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ABSTRACT OF THE DISSERTATION 

 

 

Biomarkers and Local Responses to 

Temporomandibular Joint Disorders. 

 

by 

 

Andreh Barkhordarian 

 

Doctor of Philosophy in Oral Biology 

University of California, Los Angeles, 2013 

Professor Francesco Chiappelli, Chair 

 

 

This study is integrating translational research and translational effectiveness, the two 

fundamental components of translational science. It focuses to identify a new panel of biological 

markers for temporomandibular joint disorders (TMJD) by characterizing certain TMJD 

associated inflammatory, neuroendcrine and tissue destruction biomarkers. In parallel, an 

evidence-based research synthesis protocol is performed to uncover and evaluate the best 

available recommendations for treatment interventions associated with the identified TMJD 

biomarkers. This study is unconventional because the identified biomarkers have never been 

studied in the same context and combination in TMJD and associated neurological pathologies. 

This study is positioned at the cutting edge domain of bio-clinical research, and its focus and 
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intent is patient-centered translational research and effectiveness where the patient’s health and 

well being is at the center of importance. Literature study and clinical studies have shown that 

subconscious stress related behaviors such as Bruxism (clenching and grinding) as well as jaw 

related trauma could change the jaw bite and decrease its vertical dimension. This will result in 

bone loss and subsequent irritation and compression of the trigeminal nerve (jaw nerve) leading 

to local and systemic inflammation and numerous symptoms and pathologies through the 

central nervous system (CNS), which could be detected by elevation of certain immune, pain 

and tissue destruction biomarkers in synovial fluid and saliva. The resulting inflammatory 

response is controlled in part by a bidirectional communication between the brain and the 

immune systems. It involves hormonal and neuronal mechanisms by which the brain regulates 

the function of the immune system. Cytokines on the other hand, allow the immune system to 

regulate the brain. In a healthy individual this bidirectional regulatory system forms a negative 

feedback loop, which keeps the immune system and central nervous system (CNS) in balance. 

Many studies have shown that neuroinflammation might spread from the site of nerve 

entrapment, to the CNS and the brainstem centers where it could act as physiological drivers for 

aberrant reflexive behaviors, as well as changes within the nervous system. Examining the 

anatomy of the trigeminal nerve, we see connections to the CNS and its sensory branches that 

innervate most visceral structures such as the lung, the gastrointestinal tract, heart and immune 

cell rich tissues and organs such as spleen and lymph nodes. These symptoms can be local 

and specific (e.g., TMJD), as well as varied and systemic such as: comorbid neurological 

conditions, including cervical dystonia, Parkinson’s disease, Tourette syndrome,Blepharospasm 

and Complex Regional Pain Syndrome (CRPS). 

The research process started by the approval of the UCLA Institutional review board (IRB) and 

the patient-clinician encounter through collaboration that I established between the Practice 

Based Research Network (PBRN) that our lab is a member of and the Community Clinic 

Association of Los Angeles County. The inclusion criteria for TMJD patients were: 1) Patients 
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diagnosed with chronic TMJD (clicking/popping), 2) Patients diagnosed with beginning stages of 

TMJD, 3) Patients diagnosed with mild-severe malocclusion, 4) Controls. We obtained CT 

scans, and used other imaging techniques to confirm our clinical diagnosis. We also obtained 

synovial fluids and whole saliva samples and measured levels of identified biomarkers of 

interest by commercially available Enzyme-Linked Immunosorbent assay (ELISA) kits. 

Descriptive and inferential statistics were used to analyze the biomarker data. An evidence-

based research synthesis protocol was performed to uncover and evaluate the best available 

recommendations for treatment interventions associated with the identified TMJD biomarkers. It 

started with a specific type of research question, called a PICOTS question [patient 

characteristics (P), interventions (I) under consideration (C) for the desired clinical outcome (O) 

within a specified timeline (T)], which then yielded the MeSH words and keywords for the 

bibliometric search (research article search) from external sources and search engines (e.g., 

Medline/Pubmed, Google scholars). Once obtained, the bibliome (the body of evidence 

obtained) was further investigated for the level and the quality of the evidence by means of 

Revised Risk of Bias. The revision and validation of Risk of Bias was performed during this 

study, and the outcomes were analyzed by acceptable sampling analysis. We also attempted to 

do a meta-analysis. The results of this study demonstrate that TMJD provides a satisfactory 

model to characterize proteomic biomarker signatures and that it can perhaps be used as a 

diagnostic tool for early detection, prevention and treatment of TMJD and certain associated 

neurological pathologies. The results of the research synthesis protocol obtained the best 

available recommendations for treatment interventions associated with the identified TMJD 

biomarkers that can be used in the future to conduct a clinical trial. 
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CHAPTER I: Background 

 

I.I.1 Novelty 

 

I.I.1.1 Translational Research and Translational Effectiveness Model 

This study proposes a new model for doing research that is based on principals of Translational 

science. The novelty of this study and its approach lie in the fact that we are integrating 

translational research and translational effectiveness. Most investigators are specialized in one 

domain focusing either on translational research or Translational effectiveness, hoping that the 

results of their work will one day be recognized and implemented into the process of obtaining 

new findings or evidence by others. In this study, the combined model allows for one objective 

to lead to another and for feedback.  

 

I.I.1.2 Translational Research Biomarkers 

The novelty of the translation research objective of this research is that it is looking at the 

Temporomandibular Joint Disorder (TMJD) from the perspective of the emerging field of 

Osteoimmunology. Osteoimmunology refers to the regulating interplay, interaction, and (or) 

interconnectivity between bone and immune biology. The interplay begins when bone provides 

the microenvironment that is critical for the development of the hematopoietic stem cells from 

which all cells of the mammalian immune system derive, and they in turn produce various 

immunoregulatory cytokines that influence the fate of bone cells. These influences are at 

molecular and cellular levels and ultimately determine (or alter) forms and functions. Bone 

metabolism consists of a complex series of finely regulated steps and events, which involve 

primarily the activity of bone forming osteoblasts and of bone destroying osteoclasts. The 
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process of bone resorption is mediated through the Receptor Activator for Nuclear Factor κ B 

(RANK), its Ligand (RANKL), and Osteoprotegerin (OPG) pathway. This study looks at terminal 

biomarkers of tissue destruction, such as PAD-4 and initial neurological biomarkers of immune 

activation process and the resulting cytokines. Most often, the process of bone destruction in 

TMJ is initiated by inflammation due to damage to the innervating neurons of the joint. The 

damage is associated with pain and the process of central sensitization, resulting in production 

of proinflammatory cytokines and neuroinflammation. Therefore, this study includes biomarkers 

involved in the process of pain perception and central sensitization, namely, the neuroendocrine 

biomarkers such as SP and CGRP. This study also includes acute cytokines of inflammation 

such as IL-1beta, IL-6 and TNF alpha, as well as the chronic cytokine of inflammation the IL-

17A. When there is derangement of the TMJ, inflammation starts with the acute form, but in time 

depending on conditions it will develop to chronic inflammation.  In brief, the study model 

includes proinflammatory and chronic cytokines of inflammation as biomarkers; it also includes 

biomarkers of pain and tissue destruction.   

 

I.I.1.3 Translational Effectiveness Blockers 

Once these biomarkers are identified, the novelty of the model would lead to the goal of 

translational effectiveness, which is to obtain the best available evidence for treatment 

interventions. The treatment intervention for the pathology, in this case, is to block the 

biomarkers since the identified biomarkers are not prognostic biomarkers, but they are 

causative biomarkers. Elevation of these biomarkers will result in inflammation and bone 

resorption. 

 

I.I.2 Biological Significance 
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Twenty-to-thirty percent of the population in the US has TMD. The prevalence of TMJD is 

considerably higher in women than in men [3:1 in a recent meta-analysis involving over 3,000 

TMJD patients;(1) and the onset of TMJD is typically pre-menopausal, associated with internal 

derangement as well as chronic and progressive disease symptoms with varied and severe 

potential systemic sequelae (1). It has long been recognized that the pathologic process of 

clicking – locking – arthritic degeneration in patients with TMJD is more prevalent in women of 

childbearing age than in age-matched men, and in peri- or post-menopausal women (2, 3, 4). In 

women, the severity of symptoms is related to the age of the patients. Pain onset tends to occur 

after puberty, and peaks in the reproductive years, with the highest prevalence occurring in 

women aged 20-40, and dampens in the elderly (5, 6, 7) It is also clear from the research 

literature that this progression does not occur in every patient; therefore, the predictive variables 

must be identified. One important etiologic factor for the onset and progression of this 

pathological process that has been revealed by different studies is voluntary and involuntary 

clenching, grinding and bruxism, which often accompany, consciously or unconsciously, the 

experience of psycho-emotional and psychosocial stress (3, 4, 8, 9, 10). 

Trauma and severe cases of clenching and grinding can change the jaw bite, and decrease its 

vertical dimension, which can ultimately result in disorders of the temporomandibular joint (TMJ) 

and can be exacerbated by osteoporosis by means of at least two mechanisms: 1) osteoclastic 

activity of the cartilaginous corona of the condyle may lead to bone on- bone frictions that 

engender inflammatory reactions at the joint, and consequentially more extensive osteoclast 

activity and accelerated bone resorption at the TMJ, which will lead to joint disorder; 2) stress 

loading on the osteoporotic alveolar bone will alter occlusion, and lead to impaired joint function. 

In many patients with disorders of the TMJ, the auriculotemporal nerve, a branch of the 

trigeminal cranial nerve V may be compressed, irritated or otherwise damaged, with significant 

central and peripheral nervous via the gasserian ganglion and other central pathways, in 
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precipitating a series of pathological manifestations reminiscent of a spectrum of neurological 

pathologies (2).  

 

I.I.3 Clinical Relevance 

 

II.3.1 Molecular Pathology 

This study presents a profile of the most likely biomarkers based on literature and what is known 

about the biology and the osteoimmune interactions related to the TMJD. Synovial fluid and 

saliva samples are directly obtained from TMD patients. Profiling the molecular pathology of the 

condition provides a new definition of the TMJD. Patients that have high elevation of the 

identified biomarkers in their TMJ synovial fluid and saliva most likely have inflammation of the 

joint and are subject to increased bone resorption in the joint and internal derangements. 

 

II.3.2 Diagnostic Tool  

Once this interactomic profile is identified it can be used as a diagnostic tool. It can be validated 

through a well-constructed clinical trial versus clinical imaging and clinical diagnosis of large 

numbers of patients that can be acquired through the PBRN model. 

  

II.3.3 Intervention  

In this study, the intervention employs blockers, and is based on best available evidence. The 

goal of translational effectiveness is to find the best available evidence, and in this study it is by 

blocking the identified biomarkers, through finding reports of interventions that block the 

identified biomarkers.  Almost all of the translational effectiveness investigations that seek to 

find the best available evidence are performed by looking at clinical trials, systematic reviews, 

cohort studies and observational studies, in other words the “tip of the Evidence pyramid,” a 
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hierarchical evidence pyramid that was established by clinicians to focus on what is best for the 

patient. In this hierarchy, the clinical trials and systematic reviews are on top and fundamental 

research (such as in vitro and animal studies) is at the bottom of the pyramid. However, this 

hierarchy in reality does not exist since the rationale is that any viable clinical trial is based on 

sound fundamental biology and primary research, such as in vitro and animal studies, which will 

in turn generate new questions for fundamental science. Therefore, the level of evidence cannot 

be ranked in a hierarchical fashion; it could be more like a spiral where one feeds the other. 

Another novelty of this study is that it takes the entire field of research synthesis and applies it to 

the lower end of the hierarchical pyramid looking at the best available evidence for blockers of 

the identified biomarkers that are defined in bench research and animal studies. It provides a 

model to look at the fundamental science and apply the research synthesis question and obtain 

the best available evidence, in this case the interventions that block the TMJ biomarkers. 

 

I.I.4 Overall Concept 

Taken together, the study described here has two main objectives. The first objective is that of 

directed translational research: the study question is based on the patient. Samples are 

collected from the patients and are analyzed. The analyses provide information that comes back 

to the patient and feeds into translational effectiveness research synthesis. The second 

objective, the translational effectiveness component of the study, seeks for the best available 

evidence in form of interventions that can be utilized in patients. The first objective is directed 

towards identifying the biological markers of TMJD. The second objective is to identify best 

available treatment interventions associated with blocking or inhibiting the identified TMJD 

biomarkers. It is the intent of this study to establish a stepping-stone for future studies that will 

be constructed both as treatment intervention clinical trials (treatment clinical trials) and 

fundamental biological studies designed to characterize the developmental timeline of the 

pathology, in this case of TMJD, in an animal study model. 
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I.II Background for Objective I 

 

I.II.1 Biomarkers 

 

I.II.1.1 IL-17A 

The IL-17 family of cytokines includes IL-17B, IL-17C, IL-17D, IL-17E (also called IL-25), and IL-

17F. The primary function of IL-17-related cytokines is to modulate induction of many immune 

signaling molecules. The most notable role of IL-17 is its involvement in inducing and mediating 

pro-inflammatory responses resulting in sustained inflammation. IL-17 is commonly associated 

with allergic responses. It induces the production of many other cytokines (such as IL-6, G-CSF, 

GM-CSF, IL-1β, TGF β, TNF-α), chemokines (including IL-8, growth related gene alpha, GRO-α, 

and MCP-1), and prostaglandins (e.g., PGE2) from many cell types (fibroblasts, endothelial 

cells, epithelial cells, keratinocytes, and macrophages). Various data demonstrate the presence 

of certain TH17 that are also capable of producing IFNγ, indicating a putatively overlapping 

subpopulation of TH17/TH1 cells (11, 12). In brief, TH17 cells are characterized by: surface 

expression of CCR6, IL-23R, IL-12Rb2 and CD161, expression of T-bet, the retinoic acid-

related orphan receptor (ROR)γτ. As noted, they have the ability to produce IFN-γ and IL-17A in 

the presence of IL-12, and to arise from CD161+CD4+ precursors, which constitutively 

expresses RORγτ and IL-23R, in response to the combined activity of IL-1β and IL-23. Whereas 

they generally are unresponsive to TGF-β for mediation of differentiation, they can favor their 

proliferation by inhibiting T-bet expression (12). Although it has only limited homology to other 

cytokines, IL-17 exhibits pro-inflammatory properties similar to those of TNFα, particularly with 

respect to induction of other inflammatory effectors, including several bone pathologies, most 

notably rheumatoid arthritis (13). Research has established that signal transduction pathways 

dependent on PI3K/Akt and NF-κB are involved in bone-related pathologies that are mediated 



	  

	   7	  

by IL-17 (14), possibly by modulating, in part at least, the production of related pro-inflammatory 

cytokines (i.e., IL-6, IL-8) by synovial fibroblasts (14). As a result, the IL-17 family has been 

linked to many immune/autoimmune related diseases including osteoimmunopathologies such 

as rheumatoid arthritis and osteoporosis, which involve activation of osteoclastic (bone 

resorption) activities (15). 

 

I.II.1.2 SP (Role of Substance P and Oral Pathology)  

In oral biology and dentistry, pain is in general a consequence of oral pathological conditions, 

and orthotic procedures. Part of this induced pain and its perception is due to activation of 

inflammatory pathways and accumulation of inflammatory molecules, a condition that is similar 

in other parts of the body. The sensory process of pain in the body involves neurons, receptors, 

channels, transmitters and intracellular signaling molecules/effectors that play an important role 

in transduction, modulation and propagation of peripheral stimuli to the CNS (16, 17, 18, 19).  

Primary sensory neurons are thin fibers containing unmyelinated C-fibers and myelinated A-δ 

fibers that conduct pain signals from periphery to second order neurons, to the TG and or DRG 

and spinal cord, then finally to the cortex through the thalamus (17).  

Peripheral nociception terminals are specialized by expression of various receptors and 

channels that are able to detect noxious chemicals, thermal and mechanical stimuli (17, 18).  

Different types of injury result in the release of inflammatory mediators that act on the specific 

receptors expressed by nociceptive sensory neurons and result in production of secondary 

messengers and activation of protein kinases as well as phospholipases and that regulates the 

activity of many receptors and channels leading to peripheral sensitization (18).  

Neuropeptides are considered major inducers of pain and inflammatory process in peripheral 

tissues, a process known as neurogenic inflammation (20, 21).  

Substance P (SP) is a neuropeptide that is produced in capsaicin selective sensory peripheral 

neuron cell bodies in DRG and TG and is involved in transmission of sensory stimuli to the 
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spinal cord (22). There are other neuropeptides beside SP that are present in the sensory 

peripheral neurons with pro-inflammatory activity such as calcitonin gene related peptide 

(CGRP) and neurokinin A-B that are involved in neuroinflammation.   

SP belongs to the same family as neurokinin (NK) A and B (9,11) that share the same carboxyl 

terminal sequence. It is encoded by the preprotachykinin –A gene in the perikaryon on primary 

afferent neurons in the TG and DRG and is transported to the central and peripheral processes 

of these neurons (23, 24). Number of enzymes are involved in metabolism of SP. In periphery 

endopeptidase and angiotensin converting enzymes (EP or/and ACE) are mostly involved in 

cleavage of SP. 

Several factors can activate and sensitize nociceptors at the site of injury to release 

neuropeptides in the periphery (22, 25).  

Activation of vanilloyd receptor 1 (VR1) that is located in small diameter sensory fibers by 

capcaicin, heat and protons result in opening of cation channels and calcium entry through 

voltage-gated calcium channels and induce depolarization and cause an increased SP release. 

There are also other pathways that result in SP release. Bradykinin binds to B2 receptor on 

sensory neurons and cause protein kinase C (PKC) activation that stimulates SP release from 

sensory endings. There are compounds that lower the threshold for firing of sensory neurons. 

Prostaglandins produced in inflamed tissues bind to their receptor on sensory fibers and lower 

the firing threshold of neurons through protein kinase A. Also, NGF that binds to high affinity 

TrkA receptors and is transported to the neuron cell body can cause nociceptor sensitization 

(20). 

There are three types of tachykinin receptors NK1, NK2 and NK3 that bind to substance P 

neurokinin A and neurokinin B preferentially (26, 27). However endogenous tachykinins are not 

selective and can bind to these three receptors non-selectively at high peptide concentration or 

receptor availability.  
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SP mostly stimulates NK1 receptors inducing release of secondary messenger such as (IP3) 

that causes an elevation of calcium intracellularly (24). SP has been shown to activate ERK2, 

P28, and MAPKs and increase production of prostaglandins E2 (PGE2) and expression of COX-

2 (28, 29). 

Receptor activation by SP results in vasodilatation increased blood flow and blood vessel 

permeability, which allows for plasma extravasation and mastrocyte degranulation and release 

of histamine, which in turn further amplifies the process and activates nociceptors (30).  

SP binds to its receptor on lymphocytes, granulocytes and microphages and stimulates them to 

produce cytokines. Microphages will produce pro-inflammatory cytokines IL-1 beta, IL-6 and 

TNF alpha as well as inflammatory mediators such as PGE2 and thromboxane that in turn will 

sustain production of further SP neuropeptides and will keep feeding the cycle (24,31, 32) both 

in spinal cord and intraoral cavity (21).  

Tachykinin receptors (NK1, NK2, NK3) are expressed in hard tissues, epithelial cells periodontal 

ligaments, fibroblasts, endothelium, blood vessel walls and teeth and supporting oral tissues. 

 

I.II.1.3 CGRP (CGRP in TMJ) 

TG neurons release neuropeptides and chemical agents in response to inflammatory or noxious 

stimuli and initiate peripheral neurogenic inflammation that results in sensitization of the 

trigeminal nociceptor neurons (33). Activation of trigeminal neurons further progresses in 

activation of secondary order neurons and glial cells that cause central sensitization, 

hyperalgesia and allodynia (34), this provides a possible pathway between peripheral 

inflammation and CNS activation.  

CGRP is a 37 amino acid neuropeptide which is synthesized and released from the neurons of 

TG in response to a stimuli and is a major role player in TMD. Trigeminal nerve fibers that 

contain CGRP innervate the synovial membrane articular disc, periostium and joint capsule of 

the TMJ (35, 36).  Elevated level of CGRP in TMJ synovial fluid is an indication of impaired 
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mobility and pain associated with arthritis (37) and inflammation (38). Increased CGRP levels in 

TMJ causes neurogenic inflammation by increasing the blood flow in the capsule and 

recruitment of immune cells activating trigeminal nocicpetors, which results in peripheral and 

central sensitization.  

It is known that chronically elevated levels of CGRP leads to excess bone resorption and 

osteoarthritis of the TMJ. Many studies have shown that injection of CGRP into the TMJ capsule 

of rats will result in increased expression of proteins that initiate, develop and maintain 

peripheral and central sensitization by promoting local inflammation and pain that will in time 

result in its transition from peripheral tissues to the CNS (34, 37, 39).  The study showed that 

the CGRP stimulation of trigeminal neurons resulted in increased expression of P38 and P-ERK 

at 2 and 24 hours in neurons and P-ERK staining intensity in satellite glial cells in TG at 24 

hours post injection. P38 and ERK are members of MAPK family of enzymes and are activated 

in response to inflammatory stimuli causing peripheral and central sensitization in primary and 

secondary neurons by increasing expression of ion channels and receptors associated with 

nociception (40, 25). Elevated CGRP levels were also found to increase C-FOS expression in 

secondary order neurons within the spinal trigeminal neurons at 2 hours and remained elevated 

until 24 hours post injection. 

Also, an up regulation of OX-42 a biomarker of microglia activation (41), and GFAP a biomarker 

of both microglia and atrocities activation (42) was observed at 2 and 24 hours post injection. 

P2X3 levels were only significantly elevated at 2 hours post injection in response to CGRP 

indicating enhanced state of astrocyte and microglia activation a characteristic of central 

sensitization, hyperalgesia and allodynia as a result of TMD (33, 43). 

 

I.II.1.4 PAD-4 (Peptidyl arginine deimminase type 4) 

PAD-4 is the enzyme that converts arginine into citrulline, a modified form of arginine. 

Citrullination is the post-translational modification of protein-bound arginine to form the non-
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standard amino acid, citrulline (44). There are five PAD enzymes, PAD 1-4 and PAD-6, each 

with a defined tissue distribution that mediates citrullination of arginine in the presence of 

sufficient concentrations of Ca2+. PAD enzymes are present intracellularly as inactive enzyme. 

The intracellular calcium concentrations in normal cells (0.1µmol/1) are much lower than the 

required calcium concentration for PAD-4 enzyme activity (10µmol/1) (45). Therefore, the 

conversion of arginine to citrulline residues appear to be carried out either in microenvironments 

where extraordinarily high concentrations of Ca2+ are present in tightly regulated conditions, or 

in extracellular environment, where there is leakage of enzymes from dying cells. Antibodies are 

directed against citrullinated proteins and are produced when recognized as major epitope of 

autoantigen. (45). 

 

I.II.2 TMJ anatomy 

The temporomandibular joint (TMJ) is a bilateral articulation between the mandible and temporal 

bone of the skull. A connective fibrous tissue disc separates the glenoid fossa, articular 

eminence and the mandibular condyle into two distinct compartments (46). The condyle disc 

and temporal bone complex are surrounded, enclosed, and stabilized by a fibrous capsule. The 

lateral, sphenomandibular, stylomandibular, and the medial and lateral discal ligaments help 

stabilize the joint with the assistance of masticatory muscles (46, 47). The disc and articular 

surfaces of the surrounding bone are avascular but richly innervated by small and/or medium 

sized projections of unmyelinated axons as free nerve endings. The capsule retrodiscal tissue 

and ligaments are well vasculorized and innervated by primary afferents through three branches 

of mandibular divisions the auriculotemporal nerves, the posterior deep temporal nerve and the 

masseteric nerve (48, 49, 50).  
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The disc parenchyma is divided into intermediate zone and dense collagen fiber that forms the 

anterior and posterior band surrounding the intermediate zone. The disc is encircled with loose 

connective tissue. The surrounding tissues are fused to the joint capsule.  

The posterior, medial and lateral surfaces of the capsule are innervated by auriculotemporal 

nerve. The anterior-lateral 1/3 of the capsule is innervated by auriculotemporal and posterior 

deep temporal nerves. The anteriomedial 2/3 of the capsule is innervated by masseteric nerve 

(48,49, 51). 

 

I.II.2.1 Trigeminal Nerve 

Trigeminal nerve is the fifth cranial nerve (V) and is primarily a sensory nerve, but it also is 

responsible for some motor functions such as biting, chewing and swallowing. The Trigeminal 

nerve is the largest of the cranial nerves and as its name indicates it has three major branches: 

1) the ophthalmic nerve (V1), 2) the maxillary nerve (V2) and 3) the mandibular nerve (V3). The 

ophthalmic and maxillary nerves are purely sensory nerves, but the mandibular nerve has both 

sensory and motor functions.  

Trigeminal ganglion (TG) also called semi-lunar ganglion or gasserian ganglion is where the cell 

bodies of incoming nerve fibers (head and face innervating) are located and where the three 

braches of the trigeminal nerve converge. It is similar to the dorsal root ganglion (DRG) of the 

spinal cord that contains the cell bodies of incoming sensory fibers from the rest of the body.  

A single large sensory root from the trigeminal ganglion enters the brain stem at the level of the 

pons. A small motor root adjacent to the sensory root emerges from the pons at the same level. 

The cell bodies of the motor fibers are located deep within the pons in the motor nucleus of the 

nerve (V) and are distributed together with sensory fibers in branches of the mandibular nerve.   

The trigeminal nerve provides the tactile, proprioceptive and nociceptive signals from the face 

and the mouth region. The three branches of the trigeminal nerve have sharp borders in the 

areas of cutaneous distributions with very little overlap. 
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I.II.2.2 Trigeminal Primary Afferent Neurons 

Trigeminal primary afferent neurons are pseudounipolar neurons. Their cell bodies are located 

in the trigeminal ganglion outside of the CNS. Similarly the 31 pairs of spinal nerves are located 

within DRG outside of CNS (52, 53) with the exception of mesensephalic trigeminal nucleus 

(MES-V) that is located within the CNS and contains the cell bodies of primary afferent neurons 

(54, 55). MES-V processes innervate muscle spindles of the muscles of mastication and 

extrinsic ocular muscles (56) as well as a subset of periodontal ligament fibers (57, 58)  

A somatotrophic separation is kept among cells in the trigeminal ganglion and their central 

projecting and distal axons of peripheral trigeminal divisions (59, 60). The ganglion cell bodies 

of V3 are located posterio- laterally, V1 anterio-medially and V2 are located between the V1 and 

V3. Trigeminal primary afferent fibers are carried in the trigeminal root and enter the brain stem 

ventrolaterally at the level of the rostral pons (61). Fibers in the trigeminal root rotate on their 

way to the brain to maintain their position of V3 ventrolaterally, V1 dorsomedially and V2 in 

between the two (61). Trigeminal primary afferent fibers become segregated according to size 

before entering the brain stem. The thinnest myelinated and unmyelinated fibers from the TG 

are interspersed with larger diameter myelinated fibers. Then, at the pontine entry zone, the fine 

myelinated and unmyelinated fibers join to form the deep ventral division, which runs along the 

medial side of the spinal trigeminal tract (62, 63, 64). 

 

I.II.2.3 Sensory Braches of the Trigeminal Nerve 

The ophthalmic branches (V1) leave the skull through the superior orbital tissue, the maxillary 

(V2) leaves the skull though the foramen rotundum, and the mandibular (V3) branch leaves the 

skull through the foreman ovale. The ophthalmic nerve conveys nociceptive information from 
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scalp and forehead, the upper eyelid, the cornea of the eye, the nose and nasal mucosa, frontal 

sinuses and parts of meninges.  

The maxillary nerve conveys sensory information from lower eyelid and cheek, the nares and 

upper lip, the upper teeth and gum, the palate and the roof of the pharynx, the maxillary, the 

ethmoid and sphenoid sinuses and part of the meninges.  

The mandibular nerve conveys nociceptive information from the lower lip, the lower teeth and 

gum, the floor of the mouth, the anterior 2/3 of the tongue, the chin and the jaw (except the 

angel of the jaw which is supplied by C2 C3 part of the external ear) and parts of the meninges. 

The mandibular nerve does not transfer or convey taste sensation. It conveys touch/position 

and pain/temperature sensations from the mouth. The lingual nerve, one of the branches of 

mandibular nerve carries multiple types of nerve fibers that do not originate in the mandibular 

nerve. The lingual nerve initially carries the taste fibers from the anterior 2/3 of the tongue, but 

then they becomes part of chorda tampani- a branch of facial nerve (cranial nerve VII). (65, 66).  

 

I.II.2.4 Trigeminal Nucleus 

Most sensory information from the face and the oral cavity is conveyed by the fifth cranial nerve 

(V); however, some sensations from certain parts of the mouth, ear and meninges are carried 

by general somatic fibers in facial nerve (CNVII), glossopharyngal nerve (CNIX), and the vagus 

nerve (CNX).  The cell bodies of all of these sensory fibers are in the trigeminal nucleus.  

 

I.II.2.5 Sensory Innervation of the TMJ Disk 

Sensory nerves and organs also called tactile bulbs have bulging and various configurations at 

nerve endings. They are sensitive to temperature change, pain and touch. There are four types 

of free nerve endings. Type 1 is described as a spherical or oval shaped corpuscle with one or 

two layers of capsules and ramified endings such as Ruffini corpuscle. Type 2 is cylindrical or 
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conical shaped corpuscle with 10 or more layers of capsules such as the vater-Pacini. Type 3 is 

a spindle shaped corpuscle with ramified endings and 1-3 layers of corpuscles such as Golgi-

Mazzoni corpuscle. Type 4a is an unmyelinated network of intersecting nerves and free nerve 

endings; it is a pain receptor. Type 4b is unmyelinated nerve ending and is a vasomotor 

receptor. According to Ishibashi vater-Pacini corpuscles, Golgi-Mazzoni corpuscles, Ruffini 

corpuscles, non-corpuscle complex endings and free nerve endings are found the TMJ capsule. 

(67) 

In 2006, Asaki and colleagues reported identifying presence of sensational and proprioceptive-

sensational free nerve endings and sensory nerve and organs in the circumference of the disc 

parenchyma (67). Reports from other investigators have confirmed the presence of free nerve 

endings and sensory nerve and organs in the intra-articular soft tissues such as acetabular 

labrum (68) glenoid labrum (69) triangular fibrocartilage complex (70) and meniscus (71, 72). 

 

I.II.2.6 Auriculotemporal Nerve 

The auriculotemporal (AT) nerve, the masseteric nerve, and the deep posterior temporal nerves 

innervate the human TMJ. The auriculotemporal nerve is a sensory nerve that has autonomic 

functions. It leaves the mandibular nerve below the cranial base and runs posteriorly along the 

lateral pterygoid muscle then it turns and crosses the posterior border of the mandible and 

divides into branches (73, 74, 49). It innervates the TMJ capsule, the tympanic membrane, the 

skin lining of the external acoustic meatus, the upper part of the auricle, the tragus of the ear, 

the temporal region, the parotid gland and the region of scalp above the auricle  

(73, 74, 49, 75, 76, 77). The posterior part of the cheek is also innervated by AT nerve as well 

as the skin over the angle of mandible, the parotid gland and its fascia through its connections 

to great auricular nerve (78, 73). 

The masseteric and deep posterior temporal nerves are mainly motor nerves. They have 

sensory filaments that innervate the anterior part of the TMJ capsule (73,74,49, 75, 76). 
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The masseteric nerve runs laterally passing lateral pterygoid muscle and passes through the 

mandibular notch and innervates the masseteric muscle passing behind the tendon of the 

temporal muscle. The deep posterior temporal nerve follows the masseteric nerve, but it turns 

around the infratemporal crest and innervates temporal muscle (73, 75, 74, 79).  

 

I.II.2.7 Nerve Entrapment 

In general terms, nerve entrapment occurs when a peripheral nerve is subjected to a 

mechanical irritation through compression, rubbing, traction or friction. This can be caused by 

deformities of the bony structure of the joint and could be due to movement of the joint, as well 

as swelling of vascular and/or muscular structures affect neuronal structures or passages. The 

entrapment causes injury to the nerve directly or to the blood supply of the nerve trunk, which 

will result in local inflammation (80, 81, 82).  

Anatomical variation of the medial wall of the fossa, or TMJ disc displacement can result in the 

passage of AT nerve trunk between bony joint structures at a medial position to the condyle. 

This supports the hypothesis that pain and other sensory symptoms expressed in the TMJ 

region can be due to pressure upon the AT nerve trunk that results in local and eventually a 

systemic inflammation. 

When a TMJ disc is displaced, the disc attachment is pulled upward into the joint space exerting 

a pull on the joint capsule. This will cause stretching and tearing of the surrounding connective 

tissue as well as the joint capsule and the attachments. This mechanical trauma, in time, will 

result in local inflammation. In addition, the innervated tissue of the capsule and the disc 

attachment will try to replace the non-innervated disc above the condyle, which will result in 

displacement of the nerve bundles derived from auriculoteporal nerve in to a position between 

fossa and the condyle. Jaw movement will cause compression of these bundles and further 

damage, pain (hyperalgesia) and perhaps more inflammation (79)  
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I.II.2.8 The Masseteric Nerve and the Deep Posterior Temporal Nerve 

The excessive anterior excursion of the condyle in TMJ can also cause compression of the 

mesenteric nerve anterior to the TMJ capsule as well as deep temporal nerve branches. The 

mesenteric nerve is primarily a motor nerve but could be involved in pain sensation. Anatomical 

variations can cause inferior alveolar nerve and lingual nerve to be in contact with condyle and 

the lingual nerve can be trapped in the lower belly of the lateral pterygoid muscle, which will 

result in numbness of the tongue. (79) 

 

I.II.2.9 Peripheral Inflammation and CNS 

For the past two decades many studies have shown that the systemic stimuli activate microglia 

and elicit a central response. Ever since this discovery the peripheral to CNS pathways are 

becoming clearer. 

In healthy systems and normal conditions, activation of microglia will promote recovery and the 

inflammatory response will resolve. Microglia will go back to their resting state monitoring the 

microenvironment of the brain. However, mounting evidence has shown that sustained systemic 

inflammation can initiate and start neurological diseases such as Alzheimer’s disease, 

Parkinson’s disease, and Multiple Sclerosis. The main cause is believed to be a hypersensitive 

state that microglia can enter upon continuous stimulation, which will result in excess production 

of pro-inflammatory mediators upon systemic inflammation or injury. 

It appears that our knowledge of microphage activation has evolved for the past few years from 

simplified (M1) and (M2) divisions to a broader spectrum of differentiation states that expands 

within different species (83, 84). In general, the M1 pro-inflammatory state of the microglia is a 

defensive state that includes production of oxidative metabolites and proinflammatory cytokines 

upon stimulation by diverse set of ligands such as INF-gamma, lipopolysacharide (LPS), and 

other (TLR) activators. Engagement of the receptors with the ligands leads to intracellular 
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signaling through adaptive proteins such as MD88 and others. Activation of adaptor protein 

leads to activation of kinases, phosphorylation of transcription factors, and eventual genetic 

program induction that produces INF-gamma, TNF-alpha, IL-1 beta, IL-18 chemokines and 

proteases. The pro-inflammatory activation is suppressed by glucocorticoids.  

Further M1 pathway activation occurs by NLR inflammasome and caspase-1 activation and 

conversion of pro-IL-1 beta and IL-18 into activated forms that is secreted into cytoplasm. 

However, M2 alternative functions as an anti-inflammatory response when macrophages and 

microglia are activated by IL-4, IL-1 beta and other agonsts. Alternative activation can vary 

depending on stimulus and is associated with helper T cell response, such as allergy and 

immune resolution, eliminating parasites, tumor promotion, matrix deposition, tissue remodeling 

and promotion of suppressive inflammatory cytokines such as IL-10 and metalloproteases and 

IL-12 (85, 86, 87). 

Routes of communication between peripheral immune system and brain Immune messages 

reach the brain mainly through three different pathways: 1) peripherally induced and derived 

signals that are mainly pro inflammatory cytokines such as IL-1beta, TNF alpha, IL-6, IL-17 and 

neuropeptides such as SP, CGRP, NPY, PAD-4 as well as pathogen-associated molecular 

patters such as PAMPs, and LPS, can access through sites where there is lack of proper blood 

brain barrier (BBB) or through blood capillaries (88); 2) peripheral messages can be transmitted 

to the brain through neuronal afferent pathways via vagus nerve (89) and in case of peripheral 

signals in head and neck region particularly from TMJ, they can be transmitted through primary 

afferent neurons directly through glossopharyngeal nerve and vagus nerve that are effected by 

produce neuropeptites and activate microglia (inflammation CNS response); 3) signals can also 

be transmitted and sensed through BBB endothelial cells and perivascular microphages and 

induce a response through resident microglia cells and astrocyte populations (90). In fact, 

microglia can be activated by systemic infections without the integrity of BBB being 

compromised. The circumventricular organs, which include organium vasculosum of the 
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laminae terminalis, the subfornical organ, the median eminence and the area posterma, are 

sites where PAMPs in blood can be detected. They are vascular regions and are loose 

capillary/endothelial cell junctions at these regions therefore large molecules can diffuse from 

capillaries into CNS.  

Choroid plexus and leptomeninges are also densely vascularized, where microglia can get 

activated by inflammatory stimuli in the circulation.  Initiation of an innate immune response 

happens in these regions, which then progresses into activation of resident microglia cells in the 

parenchyma of the brain (90). 

Immune response in the brain differs from the peripheral immune response. Microglia activation 

in the brain becomes deleterious and the balance between microglia phenotypes is determined 

by the type of neuroinflammation (acute versus chronic) associated with aging (91). 

Microglial cells go through altered morphological changes during aging such as clustering (92). 

These changes result in increased expression of certain activation markers such as MHC II and 

RAGE, which result in an increased pro–inflammatory cytokine production and make microglia 

hypersensitive to inflammatory stimuli (93,94,95) making it dysfunctional with age. Therefore, 

microglia activation can be both beneficial as the first line of defense and as a repair 

mechanism, but can become destructive in cases of excessive activation and hypersensitivity 

and this will start the neurodegenerative disease process (96,97). 

 

I.III Background for Objective II 

 

I.III.1 Research Synthesis 

Scientific research is based on a process that begins with the research question or research 

hypothesis, which leads to data and data analysis, and then to inferences and conclusion. 

Research synthesis follows the same process. Starts with a research question/hypothesis, 
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which is defined as PICOTS question, research is then designed using specialized 

methodology, both of sampling and of assessing the level and quality of evidence, to produce 

data that can be analyzed statistically by acceptable sampling analysis and meta-analysis, and 

may ultimately lead to a conclusion statement, which in this case is called a consensus 

statements.  

Research synthesis follows the scientific method, which can be outlined briefly as follows: 

• Statement of hypothesis and research question 

• Crafting of the research approach to test the hypothesis and answer to the research 

question (i.e., research design, sampling issues, tools of measurement) 

• Presentation of the findings and summary of results by means of descriptive statistics 

• Statistical analysis of the data 

• Inferences, discussions of limitations and intervening variables, identification of future 

research to further test the hypothesis and to answer the research question in greater 

detail 

 It is critical to set the question of the research, at hand, and to realize that a research question, 

when stated in the affirmative, is nothing but the study hypothesis. When a piece of research is 

built and crafted to answer specifically one such question, it is qualified as a hypothesis-driven 

study. The search for the best available evidence, which is obtained through the research 

synthesis design, is hypothesis-driven because it addresses a specific type of research question 

that is rendered by the acronym PICOTS. The PICOTS questions define and determine the 

sample of publication to be scrutinized to obtain the available evidence, the tool of evaluations 

that serve to assess the best available evidence, the statistical analysis required to establish 

reliability and validity of the results, and the inference of the findings for immediate implication to 

clinical practice. The PICOTS question also set the criteria for deductive reasoning leading 

incremental progress of research in the future (98,99). 

The question is crafted based on descriptors of: 
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• The clinical problem and patient population (P) 

• The clinical intervention (I) under 

• Consideration/comparison/contrast (C), and 

• Clinical outcome (O) of interest 

• Elements of time (T) and 

• Settings (S) 

 

I.III.2 Methodology 

 

I.III.2.1 Bibliom 

It is important to note the two principal domains of methodology, as they pertain to the research 

synthesis process. On one hand, the sample of the research design consists in peer-reviewed 

and non peer-reviewed published research literature, as well as unrecorded observations. Thus 

the term “available” underscores the fact that we limit the subjects of the study in a piece of 

research, to the accessible sample: that is to say, the accessible research literature that 

specifically targets the question under study. Unpublished evidence and evidence that is 

published in non peer-reviewed journals are often excluded from a research synthesis design, in 

part, because it is exceedingly difficult to obtain these types of evidence in a valid and reliable 

manner. The literature available through the proceedings of scientific meetings, dissertations, 

and non peer-reviewed journals is termed “gray literature” and is likewise most often excluded 

from research synthesis endeavors. The research synthesis process is most often focused on 

peer-reviewed literature. The search for the sample is obtained by utilizing the medical subject 

headings (MeSH terms) and keywords that can be derived from the PICOTS question. The 

search is actualized by accessing the National Library of Medicine (Pubmed-Medline), and 

usually at least two other search engines. The purpose of the multiple search is to ensure 
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comprehensive inclusion of all the available literature within the confines of the inclusion and 

exclusion criteria directed by the research synthesis process while at the same time minimizing 

the possible danger of selection bias and systematic sampling errors. After this process of 

inclusion and exclusion a set of reports are obtained that specifically refer to the PICOTS 

question (the research question), which is referred to as the Biblom (the body of evidence 

obtained through bibliometric search). 

 

I.III.2.2 Level of Evidence versus Quality of Evidence 

The second major domain of methodology in the research synthesis design pertains to the 

assessment of the level and quality of evidence. As the sample process yields the available 

evidence, the assessment of the quality of the evidence uncovers the best evidence. The goal 

of research synthesis is to obtain the best research evidence pertaining to any given scientific 

question, and is making it available and accessible. The issue lies in the specific definition and 

practical quantification of the term “best”. Two schools of thought exist: 

• On one hand, there are those who defend the original proposition that a ranking system 

can be arbitrarily devised to evaluate the strength of the results of a study purely on the 

basis of the nature of the design. 

• On the other hand, some argue that the best research is that which most strictly adheres 

to the fundamental tenets and standards of research methodology, design, and analysis. 

The first system inevitably establishes one research design as superior, and another as inferior, 

and has evolved in a pictorial representation (100, 101). 

To represent a ranking system graphically, such as a pyramid, which places clinical trials at the 

top, and animal studies about the bottom, is to ignore two important facts about health care 

research: 
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1. Animal studies are a necessity to clinical trials, as every and any intervention clinical trial 

on a group of patient cannot be initiated unless the proper safety and toxicity studies 

have been run on animal models.  

2. Clinical trials encompass, in fact, a family of research protocols that begin with 

fundamental mechanistic studies on human materials, that is why, even at that very early 

stage, the National Institutes of Health refers to this research as “clinical research” that 

are tested with animal subjects until and only when they are deemed safe and then they 

are tested using human subjects. 

The level of evidence pyramid simply ignores these facts and assigns a rank close to best to 

any study that tests an intervention in patients. This study devised a way to use research 

synthesis to look the lower end of the hierarchical pyramid to find the best available evidence for 

blockers of the TMJD biomarkers.  

 

I.III.3 Analysis 

 

I.III.3.1 Risk of Bias 

Best available evidence comes from research with the fewest threats to internal and to external 

validity – that is to say, the fewest systematic errors: the lowest risk of bias. Quality of research, 

as defined in the field of research synthesis (102), has become synonymous with low bias and 

contained risk of bias (100,103,104).  

Several years ago, the Cochrane group embarked on a new strategy for assessing the quality of 

research studies by examining potential sources of bias. Certain original areas of potential bias 

in research were identified, which pertain to (a) the sampling and the sample allocation process, 

to measurement, and to other related sources of errors (reliability of testing), (b) design issues, 
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including blinding, selection and drop-out, and design-specific caveats, and (c) analysis-related 

biases. 

A Risk of Bias tool was created (Cochrane Risk of Bias), which covered six specific domains: 

1. selection bias, 

2. performance bias, 

3. detection bias, 

4. attrition bias, 

5. reporting bias, 

6. other research protocol-related biases. 

Assessments were made within each domain by one or more items specific for certain aspects 

of the domain. Each items was scored in two distinct steps:  

1. The support for judgment was intended to provide a succinct free-text description of the 

domain being queried;  

2. Each item was scored high, low, or unclear risk of material bias (defined here as “...bias 

of sufficient magnitude to have a notable effect on the results or conclusions...” (105).   

It was advocated that assessments across items in the tool should be critically summarized for 

each outcome within each report. These critical summaries were to inform the investigator so 

that the primary meta-analysis could be performed either only on studies at low risk of bias, or 

for the studies stratified according to risk of bias (105). This is a form of acceptable sampling 

analysis designed to yield increased homogeneity of meta-analytical outcomes (106). 

Alternatively, the homogeneity of the meta-analysis can be further enhanced by means of the 

more direct quality-effects meta-analysis inferential model (107).  

Clearly, one among the major drawbacks of the Cochrane Risk of Bias tool is the subjective 

nature of its assessment protocol. In an effort to correct for this inherent weakness of the 

instrument, the Cochrane group produced detailed criteria for making judgments about the risk 

of bias from each individual item (105). Moreover, Cochrane recommended that judgments be 
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made independently by at least two people, with any discrepancies resolved by discussion 

(105). This approach to increase the reliability of measurement in research synthesis protocols 

is akin to that described by us (108,109) and by AHRQ (110). 

 

I.III.3.2 The Risk of Bias instrument 

In an effort to aid clinicians and patients in making effective health care related decisions, 

Agency for Healthcare Research and Quality (AHRQ) developed an alternative Risk of Bias 

instrument for enabling systematical evaluation of evidence reporting (111). The AHRQ Risk of 

Bias instrument was created to monitor four primary domains:  

1. risk of bias: design, methodology, analysis scoring – low, medium, high  

2. consistency: extent of similarity in effect sizes across studies within a bibliome scoring – 

consistent, inconsistent, unknown  

3. directness: unidirectional link between the interventions of interest and the sought outcome, 

as opposed to multiple links in a casual chain scoring – direct, indirect  

4. precision: extent of certainty for estimate of effect with respect to the outcome scoring – 

precise, imprecise In addition, four secondary domains were identified:  

1. Dose response association: pattern of a larger effect with greater exposure (Present/Not 

Present/Not Applicable or Not Tested)  

2. Confounders: consideration of confounding variables (Present/Absent)  

3. Strength of association: likelihood that the observed effect is large enough that it cannot 

have occurred solely as a result of bias from potential confounding factors 

(Strong/Weak) d. Publication bias  

The AHRQ Risk of Bias instrument is also designed to yield an overall grade of the estimated 

risk of bias in quality reporting:  

 Strength of Evidence Grades (scored as high – moderate - low – insufficient)  

This global assessment, in addition to incorporating the assessments above, also rates:  
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• –  major benefit  

• –  major harm  

• –  jointly benefits and harms  

• –  outcomes most relevant to patients, clinicians, and stakeholders 

 

I.III.3.3 Acceptable Sampling 

Acceptance sampling is a statistical procedure that uses statistical sampling to determine 

whether a given lot, in this case evidence gathered from an identified set of published reports, is 

likely to be accepted or rejected. The interpretation of acceptable sampling analysis formalizes 

the process of quality control for evidence-based research by analyzing the quality of published 

research. 

 

I.III.3.4 Meta-Analysis 

Meta-analysis is a statistical analysis that looks at the overall arching evidence analyses across 

several papers. It looks at the effect size that is the difference between the experimental and the 

control groups corrected for the standard deviation for each paper. In this particular case of 

fundamental research, meta-analysis is most often looked at as an effect size. The effect sizes 

are looked at vis-a-vis line of no effect. The weight of each study and its position relative to the 

line of no effect is given by the sample size and by the error within each study that is the 

confidence interval and that produces the forest plot. The Forest plot then is constructed as the 

effect size in relation to the line of no effect along the confidence interval for each one of the 

studies. The interpretation of the overall effect is either through the fixed or random model. In 

the fixed model, the overall effect is attributable to a fixed group of papers and the results only 

apply to these fixed numbers of papers. In the random model, the results apply to a randomly 

selected representation of multitude groups of papers. Based on the stringency of the bibliom of 

this study, the preferred interpretation used in this study would have been the fixed model.   
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There are two process of data analysis for systematic reviews: 

• One school of thought argues in favor of including all studies-both good and bad studies- 

in a meta-analysis, which most often these meta–analyses conducted in this manner 

overall evince no statistical significance.  

• The other school of thought proposes to first establish the quality of the research 

evidence by acceptable sampling analysis (112). Then, based on these assessments, 

eliminate the studies that demonstrate excessive flaws, as determined by the score of 

the quality of the evidence assessment tools (i.e., acceptable sampling analysis). For the 

studies that remain, test for homogeneity, and if no significant homogeneity is noted with 

the accepted studies, then run the meta-analysis. The Forest plot thus generated has 

the best likelihood of evincing overall significance, if there is one to be shown. It is 

necessary to perform both acceptable sampling and homogeneity analyses in order to 

ensure the power of a meta-analysis. 

 

I.IV Taken together 

 

I.IV.1 Hypothesis 

The hypothesis of this study is that patients with TMJD will have elevated levels of inflammatory 

biomarkers, neuroendocrine biomarkers, and enzymatic biomarkers of tissue destruction in their 

synovial as well as whole saliva fluids. 

The corollary hypothesis of this study is that we will find the best available evidence to block 

identified biomarkers of TMJD. 

 

I.IV.2 Objectives and Aims 
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A. Translational research: To Identify biological markers of TMJD. 

Aim 1: Measure Inflammatory biomarkers (such as: IL-1β, TNF-α, IL-6, IL-17).  

Aim 2: Measure neuroendocrine biomarkers (such as: SP, CGRP).  

Aim.3: Measure enzymatic biomarker of Rheumatoid Arthritis and tissue destruction in patients 

with TMJD (such as: PAD-4). 

 

B. Translational effectiveness: To identify best available treatment interventions associated 

with blocking/inhibiting TMJD biomarkers. 

Aim 1: Systematic review of blockers of inflammatory biomarkers 

Aim 2: Systematic review of blockers of neuroendocrine biomarkers 

Aim 3: Systematic review of blockers of enzymatic biomarkers of tissue destruction 

The research synthesis protocol produces a systematic review, which is not a literature review, 

but takes in all the available evidence in form of available literature and primary research reports 

following and establishes methodologies, design, modes of statistical analysis, and appropriate 

inferential criteria to produce this product.  

 

I.IV.3 Implications of the study 

The implications of this study involve the potential opening of three primary paths; 

1. It will set the stage for research on fundamental pathological kinetics and the timeline 

progression of the TMJD pathology, in a well constructed animal study; 

2. It will inform the development of a treatment intervention clinical trial for patients; 

3. Once the panel of TMJD biomarkers, the biomarker profile, and its progression is 

confirmed in an animal study and larger number of subjects, the profile could develop 

into a multiarray diagnostic tool.   
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CHAPTER II METHOD 

 

Translational effectiveness represents the translation of the best available evidence in the 

clinical practice to ensure its utilization in clinical decisions. Translational research (A) refers to 

the scientific research the “bench-to-bedside” enterprise of translating knowledge from the basic 

sciences into the development of new treatments. It is the movement between basic research 

and patient-oriented research that leads to new or improved scientific understanding. 

Translational effectiveness (B) refers to translating the findings and results from clinical trials 

into everyday practice. It facilitates the movement between patient-oriented research and 

population-based research that leads to better patient outcomes, the implementation of best 

practices, and improved health status for patients and in general for the communities. 

 

II.1 Overall (Translational Research and Translational Effectiveness) 

In the translational research domain, an IRB was obtained to receive, store and process human 

samples. Samples were collected from the patients included in the study and were tested by 

commercially available ELISA kits, and the data were analyzed by descriptive and inferential 

statistics. In the translational effectiveness domain, the PICOTS question or the research 

hypothesis was set up and a bibliomic search of the available evidence for blockers of the 

identified biomarkers was performed and a new instrument was validated to assess the risk of 

bias of the included bibliom through the process of acceptable sampling analysis and 

verification of assumptions of meta-analysis 

.   

II.2 Objective I 
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II.2.1 Institutional Review Board (iRB)/Sample 

Samples were collected by the TMJ specialist in our research group who is part of the same 

evidence-based decision practice-based research network (EBD-PBRN) that is associated with 

our lab at UCLA School of Dentistry. I established collaboration with the Community Clinic 

Association of Los Angeles County (CCALAC), which consists of 51 clinic members that operate 

in 177 sites in Los Angeles. We presented our research in their June 16, 2013 Dental 

Roundtable, a peer network composed of Dental Directors and dental staff of CCALAC 

members, and they agreed to collaborate with us by providing patients for the sample 

acquisition part of our research. A UCLA IRB was generated and accepted (IRB approved 

number 13-000027) to receive and process samples at UCLA. We applied to receive a 

transportation grant to the UCLA Clinical Translational Research Center (CTRC). The Advisory 

Committee reviewed and approved our protocol and provided the needed taxi service for 

patients of this study. The cost of the taxi service was supported by the CTRC. The cost of the 

taxi service was estimated to be about $1000 or slightly more. The funding for this project was 

provided by the NIH, the UCLA CTSI grant number UL1RR000124. The participants received 

a full check up. The TMJ condition was assessed using X-ray, CT-scan and other imaging 

devices. Once Dr. Demerjian diagnosed patients with TMD, they were provided with a 

personalized temporary oral appliance (Quick Splint) to treat the joint pressure. 

  

II.2.1.1 Inclusion Criteria for Patients  

We included patients with chronic TMJD or internal derangements manifested with clicking, 

grinding, grating or popping of the joint upon opening and closing of the mouth for the first 

group. Patients in the second group were selected based on diagnosis of the beginning stages 

of osteoarthritis or rheumatoid arthritis of their TMJ. The third group was selected based on 

diagnosis of mild to severe malocclusion. We included male and female subjects of any age. 
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II.2.1.2 Patient Biopsies  

Synovial fluid (100-250 ul) was obtained as part of the lavage of the joint compartments. The 

obtained samples were synovial fluid partially diluted with 1ml of 2 % LIDOCAINE (20mg/ml) 

used in the lavage protocol. A 27gauge (27Gx1/4 inch -0.4x32mm) syringe with a hypodermic 

needle was used to aspirate the TMJ. Samples were collected in a sterile tube containing sterile 

buffered solution of chelating agents (1 mM EDTA). They were coded and stored frozen until 

transported in dry ice to UCLA to be stored at -80o C until batch assayed. Patients were also 

asked to produce fresh whole saliva, which was collected in the tubes and was stored the same 

way. Samples were batched assayed with commercially available ELISA kits and were tested 

for the selected biomarkers. 

  

II.2.1.3 Biomarker Description  

• IL-1β was tested by commercially available ELISA kit with a linear limit of detection of 

17.9 pg/ml. IL-17A was tested by commercially available ELISA kit with a linear limit of 

detection of 28.4 pg/ml.  

• TNF-α was tested by commercially available ELISA kit with a linear limit of detection of 

21.4 pg/ml. 

• IL-6 was tested by commercially available ELISA kit with a linear limit of detection of 

14.0 pg/ml. 

• IL-17A was tested by commercially available ELISA kit with a linear limit of detection of 

28.4 pg/ml.  

• CGRP was tested by commercially available ELISA kit with a linear limit of detection of 

less than 5 pg/ml.  

• PAD-4 was tested by commercially available ELISA kit with a range of 1-1000 U/ml and 

LLOQ 31.3 U/ml. 
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• Substance P was tested by commercially available ELISA kit with a linear limit of 

detection of 8.2 pg/ml.  

 

II.2.2 Commercial ELISA 

The Multi-Analyte ELISArray Kit (IL-1β/TNF-α, IL-6/IL-17A) was purchased from Qiagen USA 

and the single analyte ELISA Kit (CGRP,PAD-4, SR) was purchased from Cayman Chemicals 

USA. 

 

 II.2.2.1 ELISA Protocol 

Our custom made ELISA kit was designed to quantitatively measure the amount of an individual 

protein analyte in our case our selected biomarkers using a standard sandwich enzyme-linked 

immunosorbant assay (ELISA) technique. A target-specific capture antibody was coated onto 8-

well strips placed into a 96-well plate format. Each kit was divided into two parts to analyze two 

biomarkers per plate. In addition to the pre-coated plate, the kit also includes the detection 

antibody, Antigen Standard, and a complete set of reagents for a colorimetric ELISA. The first 

two columns of each kit as well as the 6th and the 7th columns were dedicated to the standards 

of the two biomarkers and the rest were samples in duplicate. Replicate serial dilutions of a 

standard for the protein of interest was added to one set of replicate strips, while replicate 

dilutions of unknown biological samples are added to other sets of strips. Incubation allows the 

capture antibody to bind the specific protein/biomarker of interest. After washing away unbound 

protein, biotinylated detection antibody added to the wells also binds the captured analyte. 

Another washing was performed again to remove unbound material and an avidin- horseradish 

peroxidase conjugate was added. The wells were washed again and a colorimetric substrate 

solution was added, which produced a blue color in direct proportion to the amount of protein 

analyte present in the initial sample. The color development was stopped by adding stop 
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solution, and the absorbance at 450 nm was read. The readings from the unknown samples 

were then compared to the standard curve to quantify the amount of protein in the original 

sample. 

The antigen and detection antibodies were prepared using only polypropylene tubes. We briefly 

centrifuged all 1.5 ml tubes in the kit as recommended before opening them in order to collect 

their contents at the bottom of the tube. 

To make the reagents we thawed the 10% bovine serum albumin (BSA) and Donkey serum at 

room temperature and stored it on ice. We then brought rest of the stock solutions such as wash 

buffer concentrate, assay buffer stock and sample dilution buffer stock to room temperature. 

To make the wash buffer we visually inspected the wash buffer concentrate to ensure that all 

components are in solution. We briefly shook the bottles if any precipitation was observed to 

suspend them again. We diluted 50 ml of wash buffer concentrate into de-ionized or distilled 

water (dH2O) to a final volume of 500 ml and we transferred them to a wash bottle and kept it at 

room temperature. 

An assay buffer was made by diluting 0.6 ml of 10% BSA into a final volume of 30 ml with Assay 

Buffer Stock and we kept it at room temperature. 

The sample dilution buffer for our synovial fluid and saliva samples were made by diluting 6 ml 

of donkey serum into a final volume of 20 ml with sample dilution buffer stock and it was stored 

on ice. 

We prepared antigen standard and sample dilutions. To begin all samples were thawed to room 

temperature and were centrifuged for 15 minutes at 1000 x g. Synovial fluid and saliva samples 

were then diluted 2.25 time by sample dilution buffer (400 µl sample was mixed with 500 µl 

sample dilution buffer) and were stored ready to be assayed. We avoided repeated freezing / 

thawing cycles. 

We prepared a serial dilution of the Antigen Standard (2000, 1000, 500, 250, 125, 61.5, and 

31.25 pg/ml) in a set of eight 5 ml (12 x 75) polypropylene tubes ( we did not run the 500 pg/ml 
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point) vortexing and thawing the standard for 20 minutes storing them on ice. We started the 

procedure as follows:  

1. We added 2495 µl of the appropriate sample dilution buffer to the first tube, and 500 µl of the 

same buffer to each of the remaining seven tubes. 

2. We added 5 µl of the Antigen standard to the first tube to make 2000 pg/ml antigen standard 

and mixed it well. 

We generated a series of 1:2 dilutions by transferring 500 µl from the first to the second tube, 

mixing well and then repeating from the second to the third and so forth on up to the seventh 

tube. 

We did not add any source of antigen standard to the eighth tube to set up a required assay 

performed in the absence of antigen to determine the background signal.  

Next, we removed the ELISArray from its pouch to get it to room temperature and started the 

assay by adding 50 µl of Assay Buffer into each well of the ELISArray plate using a calibrated 

multi-channel pipettor. In order to get the best results we added all samples and reagents 

carefully by touching the pipette tips to the side of the wells just above the bottom allowing the 

dispensed volume to run down the well wall without blowing out the last drop of volume 

dispensed so that we avoid introducing bubbles into the well. We transferred 50 µl of either the 

antigen standard or our sample serial dilutions to the appropriate wells of the ELISA 8-well strip 

in duplicates to obtain replicable measurements. We changed our pipette tips with every 

addition to avoid cross-contamination. Plates were covered and the strips were taped to mix for 

10 seconds and then incubated for 2 hours at room temperature on the bench-top. 

Next detection antibodies were thawed for 30 minutes and diluted. 0.55 ml of detection antibody 

was diluted to a final volume of 11 ml with assay buffer solution and was well mixed. The ELISA 

wells were then washed by decanting the content of the well and washing it by filling the wells 

with 350 µl of 1X washing buffer. This was repeated twice for a total of three washes. 
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We added 100 µl of the detection antibody solution to each well covered them tapping the wells 

for 10 seconds to mix and incubated the plates for 1 hour at room temperature. 

We prepared Avidin-Horse radish peroxidase (HPR) conjugate by adding 11 µl of the Avidin-

HPR to 11 ml of the assay buffer solution. The plates were washed as in previous step for three 

times and 100 µl of the Avidin-HPR solution was added to each well. Plates were taped for 10 

seconds to mix the content and were incubated in dark for 30 minutes at room temperature. 

After 30 minutes another washing procedure was performed except for a total of four washes. 

100 µl of the developing solution was added to each well and the plates were incubated for 15 

minutes in dark at room temperature. After 15 minutes 100 µl of the stop solution was added to 

stop the development. The colors of the well turned into a blue color and plates were ready to 

be analyzed. 

We used an ELISA instrument to analyze the ELISA plates. The absorbance was read at 450 

nm within 30 minutes of stopping the reaction. 

 

II.2.3 Data Analysis 

Typical absorbance values should range from 0.00 to 2.50. We calculated the mean (average) 

absorbance and standard deviation for each set of replicate standards and experimental 

samples. Subtract these values by the mean (average) background absorbance as determined 

from assays performed in the absence of antigen. 

Standard curve. 

A. We plotted the corrected mean absorbance for the standard on the y-axis against its 

concentration on the x-axis in a linear or log-log graph for a seven-point standard curve. 

B. We calculated the best straight-line curve fit through the points on the graph within the linear 

dynamic range. 

Determination of unknown 
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We used Microsoft Excel program to calculate the concentrations based on the equation of the 

standard curve line. The concentrations were multiplied by dilution factor. However, for the 

comparisons we used absorbance values to be closer to the raw data. 

 

II.2.3.1 Descriptive Statistics 

We have extrapolated the concentrations based on the standard curve obtained from the ELISA 

assay for each obtained absorbance of each sample. Then, we obtained the means and the 

standard deviations for each of the replicates of each obtained measurement. 

 

II.2.3.2 Individual Patient Data Analysis (IPDA) 

We verified the assumptions for parametric statistics. 

• Normality: by convention biological assessments are normally distributed (if I had more 

than two samples I could do the Shapiro-Wilk test to determine the normality, but 

samples are in duplicate). 

• Independence: by methodology collection of left synovial fluid and right synovial fluid are 

performed, collected, assayed and analyzed independently therefore they are 

independent. 

• Homogeneity of variance: we performed the F-test to verify homogeneity of variance. 

When the assumptions were satisfied, we used the t-test. When the assumptions were not 

satisfied we used the Wilcoxon test at α=0.05 and β=0.2 (power 80%). The power is the 

probability that the test will reject the null hypothesis when the alternative hypothesis is true. 

Power is equal to 1-β and β is the probability of making a type II error. 

We were able to perform t-tests to assess elevation of each biomarker in each patient 

comparing left synovial fluid and right synovial fluid since samples were independent. Left and 

right synovial fluids were obtained, assayed and analyzed independently. They were 
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independent designs. For each patient and biomarker there was one comparison, we compared 

synovial left to synovial right. 

 

II.2.3.3 Group Data Analysis   

There was no interest in doing group data analysis in this study because  

A) We could not compare saliva samples in the same patient since the only type of saliva 

sample collected was whole saliva samples. 

B) We did not have a definitive control subjects and there was not a clear distinction and 

difference between subjects. We could not compare patients to the control (most patients were 

diagnosed borderline in regards to the TMJD pathology.  

C) There were limitations in regards to the method of sample collection and the amount of 

samples collected-please refer to imitation section). 

 

II.3 Objective II 

 

II.3.1 PICOTS 

We appropriately formed a P.I.C.O.T.S. question, which suggested subject heading and key 

words for inclusion and exclusion purposes.  

. 

II.3.2 Bibliom 

We searched the National Library or Medicine (Pubmed/Medline), Google scholar and EMBASE 

with the help of a professional biomedical librarian, Rikke Ogawa to obtain the total available 

literature. The search string used initially was: (((("Receptors, Interleukin-17/antagonists and 

inhibitors"[Mesh] OR "Interleukin-17/antagonists and inhibitors"[Mesh] OR "Interleukin-

23/antagonists and inhibitors"[Mesh] OR "Substance P/antagonists and inhibitors"[Mesh] OR 
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"Receptors, Calcitonin Gene-Related Peptide/antagonists and inhibitors"[Mesh] OR "Calcitonin 

Gene-Related Peptide/antagonists and inhibitors"[Mesh] OR "Neuropeptide Y/antagonists and 

inhibitors"[Mesh] OR "peptidylarginine deiminase type IV" [Supplementary Concept] OR 

(("Inflammation Mediators"[Mesh]) AND "Cytokines"[Mesh]) OR "Neurogenic 

Inflammation"[Mesh]  OR (("IL-17"[text word] OR "interleukin-17"[text word] OR "IL-23"[text 

word] OR "interleukin-23"[text word] OR "substance-p"[text word] OR "sp"[text word] OR 

"cgrp"[text word] OR "calcitonin gene related peptide"[text word] OR "neuropeptide y"[text word] 

OR "PAD-IV"[text word] OR "PAD-4"[text word] OR "peptidylarginine deiminase type IV"[text 

word]) AND (blocker*[text word] OR antagonist*[text word] OR inhibitor*[text word] OR 

"antagonists and inhibitors"[Subheading])  OR "proinflammatory mediator"[text word] OR 

"neurogenic inflammation"[text word])))  This search yielded a total of 5518 articles. We refined 

our research by looking at head and neck region and focusing on TMJD. The added search 

strategy was: AND (("Temporomandibular Joint"[Mesh] OR "Temporomandibular Joint 

Disorders"[Mesh] OR "Temporomandibular Joint Dysfunction Syndrome"[Mesh]) OR 

"Jaw"[Mesh] OR "jaw"[text word] OR "tmj"[text word] OR "temporomandibular joint"[text word]) 

(("Humans"[Mesh] OR "Rats"[Mesh]) AND English[lang] NOT ("Review" [Publication Type] OR 

"Review Literature as Topic"[Mesh] OR "Editorial" [Publication Type])))). The refinement allowed 

exclusion of 5408 reports and inclusion of 134 reports. The reports were reviewed and 110 of 

them were eliminated because they did not pertain to the research topic/hypothesis. The 

Neuropeptide Y biomarker and its blockers were eliminated from the study since we realized it 

was a less meaningful (more of a general) biomarker for this study. One IL-17 blocker report 

was also eliminated since it was a significantly weak report. We included a total of 18 biomarker 

blocker reports in this study across 4 (IL-17, PAD-4, Substance P and CGRP) identified 

biomarkers. This became the bibliom. 

 

II.3.3 Revised Risk of Bias Instrument  
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The Agency for Healthcare Research and Quality (AHRQ) Risk of Bias instrument suffers from 

the same two major limitations as the Cochrane tool: 

1. lack of formal psychometric validation as most other tools in the field, and  

2. providing a subjective and not quantifiable assessment. 

For the purpose of our research and due to limitations of the AHRQ Risk of Bias instrument, we 

commenced a process of revision of the AHRQ Risk of Bias instrument by rendering questions 

in primary domains quantifiable (scaled 1-4 and 1-3) and made the scoring based on criteria 

that are established in the literature. Once the instrument was revised we were able to validate 

it. 

 

II.3.3.1 Validation of Revised Risk of Bias Instrument 

To begin the process of engaging in a systematic dialectic of the two instruments in terms of 

their respective construct and content validity, it was necessary to validate each for reliability 

and validity either by means of the classic psychometric theory or generalizability (G) theory, 

which allows the simultaneous estimation of multiple sources of measurement error variance 

(i.e., facets) while generalizing the main findings across the different study facets. G theory is 

particularly useful in clinical care analysis of this type, because it permits the assessment of the 

reliability of clinical assessment protocols. The reliability and minimal detectable changes across 

varied combinations of these facets are then simply calculated. However, it is recommended 

that G theory determination follow classic theory psychometric assessment. 

 

There are three types of validity  

• Criterion validity 

• Content validity 

• Construct validity 
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II.3.3.1.1 Criterion Validity 

Depending upon the tool of measurement, the validity of an instrument in a study is obtained by 

means of criterion validity through correlation coefficients. Criterion validity refers to the extent 

to which one measures or predicts the value of another measure or quality based on a 

previously well-established criterion. We used Revised R-Wong scale, which is a well-calibrated 

and validated tool by our group for this purpose (Chiappelli et al, 2006). The content validity and 

construct validity are rather more descriptive than quantitative.  

 

II.3.3.1.2 Content Validity 

Face and content validity are closely linked concepts that describe whether a measure is 

assessing the relevant aspects for the purpose, and whether the domains covered are 

appropriate, important and sufficient. We did not change the content of the originally validated 

AHRQ Risk of Bias instrument; therefore, we did not change the content validity of the 

instrument.  

 

II.3.3.1.3 Construct Validity 

Construct validity is the degree to which an instrument measures the construct for which it was 

intended. It is a judgment based on the accumulation of evidence from numerous studies using 

a specific measuring instrument. We did not change the construct of the originally validated 

AHRQ Risk of Bias instrument; therefore, we did not change the construct validity of the 

instrument. 

 

II.3.3.2 Reliability of Revised Risk of Bias Instrument 

Reliability is used to describe the consistency of a measure, the extent to which a measurement 

is repeatable. It is commonly assessed quantitatively by correlation coefficients.  
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Inter-rater reliability: is rendered as a Pearson correlation coefficient between two independent 

readers, and establishes equivalence of ratings produced by independent observers or readers.  

intra-rater reliability: is determined by repeated measurement performed by the same subject 

(rater/ reader) at two different points in time to assess the correlation or strength of association 

of the two sets of scores.  

To establish the reliability of the Revised Risk of Bias tool:  

 

• a) We trained multiple readers in sharing a common view for the cognitive interpretation 

of each item of the tool. To be qualified as a reader, the person had to possess 

declarative knowledge, that is a factual form of information known to be static in nature, 

a certain depth of knowledge and understanding of the facts about which they are 

reviewing the literature. They also had to possess procedural knowledge, known as 

imperative knowledge that can be directly applied to a task in this case a clear 

understanding of the fundamental concepts of research methodology, design, analysis 

and inference.  

•  b) We trained the readers to read and evaluate the quality of a set of papers 

independently and blindly. We also trained them to self-monitor and self-assess their 

skills for the purpose of insuring quality control.  

• c) We refined the training process until the inter-rater correlation coefficient and Cohen 

coefficient of agreement were highly correlated. This established that the degree of 

attained agreement among well-trained readers is beyond chance.  

• d) We obtained independent and blind reading assessments from readers on reports 

under study.  

• e) We computed means and standard deviation of scores for each question across the 

reports, and repeated the process if the coefficient of variations were greater than 5% 

(i.e., less than 5% error among the readers across each questions). 
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II.3.4 Data analysis 

  

II.3.4.1 Acceptable Sampling 

The quantification provided by the validated Revised Risk of Bias tool allowed for the analysis of 

the scores by means of the acceptable sampling protocol. 

Acceptable sampling of the best available evidence can be obtained by:  

• convention: accept the top 10 percentile of papers based on the score of the quality 

of the evidence (e.g., low Risk of Bias);   

• confidence interval (CI95): accept the papers whose scores fall at of beyond the 

upper confidence limit at 95%, obtained with mean and variance of the scores of the 

entire bibliome;  

• statistical analysis: accept the papers that sustain sequential repeated Friedman 

analysis. 

 To be clear, the Friedman test is a non-parametric equivalent of the analysis of variance for 

factorial designs. Therefore, we verified the assumptions for parametric statistics (to established 

the appropriateness of using the Friedman test). 

• Normality 

• Independence 

• Homogeneity of variance: we performed F-test to verify homogeneity of variance. 

The process of acceptable sampling was performed using MDAS (Medical Data Analysis 

System, EsKay Software, Pittsburgh, 2004) as outlined below:  

• We performed the Friedman test using the total mean Revised Risk of Bias scores of 

two raters. A significant Friedman outcome indicated significant differences in scores 

among the domains of the individual reports that were being tested for quality; It 

indicated an outlier within some domains of the bibliome under study. 



	  

	   43	  

• We examined marginal means and standard deviations to identify the 

inconsistencies, and to identify the uniformly strong reports across all the domains 

tested by the Revised Risk of Bias instrument  

• We excluded those reports that show quality weakness or bias  

We executed the Friedman analysis again, repeating the process as many times as necessary, 

in a statistical process akin to hierarchical regression, to eliminate the evidence reports that 

were exhibiting egregious weakness, based on the analysis of the marginal values, and retained 

only the group of report that harbored homogeneously strong evidence. 

 

II.3.4.2 Meta-Analysis 

Meta-analysis was attempted in this study. However, in order to do meta-analysis the first step 

of the process is to look for and verify the homogeneity of the outcome measures, which means 

to see how the outcome of each study was obtained and was the same outcome also 

investigated in different reports. In this study the assumption of homogeneity was violated 

because there was no two papers that looked at the same outcome in the same manner. 

Therefore we could not compare the reports.  
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CHAPTER III RESULTS 

 

III.1 Objective I 

 

III.1.1 Standard Curves 

  

III.1.1.1 IL-1β  (patient 1-5) 

We followed the protocol of the supplier and the data in the table confirmed the linear range 

(31.25 to 500 pg/ml) with coefficient of determination of 0.98. 

     

Table 1 - IL-1β  Standard Concentrations  

Known 

Concentration 

(pg/ml) 

Absorbance 

1 

Absorbance 

2 

Standard 

Average 

Absorbance 

0 0.036 0.033 0.035(0.002) 

31.25 0.285 0.309 0.297(0.017) 

62.5 0.606 0.596 0.601(0.007) 

125 1.085 1.141 1.113(0.040) 

500 2.831 2.875 2.853(0.031) 

1000 *** ***   

2000 *** ***   
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Figure	  1	  -	  IL-1β	  
	  ELISA	  Standard	  Curve	  -	  Linear	  Detection	  

Standard	  Average	  
Absorbance	  
Linear(Standard	  
Average	  Absorbance)	  
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III.1.1.2 TNF-α  (patient 1-5) 

We followed the protocol of the supplier and the data in the table confirmed the linear range 

(31.25-500 pg/ml) with coefficient of determination of 0.99. 

 

                

Table 2 - TNF-α  Standard Concentrations 

Known 

Concentration 

(pg/ml) 

Absorbance 

1 

Absorbance 

2 

Standard 

Average 

Absorbance 

0 0.104 0.093 0.099(0.008) 

31.25 0.165 0.179 0.172(0.010) 

62.5 0.29 0.269 0.280(0.015) 

125 0.445 0.456 0.451(0.008) 

500 1.457 1.439 1.448(0.013 

1000 2.111 2.137 2.124(0.018) 

2000 2.822 2.849 2.836(0.019) 
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III.1.1.3 IL-6 (patient 1-5) 

We followed the protocol of the supplier and the data in the table confirmed the linear range 

(31.25-2000 pg/ml) with a coefficient of determination of 0.98. 

 

Table 3 - IL-6 Standard Concentrations 

Known 

Concentration 

(pg/ml) 

Absorbance 

1 

Absorbance 

2 

Standard 

Average 

Absorbance 

0 0.023 0.022 0.023(0.001) 

31.25 0.022 0.023 0.023(0.001) 

62.5 0.027 0.031 0.029(0.003) 

125 0.046 0.045 0.046(0.001) 

500 0.108 0.114 0.111(0.004) 

1000 0.285 0.175 0.230(0.078) 

2000 0.627 0.470 0.549(0.111) 
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III.1.1.4 IL-17A (patient 1-5) 

We followed the protocol of the supplier and the data in the table confirmed the linear range 

(31.25-2000 pg/ml) with a coefficient of determination of 0.99. 

 

Table 4 - IL-17A Standard Concentrations 

Known 

Concentration 

(pg/ml) 

Absorbance 

1 

Absorbance 

2 

Standard 

Average 

Absorbance 

0 0.048 0.05 0.049(0.001) 

31.25 0.081 0.079 0.089(0.001) 

62.5 0.125 0.126 0.126(0.001) 

125 0.186 0.195 0.191(0.006) 

500 0.69 0.709 0.699(0.013) 

1000 1.374 1.522 1.448(0.105) 

2000 2.573 2.262 2.418(0.220) 
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III.1.1.5 IL-1β  (patient 6-7) 

We followed the protocol of the supplier and the data in the table confirmed the linear range 

(31.25-500 pg/ml) with a coefficient of determination of 0.99. 

 

Table 5 - IL-1β  Standard Concentrations 

Known 

Concentration 

(pg/ml) 

Standard 

Average 

Absorbance 

Absorbance 

1 

Absorbance 

2 

0 0.111 0.112 0.109 

31.25 0.328 0.482 0.395 

62.5 0.602 0.709 0.716 

125 1.092 1.200 1.285 

500 2.626 2.779 2.684 
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III.1.1.6 TNF-α  (patient 6-7) 

We followed the protocol of the supplier and the data in the table confirmed the linear range 

(31.25-500 pg/ml) with a coefficient of determination of 0.99. 

 

Table 6 - TNF-a Standard Concentrations 

Known 

Concentration 

(pg/ml) 

Standard 

Average 

Absorbance 

Absorbance 

1 

Absorbance 

2 

0 0.304 0.317 0.290 

31.25 0.274 0.632 0.523 

62.5 0.610 0.833 0.994 

125 0.960 1.294 1.232 

500 2.204 2.509 2.505 
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III.1.1.7 IL-6 (patient 6-7) 

We followed the protocol of the supplier and the data in the table confirmed the linear range 

(31.25-1000 pg/ml) with a coefficient of determination of 0.99. 

 

Table 7 - IL-6 Standard Concentrations 

Known 

Concentration 

(pg/ml) 

Standard 

Average 

Absorbance 

Absorbance 

1 

Absorbance 

2 

0 0.180 0.174 0.185 

31.25 0.254 0.428 0.438 

62.5 0.378 0.571 0.543 

125 0.615 0.838 0.750 

500 0.106 0.248 0.323 

1000 2.772 2.951 0.000 
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III.1.1.8 IL-17A (patient 6-7) 

We followed the protocol of the supplier and the data in the table confirmed the linear range 

(31.25-500 pg/ml) with a coefficient of determination of 0.99. 

 

Table 8 - IL-17 Standard Concentrations 

Known 

Concentration 

(pg/ml) 

Standard 

Average 

Absorbance 

Absorbance 

1 

Absorbance 

2 

0 0.068 0.071 0.064 

31.25 0.082 0.152 0.147 

62.5 0.153 0.211 0.229 

125 0.361 0.446 0.410 

500 1.177 1.148 1.341 
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III.1.1.9 PAD-4 (patient 6-7) 

We followed the protocol of the supplier and the data in the table confirmed the linear range 

(15.6-1000 pg/ml) with a coefficient of determination of 0.99. 

 

Table 9 - PAD-4 Standard Concentrations 

Known Concentration 

(pg/ml) 

Standard Average 

Absorbance 

Absorbance 1 Absorbance 2 

0 0.079 (0.009) 0.086 0.073 

15.6 0.013 (0.004) 0.095 0.089 

31.3 0.037 (0.001) 0.116 0.117 

62.5 0.074 (0.001) 0.152 0.154 

125 0.174 (0.010) 0.260 0.246 

250 0.412 (0.034) 0.515 0.467 

500 0.778 (0.013) 0.848 0.866 

1000 1.406 (0.076) 1.432 1.535 
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III.1.1.10 CGRP (patient 6-7)  

We followed the protocol of the supplier and the data in the table confirmed the linear range 

(62.5-500 pg/ml) with a coefficient of determination of 0.98. 

 

Table 10 – CGRP Standard Concentrations 

Known 

Concentration 

(pg/ml) 

Standard Average 

absorbance 

Absorbance 1 Absorbance 2 

0 0.149 (0.001) 0.149 0.148 

62.5 0.042 (0.003) 0.188 0.192 

125 0.089 (0.001) 0.237 0.230 

250 0.265 (0.032) 0.391 0.436 

500 0.893 (0.018) 1.054 1.028 
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Linear	  Detection	  
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III.1.1.11 SP (patient 6-7) 

We followed the protocol of the supplier and the data in the table confirmed the linear range 

(31.25-2000 pg/ml) with a std error 0.030082. As shown in the table the SP kit works in the 

reverse fashion where the lowest concentration standard has the highest absorbance level. This 

is due to the design of the kit and the development step. 

          

 

Table 11 – SP Standard Concentrations 

Known	  

Concentration	  

(pg/ml)	  

Standard	  Average	  

Absorbance	  

Absorbance	  1	   Absorbance	  2	  

0	   0.196	  (0.005)	   0.199	   0.192	  

3.9	   0.322	  (0.007)	   0.522	   0.512	  

7.81	   0.267	  (0.004)	   0.465	   0.460	  

15.6	   0.213	  (0.006)	   0.404	   0.413	  

31.25	   0.147	  (0.004)	   0.345	   0.339	  

62.5	   0.086	  (0.013)	   0.272	   0.291	  

125	   0.061	  (0.001)	   0.256	   0.257	  

250	   0.051	  (0.001)	   0.247	   0.246	  

500	   0.030	  (0.000)	   0.225	   0.225	  
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III.1.2 Individual Patient Data Analysis (IPDA) 

 

III.1.2.1 Diagnosis and Biomarker Characterization for Patients 

 

III.1.2.1.1 Patient 1 

Diagnosis: In patient 1 bone resorption was observed in the joint and there is flattening of 

condyle head. The patient clenches and has sore masseter muscles, but there is no popping or 

clicking on opening and closing. Left side Condyle is posteriorized and superiorized. There is no 

joint noise upon opening and closing. 

 

Figure A 
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Figure B 

 

 

Figure 12 - CT-Scans Patient 1 - A: The Cephalometric Computed Tomography Scan (The 

measurements of the bones of cranium and the face). B: The Computed Tomography Scan of 

the Temporomandibular Joint (Sagittal view-illustrating position of the condyle in glenoid fossa, 

or the temporal bone of the skull).  

 

Biomarker Characterization: Subject 1 showed a significant difference between synovial left 

and synovial right sides for the IL-1β biomarker. The concentrations of the proteins were below 

the detection limit of the ELISA kit (mean conc. Left *-70.29 pg/ml and mean conc. Right -71.54 

pg/ml) and were meaningless. 
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Table 12 - Biomarker Characterization Patient 1 

Biomarkers Synovial 

Left 

Synovial 

Right 

Whole 

saliva 

p values α=0.05 

0.0300 * 

-70.29 

pg/ml 

0.0270 

-71.54 

pg/ml 

0.0300 4.37E-09 IL-1β 

±0.00283 ±0.00283 ±0.000710  

0.0445 0.0450 0.0605 0.471 IL-17 

±0.00495 ±0.00282 ±0.000707  

0.083 0.075 0.101 0.177 TNF-α 

±0.00495 ±0.00212 ±0.00212  

0.0200 0.0185 0.0310 0.371 IL-6 

±0.00283 ±0.00212 ±0.00424  
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III.1.2.1.2 Patient 2 

Diagnosis: The right side condyle is not functioning correct. There is an uneven translation of 

condyles. Upon opening the mandible is deflecting towards right (about 8mm). 

 

Figure A 
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Figure B 

 

 

Figure 13 - CT-Scans Patient 2 - A: The Cephalometric Computed Tomography Scan (The 

measurements of the bones of cranium and the face). B: The Computed Tomography Scan of 

the Temporomandibular Joint (Sagittal view-illustrating position of the condyle in glenoid fossa, 

or the temporal bone of the skull).  

 

Biomarker Characterization: Subject 2 showed elevation of IL-6 concentration in right synovial 

fluid, which was significant (Mean conc. Left 69 pg/ml and Mean conc. Right *159 pg/ml and the 

p value 0.0305).  
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Table 13 – Biomarker Characterization Patient 2 

Biomarkers Absorbance 

Synovial 

Left 

Absorbance 

Synovial 

Right 

Absorbance 

Whole 

saliva 

p values α=0.05 

0.0200 0.0260 0.879 8.48E-02 IL-1Β 

±0.00283 ±0.000707 ±0.0686  

0.0450 0.0335 0.0305 0.142 IL-17 

±0 ±0.00778 ±0.00212  

0.075 0.079 0.062 0.334 TNF-α 

±0.00636 ±0.00354 ±0.000707  

0.0155 

69 pg/ml 

0.0275* 

159 pg/ml 

0.0305 

181.5 pg/ml 

0.026 IL-6 

±0.00354 ±0.00212 ±0.00354  
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III.1.2.1.3 Patient 3 

 

Diagnosis: In patient 3 slight bone resorption and arthritis were observed in the right side TMJ. 

There is anterior flattening on both sides and no popping or clicking on opening and closing. 

There is an overall muscle spasm observed in TMJ area. Left disc displacement with reduction. 

 

Figure A 
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Figure B 

 

 

Figure 14 - CT-Scans Patient 3 - A: The Cephalometric Computed Tomography Scan (The 

measurements of the bones of cranium and the face). B: The Computed Tomography Scan of 

the Temporomandibular Joint (Sagittal view-illustrating position of the condyle in glenoid fossa, 

or the temporal bone of the skull).  

 

Biomarker Characterization: Subject 3 showed no elevation in any of the biomarkers. 
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Table 14 - Biomarker Characterization Patient 3 

Biomarkers Absorbance 

Synovial 

Left 

Absorbance 

Synovial 

Right 

Absorbance 

Whole 

saliva 

p values α=0.05 

0.0200 0.0200 0.716 0.250 IL-1Β 

±0.000707 ±0.00141 ±0.00424  

0.0345 0.0365 0.0340 0.250 IL-17 

±0.00212 ±0.000707 ±0.0113  

0.0720 0.088 0.078  TNF-α 

±0.000707 ±0.0240 ±0.00141 0.245 

0.0180 0.0185 0.0215  IL-6 

±0.00283 ±0.000707 ±0.000707 0.397 
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III.1.2.1.4 Patient 4 

 

Diagnosis: Both left and right condyles were posteriorized and flattened in patient 4. The CT-

scan showed osteoarthritic changes in both joints. Patient had small airway due to tongue and 

soft palate constrictions. There was loss of vertical dimension. 

 

Figure A 

 

 

 

 

 

 

 

 

 



	  

	   75	  

Figure B 

 

 

Figure 15 - CT-Scans Patient 4 - A: The Cephalometric Computed Tomography Scan (The 

measurements of the bones of cranium and the face). B: The Computed Tomography Scan of 

the Temporomandibular Joint (Sagittal view-illustrating position of the condyle in glenoid fossa, 

or the temporal bone of the skull).  

 

Biomarker Characterization: Subject 4 showed no significant difference between synovial fluid 

left and right. 
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Table 15 - Biomarker Characterization Patient 4 

Biomarkers Absorbance 

Synovial 

Left 

Absorbance 

Synovial 

Right 

Absorbance 

Whole 

saliva 

p values α=0.05 

0.0220 0.0180 0.0200 0.250 IL-1Β 

± 0.000707 ± 0.00424 ± 0  

0.0350 0.0400 0.0450 0.215 IL-17 

±0 ± 0.00567 ± 0.00566  

0.0770 0.0680 0.0720 0.161 TNF-α 

± 0.000707 ± 0.00636 ± 0.00283  

0.0250 0.0170 0.0155 0.147 IL-6 

±0.00707 ±0.00141 ±0.000707  
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III.1.2.1.5 Patient 5 

Diagnosis: In patient 5 there was some flattening of the right condyle and the codyle was 

posteriorized and superiorized. There was better spacing on the left side joint. Right side ramus 

was longer than the left.  

 

Figure A 
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Figure B 

 

 

Figure 16 - CT-Scans Patient 5 - A: The Cephalometric Computed Tomography Scan (The 

measurements of the bones of cranium and the face). B: The Computed Tomography Scan of 

the Temporomandibular Joint (Sagittal view-illustrating position of the condyle in glenoid fossa, 

or the temporal bone of the skull).  

 

Biomarker Characterization: Subject 5 showed a significant difference between concentration 

of TNF-α biomarker between synovial fluid left and synovial fluid right. The concentrations of the 

biomarkers were below the detection limit of the ELISA kit (mean conc. Left *-12.33 pg/ml and 

mean conc. Right -26.50 pg/ml) and were meaningless. 
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Table 16 - Biomarker Characterization Patient 5 

Biomarkers Absorbance 

Synovial 

Left 

Absorbance 

Synovial 

Right 

Absorbance 

Whole 

saliva 

p values α=0.05 

0.0280 0.0280 0.0430 0.250 IL-1Β 

±0.00212 ±0 ±0.000707  

0.0325 0.0450 0.0325 0.087 IL-17 

±0.00212 ±0.00283 ±0.00495  

0.0870* 

-12.33 

pg/ml 

0.0700 

-26.50 

pg/ml 

0.0680 0.045 TNF-α 

±0.00990 ±0.00636 ±0.000707  

0.0265 0.0270 0.0140 0.487 IL-6 

±0.00212 ±0.0156 ±0.00283  

 

 

III.1.2.1.6 Patient 6 

Diagnosis: Patient 6 was a primary clincher, there was a notch in the mandible, a sign of 

clinching. The patient had bilateral degenerative joint (osteoarthritis). The left side joint had 

bone on bone contact. The condyle was superiorized and flattened (close lock-limited opening). 

The right side joint dysfunction could have been a result of developmental anomalies. The 

patient had class II bite; therefore, there was a narrowing of the oral pharengeal passage. There 

was a shorter than normal distance observed between head of the condyle and the gonial 

angle. The patient was missing molars and lacked posterior support for the joint.  
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 Figure A 
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Figure B 

  

Figure 17 - CT-Scans Patient 6 - A: The Cephalometric Computed Tomography Scan (The 

measurements of the bones of cranium and the face). B: The Computed Tomography Scan of 

the Temporomandibular Joint (Sagittal view-illustrating position of the condyle in glenoid fossa, 

or the temporal bone of the skull).  

 

Biomarker Characterization: Subject 6 showed elevation of IL-6 concentration in the left 

synovial fluid, which was significant (Mean conc. Left* 70.36 pg/ml and Mean conc. Right 0.00 

pg/ml and the p value 0.038). 

Subject 6 also showed elevation of PAD-4 biomarker on the left side, which was significant 

(mean conc. Left* 10,680 pg/ml and mean conc. Right 2,111.2 pg/ml).  

 

 

 



	  

	   82	  

Table 17a - Biomarker Characterization Patient 6 

Biomarkers Absorbance 

Synovial 

Left 

Absorbance 

Synovial 

Right 

Absorbance 

Whole 

saliva 

T-Test Values, α=0.05 

0.024 0.032 0.696 IL-1B 

±0.001 ±0.021 ±0.041 

0.340 

0.365 * 

70.36 

pg/ml 

0.147 

0.00 pg/ml 

0.043 

0.00 

pg/ml 

IL-6 

±0.147 ±0.110 ±0.000 

0.038 

0.028 0.016 0.014 IL-17 

±0.011 ±0.017 ±0.001 

0.328 

0.062 0.038 0.000 TNF-a 

±0.022 ±0.012 ±0.000 

0.250 
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Table 17b - Biomarker Characterization Patient 6 

Biomarkers Absorbance 

Synovial 

Left 

Absorbance 

Synovial 

Right 

Absorbance 

Whole 

saliva 

T-Test Values, α=0.05 

1.921* 

10,680 

pg/ml 

0.385 

2,111.2 

pg/ml 

0.572 

3,154.4 

pg/ml 

PAD4 

±0.070 ±0.035 ±0.209 

0.0153 

 

0.016 0.006 0.001 CGRP 

±0.006 ±0.000 ±0.001 

0.165 

 

0.197 0.184 0.302 SP 

±0.002 ±0.014 ±0.009 

0.179 
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III.1.2.1.7 Patient 7 

Right side joint showed some degree of dysfunction. The condyle was posteriorized in both left 

and right joint. Anterior flattening of condyle was observed on both sides. The left side joint 

showed the damage more prominently. There was a possibility of AT nerve compression in the 

left side joint. 

 

Figure A 
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Figure B 

 

 

Figure 18 - CT-Scans Patient 7 - A: The Cephalometric Computed Tomography Scan (The 

measurements of the bones of cranium and the face). B: The Computed Tomography Scan of 

the Temporomandibular Joint (Sagittal view-illustrating position of the condyle in glenoid fossa, 

or the temporal bone of the skull).  

 

Biomarker Characterization: Subject 7 showed a higher absorbance value for SP in the right 

synovial fluid, which was significant (Mean absorbance Left 0.132 and Mean absorbance Right 

0.246), but the result must be interpreted in opposite.  

Very important: The SP kit function in reverse in regards to absorbance and concentration 

values of biomarkers. The low concentration standard has the highest absorbance.  
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Table 18a - Biomarker Characterization Patient 7 

Biomarkers Absorbance 

Synovial 

Left 

Absorbance 

Synovial 

Right 

Absorbance 

Whole 

Saliva 

T-Test Values, α=0.05 

0.007 0.048 0.146 IL-1B 

±0.000 ±0.035 ±0.046 

0.154 

0.144 0.138 0.045 IL-6 

±0.125 ±0.069 ±0.000 

0.453 

0.003 0.039 0.005 IL-17 

±0.000 ±0.050 ±0.002 

0.237 

0.046 0.054 0.014 TNF-a 

±0.050 ±0.000 ±0.000 

0.343 

 

 

Table 18b - Biomarker Characterization Patient 7 

Biomarkers Absorbance 

Synovial 

Left 

Absorbance 

Synovial 

Right 

Absorbance 

Whole 

Saliva 

T-Test Values, α=0.05 

0.568 1.227 0.375 PAD4 

±0.071 ±0.378 ±0.025 

0.144 

 

0.006 0.004 0.005 CGRP 

±0.000 ±0.001 ±0.000 

0.102 

 

0.132 0.246* 0.270 SP 

±0.009 ±0.025 ±0.001 

0.0306 
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III.1.2.1.8 Patient 8 

Diagnosis: A posteriorized condyle was observed in the left side joint. A flattening of the 

anterior surface of the left condylar head was also observed. The patient had pain in the right 

joint and the area (tissue) around the right side ear. 

 

Figure A 
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 Figure B 

 

 

Figure 19 - CT-Scans Patient 8 - A: The Cephalometric Computed Tomography Scan (The 

measurements of the bones of cranium and the face). B: The Computed Tomography Scan of 

the Temporomandibular Joint (Sagittal view-illustrating position of the condyle in glenoid fossa, 

or the temporal bone of the skull).  

 

Biomarker Characterization: Subject 8 showed higher absorbance value for SP in the right 

synovial fluid, which was significant (Mean absorbance Left 0.144 and Mean absorbance Right 

0.296). The SP kit function in an opposite fashion the low concentration standard has the 

highest absorbance. Therefore, the data can be interpreted as elevation of SP on right.  

Very important: The SP kit functions in reverse in regards to absorbance and concentration 

values, the low concentration standard having the highest absorbance.  
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Table 19a - Biomarker Characterization Patient 8 

Biomarkers Absorbance 

Synovial 

Left 

Absorbance 

Synovial 

Right 

Absorbance 

Whole 

Saliva 

T-Test Values, α=0.05 

0.005 0.005 0.437 IL-1B 

±0.001 ±0.000 ±0.018 

0.250 

0.084 0.060 0.000 IL-6 

±0.025 ±0.013 ±0.000 

0.237 

0.004 0.007 0.007 IL-17 

±0.000 ±0.000 ±0.003 

0.398 

0.027 0.040 0.000 TNF-a 

±0.008 ±0.000 ±0.000 

0.334 

 

 

Table 19b - Biomarker Characterization Patient 8 

Biomarkers Absorbance 

Synovial 

Left 

Absorbance 

Synovial 

Right 

Absorbance 

Whole 

Saliva 

T-Test Values, α=0.05 

0.938 0.117 0.519 PAD4 

±0.481 ±0.015 ±0.011 

0.269 

 

0.007 0.009 0.006 CGRP 

±0.001 ±0.003 ±0.001 

0.313 

 

0.144 0.296* 0.285 SP 

±0.005 ±0.017 ±0.048 

0.0178 
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III.2 Objective II 

III.2.1 Bibliom 

The initial search yielded a total of 5518 articles. We refined our research by looking at the head 

and neck region and focusing on TMJD. The refinement allowed exclusion of 5408 reports and 

inclusion of 134 reports. The reports were reviewed and 110 of them were eliminated because 

they did not pertain to the research topic/hypothesis. The Neuropeptide Y biomarker and its 

blockers were eliminated from the study since we realized it was a less meaningful (more of a 

general) biomarker for this study. One IL-17 blocker report was also eliminated since it was a 

significantly weak report. We included a total of 18 biomarker blocker reports in this study 

across 4 (IL-17, PAD-4, Substance P and CGRP) identified biomarkers. This became the 

bibliom. 
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DIAGRAM 1 - SEARCH STRATEGIES 
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III.2.2 Validation of Revised Risk of Bias Instrument 

 

 

Table 20 - Criterion Validity 

Paper Mean Total Revised 

Tool ( Tool) 

Mean Total R-Wong 

( R-Wong) 

1 14 21 

2 12.5 17.5 

3 10.5 16.5 

4 12.5 20 

5 8.5 13 

 

Pearson’s r 0.96  

r2 0.92  

r2 (in %) 92  
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Figure 20 - The Criterion Validity of the Tool 

	  

	  

	  

	  

	  

	  

	  

 

 

 

Mean	  Total	  R-‐WONG	  
Scores	  

Mean	  Total	  R-‐Risk	  of	  
Bias	  Scores	  

r2	  =	  92%	  
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Figure: The percent shared variance between Revised Risk of Bias and R-Wong is 92%, which 

means Revised Risk of Bias is as good an instrument as R-Wong to establish quality of the 

research. Shared variance: means 92% of the variance of one is explained by the variance of 

the other. 

There is 92% explained variance. What is shown is that 92% correlation is not due to chance; 

rather it is because one instrument is correlated with the other. 

 

III.2.3 Reliability of Revised Risk of Bias Instrument 

             

Table 21 - Inter-Rater Reliability 

Paper Total scores rater I Total scores rater II 

1 14 14 

2 12 13 

3 11 10 

4 13 12 

5 9 8 

 

Pearson’s r 0.94  

r2 0.88  

r2 (in %)    88  
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Figure 21 - The Inter-Rater Reliability of the Tool 

	  

	  

	  

	  

	  

	  

	  

 

Figure: The reliability of R-RB was tested by inter-rater reliability and it was established that 

rater I and II after they are fully calibrated and standardized, have an 88% shared variance. 

Total	  R-‐RB	  Scores	  by	  
Rater	  1	  

Total	  R-‐RB	  Scores	  by	  
Rater	  2	  

r2	  =	  88%	  
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III.2.4 Data Analysis 

 

III.2.4.1 Acceptable Sampling 

 

III.2.4.1.1 CGRP Blockers 

 

Table 22 - Acceptable sampling R-Risk of Bias- CGRP Blockers 

Average (median) across readers 

Domains R-Risk of 

Bias Study 

Design 

R-Risk of 

Bias 

Consistency 

R-Risk of 

Bias 

Directness 

R-Risk of 

Bias 

Precision 

Total I/II Standard 

Deviation 

Paper 1 2.5 3.0 2.5 3.5 11.5 0.707 

Paper 2* 3.0 3.0 3.0 3.5 12.5 0.354 

Paper 3 2.0 3.0 3.0 3.5 11.5 1.061 

Paper 4* 2.5 3.0 3.0 4.0 12.5 1.061 

Paper 5* 3.0 3.0 3.0 4.0 13.0 0.707 

Marginal 

Means 

2.6 3.0 2.9 3.7     

Standard 

Deviation 

0.4 0.0 0.2 0.3     

Friedman P 

value 

0.017 

 

* Accepted papers 
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CGRP Blockers: Table 22 shows the acceptable sampling for blockers of CGRP biomarker. 

The table shows the mean values of multiple readers for each paper horizontally and for each 

domain of revised risk of bias vertically. The marginal sum indicates the total sum of the scores. 

A low score indicates a paper with high risk of bias. A high score indicates a paper with 

minimum risk of bias. Therefore, it is preferable to use high scoring papers for utilization of 

interventions on patients since we do not want to cause any harm. The first step in acceptable 

sampling was the elimination of the lowest scoring papers because they had high risk of bias. 

Looking at the table above, we saw that there are two low scoring papers. Paper 1 and paper 3. 

They both scored 11.5, which means that they did not satisfy some criteria of the domains of the 

revised risk of bias. This means that there was an outlier. Each domain of the revised risk of 

bias in the table had a mean and standard deviation. A high mean indicated that all papers 

across scored high in that domain. A high standard deviation meant that there is an outlier 

(deviation form mean). The acceptable sampling was performed by using the Friedman test. A 

significant Friedman test result meant that there was heterogeneity in the table across papers in 

each domain, that there were some papers that were good and some that were bad. Low 

scoring papers were eliminated by looking at the total score and the marginal means and 

standard deviations. A sequential Friedman was performed until there was no significance, 

which meant they were homogeneous papers across all domains. In this table, we eliminated 

papers 1 and 3 and accepted papers 2, 4, and 5.      
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III.2.4.1.2 IL-17A Blockers 

 

Table 23 - Acceptable sampling R-Risk of Bias- IL-17 Blockers 

Average (median) across readers 

Articles R-Risk of 

Bias Study 

Design 

R-Risk of 

Bias 

Consistency 

R-Risk of 

Bias 

Directness 

R-Risk of 

Bias 

Precision 

Total I/II Standard 

Deviation 

Paper 1 3.5 2.5 3.0 4.0 13.0 0.646 

Paper 4 4.0 3.0 3.0 4.0 14.0 0.577 

Marginal 

Means 

3.8 2.8 3.0 4.0     

Standard 

Deviations 

0.4 0.4 0.0 0.0     

Friedman P 

value 

0.165 

 

 

 

 IL-17 Blockers: We performed the same method of acceptable sampling as explained in Table 

22 and accepted papers 1 and 4 for IL-17 biomarker blocker.  
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III.2.4.1.3 PAD-4 Blockers 

 

Table 24 - Acceptable sampling R-Risk of Bias- PAD-4 Blockers 

Average (median) across readers 

Domains R-Risk of 

Bias Study 

Design 

R-Risk of 

Bias 

Consistency 

R-Risk of 

Bias 

Directness 

R-Risk of 

Bias 

Precision 

Total I/II Standard 

Deviations 

Paper 1 3.0 2.5 2.5 3.0 11.0 0.289 

Paper 2 3.0 3.0 2.0 3.0 11.0 0.500 

Paper 3 3.5 3.0 2.5 3.5 12.5 0.479 

Paper 4 3.5 3.0 3.0 3.0 12.5 0.250 

Marginal 

Means 

3.3 2.9 2.5 3.1     

Standard 

Deviation 

0.3 0.3 0.4 0.3     

Friedman P 

value 

0.09 

 

 

PAD-4 Blockers: We performed the same method of acceptable sampling as explained in table 

22 and accepted papers 1, 2, 3, 4 for PAD-4 biomarker blockers.  
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III.2.4.1.4 SP Blockers 

 

Table 25 - Acceptable sampling R-Risk of Bias- SP Blockers 

Average (median) across readers 

Domains R-Risk of 

Bias Study 

Design 

R-Risk of 

Bias 

Consistency 

R-Risk of 

Bias 

Directness 

R-Risk of 

Bias 

Precision 

Total I/II Standard 

Deviation 

Paper 1 2.5 2.5 3.0 3.5 11.5 0.479 

Paper 2 3.5 3.0 2.5 4.0 13.0 0.646 

Paper 3 2.5 2.5 3.0 3.0 11.0 0.289 

Paper 4 2.5 2.0 3.0 3.5 11.0 0.646 

Paper 5 3.5 3.0 3.0 3.0 12.5 0.250 

Marginal 

Means 

2.9 2.6 2.9 3.4     

Standard 

Deviation 

0.5 0.4 0.2 0.4     

Friedman P 

value 

0.141 

 

 

SP Blockers: We performed the same method of acceptable sampling as explained in table 22 

and accepted papers 1, 2, 3, 4, 5 for SP biomarker blocker.  

 

III.2.4.2 Meta-Analysis 
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We could not find articles within two groups that were homogeneous. This violated the main 

principle of Meta-Analysis, i.e., the homogeneity of outcome variables. 

 

CHAPTER IV DISCUSSION 

 

IV.1 Objective I 

 

IV.1.1 Interpretation 

The data from patients 1, 3, 4 and 5 falls bellow the detection limit of the kit. In some cases, 

such as patient 1, where the data showed significance, the protein concentration was calculated 

to be a negative value. This was a study limitation, since we obtained very small amounts of 

samples, which we had to further dilute to run the ELISA assay. 

Patient 2 shows an elevation of IL-6 in right side synovial fluid that matches the clinical 

diagnosis. The right side joint was not functioning correctly. The condyles were translating 

unevenly. Upon opening, the mandible was deflected towards right for about 8 mm, which 

meant that it exerted considerable pressure on the right side joint, and may have resulted in 

compression of surrounding tissues and the disc of the joint and branches of auriculotemporal 

nerve (AT nerve). 

Patient 6 showed elevation of IL-6 in left synovial fluid at a concentration of 70.36 pg/ml, which 

was significantly higher than the right side at a concentration of 0.0 pg/ml. Subject 6 also 

showed significant elevation of PAD-4 biomarker in both side synovial fluid at concentrations left 

10,680 and right 2,111.2 pg/ml. However, the left side was significantly higher in concentration 

than the right. The clinical diagnosis did match the outcome of the ELISA results. The patient 

had bilateral degenerative joint and the left side showed a bone on bone contact, which meant 

that this was the side that had elevated levels of IL-6 a proinflammatory cytokine since the 
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pressure of rubbing may still have effects on surrounding tissues. The right side however could 

be stabilized, through the process of bone resorption. 

In patient 7 right synovial fluid showed significantly higher absorbance value, but since the SP 

kit is functioning in the opposite manner, due to its design in development stage, the results of 

the test must be interpreted in reverse. The clinical diagnosis showed dysfunctional joint on both 

sides; however, the left side showed the damage more prominently. The diagnosis matched the 

results (in reverse). The branches of AT nerve may be compressed and release SP as a result. 

Just as in patient 7, the results of ELISA test shows that patient 8 had higher absorbance values 

on the right side, but since the SP kit functions in an opposite manner a high absorbance value 

means low concentration. This also matches the clinical diagnosis of the TMJ specialist, since 

the left condyle in patient 8 was posteriorized and there was flattening of the anterior surface of 

the left condyle head, which could result in compression of branches of innervating AT nerve 

and release of SP. 

      

IV.2 Objective II 

 

IV.2.1 Interpretation 

The results of acceptable sampling process for blockers or inhibitors of CGRP biomarker had 

included papers 2, 4, and 5 (2:Inhibitory effect of BIBN4096BS, CGRP8–37, a CGRP antibody 

and an RNA-Spiegelmer on CGRP induced vasodilatation in the perfused and non-perfused rat 

middle cerebral artery; 4:Calcitonin gene-related peptide potentiates nicotinic acetylcholine 

receptor-operated slow Ca2+ mobilization at mouse muscle endplates; 5: Antimigraine drug, 

zolmitriptan, inhibits high-voltage activated calcium currents in a population of acutely 

dissociated rat trigeminal sensory neurons.) as best available evidence for possible 

interventions that can be used to construct treatment studies or clinical trials. Though, most of 
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these inhibitors have not been used in the treatment of TMJD, they can be a prime candidate for 

an intervention clinical trial. Most of these inhibitors have been studied in animal models and in 

humans. For instance, BIBN4096B, is a novel, well-characterized CGRP antagonist that is 

highly selective and potent in animals and humans. Its valuable contributions to acute migraine 

attacks have been recognized and this may be extended to the study of TMJD. 

 

Table 26 - Included Studies (CGRP Best Available Evidence) 

 Study CGRP Blockers 

2.  
Edvinsson et 

al., 2007  

Inhibitory effect of BIBN4096BS, CGRP8–37, a CGRP antibody and an RNA-

Spiegelmer on CGRP induced vasodilatation in the perfused and non-

perfused rat middle cerebral artery. 

4.  
Safaa y Salim 

et al.,1998  

Calcitonin gene-related peptide potentiates nicotinic acetylcholine receptor-

operated slow Ca2+ mobilization at mouse muscle endplates. 

5.  
Morikawa et al., 

2006 

Antimigraine drug, zolmitriptan, inhibits high-voltage activated calcium 

currents in a population of acutely dissociated rat trigeminal sensory neurons. 

 

The results of acceptable sampling process for blockers or inhibitors of PAD-4 biomarker 

included papers 1, 2, 3, and 4 (1: Methylation of the guanidino group of arginine residues 

prevents citrullination by peptidylarginine deiminase IV; 2: A Fluoroacetamidine-Based 

Inactivator of Protein Arginine Deiminase 4: Deiminase 4: Design, Synthesis, and in Vitro and in 

Vivo Evaluation; 3: Inhibitors and Inactivators of Protein Arginine Deiminase-4 Functional and 

Structural Characterization; 4: Profiling Protein Arginine Deiminase 4 (PAD4): A novel screen to 

identify PAD4 inhibitors.) as best available evidence for possible interventions that can be 

applied to treatment of TMJD. As mentioned above, most of these inhibitors have not been used 

in the treatment of TMJD, but they can be through the implementation of the methods into 
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animal studies or human clinical trials depending on the nature of the inhibitor. Most PAD-4 

inhibitors are inactivators of PAD-4. They are compounds that are structurally enhanced to fit 

and bind PAD-4 with higher affinity by elimination of their side chains to increase their inhibition 

ability. Pad-4 enzymes are dysregulated in RA patients and their inhibition will treat the 

underlying cause of the disease rather than merely treating the symptoms, as I believe it will do 

the same in TMJD. PAD-4 inhibition is truly a new concept that can be used for treatment of 

TMJD. 

 

Table 27 - Included Studies (PAD-4 Best Available Evidence) 

 Study PAD-4 Blockers 

1.  
Haidaka et al., 

2005 

Methylation of the guanidino group of arginine residues prevents citrullination 

by peptidylarginine deiminase IV. 

2.  
Luo et al., 

2006 a 

A Fluoroacetamidine-Based Inactivator of Protein Arginine Deiminase 4: 

Deiminase 4: Design, Synthesis, and in Vitro and in Vivo Evaluation.  

3.  
Luo et al., 

2006 b 

Inhibitors and Inactivators of Protein Arginine Deiminase-4 Functional and 

Structural Characterization.  

4.  
Knuckley et 

al., 2008 

Profiling Protein Arginine Deiminase 4 (PAD4): A novel screen to identify 

PAD4 inhibitors. 

 

 The results of acceptable sampling process for blockers or inhibitors of SP biomarker has 

included papers 1, 2, 3, 4 and 5 (1: Olopatadine ophthalmic solution suppresses substance P 

release in the conjunctivitis models; 2: Treatment with a Substance P Receptor Antagonist Is 

Neuroprotective in the Intrastriatal 6-Hydroxydopamine Model of Early Parkinson’s Disease. 

Thornton; 3: A Selective Neurokinin-1 Receptor Antagonist in Chronic PTSD: a Randomized, 
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Double-Blind, Placebo-Controlled, Proof-of- Concept Trial; 4: Discovery of a Potent and 

Efficacious Peptide Derivative for δ/µ Opioid Agonist/Neurokinin 1 Antagonist Activity with a 2′, 

6′- Dimethyl-L-Tyrosine: In Vitro, In Vivo and NMR-Based Structural Studies; 5: Stress-induced 

reinstatement of alcohol-seeking in rats is selectively suppressed by the neurokinin 1 (NK1) 

antagonist L822429.) as best available evidence for possible interventions for treating TMJD. 

SP inhibitors are used in varied spectrum of pathologies such as in Parkinson’s disease and 

Posttraumatic stress disorder (PTSD). It has been implicated that SP is an important mediator of 

both inflammation and blood brain barrier dysfunction through its NK1 receptor in a process that 

is talked about in this research called neurogenic inflammation. The NK1 inhibitors such as N-

acetyl-L- tryptophan or L-333,060 reduces neuroinflammation, which is also the main cause of 

TMJD and bone resorption in the TM joint. 

Table 28 - Included Studies (SP Best Available Evidence) 

 Study SP Blockers 

1.  
Tamura et al., 

2012 

Olopatadine ophthalmic solution suppresses substance P release in the 

conjunctivitis models. Tamura t 2012 

2.  
Thornton et 

al., 2012 

Treatment with a Substance P Receptor Antagonist Is Neuroprotective in the 

Intrastriatal 6-Hydroxydopamine Model of Early Parkinson’s Disease.  

3.  
Mathew et al., 

2010 

A Selective Neurokinin-1 Receptor Antagonist in Chronic PTSD: a 

Randomized, Double-Blind, Placebo-Controlled, Proof-of- Concept Trial.  

4.  
Yamamoto et 

al., 2011 

Discovery of a Potent and Efficacious Peptide Derivative for δ/µ Opioid 

Agonist/Neurokinin 1 Antagonist Activity with a 2′, 6′- Dimethyl-L-Tyrosine: In 

Vitro, In Vivo and NMR-Based Structural Studies.  

5.  
Schank et al., 

2011 

Stress-induced reinstatement of alcohol-seeking in rats is selectively 

suppressed by the neurokinin 1 (NK1) antagonist L822429.  
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The results of acceptable sampling process for blockers or inhibitors of IL-17 biomarker has 

included papers 1 and 4 (1: LY2439821, a Humanized Anti–Interleukin-17 Monoclonal Antibody, 

in the Treatment of Patients With Rheumatoid Arthritis; 4: Brodalumab, an Anti–Interleukin-17–

Receptor Antibody for Psoriasis.) as best available evidence for possible interventions for 

treating TMJD. 

The humanized anti-IL-17 monoclonal antibody is already being used in a clinical trail for 

patients with Rheumatoid arthritis. The Brodalumab an anti IL-17 receptor antibody that is used 

for psoriasis is at phase II randomized double, placebo controlled study and it can be tested in 

patients with TMJD. 

  

Table 29 - Included Studies (IL-17A Best Available Evidence) 

 Study IL-17A Blockers 

1.  
Genovese et al., 

2010 

LY2439821, a Humanized Anti–Interleukin-17 Monoclonal Antibody, in the 

Treatment of Patients With Rheumatoid Arthritis.  

4.  Papp et al., 2012 Brodalumab, an Anti–Interleukin-17–Receptor Antibody for Psoriasis.  

   

  

IV.3 Conclusion 

 

IV.3.1 Limitation  

Marginal Patients; One of the limitations of this study was that we did not have a definitive 

chronic TMJD patients. Most patients were boarder line patients with complaints about pain in 

the joint. They were not the sever cases of the disorder. We also did not have definitive control 

subject. They all had some complaints about their TMJ pain or dysfunction. In order to validate 
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and have meaningful panel of TMJ biomarkers we need to have a large subject pool with 

distinct distribution of pathological stages and manifestations.  

Technical Limitations: We had technical difficulties obtaining the samples. Our method of 

sample collection perhaps was not the most efficient way of collecting samples. We injected 1ml 

of Novocain into the TMJ of the patients withdrawing right after injection. We tried to do a lavage 

of the joint this way to capture synovial fluid samples, but most often we obtained very little 

amount of our injection or the sample back. Most of what we injected would get absorbed into 

the joint and often we were unable to retrieve a workable quantity of samples. In other to do 

ELISA assay we were forced to dilute the sample (total of 6-8 fold dilution). This affected our 

results because most of the time we were at or below the detection limit of the ELISA kits and 

the results were meaning less. A better way of sample collection would have been to use the 

two-needle aspiration method where the joint is aspirated from top and sample is collect from 

the bottom part of the join. Collecting the first 2ml of the aspirate would be enough to do the 

experiments. 

 

IV.3.2 Future Studies  

Despite the limitations of this study, we were able to identify meaningful biomarkers of TMJD. 

The results of the translational research domain of this study can be expanded to a well-

constructed clinical trail, perhaps beginning with an animal study where we can better 

characterize the timeline of the TMJD. The pathology can be induced in an animal model and 

variety of accessible samples can be collected to monitor elevations of panel of biomarkers that 

are identified. 

The results of the translational effectiveness part of this study has identified the best available 

evidence associated with blocking or inhibiting the identified TMJD biomarkers and 

recommendations that can lead to future treatment interventional clinical studies. From the 

perspective of translational science and implementation of the results into the practice, the 
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panel of TMJD biomarkers can be used as a diagnostic tool for early detection, prevention and 

treatment of TMJD patients.   
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