treatment options is studied in chapter 5.
 With regard to the pathophysiology of degenerative processes involved in arthralgia 
of the TMJ, hypoxia-reperfusion injury is one of the most prominent theories. Chapter 
6 is a systematic review of the literature to determine the available evidence to support 
or reject this theory. The degenerative process is characterized by the progressive loss 
of articular cartilage and subchondral bone. Degradation of these tissues may result in 
detectable concentrations of breakdown products in the SF, of which CTX-I, CTX-II, COMP 
are specific markers. In chapter 7, relative SF concentrations of CTX-I, CTX-II, COMP and 
PGE2 are determined in arthralgic TMJs compared to knee joints. In chapter 8, these 
markers are studied comparing arthritic TMJs with healthy, symptom free TMJs.
 For the investigation of (future) intra-articularly applied therapeutic agents it is 
important to test these agents in a double blind manner. However, proprioceptive 
information during application of substances with different viscosities has not been 
eliminated successfully in previous studies. In chapter 9 the feasibility of a double blind 
study design with regard to intra-articular fluid or drug administration is explored.
 In the general discussion the results of this thesis are discussed and placed into clinical 
and economical perspective. Furthermore, future research directions are considered, 
especially with regard to intra-articular fluid application in the diagnosis of TMJ arthralgia 
and the role of minimally invasive treatments of arthralgia of the TMJ.
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Abstract

Objective To carry out a systematic review of randomized controlled trials (RCTs) to 
investigate in patients with arthralgia of the temporomandibular joint (TMJ) the 
effectiveness of TMJ lavage compared to non-surgical treatment with regard to pain 
intensity and mandibular range of motion. 

Methods The electronic databases Cochrane Controlled Trials Register (1960-2012), 
PubMed/Medline (1966-2012) and EMBASE (1966-2012) were systematically searched 
for relevant RCTs. References of relevant articles were searched for additional studies, 
as well as citing reports. Two authors independently performed data extraction using 
predefined quality indicators. Relevant outcome data included pain reduction, using a 
visual analogue scale (VAS) or a pain score from 0-10, and maximal mouth opening (MMO) 
before and six months after treatment. Included trials were combined using fixed and 
random effects meta-analysis. 

Results Three RCTs (222 patients) were included for meta-analysis. The statistically 
significant overall standardized mean difference (SMD) (P<0.001) with regard to pain 
intensity was -1.07 (95% CI=-1.38, -0.76) in favor of TMJ lavage. The MMO did not change 
significantly (P>0.05, SMD=0.05 (95% CI=-0.33, 0.23)).
 
Conclusions The results suggest that with regard to pain reduction lavage of the TMJ may 
be slightly more effective than non-surgical treatment. However, this difference is not 
likely to be clinically relevant. 
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Introduction

Degenerative diseases of the temporomandibular joint (TMJ) often involve significant 
pain and reduced range of motion of the mandible. Because of its chronic nature, the 
disease often has considerable impact on the patient’s quality of life. 1,2 In the TMJ,  
osteoarthritis usually occurs in combination with internal derangements like disc 
displacement with or without reduction (closed lock). 3-5 In the case of internal 
derangements the intra-articular disc acts as an obstacle for normal movement resulting 
in clicking and locking. 6 Especially in older patients with longer locking duration and less 
interincisal opening there is a high incidence of adhesion formation in the upper joint 
space reducing the range of motion of the mandible. 7

 Therapeutic modalities for TMJ osteoarthritis can be divided into surgical and non-
surgical therapies. Non-surgical treatment usually implies explication of the process 
involved, soft diet, mandible movement exercises, physiotherapy, and possibly splint 
therapy. 8,9 When non-surgical treatment is unsuccessful, surgical interventions such as 
minimally invasive procedures (i.e. arthrocentesis or arthroscopy) or open joint procedures 
may be considered.
 In 1975 Ohnishi introduced arthroscopy as a minimal invasive technique allowing 
direct visualization of the joint structures and at the same time performance of lysis and 
lavage of the upper joint space. 10,11 To date, TMJ arthroscopy has been reported to be an 
effective and reliable technique for the treatment of closed lock. 12 Arthrocentesis of the 
TMJ is a minimally invasive lavage of the upper joint space using two communicating 
needles that are introduced in the upper compartment of the joint. This procedure has 
proven to be highly efficient for resolving pain of the TMJ caused by adherence or friction 
and is considered to be successful in approximately 70% of the patients with symptomatic 
TMJ osteoarthritis. 13,14 In the past decade, arthroscopy and arthrocentesis have been 
applied with increasing frequency to treat TMJ internal derangements that failed to 
improve after non-surgical treatment. 15

 In 1996 Fridrich investigated the effect on pain reduction of lavage of the TMJ with 
and without arthroscopy. Arthroscopy and arthrocentesis seemed to be equally effective 
in reducing pain, which was confirmed by more recent studies as well. 16-21 However, 
not all of these studies were properly designed (i.e. randomized controlled trials), and 
most of them lacked a control group. Guo et al. were the first to systematically search 
for the effectiveness of arthrocentesis of the TMJ compared to arthroscopy. 19 The main 
outcome of this study was again confirmative to the assumption that arthroscopy and 
arthrocentesis are equally effective with regard to pain. But here as well, the included 
studies lacked a non-surgical control group. 
 Given this, to date a more relevant question, to the patient as well as to the clinician, 
is how effective is lavage of the TMJ (i.e. arthrocentesis or arthroscopy) compared to 
non-surgical therapy. Indeed, if lavage of the TMJ and non-surgical therapy appear to 
be equally effective in reducing the symptoms, than the indication for this minimally 
invasive treatment would be doubtful, and would become more dependent on factors 
like cost-effectiveness and treatment duration. Despite the relevance of this question, 
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this has not been reviewed systematically. Part of this question was investigated in the 
systematic review of Rigon et al. who estimated the effect of arthroscopy compared 
to other treatment modalities. 22 However, arthroscopy seems to have no added value 
in effectiveness compared to arthrocentesis, and both treatment options are based on 
the same principle of lavage of the joint. Therefore, an important part of the available 
evidence for the effectiveness of TMJ lavage is missed out in their review, as arthrocentesis 
was not included as thesaurus term in their search strategy.
 Therefore, the following research objection was formulated a priori, using the PICOS 
approach: to investigate in patients with arthralgia of the TMJ (P) the effectiveness of TMJ 
lavage (i.e. arthrocentesis or arthroscopy) (I) compared to non-surgical treatment (C) with 
regard to pain and mandibular range of motion (O). To achieve this objective, exclusively 
randomized, controlled trials (S) were reviewed.

Materials and methods

Study selection, assessment of eligibility criteria, data extraction, and statistical analysis 
were specified in advance.

Retrieval of published studies
In order to retrieve articles investigating the efficacy of lavage as treatment for TMJ 
arthropathies, a highly sensitive search strategy was performed in the databases of 
Medline (1966-2012), Embase (1966-2012) and Cochrane Central Register of Controlled 
Trials (CENTRAL) (1960-2012), with last search February 24th 2012. Because databases 
are organized by trees of specific thesaurus terms (medical subject headings (MeSH) or 
EMTREE terms), these trees were searched for relevant entry terms. The search strategy 
regarding the applied thesaurus terms (i.e., MeSH in Medline and CENTRAL, and EMTREE 
terms in Embase) and text words in these databases is shown in table 1. Furthermore 
reference lists and citing reports of relevant articles were checked for missing articles to 
complete the search. Then titles, abstracts and keywords of all identified reports were 
screened to determine whether they were relevant to the topic under study. Relevant 
articles were included for full-text article eligibility assessment.

Inclusion and exclusion criteria
Randomized controlled trials investigating the effectiveness of lavage compared to non-
surgical therapy for the treatment of TMJ arthropathy were included. Two reviewers (LMV, 
JHS) independently evaluated reports for eligibility. No language restrictions were applied 
throughout the article selection procedure.

Quality assessment: Risk of bias
Two reviewers (LMV, JHS) independently assessed the quality of each study. Strengths and 
weaknesses of the study design, implementation, and data analysis of each study were 
analyzed. Disagreements on quality items were resolved by discussion. 



35

Table 1. Literature search strategy

Search strategy Medline and CENTRAL

# 1 temporomandibular joint

# 2 temporomandibular joint disorders

# 3 myofascial pain syndromes

# 4 craniomandibular disorders

# 5 #1 OR #2 OR #3 OR #4

# 6 arthrocentesis

# 7 arthroscopy

# 8 endoscopy

# 9 #6 OR #7 OR #8

# 10 #5 AND #9

Entry terms were used as MeSH terms and as free text words also

Search strategy Embase

# 1 temporomandibular joint

# 2 temporomandibular joint disorder

# 3 myofascial pain

# 4 craniomandibular

# 5 #1 OR #2 OR #3 OR #4

# 6 arthrocentesis

# 7 arthroscopy

# 8 endoscopy

# 9 #6 OR #7 OR #8

# 10 #5 AND #9

Entry terms were used as EMTREE terms as well as free text words

Abbreviations: CENTRAL  = Cochrane central register of controlled trials 

  MeSH  = Medical Subject Headings

Assessment items were: 

 1. Sequence generation and concealed allocation
 2.  Size and composition of the studied groups
 3. Blinding of participants, clinicians and investigators
 4. Application of inclusion and exclusion criteria for subjects
 5. Description of loss-to-follow-up
 6. Adequacy of statistical analysis

Assessment items were scored ‘adequate’, ‘unclear’, or ‘inadequate’. ‘Adequate’ indicates a 
low risk of bias, ‘unclear’ indicates a lack of information or uncertainty with regard to the 
potential bias and ‘inadequate’ indicates a high risk of bias due to inadequate handling of 
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the item. Sequence generation and allocation concealment were considered ‘adequate’ if 
the investigators could not suspect what treatment was next, prior to allocation. Size and 
composition of the groups were considered ‘adequate’ if the size of different treatment 
groups was approximately equal and age and gender were equally distributed across 
groups. Furthermore, in case of different diagnoses, these had to be distributed equally 
across the treatment groups as well. Blinding of participants, clinicians and investigators 
was considered ‘adequate’ if at least the investigators that analyzed the results were 
blinded for which group received which treatment. Blinding of the participants and 
clinicians could usually not be established due to the nature of the treatment modalities. 
Application of inclusion and exclusion criteria for subjects was considered ‘adequate’ if 
these were described properly prior to the inclusion of subjects. Description of loss-to-
follow-up was considered ‘adequate’ if the number of withdrawals of each group was 
mentioned. Statistical analyses were considered ‘adequate’ if all subjects were analyzed 
in the treatment group to which they were allocated, regardless of the treatment they 
received.

Data extraction and outcome measures
Data from the included trials were extracted independently by two reviewers (LMV, JHS). 
Main outcome data in each study consisted of sample size, measurements of pain and 
mandibular range of motion and their standard deviations (SD), at baseline and at six 
months follow-up. These data were calculated using individual patient data if those 
could be retrieved by contacting the authors. Otherwise, the published data were used. 
Relevant items for the data extraction also included study design, diagnosis, treatment 
modalities, follow-up period, dropout reports and statistical analysis used.

Statistical analysis
All analyses were based on the reported data of the included studies or the raw data if 
retrieved from the authors. As pain intensity and MMO are continuous variables, standard 
mean differences (SMD) and corresponding SDs were calculated for each study. For both 
outcome measurements heterogeneity was calculated separately using I2 statistics, which 
gives the percentage of total variation across trials that can be attributed to heterogeneity 
rather than to chance. Meta analysis was performed providing the overall SMD and 
95% confidence interval (CI) for pain intensity and MMO by using a fixed effects model. 
Depending on the I2 statistics a random effects model was performed when eligible.

Results

756 articles were identified in Medline. Out of 190 identified articles in Embase, 146 
were additional to the articles identified in Medline. In the Cochrane Central Register of 
Controlled Trials three additional articles were identified out of 35. Of the articles selected 
for full-text article eligibility assessment, all cited references and all citing reports were 
checked, which did not result in additional articles (figure 1).
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Included studies
All included studies 4,23,24 were randomized controlled trials investigating the effectiveness 
of TMJ lavage compared to non-surgical treatment. Of these three included studies 
Diraçoğlu et al. 23 and Stegenga et al. 4  used a VAS or pain scale to measure pain intensity 
and MMO for measurement of the range of motion of the mandible. Only Schiffman et 
al. 24 did not report a pain score or the MMO before and after treatment. By contacting 
the authors of all three included studies, individual patient data, as well as additional 
information with regard to the quality of the study, was retrieved of only one of the three 
studies. 24 The authors of the other two studies 4,23 did not provide additional information. 
The individual patient data included the pain score and MMO data that were missing 
in the report of Schiffman et al. 24 The major characteristics of the included studies are 
summarized in table 2.

Figure 1. Flow chart of the study selection procedure
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Excluded studies
Out of the nine articles included for full text reading, three articles matched the inclusion 
criteria. Out of the six excluded articles, 17,25-29 four articles were excluded because the 
study design was not a randomized controlled trial. 17,25,26,28 Furthermore, three of the six 
excluded studies were lacking a non-surgical control group. 25,27,29 The major characteristics 
of the excluded studies are summarized in table 3.

Description of the included studies

An overview of the extracted data and risk of bias assessment of included studies is shown 
in table 2, and of the studies that were exluded after application of the in- and exclusion 
criteria in table 3.

Table 2. Extracted data of included studies

Criteria Diraçoğlu 2009 23 Schiffman 2007 24 Stegenga 1993 4

Sequence generation and 
concealed allocation

U A A

Size and composition of the studied 
groups

A A U

Blinding of participants, clinicians and 
investigators

U U U

Application of inclusion and exclusion 
criteria for subjects

A A A

Description of loss-to-follow-up A A A

Adequacy of statistical analysis A A A

Design RCT RCT RCT

Diagnosis DDw/oR* Closed lock stage 
III or IV

Arthrosis

Patients 120 (10 loss to fol-
low-up)

81 (11 loss to fol-
low-up)

21

Treatment modality Arthrocentesis (AS) 
Combination of 
splint, hot pack and 
home exercising (NS)

Arthrocentesis (AS)
Rehabilitation (NS) 
Medical Manage-
ment (MM)

Arthrocentesis (AS)
Non-surgical (NS)

Follow-up (months) 6 6 6

Pre and post treatment mean VAS or 
pain score

AS: 6.3 (SD 2.3) - 1.5 
(SD 1.8)
NS: 5.7 (SD 2.4) - 4.4 
(SD 2.3)

AS: 6.8 (SD 2.1) - 3.3 
(SD 2.2)
NS: 6.0 (SD 2.0) - 2.9 
(SD 2.2)
MM: 5.6 (SD 2.5) - 3.0 
(SD 1.9)

AS: 56 (SD 21) - 11 
(SD 15)
NS: 34 (SD 17) - 9 
(SD 14)

Pre and post treatment mean MMO AS: 31.2 (SD 7.0) - 37.9 
(SD 6.5)
NS: 29.9 (SD 4.8) - 
35.5 (SD 6.4)

AS: 33.4 (SD 7.6) - 
41.0 (SD 8.2)
NS 32.0 (SD 4.6) - 
42.2 (SD 6.4) MM: 
32.5 (SD 5.2) - 39.9 
(SD 5.2)

AS: 27.6 (SD 4.2) - 34.2 
(SD 3.6)
NS: 31.4 (SD 3.8) - 39.5 
(SD 5.5)

A = Adequate, U = Uncertain, I = Inadequate
*Disc displacement with or without reduction

RCT: randomized controlled trial
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Diraçoğlu et al. 23 enrolled 120 patients (104 females, 16 males) with the diagnosis disc 
displacement without reduction. The study design was a quasi-randomized single blind 
prospective study comparing arthrocentesis with conventional treatment consisting of 
a combination of splint therapy, hot pack, and a home exercise program. Patients were 
allocated to one of the treatment modalities according to their admission to the TMJ unit 
(consecutively one to each group). The arthrocentesis group consisted of 54 patients (51 
females, 3 males). 56 patients (49 females, 7 males) underwent conventional treatment. 
The mean age in these groups was 33,4 (range 15-63) and 34,8 (range 17-61), respectively. 
Baseline VAS for pain intensity and baseline MMO were similar in both groups. Post 
treatment assessments were performed after 1, 3 and 6 months. No withdrawal of patients 
was reported. Improvement from baseline was tested in each group by paired t tests. 
Repeated measures of analysis of variance (ANOVA) were used for intergroup comparison.  

Schiffman et al. 24 included 106 patients with disc displacement without reduction with 
limited mouth opening (closed lock). The study design was a randomized single blind 
prospective trial comparing medical management, rehabilitation, arthroscopic surgery 
with post-operative rehabilitation and arthroplasty with post-operative rehabilitation. 
Patients were randomly allocated to one of the treatment modalities, based on a concealed 
randomization schedule. According to the intention-to-treat analysis, 29 patients (26 
females, 3 males, mean age 33,7, SD 1.8) were analyzed in medical management, 25 patients 
(25 females, mean age 30.0, SD 1.7) in rehabilitation, 26 patients (22 females, 4 males, mean 
age 31.8, SD 1.7) in arthroscopy and 26 patients (25 females, 1 male, mean age 31.4, SD 1.9) 
in the arthroplasty group. Pain intensity and mandibular range of motion were measured 
in this study, but were not reported in the published article. These measurements were 
retrieved by contacting the authors. Post treatment assessments were performed after 
three, six, 12, 18, 24 and 60 months. In the Rehabilitation and the arthroscopic surgery 
group 2 patients were loss to follow-up. In the Artrhoplasty surgery four patients were 
loss to follow-up. Improvement from baseline was tested in each group by paired t tests. 
Repeated measures of analysis of variance (ANOVA) were used for intergroup comparison. 

Stegenga et al. 4 recruited 21 patients (19 females, 2 males, mean age 23.7 years, SD 6.7, 
range 17-41) with arthrosis of the TMJ. The study design was a randomized controlled 
trial comparing arthroscopic surgery followed by post-operative physical therapy to non-
surgical treatment. Patients were randomly assigned to one of the treatment groups. The 
arthroscopic surgery group consisted of nine patients. The non-surgical group contained 
12 patients. Post treatment assessments were performed after four weeks and six months. 
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Table 3. Extracted data of excluded studies

Study Design Diagnosis Patients/ 
joints

Treatment 
modality

Follow-up
(months)

Pre and post- 
treatment 
mean VAS/
pain score

Pre- and post-
treatment mean 
MMO

Goudot

2000 17
Prospective 

clinical trial

TMJ pain and 

dysfunction 

syndrome

708 Physiotherapy 

(Ph)

Psychological 

therapy (Ps)

Arthroscopy/

Arthrocentesis 

(AS)

12 Not available Not available

Hall 

2005 25
Controlled 

prospective 

clinical trial

Painful TMJ 

with internal 

derange-

ment

54/78 Arthroscopy 

(AR)

Condylectomy 

(C)

Discectomy (D)

Disc reposition-

ing (DR)

12 AR: 5.3 (SD 

3.7) - 0.8 (SD 

1.2)

C: 6.6 (SD 2.2) 

- 1.7 (SD 3.3) 

D: 7.0 (SD 2.3) - 

1.0 (SD 1.8)

DR: 7.1 (SD 2.9) 

- 1.6 (SD 2.3)

AR: 31.2 (SD 8.6) - 

42.3 (SD 7.7) 

C: 34.9 (SD 11.1) - 

44.3 (SD 9.7)

D: 32.0 (SD 6.0) - 

39.3 (SD 4.7)

DR: 30.6 (SD 7.9) - 

36.8 (SD 3.4)

Kurita

2007 26
Prospective 

outcome
DDw/oR1 28/35 ALL2 

Non-surgical 

(NS)

20 ALL: 56.6 (SD 

27.1) -7.6 (SD 

8.7) 

NS: 39.3 (SD 

31.3) - 9.7 (SD 

8.6)

ALL: 23 (SD 5.9) - 

38.6 (SD 7.1)

NS: 30.7 (SD 10.6) 

- 41.9 (SD 5.5)

Miyamoto

1999 27
RCT Internal de-

rangement 

Stage III or 

more

101/104 ALL2

ALLCR3

12 Pain score in: 

Mild, Medium 

or Severe

ALL: 26 (SD 4) -44 

(SD 4)

ALLCR: 27 (SD 5) - 

44 (SD 5)
Murakami

1995 28
Prospective 

clinical trial

Wilkes stage 

III with 

closed lock

108/116 Arthrocentesis 

(AS)

Arthroscopic 

surgery (AR)

Non-surgical 

(NS)

12 AS: 4.8 (SD 2.5) 

- 1.7 (SD 1.1)

AR: 5.7 (SD 2.5) 

-1.2 (SD 1.5)

NS: 5.1 (SD 2.8) 

- 2.2 (SD 2.3)

AS: 30.6 (SD 5.8) - 

42.5 (SD 5.6)

AR: 27.5 (SD 5.8) 

-42.1 (SD 5.3)

NS: 29.8 (SD 7.5) - 

38.9 (SD 8.1)

Politi

2007 29
RCT Chronic 

closed lock

20 Arthroscopic 

surgery (AR)

Open surgery 

(OS)

12

 

1 Disc displacement with or without reduction
2 arthroscopic lysis and lavage
3 arthroscopic lysis and lavage plus arthroscopic anterolateral capsular release
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At the six months evaluation, data could be obtained from all patients. Repeated measure 
multivariate analysis of variance (MANOVA) was carried out to test possible differences 
between the types of treatment (effect: treatment-type) as well as pre- versus post-
treatment differences (effect: pre-vs-post). When a significant difference was found, post-
hoc univariate ANOVA was used to detect the relative contribution of the component 
variables. 

Effects of interventions

Individual study results
With regard to the VAS values, Diraçoğlu et al. 23 found that these were significantly more 
reduced in the arthrocentesis group after six months than in the non-surgical group 
(P<0.01). Differences between groups in improvement of MMO were not significant after six 
months (P>0.05). At within group analysis, both groups showed significant improvement 
at six months compared to baseline for VAS scores as well as for the MMO (P<0.01).
 In the study of Schiffman et al., 24 VAS values were not significantly more reduced in the 
arthrocentesis group after six months than in the non-surgical group (P=0.14). Differences 
between these two groups in improvement of MMO were not significant as well after six 
months (P=0.52).
 The results of the study of Stegenga et al. 4 show, with regard to the VAS values, that 
these were significantly more reduced in the arthrocentesis group after six months than 
in the non-surgical group (P<0.05). Differences between groups in improvement of MMO 
were not significant after six months (P>0.05). Improvement was significant for both 
groups after six months compared to baseline for VAS values as well as MMO (P<0.001).

Pooled treatment effect results
The SMDs of the individual studies were pooled using a fixed effects-model. There was 
a very high degree of inconsistency when a fixed effects model was applied, and a low 
degree of inconsistency among the trials for the random effects model (I2= 88.2% fixed 
and 0.0% random) with regard to pain intensity and also a very low degree of inconsistency 
(I2= 0.0% fixed and 0.0% random) with regard to MMO. Regarding the pooled SMD of 
the VAS scores, there was a significant difference between TMJ lavage and non-surgical 
treatment at the 6-month post treatment assessment compared to baseline (P<0.001). 
The overall SMD was -1.07 (95% CI=-1.38, -0.76). However, the pooled effect of MMO did 
not differ significantly between TMJ lavage and non-surgical treatment at the 6-month 
post treatment assessment compared to baseline measurements (P>0.05, SMD=0.05 
(95% CI=-0.33, 0.23)). The SMDs of the individual studies and the pooled SMD are shown 
in figures 2 (VAS) and 3 (MMO). In the forest plots shown, for the studies of Diraçoğlu  
et al. 23 and Stegenga et al. 4 a comparison was performed between the non-surgical 
group and the arthrocentesis group. With regard to the study of Schiffman et al., 24 
the rehabilitation group and the medical management group were combined to one 
non-surgical group, because rehabilitation and medical management are both non-
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surgical treatment options. This combined non-surgical group was compared with the 
arthrocentesis group. The pooled SMD was also calculated for when only the rehabilitation 
group or only the medical management group was applied as non-surgical group in the 
study of Schiffman et al. 24 However, this did not significantly influence the pooled SMD.

 

Figure 2. Forest plot of the pooled effect sizes of the pain scales (random effects model)

 

Figure 3. Forest plot of the pooled effect sizes of the MMO (random effects model)

Discussion

Overall, the robustness of the evidence to determine the effectiveness of lavage of the 
TMJ compared to non-surgical treatment with regard to outcome measurements for 
pain and mandibular range of motion is questionable. Three randomized controlled 
trails compared lavage of the TMJ directly to non-surgical therapy modalities. The overall 
quality of these studies was adequate, although there were several serious limitations. 
Although the three most prominent databases were searched, possibly important studies 
were missed being not included in one of these databases. Only one study 24 reported 
randomization concealment, whereas another study 23 reported non-concealment of the 
allocation. Two of the three included studies 4,23 did not explicitly state that analysis of 
data adhered to intention-to-treat principle, which could lead to overestimation of the 
treatment effect. One of the studies had a small sample size, 4 and as the data of the three 
eligible studies were pooled, still only 85 patients who received TMJ lavage attended the 
six months post treatment assessment. This sample size is still rather small and depends 
largely on the study of Diraçoğlu et al. 23 Furthermore, none of the included studies 
reported blinding of the investigators that analyzed the results, for which group received 

Standardized Mean diff. (95% Cl) % Weight

55.7
34.1
10.3

 0.08 [ -0.30, 0.45 ]
-0.17 [ -0.65, 0.31 ]
-0.34 [ -1.22, 0.53 ]

0-1.21602 1.21602

Study

Diraçoğlu
Schiffman
Stegenga

Overall (95% Cl) -0.05 [ -0.33, 0.23 ]

% Weight

48.0

41.4
10.6

-1.79 [  -2.24, -1.35 ]

-0.19 [  -0.67, -0.29 ]
-1.20 [  -2.15, -0.26 ]

0-2.23719 2.23719

Study

Diraçoğlu

Schiffman
Stegenga

Overall (95% Cl) -1.07 [ -1.38, -0.76 ]

Standardized Mean diff. (95% Cl)



43

which treatment. Blinding of the participants and clinicians could not be established due 
to the nature of the treatment modalities. Follow-up period of the studies was at least 
six months, which is considered sufficient with regard to the outcome measurements of 
interest of this review. Indeed pain relief and improvement of mandibular range of motion 
should occur and stabilize within six months to indicate a treatment modality effective in 
treating arthralgia of the TMJ. 
 The aim of the meta-analysis reported here was to estimate treatment effects with 
more precision than is possible in a single study. Nevertheless, differences between lavage 
and non-surgical treatment seem to be very small. And although differences in VAS scores 
appear statistically significant, their clinical relevance may be negligible, as it reflected only 
1.07 points on the VAS. Limitations for the meta-analysis are differences in diagnosis and 
variety of treatment modalities within the non-surgical treatment groups across studies. 
Due to the variety of treatment modalities in the non-surgical groups, some treatment 
modalities within these groups may have contributed more to the non-surgical group 
mean than others. Consequently, the difference between the effectiveness of TMJ lavage 
may be overestimated for some non-surgical treatment modalities and underestimated 
for others. Furthermore, one of the studies 20 did not report loss to follow-up, which 
introduces risk of bias if there were unreported withdrawals.

Conclusions

Implications for practice
This is the first meta-analysis that compared lavage of the TMJ to non-surgical treatment 
modalities for TMJ arthropathy. The findings reported in this review suggest that with 
regard to pain reduction lavage of the TMJ may be slightly more effective than non-surgical 
treatment. By contrast, superiority of lavage of the TMJ with regard to improvement in 
mandibular movement, could not be supported by the available evidence. Since lavage of 
the TMJ may be slightly more effective, these findings may indicate that lavage of the TMJ 
may be a useful alternative in cases where pain is the most prominent symptom. 

Implications for research
In this systematic review only VAS scores for the measurement of pain intensity and MMO 
scores were extracted from the studies for a pooled effect size calculation. Because in 
particular pain and decreased range of mandibular motion are usually the main complaints 
of the patients suffering from TMJ arthropathy, these two variables seemed most accurate 
for determining the effectiveness of arthroscopy or arthrocentesis. However, to provide 
a more complete picture for the effectiveness of TMJ lavage, it may be worthwhile to 
include cost effectiveness of the different treatment modalities and patient satisfaction 
as well.
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Abstract

Objective The aim was to compare the effectiveness of dexamethasone administration 
following arthrocentesis of the temporomandibular joint (TMJ) with a placebo (saline). 

Patients and Methods Twenty-eight participants with TMJ arthralgia were randomly 
assigned to two groups of a parallel double blind randomized controlled trial. In both 
groups an arthrocentesis procedure was carried out. In one group, the procedure was 
followed by the administration of a single dose intra-articular dexamethasone. In the 
other group, saline was administrated as a control. Follow up visits were scheduled after 
1, 3 and 24 weeks. During each visit TMJ pain (on a 100mm VAS) and jaw stiffness (mouth 
opening in mm) were scored. 

Results In the statistical analysis, generalized estimating equations (GEE) models showed 
no differences between the two study groups, although pain and jaw stiffness both 
reduced over 24 weeks. 

Conclusion Intra-articular dexamethasone following the procedure did not improve the 
effect of the arthrocentesis in patients presenting with TMJ arthralgia. 

Trial registration number US NIH clinical trial number NCT01275014.
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Introduction

Orofacial pain can be severe and includes cases of intractable pain as well as acute pain. 
The most frequent source of orofacial pain is dental disease. Among other sources are 
musculoskeletal, vascular, neurovascular and neuropathic disorders. Musculosketetal 
sources of orofacial pain comprise joint disorders and muscle disorders, although joint 
and muscle symptoms frequently occur simultaneously. Pain arising from joint disorders 
is termed arthralgia.
 Causes for arthralgia would include mechanical nerve compression secondary to 
articular disc displacement, 1 neurogenic inflammation 2 secondary to intra-articular 
changes and synovitis, adhesions or arthritis. Historically, the displaced disc was 
appointed as the primary cause of arthralgia, but the observations that arthroscopy 
and arthrocentesis of the superior joint compartment reduces or eliminates pain in 
patients with a permanently displaced disc without repositioning the displaced disc, 
have disproved the displaced disc as the cause of arthralgia. 3 Another possible cause for 
arthralgia may be mechanical trauma from repetitive extreme loading (i.e. habitual jaw 
clenching, bruxism) causing transient hypoxia. 4 The hypoxia may create insulting oxygen-
derived free radical that activates a variety of biochemical changes, leading to arthralgia.
 The current treatment modalities focus on alleviating pain and improving function.  
Arthrocentesis is a minimally invasive procedure aimed at removing inflammatory and 
pain mediators from the joint cavity solely by intra-articular flow of saline. 5,6 In addition 
to the arthrocentesis procedure, corticosteroids are commonly added in an attempt to 
further reduce pain and jaw stiffness. 7 Corticosteriods modify the vascular response 
during the inflammatory process and inhibit enzymes and the actions of inflammatory 
cells. Their use in the TMJ remains controversial with regard to their efficacy and unknown 
duration. 8

 The aim of the current study was to test the additional effect on pain and jaw stiffness 
of a short acting corticosteroid (dexamethasone) following the arthrocentesis procedure 
of the TMJ.

Methods

Participants
Patients referred to the department of Oral and Maxillofacial Surgery of the University 
Medical Center Groningen with pain in front of the ear or the TMJ area, were asked to 
participate. All were examined for crepitation and disc displacements by means of  
anamnesis, presence of articular sounds, deviation/deflection in full mouth opening.  
Radiographic images (panoramic, transpharyngeal, and transcranial) were made to 
visualize the existence of tissue alterations. 
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Inclusion criterion were

I.  History positive for all of the following:
 a.  In the last month, ongoing pain in the face, jaw, temple, in front of the ear or in  
  the ear, and: 
 b.  Pain provocation on active mandibular movement to all directions (opening,  
  right or left lateral movements, or protrusive).
 c.  Provocation of the pain on palpation of the lateral pole or around the lateral  
  pole of the condyle.

and 

II. Complete remission of the reported pain 10 minutes after administrating local intra-
articular anaesthesia (by injecting 0.1 ml articaine 40 mg/ml (Ultracain forte, Aventis 
Pharma, Hoevelaken, The Netherlands) into the upper joint cavity) 9

Exclusion criteria were:
•  history of open surgery in the affected joint, 
•  known polyarthritis or rheumatoid arthritis
•  age under 18 years, 
•  ankylosis of the TMJ, and 
•  self reported pregnancy.

 
All participants were informed about their condition and were prescribed Ibuprofen 600 
mg three times a day for a seven-day period. After two weeks, a recall visit was scheduled. 
Patients who appeared to be symptom-free during that recall were excluded from the 
study. 

Full oral and written information about the treatment and the purpose of the study was 
provided to all participants. All participants signed informed consent. The local Medical 
Ethical Committee provided full approval for the study protocol under number 14439. US 
National Institutes of Health clinical trial registration was done at www.clinicaltrials.gov 
(number NCT01275014).

Randomization
A parallel double blind randomized controlled trial (RCT) was used as study design. 
Twenty-five notes on which the words “isotonic saline” and 25 notes on which the 
word “dexamethasone” were printed and were put in 50 identical and nontransparant 
envelopes according to a random sequence, which was generated by an independent 
coworker using a randomization software package (Statsdirect version 2.7.7, StatsDirect 
Ltd., Cheshire, United Kingdom). Each envelope contained one note and all envelopes 
were irreversibly sealed, only to be opened in a closed room, separated from the 
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operation room just a minute prior to the arthocentesis procedure (see below) by a third 
and independent person, thus ensuring allocation concealment. No one else was able 
to see the contents of the note and the person that had read the note, prepared a blank 
transparent syringe with either 1 cc of transparent dexamethasone or an equal amount of 
saline according to the note’s information, thus allocating the participant to the intended 
treatment group. A syringe containing dexamethasone appeared identical to a syringe 
containing saline, as both fluids are completely colourless and have identical viscosity. The 
syringe was then handed over to the oral surgeon without information of the contents of 
the syringe. Immediately after preparing the syringe, the note was destroyed and none of 
its contents were communicated to anyone. At the end of the study, the remainder of the 
notes were destroyed. In the control group, four men and 10 women were included; in the 
intervention group one man and 13 women (table 1 and figure 1).

Table 1. Description and comparison of the control and intervention group at start of the study. 

Control group 
(placebo, n=14)

Intervention group 
(dexamethasone, n=14)

Variable Mean (95%CI) Mean (95%CI)

Age 33.9 (27.0 - 40.9) 32.6 (23.7 - 41.6)

Pain on mandibular movement (mm VAS) 53.4 (43.3 - 63.4) 47.4 (34.4 - 60.3)

MFIQ 52.3 (47.7 - 56.8) 52.8 (47.1 - 58.5)

Max opening 35.1 (30.0 - 40.3) 39.1 (35.2 - 42.9)

SCL-90 Dutch 10

Anxiety 13.7 (10.2 - 17.4) 14.2 (11.4 - 17.1)

Agoraphobia 7.6 (6.5 - 8.8) 8.4 (7.2 - 9.7)

Depression 25.7 (17.4 - 34.1) 23.4 (17.1 - 29.6)

Somatization 19.5 (15.5 - 23.5) 19.7 (15.1 - 24.4)

Cognitive-performance deficits 15.7 (9.9 - 21.5) 13.8 (11.3 - 16.3)

Interpersonal Sensitivity and mistrust 23.7 (19.5 - 28.9) 23.9 (20.4 - 27.3)

Acting-out hostility 7.0 (6.2 - 7.8) 7.2 (6.2 - 8.3)

Sleep difficulties 5.7 (4.1 - 7.3) 5.2 (3.4 – 7.0)

Other complaints 4.9 (2.1 - 7.7) 6.4 (3.7 - 9.0)

General psychological distress / Psycho- 

neuroticism

122.8 (92.8 - 152.8) 122.3 (100.1 - 144.5)
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Analysis

Follow-Up

Allocation

Enrollment

Patients referred to 
the dept. of Oral and 
Maxillofacial Surgery

Assessment for
eligibility

(n=45)

Randomization
(n=28)

Control group 
(arthrocentesis 
plus placebo) (n=14)

week 1:    n=14
week 3:    n=14
week 24:    n=14

Lost to follow-up (n=0)

Analyzed (n=14)
Excluded from analysis (n=0) 

Intervention group 
(Arthrocentesis
plus dexamethasone) (n=14) 

Excluded (n=17)

Not meeting inclusions 
criteria (n=17)
Refused to participate (n=0)
Other reasons (n=0)

Analyzed (n=14)
Excluded from analysis (n=0) 

week 1:    n=14
week 3:    n=14
week 24:    n=14

Lost to follow-up (n=0)

Figure 1. Patient flow chart and disposition of the participants.

Arthrocentesis procedure
The arthrocentesis procedure was performed under local anaesthesia and took place in a 
closed operation room under controlled conditions. After marking the points for insertion 
of the needles, a first 18 gauge injection needle was inserted into the upper intra-articular 
space of the TMJ. Correct positioning of the needle was determined by injecting and  
aspirating saline. Subsequently, a second 18 gauge needle was inserted into the upper 
joint space about 8-10 mm anterior of the first needle. Correct positioning of the  
second needle was confirmed by allowing injected saline to leave the joint through the 
first needle. After positioning of the needles, one needle was connected to a medical 
infusion system to passively allow isotonic saline of 37 degrees Celsius to enter the upper 
joint compartment. The other needle was connected to an outflow tube to allow the fluid 
to exit the joint. In about 15 minutes, approximately 300 ml saline passively flushed the 
joint. Thereafter, the inflow was stopped and the prepared syringe (see randomization 
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procedure) that contained either dexamethasone or saline was connected to the inflow 
needle. In this way, either 1 cc of dexamethasone or an equal amount of saline was washed 
through the joint in a blinded way. At the end of the procedure, the needles were removed 
from the joint, and after hemostasis by compression (if necessary) the skin overlying the 
TMJ was covered with a sterile band aid. All patients were then instructed to avoid TMJ 
loading by following a soft diet for at least two weeks, then gradually advancing to more 
tough food. In addition, ibuprofen 600 mg three times daily was prescribed for the first 
two to five days to reduce any postoperative pain. All procedures were performed by one 
surgeon (BS). Follow up visits were scheduled after one (T1), three (T2) and 24 (T3) weeks.

Outcomes
The primary outcome variables were TMJ pain at rest and during mandibular movements 
(measured by on a 100 mm Visual Analogue Scale (VAS), limited by “no pain” and “worst 
pain imaginable”) and the maximal interincisal opening (MIO, measured in millimetres).
 A secondary outcome variable was function impairment (assessed with the Mandibular 
Function Impairment Questionnaire (MFIQ)). The MFIQ is a questionnaire assessing, on a 
five point scale, discomfort while performing mandibular functions and during eating of 
food with different consistencies (range of 0 – 68). 11,12 The assessments of TMJ pain, MIO 
and MFIQ were carried out on the day of the surgical procedure (T0), and at T1, T2 and T3 
by one person (LS).

Statistical procedures
Data analysis was executed in such a way that the analyst (JHS) could not observe the 
control or the intervention group in the data set. The statistical analysis used ‘generalized 
estimating equations’ (GEE) models. By applying GEE, relationships between variables 
at different time-points are analysed simultaneously.  For all analyses, α = 0.05. All 
procedures were executed in Stata version 10.1 SE (Stata Corp., Texas, USA). The sample 
was 28 participants (β=0.8 f= estimated 0.3). 

Results

All patients had complete remission of the reported pain within 10 minutes after 
administrating local intra-articular anaesthesia into the upper joint cavity. Over time, 
in both groups the TMJ pain (mm VAS) declined, MIO improved, and the MFIQ score 
decreased (figure 2a-c). GEE models were created for the outcome variables TMJ pain, MIO 
and MFIQ. For all analyses, the first predictor variable to be entered into the model was 
treatment group (placebo, as reference, vs. dexamethasone). The hypothesis of interest 
was whether the pattern of the progression of the outcome over time differs between 
treatment groups.  Hence, the hypothesis involves testing the interaction between 
time and treatment group, i.e. a model of Y=β0 + β1*treatment_group +β2*time + 
β3*time*treatment_group, with the hypothesis H0: β3=0 was tested. Table 2 shows the 
estimated regression coefficients (β) for the variables treatment group, time and their 
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interaction for these models. The analyses showed that the treatment group had no 
relationship with all outcome variables and, therefore, no other predictors, confounders 
or effect modifiers were entered into the model.
The achieved post-hoc power (1- β error probability) for TMJ pain was 0.09 (f=0.11); for 
MIO, 0.09 (f=0.11), respectively.

Table 2. Regression coefficients and 95% confidence intervals as derived from GEE analyses.

GEE analysis

Model Determinant Regression Coeff. (95% 
CI)

p

Pain on mandibular 

movement (mm VAS)

Treatment -4.2 (-18.6 – 10.3) 0.57

Time -0.5 (-1.2 – 0.1) 0.10

Time * Treatment -0.4 (-1.3 – 0.4) 0.32

Maximal interincisal 

opening (mm)

Treatment 1.5 (-3.8 – 6.8) 0.58

Time 0.1 (-0.1 – 0.2) 0.22

Time * Treatment 0.0 (-0.2 – 0.2) 0.91

MFIQ Treatment - 2.0 (-10.5 – 6.4) 0.64

Time -0.3 (-0.7 – -0.0) 0.05

Time * Treatment -0.2 (-0.7 – 0.2) 0.33

The regression coefficients represent the longitudinal relationship for the outcome variables Pain on mandibular 

movement, Maximal interincisal mouth opening and MFIQ and their determinants

Discussion

The main findings from this study are that administration of dexamethasone following 
the arthrocentesis procedure does not appear to have a significant additional effect on 
the overall pain reduction.
 Strengths of the study are that this is a double blind trial on the additional use of 
a steroid after an arthrocentesis. Additional steroid in arthrocentesis are used in clinical 
settings, but evidence for their use is lacking. The main weakness of the trial is the small 
sample size.
 Due to the relatively small samples, a type II statistical error may be a typical explanation 
for this finding. A common way to reduce random error in, or increase precision of, an 
estimate is to enlarge the size of the study. Yet a problem in planning the study size is 
determining how to balance the value of greater precision in study results against the 
greater costs. Solving the problem thus involves a cost-benefit analysis of expending 
greater effort or funds to gain greater precision. Greater precision has a value to the 
beneficiaries of the research, but the value is indeterminate because it is always uncertain 
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Figure 2. Plots of the TMJ pain (mm VAS), maximal interincisal opening, and MFIQ over time. 
Baseline data can be found in table 1. After 1 week, the TMJ pain was reduced to 41.0 (28.4 – 53.6) mm VAS 

(95% CI) and 38.9 (21.9 – 55.8) mm VAS (95% CI) for respectively the control group and the dexamethasone 

(intervention) group (A). At 3 weeks the VAS values of the TMJ pain were 30.0 (13.1 – 47.0) mm and 23,9 (13.1 – 

34.6) mm respectively. At 24 weeks, the pain was stable at 30.9 (10.1 – 51.7) mm VAS and 16,0 (1.2 – 30.8) mm VAS 

respectively. At that point (24 weeks), the maximal interincisal opening (95% CI) was 39.1 (33.4 – 44.8) mm and 

41.0 (36.2 – 45.9) mm for respectively the control group and the dexamethasone (intervention) group (B) The 

MFIQ (95% CI) at 24 weeks was 44.6 (33.9 – 55.4) and 37.4 (28.0 – 46.7) for respectively the control group and the 

dexamethasone (intervention) group (C).

In the control group, 4 men and 10 women were included; in the intervention group 1 man and 13 women (table 

1). There were no statistically significant differences between the intervention group and the control group for all 

outcome variables (table 2).
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how many beneficiaries there will be. If the study had more patients, theoretically it 
is possible that the results could change since the next “set” of patients could have a 
different response and thus outcome. If so, the total number of participants needed to 
demonstrate a clinical effect of dexamethasone becomes so large that the net effect (i.e. 
the additional effect of dexamethasone) is clinically of minor importance compared to the 
effect of arthrocentesis. Arthrocentesis by itself has been shown to improve MIO and to 
reduce pain over time when it is compared to other therapies (e.g. physical therapy, splint 
therapy). 13-16 In our study, the effect of arthrocentesis thus clearly overpowers any effect 
of dexamethasone. Taken together, administering additional dexamethasone following 
arthrocentesis of the TMJ will most probably result in a similar outcome as arthrocentesis 
without additional dexamethasone.
 Normally, the pressure-bearing articular surfaces of the TMJ are noninnervated and 
cannot produce sensory input or nociception. Propioceptive input needed for functional 
guidance comes from the propioceptors located in the muscles and ligaments. 17 TMJ 
arthralgia primarily originates from the joint ligaments (i.e. capsule and disc attachments) 
and the subchrondral bone. Ligamentous receptors are high threshold mechanoreceptors 
that are stimulated when the ligament is stretched beyond its functional range. However, 
inflammatory mediators may lower the pain threshold, making nociceptors more 
sensitive to stimulation. As a result, stimulation from normal functioning may initiate 
sensations of discomfort. Arthralgia usually exerts a protective inhibitory influence on 
biomechanical activity, due to altered propioceptive sensory or nociceptive input to the 
central nervous system. Usually a primary insult, whether (bio) mechanical, biochemical, 
inflammatory or immunologic in character, disturbs the intra-artiular balance between 
syntesis and degradation. 3 Early changes in the joint cannot validly be diagnosed using 
radiographical imaging because early pathology may escape radiological detection. 18 
Radiographical imaging will reveal only the cases later in the disease when remodelling 
or internal derangements are shown. The objectives for managing the condition are 
to re-establish the balance between synthesis and breakdown and to optimise the 
circumstances for repair and healing. These objectives can be achieved by controlling 
overloading, improving function and reducing pain. As such, therapy focuses on 
reassurance, instructions, anti-inflammatory medication and arthrocentesis to control 
the pain. By flushing the TMJ, as is done in arthrocentesis, the degradative components 
are cleared from the joint, and this may be the reason why arthrocentesis by itself has 
a therapeutic effect over a reduction of pain. Dexamethasone modifies the vascular 
response during the inflammatory process and inhibits both destructive enzymes and 
the actions of inflammatory cells. 19 All together, it has been suggested that this decrease 
in inflammatory potency of the synovial fluid would result in a greater pain reduction, but 
in this study it shows that the effect of dexamethasone contributes in a minor way to that 
effect, if at all.
 Due to small sample sizes, this study was also not able to pick up any side effects 
of dexamethasone. One uncertainty is the unknown working time of dexamethasone in 
the TMJ. Its half-life of 36 to 72 hours makes it unlikely to expect long-term effects. Our 
analyses also did not suggest a long-term effect. However, these half-life effects do not 
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count for all corticosteroids. Kenacort, for example, has a longer half-life and may have a 
longer lasting effect as compared to dexamethasone. Kenacort is, however, opaque white 
and is more difficult to test in a double blind fashion. We tested an opaque syringe, but 
the problem is that regularly droplets of kenacort are spilled while connecting the syringe 
to the needles, thus revealing the contents. To our knowledge, no randomized controlled 
trials exist that compare the long-term effect of Kenacort.

Conclusion

Intra-articular dexamethasone following an arthrocentesis procedure did not improve the 
effect of the arthrocentesis in patients presenting with TMJ arthralgia.
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Abstract

Objective To determine the effectiveness of arthrocentesis compared to conservative 
treatment as initial treatment with regard to temporomandibular joint pain and 
mandibular movement.

Methods In this randomized controlled trial, 80 patients with arthralgia of the TMJ (classified 
according to the Research Diagnostic Criteria for Temporomandibular Disorders) were 
randomly assigned to one of the two treatment groups. One group received arthrocentesis 
as initial treatment (n=40), the other group received conventional treatment including 
soft diet, physical treatment and occlusal splint therapy (n=40). Follow-up was after three, 
12 and 26 weeks post treatment. Prior to treatment, and at every follow-up assessment, 
pain intensity was measured (VAS 0-100mm at rest, and VAS 0-100mm during movement) 
and maximum mouth opening (MMO) (mm interincisor distance). Furthermore patients 
were asked to fill out several surveys concerning the impact of mandibular impairment on 
their daily life, and psychosocial aspects.

Results After 26 weeks, the TMJ pain (mm VAS at rest, and mm VAS during movement) 
had comparably declined in both groups (arthrocentesis n=36; conservative treatment 
n=36) and MMO (mm interincisor distance) had slightly improved. GEE models showed 
significant differences between arthrocentesis as initial treatment and conservative 
treatment, indicating that the arthrocentesis group improved more rapidly with regard 
to TMJ pain (VAS at rest p=0.008; regression coefficient β=-8.90 (95% confidence interval 
-15.50, -2.31), VAS during movement p=0.003; regression coefficient β=-10.76 (95% 
confidence interval -17.75, -3.77)) and MMO (p=0.045; regression coefficient β=-2.70 (95% 
confidence interval -5.35, -0.06)) compared to conservative treatment. 

Conclusions Arthrocentesis as initial treatment reduces pain and functional impairment 
more rapidly compared to conservative treatment. However, after 26 weeks, both 
treatment modalities achieved comparable outcomes.

Trial registration number www.trialregister.nl: NTR1505
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Introduction

Arthralgia of the temporomandibular joint (TMJ) is often a chronic degenerative 
process, leading to destruction of essential molecules of the lubricating system, the 
articular surface lining of fibrocartilage and the subchondral bone. 1 Due to secondary 
inflammatory components, the most prominent symptoms are pain in and around the 
joint, and restricted mandibular movement. Furthermore, joint sounds like clicking and 
crepitation, as well as internal derangements frequently occur. 2 
 The synovial fluid of inflamed TMJs often contains elevated levels of degradation 
products, proinflammatory interleukins, matrix degrading enzymes, and reactive cytokines. 
3,4 Treatment of TMJ arthropathies usually focuses on reduction of the joint loading by 
prescribing a soft diet, physical exercises, and oral appliances. 5-7 Recuperation of the 
joint initiated by this pursued force reduction starts with phagocytosis of degeneration 
products. This process takes time, is dependent on patient compliance, and its outcome 
and duration are clinically unpredictable. By contrast, arthrocentesis or lavage of the joint 
directly removes not only most of the degradation products, but inflammatory mediators 
as well. 7,8 Success rates up to 91% have been reported for the use of arthrocentesis in 
anterior disc displacement without reduction. 9 Although evidence is not conclusive, 
it seems that arthrocentesis has indeed a beneficial effect on pain and impairment of 
mandibular motion. 10-15 Al-Belasy and Dolwick even concluded that arthrocentesis is a 
highly efficient procedure with low morbidity. 14

 Contemporary therapeutic strategy consists of initially conservative treatment 
including soft diet, physical treatment and occlusal splint therapy, which is followed by 
minimally invasive techniques like arthrocentesis when patients are non-responsive to 
this approach and the arthropathy appears to be persistent. However, since there is no 
definite evidence that loading of the articular surfaces is indeed reduced by conservative 
therapy, and arthrocentesis seems to be highly efficient in patients that did not benefit 
sufficiently from conservative treatment, minimally invasive techniques could be applied 
in an earlier stage. We reported promising results using arthrocentesis as initial therapy. 16 
However, that study was not designed to investigate the effectiveness of arthrocentesis 
as initial treatment. Therefore, the objective of this randomized controlled trial was to 
determine the effectiveness of arthrocentesis as initial treatment with regard to TMJ pain 
intensity and mandibular movement compared to conservative treatment.

Material and methods

Study design
This randomized effectiveness study was conducted at the University Medical Center 
Groningen (UMCG) from January 2009 to June 2012.  Approval of the ethical committee 
of the UMCG was obtained prior to patient recruitment (METc 2008/197). All patients 
signed a written informed consent. Patients were recruited from the department of 
Oral and Maxillofacial Surgery of the UMCG. Because the main target of the investigated  
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therapeutic approaches is reduction of symptoms, the inclusion criteria were formulated 
likewise. 

Inclusion criteria were:
• Minimum of 16 years of age
• Pain in the TMJ region, aggravated by protrusion, maximal mouth opening and/ 
  or lateral excursions of the mandible and function
• Pain still present after two weeks of ibuprofen 600mg three times daily (exclusion  
  of acute inflammatory pain)
• Pain disappears after intra articular injection (Ultracain forte, Aventis Pharma,  
  Hoevelaken, The Netherlands) (exclusion of myogenic pain) 17 (figure 1). 

Exclusion criteria were:
• Systemic rheumatic disease
• Bony ankylosis of the TMJ
• Incompetence to speak the Dutch or English language
• Pregnancy
• Concurrent use of anti-inflammatory medication, steroids, muscle relaxants or  
  antidepressants
• Medical contraindication
• Unwillingness to receive one of the study treatments
• Prior open TMJ surgery

Sample size calculation
A sample size calculation was performed for the main outcome measure. In order to obtain 
a power of 0.80, 72 patients were required (estimated effect size = 0.20, 5 predictors), which 
resulted in 36 patients per group. To account for loss of information from dropouts, a 10% 
increase in sample size resulted in two groups of 40 patients each. Predictors included 
in the model were treatment, age, gender, duration of symptoms before inclusion and 
mouth opening.
 
Participants
80 patients who obeyed the inclusion criteria were included and randomly allocated to 
one of the two treatment groups (table 1). One group received arthrocentesis as initial 
treatment (11 man and 29 woman, mean age 38.3, SD 15.9) and the other group was 
treated as usual (9 man and 31woman, mean age 36.1, SD 14.3). A random sequence 
was generated by an independent co-worker using a randomization software package 
(Statsdirect version 2.7.7, StatsDirect Ltd., Cheshire, United Kingdom). Treatment allocation 
was concealed from participants, treating clinician and researchers in sealed envelopes 
until the enrolment procedure was completed. At this point an independent nurse 
revealed the group allocation. Follow-up assessments were three (T1), 12 (T2) and 26 (T3) 
weeks after the last treatment session. Prior to the treatment (T0) and at every follow-up  
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Figure 1. Flowchart of the enrolment procedure and treatment arms
 
assessment, pain intensity was measured at rest and during maximum mouth opening 
(MMO) using a visual analogue scale (VAS, 0-100 mm). MMO (interincisor distance in mm) 
was measured as well. These measurements were performed by one examiner who was 
ignorant of the treatment allocation. The examiner had no contact with the participants 
other than during the measurement procedures. Furthermore, at baseline and every 
follow-up assessment, patients were asked to fill out several questionnaires concerning 
the impact of function impairment on their quality of life. This is described in more detail 
below. Additionally, at baseline a psychosocial profile was assessed. X-ray examination 
was performed at baseline and after 26 weeks follow-up (T3) in order to detect any bony 
changes during follow-up period using orthopantomography (OPT), transpharyngeal 
recordings according to Parma, and transcranial radiographs according to Schüller.
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Table 1. Patients’ baseline characteristics

Characteristics Arthrocentesis (n=40) Care as usual (n=40)

Gender (female), n (%) 29 (72.5) 31 (77.5)

Mean (SD) Mean (SD)

Age, years 38.3 (15.9) 36.1 (14.3)

VAS rest 19.3 (21.5) 24.5 (27.5)

VAS movement 51.6 (18.9) 54.0 (25.4)

MMO 34.7 (8.2) 38.6 (8.8)

MFIQ 0.5 (0.1) 0.5 (0.2)

SCL-90 116.5 (28.1) 123.8 (36.1)

OHIP-49 26.6 (21.0) 35.7 (28.4)

RAND-36

Physical functioning 27.2 (5.7) 26.2 (6.3)

Social functioning 8.9 (1.7) 8.3 (1.9)

Role limitations (physical problem) 1.0 (2.1) 2.8 (3.2)

Role limitations (emotional problem) 0.7 (1.6) 2.1 (2.5)

Mental health 23.4 (4.6) 23.5 (4.8)

Vitality 15.9 (3.7) 16.5 (3.6)

Pain 43.5 (9.5) 41.4 (11.1)

General health perception 18.1 (3.2) 18.6 (4.5)

Health change 3.2 (1.0) 3.2 (0.8)

SD = standard deviation

Treatment procedures
Participants were randomly allocated to the arthrocentesis group, where arthrocentesis 
was performed as initial treatment, or to the conservative treatment group (figure 1). At 
the start of the arthrocentesis procedure, anaesthesia of the TMJ was achieved using 
intra-articular anaesthesia and anaesthesia of the overlying skin (Ultracain forte, Aventis 
Pharma, Hoevelaken, The Netherlands). Thereafter, two 18 gauge needles were inserted in 
the upper joint space, and communication between the needles was established. The joint 
was then lavaged with at least 300 ml isotonic saline chloride. No additional substances or 
drugs were applied. All arthrocentesis procedures were performed by the same clinician 
(BS). Participants who were assigned to the conservative treatment group were treated 
following a strict protocol (figure 2). First they were instructed to use a soft diet (A) for 
at least three weeks. After two weeks the effect of the soft diet was evaluated. If the 
symptoms had improved (improvement of at least 20 mm on the VAS during movement, 
compared to baseline 18,19), the soft diet was continued for another four weeks. If the 
patient complained about a restricted mouth opening, additional physical therapy (B) 
was offered which involved a home exercise program, joint mobilisation, and physical 
treatment modalities. The physical treatment was performed once a week and included 
‘joint play’, stretching and dry needling of trigger points. If the pain had not improved, 
an intra-oral hard acrylic splint (C) was made, and patients were instructed to use this 
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oral appliance during the night, and one or two hours during the day to get used to the 
unusual jaw position. Treatments A and C were performed by the same clinician (JHS), and 
all physical treatments (B) were performed by two physiotherapist who were specialized 
in head and neck therapy. The duration of the conservative treatment program was six 
weeks in total. The participants of both groups were instructed to use pain medication 
(Ibuprofen 600mg) when needed. 

a   Explication of the pathology was provided in order to enhance patient’s understanding and thereby  

 improve compliance.
b   Physical therapy was performed once a week and included ‘joint play’, stretching and dry needling of  

 triggerpoints.
c   Splint therapy consisted of an intra oral hard acrylic splint which patients were instructed to use   

 during the night, and one or two hours during the day to get used to the unusual jaw position.

Figure 2. Flow chart of the conservative treatment protocol

Outcomes
Primary outcome variables were pain in the TMJ, at rest and during movement, and the 
mandibular range of motion. Pain was scored using a continuous scale (0-100mm VAS), and 
mandibular range of motion was determined using the maximum active mouth opening 
(MMO, interincisor distance in mm). Secondary outcome measurements were: mandibular 
function impairment (assessed with the Mandibular Function Impairment Questionnaire; 
MFIQ), 20 oral health related quality of life (assessed using the Oral Health Impact Profile; 
OHIP-49), 21 and quality of life in general (assessed with the RAND-36 health survey). 22 
Patients were asked to fill out these questionnaires at baseline and at every follow-up 
evaluation. Any bony changes were scored as ordinal variable on OPT, Parma and Schüller 
recordings at baseline and after 26 weeks. Potential confounding psychosocial factors 

Patients assigned to 
conservative treatment 

group, n=40

Determination of most 
prominent symptom

Determination of most 
prominent symptom

Soft diet and explicationa

Continuation soft diet, 
n=36

Additional physical 
therapyb, n=7

Additional splint therapyc, 
n=15

Additional splint and 
physical therapyb,c, n=2

2 weeks interim evaluation
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related with chronic pain were scored using the 90-item Symptom Checklist 23 (SCL-90) 
which patients were asked to fill out at baseline. All questionnaires were checked on 
missing values when collected to make sure that they were filled out completely.

Statistical Procedures
During data analysis, the analyst (LMV) was ignorant of which patients had received 
arthrocentesis and which patients had received conservative treatment. For all analyses 
a significance level of alpha = 0.05 was used. In order to create effect models, univariate 
analyses were performed for each variable. If variables were found to be significant, the 
P-value was used in further development of the model. Predictors with a P-value less 
than or equal to 0.1 were simultaneously entered into a multivariate model. To correct for 
the dependency of repeated measurements in the longitudinal data analysis, generalized 
estimated equations (GEE) multivariate models were used. All procedures were performed 
in Stata version 11.0 (Stata Corp., College Station, Texas, USA). Analyses were executed 
using the intention-to-treat principle. GEE models were designed for MMO, VAS at rest, 
and VAS during movement (figure 3). Time was defined in days after the last treatment 
session, based on the actual consultation dates. For all analyses, treatment group (i.e. 
arthrocentesis vs. conservative treatment) was the first predictor variable to be entered 
into the model. The hypothesis of interest was whether the pattern of progression of the 
outcome variables over time differed between the two treatment groups.

Results
A total of 80 patients were included and randomly allocated to one of the two treatment 
groups, which consisted of 40 patients each. In both groups, four patients dropped out. 
Furthermore, at T1 six patients (arthrocentesis n=2, conservative treatment n=4) did not 
show at follow-up, at T2 seven patients (arthrocentesis n=4, conservative treatment n=3), 
of which three were the same as at T1, and at T3 a total of 15 patients (arthrocentesis n=9, 
conservative treatment n=6) did not show at follow-up, of which 5 had not showed at 
one or both of the previous assessments as well. Four patients reported mild transient 
swelling of the TMJ immediately after arthrocentesis.
 In the conservative treatment group all patients received a soft diet (A). Seven patients 
received additional physical therapy (A+B), 15 patients received additional splint therapy 
(A+C), and two patients received all three treatment modalities (A+B+C). 
 After 26 weeks, the TMJ pain (mm VAS at rest, and mm VAS during movement) had 
comparably declined in both groups and MMO (mm interincisor distance) had slightly 
improved. GEE models showed significant differences between arthrocentesis as initial 
treatment and conservative treatment, indicating that the arthrocentesis group improved 
more rapidly with regard to TMJ pain and MMO compared to care as usual. 
 VAS score at rest was associated significantly with MFIQ-, and SCL-90 scores. 
Furthermore, RAND-36 (Social functioning) was added as a confounder. No effect 
modifiers were added to the model. VAS during movement was associated with MFIQ-
scores, which were added as predictors. No confounders or effect modifiers were added. 
A significant association of MMO was found with MFIQ scores, therefore MFIQ scores  
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Figure 3. Progression of mandibular movement (MMO), pain (VAS) at rest and pain (VAS) during 
movement. T0-baseline assessment, T1-3 weeks follow-up, T2-12 weeks follow-up, T3-26 weeks 
follow-up.
 
were added to the model. No confounders or effect modifiers were identified. Estimated 
regression coefficients and P-values for the different GEE models are displayed in table 2. 
No significant bony changes were seen on the X-rays during the follow-up period.
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Table 2. Regression Coefficients and P-values as derived from GEE Analysis

Model Variable Primary multivariate model Adjusted for confounding

β (95% CI) P-value β (95% CI) P-value

MMO Treatment -2.70 (-5.35, -0.06) 0.045

MFIQ -11.42 (-16.34, -6.50) 0.000

VAS score rest Treatment -9.83 (-16.41, -3.25) 0.003 -8.90 (-15.50, -2.31) 0.008

MFIQ 36.90 (23.74, 50.05) 0.000 34.93 (21.60, 48.26) 0.000

SCL90 0.17 (0.07, 0.28) 0.001 0.13 (0.01, 0.25) 0.041

RAND-36 

(Social functioning)

-1.54 (-3.63, 0.55) 0.149

VAS score 

movement

Treatment -10.76 (-17.75, -3.77) 0.003

MFIQ 78.23 (64.19, 92.26) 0.000

β = regression coefficient

CI = confidence interval

Discussion

The results of this study indicate that progression in TMJ pain reduction and improvements 
of the mandibular range of motion differ between arthrocentesis as initial treatment, and 
conservative treatment. Improvement of the primary outcome variables seems to be 
most explicit relatively short after arthrocentesis as initial treatment, whereas progression 
after conservative treatment seems to occur more gradually. However, over time, both 
treatment modalities appear to achieve comparable outcomes. 
 These findings are consistent with currently available evidence that arthrocentesis is 
an efficient and effective treatment modality, although these studies did not investigate 
arthrocentesis as initial treatment. 14,15 With regard to the effectiveness of the conservative 
treatment approach, the results of this study confirm that in particular TMJ pain improves 
over time. 6 However, conservative treatment, and in particular splint therapy, may be 
more effective when combined with arthrocentesis. 7

 The relatively rapid improvement after arthrocentesis compared to conservative 
treatment may be explained by the immediate removal of pro-inflammatory cytokins, 
matrix degrading enzymes, reactive cytokines and degeneration products. Hereby, the 
joint is given a head start in the recuperation process. However, favourable substances like 
hyaluronic acid and lubricin may be removed from the joint space as well by the lavage 
therapy. 8 Furthermore, arthrocentesis is less dependent on patient compliance compared 
to conservative treatment since the treatment consists of a one-time lavage of the joint 
that is performed by the treating clinician. Possibly, this may have contributed to the rapid 
improvement after arthrocentesis as well.
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Strengths of this study were the randomized allocation to the different treatment groups, 
the blinded follow-up observations and analyses, a sufficient sample size, and the 
extended psychosocial patient profiling by means of several validated questionnaires. The 
main weaknesses of this study were the generalizability, and the relatively large number 
of patients lost to follow-up.
 The generalizability of this trial may be limited due to the inclusion procedure. Patients 
were selected using intra-articular anaesthesia, which excluded patients with mainly 
myogenous symptoms. Therefore, the results of this study may be representative for a 
select group of TMD patients, since TMD patients usually present mixed, arthrogenous 
and myogenous, symptoms. 24 
 In this trial, the number of patients lost to follow-up was equally distributed among 
the two treatment groups. Therefore, association of patient compliance and treatment 
group is unlikely. However data about reasons for lost to follow-up were not collected. 
Since the number of patients lost to follow-up increases with time and in both groups 
symptoms tend to decrease over time, possibly compliance is associated more with the 
severity of the symptoms. 
 At baseline and at 26 weeks, X-ray examinations were performed in order to detect 
any bony changes. Differences between the two treatment groups were not likely to 
occur, since treatment modality seems to have no significant influence on subchondral 
bone modulations. 25 Furthermore, changes that may occur during 26 weeks follow-up, 
as in the present study, are relatively small. Often more sophisticated imaging techniques 
are used for TMJ evaluation, such as Magnetic Resonance Imaging (MRI) and Cone-Beam 
Computed Tomography (CBCT). However, in order to detect the relatively small intra-
articular bony changes, CBCT may not be accurate since its precision is limited by the 
voxel size. Furthermore, MRI is mainly used for evaluation of the soft tissues. 26

 Contemporary therapeutic strategy consists of initially conservative treatment, which 
is followed by minimally invasive techniques like arthrocentesis, when patients are non-
responsive to this approach and the arthropathy appears to be persistent. However, in this 
study arthrocentesis was used as initial therapy. Since the results of this study indicate that 
arthrocentesis as initial treatment reduces pain and functional impairment more rapidly 
than non-invasive therapy with low morbidity, the statement that non-invasive treatment 
should be used as initial treatment because it would be less harmful, is at least doubtful.

Conclusion

Arthrocentesis as initial treatment reduces pain and functional impairment more rapidly 
compared to conventional initial therapy. Progression of the reduction of TMJ pain and 
functional impairment seems to be most explicit relatively short after arthrocentesis as 
initial treatment, whereas progression after conservative treatment seems to develop 
more gradually. However, over time, both treatment modalities appear to be equally 
effective.
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Abstract

Objective Initial therapeutic strategies for temporomandibular joint arthralgia usually 
focus on reducing joint loading. However, costs may be reduced via swift reduction 
of inflammatory and pain mediators using arthrocentesis as an initial therapy. The 
ain of this study was to determine the cost effectiveness of the initial treatment of 
temporomandibular joint pain via care as usual or via arthrocentesis.

Methods A two-armed, parallel-design, randomized controlled trial was conducted 
in the Netherlands from January 2009 to June 2012 and included patients with 
temporomandibular joint pain that was primarily of intra-articular origin. 
 For initial treatment, patients were randomly allocated to arthrocentesis (n=40) or care 
as usual (n=40). Arthrocentesis consisted of rinsing the intra-articular space with isotonic 
saline chloride. Care as usual included a soft diet, physical therapy, and splint therapy 
using an intra-oral hard acrylic splint. The duration of the care-as-usual program was six 
weeks. Follow-up was conducted after three, 12, and 26 weeks. 
 Cost effectiveness (total cost from a societal view) was related to temporomandibular 
joint pain as measured on a visual analogue scale (VAS 0-100mm) and to cost utility 
(quality-adjusted life years).

Results Temporomandibular joint pain declined more quickly in the arthrocentesis group 
(n=36) than in the care-as-usual group (n=36; regression coefficient β=-10.76; 95% 
confidence interval -17.75 to -3.77; p=0.003). 
 The estimated mean total (societal) cost over 26 weeks was €589 ($795; £497) in the 
arthrocentesis group and €1680 ($2266; £1416) in the care-as-usual group. Arthrocentesis 
was associated with lower mean cost and better health outcomes than care as usual 98% 
and 95% of the simulations respectively. 

Conclusions The results of this study suggest that, from an economic perspective, 
arthrocentesis is the best initial therapy for the treatment of temporomandibular joint 
pain. Arthrocentesis has better health outcomes and lower costs than care as usual. The 
current strategy, in which conservative care is usually offered first, seems arbitrary and 
does not seem to be based on any evidence. Therefore, it may be worthwhile to consider 
arthrocentesis in an earlier treatment phase.

Trial registration Dutch Trial register (http://www.trialregister.nl: NTR1505).
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Introduction

Temporomandibular joint (TMJ) arthralgia is a relatively common condition, that occurs 
in approximately 10% of the population over age 18. 1,2 It is primarily a condition of young 
and middle-aged adults that particularly affects young women. 1 Arthralgia of the TMJ 
has considerable impact on daily activities 3-5 and is associated with depression, anxiety, 
and somatization, which lead to further limitation of daily activities. 4,6,7 Patients with 
arthralgia make more use of health care services and consequently generate higher costs 
compared to healthy controls. 8

 Current initial therapeutic strategies for TMJ arthralgia usually focus on reducing joint 
load by prescribing a soft diet, exercises, and an oral appliance. 9,10 The oral appliance 
usually consists of an intra-oral hard acrylic occlusal splint that, like an orthopaedic insole, 
guides the joint into a slightly different position during loading. Recuperation of the joint 
initiated by this reduced burden starts with phagocytosis of degeneration products within 
the joint. This process takes time, is dependent on patient compliance, and its outcome 
and duration are clinically unpredictable. Consequently, this approach includes multiple 
visits to the outpatient clinic in order to monitor the clinical course and to optimize patient 
compliance. 
 If patients are non-responsive to this approach and the arthralgia appears to persist 
conservative therapy is usually followed by minimally invasive techniques such as 
arthrocentesis. Arthrocentesis, or joint lavage, directly removes degradation products 
from the joint cavity and eliminates inflammatory mediators as well. 11 Success rates up 
to 91% have been reported for the use of arthrocentesis in patients with arthralgia due 
to a permanent displacement of the intra-articular disc. 12 Although the evidence is not 
conclusive, it seems that arthrocentesis has a beneficial effect on pain and impairment of 
mandibular function. 13-18 Arthrocentesis is considered to be a highly efficient procedure 
with low morbidity. 17

 Since there is no definite evidence that loading of the articular surfaces is reduced by 
conservative therapy, and since arthrocentesis seems to be highly efficient in patients who 
did not benefit sufficiently from conservative treatment, minimally invasive techniques 
could be applied at an earlier stage. Improvement during the conservative-therapy phase 
occurs slowly. Adequate reduction of TMJ pain may prevent the development of chronic 
pain, reduce the impact on daily activities, and reduce the need for additional health 
care utilization. 19 Therefore, using arthrocentesis as an initial therapy for TMJ arthralgia, 
may reduce medical and non-medical costs, both directly and indirectly, as it seems to 
immediately reduce inflammatory and pain mediators and may ultimately prevent the 
disease from remaining symptomatic. To date, no investigations have addressed the 
cost effectiveness of arthrocentesis as the initial treatment versus care as usual (CAU). 
Therefore, the objective of this study was to determine the cost effectiveness and cost 
utility of arthrocentesis as an initial treatment for TMJ arthralgia compared to CAU.
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Methods

This two-armed, parallel-design, randomized controlled trial was conducted at the 
University Medical Center Groningen (UMCG), University of Groningen, the Netherlands, 
from January 2009 to June 2012. Approval of the ethical committee of the UMCG 
(METc 2008/197) and registration of the trial with the Dutch Trial register (http://www.
trialregister.nl, Dutch Cochrane Centre, Cochrane Collaboration) were obtained prior to 
patient recruitment. This paper follows CONSORT reporting guidelines for two-armed, 
parallel-design, randomized controlled trials. 

Participants and procedures
Patients were recruited from the department of Oral and Maxillofacial Surgery of the 
UMCG. All patients provided written informed consent. The main target of the investigated 
therapeutic approaches was the reduction of symptoms, leading to formulation of 
the following inclusion criteria: minimum of age 16 years; pain in the TMJ region that 
is aggravated by protrusion and lateral excursions of the mandible and function; pain 
still present after two weeks of medication (ibuprofen 600mg three times daily), thus 
excluding acute inflammatory pain; pain disappears after intra-articular injection with 
Ultracain forte (Aventis Pharma, Hoevelaken, The Netherlands), thus excluding an extra-
articular origin of pain 20 (see figure 1). The exclusion criteria were: systemic rheumatic 
disease; bony ankylosis of the TMJ; incompetence in speaking the Dutch or English 
languages; pregnancy; concurrent use of anti inflammatory medication, steroids, muscle 
relaxants, or antidepressants; medical contraindication; unwillingness to receive one of 
the study treatments; prior open TMJ surgery. 
 Patients who met the inclusion criteria were randomly allocated to one of the two 
treatment groups (1:1). One group received arthrocentesis as initial treatment and the 
other group received CAU. A random sequence was generated by an independent co-
worker using a randomization software package (Statsdirect version 2.7.7, StatsDirect Ltd., 
Cheshire, United Kingdom). Treatment allocation was concealed (sealed envelopes) from 
the participants and the treating clinician until the enrolment procedure was completed. 
At this point, an independent nurse revealed the group allocation. Follow-up assessments 
were performed prior to treatment (T0) and at three (T1), 12 (T2), and 26 (T3) weeks after 
the last treatment session. 

Intervention groups
Patients who were allocated to the arthrocentesis group were treated under local 
anaesthesia. At the start of the arthrocentesis procedure, anaesthesia of the TMJ was 
achieved using intra-articular anaesthesia and anaesthesia of the overlying skin (Ultracain 
forte, Aventis Pharma, Hoevelaken, The Netherlands). Thereafter, two 18-gauge needles 
were inserted into the upper joint space, and communication between the needles was 
established. The joint was then rinsed with at least 300 mL of isotonic saline chloride. 
No additional substances or drugs were applied. The duration of the procedure was 
approximately 30 minutes. The same clinician (BS) performed all arthrocentesis procedures.
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Patients who were allocated to the CAU group were first instructed to use a soft diet 
for at least three weeks. Physical therapy was also offered, involving a home-exercise 
program, joint mobilization, and physical treatment modalities. Additionally, intra-oral 
hard acrylic splints were made, and patients were instructed to use this oral appliance 
during the night and for 1-2 hours during the day to get used to the unusual jaw position. 
These three treatment modalities (soft diet, physical therapy, and hard splint) were 
applied simultaneously. The soft diets and hard splints were administered by the same 
clinician (JHS); all physical treatments were performed by two physiotherapists who were 
specialists in head and neck therapy. The duration of the CAU program was six weeks in 
total.

Measures
Prior to the treatment (T0) and at each follow-up assessment (T1-T3), pain intensity was 
measured during maximum mouth opening using a visual analogue scale (VAS; 0-100 mm). 
One examiner, who was blind to treatment allocation, performed all measurements. The 
examiner had no contact with the participants other than during these measurements.
 At baseline (T0) and at every follow-up assessment (T1-T3), patients were asked to 
fill out two questionnaires concerning the economic aspects of treatment. Most of 
the information was collected via a detailed questionnaire on costs that focused on 
healthcare consumption during the previous three, nine and 14 weeks. Furthermore, the 
EQ-5D, a standardized 5-item questionnaire on health status, was used to estimate health 
values from a societal perspective. 21 The questionnaire assessed contact with healthcare 
professionals and absence from work. Additional information was collected through the 
associated healthcare professionals. All costs were based on the price level of the euro in 
2011. 

Sample size
This study was powered for a comparison of pain intensity between the two treatment 
groups. Testing a two-tailed hypothesis with 80% power, a 5% significance level, an 
estimated effect size of 0.20, and an anticipated dropout rate of 10% required a sample 
size of 40 patients per group. The predictors included in the model were treatment, age, 
gender, duration of complaint before inclusion, and mouth opening.

Statistical analysis
In order to create an effect model for TMJ pain, univariate analyses were performed for 
each predictor. If a predictor was found to be significant, the associated P-value was used 
in further development of the model. Predictors with a P-value less than or equal to 0.1 
were simultaneously entered into a multivariate model. To correct for the dependency of 
repeated measurements in the longitudinal data analysis, generalized estimated equation 
(GEE) multivariate models were assessed using Stata version 11.0 (Stata Corp., College 
Station, Texas, USA). Analyses were executed using the intention-to-treat principle.
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Cost effectiveness analysis
Cost analyses of arthrocentesis and CAU were conducted from a societal perspective; 
direct medical, direct non-medical, and indirect non-medical costs were registered. The 
various cost categories and cost types that were included in the analyses are presented 
in table 1. 

Table 1. Cost categories and cost types

Direct medical costs Direct non-medical costs Indirect non-medical costs

Arthrocentesis, CAU Informal care Productivity losses 

(unpaid and paid work

Outpatient care Out-of-pocket costs

General healthcare

Medication

Assessment of costs included materials used per patient (e.g. needles, anaesthesia, and 
splint), personnel wages, and the duration of the procedures applied. Costs of informal care 
were based on the monetary valuation of the time invested by relatives or acquaintances 
in helping or assisting the patient (household work, accompanying patients to healthcare 
professionals). Out-of-pocket costs were additional costs generated by the patients, 
such as the costs of cancelling holidays or other planned activities. Costs of productivity 
losses due to disease-related absence from work were estimated using the friction-cost  
method; 22 compensation mechanisms were taken into account when estimating 
productivity costs. 23 In addition, costs were estimated for patients who were present 
at work, but could not function optimally due to the experienced health problems 
(presenteeism). The costs related to changes in the amount of voluntary (unpaid) work 
conducted by patients were also taken into account.
 The price of one unit of each included cost type was mainly based on Dutch standard 
prices. 24 True costs of used resources were estimated when standard prices were not 
available. All unit prices were based on the price level of the euro in 2011. Reference prices 
established for previous years were adjusted to 2011 prices by applying the consumer 
price index.
 The cost-effectiveness analysis was performed using costs (in Euros; €) and pain 
during movement (VAS; 0-100mm). 25 Furthermore, a cost-utility analysis was conducted 
with the quality-adjusted life years( QALYs) as the primary outcome measure. Health-
related preferences were determined using the algorithm according to Dolan and the raw 
EQ-5D scores. 26 Incremental cost-effectiveness ratios (ICERs) were calculated for each of 
the bootstrap iterations 27 (2000 in the present study), and simulated values of the mean 
estimates for the cost and outcome differences were added to the cost-effectiveness 
plane. 25,28 Economic analyses were conducted using SPSS version 18.0 and R (R foundation 
for statistical computing, 2005).
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Results

80 patients were included and randomly allocated to one of the two treatment groups, 
each of which consisted of 40 patients. One group received arthrocentesis as the initial 
treatment (11 men and 29 women, mean age 38.3years, standard deviation (SD) 15.9 years) 
and the other group received CAU (nine men and 31women, mean age 36.1 years, SD 14.3 
years; table 2). Four patients dropped out of each group, and the following numbers of 
patients did not attend follow-up: six patients at T1, seven patients at T2, and 16 patients 
at T3.

Table 2. Patients’ baseline characteristics

Characteristics Arthrocentesis (n=40) CAU  (n=40)

Female gender, n (%) 29 (72.5) 31 (77.5)

Mean (SD) Mean (SD)

Age in years 38.3 (15.9) 36.1 (14.3)

VAS during movement 51.6 (18.9) 54.0 (25.4)

Clinical effectiveness
After 26 weeks, TMJ pain had declined in both groups (arthrocentesis, n=36; CAU, n=36; 
figure 1). The GEE model of clinical effectiveness, based on intention to treat, uncovered 
significant differences between the use of arthrocentesis and CAU as the initial treatment 
(regression coefficient β=-10.76; 95%; confidence interval -17.75 to -3.77; p=0.003). The 
predictors age, gender, duration of complaints before inclusion, and mouth opening did 
not significantly influence the outcome. In the GEE model, time was defined in days post 
treatment based on the actual consultation dates.

 

Figure 1. Progression of TMJ pain according to visual analogue scale (VAS) over 26 weeks. 
Measurements were taken prior to treatment (T0) and at three (T1), 12 (T2) and 26 weeks post-
treatment. Mean and standard deviations are given.
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Reported adverse events and adverse reactions
In the CAU group, no adverse events or adverse reactions were reported. Patients who 
received arthrocentesis did not report any adverse events or serious adverse reactions. 
However, some of these patients reported a slight increase in pain (n=3) and mild swelling 
in the TMJ region (n=1), mild and transient adverse reactions that directly followed the 
arthrocentesis.

Cost effectiveness
The estimated mean total cost over 26 weeks (T0-T3) was €589 ($795; £497) in the 
arthrocentesis group and €1680 ($2266; £1416) in the CAU group. An overview of the mean 
total costs generated during the various measurement periods of the study is provided in 
table 3. The mean total cost of the arthrocentesis group was lower than that of the CAU 
group for all measurement periods.
 Utilisation of healthcare services and the percentage of patients using each cost type 
during the study are also provided in table 3. Means of the different cost types were based 
on all patients of each group. If a patient did not make use of a specific cost type (or 
information was missing, which was rare on item level), costs of €0 were applied when 
calculating group means. 

Table 3. Mean total cost during the study in euros (€)

Measurement period Arthrocentesis CAU Mean difference in cost (95% CI1)

n Mean total cost n Mean total cost

T0-T1 28 503 25 816 -313 (-624  to  -5)

T1-T2 27 230 21 567 -337 (-740  to  +12)

T2-T3 16 106 17 312 -206 (-487  to  +29)

T0-T3 2 13 589 11 1680 -1091 (- 1720 to -565)

1  95% confidence interval (CI) for the mean cost differences between the two groups during the   

 measurement periods. Lower and upper boundaries of the CI are presented

2  Mean total costs during T0-T3, estimates based on data from patients who were included in the 

 cost-effectiveness analyses (bootstrap)

The costs of the interventions had a large impact on total cost in both groups. The mean 
total cost of arthrocentesis was €205 ($274; £173) per patient, while CAU cost €462 ($618; 
£389) per patient on average. The various medical and non-medical costs generated by 
both groups during the treatment and the follow-up period are presented in table 4.
 With regard to costs other than intervention costs, visits to the outpatient clinic, 
informal care, and presenteeism had the most impact on total cost. The differences 
between groups were most pronounced for the costs of the interventions and the costs 
of presenteeism, which were both higher for patients in the CAU group. 
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Table 4. Medical and non-medical costs during the 26 weeks of the study, in euros (€)

Cost types
Arthrocentesis (n=30) CAU (n=31)

Mean cost (SD) %1 Mean cost (SD) %1

Interventions

Personnel, materials, etc 205(0) 462 (531) 81

Outpatient care

Outpatient clinic 221 (131) 87 243 (193) 87

Emergency care 0 0 0 0

Other outpatient care 7 (41) 3 19 (107) 3

General healthcare

General practitioner 2 (7) 7 5 (17) 10

Dentist 26 (69) 20 24 (93) 10

Physiotherapist 27 (100) 10 26 (121) 10

Speech therapist 1 (6) 3 0 (-) 0

Alternative healthcare 0 (-) 0 53 (293) 3

Other general healthcare 0 (-) 0 0 (1) 3

Medication

Prescribed medication 12 (36) 60 2 (4) 26

Non-prescribed medication 2 (12) 3 4 (18) 19

Non-medical costs

Informal care 183 (586) 30 173 (497) 29

Out-of-pocket costs 36 (157) 17 17 (43) 26

Productivity losses

Unpaid work 0 (-) 0 0 (-) 0

Paid work 18 (60) 10 39 (216) 3

Presenteeism 6 (27) 7 146 (452) 32

1 Percentage of patients using the cost types concerned

The mean QALY values of both groups were lower than QALY values at T0 with better 
outcomes for the arthrocentesis group. The outcomes of the pain scale and the QALY (no 
mortality) were subsequently included in the economic analyses of cost effectiveness and 
cost utility. Table 5 presents information on the primary outcome variables in the cost-
effectiveness and cost-utility analyses.
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 Table 5. TMJ pain intensity (VAS) and QALY outcomes for the two treatment groups over time.

Instrument/ measurement period
Arthrocentesis CAU

n Mean (SD) n Mean (SD)

VAS pain

T0 37 51 (19) 40 54 (25)

T3 26 18 (26) 31 29 (29)

QALY 1

T0-T3 13 0.43 (.04) 11 0.38 (0.09)

1  Dolan algorithm applied to the raw scores of the EQ-5D, which were subsequently converted to  
 QALYs (26-week period)
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Figure 2. The cost-effectiveness analysis reveals that arthrocentesis dominated over ‘care as usual’ 
(CAU) in 98% of the simulations. Incremental cost-effectiveness ratios (ICERs) were calculated for 
2000 bootstrap iterations. Simulated mean estimates of the costs (costs arthrocentesis (€) – costs 
CAU (€)) and TMJ pain differences (improvement on visual analoque scale (VAS * -1)) are presented 
in the cost-effectiveness plane.
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The cost-effectiveness analysis suggested that arthrocentesis was associated with lower 
mean costs and better health outcomes (VAS). The point estimate of the ICER and the 
results of the bootstrap analyses with regard to cost effectiveness and cost utility are 
presented in the cost-effectiveness plane in figures 2 and 3 respectively. Figure 2 shows 
that approximately 98% of the bootstrap simulations were located in the southeast 
quadrant, indicating that arthrocentesis dominated over CAU in 98% of the simulations. 
In figure 3, approximately 95% of the bootstrap simulations were located in the southeast 
quadrant, suggesting that arthrocentesis was more cost effective than CAU.

Discussion

The results of the economic evaluation in the present investigation indicate that 
arthrocentesis was associated with lower costs and better health outcomes than CAU. 
The estimated mean total (societal) cost over 26 weeks (T0-T3) was €589 ($795; £497) 
in the arthrocentesis group and €1680 ($2266; £1416) in the CAU group. The costs of 
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Figure 3. The cost-utility analysis indicates that arthrocentesis dominated over ‘care as usual’ (CAU) 
in 95% of the simulations. Incremental cost-effectiveness ratios (ICERs) were calculated for 2000 
bootstrap iterations. Simulated mean estimates of the costs (costs arthrocentesis (€) – costs CAU (€)) 
and QALY differences are presented in the cost-effectiveness plane.
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the interventions had a substantial impact on the total costs in both groups, together 
with costs due to visits to the outpatient clinic and informal care. Results of the primary 
outcome measures (TMJ pain, scored on a VAS) and the QALY results were more positive 
for the arthrocentesis group.
 The clinical findings of the present study are consistent with currently available 
evidence that arthrocentesis is an efficient and effective treatment modality, although 
previous studies did not investigate arthrocentesis as initial treatment. 17,18 With regard 
to the effectiveness of CAU, the results of this study confirm that TMJ pain improves over 
time. 10

Strengths and limitations of this study
The arthrocentesis procedure described in this study was conducted using intra-articular 
anaesthesia and anaesthesia of the overlying skin, according to the standard protocol of 
the department of Oral and Maxillofacial Surgery of the UMCG. No general anaesthesia or 
sedation was applied. Therefore, the costs of this procedure were considerably lower than 
the costs of arthrocentesis performed under general anaesthesia or sedation, which is still 
the conventional protocol in several hospitals. Furthermore, the protocols for usual care 
differ between countries and even within countries. Since different protocols are likely to 
produce different costs and the costs of the intervention have a major influence on the 
total societal costs, generalization of the results presented in this study is limited. 
 The present study was conducted in the Netherlands, within the Dutch healthcare 
system. Although our cost-effectiveness analysis was based on true costs, these costs 
may differ in other countries. Healthcare systems and cultural differences may influence 
medical costs as well as non-medical costs. Therefore, the generalizability of the results 
of this study may be limited. However, despite these differences, there is a clear trend 
favouring the cost effectiveness of arthrocentesis as an initial treatment.
 The mean total cost estimates presented in table 3 were based on complete case 
analyses. Complete data on healthcare consumption and costs were only available for a 
small group of included patients. Alternative approaches to handling missing cost data, 
as applied in other economic evaluations (e.g. the expectation maximization algorithm 
with bootstrap approach), could not be applied in the current study, largely due to the 
relatively small number of included patients and the high percentage of incomplete data. 
Therefore, the mean total cost estimates during the 26 weeks of the study period and the 
additional economic analyses should be interpreted with caution.

Implications of the results
Within its limitations, the results of this study show that for the initial treatment of TMJ 
pain, arthrocentesis is associated with better health outcomes and lower costs than CAU. 
It is questionable wether conventional care should still be preferred as initial therapy, 
since its indication is probably mainly based on its non-invasive character. The current 
order of treatment, in which conservative care is offered first, seems arbitrary and does 
not seem to be based on any evidence. The results of this study ask for reconsideration 
of this order. In the context of reducing healthcare costs and increasing patient comfort 
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through rapid pain control, arthrocentesis may be offered to patients with TMJ arthralgia 
in an earlier stage of the disease.

Conclusions
The results of this study suggest that, from an economic perspective, arthrocentesis is 
superior to CAU for the initial treatment of TMJ pain. The better health outcomes and 
lower costs of arthrocentesis as an initial treatment may motivate reconsideration of the 
usual treatment strategy. The current strategy, in which conservative care is offered first, 
seems arbitrary and does not seem to be based on any evidence. Therefore, it may be 
worthwhile to consider arthrocentesis in an earlier treatment phase. However, in order 
to allow more definitive conclusions cost-effectiveness studies have to be performed in 
other countries and with other care-as-usual protocols as well.
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Abstract

Objective The hypoxia-reperfusion theory is a sphere of abstract knowledge to explain a 
part of the processes involved in TMJ osteoarthritis (OA). It has been suggested that, in 
the arthritic joint, several mechanisms exist by which free radicals are produced which, 
in turn, may damage important molecules as well as trigger cellular responses that may 
lead to degenerative-joint disease. The objective of this study was to determine the 
available evidence in the literature for whether hypoxia-reperfusion injury plays a role in 
the pathogenesis of joint diseases in general, and  of  TMJ OA in particular.

Methods The electronic databases CENTRAL, PubMed and EMBASE were systematically 
searched. The search strategy combined thesaurus terms ‘reperfusion injury’ and ‘joints’ 
and excluded ‘tourniquet’ which possibly induces iatrogenic reperfusion injury. Inclusion 
and exclusion criteria were applied, data were extracted, and quality was assessed. 

Results Four studies could be included, investigating four different aspects of the hypoxia-
reperfusion mechanism in joints. All studies investigated several arthritides in the knee 
joint. All studies were observational studies, except for one section of one of the studies, 
which was a randomized controlled trial.
 The included studies do not provide any evidence to support or reject the hypothesis 
that hypoxia-reperfusion occurs in TMJ OA. Positive but weak evidence is provided to 
support the hypothesis that hypoxia-reperfusion injury occurs in OA of the knee joint. 
Furthermore some results of the included studies suggest differences between OA and 
other types of arthritis with relation to the hypoxia-reperfusion mechanism.

Conclusions There is no evidence to support or reject the hypothesis that hypoxia-
reperfusion occurs in TMJ OA. Minimal evidence is provided to support that hypoxia-
reperfusion injury occurs in OA of the knee joint. As the included studies suggest 
differences between OA and other types of arthritis with relation to the hypoxia-
reperfusion mechanism it may be important, for further research, to distinguish OA from 
other types of arthritis. 
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Introduction

Osteoarthritis (OA) is the most prevalent chronic disorder in synovial joints. It is considered 
to be a degenerative process, affecting the synovium, bone and cartilage, eventually 
leading to destruction of articular tissues. Furthermore, the disorder has an inflammatory 
component accounting for many of the clinical signs and symptoms.
 The temporomandibular joint (TMJ) is a relatively small synovial joint. In the TMJ, OA 
is clinically associated with pain, function impairment and sometimes with joint sounds 
like clicking and crepitation. These symptoms are rather common among the general 
population. The prevalence of clinically significant TMJ related pain has been estimated 
to be at least 5%. 1 The majority of patients with OA of the TMJ are female.
 The spin off for the pathologic process is when the equilibrium between mechanical 
load and the adaptive capacity of the joint is disturbed and degradation of the articular 
tissues dominates regeneration. In this stage more neuropeptides are formed in the 
retrodiscal tissue. 2 Cytokines, such as interleukins (IL-1α, IL-1β, IL-6) and tumor necrosis 
factor –alpha (TNF-α) are formed, but also pain-associated cytokines like bradykinin. 
Cytokines induce generation of matrix-degrading enzymes, prostaglandins, arachidonic 
acid and isoprostanes. In some of these processes free radicals are formed.
 It is frequently stated that these reactive oxygen species (ROS) play an important 
role in the etiology of the disease. Free radicals can damage important molecules of the 
articular tissues and synovial fluid as well as trigger cellular responses that may lead to 
degenerative joint disease. 3,4 It has been suggested that, in the arthritic joint, there are 
several mechanisms by which these free radicals are produced. One of the most prominent 
of these is thought to be hypoxia-reperfusion injury. 2,5-7 This theory was first proposed 
by Woodruff et al, as a possible explanation for the persistence of synovial inflammation. 8 
They stated that oxygen-derived free radicals may be produced by recurrent reperfusion 
injury in joints subjected to repeated pressure changes. Their ideas were mainly based 
on the ischemia-reperfusion model proposed by McCord in which the enzyme xanthine 
oxidase plays an important role in ROSs induced dysfunction in ischemic diseases of the 
heart, bowel, liver, kidney, and brain. 9 

 According to the hypoxia-reperfusion mechanism, normal mechanical loading may 
result in an intra-articular pressure rise that exceeds the end-capillary perfusion pressure, 
due to an increased pressure within the arthritic joint space, causing hypoxia in the 
affected articular tissues. Under these hypoxic conditions, cells may rapidly undergo 
metabolic changes. When loading is released, the intra-articular pressure decreases 
and perfusion of the affected tissues is re-established. During reperfusion free radicals 
are formed. In the arthritic joint the equilibrium of the production of free radicals and 
scavengers of free radicals is disturbed. Due to this imbalance, free radicals can damage 
the involved tissues and substances like lipids and immunoglobulin G (IgG). Hyaluronic 
acid, a key molecule of the lubrication system and the protection of articular cartilage, is 
also susceptible to degradation by free radicals, which can eventually lead to inadequate 
lubrication, vulnerability of the articular cartilage, and increased friction between articular 
surfaces. 10
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Free radicals are generally unstable and highly reactive because of their capability 
of independent existence and because they have one or more unpaired electrons in 
their outer orbits. Free radicals will react with adjacent molecules, stealing an electron 
to achieve a paired electron configuration. By this reaction the attacked molecule 
in turn becomes a free radical because there is now an unpaired electron in its outer 
orbit. This chain reaction continues, theoretically, until two free radicals react with one 
another. 2,11,12 The vulnerability of specific molecules to modification by free radicals 
depends on their structure. Molecules like fibronectin and hyaluronic acid appear to be 
extremely vulnerable, while other molecules, e.g. type I collagen, albumin, and matrix 
metalloproteinases, appear to be relatively resistant. 1 Free radicals can also affect the 
production of molecules involved in the pathogenesis of TMJ OA, e.g., IL-1α, IL-1β and 
IL-6, by activation of gene transcription. 2  
 The hypoxia-reperfusion injury theory is embraced as a plausible model to explain a 
part of the processes involved in OA in synovial joints, including the TMJ. 2,5-7 However, 
a model should not only be biologically plausible, but should be supported by scientific 
evidence. Therefore the aim of this study was to determine the available evidence that 
supports or rejects the role of hypoxia-reperfusion injury in the pathogenesis of joint 
diseases in general, and of TMJ OA in particular.

Search methods for identification of the studies
In order to retrieve the available evidence for the hypoxia-reperfusion injury mechanism 
the following search strategy was followed. Hereby ‘tourniquet’ was used as a thesaurus 
term for exclusion, because in articular surgery of the knee the tourniquet is often used to 
control intraoperative bleeding and several studies have aimed at determining hypoxia-
reperfusion injury induced by the use of a tourniquet instead of determining hypoxia-
reperfusion injury as a result of a pathophysiologic process involved in OA.

Inclusion criteria
All randomized controlled trials, controlled trials, systematic reviews and meta-analyses 
aiming at providing evidence to support or reject the hypoxia-reperfusion injury 
mechanism in human synovial joints in relation to osteoarthritis and not induced by the 
use of a tourniquet were identified and included.

Data sources
Relevant articles were searched using PubMed / Medline, EMBASE and Cochrane Central 
Register of Controlled Trials (CENTRAL). Of all relevant articles, the references were checked 
for additional useful articles (snowball). Also a cited reference search was performed with 
the relevant articles.

Search strategy
All data sources were searched up to October 2011. In PubMed and CENTRAL Mesh terms 
as well as free text keywords were used as thesaurus terms. In EMBASE EMTREE terms and 
text keywords were used. An overview of the terms used and the selection process are 
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presented in respectively table 1 and figure 1.

Table 1. Thesaurus terms and search strategy

PubMed EMBASE CENTRAL

#1: reperfusion injury #1: reperfusion injury [tw] #1: reperfusion injury

#2: #1 AND joints #2: #1 AND joints #2: #1 AND joints

#3: #2 NOT tourniquet #3: #2 NOT tourniquet #3: #2 NOT tourniquet

Figure 1. Flowchart of the study selection procedure.

Review Methods

Study identification
First the titles, abstracts and keywords of all identified articles were screened to determine 
whether they were relevant to the subject of this review. Of the studies examining the 
hypoxia-reperfusion injury mechanism, all citing articles and all cited references were 
checked for additional articles. Relevant articles were included for full text reading.

Data extraction
Studies were included if they had been performed in humans, i.e. in vivo or ex vivo, reported 
comparison of test results with baseline measurements or golden standard, and did not 
include patients with other joint pathology than arthritis. Two reviewers independently 
extracted data from the included studies. Contents of the data extraction included: size 
and composition of the studied groups, the part of the hypoxia-reperfusion injury that 
was studied, baseline and outcome measurements, and applied statistical analysis.

Identified articles
PubMed search    n=37

EMBASE search  n=8
CENTRAL search n=5

Relevant articles
n=2

Reference searches
n=3

Included for full text reading
n=5

Excluded after thorough reading
n=1

Included articles
n=4
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Quality assessment
Two reviewers independently assessed the quality of each study. Strengths and 
weaknesses of the study design, implementation, and data analysis of each study were 
analyzed. Disagreements on quality items were resolved by discussion. Assessment items 
were: 
• What was the size and composition of the studied groups?
• Were inclusion and exclusion criteria for subjects clearly stated?
• Were the measuring methods clearly described?
• Was data analysis clearly described?

Data analysis
All analyses were based on the specific numerical data provided in the published articles. 
Four different parts of the hypoxia-reperfusion injury were investigated in the included 
studies, reflected in the following outcome variables: intra-articular pressure (IAP), lipid 
and IgG damage, capillary blood flow, and generation of ROSs. 

Results

36 articles and one response to an article were identified in PubMed. Eight articles were 
found in EMBASE. In the Cochrane library one systematic review, one abstract, two 
articles, and a response to one of the articles were identified. Of the relevant articles all 
citing articles and all cited references were checked, resulting in three additional articles 
(figure 1).
 The search strategy resulted in five studies that were selected after reading the title, 
abstract and keywords. All five were subsequently read in full text. After thorough reading, 
one of the studies did not match the inclusion criteria. 13 In this study, only rheumatoid 
arthritic joints were examined and no osteoarthritic joints. As a result, four studies were 
included.  The major characteristics of the included studies are summarized in table 2.

The four studies
Three of the included studies examined the intra-articular pressure of the knee  
(Blake 1989, 14 Merry 1991, 15 Jawed 1997 16), one study examined the oxidative damage 
to lipids (Blake 1989 14), one study examined the capillary blood flow (Blake 1989 14), and 
one examined the generation of ROS (Singh 1995 17). It seemed reasonable to group the 
studies that examined the intra-articular pressure, although a meta-analysis could not be 
performed because of important differences in study design.
 One of the included trials used randomization techniques (Blake 1989 14). In this 
study the method used to generate the sequence of allocation was not stated. None of 
the included studies was single or double blinded. Two studies defined patient groups 
well, stating disease category, distribution of sex and distribution of age (Blake 1989, 14 
Merry 1991 15). The other two studies described patient groups identically, but did not 
mention the distribution of sex (Jawed 1997, 16 Singh 1995 17). None of the studies stated 
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Table 2. Description of included studies

Author Study 
design*

Joint 
location

Group size Number and Disease Outcome 
measures

Main result

Blake et 
al. 14 

(1) 1 Knee 11 11 Rheumatoid arthritis IAP** Baseline: 10 (SD 6) mmHg, 
Exercise: 170 (SD 74) mmHg

(2) 1 Knee 10 5 Rheumatoid arthritis
2 Gout
1 Reiter’s disease
1 Psoriatic arthritis
1 Inflammatory arthritis

SCBF*** 90% (SD 7.77) SCBF 
reduction during exercise

(3a) 2 Knee Exercise: 19
Control: 15

34 Rheumatoid arthritis Oxidative 
damage to 
lipids and 
IgG

Significant rise in TBARS 
after exercise
Significant rise in IgG/
UVIgG after exercise

(3b) 2 Knee/ 
shoul-
der

Exercise: 10 
Control: 9

10 Rheumatoid arthritis
4 Ankylosing  spon-
dylitis
2 Reiter’s disease
2 Inflammatory arthritis
1 Idiopathic monoar-
thritis

Merry et al. 15 1 Knee/
shoul-
der

Chronic: 8 4 Rheumatoid arthritis
2 Psoriatic arthritis
2 Inflammatory osteo-
arthritis
1 Ankylosing spon-
dylitis

IAP** Rest: 19.6 (SD 23.5) mmHg, 
Exercise: 222.5 (SD 158.6) 
mmHg

Acute: 5 5 Acute traumatic knee 
effusion

Jawed et al. 16 1 Knee 5 5 Acute traumatic 
effusion (ATE)

IAP** Rest: 
ATE: 6 (2-12) mmHg, 
RA: 8 (5-47) mmHg,
PsA: 18 (11-31) mmHg,
OA: 17 (7-21) mmHg,
PA: 25 (9-29) mmHg,
B: 12 mmHg,
AA: 14 mmHg
Exercise: 
ATE: 9 (7-16) mmHg,
RA: 56 (33-150) mmHg,
PsA: 52 (43-85) mmHg,
OA: 56 (20-116) mmHg,
PA: 53 (41-65) mmHg,
B: 57 mmHg,
AA: 47 mmHg

12 7 Rheumatoid  arthritis 
(RA)
5 Psoriatic arthritis (PsA)

7 7 OA

9 7 Pyrophosphate 
arthropathy (PA)
1 Behcet’s (B)
1 Amyloid Arthritis (AA)

Singh et al. 17 4 4 Primary OA

2 2 Rheumatoid arthritis

* 1: Observational study design, 2: Randomized controlled trial

** Intra-articular pressure

*** Synovial capillary blood flow



100

inclusion and exclusion criteria for patient selection. All included studies used small 
experimental patient groups (varying from 8 to 19 patients). Three studies were performed 
after approval of an ethical committee was obtained (Merry 1991, 15 Jawed 1997, 16  
Singh 1995 17).

Intra-articular pressure
Three studies compared intra-articular pressure during rest to that during exercise (Blake 
1989, 14 Merry 1991, 15 Jawed 1997 16). Each of these three studies used isometric quadriceps 
contractions as an exercise, and time and position of rest before exercise were clearly 
stated. Nevertheless a meta-analysis could not be performed on data from the articles 
studying IAP, because of important differences in study design.
 In total eight patients with OA of the knee and one patient with OA of the shoulder 
were examined in order to determine the intra-articular pressure before and during 
exercise. Intra-articular pressures varied between 6 and 21 mm Hg (mean 15.6) before 
exercise and between 20 and 146.7 mm Hg (mean 71.1) during exercise.

Synovial capillary blood flow
Blake et al. 14 reported a mean capillary flow rate baseline between 10 and 22 perfusion 
units in healthy volunteers. During exercise there was a small drop in capillary blood flow 
in two out of three patients. Reported mean baseline capillary flow rates in inflamed knees 
ranged between 33 and 372 perfusion units. During exercise, capillary flow fell sharply to 
means of 4-47 units. After exercise, the blood flow returned to baseline or supra-baseline 
levels within 10-15 seconds. In some recordings, reperfusion seemed to be delayed for up 
to one minute after cessation of the exercise. The reported reduction during exercise in 
the inflamed knees was 90% (SD 7.8) and a mean increase of perfusion after exercise was 
reported of 1.8% (SD 4.8).

Generation of reactive oxygen species
Singh et al. 17 reported that their results, obtained from electron spin spectroscopy of 
ex vivo human synovial tissue, indicate that the oxidizing capacity of ROS produced by 
human synovial tissue varies with the degree of inflammation present. When subjected 
to hypoxia followed by reoxygenation after 60 minutes,  severe inflamed synovium, 
rheumatoid  as well as osteoarthritic,  induced an increase in de rate of oxidation of 
3,5-dibromo-4-nitroso-benzene sulphonate, resulting in a 28% increase in signal height 
at 120 minutes compared to control specimens exposed to continuous hypoxia. In mild 
inflamed synovium there was no appreciable difference between specimens subjected to 
a hypoxia-reoxygenation cycle and control specimens. Application of the xanthine oxidase 
inhibitors oxypurinol or amflutizole resulted in respectively 82% and 26% reduction in the 
signal height compared to control samples. 

Oxidative damage to lipids and IgG
Blake et al. 14 reported a significant rise in synovial fluid thiobarbituric acid reactive 
substances (TBARS) obtained from patients with rheumatoid arthritis of the knee after 
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exercise compared to pre-exercise levels. The greatest rise was measured at six minutes 
after exercise. There was no significant difference in the non-exercise control group 
between baseline levels and after every two minutes until the knee was dry. At six minutes 
the mean change of TBARS from baseline was 0.44 (SD 0.57) nmol/ml in the exercise group 
and -0.14 (SD 0.65) nmol/ml in the non-exercise control group. 
 A similar exercise versus non-exercise protocol was used to determine the level of total 
IgG present in the synovial fluid. Samples were batch assayed for total IgG and fluorescent 
IgG (*IgG) by gel permeation high performance liquid chromatography separation and 
subsequent quantification with ultraviolet and fluorescence detectors. The fluorescence 
was expressed as a ratio to the UV absorbance of the IgG peak. In the non-exercise control 
group there was no significant rise in *IgG/UVIgG throughout the protocol. In the exercise 
group there was a significant rise in *IgG/UVIgG from baseline, greatest immediately after 
the exercise period, with a mean rise of 0.034 (SD 0.018); p<0.001. Only one of the patients 
from whom these data were obtained had inflammatory OA.

Discussion

The hypoxia-reperfusion theory is one of the theories proposed to explain some of the 
pathophysiological processes involved in TMJ OA. 2,5-7 Intensive literature search did 
not provide for studies that investigated the hypothesis that the hypoxia-reperfusion 
mechanism is involved in TMJ OA. However, four studies were retrieved that investigated 
whether this mechanism could be involved in OA in other joints e.g. the knee and shoulder. 
Thus no direct evidence for the existence of the hypoxia-reperfusion injury mechanism in 
TMJ OA was found. Positive but weak evidence seems to support the hypothesis that this 
mechanism is involved in OA of the knee, which could be at most indirect evidence for 
its involvement in TMJ OA. Possibly the unfamiliarity of most researchers that investigate 
pathophysiological mechanisms of OA with the TMJ and the problematic accessibility of 
the TMJ may account for the fact that this hypothesis was never experimentally tested for 
TMJ OA. 
 The mechanism of hypoxia-reperfusion injury is mainly based on the following 
hypotheses. Firstly the intra-articular pressure must exceed the end-capillary perfusion 
pressure, so that the perfusion of the affected tissues decreases to an extent that allows 
hypoxia to occur. Secondly, ROSs must be generated after reoxygenation of the hypoxic 
tissue. Thirdly, when the affected tissues get reperfused, the ROSs cause damage to 
substances like lipids and IgG. Presumably synovial fluid oxygen tension should drop 
during the hypoxia stage and rise again during the reperfusion stage. The selected studies 
investigated one or more of these hypotheses. The outcomes of these studies seem to 
provide some support for the hypoxia-reperfusion theory.
 Although there are many similarities, the TMJ differs in some aspects from other load 
bearing synovial joints. The articular surfaces are covered by fibrocartilage rather than 
hyaline cartilage. And, at the molecular level, the TMJ is characterized by a characteristic 
distribution of extracellular matrix molecules. 9,18-21 Although fibrocartilage and hyaline 
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cartilage both consist of collagen, large and small proteoglycans and water, the major 
collagen species of fibrocartilage is type I collagen. This is unlike the hyaline cartilage of 
other joints, in which type II collagen is the major collagen species. 20,22 These specific 
features of the TMJ make it difficult to extrapolate data obtained from other joints to 
the TMJ. Knowledge of specific mechanisms and the tissues involved is indispensable 
for making assumptions allowing extrapolating research outcomes from one joint to 
another one. Nevertheless, findings from other joints may provide a meaningful basis for 
formulating research hypotheses for the TMJ. 
 In the studies described above, different types of arthritis have been studied. Blake 
et al. 14 grouped the different arthritides together and did not describe their findings 
according to the different arthritis types. Merry et al. 15 and Singh et al. 17 reported arthritis 
type specific as well as arthritis type non-specific findings. Only Jawed et al. 16 specifically 
distinguished the findings obtained from OA joints from those of joints having other 
arthritides. This distinction is important, because possible differences between arthritides 
can give rise to new directions in research. 
 Apart from the hypoxia-reperfusion injury, other mechanisms may produce ROSs, that 
may act simultaneously or independently from the hypoxia-reperfusion mechanism. 2,11,23 
When molecules are subjected to extreme shear stress, ROSs can be formed by homolytic 
fission. 2,11,24 Furthermore when micro bleeding occurs within the vascularized tissues 
of a joint, hemoglobin could produce a fenton reaction and catalyze the production 
of damaging hydroxyl radicals. 25 Hemoglobin also could contribute to the formation 
of highly reactive ferryl radicals. Other proposed mechanisms are ROS production 
during arachidonic acid catabolism, ROSs generated in response to cytokines and ROS 
production by the peroxynitrite pathway. 11,24 It is not clear which of these mechanisms do 
occur in osteoarthritic joints and, if so, to which extent they contribution to the disease. 23 
It is, however, possible that ROSs play an important role in the disease process, even when 
hypoxia-reperfusion injury would not occur.
 For improvement and development of new treatment modalities for TMJ OA it 
is essential to understand the underlying pathologic mechanisms. Therefore, future 
research may focus on unfolding the origin of ROSs in OA and investigation to which 
extent research outcomes from large synovial joints can be extrapolated to the TMJ.

Conclusions

All included studies used small experimental patient groups. Furthermore, no studies were 
found using homogeneous OA groups. Instead, the majority of these groups contained a 
variety of arthritides and not exclusively OA. The heterogeneity and the small size of the 
patient groups do not permit firm conclusions.
 The included studies do not provide any evidence to support or reject the hypothesis 
that hypoxia- reperfusion plays a role in TMJ OA. Positive but weak evidence supports the 
hypothesis that hypoxia-reperfusion injury occurs in OA in the knee. 
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Appendix

Included studies
Blake 1989: 14 in this article, three studies were presented. The first study is an observational 
study in 11 patients with classical rheumatoid arthritis of the knee joint. Patients lied 
down for one hour before the procedure. Intra-articular pressure and synovial fluid 
oxygen tension were measured and monitored during two minutes isometric quadriceps 
contractions. Synovial fluid oxygen tension and the intra-articular pressure were also 
measured immediately afterwards, and then every five minutes.
 The second study is also an observational study, in which 10 patients – five with 
rheumatoid arthritis, two with gout, one with Reiter’s disease, one with psoriatic arthritis 
and one with inflammatory osteoarthritis – were studied. Synovial capillary blood flow 
was measured using laser Doppler flowmetry. The resting capillary flow rate was recorded 
and then the capillary flow rate was recorded throughout a cycle of rest – 30 seconds 
isometric quadriceps contractions – rest. The cycles were repeated several times in each 
subject, and a mean reading was obtained. 50 cycles were recorded, 35 in patients with 
inflammatory synovitis and 15 in the controls.
 The third study consists of two parts. Both parts are randomized controlled trials. In 
the first part 34 patients with rheumatoid arthritis were studied. Patients were randomly 
divided into two groups: 19 into the exercise group and 15 into the control group. First 
a baseline sample was aspirated. Then the patients in the exercise group performed 
isometric quadriceps contractions for two minutes. Immediately after that a 3ml sample 
was aspirated. This was repeated every two minutes until the knee was dry. In the control 
group the procedure was the same, but the exercise phase was omitted. Baseline samples 
were analyzed for differential white cell count. Samples were batch assayed for lipid 
peroxidation products by Satoh’s method for the assessment of TBARS.
 The second part consisted of 19 patients: 10 with rheumatoid arthritis, four with 
ankylosing spondylitis, two with Reiter’s disease, two with inflammatory osteoarthritis and 
one with idiopathic mono-arthritis. The patients were randomly divided into two groups: 
10 into the exercise group and nine into the control group. One patient of the exercise 
group had inflammatory osteoarthritis of the shoulder instead of the knee. Baseline 
samples were analyzed for differential white cell count. Samples were batch assayed for 
total IgG and fluorescent IgG by gel permeation high performance liquid chromatography 
separation and subsequent quantitation with ultraviolet and fluorescence detectors. The 
fluorescence was expressed as a ratio to the UV absorbance of the IgG peak.

Merry 1991: 15 an observational study to investigate the intra-articular pressure was 
performed in eight patients with chronic knee effusion and five patients with acute 
traumatic knee effusions. Of the patients with chronic knee effusion there were four with 
rheumatoid arthritis, two with psoriatic arthritis, two with inflammatory osteoarthritis and 
one with ankylosing spondylitis. Furthermore one of the patients with OA had a shoulder 
effusion while all other patients had knee effusions. Patients were rested in a recumbent 
position for 30 minutes before the measurements were taken. The intra-articular pressure 
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was recorded during cycles of isometric quadriceps contractions and subsequent 
relaxation. A minimum of four cycles was performed per patient and a mean value for the 
intra-articular pressure during exercise was obtained. In this study intra-articular pressure 
at rest and during isometric exercise in patients with acute traumatic inflammatory joint 
effusions was compared with patient who had chronic inflammatory joint effusions.

Jawed 1997: 16 an observational study in which in four groups of patients intra-articular 
pressure was compared. The first group contained five patients with acute traumatic 
effusions of the knee. The second group consisted of 12 patients, seven with rheumatoid 
arthritis and five with psoriatic arthritis. Group three contained seven patients with OA and 
group four contained nine patients of which seven with pyrophosphate arthropathy, one 
with Behçet’s and one with amyloid. Patients were rested for at least 15 minutes before the 
procedure. Then intra-articular pressure was measured in rest and after repeated maximal 
isometric quadriceps contractions against resistance. At least three cycles were recorded 
in each person and the mean value reported. After intra-articular pressure measurement, 
joints were aspirated to dryness and the volume of synovial fluid recorded. The pressure 
response was related to effusion volume in each of the four groups studied.

Singh 1995: 17 in this observational study synovial tissue samples were collected from 
24 patients, of whom 15 had primary OA and nine had rheumatoid arthritis of the knee. 
Electro spin resonance spectroscopy was used to detect the presence of ROS using the 
nitroso based compound 3,5-dibromo-4-nitroso-benzene sulphonate. Six synovial tissue 
samples were histological analyzed, four of the specimens were from patients with 
rheumatoid arthritis and two specimens were from patients with OA. The morphological 
parameters assessed were capillary numerical density and capillary depth. In addition, the 
capacity of oxypurinol and amflutizole was assessed to limit the generation of synovial 
tissue derived oxidizing species following ex vivo hypoxia-reoxygenation.
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Abstract

Objective Most of the current understanding of articular cartilage maintenance and 
degradation is derived from large, load bearing synovial joints, in particular the knee joint. 
The aim of this study was to identify valuable degradation markers for cartilage degradation 
in the temporomandibular joint (TMJ) by comparing the relative concentrations of 
Carboxyterminal telopeptides of collagen type I, and II (CTX-I and II) cartilage oligomeric 
matrix protein (COMP) and prostaglandin E2 (PGE2) in synovial fluid (SF) of TMJ and knee 
joints with cartilage degradation.

Methods In this cross-sectional comparative study, participants were recruited from 
the University Medical Center Groningen (UMCG), the Netherlands. Patients with TMJ 
osteoarthritis were compared to patients with knee osteoarthritis. The outcome variables 
were the relative SF concentrations of CTX-I, CTX-II, COMP and PGE2. An independent 
samples Mann-Whitney U-test was used to compare the relative concentrations.

Results 30 consecutive patients (9 males, 21 females, mean age 40.1, SD 15.3) with TMJ 
osteoarthritis, and 31 consecutive patients (20 males, 11 females, mean age 37.4, SD 
13.7) who were scheduled for arthroscopy of the knee joint participated in this study. 
Significant differences were found between relative concentrations of COMP (p = 0.000) 
and PGE2 (p = 0.005), and no significant differences between relative concentrations of 
CTX-I (p = 0.720) and CTX-II (p = 0.242). 

Conclusions Relative SF concentrations of COMP and PGE2 showed significant differences 
between the TMJ and the knee joint, suggesting that there are differences in 
pathophysiology and that the inflammatory component may be more distinct in the TMJ. 
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Introduction

Most of the current understanding of articular cartilage maintenance and degradation is 
derived from large, load bearing synovial joints, in particular the knee joint. 1 Like the knee 
joint, the temporomandibular joint (TMJ) is a complex synovial joint with an intra-articular 
disc and comparable mechanical features. Furthermore, the cartilage degenerative 
processes are believed to develop similarly. 2,3

 An important difference between these joints is the type of cartilage that forms the 
articular lining. In the knee joint, articular surfaces are covered with hyaline cartilage, 
whereas the in the TMJ this lining consists of fibrocartilage. In both joints, the cartilage 
lining consists mainly of collagen. In the TMJ the fibrocartilage lining predominantly 
contains collagen type I, whereas hyaline cartilage in the knee joint mainly consists of 
collagen type II. 
 The serum level of cross-linked carboxy-terminal telopeptides of collagen type 
II (CTX-II) is believed to be a valid marker for destruction of hyaline cartilage. 4-6 
Although with regard to synovial fluid (SF) CTX-II, the importance of this marker is still  
ambiguous. 6,7 However, because the lining of the articular surfaces of the TMJ is 
fibrocartilage, this marker may be less accurate for cartilage destruction within the TMJ. 
Cross-linked carboxy-terminal telopeptides of collagen type I (CTX-I) is a degradation 
product of collagen type I. Therefore, degradation of the fibrocartilage lining within the 
TMJ is likely to result in higher concentrations of CTX-I in the SF. On the other hand, in 
synovial joints with hyaline cartilage, CTX-I is considered an important marker for bone 
degeneration. 8 Taken together, in the TMJ CTX-I may be an accurate marker for both 
fibrocartilage degeneration and bone destruction. 
 Serum cartilage oligomeric matrix protein (COMP) is considered a biomarker of cartilage 
degradation of hyaline as well as fibrocartilage, and a potential prognostic indicator of 
cartilage damage. 9-11 Besides, COMP is found in the SF of affected joints. In small joints, 
such as the TMJ, SF COMP may be more accurate as a prognostic indicator than serum 
COMP. During synovial inflammation, prostaglandin E2 (PGE2), which is the best-known 
lipid mediator that contributes to inflammatory pain, 12 is released by synoviocytes. 13 It is 
thought to be useful for estimating the arthritic intensity, 14 although in other studies this 
was not always confirmed. 15

 Isolation of SF from the TMJ is cumbersome and requires injection of a physiologic 
buffer, which should be mixed with SF an then retracted. This procedure results in dilution 
of the SF sample and inaccurate determination of marker concentrations, and therefore 
incomparability with undiluted knee joint samples. In order to overcome this problem, 
assessed concentrations of CTX-I, CTX-II, COMP and PGE2 were added and the sum was set 
as 100%. Thus calculated relative concentrations are independent of the dilution factor. 
The relative contribution of each marker was then determined within the SF samples 
obtained from TMJs and from knee joints.
 Due to the different types of articular cartilage, it can be hypothesized that clinically 
relevant differences occur and may be detectable in the SF. The relative SF concentrations 
of CTX-I, CTX-II, COMP and PGE2 in TMJs compared to knee joints have not been 
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determined before. Insight in differences and similarities between these two joints may 
be helpful in determining to what extent research outcomes obtained from one joint type 
can be applied to other joints.
 The purpose of this study was to identify valuable degradation markers for cartilage 
degradation in the TMJ and gain insight in the differences and similarities between the 
TMJ and the knee joint. The investigators hypothesized that the contribution of COMP 
and PGE2 would be comparable in both joints, that in the TMJ CTX-I would be increased 
and CTX-II decreased, whereas in the knee the opposite would occur. The specific aim of 
this study was to compare relative concentrations of CTX-I, CTX-II, COMP and PGE2 in SF of 
patients with TMJ osteoarthritis with patients with knee joint osteoarthritis.

Materials and Methods

Study design
This cross-sectional comparative study was conducted at the University Medical Center 
Groningen (UMCG), the Netherlands, from June 2011 to June 2012. Patients with TMJ 
osteoarthritis were recruited from the department of Oral and Maxillofacial Surgery, and 
patients with knee joint arthralgia from the department of Orthopaedic Surgery. Prior to 
patient recruitment, the research protocol was approved by the ethical committee of the 
UMCG (METc 2010.131). All participants were informed according to the guidelines of the 
ethical committee, and provided signed informed consent. No studies of sufficient quality 
were found that compared SF concentrations of markers in the TMJ with markers in the 
knee. Based on findings of other markers in the TMJ 16 and the assumed small differences 
between the TMJ and the knee joint, an effect size of 0.5 was considered clinically relevant. 
In order to detect an effect size of 0.5, with alpha being 0.05 and a power of 0.9, two groups 
of 30 patients were needed. To be included in the study, patients had to be 18 years of age 
or over. In the TMJ group patients had to be diagnosed with osteoarthritis (OA) according 
to the revised RDC/TMD 17 (pain on palpation and during mouth opening and/or lateral 
excursions, with crepitation during mandibular movement). Additionally, for each patient 
an orthopantomogram (OPT), a transpharyngeal recording according to Parma, and 
a transcranial radiograph according to Schüller were recorded. In the knee joint group, 
patients had to have significant pain and function impairment of the affected joint, which 
was supported by visual cartilage destruction on CT or MRI. Patients were excluded as 
study subjects if they already had used NSAIDs (including cyclooxygenase 2 inhibitors) 
or corticosteroids less than four weeks before consultation because of their possible 
interference with one of the markers under study, if they suffered from systemic diseases 
like rheumatoid arthritis, if they had a history of surgical intervention of the respective joint 
or in case of pregnancy. Prior to inclusion, patients with TMJ OA received NSAID treatment 
(Ibuprofen 600mg three times daily) for two weeks. If thereafter the joint pain was still 
present, than the inclusion and exclusion criteria were applied. All included patients were 
scheduled for arthrocentesis or arthroscopy and no additional treatment was applied. 
NSAID treatment was stopped at least four weeks before arthrocentesis or arthroscopy 
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was performed in order to minimize the effect of NSAIDs on PGE2 concentrations.

Variables
The predictor variable was the joint type, i.e. TMJ or knee joint. The primary outcome 
variables were the relative concentrations of CTX-I, CTX-II, COMP and PGE2 which were 
measured using commercially available enzyme-linked immunosorbent assays (ELISA) for 
CTX-I, CTX-II (Cusabio biotech co., ltd, Wuhan, China), COMP and PGE2 (Abnova, Taipei 
City, Taiwan). These assays were performed in duplo according to the manufacturer’s 
instructions. Demographic variables included age and gender.

Data collection
In all patients only the affected joint was sampled. Consequently 30 SF samples of the 
TMJ and 31 of the knee joint were collected. Three different operators collected the 
samples prior to the arthrocentesis or arthroscopy procedure. SF was collected from 
the TMJ using intra-articular puncture of the superior joint compartment, which is part 
of the standard procedure prior to TMJ arthrocentesis or arthroscopy. To that end, after 
injection of approximately 0.2 ml intra-articular anaesthesia (Ultracain forte, Aventis 
Pharma, Hoevelaken, The Netherlands) into the joint, the joint cavity was filled with 2ml 
isotonic sodium chloride solution, and homogeneously mixed with the SF using a syringe 
with pumping motion. Thereafter, 2 ml of the mixture was aspirated and the syringe was 
removed from the joint. Patients undergoing arthrocentesis or arthroscopy of the knee 
joint received general or spinal anaesthesia. Prior to intervention and independent of the 
final surgical procedure, SF was obtained by intra articular puncture using dry arthroscopy 
to locate SF accumulations. Only when needed for aspiration, SF was minimally diluted 
with isotonic sodium chloride solution. After fluid collection, elimination of erythrocytes 
and large proteins was established by immediate centrifugation (25200g, 10min., 4oC). 
Thereafter, the samples were stored at -80o C. All samples were analysed simultaneously.

Statistical analysis
Relative SF concentrations of each marker were calculated by normalization (sum of the 
four markers within a SF sample = 100%). Hereby the dilution factor plays no role since 
the relative concentrations of the markers within a sample remain the same: with dilution, 
all markers within a sample change equally. Distribution of the relative concentrations of 
CTX-I, CTX-II, COMP and PGE2 in TMJ SF was compared to the distribution of the relative 
concentrations of these markers in knee joints using an independent samples Mann-
Whitney U-test (SPSS 18.0).

Results

30 consecutive patients, who were scheduled for arthrocentesis or arthroscopy of the 
TMJ, and 31 consecutive patients who were scheduled for arthrocentesis or arthroscopy 
of the knee joint met the inclusion criteria and participated in this study (table 1). There 
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Table 2. Correlations of patients’ characteristics and relative concentrations of CTX-I, CTX-II, COMP 
and PGE2

Characteristics CTX-I CTX-II COMP PGE2

Sample size (n) 61 61 61 61

Gender, P value* 1.000 0.603 0.076 0.279

Age, Spearmen’s ρ (P value) -0.211 (0.103) -0.096 (0.460) 0.045 (0.733) 0.188 (0.146)

* independent samples Mann-Whitney U test

Patient with TMJ pathology Patient with knee joint pathology

0%

CTX-I

CTX-II

COMP

PGE2

0%
2%9%

89%

14%

3%

83%

Figure 1. Distribution of the relative SF concentrations of CTX-I, CTX-II, COMP and PGE2 in two 
individual patients. Relative concentrations of each marker were calculated by normalization (sum 
of the four markers within the sample were set at 100%)

was a significant difference with regard to gender between the two groups (P = 0.007). 
However, age and gender did not influence the relative concentrations significantly (P > 
0.01) (table 2). Concentrations of CTX-I, CTX-II, COMP and PGE2 were measured regardless 
the dilution of the samples. An example of the distribution of the relative concentrations is 
provided in figure 1. Detectable concentrations of CTX-I were found in four of the 30 TMJ 
samples, and in six of the 31 knee joint samples. CTX-II, COMP and PGE2 were detectable 
in all samples. The relative concentration of each marker was determined for each sample. 
After normalization, median relative concentration and inter quartile range (IQR) were 
used to compare both groups. Significant differences were found between relative 
concentrations of COMP (p<0.0001) and PGE2 (p=0.005), and no significant differences 
between relative concentrations of CTX-I (p=0.720) and CTX-II (p=0.242) (table 3).

Table 1. Patients’ characteristics

Characteristics TMJ Knee joint P value

Sample size (n) 30 31

Gender (female), n (%) 21 (70) 11 (34) 0.007

Age (years), mean (SD) 40.1 (15.3) 37.4 (13.7) 0.457

SD = standard deviation
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Table 3. Relative concentrations of CTX-I, CTX-II, COMP and PGE2

Joint type CTX-I CTX-II COMP PGE2

Relative concentrations in the TMJ, % (IQR) 0.00 (0.00) 74.29 (62.06) 0.76 (3.37) 13.19 (32.20)

Relative concentrations in the knee joint, % (IQR) 0.00 (0.00) 82.92 (26.54) 6.62 (7.65) 2.82 (9.68)

P value 0.720 0.242 0.000 0.005

IQR = inter quartile range

Discussion

The purpose of this study was to identify valuable degradation markers for cartilage 
degradation in the TMJ and gain insight in the differences and similarities between the 
TMJ and the knee joint. The investigators hypothesized that the contribution of COMP 
and PGE2 would be comparable in both joints, that in the TMJ CTX-I would be increased 
and CTX-II decreased, whereas in the knee the opposite would occur. The specific aim of 
this study was to compare relative concentrations of CTX-I, CTX-II, COMP and PGE2 in SF 
of patients with TMJ osteoarthritis with patients with knee joint osteoarthritis. The results 
of this study show significant differences in the relative concentrations of COMP and PGE2 
between the TMJ and the knee joint, suggesting differences in pathophysiology between 
the two joints. The inflammatory component seems to be more distinct in the TMJ. 
Furthermore, high levels of COMP may be associated with disease progression, 18 which 
seems to be more distinct in the knee joint. Based on the composition of fibrocartilage 
and hyaline cartilage, a significant difference was expected between the two joints with 
regard to the contribution of CTX-I and CTX-II. However, according to the results of this 
study, CTX-II seems to be the most prominent cartilage degradation product in both 
joints, whereas CTX-I was not detectable in most samples.
 In this study, relative SF concentrations were determined, whereas in most 
other studies only absolute concentrations have been measured.19,20 Since similar 
concentrations would suggest similar pathophysiology, 2,3,21,22 the results of this study 
suggest differences in pathophysiology between the TMJ and the knee joint because 
the relative quantities of some of these markers appear to differ significantly. In particular 
the contributions of COMP and PGE2 differ between the two joints, suggesting that the 
inflammatory component in the pathophysiology of cartilage destruction may be more 
distinct in the TMJ. PGE2 is produced by synovial fibroblasts and is a potent mediator of 
pain,23 which may be an explanation for the prominent role of pain in the clinical features 
of TMJ OA. The limited contribution of COMP in TMJ OA may support the assumption that 
in contrast to OA of the knee joint, articular temporomandibular disorders often appear to 
be self-limiting.24 The hypothesis that there are indeed pathophysiological differences in 
cartilage destruction between the TMJ and the knee joint is supported by the findings of 
Kapila et al. 25 who investigated the effect of relaxin induced matrix metalloproteinases on 
the cartilage matrix.
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CTX-I was detected in only four of the 30 TMJ samples obtained from diseased joints. 
CTX-I was assumed to be a detectable SF marker for fibrocartilage degradation, because 
fibrocartilage consists mainly of collagen type I, of which CTX-I is a degradation product. 
However, possibly the detectable concentrations of CTX-I in these four cases were due to 
degradation of underlying bone rather than fibrocartilage, since CTX-I is considered as an 
important marker for bone degeneration. 8 With regard to CTX-II, the unexpected high 
relative concentrations in the TMJ may indicate that the superficial layer of the articular 
fibrocartilage contains more collagen type II than the inner part. This is supported by 
Kondoh et al. who found a significantly higher collagen type II synthesis in the articular 
surfaces, than in the inner part of the TMJ disc. 26

 In order to obtain SF from the TMJ, it is inevitable to dilute the fluid that is present in 
the joint cavity. In few cases this applies to the knee joint as well. In this study, isotonic 
sodium chloride solution was used as a physiologic buffer. Dilution of the SF may have 
been responsible in particular for the non-detectability of CTX-I in most of the TMJ 
samples. However, since hyaline cartilage in the knee joint predominantly consists of type 
II collagen, high relative concentrations of CTX-I were expected mainly due to bone and/
or meniscus involvement.
 Assessment of relative concentrations allows for SF analysis independent of the sample 
dilution, and may be more suitable for routine clinical use. Furthermore, this method 
facilitates comparison with other joints because of its independence of the dilution factor. 
However, this method is not commonly used in research, therefore comparison of the 
results of this study with the available literature is indirect. The relative concentrations 
indicate the contribution of the markers, but do not determine the absolute increase or 
decrease as in most other studies.
 Because cartilage degeneration in the TMJ is often difficult to detect with non-
invasive techniques, the samples were obtained from patients with obvious joint pain 
and impaired mandibular movement, with crepitus (osteoarthritis according to the 
Research Diagnostic Criteria for Temporomandibular Dysfunction (RDC/TMD IIIb) 17,27), 
which did not improve after two weeks of treatment with NSAID treatment (exclusion 
acute arthritis). Subsequently, the diagnosis was confirmed by the X-ray recordings. Knee 
joint samples were obtained from patients with significant pain, function impairment, 
and cartilage destruction visible on CT-scan or MRI. However, notwithstanding accurate 
patient selection, heterogeneity may have been introduced in both groups due to 
individual fluctuations in the course of the disease after inclusion and prior to sample 
selection.
 There was no normal distribution of the relative concentrations. Possibly, inter-patient 
variation and fluctuations over time within patients, as well as possible differences in 
disease classification as mentioned above, may have contributed to the large variation. 
With regard to this variation, the sample size of recruited patients may have been too 
small to reflect an assumed normal distribution.
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Conclusion

Relative SF concentrations of COMP and PGE2 showed significant differences between the 
TMJ and the knee joint, suggesting that there are differences in pathophysiology and that 
the inflammatory component may be more distinct in the TMJ.
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Abstract

Objective There is a growing interest in markers for cartilage degradation in synovial 
joints because of their potential diagnostic and prognostic value. Therefore, the aim of 
this study was to identify valuable degradation markers for temporomandibular joint 
(TMJ) osteoarthritis (OA) by comparing the relative concentrations of carboxyterminal 
telopeptides type I and II (CTX-I and II), cartilage oligomeric matrix protein (COMP) and 
prostaglandin E2 (PGE2) in synovial fluid (SF) of TMJs with OA to healthy, symptom-free 
TMJs.
  
Methods In this cross-sectional case-control study, participants were recruited from the 
University Medical Center Groningen (UMCG), the Netherlands. Cases were defined 
as patients with TMJ OA, and control subjects had symptom-free TMJs. The outcome 
variables were the relative concentrations of CTX-I, CTX-II, COMP and PGE2 in osteoarthritic 
TMJ SF compared to symptom-free joints. An independent samples Mann-Whitney U-test 
was used to compare the relative concentrations. 
 
Results A total of 30 cases (9 males, 21 females; mean age 40.1 with SD 15.3) and 10 control 
subjects (5 males, 5 females; mean age 30.3 with SD 10.8) were studied. No significant 
differences were found between relative concentrations of CTX-I (p=0.548), CTX-II 
(p=0.842), COMP (p=0.140) and PGE2 (p=0.450). Unexpected low relative concentrations 
of CTX-I en high relative CTX-II concentrations were observed.

Conclusions Assumed changes in SF concentration of CTX-I, CTX-II, COMP and PGE2 in TMJ 
OA seem to occur proportionally. Furthermore, the unexpected large contribution of CTX-
II suggests that this marker may be useful to quantify cartilage degradation in TMJ OA.
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Introduction 

To date, sufficient diagnostic instruments to determine temporomandibular joint 
(TMJ) degeneration are lacking. Diagnosis and treatment are usually based on clinical 
and radiologic examination, whereby severity of the degradation and activity of the 
degenerative process remain largely unknown. The diagnostic instrument that is most 
commonly used for research purposes is the (revised) Research Diagnostic Criteria for 
Temporomandibular disorders (RDC/TMD). 1,2 This clinical instrument is supplemented 
with imaging when needed. The RDC/TMD aims at reducing inter-observer differences, 
but its correlation with TMJ degeneration is unknown since there is no golden standard.  
For imaging, conventional X-ray examinations such as orthopantomography (OPT), 
transpharyngeal recordings according to Parma, and transcranial radiographs according 
to Schüller may be applied, but computed tomographic or magnetic resonance imaging 
examinations are used more and more. Although these imaging techniques often 
provide additional information about the extent of the damage that has occurred, TMJ 
degeneration, especially severity and activity, is insufficiently displayed. In some severe 
cases arthroscopy may be applied in order to gain information about the extensiveness 
and activity of the degeneration process. However, this procedure involves surgery and is 
therefore not useful as diagnostic instrument in most cases.
 There is a growing interest in markers for degeneration in synovial joints. Potentially 
these markers may be of diagnostic and prognostic value by determining degeneration 
severity and activity. 3,4 Markers of large synovial joint degeneration can be found in serum, 
urine or synovial fluid (SF). However, serum and urine concentrations of TMJ degeneration 
markers are mostly undetectable, since the TMJ is one of the smallest joints of the human 
body. 5 For small joints like the TMJ, assessment of the concentrations of these markers in 
SF seems to be more accurate. 6

 The serum level of cross-linked carboxy-terminal telopeptides of collagen type II 
(CTX-II) is believed to be an important marker for destruction of hyaline cartilage, which 
consists mainly of type II collagen. 7-9 However, with regard to SF CTX-II, the importance 
of this marker is still ambiguous. 9,10 Since the fibrocartilage lining of the articular surfaces 
of the TMJ predominantly consists of collagen type I, SF CTX-II concentration may be 
less accurate for TMJ degeneration. Furthermore, in synovial joints with hyaline cartilage 
covering the articulating surfaces, serum CTX-I is seen as an important marker for bone 
degradation when the underlying bone is affected. 11 Degeneration of the TMJ will 
probably result in higher concentrations of CTX-I in the SF. Especially in an early stage of 
the disease when bone involvement is not likely to occur, this elevation will be caused by 
cartilage degradation. However, when the disease progresses, elevation of SF CTX-I may 
also emanate from bone degradation.
 Serum concentration levels of cartilage oligomeric matrix protein (COMP) are 
considered to be a biomarker of both hyaline and fibrocartilage degradation, and a 
prognostic indicator of joint osteoarthritis (OA). 12-14 However, it does not indicate which 
joint(s) is (are) affected. To establish that, SF from suspected joints has to be tested. 
During synovial inflammation, prostaglandin E2 (PGE2) is released by synoviocytes  15 and 
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is thought to be useful for estimating the degree of inflammation. 16 However, in other 
studies this has not always been confirmed. 17

 In TMJ OA there is usually no excessive accumulation of fluid in the joint cavity 
because of the chronic course of the disease. Isolation of SF from a joint without hydrops 
is cumbersome and requires injection of a physiologic buffer, which should be mixed 
with SF in situ and then retracted. This procedure results in dilution of the SF sample and 
inaccurate determination of marker concentrations. In order to overcome this problem, 
assessed concentrations of CTX-I, CTX-II, COMP and PGE2 within the SF sample were added 
and the sum was set as 100%. Thus calculated relative concentrations are independent of 
the dilution factor. 
 The purpose of this study was to identify valuable degradation markers for 
temporomandibular joint (TMJ) OA and provide insight into cartilage degradation within 
the TMJ. The investigators hypothesized that relative SF concentrations of CTX-I, COMP 
and PGE2 would be increased in TMJ OA compared to healthy TMJs, whereas the relative 
concentrations of CTX-II would be decreased. The specific aim of this study was to 
compare the relative SF concentrations of CTX-I, CTX-II, COMP and PGE2 in osteoarthritic 
TMJs with healthy, symptom-free TMJs.

Materials and Methods

Study design
This cross-sectional case-control study was conducted at the University Medical Center 
Groningen (UMCG), the Netherlands, from June 2011 to June 2012. The ethical committee 
of the UMCG approved the research protocol prior to patient recruitment (METc 2010.131), 
and all subjects were informed according to the guidelines of this committee and signed 
informed consent. Based on findings of other substances in TMJ OA, 18 the clinically 
relevant effect size was estimated to be 1.2. In order to detect an effect size of 1.2, with 
alpha being 0.05 and a power of 0.8, 10 controls and 30 patients were needed. Thus a 1:3 
matching ratio was used. To be included in the study, patients had to be 18 years of age 
or over and diagnosed with osteoarthritis according to the revised RDC/TMD. 1 Control 
subjects had to be patients with healthy, symptom-free TMJs who were scheduled for 
cosmetic orthognathic surgery. Patients were excluded as study subjects if they used 
medication that could interfere with one of the markers under study, if they suffered from 
systemic diseases like rheumatoid arthritis, if they had a history of surgical intervention of 
the respective joint or in case of pregnancy. Prior to inclusion, patients with TMJ OA had 
received NSAID treatment (Ibuprofen 600mg three times daily) for two weeks. If thereafter 
the joint pain was still present, than the inclusion and exclusion criteria were applied. 
The included patients were scheduled for arthrocentesis and no additional treatment 
was applied, since early lavage of the TMJ seems to be related to superior clinical  
outcomes. 19,20 NSAID treatment was stopped at least four weeks before the arthrocentesis 
was performed in order to eliminate the effect of NSAIDs on PGE2 concentrations. 



125

Variables
The predictor variable was disease state of the TMJ. The primary outcome variables were 
the relative concentrations of CTX-I, CTX-II, COMP and PGE2 which were measured using 
commercially available enzyme-linked immunosorbent assay (ELISA) kits for CTX-I, CTX-II 
(Cusabio biotech co., ltd, Wuhan, China), COMP and PGE2 (Abnova, Taipei City, Taiwan). 
The assays were performed in duplo according to the manufacturer’s instructions. 
Demographic variables included age and gender.

Data collection
In both groups the same technique was used for SF collection. SF was collected from 
the TMJ using intra-articular puncture of the superior joint compartment. The joint was 
first infiltrated with 0,2 ml intra-articular anaesthesia (Ultracain forte, Aventis Pharma, 
Hoevelaken, The Netherlands) and subsequently distended with 2ml isotonic sodium 
chloride solution to facilitate collection of the fluid. As part of the orthognathic surgery, 
the control group first received general anaesthesia. After fluid collection, elimination of 
erythrocytes and large protein aggregates was established by immediate centrifugation 
(25200g, 10min., 4o C). The clean samples were stored at -80o C. All samples were 
simultaneously analyzed.

Statistical analysis
Relative concentrations of each marker were calculated by normalization (sum of the four 
markers within a SF sample = 100%). Hereby, the dilution factor plays no role since the 
relative concentrations of the markers within a sample remain the same: with dilution, 
all markers within a sample change equally. A graphical representation of one of the 
samples is given in figure 1. Distribution of the relative concentrations of CTX-I, CTX-II, 
COMP and PGE2 in osteoarthritic TMJ SF were compared to the distribution of the relative 
concentrations of these substances in symptom-free joints using an independent samples 
Mann-Whitney U-test (SPSS 18.0).

Figure 1, Distribution of the relative SF concentrations of CTX-I, CTX-II, COMP and PGE2 in one 
individual patient with TMJ OA. Relative quantities of each marker were calculated by normalization 
(sum of the four markers = 100%).
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Results

Because TMJ OA usually occurs as a mono-arthritis, samples were collected unilaterally. 
Consequently 30 consecutive patients with TMJ OA participated in this study, and 10 
healthy control subjects (table 1). Concentrations of CTX-I, CTX-II, COMP and PGE2 were 
measured regardless of the dilution of the samples. Detectable concentrations of CTX-I 
were found in four of the 30 SF samples obtained from arthritic joints, and in none of 
the healthy joint samples. CTX-II, COMP and PGE2 were detectable in all samples. Age 
and gender did not influence the relative concentrations significantly (P > 0.01) (table 
2). The relative concentration of each marker was determined for each sample. After 
normalization, median ratios and inter quartile range (IQR) were used to compare both 
groups. Differences in relative concentrations of each marker between the samples of 
the OA group and the control group were determined using an independent samples 
Mann-Whitney U test. No significant differences were found for CTX-I (p = 0.548) CTX-II (p 
= 0.842), COMP (p = 0.140) and PGE2 (p = 0.450) (table 3).

Table 1. Patients’ characteristics

Characteristics TMJ OA Healthy TMJ P value

Sample size (n) 30 10

Gender (female), n (%) 21 (70) 5 (50) 0.251

Age (years), mean (SD) 40.1 (15.3) 30.3 (10.8) 0.068

SD = standard deviation

Table 2. Correlations of patients’ characteristics and relative concentrations of CTX-I, CTX-II, COMP 
and PGE2

Characteristics CTX-I CTX-II COMP PGE2

Sample size (n) 40 40 40 40

Gender, P value* 0.856 0.922 0.900 0.790

Age, Spearmen’s ρ (P value) 0.078 (0.632) -0.041 (0.802) -0.090 (0.579) -0.018 (0.913)

* independent samples Mann-Whitney U test

Table 3. Relative concentrations of CTX-I, CTX-II, COMP and PGE2

Disease state CTX-I CTX-II COMP PGE2

Relative concentrations in TMJ OA, % (IQR) 0.00 (0.00) 74.29 (62.06) 0.76 (3.37) 13.19 (32.20)

Relative concentrations in healthy TMJ, % (IQR) 0.00 (0.00) 63.52 (38.03) 4.50 (10.26) 32.05 (22.03)

P value 0.548 0.842 0.140 0.450

IQR = inter quartile range

Discussion

The purpose of this study was to identify valuable degradation markers for TMJ OA and 
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provide insight into cartilage degradation within the TMJ. The investigators hypothesized 
that relative SF concentrations of CTX-I, COMP and PGE2 would be increased in TMJ 
OA compared to healthy TMJs, whereas the relative concentrations of CTX-II would be 
decreased. The specific aim of this study was to compare the relative SF concentrations of 
CTX-I, CTX-II, COMP and PGE2 in osteoarthritic TMJs with healthy, symptom-free TMJs. The 
results of this study did not show any significant differences in the relative concentrations 
of CTX-I, CTX-II, COMP and PGE2 between affected and symptom-free TMJs. Furthermore, 
unexpected low relative concentrations of CTX-I and high relative CTX-II concentrations 
were observed.
 TMJ pain and inflammation seem to be related to elevated SF concentrations of  
PGE2. 

5,21 Furthermore, elevation of SF concentrations of COMP are likely to occur. 22 The 
results of the present study suggest that, if concentrations of PGE2 and COMP were 
elevated, CTX-I and CTX-II were also proportionally elevated in SF of the OA group. 
Since the fibrocartilage lining of the articular surfaces of the TMJ predominantly consists 
of collagen type I, elevated concentrations of CTX-II were unexpected. However, the 
superficial layer of the articular fibrocartilage may contain more collagen type II than the 
inner part, especially with regard to the articular disc. 23 Degradation of this superficial 
layer may have contributed to the concentrations of CTX-II. 
 Several SF markers for cartilage degradation in the TMJ have been investigated in 
the past decade, such as different types of matrix metalloproteinase, aggrecanase and 
glycosaminoglycan components. 24,25 These markers were identified as potential markers 
for cartilage degradation. However, they did not provide insight into which type of 
collagen is mainly affected in TMJ OA. To the best of our knowledge there are no studies 
investigating CTX-I and/or CTX-II as SF markers for cartilage degradation in TMJ OA. The 
remarkable results of the present study suggest that degradation of collagen type II may 
play a more prominent role than was hypothesized based on the composition of TMJ 
fibrocartilage. 
 In this study, relative concentrations were determined, whereas most other studies 
measured absolute concentrations. 22,26-29 Assessment of relative concentrations allows 
for SF analysis independent of the sample dilution, and may be more suitable for routine 
clinical use. In order to obtain SF from the TMJ it is inevitable to dilute the fluid that is 
present within the joint cavity. In this study isotonic sodium chloride solution was used as 
a physiologic buffer. Dilution of the SF may have been responsible in particular for the non-
detectability of CTX-I in most of the samples. By contrast, during injection and aspiration, 
contamination of the sample may have occurred due to micro bleeding. Elimination 
of contamination with regard to cells was obtained by centrifugation of the samples. 
However, markers measured in this study that may have been detectable in serum as 
well, were not eliminated from the samples by the centrifugation procedure. Therefore, 
the results in this study may provide some overestimation of the concentrations, due to 
minimal blood contamination.
 In relation to the cartilage degradation markers, PGE2 concentrations were changed 
proportionally. Because early cartilage degradation in the TMJ is difficult to determine 
with non-invasive techniques, the samples of the OA group were obtained from patients 
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with obvious joint pain, which did not improve after two weeks of NSAID treatment. Then 
NSAID treatment was stopped and patients were scheduled for arthrocentesis at least 
four weeks later. However, in the four weeks prior to arthrocentesis, patients may have 
used NSAIDs without reporting. Unreported NSAID use may have influenced in particular 
the PGE2 concentrations.
 As part of the orthognathic surgery, the control group first received general anesthesia 
where after the same technique was applied to collect the samples as in the OA group. 
General anaesthesia may have influenced the PGE2 synthesis. However, this effect is 
detectable in post-operative serum concentrations, and the samples in this study were 
collected pre-operatively. 30,31 Therefore, it seems unlikely that general anaesthesia has 
influenced PGE2 concentrations in the obtained TMJ SF samples.
 There was no normal distribution of the relative concentrations. Possibly, inter patient 
variations, and fluctuations over time within patients, as well as possible variation in 
disease classification as mentioned above, may have contributed to the large variation. 
With regard to this variation, the sample size of recruited patients may have been too 
small to reflect an assumed normal distribution.

Conclusion

Assumed changes in SF concentration of CTX-I, CTX-II, COMP and PGE2 in TMJ OA seem to 
occur proportionally. Furthermore, the unexpected large contribution of CTX-II suggests 
that this marker may be useful to quantify cartilage degradation in TMJ OA. Determination 
of the absolute concentrations of CTX-II in TMJ OA is needed to estimate its diagnostic 
and prognostic value as cartilage degradation marker.
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Abstract

Objective The aim of this case study was to investigate the feasibility of a standardized, 
double blind technique for intra-articular administration of highly viscous sodium 
hyaluronate or placebo using a mechanical syringe pump to eliminate perceptive 
information bias.

Methods A 41-year-old woman with a history of TMJ pain, which persisted for more 
than two years despite of several treatments, participated in this study. Intra-articular 
administration of hyaluronate and placebo fluid was performed using a mechanical 
pump in order to achieve standardized application. The treatment consisted of five 
intra-articular injections with a weekly interval. Out of the five injections, four injections 
consisted of sodium hyaluronate and one of isotonic saline. The patient and the treating 
clinician were blinded for the content of the injection. After each session, the patient and 
the treating clinician were asked whether they thought sodium hyaluronate or isotonic 
saline had been administered. A diary was kept to register discomfort induced by the 
treatment. Prior to the treatment and three months post treatment TMJ pain was scored 
using a visual analogue scale, maximum mouth opening was measured, and functional 
impairment was scored using the Mandibular Function Impairment Questionnaire. 

Results For three of the five times a sufficient flow could be established. Neither the treating 
clinician nor the patient could determine afterwards during which session placebo was 
applied. Reported discomfort consisted of transient stiffness and mild swelling, and 
temporary pain increase. Three months post treatment the pain score was reduced from 
80 to 22. Maximum mouth opening remained about the same (63 to 65), and mandibular 
function improved considerably (84 to 34).

Conclusions It seems feasible to use a mechanical syringe pump to administer highly 
viscous hyaluronan into the TMJ cavity in a double blind placebo controlled study design.
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Introduction

Intra-articular administration of fluid into the temporomandibular joint (TMJ) is an 
important topic in contemporary research of treatment modalities for TMJ pathology, 
especially in cases where conservative therapy has been insufficient. Several substances 
can be applied to the joint in order to re-establish rheology, increase joint mobility, reduce 
pain and inflammation or provide for improvement of the distribution of nutritional 
factors. One of the substances of current interest is hyaluronic acid. In large synovial 
joints, such as the knee but also the ankle, application of this substance has shown to 
be superior in the treatment of osteoarthritis with regard to pain relief and function  
improvement. 1-3 However, with regard to minimally invasive treatment of the TMJ there is a 
paucity of high-level evidence. 4 In order to determine the effectiveness of intra-articularly 
applied substances in the TMJ, a double blind, placebo controlled randomized trial of 
sufficient power is preferred. But, due to differences in viscosity between hyaluronic acid 
and placebo (otherwise the placebo fluid may have a therapeutic effect itself), blinding of 
especially the clinician, who receives perceptive information during injection, is difficult 
to establish. Bertolami et al. reported a randomized, double blind, placebo controlled trial 
on this topic, but how blinding of the patients and the clinician was obtained was not 
mentioned. 5 Guarda-Nardini et al. performed a pilot study to the efficacy of arthrocentesis 
combined with viscosupplementation. 6 However, this study lacked a (placebo) control 
group, and neither the patients nor the treating clinicians were blinded. Nevertheless, 
the results were promising. Therefore, it seems worthwhile to develop an application 
technique that enables researchers to investigate the effectiveness of hyaluronic acid 
application in the TMJ in a double blind, placebo controlled study design. However, to be 
able to do so, it is necessary to administer a highly viscous fluid or less viscous placebo in a 
double blind manner. Administration using a syringe and hand force provides perceptive 
information. Therefore, differences in viscosity between highly viscous hyaluronate and a 
less viscous placebo fluid can easily be detected. However, trying to solve this problem 
by using a placebo fluid of similar viscosity may result in a therapeutic effect of the 
placebo fluid itself. Therefore, the aim of this case study was to investigate the feasibility 
of standardized, double blind intra-articular administration of sodium hyaluronate or 
placebo using a mechanical syringe pump to eliminate perceptive information bias.

Materials and methods

Case description
In March 2009, a 41-year-old woman was referred to the department of oral and 
maxillofacial surgery of the University Medical Center Groningen (UMCG), the Netherlands, 
with increasing pain and clicking sounds in her right TMJ after physical violence. After 
diagnostic local anaesthesia of the TMJ (Ultracain forte, Aventis Pharma, Hoevelaken, 
The Netherlands), the pain had completely disappeared, indicating that the pain was 
primary arthrogenic. 7 Initially the patient was treated conventionally. First the patient was 
instructed to use a soft diet. Thereafter splint therapy was applied and in November 2009 
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the patient received arthrocentesis. However, the applied therapies did not reduce the 
pain sufficiently (according to the patient’s perception approximately 25% pain reduction). 
Because the pain did not cease over time, in February 2011, the patient returned to the 
department and was then asked to participate in the present study. Approval of the ethical 
committee of the UMCG was obtained prior to patient recruitment (METc 2009.181), and 
the patient signed a written informed consent.

Treatment procedure
The treatment consisted of five intra-articular injections with a weekly interval, based on 
the successful protocol for the treatment of osteoarthritis in the knee joint. 1 Prior to each 
injection, analgesia of the TMJ was achieved by local anaesthesia (Ultracain forte, Aventis 
Pharma, Hoevelaken, The Netherlands). Thereafter, an 18 gauche needle was inserted 
into the upper joint compartment. A syringe with isotonic saline was connected, and a 
pumping motion was used to confirm the position of the needle. After correct placement, 
the needle was kept in place by the treating clinician, and a syringe that contained sodium 
hyaluronate or placebo replaced the syringe with isotonic saline. Four of the five injections 
consisted of sodium hyaluronate (1%) and one of isotonic saline (placebo). All five times, 
the content of the syringe was administered to the joint cavity using a mechanical syringe 
pump (Omnifuse syringe pump, Smith Medical MD Inc, St Paul, U.S.A.), which was pre-
set at administrating 0.7 ml fluid at 3.0 ml/h. The patient and the treating clinician were 
ignorant of the content of the syringe. After each session, the patient and the treating 
clinician were asked whether they thought sodium hyaluronate or isotonic saline had 
been administered. During the treatment period of five weeks, the patient was asked to 
keep a diary and write down how she had experienced the treatment in terms of pain 
and discomfort. Prior to the treatment and at the follow-up assessment three months 
post treatment, the patient was clinically scored for pain intensity in the TMJ using a 
visual analogue scale (VAS, 0-100mm), and maximum mouth opening (MMO, inter incisor 
distance in mm). Furthermore, functional impairment was scored using the Mandibular 
Function Impairment Questionnaire (MFIQ, score 17-85). 8 Also X-rays were recorded in 
order to detect any bony changes.

Outcomes
Primary outcome was the feasibility of viscosupplementation administered by a 
mechanical pump. Besides the technical feasibility, the subjective impact of the treatment 
was registered using a diary.
 Secondary outcome measurements were pain in the TMJ (VAS, 0-100mm), Maximal 
mouth opening (MMO, inter incisor distance in mm) and functional impairment (MFIQ). 

Results

Three of the five times (session 1, 2 and 4) a sufficient flow could be established to 
administer the pre-set 0.7 ml. During the other two sessions the accumulated resistance 
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of the high-pressure line and the intra-articular pressure exceeded the pre-set safety limit 
of the pump, and therefore the 0.7 ml was not administered completely. During one of 
the five times placebo was applied. Neither the treating clinician nor the patient could 
determine afterwards during which session placebo was applied. After the first session 
the patient reported stiffness, no pain reduction and minor swelling of the TMJ. After 
the second session the pain had disappeared and no stiffness or swelling were reported. 
However, after the third session the pain had returned. Following the fourth session the 
patient reported again transient swelling, but less pain compared to the previous session. 
After the final session the patient did not report any discomfort.
 At the follow-up, three months post treatment, there was a pain reduction from VAS 
80 to 22, MMO remained about the same (63 to 65), and function impairment improved 
considerably (MFIQ score 84 to 34).

Discussion

The results of this study suggest that it may be technically possible to use a mechanical 
pump to administer sodium hyaluronate or isotonic saline in a double blind manner. 
Furthermore, patient discomfort induced by this treatment procedure seems comparable 
to other minimally invasive techniques such as arthrocentesis. 9 Although only one patient 
was treated, in this relatively severe case, viscosupplementation seems to have been 
effective in reducing pain and mandibular function impairment. 
 During two of the five sessions the pre-set volume of 0.7 ml was not completely applied 
because of insufficient flow. Hereby, the resistance of the high-pressure line plus the 
intra-articular pressure exceeded the pre-set safety limit of the pump. The syringe pump 
used in this study was not originally designed for intra-articular administration. However, 
results from fresh frozen human cadaver experiments prior to this case study suggested 
that the safety limit was accurate. Probably the resistance of the high-pressure line has a 
major contribution to the pressure accumulation. This type of line was preferred because 
of its inextensibility and its small lumen, which allowed precise bolus administration. 
Shortening this line may induce a sufficient decrease of the required administration 
pressure. Furthermore, the needle was kept in place by the treating clinician, which may 
have allowed the needle to displace unperceived from the joint cavity. Additionally, an 
optimal volume of the bolus has not yet been determined. Therefore, these two injections 
may have been sufficient depending on the optimal bolus.
 The history of this case indicated a long period of TMJ pain (more than two years), and 
several unsuccessful non-invasive and minimally invasive therapies. By definition this is a 
case of chronic TMJ pain. Chronic pain involves neurologic adjustments and behaviour 
modification, as well as changes in pain perception. Therefore, a considerable pain 
reduction or improvement of function impairment was not likely to occur. However, in this 
case these improvements did occur. Possibly these results may be mainly the result of four 
time hyaluronan application. However, this case study was not designed to investigate 
the effectiveness of viscosupplementation. Therefore variables like local anaesthetics and 
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the position check of the administration needle with isotonic saline may have contributed 
to the clinical outcomes as well.
 The aim of this case study was to investigate the feasibility of standardized, double 
blind intra-articular administration of sodium hyaluronate or placebo using a mechanical 
syringe pump to eliminate the perceptive information bias. Although this technique was 
used in the treatment of only one patient, the results seem promising. In this study intra-
articular administration was performed five times. However, further research is needed to 
determine the optimal bolus volume of repetitions with regard to treatment effect and 
patient discomfort. Furthermore, the use of a mechanical syringe pump allows double 
blind testing of a variety of substances to be administrated intra-articularly. This may be 
very useful in future studies investigating the effectiveness of intra-articular therapeutic 
substances.

Conclusions

Based on the results of this case study, it seems feasible to use a mechanical syringe 
pump to administer highly viscous hyaluronate into the TMJ cavity. Hereby, perceptive 
information about the viscosity of the applied fluid is eliminated. Therefore, this 
administration technique may be useful in future research with a double blind placebo 
controlled design, investigating the efficacy of intra-articularly applied substances.
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General discussion

In absence of clear knowledge of the exact pathophysiology and risk factors for arthralgia 
of the temporomandibular joint (TMJ), 1 treatment is usually focused on pain relieve and 
regaining mandibular function. However, treatment duration and outcome are usually 
hard to predict. The general aim of this thesis was to investigate the clinical and cost 
effectiveness of arthrocentesis as initial treatment and explore the applicability in the 
TMJ of a related therapeutic treatment modality that proved to be successful in treating 
arthralgia of the knee joint, i.e. viscosupplementation.
 In this chapter the results of this thesis are discussed and placed into a broader clinical 
and economical perspective. Furthermore, future research directions are considered, 
especially with regard to intra-articular fluid analysis and the role of minimally invasive 
procedures in the treatment strategy of arthralgia of the TMJ.

Arthrocentesis as initial treatment modality

The effectiveness of arthrocentesis as treatment modality for TMJ arthropathy has been 
extensively described in the literature. Success rates up to 91% have been reported for 
the use of arthrocentesis in anterior disc displacement without reduction. 2 Although 
evidence is still inconclusive, it seems that arthrocentesis has indeed a beneficial effect 
on pain and impairment of mandibular motion. 3-8 Al-Belasy and Dolwick concluded 
that arthrocentesis is a highly efficient procedure with low morbidity. 7 The results of 
the systematic review described in chapter 2 indicate that lavage of the TMJ is slightly 
more effective than non-surgical treatment with regard to pain reduction. However, the 
available evidence does not substantially support superiority of TMJ lavage, especially 
with regard to improvement of mandibular movement.
 Currently, treatment of TMJ arthralgia usually starts with non-invasive treatment. 
Only when the result of this treatment is not satisfactory invasive treatment modalities 
are considered. This order seems to be mainly based on the non-invasive and supposed 
reversible nature of conventional therapy and does not seem to be substantiated 
by scientific evidence. Arthrocentesis (often supplemented with injection of anti-
inflammatory substances, such as corticosteroids) and arthroscopic surgical procedures 
have shown to be effective even when conventional therapy is not satisfactory. 
Arthrocentesis is considered to be a highly efficient procedure with low morbidity. 7 
Therefore, it seems reasonable to reconsider the role of arthrocentesis in the treatment 
strategy of TMJ arthropathy.
 The results of the randomized controlled trial described in chapter 3 indicate that it is 
the lavage of the joint space that mainly accounts for the effectiveness of the treatment, 
regardless the addition of dexamethasone. Although dexamethasone modifies the 
vascular response during the inflammatory process and inhibits destructive enzymes 
and the actions of inflammatory cells, 9 this study suggests that the possible effect of 
additional dexamethasone was not clinically relevant. In the study design, arthrocentesis 
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was applied as initial treatment. Under this experimental condition, in both groups the 
TMJ pain declined, maximum interincisal opening (MIO) improved, and the Mandibular 
Function Impairment Questionnaire (MFIQ) score decreased. However, this study was not 
designed to investigate the effectiveness of arthrocentesis as initial treatment. Moreover, 
the sample size was too small to be able to allow firm conclusions in this regard. Therefore, 
based on the promising results of this study, an additional randomized controlled trial 
was conducted to investigate the effectiveness of arthrocentesis as initial treatment 
compared to the conventional treatment approach, which was referred to as ‘care as 
usual’ (CAU). This study is reported in detail in chapter 4. In particular, TMJ pain seemed 
to decrease more rapidly after arthrocentesis as compared to CAU. Furthermore, when 
considered in economical perspective as is described in chapter 5, the results suggest 
that arthrocentesis as compared to CAU is the best initial therapy for the treatment of TMJ 
arthralgia. Arthrocentesis seems to be associated with better health outcomes and lower 
costs than CAU.
 Although additional studies are indicated to allow more definitive conclusions, based 
on these four chapters, it is doubtful whether conventional care should still be preferred as 
initial therapy, since its indication is probably mainly based on its non-invasive character 
and is lacking scientific evidence. Therefore, the treatment order for TMJ arthralgia, in 
which conventional treatment is offered first, as is suggested in currently available 
guidelines (AAOP guidelines for orofacial pain, ASTMJS guidelines, RCDSO guidelines for 
diagnosis and treatment of TMD) should be reconsidered.

Pathophysiology of TMJ arthropathy

In order to develop effective treatment modalities or strategies, it is important to 
understand the pathophysiological mechanisms involved. Therefore, many studies have 
been conducted to investigate different parts of the pathophysiological mechanisms 
involved in TMJ arthralgia. 10-14 However, still most of the current understanding of the 
pathophysiology of arthropathies, e.g. articular cartilage maintenance and degradation, is 
derived from large joints, in particular the knee joint. One of the most prominent theories 
in this context is the ‘hypoxia-reperfusion injury’ theory, which is stated in many textbooks 
on this subject. However, the few studies that could be included in the systematic review 
described in chapter 6 did not provide any evidence to support or reject the hypothesis 
that hypoxia-reperfusion plays a (major) role in TMJ osteoarthritis. Positive but weak 
evidence supports the hypothesis that hypoxia-reperfusion injury occurs in osteoarthritis 
in the knee.
 An important difference between the TMJ and the knee joint is the type of cartilage 
that forms the articular lining. In the TMJ the fibrocartilage lining predominantly contains 
collagen type I, whereas hyaline cartilage in the knee joint mainly consists of collagen 
type II. However, the results of the study that was described in chapter 7 indicate that 
the relative concentrations of specific markers for type I en II collagen degradation, CTX-I 
and II respectively, did not significantly differ between the two joints. The inflammatory 
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component was more distinct in osteoarthritis of the TMJ as compared to the knee joint. 
According to these findings, the type of collagen seems to be of minor importance when 
comparing TMJ and knee joint osteoarthritis. However, the more prominent role of the 
inflammation marker, i.e. PGE2, suggests differences in pathophysiology between the TMJ 
and the knee joint. Therefore, results obtained from research in the knee joint should not 
be applied to the TMJ indiscriminately.
 The same markers were investigated in chapter 8, where a comparison was made 
between TMJ osteoarthritis and healthy symptom-free joints. Assumed changes in 
synovial fluid concentrations of CTX-I, CTX-II, cartilage oligomeric matrix protein (COMP) 
and PGE2 seem to occur proportionally, indicating that more distinct inflammation is 
accompanied by more cartilage degradation. These findings are consistent with findings 
in knee joint osteoarthritis. 15 Furthermore, an unexpected large contribution of CTX-II 
in TMJ osteoarthritis was found, both in chapters 7 and 8. Although the fibrocartilage 
lining in the TMJ mainly consists of type I collagen, the superficial layer of the articular 
fibrocartilage may contain more collagen type II than the inner part, especially with 
regard to the articular disc. 16 Therefore, CTX-II may be useful to quantify the activity of 
cartilage degradation in TMJ OA.

Viscosupplementation

In order to sufficiently investigate the effectiveness of treatment options for TMJ arthralgia 
it is essential, according to the current standards, to obtain evidence using a randomized, 
double blind, placebo controlled trial research design. However, for therapeutic options 
that consist of the intra-articular application of therapeutic agents, such a research design 
has still not been reported. In chapter 9 a technique is described that may allow a double 
blind, placebo controlled design. Although the technique was described in a case report, 
its feasibility seems promising. Furthermore, the application scheme, that was derived 
from investigations in the knee joint, 17 seems to have a beneficial effect on the health 
outcome as well, although the reported case was a severe of chronic TMJ pain.

Conclusions

Based on evidence available in the literature and the results described in this thesis, a more 
prominent place for arthrocentesis in the treatment TMJ arthralgia appears to be justified. 
The indication of arthrocentesis as initial treatment results in better health outcomes, 
especially with regard to pain reduction, and also may contribute to the reduction of 
healthcare costs. However, since the clinical effectiveness of arthrocentesis and CAU as 
initial treatment did not differ significantly over time, this new treatment strategy is not 
likely to decrease the number of cases that remain symptomatic. Therefore, modification 
of existing treatment modalities or development of novel therapeutic options is 
necessary to increase the clinical effectiveness. Hereby treatment options that have been 



149

tested in larger synovial joints may serve as a starting point. However, thoroughly testing 
of these treatment modalities in the TMJ itself remains needed, because differences in 
pathophysiology between the TMJ and other joints may influence the clinical results.

Future perspectives

In general, and parallel to clinical effectiveness, cost effectiveness is becoming an 
important focus in medicine. This also applies to the treatment of TMJ disorders. Causal 
therapy is not yet within reach, because the pathophysiology is still not clear. Therefore, 
exploration and testing of hypotheses with regard to pathologic mechanisms that may be 
involved in TMJ diseases still remains essential in order to develop more targeted treatment 
modalities. Meanwhile, modification of the treatment strategy may result in improvement 
of clinical effectiveness as well as in cost reduction. Investigating the influence of applying 
arthrocentesis as initial therapy was a first step towards a more cost effective approach in 
the management of TMJ arthralgia. An international multicentre randomized controlled 
trial investigating the clinical and cost effectiveness of arthrocentesis as initial treatment 
may allow more definite conclusions to substantiate reconsideration of the international 
guidelines for the treatment of arthralgia and may facilitate implementation if guidelines 
are revised.
 Based on the results of research performed in the knee joint, a possible additional step 
may be to test the effectiveness of viscosupplementation in TMJ arthralgia in a double 
blind, placebo controlled trial. Subsequently, when viscosupplementation would appear 
to be effective in the TMJ as well, its role has to be determined in order to further improve 
cost effectiveness in the management of TMJ arthralgia.



150

References

1.  Bouloux GF. Temporomandibular joint pain and synovial fluid analysis: A review of the   
 literature. J Oral Maxillofac Surg. 2009;67(11):2497-2504.

2.  Sorel B, Piecuch JF. Long-term evaluation following temporomandibular joint arthroscopy with 
 lysis and lavage. Int J Oral Maxillofac Surg. 2000;29(4):259-263.

3.  Currie R. Temporomandibular joint arthrocentesis and lavage. Evid Based Dent. 2009;10(4):110.

4.  Nitzan DW, Dolwick MF, Heft MW. Arthroscopic lavage and lysis of the temporomandibular  
 joint: A change in perspective. J Oral Maxillofac Surg. 1990;48(8):798-801; discussion 802.

5.  Nitzan DW, Dolwick MF, Martinez GA. Temporomandibular joint arthrocentesis: A simplified  
 treatment for severe, limited mouth opening. J Oral Maxillofac Surg. 1991;49(11):1163-7;   
 discussion 1168-70.

6.  Dimitroulis G, Dolwick MF, Martinez A. Temporomandibular joint arthrocentesis and lavage for 
 the treatment of closed lock: A follow-up study. Br J Oral Maxillofac Surg. 1995;33(1):23-6;  
 discussion 26-7.

7.  Al-Belasy FA, Dolwick MF. Arthrocentesis for the treatment of temporomandibular joint closed  
 lock: A review article. Int J Oral Maxillofac Surg. 2007;36(9):773-782.

8.  Monje-Gil F, Nitzan D, Gonzalez-Garcia R. Temporomandibular joint arthrocentesis. review of  
 the literature. Med Oral Patol Oral Cir Bucal. 2012.

9.  Smith MD, Wetherall M, Darby T, et al. A randomized placebo-controlled trial of arthroscopic  
 lavage versus lavage plus intra-articular corticosteroids in the management of symptomatic  
 osteoarthritis of the knee. Rheumatology (Oxford). 2003;42(12):1477-1485.

10.  Haskin CL, Milam SB, Cameron IL. Pathogenesis of degenerative joint disease in the human  
 temporomandibular joint. Crit Rev Oral Biol Med. 1995;6(3):248-277.

11.  Iannone F, Lapadula G. The pathophysiology of osteoarthritis. Aging Clin Exp Res.   
 2003;15(5):364-372.

12.  Milam SB. TMJ osteoarthritis. Temporomandibular joint disorders. An evidence-based approach
 to diagnosis and treatment. 2006:105.

13.  Milam SB, Zardeneta G, Schmitz JP. Oxidative stress and degenerative temporomandibular joint  
 disease: A proposed hypothesis. J Oral Maxillofac Surg. 1998;56(2):214-223.

14.  Milam SB. Pathogenesis of degenerative temporomandibular joint arthritides. Odontology.  
 2005;93(1):7-15.

15.  Bellucci F, Meini S, Cucchi P, et al. Synovial fluid levels of bradykinin correlate with biochemical  
 markers for cartilage degradation and inflammation in knee osteoarthritis. Osteoarthritis  
 Cartilage. 2013.



151

16.  Kondoh T, Hamada Y, Iino M, et al. Regional differences of type II collagen synthesis in the h 
 uman temporomandibular joint disc: Immunolocalization study of carboxy-terminal type II  
 procollagen peptide (chondrocalcin). Arch Oral Biol. 2003;48(9):621-625.

17.  Bellamy N, Campbell J, Robinson V, Gee T, Bourne R, Wells G. Viscosupplementation for the  
 treatment of osteoarthritis of the knee. Cochrane Database Syst Rev. 2006;(2)(2):CD005321.





153

Summary



154

Summary

Arthralgia of the temporomandibular joint (TMJ) is often associated with a chronic 
degenerative process, leading to destruction of essential molecules of the lubricating 
system, the articular fibrocartilage lining and the subchondral bone. Due to secondary 
inflammatory components, the most prominent symptoms are pain in and around the 
joint and restricted mandibular movement. Degeneration of the TMJ often becomes 
chronic and has considerable impact on normal daily life. In order to minimize the effects 
of this process on the quality of life or even preventing it from becoming chronic, adequate 
intervention is essential. Initial treatment usually consists of explaining the nature and 
expected course of the disorder, and prescription of a soft diet and home exercises. If 
indicated, physical therapy and splint therapy can be applied. This conventional approach 
often takes time and the results are not always satisfactory. Usually, when conventional 
therapy fails, arthrocentesis is the next step. Arthrocentesis is conducted by placement 
of one or two needles into the upper joint space allowing rinsing out inflammation 
mediators (lavage), with or without additional application of therapeutic substances.
 The general aim of this thesis was to investigate the clinical and cost effectiveness 
of arthrocentesis as initial treatment and explore the applicability in the TMJ of a related 
therapeutic treatment modality that proved to be successful in treating arthralgia of the 
knee joint, i.e. viscosupplementation. 
 In chapter 2 a systematic review of literature is described in which the available 
evidence with regard to the effectiveness of these treatment modalities is investigated. In 
this study both options showed similar improvement with regard to mandibular function, 
but lavage of the TMJ may be slightly more effective in reducing pain than non-invasive 
therapy. 
 Although arthrocentesis is usually not applied as initial therapy, in chapter 3 
arthrocentesis was applied as initial treatment to investigate the additional value of 
dexamethasone application following arthrocentesis. This study was not primarily 
designed to investigate the effectiveness of arthrocentesis as initial treatment. However, the 
results in this regard were promising, in particular since the therapeutic effect was mainly 
due to lavage of the upper joint space while subsequent application of dexamethasone 
did not significantly improve patient outcomes on pain and mandibular function. The 
study described in chapter 4 was designed as a randomized controlled trial to investigate 
the effectiveness of arthrocentesis as initial treatment, based on the hypothesis that initial 
treatment via arthrocentesis is more effective in reducing pain and improving mandibular 
function as compared to usual care. Patients were randomly divided into two groups. 
One group received arthrocentesis as initial treatment and the other group received care 
as usual. After the treatment a follow-up period of six months was applied to evaluate the 
treatment effect over time. The results of this study indicate that arthrocentesis as initial 
treatment reduces pain and functional impairment more rapidly compared to usual initial 
care. After six months, both treatment modalities achieved comparable outcomes.
 Besides the impact on patient’s quality of life, from a societal point of view TMJ 
arthralgia has a considerable economic impact. Treatment is expensive, patients may 
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function less at work, or may even be temporarily absent from work. To date, this societal 
economic impact is a major political issue. Therefore, it is important to not only investigate 
the clinical effectiveness, but the cost effectiveness and societal economic impact of 
treatment options as well. In chapter 5 an economic evaluation from a societal point of 
view is reported with regard to arthrocentesis as initial treatment compared to care as 
usual. The results of this study suggest that arthrocentesis is cost effective as compared 
to usual initial care, meaning that patients improve more rapidly when they receive 
arthrocentesis at less costs.
 In chapter 6 the available evidence was studied supporting one of the most prominent 
theories on TMJ arthropathy. The results of this systematic review did not provide any 
evidence to support or reject the hypothesis that hypoxia-reperfusion injury occurs in TMJ 
osteoarthritis. Positive but weak evidence supports occurrence of hypoxia-reperfusion 
injury in the knee joint. 
 An important difference between the TMJ and the knee joint is the type of articular 
cartilage. However, the results of the study that was described in chapter 7 indicate that 
with regard to cartilage degradation products there is no significant difference between 
the two joints. However, the inflammatory component appeared to be more distinct in 
osteoarthritis of the TMJ.
 In chapter 8, cartilage degradation and inflammatory markers in osteoarthritic TMJs 
were compared to healthy symptom free joints. Assumed changes of these markers in TMJ 
osteoarthritis seem to occur proportionally, indicating that more distinct inflammation is 
accompanied by more cartilage degradation.
 In chapter 9, a technique is described that may allow a double blind, placebo controlled 
design for testing intra-articularly injected substances. Although the technique was 
described in a case report, its feasibility seems promising. Furthermore, the application 
schedule that was derived from investigations in the knee joint seems to have a beneficial 
effect on the health outcome in the TMJ as well, especially since the reported case was a 
relatively severe case of chronic TMJ pain.
 From this thesis it can be concluded that a more prominent place of arthrocentesis 
in the treatment TMJ arthralgia seems justified. The indication of arthrocentesis as initial 
treatment results in better health outcomes, especially with regard to pain reduction, 
and also may contribute to the reduction of healthcare costs. However, modification 
of existing treatment modalities or development of novel therapeutic options is still 
necessary to increase the clinical effectiveness. Hereby treatment options that have been 
tested in larger synovial joints may serve as a starting point. However, thoroughly testing 
of these treatment modalities in the TMJ itself remains needed, because differences in 
pathophysiology between the TMJ and other joints may influence the clinical results.
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Résumé

L’arthralgie de l’articulation temporo-mandibulaire (ATM) est souvent un processus 
dégénératif. Ce processus entraîne la destruction de molécules essentielles pour le 
système de lubrification, les surfaces articulaires de fibrocartilage et l’os sous-chondral. 
Par suite d’inflammations secondaires, une douleur dans et autour l’articulation, et une 
restriction des mouvements de la mandibule sont des symptômes les plus importants. La 
dégénérescence de l’ATM devient souvent chronique  et a des conséquences considérables 
sur la qualité de vie du malade. Une intervention adéquate est essentielle afin de minimiser 
l’effet de ce processus sur la qualité de vie du patient ou même empêcher les symptômes 
de devenir chroniques. Habituellement, la thérapie initiale consiste en une explication du 
processus dégénératif, la prescription d’un régime à base d’aliments mous, et l’indication 
d’exercices à faire à la maison. Si indiqué, une physiothérapie ou la pose d’attelle dentaire 
peuvent y être ajoutés. Cette approche conventionnelle est souvent longue et les résultats 
ne sont pas toujours satisfaisants. Habituellement, si la thérapie conventionnelle échoue, 
l’arthrocentèse est l’option thérapeutique suivante. L’arthrocentèse consiste  à placer 
une ou deux aiguilles dans l’interligne articulaire pour  réaliser un lavage des médiateurs 
inflammatoires avec ou sans application de médicaments.
 L’objectif général de cette thèse était d’étudier  l’efficacité clinique et l’influence 
économique d’arthrocentèse comme thérapie initiale, et d’explorer l’applicabilité de la 
viscosupplémentation dans l’ATM.
 Dans le chapitre 2 une recherche systématique de la littérature médicale est conduite 
pour trouver les témoignages se rapportant à l’efficacité de ces modalités de traitement. 
Les résultats de cette recherche montrent que l’efficacité des deux options paraît égale en 
ce qui concerne les fonctions de la mandibule, mais que pour ce qui concerne la douleur 
dans et autour l’articulation le lavage semble plus efficace.
 Bien qu’habituellement, l’arthrocentèse ne soit pas appliquée comme thérapie initiale. 
Dans le chapitre 3, l’arthrocentèse était appliquée comme thérapie initiale pour explorer la 
valeur ajoutée d’une application intra articulaire des médicaments (dexamethasone) suite 
à l’arthrocentèse. Cette étude n’était pas destinée à étudier l’efficacité de l’arthrocentèse 
comme thérapie initiale. Cependant, les résultats de cette approche étaient prometteurs, 
en particulier puisque le résultat thérapeutique était basé principalement sur le lavage 
de l’articulation et que l’application subséquente des médicaments n’a pas amélioré le 
résultat significatif en ce qui concerne la douleur et la fonction mandibulaire. L’efficacité 
de l’arthrocentèse comme thérapie initiale était explorée au moyen d’un essai contrôlé 
randomisé décrit dans le chapitre 4. Basé sur le résultat du chapitre 3, l’hypothèse était 
que l’arthrocentèse peut être plus efficace en ce qui concerne la douleur et la fonction 
mandibulaire que l’approche courante. Dans cette recherche, les patients étaient divisés 
en deux groupes. Comme thérapie initiale, un groupe a reçu l’arthrocentèse et l’autre 
groupe la thérapie courante. Ensuite, pour évaluer les résultats au fil du temps, une période 
de suivi de six mois a été appliquée. Les résultats de cette recherche indiquent que la 
douleur et la dégradation de la fonction mandibulaire sont réduites plus rapidement si 
on utilise l’arthrocentèse comme thérapie initiale que si on applique la thérapie courante. 
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Cependant, au bout de six mois, les deux modalités de traitement aboutissent à des 
résultats comparables.
 Outre l’influence sur la qualité de la vie, d’un point de vue sociétal, l’arthralgie de 
l’ATM a aussi une conséquence économique considérable. Le traitement est coûteux, les 
patients peuvent être moins efficaces dans leur travail, ou même obligés de s’absenter 
temporairement. Actuellement, les coûts des soins de santé sont un des enjeux majeurs 
en politique. Par conséquent, analyser l’impact économique des différentes options de 
traitement est aussi important que d’en déterminer l’efficacité clinique. 
 Dans le chapitre 5 l’évaluation économique d’un point de vue sociétal est décrite en 
ce qui concerne le traitement initial par l’arthrocentèse ou par l’approche courante. Les 
résultats de cette recherche suggèrent que l’arthrocentèse est efficace pour réduire les 
coûts car les patients vont mieux plus rapidement quand ils reçoivent une arthrocentèse, 
et ce pour un moindre coût.
 Dans le chapitre 6 les preuves disponibles dans la littérature médicale en ce qui 
concerne une des théories les plus frappantes pour expliquer une partie de l’arthropathie 
ATM étaient recherchées. Les résultats de cette recherche systématique n’apportent 
aucune preuve pour soutenir ou rejeter l’hypothèse que la blessure hypoxie-reperfusion 
se produit en ostéoarthrite de l’ATM. Il y avait les preuves faibles pour soutenir l’occurrence 
de la blessure hypoxie-reperfusion en arthropathie de l’articulation du genou.
 Une différence importante entre l’ATM et l’articulation du genou est le type de cartilage 
articulaire. Cependant, les résultats de la recherche décrite dans le chapitre 7 indiquent 
qu’en ce qui concerne les produits de dégradation du cartilage, il n’y a pas de différences 
significatives entre les deux articulations. Pourtant, le composant inflammatoire était plus 
évident en ostéoarthrite de l’ATM.
  Dans le chapitre 8 les marqueurs de dégradation du cartilage et de l’inflammation 
ont été comparés dans le cas de l’ATM ostéoarthritique et de l’ATM sain. Les changements 
supposés de ces marqueurs en ostéoarthrite de l’ATM semblent être proportionnels. 
Par conséquent, l’aggravation du processus d’inflammation s’accompagne d’une 
augmentation de la dégradation du cartilage.
Afin de rétablir la rhéologie, réduire la dégradation du cartilage, la douleur et le processus 
d’inflammation, plusieurs substances peuvent être appliqués par voie intra articulaire de 
l’ATM. Une des substances digne d’intérêt est l’acide hyaluronique. Cependant, il n’existe pas 
de protocole de recherche pour explorer l’efficacité de l’application d’acide hyaluronique 
dans l’ATM, en double aveugle. Le chapitre 9 décrit un protocole expérimental qui peut 
permettre la recherche en double aveugle. Bien que ce protocole soit analysé dans une 
étude de cas, les résultats sont prometteurs. En outre, l’horaire d’administration qui 
découle de la recherche sur l’articulation du genou semble aussi efficace dans l’ATM, bien 
que le cas décrit dans ce chapitre soit un cas d’arthralgie de l’ATM relativement sévère.
 Basé sur les preuves disponibles dans la littérature et les résultats décrits dans cette 
thèse, une place plus éminente pour l’arthrocentèse dans le traitement de l’ATM semble 
justifiée. L’arthrocentèse comme thérapie initiale peut être efficace pour réduire les coûts 
car les patients vont mieux plus rapidement quand ils reçoivent une arthrocentèse, et ce 
pour un moindre coût. Cependant, la modification des modalités de traitement existantes 
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et le développement des nouvelles options thérapeutiques sont encore nécessaires pour 
améliorer l’efficacité clinique. Les options de traitement qui sont testées dans les grandes 
articulations synoviales peuvent servir de point de départ. Cependant, de la recherche 
approfondie de ces modalités de traitement dans l’ATM sera nécessaire, parce que les 
différences dans la physiopathologie entre l’ATM et d’autres articulations pourront avoir 
de l’influence sur les résultats cliniques.
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Samenvatting

Artralgie van het kaakgewricht is een veel voorkomende klacht. Letterlijk betekent artralgie 
gewrichtspijn. Er zijn verschillende oorzaken die aan artralgie van het kaakgewricht ten 
grondslag kunnen liggen. Hierbij valt te denken aan systemische aandoeningen zoals 
reumatoïde artritis, maar ook lokale traumatische overbelasting van het gewricht. Vaak 
zijn de oorzaak en het exacte pathologische mechanisme echter niet geheel duidelijk.
 Artralgie van het kaakgewricht treedt in veel gevallen op in het kader van een chronisch 
degeneratief proces. Dit proces leidt tot destructie van moleculen die essentieel zijn voor 
de smering van het gewricht. Verder treedt degradatie op van de kraakbenige bekleding 
van de gewrichtsoppervlakken en van het subchondrale bot. De belangrijkste symptomen 
die vervolgens optreden als gevolg van secundaire ontstekingscomponenten zijn pijn 
en bewegingsbeperking van de onderkaak. Mede door het vaak chronische karakter van 
kaakgewrichtsartralgie kan het dagelijks leven sterk worden beïnvloed. De behandeling 
van kaakgewrichtsartralgie is er dan ook op gericht om de beïnvloeding van het dagelijks 
leven zo veel mogelijk te beperken en te voorkomen dat de klachten chronisch worden. 
De initiële behandeling bestaat doorgaans uit uitleg over het ziekteproces en eventuele 
onderhoudende factoren, een dieet van zachte kost en bewegingsoefeningen voor thuis. 
Indien geïndiceerd kunnen fysiotherapie en splinttherapie hieraan worden toegevoegd. 
Bij deze conventionele aanpak is de duur van de behandeling vaak lastig in te schatten en 
wordt het gewenste resultaat niet altijd bereikt. 
 Wanneer de conventionele behandeling onvoldoende heeft geholpen, wordt 
artrocentese vaak ingezet als vervolgbehandeling. Artrocentese is een spoeling van het 
kaakgewricht, waarbij  twee naaldjes in de bovenste gewrichtskamer worden geplaatst en 
fysiologisch zout via het ene naaldje het gewricht inloopt en door het andere naaldje weer 
verlaat. Hierbij worden ontstekingsmediatoren en afbraakproducten grotendeels uit het 
gewricht gespoeld. Na het spoelen kan eventueel een medicament of een therapeutische 
substantie in het gewricht worden achtergelaten om het herstel te bevorderen. 
 Het doel van dit proefschrift was om de klinische effectiviteit en de kosten effectiviteit 
van artrocentese te onderzoeken en de toepasbaarheid van viscosupplementatie, een 
behandeling die succesvol is gebleken bij gewrichtspijn in het kniegewricht, in het 
kaakgewricht te verkennen.
 In hoofdstuk 2 is een systematisch literatuur onderzoek beschreven naar de effectiviteit 
van de conventionele behandeling in vergelijking met artrocentese. Uit dit onderzoek 
blijkt dat beide behandelingsmogelijkheden een vergelijkbaar effect hebben op de 
bewegingsbeperking, maar dat met betrekking tot pijn het spoelen van het kaakgewricht 
mogelijk iets effectiever zou kunnen zijn.
 In hoofdstuk 3 is in een gerandomiseerd gecontroleerd onderzoek de toegevoegde 
waarde onderzocht van het achterlaten van dexamethason na artrocentese. Hoewel 
het niet gebruikelijk is om artrocentese in te zetten als initiële behandeling, werd 
in dit experiment artrocentese wel op die manier toegepast. Deze studie was niet 
ontworpen om de effectiviteit van artrocentese als initiële behandeling te onderzoek. De 
behandelresultaten waren echter veelbelovend, in het bijzonder omdat het therapeutische 
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effect met betrekking tot pijnvermindering en afname van de bewegingsbeperking 
leek te berusten op het spoelen van het kaakgewricht, zonder dat dexamethason een 
significant toegevoegde waarde had.
 Het gerandomiseerde gecontroleerde onderzoek dat is beschreven in hoofdstuk 4 
was wel ontworpen om het effect van artrocentese als initiële behandeling te vergelijken 
met de conventionele aanpak. De hypothese hierbij was dat artrocentese als initiële 
behandeling van artralgie van het kaakgewricht effectiever is dan de gebruikelijke 
conventionele benadering. Patiënten werden willekeurig verdeeld over twee groepen, 
waarbij de ene groep werd behandeld door middel van artrocentese en de andere 
de gebruikelijke behandeling kreeg. De patiënten werden vervolgens zes maanden 
vervolgd. De resultaten van deze studie geven aan dat initiële behandeling van 
kaakgewrichtsartralgie door middel van artrocentese resulteert in snellere verlichting 
van de pijn en afname van bewegingsbeperking in vergelijking met de gebruikelijke 
behandeling. Na zes maanden blijken beide behandelingsstrategieën vergelijkbare 
resultaten te hebben bereikt.
 Artralgie heeft niet alleen een grote invloed op de kwaliteit van leven van de individuele 
patiënt, maar tevens maatschappelijke economische consequenties. De behandeling 
brengt immers kosten met zich mee en de patiënt is als gevolg van de klachten niet in 
staat om zijn dagelijkse activiteiten effectief uit te voeren en is mogelijk gedwongen zich 
tijdelijk absent te melden van zijn werk. In de hedendaagse politiek zijn de ziektekosten een 
belangrijk onderwerp van discussie. Mede daarom is het belangrijk niet alleen de klinische 
effectiviteit, maar tevens de kosteneffectiviteit van een behandeling te onderzoeken. 
 In hoofdstuk 5 is een economische evaluatie beschreven vanuit maatschappelijk 
perspectief, waarbij als initiële behandeling voor kaakgewrichtsartralgie artrocentese is 
vergeleken met de gebruikelijke behandeling. De resultaten van deze evaluatie laten zien 
dat artrocentese mogelijk kosteneffectiever is dan de gebruikelijke zorg. Dit houdt in dat 
artrocentese klinisch effectiever is en tevens goedkoper.
 Een van de belangrijkste theorieën met betrekking tot de pathofysiologie van 
osteoartritis, een veel voorkomende oorzaak van chronische kaakgewrichtspathologie, 
is de hypoxie-reperfusie theorie. In hoofdstuk 6 is een systematisch literatuur onderzoek 
beschreven naar het beschikbare bewijs voor deze theorie. Met betrekking tot 
kaakgewrichtspathologie werd er geen bewijs gevonden om de theorie te onderbouwen, 
noch om deze te verwerpen. Met betrekking tot het kniegewricht werd slechts zwak 
bewijs gevonden om het optreden van hypoxie-reperfusie schade te onderbouwen.
 Een belangrijk verschil tussen het kaakgewricht en het kniegewricht is het type 
kraakbeen dat de gewrichtsoppervlakken bekleedt. Uit de studie die is beschreven in 
hoofdstuk 7 blijkt echter dat er geen verschil kon worden aangetoond tussen de twee 
gewrichten met betrekking tot belangrijke markers voor kraakbeenafbraak in de synoviale 
vloeistof. Wel was de ontstekingscomponent duidelijker aanwezig in het kaakgewricht 
dan in het kniegewricht.
 In hoofdstuk 8 werden dezelfde synoviale vloeistof markers bepaald voor 
kraakbeenafbraak en ontsteking, waarbij aangedane kaakgewrichten werden vergeleken 
met gezonde kaakgewrichten. Op basis van de beschikbare literatuur wordt aangenomen 



166

dat deze markers meer aanwezig zijn in aangedane kaakgewrichten dan in gezonde. Deze 
veronderstelde toename van markers in de synoviale vloeistof blijkt vergelijkbaar voor 
de vier verschillende markers, hetgeen impliceert dat meer ontstekingsactiviteit tevens 
gepaard gaat met meer kraakbeenafbraak.
 Een van de moleculen die snel degradeert bij kaakgewrichtspathologie is 
hyaluronzuur. Hyaluronzuur heeft een belangrijke functie met betrekking tot de smering 
van het gewricht en bescherming van het kraakbeen. Wanneer hyaluronzuur degradeert, 
komen de smering van het gewricht en de integriteit van het kraakbeen in gevaar. Ten 
einde de rheologie van het gewricht te herstellen, kraakbeenafbraak te reduceren en de 
resulterende pijn en ontsteking te verminderen, kunnen verschillende substanties in het 
kaakgewricht worden aangebracht. Op het moment is er vooral belangstelling voor de 
synthetische varianten van hyaluronzuur. Er bestaat echter nog geen protocol om de 
effectiviteit van intra-articulaire applicatie van hyaluronzuur op een dubbel-blinde manier 
te testen. In de casusbeschrijving in hoofdstuk 9 wordt de haalbaarheid van een potentieel 
protocol getest. Bij één patiënt werd vijf weken achtereen wekelijks een intra-articulaire 
injectie gegeven op een dubbel-blinde manier:  noch de patiënt noch de behandelaar 
wist of er hyaluronzuur of een placebo (fysiologisch zout) werd geïnjecteerd door voor 
het injecteren een infuuspomp te gebruiken. Ondanks dat dit protocol slechts bij één 
patiënt is toegepast, lijkt de dubbelblinde opzet goed mogelijk. Het toedieningschema, 
welke werd gebaseerd op onderzoek in het kniegewricht, lijkt ook  effectief voor het 
kaakgewricht, temeer daar de beschreven casus een relatief ernstige artralgie betrof.
 Gezien het bewijs in de literatuur en de uitkomsten van het onderzoek beschreven in 
dit proefschrift, lijkt een meer prominente plaats voor artrocentese in de behandelstrategie 
van artralgie van het kaakgewricht gerechtvaardigd. Het toepassen van artrocentese 
als initiële therapie geeft snellere verlichting van pijn en draagt eveneens bij aan het 
reduceren van de ziektekosten. Na verloop van tijd zijn de resultaten van artrocentese en 
een conventionele behandeling echter vergelijkbaar. Het is daarom nodig om de klinische 
effectiviteit verder te verbeteren door modificatie van bestaande behandelingen en de 
ontwikkeling van nieuwe therapeutische mogelijkheden. Behandelingen die succesvol 
zijn gebleken in anderen synoviale gewrichten kunnen hierbij dienen als uitgangspunt. 
Het is hierbij echter wel van belang dat de betreffende behandelingen grondig worden 
getest in het kaakgewricht, aangezien verschillen in pathofysiologie tussen verschillende 
gewrichten mogelijk van invloed zijn op de klinische resultaten.
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Dankwoord

Velen hebben op een of andere wijze bijgedragen aan de totstandkoming van dit 
proefschrift. Zonder anderen tekort te willen doen wil ik enkelen in dit dankwoord in het 
bijzonder noemen.

Prof. dr. B. Stegenga, beste Boudewijn, toen je mij vroeg waarom ik onderzoek wilde doen 
luidde het antwoord: uit nieuwsgierigheid. Ik heb het dan ook zeer gewaardeerd dat je 
mij de ruimte hebt geboden om vanuit mijn nieuwsgierigheid onderzoek te doen. Als 
begeleider ben je zeer inspirerend geweest. Zelfs onze gesprekken die ogenschijnlijk 
weinig met het onderzoek te maken hadden hebben naar mijn idee bijgedragen aan de 
ontwikkeling van mijn wetenschappelijk denken. Wat ik zeer waardevol heb gevonden 
is de enorme precisie waarmee je mijn manuscripten telkens van commentaar hebt 
voorzien. Van medisch en wetenschappelijk inhoudelijk tot letterlijk op het niveau van 
punten en komma’s. En hoewel volgens sommigen ‘mailbox management’ misschien niet 
je grootste talent is, heb ik zelden hoeven wachten op je op- en/of aanmerkingen.

Prof. dr. S.K. Bulstra, beste Sjoerd, met mijn tandheelkundige achtergrond was onderzoek 
naar kraakbeen afbraakproducten in synoviale vloeistof misschien niet het meest 
voor de hand liggend. Uw expertise op dit gebied als orthopedisch chirurg heeft niet 
alleen bijgedragen aan de kwaliteit van dit proefschrift, maar ook aan mijn inzicht in 
degeneratieve gewrichtspathologie. Verder heb ik de vlotte correspondentie (sommige 
mailtjes werden per omgaande mail beantwoord) met kort en bondig commentaar zeer 
gewaardeerd. 

Dr. J.J.R. Huddleston Slater, beste James, je enthousiasme en optimisme met betrekking tot 
tal van zaken waaronder onderzoek en tandheelkunde hebben zeer motiverend gewerkt 
afgelopen jaren. Ook de inhoudelijke discussies, over met name methodologie, hebben 
zeker bijgedragen aan de kwaliteit van de verschillende hoofdstukken. En, tegenwoordig 
niet onbelangrijk, mede door de door jou binnengehaalde subsidie van ZonMW is het 
mogelijk geworden het onderzoek zoals dat in dit proefschrift beschreven staat uit te 
voeren. Ontzettend bedankt!

Dr. R. Kuijer, beste Roel, je expertise op het gebied van kraakbeen en je kritische blik heb 
ik als zeer waardevol ervaren. Ik wil je bedanken voor de prettige samenwerking. In het 
bijzonder vond ik het erg prettig dat er altijd op korte termijn ruimte was voor overleg. 
Jouw scherpe opmerkingen hebben mijns inziens zeker bijgedragen aan de leesbaarheid 
van de verschillende manuscripten. 

Prof. dr. F.K.L. Spijkervet, beste Fred, je inspanningen als hoofd van de afdeling mondziekten, 
kaak- en aangezichtschirurgie sinds 1 oktober 2012 hebben wat mij betreft faciliterend 
gewerkt voor het kunnen combineren van onderzoek met de opleiding geneeskunde in 
het kader van de opleiding tot MKA-chirurg. Gezien het onderwerp van dit proefschrift 
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is het waarschijnlijk geen verrassing dat ik het toejuich dat er opnieuw een expert op het 
gebied van kaakgewrichtspathologie hoofd van de afdeling is. De expertise die er op 
dit gebied is binnen de afdeling, is een van de belangrijkste redenen geweest om in het 
UMCG onderzoek te doen.

Prof. dr. L.G.M. de Bont, beste professor, het uitzonderlijk goede onderzoeksklimaat op 
de afdeling mondziekten, kaak- en aangezichtschirurgie is voor een groot deel te danken 
aan uw inzet als hoofd van de afdeling tot 1 oktober 2012. Mede door uw flexibiliteit, 
werd het voor mij mogelijk al tijdens het onderzoekstraject te starten met de opleiding 
geneeskunde. Uw interesse als expert op het gebied van de kaakgewrichtspathologie in 
het onderzoek dat in dit proefschrift beschreven is, heb ik zeer gewaardeerd. Het is mij 
dan ook een genoegen dat u zitting heeft willen nemen in de beoordelingscommissie.

Prof. dr. R. de Leeuw en prof. dr. F. Lobbezoo, leden van de beoordelingscommissie, ook 
u wil ik hartelijk bedanken voor de tijd die u heeft vrijgemaakt voor het beoordelen van 
het manuscript.

Dhr. G. Seubers, beste Gert, ik ben je veel dank verschuldigd voor de extra administratie 
die je hebt gedaan ten behoeve van het onderzoek. Alle patiëntenlijsten die je nauwkeurig 
hebt bijgehouden, alsook het plannen van de behandelingen en de praktische assistentie. 
En, ondanks de mede daardoor ontstane drukte, was er eigenlijk altijd wel ruimte voor 
een praatje. Ook dat heb ik erg gewaardeerd.

Lieve dames van de ‘kleine balie’, hartelijk dank voor het toevoegen van het ‘blauwe kaartje’ 
(onderzoek: Vos) aan alle statussen van patiënten die eventueel kaakgewrichtsklachten 
zouden kunnen hebben, als reminder voor de AIOSs. Mede door deze kaartjes zijn er maar 
weinig potentiële onderzoekspatiënten gemist.

Alle AIOSs die hebben meegewerkt aan het rekruteren van patiënten, hartelijk dank. Dankzij 
jullie inzet liep het af en toe storm op het zogenaamde diagnostische ‘prikspreekuur’.

Dr. J. Jansma, beste Johan, hoewel het kaakgewricht misschien wat aan de rand van je 
interesse gebied ligt (zowel letterlijk als figuurlijk), ben je toch bereid geweest om voor de 
geplande osteotomieën aan, nog samples van de kaakgewrichtsvloeistof te verzamelen, 
waarvoor hartelijk dank. Wie weet komt deze vaardigheid je nog van pas als Arnett 
gelijk mocht hebben en bij een osteotomie ook met enige regelmaat het kaakgewricht 
(preventief) behandeld zou moeten worden.

Prof. dr. R. Diercks, beste Ron, hartelijk dank voor de mogelijkheid die je me hebt geboden 
om synoviale vloeistof uit kniegewrichten te verzamelen. Zonder deze monsters zou een 
vergelijking zoals beschreven in hoofdstuk 7 niet mogelijk zijn geweest. Bovendien heb 
ik het zeer gewaardeerd dat ik een kijkje kon nemen in de keuken van de kniegewricht 
artroscopieën.
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Dr. M.K. Leijsma, beste Martha, hartelijk dank voor je inbreng als reumatoloog met 
betrekking tot hoofdstuk 6. Hoewel MKA-chirurgie en reumatologie in veel opzichten ver 
uit elkaar lijken te liggen, geeft onze samenwerking aan dat er tevens overeenkomsten 
bestaan. 

Dr. Stant en Mevr. Drs. Quik, beste Dennis en Elise, bedankt voor de zorgvuldigheid 
waarmee jullie de economische analyses zoals beschreven in hoofdstuk 5 hebben 
uitgevoerd. Mede door jullie inbreng is dat hoofdstuk denk ik een van de meest 
aansprekende hoofdstukken geworden. Hartelijk dank daarvoor.

Mevr. N.E. Geurts-Jaeger, mevr. L. Kempers, mevr. A. de Vries, mevr. K. Woldhuis en dhr. H.B. 
de Jonge, beste Nienke, Lisa, Angelica, Karin en Harrie, jullie administratieve, secretariële 
en informatietechnologische ondersteuning hebben het leven van de promovendus 
een heel stuk aangenamer gemaakt. En behalve nuttig was het met jullie ook altijd erg 
gezellig!

Dr. M. Dijkstra, beste Martijn, ik heb erg genoten van onze inspirerende lunchafspraken 
waarbij heel effectief het nuttige met het aangename gecombineerd kon worden. 
Ook heb ik het zeer gewaardeerd dat je de mogelijkheden voor proteomics van 
kaakgewrichtsvloeistof met mij wilde verkennen, hoewel dat helaas niet heeft geleid 
tot het opzetten van een publiceerbaar experiment.  Deze verkenning heeft uiteindelijk 
wel geleid tot een analyse van kaakgewrichtsvloeistof door middel van ELISA. Ik ben je 
zeer erkentelijk voor de bewerking van de labgegevens die daar vervolgens uitkwamen. 
Dit heeft ervoor gezorgd dat de resultaten een stuk inzichtelijker gepresenteerd konden 
worden.

Dhr. C.P. Postema, beste Christiaan, toen ik een lab nodig had om de ELISA’s uit te voeren 
voor de experimenten beschreven in de hoofdstukken 7 en 8, wist jij dat heel vlot voor 
mij te regelen. Voor clinici is een laboratorium vaak een soort ‘black box’ waar je materiaal 
heen stuurt en waar je vervolgens een uitslag van terug krijgt. Mede door jouw introductie 
in het laboratorium is deze ‘box’ voor mij iets minder ‘black’ geworden. Bovendien vond ik 
het erg gezellig om met jou samen te werken. Ontzettend bedankt!
 
Drs. N.B. van Bakelen, beste Nico, toen Ruud (Prof. dr. R.R.M. Bos) mij in 2008 vroeg of 
ik mijn nieuwe kamergenoot al had ontmoet, vroeg ik hem gekscherend of dat dan de 
moeite waard was. In de hierop volgende jaren werd duidelijk dat het meer dan de moeite 
waard was, zowel zakelijk als privé. Onze nieuwsgierigheid strekte verder dan alleen 
onze promotie onderwerpen en we hebben dan ook belangrijke ontdekkingen gedaan, 
waaronder: resorbeerbare plaatjes van Inion ® lossen niet op in Pepsi Cola ® en de smaken 
Roma en Indriya van Nespresso ®  zijn de meest populaire smaken onder de onderzoekers 
en AIOSs MKA-chirurgie. Verder bleek een racefiets erg geschikt voor het verzamelen van 
tal van gegevens, maar behoeft de toegevoegde waarde hiervan voor de fietsprestaties 
nog enig onderzoek. Hoewel dit proefschrift klaar is en jouw onderzoek ook bijna is 
afgerond, kan onze zeer gewaardeerde samenwerking worden gecontinueerd in onze 
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hierop volgende opleiding tot MKA-chirurg. Het wederzijdse paranimfschap is mijns 
inziens een mooie uiting van deze waardering.

Drs. P.J.C. Krijnsen, beste Jeroen, dankzij jouw inrichting van de enquête website voor 
patiënten is mij een enorme berg invoerwerk bespaard gebleven. Bovendien was er 
mede hierdoor meer tijd om samen van gedachten te wisselen over allerlei belangrijke en 
minder belangrijke zaken in het leven; als het enigszins mogelijk was onder het genot van 
een kopje koffie van nagenoeg professionele kwaliteit. Hopelijk zijn we in de toekomst 
nog vaak in de gelegenheid om dat te herhalen! Ik ben je zeer erkentelijk dat je mijn 
paranimf wilt zijn.

Mevr. mr. L.A.P. Vos-van Belle, lieve Lydia, in tegenstelling tot wat vaak wordt geschreven 
in deze laatste alinea, ga ik hier niet weergeven hoe zeer ik het betreur dat ik zo weinig 
tijd voor je heb gehad tijdens de afgelopen vier jaar en dat ik hoop dat we in de toekomst 
meer tijd voor elkaar hebben. De werkelijkheid is namelijk dat we zelden zo’n relaxte tijd 
hebben gehad waarin we zoveel tijd voor elkaar hadden en zoveel dingen samen konden 
ondernemen. Het lijkt mij dan ook een utopie dat we, nu het boekje klaar is, nóg meer 
tijd voor elkaar zouden hebben. Daarom zal ik zoals sommigen nostalgische gevoelens 
koesteren met betrekking tot hun studententijd, dit soort gevoelens juist koesteren met 
betrekking tot mijn promotietijd. Lieve Lydia, ik zou je nu enorm kunnen bedanken voor je 
ondersteuning, je ‘out-of-the-box thinking’, je lovende woorden, je motiverende ideeën, 
je bereidheid mij altijd van opbouwende kritiek te voorzien, je schijnbaar onuitputtelijke 
interesse, je immer positieve insteek, je excellente kookkunst (essentieel voor de nodige 
‘brainforce’), je vaardigheid om uitzonderlijk goed het nuttige met het aangename te 
combineren en je organisatorische creativiteit om gezamenlijke verantwoordelijkheden 
buiten mijn onderzoek werkzaamheden gesmeerd te laten verlopen.., maar dan zou ik 
nog steeds niet hebben gezegd dat ik van je hou!
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