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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 11, 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



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 TMIJ pain upon jaw movement. Of 141
TMIs, 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
“TMI arthritis” as active inflammation in the TMJ; “TMJ involvement” as clinical
and/or radiological abnormalities, presumed to be the result of TMIJ 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 TMIJs [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, Lovgren 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 Lovgren 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.



18

[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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TMIJs, 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 TMIJ 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 TMIJ 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]. 1t 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 ICRs 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).
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Table 1. JIA subtypes (ILAR criteria 2011) and clinical features [55].

JIA subtype Joints involved Age atonset | Gender (female: | Prevalence %
(years) male)
Oligo-JIA <4 2-4 3-5:1
- Persistent Asymmetric (e.g.,
knee and PIP) 27-56%
- Extended <4 for 6 months but 2-4 3:1

then >4 Asymmetric

Poly-JIA
- RF- 5 or more, asymmetric | 2-4 3:1 11-28%
negative 5 or more, symmetric | teens 3:1 2-7%
- RF-positive
Systemic JIA Variable, usually Throughout 1:1 4-17%
polyarticular childhood
Psoriatic Usually <4 3-11 1:1 2-11%
Asymmetric, dactylitis
ERA Usually <4, lower >6 1:7 3-11%
extremities, SI joints
and LS spine
Undifferentiated Peripheral and axial Older children, | 1:1 NA

spine adolescents

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 TMIJ 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
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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 actiology 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 TMIJ arthritis-related signs and symptoms

Children and adolescents with JIA may suffer pain from the temporomandibular joints
(TM1Js), 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 (sDMARD:s) 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)-a, interleukin (IL)-1B, IL-6, interferon (IFN)-y, 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 TNFa 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-theumatic 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].

43 CBCT

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



35

(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).
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Figure 2. Flowchart of Study design
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 Euro™Joint
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
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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 Euro™Joint group was to
create a standardized short examination protocol for patients who are under treatment
for an ongoing TMIJ 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 Euro™Joint 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

e Stage la/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.

e 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).

e Stage 3: Mandibular deviation at maximal mouth opening endpoint

The mandibular position was assessed at the maximal mouth opening endpoint.
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e 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.

e Stage 5/6: Joint noises as clicking and crepitation during opening and closing
movements and lateral and protrusive movements were registered.

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

e 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).

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

e Stage 10 is linked to the self-assessment questionnaire and summarises pain
frequency and pain intensity.

e Stage 12/13: Frontal asymmetry/ Facial profile

e 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
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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 ¢) condylar height Co-In (Figures SA-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
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6.42 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).

41
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.
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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).

Figure 7: A: Point A; ANS:
Anterior Nasal Spine; Ar:
Articulare; B: Point B; Me:
Menton; N: Nasion; OLp:
Occlusal line, posterior point;
pGoi+2:  Posterior  gonion
(posterior point on ramus);
PNS: Posterior Nasal Spine.
S: Sella; aGoi+,: Anterior
gonion (lower border of
mandible). Ii: Tip of the
crown of the left/right first
inferior incisor. lia: 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.

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% Cls and SDs for continuous data, and as
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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 (stagel4) 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

Sq, 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 11, 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.
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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.



46

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).
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CBCT findings

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.



47

% m TMJ right n = 70*
60 mTMJ leftn=71*

[
w
[

14.3 |5 5

10 9.9
o -I- =

Pain upon palpation

1 = ?_’. & = =2
z = 3 Z = 3
= 2

= i

o D

= =

= =

No Pain Pain

CBCT findings

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.

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
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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 I1I 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
TMIJ 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 theumatologists at three study centres in Bergen, Trondheim
and Tromsg, 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 Imm, yielding nearly isotropic voxels of Imm. 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 uSv 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 I1I: 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.

(Continued on next page)

* Correspondence: Johannes.Fischer@uib.no

'Department of Clinical Dentistry, The Faculty of Medicine, University of
Bergen, Arstadveien 19, N-5009 Bergen, Norway

Full list of author information is available at the end of the article

© The Author(s). 2020 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://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.



Fischer et al. BMC Oral Health (2020) 20:282

Page 2 of 9

(Continued from previous page)

Temporomandibular joint disease, Children and adolescents

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,

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 (TM]J), 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 TM]J.

Previous studies revealed that children and adolescents,
irrespective of their JIA category, are prone to develop
TM]J 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 TM]J
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 4-16years. 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 Tromsg, 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 TM] 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
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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 12.0years 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, 26-8.3) (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 (- DMARDs).

Clinical oral examination
Taking into consideration that self-reported pain is a
combination of parent-reported and participant-reported
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JIA patients invitated to participate
n=360

Healthy controls invited to participate
n=294

Declined to participate
n=132

Declined to participate
—_—
n=70

Met for medical examination
n=228

Met for oral health examination
n=224

Declined other examination
n=4

‘ Met for additional oral health examination
n=224

\ Lacking TMD information
n=3

Final sample TMD study
n=221

Fig. 1 Flow chart of patients and healthy individuals included in the study

Not required for TMD
examination
n=3

Final sample TMD study
n=221

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).

Table 1 Clinical characteristics of participants with Juvenile idiopathic arthritis (JIA) in relation to temporomandibular disorder (TMD)

Total cohort T™MD No TMD

n=221 n=288 n=133

Value Value Value
Girls, n (%) 132 (59.7) 61 (69.3) 71 (534)
Age at onset, median (IQR) 6.1 (8.1,23-104) 6.8 (84,0.7-14.2) 5.2 (7.2,09-14.7)
Age at visit by paediatric rheumatologists at the hospital, median (IQR) 127 (53,94-147) 13.1 (3.3, 5.2-16.1) 11.7 (6.5, 48-16.5)

Disease duration, median (IQR)
JIA categories, n (%)
Oligoarthritis persistent
Oligoarthritis extended
Systemic arthritis
RF negative polyarthritis
RF positive polyarthritis
Psoriatic arthritis
Enthesitis-related arthritis
Undifferentiated JIA
Ongoing medication, n (%)
No DMARDs
SDMARDs*
bDMARDs**

46 (5.7,26-83) 46 (6.0,0.2-142) 46 (55,0.2-147)

77 (34.8) 27 (30.7) 50 (37.6)
21 (95) 11.(125) 10 (7.5)
7(3.2) 2(23) 5(38)
49 (22.2) 17 .(193) 32(24.1)
4(1.8) 2(23) 2(15)
9(41) 6 (6.8) 3(23)
23 (104) 9(102) 14 (10.5)
31 (140 14 (159) 17.(12.8)
75 (339) 26 (11.8) 49 (22.2)
60 (27.1) 23 (104) 37(16.7)
86 (389) 39 (17.6) 47 (213)

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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JIA 56.1% vs. controls 29%

JIA 50.2% vs. controls 28.1%

mJIA individuals E Healthy controls

JIA 39.8% vs.
controls 11.3%
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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

and signs of TMD

The clinical examination revealed that the mean vertical
unassisted jaw movement was lower for participants with
JIA than for controls, 46.2 mm vs. 49.0 mm, 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 TM]J, 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 TM]J 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 46.4mm (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 sSDMARDs and/or bDMARDs (77.4%).

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 221 462 (7.1) 221 490 (6.7) < 0.001
Lateral to the right side 215 97 (22 220 98 (2.1) 0408
Lateral to the left side 211 97 (24) 219 10.1 (2.0) 0.077

JIA Juvenile idiopathic arthritis, SD Standard deviation. “Student’s t-test
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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 (40.1) 218 44 (20.2) < 0.001
Painful palpation at the TMJ lateral pole 220 (29.1) 219 29 (13.2) < 0.001
Painful palpation around TMJ lateral pole 220 75 (34.1) 219 3 (15.1) < 0001
Painful clicking 221 (5.9 221 2(09) 0.0041

JIA Juvenile idiopathic arthritis, TMJ Temporomandibular joints. *Chi-square test

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 TM]Js 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, TM]J-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 TM] 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
Ostensjo 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 11.0years) [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 1219 years. Ostensjo 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 6-8years, and the Brazilian group [27] used

Table 4 Clinical signs and pain at palpation according to DMARDs in 221 participants with JIA

Current sSDMARDs and/or bDMARDs No current sSDMARDs and/or bDMARDs p-value”
n n (%) n n (%)
Vertical unassisted jaw movement (> 40 mm) 146 113 (77.4) 75 62 (82.7) 0361
Painful palpation to masticatory muscles & TMJ 145 0 (72.1) 75 1(413) 0.052
Painful palpation to masticatory muscles 143 62 (434) 74 5 (33.8) 0173
Painful palpation at the TMJ lateral pole 145 9 (33.8) 75 5(20.0) 0.033
Painful palpation at the TMJ around lateral pole 145 56 (38.6) 75 9 (253) 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
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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 TM] 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 TM]J symptoms, TM] dysfunction,
and dentofacial deformity in JIA, and it shows acceptable
reliability and validity [7].

We found, in accordance with other studies, that the
TM]J 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 TM]J 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 Kuseler and colleagues [19]. In the latter study
of 15 children with JIA with a mean age of 12 years, the

Page 7 of 9

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 TM] 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 TM] 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
TM]J 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.
1186/512903-020-01234-z.
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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
(MRY]) 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.!? The disease is
characterised by synovial inflammation, with a poten-
tial risk of developing progressive joint destruction and
severe functional disability.! 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.*® TMJ arthritis is
associated with all JIA subtypes, and active inflamma-
tion is often difficult to detect clinically.”® Moreover,
around one-third of JIA patients with TMJ arthritis
with JIA onset during growth will develop mandibular
growth disturbances before skeletal maturity.’
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.'* 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."" 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.'> However, knowledge on the
precision or accuracy of cephs or CBCT using Fryback
and Thornbury’s widely cited principles for radiological
research is lacking.”® 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.” Their statements have
fuelled our efforts to examine the precision of imaging
markers used in children.' For CBCT, validation of the
measurements has mainly been performed on specimens
using small datasets.'>'® 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.!”'* According to recently
published guidelines for imaging of TMIJs in patients
with JIA, magnetic resonance imaging (MRI) of the
TMJs is advised for the assessment of inflammatory
change."® The potential of MRI for the evaluation
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of growth disturbances secondary to TMJ involve-
ment has been addressed, using TIW 3D sequences to
construct oblique sections through the mandible on
which measurements are based.”’”> By adding a TIW
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).! 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 TIW
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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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.

(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,
Dacjeon, 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 9.4sec 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, 6.7sec; and Soredex Cranex D (Helsinki, Finland)
70 kV, 10 mA, exposure time 5.8sec. 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
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Figure 2 CBCT measurement of condylar height (Co-In). Condyle; In: Incisura

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.>*** The mean
difference was reported as a measure of constant bias,
whilst the 95% limits of agreement (95% LOA = mean
differencex1.96 x standard deviation) of the differences
(SD,,,) 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%.2>2

Absolute reliability was also determined by stan-
dard error of measurement (SEM) and minimal detect-
able change at a 95% confidence interval (MDC,,).*"*

Dentomaxillofac Radiol, 51, 20210478
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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 216 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



CRANEX D

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, and pGo,, 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, and aGo,, respectively). Point A; ANS: Ante-
rior Nasal Spine; Ar: Articulare; B: Point B; Me: Menton; N: Nasion;
OLp: Occlusal line, posterior point; pGol+2: Posterior gonion (poste-
rior point on ramus); PNS: Posterior Nasal Spine. S: Sella; aGol+2:
Anterior gonion (lower border of mandible). Ii: Tip of the crown of
the left/right first inferior incisor. lia: 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.

(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
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interobserver mean differences (bias) were low, ranging
from 0.1 to 0.9mm (2.0 and 18.4%) (Table 1). For indi-
vidual subjects, a change in overall distance of at least
54mm for mandibular length, 4.8mm for posterior
mandibular height and 5.4mm 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.lmm and 0.4mm 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
17.3mm (SD 3.6), as compared to 19.3mm (SD 3.6) by
MRI (95% LOA = —1.3to0 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 0.0l mm for the CBCT machine in
Bergen, vs 0.001 mm for Trondheim and 0.09 for Tromse
(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.!?
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
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Table 1
length and condylar height in 78* children and adolescents with JTA

Intra- and interobserver agreement and MDC,; of MRI-based measurements (mm) of total mandibular length, posterior mandibular

OBS] (Intraobserver) (first vs second measurements)

OBS?2 (Interobserver) (OBS one vs OBS 2)

first mean second mean Mean diff. 95% first MDC, Mean Mean diff. 95% LOALOA % MDC,,
LOA LOA % individ. — individ.
(SD) (SD) (SD) (SD) (SD)

Total 112.6(8.4)  111.7(9.0) 0.9 -4.5-63 9.6 5.4 112.6 (7.6) —0.2 —4.9-54 9.6 5.4
mandibular 2.7) (2.7)
length Rt
Total 1129(7.9) 1124 (8.8) 0.5 -6.5-7.5 124 7.0 112.3(7.8) 0.6 =5.6-6.0 10.3 5.8
mandibular (3.5) (2.9)
length Lt
Posterior 55.3(7.0) 55.8 0.5 —43-52 172 4.8 55.4(6.3) 0.1 —43-53 17.3 4.8
mandibular 6.9) 2.4) 2.4)
length Rt
Posterior 55.4(6.4) 54.8 0.6 —4.0-5.2 16.6 4.6 55.4(6.1) 0.0 =5.6-6.0 20.9 5.8
mandibular (6.5) (2.3) (2.9)
length Lt
Condylar 19.5(3.5) 19.0 0.5 -4.9-59 554 5.4 19.8(3.4) -0.3 -2.8-4.0 343 34
height Rt 3.4) 2.7) (1.7)
Condylar 19.0 (3.4) 19.1 0.1 -4.6-5.0 50.5 4.8 19.8(3.4) -0.8 -3.5-5.3 44.4 44
height Lt 3.2) (2.4) (2.2)

Diff: Difference. LOA: Limit of agreement. Lt: Left side. MDC, 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.

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.*
Thus, based on MDC from this study, we are 95% confi-
dent that differences lower than 4.6to 7mm 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 2 Intra- and interobserver agreement and MDC,; of CBCT-based measurements (mm) of condylar height in 73* children and adolescents
with JIA

OBSI1 (Intraobserver) (first vs second measurements) OBS? (Interobserver) (OBS one vs OBS 2)

first mean second mean  Mean diff.  95%9 LOA first LOAMDC,,  Mean Mean diff.  95% LOA LOA % MDC,,

% individ. S individ.

(SD) (SD) (SD) (SD) (SD)
Condylar 17.5 17.5 0.0 -14-14 160 1.4 17.6 (3.7) —=0.1 -2.4-2.6 284 2.8
height Rt (3.6) (3.4) 0.7) (1.3)
Condylar 18.1 17.9 0.2 -2.0-24 243 22 18.2(3.7) -0.4 -2.7-3.5 34.1 3.0
height Lt (4.1) (3.8) (1.1) (1.6)

CBCT: Cone-beam computed tomography.Diff: Difference. LOA: 95% Level of agreement. Lt, Left side ; MDC,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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Table 3 Intra- and interobserver agreement and MDCqs of cephalometric measurements in 88* children and adolescents with JIA
OBSI1 (Intraobserver) (first vs second measurements) OBS?2 (Interobserver measures) (OBS one vs OBS 2)

Angle (°),  firstmean  second mean Mean diff. 952 LOA  first LOA MDC,;  Mean Mean diff.  95% LOALOA % MDC,,

distance Yo individ. individ.

(mm) (SD) (SD) (SD) (SD) (SD)

SNA ° 81.1 81.5 -0.4 -2.8-2.0 59 22 81.3 -0.2 -3.5-3.0 8 33
(3.6) (3.7) (1.2) (3.2) (1.7)

SNB° 78.2 78.6 -0.4 -2.2-1.3 4.5 1.4 78.2 0 —-24-23 6 22
(3.4) (3.6) (0.9) (3.1) (1.2)

ANB*° 29 2.8 0.1 -1.8-1.9 127.6 1.9 3.1 -0.2 -2.3-1.7 1258 1.9
(2.6) 2.7 (1.0) (2.4) (1.0)

ML3-NSL © 32 31.4 0.6 -1.6-2.7 13.4 22 323 -0.3 -3.0-2.2 16.1 2.5
(6.3) (6.3) (1.1) (6.3) (1.3)

ML3-NL ° 243 24.5 -0.2 -2.8-2.5 21.8 2.5 24.5 -0.2 -3.9-3.7 31.0 3.6
(5.6) (5.8) (1.3) (5.9) (1.9)

Wits- -2.1 -23 0.2 -2.1-2.5 -219 2.2 -1.8 -0.3 -3.0-2.4 =300 2.8

appraisal (3.1) (3.0) (1.2) (3.2) (1.4)

(mm)

ILsNA° 23.0 22.5 0.5 -3.6-4.6 35.7 4.2 21.5 1.5 -53-8.3 63.3 7.0
(6.8) (7.3) 2.1 (6.7) (3.5)

ILiNB® 26.5 26.8 -0.3 -4.0-3.4 279 3.6 26.9 -0.4 —5.8-5.0 40.1 5.4
(7.1) (7.3) (1.9) (7.4) 2.7

RL3ML3° 1234 123.1 0.3 -3.5-4.1 6.2 39 124 —-0.6 -4.9-3.7 6.8 44
(6.8) (6.9) (2.0) (6.7) (2.2)

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.

“of 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.

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.?! 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.?! 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.?!’ However, their 95% LOA
were around 2mm for CBCT and 4mm 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.?! This compares well with our
results, although our 95% LOA for MRI was even higher,

Table 4 Comparison of mean condylar height (Co-In) between MRI and CBCT

OBS1 (Intraobserver)

OBS?2 (Interobserver)

(first vs second measurements) (OBS 2 MRIvs OBS 2 CBCT)

MRI CBCT MRI CBCT MRI CBCT

n=>52 n=>52 n=49 n=49 n=45 n=45
Condylar Mean difference Mean difference ~ Mean Mean Mean difference
height first Mean (SD) (95% LOA) second Mean (SD) (95% LOA) (SD) (SD) (95% LOA)
Co-In 19.3 17.3 2.0 (-1.3-5.3) 18.9 17.3 1.6 (-7.4-10.6) 19.6 17.5 2.1(-6.3-10.5)
Right (mm) (3.6) (3.6) (3.4) (3.5) (3.6) (3.8)

MRI CBCT MRI CBCT MRI CBCT

n=47 n=47 n=47 n=47 n=44 n=44
Co-In 19.2 17.8 1.4 (-6.0-8.8) 19.2 17.5 1.7 (-5.7-9.1) 19.9 18.3 1.6 (-7.8-11.0)
Left (mm) (3.3) (3.6) (3.0) 3.7 (3.6) (4.1

CBCT: Cone-beam computed tomography. LOA: Level of agreement. MDC,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.”? 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.??

High interobserver variations were found for
condylar height based on both CBCT and MRI, and for
MR I-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.*® 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.’! 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.* 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.® 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.’

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.® 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.**” 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

Dentomaxillofac Radiol, 51, 20210478
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volumetric CBCT scans.?>*® 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.¥# Moreover, numerous studies have shown
that dental landmarks tend to have poorer validity than
skeletal landmarks.*#> Kamoen et al addressed the high
variability of landmark identification, and the cumula-
tive effect of errors in a study of 50 cephs.*’ 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.* 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.* 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.*# 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.”® 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



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 et

with temporomandibular disorder assembled
with juvenile idiopathic arthritis - no association
were found between pain and TMJ deformities
using CBCT

J.Fischer", T. A. Augdal?, O. Angenete®* E. G. Gil', M. S. Skeie', A. N. Astram'®, K. Tylleskar’, K. Rosendahl??,
X-Q.Shi'? and A. Rosén"'? 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.
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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]. TM]
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
TMYJ 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 TM] 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 TM]J 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 TM]J 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 TM] 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].
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Fig. 1 Examples of temporomandibular joint (TMJ) deformity on cone-beam computed tomography (CBCT)

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 TM] 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 x 4 cm and a voxel size
of 80 pum. 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.
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Statistical methods

Descriptive statistics were reported as mean with SDs,
percentages, or median (ranges). For analyses, we
dichotomized the TM] 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

Page 4 of 9

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 TM]J 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
TM]J deformity was found in 8 of the 21 (11.1%) patients
with pain (p=0.711). TM] 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 TM]Js, 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 TM] deformity visible in CBCT. No

Table 1 Characteristics of participants with juvenile idiopathic arthritis (JIA) in relation to temporomandibular disorder (TMD)

Bergen cohort n=72 TMD* n=46 NoTMD n=26 p-value**
Girls, n (%) 320 (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) 75(7.3,33-106) 6.6(85,26-11.1) 0.759
Age at clinical investigation, median (IQR) 13.1(4.9,10.2-15.1) 129(4.3,10.6-14.9) 136(7.6,7.8-15.4) 0.721
Disease duration, median (IQR) 4.5(5.5,22-7.7) 4.6(5.5,22-7.7) 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) 30(12.0)
Systemic arthritis 1.0(14) 10(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) 70(17.4) 4.0 (12.0)

“TMD is defined by painful palpation at or around the lateral pole of the TMJ and/or symptoms of painful jaw movements

" Chi? -test/Student’s t-test



Fischer et al. BMC Oral Health (2021) 21:518 Page 5 of 9

TMD signs and symptoms in 72 children and adolescents with JIA.
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palpation 70.8
Pain upon jaw
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movemen 431
palpation or pain
upon jaw D
movement n=26 361
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HPain W No pain
Fig. 2 TMD: Temporomandibular disorder; TMJ: Temporomandibular joint; JIA: juvenile idiopathic arthritis

Painful TMJ palpation according to CBCT findings in participants
with JIA Pain upon jaw movements and TMJ deformity according to

CBCT findings in participants with JIA
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Fig. 3 *Three CBCT scans are not available for these analyses CBCT findings
because the field of view did not cover the relevant structures. CBCT: Fig.4 *Three CBCT scans are not available for these analyses

Cone-beam computed tomography; TMJ: Temporomandibular joint because the field of view did not cover the relevant structures
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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 TM] 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 TM], respectively. Statistical significance was found
between CBCT findings and a combined pain outcome
(pain at both palpation and jaw movement) in both TM]Js
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 TM] 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
TM]Js, 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
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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), Cedstromer 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 TM] symptoms
and signs are not always predictive of TM] arthritis or
TMJ deformity [45, 46]. For example, asymptomatic
patients with structural TM] 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 TM] 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 TM] symptoms, and 42.1%
had pain upon TM]J 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 TM] 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 TM]J
arthritis are associated with TM] 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 TM]
over time.

Conclusions

There was no association between painful TMD and
CBCT imaging features of the TM]J in patients with JIA,
but in the subtype of JIA, persistent oligoarticular type, it
was found statistical significance between symptoms and
signs of TM]J pain and structural CBCT deformities.

Abbreviations

ADD: Articular disk displacement; CBCT: Cone-beam computed tomography;
DC/TMD: Diagnostic criteria for temporomandibular disorder; ICR: Idiopathic
condylar resorption; ILAR: International league of associations of rheumatol-
ogy; JIA: Juvenile idiopathic arthritis; MRI: Magnet resonance imaging; RDC/
TMD: Research diagnostic criteria for TMD; TMD: Temporomandibular disorder;
TMJ: Temporomandibular joint; TMJaw: Temporomandibular Joint Juvenile
Arthritis group.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512903-021-01870-z.

Additional file 1. Painful and painless TMJs upon jaw movement and
palpation according to ILAR categories.

Acknowledgements

This study is part of the multi-centre NorJIA Study (The Norwegian JIA Study
- Temporo-mandibular Involvement, Oral Health, Uveitis, Bone Health and
Quality of Life in Children with Juvenile Idiopathic Arthritis (JIA)). NorJIA is a
collaboration among universities (University of Bergen, Norwegian Univer-
sity of Science and Technology, The Arctic University of Norway), university
hospitals (Haukeland University Hospital, St. Olav’s Hospital, University
Hospital of North Norway), and oral health centres (Oral Health Centre of
Expertise in Western Norway-Vestland, Centre for Oral Health Services and
Research, Mid-Norway, Public Dental Health Service Competence Centre of
Northern Norway) in Bergen, Trondheim and Tromse represented by Karen
Rosendahl MD PhD (PI), Marit Slattelid Skeie DDS PhD, Marite Rygg MD PhD,
Ellen Nordal MD PhD, Anne N. Astrgrm DDS PhD, Karin Tylleskar MD, Annika
Rosén DDS PhD, Elisabeth Grut Gil DDS, Johannes Maria Fischer DDS, Xieqi
Shi DDS PhD, Oskar Angenete MD, Lena Cetrelli DDS, Gunnar Lyngstad DDS,
Marie Sager DDS, Astrid J Feuerheim PhD, Anette Lundestad MD, Thomas
Augdal MD, Paula Frid DDS, Veronika Rypdal MD, Josefine Halbig DDS, Atha-
nasia Bletsa DDS PhD, Marit Midtbe DDS PhD, Larissa von Wangenheim Marti
DDS and Mats Sall DDS. We are indebted to radiographers Marianne Lothe

Page 7 of 9

Vollan and Erik Haro and the study nurses Tone Kvinnsland Amdal, Susanne
Irene Tobiesen Eidset, Line Rapp Simonsen, Marte Grimsmo Teige, Brita Lena
Hansen, and Lisbeth Aune. Our gratitude also goes to all the participants to
be included in the study. We would also like to thank biostatistician Stein Atle
Lie for helpful comments on the article’s statistical issues and sample size
considerations.

Authors’ contributions

JF conceived and designed the study, agreed to be accountable for all aspects
of the work, ensure questions related to the accuracy or integrity of any part
of the work were appropriately investigated and resolved, was involved in
writing the manuscript, and approved the final version to be published. TAA,
OA, MSS, KR, XQS, and AR contributed to the study design, analysed and
interpreted data, were involved in drafting the manuscript and revising it criti-
cally for important intellectual content, and approved the final version to be
published. KT, EGG, and ANA collected data and provided valuable comments.
All authors have read and approved the final manuscript.

Funding
The current study is supported in part by the Norsk Revmatikerforbund
(Norway).

Availability of data and materials

The datasets generated and analysed in this study are not publicly available
because they contain information that could compromise the individual
privacy of research participants. The datasets will be made available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the regional committees for medical and health
research ethics (REC west, Universitetet i Bergen, Det medisinske fakultet,
Postboks 7804, 5020 Bergen), reference number: 2012/542/REC west. Written
informed consent was obtained from the parents or legal representatives of
the children and adolescents. The study was registered in ClinicalTrials.gov
(No: NCT03904459).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Clinical Dentistry, The Faculty of Medicine, University of Ber-
gen, Arstadveien 19, 5009 Bergen, Norway. 2Department of Radiology, Uni-
versity Hospital of North Norway, Tromsg, Norway. *Department of Radiology
and Nuclear Medicine, St. Olav Hospital HF, Trondheim, Norway. "Departmem
of Circulation and Medical Imaging, Faculty of Medicine, Norwegian University
of Science and Technology, Trondheim, Norway. *Center for Oral Health Ser-
vices and Research, Mid-Norway (TkMidt), Trondheim, Norway. Spublic Dental
Service Competence Centre of Western-Norway (TkVest), Bergen, Norway.
’Paediatric Clinic at Haukeland University Hospital, Bergen, Norway. UiT Arctic
University of North Norway, Tromse, Norway. “Department of Oral and Max-
illofacial Radiology, Faculty of Odontology, University of Malmo, Malma,
Sweden. '®Department of Oral and Maxillofacial Surgery, Haukeland University
Hospital, Bergen, Norway.

Received: 26 July 2021 Accepted: 30 September 2021
Published online: 12 October 2021

References

1. Petty RE, Southwood TR, Manners P, Baum J, Glass DN, Goldenberg J, et al.
International league of associations for rheumatology classification of
juvenile idiopathic arthritis: second revision, edmonton, 2001. J Rheuma-
tol. 2004;31:390-2 (PMID: 14760812).



Fischer et al. BMC Oral Health

20.

(2021) 21:518

Ravelli A, Varnier GC, Oliveira S, Castell E, Arguedas O, Magnani A, et al.
Antinuclear antibody-positive patients should be grouped as a separate
category in the classification of juvenile idiopathic arthritis. Arthritis
Rheum. 2011,63:267-75.

Berntson L, Andersson Gare B, Fasth A, Herlin T, Kristinsson J, Lahdenne P,
et al. Incidence of juvenile idiopathic arthritis in the nordic countries. A
population based study with special reference to the validity of the ILAR
and EULAR criteria. Journal of Rheumatology. 2003;30:2275-82. PMID:
14528529

Gabriel SE, Michaud K. Epidemiological studies in incidence, prevalence,
mortality, and comorbidity of the rheumatic diseases. Arthritis Res Ther.
2009;11:229. https://doi.org/10.1186/ar2669.

Oen KG, Cheang M. Epidemiology of chronic arthritis in childhood. Semin
Arthritis Rheum. 1996,26:575-91.

Arvidsson LZ, Fjeld MG, Smith HJ, Flato B, Ogaard B, Larheim TA.
Craniofacial growth disturbance is related to temporomandibular joint
abnormality in patients with juvenile idiopathic arthritis, but normal
facial profile was also found at the 27-year follow-up. Scand J Rheumatol.
2010;39:373-9. https://doi.org/10.3109/03009741003685624.

Fjeld M, Arvidsson L, Smith H-J, Flatg B, @gaard B, Larheim T. Relationship
between disease course in the temporomandibular joints and mandibu-
lar growth rotation in patients with juvenile idiopathic arthritis followed
from childhood to adulthood. Pediatr Rheumatol. 2010;8:13.

Kuseler A, Pedersen TK, Gelineck J, Herlin T. A 2 year followup study of
enhanced magnetic resonance imaging and clinical examination of the
temporomandibular joint in children with juvenile idiopathic arthritis. J
Rheumatol. 2005;32:162-9 (PMID: 15630742).

Weiss PF, Arabshahi B, Johnson A, Bilaniuk LT, Zarnow D, Cahill AM, et al.
High prevalence of temporomandibular joint arthritis at disease onset in
children with juvenile idiopathic arthritis, as detected by magnetic reso-
nance imaging but not by ultrasound. Arthritis Rheum. 2008;58:1189-96.

. LeResche L. Epidemiology of temporomandibular disorders: implica-

tions for the investigation of etiologic factors. Crit Rev Oral Biol Med.
1997;8:291-305.

. BarbosaTs, Leme MS, Castelo PM, Gavido MBD. Evaluating oral health-

related quality of life measure for children and preadolescents with tem-
poromandibular disorder. Health and Quality of Life Outcomes. 2011;9.

. Leksell E, Ernberg M, Magnusson B, Hedenberg-Magnusson B. Orofacial

pain and dysfunction in children with juvenile idiopathic arthritis: a case-
control study. Scand J Rheumatol. 2012;41:375-8.

. Ostile IL, Johansson |, Aasland A, Flaté B, Méller A. Self-rated physical and

psychosocial health in a cohort of young adults with juvenile idiopathic
arthritis. Scand J Rheumatol. 2010;39:318-25.

. Engstrom AL, Wanman A, Johansson A, Keshishian P, Forsberg M. Juvenile

arthritis and development of symptoms of temporomandibular disor-
ders: a 15-year prospective cohort study. J Orofac Pain. 2007,21:120-6
(PMID: 17547123).

. Fischer J, Skeie MS, Rosendahl K, Tylleskar K, Lie S, Shi X-Q, et al.

Prevalence of temporomandibular disorder in children and adoles-

cents with juvenile idiopathic arthritis — a Norwegian cross- sectional
multicentre study. BMC Oral Health. 2020;20:282. https://doi.org/10.1186/
512903-020-01234-z.

. Ferraz AML, Devito KL, Guimaraes JP. Temporomandibular disorder in

patients with juvenile idiopathic arthritis: clinical evaluation and correla-
tion with the findings of cone beam computed tomography. Oral Surg
Oral Med Oral Pathol Oral Radiol. 2012;114:e51-7.

. Stoustrup P, Glerup M, Bilgrau AE, Kiseler A, Verna C, Christensen AE, et al.

Cumulative Incidence of Orofacial Manifestations in Early Juvenile Idi-
opathic Arthritis: A Regional, Three-Year Cohort Study. Arthritis Care Res.
2020;72:907-16. https://doi.org/10.1002/acr.23899.

. Mozzo P, Procacci C, Tacconi A, Tinazzi Martini P, Bergamo Andreis IA. A

new volumetric CT machine for dental imaging based on the cone-beam
technique: preliminary results. Eur Radiol. 1998;8:1558-64. https://doi.
0rg/10.1007/5003300050586.

. Arai Y, Tammisalo E, lwai K, Hashimoto K, Shinoda K. Development of a

compact computed tomographic apparatus for dental use. Dentomaxil-
lofac Radiol. 1999;28:245-8.

Kadesjo N, Benchimol D, Falahat B, Nasstrom K, Shi XQ. Evaluation of the
effective dose of cone beam CT and multislice CT for temporomandibu-
lar joint examinations at optimized exposure levels. Dentomaxillofac
Radiol. 2015;44:20150041. https://doi.org/10.1259/dmfr.20150041.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

32

33.

34.

35.

36.

37.

38.

39.

Page 8 of 9

Cho BH, Jung YH. Osteoarthritic changes and condylar positioning of the
temporomandibular joint in Korean children and adolescents. Imaging
Sci Dentistry. 2012;42:169-74.

Wang Z hui, Jiang L, Zhao Y ping, Ma X chen. [Investigation on radio-
graphic signs of osteoarthrosis in temporomandibular joint with cone
beam computed tomography in adolescents]. Beijing da xue xue bao Yi
xue ban = Journal of Peking University Health sciences. 2013;45:280-5.
PMID: 23591352

Schiffman E, Ohrbach R, Truelove E, Look J, Anderson G, Goulet J-P,

et al. Diagnostic Criteria for Temporomandibular Disorders (DC/TMD)
for Clinical and Research Applications: Recommendations of the Inter-
national RDC/TMD Consortium Network* and Orofacial Pain Special
Interest Groupt. J Oral Facial Pain Headache. 2014;28:6-27. https://doi.
0rg/10.11607/j0p.1151.

Stoustrup P, Koos B. Clinical craniofacial examination of patients with
juvenile idiopathic arthritis. Sem Orthodont. 2015;21:94-101.
Cedstromer A-LL, Andlin-Sobocki A, Berntson L, Hedenberg-Mag-
nusson B, Dahlstrém L. Temporomandibular signs, symptoms, joint
alterations and disease activity in juvenile idiopathic arthritis - an
observational study. Pediatric Rheumatology. 2013;11:37.

Billiau AD, Hu Y, Verdonck A, Carels C, Wouters C. Temporomandibular
joint arthritis in juvenile idiopathic arthritis: prevalence, clinical and
radiological signs, and relation to dentofacial morphology. J Rheuma-
tol. 2007;34:1925-33.

Twilt M, Mobers SMLM, Arends LR, ten Cate R, van Suijlekom-Smit LWA.
Temporomandibular involvement in juvenile idiopathic arthritis. J
Rheumatol. 2004;31:1418-22.

Liukkonen M, Sillanmaki L, Peltoméki T. Mandibular asymmetry in
healthy children. Acta Odontol Scand. 2005;63:168-72.

Turp JC, Alt KW, Vach W, Harbich K. Mandibular condyles and rami are
asymmetric structures. Cranio. 1998;16:51-6.

Proffit WR, Field H. Contemporary Orthodontics. 3rd edition. Elsevier, St
Loius; 2000. DOL:https://doi.org/10.1016/50889-5406(00)70018-7

. Koos B, Tzaribachev N, Bott S, Ciesielski R, Godt A. Classification of tem-

poromandibular joint erosion, arthritis, and inflammation in patients
with juvenile idiopathic arthritis. Journal of orofacial orthopedics =
Fortschritte der Kieferorthopadie : Organ/official journal Deutsche
Gesellschaft fur Kieferorthopadie. 2013;74:506-19. doi:https://doi.org/
10.1007/500056-013-0166-8.

Huntjens E, Kiss G, Wouters C, Carels C. Condylar asymmetry in children
with juvenile idiopathic arthritis assessed by cone-beam computed
tomography. Eur J Orthodont. 2008;30:545-51. https://doi.org/10.
1093/ejo/cjn056.

Farronato G, Garagiola U, Carletti V, Cressoni P, Mercatali L, Farronato
D. Change in condylar and mandibular morphology in juvenile idi-
opathic arthritis: Cone Beam volumetric imaging. Minerva Stomatol.
2010;59:519-34 (PMID: 21048544).

dos Anjos Pontual M, Freire J, Barbosa J, Frazdo M, dos Anjos Pontual
A, Fonseca da Silveira M. Evaluation of bone changes in the temporo-
mandibular joint using cone beam CT. Dentomaxillofacial Radiology.
2012;41:24-9.

Zhang Z, Shi X, Ma X, Li G. Detection accuracy of condylar defects in
cone beam CT images scanned with different resolutions and units.
Dentomaxillofac Radiol. 2014;43:20130414.

Al-Shwaikh H, Urtane |, Pirttiniemi P, Pesonen P, Krisjane Z, Jankovska

I, et al. Radiologic features of temporomandibular joint osseous struc-
tures in children with juvenile idiopathic arthritis. Cone Beam Comput
Tomogr Study Stomatologija. 2016;18:51-60 (PMID: 27649720).
Urtane |, Jankovska I, Al-Shwaikh H, Krisjane Z. Correlation of temporo-
mandibular joint clinical signs with cone beam computed tomography
radiologic features in juvenile idiopathic arthritis patients. Stoma-
tologija. 2018;20:82-9 (PMID: 30531162).

Angenete OW, Augdal TA, Jellestad S, Rygg M, Rosendahl K. Nor-

mal magnetic resonance appearances of the temporomandibular
joints in children and young adults aged 2-18 years. Pediatr Radiol.
2018;48:341-9.

Stoustrup P, Traberg MS, Matzen LH, Glerup M, Kuseler A, Herlin T,

et al. Initial radiological signs of dentofacial deformity in juvenile
idiopathic arthritis. Sci Rep. 2021;11:13142. https://doi.org/10.1038/
$41598-021-92575-4.



Fischer et al. BMC Oral Health

40.

41.

42.

43.

44,

45.

46.

47.

48.

(2021) 21:518

Kjellberg H, Ekestubbe A, Kiliaridis S, Thilander B. Condylar height on
panoramic radiographs: a methodologic study with a clinical applica-
tion. Acta Odontol Scand. 1994;52:43-50.

Cedstromer AL, Andlin-Sobocki A, Abbu N, Hedenberg-Magnusson B,
Dahlstrom L, Berntson L. Condylar alterations and facial growth in chil-

dren with juvenile idiopathic arthritis. J Orofac Orthop. 2020;81:163-71.

Twilt M, Arends LR, ten Cate R, van Suijlekom-Smit LWA. Incidence of
temporomandibular involvement in juvenile idiopathic arthritis. Scand J
Rheumatol. 2007;36:184-8. https://doi.org/10.1080/03009740601154368.
Arvidsson LZ, Flato B, Larheim TA. Radiographic TMJ abnormalities in
patients with juvenile idiopathic arthritis followed for 27 years. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod. 2009;108:114-23.

Pedersen TK, Jensen JJ, Melsen B, Herlin T. Resorption of the temporo-
mandibular condylar bone according to subtypes of juvenile chronic
arthritis. J Rheumatol. 2001;28:2109-15 (PMID: 11550983).

Koos B, Twilt M, Kyank U, Fischer-Brandies H, Gassling V, Tzaribachev N.
Reliability of clinical symptoms in diagnosing temporomandibular joint
arthritis in juvenile idiopathic arthritis. ] Rheumatol. 2014;41:1871-7.
Alstergren P, Pigg M, Kopp S. Clinical diagnosis of temporomandibular
joint arthritis. J Oral Rehabil. 2018;45:269-81.

Dworkin SF, LeResche L. Research diagnostic criteria for temporomandib-
ular disorders: review, criteria, examinations and specifications, critique. J
Craniomandibular Disorders. 1992;6:301-55 (PMID: 1298767).

Rongo R, Alstergren P, Ammendola L, Bucci R, Alessio M, DAnto V,

et al. Temporomandibular joint damage in juvenile idiopathic arthritis:

49.

50.

51

52.

Page 9 of 9

Diagnostic validity of diagnostic criteria for temporomandibular disor-
ders. J Oral Rehabil. 2019;46:450-9. https://doi.org/10.1111/joor.12769.
Alimanovic D, Pedersen TK, Matzen LH, Stoustrup P. Comparing clinical
and radiological manifestations of adolescent idiopathic condylar resorp-
tion and juvenile idiopathic arthritis in the temporomandibular joint. J
Oral Maxillofac Surg. 2021;79:774-85.

Kellenberger CJ, Bucheli J, Schroeder-Kohler S, Saurenmann RK, Colombo
V, Ettlin DA. Temporomandibular joint magnetic resonance imaging find-
ings in adolescents with anterior disk displacement compared to those
with juvenile idiopathic arthritis. J Oral Rehabil. 2019;46:14-22.

Larheim TA, Doria AS, Kirkhus E, Parra DA, Kellenberger CJ, Arvidsson LZ.
TMJ imaging in JIA patients- An overview. Seminars in Orthodontics.
2015;21:102-10.

Keller H, Maller LM, Markic G, Schraner T, Kellenberger CJ, Saurenmann
RK. Is early TMJ involvement in children with juvenile idiopathic arthritis
clinically detectable? Clinical examination of the TMJ in comparison with
contrast enhanced MRI in patients with juvenile idiopathic arthritis. Pedi-
atr Rheumatol. 2015;13:56. https://doi.org/10.1186/512969-015-0056-2.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

B BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



112

13. Appendix I



T O 85 O |8 O @0 o [ O

% 0% o[ O|®W 0@ O W O O
B 0 = olrwolmolm ol o

let ol o 18 o 85 oles o185 O

O® ©O8 wsadny ©O® © N wsewen
®o® OF = T® ®©8 PRI ®® © @ s—T® © 8 ko
Pl Phonmn
aueus equuabusls  auels wosed  sotosepun aous mquelels | suaus wosed wwosapn
PPN SHISNI SoNN AGH
B 9lesage] pan K
B Dinug eq X ue b1 B 04,
O® ©O® [[® wsady O8N ©F © N weey
®® oned® O~ ® et XY O N8 O8N ©0 phowy
oom_ ouy oom_oudy ww PP ————
apaws AP apaws P o
equaively  aeus  wesed vosiepun equeipely weus  wesey  eyesspun s TP —
ppofD SISNIA PPN HATH
w SEPP——
JosjaBonagaxyn) Bo -oude por sopAjsppojonalyy G
a
o8 ©® wastiom O Om  usthow
waBbl
©8 ©§  wsstopy o® 06 Sy GOHWRSNWO O
XL o] D 0w o8 wastisapy OR mN e
iSO = o8 08 mwen w[ [ ] B E8 wshamy OF BN sk
o® o8 OF sroduny on OF ©OF  seodsy wisnoig'y BB B orstenal mR BN spatsty
o8 O® o5 D8 O® ks SR— W— p— Buude s
“webtk-enn w .l i
- . -~ o r v ® o ]
©® ©F  wsshepy OF  ©O8 wbhemy o e BS b cunbioon r DD mesp Smamemy
on O§ Doty DN ON e sqwslyuoly  ssquusbiuslo oo requushusly sauuhyusly  ouews
O8 O8 esseny OF ©O® e ww 308 UEHIA — s uus B ¥
o® o8 ©® sodusy on ON  ©OF seeds  Eesesens " |
Lk
on ON webizom DN DN wsbhen
oN ON web6 aspuyy ®N © N webbh aipuy Wy O sieiodwe ) O wabu O wpwy O seodwsi O welu O
on oN oomnab DN ON peee
1a6ey aUidapo AE UofsEsIIENoT "
o8 O sossany ONn  On s wi | ] P OF #1313 QUdepoy AE uolsesilene a)
o® o8 ON swecduol ®n O®  sweodusy e aion v
apows audapoy PRsRNSD) s O RN ) s O
SUkpo Bintinl _Rushel taeus Fauuetsio oo mrvnas sBShow  walbh emuy O seuelo  wBMO sonpnos B O welblepuy O semdus O ueluQ
3018 J9ISNIA
Jos[aBenaq anisnujod 6o sjesare 'y AL SRR LS S
JaBep (g 818IS SOWS AR UOISESIENOT P}
a uofseinep uabul I
v Wn/00) /77 ewa
o BpIS 211SUBA |1 UOISEIASD BINqIPURIY ————————
o opsaMeymuolsmmepEmapue | e —
A(wwg ) Buudpuunw ewisyew poa wofseop RINGIPUBNE | e e —
QWL 50 1SH3A ‘AT T1IAIMN 3ST1INSSYIANN - WO 1HO04IY ISV

9T°Z0°ST ¢ UOTSIBA QWL 30 13N h W04 1i0day 95€ VIFON 9T°Z0°ST 2 UOlSIaA QAL 30 3334 ‘PpajaAally 3s|ay@sIapun (w104 Jioday 3se) ‘VIMON




Jelaje|iq O apis a4sudA O apIs w.;s_._ B “m.— SINH
uepimA SN D fUD ElD

PPOJOAII 13 HJe[o1 9S[9AGH P

YSTEUBODRUI XOALOY  XAUOK IS0 1 XONLOX PR © BOY

1o suaarsed pou 1539 j255ed W 3P Usp I0U3PS B\

o (153004 1 95 a15181) 3P 31518 0w YSULSY

odspisuy e}

o (1s3woy 52 aprs askoy) aprs aikoy Jow ysuRuALASY
L enqpuews ySiRwIAS

:ujswwAS JeINqIPUR AR YHAU) JjaIaus - (jBWIIASE SYISUE [BJU0L] T}

70 {1=)
£0 t0
1=} 0
1= 0

=T X :(00%-0 ‘JoNSUBIUI SUBLIS X SUSNYRL) BUBWS) XOPUI-BNBUIS
wwT 'z fWUNT ‘g [ewsieds el ‘00L-0 SYA) JeNsusjul spsws

Busod {(LPNLINT ‘v [ewsiods) Suanyel) spBWS

ey 01

9T°20'ST 2 UO[SI3A “QIALL B0 15¥3A ‘PPajanafy 3s|ay@sIapun :wiod Loday 3se) IfIoN

€
o ppperaly366g
e PpojRA anSUIA
o ppopora kot
o s uabul
junw uade paw uofsed|ed pen spswS
o ppjanaty abEog
o PBoRA ASUIA
a posporal audor|
o avaus uabul
‘uunw jexyn| paw uolsedied pan spaws
-9DRISH} 9 ULy 91U 3pUIBEy WO JASIBR) 1SBIUUOA
uofseded pan apaws ppajanaly| g
®©® ©® (B 1) fod sfesaie Guuyuo ®oN ®o® (B3 1) fod ajeseie] Buqwo
©® o® (B o) 1od apesere] o8 ®o® ) od slesie]
aveus apous
equualyusio awaug sequustyoelo aous
prafonaly
D® ©OF (as)messen ON O8N (as)eesen
o® © ®  (enpw) mEssen ON  ON () messey
(Bwdsm) (owdsm)
©® o® oissep| on o8 soiassen
Gouiue) (ouaiue)
©® o® ©® steiodwaL o8 o® ©® Spesodus).
(o1pu) )
o® (0K ) o® syeioduay o® ©® o® Sjeiodus
(souzysod) (1ouaisod)
© ® oN o® syeiodua) © N ®o 8 oN sjeidus)
audapoy sy audspoy apaus
equushualy  sequuafyusly  aews. equishiusly  requishusly  suswg
(611 (LT)
3013 FISNIA 305 AGH
(uofsedjed pan
(purdjed yos g) apowssppajonaly 3 (P'djed 495 2) -[oASNN 'g
o8 08 0O [Er—— ©® ©O® ©O wssoduwdewn
eo® o8N O® Buude opu o8 o® [N Bude sopun
oosepn__wased  Buwsel osepn  wesed  Buusel
wispey wolopay
PPN TISNIN PPoEra UAGH
Buusejanaly| ‘L
9T'Z0'ST ¢ UOISIOA AL 50 15%aA Ppajaraly TWI01 11003y 9583 "VIFION




vepimaapinRuDeD (yy /WwW/aa)” /" "/ :03ep 108D paw 1238

1[eJ31€|Iq [) 3PIS 31ISUSA [ 3pIS 3IABY O
VapANA PN ) 19N O ef O
pPajanaly | wopyAs Anesauasap / asomy

uapinaapp U el (yy /WW/aa)” /7" /7 " :01ep smeissuofsyung paw Y paw 1338

3[eJa3e|1q [ 3PIs 13sUA [ 3pis 2uAsy O
12PINA Y O 12N O Bf O
uofsesyn|sppajanaly

vepaapiuDel (yvy /WW/aa) ™" /” /7 o1ep smessuofsyuny paw YW paw 1942.438 |

JeJa3e|iq [ aPIS 2135UA [ 3pIs 3JAsy O
13pINA DY O 12N O ef 0
aunadaded pasnpas uain uofsynpas uain Supassejdsipsnysig |

9T°20°STZ UOISIA ‘AL 50 15¥oA ‘PPaARLY IS[AABSIRPU

1104 1J0d2Y 5€D “VIFION

yapinaapi U el (yy /WW/ad)” /77 /7 :03ep smelssuofsyuny paw Y paw 113028

JeJaie|iq O apIs a43suaA 0O apis ahey O
uspINASPI O 12N O B O
390] paso| - dundades 31asnpas paw uofsynpal uain Supasse|dsipsnysia

uapinA @D U M el (yy /WA /AQ) / /T :01ep smeissuofsjun) paw Y pawi 1a)janiag

1[eJ9)e|Iq [ BPIS a13sUBA [ apis aiAey O
MapInA i O 1N O Bf O
Supuse| %0 paw \psmosy

uapinA D U el (yy /IWW/ad) ™" /77 / 7 :01ep smelssuofsyuny paw Y paw 1334328

J[eJa3e|Iq [ BPIS 31ISUBA [ BPpIs 2JABY O
LBpINA SPI O 12N O Bf O
uofsynpai paw Supasse|dsipsnyisia

J[e193e]1q [ 3PIS 2135UdA [ 3pIS 21A0Y [
12pINA DI O 19N O Br O
auidapoy

J[e193e)1q O 3PIS 235U3A [ 9pIs 31ABY O
uspINA PO 12N O B O
eidjesuy

1[eJ91e]1q [ BPIS 1ISUSA [ BpIS diAey O
HIPINA P O 1IN O er O
181eAn

QAL WO Syuelsiw ysiuip

wapimaapieun e (yy /WA /ad)” /77 /7 :03episenuoy paw Y paw 123328

Jes93e1q [ 3pIs 2435UBA [ 3pIs 31A0Y O

pYETILNEN NI o JCIVE w Kl ]

Nesppajanah) eSwouuals wo axuelsiw ysiuly

uapina i D U M el (yy /WIN/aa) "/~ "/ :01episenuoy paw y paw 13328

1[e1938]1q [ BPIS 2135UBA [ 3pIS 21A0Y [

uepinA i 0 1u O el O

2311ESPPI|IAID| AYE WO SHUeISIW NSIul

:Jasouselp paw uofsnpjuoy|

9T°Z0°ST Z UOISIOA "L 50 15%2A ‘PPa|aAaly as|ay@siapun :uiio4 Loday ased ‘VIFON




‘uado st 0w ) WX S1APUO 9% 0} UONE1 U1 BOISOd JRIP O) $1 o

S
darm
B snoasso aApRIIIa ooy ey
sonaop piy pon Aupuzozop as1p ssos puw snudoss wior
69 20 selemmp axpeammiop WOK) onmipd i g v a
SIm0ju03 3u0q [PULOUGY
S51p pouLIOJD SUOISUPY. e )
skydoxso ‘Sugonpas-uou onow paIdLISY Egl
sogns fn [ pe— ogorpeoy ured oo ALVIGIWIAINT “Al
futopowal awneuasaq)
Suumoyd yureg
Suwapoy ‘uonow pAILISY
saBury> 2uoq oN v.q__.. qou__.! o x_u.nv.su_: Suppoy
o, B B riaudll p—
wusdvdsp s Jowdty
i)
251 povaon aLviaawg
d o Aunogop s Kpiwy Suryoo] S| R
™ I
_..sE_.HthE; _EuLi__m +3uIdNPaI ‘381p PO} 4] Supyorp ssopun ATV 1
WoI0uNS OVII WOINID a0v1S

(E120) FINL J0 owaBuesaq usapug jo Sursers

1L J0 BRI SAIIM 4

v
“LL-69¥:S11:6861 310§ YN peaH [0Fukie|010
oIy "suon -eLea [ed13 ay jo [ewau] H) SIM €
“T0T-p6 dd :5TOZ ‘(3unf) Z ON “TZ IOA ‘SIRUOPOYUO
SIBUILIBS *S00)'g ‘dNIISNOIS"d “SYLIE J1Y1edOIP) A[IUAANT YUM SIUBIEd JO UOIUIWEXD [EIBJOIUELD | z
*£2-9:(T)82'VT0C "aydepeay pue ujed
10 [euanor +1383epdno1g 153193u] [e13dS Uleq [E1984010 PUE ,3OMIAN WINIOSUO) QINLL/IAY [PUOREUIdY|
41 40 suONEPUAWIWI’aY :suonedl|ddy Yoieasay pue |Ed1uI[D J0j (QINL/IA) S1PA0SIQ JejnqipuewOIodwd]
10j eLA) dsoudeiq ‘|e 13 ‘dr 13IN0Y ‘O UOSIAPUY ‘T YOO ‘J IA0JINIL ‘Y YORqIYO ‘3 UBWIYIS T

*J135URIAJa1 35 “JAS|PALNSAG

B0 JauofsexyIsads 104 * y[NL JO UONBYIISSE]D SIN|IM JWeS ;SLIYLY J1yIodoip] A|IUANT Y3M pasouboiq
sjuanog Ul uiof. 1 1021113 40f NIOfw;08N3 341
“(aW1-2q) s1apiosig J10f DL 2N 1q ed 1iaseq 4 ewsal anaq

9T'Z0'ST Z UOISIIA "QINL 30 150N ‘PPaJaADIY 35[23@5IPUN 104 10RY A5E) ‘VIFION

Z:06E/(Z)TE002 ‘AS0[01eWN3UA 0 [EUINOT 34 T00Z ‘UOIIOWP3 OISR PUOI3S

jue edorpy

eUOREUIBIUI e 10 ' $13QU3PIOD ‘NG SSEID ' UINER ‘d SIOUUEIY ‘HL POOMUINOS ‘3 Ao
aspygsiapun waised
sapun warsed waised | +iexessapun soye saygsiapun PPajana | wopyAs
e vovioddes
A o sT e piapioddes 9 33 § By Jauofseyd: / @soiuy
Songuewr e
G o g ded ewrstews
I 129002 L pon Sujusg) / auiadsanaly uofsesyn|sppajanaly
aunasaded
. ..ﬁ..;:y J3snpal uain uolsynpas
uiano 8 nsse
19091 | esourjexen s wusop 257 | wu op = ded ua3n Sul, [ 1
10| pasop3,, — aunaades
saBerdaBBAL asnpai paw uofsynpas
Suniguano (008 ssed) w0y > CLEIEE e
il 219091 | fesouriewwon uain
(de3 pasnpas Bupusg| spuasawI
st o Sy st 30 uolsynpas
elgr wunw aude ¢ oy sansuews
st £+ J0juano wos 0 z_.z“ N s__..us wos paw Sunasse|dsipsnysiq
(volsnnoid
a1 uolsnnone) Sunpip -9
S0 | uolsnnoud sayo uolsnaosere;
@ uofsynpas
o | panBumpiysaye Burpyny S0
st| ROy
jesodwar )T
djed pon ouidopou 1) §
‘wolsnnosduolnoszie) ey uolsyunesed
“(auidapoy aual + Siesoduay u 5312 volsyuny / asipBanoq
1ovows Suudeuunu aisise ~aneby ne 150 uidapoH
vz i i 50 seiodwarw 1ausws | QIALL PAW LISOssE duidapoH
uofsyunyesed o uofsyunjanaly
meysnuwoRA 1oy
Lo0¢ 90 (ppornaly) ex auswsppsn ety
(uofstuny sapisnwatak) p wolsyunesed
50 (apsnuaddhy | saya volsyunjanat pan auaus
1ouaws sequuatiuald 50
L90¢€ +31auiS) 1182 ‘BT PASnWTIA, U3 | BuPWS 18jeA
ssneusonu
‘xonuo 1es0pou £1
s dedpon
1| sauotsenap
gy 80 de pas uolseinap ¢ “sauofseydasy nedwouusln
asonan 1 wds so/B0
Ppajanaly suaws sequuabald
elar + pparAaly avaws pau
saya/Bo el | volsyuny nespau op'ap‘ey wids
Jaip/Aocls "
19/ paw
(Busanioy £ | wolsyuny vespau pe 9z ‘az wds | TS o APy
AL KioBaiEs
mou sonm | _ewsbysworduks wiog vioday ase)
VINDIS | TYWSY@dS 3SOoNSvIa
Y3NOISINIAAa

9T'Z0'ST Z UOISIOA "AIALL 50 150N ‘PPajoAaly as[@@siapun :wio4 1ioday ased ‘VIfION




awsuaRapimaas

anown [N | a14puod — uwas 1 o4 01 d1qEUN
22501
SISOl (N | ynauyippasonsap | uomsn0EAEERUIPOT
Wowo0P|dos 28IP — AN
wiof 210} [N, SISK1puod N1 | 214puos o) soFueyp Fgmdon
aanesauaRap westio) ured
019521 [NL SNLIYLTOAISO (AL SNOIAGO — DO 2pes3 Mo dquadjonu] s Aogare)
Suponoyy

pue paoedsy
“pawwauagap Suimayp [njureq
s — RIN
20uduNwd J0 uonINPAY aguoneiuATD Suuado
essoy prouajd e Apu0d MeIdpOw
10 WAWIPLGI o1 pliu —sueas 1
saSueyp 1ejApuoa
- KW0}22SIp [N, K2 — HJO “p Ao3aze)
Qouduw
Wwaunwoig
anowod
pausioyap Aipisus
aumoey 1e1Apuod | 1o [ewsiou s
Awopau - uoaNpas IMoyIM
1d wawaoeidsip | uoneaopsip wanal
asip — Siseidoryue (L oSP-RIN | Mumd Buiows
LNy 4ssa] Apuod 0l JUaLINIY ¥20]
[P (L AIBIPO [PwiIou —ndo | pasop awoiyd pyured £ AioSared
01009 [euou
14puod pue osic]
suosaype/onFwwE U wononpas
qutor | yum wwowaoedsip
ofean| Fuppo] [puoisea0
ardodsoryue L wawafurap ig5sa] Apuod Furyprp Jurop
ISAIUIIOIYIE [N L. (e FL e [Pwiou — Do | ured yuiof uaniuuau “z AioSarey
Sumayp [eutoN
Wwawdsow
opaRoyaisd HEppedoman wef jo adues [ing
wiSjei0 - AFojoyed 1oz TNL uoneso[sip
ajo1 apued epsEOAN [owou — RN | 10 Buryooy Jo Kioisiy o
ousey GaRing s wwnen sa14puos fsasiou 1wiof 0N
- /+ UONEAIPAN. 21NOE — UOISMUO YuIof [PWIOU - DO © ssured (L 1 Aogarey
Saimeay,
Juawneas sisousieiq uoneyuasaid ed Kiogare

. .4UONBIISSE]D [2IBINS VL MON 'Z dIqeL

9T'Z0°ST Z U0[sIaA "AWIL 0 150N ‘PPaJaRay as[@@sIapun :ui04 LodaY 3seD ‘VION

01



uoworidos
wof [e10) fNL

anownt (N
SISO e [NL

SIS1Spu0d N1

awsuaRapAaianas
18puod — uwas 1)
22501
ynauyip/pasonsap
2SIp — I
21puos o) soFuvyp
aspeauaRap

Moy 01 91quun)
BOSNONET U0

J@:—Eu.u
weisio ured

“5u0n0as21 [N SNUYLIT0AISO [T Sn0IAQO —DJO | apes moj AjquIdfotu] 5 Asogare)
Suuaney
Fumaud jureq
20uduNwd J0 uonINPAY Suuado
essoj prowayd 1 IPIN
10 WBWIPL
saSueyp 1ejApuoa
- KW0}22SIp [N, K2 — HJO “p Ao3aze)
Qouduw
Wwaunwoig
anowod
pausioyap Aipisus
aumoey 1e1Apuod | 1o [ewsiou s
Awopau - uoaNpas IMoyIM
oneayd wawaoeidstp Q0[SIP WAL
asip — Siseidoryue (L oSP-RIN | Mumd Buiows
LNy 4ssa] Apuod 0l JUaLINIY ¥20]
[P (L AIBIPO [PwiIou —ndo | pasop awoiyd pyured £ AioSared
01009 [euou
14puod pue osic]
suosaype/onFwwE U wononpas
qutor | yum wwowaoedsip
ofean| Fuppo] [puoisea0
ardodsoryue L wawafurap ig5sa] Apuod Furyprp Jurop
ISAIUIIOIYIE [N L. (e FL e [puiiou -~ 040 | ured ywof uanruuaiug “z AioSarey
Sumayp [eutoN
Wwawdsow
apaRoyassg “prpedoman wef jo adues [ing
wiSjei0 - AFojoyed 1oz TNL uoneso[sip
ajo1 apued epsEOAN [owou — RN | 10 Buryooy Jo Kioisiy o
ousey GaRing s wwnen sa14puos fsasiou 1wiof 0N
- /+ UONEAIPAN. 21NOE — UOISMUO YuIof [PWIOU - DO © ssured (L 1 Aogarey
Saimeay,
Juawneas sisousieiq uoneyuasaid ed Kiogare

9T'Z0°ST Z U0[sIaA "AWIL 0 150N ‘PPaJaRay as[@@sIapun :ui04 LodaY 3seD ‘VION

. .4UONBIISSE]D [2IBINS VL MON 'Z dIqeL

IT




119

14. Appendix 11



The EURO"™JOINT Recommendations for Clinical
Temporomandibular joint Assessment in Patients
Diagnosed With Juvenile Idiopathic Arthritis

Final and proof-read version

Authors:

§: Corresponding author; Peter Stoustrup, Section of Orthodontics, Aarhus University,

Vennelyst Boulevard 9-11, 8000, Aarhus Denmark.

Mail: pstoustrup@odont.au.dk Phone: +45 61334464.

”~
»



Table of contents Page

Introduction 3

The clinical form
Part 1 - Patient information
Part 2 - Patient History

Part 3 - TMJ clinical examination

Specification and instruction for the clinical form
General Information
Patient Information
Patient History

TMJ Clinical Examination

This info will be completed when we have decided on the full context of the manuscript



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 Euro™Joint
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:

Patient ID:

Treatment, Protocol:

Examiner:

Age (years and months):

Age at onset of JIA (years and months):

JIA subtype:

o | Oligoarticular Oligoarticular
persistent extended

o | Psoriatic Systemic

o | RF-negative RF-positive
polyarticular polyaticular

. E\?trri?sltl(sEgil)a ted Undifferentiated

o | Subtype not
confirmed

Information in this form regards:

Date

day/month/year
o | Routine clinical examination ol el e
o | Bl: Baseline information (pre-intervention) | -- / -- / ----
o | TO: Intervention el BI-TO weeks
o | T1: Follow up 1 post-intervention el T0-T1 weeks
o | T2: Follow up 2 post-intervention il e T1-T2 weeks
o | T3: Follow up 3 post-intervention ol e 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)

DMARDSs (e.g. Methotrexate)

Biologics

Systemic corticosteroids

TMJ intra-articular corticosteroids

0|0 |0 (o |o0|o|o|o

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 O
No O
No contrast enhanced MRI available m]
Location

Right TMJ o
Left TMJ u]
Both TMJs m]
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 mi

No m]

No radiographic/imaging material available o

Location

Right TMJ O

Left TMJ O

Both TMJs o

Date of last radiological/imaging examination: — —/ ——/ ———— (day/month/year)

Time since the latest radiographic examination:

Radiographic technique used:

o | CT o | MRI

o | Cone-beam CT o | Tomograms

o | OPG (panoramic) o | 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: o (4 points)
Several times a day o (3 points)
Several times a week o (2 points)
Less than once a week o (1 point)
Never o (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

Y

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 O

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
| feel pain when | chew
| avoid hard or chewy foods because it hurts my face or jaw.
| feel pain when | open my mouth wide (e.g. yawning)
| feel stiffness in my jaw muscles in the morning
| feel that my jaw gets stuck in the open or closed position
| feel pain in my jaw when | talk for a long time

Ooooooao

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) o (Please elaborate in 6.a)
Worse (more pain) o (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 o
Improved (better function) o (Please elaborate in 7.a)
Worse (Reduced function) o (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

I I
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

Ooooao

Pain on palpation with open mouth:
None
Right TMJ
Left TMJ
Both TMJs

O ooaod

11. Mandibular deviation at maximal mouth opening (2 3 mm)*:
Mandibular deviation to the right i
Mandibular deviation to the left mi
No deviation* o



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: o
Asymmetric toward the right side (the right side is smallest) o
Asymmetric toward the left side (the left side is smallest) o
' |'\
]
Symmetric Asymmetric deviating Asymmetric deviating
towards the right towards the left

14. Facial profile:
Choose the picture below that matches the profile of the patient the best.

RN

o Straight a Mild convex o Moderate o Convex
convex micrognathic



Instructions

General information about the form

e 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).

e 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.

e Complete the questions in accordance with the instructions described below.

Part 1: Patient information

To be filled out by clinician

e Complete every item on the form carefully.

e Tryto be as accurate as possible about age of the patient and age at time of JIA diagnosis.
e Please choose one of the listed JIA sub-types:

o |tis preferable for baseline information to be as close to the time of intervention as possible.

e 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.



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.

Jaw Function: The patient should assess how much the jaw function (eg eating, yawning, and

talking) has been affected within the last two weeks.

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.

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.

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.

10.

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).

Pain Location:
e 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.
e The examiner fills out the face-maps corresponding to all areas on the face pointed out
by the patient (use X).

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.

e 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.

e 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.

e 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. ¢) 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
e Ask the patient to open and close two times as a warming up exercise. Use the third
opening as the score to be recorded.
e 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)

,.I,;; mﬂ ’\‘,l .“aﬁ\‘. \

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
e 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



Maximal incisal opening

(vellow bracket) Maximal unassisted mouth opening

(white bracket)

-

Vertical incisal overiap =
(black bracket)

S ]

¥

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:

o Ask the patient to sit upright, close the mouth and relax the lips.

e Position your index fingers on the mandibular angle (gonion point) on each site (white
arrow).

e 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.

e 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.

e 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.

e Based on these findings record the overall impression of the mandibular asymmetry on
the form.

e 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.



Inter-pupilar =
line” &

Inter-
commisura line

Mandibular
Inter-gonion 8 angle/Gonion
line v

Thé center-
point of the
chin

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
e Position the patient in an upright position.
e Ask the patient to look straight ahead to a point on the wall.

e Assess the profile in accordance with the illustrations presented.
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15. Appendix III
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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, Lovgren and colleagues validated
three pain screening questions in relation to DC/TMD [16].” — corrected to “In a
previous clinical approach, Lovgren 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].”



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,
441>

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
EurormJoint Recommendations for Clinical TMJ Assessment in Patients Diagnosed
With JIA” (shown in Appendix IT) 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 EurotrmJoint Recommendations for Clinical TMJ
Assessment in Patients Diagnosed With JIA” (shown in Appendix II) currently termed
the Temporomandibular Joint Juvenile Arthritis (TMJAW) group.”



Page 38 Incorrectly abbreviated word: “In Paper I1, 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 11.” — corrected
to “For MRI, all the measurements were performed on multiplanar reconstructed T1-
w images as described in Paper I1.”

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.”



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. Groupy. 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. 17-25.7

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 68 years
of age: the PANIC study. Acta Odontologica Scandinavica, 2017.” — corrected to
“Clinical Signs of Temporomandibular Disorders and Various Pain Conditions



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,”



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,
1 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,”



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. 287

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
Jjuvenilen 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 theumatology,” — 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. €299-
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,”



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.el-
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.
327

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
el-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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