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Abstract 

Introduction Temporomandibular disorder (TMD) is an umbrella term for orofacial 

muscle pain and temporomandibular joint (TMJ) conditions. Unfortunately, children 

and adolescents with juvenile idiopathic arthritis (JIA), who should be spared 

additional health problems, are frequently affected by TMD. As knowledge gaps in the 

literature covering TMD in young individuals with JIA have been identified, more 

research in this field is needed.                        

Aims The overall aim of this thesis was to gain knowledge of TMD in JIA. Subgoals 

were to investigate the prevalence of TMD in children and adolescents with JIA 

compared to their healthy peers and investigate potential associations between JIA and 

TMD; investigate the reliability of diagnostic imaging by examining the precision of 

imaging measures commonly used to assess mandibular morphology in children and 

adolescents with JIA; compare CBCT and MRI in the measurement of condylar height; 

and lastly, analyse whether there are associations between clinical signs of  TMD pain 

and arthritis affected TMJ using CBCT as an imaging tool.                   

Methods This thesis has its origin in the Nordic JIA Study Group (NorJIA), a 

longitudinal multicentre study (2015-2020) addressing 228 children and adolescents 

(aged 4–16 years) diagnosed with JIA and recruited from three university hospitals in 

Norway. Among these, seven did not participate in TMD assessments and were 

excluded from studies I and II. The thesis comprised three studies based on baseline 

data originating from the 2015-2018 NorJIA study. Paper I was a matched comparative 

study with a cross-sectional design according to gender, age, and a centre site of 221 

children and adolescents with JIA (mean age 12 years). The standardised TMD 

assessments were based on shortened protocols of the diagnostic tools “Axis I Clinical 

Examination for DC/TMD” and “TMJaw Recommendations for Clinical TMJ 

Assessment in Patients Diagnosed with JIA”. In Paper II, the precision of three imaging 

techniques (MRI, CBCT and a lateral cephalometric radiograph (ceph) used for the 

assessment of mandibular morphology was examined. A subset of 90 children and 

adolescents with JIA underwent a MRI, CBCT of the TMJs and ceph. The agreement 

of continuous measurements was assessed with a 95% limit of agreement according to 

Bland-Altman and MDC at an individual level. Paper III was a cross-sectional study 
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that included 72 children and adolescents with JIA from the Bergen cohort. A newly 

devised and validated CBCT score for the overall impression of deformity (sound (no 

deformity), mild or moderate/severe deformity) was used to examine associations 

between clinical TMD signs/symptoms such as pain on palpation of the TMJs, pain on 

jaw movement, or a combination of the two.                                     

Results In the first study, 26.7% of participants with JIA self-reported TMD jaw pain 

during the past 30 days vs. 5% of healthy controls. JIA participants revealed a lower 

vertical unassisted jaw movement than the controls, with a mean of 46.2 mm vs. 49.0 

mm. Both painful masticatory muscles and TMJs on palpation were present in 50.2% 

of the JIA patients vs. 28.2% of the healthy controls. We examined three MRI, one 

CBCT and nine ceph-based measurements in the second study, of which the ceph-based 

SNA, SNB and RL3/ML3 (gonion angle) and the MRI-based total mandibular length 

had the highest test/retest reliability, with 95% limits of agreement (LOAs) within 15% 

of the sample means. In the third study, 29.2% of the subjects had palpatory pain at and 

around the lateral pole, and about 57% had TMJ pain upon jaw movement. Of 141 

TMJs, 18.4% showed mild, and 14.2% moderate/severe, TMJ deformity on CBCT. No 

statistically significant associations were seen between pain on palpation and TMJ 

deformity on CBCT or between pain on jaw movement and CBCT findings. 

Conclusions TMD was found in approximately half of the participants with JIA, as 

compared to about one-fourth of their healthy peers. The consistency of the tested 

imaging modalities used for the assessment of TMJ growth disturbances differed, 

highlighting the importance of applying the most precise imaging markers under the 

premise of acceptable diagnostic accuracy, both at a patient level and for clinical trials. 

This resulted in acceptable reproducibility for one MRI-based, one CBCT-based, and 

three ceph-based parameters. We found no associations between pain and TMJ 

deformity assessed by CBCT. 
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Terminology 

We have used a standardised terminology of orofacial conditions in JIA, which defines 

“TMJ arthritis” as active inflammation in the TMJ; “TMJ involvement” as clinical 

and/or radiological abnormalities, presumed to be the result of TMJ arthritis; 

“Dentofacial deformity” as abnormality in the growth, development, structure and/or 

alignment of the facial bones and dentition; and “TMJ deformity” as an abnormality in 

the growth, development or structure of the osseous and/or soft-tissue components of 

the TMJ [1]. 
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1. Introduction 

1.1 Temporomandibular disorder  

1.1.1 Definition, symptoms and signs 

The term temporomandibular disorder (TMD), known as an umbrella or collective 

term, encompasses a heterogeneous group of pathologies. The precise aetiology of 

TMD has been debated in numerous epidemiological studies, with the result that TMD 

can be attributed to a multifactorial aetiology. Extensive prior research revealed that 

chronic headaches, fibromyalgia, sleep apnoea, and psychiatric disabilities are 

associated with TMD [2-5]. TMD`s general definition is related to various clinical 

signs and symptoms of musculoskeletal conditions, noted as disorders that involve the 

masticatory muscles or/and the TMJs [6, 7]. 

The most common symptoms in children and adolescents can be subdivided into 

myofascial pain, TMJ arthralgia, non-painful disorders associated with internal 

derangements and degenerative joint disease [8]. Their development in the adolescent 

lifespan revealed gender differences resulting that girls aged between 14 and 16 years 

revealing higher rates of TMD pain and jaw dysfunction compared to boys [2, 9]. The 

intensity, persistence, and psychological impact of TMD pain are all similar to back 

pain and implemented as a musculoskeletal dimension of TMDs [10]. Conditions as 

TMJ pain (arthralgia), masticatory muscle pain (myalgia) and non-painful TMD 

conditions as stiffness and cramping are the primary cause of non-odontogenic pain 

[11]. However, signs of bruxism i.e., tooth grinding or clenching revealed weak 

associations to jaw muscle signs/or symptoms [12]. Numerous studies have debated 

whether variations in dental occlusion may be one of the main contributing factors in 

myofascial pain [13]. Today, it has been shown that occlusal disorders are of minor 

importance regarding the aetiology of TMD which has a multifactorial background [11, 

14]. And more, studies have excluded pain-free TMJ sounds from clinical screening, 

such as e.g., asymptomatic disc displacement (pain- free clicking) known as a prevalent 

physiological variant in 6% of 11-year-olds and 34% in 16- to 19-year-olds [15]. In a 

previous clinical approach, Lövgren and colleagues validated three pain screening 
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questions in relation to the diagnostic criteria of temporomandibular disorder DC/TMD 

[16]. They decided to exclude disc displacement with reduction and degenerative joint 

disease because both entities were primarily related to joint sounds and may not include 

functional limitations such as jaw locking or restricted movements. The third question 

detected more severe TMJ dysfunction and revealed that disc displacements without 

reduction and disc displacements with reduction and intermittent locking were more 

prevalent in the group that responded positive. 

TMD is associated with neuralgic features like chronic lower back pain, chronic 

headache, migraine and fibromyalgia [17, 18]. Extracranial pain, like back pain 

associated with orofacial pain, can be explained by the confluence of the upper cervical 

nerves with trigeminal nerves and indicate comorbidity between pain conditions at 

different anatomical areas [19]. Additionally, the global burden of TMD also mirrors 

both the susceptibility to medication abuse and frequent treatment seeking [20-22]. 

1.1.2 Prevalence 

Since the early 1970s, authors have reported signs and symptoms of TMD in children 

and adolescents [23, 24] with or without temporomandibular joint disorders, noting it 

as a common complaint in school-aged children [25]. At present, several classification 

systems most widely adopted in the literature are the 1) The Helkimo Index [26], 2) 

The American Academy of Orofacial Pain (AAOP) [27], 3) The Research Diagnostic 

Criteria for Temporomandibular disorders (RDC/TMD) [28], and their revised version 

4) The Diagnostic Criteria for temporomandibular disorders (DC/TMD) [29]. To 

identify TMD symptoms at regular dental check-ups, screening questionnaires for both 

children and adolescents and adults are available. A self-reported questionnaire 

pertaining to painful TMD (TMD-P) tested by Nilson and colleagues [9] and three 

screening questions (3Q/TMD) for adults validated by Lövgren and colleagues are 

applicable [16]. Both questionnaires might identify patients with a further need for 

TMD examination. All of these are helpful in the search for etiologies of TMD. Among 

the classifications mentioned above, the RDC/TMD, established by Dworkin and 

colleagues, has hitherto been the most widely used protocol in TMD research groups 

of experts, also called the “Consortium Network” based on The International 
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Association of Dental Research and The International Association for the Study of Pain 

[28]. It was they who revised and renamed the RDC/TMD. The attempt was to 

differentiate subcategories of TMDs and improve a compact screening tool by dividing 

it into two axes. The first one contains clearly defined examination rules and a 

standardised questionnaire for common pain-related disorders. The second axis refers 

to the patients’ psychosocial situation of experiencing chronic pain as well as pain-

related disabilities. Renamed as DC/TMD, this has become a useful, reliable, and valid 

diagnostic tool for pain-related diagnosis and been shown to provide stepwise clinical 

decision-making for establishing the diagnosis of orofacial pain [29]. 

It seems challenging to reach an exact figure on the prevalence of TMD amongst 

children and adolescents in the normal population. This is documented by a wide range 

of reported prevalence, from 7% up to 35% [30, 31]. Examination protocols tailored 

for the adult population could be one reason for this confusion related to exact 

prevalence figures in the younger population. Furthermore, the DC/TMD is validated 

for individuals aged 18 years and above and not adapted for younger individuals. 

Hence, the global TMD prevalence depends on the studied population as well as the 

diagnostic system applied. A variety of inclusion criteria, e.g., bruxism or joint sounds 

and different examination methods, are responsible for this high variability [32, 33]. 

Moreover, the validity and reliability of internal derangements such as painful clicking 

and the chronic closed lock of the TMJ disk are not implemented in the DC/TMD 

diagnostic decision tree. Pain-free clicking is still judged as a TMD symptom, although 

it is a normal physiological variant in predominantly teenage girls during puberty [15, 

34, 35]. Previous studies from Finland and Brazil have reported TMD prevalences of 

35% and 34%, respectively [36, 37].                                                                                     

The burden of TMD in Scandinavia (Denmark, Norway, and Sweden) is a common 

pain condition experienced mainly by young female adolescent. In two studies from 

the Bergen municipality and Rogaland County, Western Norway [38, 39], the 

prevalence of painful TMD among otherwise healthy adolescents was reported to be 

around 7% based on self-reported pain screening questionnaires adopted by Nilsson 

and colleagues [9]. Graue and colleagues also conducted an examination based on the 

DC/TMD criteria, finding a TMD prevalence of 11.9%, with a peak at 16 years of age. 
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[38]. Multiple cross-sectional studies have revealed that the overall prevalence of TMD 

is significantly higher in the 20–40-year age group (reproductive period) compared to 

other age groups and that TMD seems to be far more prevalent in the female population 

[40]. A hypothesised reason for this is that TMD may be affected by reproductive 

hormones. Studies have shown that increased estrogen levels correlate with a higher 

prevalence of TMD [21]. 

1.2 TMD treatment 

A therapeutic approach for a multifactorial condition such as TMD needs 

multidisciplinary investigation to obtain a suitable examination, diagnosis, and therapy. 

Dental specialist groups consisting of oral and maxillo-facial surgeons, orofacial pain 

specialists, pedodontists, prosthodontists, orthodontists, and radiologists can elucidate 

and analyse TMD conditions. The primary goal is to give the patient a better quality of 

life. Several treatment modalities have been described over the years. Conventional 

treatment techniques such as occlusal appliances, jaw exercises, and pharmacologic 

treatment or a combination of such can effectively alleviate TMD pain. A recent 

systematic review pointed out that catastrophic thinking in terms of rumination and 

exaggeration of an existing or foreseen painful act or stimuli has a significant impact 

on the intensity of TMD pain [41]. Therefore, interdisciplinary teamwork is a good 

option where also anaesthesiologists, psychologists, and physiotherapists add their 

knowledge. Cognitive-behavioural therapy (CBT), for example, could reduce 

catastrophising and pain in TMD patients, thereby improving treatment prognosis and 

outcome [42]. 

As mentioned above, the relationship between bruxism or jaw clenching and TMD has 

been much debated. Prolonged jaw clenching together with different occlusal features 

as, e.g., large overjet or anterior open bite, revealed more frequent  signs and symptoms 

of TMD  than bruxers without those occlusal features [43]. An overview of the 

available literature on this topic revealed that occlusal adjustments or equilibration in 

terms of TMD management is critical [11, 44]. In addition, controversial statements 

have been raised regarding associations between orthodontic treatment and TMD [45]. 
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However, the treatment with orthodontic appliances, e.g., a tooth aligner, neither treats 

TMD nor causes TMDs [46, 47]. Features such as crossbite, deep bite, and asymmetric 

molar or canine Angle classes may not be associated with TMD [48]. 

Physical exercises and relaxing jaw muscles, maintaining dentition, and controlling 

headaches are therapeutic cornerstones in TMD treatment. The incorporation of a hard 

acryl stabilisation/repositioning splint both day and night impact the relaxation of 

masticatory muscle pain during parafunctions and relieves the joint, e.g., when affected 

by degenerative joint disease or painful clicking [49, 50]. Hyperactivity and habits in 

children and adolescents, e.g., nail biting, should also be managed by behavioural 

therapeutic measures and physiotherapeutic sessions instead of iatrogenic grinding of 

the dental occlusion [51]. However, psychosocial impairment is probably an essential 

predictor of treatment outcome [42]. 

Treatment of children and adolescents with TMD-related pain is a challenge and 

determines whether the origin of the pain is the masticatory muscles, the TMJs, or a 

combination of both. The current therapy concept of these comorbid pain conditions is 

pain-blocking as soon as possible to minimise the risk of persistent pain [52].  

Analgesic treatment should be seen as part of the total care of TMD patients, i.e., non-

pharmacological intervention, such as physical exercise and behavioural therapy, are 

the first choice. Successful pharmacological management of TMD pain depends on 

accurate pain analysis before medication of analgesics. Drugs such as paracetamol and 

non-steroidal anti-inflammatory drugs (NSAIDs) have been the mainstay of therapy 

and effectively relieve pain [53]. Suppose the pain management is unsatisfactory with 

masticatory muscle exercises, occlusal splint appliances or other non-surgical 

treatment, and additionally, that radiological examination reveals TMJ deformities; in 

such cases, surgical treatment could be an option. Minor invasive procedures such as 

injection with steroids like intraarticular corticosteroid injections (IACIs) or hyaluronic 

acid should be considered before arthrocentesis or arthroscopy with lysis and lavage, 

which are considered minimal invasive surgical treatments. Studies have shown that 

TMD cases of degenerative joint disease could be managed with minimally invasive 

surgical interventions [54, 55]. IACIs have been used to reduce active arthritis for most 
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TMJs, but their role is not completely clarified [56]. Features like mandibular growth 

retardation and metabolic alterations, such as intra-articular calcifications with a high 

risk of ankylosis, have led to a cautious choice of surgery in skeletally immature 

patients [57, 58]. 

2. Temporomandibular joint (TMJ) 

The TMJ is a paired joint connecting the mandible to the skull. The temporal 

component consists of a shallow groove in the temporal bone, termed the glenoid- or 

condylar fossa, and the articular eminence of the temporal bone. The mandibular part 

is formed by the condyle (mandibular head) (Figure 1). The TMJ is a hinging-gliding 

joint (ginglymoarthrodial joint) surrounded by synovial tissue. However, the condyle 

and fossa do not articulate directly. The articular disc, an oval biconcave plate of 

fibrocartilage, separates the joint into superior and inferior compartments. The disk 

follows the joint movement and keeps rotational and translational motions smooth and 

soft [59]. The jaw apparatus is directly connected with the masticatory muscles and 

indirectly linked to the dental occlusion. Masseter muscle, medial and lateral pterygoid, 

and temporalis muscle are the main actors of mastication. The lateral pterygoid muscle 

performs protrusive and side movements of the jaw, whereas the other three muscles 

elevate the mandible and close the mouth. Due to its embryonic origin, the condyle 

with its growth site is beneath the articular disc and is covered with fibrocartilage, 

which differs from general hyaline [60-62]. There is an appositional growth in all 

directions, unlike a typical long bone. The condylar cartilage is a dynamic tissue and is 

exposed to endogenous and exogenous factors which may influence the 

multidimensional condylar growth course [60, 63]. Over time the cartilage is replaced 

by bone due to endochondral ossification. Compared to the other synovial joints in the 

body, these unique circumstances, i.e., the superficial positioned growth site, the 

magnitude and direction of condylar changes, and the slow cartilage maturation, make 

the TMJ unique and vulnerable [60, 64]. 
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2.1 TMJ derangements 

2.1.1 Anterior disk displacement (ADD) 

Anterior disk displacement is one of the more common TMJ disorders [65, 66]. It 

occurs in all age groups, and often presents itself with clicking, pain, limited range of 

mouth opening and masticatory difficulty [67]. The diagnosis is based on history, 

clinical examination, and MRI of the TMJ, preferably a dynamic MRI to visualise the 

displacement, pathological movement and perforated articular disk, when present. It 

has been reported in around 63 % of JIA patients [68]. A critical comparison has been 

conducted in terms of condylar deformity between children and adolescents with ADD 

and an age-matched group of JIA [69]. 

2.1.2 Osteoarthritis 

Osteoarthritis (OA) in general is often connected to the elderly, affecting movable 

joints, and is followed by anatomic and/or physiologic TMJ derangement. The main 

characteristics are demonstrated through cartilage degradation, bone remodelling, 

osteophyte formation, chronic/acute joint inflammation, and dysfunction. TMJ OA is 

listed as a subcategory of TMD [29] and is known as a low inflammatory disease. Other 

synonyms such as arthritis deformans, degenerative arthritis and arthrosis are in 

literature linked to TMJ OA. Crepitus sounds are often accompanied by OA, but TMJ 

OA can also be asymptomatic [70]. Patients in acute stages often report morning joint 

stiffness, joint pain both at rest and in action, reduced jaw opening, muscle pain, and 

difficulty in yawning, biting, and mastication. However, those conditions can decrease 

or disappear altogether. In addition, posterior malocclusion, premature contacts, and 

open bite on the contralateral or the affected side with TMJ OA have been observed 

[71, 72]. It is difficult to diagnose TMJ OA clinically since all the TMD conditions 

often share similar signs and symptoms. Therefore, clinical examination frequently 

underestimates the presence of TMJ disease. As mentioned before, there is a wide range 

of examination systems according to TMD. DC/TMD, for instance, requires the 

presence of joint crepitus registered by both examiner and patient, but the sensitivity 

for that is low. Therefore, anamnestic information and TMJ imaging are crucial for the 

detection of TMJ OA. In children and adolescent patients, severe TMJ OA may lead to 
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facial growth disturbances seen in reduced condylar width and height, which can 

negatively impact dental occlusion [73]. However, the regeneration capacity of the 

TMJ components in children and adolescents is unique compared to other joints. 

Reciprocal clicking (RC), or a chronic closed lock (CCL) are two clinical TMD variants 

of disc derangements and the prevalence for each variant, increases with age [74]. Both 

disorders develop differently from each other, and in contrast to RC, CCL is a 

degenerative intraarticular joint disease often accompanied by TMJ OA. CCL is 

associated with morphological changes of the disk, the articular surface, and chronic 

synovitis; moreover, it is apparent under surgical interventions. Holmlund and 

colleagues termed RC with limited and painful jaw movement as closed lock (CL) 

syndrome, which may progress into acute closed lock (ACL) or CCL [75]. 

Furthermore, tissue-based clinical research has revealed that abnormal joint tissue 

metabolism in patients with CCL is more associated with macrophages and cytokines 

than patients with RC. Clicking or popping sounds without pain are also common 

findings and mainly perceived by female teenagers during puberty; these will mostly 

disappear [15]. 

 

2.2 Miscellaneous TMJ conditions 

2.2.1 Idiopathic condylar resorption (ICR) 

About six decades ago, Dr. Burke was the first to describe mandibular condylar 

hypoplasia [76]. The condition was later renamed idiopathic, or progressive, condylar 

resorption (ICR) by Arnett and colleagues. They suggested that ICR represented a 

“low-inflammatory arthritic” or degenerative temporomandibular joint disease, 

without inflammatory evidence on MRI [77-79]. Female adolescents are affected more 

often than boys, with a 9:1 female-to-male ratio. ICR seldom develops after the age of 

twenty years [80]. There is an overlap between JIA and ICR regarding the 

dysfunctional remodelling of condylar mass, and ICR`s aetiology is more nourished by 

empirical conviction and tradition than science [81]. The literature describes two types 

of idiopathic condylar resorption, both bilateral and symmetrical [82]. One theory is 
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that TMJ ICR is a type of juvenile TMJ OA, subsequently developing into 

osteoarthrosis over time. Others have suggested that ICR is due to improper mechanical 

loading in genetically predisposed individuals with hypoestrogenemia and 

hypermobility of the joints [79, 83]. It has been shown in one study that women with 

severe condylar resorption also had irregular menstrual cycles and used contraceptives 

[83]. Furthermore, Abubaker and colleagues found that low circulating estradiol led to 

increased regulation of estrogen receptors on the articular tissues of the TMJ [84]. 

Thought to be a local inflammatory disease, ICR may lead to growth disturbances 

similar to those seen in JIA. In sum, the pathogenesis and diagnostic criteria for ICR 

are not clearly defined. 

2.2.2 Growth related changes of the TMJ 

The majority of new bone formation occurs at the posterior margin of the ramus and 

mandibular condyle [85]. They are the two major sites for mandibular elongation. The 

growth of the mandibular condyle appears to be stimulated in part by mechanical 

loading of the joint, which grows as a secondary ossification centre, elongating the 

condylar neck as well as widening and lengthening the condyle [86]. The condylar 

cartilage of the TMJ is the greatest growth centre in the craniofacial complex and is 

located on top of the bony surface of the condyle [87]. In young children, the articular 

eminence and the glenoid fossa are flat. However, during growth, the fossa gets deeper, 

and both articular eminences and glenoid fossae gain a more sigmoid shape which is 

reached around puberty [88, 89]. Studies have also shown that on sagittal oblique scans, 

the condylar head is more frequently rounded with a straight condylar neck in children 

up to five years of age [90, 91]. In addition, the more anterior tilted condylar neck and 

angular-shaped condyle head are age-dependent characteristics together with flattened 

joint surfaces on coronal scans. High variability in condylar surface and volume is seen 

in individuals from the age of 15 up to 29 years (mean age 19.2 years) between genders 

and between the right and left sides of the mandible [92], whereas condylar flattening 

might represent normal variations, as previously shown [93, 94]. Peck and colleagues 

described condylar flattening as undetermined conditions of degenerative joint disease, 

which may represent normal variation [95]. 
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3. Juvenile idiopathic arthritis (JIA) 

3.1 Definition, symptoms and clinical features, diagnosis 

Definition. Paediatricians Sir Georg Frederic Still and Mayer Saul Diamantberger were 

the first to characterise chronic arthritis in children and its progressive destruction [96, 

97]. Over the past 120 years, various definitions and abbreviations have been used, 

including Still`s disease, juvenile chronic polyarthritis (JCP), juvenile rheumatoid 

arthritis (JRA) and juvenile chronic arthritis (JCA). The International League of 

Associations for Rheumatology (ILAR) proposed the most recent classification criteria 

for juvenile idiopathic arthritis (JIA) by Petty and colleagues in 2004 [98]. According 

to the ILAR, JIA includes all heterogeneous arthritis in children and adolescents under 

the age of 16 years, with a disease duration of 6 weeks or more, after excluding other 

known conditions [99]. It is divided into seven subgroups based on the features present 

in the first six months of illness (Table 1). 

Figure 1 Illustration of the TMJ                          
(From: https://www.physio-pedia.com; 
Creative Commons Attribution-Share Alike 
3.0 Unported license 
https://creativecommons.org/licenses/by-
sa/3.0/deed.en) 
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Table 1. JIA subtypes (ILAR criteria 2011) and clinical features [55]. 

Symptoms and clinical features. The cardinal feature of JIA is arthritis, defined as heat, 

swelling, pain on motion and/or limitation of motion [98]. Typical complaints are 

morning stiffness and limping. Based on the number and pattern of joint involvement, 

patients are placed in one of the seven main types (Table 1), of which oligoarticular 

JIA (involving four or fewer joints) is the most common in western countries [100]. 

The TMJ can be involved in all JIA subtypes.       

Diagnosis. The diagnosis of JIA is based on the presence and persistence of arthritis 

and simultaneously a careful exclusion of any other disease through evaluation of 

medical history, physical examination, and laboratory tests. The diagnosis is moreover 

supported by imaging. 

3.1.1 Epidemiology 

Globally, the prevalence of JIA is reported at 50-100/100,000 [101-103] or 1 to 2 per 

1,000 children [104], while the annual incidence varies between 1.3 to 22.6 per 100,000 

children [105, 106]. In the Nordic countries, high incidence rates of 15 per 100,000 

children per year have been reported [107, 108], with prevalence from 86 up to 164 per 

100,000 children [102, 105, 109, 110]. A multicentre study from south eastern Norway 

JIA subtype Joints involved Age at onset 
(years) 

Gender (female: 
male) 

Prevalence % 

Oligo-JIA 
- Persistent 

 
- Extended 

 

 

≤4 
Asymmetric (e.g., 
knee and PIP) 
≤4 for 6 months but 
then >4 Asymmetric 

2-4 
 
 
2-4  

3-5:1 
 
 
3:1 

 
 
27-56% 
 

Poly-JIA 
- RF-

negative 
- RF-positive 

 
5 or more, asymmetric 
5 or more, symmetric 
 

 
2-4 
teens 

 
3:1 
3:1 

 
11-28% 
2-7% 

Systemic JIA Variable, usually 
polyarticular 

Throughout 
childhood 

1:1 4-17% 

Psoriatic Usually ≤4 
Asymmetric, dactylitis  

3-11 1:1 2-11% 

ERA Usually ≤4, lower 
extremities, SI joints 
and LS spine  

>6 1:7 3-11% 

Undifferentiated  Peripheral and axial 
spine 

Older children, 
adolescents 

1:1 NA 
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conducted between 2004 and 2005 found an annual incidence of 71 per 100,000 

children [111]. Oligoarticular onset is more common in western countries or among 

people of European descent, while enthesitis-related arthritis (ERA) and systemic onset 

JIA categories are more common in Asian countries such as China and Japan [100, 

112]. JIA prevalence is also higher in children and adolescents living in lower income 

countries than those living in wealthier areas [100] and is characterised by a short and 

long-term disability of function and pain. Except for ERA and systemic JIA, girls have 

an earlier peak in age distribution at onset than boys [113]. 

3.1.2 Aetiology 

Despite research studies on potential predisposing mechanisms such as infection, 

trauma, psychological factors, heredity, familiar influences, and a host of immunologic 

phenomena, the aetiology of juvenile arthritis is largely unknown. It is thought to be 

an autoimmune disease resulting from a combination of genetic and environmental 

causes. Infections with borrelia burgdorferi are obvious in Lyme`s disease, 

vaccinations, early and repeated antibiotic use, and the human microbiome might be 

contributing factors to disease aetiology [114-117]. 

3.2 TMD and JIA 

3.2.1  TMJ arthritis-related signs and symptoms 

Children and adolescents with JIA may suffer pain from the temporomandibular joints 

(TMJs), either because of the inflammation and destructive changes themselves or 

secondary muscular tensions from the surrounding muscles. Common TMD signs and 

symptoms are reduced vertical jaw opening, pain during jaw movements, tiredness of 

the jaws, TMJ crepitus, chewing disabilities, TMJ morning stiffness, and pain upon 

palpation of the masticatory muscles and the TMJ [118]. The reported prevalence of 

TMD in JIA varies significantly, regardless of JIA subcategory. A recent study on 

individuals with JIA indicated that signs and symptoms of TMD can occur early, 

with an estimated median age of 6.6 years at the first presentation [119] and TMJ 

pain (25.1%), chewing limitation (20.5%), and TMJ sounds (14.2%) were the most 

prominent TMD symptoms. A retrospective chart review with a balanced gender ratio 
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of 2413 children and adolescents (mean age 9.5 ±4.5) revealed that clinical symptoms 

such as pain on palpation and pain while chewing had the strongest association to TMJ 

involvement upon inspection with an MRI [120]. Moreover, female children had a 

higher proportion of TMJ involvement during follow up examination as compared to 

males. However, there are no validated clinical criteria for identifying JIA’s most 

common pain related TMD symptoms [121]. As mentioned before, the DC/TMD 

protocol is used in numerous studies but is still tailored for adolescents from the age of 

18 years, and its TMJ sound analysis, in jaw movements, will define pain-

free/asymptomatic TMJ clicking as a TMD symptom, although it is a normal thing 

[29]. In addition, a recent interdisciplinary debate suggested that chronic low-grade 

inflammation might facilitate TMJ destruction, despite the fact that those JIA patients 

were well-treated by medical treatment regime such as systemic disease modifying 

drug (sDMARDs) or biologic DMARDs (bDMARDs) [122, 123]. It is also noteworthy 

that long-term follow-up studies have shown that TMD is present in more than half of 

all JIA patients [124, 125]. 

3.3 TMJ arthritis and its consequences 

3.3.1 Pathogenesis 

The hallmark feature of JIA is chronic inflammation of the joint with preceding 

cardinal clinical signs of inflammation: “Swelling within a joint, or limitation in the 

range of joint movement with joint pain or tenderness” [98]. Furthermore, the disease 

can affect any joint. The first pathophysiologic changes show the hyperemic edematous 

synovium turning into a hypertrophied synovial membrane (hyperplasia) by infiltration 

of T cells, B cells, macrophages, dendritic cells, and plasma cells [126]. Those 

mononuclear cells perform pro-inflammatory cytokines such as tumor necrosis factor 

alpha (TNF)-α, interleukin (IL)-1β, IL-6, interferon (IFN)-γ, and IL-17. This 

inflammatory process leads to the activation of pathogenic cells (like TH17) and 

osteoclasts in the joint with cartilage and bone deformation during autoimmune arthritis 

[127-129]. A well-coordinated immune response requires a suitable balance between 

pro-inflammatory and anti-inflammatory cytokines. Synovial inflammation results 

from an unregulated immune response between pro-inflammatory and anti-
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inflammatory cytokines (IL-4 and IL-10, and IL-27) in JIA [130] with periods of 

progression as well as remission. The fluctuating episodes represent the dynamic and 

insidious character of JIA [131]. A previous study by Olsen-Bergem and colleagues 

focused on the concentration of cytokines and bone markers from synovial fluid [132]. 

Their results revealed negative correlations between TMJ pain to TNFα and 

osteoprotegrin in the synovial fluid. 

3.3.2 Treatment JIA 

There is increasing evidence that many, if not most, children and adolescents with JIA 

will have a chronic disease with ongoing activity into adulthood [133, 134]. However, 

disease activity is manageable with treatment and support, and children and adolescents 

can live full and active lives [135, 136]. Early aggressive intervention with disease-

modifying anti-rheumatic drugs (DMARDs) is recommended in children and 

adolescents with high or moderate disease activity and/or features of poor prognosis 

[135]. Regardless of both concomitant therapy and JIA category, intra-articular 

corticosteroid joint injection (IAC) for active TMJ disease has been debated. Previous 

research revealed that IAC might be associated with inhibited mandibular growth and 

intraarticular calcifications in the TMJ [58, 137]. A recent prospective pilot study by 

Frid and colleagues preferred a more cautious use of IAC and suggested a single IAC 

after the peripubertal growth [138]. 

Other treatment options are nonsteroidal anti-inflammatory drugs, methotrexate and 

other DMARDs [135, 139]. In recent years biologic treatments interfering with key 

cytokines of inflammation have been developed, such as the TNF-blocking agents 

etanercept, infliximab and adalimumab [140, 141]. Since 2000, biologic agents have 

provided a major improvement in medical treatment for severe JIA. 

4. TMJ – Imaging 

The rationale for soft and hard tissue imaging in patients with JIA is two-fold, namely, 

evaluation of pathomorphological changes in TMJ components and assessment of 

dento-maxillofacial asymmetry secondary to growth disturbances. The most 

commonly used imaging modalities for assessment of JIA with TMJ involvement 
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include magnetic resonance imaging (MRI), panoramic radiography (OPG), cone beam 

computed (CBCT) and lateral cephalometric radiography (ceph). MRI plays a key role 

in detecting early synovial inflammation. In the following, I will focus on the imaging 

modalities used in the present works, i.e., MRI, OPG, CBCT and ceph. 

4.1 MRI 

MRI is a technique that uses non-ionising radiation, and currently, there are no known 

significant biological side effects [142]. The physics of magnetic resonance signals are 

generated by nuclei of hydrogen atoms within the human tissues. In a magnetic field, 

a radiofrequency coil located beside the body detects the changes in protons. This coil 

sends radiofrequency pulses to the body part under examination and registers and 

converts signals to images [143]. Since an MRI can provide contrasts between different 

soft tissues, it can be used to depict synovitis, bone marrow edema/inflammation, and 

cartilage damage. Currently, MRI is the method of choice for the diagnostics and 

interval monitoring of inflammatory changes of the TMJs in children with JIA [144-

146]. MRI also displays the osseous structures of TMJ but not in detail in comparison 

with CBCT or CT  [147]. However, recent developments applying ultra- and zero-short 

echo-time sequences have shown the potential to enable useful MRI-based bone 

imaging. In a recent study on adults comparing zero-short MRI and CBCT, the authors 

found substantial agreement between the two methods for assessing degenerative 

changes in TMJ bone structures [148]. Similar studies in children are lacking [149]. 

MRI is not believed to detect small erosions and subtle osseous changes in the absence 

of inflammation better than CT [150]. The abnormal position of the disc in relation to 

the condyle and temporal eminence is a very common intra-articular abnormality of 

the TMJ. However, CT scanning of the disc has never reached its expected diagnostic 

potential. MRI opened a new diagnostic and achieved excellent evaluation of the disc, 

especially in early disease [151-153]. 

Imaging markers of early disease are of particular interest, and it has been proposed 

that bone marrow edema represents a precursor of erosive change [154]. The rate of 

TMJ involvement in patients with JIA is reported at around 40% in a large series of 

consecutive patients [155]. More recently, the potential of MRI for the evaluation of 
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growth disturbances secondary to TMJ involvement has been addressed, using T1-

weighted (T1-w) 3D sequences to construct oblique sections through the mandible on 

which measurements are based [156-158]. 

4.2 OPG 

Panoramic imaging, also known as orthopantomography, is the most widely used x-ray 

examination among dentists. The x-ray source and image receptor rotate around the 

patient’s head, and a curved focal trough of dentition and surrounding bones is created 

after exposure. Objects in front of or behind this focal trough are blurred and largely 

not seen  [159]. Therefore, a proper diagnosis is dependent on the patient’s positioning 

and head posture. Evaluation of TMJ deformity has traditionally been performed using 

OPG, based on its availability and simplicity in image acquisition. However, the 

condyles may only be sharply depicted on OPG when located in the focal trough. In 

addition, diagnostics of structural changes in the temporal part of the TMJ are 

challenging using OPG [160]. Although visualising condylar resorption, antegonal 

notching, shortened ramal height and anterior open bite, its sensitivity for detection of 

small bony lesions at the condylar head or temporal bone is low [161, 162]. Based on 

OPG, up to 67% of patients with JIA are reported to have TMJ involvement [163]. A 

panoramic study by Liukkonen and colleagues of 182 healthy children and adolescents 

at the ages of 7 (mean 7.5, range 6.4-8.5 years) and 16 years (mean 15.9, range 15.2-

17.2 years) revealed that linear measurements have shown significant differences in 

growth of condyle and ramus heights on the right and left side [164]. However, 

standardised head posture is of importance to conduct vertical measurements [165, 

166]. 

4.3 CBCT 

CBCT has been tested and compared with other diagnostic modalities in evaluating 

TMJ in different patient categories [167]. The method provides accurate and reliable 

linear measurements regarding the spatial dimensions of   TMJ  and mandible, 

according to Hilgers et al. [168]. 
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The advantages of CBCT over other imaging modalities are the easy image acquisition 

and remarkable 3D reconstruction with high spatial resolution. For TMJ diagnosis, 

CBCT is considered a cost- and dose-effective alternative to CT for investigating 

osseous TMJ abnormalities. CBCT has been applied to measure condylar volume or 

3D asymmetry in JIA patients [169-171]. The radiation burden of a CBCT examination 

on TMJ was 30% lower than CT with better image quality [172]. A CBCT study among 

the non-JIA population revealed an association between TMJ arthralgia and a degree 

of condylar erosion [173]. A split-face study revealed an association between unilateral 

condylar abnormalities in terms of deformity or erosion and dentofacial asymmetries 

in children and adolescents with JIA [174]. The affected site was first associated with 

a shortened condyle, while reduced mandibular posterior height was associated with 

both deformity and erosion. Studies have shown that children and adolescents with JIA 

have microscopic erosions within the condylar cortex and complete deformations of 

the mandibular head. CBCT imaging may detect those signs early to prevent the 

possible manifestation of facial asymmetry due to growth disturbance of mandible 

[169, 171]. In summary, it can be said that CBCT imaging allows for a precise 

assessment of cortical and trabecular osseous structures involvement and evaluates 

disease extent and progression. However, comparative studies focused on TMJ pain, 

and CBCT findings are not widely explored in the literature and thus so far 

inconclusive. 

 CT and MRI scans in adults who had JIA during childhood and adolescence have 

shown that flawless cortical outlines of deformed TMJs may be the result of previous 

damage with consecutive regeneration [134]. Furthermore, CBCT studies debated an 

association between poor mechanical loaded TMJs and TMJ symptoms and signs 

resulting from JIA-induced TMJ deformity [94]. On the other hand, Mao and 

colleagues found that functional overloading of none JIA TMJ may influence the intra-

articular condylar growth cartilage, resulting in morphological signs such as condylar 

flattening [63]. Hence, condylar flattening alone is not an indicator of JIA TMJ 

involvement since this was seen in healthy individuals. A more recent study 

underscores why CBCT is the diagnostic radiographic examination of choice for the 

assessment of osseous changes in the TMJ [175]. In their retrospective study of 88 JIA 
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participants (mean age 11.6 ± 4.3) and 45 healthy controls (average age 11.5 ± 4.4), 

JIA patients with unilateral TMJ-involvement presented a statistically significant lower 

condyle and ramus volume in the affected hemi-mandible than the unaffected side 

[175]. Moreover, the mandibular ramus volume played a key role in the development 

of mandibular asymmetry. 

4.4 Ceph 

This technique has been a standardised diagnostic method in orthodontic practice and 

research. However, the method is flawed due to magnification, difficulties in 

identifying some landmarks and inconsistent head posture between exposures [176-

178]. In addition, Baumrind, Broch and colleagues argued that cephalometric 

landmark-based measurements such as edges are easier to localise [179, 180], whereas 

landmarks placed on curves showed a higher measurement error. A variety of ceph-

studies have demonstrated that the use of 2D view in the analysis of 3D objects can 

cause landmark identification errors due to overlapped structures, which has in turn led 

to a search for new techniques. CT and CBCT imaging have come into use over the 

past decades and have been found to overcome the limitations associated with 

traditional ceph-analysis. Several studies have been conducted to assess the accuracy 

of ceph-measurements using 3D CT images [181-184]. However, studies examining 

the precision of imaging markers using a radiological approach, as described by 

Fryback and Thornsbury [185] are sparse. 

4.5 Research questions 

The literature described above covering TMD in children and adolescents with JIA but 

has also revealed research related insecurities. A systematic review and meta-analysis 

by our research team [186], focusing on oral health including TMD, included four 

articles reporting TMD related subjects as TMJ destruction features, joint inflammation 

or TMJ pain and facial symptoms [186]. These articles, covering the period up to 

November 2018 [187-190], consolidated the previous knowledge that TMD was more 

frequently found in children and adolescents with JIA than in healthy peers. 

Nevertheless, three of the articles were based on small sample sizes of 20 to 41 
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individuals and 10-41 controls. While the mean age of individuals with – and without 

– JIA were to some extent comparable, it might be questioned whether the low sample 

sizes could give a reliable estimate of TMD prevalence. Also in comparative cross-

sectional studies, priority should be set for obtaining well matched controls. This issue 

has not been given high priority. 

Regarding exact TMD prevalence figures, calibration and recalibration sessions of the 

diagnostic tool used might be imperative to gain high interexaminer measurement 

reliability [191]. Part of our research team has also focused on this issue [192]. Due to 

all these publications with low sample sizes, insufficient matching of controls and 

calibration, there are questions regarding the reliability of the existing prevalence TMD 

figures. 

The accuracy of imaging measures and the reliability of landmark identification 

commonly used to assess mandibular morphology in children and adolescents with JIA 

are also of vital importance [185]. To our knowledge, this issue is not widely explored 

in the literature and has not been conclusive so far. Kellenberger and colleagues 

addressed the precision of MRI-based TMJ measurements by applying the Bland- 

Altman mean-difference plots in children and adolescents with JIA as a target group 

[69]. Also, imaging diagnosis is crucial in JIA with non-symptomatic TMJ 

involvement. We do not yet know whether there exists an association between clinical 

TMD signs/symptoms and CBCT findings of TMJ structural deformities in this group 

of children and adolescents with JIA. 

5. Aims and hypotheses 

Due to the above shortcomings and the knowledge gap in current literature restricted 

to children and adolescents with JIA, the overall aim of this thesis was to gain 

knowledge of TMD in JIA. Subgoals were to investigate the prevalence of TMD in 

children and adolescents with JIA compared to their healthy peers and also investigate 

potential associations between JIA and TMD; investigate the reliability of CBCT, MR 

and ceph in terms of the precision of linear and angle measures commonly used to 

assess mandibular morphology in children and adolescents with JIA; and analyse 
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whether there are associations between clinical signs of TMD pain and arthritis affected 

TMJ using CBCT as a imaging tool. 

5.1 Hypotheses 

Paper 1 Children and adolescents with JIA have a higher prevalence of TMD 

  compared to their healthy peers. 

Paper 2 There are reliable measurements with ceph, CBCT and MRI-based 

  scans for assessing mandibular morphology in children and adolescents 

  with JIA. 

Paper 3 There is no association between TMD pain and CBCT imaging 

  features of the TMJ in patients with JIA. 

6. MATERIAL AND METHODS 

6.1 Ethical considerations 

The research project was approved by the Norwegian Regional Committee for Medical 

and Health Research Ethics West (2012/542/REK West). The study was conducted in 

accordance with the Declaration of Helsinki [193]. Written informed consent was 

obtained from all the participants or their caregivers, as appropriate (Appendix IV). 

During the recruiting process, our senior paediatric rheumatologists underlined that 

withdrawal from the study was possible at any stage, without any negative 

consequences for the future patient-doctor relationship. Moreover, the study nurses at 

each of the participating centres followed the child/caregiver for the whole day and 

were open to any questions and concerns that might arise. 

6.2 Study design and cohorts 

The work presented in this thesis is based on baseline data from the Norwegian Juvenile 

Idiopathic Arthritis Study (NorJIA), a multicentre, prospective cohort study, including 

228 patients (93 males) aged 4-16 years with a diagnosis of JIA according to the 

International League of Associations for Rheumatology (ILAR) criteria. Amongst 

these, 221 participated in TMD assessments. Children and adolescents were matched 
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(1:1) with healthy controls according to gender-, centre site- and age. Exclusion 

criterion was the lack of written informed consent. There were no participants with 

major medical comorbidities such as congenital facial anomalies, skeletal dysplasia, or 

malignancies in the study group. 

The present work is based on baseline cross-sectional data. Paper I: Data from the 

whole JIA cohort and a matched control group (each group of 221 children and 

adolescents) examining the prevalence of TMD and potential associations between JIA 

and TMD (Paper I); Paper II: A subset of 90 patients who had undergone an 

examination of MRI, CBCT of the TMJs and a lateral ceph of the head taken between 

March 2015 and May 2018; and Paper III: a subset of 72 children and adolescents 

residing in Bergen and surrounding regions in Hordaland to examine for associations 

between CBCT and TMD-findings (Paper III). 

6.3 Examination of TMD 

6.3.1 Case Report Form of clinical examination and questionnaire 

The Case Report Form (CRF) (shown in Appendix I) contains assessment procedures, 

which were standardised and based on two shortened versions of diagnostic tools: the 

“Axis I Clinical Examination for DC/TMD” [29] and “The EuroTMJoint 

Recommendations for Clinical TMJ Assessment in Patients Diagnosed With JIA” 

(shown in Appendix II) currently termed the Temporomandibular Joint Juvenile 

Arthritis (TMJAW) group. A self-assessment questionnaire on pain-related oralfacial 

Figure 2. Flowchart of Study design 
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issues was filled in by the participant, his/her carer or in consensus while the participant 

was seated in the waiting area (shown in Appendix III). The latter was used to enhance 

the operational specification of DC/TMD due to the fact that the DC/TMD tool alone 

is reported to show a weak validity for TMJ assessment, e.g., disc displacement 

diagnosis (low sensitivity) and degenerative joint disease diagnosis (low sensitivity and 

specificity) [29]. One of the main concerns of the former EuroTMJoint group was to 

create a standardized short examination protocol for patients who are under treatment 

for an ongoing TMJ arthritis or JIA patients getting a routine orofacial evaluation. 

Established on current knowledge and consensus based recommendations of TMJ 

arthritis in children and adolescents with JIA [194], the EuroTMJoint examination 

protocol generates information about TMJ symptoms, TMJ dysfunction and 

dentofacial deformity. The examination takes less than 3 minutes to complete and 

should be applicable to all practitioners without dental training. 

Regarding the CRF protocol, prior to and during the study period, calibration sessions 

for the five participating examiners were performed, including four calibration 

exercises according to procedures previously described by our research team [192]. 

Further details on the calibration results and procedures are presented in Paper I, 

supplementary Tables S1 and S2, and in the Statistic section. 

6.3.2 Examination procedures of CRF 

 Stage 1a/b: Location of pain within the last 30 days 

On the day of the TMD examination, the eligible children and adolescents were asked 

whether they had experienced any TMD-related pain and headache during the last 30 

days by indicating this location themselves. 

 Stage 2A/C: Vertical range of motion 

Subsequent measurements of the vertical range of motion were registered in mm as 

pain free opening, maximal unassisted mouth opening and maximal assisted mouth 

opening (Figure 3B). 

 Stage 3: Mandibular deviation at maximal mouth opening endpoint 

The mandibular position was assessed at the maximal mouth opening endpoint. 
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 Stage 4: TMD pain during jaw movements 

Evoked TMD pain during vertical, lateral and protrusive jaw movements were 

registered and asked if those were familiar or not and familiar to headaches or not. 

 Stage 5/6: Joint noises as clicking and crepitation during opening and closing 

movements and lateral and protrusive movements were registered. 

 Stage 7: Jaw locking was noted during mouth opening and maximal mouth opening. 

 Stage 8: Pain upon palpation of the masticatory muscles and at the lateral and 

around lateral pole 

Evoked pain upon masticatory muscle palpation and palpation both at lateral pole and 

around lateral pole was registered and asked if pain were familiar or not and familiar 

to headaches or not (Figure 3A). 

 Stage 9: Registration of TMJ pain on palpation with open mouth and/or closed 

mouth. 

 Stage 10 is linked to the self-assessment questionnaire and summarises pain 

frequency and pain intensity. 

 Stage 12/13: Frontal asymmetry/ Facial profile 

  Stage 14: Swelling of the TMJ 

Registration of a swollen TMJ was present or not. 

 

Figure 3, is showing the clinical examination, 
including A) masticatory muscle palpation and  
B) measurement of vertical jaw movement. 
Follow up images 2017, NorJIA Study REK: 2012/542 

 

 

A 

B 
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6.3.3 Variable and outcomes 

Subjective symptom outcomes were TMD pain within the last 30 days (n, %) reported 

by the participants or the parents and pain during vertical, lateral and protrusive jaw 

movements. Clinical outcomes were derived from maximal unassisted vertical mouth 

opening and lateral jaw movements (mm), pain upon palpation of the masticatory 

muscles and the TMJ area. Outcome variables which have been excluded from the 

results are summarised under statistical analysis 7.1. 

6.4 Imaging 

6.4.1 MRI 

All MRI examinations were performed on a 3 Tesla system (Skyra, Siemens 

Healthcare, Erlangen, Germany), using a 64-channel head coil (or a 32-channel in 30 

patients, StOlavs). In Paper II, a sagittal T1-w MPRAGE (ultrafast gradient-echo 3D) 

sequence (TR/TE/FA/SL =2000/2.26/8/1) was used. The images were assessed 

independently by two consultant paediatric radiologists using a high-resolution PACS-

screen for assessment of intra- and interobserver variation. The following three 

measurements were made a) total mandibular base length Co-Gn, b) posterior 

mandibular length (Go-Co) and c) condylar height Co-In (Figures 5A-B). 

Figure 5. a) Total mandibular base length measured between the most cranial point 
of the condyle (Co) and the most anterior/inferior border of the chin in the 
mandibular midline (Gn) and b) Posterior mandibular ramus length measured 
between the most cranial point of the condyle and gonion (Co-Go). Images A and 
B, NorJIA Study REK: 2012/542 

B 

A 
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6.4.2 CBCT 

The CBCT examinations were performed on one of three CBCT machines, with kVp / 

mAs / field of view (FOV) (diameter * height in mm) / voxel dimension (isotropic, 

mm) settings: 3D Accuitomo 170 (Morita Mfg Corp, Kyoto, Japan) 85 / 175 / 40*40/ 

0.125; Promax 3D (Planmeca Oy, Helsinki, Finland) 90 / 13.6 / 200*60 / 0.40; or 

Scanora 3D (Soredex, Tuusula, Finland) 90 / 45 / 60*60 / 0.13. The exposure 

parameters in terms of exposure time and kVp were adjusted individually according to 

the patient's size and age. The participants were positioned with the Frankfort plane 

horizontal and their teeth in maximal intercuspal position. The images were exported 

together with the accompanied image viewers included in the three respective CBCT 

systems and assessed independently by two consultant radiologists, twice (at an 

interval >4 weeks) by TAA and once by OWA (both with 13 years of experience in 

musculoskeletal imaging). 

Condylar height was measured in the same manner as for MRI; however, due to the 

limited field of view, we approximated the ramus corrected sagittal view to include the 

coronoid process and the ramus tangent along the posterior border at the lowermost 

point of the condyle or ramus included in the field of view (Figure 6). 

 

Figure 6. a) figure showing the TMJ, and b) oblique coronal 
CBCT view of the TMJ. Image A modified from: 
https://www.physio-pedia.com, image B: NorJIA Study 
REK: 2012/542. 

A B 
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6.4.3 Ceph 

Lateral cephalometric radiographs were performed using one of three different 

pan/ceph systems: Orthophos xg 5 (Sirona Dental Systems, Bensheim, Germany), with 

the settings 73 kVp, 15 mA, exposure times 9.7 and 9.4 seconds for adolescents and 

children, respectively, and a magnification factor of 1.1 with a 16-bit pixel depth for 

all images; Promax Type Version 3.8.1.0; Planmeca, (Helsinki Finland) with the 

settings kVp 62 – 70, mAs: 7 – 10 mA 6,7 sec; and Soredex Cranex D (Helsinki, 

Finland) with settings 70 kVp, 10 mA, exposure time 5.8 seconds. The radiographs 

were taken under standardised conditions with a natural head position (Frankfort 

horizontal (FH)-line parallel to the ground) and teeth in maximal intercuspation (Figure 

7). 

7. Statistic 

7.1 Statistical analysis 

Statistical analyses for all three papers were carried out using the IBM Statistical 

Package for the Social Sciences (SPSS) statistics version 25 or 26 (IBM Corp, Armonk 

NY), and a p-value <0.05 was considered statistically significant. Descriptive statistics 

are reported as means, medians with 95% CIs and SDs for continuous data, and as 

Figure 7: A: Point A; ANS: 
Anterior Nasal Spine; Ar: 
Articulare; B: Point B; Me: 
Menton; N: Nasion; OLp: 
Occlusal line, posterior point; 
pGo1+2: Posterior gonion 
(posterior point on ramus); 
PNS: Posterior Nasal Spine. 
S: Sella; aGo1+2: Anterior 
gonion (lower border of 
mandible). Ii: Tip of the 
crown of the left/right first 
inferior incisor. Iia: Apex of 
the left/ right first inferior 
incisor. Is: Tip of the crown 
of the left /right first superior 
incisor. Isa: Apex of the 
left/right first superior 
incisor. ML3: Mandibular 
line; RL3: Ramus line; Go: 
Gonion angle. 
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frequencies and percentages for categorical data. Further details on the statistical 

methods used are described in each of the three papers. 

Due to very low variation between the examiners pain-free opening, and maximum 

assisted opening (stage 2), mandibular opening pattern (stage 3) were excluded from 

the results. The proportion of participants who gave response to the following stages 

was sparse: TMJ crepitation during jaw movement (stages 5, 6), joint locking (stage 

7). Familiar pain symptoms, the calculation of pain frequency/intensity (stage 10), the 

analyses of frontal asymmetry (stage 12) and profile of the face (stage 13) and finally 

swelling of the TMJ (stage14) exhibited low values and have been excluded from 

statistics. 

7.2 The Bland-Altman approach 

Bland-Altman plots are used for the estimation of the agreement between two 

continuous measurements made by the same observer using the same method 

(repeatability) for the estimation of agreement between two continuous measurements 

made by different observers but with same method (reproducibility), and for estimation 

of the agreement between two different methods. The plots show the difference 

between the two measurements on the y-axis against the mean of both measurements 

on the x-axis, giving the difference against the mean. One sample t-test is used to assess 

if the mean difference between the two measurements differs significantly from zero, 

indicating the presence of a systematic bias. We report the 95% limits of agreement 

(LOA), which is the mean difference ± 1.96 SD of the difference, indicating where 

95% of the differences are located. The mean difference and the upper and lower 95% 

LOA are often shown as horizontal lines on the plot. The 95% LOA enables from one 

observed measurement an estimate of what the value of a measurement on the same 

person at the same time by either the same observer, a different observer, or different 

method might be, as a range of possible values. If the 95% LOA is sufficiently narrow, 

one can conclude that the observers or methods agree sufficiently to be used 

interchangeably. 

For the purpose of this study, a sufficiently narrow 95% LOA was set a priory at 15% 

of the mean value measured, assuming this to be of sufficient precision for clinical use. 
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Our analysis found no dependency on the measurement variation on the mean 

measured lengths, and the differences (d) between measurements, either by observers 

or methods, were therefore expressed in mm or degrees (mm; °). The mean of (d) is 

used as a measure of systematic bias, and the standard deviation (SD) of d, denoted as 

Sd, and twice this value indicates the variability of these differences. 

7.3 Minimal detectable change 

The MDC is a concept that is tightly connected to measurement error. The standard 

error of measurement (SEM) provides a value for measurement error in the same units 

as the measurement itself, i.e., it indicates absolute reliability. This type of reliability 

is more clinically applicable daily, rather than a relative reliability co-efficient value, 

such as an ICC, which is more difficult to interpret for clinical decision-making. The 

SEM also allows for the calculation of the MDC, which is an estimate of the smallest 

change in score that can be detected objectively for a client, i.e., the amount by which 

a patient’s score needs to change to be sure the difference is greater than measurement 

error. Thus, for interpreting the change scores, measuring measurement error based on 

a test-retest parameter is required. So, a change in scores within the limits of agreement 

or smaller than the MDC can be attributed to measurement error. Only outside the 

limits of agreement can we be confident that these are statistically significant changes. 

7.4 Intraclass correlation coefficients 

Intraclass correlation coefficients (ICC) is a reliability index in test-retest reliability 

analysis [195]. In Paper I, we used two-way mixed effects to calculate ICC and percent 

agreement for palpation measurements, i.e., measurements (level 1) performed by 

several different examiners (level 2), or repeatedly by the same examiner, are compared 

with each other. It is assumed that the difference between raters is a fixed parameter, 

while the difference between patients is random (fixed + random = mixed). Calibration 

measurements were pain-free jaw opening, maximal assisted, and unassisted, jaw 

opening and lateral movements at both sites, as well as protrusive movements (mm). 

Test 1 (2015 January) showed ICC values between “a reference” and the examiner who 
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examined the first participants included in the study. Test 2 (2015 Sept), Test 3 (2017 

February), and Test 4 (2017 Nov) are all based on ICC values between “a reference” 

and other examiners. The ICC values reported are average measurements. A rating 

within and outside accepted limits was performed for pain-free, maximal unassisted, 

and assisted incisal mouth opening and lateral and protrusive jaw movements. 

7.5 Sample size and power calculation 

The sample size estimate was based on a Swedish study, reporting a TMD prevalence 

of 26% in children with JIA [196]. Using the program https://select-

statistics.co.uk/calculators/sample-size-calculator-two-proportions, and the 

assumption that healthy children have a TMD-prevalence of 13% [26,176], a sample 

size of 235 would have 95% power to detect a difference at a 95% confidence level.  

8. SUMMARY OF RESULTS 

Paper I: Prevalence of Temporomandibular Disorder in Children and Adolescents 

with Juvenile Idiopathic Arthritis – a Norwegian cross-sectional multicentre study. 

Study I estimated the prevalence of TMD in a relatively large group of children and 

adolescents, with JIA (n=221) and in healthy peers (controls: n=221). Among the JIA 

participants, the results showed that the prevalence of subjective symptoms or clinical 

signs were 56.1% or 50.2%, respectively. Due to the combination of both subjective 

symptoms and clinical signs, the prevalence of TMD was 39.8% (Figure 8). Moreover, 

the JIA-group had significantly more pain on palpation of the masticatory muscles and 

of the TMJs than their healthy peers (p<0.001) (Figure 8). As the control group was 

matched, there was not statistically difference in mean age between the two groups (p 

= 0.98). 
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Figure 8. Prevalence of TMD in children and adolescents with JIA vs. healthy peers, >10 years 

and <10 years of age, 1) subjective symptoms: pain the last 30 days and pain at jaw movements; 

2) clinical signs: pain at palpation of masticatory muscles and TMJ and 3) a combination of 

subjective symptoms (1) and clinical signs (2). 

Paper II. Observer agreement of imaging measurements used for evaluation of 

dentofacial deformity in juvenile idiopathic arthritis. 

Study II, this was a methodological study, aimed at identifying precise measurements 

for assessing mandibular morphology based on MRI, ceph and CBCT in children and 

adolescents with JIA, and additionally, at comparing CBCT and MRI in the 

measurement of condylar height. Since the main project focused on the TMJ joint itself, 

using a small field of view CBCT, only condylar height could be assessed for CBCT. 

The MRI 3D volume allowed for the assessment of three different measurements, while 

all the commonly used ceph measurements were tested. Ninety patients with JIA, mean 
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age 12.8 years (2.9 SD), were included. A 95% limits of agreement (LOA) within 15% 

of the sample mean was considered acceptable. Three MRI, one CBCT and nine ceph 

measurements were examined, of which the ceph-based SNA, SNB and RL3/ML3 

(Figure 9) one MRI-based, total mandibular length and one CBCT-based, condylar 

height had the highest test/retest reliability. However, the clinical use of condylar 

height was not appropriate based on his inaccuracy because its MRI-measurement was 

higher than that registered by CBCT. Minimal detectable changes (MDC) within and 

between observers have been calculated at an individual level for a series of 

measurements. 

 

 

 

Figure 9. Bland-Altman plot interobserver SNA: Single red bold line = mean difference; black bold 
dashed lines = 95% limits of agreement lower and upper bounds of 95% confidence. Differences and 
means given in millimetres. 
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Paper III: In children and adolescents with temporomandibular disorder assembled 

with juvenile idiopathic arthritis, no associations were found between pain and TMJ 

deformity using CBCT. 

This cross-sectional design of Study III addressed potential associations between TMD 

and findings on CBCT. Seventy-two children and adolescents with JIA, restricted to 

the municipality of Bergen, were included in the study. No statistically significant 

associations were seen between pain on palpation and TMJ deformity on CBCT 

(p=0.96 right side and p=0.38 left side, respectively) (Figure 10) or between pain on 

jaw movement and CBCT findings (p=0.45 right side and p=0.84 left side) (Figure 11). 

 

Figure 10. Painful TMJ palpation at- or around the lateral pole by TMJ deformity on CBCT in 72 
children and adolescents with JIA, for right and left TMJ separately. * 3 CBCT scans are not 
available for these analyses as the field of view (FOV) did not cover the relevant structures. 
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9. Discussion 

9.1 Discussion of the main findings 

The work presented in Paper I revealed that 56.1% of children and adolescents with 

JIA had self-reported TMD symptoms and 50.2% had clinical signs of palpatory pain 

on masticatory muscles and/or the TMJ. TMD prevalence according to the current 

literature, orofacial symptoms and signs are present in all JIA subcategories [119, 120, 

124]. However, in our study, we show that orofacial symptoms and such as muscle 

pain, may not be caused by JIA disease itself but rather by more regular TMD, which 

is a quite prevalent condition in teenagers [37-39]. Numerous studies on the prevalence 

of TMD in children and adolescence have been carried out using RDC/TMD or the 

revised DC/TMD examination protocol [40, 197]; however, both criteria have been 

validated from the age of 18 years. One large study from Sweden used the pain screener 

Figure 11. Pain upon jaw movements and TMJ deformity on CBCT. * 3 CBCT scans are not 
available for these analyses as the field of view (FOV) did not cover the relevant structures. 
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questions and found that the overall weekly prevalence of subjective symptoms in 

terms of self-reported pain related to TMD was 2.0 percent for boys and 2.7 percent 

for girls at the age of 12 years [9]. These findings partly corroborate our results, where 

5% of healthy controls self-reported jaw pain within the last 30 days. Another study 

from southern Europe assessed 567 children and adolescents (aged 11-19 years) and 

revealed that the occurrence of myalgia was higher in females than in males [198]. This 

outcome is not directly comparable to our results because 39 girls of 62 controls had 

painful masticatory muscles and TMJ on palpation. 

JIA and other comorbidities can complicate the diagnostic process, but the detection of 

orofacial signs and symptoms in patients with JIA may have the same clinical 

appearance but diverse etiologies [199]. In children and adolescents with JIA, the 

clinical figures of TMJ arthritis are substantially high, ranging between 39% and 87% 

[119, 200, 201]. A cross-sectional study by Koss and colleagues pointed out that 

myofascial pain on palpation seems to be more prevalent  in patients with JIA compared 

to controls with a mean age of 13.3 years [202]. A recent chart review pointed out that 

about one-third of children and adolescents with JIA may reveal MRI-confirmed TMJ 

involvement in the first years of disease [120]. Herein, clinical signs such as pain upon 

palpation and subjective symptoms such as pain during laterotrusion, were the leading 

conditions. A comparative study by Collin and colleagues reported that out of 59 

patients with JIA, 37% of children and adolescents (aged 7-14 years) reported TMJ 

symptoms at examination (self-reported), and 42% had previous self-perceived 

symptoms from the TMJ area during jaw movements [203]. However, in their child 

pain memories study of 51 children and adolescents (aged 8–16 years) [204], Wauters 

and colleagues focused on those higher amounts of self-reported symptoms in 

paediatric pain studies. They pointed out that self-reported symptoms in children and 

adolescents should be analysed carefully based on intersections between child pain-

related attention and parental pain/non-pain attending conversations. 

 Paper II addresses the precision of lateral ceph, CBCT, and MRI-based measurements 

for the assessment of mandibular morphology, using the Bland-Altman mean-

difference plots and MDC at an individual level. As previously mentioned, reporting 
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agreement using Bland-Altman plots enables the detection of any systematic bias, 

which is impossible with correlation analysis [205]. This study showed little or no 

constant bias, but varying agreement both within and between observers. Based on 

MRI, measurements of total mandibular length, right side, showed that intra- and 

interobserver 95% limits of agreement (reliability and reproducibility) were relatively 

narrow, at 9.6% of the sample mean, which was well within the a priori set value of 

±15% considered acceptable for clinical use. This cut-off value was a clinical decision 

rather than one based on statistics. Others have reported on moderate interobserver 

agreement for an MRI-based measurement of the total mandibular body length using 

ICC (0.74), while CBCT performed better with an ICC of 0.95 [148]. MRI, in 

particular, holds the potential to add valuable information on growth disturbances by 

adding a 3D T1-w series to the routine arthritis protocol, thus replacing ceph. A recent 

repeatability study from the NorJIA research group devised a scoring system and 

identified 11 relevant markers of 25 imaging features on MRI, which used to describe 

anatomy, structural deformity and inflammation of the TMJ in a large cohort of 

children and adolescents with JIA [206]. However, there are no studies reporting on 

absolute reliability, such as the limits of agreement or MDC; thus, direct comparisons 

with our results are not possible. For condylar height, the variation within and between 

observers was higher for MRI (55.4% and 34.8%) than for CBCT (16.0% and 29.5%). 

This was comparable to an earlier study by Markic et al., where the 95% LOA for the 

CBCT-based condylar height can be estimated at 10% of the sample mean compared 

to 22% for MRI if the mean condylar height is around 18 mm (similar to our 

measurement). However, our study's MRI measurements for condylar height were 

generally higher than those obtained via CBCT, making them not directly comparable. 

Further, the agreement ranges were generally smaller for condylar height than posterior 

mandibular length, similar to Markic and colleagues. For ceph measurements, it is well 

known that landmark identification depends on observer experience [207, 208]. SNA, 

SNB, and gonion angle revealed high precision and low MDCs comparable to findings 

obtained from multiplanar images (MPRs) derived from volumetric CBCT scans of 

adult patients by Maspero and colleagues [157]. Furthermore, there were high levels of 

agreement between the measurements on CBCT and corresponding measurements on 
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3T-MRI, with no statistically significant difference between them.     

The work presented in Paper III examined the association between TMD and CBCT-

findings in terms of the overall impression of TMJ deformity in children with JIA. No 

statistically significant associations between TMD and CBCT based TMJ deformity 

were found, reflecting the complexity of the disease, the asymptomatic course, and the 

fact that CBCT cannot visualise inflammation. However, CBCT imaging has proven 

to be the gold standard in the assessment of osseous TMJ deformity after an ongoing 

TMJ arthritis and is the appropriate method to represent long-term consequences as 

TMJ OA [167]. For evaluation of active TMJ arthritis and TMJ in remission, MRI is 

found to be capable of diagnosing ongoing soft tissue inflammation, which is closely 

related to pain and structural deformity [118]. Moreover, our study revealed that 26.4% 

of patients without pain on palpation at and around the lateral pole had mild and 

moderate/severe TMJ deformity. On jaw movement, around one third without pain 

showed moderate/severe TMJ deformity. A recent retrospective chart review with a 

balanced gender ratio of 2413 children and adolescents with JIA (aged 4-17 years) 

revealed a statistically significant association between TMJ involvement on MRI and 

pain on palpation and pain while chewing [120]. Then again, a recent CBCT study 

discussed changes in the condyle-fossa relationship and the amount of resorption in 34 

children and adolescents with JIA (mean age 14 years) and their healthy peers (mean 

age 16 years). The mandibular-fossa depth, anterior joint space, axial angles, and the 

resorption index showed statistically significant differences between the JIA and 

matched participants [209]. A most recent study used the RDC/TMD Axis I and 

screened 59 JIA patients aged 7 and 14 years [203]. They confirmed our findings that 

a proportion of children and adolescents with JIA rarely report TMJ pain even though 

TMJ deformities are visible. Moreover, they noticed that palpatory pain was not 

associated with TMJ deformity, which corroborates our findings. 

9.2 Methodological considerations 

9.2.1 Study designs 

The methodologic design in Study I has its limitations, including differentiating 

between cause and effect of events. Recruitment of patients was performed by 
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experienced paediatric rheumatologists at three study centres in Bergen, Trondheim 

and Tromsø, respectively. The overall response rate was 63.3%, which is acceptable; 

nevertheless, it might have influenced the results since the group not participating, on 

average, was slightly younger and comprised a lower proportion of girls. The degree 

of JIA involvement in these children was not assessed, hindering speculations 

concerning the likely direction of bias, e.g., over or underreporting of TMD-

prevalence.               

Although we did not register the parental education level as a marker of socioeconomic 

status, it is reasonable to believe that the cases and controls were drawn from 

populations that did not differ significantly from each other, thus reducing the risk of 

potential selection bias. Our assumption lends support from a survey from 2016, 

demonstrating that living conditions in the municipality of Bergen were overall very 

similar to the rest of the Norwegian population with respect to its socioeconomic status 

[210]. The JIA cohort revealed no participants with major medical comorbidities such 

as congenital facial anomalies, skeletal dysplasia, or malignancies in the study group. 

A questionnaire on pain-related oral issues was filled in by the participant, his/her carer 

or in consensus while the participant was seated in the waiting area. Potential bias was 

recall bias (e.g., the subject did not remember TMD). We included children from four 

years of age onwards since children younger than this requires sedation for the MRI 

examination. However, the youngest patient was aged four years; thus, our results are 

valid for the age group 4-16 years of age. All but two were Caucasians. 

9.2.2 Assessment of TMD 

Every TMD assessment is dependent on factors such as time available for each patient, 

profession, and educational background of the examiner. Repeated calibration sessions 

have been shown to improve the reliability of clinical TMD assessments [192]. 

Appendix I demonstrates the TMD Case report protocol, which includes fourteen 

examination stages. Due to very low variation between the examiners, variables as: 

TMJ creptation during jaw movements (stages 5, 6), and joint locking (stage 7) were 

excluded. Furthermore, the proportion of participants who gave responses to these 

stages was sparse. Another aspect is that familiar pain symptoms exhibited low values 

and have been excluded from statistics. A previous diagnostic accuracy study of the 
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DC/TMD criteria in 282 children and adolescents (aged 8-12 years) argued that the 

ability to understand the concept of familiar pain could be a possible problem including 

children's unreliable pain memory [197].  

The dentists underwent theoretical courses in how to use the CRF-version for TMD 

assessments. However, a recent study has debated the examination of mandibular range 

of motion in children and adolescents with JIA and clinical established TMJ 

involvement [211]. Herein, the authors compared active, passive maximum interincisal 

opening, protrusion and laterotrusion in 298 children and adolescents with JIA (aged 

6-18 years) and 196 healthy peers. Their results of active maximum interincisal 

opening are in concordance with our result which was lower for JIA participants than 

for controls (Paper I); furthermore, the authors elucidated the differences of mandibular 

range of motion in JIA participants with and without clinical TMJ involvement. Such 

distinction could have been a comparative design in Paper III. A limitation of the TMD 

assessment method was the use of a diagnostic procedure that was designed for adults 

and subsequently adapted for children and adolescents instead of constructing an 

entirely new diagnostic tool. 

9.2.3 Imaging  

For the test-retest studies presented in Paper II, lateral ceph, MRI and CBCT from 90 

children and adolescents with JIA were analysed and scored/measured. For the ceph 

measurements, 9 measurements based on 16 anatomical landmarks were used, while 

the direct measurements used for CBCT (condylar height) and MRI (total mandibular 

length and heights of the ramus and condyle) were devised by team members for the 

purpose of this study.                         

The precision of measurements is dependent on the image quality/resolution and 

identification/determination of measurement points, as well as on the examiners' 

previous experience in identifying the anatomical landmarks using the images 

mentioned above. For an assessment of ceph images, two examiners (JF and JH) 

underwent training sessions under the supervision of an experienced orthodontist, 

followed by piloting and discussions on measurement points used. Three out of 9 

measurements, namely the SNA, SNB and RL/ML3, performed better than the 
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remainder. The poor precision of ANB can be explained by the small value of around 

2 - 3 degrees and the more complex position of point A. This result is in line with the 

orthodontic literature, describing angular measurements of ANB as being sensitive to 

small changes in Nasion and Sella Turcica landmarks, the length of the anterior skull 

base, and the vertical growth pattern [212]. Further, dental landmarks are prone to have 

poorer validity than skeletal landmarks [213, 214].              

When comparing MR with CBCT in the measurement of condyle height, the higher 

observer agreement in MR is somehow unexpected. For MRI, all the measurements 

were performed on multiplanar reconstructed T1-w images as described in Paper II. 

The field of view (FOV) was 25 x 25 cm with a matrix of 256 x 256 and slice thickness 

of 1mm, yielding nearly isotropic voxels of 1mm. The physical spatial resolution of 

CBCT imaging is known to be superior to MR with a possible voxel size down to 

0.08mm. However, in this multicentre study, default examination protocols at each 

centre were applied. Since there were no national or international guidelines for the JIA 

examination using CBCT, the variations in CBCT devices and the applied exposure 

protocols made it difficult to standardise the resulting image quality.                

For both MR and CBCT, having to reorient the volume and choose the most 

representative cross-sectional view, define the measurement points and set the cursors 

for each of the measurements may, to some extent, explain the observer variation, 

although only a small systematic bias was seen. Using specific software allowing 

measurements directly on a 3D rendering model might have improved the precision. 

There are other methods (NOT programs) that overcome some of the inherent problems 

of conventional (linear and angular) methods like geometric morphometrics (GMMs). 

GMMs use a least-square criterion: the forms are superimposed so that the sums of the 

squared distances between corresponding landmarks are minimised [215].   

The system for assessment of TMJ pathology, on the other hand, showed substantial to 

almost perfect agreement between and within observers for an assessment of the overall 

impression of damage on a 0-2 scale (Augdal TA et al., manuscript submitted 2022). 
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9.3 Statistical considerations  

Previous studies on the actual topic have mainly examined the correlation between 

repeat examinations or between methods [157]. However, both Pearson’s correlation 

coefficient and intra-class correlation (ICC) measure the strength of an association 

only, and ICC is affected by the range of values across the population [216]. 

Furthermore, correlations ignore any systematic bias between two observers or 

methods; consequently, even a highly significant correlation between two methods 

does not guarantee clinically acceptable agreement [205]. We, therefore, found the 

Bland-Altman approach to be the appropriate use of statistics for this purpose. Bland- 

Altman plots graphically display the difference on a y-Axis between the measurements 

against their mean value on an x-Axis.                

Similar to the MDC, smallest detectable changes, real minimal change or actual 

change, it assesses differences rather than correlations. The MDC was defined as a 

change that falls outside the limits of agreement of the Bland-Altman method, i.e., 

limits of agreement give information about MDC [217]. Difference in scores within the 

limits of agreement or smaller than the MDC can be ascribed to measurement error and 

outside the limits of agreement. Those values are statistically significant or true 

changes [217]. 

9.4 Clinical implications 

Paper I showed that TMD is a common disorder in children and adolescents with JIA, 

when based on the current protocols. The clinical assessment of TMD pain symptoms 

in children and adolescents might be biased by indirect input from their parents, and 

by their intellectual, social, and emotional development. Since children and adolescents 

with JIA and/or their caregiver(s) may ignore TMD signs and symptoms, dentists and 

rheumatologists are at the front line for targeting the patients at risk of TMD among 

JIA patients. On the other hand, the risk of over-diagnosing TMD based on 

standardised questions should be kept in mind. In sum, an individual TMD assessment 

plan taking the child’s age and development stage into consideration should be 

established. 
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In Paper II, the reliability of the three image modalities was investigated. Our results 

revealed that five imaging markers had the capacity to give the exact measurements 

between and within operators on repeated application. Due to the lack of a gold 

standard in the current clinical study, these methods' validity (accuracy) could not be 

verified. The accuracy of anatomical landmarks recognition and distance/angle 

measurements should be investigated before clinical implementation. Provided an 

acceptable validity, the high precision of the MR-based total mandibular length is 

promising, particularly since TMJ-involvement is routinely followed with MRI. By 

adding a 3D T1-w sequence to the standard protocol, a measurement to evaluate 

potential growth disturbances is gained. A caveat is a need for sedation in children 

under five. 

Furthermore, to gain a robust and validated scoring system, similar technical and 

environmental conditions and a systemised calibration of the raters/readers are needed. 

Studies addressing the precision of lateral ceph, CBCT and MRI-based TMJ 

measurements applying the Bland-Altman mean-difference plots in children and 

adolescents are desirable. Others based their results on consensus among readers but 

did not assess agreement or discuss agreement or precision at all [202, 218, 219].  

Paper III supports the understanding that clinical assessment alone is insufficient to 

detect TMJ deformities. The system for assessment of TMJ pathology, on the other 

hand, showed substantial to almost perfect agreement between and within observers 

for assessment of the overall impression of damage on a 0-2 scale (Augdal TA et al., 

manuscript submitted 2022). However, CBCT examination gives a much higher 

radiation dose than conventional radiographic examinations, such as panoramic 

radiography. The reported effective dose ranged greatly from 20 to 500 µSv depending 

on the applied CBCT device, field of view and applied exposure parameters [220]. 

Thus, clinical criteria on when CBCT is beneficial for the diagnostics and treatment for 

this patient group is in urgent need. 

9.5 Conclusions 

This project highlighted the prevalence of TMD pain among a population of children 

and adolescents with JIA and the necessity of diagnostic imaging tools. 
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Based on the results, the conclusions can be summarised as follows: 

Paper I:  Compared to their healthy peers, the prevalence of subjective symptoms and 

clinical signs was 56.1% and 50.2%, respectively, and 39.8% had TMD pain. 

Paper II: One MRI-based (total mandibular length), one CBCT-based (condylar 

height), and three ceph-based measurements were reliable image markers in terms of 

repeatability and reproducibility. The MRI-based measurement of condylar height was 

higher than that obtained by CBCT and determined the MDC for a set of measurements. 

Paper III: There are no associations between TMD pain and CBCT-based pathology in 

children with JIA, which means that clinical symptoms and signs of TMD pain cannot 

predict TMJ deformity and vice versa. 

10. Future perspectives 

Future research to reduce and prevent chronic childhood pain is a crucial priority area. 

The burden of chronic pain comprises reduced quality of life for children and 

adolescents, redundancy of productivity, and immense costs to parents/caregivers [221, 

222]. Studies have shown that children and adolescents with chronic pain may develop 

or continue physical symptoms with psychiatric complaints into adulthood. Sharpened 

diagnostic tools are key for investigating the best treatment available. Adequate 

validated protocols and effective treatment of children and adolescents with chronic 

pain may hinder the social impact of adult chronic pain. There is still a need for a 

systematic review of the current standardised protocols and a short TMD screening 

protocol validated for children and adolescents with JIA. Future protocols should 

consider the following categories: Differentiation between ordinary TMDs and 

symptoms and signs resulting from JIA disease activity and a method to detect memory 

bias by young children and adolescents. It will be a unique aspect to involve the parents 

and or caregivers in clinical examination because their influence might impact their 

children`s adjustment to pain/chronic pain coping [204, 223-225]. An essential method 

item is the calibration of the observers, i.e., to train and correlate the clinicians to 

investigate in the same way. The role of imaging in TMD/JIA diagnosis needs future 

in-depth investigation. All three imaging tools have their advantage and disadvantage. 

The diagnostic accuracy in structure recognition and JIA pathology must be tested. 
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Further studies are needed to test how accurate our method measures are to gain valid 

results. MRI, in particular, holds the potential to add valuable information on growth 

disturbances by adding a 3D T1-w series to the routine arthritis protocol, thus replacing 

ceph. A recent repeatability study from the NorJIA research group can be used which 

introduced a scorings system on MRI, describing anatomy, structural deformity and 

inflammation of the TMJ [206]. 
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Abstract

Background: Children and adolescents with juvenile idiopathic arthritis (JIA) may suffer pain from temporomandibular
disorder (TMD). Still, routines for the assessment of temporomandibular joint (TMJ) pain in health and dental care are
lacking. The aims of this study were to examine the prevalence of TMD in children and adolescents with JIA compared
to their healthy peers and to investigate potential associations between JIA and TMD.

Methods: This comparative cross-sectional study is part of a longitudinal multicentre study performed during 2015–
2020, including 228 children and adolescents aged 4–16 years with a diagnosis of JIA according to the ILAR criteria.
This particular substudy draws on a subset of data from the first study visit, including assessments of TMD as part of a
broader oral health examination. Children and adolescents with JIA were matched with healthy controls according to
gender, age, and centre site. Five calibrated examiners performed the clinical oral examinations according to a
standardised protocol, including shortened versions of the diagnostic criteria for TMD (DC/TMD) and the TMJaw
Recommendations for Clinical TMJ Assessment in Patients Diagnosed with JIA. Symptoms were recorded and followed
by a clinical examination assessing the masticatory muscles and TMJs.

Results: In our cohort of 221 participants with JIA and 221 healthy controls, 88 (39.8%) participants with JIA and 25
(11.3%) healthy controls presented with TMD based on symptoms and clinical signs. Painful TMD during the last 30
days was reported in 59 (26.7%) participants with JIA vs. 10 (5.0%) of the healthy controls (p < 0.001). Vertical
unassisted jaw movement was lower in participants with JIA than in controls, with means of 46.2 mm vs. 49.0 mm,
respectively (p < 0.001). Among participants with JIA, a higher proportion of those using synthetic disease-modifying
antirheumatic-drugs and biologic disease-modifying antirheumatic-drugs presented with painful masticatory muscles
and TMJs at palpation.
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Conclusion: Symptoms and clinical signs of TMD were seen in approximately half of the JIA patients compared to
about one fourth of their healthy peers. Painful palpation to masticatory muscles and decreased vertical unassisted jaw
movement were more frequent in participants with JIA than among healthy controls and should be part of both
medical and dental routine examinations in patients with JIA.

Keywords: Juvenile idiopathic arthritis, Temporomandibular joint arthritis, Temporomandibular disorder,
Temporomandibular joint disease, Children and adolescents

Background
Juvenile idiopathic arthritis (JIA) is currently the most

common chronic rheumatic disease in children and ado-

lescents [1, 2]. The International League of Associations

of Rheumatology (ILAR) defines JIA as arthritis of un-

known aetiology, starting before the age of 16 years with

a duration of at least 6 weeks [3]. It encompasses seven

categories, including systemic arthritis, oligoarthritis

(persistent or extended), rheumatoid factor negative

polyarthritis, rheumatoid factor positive polyarthritis,

psoriatic arthritis, and enthesitis-related arthritis with

different, though overlapping, characteristics. Cases that

fit none or more than one of these categories are defined

as undifferentiated arthritis. The burden of JIA is charac-

terised by short and long-term functional disability and

pain. Common features at presentation are morning

stiffness, swelling of one or more joints, functional dis-

turbances, and sometimes pain. The reported prevalence

is around 1–2 cases per 1000 children, with girls more

frequently affected than boys [1, 2].

Temporomandibular disorder (TMD), known as an

umbrella or collective term for muscle pain and jaw dys-

function, covers a heterogeneous group of conditions

[4]. TMD is associated with various clinical signs and

symptoms involving the masticatory muscles, teeth,

tongue, temporomandibular joint (TMJ), and/or their

supportive tissues [5–7]. Changes in motor behaviour

caused by musculoskeletal pain and pain-related move-

ment disorders reflect sustained pain perception. In two

recent studies from Western Norway [8, 9], the preva-

lence of painful TMD among otherwise healthy adoles-

cents was reported to be around 7% based on self-

reported pain screening questionnaires adopted by Nils-

son and colleagues [10]. In the study by Graue and col-

leagues [9], the prevalence of TMD was 11.9% when

using the Diagnostic Criteria for Temporomandibular

Disorders (DC/TMD). In all three studies, females were

more frequently affected than males.

In children and adolescents with JIA, the reported fig-

ures are substantially higher. Previous studies of chil-

dren and adolescents with JIA reported a broad

spectrum of TMD prevalence ranging between 39 and

87% [11–13], depending on the study designs and the

sample size. Therefore, it is a need to reinforce the

evidence with a relatively high number of samples and

give insights to the effects of medication in JIA partici-

pants when they are examined by palpation of mastica-

tory muscles and TMJ.

Previous studies revealed that children and adolescents,

irrespective of their JIA category, are prone to develop

TMJ arthritis [11, 14]. Also, younger children with JIA

might suffer pain from TMJs caused by inflammation

and/or destructive changes, by muscular tensions from

the surrounding muscles as a component of TMD, or by a

combination of the two [12]. Symptoms indicating TMJ

arthritis include decreased mouth opening and/or ear ache

and pain during eating, chewing, or yawning [15–17]. At

present, there are no precise clinical or imaging markers

for active TMJ arthritis [18, 19]. As for TMJ involvement,

several studies have shown that even significant deform-

ities may be undiagnosed due to a lack of symptoms or

clinical findings [16, 20–22]. In younger children, the clin-

ical assessment of painful TMD symptoms might be

biased by indirect input from their parents.

The aims of the present study were to examine the

prevalence of TMD in children and adolescents with JIA

compared to their healthy peers and to investigate po-

tential associations between JIA and TMD.

Methods
Study design and participants

This cross-sectional study was part of a longitudinal

multicentre study, the NorJIA study, performed during

2015–2020 and including 228 children and adolescents.

Inclusion criteria were a diagnosis of JIA according to

the ILAR [3] and age 4–16 years. In the exclusion cri-

teria, absent of written informed consent or major med-

ical comorbidities such as congenital facial anomalies,

skeletal dysplasia or malignancies were excluded.

This particular substudy (2015–2018), using a matched

comparative cross-sectional design, drew on a subset of

data from the first study visit, including assessments of

TMD as part of a broader oral health examination. Chil-

dren and adolescents were matched (1:1) with healthy

controls according to gender, age, and centre site. The

healthy controls were recruited from seven different

Public Dental Service clinics representing both rural and

urban areas in the western, middle, and northern parts
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of Norway. The sample size estimate was based on a

Swedish study reporting a TMD prevalence of 26% in

children with JIA [23], and a sample size of 296 was re-

quired for a precision of 5% with a 95% confidence

interval.

Data collection

At the study visits, children and adolescents with JIA

were examined by experienced paediatric rheumatolo-

gists at Haukeland University Hospital in Bergen, Uni-

versity Hospital of North Norway in Tromsø, and St.

Olavs University Hospital in Trondheim. Registered data

included background characteristics in terms of age at

disease onset, disease category, disease status on the day

of the examination, a thorough joint examination, blood

tests, and validated measures for patient-reported dis-

ability, general body pain, and health assessments. Fur-

thermore, the applied dose was according to the

international recommendations, while duration varied

significantly, with or without combination with other

medication. However, detailed drug history concerning

duration and doses was not available in the study data-

base. Both children and adolescents with JIA and con-

trols underwent a thorough clinical oral examination

performed by experienced dentists, including a TMD

assessment.

TMD screening and assessment

The assessment procedures were standardised and were

based on two shortened versions of the diagnostic tools

“Axis I Clinical Examination for DC/TMD” [20] and the

self-assessment questionnaire “TMJaw Recommenda-

tions for Clinical TMJ Assessment in Patients Diagnosed

with JIA” [21]. The latter was used to enhance the oper-

ational specification of DC/TMD due to the fact that the

DC/TMD tool alone is reported to show weak validity

for TMJ assessment, e.g. disc displacement diagnosis

(low sensitivity) and degenerative joint disease diagnosis

(low sensitivity and specificity) [20].

Prior to and during the study period, calibration ses-

sions for the five participating oral examiners were per-

formed, including four calibration exercises according to

procedures previously described by our research team

[22]. Further details on the calibration results are pre-

sented in Supplementary Tables S1 and S2.

Variables and outcomes

The demographic variables were age, gender, JIA cat-

egories, and medication status. The subjective symptom

outcomes were TMD pain in the last 30 days (n, %) re-

ported by the participants or the parents. The examining

dentists also registered how many of the individuals

expressed pain during jaw movement in the clinical

examination (n, %). The clinical outcomes included

vertical and lateral unassisted jaw movements (mm),

pain upon palpation of the masticatory muscles and the

TMJ (n), and if the TMJ disc was clicking in a painful

manner (n).

Statistical methods

Two-way mixed intraclass correlation coefficient (ICC)

and percent agreement were used for calibration mea-

surements. Differences between groups were tested

using Chi-square statistics or a two-sample t-test as ap-

propriate. All statistical tests were performed using SPSS

version 25 (IBM, Chicago, IL). The level of statistical sig-

nificance was set at 5% (p ≤ 0.05).

Ethical considerations

The study was approved by the regional ethics commit-

tee (2012/542/REK vest). Written informed consents

were obtained from all parents and/or participants as ap-

propriate. The study was registered at ClinicalTrials.gov

(No: NCT03904459).

Results
A total of 360 children and adolescents with JIA were

eligible for the main study, of whom 228 accepted the

invitation to participate, yielding a response rate of

63.3%. The acceptance rate for healthy controls was 224/

294 (76.2%). The mean age for participants with JIA and

healthy controls was 12.0 years (SD 3.17 and 3.21, re-

spectively) (p = 0.98), and the mean age of the 228 par-

ticipants with JIA was higher than for the 132 eligible

patients that did not participate at 12.0 years vs. 10.5

years (SD 3.16 and 3.5, respectively) (p < 0.001). The

proportion of girls with JIA was also higher than among

the 132 patients not participating (59.2% vs. 58.3%, p =

0.027). Among the 228 participating children with JIA,

224 underwent an oral examination and 221 underwent

the TMD assessment and were thus included in the

present substudy (Fig. 1).

Of the 221 children with JIA, 132 were girls (59.7%), the

median age at disease onset was 6.1 years (IQR 8.1, 2.3–

10.4), the median age at the study visit by paediatric rheu-

matologists at the hospital was 12.7 years (IQR (5.3, 9.4–

14.7), and the median disease duration was 4.6 years (IQR

5.7, 2.6–8.3) (Table 1). Oligoarticular JIA was the most

common category and was seen in 98 of 221 patients

(44.3%) with 77 having persistent oligoarticular disease and

21 having extended disease. In total, 146 of the 221 patients

(66.1%) had on-going medication with synthetic disease-

modifying antirheumatic-drugs (sDMARDs) and/or bio-

logic disease-modifying antirheumatic-drugs (bDMARDs).

Clinical oral examination

Taking into consideration that self-reported pain is a

combination of parent-reported and participant-reported

Fischer et al. BMC Oral Health          (2020) 20:282 Page 3 of 9



pain outcome, self-reported pain in the jaws during the

last 30 days was reported in 59 (26.7%, 44 girls) partici-

pants with JIA vs. 10 (5%, 8 girls) in healthy controls

(p < 0.001). Pain during jaw movements at the clinical

examination was reported in 112 (51%, 67 girls)

participants with JIA vs. 59 (26.8%, 34 girls) in healthy

controls (p < 0.001) (Fig. 2), ranging from 28.6 to 50% in

the different JIA categories (Table 1). No statistically sig-

nificant differences in the presence of TMD according to

JIA categories were found (p = 0.848) (results not shown).

Fig. 1 Flow chart of patients and healthy individuals included in the study

Table 1 Clinical characteristics of participants with Juvenile idiopathic arthritis (JIA) in relation to temporomandibular disorder (TMD)

Total cohort TMD No TMD

n = 221 n = 88 n = 133

Value Value Value

Girls, n (%) 132 (59.7) 61 (69.3) 71 (53.4)

Age at onset, median (IQR) 6.1 (8.1, 2.3–10.4) 6.8 (8.4, 0.7–14.2) 5.2 (7.2, 0.9–14.7)

Age at visit by paediatric rheumatologists at the hospital, median (IQR) 12.7 (5.3, 9.4–14.7) 13.1 (3.3, 5.2–16.1) 11.7 (6.5, 4.8–16.5)

Disease duration, median (IQR) 4.6 (5.7, 2.6–8.3) 4.6 (6.0, 0.2–14.2) 4.6 (5.5, 0.2–14.7)

JIA categories, n (%)

Oligoarthritis persistent 77 (34.8) 27 (30.7) 50 (37.6)

Oligoarthritis extended 21 (9.5) 11 (12.5) 10 (7.5)

Systemic arthritis 7 (3.2) 2 (2.3) 5 (3.8)

RF negative polyarthritis 49 (22.2) 17 (19.3) 32 (24.1)

RF positive polyarthritis 4 (1.8) 2 (2.3) 2 (1.5)

Psoriatic arthritis 9 (4.1) 6 (6.8) 3 (2.3)

Enthesitis-related arthritis 23 (10.4) 9 (10.2) 14 (10.5)

Undifferentiated JIA 31 (14.0) 14 (15.9) 17 (12.8)

Ongoing medication, n (%)

No DMARDs 75 (33.9) 26 (11.8) 49 (22.2)

sDMARDs* 60 (27.1) 23 (10.4) 37 (16.7)

bDMARDs** 86 (38.9) 39 (17.6) 47 (21.3)

JIA Juvenile idiopathic arthritis, TMD Temporomandibular disorder

*sDMARDs = Synthetic disease-modifying antirheumatic- drugs; methotrexate, mykofenolatmofetil, **bDMARDs = Biologic disease-modifying antirheumatic-drugs;

etanercept, infliximab, adalimumab, tocilizumab, abatacept, certolizumab, golimumab
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The clinical examination revealed that the mean vertical

unassisted jaw movement was lower for participants with

JIA than for controls, 46.2mm vs. 49.0mm, respectively

(p < 0.001) (Table 2). A total of 88 (39.8%, 61 girls) partic-

ipants with JIA and 25 (11.3%, 17 girls) healthy controls

had both symptoms and clinical signs of TMD (Fig. 2).

When assessing the jaw muscles and TMJ, 111 (50.2%, 75

girls) participants with JIA had both painful masticatory

muscles and TMJs on palpation vs. 62 (28.2%, 39 girls) of

the healthy controls (p < 0.001) (Table 3). A higher pro-

portion of participants on current sDMARDs and/or

bDMARDs treatment presented with painful masticatory

muscles and TMJ at palpation compared to participants

with no biologic treatment (Table 4).

Among participants with JIA, there were no significant

differences in vertical unassisted jaw movement accord-

ing to medication, with a mean of 46.4 mm (SD 7.1) in

the JIA group and 45.8 mm (SD 7.1) among those not

using DMARDs (p = 0.986) (results not shown). How-

ever, in both groups, more than half of the participants

had a vertical unassisted jaw movement of more than 40

mm. The proportion without this medication treatment

was slightly higher (82.7%) compared to those on

current sDMARDs and/or bDMARDs (77.4%).

Fig. 2 Prevalence of TMD in children and adolescents with JIA vs. healthy peers, ≥ 10 years and < 10 years of age, 1) symptoms: pain the last 30
days and pain with jaw movements; 2) clinical signs: pain upon palpation of the masticatory muscles and TMJ, and 3) a combination of
symptoms (1) and clinical signs (2)

Table 2 Jaw movement in 221 participants with JIA compared to controls

Jaw movement n JIA n Healthy controls p-value*

mm mm

mean (SD) mean (SD)

Vertical unassisted 221 46.2 (7.1) 221 49.0 (6.7) < 0.001

Lateral to the right side 215 9.7 (2.2) 220 9.8 (2.1) 0.408

Lateral to the left side 211 9.7 (2.4) 219 10.1 (2.0) 0.077

JIA Juvenile idiopathic arthritis, SD Standard deviation. *Student’s t-test
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Discussion
We have shown using a comparative cross-sectional

multicentre design that around one third of the partici-

pants with JIA in this cohort had TMD. Half of children

and adolescents with JIA reported pain during jaw

movements and pain on palpation of the masticatory

muscles and TMJs as compared to one fourth of their

healthy peers, palpatory pain was associated with

sDMARDs and bDMARDs treatment, and children and

adolescents with JIA had a significantly lower mean ver-

tical unassisted jaw movement. Moreover, TMJ-related

clinical signs and vertical unassisted jaw movement ≤40

mm had the highest association in the JIA group.

The reported prevalence of TMD in children with JIA

varies between 38 and 83% according to the definitions

and methods of ascertainment used, to the cohort exam-

ined, and to differences in populations [15, 24–27]. Fer-

raz and colleagues, in their study of 15 children with JIA

ranging in age from 6 to 28 years (mean age 16.3 years),

reported a high prevalence of 83%. Still, they did not de-

scribe the method of ascertainment, i.e., whether the fig-

ures were based on self-reporting or on clinical

examination [28]. A previous study from Rongo and col-

leagues based on 50 participants with JIA aged 9–16

years found a prevalence of TMJ damage from 100 joints

to be 74% as assessed by MRI [25]. Others have reported

a prevalence of 55% based on a questionnaire [29] and

of 72% based on clinical signs [24]. However, none of

those studies were based on the research diagnostic cri-

teria RDC/TMD, and the children were older than those

in our study. In contrast, a longitudinal study by Zwir

et al., including 75 children (mean age 12.4 years),

revealed a prevalence of 38% based on symptoms and

47% based on clinical examination [30]. Their results are

in line with ours.

In our study, the prevalence of TMD, either based on

symptoms or clinical signs, in the healthy peers, were

quite high at 28 and 29%, respectively. This was higher

than in earlier studies among adolescents reported by

Graue and colleagues (7 and 12%, respectively) and

Østensjø and colleagues (7%) [8, 9]. Studies from Finland

and Brazil confirm our results with a high prevalence of

TMD in the normal population. Vierola et al. [26] re-

ported a TMD prevalence of 35% (mean age 7.9 years)

and de Paiva Bertoli reported a TMD prevalence of 34%

(mean age 11.0 years) [27]. The difference in TMD

prevalence in the normal population of children and ad-

olescents is probably due to the use of different diagnos-

tic tools, different numbers of participants, different ages

of the studied populations, different countries, and dif-

ferent study designs. In studies from Norway, Graue and

colleagues [9] used two screening questions for pain re-

lated to TMD [10] and DC/TMD [20] for symptoms and

clinical signs in a population of 210 children and adoles-

cents aged 12–19 years. Østensjø et al. [8] used the same

two screening questions of TMD symptoms [10] for

screening a population of 560 adolescents aged 13–19

years. Then a modified RDC/TMD examination [31] was

used for those who answered yes to 1) having pain in

the temples, face, TMJ, or jaws once a week or more

and 2) having pain once a week or more when opening

the mouth wide or chewing. The Finnish group [26]

used the RDC/TMD [31] for clinical signs in 483 chil-

dren aged 6–8 years, and the Brazilian group [27] used

Table 3 Pain on palpation and painful clicking in participants with JIA and controls

Clinical signs n JIA, n (%) n Healthy controls n (%) p-value*

Painful palpation in masticatory muscles & TMJ 220 111 (50.5) 220 62 (28.2) < 0.001

Painful palpation in masticatory muscle 217 87 (40.1) 218 44 (20.2) < 0.001

Painful palpation at the TMJ lateral pole 220 64 (29.1) 219 29 (13.2) < 0.001

Painful palpation around TMJ lateral pole 220 75 (34.1) 219 33 (15.1) < 0.001

Painful clicking 221 13 (5.9) 221 2 (0.9) 0.0041

JIA Juvenile idiopathic arthritis, TMJ Temporomandibular joints. *Chi-square test

Table 4 Clinical signs and pain at palpation according to DMARDs in 221 participants with JIA

Current sDMARDs and/or bDMARDs No current sDMARDs and/or bDMARDs p-value*

n n (%) n n (%)

Vertical unassisted jaw movement (> 40 mm) 146 113 (77.4) 75 62 (82.7) 0.361

Painful palpation to masticatory muscles & TMJ 145 80 (72.1) 75 31 (41.3) 0.052

Painful palpation to masticatory muscles 143 62 (43.4) 74 25 (33.8) 0.173

Painful palpation at the TMJ lateral pole 145 49 (33.8) 75 15 (20.0) 0.033

Painful palpation at the TMJ around lateral pole 145 56 (38.6) 75 19 (25.3) 0.049

sDMARDs Synthetic disease-modifying antirheumatic-drugs; methotrexate, mykofenolatmofetil, bDMARDs Biologic disease-modifying antirheumatic- drugs;

etanercept, infliximab, adalimumab, tocilizumab, abatacept, certolizumab, golimumab, TMJ temporomandibular joint, * Chi-square test

Fischer et al. BMC Oral Health          (2020) 20:282 Page 6 of 9



the American Academy of Orofacial Pain [32] form for

screening and the RDC/TMD [31] for clinical examin-

ation in a population of 934 individuals aged 10–14

years. Thus it is clear that it can be challenging to get an

exact figure on the prevalence of TMD in the normal

population. A previous meta-analysis conducted by da

Silva and colleagues showed the overall prevalence of

intra-articular joint disorder to be 16% [33].

In our study, approximately half of the JIA subjects had

clinical findings consistent with TMD, with no differences

according to JIA category. Because the numbers for three

of the categories – systemic arthritis, rheumatoid factor

positive polyarthritis, and psoriatic arthritis – were rela-

tively low, these results should be interpreted with caution.

The sensitivity and specificity of the clinical orofacial

examination in relation to TMJ has been debated be-

cause displacement of the disc, although eliciting a click-

ing sound, might be asymptomatic [34–36]. Based on

the DC/TMD criteria, asymptomatic TMJ clicking is still

defined as TMD. However, several studies have shown

that pain-free clicking represents a normal variant, typic-

ally seen in girls during puberty [15]. Recently, a clinical

examination protocol for JIA was developed by the Tem-

poromandibular Joint Juvenile Arthritis Working Group

(TMJaw). This examination protocol focuses on three

general items, namely TMJ symptoms, TMJ dysfunction,

and dentofacial deformity in JIA, and it shows acceptable

reliability and validity [7].

We found, in accordance with other studies, that the

TMJ area and the masseter muscle region were common

locations for pain in JIA [29]. However, a recent study

from Koos and colleagues reported a lower frequency of

masticatory pain on palpation [15], and Kristensen and

colleagues stated that masticatory pain complaints could

develop over time [37]. In the present study, more than

half of the participants with JIA showed clinical signs in

the TMJ region and the masseter region, and more than

one-fourth of the participants with JIA had TMD. A lon-

gitudinal multicentre approach might elucidate the de-

velopment of masticatory muscle pain, as Kristensen and

colleagues have suggested [37].

The vertical unassisted jaw movement has been widely

used as a valid marker for TMJ arthritis [38]. We

showed that participants with JIA had lower vertical un-

assisted movements compared to their healthy peers, but

the differences were relatively small, thus questioning its

clinical significance. Viewed differently, for children and

adolescents aged < 11 years, the cut-off value of 40 mm

was within the range of normal vertical jaw movement

[39]. Further, our findings suggest that lateral movement

did not differ significantly between the two groups,

which is in line with the results of Twilt and colleagues

[40] and Küseler and colleagues [19]. In the latter study

of 15 children with JIA with a mean age of 12 years, the

recorded decreased lateral movements were ≤ 5 mm with

no significant relevance [19].

We found no statistically significant differences in the

presence of TMD according to JIA categories. However,

we found a significantly higher occurrence of clinical

signs in participants with JIA currently on DMARDs

medication (whether synthetic or biologic) compared to

those not taking such medication. A high risk of devel-

oping clinical signs of TMD was associated with a severe

disease course, as indicated by the use of DMARDs.

The strengths of this study are the relatively large

number of participants, in which the study groups were

well matched, and the meticulous standardisation of the

clinical TMJ assessment performed prior to and during

the study period. However, the large number of partici-

pants should not hide the fact that we are dealing with

an underpowered sample size that was lacking 75 partic-

ipants. An additional limitation is that the overall re-

sponse rate of 63%, although considered acceptable,

might have influenced the results because the group that

did not participate was, on average, slightly younger and

had a somewhat lower proportion of girls. Also, the

shortened version of the DC/TMD used in this study is

not directly comparable with studies having used the full

DC/TMD score. In the present study, children and ado-

lescents with JIA with TMD involvement were defined

based on clinical examination, and both self-reported

and parent-reported pain. Further studies will focus on

the role of imaging on the diagnosis of TMJ arthritis in

children and adolescents with JIA. Clinical orofacial

examination may not be reliable for diagnosing disc dis-

placement without reduction [5]. Imaging diagnosis is

particularly important in JIA with non-symptomatic

TMJ involvement because hard tissue loss in the condyle

might hinder the growth of the mandible and subse-

quently affect chewing function and cause aesthetic

problems [15].

Conclusion
Symptoms or clinical signs of TMD were seen in ap-

proximately half of the participants with JIA compared

to about one fourth of their healthy peers. Painful palpa-

tion of masticatory muscles and decreased vertical un-

assisted jaw movement are more frequent in children

with JIA than in healthy controls and should be part of

both medical and dental routine examinations in the

follow-up of JIA.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12903-020-01234-z.

Additional file 1 Table S1. Reliability tests (using intraclass correlation
coefficients) between “a reference” and the examiners.
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Objectives: To examine the precision of imaging measures commonly used to assess mandib-
ular morphology in children and adolescents with juvenile idiopathic arthritis (JIA). Secondly, 
to compare cone- beam computed tomography (CBCT) and magnetic resonance imaging 
(MRI) in the measurement of condylar height.
Methods: Those included were children diagnosed with JIA during 2015–18 who had had 
an MRI, a CBCT of the temporomandibular joints (TMJs) and a lateral cephalogram (ceph) 
of the head within one month of each other. Agreement within and between observers and 
methods was examined using Bland- Altman mean- difference plots and 95% limits of agree-
ment (LOA). A 95% LOA within 15% of the sample mean was considered acceptable. Minimal 
detectable change (MDC) within and between observers was estimated.
Results: 90 patients (33 males) were included, with a mean age of 12.8 years. For MRI, intra- 
and interobserver 95% LOA were relatively narrow for total mandibular length: 9.6% of the 
sample mean. For CBCT, condylar height, both intra- and interobserver 95% LOA were wide: 
16.0 and 28.4% of the sample mean, respectively. For ceph, both intra- and interobserver 95% 
LOA were narrow for the SNA- angle and gonion angle: 5.9 and 8% of the sample mean, and 
6.2 and 6.8%, respectively.
Conclusions: We have identified a set of precise measurements for facial morphology assess-
ments in JIA, including one MRI- based (total mandibular length), one CBCT- based (condylar 
height), and three ceph- based. Condylar height was higher for MRI than for CBCT; however, 
the measurement was too imprecise for clinical use. MDC was also determined for a series of 
measurements.
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Introduction

Juvenile idiopathic arthritis (JIA) is an autoimmune, 
heterogeneous condition that includes different forms of 
chronic arthritis of unknown origin and affects around 
1–2 in 1000 under the age of 16 years.1,2 The disease is 
characterised by synovial inflammation, with a poten-
tial risk of developing progressive joint destruction and 
severe functional disability.1 The temporo- mandibular 
joint (TMJ) is more frequently involved than previously 
believed (in up to 78% of cases), of which a high propor-
tion appears to be clinically silent.3–6 TMJ arthritis is 
associated with all JIA subtypes, and active inflamma-
tion is often difficult to detect clinically.7,8 Moreover, 
around one- third of JIA patients with TMJ arthritis 
with JIA onset during growth will develop mandibular 
growth disturbances before skeletal maturity.9

Monitoring mandibular growth during childhood 
and puberty in children with JIA and TMJ arthritis has 
traditionally been performed using cephalometric trac-
ings (cephs) and their superimpositions.10 However, eval-
uation of growth using two- dimensional radiographs is 
flawed by distortion and overlapping of 3D structures, 
varying magnification and issues with positioning. 
Thus, over the past 20 years, the method has been 
replaced by cone- beam CT (CBCT) in many centres, 
at the cost of higher radiation doses.11 A recent paper 
by Maspero and colleagues comparing measurements 
of mandibular body length and growth by CBCT and 
reconstructed lateral cephalograms, the authors found 
that although the direct measurements differed between 
the two methods, mandibular growth assessment was 
almost identical. They concluded that two- dimensional 
radiographs remain the preferred method in evaluating 
mandibular body growth.12 However, knowledge on the 
precision or accuracy of cephs or CBCT using Fryback 
and Thornbury’s widely cited principles for radiological 
research is lacking.13 They suggest a hierarchical model, 
where level one addresses technical image quality, level 
two addresses diagnostic accuracy, sensitivity, and 
specificity, and so on until level six, which addresses 
the examination’s impact on social costs and benefits. 
The demonstration of efficacy at each lower level in 
this hierarchy is logically necessary but not sufficient to 
assure efficacy at higher levels.13 Their statements have 
fuelled our efforts to examine the precision of imaging 
markers used in children.14 For CBCT, validation of the 
measurements has mainly been performed on specimens 
using small datasets.15,16 Systematic reviews on accuracy 
of measurements and reliability of landmark identi-
fication with CT techniques in the maxillofacial area 
concluded, that there is just a limited number of studies 
and that most studies had methodological limitations 
and were of moderate quality.17,18 According to recently 
published guidelines for imaging of TMJs in patients 
with JIA, magnetic resonance imaging (MRI) of the 
TMJs is advised for the assessment of inflammatory 
change.19,20 The potential of MRI for the evaluation 

of growth disturbances secondary to TMJ involve-
ment has been addressed, using T1W 3D sequences to 
construct oblique sections through the mandible on 
which measurements are based.21,22 By adding a T1W 
3D sequence of the whole head to the TMJ protocol, we 
aimed to examine the precision of three MRI- derived 
measurements for mandibular morphology. Moreover, 
we examined the precision of one measurement derived 
from CBCT (small field of view) and commonly used 
ceph- measurements in a large cohort of children and 
adolescents with JIA. Finally, a comparison between 
CBCT and MRI for the measurement of condylar 
height was performed. The overall aim was to identify 
the most precise measurements for the assessment of 
mandibular morphology, for further use in the moni-
toring of mandibular growth.

Methods and materials

The present study is part of a longitudinal multicentre 
study addressing children and adolescents diagnosed 
with JIA, which was performed during 2015–2020 
(NCT03904459 in www.clinicaltrials.gov).1 The study 
was approved by the Regional Ethics Committee (REK 
number 2012/542), and written informed consent was 
obtained from each participant and/or a caregiver 
according to the national guidelines. This particular 
study includes a subset of 90 patients who had under-
gone an examination of MRI, a CBCT of the TMJs 
and a lateral cephalogram of the head, taken within 
one month of each other between March 2015 and May 
2018. The patients were identified on the basis of clin-
ical, demographic information to reflect the whole range 
of disease duration, JIA subgroup and severity, in order 
to robustly test the variables in question.

Magnetic Resonance Imaging (MRI)
All MRI examinations were performed on a 3 Tesla 
system (Skyra, Siemens Healthcare, Erlangen, 
Germany), using a 64- channel head coil (or a 32- channel 
in 30 patients). For the present study, a sagittal T1W 
magnetisation prepared rapid gradient echo (ultra-
fast gradient- echo 3D) sequence (TR/TE/FA/SL = 
2000/2.26/8/1) was used. Following several calibration- 
meetings and discussions, the images were assessed 
independently by two consultant radiologists using a 
high- resolution PACS- screen, twice (at an interval of 4 
weeks) by KR and once by TAA (30 and 14 years of 
experience in paediatric imaging, respectively), without 
any other information available. The following three 
measurements were made: a) posterior mandibular 
length (Go- Co) and condylar height Co- In, b) total 
mandibular length Co- Gn (Figure 1).

To measure the total mandibular length, gnathion 
was used as origo when the multiplanar reconstruction 
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(MPR) volume was reoriented to include the top of the 
condyle. Co- Gn was measured, and the reorientation 
was repeated for the contralateral side. The method 
for measuring the posterior mandibular length and 
condyle height included reorienting the volume to a 
ramus- corrected oblique sagittal view, and determining 
the ramus tangent, gonion, top of the condyle and the 
lowest (caudal) point of the incisura mandibulae, to 
then measure the Co- Gn and Co- In (Figure 1).

Cone-beam computed tomography (CBCT)
The CBCT examinations were performed on one of 
three CBCT machines, with kVp / mAs / field of view 
(mm) / voxel dimension (isotropic, mm) settings: 3D 
Accuitomo 170 (Morita Mfg Corp, Kyoto, Japan) 
85/175/40*40*40/0.08; Promax 3D (Planmeca Oy, 
Helsinki, Finland) 90/13.6/200*200*60/0.40; or Scanora 
3D (Soredex, Tuusula, Finland) 90/45/60*60*60/0.13. 
The participants were positioned in the Frankfort hori-
zontal plane, with their teeth in maximal intercuspal 
position.

The images were exported together with the accom-
panying image viewers included in the three respective 
CBCT systems – Planmeca Romexis Viewer (Planmeca 
Oy, Helsinki, Finland); OnDemand3DApp Project 
Viewer Limited (version 1.0.10.4304, CyberMed, 
Daejeon, Republic of Korea); and iDixel One Volume 
Viewer (J. Morita MFG. Corp., Kyoto, Japan) – and 
were assessed independently by two consultant radiol-
ogists, twice (at an interval>4 weeks) by TAA and 
once by OWA (both with 13 years of experience). Prior 

to scoring, meticulous calibration was performed. 
Condylar height was measured in the same manner 
as for MRI; however, due to the limited field of view, 
we approximated the ramus corrected sagittal view to 
include the coronoid process and the ramus tangent 
along the posterior border at the lowermost point of the 
condyle or ramus included in the field of view (Figure 2).

Cephalogram (ceph)
Lateral cephs were performed using one of three 
different pan/ceph systems: Orthophos xg 5 (Sirona 
Dental Systems, Bensheim, Germany), with the 
following settings: 73 kVp, 15 mA, exposure times 9.7 
and 9.4 sec for adolescents and children, respectively, 
and a magnification factor of 1.1 with a 16- bit pixel 
depth for all images; Promax Type Version 3.8.1.0 
(Planmeca, Helsinki, Finland), kV: 62–70, mAs: 7–10 
mA, 6.7 sec; and Soredex Cranex D (Helsinki, Finland) 
70 kV, 10 mA, exposure time 5.8 sec. The radiographs 
were taken under standardised conditions with a natural 
head position (Frankfort horizontal line parallel to the 
floor) and teeth in maximal intercuspation.

Calibration of ceph-measurements
Two observers (JH and JF) underwent four calibra-
tion exercises (two on five cases and two on 30 cases 
– not included in the study) under the guidance of an 
expert (KDK), where nine measurements based on 16 
anatomical landmarks were calculated (Supplementary 
Material S1) and (Figure 3). At the completion of the 

Figure 1 Constructions and both linear measurements of posterior mandibular length measured from the gonion to the top of condyle (Co- Go) 
and condylar height measured from the most caudal point of incisura mandibulae to the top of the condyle (Co- In). Figure 1B: Construction of 
total mandibular base length measured between the gnathion and the top of the condyle (Co- Gn). Co: Condyle; Go: Gonion; Gn: Gnathion; In: 
Incisura; Post: Posterior; Mandib: Mandibular.
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calibration phase, the bias level between observers was 
acceptable (Supplementary Material S2).

Statistical analysis
The normality of the data was confirmed using Q- Q 
plots and the Shapiro Wilks test. Agreement within and 
between observers and methods was analysed using 
Bland- Altman mean- difference plots.23,24 The mean 
difference was reported as a measure of constant bias, 
whilst the 95% limits of agreement (95% LOA = mean 
difference±1.96 x standard deviation) of the differences 
(SD

diff
) was reported as a measure of intra- and interob-

server variation. 95% LOA was expressed in the actual 
units of the measurements and as a percentage relative 
to the mean measurement, since there was a clear depen-
dency of the measurement variation on the mean values. 
The limit for clinically acceptable agreement was infor-
mally set at a 95% LOA of 15%.25,26

Absolute reliability was also determined by stan-
dard error of measurement (SEM) and minimal detect-
able change at a 95% confidence interval (MDC

95
).27,28 

A one- way between- groups analysis of variance was 
conducted to explore the impact of CBCT machine 
type on the intraobserver variation of measurements of 
condylar length, right side.

All statistical analysis was performed using IBM 
SPSS version 26 (IBM, Chicago, IL). The level of statis-
tical significance was set at 5% (p ≤ .05).

The NorJIA study was approved by the Regional 
Ethics Committee; REK nr 2012/542. Informed 
consents were given by the children if  ≥16 years, and 
by the parents if  the child were <16 years. Data were 
collected and stored according to the General Data 
Protection Regulation (GDPR).

Results

90 JIA patients (33 boys and 57 girls) were included, with 
a mean age of 12.8 years (range 4.9–16.3 years). Among 
the 90 cases, 39 (43.3%) were oligoarticular, 26 (28.9%) 
were polyarticular, 10 (11.1%) were enthesitis- related, 3 

Figure 2 CBCT measurement of condylar height (Co- In). Condyle; In: Incisura
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(3.3%) were systemic, 3 (3.3%) were psoriasis- related, 
and 9 (10%) were undifferentiated types of JIA. The 
median duration of the disease was 5.0 years (IQR 6.2, 
0.4–14.4). Two JIA patients had a poor head posture 
and/or a lack of maximal intercuspidation at the image 
acquisition.

MRI measurements
The intra- and interobserver 95% limits of agreement 
(LOA) were relatively narrow for total mandibular 
length (9.6% of the sample mean, right side) (Table  1 
and Supplementary Material S3). For the posterior 
mandibular height, both intra- and interobserver 95% 
LOA were wide: 17.2 and 17.3% of the sample mean, 
respectively. The variation within and between observers 
was even higher for the condylar height, with 95% 
LOA of 55.4 and 34.8%, respectively. The intra- and 

interobserver mean differences (bias) were low, ranging 
from 0.1 to 0.9 mm (2.0 and 18.4%) (Table 1). For indi-
vidual subjects, a change in overall distance of at least 
5.4 mm for mandibular length, 4.8 mm for posterior 
mandibular height and 5.4 mm for condylar height 
right side would have to be observed to confirm that a 
true change, beyond measurement error, has occurred 
(Table 1).

CBCT measurements
For the condylar height, both intra- and interobserver 
95% LOA were wide: 16.0% and 28.4% of the sample 
mean, right side, respectively (Table  2). The intraob-
server mean difference (bias) was zero (Supplementary 
Material S4), whilst the interobserver mean difference 
was 0.1 mm and 0.4 mm for right and left condyle, 
respectively (Table 3). MDC varied between 1.4 mm and 
3.1 mm (Table 2).

Ceph measurements
For the SNA angle, both intra- and interobserver 95% 
LOA were narrow: 5.9 and 8% of the sample mean, 
respectively (Supplementary Material S5). The variation 
within and between observers was even lower for the 
SNB angle, with 95% LOA of 4.5 and 6%, respectively. 
The variation within and between observers was narrow 
for the gonion angle (RL3/ML3) (Supplementary Mate-
rial S5), with 95% LOA of 6.2 and 6.8%, respectively. 
For the mandibular plane angle demonstrated by ML3/
NSL, only the intraobserver 95% LOA was narrow with 
13.4% (Supplementary Material S5). The remaining 
ceph- based measurements showed wide limits of agree-
ment. The MDC varied between 1.4 ° and 7.0 ° (Table 3).

Condylar height; comparison between CBCT and MRI
Mean condylar height as measured by CBCT was 
17.3 mm (SD 3.6), as compared to 19.3 mm (SD 3.6) by 
MRI (95% LOA = −1.3 to 5.3, right TMJ) in 52 patients 
who had both CBCT and MRI examinations at either 
baseline or at two years follow- up (Table 4).

A one- way between- groups analysis showed that the 
mean difference between observer one’s first and second 
measurement was 0.01 mm for the CBCT machine in 
Bergen, vs 0.001 mm for Trondheim and 0.09 for Tromsø 
(p = 0.875), implying that the 95% limits of agreement 
did not differ significantly across different CBCTs.

Discussion

In their hierarchal model of efficacy in diagnostic 
imaging, Fryback and Thornbury pointed out that each 
level of efficacy is necessary but not sufficient to assure 
efficacy at higher levels such as diagnostic thinking.13 
Our study addresses the lower end of this hierarchy, 
namely the precision of measurements for mandibular 
morphology. We found little or no constant bias, but 
varying agreement within and between observers for 

Figure 3 Geometrical redesigning of Go: Go was defined as the 
intersection of RL3 and ML3. RL3 was the average of two lines drawn 
from the point Ar to the posterior border of the left and right ramus 
(pGo

1
 and pGo

2
, respectively). Similarly, ML3 was the average of two 

lines drawn from the point Me to the lower border of the left and 
right mandible (aGo

1
 and aGo

2
, respectively). Point A; ANS: Ante-

rior Nasal Spine; Ar: Articulare; B: Point B; Me: Menton; N: Nasion; 
OLp: Occlusal line, posterior point; pGo1+2: Posterior gonion (poste-
rior point on ramus); PNS: Posterior Nasal Spine. S: Sella; aGo1+2: 
Anterior gonion (lower border of mandible). Ii: Tip of the crown of 
the left/right first inferior incisor. Iia: Apex of the left/ right first infe-
rior incisor. Is: Tip of the crown of the left /right first superior incisor. 
Isa: Apex of the left/right first superior incisor. ML3: Mandibular line; 
RL3: Ramus line; Go: Gonion angle.
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a set of MRI, CBCT and ceph- based measurements 
commonly used for the assessment of mandibular 
morphology in JIA. The measurements with the highest 
test/retest agreement, were the ceph- based SNA, SNB 
and RL3/ML3, and the MRI- based total mandibular 
length, with LOA within 15% of the sample means.

Using SEM data, we were able to calculate the MDC 
at an individual level, providing a more clinically useful 
means of interpreting agreement. The MDC indicates 
the lower boundary for detectable change, whilst the 
MDC around the mean difference provides the LOA.29 
Thus, based on MDC from this study, we are 95% confi-
dent that differences lower than 4.6to 7 mm for the MRI- 
measurements of both total mandibular and posterior 

mandibular lengths are attributable to measurement 
error. In the evaluating of an intervention, one might 
argue that these MDC values, lying within 11% of the 
measured means but within 17% of the 95% LOA, 
are acceptable. This may well be the case, illustrating 
the difference between MDC and minimally clinically 
important differences. Thus, the a priori set limit for 
clinically acceptable agreement, e.g., an LOA of 15%, 
is adjustable and obviously depends on different clinical 
scenarios.

Measurement of the condylar height by CBCT had 
a suboptimal interobserver agreement, but acceptable 
intraobserver agreement and MDC, whilst the MRI- 
based measurement was too imprecise for clinical use, 

Table 1 Intra- and interobserver agreement and MDC
95

 of  MRI- based measurements (mm) of total mandibular length, posterior mandibular 
length and condylar height in 78* children and adolescents with JIA

OBS1 (Intraobserver) (first vs second measurements) OBS2 (Interobserver) (OBS one vs OBS 2)

  first mean second mean Mean diff. 95% 
LOA

first 
LOA %

MDC
95

 
individ.

Mean Mean diff. 95% LOALOA % MDC
95

 
individ.

(SD) (SD) (SD) (SD) (SD)

Total 
mandibular 
length Rt

112.6 (8.4) 111.7 (9.0) 0.9
(2.7)

−4.5–6.3 9.6 5.4 112.6 (7.6) −0.2
(2.7)

−4.9–5.4 9.6 5.4

Total 
mandibular 
length Lt

112.9 (7.9) 112.4 (8.8) 0.5
(3.5)

−6.5–7.5 12.4 7.0 112.3 (7.8) 0.6
(2.9)

−5.6–6.0 10.3 5.8

Posterior 
mandibular 
length Rt

55.3 (7.0) 55.8
(6.9)

0.5
(2.4)

−4.3–5.2 17.2 4.8 55.4 (6.3) −0.1
(2.4)

−4.3–5.3 17.3 4.8

Posterior 
mandibular 
length Lt

55.4 (6.4) 54.8
(6.5)

0.6
(2.3)

−4.0–5.2 16.6 4.6 55.4 (6.1) 0.0
(2.9)

−5.6–6.0 20.9 5.8

Condylar 
height Rt

19.5 (3.5) 19.0
(3.4)

0.5
(2.7)

−4.9–5.9 55.4 5.4 19.8 (3.4) −0.3
(1.7)

−2.8–4.0 34.3 3.4

Condylar 
height Lt

19.0 (3.4) 19.1
(3.2)

−0.1
(2.4)

−4.6–5.0 50.5 4.8 19.8 (3.4) −0.8
(2.2)

−3.5–5.3 44.4 4.4

Diff: Difference. LOA: Limit of agreement. Lt: Left side. MDC
95

individ: Individual minimal detectable change. MRI: Magnetic resonance 
imaging. OBS: Observer. Rt: Right side. SD: Standard deviation.
* 78* 78 of the 90 children and adolescents included had MRIs available for these analyses.

Table 2 Intra- and interobserver agreement and MDC
95

 of  CBCT- based measurements (mm) of condylar height in 73* children and adolescents 
with JIA

OBS1 (Intraobserver) (first vs second measurements) OBS2 (Interobserver) (OBS one vs OBS 2)

  first mean second mean Mean diff. 95% LOA first LOA 
%

MDC
95

 
individ.

Mean Mean diff. 95% LOA LOA % MDC
95

 
individ.

(SD)   (SD) (SD) (SD) (SD)

Condylar 
height Rt

17.5
(3.6)

17.5
(3.4)

0.0
(0.7)

−1.4–1.4 16.0 1.4 17.6 (3.7) −0.1
(1.3)

−2.4–2.6 28.4 2.8

Condylar 
height Lt

18.1
(4.1)

17.9
(3.8)

0.2
(1.1)

−2.0–2.4 24.3 2.2 18.2 (3.7) −0.4
(1.6)

−2.7–3.5 34.1 3.0

CBCT: Cone- beam computed tomography.Diff: Difference.LOA: 95% Level of agreement. Lt, Left side ; MDC
95

individ, Individual minimal detectable change; 
OBS: Observer.Rt: Right side.SD: Standard deviation.
* 73 of the 90 children and adolescents with JIA had CBCT examinations available for these analyses because the field of view (FOV) did not cover the 
structure of incisura mandibulae in 17 participants.

.
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with wide variation, both for the same and between 
observers. Of note is that the MRI- measurement of 
condylar height was higher than that obtained by 
CBCT, which is the opposite of what was reported in a 
study of eight cadaver skulls, comparing MRI, CBCT 
and radiographs.21 This may in part be due to slightly 
different planes, measurement points and image quali-
ties, such as slice thickness. For example, Markic et al 
used a temporomandibular surface coil, which provided 
higher resolution images than the head coil used in 
our 3T MRI scanner.21 Further, Markic et al reported 

that measurements of condylar height with MRI were 
comparable to those of CBCT in terms of intra- and 
interobserver agreement.21 However, their 95% LOA 
were around 2 mm for CBCT and 4 mm for MRI for 
the same observer. Given a mean condylar height of 
around 18 mm similar to a recent study, the 95% LOA 
for the CBCT- based condylar height can be estimated at 
10% of the sample mean, as compared to 22% for MRI, 
suggesting that CBCT, but not MRI, has an acceptable 
precision for clinical use.21 This compares well with our 
results, although our 95% LOA for MRI was even higher, 

Table 3 Intra- and interobserver agreement and MDC
95

 of  cephalometric measurements in 88* children and adolescents with JIA

OBS1 (Intraobserver) (first vs second measurements) OBS2 (Interobserver measures) (OBS one vs OBS 2)

Angle (°), 

distance 

(mm)

first mean second mean Mean diff. 95% LOA first LOA 
%

MDC
95

 
individ.

Mean Mean diff. 95% LOA LOA % MDC
95

 
individ.

(SD) (SD) (SD)    (SD) (SD)

SNA ° 81.1
(3.6)

81.5
(3.7)

−0.4
(1.2)

−2.8–2.0 5.9 2.2 81.3
(3.2)

−0.2
(1.7)

−3.5–3.0 8 3.3

SNB ° 78.2
(3.4)

78.6
(3.6)

−0.4
(0.9)

−2.2–1.3 4.5 1.4 78.2
(3.1)

0
(1.2)

−2.4–2.3 6 2.2

ANB ° 2.9
(2.6)

2.8
(2.7)

0.1
(1.0)

−1.8–1.9 127.6 1.9 3.1
(2.4)

−0.2
(1.0)

−2.3–1.7 125.8 1.9

ML3- NSL ° 32
(6.3)

31.4
(6.3)

0.6
(1.1)

−1.6–2.7 13.4 2.2 32.3
(6.3)

−0.3
(1.3)

−3.0–2.2 16.1 2.5

ML3- NL ° 24.3
(5.6)

24.5
(5.8)

−0.2
(1.3)

−2.8–2.5 21.8 2.5 24.5
(5.9)

−0.2
(1.9)

−3.9–3.7 31.0 3.6

Wits- 
appraisal 
(mm)

−2.1
(3.1)

−2.3
(3.0)

0.2
(1.2)

−2.1–2.5 −219 2.2 −1.8
(3.2)

−0.3
(1.4)

−3.0–2.4 −300 2.8

ILsNA° 23.0
(6.8)

22.5
(7.3)

0.5
(2.1)

−3.6–4.6 35.7 4.2 21.5
(6.7)

1.5
(3.5)

−5.3–8.3 63.3 7.0

ILiNB° 26.5
(7.1)

26.8
(7.3)

−0.3
(1.9)

−4.0–3.4 27.9 3.6 26.9
(7.4)

−0.4
(2.7)

−5.8–5.0 40.1 5.4

RL3ML3° 123.4
(6.8)

123.1
(6.9)

0.3
(2.0)

−3.5–4.1 6.2 3.9 124
(6.7)

−0.6
(2.2)

−4.9–3.7 6.8 4.4

ANB, Nasion- AB; Diff, Difference; ILiNB, Inclination inferior incisors to NB line ; ILsNA, Inclination superior incisors to NA line; LOA, Level of agreement; 
MDC95individ, Individual minimal detectable change; ML3- NL, Angle of mandibular line and palatal plane; ML3/NSL, Angle between mandibular line 
and cranial base; OBS, Observer; RL3ML3, Angle between posterior mandibular ramus line and the mandibular line; SD, Standard deviation; SNA, Sella- 
Nasion- A angle; SNB, Sella- Nasion- B angle.
aof the 90 children had cephalometric examinations available for these analyses. two had poor head posture and/or a lack of maximal intercuspidation at the 
image acquisition.

Table 4 Comparison of mean condylar height (Co- In) between MRI and CBCT

Condylar 
height

OBS1 (Intraobserver)
(first vs second measurements)

OBS2 (Interobserver)
(OBS 2 MRI vs OBS 2 CBCT)

MRI
n = 52

CBCT
n = 52

Mean difference 
(95% LOA)

MRI
n = 49

CBCT
n = 49

Mean difference 
(95% LOA)

MRI
n = 45

CBCT
n = 45

Mean difference 
(95% LOA)first Mean (SD) second Mean (SD)

Mean
(SD)

Mean
(SD)

Co–In
Right (mm)

19.3
(3.6)

17.3
(3.6)

2.0 (- 1.3–5.3) 18.9
(3.4)

17.3
(3.5)

1.6 (- 7.4–10.6) 19.6
(3.6)

17.5
(3.8)

2.1 (- 6.3–10.5)

  MRI
n = 47

CBCT
n = 47

MRI
n = 47

CBCT
n = 47

MRI
n = 44

CBCT
n = 44

Co–In
Left (mm)

19.2
(3.3)

17.8
(3.6)

1.4 (- 6.0–8.8) 19.2
(3.0)

17.5
(3.7)

1.7 (- 5.7–9.1) 19.9
(3.6)

18.3
(4.1)

1.6 (- 7.8–11.0)

CBCT: Cone- beam computed tomography. LOA: Level of agreement. MDC
95

individ: Individual minimal detectable change. MRI: Magnetic 
resonance imaging. OBS: Observer. SD: Standard deviation.
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up to 55%. In another comparative study including 18 
adults, with a mean age of 37.8 years, CBCT performed 
better than MRI with regard to intra- and interobserver 
variation for a set of direct measurements and angles, 
using the Mimics Research program.22 The interob-
server intraclass correlation (ICC) for mandibular body 
length was excellent (ICC = 0.95) for CBCT and only 
moderate (ICC = 0.74) for MRI. However, there was 
no information on the absolute reliability, such as the 
limits of agreement or MDC, thus, preventing a direct 
comparison with our results.22

High interobserver variations were found for 
condylar height based on both CBCT and MRI, and for 
MRI- measurements of posterior mandibular length and 
condylar height. The wide variation might be explained 
by the fact that we oriented the CBCT and MR volumes 
to reconstruct the multiplanar views prior to all measure-
ments – i.e., we identified the landmarks during each of 
the reading sessions. Previous 2D and 3D analyses have 
shown that condylar height represents one of the most 
critical measurements in assessing dentofacial growth 
deviation.30 In their radiographic study, Kjellberg and 
colleagues found significantly shorter relative condylar 
height in 35 children and adolescents with JIA (aged 
7–16 years) compared to their healthy peers; however, 
their results were based on condylar ratio and not on 
linear measurements.31 In their reliability and validity 
study of 23 3D measurements, Stoustrup and colleagues 
identified, and highly recommended seven measures 
for the study of dentofacial growth in JIA.32 In addi-
tion, they recommended several additional measures, 
including condylar height.

Studies have shown that identifying landmarks intro-
duces errors that contribute to measurement inaccu-
racy.33 Our results contrast with those of Ludlow et al in 
a study of 20 patients, which show that landmark iden-
tification with CBCT- MPR was accomplished with less 
variability than conventional ceph, implying that MPR- 
based measurements are more precise than measure-
ments based on cephalograms.34

Similarly, some authors suggest that measuring 
directly on the 3D surface- rendered CBCT images intro-
duces higher variability of certain landmarks – e.g., in 
the mediolateral direction, probably related to the inad-
equate definition of the landmarks in the third dimen-
sion.35 Baumrind, Broch and colleagues argued that 
cephalometric landmarks- based measurements such as 
edges are easier to localise, whereas landmarks placed 
on curves showed a higher measurement error.36,37 Taken 
together, the body of studies published on the reliability 
of both ceph and CBCT is heterogeneous with respect 
to design and statistical analysis used; thus, the results 
are difficult to compare (Supplementary Material S6).

Several of the measurements obtained from conven-
tional cephalograms, i.e., the SNA, SNB, gonion angle 
(RL3/ML3), showed high precision and small MDC, 
which is a finding that has also been reported for these 
measurements obtained from MPRs derived from 

volumetric CBCT scans.22,38 Conversely, poor precision 
was found for the remainder of the measurements – for 
example, an intraobserver LOA as high as 127.6% of the 
measured mean for the ANB angle. The poor precision 
of ANB can, in part, be explained by its small value, but 
more crucial; point A is more challenging to locate than 
point B.39,40 Moreover, numerous studies have shown 
that dental landmarks tend to have poorer validity than 
skeletal landmarks.41,42 Kamoen et al addressed the high 
variability of landmark identification, and the cumula-
tive effect of errors in a study of 50 cephs.43 In our study, 
the clinical acceptance of the Wits appraisal is insuffi-
cient. This measurement is determined by perpendicu-
lars from points A and B to the occlusal plane, and any 
change in the occlusal plane enhances the measurement 
error.44 The clinical implication and the use of these 
variables to detect actual treatment effects can be ques-
tioned, but the literature reveals that the clinical signifi-
cance is usually regarded as a difference of less than one 
or two measuring units.45 Clinical relevance becomes 
more evident using the Bland- Altman approach when 
reporting on differences between observers and methods, 
rather than on relative reliability, such as the ICC or 
paired t- test.42,46 Hitherto, few cephalometric studies 
and TMJ- imaging studies have tested the precision of 
CBCT and MRI- measurements applying the Bland- 
Altman mean- difference plots and 95% LOA (Supple-
mentary Material S6). Thus, further studies addressing 
the accuracy of commonly used measures for morpho-
logical assessment of the mandibular complex in chil-
dren and adolescents with JIA.

Our study has several limitations. Firstly, there is 
the subjective nature of identifying the landmarks with 
inherent biases in the reader’s past experiences and 
understanding of the images. We endeavoured to over-
come this by hosting several calibration sessions between 
all readers prior to scoring and analysis. Our study does 
not address the clinical validity of the measurements; 
however, this was not our intention, which was instead 
to primarily examine whether adding a 3D anatomical 
sequence to the routine MRI protocol for TMJ- imaging 
might provide precise measurements of dentofacial 
deformity, with the view to then assessing these for clin-
ical validity.13 Similarly, we intended to test the preci-
sion of one CBCT- based measurement derived from a 
routine examination with a small field of view, as well 
as commonly used cephalometric- based measurements. 
The strengths of this study include the reasonably high 
numbers, the thorough calibration process, and the 
multireader aspect of our data analysis.

Conclusion

We have identified a set of precise radiological measure-
ments for the assessment of dentofacial deformity in 
JIA. The measurements include one MRI- based, one 
CBCT- based and three ceph- based, in the hope that 
these can be helpful for studies that assess clinical 
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validity and long- term patient outcomes. MRI- based 
measurement of condylar height was higher than that 
obtained by CBCT; however, the measurement was too 
imprecise for clinical use. Moreover, we have determined 
the MDC for a set of measurements.
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In children and adolescents 
with temporomandibular disorder assembled 
with juvenile idiopathic arthritis - no association 
were found between pain and TMJ deformities 
using CBCT
J. Fischer1*, T. A. Augdal2, O. Angenete3,4, E. G. Gil1, M. S. Skeie1,5, A. N. Åstrøm1,6, K. Tylleskär7, K. Rosendahl2,8, 
X.‑Q. Shi1,9 and A. Rosén1,10 on behalf of The NorJIA (Norwegian JIA Study — Imaging, oral health, and quality 
of life in children with juvenile idiopathic arthritis). 

Abstract 

Background: Children and adolescents with juvenile idiopathic arthritis (JIA) may suffer from temporomandibular 
disorder (TMD). Due to this, imaging diagnosis is crucial in JIA with non‑symptomatic TM joint (TMJ) involvement. The 
aim of the study was to examine the association between clinical TMD signs/symptoms and cone‑beam computed 
tomography (CBCT) findings of TMJ structural deformities in children and adolescents with JIA.

Methods: This cross‑sectional study is part of a longitudinal prospective multi‑centre study performed from 2015–
2020, including 228 children and adolescents aged 4–16 years diagnosed with JIA, according to the International 
League of Associations for Rheumatology (ILAR). For this sub‑study, we included the Bergen cohort of 72 patients (32 
female, median age 13.1 years, median duration of JIA 4.5 years). Clinical TMD signs/symptoms were registered as pain 
on palpation, pain on jaw movement, and combined pain of those two. The severity of TMJ deformity was classified as 
sound (no deformity), mild, or moderate/severe according to the radiographic findings of CBCT.

Results: Of 72 patients, 21 (29.2%) had pain on palpation at and around the lateral pole, while 41 (56.9%) had TMJ 
pain upon jaw movement and 26 (36.1%) had pain from both. Of 141 TMJs, 18.4% had mild and 14.2% had moderate/
severe structural deformities visible on CBCT. CBCT findings were not significantly associated with either the pain on 
palpation or the pain on jaw movement. A significant difference was found between structural deformities in CBCT 
and the combined pain outcome (pain at both palpation and movement) for both TMJs for the persistent oligoarticu‑
lar subtype (p = 0.031).

Conclusions: There was no association between painful TMD and CBCT imaging features of the TMJ in patients with 
JIA, but the oligoarticular subtype of JIA, there was a significant difference associated with TMJ pain and structural 
CBCT deformities.

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.
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Background
Juvenile idiopathic Arthritis (JIA) is a heterogeneous 

condition that includes all forms of chronic arthritis of 

unknown origin with a duration of more than six weeks 

and an onset before 16 years of age [1, 2]. The reported 

prevalence is around 1–2 per 1000 children with girls 

more frequently affected than boys [3–5], and the con-

dition is characterized by chronic synovial inflamma-

tion, with potential risk of developing progressive joint 

destruction and serious functional disability [1, 6, 7]. 

JIA includes seven subtypes (systematic arthritis, oli-

goarthritis (persistent or extended), rheumatoid fac-

tor negative polyarthritis, rheumatoid factor positive 

polyarthritis, psoriatic arthritis, and enthesitis-related 

arthritis) with different (though overlapping) character-

istics. The estimated prevalence of temporomandibular 

joint (TMJ) arthritis in children and adolescents with JIA 

varies widely between 17 and 92%, of which a high pro-

portion of cases appear to be clinically silent [8, 9]. TMJ 

arthritis is often combined with temporomandibular 

disorder (TMD), which is defined as muscular tensions 

from the surrounding muscles, or inflammation and/or 

destructive deformities in the TMJs of these patients, or 

a combination of the two [10]. Children and adolescents 

with JIA are more likely to suffer from TMD than their 

healthy peers, which means that children and adolescents 

with JIA are more likely to have impaired oral health 

[11–14]. In a recently published article from our multi-

centre study, we found that 40% of patients with JIA aged 

6–16  years old experienced TMD [15]. An even higher 

TMD figure of 83% was reported in a cohort of Brazilian 

adolescents with JIA [16], while a Danish study revealed 

that 38–53% of patients with JIA (median age 6.6 years) 

experienced orofacial symptoms and dysfunction due to 

TMJ arthritis and/or muscular tensions [17]. Cone-beam 

computed tomography (CBCT) has been used as a 3D 

diagnostic modality for nearly two decades [18, 19] and 

the radiation doses are of this method are, in general, 

lower than that of conventional CT. For TMJ screening, 

CBCT imaging has been reported to require a 30% lower 

dosage and give a better image quality than CT [20]. In 

a retrospective study by Cho and colleagues including 

282 children and adolescents aged 10 – 18  years, the 

authors found an association between TMJ condylar 

deformities and TMJ symptoms or reduced mouth open-

ing capacity [21]. Another CBCT-based study showed 

that children and adolescents (10–19  years) with TMD 

had more erosive cortical bone changes than same-aged 

pre-orthodontic controls with malocclusion [22], and the 

same study also highlighted that pre-orthodontic par-

ticipant with malocclusion presented solid radiographic 

signs. Although CBCT is the method of choice for assess-

ing TMJ deformity, examples of CBCT use in children 

and adolescents with JIA-associated TMD are sparse. JIA 

may result in TMJ deformity and affect mandible devel-

opment as well as chewing function. Therefore, early 

diagnosis and treatment of TMJ deformity are of clinical 

importance. However, there are no diagnostic guidelines 

available on whether CBCT is indicated for JIA patients 

or for which group of patients it is indicated. Clinical 

symptoms may serve as predictors for justified CBCT 

examination.

Therefore, the aim of this study is to examine the asso-

ciation between clinical signs/symptoms of TMD and 

structural TMJ deformities found from CBCT in this 

patient group.

Methods
We followed the strengthening the reporting of obser-

vational studies in epidemiology (STROBE) reporting 

guideline. This cross-sectional study is part of a longi-

tudinal prospective multi-centre study performed from 

2015–2020, including 228 children and adolescents aged 

4–16 years, diagnosed with JIA according to the Interna-

tional League of Associations for Rheumatology (ILAR) 

[1]. Excluded from the study were those with congenital 

facial anomalies and/or major medical co-morbidities 

and those who did not consent to participate. The unse-

lected material was retrieved from the Bergen NorJIA 

cohort of children and adolescents with JIA (n = 72) from 

2015–2017 and included standardized assessments of 

TMD as part of a broader oral health examination.

Clinical TMD examinations were performed by using a 

shortened version of the Diagnostic Criteria for Tempo-

romandibular Disorders (DC/TMD) Axis I [23] and the 

self-assessment questionnaire recommended by TMJaw 

for clinical TMJ assessment in patients diagnosed with 

JIA [24]. The reason for this combination of diagnostic 

tools is that the DC/TMD tool alone is reported to have 

weak validity for TMJ assessment. Therefore, this tool 

can also identify disc displacement (low sensitivity) and 

degenerative joint disease (low sensitivity and specific-

ity). To avoid systemic error, reliability results from vari-

ous calibration exercises in TMD diagnostic prior to and 

during the study period are described in our previous 

publication [15].

Keywords: Juvenile idiopathic arthritis, Temporomandibular joint arthritis, Temporomandibular disorder, 
Temporomandibular joint deformity, Cone‑beam computed tomography
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During clinical examination, we determined whether 

there was pain on direct palpation at and around the lat-

eral pole. Moreover, we asked the patient whether he/

she currently experienced TMJ and masticatory mus-

cle symptoms on vertical, lateral, and or protrusive jaw 

movements, and we also registered combined pain (pain 

on palpation and pain on jaw movement). The CBCT 

examination was performed using a 3D Accuitomo 170 

(Morita) with a field of view of 4 × 4 cm and a voxel size 

of 80  µm. The exposure parameters were adjusted for 

each individual patient. All images were exported into 

iDixel One Volume Viewer (Version 2.6.0 Morita), and 

analysed by an experienced paediatric radiologist (TAA, 

13 years of experience in paediatric imaging) with addi-

tional information in the image masked. The overall 

impression of TMJ deformity was categorized into one of 

three groups based on the radiographic appearance in the 

condyle and temporal parts: sound = normal anatomical 

variation, mild = slight flattening of the fossa/eminence 

or condyle, or minor joint surfaces irregularities, moder-

ate/severe = apparent deformation of fossa/eminence or 

condyle, apparent reduction of condyle volume or more 

severe joint surface irregularities. Examples of typical 

cases are shown in Fig. 1.

Fig. 1 Examples of temporomandibular joint (TMJ) deformity on cone‑beam computed tomography (CBCT)
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Statistical methods

Descriptive statistics were reported as mean with SDs, 

percentages, or median (ranges). For analyses, we 

dichotomized the TMJ deformity variable to absent 

or present due to low number of cases in the mild and 

moderate/severe groups. Associations between local-

ized pain (TMD) and structural deformities visible in 

CBCT were examined using Fisher’s exact/chi-square 

test and an independent/two-sample t-test as appro-

priate. Statistical analyses were performed using SPSS 

version 25 (IBM Corporation, New York, NY, USA). 

All tests were two-sided and statistical significance 

was set at 5% (p ≤ 0.05).

Ethical considerations

Ethical approval for this study was obtained from the 

Regional Committee For Medical And Health Ethics 

(REC west), Universitetet i Bergen, Det medisinske 

fakultet, Postboks 7804, 5020 Bergen, reference num-

ber: 2012/542/REC west. Written informed consent 

was obtained from the parents or legal representatives 

of the children and adolescents. The study was regis-

tered in ClinicalTrials.gov (No: NCT03904459).

Results
A total of 72 children and adolescents (44% girls) 

and a median age of 13.1 years (range 5.9–16.5 years) 

were included (Table  1). The most prevalent ILAR 

categories were persistent oligoarthritis, present in 

31 (43.7%) of the participants, and rheumatoid fac-

tor negative polyarthritis (RF-negative), present in 

14 (18.3%) of the participants. None had rheumatoid 

factor positive polyarthritis. No statistically significant 

differences in the presence of TMD according to JIA 

category were observed (p = 0.837).

Outcome on patient level

Twenty-one of the 72 participants (29%, 12 girls) experi-

enced pain on palpation at and around the lateral pole, 

while 41 (56.9%) reported TMJ pain on jaw movement 

(Fig.  2). Eighteen (25.0%) of the participants were posi-

tive to both findings. The reason for the inconsequent 

adding of the numbers are since the mentioned cat-

egories overlap and are not mutually exclusive. Mild or 

moderate/severe TMJ deformity was found in 19 of the 

51 (26.4%) participants without pain on palpation at and 

around the lateral pole, while mild or moderate/severe 

TMJ deformity was found in 8 of the 21 (11.1%) patients 

with pain (p = 0.711). TMJ deformity was seen in 10 of 

the 31 (13.4%) participants without pain on jaw move-

ment but 17 of 41 patients (23.6%) had pain (p = 0.333). 

No association was seen for either palpatory pain or for 

pain upon jaw movement between boys and girls (p = 0 

0.164, p = 0.588) and between right and left or both TMJ 

(p = 0.784, p = 0.237). CBCT findings grouped according 

to pain on palpation and painful jaw movement for right 

and left side (separately) are presented in detail in Figs. 3 

and 4. The distribution of painful palpation of TMJs, 

painful jaw movements, and structural deformities is pre-

sented in Additional file  1: Table  S1. Seventeen partici-

pants had CBCT findings of deformities in both TMJs, 12 

of whom were girls (p = 0.018).

Outcome on joint level

Of 141 TMJs, 18.4% showed mild and 14.2% showed 

moderate/severe TMJ deformity visible in CBCT. No 

Table 1 Characteristics of participants with juvenile idiopathic arthritis (JIA) in relation to temporomandibular disorder (TMD)

* TMD is defined by painful palpation at or around the lateral pole of the TMJ and/or symptoms of painful jaw movements

** Chi2 -test/Student’s t-test

Bergen cohort n = 72 TMD* n = 46 No TMD n = 26 p-value**

Girls, n (%) 32.0 (44.4) 21.0 (29.2) 11.0 (15.3) 0.784

Age at JIA onset, median (IQR) 7.0 (7.6, 3.0–10.7) 7.5 (7.3, 3.3–10.6) 6.6 (8.5, 2.6–11.1) 0.759

Age at clinical investigation, median (IQR) 13.1 (4.9, 10.2–15.1) 12.9 (4.3, 10.6–14.9) 13.6 (7.6, 7.8–15.4) 0.721

Disease duration, median (IQR) 4.5 (5.5, 2.2–7.7) 4.6 (5.5, 2.2–7.7) 4.1 (5.8, 2.1–8.0) 0.979

JIA categories, n (%)

Oligoarthritis persistent 31.0 (43.7) 19.0 (39.1) 12.0 (52.0) 0.837

Oligoarthritis extended 6.0 (8.5) 3.0 (6.5) 3.0 (12.0)

Systemic arthritis 1.0 (1.4) 1.0 (2.2) 0.0 (0)

RF‑negative polyarthritis 14.0 (18.3) 9.0 (19.6) 5.0 (16.0)

Psoriatic arthritis 2 (2.8) 1.0 (2.2) 1.0 (4.0)

Enthesitis‑related arthritis 7.0 (9.9) 6.0 (13.0) 1.0 (4)

Undifferentiated JIA 11.0 (15.5) 7.0 (17.4) 4.0 (12.0)
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TMD signs and symptoms in 72 children and adolescents with JIA.
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statistically significant associations were seen between 

pain on palpation and TMJ deformity visible in CBCT 

(p = 0.96 right side and p = 0.38 left side, respectively), 

or between pain on jaw movement and CBCT findings 

(p = 0.45 right side and p = 0.84 left side). No associa-

tion between TMJ deformity and combined pain out-

come (pain on both palpation and jaw movement) was 

seen, with p-values of 0.603 and 0.067 for the right and 

left TMJ, respectively. Statistical significance was found 

between CBCT findings and a combined pain outcome 

(pain at both palpation and jaw movement) in both TMJs 

for the persistent oligoarticular subtype (p = 0.031).

Discussion
We have shown that nearly one-third of patients with JIA 

had pain on palpation at and around the lateral TMJ-pole, 

and that nearly 60% experienced painful jaw movements. 

Moreover, assessment by CBCT showed that one-third of 

the TMJs in these patients was associated with structural 

deformities, more often in girls than in boys. No associa-

tions were seen between pain on palpation of TMJs or 

painful jaw movements and structural deformities visible 

with CBCT. The persistent oligoarticular subtype of JIA 

revealed an association between structural deformities 

visible with CBCT and clinical signs and symptoms.

The lack of association between clinical signs/symp-

toms and structural deformity on CBCT in patients with 

JIA is in line with previous studies that used panoramic 

radiography as a diagnostic modality [25–27]. In addi-

tion, two older studies concluded that asymmetries of 

mandibular condyles and rami are part of the expected 

morphological variation in healthy children and ado-

lescents [28, 29], and facial development that might be 

thought of as disadvantageous may be prevalent among 

healthy children without a diagnosis of JIA [30]. Only a 

few CBCT studies have examined structural changes and 

condylar 3D asymmetry in young individuals with JIA 

[31–33]. One case–control study of 23 patients with JIA 

(14 girls, mean age 13.6) using CBCT reported that 83% 

of the participants had severe structural changes, includ-

ing cases of extreme deformity even if asymptomatic [31], 

although the authors did not categorize the extent of JIA.

In this study, we were able to define TMJ deformity in 

CBCT as either mild or moderate/severe because bony 

deformities on the condylar surfaces of young individu-

als are readily detectable using CBCT scans [34, 35]. 

Other studies have reported differences in terms of con-

dylar flattening [16, 36, 37]. For example, a study of 15 

young patients with JIA (mean age 16.3 years old) found 

signs and symptoms suggestive of TMD in 25 of the 30 

TMJs, of which 67% showed condylar flattening based 

on CBCT scans of 1  mm slice thickness [16]. Similarly, 

Urtane and colleagues found that 95% of 65 patients 

with JIA (10–17 years old) had condylar surface flatten-

ing based on an even lower slice thickness of 0.3 mm and 

that there was a correlation (although weakly supported) 

between pain and condylar surface flattening visible in 

CBCT imaging [37]. Both studies depicted numerous 

CBCT scans with distinct anterior condylar flattening 

but neither of them analysed nor particularly highlighted 

this flattening. We would argue that this condylar flat-

tening might represent normal variations, as previously 

shown in several studies [38–40]. In their recent study of 

panoramic radiographs of 65 children (mean age 12 years 

old), Cedströmer and colleagues pointed out that even 

minor bony deformities might hamper craniofacial 

development [41]. However, our study shows that there 

is a significant difference between the oligoarticular and 

polyarticular subtypes. Similar to the results reported by 

Twilt and colleagues in their panoramic radiograph study 

of 89 patients (mean age 11.5 years), TMJ deformity was 

more prevalent when arthritis had an oligoarticular and 

RF-negative course [42]. Divergent results for condylar 

deformities that have been generally reported in the lit-

erature are probably due to the use of different scoring 

systems and different patient populations [26, 43, 44]. 

Previous studies have also shown that TMJ symptoms 

and signs are not always predictive of TMJ arthritis or 

TMJ deformity [45, 46]. For example, asymptomatic 

patients with structural TMJ deformities were reported 

in a panoramic radiograph study by Billiau and col-

leagues (26), which included 46 patients (median age at 

9.33  years), 28% of whom exhibited condylar deformity 

without clinical signs or symptoms, which is similar to 

our study results [26]. However, their study was based on 

the research diagnostic criteria RDC/TMD [47], which 

has been validated for ages 18 years and higher, and the 

young persons in our study were younger than that. A 

recent MRI study of 50 patients with JIA (9–16 years old) 

combined clinical variables related to pain and function, 

and observed TMJ deformity in 9 of 10 patients [48].

In their retrospective CBCT study of 19 JIA and 19 

patients with idiopathic condylar resorption (both groups 

with a mean age of 15.3 years old), Alimanovic and col-

leagues [49] reported that 55.2% patients of the JIA 

cohort presented subjective TMJ symptoms, and 42.1% 

had pain upon TMJ palpation, similar to our results 

(Figs.  3 and 4). Furthermore, that paper showed that 

mildly deformed condyles were the most common CBCT 

finding in both JIA and idiopathic condylar resorption. 

In their comparative MRI study of 18 JIA patients and 

18 patients with anterior disk displacement (ADD) (both 

groups 11–19  years old), Kellenberger and colleagues 

(46) reported significantly more TMJ pain upon clini-

cal examination in the ADD-cohort than in JIA. How-

ever, deformity in terms of flattening of condylar and 
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temporal bone was more present in the JIA-cohort, and 

72% of these had reduced glenoid fossa depth [50]. Those 

findings corroborate that TMJ arthritis in JIA may often 

be asymptomatic [51, 52]. Therefore, it is still unknown 

whether symptoms and signs originating from TMJ 

arthritis are associated with TMJ deformity.

Our study had some limitations. First, the number of 

patients with CBCT findings of structural deformities 

was relatively low. Second, we used a relatively crude 

CBCT score. The strengths are the meticulous calibra-

tion and standardization work performed for both TMD 

and CBCT assessments. Nonetheless, for this group of 

patients, longitudinal, prospective studies should be per-

formed to evaluate deformities in pathologies of the TMJ 

over time.

Conclusions
There was no association between painful TMD and 

CBCT imaging features of the TMJ in patients with JIA, 

but in the subtype of JIA, persistent oligoarticular type, it 

was found statistical significance between symptoms and 

signs of TMJ pain and structural CBCT deformities.
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Introduction 
 
Within the past decade, increased attention has been paid to the consequences of 

temporomandibular joint (TMJ) inflammation in patients diagnosed with juvenile idiopathic 

arthritis. Several clinical studies have been conducted. However, no uniform and standardized 

criteria on functional clinical TMJ examination outcome measures have been proposed. 

 

The objective of this work is to propose terminology and to develop standardized 

recommendations for the minimal amount of clinical TMJ examination outcome measures to 

be assessed in the daily routine evaluation of the TMJ, as well as clinical studies in patients 

diagnosed with JIA. The recommendations were developed  by the international EurotmJoint 

network, based on the current scientific knowledge of TMJ arthritis in JIA patients. Our 

guidelines therefore only reflect the current consensus recommendations. We plan to conduct 

revisions to the recommendations as our understanding of TMJ arthritis improves.  

 

The recommendations proposed in this paper describe the assessment of orofacial pain and 

dysfunction, symptomatic changes, and craniofacial symmetry. To evaluate outcome 

measures related to TMJ inflammation we refer to the imaging modalities suitable for the 

assessment of the specific research question of interest. It must be emphasized that the 

primary aim of this paper is to standardize the clinical examination in patients receiving 

treatment for an existing TMJ arthritis condition or JIA patients receiving a routine orofacial 

clinical evaluation. An important focus for future research will be the assessment of the 

correlation between TMJ inflammation and the clinical examination items proposed in the 

present recommendations.   

 

Since the treatment of TMJ arthritis involves an interdisciplinary approach, a primary goal of 

our recommendations was to create guidelines to measure clinical outcome that can be   used 

by practitioners without dental training, or specialized training in the examination of the 

temporomandibular joint. 

Detailed instructions for how to perform each clinical measure can be found in the appendix. 



The EuroTMJoint Recommendations for Clinical 

Temporomandibular Joint Assessment in Patients Diagnosed 

With Juvenile Idiopathic Arthritis 

_______________________________________________________________________ 

General information: 
This form consists of three sections:  
Part 1. To be filled out by your doctor. This will provide us with some of your medical history. 
Part 2. To be filled out by you. This will help us understand how your temporomandibular joint 
arthritis affects you. Feel free to consult the staff if you have questions about this part of form 
Part 3. To be filled out by your doctor. This will provide us with your doctor’s physical 
examination findings.  
_______________________________________________________________________ 

Part 1: General information (to be filled out by the doctor) 
 
Date:   Examiner: 
 
Patient ID:   Age (years and months): 
 
Treatment, Protocol: _____________  Age at onset of JIA (years and months): 
 
 
JIA subtype:   
□ Oligoarticular 

persistent 
□ Oligoarticular 

extended 

□ Psoriatic □ Systemic 

□ RF-negative 
polyarticular  

□ RF-positive 
polyaticular 

□ Enthesitis Related 
Arthritis (ERA) 

□ 
Undifferentiated 

□ Subtype not 
confirmed  

 
 

 
 
Information in this form regards:  
 Date 

day/month/year 

 

□ Routine clinical examination -- / -- / ----   

□ BI:  Baseline information (pre-intervention) -- / -- / ----   

□ T0: Intervention -- / -- / ---- BI – T0             weeks 

□ T1: Follow up 1 post-intervention -- / -- / ---- T0 – T1             weeks 

□ T2: Follow up 2 post-intervention -- / -- / ---- T1 – T2             weeks 

□ T3: Follow up 3 post-intervention -- / -- / ---- T2 – T3             weeks 

 T__Follow up     

 
 
Current medication and dosage (name of drug, dosage used and duration of therapy): 
  Name Dosage / frequency Date started Date ended 

□ No medication     

□ NSAID     

□ Analgesics (e.g. Acetaminophen)     

□ DMARDs (e.g. Methotrexate)     

□ Biologics     

□ Systemic corticosteroids     

□ TMJ intra-articular corticosteroids     

□ Other:     

 



 
 
 
TMJ imaging - TMJ inflammation 
 
Signs of acute TMJ inflammation based on recent MRI (e.g. joint effusion, synovial 
enhancement, synovial thickening, bone marrow edema)? 

Yes  □ 
No  □ 
No contrast enhanced MRI available  □ 
 
 
Location 

Right TMJ  □ 
Left TMJ  □ 
Both TMJs  □ 
 

 

Date of MRI: ─ ─ / ─ ─ / ─ ─ ─ ─  (day/month/year) 

 

Time since the latest MRI: ___________________  

 

 

Chronic TMJ alterations 

Signs of chronic TMJ alterations based on recent radiological/imaging findings (e.g. bony 
alterations such as condylar flattening, erosive changes, bone fragmentation)  

Yes  □ 
No  □ 
No radiographic/imaging material available  □ 
 
 
Location 

Right TMJ  □ 
Left TMJ  □ 
Both TMJs  □ 
 

Date of last radiological/imaging examination: ─ ─ / ─ ─ / ─ ─ ─ ─ (day/month/year) 

 

Time since the latest radiographic examination: ____________________________ 

 

Radiographic technique used:  

□ CT □ MRI  

□ Cone-beam CT  □ Tomograms 

□ OPG (panoramic) □ Other 

 

 
 

 



 

Part 2 (to be filled out by patient or guardian) 

 
Patient History  

 
 
Introduction: We would like to know how much pain you have from your TMJ arthritis. Please 
tell us about your symptoms within the past 2 weeks.  
 
 
1. Pain frequency:  
How often have you felt face or jaw pain within the last 2 weeks? 
All the time:    □ (4 points) 
Several times a day   □ (3 points)  
Several times a week   □ (2 points) 
Less than once a week   □ (1 point) 
Never   □ (0 point) 
 
 
 
 
2. Pain intensity: 
How severe has your average face or jaw pain been within the last 2 weeks?                      

 
 

0______________________________________________10   
         No pain                               Worst pain possible                

 
 
 
3. Pain locations 
Use this figure to circle all the locations where you have felt pain within the last 2 weeks. Please 
take care to mark the left and right sides correctly  

          
 Right side    Front  Left side 
 
 
 
 
 
 

 



 
 
 
4. Jaw function: 
Was the function of your jaw affected within the last 2 weeks (e.g. eating, yawning, talking)? 
 
No        □ 
Yes      □ 
                       
If “yes” please use the scale below to document how much your jaw was affected? 

0______________________________________________10   
  Not affected                               severely affected                   

 
 
 
 
 
5. Symptoms/Main complaints 
Please mark off all statements that apply to you within the last 2 weeks. You are allowed to choose 
more than one statement. 
                        Yes 
I feel pain when I chew        □ 
I avoid hard or chewy foods because it hurts my face or jaw.   □ 
I feel pain when I open my mouth wide (e.g.  yawning)  □ 
I feel stiffness in my jaw muscles in the morning   □ 
I feel that my jaw gets stuck in the open or closed position   □ 
I feel pain in my jaw when I talk for a long time     □  
 
 
 
 
6. Changes in face and jaw pain: 
Please indicate the change in your face or jaw pain since your last clinic visit: 
 
No change   □ 
Improved (less pain)  □ (Please elaborate in 6.a) 
Worse (more pain)  □ (Please elaborate in 6.b) 
 
6.a Please use the scale below to quantify the amount of improvement since the last clinic visit  

  0______________________________________________10   
       No change                                Best change possible 

 
 
6.b Please use the scale below to quantify the amount of worsening since the last clinic visit 

   0______________________________________________10   
       No change                                 Worst change possible       

 
 
 
 
 
 
 
 
 
 
 
 
 



7. Changes in jaw function: 
Please indicate the changes in your jaw function since your last clinic visit: 

No change   □ 
Improved (better function) □  (Please elaborate in 7.a) 
Worse (Reduced function) □  (Please elaborate in 7.b) 
 
7.a Please use the scale below to quantify the amount of improvement since the last clinic visit  

  |______________________________________________|   
       No change                                Best imaginable change                   

 
 
7.b Please use the scale below to quantify the amount of worsening since the last clinic visit 

   |______________________________________________|   
       No change                                 Worst imaginable change                 

 
 
 
 
 
 
 
 
 

 



Part 3 (to be filled out by the clinician) 

 
TMJ Clinical Examination Form 

 
 
8. Pain summary (from the patient questionnaire) 

Pain frequency (question 1):  __________ points 

Pain intensity (VAS 0-100, from question 2):  __________ mm 

 

Pain-index: (Pain frequency x Pain intensity, 0-400): ________ x _______ = ________ 

 
9. Clinician assessed pain location  
Ask the patient to use his/her finger to point out all the locations of orofacial pain on their face within the 
last 2 weeks. Please mark an “X” to indicate these areas on the face-map (Note: to be filled out by the 
clinician, not the patient).  
 

 
 
 
10. TMJ pain on palpation: 
Please indicate if the following clinical findings are present: 
 
Pain on palpation with closed mouth: 
 None  □ 
 Right TMJ  □ 
 Left TMJ  □ 
 Both TMJs  □ 
 
Pain on palpation with open mouth: 

None  □ 
 Right TMJ  □ 
 Left TMJ  □ 
 Both TMJs  □ 
 
 
11. Mandibular deviation at maximal mouth opening (≥ 3 mm)*: 
Mandibular deviation to the right   □ 
Mandibular deviation to the left   □  
No deviation*    □  
 
  
 



12.  
Maximal unassisted mouth opening:  
(Maximal unassisted mouth opening = Maximal incisal opening + Vertical incisal overlap) 
 
 
Maximal incisal opening*:   __________ mm 
 
Vertical incisal overlap:   + __________ mm 
  
Maximal unassisted mouth opening:  = __________ mm 
 
*In order to improve reproducibility please put an “x” to mark the teeth and the positions on the teeth 
used for the measurement. 

 
 
13. Frontal facial asymmetry: 
Overall impression of mandibular symmetry: 
Symmetric mandible:      □  
Asymmetric toward the right side (the right side is smallest)    □  
Asymmetric toward the left side (the left side is smallest)  □  
 
 

 

 

 

 

Symmetric 

 

Asymmetric deviating  

towards the right 

 

Asymmetric deviating  

towards the left 

 
14. Facial profile: 
Choose the picture below that matches the profile of the patient the best. 

 
    

□  Straight                     □ Mild convex     □ Moderate  

        convex 

□ Convex 
micrognathic 

 



Instructions 
 

 

General information about the form 
 

 All items on the form must be completed. If the patient refuses or is unable to answer one or 

more of the items in the form, please write NA (Not Available). 

 Patient information (Part 1) and the TMJ clinical examination (Part 3) are filled out by the 

examiner. The patient’s history (part 2) is filled out by the patient/guardian prior to the clinical 

examination.  

 Complete the questions in accordance with the instructions described below. 

 

Part 1: Patient information 

To be filled out by clinician 

 Complete every item on the form carefully.  

 Try to be as accurate as possible about age of the patient and age at time of JIA diagnosis.  

 Please choose  one of the listed JIA sub-types:  

 It is preferable for baseline information to be as close to the time of intervention as possible.  

 Current medication: please list all of the patient´s current medications anddosages. 

 

 

Part 2: Patient History 

To be filled out by the patient (or guardian) 

Note: For the relevant questions, please ensure that  you use age-appropriate Visual Analogue Scales 

(VAS). Please make sure that the patient/ guardian is familiar with the VAS. 

 

 

Patients are asked to describe symptoms they have had within the 2 weeks prior to their clinic 

visit)  

Please have the patient complete the questionnaire prior to the clinical examination. If the 

patient is unable to complete the questionnaire, ask their guardian to help.  

1. Pain frequency: The patient should assess how often he/she has experienced orofacial pain 

within the last 2 weeks.  

 

2. Pain intensity: The patient should assess how intense his/her  orofacial pain has been within 

the last 2 weeks.  

 



3. Pain location: The patient should use the illustrations of the head to mark the sites of pain/. 

For bilateral symptoms, the patient should   use both lateral head illustrations to indicate sites 

of pain(p 9). Please verify that the patient understands the left and right side of the face. 

 
4. Jaw Function: The patient should assess how much the jaw function (eg eating, yawning, and 

talking) has been affected within the last two weeks.  

5. Symptoms/complaints: Instruct the patient to indicate all situations where symptoms (ie facial 

or jaw pain, difficulty chewing, etc) occurred within the last two weeks. The patient is allowed to 

choose more than one of the statements listed. 

6. Changes in face and jaw pain: The  patient should compare current visit to the last clinic visit 

as a reference for this assessment. Disregard this question if this is the first visit, or pre-

intervention information. 

7. Changes in jaw function:. Notice that the patient should compare current visit to the last clinic 

visit as a reference for this assessment. Disregard this question if this is the first visit, or pre-

intervention information.  

 

Part 3: TMJ clinical examination 

8. Pain Summary: Record the information documented on the patient’s questionnaire. Calculate 

the pain-index by multiplying pain intensity (mm) and pain frequency (points). The pain-index is 

an outcome measure indicating the overall patients’ pain profile (a measure including both 

intensity and frequency). 

 

9. Pain Location:  

 Ask the patient to point out all the areas where orofacial pain has been experienced 

within the last two weeks. Emphasize that all areas should be pointed out. 

 The examiner fills out the face-maps corresponding to all areas on the face pointed out 

by the patient (use X). 

 

10. TMJ pain on palpation:  

Note: there is a distinct difference between discomfort and pain. Please document pain only, 

and NOT discomfort. Verify with the patient that reported pain is similar to the pain that the 

patient indicated in the questionnaire. This will help to differentiate between pain and 

discomfort from palpation. 

 Use the pad of your index finger and place it anteriorly to the tragus of the ear.  

 While having your index finger in this position ask the patient to open and close the 

mouth in order to localize the precise position of the lateral pole of the mandibular 

condyle. 

 

 

 



Closed mouth position: 

 After localizing the TMJ, ask the patient to close the mouth but avoid contact between 

upper and lower teeth.   

 Palpate with firm pressure. 

 Ask about and document the presence of pain. Only document pain if the patient reports 

that the pain they feel is comparable to the pain that is typically associated with their 

TMJ discomfort (”familiar pain”). This helps to distinguish between TMJ pain, and 

referred pain from another source such as a middle ear infection or a dental abcess. 

 

Open mouth position: 

 Ask the patient to open the mouth almost as wide as possible (submaximum mouth 

opening). 

 While the mouth is open, apply a firm pressure on the lateral pole of the mandibular 

condyle.  

 Ask about and document the presence of pain. Only document pain if the patient reports 

that the pain they feel is comparable to the pain that is typically associated with their 

TMJ discomfort (”familiar pain”). This helps to distinguish between TMJ pain, and 

referred pain from another source such as a middle ear infection or a dental abcess. 

 

Note that there is a distinct difference between discomfort and pain. Please document 

pain only, NOT discomfort. 

 

 

11. Mandibular deviation at maximal mouth opening end point: Assess this variable in the 

following way:  

 Ask the patient to put the mandible in a position where the posterior teeth are in 

contact/occlusion (figure 1a).  

 Assess the dental midline of the upper and lower jaw by placing the thumb under the 

lower lip, and retracting the lower lip so that the lower incisors are revealed.  

 Notice any dental and/or chin-point midline deviation in the closed mouth position. 

Assess the mid chin-point in relation to a vertical reference midline perpendicular to the 

inter-pupilar line. Use this vertical midline as your reference during the following 

assessment. 

 Ask the patient to open the mouth as much as possible, even though he/she feels pain. 

 Ask the patient to hold the position of the mandible at maximal mouth opening and use 

the dental midline and/or chin-point in relation to the vertical midface reference line. 

 Document whether the mandible has deviated to the left or to the right side, or if the 

mandible is positioned straight in relation to the vertical midface reference line (figure 



1bc). Mandibular sideways excursions during mouth opening should not be noted; the 

mandibular position should only be assessed at the maximal mouth opening end-point. 

 Only deviations ≥ 3 mm are recorded.  

 Corrected mandibular deviations are recorded as ’no deviation’. Corrected deviation is 

defined as a mandibular lateral excursion during the mouth opening procedure that is 

corrected and absent at maximal mouth opening. This means that the mandible does not 

deviate from the vertical reference midline at maximal mouth opening (Figure 1ab) 

 

 

Figure 1. a) Teeth are in contact. Assess the chin-point (indicated by an “x”) in relation to a 

vertical reference midline perpendicular to the inter-pupilar line. b) No mandibular deviation at 

maximal mouth opening. Notice how the chin-point corresponds with the vertical reference 

midline. c) Mandibular deviation to the right side at maximal mouth opening. The chin-point 

translates to the right and no longer corresponds with the vertical reference midline. d) Close-up 

of mandibular deviation to the right side at maximal mouth opening. Notice how both the lower 

dental midline and the chin reference-point are deviated to the right.    

 

12. Maximal unassisted mouth opening:  

To determine the actual maximal mouth opening, it is important to recognize that this 

measurement requires information about two variables:  

1) The maximal incisal opening,  

2) The vertical incisal overlap in the closed-mouth position. 

 

 

             The maximal incisal opening 

 Ask the patient to open and close two times as a warming up exercise. Use the third 

opening as the score to be recorded. 

 Ask the patient to open the mouth as much as possible, even if he/she feels pain. Place a 

ruler on the incisal edge of the lower right incisor and record the number of mm measured 

between the lower right and upper right incisal edge on the form (Figure 2).  

 



Note: It is very important for the examiner to  instruct the 

patient  to open as wide as possible, since patients tend 

to open until they feel discomfort or pain without 

reaching their maximal mouth opening.  

In case of missing incisors use the right canines for the 

assessment of the maximal mouth opening 

 

 

 

Figure 2. Maximal incisal opening of 43 mm 

 

Vertical incisal overlap 

 The mandible should be in a position where the teeth are in contact (Figure 3)  

 

Figure 3. Closed mouth position with teeth together (in occlusion) 

 

 In the closed-mouth position, assess the vertical incisal overlap. Position your thumb 

under the incisal edge of the central upper incisors (figure 4) and ask the patient to open 

the mouth. Measure the amount of overlap with a ruler (figure 5). Record this amount on 



the form. Always measure the distance between the two incisal points having the biggest 

overlap (deepest overbite). 

  

        Figure 4                    Figure 5 

 In case of an anterior open bite (missing overlap of the incisors), assess vertical incisor 

distance as follows: use a ruler to measure the incisal opening between the upper and 

the lower incisor with the posterior teeth in contact (fig 6) and measure the number of 

mm between the incisal edges. Record the anterior open bite (the interincisor distance in 

closed mouth position) with a negative digit. (e.g. -2 mm). Note: an anterior open bite 

may be the result of chronic TMJ involvement  

  

   Figure 6. Open bite with missing incisal overlap (yellow line) 

 

 

Calculate the maximal unassisted mouth opening as follows:  

 

Maximal unassisted mouth opening = maximal incisal opening + vertical overlap 



 

Figure 7. Example: a patient has a maximal incisal opening movement of 16 mm (yellow 

bracket) and a vertical incisal overlap of 3 mm (black bracket). The maximal unassisted 

mouth opening of this patient is 16 mm + 3 mm = 19 mm (yellow bracket + black 

bracket). In case the patient had an anterior incisal open bite of 2 mm instead, the 

maximal unassisted mouth opening of this patient would be: - 2mm +16  mm = 14 mm. 

 

 

13.  Frontal facial asymmetry: The variables are assessed with the patient positioned in front of 

you: 

 Ask the patient to sit upright, close the mouth and relax the lips.  

 Position your index fingers on the mandibular angle (gonion point) on each site (white 

arrow). 

 Use the position of the index fingers to assess any noticeable left-right difference in 

mandibular ramus height (white lines) with reference to the pupilar line.  

 Assess if the inter-commisura line and/or the inter-gonion line are parallel to the pupilar 

line. If not this indicates a clinical facial asymmetry. 

 As an aid, you can ask the patient to bite on a spatula and assess the canting of the 

spatula in relation to the inter-pupil line. 

 Based on these findings record the overall impression of the mandibular asymmetry on 

the form.  

 It is important to recognize that the assessment above is only a clinical assessment of 

craniofacial skeletal asymmetry. Thorough assessment of skeletal craniofacial 

asymmetry requires radiological assessment of variables of craniofacial growth, 

occlusal development and dentoalveolar relations. 

 



 

Figure 8. Facial asymmetry assessment. The white arrow indicates the mandibular angle - the 

point of intersection between the vertical (white lines) and the horizontal part (yellow lines) of 

the mandible. The white vertical lines indicate the mandibular ramus height which is defined as 

the distance between the TMJ and the mandibular angle. The red lines illustrate the lines used 

to assess frontal asymmetry. The obvious facial left side asymmetry of this patient is illustrated 

by the left side canting of the inter-commisura line/inter-gonion line in relation to the inter-

pupilar reference line. The left mandibular ramus height is reduced compared with the right 

mandibular ramus height. Additionally, a left side chin-point deviation is seen in relation to the 

vertical reference line also indicating a left-right mandibular ramus height asymmetry. A chin-

point deviation in relation to the vertical reference line is not always obvious in JIA patients. 

Clinically this means, that the chin point may be centered symmetrically despite the presence 

of mandibular ramus height asymmetry.  

 

 

14. Patients’ facial profile 

 Position the patient in an upright position. 

 Ask the patient to look straight ahead to a point on the wall. 

 Assess the profile in accordance with the illustrations presented. 
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Errata 

Page 6 Full stop missing: “A subset of 90 children and adolescents with JIA underwent a MRI, 
CBCT of the TMJs and ceph The agreement of continuous measurements was 
assessed with a 95% limit of agreement according to Bland-Altman and MDC at an 
individual level.” –corrected to “A subset of 90 children and adolescents with JIA 
underwent a MRI, CBCT of the TMJs and ceph. The agreement of continuous 
measurements was assessed with a 95% limit of agreement according to Bland-
Altman and MDC at an individual level.” 

Page 9 Missing abbreviation: Geometric morphometrics = GMMs 

Page 9 Missing abbreviation: Magnetic resonance tomography = MR 

Page 10 Missing abbreviation: T1 weighted = T1-w  

Page 15 Missing words: In a previous clinical approach, Lövgren and colleagues validated 
three pain screening questions in relation to DC/TMD [16].” –  corrected to “In a 
previous clinical approach, Lövgren and colleagues validated three pain screening 
questions in relation to the diagnostic criteria of temporomandibular disorder 
(DC/TMD) [16].” 

Page 16 Abundant words: “Among the classifications mentioned above, the RDC/TMD, 
established by Dworkin and colleagues, has hitherto been the most widely used 
protocol in TMD research groups of experts, also called the “Consortium Network” 
based on The International Association of Dental Research and The International 
Association for the Study of Pain Association of Dental Research and The 
International Association for the Study of Pain [28].” – corrected to “Among the 
classifications mentioned above, the RDC/TMD, established by Dworkin and 
colleagues, has hitherto been the most widely used protocol in TMD research groups 
of experts, also called the “Consortium Network” based on The International 
Association of Dental Research and The International Association for the Study of 
Pain [28]. 

Page 17 Full stop missing: “Graue and colleagues also conducted an examination based on the 
DC/TMD criteria, finding a TMD prevalence of 11.9%, with a peak at 16 years of age 
is significantly higher in the 20–40-year age group (reproductive period) compared to 
other age groups and that TMD seems to be far more prevalent in the female 
population [40].” – corrected to “Graue and colleagues also conducted an examination 
based on the DC/TMD criteria, finding a TMD prevalence of 11.9%, with a peak at 
16 years of age.” 

Page 18 Missing words: “is significantly higher in the 20–40-year age group (reproductive 
period) compared to other age groups and that TMD seems to be far more prevalent 
in the female population [40].” – corrected to “Multiple cross-sectional studies have 
revealed that the overall prevalence of TMD is significantly higher in the 20–40-year 
age group (reproductive period) compared to other age groups and that TMD seems 
to be far more prevalent in the female population [40].” 
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Page 18 Punctuation error: “A recent systematic review pointed out that catastrophic thinking 
in terms of rumination and exaggeration of an existing or foreseen painful act or 
stimuli has a significant impact on the intensity of TMD pain [41] .” – corrected to “A 
recent systematic review pointed out that catastrophic thinking in terms of rumination 
and exaggeration of an existing or foreseen painful act or stimuli has a significant 
impact on the intensity of TMD pain [41].” 

Page 18 Punctuation error: “An overview of the available literature on this topic revealed that 
occlusal adjustments or equilibration in terms of TMD management is critical [11, 44] 
.” – corrected to “An overview of the available literature on this topic revealed that 
occlusal adjustments or equilibration in terms of TMD management is critical [11, 
44].” 

Page 21 Punctuation error: “In children and adolescent patients, severe TMJ OA may lead to 
facial growth disturbances seen in reduced condylar width and height, which can 
negatively impact dental occlusion. [73].” – corrected to “In children and adolescent 
patients, severe TMJ OA may lead to facial growth disturbances seen in reduced 
condylar width and height, which can negatively impact dental occlusion [73].” 

Page 28 Punctuation error: “The fluctuating episodes represent the dynamic and insidious 
character of JIA[131].” – corrected to “The fluctuating episodes represent the dynamic 
and insidious character of JIA [131].” 

Page 30 Incorrectly abbreviated word: “More recently, the potential of MRI for the evaluation 
of growth disturbances secondary to TMJ involvement has been addressed, using T1- 
weighted 3D sequences to construct oblique sections through the mandible on which 
measurements are based [156-158].” – corrected to “More recently, the potential of 
MRI for the evaluation of growth disturbances secondary to TMJ involvement has 
been addressed, using T1- weighted (T1-w) 3D sequences to construct oblique 
sections through the mandible on which measurements are based [156-158].” 

Page 30 Misspelling: “The x-ray source and image receptor rotate around the patient’s head, 
and a curved focal trough of dentation and surrounding bones is created after 
exposure.” – corrected to “The x-ray source and image receptor rotate around the 
patient’s head, and a curved focal trough of dentition and surrounding bones is created 
after exposure.” 

Page 35 Misspelling: “The Case Report Form (CRF) (shown in Appendix I) contains 
assessment procedures, which were standardised and based on two shortened versions 
of diagnostic tools: the “Axis I Clinical Examination for DC/MD” [29] and “The 
EuroTMJoint Recommendations for Clinical TMJ Assessment in Patients Diagnosed 
With JIA” (shown in Appendix II) currently termed the Temporomandibular Joint 
Juvenile Arthritis (TMJAW) group.” – corrected to “The Case Report Form (CRF) 
(shown in Appendix I) contains assessment procedures, which were standardised and 
based on two shortened versions of diagnostic tools: the “Axis I Clinical Examination 
for DC/TMD” [29] and “The EuroTMJoint Recommendations for Clinical TMJ 
Assessment in Patients Diagnosed With JIA” (shown in Appendix II) currently termed 
the Temporomandibular Joint Juvenile Arthritis (TMJAW) group.” 
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Page 38 Incorrectly abbreviated word: “In Paper II, a sagittal T1-weighted MPRAGE (ultrafast 
gradientecho 3D) sequence (TR/TE/FA/SL =2000/2.26/8/1) was used.” – corrected to 
“In Paper II, a sagittal T1-w MPRAGE (ultrafast gradientecho 3D) sequence 
(TR/TE/FA/SL =2000/2.26/8/1) was used.” 

Page 38 Missing word: “Figure 5. a) Total mandibular length measured between the most 
cranial point of the condyle (Co) and the most anterior/inferior border of the chin in 
the mandibular midline (Gn) and b) Posterior mandibular ramus length measured 
between the most cranial point of the condyle and gonion (Co-Go).” – corrected to 
“Figure 5. a) Total mandibular base length measured between the most cranial point 
of the condyle (Co) and the most anterior/inferior border of the chin in the mandibular 
midline (Gn) and b) Posterior mandibular ramus length measured between the most 
cranial point of the condyle and gonion (Co-Go).” 

Page 41 Punctuation error: “Familiar pain symptoms, the calculation of pain 
frequency/intensity (stage 10), the analyses of frontal asymmetry (stage 12) and 
profile of the face (stage 13) and finally swelling of the TMJ (stage14). exhibited low 
values and have been excluded from statistics.” – corrected to “Familiar pain 
symptoms, the calculation of pain frequency/intensity (stage 10), the analyses of 
frontal asymmetry (stage 12) and profile of the face (stage 13) and finally swelling of 
the TMJ (stage14) exhibited low values and have been excluded from statistics.” 

Page 46 Abundant word: “This cross-sectional design of Study III study addressed potential 
associations between TMD and findings on CBCT.” – corrected to “This cross-
sectional design of Study III addressed potential associations between TMD and 
findings on CBCT.” 

Page 47 Misspelling: “* 3 CBCT scans are not available for these analyzes as the field of view 
(FOV) did not cover the relevant structures.” – corrected to “* 3 CBCT scans are not 
available for these analyses as the field of view (FOV) did not cover the relevant 
structures.” 

Page 53 Incorrectly abbreviated word: “For MRI, all the measurements were performed on 
multiplanar reconstructed T1 weighted images as described in Paper II.” – corrected 
to “For MRI, all the measurements were performed on multiplanar reconstructed T1- 
w images as described in Paper II.” 

Page 54 Punctuation error: “The MDC was defined as a change that falls outside the limits of 
agreement of the Bland Altman method, i.e., limits of agreement give information 
about MDC [217].” – corrected to “The MDC was defined as a change that falls 
outside the limits of agreement of the Bland-Altman method, i.e., limits of agreement 
give information about MDC [217].” 

Page 55 Incorrectly abbreviated word: “By adding a 3D T1 weighted sequence to the standard 
protocol, a measurement to evaluate potential growth disturbances is gained.” – 
corrected to “By adding a 3D T-w sequence to the standard protocol, a measurement 
to evaluate potential growth disturbances is gained.” 

Page 56 Misspelling: “Sharpened diagnostic tools are key for instigating the best treatment 
available.” – corrected to “Sharpened diagnostic tools are key for investigating the 
best treatment available.” 
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Page 58 Error in reference: “3. Clinical and Experimental Dental Research.” – corrected to 
“Clin Exp Dent Res,” 

Page 58 Error in reference: “4. Clinical Journal of Pain,” – corrected to “Clin J Pain,” 

Page 58 Error in reference: “5. Oral Diseases,” – corrected to “Oral Dis,” 

Page 58 Error in reference: “6. New England Journal of Medicine,” – corrected to ”N Engl J 
Med,”  

Page 58 Error in reference: “7. Journal of Pain,” – corrected to “J Pain, p. T27-45. “ 

Page 58 Error in reference: “9. Journal of Orofacial Pain,” – corrected to “J Orofac Pain, 19(2): 
p. 144-50.” 

Page 58 Error in reference: “10. J Orofac Pain,” – corrected to “J Orofac Pain,” 

Page 58 Error in reference: “15. Journal of Orofacial Pain.” – corrected to “J Orofac Pain,” 

Page 58 Error in reference: “16. Journal of Oral Rehabilitation,” – corrected to “J Oral 
Rehabil,” 

Page 59 Error in reference: “17. Pain Medicine.,” – corrected to “Pain Med,” 

Page 59 Error in reference: “23. Journal of Oral Rehabilitation,” – corrected to “J Oral 
Rehabil,” 

Page 59 Error in reference: “26. Swedish dental journal,” – corrected to “Sven Tandlak 
Tidskr,” 

Page 59 Error in reference: “28. Journal of craniomandibular disorders: facial & oral pain,” – 
corrected to “J Craniomandib Disord,” 

Page 59 Error in reference: “29. Group†. Journal of Oral & Facial Pain and Headache,” – 
corrected to “Groupdagger. J Oral Facial Pain Headache,” 

Page 59 Error in reference: “30. J Orofac Pain.,” – corrected to “30. Journal of Orofacial Pain, 
26(1): p. 17-25.” 

Page 59 Error in reference: “31. Angle Orthodontist,” – corrected to “Angle Orthod,” 

Page 60 Error in reference: “32. Clinical Oral Investigations,” – corrected to “32. Clin Oral 
Investig,” 

Page 60 Error in reference: “33. Pesquisa odontologica brasileira = Brazilian oral research,” – 
corrected to “Braz Oral Res,” 

Page 60 Error in reference: “35. Journal of Orofacial Orthopedics” – corrected to “J Orofac 
Orthop, : p. 6-8, 10-8.” 

Page 60 Inadequate reference: “36. Determinants for craniofacial pains in children 6–8 years 
of age: the PANIC study. Acta Odontologica Scandinavica, 2017.” – corrected to 
“Clinical Signs of Temporomandibular Disorders and Various Pain Conditions 
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Among Children 6 to 8 Years of Age: The PANIC Study. Journal of Orofacial Pain, 
2012. 26(1): p. 17-25.” 

Page 60 Error in reference: “37. de Paiva Bertoli, F.M.,” – corrected to “Bertoli, F.M.P., : p. 
e0192254.” 

Page 60 Error in reference: “38. Acta Odontologica Scandinavica,” – corrected to “Acta 
Odontol Scand,” 

Page 60 Error in reference: “40. Journal of Oral Rehabilitation,” – corrected to “J Oral 
Rehabil,” 

Page 60 Error in references: “41. Journal of Oral & Facial Pain and Headache,” – corrected to 
“J Oral Facial Pain Headache,” 

Page 60 Error in reference: “42. Journal of Oral Rehabilitation,” – corrected to “J Oral Rehabil, 
48(11): p. 1193-1200.” 

Page 60 Error in reference: “43. Cranio - Journal of Craniomandibular Practice,” – corrected 
to “Cranio,” 

Page 60 Error in reference: “45. American Journal of Orthodontics and Dentofacial 
Orthopedics,” – corrected to “Am J Orthod Dentofacial Orthop,” 

Page 60 Error in reference: “46. Angle Orthodontist,” – corrected to “Angle Orthod,” 

Page 61 Error in reference: “47. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, 
and Endodontics,” – corrected to “Oral Surgery Oral Medicine Oral Pathology Oral 
Radiology and Endodontology,” 

Page 61 Inadequate reference: “48. Manfredini, D., L. Lombardo, and G. Siciliani, Dental 
occlusion and temporomandibular disorders. Evidence-Based Dentistry, 2017. 18(3): 
p. 86-87.” -923.” – corrected to “48. Manfredini, D., et al., Orthodontics is 
temporomandibular disorder-neutral. Angle Orthod, 2016. 86(4): p. 649-54.” 

Page 61 Error in reference: “50. 2010. p. 430-451” – corrected to “J Oral Rehabil, 2010. 37(6): 
p. 430-51.” 

Page 61 Error in reference: “55. 2020. p. 30-34.” – corrected to “J Stomatol Oral Maxillofac 
Surg, 2020. 121(1): p. 30-34.” 

Page 61 Error in reference: “56. Pediatric Rheumatology,” – corrected to “Pediatr Rheumatol 
Online J,” 

Page 61 Error in reference: “57. Journal of Rheumatology,” – corrected to “J Rheumatol,” 

Page 61 Error in reference: “58. Journal of Rheumatology,” – corrected to “J Rheumatol,” 

Page 61 Error in reference: “59. Seminars in Ultrasound, CT and MRI,” – corrected to “Semin 
Ultrasound CT MR,” 
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Page 61 Error in reference: “62. International Review of Cytology,” – corrected to “Int Rev 
Cytol, (Iv):” 

Page 62 Error in reference: “American Journal of Orthodontics and Dentofacial Orthopedics,” 
– corrected to “Am J Orthod Dentofacial Orthop,” 

Page 62 Error in reference: “65. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, 
and Endodontics,” – corrected to “Oral Surg Oral Med Oral Pathol Oral Radiol Endod, 
: p. 372-8.” 

Page 62 Error in reference: “67.” – corrected to “: p. 428-32.” 

Page 62 Error in reference: “69. Journal of Oral Rehabilitation,” – corrected to “J Oral 
Rehabil,” 

Page 62 Error in reference: “73. American Journal of Orthodontics and Dentofacial 
Orthopedics,” – corrected to “Am J Orthod Dentofacial Orthop,” 

Page 62 Error in reference: “75.” – corrected to “Int J Oral Maxillofac Surg, 2007. 36(7): p. 
571-6.” 

Page 62 Error in reference: “76. Journal of the Royal Society of Medicine,” – corrected to 
“Proc R Soc Med,” 

Page 62 Error in reference: “77.” – corrected to “J Oral Maxillofac Surg Clin North Am. 2, 
1990, pp. 699–716. 

Page 62 Error in reference: “78.” – corrected to “Am J Orthod Dentofacial Orthop, 110(1):” 

Page 63 Error in reference: “79.” – corrected to “Am J Orthod Dentofacial Orthop, 110(2):” 

Page 63 Error in reference: “80. Baylor University Medical Center Proceedings,” – corrected 
to “Proc (Bayl Univ Med Cent),” 

Page 63 Error in reference: “82. Journal of Oral and Maxillofacial Surgery,” – corrected to “J 
Oral Maxillofac Surg,” 

Page 63 Error in reference: “83. Orthodontics and Dentofacial Orthopedics,” – corrected to 
“Am J Orthod Dentofacial Orthop,” 

Page 63 Error in reference: “85. European Journal of Orthodontics,” – corrected to “Eur J 
Orthod,” 

Page 63 Error in reference: “86. American Journal of Orthodontics and Dentofacial 
Orthopedics,” – corrected to “Am J Orthod Dentofacial Orthop, 98(1): p. 29-32.” 

Page 63 Error in reference: “87. Journal of Rheumatology,” – corrected to “J Rheumatol, 
22(10): p. 1956-61.” 

Page 63 Error in reference: “88. Dibbets, J.M.H. and G.E.H.M. Dijkman, Annals of Anatomy,” 
– corrected to “88. J.M. and G.E. , Ann Anat,” 
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Page 63 Error in reference: “89. Acta radiologica: diagnosis,” – corrected to “Acta Radiol 
Diagn (Stockh), 22(5): p. 593-9.” 

Page 63 Error in reference: “European Radiology,” – corrected to “Eur Radiol, : p. 2512-7.” 

Page 63 Error in reference: “92. BMC Medical Imaging,” – corrected to “BMC Med Imaging, 
: p. 28.” 

Page 63 Error in reference: “93. Pediatric Radiology,” – corrected to “Pediatr Radiol,” 

Page 63 Error in reference: “94. Scientific Reports,” – corrected to “Sci Rep,” 

Page 64 Error in reference: “97. Mayer S. Diamantberger (1864-1944). Erstbeschreiber der 
juvenilen chronischen Arthritis. Zeitschrift fur Rheumatologie, 2009. 68(3): p. 264-
270.” – corrected to “[Mayer S. Diamantberger (1864-1944). The first person to 
describe juvenile chronic arthritis]. Z Rheumatol,” 

Page 64 Error in reference: “98. The Journal of rheumatology,” – corrected to “J Rheumatol,” 

Page 64 Error in reference: “99.” – corrected to “Lancet, 2007. 369(9563):” 

Page 64 Error in reference: “100. The Lancet Child and Adolescent Health,” – corrected to 
“Lancet Child Adolesc Health,” 

Page 64 Error in reference: “101. Arthritis & Rheumatism,” – corrected to “Arthritis Rheum,” 

Page 64 Error in reference: “103. Arthritis and Rheumatism, ” – corrected to “Arthritis 
Rheum,” 

Page 64 Error in reference: “104. Arthritis Research and Therapy,” – corrected to “Arthritis 
Res Ther,” 

Page 64 Error in reference: “105. Clinical and Experimental Rheumatology,” – corrected to 
“Clin Exp Rheumatol,” 

Page 64 Error in reference: “107. Arthritis and Rheumatism,” – corrected to “Arthritis 
Rheum,” 

Page 64 Error in reference: “108. Arthritis & Rheumatism,” – corrected to “Arthritis Rheum,” 

Page 64 Error in reference: “109. Seminars in Arthritis and Rheumatism,” – corrected to 
“Semin Arthritis Rheum,” 

Page 64 Error in reference: “110.” – corrected to “Clin Exp Rheumatol, 17(3):” 

Page 64 Error in reference: “111. PEDIATRICS” – corrected to “Pediatrics, 121(2): p. e299-
306.” 

Page 64 Error in reference: “112.” – corrected to “Best Pract Res Clin Rheumatol, 23(5):” 

Page 64 Error in reference: “113. An update on pharmacotherapy. Bulletin of the NYU 
Hospital for Joint Diseases,” – corrected to “- an update on pharmacotherapy. Bull 
NYU Hosp Jt Dis,” 
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Page 65 Error in reference: “114.” – corrected to “Best Pract Res Clin Rheumatol, 23(5):” 

Page 65 Error in reference: “115. Scandinavian Journal of Infectious Diseases,” – corrected to 
“Scand J Infect Dis,” 

Page 65 Error in reference: “116. Journal of Rheumatology,” – corrected to “J Rheumatol,” 

Page 65 Error in reference: “117. European Journal of Clinical Microbiology and Infectious 
Diseases,” – corrected to “Eur J Clin Microbiol Infect Dis,” 

Page 65 Error in reference: “118. Pediatric Rheumatology,” – corrected to “Pediatr Rheumatol 
Online J,” 

Page 65 Error in reference: “119. Arthritis Care & Research,” – corrected to “Arthritis Care 
Res (Hoboken),” 

Page 65 Error in reference: “120. Scandinavian Journal of Rheumatology,” – corrected to “ 
Scand J Rheumatol,” 

Page 65 Error in reference: “122. Journal of Rheumatology,” – corrected to “J Rheumatol,” 

Page 65 Error in reference: “123. Pediatric Rheumatology,” – corrected to “Pediatr Rheumatol 
Online J, : p. 47.” 

Page 65 Error in reference: “125. The Journal of rheumatology,” – corrected to “J Rheumatol,” 

Page 65 Error in reference: “126. Rheumatology,” – corrected to “Rheumatology (Oxford),” 

Page 65 Error in reference: “127. Journal of Rheumatology,” – corrected to “J Rheumatol, : p. 
1774-9.” 

Page 65 Error in reference: “128. Journal of Interferon and Cytokine Research,” – corrected 
to “J Interferon Cytokine Res,” 

Page 66 Error in reference: “129.” – corrected to “Nat Rev Immunol, 14(9): ” 

Page 66 Error in reference: “130. Elsevier B.V.” – corrected to “Lancet, 2011. 377(9783):” 

Page 66 Error in reference: “131. The Journal of rheumatology,” – corrected to “J Rheumatol,” 

Page 66 Error in reference: “132. Olsen-Bergem, H., T. Bjornland, and J.E. Reseland,” – 
corrected to “Olsen-Bergem, H.,” 

Page 66 Error in reference: “133.” – corrected to “Curr Rheumatol Rep, 2017. 19(12): p. 75.” 

Page 66 Error in reference: “135. 2011, Arthritis Care Res (Hoboken).” – corrected to 
“Arthritis Care Res (Hoboken), 2011. 63(4):” 

Page 66 Error in reference: “136. 2011.” – corrected to “Arthritis Care Res (Hoboken), 2011. 
63(7):” 

Page 66 Error in reference: “137. Journal of Rheumatology,” – corrected to “J Rheumatol,” 
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Page 66 Error in reference: “138.” – corrected to “Pediatr Rheumatol Online J, 18(1): p. 75.” 

Page 66 Error in reference: “139. Journal of rheumatology,” – corrected to “J Rheumatol,” 

Page 66 Error in reference: “140. Journal of Rheumatology,” – corrected to “J Rheumatol, : p. 
190-197.” 

Page 66 Error in reference: “141. 2018, Elsevier.” – corrected to “Lancet Child Adolesc 
Health, 2018. 2(5):” 

Page 66 Error in reference: “142. British Medical Bulletin,” – corrected to “Br Med Bull, 
40(2):” 

Page 66 Error in reference: “144. Pediatric Rheumatology,” – corrected to “Pediatr Rheumatol 
Online J, : p. 8.” 

Page 67 Error in reference: “146. Arthritis Care & Research, 2021: p. 0-3.” – corrected to 
“Arthritis Care Res (Hoboken), 2022. 74(2): p. 308-316.” 

Page 67 Error in reference: “147. Dentomaxillofacial Radiology,” – corrected to 
“Dentomaxillofac Radiol,” 

Page 67 Error in reference: “148 British Journal of Radiology,” – corrected to “Br J Radiol,” 

Page 67 Error in reference: “149. Dentomaxillofacial Radiology,” – corrected to 
“Dentomaxillofac Radiol, : p. 20190272.” 

Page 67 Error in reference: “152. Radiology,” – corrected to “Radiology,” 

Page 67 Error in reference: “154. Annals of the Rheumatic Diseases,” – corrected to “Ann 
Rheum Dis,” 

Page 67 Error in reference: “155. Journal of Rheumatology,” – corrected to “J Rheumatol,” 

Page 67 Error in reference: “156. European Journal of Orthodontics,” – corrected to “Eur J 
Orthod,” 

Page 67 Error in reference: “157. Progress in Orthodontics,” – corrected to “Prog Orthod, : p. 
40.” 

Page 67 Error in reference: “158. Rheumatology,” – corrected to “. Rheumatology (Oxford),” 

Page 67 Error in reference: “159.” – corrected to “Acta radiol, 32(2-3):, illust.” 

Page 68 Error in reference: “161. Oral Surg Oral Med Oral Pathol Oral Radiol Endod,” 
corrected to “Oral Surg Oral Med Oral Pathol Oral Radiol Endod,” 

Page 68 Error in reference: “162. Seminars in Arthritis and Rheumatism,” – corrected to 
“Semin Arthritis Rheum,” 

Page 68 Error in reference: “163. Journal of Rheumatology,” – corrected to “J Rheumatol,” 
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Page 68 Error in reference: “164. Acta Odontologica Scandinavica,” – corrected to “Acta 
Odontol Scand,” 

Page 68 Error in reference: “165. Angle Orthodontist,” – corrected to “Angle Orthod, : p. 388-
93.” 

Page 68 Error in reference: “166. Dentomaxillofacial Radiology,” – corrected to 
“Dentomaxillofac Radiol, : p. 34.” 

Page 68 Error in reference: “167.” – corrected to “Dentomaxillofac Radiol, 44(1): p. 
20140235.” 

Page 68 Error in reference: “168. American Journal of Orthodontics and Dentofacial 
Orthopedics,” – corrected to “Am J Orthod Dentofacial Orthop,” 

Page 68 Error in reference: “169. The European Journal of Orthodontics,” – corrected to “Eur 
J Orthod,” 

Page 68 Error in reference: “170. Journal of Cranio-Maxillofacial Surgery,” – corrected to “J 
Craniomaxillofac Surg,” 

Page 68 Error in reference: “171. Minerva stomatologica,” – corrected to “Minerva Stomatol,” 

Page 68 Error in reference: “173. Journal of Oral and Maxillofacial Surgery, 1343.e1-
1343.e8.” – corrected to “J Oral Maxillofac Surg, 1343 e1-8.” 

Page 68 Error in reference: “174. American Journal of Orthodontics and Dentofacial 
Orthopedics,” – corrected to “Am J Orthod Dentofacial Orthop,” 

Page 68 Error in reference: “175. Progress in Orthodontics,” – corrected to “Prog Orthod, : p. 
32.” 

Page 69 Error in reference: “176. Oral Surgery, Oral Medicine, Oral Pathology, Oral 
Radiology and Endodontology,” – corrected to “Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod,” 

Page 69 Error in reference: “177. European Journal of Orthodontics,” – corrected to “Eur J 
Orthod,” 

Page 69 Error in reference: “178. Angle Orthodontist,” – corrected to “Angle Orthod, : p. 396-
403.” 

Page 69 Error in reference: “179. American Journal of Orthodontics,” – corrected to “Am J 
Orthod,” 

Page 69 Error in reference: “180. European Journal of Orthodontics,” – corrected to “Eur J 
Orthod,” 

Page 69 Error in reference: “181. Dentomaxillofacial Radiology,” – corrected to 
“Dentomaxillofac Radiol, : p. 100-6.” 
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Page 69 Error in reference: “182. Dentomaxillofacial Radiology,” – corrected to 
“Dentomaxillofac Radiol,” 

Page 69 Error in reference: “183. J Orofac Orthop,” – corrected to “J Orofac Orthop,” 

Page 69 Error in reference: “184. Cleft Palate-Craniofacial Journal,” – corrected to “Cleft 
Palate Craniofac J,” 

Page 69 Error in reference: “185. Medical Decision Making,” – corrected to “Med Decis 
Making,” 

Page 69 Error in reference: “186. BMC Oral Health,” – corrected to “BMC Oral Health, : p. 
285.” 

Page 69 Error in reference: “190. Scandinavian Journal of Rheumatology,” – corrected to 
“Scand J Rheumatol,” 

Page 69 Error in reference: “191. The Journal of Prosthetic Dentistry,” – corrected to “ J 
Prosthet Dent,” 

Page 70 Error in reference: “192. 2018.” – corrected to “2018: p. 7474608.” 

Page 70 Error in reference: “194. The Journal of Rheumatology, 2019: p. jrheum.190661- 
jrheum.190661.” – corrected to “J Rheumatol, 2020. 47(9): p. 1397-1404.” 

Page 70 Error in reference: “195. Journal of Chiropractic Medicine,” – corrected to “J Chiropr 
Med,” 

Page 70 Error in reference: “196.  Swedish Dental Journal,” – corrected to “Swed Dent J,” 

Page 70 Error in reference: “198. Cranio - Journal of Craniomandibular Practice,” – corrected 
to “Cranio,” 

Page 70 Error in reference: “200. The Journal of Rheumatology,” – corrected to “J 
Rheumatol,” 

Page 70 Error in reference: “202. The Journal of rheumatology,” – corrected to “J Rheumatol,” 

Page 70 Error in reference: “203. Journal of Oral Rehabilitation, 2021.” – corrected to “J Oral 
Rehabil, 2022. 49(1): p. 37-46.” 

Page 70 Error in reference: “204. European Journal of Pain (United Kingdom),” – corrected 
to “Eur J Pain,” 

Page 70 Error in reference: “206. Academic Radiology,” – corrected to “Acad Radiol,” 

Page 70 Error in reference: “207. American Journal of Orthodontics,” – corrected to “Am J 
Orthod,” 

Page 71 Error in reference: “208. Oral Surgery, Oral Medicine, Oral Pathology, Oral 
Radiology and Endodontology,” – corrected to “Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod,” 
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Page 71 Error in reference: “209. Arif, C.A., et al., Journal of Oral and Maxillofacial Surgery, 
2021.” – corrected to “Celebi, A.A., et al., J Oral Maxillofac Surg, 2022. 80(3): p. 
422-430.” 

Page 71 Error in reference: “211. Pediatric Rheumatology, 1-14.” – corrected to “Pediatr 
Rheumatol Online J, 106.” 

Page 71 Error in reference: “212. Angle Orthodontist,” – corrected to “Angle Orthod,” 

Page 71 Error in reference: “213. European Journal of Orthodontics,” – corrected to “Eur J 
Orthod,” 

Page 71 Error in reference: “214. American Journal of Orthodontics and Dentofacial 
Orthopedics, 546.e1-546.e8.” – corrected to “Am J Orthod Dentofacial Orthop, 546 
e1-8; discussion 546-7.” 

Page 71 Error in reference: “215. Cevidanes, L.H.S., American Journal of Orthodontics and 
Dentofacial Orthopedics,” – corrected to “Cevidanes, L.H., Am J Orthod Dentofacial 
Orthop,” 

Page 71 Error in reference: “216.” – corrected to “216. Nephron Clin Pract, 120(3): p. c162-
7.” 

Page 71 Error in reference: “218. Oral surgery, oral medicine, oral pathology and oral 
radiology,” – corrected to “Oral Surg Oral Med Oral Pathol Oral Radiol,” 

Page 71 Error in reference: “219. Journal of orofacial orthopedics” – corrected to “J Orofac 
Orthop, 506-19.” 

Page 71 Error in reference: “220. Dentomaxillofacial Radiology,” – corrected to 
“Dentomaxillofac Radiol, : p. 20170305.” 

Page 71 Error in reference: “221. Journal of Pain,” – corrected to “J Pain,” 

Page 71 Error in reference: “225. European Journal of Pain,” – corrected to “Eur J Pain, 49-
56.” 
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