




























































Joints were randomly selected for either arthrocentesis with glucocorticoid or arthrocentesis 

alone. Recordings of jaw function and pain, spontaneous and upon palpation, as well as 

previous treatment, on-going treatment and general medical history were performed at 

baseline (before intervention) and at two follow-ups (mean, 3 and 8 months). Pain 

assessments were performed using both VAS (scale, 0-10 cm and number, 0-100) and a visual 

faces pain scale. 

 

 
Visual faces pain scale, Bieri D et al. Pain 1990, 41: 139-50. 

  

Ultrasound-guided arthrocentesis (push and pull technique, Alstergren 2003) were performed 

in general anesthesia in a sterile operation field. Bacteria skin samples from the injection site 

were taken before and after skin disinfection. Samples were immediately frozen at -80°C for 

later analyses.  

 

 
Picture showing arthrocentesis with the  

push-and-pull technique using Behepan®/salic water.  

 

 



In paper II and III we analyzed synovial fluid from 30 patients (54 TMJs), 20 children with 

JIA, and 10 adults with either RA (n=5) or JIA (n=5). Adults were included to serve as 

control for age as a confounding factor. All adults were referred from Diakonhjemmet 

Hospital, Oslo, Norway.  

Synovial fluid was analyzed for bacterial DNA using 16S rDNA PCR, and protein analysis 

were performed using BCA protein assay and Luminex/XMAP technology. 

Methods – bacteria detection and protein analysis 

The advent of DNA sequencing has made it possible to sequence genes from a high number 

of different organisms. The gene 16S rDNA is the most widely used component from the 

translation apparatus for phylogenetic analysis. 16S occur in all bacteria and the genes are 

long enough to be informative and short enough to allow easy sequencing (Wade 2002). 16S 

rDNA was amplified from clinical samples by the polymerase chain reaction (PCR). PCR is a 

method based upon thermal cycling generating DNA single strands, and enzymatic replication 

using heat-stable DNA polymerases, primers and DNA oligonucleotides (deoxynucleoside 

triphosphate, dNTP). To check if the PCR generated the anticipated DNA fragment 

(Amplicon), gel purification for size separation is performed, followed by sequencing leading 

to bacteria species identification. PCR is a safe method with a high accuracy level, although 

problems do occur. I high concentration of the DNA template may lead to packed DNA with 

possible false priming and obstruction of the polymerases. A low concentration of the DNA 

template may increase the risk for contamination and loss of a substantial amount of the 

sample due to clotting, adsorption, and chemical/enzymatic degradation. Troubles may also 

occur due to inadequate amount of oligonucleotides, primers, polymerases, Mg2+, and due to 

failure to maintain the correct thermal cycle.  

Analysis of interleukins and bone markers was performed using Luminex/XMAP multiplex. 

This assay enables the possibility of conjugate biomolecules to the surface of specific beads to 

capture analytes of interest. XMAP beads are coated with a reagent specific to a particular 

bioassay, and are color-coded to be specifically identified by the Luminex analyzer.  

Luminex multiplex system was our procedure of choice due to the possibility to get multiple 

analyses from very small samples. In addition to the different parameters in our test, there are 

other factors, which would have been interesting to analyze as well, for instance IL-17 and 

RANKL. In all assays with multiple antibodies there is a possibility for cross-reactions, 

possibly leading to an incorrect result of either a false high/positive result or a false 



low/negative result. In our study, comparisons were made of individual changes or in 

comparison of groups, and thereby reducing the effect of this possible problem. One 

experienced person performed all analyses at the same time, in order to eliminate possible 

problems with the Luminex method, and great care was taken not to contaminate samples 

during the laboratory procedures, working under sterile conditions, and using standards as 

control for contamination. 

 

 

Methodological considerations 

The selection of patients included in the study considered both symptoms from the TMJ, 

problems with jaw function, and a positive MRI. Patients with silent arthritis were not 

included. 

Evaluation of treatment strategies in TMJ arthritis is difficult. Local anatomy, such as 

innervation, bilateral joint movement, supportive tissue, and joint anatomical considerations 

of disc displacements and more must be considered in the evaluation of pain and function. 

Intervention in a TMJ may influence the contralateral joint, either s a direct mechanical 

response, or by systemic (hematologic) influence. In this study, intervention was performed in 

both TMJs in most patients. One might consider intervention in only one joint, leaving the 

other as a control, but besides the ethical consideration of not treating an inflamed joint, there 

are still the systemic and local effects to be considered. This must be considered when 

evaluating the results of two different treatments in the TMJ in a patient. In this study, 

evaluation of the treatment is based on subjective findings of pain and function, and objective 

measurements of mandibular movement. In case some children were unable to understand 

VAS, a pain facial detection scale was included in the study. Although some patients were as 

young as 6-8 years old, there was no discrepancy between VAS and the facial detection scale.  

Other methods for evaluation, like algometers, ultrasound, MRI and others, were considered, 

but were not suitable for this study. Patients in this study are (post-PhD) intended to be 

included in a long-term follow up study, with clinical and MRI evaluations.  

SF was collected using a push/pull-technique involving vitamin B (Behepan®, red colour) in 

order to verify presens of synovial fluid by spectrophotometry. Vitamin B is known to 

improve certain inflammatory conditions, but this is mostly in cases with an on-going lack of 



this vitamin. Little is known of the local effect of vitamin B in the TMJ. Concerns with the 

push-and-pull technique are discussed in Paper II. 

All SF samples were frozen at -80°C, and care was taken not to defrost the samples 

unnecessary. Still, there is always the possibility of degradation and changes in both bacterial 

DNA and in proteins (cytokines and bone markers). 

 

Summary of results 

Paper I 

Synovial bacterial DNAs were detected in more than 60% of patients. 

In 30 patients (54 joints) we detected possible contamination of TMJ SF in 6 patients, whom 

were excluded from this study. 

14 different bacterial species were detected, Pseudomonas fluroscens being the most frequent 

bacteria. 

There was a tendency towards a greater bacterial diversity in children. 

TNF-α, ACTH and adiponectin content (Paper II) were elevated in TMJs with bacterial DNA. 

Patients with detected bacterial DNA reported less pain and better jaw function. 

 

 

Paper II 

ACTH levels in TMJ SF were significantly lower in JIA compared to adults with RA, and 

correlated with IL-1 and several bone markers. 

In TMJ SF there was a tendency towards a higher IL-1, TNF-α, adiponectin and osteocalcin in 

JIA than in adults with either JIA og RA, while IL-6, OPG, leptin, OPN, PTH, and insulin 

tended to be lower in children than adults. 

Total protein concentration tended to be higher in children, and tended to be lower in those 

with the longest duration of TMJ symptoms (negative correlations). 



TNF-α and OPG were lower in patients with a tendency to higher pain levels. This is highly 

interesting, TNF-α being a target in general medication in both JIA and RA, and OPG, 

believed to be a biomarker in pain syndromes (Krämer et al. 2014). 

Leptin was higher in RA than in JIA, and even higher in JIA in adults. 

Paper III 

 

Patients included in this study were generally severely affected with regard to joint pain and 

function at baseline. 

There was a significant improvement from baseline to both first and second follow-up with 

regard to MIO, PIO, lateral excursion (measurements of function), and with regard to VAS 

function (subjective). 

There was a significant reduction in pain upon palpation and of pain in general (VAS). 

There was no difference with regard to treatment method upon the improvements as 

mentioned above. 

 

  



Discussion 

Bacterial influence 

 

As previously mentioned in this thesis, the etiopathogenesis in JIA is not completely 

understood, and infections may be part of this development. Previous studies have indicated 

bacterial DNA as a possible initiating or contributing factor to joint disease (Deng and 

Tarkowski 2000, Zhang et al. 2000), and an increase in TNF-α and IL-6 has previously been 

associated with the presence of Chlamydia trachomatis in tissue samples from the TMJ 

(Henry et al. 2007). 

The most frequently detected bacterial DNA in our study was Pseudomonas spp., and 

P.fluorescens in particular, although there was a large bacterial diversity, especially in JIA. 

In P.fluorescens strains, genome sequences have found a diversity of integrated elements, 

such as genomic islands and phage-like regions (Mavrodi et al. 2009), exemplifying the 

evolutionary possibility in bacteria strains to induce new pathogen types. These adapting and 

developing ability of bacteria also make it difficult to correctly classify bacteria, while 

different subtypes of a bacteria strain may have different pathogenicity and immune-

stimulating properties (Silby et al. 2011). 

JIA patients have been found to be three times more susceptible to bloodstream infections and 

severe infections as compared to healthy controls (Salonen et al. 2014, Beukelman et al. 

2012). This 3-fold risk for infections was irrespective of immunosuppressive therapy, and use 

of methotrexate and/or TNF inhibitors did not increase the risk for serious infections, 

although use of glucocorticoids gave an increased risk for infections. In spite of this there was 

still a low incidence of infections in JIA, with only 5 patients with serious infection of a total 

1604 JIA patients (Salonen et al. 2014). In these studies the bacteria causing the infections 

were not of strains with increased microbial resistance, typical strains were Streptococcus 

pneumonia, Staphylococcus aureus, Escherichia coli and Fusobacterium necrophorum. 

S.aureus is also more frequently found in tonsils in JIA, as compared to patients with non-JIA 

tonsillitis. These bacteria are mainly found in the core of the tonsils, rendering a microbial 

swab tests inefficient (Gul et al. 2007, Astrauskiene et al. 2009). S.aureus has previously been 

shown to induce expression of prostaglandin E2, RANKL and IL-6 on osteoblast leading to 

bone erosions (Somayaji et al. 2008, Spelling et al. 2008). Other bacteria, such as 

Streptococcus pyogenes, may also induce this osteoclastogenesis (Okahashi et al. 2003). 



Upregulation of RANKL in infected osteoblasts appears to involve a COX2-mediated PGE2-

dependent pathway (Somayaji et al. 2008). Osteoblast COX2 expression is induced by several 

bone resorbing, inflammatory factors, such as IL-1 and IL-6 (Miyaura et al. 2003). COX2-

activation of prostaglandin induces pain and inflammation.  

Bacteria may stimulate pain by other pathways as well. There is a very rapid increase in 

ACTH following injections with bacterial lipopolysaccharide (LPS), and LPS may also 

induce production of pro-inflammatory cytokines, such as IL-1, IL-2, IL-6 and TNF in the 

brain and the pituitary gland, but also the anti-inflammatory cytokines IL-10, IL-13 and IL-

RA. In the periphery these inhibit the inflammatory response induced by the pro-

inflammatory cytokines. Limited studies indicate that these anti-inflammatory cytokines 

antagonize the action of the pro-inflammatory cytokines in the brain as well as the 

hypothalamic-pituitary-adrenal (HPA) response to infection (Wong et al. 1997).  

In a study by Chiu et al. (2013), bacteria were shown to modify the immune response by 

directly stimulating nociceptors. Why this is different in the present study is unknown. One 

could speculate whether this might be due to the autoimmune origin of the inflammation, or 

bacterial stimulation of inflammatory mediators not implicated in mediating pain, or maybe a 

steady state situation?  

Regarding cytokines and bone markers 

ACTH was higher in SF in patients with detected bacterial DNA in our study, and lower in 

children than adults. Cytokines induced by bacterial DNA may act locally on nociceptors to 

induce pain, but the most common pain-inducing pathway is indirect, stimulating the release 

of other agents such as prostaglandins. In acute phase, cytokines appear to induce 

sensitization via receptor-associated kinases and phosphorylation of ion channels, whereas in 

chronic inflammation transcriptional up-regulation of receptors and secondary signaling 

become more important (Opree and Kress 2000). These different pathways in acute and 

chronic phases needs to be further studied with regard to rheumatoid arthritis and JIA; all the 

while these diseases are chronic inflammatory diseases with acute and sub-acute 

inflammatory stages. Both disease duration and activity state may be important factors 

influencing on the different pain modulating pathways. The elevated ACTH in SF in our 

study may indicate a bacteria-induced shift in the pain-inducing pathway possibly involving 

the HPA-axis. Leptin is known to regulate stress-induced HPA-axis responses leading to 

release of ACTH and corticosterone, among others (Roubos et al. 2012). In our study leptin is 



higher in adults than in children with JIA, although no correlation to pain intensity was found. 

This is in contrast with previous findings of an association between levels of leptin and pain 

(Lübbeke et al. 2013). Possibly, there are different mechanisms by which leptin in a joint may 

induce pain, and possibly are being influenced by other factors counteracting leptin locally. 

Inflammation, and the release of cytokines (and serotonin, histamine, bradykinin and others) 

may result in peripheral- and central sensitization. In peripheral sensitization cytokines may 

stimulate pain by ways of neurogenic inflammation, direct sensitization of nerve endings, 

indirectly by stimulation of nerve growth factor, and other pathways (Kopp S 2001).  

Antibodies against TNF reduce hyperalgesia in inflammatory models, and anti-TNF treatment 

in RA is followed by substantial reductions in pain score (Mani et al. 1998). More modest 

pain reduction is seen with regard to anti-IL-1 and anti-IL-6 (Bresnihan et al. 1998, Xu et al. 

1997), possibly indicating TNF having a more important role in pain modulation. In our 

study, TNF seemed to be more important in boys with regard to pain, possibly indicating a 

gender difference with regard to pain mechanisms. In boys, TNF tended to be lower when the 

pain expression was highest, which are interesting, although difficult to explain with the 

current knowledge in the literature. 

Besides NSAIDs and methotrexate, TNF-inhibitors are the most common treatment in JIA 

and in adult rheumatoid disease. TNF-inhibitors are reported in studies as being effective in 

improving the patients’ symptoms and complaints. In contrast, TNF-α is most often reported 

to be low in local synovial fluid as compared to serum. In our study, TNF-α was lower in 

TMJ SF in patients reporting higher pain levels, and in patients with bacterial DNA in SF. In 

a study by Matsuno et al. (2002) TNF-α is “proved” to be a key molecule in the control of the 

inflammatory changes in RA synovium. They found TNF-α capable of controlling IL-6 

production, but did not find any effects on bone or cartilage produced by TNF-α. JIA joint 

inflammation is not uncommonly silent, and there may be other signaling pathways 

responsible for pain stimulation. Presence of bacterial DNA in SF may be an etiologic factor 

in initiation of arthritis, it may be secondary to an already existing pathological condition, or 

it may be, in fact, naturally present in the joint. If bacterial DNA in SF is capable of changing 

the immune response from TNF, this may possibly lead to a reduction in IL-6 production, and 

possibly to a shift in a more destructive pathway, maybe with less pain induction. This is 

however, highly speculative, and is beyond the current knowledge of the different pathways 

of the immune system, and of the different role of each cytokine in this different pathways. At 

present, there is a growing understanding of the importance of the normal bacterial flora, and 

its regulation of the immune system. Bacteria are highly adaptive and will respond to local 



and general changes. The gut-brain effects from microbiome-changes related to stress, health 

and disease are highly investigated at present (Moloney et al. 2014). There are some concerns 

with regard to changes of microbial flora due to modern living, and this influence on disorders 

such as allergies, inflammatory diseases, autoimmunity, depression and anxiety (Rook et al. 

2014). 

The anti-inflammatory cytokine IL-10 generally promotes a Th2 type immune response 

(humoral immunity, B-cells) by inhibiting Th1 cytokine production and cell-mediated 

immunity (phagocytes), and hence, reduces the tissue destruction (Ouyang et al. 2011). IL-10 

also decreases brain inflammation and protects the nerve tissue from LPS-induced 

inflammation and damage (Qian et al. 2006). IL-10 may play an important role in pain 

induction and/or pain regulation in rheumatoid diseases, as it does in peripheral neuropathies, 

although the mechanism are not yet fully understood, and may be specific to different types of 

nerve-affecting pathologies (Khan et al. 2015). 

 

Osteoprotegerin (OPG) was low in patients reporting most pain in this study, a finding in 

contrast with previous studies focusing on OPG as a biomarker in pain syndromes (Krämer et 

al. 2014). Low OPG may be induced by a local factor, such as PTH, IL-6-feedback, or other 

regulatory mechanisms, but may be induced by methotrexate as well, although the data are 

few and inconclusive. We tested RANKL in SF in JIA, but possibly due to very small samples 

left, no RANKL were detectable in our studies, which is unfortunate, OPG/RANKL ratio 

being highly important in order to suggest a response favoring bone degradation or not.  Anti-

TNF agents have been shown to increase OPG (Catrina et al. 2006), and glucocorticoids have 

been shown to decrease synovial RANKL in human RA (Magrykiannakis et al. 2006). 

Methotrexate, as used by most patients in this study, has been shown to decrease lymphocyte 

and macrophage infiltration in the synovium, reduce expression of RANKL and RANK, 

decrease the synovial RANKL/OPG ratio, and to decrease osteoclast formation and bone 

resorption. Local inflammation may regulate synovial RANKL and RANK expression, but 

these are probably not completely dependent on local inflammation (Revu et al. 2013). 

Clinical implications 

In paper III we found little difference in treatment outcome of adding steroids to 

arthrocentesis. Besides the importance of treating TMJ arthritis in children, in order to reduce 

pain and establish normal growth and function, one must also consider the side-effects of this 



treatment. Arthrocentesis is a minor trauma to the TMJ and its surrounding tissues, and may 

generate adverse changes in the joint. Glucocorticoids not only have anti-inflammatory 

effects, one must also consider the local effect upon the bone homeostasis (Brennan-Speranza 

et al. 2012). In addition, the general load of medicines, such as glucocorticoids, methotrexate 

and biologics, to the developing child must be considered. This concerns both physiological 

stress (disease and treatment) and psychological load, and comprises a huge number of 

influencing factors, such as pain, altered function, sleep, comorbid pain conditions, growth, 

genetics, drug side-effects, and many more, and is a wide topic outside the scope of this 

thesis. 

In several studies radiographic TMJ abnormalities have been described, and studies with TMJ 

injections in patients with JIA have been reported (Stoll et al. 2012, Stoustrup et al. 2013). 

However, prospective treatment studies of TMJ arthrocentesis in JIA are necessary, and this 

was performed in Paper III. The children with TMJ arthritis and JIA in this study were 

severely affected with the condition; nevertheless, a single intervention seemed to give good 

relief from TMJ symptoms and it improved TMJ function for at least eight months. 

Principally, a comparative group of non-treated patients should have been included in order to 

more favorably evaluate our results. This was not performed for ethical reasons, which is a 

weakness in the present study. Growth disturbances as described by Arvidsson et al. (2010) 

were seen in only two of our patients. The reason for this may be the early introduction of 

methotrexate in these patients.  

 

Serological samples performed at the same moment as the SF sampling would have been a 

strengthening of this study. Comparison of blood and SF with regard to the laboratory 

analyses of bacterial DNA, cytokines and bone markers could possibly have given some 

answers with regard to the presence of SF bacterial DNA and its origin, and to local versus 

systemic effects of the cytokines and bone markers. 8 months follow-up sampling and control 

MRI with comparison of the development of all markers would have been highly interesting, 

but were not possible due to ethical reasons and geographical considerations.  

 

In our study, JIA patients were both oligoarticular (n=10) and polyarticular (n=10), not 

counting the TMJ. Including the TMJ would have rendered all patients as having polyarticular 

JIA. We found no difference between these two groups, neither with regard to the TMJ 

symptoms and function, nor with regard to SF analyses. One child had systemic JIA, but had 

no divergent results as compared to the other children. Still, with so many unknown 



influencing factors, such as presence and influence of bacterial DNA in SF, and all the 

different pathways in inflammation, bone homeostasis, and pain modulation, one must strive 

to perform this kind of clinical research as homogenic as possible. This is very difficult in 

such a heterogenic group of children with arthritis, problems starting with the classification of 

the diseases, and with the systemic and local effects upon the growing joints.  

We believe, however, the inclusion of JIA patients with the most significant pain and 

problems with jaw function in combination with a positive MRI, to be a positive strength in 

this study. To the best of our knowledge no previous study has neither measured cytokines 

and bone markers, nor has bacterial DNA and its diversity been detected in SF in JIA.  

 

In spite of many years and many papers of research with regard to etiology, pathogenesis and 

treatment of JIA, RA and TMJ problems, little is still known in order to solve the center of all 

this research, that is people with this diseases and the everyday problems it may cause.  

Research on rheumatic disorders raises questions, such as 

• Are the patients correctly classified into a group of people with the same etiology and 

pathogenic response? That is, is the research performed on children and adults with 

the same etiology, genetic basis and inflammatory response resulting in TMJ 

arthritis? 

• In what degree do the environmental factors and local non-immunologic factors affect 

the development of, and progression of TMJ arthritis? 

• With the lack of a possibility to classify the degree of local arthritis, will this 

influence upon the degree of improvement? 

• In what degree are bacteria able to induce arthritis? Are there any differences between 

the different bacterial species, or with different basic structures of bacteria, or their 

expressed antigens? Are the bacteria present in synovial fluid in arthritis causative, 

homed to an already damaged tissue, or previously present without pathogenic 

influence? 

• Treatment with anti-TNF is common, and generally very successful in reducing 

symptoms in JIA and RA. At the same time, there are increasingly reports showing 

low TNF values in both serum and synovial fluid. What then, are the mechanisms of 

this positive anti-TNF response?  



• In what degree is the contralateral TMJ influenced by both unilateral TMJ arthritis 

and its treatment? Are these responses the same when this TMJ is pathologically 

influenced as well? 

These questions, and many more, exemplify the complexity in performing research on 

diseases involving the immune system. In addition, there are other factors to be considered, 

developmental, psychological, physiological and social factors. 

 

 

Conclusions 
• Bacterial DNA from 14 different species was found in 60% of patients with JIA and 

RA, and these patients reported better jaw function and less pain compared to patients 

with arthritis and no bacterial DNA present (Paper I). 

• The TMJ is not aseptic. It is possible to contaminate the joint in arthrocentesis, but we 

have also shown presence of bacterial DNA in the joint without contamination (Paper 

I) 

• TNF-α and ACTH were elevated in TMJs with bacterial, and lower in JIA compared 

to adults (Paper I and II). 

• TNF-α and OPG were lower in patients with a tendency to higher recorded pain levels 

(Paper II). 

• With regard to age, there was a significant correlation with regard to total protein 

concentration (higher in children), leptin (higher in adults), and ACTH (lower in 

children with JIA than adults with JIA, but not lower than in RA) (Paper II). 

• With regard to gender, there was a higher total protein concentration in boys. TNF, 

and in part IL-1, was negatively correlated to pain in boys, but not in girls (Paper II) 

• A single intervention in the TMJ with either arthrocentesis or arthrocentesis in 

combination with local glucocorticoids is capable of significantly reducing pain and 

improving function in children with JIA and TMJ arthritis (Paper III). 

• There was no difference upon improvement when comparing arthrocentesis with and 

without glucocorticoids (Paper III). 

• We registered improvement of a single TMJ intervention even after 8 months (Paper 

III). 



 

Bacterial DNA in TMJ SF may influence upon the local inflammatory response, and may 

affect both bone homeostasis as well as local treatment. Further studies are needed in order to 

better understand both presence of bacteria in human tissue, the immune response upon both 

inflammation and bone homeostasis, and thereby a better and more precise treatment of TMJ 

arthritis in JIA and RA. 
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