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ABSTRACT 

 

 

Objective: Inflammatory mediators have been proposed to be biomarkers of 

painful Temporomandibular Disorders (pTMD). The aim of this study was to 

identify if salivary nerve growth factor (sNGF), an inflammatory mediator, is a 

marker of pTMD.  

Methods: Data from 124 participants with TMD and 97 controls were obtained 

from the National Institute of Dental and Craniofacial Research’s 

Temporomandibular Joint Implant Registry and Repository. pTMD diagnosis was 

determined by clinical examination conducted by calibrated clinicians using a 

Modified Craniomandibular Index (CMI), wherein the CMI examination items 

were redesigned to conform precisely to those specified for the Research 

Diagnostic Criteria for TMD. Participants completed questionnaires to assess 

pain, medical history, oral habits and demographics. Five milliliters of 

unstimulated whole saliva were collected from all participants on the same day of 

the clinical examination. Blinded laboratory assays were performed to measure 

the sNGF levels using commercially available ELISA kits. 

Results: The pTMD group contained more females (109/124; P = 0.0003) and 

was older (P < 0.0001) than the control group. Participants with pTMD did not 

show greater likelihood to have higher levels of sNGF than controls (OR = 0.92; 

P = 0.43). However, older participants with high sNGF levels were almost twice 

as likely to have pTMD as controls (OR = 1.87; P = 0.01). Moreover, pain 

intensity was positively associated (β = 0.38; P = 0.008) with sNGF levels in 

pTMD participants who reported pain greater than 4 (0-10 Numeric Rating Scale). 

pTMD participants taking anti-inflammatories had significantly lower levels of 

sNGF than those who did not (β = -0.73; P = 0.0004). 

Conclusion: Our results show that the likelihood of having pTMD is not related 

to higher levels of sNGF, except among older participants, high sNGF levels may 

contribute to worsening the pain severity. 
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RÉSUMÉ 

 

Objectif : Les médiateurs inflammatoires ont été proposés comme marqueurs 

biologiques des désordres de l’articulation temporo-mandibulaire (DTM). Le but 

de cette étude est d'identifier si le facteur de croissance nerveuse présent dans la 

salive (sFCN), un médiateur inflammatoire, est un marqueur de DTM.  

Méthode: Les données de 124 participants avec DTM et 97 témoins, sans DTM, 

ont été obtenues du « National Institute of Dental and Craniofacial Research’s 

Temporomandibular Joint Implant Registry and Repository ». Le diagnostique de 

DTM a été réalisé par examen clinique effectué par des examinateurs calibrées en 

utilisant l’indice craniomandibular (ICM) modifiée, dans lequel les questions de 

ICM ont été redessinés afin de se conformer exactement à celles spécifiées pour 

les Critères Diagnostiques de Recherche des Désordres Temporo-mandibulaires. 

Les participants ont rempli des questionnaires destinés à évaluer la douleur, les 

antécédents médicaux, les habitudes orales et la démographie. Cinq ml de salive 

non-stimulée ont été recueillis le même jour de l'examen clinique. Des tests de 

laboratoire en aveugle ont été réalisés pour mesurer les niveaux de sFCN en 

utilisant des kits « ELISA » disponibles sur le marché commercial.  

Résultats: La majorité des 124 participants dans le groupe de DTM étaient des 

femmes (P = 0.0003), et plus âgés que les 97 témoins (P < 0.0001). Les 

participants atteint de DTM n’étaient pas plus probables d’avoir des niveaux de 

sFCN significativement plus élevés que les témoins (OR = 0.92; P = 0.43). 

Toutefois, les participants plus âgés avec des niveaux plus élevés de sFCN étaient 

presque deux fois plus susceptibles d’être atteints de DTM que les témoins      

(OR = 1.87; P = 0.01). En outre, l‘intensité de la douleur était associée 

positivement (β = 0.38; P = 0.008) avec les niveaux de sFCN quand la douleur 

reportée variait de modérée à sévère (>4; 0-10 échelle d'évaluation numérique). 

Les participants prenant des anti-inflammatoires avaient des niveaux 

significativement inférieurs de sFCN à ceux qui n’en prenait pas (β = -0.73;         

P = 0.0004). 

Conclusion: Nos résultats indiquent que la probabilité d'avoir DTM n'est pas liée 

à des niveaux plus élevés de sFCN, sauf chez les participants plus âgés et les 

niveaux plus élevés de sFCN peuvent contribuer à l’aggravation de la sévérité de 

la douleur.  
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PREFACE 

 

 

The format of this thesis follows a manuscript-based format thesis. The 

manuscript included in this thesis discusses the original study on the levels of a 

salivary biomarker (i.e., nerve growth factor) associated with painful 

temporomandibular disorders. The first chapter consists of a brief introduction of 

the topic, which is followed, in the second chapter, by an up-to-date background 

regarding temporomandibular disorders, saliva samples and biomarkers. The aims 

of the study are presented in the third chapter, and a discussion about the 

methodology applied in this study is proposed in the fourth chapter, which is 

followed by the manuscript per se. Finally, the final discussion and conclusions 

are presented in the sixth and seventh chapters. 

The recognition of every author’s contribution to the manuscript of this 

study is presented in the next section.  
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CHAPTER 1 – INTRODUCTION  

 

Temporomandibular disorder (TMD) is nowadays an increasingly reported 

condition within populations worldwide. In the general population, where the 

prevalence of painful TMD (pTMD) ranges from 5% to 10% (3, 4), it is the 

second most commonly occurring musculoskeletal disorder, after back pain (5) 

and is more frequent among women (2%-18%) than men (0-10%) (6-8). pTMD is 

characterized by musculoskeletal pain in the muscles of mastication, the 

temporomandibular joint (TMJ), or both, and is often aggravated during jaw 

function (9). One in three individuals seeking care for pTMD still report persistent 

pain after 5 years of the treatment (10, 11).  

The specific mechanisms implicated in the persistence of pTMD are not 

clear (12). In fact, pTMD has been related to the dysregulation of pain modulatory 

systems involving the central and peripheral nervous systems and the immune 

system (13). A number of animal and human studies have been performed to 

identify biomarkers of pTMD (14-17). A biomarker is defined as a 

pharmacological or a physiological measurement that is used to indicate a normal 

biological or toxic event and has a particular feature that makes it useful for 

measuring disease progression or the effect of treatments (18-20).  

Nerve Growth Factor (NGF), a neurotropic protein often employed as an 

indicator of mechanical injury and inflammation, has been suggested as a possible 

pTMD biomarker (21). NGF is naturally found in certain glands and fluids of the 

body (e.g. blood and saliva), and is produced by mast cells, macrophages and 
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Schwann cells (22). NGF stimulates growth and maintenance of sympathetic and 

sensory nerve cells (23, 24). Cells deprived of NGF may undergo apoptotic 

changes and death (25). In addition, NGF is present in many forms of 

inflammation (22, 26), and is taken up by the tissues leading to hyperalgesia (27). 

In fact, pain is a very subjective experience that can vary greatly among 

individuals (28). Hence, it would be crucial to have a biomarker of pain status. 

We therefore evaluated the relationship between salivary NGF (sNGF) levels and 

pTMD. More specifically, we investigated whether: 

1) Participants with high levels of sNGF were more likely to have pTMD, 

regardless of the number of putative confounders; 

2) Levels of sNGF were positively related to pain status - pain intensity, 

pain subgroups (persistent and recurrent) and pain upon muscle palpation - 

regardless of the number of putative confounders.  

To our knowledge, no research exists addressing the magnitude of 

variations in sNGF levels between individuals with and without pTMD.
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CHAPTER 2 – LITERATURE REVIEW 

 

2.1 Painful Temporomandibular Disorders  

 

 It has been reported that TMDs have an impact on over 10 million to as 

many as 36 million adults in the United States of America (29, 30). TMDs are a 

group of disorders that affect the TMJ, the muscles of mastication or both (8). 

pTMD is characterized by musculoskeletal pain in the muscles of mastication, the 

TMJ, or both and is often aggravated during jaw function (9). TMDs are reported 

to be more common in females (2-18%) as compared to males (0-10%), with a 

female to male ratio ranging from 1.2 to 2.6 (7).  

 Among those affected, approximately half to two-thirds will seek 

professional care, with an annual cost estimated at $4 billion dollars (5). A 

number of individuals seeking treatment for TMD will progress to chronic pain, 

which is defined as a pain that has persisted beyond normal tissue healing time up 

to 3 to 6 months (31). In addition, many studies have demonstrated that pTMDs 

may cause individuals to be debilitated in relation to mastication, speech, and 

sleep; thus, pTMDs have an influence on decreasing individuals’ quality of life 

(32). The field of pTMD is experiencing countless changes in terms of etiology 

and treatment.  
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2.2 Epidemiology of Temporomandibular Disorders 

2.2.1 Prevalence of Painful Temporomandibular Disorders 

 

 

Prevalence is a term commonly used in epidemiological studies, and is 

defined as the proportion of a population found to have a condition within a 

particular period of time; thus, it is considered as a “measure of disease status” 

(33). Within literature, prevalence is usually separated in two different terms: 

period prevalence and point prevalence. Period prevalence is the number of 

people with a specific disease or condition in a period of time (34). Point 

prevalence is a measure of the proportion of people in a population who have a 

disease at a specific date (35). 

A great number of epidemiological studies have estimated the prevalence of 

TMD (Table 2.2.1). A study performed among 677 random Canadian adults (67% 

participation rate) reported an overall prevalence of 5.5% (pain in the TMJ while 

opening) and 7.5% (pain in the TMJ while chewing) (36). 

In a survey among 1,016 subjects from the Health Maintenance 

Organization (80% of participation rate) 12% of individuals reported pain in the 

muscles of the face, joint, and jaw in the last 6 months (37).  

A survey conducted among 897 Quebecers (64% response rate) showed that 

30% of participants reported at least one episode of pain in the muscles of 

mastication and jaw joints (38).  

A telephone survey conducted among 19,586 adult women in New York 

metropolitan area (60% participation rate) found that about 10% of those 
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participants reported pain in face or in the front of the jaw in the last six months 

(3).  

A population-based survey among 30,978 individuals (79% participation 

rate) from the National Health Institute Survey reported a prevalence of 5% of 

facial ache or pain in the jaw muscles or the joint in front of the ear (4). 

An OPPERA study among 3,263 participants showed that females aged 

between 35 and 44 years old reported the highest prevalence of pTMD (7.1%) in 

comparison to females aged 18 - 24 years old (3.5%). However, the authors did 

not show the overall prevalence for the total population (39). 

 

2.2.2 Incidence of Painful Temporomandibular Disorders 

 

Incidence is the proportion or rate of new conditions or diseases occurring 

in a defined population during a specified time period (34). Within the literature, 

two types of incidence can be found: incidence rate or density and cumulative 

Table 2.2.1. Prevalence of Painful Temporomandibular Disorders 

Authors, 

Year 

Study 

Design 

Sample 

Size 
Age Assessment Condition 

Prevalence 

% 

Locker    

et al., 1988 
Survey 677 18-65 

Telephone Survey/ 

Questionnaire 

TMJ pain while 

opening mouth 
7.5 

Von Korff 

et al., 1988 

Cohort/

Survey 
1,016 18-75 Symptom Checklist Orofacial Pain 12 

Goulet     

et al., 1995 
Survey 897 18+ 

Telephone Survey/ 

Questionnaire 
TMD Pain 30 

Janal       

et al., 2008 
Survey 782 18-75 

Telephone 

Survey/Clinical 
examination 

Myofascial 

TMD 
10 

Isong       

et al., 2008 
Survey 30,987 -  Self-reported 

Myofascial 

TMD 
5 

Slade       

et al., 2011 

Cohort/

Survey 
3,263 35-44 RDC/TMD TMD-like pain 7.1 
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incidence. Incidence rate is the number of new cases of a disease during a specific 

period of time divided by the total persons-time of observation (34). The 

denominator for incidence rate changes as persons originally at risk develop a 

disease during the period of observation. Cumulative incidence gives an 

estimation of the probability that an individual will develop a condition during a 

specific period of time (34).  

Some studies have assessed the incidence of TMD (Table 2.2.2). A cohort 

study performed in 1016 subjects from the Health Maintenance Organization aged 

between 18-65 reported a annual incidence of TMD of approximately 2.2% (40).  

Another study reported an overall annual incidence of 2.9% among 2,255 

adolescents 12 to 19 years of age over three years, and the annual incidence was 

higher among females (4.5%) as compared to males (1.3%) (41).  

More recently, a cohort study among 2,737 subjects in the USA reported an 

annual incidence of 3.9%. However, this cumulative incidence increased from 

2.5% (age 18 - 24) to 4.5% (age 35 - 44) per annum with increasing age (42). 

 

 

Table 2.2.2. Incidence of Painful Temporomandibular Disorders 

Authors, Year Study Design Sample Size Condition Annual Incidence % 

Von Korff et al., 

1993 
Cohort 1,016 Painful TMD  2.2 

Nilsson et al.,      

2007 
Cohort 2,255 Painful TMD  2.9 

Slade et al.,   

2013 
Cohort 2,737 Painful TMD  3.9 
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2.3 Diagnostic of Temporomandibular Disorders 

 

 

A number of classification systems have been proposed for the diagnosis of 

TMD including both systems used in this study: the Craniomandibular index 

(CMI) and the Research Diagnostic Criteria for Temporomandibular Disorders 

(RDC/TMD).  

 

2.3.1 Craniomandibular Index  

 

Fricton et al. were the first group to suggest the CMI in order to stipulate a 

standardized measurement of limitation of mandibular movement, muscle and 

joint tenderness, and TMJ sounds (43). In addition, similar to the RDC/TMD, this 

classification was based on clinical examination (43). The CMI was separated into 

two categories: Palpation Index, which is calculated by adding scores of 

tenderness on palpation of the muscles of mastication and TMJ; and Dysfunction 

Index, which is based on the examination of the TMJ function (43). 

 

2.3.1.1 Reliability and Validity of CMI Classification 

 

 

Several studies have been performed in order to validate the CMI. A study 

conducted by Fricton et al. presented that the validity of the CMI was reasonably 

accurate and could be used in clinical studies, but strict precautions should be 

taken into account by the examiners to ensure the replicability of results (44). 
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Pehling et al. analyzed the correspondence between the CMI and the 

RDC/TMD, and found a great significant agreement between them for the 

measurement of TMD severity (ICC = 0.97, P < 0.001). For all 12 participants in 

this study, the mean TMI score was 0.26 (SD 0.18) and CMI score was 0.26      

(SD 0.19) (45). 

 

2.3.2 Research Diagnostic Criteria for Temporomandibular Disorders 

 

More than 20 years ago, Dworkin and LeResche established an important 

classification for TMD, the well-known RDC/TMD, in order to reduce the 

variability of examination methods that was frequently noticed within studies 

(46). The RDC/TMD is a dual-axis method, wherein clinical examination      

(Axis I), as well as psychological status and pain-related disability (Axis II) are 

assessed among all subjects of a study (47).  

The RDC categorize TMD into three specific groups according to the 

frequency of factors among conditions: 

Group I: Muscle Disorders – a) Myofascial pain (MP) and b) MP with 

limited mouth opening. Myofascial pain is defined as a pain in the muscles of 

mastication or pain at palpation in at least three sites, with one of them at least on 

the same side as the reported pain. Myofascial pain with limited mouth opening is 

the pain in the mandibular area and/or muscles of mastication with limitation of 

the mouth opening, such as pain-free <40mm in unassisted opening and ≥5mm in 

passive stretch. 
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Group II: Disc Displacements (DD) – which can be: a) with reduction, 

characterized by stretching of the ligaments that hold the disc in place, producing 

a clicking-like sound and the joint is pain-free; b) DD without reduction with 

limited opening, characterized by absence of TMJ clicking and/or painful opening 

of ≤35mm and passive stretch of ≤4mm; c) DD without reduction without limited 

opening in which the ligaments are extended to the limit, and painful opening  

>35mm and passive stretch >4mm with contralateral excursion of more than       

7mm. DD is often defined as an abnormal relationship of the articular disc to the 

mandibular condyle and the articular eminence of the TMJ (46). 

Group III: Other common Joint disorders – such as arthralgia, which is the 

pain in the joint without crepitus; osteoarthritis that is a pain in the joint with 

crepitus; and osteoarthrosis, which is pain-free joint with crepitus.  

 

2.3.2.1 Reliability and Validity of RDC/TMD Classification 

 

 

A satisfactory measurement should provide exactly the same value if 

applied repeatedly by different examiners or by the same study group at a 

different point in time (48). Thus, reliability is also called reproducibility. Validity 

deals with the truthfulness of the measurement (49).  

The RDC/TMD diagnostic system has been widely used and translated into 

21 languages. A study conducted by John et al. investigated the reliability of 

clinical TMD diagnosis using definitions contained in the RDC/TMD. They 

looked into 10 assessment trials conducted by international clinical centers       
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(San Francisco, Portland, USA; Singapore; Sydney, Australia; Amsterdam, The 

Netherlands; Heidelberg, Germany; Zurich, Switzerland; Naples, Italy; Linkoping 

and Malmo, Sweden), which involved 30 clinical TMD specialist examiners who 

assessed 230 subjects. Volunteers were included as healthy controls. Reliability 

assessment for RDC/TMD was conducted within each clinical center and between 

centers by computing the Intraclass Correlation Coefficients (ICC), which is a 

measure of similarity of units that share the same quantification procedure. 

Results showed fair to good reliability for MFP with and without limited mouth 

opening (ICC = 0.51 and 0.60), disc displacement with reduction (ICC = 0.61), 

and arthralgia (ICC = 0.47). The reliability of diagnostic classification improved 

when diagnoses were grouped into pain versus non-pain diagnosis (ICC = 0.72) 

(50). 

A study conducted by Schiffman et al. presented a modified version of the 

RDC/TMD currently called Diagnostic Criteria for TMD (DC/TMD). They found 

a satisfactory sensitivity and specificity for myalgia (0.90 and 0.99, respectively), 

arthralgia (0.89 and 0.98, respectively), myofascial pain (0.86 and 0.98 

respectively), and headache attributed to TMD (0.89 and 0.87 respectively). On 

the other hand, a medium sensitivity and specificity were found for DD with 

reduction (0.34 and 0.92, respectively), DD with reduction with intermittent 

locking (0.38 and 0.98, respectively), DD without reduction with limited opening 

(0.80 and 0.97, respectively), DD without reduction without limited opening (0.54 

and 0.79, respectively), and degenerative disease (0.55 and 0.61, respectively) 

(51). 
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2.4 Etiopathogenesis of Temporomandibular Disorders 

 

 

Initially, TMD was believed to be related simply to malocclusion and 

unsuitable jaw position (52). Over the years, improvements in the understanding 

of the biomechanics, neuromuscular physiology, and mechanisms of pain led to 

significant changes in the rationale related to the cause of TMDs (30).  

Nowadays, TMDs are described as having a multifactorial etiology (53, 54). 

Engel et al. first proposed the term biopsychosocial, which compiles biological 

psychological, and social factors (55). Dworkin and LeResche suggested a 

biopsychological model of chronic pain development and understanding of 

pTMD. This model described the variability in the individual pain experience 

(46). 

Contemporary biopsychosocial models of chronic pain attribute an 

important role of psychosocial factors in contributing to the experience of chronic 

pain (56). In fact, chronic pain is a multidimensional and complex condition since 

it is related to subjectivity and private experience, such as the implication of the 

emotional-affective system, pain behavior, and environmental factors (57). In 

recent years, based on the biopsychosocial model, several contributing factors 

have been proposed for pTMD, such as grinding, clenching, comorbidities, 

trauma, psychological factors, gender and age. The model that succeeded the one 

proposed by Dworkin and LeResche presented that TMD is also affected by risk 

factors as suggested by biopsychosocial models, such as pain amplification,      

pro-inflammatory states, and impaired pain regulation (58).  
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2.5 Mechanisms of Pain 

2.5.1 Peripheral Mechanisms and Sensitization 

 

 

The facial muscles and TMJ are innerved by nerve afferent fibers of the 

trigeminal nerve and, in the orofacial tissues, these afferent fibers finish as free 

nerve endings (59). Free nerve endings are considered nociceptors since they are 

activated by noxious stimuli which is defined as “an actually or potentially tissue 

damaging event” (60). These fibers respond to peripheral stimulation of tissues 

(61, 62), and recognize the occurrence of noxious stimulus (59). Two fiber types 

(Aδ and C-fibers) are in charge of conducting nerve impulses into central nervous 

system (63). In fact, Aδ fibers are myelinated, medium-diameter fibers, 

responsible for fast conduction, acute and sharp pain. While C-fibers are non-

myelinated, small-diameter, responsible for slow conduction and diffuse pain 

(64). 

Damage or injury to tissue is 

always followed by an 

inflammatory process (65). 

Immediately after the damage, 

some chemical mediators (e.g., 

NGF, histamines – Figure 2.5.1) 

are released at the site of injury and 

increase the excitability (66, 67). 

The activation of the afferent fibers 

Figure 2.5.1. Chemical mediators involved in 

inflammation-related peripheral sensitization. From 

Ringkamp et al. Copyright 2011 by Ian Suk. 

Reproduced with permissions (1).  
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initiates the conduction of nerve impulses to the central nervous system (63). In 

the case of the persistence of the stimulus, a considerable modification of the 

peripheral nervous system and a sensitization of the nerve fibers will occur, 

consequently leading to a hyperalgesia of the nociceptors (65) to such an extent 

that even a low intensity stimulus can trigger them; in fact, this phenomenon is 

extensively reported as peripheral sensitization (68). This event comes after the 

activation of many mediators, including inflammatory mediators, and is followed 

by the reduction of the threshold of nociceptors (65). Some chemical irritants, 

such as capsaicin, when applied to a tissue may display a similar mechanism of 

action (hyperalgesia), as well as an intense response to an innocuous noxious 

stimuli (allodynia) and even spontaneous activity (63).  

Therefore, nociceptors may translate thermic, chemical, or mechanical 

stimuli into an electrical stimulus which will pass on to the central nervous system 

and be interpreted by the cerebral cortex as pain (65). The mechanisms involved 

in the peripheral sensitization of orofacial nociceptive endings have been studied 

for over two decades; however, they have not been completely elucidated (1, 63). 

 

2.5.2 Central Mechanisms and Sensitization 

 

During the pathway of pain from nerve cells into the central nervous system 

(Figure 2.5.2) some changes may occur in the spinal cord showing that this is a 

dynamic process (64, 69) which leads to an expanded response of the neurons in 

the central nervous system or, in the case of orofacial pain, in the trigeminal 
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nerve. After this process there is a facilitation of the passage of the signal, which 

will then be recognized as pain. 

Central sensitization is characterized by pronounced changes of the 

response effects of the neurons in superficial, profound and ventral cords during 

inflammation (70). It is usually observed after cutaneous inflammation, cutaneous 

capsaicin application and 

inflammation in the joint, 

muscle and viscera (70).  

In fact, a number of 

neurons respond to stimulation 

in damaged tissue after 

sensitization. Furthermore, 

central sensitization may 

persist for days or even weeks 

considering the variety of 

stages of neurons’ acute and 

chronic inflammation (71, 72). 

 

2.6 Pain Mediators 

 

 

As illustrated in the figures 2.5.1 and 2.5.2, there are many mediators 

involved in peripheral and central mechanisms of pain, such as histamine, 

bradykinin, prostaglandin, substance P and NGF.  

Figure 2.5.2. Scheme showing inflammatory mediators 

released at the site of tissue injury that go through peripheral 

(nerve fibers) to central mechanisms (spinal cord and brain). 

Reproduced with permissions (2). 
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2.6.1 Nerve Growth Factor  

 

A well-known pain mediator assayed in this study was NGF. It was first 

tracked down more than six decades ago and was described as a substance present 

in the body that is capable of inducing neuritis outgrowth in explants from 

sympathetic and sensory ganglia (73). Nowadays, NGF is defined as a neurotropic 

protein naturally found in certain glands and body compartments (e.g., synovial 

fluid, blood, saliva and muscles tissues), and that stimulates the growth of 

sympathetic and small diameter sensory nerve cells (23, 24). NGF is mostly 

produced in the mast cells, macrophages and Schwann cells (22), and plays an 

essential role for the survival and maintenance of sympathetic neurons (74). The 

cells deprived on NGF may undergo apoptotic changes and death (25, 75). 

 

2.6.1.1 NGF: Peripheral and Central Mechanisms of Pain  

 

 

NGF is evident in many forms of inflammation (22, 26), and is taken up by 

the tissues leading to hyperalgesia (27). A number of previous studies have 

reported that the injection of NGF leads to pain responses like hyperalgesia, 

allodynia and muscle sensitization (27, 76-79).  

Malik et al. observed a rapid onset hyperalgesia with a significant decrease 

in mechanical nociceptive threshold after 10 minutes of the injection of NGF on 

the dorsum of the hind paw of male rats (76).  

A recent experimental study conducted by Wu et al. on rats showed that 

hippocampal NGF was upregulated by TMJ inflammation induced by complete 
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Freund adjuvant injection into the bilateral TMJs and it may be involved in 

allodynia of inflammatory TMJ pain (79).  

Svensson et al., in a randomized double-blind placebo study among 12 

healthy male subjects (mean age of 24.8 ± 2.8 years), found that NGF injection in 

the masseter muscle was associated with a decrease in pressure pain threshold, 

and with local signs of mechanical allodynia and hyperalgesia within seven days 

after administration of the substance (27). 

Andersen et al., also in a double–blinded placebo controlled study among 

20 healthy individuals, noticed a local hyperalgesia and increased muscle soreness 

after the injection of NGF in the tibialis anterior muscle in comparison to the 

contralateral site (77). 

In another randomized and placebo controlled experiment among 10 healthy 

subjects, Nie et al. noted higher pain ratings during temporal summation, and 

muscle soreness responses in the NGF-injected side of the trapezius in 

comparison to the contralateral side (78). 

However, a case-control study did not find a significant difference in the 

levels of NGF in plasma, synovial fluid and masseter muscle, between 27 pTMD 

participants and 23 controls without TMD (16). This discrepancy between studies 

may be related to TMD pain characteristics and/or confounders, and body 

compartments since the mean levels of NGF in human body vary largely within 

studies and fluids of assessment (16, 80-85). Salivary glands represent the largest 

source of circulating NGF in animal models (68). 
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2.7 Saliva as a Diagnostic Tool 

 

 

Blood is historically and widely the chosen fluid for assessing any systemic 

condition until now. However, blood collection may imply some risks to subjects, 

which includes pain, discomfort and possible infection (86). These risks make the 

collection of this type of body fluid less recommendable for children and older 

subjects. Hence, saliva has many advantages compared to other bodily fluids, 

such as blood.  

Collecting saliva samples has numerous advantages: a) it is basically      

non-invasive, thus generally preferred by individuals, especially children; b) it has 

a great participation rate (>70%) obtained in previous studies, which reduces the 

chances of selection bias (87, 88); c) it is stress-free and safe; d) it can also allow 

repeated sampling for serial measurement; and e) it is usually performed by the 

subject of analysis with the supervision of a trained person, which makes this 

method less costly since it does not require a trained phlebotomist. However, 

salivary flow and diurnal rhythm can vary and this may affect some parameters of 

investigation (89). 

Human saliva is composed of 98% water and 2% of other compounds, such 

as antibacterial composites and multiples enzymes (90). It has multiple functions 

including: food digestion, food and bacterial clearance, lubrication of soft tissues, 

bolus formation, dilution of detritus, swallowing, immune-related functions, 

speech, taste and facilitation of mastication (86, 90, 91).  

 



18 

 

Even though all these functional components have been identified in saliva, 

numerous molecular functions in the oral cavity remain unknown. Recent 

evolution in proteomic, genomic and metabolomic techniques has advanced the 

sensitivity and improved the extension of usefulness in the diagnosis (90). For the 

past 25 years, salivary diagnostics have been explored for the detection of oral 

diseases, permitting the assessment of periodontal diseases, as well as caries’ risk 

(92-99).  

Salivary biomarkers can be analyzed from unstimulated whole saliva, 

resting saliva or stimulated saliva from specific gland pairs (such as parotid or 

submandibular-sublingual pairs) (86). Unstimulated whole saliva is defined as the 

saliva present in the oral cavity for the majority of a 24-hour period. Unstimulated 

whole saliva is usually correlated to systemic conditions more accurately than 

stimulated saliva because the materials used to stimulate flow may change 

salivary composition (as it induces a higher production of saliva resulting in 

diluted composition) (100). Whole saliva is mainly composed of fluids produced 

by major and minor salivary glands (101). Major salivary glands including 

parotid, submandibular, and sublingual glands, secrete fluid transported from 

serum and glandular tissues (101). 

A number of measurement tools can be applied to analyze salivary 

composition. Despite that, in the literature the majority of analyses in saliva are 

done using Enzyme-Linked Immunosorbent Assays (ELISAs) because of their 

feasibility, reliability, and precision (86, 90, 101-103).  
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However, traditional ELISAs generally measure a single biological marker; 

thus, sample volume requirements increase dramatically if multiple biomarkers 

are to be measured (86). 
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CHAPTER 3 – STUDY OBJECTIVES 

  

 

The main objective of this study was to evaluate the relationship between 

sNGF levels and pTMD. 

More specifically, we investigated whether: 

1) Participants with high levels of sNGF were more likely to have pTMD, 

regardless of the number of putative confounders; 

2) Levels of sNGF were positively related to a difference in pain status - 

pain intensity, pain subgroups (persistent and recurrent) and pain upon 

muscle palpation - regardless of the number of putative confounders.  
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CHAPTER 4 – METHODOLOGY 

 

 

In this chapter, a painstaking description of the database, ethics, study 

design and population, data collection, saliva collection, saliva and statistical 

analysis applied in this study was accomplished. 

 

4.1 Database – National Institute of Dental and Craniofacial Research’s 

Temporomandibular Joint Implant Registry and Repository 

 

 

pTMD participants (cases) and controls were selected from the National 

Institute of Dental and Craniofacial Research’s Temporomandibular Joint Implant 

Registry and Repository (NIDCR’s TIRR). This database is held by University of 

Minnesota (UMN), Minneapolis, Minnesota, United States of America. NIDCR’s 

TIRR retains clinical information including TMD signs and symptoms, other 

medical findings, laboratory data, fluid samples (i.e., saliva and serum), imaging 

and dental records, surgical and implant data, as well as demographics (104). 

 

4.2 Ethics 

 

 

The first protocol of this study was approved by the UMN’s research ethics 

committee before the beginning of this study. After having been explained about 

their participation in the study, all participants who agreed to participate signed a 

consent form (Appendix). The research ethics committee and institutional review 

board of the Jewish General Hospital, Montreal, Canada approved the second 
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protocol of this study since the database and saliva samples were kept at the 

Jewish General Hospital on a secured computer and laboratory, respectively.  

 

4.3 Study Design and Population 

 

 

In this case-control study, 124 pTMD case participants and 97 controls were 

selected from the NIDCR’s TIRR. These NIDCR’s TIRR participants consisted of 

those recruited between 2006 and 2009 from the UMN.  

Participants who agreed to participate signed a consent form. The 

Institutional Review Boards from the University of Minnesota (UMN), 

Minneapolis, USA, and from the Jewish General Hospital, Montreal, Canada, 

approved this study. 

All participants who were unable to read in English, under 18 years of age 

and/or with rare diseases such as tuberculosis, liver diseases, hepatitis, 

Parkinson’s disease, multiple sclerosis, sickle cell anemia, sexually transmitted 

disease, and human immunodeficiency virus were excluded from the NIDCR’s 

TIRR. Myers et al. have published detailed data about the NIDCR’s TIRR (104). 

Only pTMD subjects and controls who had received clinical examinations 

between 2006 and 2009 participated in this case-control study. The objective of 

this approach was two-fold: 1) to recruit controls from the same time period as the 

cases and 2) have both groups examined by the same calibrated examiners.  
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4.3.1 Cases Selection 

 

In this study, the CMI examination was performed by calibrated examiners 

at the UMN Oral Health Research Center. According to the NIDCR’s TIRR 

examiners, the pTMD case group was composed of individuals diagnosed with 

pTMD (see section 2.3). It was decided to recruit cases only between 2006 and 

2009 in order to have cases and controls selected from the same base and time 

period, since controls were only recruited in this specific time frame.  

 

4.3.2 Controls Selection 

 

Controls, individuals without TMD, were outpatients selected from the 

dental clinic at UMN between 2006 and 2009 for problems other than pTMD. 

These participants could not have any orofacial pain. 

 

4.4 Assessments and Data Collection 

4.4.1 Diagnosis – Primary Outcome 

 

 

The primary outcome, pTMD diagnosis, was determined by clinical 

examination using a modified CMI wherein the items were redesigned to conform 

to those found on the RDC/TMD (46).  
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4.4.1.1 Pain Assessment 

 

 

Another primary outcome in this study is current pain intensity which was 

assessed using the question from the Graded Chronic Pain Scale (GCPS) (105) 

(Appendix): “How would you rate the worst pain at present time?”. Pain intensity 

was a measure that was considered in this study as being more susceptible to the 

incurrence of recall bias since participants had to report the level of pain intensity 

of their pain in the past 6 months; thus, we only performed additional analyses on 

current pain intensity. 

Worst and average pain intensities in the past six months were secondary 

outcomes and were assessed using the following questions from the GCPS:  

1) “In the past six months how intense was your worst pain?”;  

2) “In the past six months, on the average, how intense was your pain?”  

The purpose of each of the above questions is to inquire about participants’ 

rating of their pain intensity in a range from 0 (no pain) to 10 (pain as bad as it 

could be).  

pTMD was classified in pain subgroups as persistent or recurrent using the 

question from the NIDCR’s TIRR questionnaire and RDC/TMD (Appendix):  

1) “What is the pattern of your worst problem?”, possible answers: 

recurrent, persistent or one time only. 

 

 



25 

 

4.4.2 Putative Confounders 

 

 Confounding is a distortion of the exposure-outcome association due to its 

mutual association with another factor (49). More specifically, a confounder must 

be associated with E and D and cannot be in the causal pathway between E and D.  

The following putative confounders, measured using a detailed NIDCR’s 

TIRR questionnaire (self-reported assessment - see appendix), were included in 

the analyses: 

Oral habits - clenching or grinding - since previous studies demonstrated 

that injection of NGF into the masseter muscle causes hyperalgesia as well as pain 

during jaw movement (21), and clenching appears to be associated with 

craniofacial pain (106). 

Periodontal treatment, which has been described as a factor that can 

influence the levels of many mediators in saliva (92, 98) and is associated with 

pain and oral inflammation. 

Alcohol intake (yes/no), which can influence the amount of saliva and many 

inflammatory oral diseases (107).  

Back pain, which has been related to the odds of having pTMD (9, 109) and 

degenerated disc tissues were showed as containing high levels of NGF (108). 

Stress was also taken into account because it has been indicated that 

stressful events induce an increase of NGF into the bloodstream (110) and has 

been related to TMD (111). 
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4.4.3 Saliva Collection  

 

Participants were instructed to avoid eating, chewing gum, or drinking any 

liquid, except water, for two hours before the sampling.  

On the day of the clinical examination, unstimulated whole saliva was 

obtained in the morning between 8am and 12pm by asking participants to swish 

and rinse mouth with clean water and expectorate, then the water was discarded. 

After the oral rinse they were asked to spit saliva into a 50 cc Falcon tube for       

5 minutes. Participants should sit quietly without talking, with the head tilted 

slightly forward. Collection should be without effort; the participant should not 

try to work up saliva. As soon as some saliva collects in the mouth, the participant 

should spit into the tube, and the Falcon tube is then placed on ice during the 

collection. 

At the end of 5 minutes, the ice bucket with the saliva sample was 

transported to the Repository laboratory. The saliva was transferred to 

microcentrifuge tubes and centrifuged at 10,000g for 20 minutes at 4ºC. The 

supernatant was then transferred to microcentrifuge tubes, into 0.5 ml aliquots 

which were then stored at -80ºC (0.5 ±0.1 ml volume/aliquot). Saliva specimens 

were sent in a frozen container from the NIDCR’s TIRR in Minnesota to the 

Jewish General Hospital in Montreal, where they were kept in the laboratory 

directed by Drs. Gornitsky and Schipper at -80ºC until analyzed.  
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4.5 Saliva Analysis 

 

 

 In this investigation, free mature NGF concentrations in saliva were 

measured using ELISA (NGF Emax® ImmunoAssay System, Promega, Madison, 

USA). In the laboratory, the ELISA plates were coated with Anti-NGF Polyclonal 

Antibody and incubated overnight at 4ºC. The freshly prepared NGF standards 

and samples were loaded; the plate was sealed and incubated for six hours at room 

temperature. The second specific monoclonal antibody was added to the plate and 

incubated overnight at 4°C. Then, the plate was incubated with Anti-Rat IgG HRP 

Conjugate for 2.5 hours at room temperature. Absorbance values were measured 

in a microplate reader at 450nm, within 30 minutes of stopping the reaction        

(Bio-Rad Benchmark Plus, Hercules, USA). The limit of detection was 1 pg/ml.  

 

4.6 Statistical Analysis 

 

 

 Descriptive analyses were performed to evaluate the distribution of sNGF 

levels within groups. Chi-square was used to compare dichotomous (e.g., gender) 

or categorical variables (e.g., anti-inflammatory intake) between pTMD and 

control groups. Student’s t-test was used to compare the means of samples 

between case and controls or between pain status and controls. 

 Univariate and multivariate logistic regression analyses were performed in 

order to determine the likelihood that pTMD cases (dependent variable) would 

have higher levels of sNGF (independent variable) in comparison to controls. 

These analyses were adjusted by putative confounders (see section 4.5.2).      
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Odds ratios (OR) and their 95% confidence intervals (95% CI) were estimated. 

OR is defined as the ratio of exposure odds among cases to exposure odds among 

controls (33), and odds is the chance or likelihood of something happening or 

being the case. A logarithmic transformation was applied to the sNGF values to 

achieve a normal distribution (Figure 1).  

Pearson product-moment correlation coefficients were used to assess linear 

associations between sNGF levels, periodontal disease, headache, pain frequency, 

pain upon muscle palpation, TMJ surgery and TMJ implant procedures. 

Analysis of variance (ANOVA) was used to assess the mean difference of 

sNGF (dependent variable) between participants exposed and not exposed to the 

putative confounders. Means and 95% confidence intervals (CI) were estimated.   

Multivariate linear regression analyses were used to determine if changes in 

sNGF levels (independent variables) are associated with pain intensity (dependent 

variables). Beta and 95% CI were estimated in those analyses.  

 These logistic and linear regression analyses were both performed for the 

following groups: 1) TMD cases versus controls, and 2) among pTMD 

participants with pain greater than 4 (0-10 NRS) and controls. These analyses 

were also stratified by gender and age. For this study, any participant 50 years of 

age and above was considered as an older person.  

Analyses were performed with SAS version 9.3 software (Statistical 

Analysis System; Institute Inc, Cary, North Carolina, USA) and the level of 

significance was set at α = 0.05.  
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4.7 Power Analysis 

 

 

Post-hoc power analyses were executed for the results presented in the 

manuscript and are described in this section.  

We do not have any prior study describing the sizes of correlation or OR, 

nor the difference in means of sNGF between pTMD and controls, to calculate the 

appropriate sample size for the primary analysis: logistic regression (Table 1) and 

linear regression (Table 2).  

Our hypothesis was that high levels of sNGF were moderately correlated 

with pTMD (from 0.25 to 0.40). Another hypothesis was that high levels of sNGF 

were positively correlated to current pain intensity with a correlation rating from 

0.30 to 0.40, and that this correlation would be high among TMD participants 

with moderate to severe pain intensity (>0.30). Using these correlations and 

α = 0.05 (two sided test), the required sample size with power of 80% would 

range between 85 and 123. This sample size was calculated based on the form 

described by Lachin (1981) (112).  

Another hypothesis was that if the true difference between cases and 

controls means is 0.15, and that standard deviation is 1.34, it would be necessary 

to include 1128 cases and 1410 controls to be able to reject the null hypothesis 

that the population means between these groups are equal with probability 

(power) of 80%.  The Type I error probability associated with this test of this null 

hypothesis is 0.05. The software Power Samples size version 3.0 was used for 

conducting this analysis. 
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4.7.1 Post-hoc Power Analysis 

4.7.1.1 pTMD and Log sNGF 

 

 

In our study, we found a very low correlation of 0.05 between pTMD and 

log sNGF, as well as OR = 1.00 (Table 1). Note that the necessary sample size 

would be 2500 participants per group in order to obtain a power of 80%, 

considering these effects and alpha of 5%. 

  

4.7.1.2 Current Pain and Log sNGF 

 

We also found a very low correlation (r = 0.08) between current pain 

intensity and log sNGF. Taking into account this correlation and alpha of 5%, the 

required sample size for achieving a power of 80% would be 1224 participants per 

group. 

The non-significant associations previously described (sections 4.7.1.1 and 

4.7.1.2) are not due to a small sample size, but to a low magnitude of associations.  

These low associations could be due to:  

1) sNGF is not related to all TMD diagnosis, but to a sub-group. Our results 

suggest that sNGF is related to a subgroup that may be more common among 

elders, and cases with moderate to severe pain. 

2) Low levels of sNGF were found among pTMD because they were using a 

medication to manage their pain. Even if this cannot be completely excluded; the 

magnitude of the effect almost did not change when the analysis was stratified by 

use (cases: β = 5.36, 95% CI: 4.58 – 6.13; and controls: β = 5.55, 95% CI:       
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3.70 – 7.40) or not of anti-inflammatories (cases: β = 6.53, 95% CI: 6.20 – 6.85; 

and controls: β = 6.62, 95% CI: 6.21 – 7.02) (P = 0.0005). 
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ABSTRACT 

 

Inflammatory mediators have been proposed to be biomarkers of painful 

Temporomandibular Disorders (pTMD). The aim of this study was to identify 

salivary nerve growth factor (sNGF), an inflammatory mediator, as a marker of 

pTMD. Data from 124 participants with TMD and 97 controls were obtained from 

the National Institute of Dental and Craniofacial Research’s Temporomandibular 

Joint Implant Registry and Repository. pTMD diagnosis was determined by 

clinical examination conducted by calibrated clinicians using the Research 

Diagnostic Criteria for TMD. Participants completed questionnaires to assess 

pain, medical history, oral habits and demographics. Five milliliters of 

unstimulated whole saliva were collected from all participants on the same day of 

the clinical examination. Blinded laboratory assays were performed to measure 

the sNGF levels using commercially available ELISA kits. The pTMD group 

contained more females (109/124; P = 0.0004) and was older (P < 0.0001) than 

the control group. Participants with pTMD did not show greater likelihood to have 

higher levels of sNGF than controls (OR = 0.92; P = 0.43). However, older 

participants with high sNGF levels were almost twice as likely to have pTMD as 

controls (OR = 1.87; P = 0.01). Moreover, pain intensity was positively 

associated (β = 0.38; P = 0.008) with sNGF levels within pTMD participants who 

reported pain greater than 4 (0-10 Numeric Rating Scale). pTMD participants 

taking anti-inflammatories had significantly lower levels of sNGF than those who 

did not (β = -0.73; P = 0.0004). Our results show that the likelihood of having 

pTMD is not related to higher levels of sNGF, except among older participants, 

high sNGF levels may contribute to worsening the pain severity. 

 

 

Keywords: Nerve Growth Factor; Human Saliva; Temporomandibular Disorders.
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INTRODUCTION 

 

Temporomandibular disorder (TMD) is a commonly and increasingly 

reported condition in the general population with a prevalence ranging from 5% to 

10% (3, 4). It is the second most commonly occurring musculoskeletal disorder, 

after back pain (5), and is more frequent among women (2% - 18%) than men     

(0 - 10%) (6-8). Painful TMD (pTMD) is characterized by musculoskeletal pain in 

the muscles of mastication, the temporomandibular joint (TMJ), or both, and is 

often aggravated during jaw function (9). One in three individuals seeking care for 

pTMD reports persistent pain after 5 years of treatment (10, 11).  

The specific mechanisms implicated in the persistence of pTMD are not 

completely explained (12), but have been related to the dysregulation of the pain 

modulatory systems (13). 

A number of animal and human studies have been performed to identify 

biomarkers of pTMD (14-17). A biomarker is defined as a pharmacological or 

physiological measurement that is used to indicate a biological or toxic event and 

has a feature that makes it useful for measuring disease progression or the effect 

of treatments (18, 19).  

Nerve Growth Factor (NGF), a neurotropic protein often employed as an 

indicator of mechanical injury and inflammation, has been suggested as a possible 

pTMD biomarker (21). NGF is naturally found in certain glands and fluids of the 

body (e.g. blood and saliva), and is produced by mast cells, macrophages and 

Schwann cells (22). NGF stimulates growth and maintenance of sympathetic and 
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sensory nerve cells (23, 24). Cells deprived of NGF may undergo apoptotic 

changes and death (25).  

NGF is present in many forms of inflammation (22, 26), and is taken up by 

the tissues leading to hyperalgesia (27, 113, 114). Malik et al. observed a rapid 

onset hyperalgesia with a significant decrease in mechanical nociceptive threshold 

after 10 minutes of the injection of NGF on the dorsum of the hind paw of male 

rats (76). Nie et al. found, in a randomized and placebo controlled experiment 

among 10 healthy subjects, higher pain ratings during temporal summation, and 

muscle soreness responses in the NGF-injected side of the trapezius in 

comparison to the contralateral side (78). 

However, in a case-control study including 23 TMD cases and 27 controls, 

levels of NGF in plasma, synovial fluid of TMJ and masseter muscle were not 

statistically significantly different between groups (16). This discrepancy among 

animal, healthy, and clinical TMD studies with respect to the role of NGF may be 

related to TMD pain characteristics and confounders (e.g., gender and age).  

Pain is a very subjective experience and can vary considerably from one 

individual to another (28). Thus, it would be crucial to have a biomarker of pain 

status. Furthermore, it is important to assess which confounders might modify the 

association between pTMD and salivary NGF (sNGF). Only limited information 

is available about sNGF saliva in pTMD and we therefore evaluated the 

relationship between sNGF levels and pTMD in this study.  
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More specifically, we investigated whether: 

1) Participants with high levels of sNGF were more likely to have pTMD, 

regardless of the number of putative confounders; 

2) Levels of sNGF were positively related to pain status - pain intensity, 

pain frequency and pain upon muscle palpation - regardless of the number of 

putative confounders.  
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METHODS 

Study Design and Population 

 

We conducted a case-control study in which 124 pTMD participants and 97 

controls were selected from the National Institute of Dental and Craniofacial 

Research's Temporomandibular Joint Implant Registry and Repository (NIDCR’s 

TIRR).  

Participants who agreed to participate signed a consent form. The 

Institutional Review Boards from the University of Minnesota (UMN), 

Minneapolis, USA, and from the Jewish General Hospital, Montreal, Canada, 

approved this study. 

All participants who were unable to read in English, under 18 years of age 

and/or with rare diseases such as tuberculosis, liver diseases, hepatitis, 

Parkinson’s disease, multiple sclerosis, sickle cell anemia, sexually transmitted 

disease, and human immunodeficiency virus were excluded from the NIDCR’s 

TIRR. Myers et al. have published detailed data about the NIDCR’s TIRR (104). 

Only pTMD subjects and controls who had received clinical examinations 

between 2006 and 2009 participated in this case-control study. The objective of 

this approach was two-fold: 1) to recruit controls from the same time period as the 

cases and 2) have both groups examined by the same calibrated examiners.  
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Painful Temporomandibular Disorder Diagnosis 

 

TMD diagnosis was determined by clinical examination performed by 

calibrated examiners at the UMN using Modified Craniomandibular Index (CMI), 

wherein the CMI examination items were redesigned to conform precisely to 

those specified for the Research Diagnostic Criteria for TMD (RDC/TMD) (46). 

Patients with pain in the muscles of mastication, the TMJ, or both, were included 

in this study. Controls were participants without the diagnosis of TMD and they 

could not have any orofacial pain.  

 

Pain Assessment and Data Collection  

 

Pain intensity was assessed using the Graded Chronic Pain Scale (GCPS), 

on a 0-10 numeric rating scale (NRS) in response to the following questions:      

1) “How would you rate the worst pain at present time?” 2) “In the past six 

months how intense was your worst pain?” 3) “In the past six months, on the 

average, how intense was your pain?” (40). Based on a previous publication, 

specific cutoffs for pain intensity were determined (mild: 1-4, moderate: 5-6, and 

severe: 7-10) (115). 

In addition, participants were classified into TMD subgroups of persistent or 

recurrent pTMD by answering the following questions: 1) “What is the pattern of 

your worst problem?”, with the possible answers being: recurrent, persistent or 

one time only.  
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Putative Confounders 

 

In this study, anti-inflammatory intake, oral habits (i.e., clenching or 

grinding), periodontal treatment, alcohol intake, back pain, gender, and age were 

considered putative confounders as previous studies have demonstrated that these 

variables may be related to NGF levels and pTMD (27, 108, 110, 116, 117). 

 

Saliva Collection and Analysis 

 

On the day of the clinical examination, unstimulated whole saliva was 

obtained in the morning between 8am and 12pm by asking participants - 

following oral rinsing - to spit for 5 minutes into a 50-ml graduated sterile tube 

that was then kept on ice. After collection, the saliva was transferred to 

microcentrifuge tubes and centrifuged at 10,000 rpm for 20 minutes at 4ºC. The 

supernatant was divided among microtubes, making 0.5ml aliquots, which were 

then stored at -80ºC (0.5 ±0.1 ml volume/aliquot). Saliva specimens were sent in a 

frozen container from the NIDCR’s TIRR in Minnesota to the Jewish General 

Hospital in Montreal, where they were kept in the laboratory directed by           

Dr. Gornitsky and Dr. Schipper at -80ºC until analyzed.  

A blinded laboratory assessment was performed by an expert researcher at 

the Lady Davis Institute, Jewish General Hospital. Free, mature NGF levels in 

saliva were measured by Enzyme-Linked Immunosorbent Assay (ELISA) as per 

the manufacturer's protocol (NGF Emax® ImmunoAssay System, Promega, 

Madison, USA). The plates were then read on a microplate reader at the 
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wavelength of 450 nm (Bio-Rad Benchmark Plus, Hercules, USA). The limit of 

detection was 1 pg/ml. 

 

Statistical Analysis 

 

Descriptive analyses were performed to evaluate the distribution of age, 

gender, and sNGF mean levels within groups. Chi-square tests were used to 

compare dichotomous or categorical variables between pTMD and control groups. 

Student’s t-test was used to compare the means of samples (e.g., sNGF, age). 

Univariate and multivariate logistic regression analyses were performed in 

order to determine the likelihood that pTMD cases (dependent variable) would 

have higher levels of sNGF (independent variable) in comparison to controls. 

These analyses were adjusted by putative confounders (i.e., anti-inflammatory 

intake, oral habits, periodontal treatment, alcohol intake, back pain, stress, gender 

and age). We preferred to adjust the analysis, instead of excluding or matching 

strategies to control confounders, as adjusted analysis allows for controlling the 

effect of a putative confounder while keeping all patients in the analysis. We also 

decided to adjust rather than match, as we wanted to evaluate the relationships 

between sNGF, age and gender, which would not be possible if matching was 

used. 

Odds ratios (OR) and their 95% confidence intervals (95% CI) were 

estimated. A logarithmic transformation was applied to the sNGF values to 

achieve a normal distribution (Figure 1).  
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Figure 1. A: graphical demonstration of the distribution of sNGF levels 

skewed to the right; B: demonstration of a normal distribution after the 

logarithmic transformation. 

 

 

Pearson product-moment correlation coefficients were used to assess linear 

associations between sNGF levels, periodontal disease, headache, pain frequency, 

pain upon muscle palpation, TMJ surgery and TMJ implant procedures. 

Analysis of variance (ANOVA) was used to assess the mean difference of 

sNGF (dependent variable) between participants exposed and not exposed to the 

putative confounders. Means and 95% confidence intervals (CI) were estimated.   

Multivariate linear regression analyses were used to determine if changes in 

sNGF levels (independent variables) are associated with pain intensity (dependent 

variables). Beta and 95% CI were estimated in those analyses.  

These logistic and linear regression analyses were both performed for the 

following groups: 1) TMD cases versus controls, and 2) among pTMD 

participants with pain greater than 4 (0-10 NRS). These analyses were also 

stratified by gender and age. For this study, any participant 50 years of age and 

above was considered as an older individual. 
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Analyses were performed with SAS version 9.3 software (Statistical 

Analysis System; Institute Inc, Cary, North Carolina, USA) and the level of 

significance was set at α = 0.05. 



43 

 

RESULTS 

 

 

One hundred and twenty four pTMD cases and 97 controls were included in 

this case-control study. pTMD cases were significantly older (mean = 42.98 years, 

standard deviation [SD] = 15.31 years) than controls (mean = 33.89, SD = 13.77; 

P < 0.0001). As expected, participants in the pTMD group (88%) were more 

likely to be females in comparison to the control group (68%; P = 0.0003).  

Among pTMD participants, 94 (78%) received the diagnosis of myofascial 

pain according to the RDC/TMD, 29 (24%) reported having undergone TMJ 

surgery and 19 (16%) had undergone TMJ implant procedures. 

Based on the GCPS scale, the means of current (mean = 4.44, SD = 2.88), 

worst (mean = 6.67, SD = 2.79) and average pain intensity in the last 6 months       

(mean = 5.13, SD = 2.65) were moderate. pTMD participants reported persistent 

pain (n = 64/124, 52%) more frequently than recurrent pain (n = 54/124, 44%;      

P < 0.0001). 

 

Salivary NGF levels and pTMD 

 

The mean sNGF level was not significantly different between pTMD cases 

(mean = 1114.39 pg/ml, SD = 1120.29) and controls (mean = 1163.89 pg/ml,      

SD = 1127.28; P = 0.68) (Figure 2).  
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Figure 2. Mean levels of salivary NGF (sNGF) of TMD cases and  

 controls. Error bars represent standard deviations. 

 

This result remained after applying a logarithmic transformation to sNGF 

(pTMD: mean = 6.33 pg/ml, SD = 1.44 and controls: mean = 6.47 pg/ml,           

SD = 1.25; P = 0.47).  Levels of log sNGF were not correlated with TMJ surgery 

(r = -0.01; P = 0.86) or TMJ implant (r = -0.005; P = 0.93). 

Levels of log sNGF were also not correlated with pain subgroups (persistent 

and recurrent: r = -0.04; P = 0.53), and pain during palpation in the masseter 

and/or temporalis (r = -0.06; P = 0.36).  

Crude and adjusted logistic regression analyses were conducted in order to 

identify the likelihood of higher levels of log sNGF in pTMD participants, 

regardless of the number of putative confounders (Table 1). In the crude           

(OR = 0.92; P = 0.43) and adjusted analyses (model I: OR = 0.98; P = 0.89 and 

model II: OR = 1.00; P = 0.98) participants with pTMD did not show a significant 

likelihood of higher levels of log sNGF. pTMD was associated with clenching     

(P < 0.0001), back pain (P < 0.0001), and age (P = 0.009). 
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We furthermore found that the likelihood of higher levels of log sNGF 

among pTMD participants remained statistically not significant when the analysis 

was stratified by gender (males: n = 45, OR = 0.59, 95% CI: 0.25 – 1.40; P = 0.24 

and females: n = 167, OR = 1.05, 95% CI: 0.79 – 1.39; P = 0.73).  

Among 63 individuals aged 50 years or over, participants with higher levels 

of log sNGF were almost twice as likely to have pTMD than controls (OR = 1.87, 

95% CI: 1.12 – 3.12; P = 0.01). This analysis was adjusted by anti-inflammatory 

intake (OR = 4.49, 95% CI: 0.53 – 37.45; P = 0.16), clenching (OR = 11.67,    

95% CI: 1.17 – 116.48; P = 0.04), back pain (OR = 5.06, 95% CI: 1.03 – 24.71;         

P = 0.04) and gender (OR = 13.60, 95% CI: 1.25 – 140.16; P = 0.03).                

No relationship was noted among 158 participants under 50 years of age           

(OR = 0.91, 95% CI: 0.67 – 1.24; P = 0.58) in a model adjusted by the same 

variables: anti-inflammatory intake (OR = 2.89, 95% CI: 0.79 – 10.50; P = 0.11), 

clenching (OR = 11.36, 95% CI: 4.46 – 28.91; P < 0.0001), back pain              

(OR = 10.72, 95% CI: 3.30 – 33.99; P < 0.0001), and gender (OR = 0.93, 95% CI: 

0.35 – 2.47; P = 0.88). 

 

Moderate to Severe TMD Pain 

 

In the aforementioned results, we found that higher levels of sNGF are 

related to the likelihood of having pTMD only in older individuals. In this section, 

we would like to investigate whether high levels of sNGF would be affected by 

moderate to severe pain. The magnitude of the effect between log sNGF levels 
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and pTMD (OR = 0.99; P = 0.99) changed slightly (OR = 0.80, 95% CI:         

0.58 – 1.10; P = 0.18) when the analysis included only 63 participants reporting 

moderate to severe pain (>4; 0-10 NRS). This model was adjusted by               

anti-inflammatory intake (OR = 2.30, 95% CI: 0.63 – 8.35; P = 0.21), clenching      

(OR = 16.16, 95% CI: 5.94 – 44.00; P < 0.0001), back pain (OR = 4.50, 95% CI: 

1.53 – 13.29; P = 0.006), gender (OR = 1.47, 95% CI: 0.47 – 4.56; P = 0.50), and 

age (OR = 1.03, 95% CI: 1.00 – 1.06; P = 0.03). All these results remained in the 

analyses stratified by gender and age (results not presented). 

 

Log Salivary NGF Levels and Pain Status 

 

In these analyses, we investigated whether the level of current pain 

intensity, worst pain and average pain intensity in the last six months were 

affected by sNGF levels. In the crude analysis, current (β = -0.20; P = 0.18;     

Table 2), worst (β = -0.24, 95% CI:  -0.63 – 0.14; P = 0.21) and average pain 

intensity (β = -0.20, 95% CI: -0.51 – 0.12; P = 0.22) were not associated with log 

sNGF. These results remained in the adjusted model (current: β = -0.13; P = 0.37; 

Table 2, worst: β = -0.12, 95% CI: -0.47 – 0.23; P = 0.49, and average pain:          

β = -0.10, 95% CI: -0.40 – 0.18; P = 0.46), regardless of number of putative 

confounders (Table 2). All these results remained in the analyses stratified by 

gender and age (results not presented). 

Persistent (crude: n = 161, β = -0.13, 95% CI: -0.50 – 0.23; P = 0.47, and 

adjusted model: n = 157, β = 0.98, 95% CI: 0.68 – 1.41; P = 0.93) and recurrent 
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pTMD (crude: n = 151, β = -0.21, 95% CI: -0.51 – 0.09; P = 0.17, and adjusted 

model: n = 147, β = 0.95, 95% CI: 0.70 – 1.29; P = 0.77) were not associated with 

log sNGF, regardless of number of putative confounders. 

 

Moderate to Severe TMD Pain and Pain Status 

 

The results above show that current, worst and average pain in the last six 

months were not related to sNGF. In this section, we would like to see whether 

the severity of pain would be affected by sNGF levels including only 63 

participants with current pain intensity greater than 4 (Table 3).  

 In the crude linear model, log sNGF levels were related to an increase in the 

levels of current pain intensity (β = 0.38; P = 0.008) (Figure 3).  

 

 

Figure 3.  Scatter plot showing the linear association of log    

sNGF levels with current moderate to severe pain intensity. 
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We noted that, when the analysis was adjusted by potential confounders, 

this relationship was stronger and remained statistically significant (β = 0.59;       

P < 0.0001). 

However, log sNGF levels remained not related to an increase in the 

worsening (β = 0.10, 95% CI: -0.21 – 0.40; P = 0.53) or the average pain intensity 

in the last 6 months (β = 0.11, 95% CI: -0.25 – 0.47; P = 0.55). These results 

remained in the model adjusted by putative confounders (worst: β = 0.08, 95% CI: 

-0.26 – 0.43; P = 0.65 and average pain intensity: β = 0.20, 95% CI: -0.21 – 0.62; 

P = 0.32). 

Among females (n = 55), log sNGF levels were positively associated with 

current pain intensity (β = 0.47, 95% CI: 0.19 – 0.75; P = 0.001) in a model 

adjusted by anti-inflammatory intake (β = 0.20, 95% CI: -0.55 – 0.95; P = 0.59), 

clenching (β = -1.11, 95% CI: -1.89 – -0.33; P = 0.006), back pain (β = 0.66,   

95% CI: -0.21 – 1.55; P = 0.13), and age (β = -0.04, 95% CI: -0.07 – -0.01;         

P = 0.004). Among males (n = 8), the magnitude of the slope was greater than 

that noted among females, but not significant, probably due to the very small 

sample size (β = 0.71, 95% CI: -0.15 – 1.58; P = 0.08) 

Log sNGF levels were also positively associated with current pain intensity 

among older participants (n = 20, β = 0.91, 95% CI: 0.40 – 1.43; P = 0.001) and 

younger participants (n = 43, β = 0.31, 95% CI: 0.009 – 0.62; P = 0.04). These 

models were adjusted by anti-inflammatory intake (β = 0.17, 95% CI:                    

-1.49 – 1.83; P = 0.83; β = 1.05, 95% CI: 0.30 – 1.80; P = 0.007), clenching        

(β = -0.37, 95% CI: -1.82 – 1.08; P = 0.59; β = -1.11, 95% CI: -2.04 – -0.18;       
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P = 0.02), back pain (β = 0.84, 95% CI: 0.78 – 2.45; P = 0.28; β = -0.23,        

95% CI: -1.27 – 0.81; P = 0.66, and gender (β = 2.21, 95% CI: -0.80 – 5.23;        

P = 0.14; β = -0.77, 95% CI: -1.98 – 0.44; P = 0.20)  

 

Secondary Analyses 

 

 In the following results, we evaluated whether the mean sNGF levels were 

different when taking into consideration a number of possible confounder – use of 

anti-inflammatories, oral habits, periodontal treatment, alcohol intake, back pain 

and stress – since NGF was measured in saliva. Neither periodontal disease          

(n = 12, r = -0.08; P = 0.23) nor headache (n = 145, r = -0.07; P = 0.28) were 

associated with log sNGF. Further results (means and 95% CI) for the following 

variables are presented in table 4. 

In the crude analysis, as expected, log sNGF levels among 15 participants 

taking anti-inflammatories was significantly lower than among those who did not 

(P = 0.0004). In fact, anti-inflammatory intake showed a statistically significant 

difference in all models tested (P ≤ 0.003). It was also interesting to note that the 

use of one anti-inflammatory does not appear to modify the levels of log sNGF    

(n = 5, β = 0.99, 95% CI: -0.19 – 2.17; P = 0.10), contrary to the use of two or 

more anti-inflammatories (n = 10, β = 1.37, 95% CI: 0.51 – 2.22; P = 0.001). 

These results therefore need to be interpreted with caution since we have small 

sample sizes in both groups. 
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Levels of log sNGF were neither associated with grinding (n = 51, crude:           

P = 0.49 and adjusted model: P = 0.38) nor clenching (n = 74, crude: P = 0.80 

and adjusted: P = 0.29). 

 Participants reporting periodontal treatment (n = 19) showed lower log 

sNGF levels in comparison to those who did not (n = 198) in the crude analysis, 

this difference was close to the margin of statistical significance (P = 0.09), and 

did not remain associated with log sNGF in the adjusted model (P = 0.31).  

In the crude analysis, log sNGF levels among participants who had reported 

drinking a beer or wine daily (n = 13) was higher than among those who did not 

(n = 206; P = 0.03). This significant difference did not remain in the adjusted 

model (P = 0.11). 

In the crude analysis, the mean log sNGF levels among 66 participants who 

had reported back pain was significantly lower than those 149 without back pain 

(P = 0.05). This result did not remain in the adjusted model (P = 0.29) and was 

confounded by use of anti-inflammatory and gender.  

In the crude analysis, the mean log sNGF levels among participants who 

had reported being stressed or overwhelmed (n = 70) was significantly lower in 

comparison to those who had not (n = 149; P = 0.04). This significant difference 

did not remain in the adjusted model (P = 0.46). 
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DISCUSSION 

 

 

To our knowledge, this is the first study that investigated whether higher 

levels of sNGF modify the likelihood of having pTMD. The two main findings 

are: 1) the likelihood of having pTMD was not related to higher levels of sNGF, 

except among older participants, and 2) higher levels of sNGF were associated 

with the worsening of pain severity, among those reporting current moderate to 

severe pTMD (Table 3). This result supports our first hypothesis that, if the 

participant has a high level of sNGF, she/he is more likely to have severe pain. It 

is encouraging to compare this figure with those found by Svensson et al. in a 

randomized double-blind placebo study, which found that NGF injection in the 

masseter muscle is associated with hyperalgesia (27).  

Abnormal high levels of sNGF in the control group could be one 

explanation for the non-significant likelihood difference found between pTMD 

cases and controls when all subjects were considered. In fact, in the current study, 

sNGF levels among controls (mean = 1163.89 pg/ml; SD = 1127.28) were slightly 

higher than the values reported by Nam et al. (mean = 901.4 pg/ml-1;                  

SD = 851.93), who assessed NGF concentrations in resting whole saliva (80). 

However, our results remained when the analysis were adjusted by a large number 

of potential confounders, such as anti-inflammatory intake, oral habits            

(e.g., grinding and clenching), periodontal treatment, alcohol intake, back pain, 

stress, gender and age. In our secondary analysis, we evaluated the role of sNGF 

and a number of putative confounders.  
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Safieh-Garabedian et al. showed that inflammation induced by subcutaneous 

injection of Freund’s Complete Adjuvant into the plantar surface of the hind paw 

of male rats led to a significant increase in NGF levels in the skin of the hind paw 

(26). We found in the present study that participants taking anti-inflammatories 

and thereby supposedly having less inflammation, showed reduced levels of 

sNGF.  

Our results further showed that participants who underwent periodontal 

treatment had lower levels of sNGF than those who did not, suggesting that the 

reduction of inflammation related to periodontal treatment leads to lower release 

of NGF in saliva. This result agrees with findings by Gašperšic et al., where 

systemic anti-NGF treatment during provoked periodontitis in 18 female rats 

significantly reduced bilateral alveolar bone resorption. This indicates that NGF 

promotes periodontal inflammation (117). 

In addition, participants reporting the habit of drinking alcohol had higher 

levels of sNGF than those who did not have this habit. This result might be related 

to the well-known fact that alcohol consumption may lead to xerostomia through 

dehydration (118), and the reduction of saliva can cause increased risk of caries, 

mouth soreness, and mucosal injury (107), resulting in an increased secretion of 

sNGF. 

Lower levels of sNGF have also been detected in participants reporting back 

pain in this study. Contrasting with our result, Lee et al. performed western blot 

analysis using vertebral disc tissues and found greater levels of NGF in 10 

patients with degenerated disc disease in comparison to 12 patients with herniated 
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nucleus pulposus. Unfortunately, this study (Lee et al.) did not present the means 

of NGF levels, preventing a proper comparison of the results (108). 

Regarding the age profile, our study showed no significant difference in the 

levels of sNGF between young and old participants, similar to Nam et al. who 

also found no statistically significant difference between age groups (80). 

Nevertheless, it was interesting to find that older participants with higher levels of 

sNGF had a higher likelihood of pTMD. This greater likelihood may indicate a 

relationship with a specific type of pTMD (e.g., arthralgia, osteoarthritis) among 

those participants; this is in agreement with Spears et al. who found that induced 

inflammation of the TMJ was accompanied by an elevation on the concentration 

of NGF in 40 adult male rats (116), as well as with Aloe et al. who found that 

NGF was present in the synovial fluid of the knees from 22 patients with chronic 

arthritis, but was undetectable in synovial fluid of knee of two patients without 

chronic arthritis (119). 

This study has several strengths. First, all participants received clinical 

examination by calibrated examiners for the diagnosis of pTMD, using the CMI 

on the same day as the saliva sample collection. This approach has the advantage 

of decreasing the chance of diagnosis misclassification among cases and controls 

since the diagnosis was determined by calibrated examiners. Second, controls for 

this study were also recruited from NIDCR’s TIRR at the same time period as 

cases, which may decrease the chance of diagnosis misclassification and 

information bias, and help to ensure consistent assessment and confounder 

exposure. Third, saliva was collected by trained researchers who followed valid 
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collection, storage and transportation protocols. Finally, sNGF assays were 

conducted by the same researcher who was blinded to the study group and saliva 

outcome, performing them in the same run and day.  

On the other hand, some limitations of the study have to be discussed. First 

of all, chances of misclassification of the subjects in a case-control study are 

possible, even though calibrated examiners conducted the clinical data collection 

based on the CMI protocol. However, this bias may be non-differential (toward 

underestimation) because TMD misclassification should not be related to the 

sNGF misclassification as the assays were conducted by the same researcher who 

was blinded to the study group and saliva outcome, and who performed the assays 

in the same run. Second, even if ELISA is often indicated as being a valid and 

reliable method to assess different biomarkers (80, 101, 103), measurement errors 

have to be considered. Third, changes in the concentration of sNGF over time 

were not studied and we have a prolonged period in which the saliva samples 

were kept stored, which may interfere with the stability of this biomarker. 

However, the direction of this bias may again be toward underestimation since the 

researcher who performed the assays was blind to TMD groups. Finally, although 

several statistical adjustments were executed to control confounders, unaccounted 

confounders still may have influenced the observations. 

In conclusion, the present study demonstrated that older participants with 

pTMD were more likely to have higher levels of sNGF than those without TMD. 

In addition, high sNGF levels may contribute to worsening the pain severity, 

among participants reporting current moderate to severe pTMD, regardless of 
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anti-inflammatory intake, gender and age. The identification of human salivary 

biomarkers associated with pTMD, including NGF, may contribute to the 

identification of biological markers for chronic pain. This identification may also 

advance our knowledge of the prognostic factors related to pTMD, and may 

facilitate the understanding of the mechanisms involved in these conditions, 

thereby facilitating the identification of therapeutic targets for pain treatment. 
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CHAPTER 6. DISCUSSION 

 

 

 In this general discussion, a summary of the results showed in the 

manuscript, some further methodological considerations, as well as the strengths 

and limitations of this study will be addressed. 

 The main goal of this study was to identify the relationship between sNGF 

levels and pTMD. We investigated if high levels of sNGF would modify the 

likelihood of having pTMD (Table 1). In addition, we evaluated if high levels of 

sNGF were associated with pain intensity (Table 3). Finally, in a secondary 

analysis, we assessed whether the levels of sNGF were affected by putative 

confounders (Table 4).  

 

6.1 Summary of the Results 

6.1.1 pTMD and sNGF Levels 

 

 

 In this study, the mean levels of sNGF were not significantly different 

between pTMD cases and controls. Additionally, sNGF levels were not related to 

an increased likelihood of pTMD (Table 1). 

However, it was interesting to note that among older individuals, 

participants with higher levels of log sNGF were almost twice as likely to have 

pTMD than controls. The likelihood of pTMD participants having higher levels of 

log sNGF remained not statistically significant among female, male and younger 

groups. 
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Furthermore, this study demonstrated that sNGF levels were related to an 

increase in the levels of current pain intensity if the pain was moderate to severe 

(>4; 0-10 NRS) (Table 3). These results remained in the models adjusted by anti-

inflammatory intake, clenching, periodontal treatment, alcohol intake, back pain, 

stress, gender, and age (Table 3). This effect also remained among female, male, 

younger, and older participants. It was interesting to see that this relationship was 

stronger among older participants suggesting that these individuals may have 

more inflammatory conditions than other participants. 

 

6.1.2 Secondary Analyses 

 

 Log sNGF levels among participants taking anti-inflammatories was 

significantly lower than among those who did not (Table 4). In addition, the use 

of one anti-inflammatory appears to not modify the levels of log sNGF, unlike the 

use of two or more anti-inflammatories, where we found elevated levels of sNGF. 

 Participants reporting grinding and/or clenching had no statistically 

significant difference in the mean levels of log sNGF in comparison to those who 

did not (Table 4).  

 In addition, participants reporting periodontal treatment showed a borderline 

difference in the mean log sNGF levels in comparison to those who did not (Table 

4). In the crude analysis, the mean log sNGF levels among participants who had 

reported drinking a beer or wine daily was significantly higher than among those 

who did not (Table 4).  
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 The mean log sNGF levels among participants who had reported back pain 

showed a borderline difference in comparison to those who had not. Moreover, 

among participants who had reported stress, the mean levels of log sNGF was 

significantly lower in comparison to those who did not. 

 

6.2 Methodological Considerations 

6.2.1 Bias 

 

 

 Bias is defined as a systematic error that leads to a distortion of the study 

results (120).  

 

6.2.2 Selection Bias 

 

 Selection bias is defined as an error that may underestimate or overestimate 

the measure of association (e.g., OR). It usually occurs as a result of using 

inappropriate methods for selecting subjects from the target population (33). In 

order to prevent this type of bias certain steps were taken in this study: 1) cases 

and controls were selected from the same base and time period at UMN;              

2) NIDCR’s TIRR examiners and participants were unaware about sNGF levels 

and putative confounders before the recruitment; and 3) the selection of 

participants was independent of pain intensity levels in order to have a 

homogeneous pTMD population. 

 Controls for this study were recruited from the dental clinic during the same 

time period as cases and they could not have any orofacial pain condition, which 
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may decrease selection bias. Enrollment at the dental clinic may increase the 

chance of introducing confounding due to some conditions (i.e., periodontal 

disease) related to sNGF. To be considered as a confounder, a determined variable 

must be not only related to sNGF, but also to pTMD without being in the pathway 

between sNGF and pTMD. Our results showed that self-reported periodontal 

disease was related neither to sNGF nor pTMD. 

 

6.2.3 Information Bias 

 

 Information bias is a systematic error in the measurement or classification 

of participants in a study (35). In order to decrease chances of information bias in 

this study: 1) cases completed questionnaires just after the clinical examination 

(diagnosis of TMD and pain intensity), which is a standard approach to reduce 

information bias (121); 2) calibrated examiners performed the diagnosis of pTMD 

using a validated method (CMI) to select pTMD and controls; 3) participants also 

completed validated questionnaires to assess pain status (GCPS) on the same day 

of clinical examination and saliva sample collection; 4) saliva was collected on 

the same day as clinical examination; and 5) the laboratory expert who ran the 

assay for sNGF was blind to the outcome of the study (case and control groups).  

 

6.2.3.1 Recall Bias 

 

 Recall bias is a type of information bias where participants who have the 

disease report more exposures than participants who are healthy (122). In this 

study, the levels of NGF per se could not be affected by this type of bias. 
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However, pain intensity and pain subgroups (persistent and recurrent) were 

measures that were considered more susceptible to the incurrence of recall bias 

since participants had to report the level of pain intensity, and persistence or 

recurrence of their pain in the past 6 months. Thus, in order to inhibit the chances 

of this bias: first, participants were unaware about their sNGF levels and its 

possible correlation with pain intensity; second, we investigate the impact of 

sNGF not only on the worse and average pain in the last 6 months, but also on 

current pain intensity. Our hypothesis was that current pain is less influenced by 

recall bias than worst and average pain.  

 

6.2.4 Acquiescence Bias 

 

 To confirm whether participants with pTMD had a bias towards positive 

answers to the questionnaires, we investigate the frequency of other conditions, 

which were unrelated to TMD and sNGF: having a birthmark, dark moles, 

consuming soft drinks daily and/or tea daily. We hypothesized that if the 

participant with pTMD had the propensity to respond yes to the questions, they 

might also have the tendency to answer yes to those items.  

 We found similar frequencies for having birthmarks among cases (n = 30, 

24%) and controls (n = 26, 26%; P = 0.66), dark moles among cases (n = 6, 4%) 

and controls (n = 6, 6%; P = 0.66), consuming soft drinks daily among cases         

(n = 39, 31%) and controls (n = 24, 24%; P = 0.24), and drinking tea daily among 

cases (n = 17, 13%) and controls (n = 14, 14%; P = 0.90). 
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6.2.5 Confounding  

 

 Confounders can lead to underestimation or overestimation of the true 

association between a covariate (e.g., biomarker) and a condition (e.g., pTMD) 

(34). It is always possible to minimize confounding variables by employing 

certain strategies:  

 1) Restricting the admission into the study to a group of subjects who have 

the same confounding factors; however, this strategy can considerably reduce the 

number of participants in the study, consequently decreasing the power of the 

study (123) and its external validity (34).  

 2) Matching two groups that are being compared by the possible existing 

confounders, such as age and gender, is also a method to control confounding 

(33). In order to perform matching, we have to be sure about the relationship 

between the confounder and exposure as well as the outcome. Moreover, we 

should only match for important confounders (33). 

 3) In the manuscript, multivariable analyses were applied instead of 

restricting or matching. This approach has the advantage of controlling 

confounders without excluding individuals. We also decided to adjust rather than 

match as we wanted to evaluate the relationship among sNGF, age and gender, 

which would not be possible if matching was used. In the model I presented in the 

manuscript, the analyses were adjusted by anti-inflammatory intake, grinding, 

clenching, periodontal treatment, alcohol intake, back pain, stress, gender, and age 

which were considered as putative confounders. Then, a parsimonious model 
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(model II) was obtained by including the primary dependent variable (pTMD or 

sNGF), age, gender, and the confounders that were associated with the dependent 

variable in the model I. 

 

6.3 Strengths  

 

 

This case-control study has a number of strengths. First, the database from 

NIDCR’s TIRR is considered one of the most reliable databanks for pTMD 

worldwide.  

Second, in this study controls were also recruited from the NIDCR’s TIRR 

and from the same base and time period as cases. In fact, they attended the 

dentistry department of the University of Minnesota for any dental complaint 

other than pTMD, which may decrease the chance of diagnosis misclassification 

and selection bias, and help to ensure consistent assessment and confounder 

exposure (124).  

Thirdly, calibrated examiners recruited all participants, which reduced the 

chance of information bias. 

Fourth, all participants received a clinical examination performed by 

calibrated examiners, for the diagnosis of pTMD, using a validated method 

(CMI).  

Fifth, saliva samples were collected on the same day of clinical examination 

and questionnaire assessments.  
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Sixth, participants also completed a validated questionnaire to assess pain 

intensity (GCPS) on the same day of clinical examination and questionnaire 

assessments, which shows that this study has a low chance of misclassification. 

Seventh, saliva samples were collected by trained researchers who followed 

valid collection, storage and transportation protocols, and were not aware of the 

participants’ sNGF levels before recruitment and collection. Participants were 

also unaware of their sNGF levels and its possible correlation with pain intensity, 

which considerably decreases the chances of recall bias. 

Finally, sNGF assays were conducted by the same researcher at the Lady 

Davis Institute, Jewish General Hospital, who was blinded to the study group and 

saliva outcome. In addition, he performed the assays in the same run and day. 

 

6.4 Limitations 

 

 

It is important to take into account the limitations of this study. First of all, 

chances of misclassification of the subjects in a case-control study are possible, 

even though calibrated examiners conducted the clinical data collection based on 

the CMI protocol. However, this bias may be non-differential (toward 

underestimation) because TMD misclassification and pain status should not be 

related to the sNGF misclassification as: the examiners and participants were 

unaware about sNGF levels and putative confounders before the recruitment; and 

the assays were conducted by the same researcher who was blinded to the study 

group and saliva outcome and performed the assays in the same run.  



64 

 

Second, even if ELISA is often indicated as being a valid and reliable 

method to assess different biomarkers (37, 40, 41), measurement errors have to be 

considered.  

Third, changes in the concentration of sNGF over time were not studied and 

we have a prolonged period during which the saliva samples were kept stored, 

which may interfere with the stability of this biomarker. However, the direction of 

this bias may again be toward underestimation since the researcher who 

performed the assays was blind to pTMD groups.  

Finally, although several statistical adjustments were executed to control for 

confounders, unaccounted confounders still may have influenced the 

observations. 

The identification of human salivary biomarkers associated with pTMD 

may advance our knowledge of the prognostic factors related to pTMD, may 

facilitate the understanding of the mechanisms involved in these conditions, 

thereby facilitating the identification of therapeutic targets for pain treatment.
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CHAPTER 7. CONCLUSION 

 

 

The present study indicates that: 

1) High levels of sNGF did not modify the likelihood of having pTMD; 

except among older participants;  

2) sNGF levels may contribute to worsening the pain intensity among 

participants reporting current moderate to severe pTMD, regardless of 

anti-inflammatory use, gender and age; 

3) Indeed this study provides a basis to the use of sNGF to assess the 

severity of pTMD. 
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Table 1. Crude and adjusted logistic regression analyses of painful TMD (dependent variable) and log salivary NGF 

levels, and putative confounders (independent variables). 

Variables 

Crude (n = 219) Model I (n = 213) Model II (n = 213) 

OR 95% CI P-Value OR 95% CI P-Value OR 95% CI P-Value 

Log sNGF 0.92 0.76 – 1.12 0.43 0.98 0.75 – 1.27 0.89 1.00 0.77 – 1.30 0.98 

Anti-

inflammatory 
2.94 1.12 – 7.72 0.03* 3.09 1.05 – 9.05 0.04* 2.69 0.93 – 7.73 0.06** 

Grinding  3.33 1.63 – 6.80 0.001* 1.25 0.46 – 3.37 0.66 Not Included 

Clenching 9.60 4.56 – 20.21 <0.0001* 11.30 4.45 – 28.70 <0.0001* 11.90 4.99 – 28.35 <0.0001* 

Periodontal 

Treatment 
1.43 0.54 – 3.78 0.47 0.38 0.09 – 1.52 0.17 Not Included 

Alcohol intake 2.80 0.75 – 10.46 0.12 1.84 0.30 – 11.33 0.51 Not Included 

Back Pain 9.14 4.21 – 19.83 <0.0001* 6.69 2.58 – 17.32 <0.0001* 6.61 2.68 – 16.28 <0.0001* 

Stress 1.68 0.93 – 3.02 0.08**  1.00 0.43 – 2.30 0.99 Not Included 

Gender 3.30 1.66 – 6.56 0.0007* 1.59 0.64 – 3.97 0.31 1.56 0.64 – 3.77 0.32 

Age 1.04 1.02 – 1.06 <0.0001* 1.03   1.01 – 1.06 0.007* 1.03 1.00 – 1.05 0.009* 

Notes:  * P-Value ≤ 0.05; **Borderline association.  

Model I: Adjusted by log sNGF, anti-inflammatory intake, grinding, clenching, periodontal treatment, alcohol intake, back pain, stress, gender and age. 

Model II: Final model adjusted by log sNGF, anti-inflammatory, clenching, back pain, gender and age. 
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Table 2. Crude and adjusted linear regression assessing the association between current pain (dependent variable) and log 

salivary NGF levels and putative confounders (independent variables). 

 

Variables 

Crude (n = 219) Model I (n = 213) Model II (n = 213) 

β 95% CI P-Value β 95% CI P-Value β 95% CI P-Value 

Log sNGF -0.20 -0.50 – 0.11 0.18 -0.13 -0.42 – 0.16 0.37 -0.11 -0.40 – 0.17 0.43 

Anti-

inflammatory 
1.30 0.38 – 2.22 0.005* 1.14 0.24 – 2.03 0.01* 0.99 0.17 – 1.86 0.03* 

Grinding 1.50 0.55 – 2.45 0.002* 0.33 -0.67 – 1.33 0.51 Not Included 

Clenching 2.36 1.55 – 3.17 <0.0001* 1.92 1.03 – 2.81 <0.0001* 2.08 1.27 – 2.89 <0.0001* 

Periodontal 

Treatment 
0.11 -1.36 – 1.58 0.88 -0.98 -2.36 – 0.41 0.16 Not Included 

Alcohol intake 1.37 -0.37 – 3.10 0.12 0.46 -1.22 – 2.15 0.58 Not Included 

Back Pain 2.10 1.25 – 2.92 <0.0001* 1.18 0.25 – 2.12 0.01* 1.25 0.36 – 2.15 0.006* 

Stress 0.64 -0.24 – 1.51 0.15 0.14 -0.73 – 1.01 0.75 Not Included 

Gender -1.29 -2.29 – -0.30 0.01* -0.33 -1.30 – 0.65 0.51 -0.32 -1.28 – 0.63 0.50 

Age 0.04 0.01 – 0.06 0.005* 0.02 -0.003 – 0.05 0.08** 0.02 -0.006 – 0.05 0.13 

Notes: *P-Value ≤ 0.05; **Borderline association.  

Model I: Adjusted by log sNGF, anti-inflammatory intake, grinding, clenching, periodontal treatment, alcohol intake, back pain, stress, gender and age. 

Model II: Final model adjusted by log sNGF, anti-inflammatory intake, clenching, back pain, gender and age. 
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Table 3. Crude and adjusted linear regression assessing the association between current pain (dependent variable) and log 

salivary NGF levels and putative confounders (independent variables) including only participants with current moderate to 

severe pain (>4, 0-10 NRS). 

Variables 

Crude (n = 63) Model I (n = 59) Model II (n = 59) 

β 95% CI P-Value β 95% CI P-Value β 95% CI P-Value 

Log sNGF 0.38 0.10 – 0.65 0.008* 0.56 0.26 – 0.87 0.0005* 0.59 0.31 – 0.86 <0.0001* 

Anti-

inflammatory 
0.50 -0.23 – 1.23 0.18 0.79 0.05 – 1.53 0.04* 0.71 0.003 – 1.41 0.05* 

Grinding 0.09 -0.79 – 0.98 0.83 0.24 -0.67 – 1.16 0.59 Not Included 

Clenching -0.66 -1.49 – 0.17 0.12 -0.91 -1.79 – -0.04 0.04* -0.82 -1.61 – -0.03  0.04* 

Periodontal 

Treatment 
-1.15 -2.53 – 0.24 0.10 -0.70 -2.07 – 0.66 0.30 Not Included 

Alcohol intake 0.16 -1.39 – 1.71 0.84 0.36 -1.31 – 2.03 0.66 Not Included 

Back Pain 0.08 -0.78 – 0.93 0.86 0.34 -0.62 – 1.31 0.48 0.47 -0.41 – 1.35 0.29 

Stress -0.16 -1.02 – 0.70 0.71 0.29 -0.60 – 1.19 0.51 Not Included 

Gender 0.18 -1.07 – 1.43 0.77 -0.01 -1.20 – 1.18 0.98 -0.05 -1.18 – 1.08 0.93 

Age -0.007 -0.04 – 0.02 0.59 -0.02 -0.06 – 0.009 0.15 -0.03 -0.06 – 0.001 0.06** 

Notes: *P-Value ≤ 0.05; **Borderline association.  

Model I: Adjusted by log sNGF, anti-inflammatory intake, grinding, clenching, periodontal treatment, alcohol intake, back pain, stress, gender and age. 

Model II: Final model adjusted by log sNGF, anti-inflammatory intake, clenching, back pain, gender and age. 
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Table 4. Analysis of variance (ANOVA) of means log salivary NGF levels (dependent variable) between groups 

(independent variables). 

Variables 

Crude (n = 220) Model I (n = 215) Model II (n = 215) 

Mean 95% CI P-Value Mean 95% CI P-Value Mean 95% CI P-Value 

Anti-

inflammatory 
Intake -0.73† -1.13 – -0.33 0.0004* -0.63† -1.06 – -0.21 0.003* -0.68† -1.09 – -0.26 0.001* 

Grinding 
Yes 6.28    5.91 – 6.66 

0.49 
6.44 5.83 – 7.04 

0.38 Not Included 
No 6.43 6.22 – 6.64 6.45 6.10 – 7.20 

Clenching 
Yes 6.43 6.12 – 6.74 

0.80 
6.67 6.08 – 7.25 

0.29 
6.57 6.17 – 6.97 

0.36 
No 6.37 6.14 – 6.59 6.42 5.86 – 6.98 6.37 6.10 – 6.64 

Periodontal 

Treatment 

Yes 5.88 5.27 – 6.50 
0.09** 

6.37 5.61 – 7.13 
0.31 Not Included 

No 6.44 6.25 – 6.63 6.71 6.26 – 7.16 

Alcohol 

intake 

Yes 7.16 6.42 – 7.90 
0.03* 

6.86 6.02 – 7.71 
0.11 Not Included 

No 6.34 6.15 – 6.53 6.22 5.83 – 6.62 

Back Pain 
Yes 6.10 5.78 – 6.43 

0.05* 
6.42 5.81 – 7.03 

0.29 
6.30 6.38 – 6.91 

0.13 
No 6.50 6.28 – 6.72 6.67 6.13 – 7.21 6.64 5.88 – 6.71 

Stress 
Yes 6.12 5.80 – 6.44 

0.04* 
6.46 5.88 – 7.05 

0.46 Not Included 
No 6.52 6.30 – 6.74 6.62 6.07 – 7.17 

Gender 
Female 6.30 6.10 – 6.50 

0.06** 
6.34 5.84 – 6.62 

0.08** 
6.24 6.01 – 6.47 

0.05* 
Male 6.73 6.34 – 7.13 6.75 6.11 – 7.39 6.70 6.27 – 7.14 

Age Years 0.006 -0.005 – 0.01 0.25 0.007 -0.006 – 0.02 0.26 0.01 -0.002 – 0.02 0.11 

Painful TMD 
Cases 6.33 6.09 – 6.57 

0.47 
6.52 5.96 – 7.07 

0.84 
6.45 6.15 – 6.76 

0.88 
Controls 6.47 6.20 – 6.74 6.57 5.97 – 7.16 6.49 6.10 – 6.88 

Notes:  * P-Value ≤ 0.05; **Borderline association; †slope. 

Model I: Adjusted by anti-inflammatory intake, grinding, clenching, periodontal treatment, alcohol intake, back pain, stress, gender, age, and painful TMD. 

Model II: Final model adjusted by anti-inflammatory intake, clenching, back pain, gender, age, and painful TMD. 
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CHAPTER 9. APPENDIX 

 

 

 A selection including the consent form, examination forms, medical 

questionnaire, and other relevant questionnaires that were used in this study will 

be following. 
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IRB Code # 0210M33782 

Version Date:  3.1A/N: 2-12-08 1 of 3 

 

 National Institute of Dental and Craniofacial Research 

TMJ  Implant  Registry  &  Repository  (NIDCR’s  TI RR) 

 

CONSENT TO PARTICIPATE 

 

You are invited to participate in a data and tissue registry and repository related to temporomandibular joint dysfunction 

(TMD).  You were selected as a possible participant because you 1) have a past or current history of TMD, 2) have had 

or will have temporomandibular joint (TMJ) surgery, 3) have had or currently have a TMJ implant, or 4) may be a 

control subject for this project.  We ask that you read this form and ask any questions you may have before agreeing to 

be  a  pa rticipant  in  NIDCR’s  TIRR.       

 

 

 

 

 

 

This project is being conducted by James R. Fricton, DDS, MS; Sandra L. Myers, DMD; John O. Look, DDS, MPH, 

PhD; and Ana Velly, DDS, PhD in the Department of Diagnostic & Biological Sciences at the University of Minnesota 

School of Dentistry.  It is funded by the National Institute of Dental & Craniofacial Research (NIDCR) at the National 

Institutes of Health (NIH). 

 

Project Purpose: 

Many different treatments have been recommended for people with TMD including medications, splints, physical 

therapy, dental treatment and surgery. Implants have sometimes been used to support or replace the moving parts of the 

joint.  For some people, these implants have caused problems that have necessitated their removal.  The disease process 

of TMD and causes of failure of TMJ implants are not well understood.  

 

The  purpose  of  NIDCR’s  TIRR  is  to  create  a  national  database  to  centralize  medical  information, biological tissues, and 

retrieved TMJ implants.  Information and biological specimens will then be made available to researchers.  Studies using 

these materials will lead to a better understanding of TMD and improved treatment outcomes.    

 

Project Procedures: 

If you agree to participate in this project, you will be asked to do the following:  

1. Complete an initial registration, medical history and questionnaire.  These should be completed before 

your appointment and requires approximately 1 hour.  

2. Allow  NIDCR’s  TIRR  to  co nt act  you  to  complete  follow-up questionnaires. 

3. Give  p

e

rmission  to  NIDCR’s  TIRR  to  ob t ain  an d   transfer  information  from  your  he a lth  records  and/or  

data from previous studies. 

4. Undergo a clinical examination to evaluate your temporomandibular joint.   

5. Allow  NIDCR’s  TIRR  to  co l lect  saliva  and  approximately  30 -ml (6 teaspoons) of blood.  This is done at 

the time of exam, which requires approximately 1 hour total. 

If  you  have  TMJ  surgery,  NIDCR’s  TIRR  will  obtain  from  your  surgeon  tissue  or implant material that was removed as 

part  of  the  procedure.    If  you  had  TMJ  surgery  in  the  past,  you  are  asked  to  permit  NIDCR’s  TIRR  to  obtain  any  tissue  

or implant materials that were removed and held at the place where your surgery was performed. 

If you will be having oral surgery, while under local anesthetic, conscious sedation or general anesthesia, and 

are eligible to donate synovial (joint) fluid from your TMJ, this fluid may be collected at the time of your 

surgery.  Using a needle, a sterile mixture of cyanocobalamin (Vitamin B12) and saline will be flushed through 

the joint space to collect this fluid.  Saline is routinely used in surgical procedures, and Vitamin B12 will be 

used to measure the amount of synovial fluid obtained.  Vitamin B12 is a necessary part of normal body 

function and is approved by the Food & Drug Administration (FDA) for treatment of medical conditions such as 

anemia. Before the synovial fluid collection is performed, you will be asked if you have ever had any unusual or 

allergic reaction to vitamin B12 or cobalt.  More information about Vitamin B12 and the method used for 

synovial  fluid  collection  may  be   f ound  on  NIDCR’s  TI RR  website  at  http://tmjregistry.org. 
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IRB Code # 0210M33782 

Version Date:  3.1A/N: 2-12-08 3 of 3 

 

Protected Health Information (PHI): 

Your PHI created or received for the purposes of this project is protected under the federal regulation known as HIPAA.  

Refer to the attached HIPAA authorization for details concerning the use of this information.  

 

Voluntary Nature of the Project: 

Participation in this project is voluntary. Your decision whether or not to participate will not affect your current or future 

relations with the University of Minnesota or your doctor/surgeon. If you decide to participate, you are free to withdraw 

at any time without affecting those relationships.  If you choose to withdraw from this project, you will not be contacted 

by  NIDCR’s  TIRR  any  more,  and  all  information  identifying  you  will  be  destroyed.  Your specimens will remain the 

property  of  NIDCR’s  TIRR  and  will  not  be  returned   to  you,  though we will destroy the identifying link to your 

specimen.  You  s

h

ou ld  co n tact  the  project  staff  person  listed  in  this  consent  form  to  withdraw  from  NIDCR’s  TIRR. 

 

Contacts and Questions: 

The person describing this project to you is available to answer any questions you have now or in the future.  Also, you 

are encouraged to contact the Program Director, Dr. James R. Fricton, at 612-626-4744 for any additional questions.  

You  may  contact  NIDCR’s  TIRR  in  writing  or  in  person  at  the  University  of  Minnesota  School  of  Dentistry,  7-546 

Moos Tower, 515 Delaware St. SE, Minneapolis, MN  55455. 

 

If you have any questions or concerns regarding the project and would like to talk to someone other than the 

researcher(s), you are encouraged to contact the Fairview Research Helpline at telephone number 612-672-7692 or toll 

free at 866-508-6961.  You may also contact this office in writing or in person at the University of Minnesota Medical 

Center, Fairview-Riverside Campus, #815 Professional Building, 2450 Riverside Avenue, Minneapolis, MN 55454. 

 

If you are interested in   results   from   this  project  or  publications  by   researchers   involved   in  NIDCR’s  TIRR,   this  

information  will  be   listed  on  the  project’s  we bs ite:     http://tmjregistry.org. 

 

Personnel from this project may contact you to invite you to participate in other studies.  If you do not wish to be 

contacted, please inform the project staff at 612-626-4744.  

 

You will be given a copy of this form to keep for your records. 

 

Statement of Consent: 

I have read the above information.  I have asked questions and have received answers.     I   ag ree  to  pa r ticipate  in  NIDCR’s  

TIRR. 

 

 

______________________________________________   ____________________ 

Signature of Subject                                                         Date 

 

 

_________________________________________________   ____________________ 

Signature of Person Obtaining Consent      Date 
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Research Diagnostic Criteria (RDC/TMD) 
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