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Abstract

Temporomandibular disorders (TMD) comprise pain and disorders in the masticatory muscles,
temporomandibular joints (TMJs), and adjacent tissues. The reported association varies between
TMD and its background factors, such as psychological distress, other body pain, and recently
much debated bruxism. Students comprise a special population at high risk for TMD with various
individual stressors. Applied relaxation (AR) is a coping strategy developed to manage stressors;
thus, it could also be applicable to TMD patients.

The aims of the study were to investigate the prevalence of TMD and bruxism, their mutual
association, and their association with perceived risk factors in university students. The population
sample in the Finnish Student Health Service (FSHS) survey in 2012 and 2016 consisted of a total
of 7 646 students. The survey included questions on TMD symptoms, bruxism, distress (General
Health Questionnaire-12), and other pains. Another aim was to investigate the effectiveness of the
AR method in the treatment of TMD as compared to stabilization splint (SS). The sample in a
randomized controlled trial consisted of 96 students, who were randomly assigned into two
intervention groups: AR and SS group. Data on clinical examinations according to modified Axis
I protocol of the Diagnostic Criteria for Temporomandibular Disorders, and on pain variables and
psychosocial symptoms according to Axis II questionnaires of the Research Diagnostic Criteria
for Temporomandibular Disorders with supplements were collected at baseline and at 3-, 6-, and
12-month follow-ups.

The prevalence of TMD pain, TMD pain on jaw movement, and TMJ locking was higher in
2016 as compared to 2012. Women reported TMD symptoms more than twice as much as men.
Only minor differences in the prevalence of self-reported awake, sleep, and both awake and asleep
bruxism were seen between 2012 and 2016. The mutual association between TMD and bruxism
was significant, as were their associations with increased psychological distress and other
musculoskeletal pains. As compared to SS, AR relieved TMD pain equally, but showed a more
positive impact on non-specific physical symptoms and body pain.

In conclusion, self-reported TMD symptoms and bruxism are prevalent in students, sharing a
common background. The AR method can be one option of treatment of TMD patients with
psychosocial burden and other pains.

Keywords:  applied relaxation, bruxism, psychological distress, student,
temporomandibular disorders
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Tiivistelmd

Purentaelimiston toimintahiiriot (engl. temporomandibular disorders, TMD) koostuvat purema-
lihasten, leukanivelten ja laheisten kudosten alueilla esiintyvisté kivuista ja toimintahiridista.
TMD:n ja sen taustatekijoiden, kuten psykologisen kuormittuneisuuden, muiden kipujen ja vii-
me aikoina paljon keskustellun narskuttelun yhteys vaihtelee aiemmissa tutkimuksissa. Véesto-
ryhmini opiskelijat ovat alttiita TMD:1le omaleimaisten stressitekijéidenséd vuoksi. Sovellettu
rentoutus (AR) on stressitekijoiden késittelyyn kehitetty elaménhallinta-menetelma, joka voisi
soveltua myds TMD-potilaille.

Tutkimuksen tavoitteena oli selvittdd TMD:n ja narskuttelun esiintyvyytté, keskindista
oppilaiden Terveydenhoitosdétion organisoimaan véestotutkimukseen osallistui vuosina 2012 ja
2016 kaikkiaan 7 646 opiskelijaa. Véestotutkimuksessa kysyttiin TMD-oireista, narskuttelusta,
psyykkisestd kuormittuneisuudesta (General Health Questionnaire-12) ja muista kehon kivuista.
Liséksi tavoitteena oli tutkia AR-menetelmén vaikuttavuutta TMD:n hoidossa verrattuna stabi-
lisaatiokiskoon (SS). Satunnaistettuun kliiniseen tutkimukseen osallistui 96 opiskelijaa, jotka
jaettiin AR-ryhméén ja SS-ryhméan. Tutkimuksessa kéytettiin kansainvilisen diagnostisen kri-
teeriston (engl. Diagnostic Criteria for TMD) mukaista purentaelimiston tutkimusta (modifioitu
Axis I) ja RDC/TMD-kyselykaavaketta (engl. Research Diagnostic Criteria for TMD, RDC/
TMD) tdydennyksineen.

TMD-kipuoireita levossa ja leuan liikkeessd seké leukanivelen lukkiutuminen esiintyi enem-
mén vuonna 2016 kuin 2012. TMD-oireiden esiintyvyys oli naisilla yli kaksi kertaa yleisempaé
kuin miehilld. Narskuttelua valveilla, nukkuessa ja sekéd valveilla ettd nukkuessa esiintyi vuosi-
na 2012 ja 2016 ldhes yhté paljon. TMD:n ja narskuttelun keskindinen yhteys oli tilastollisesti
merkitsevé, samoin yhteys kohonneeseen psyykkiseen kuormittuneisuuteen ja muihin kipuihin.
SS-hoitoon verrattuna AR lievitti samassa méadrin TMD-kipua, mutta silld oli my6nteisempi vai-
kutus yleisiin fyysisiin oireisiin ja kehon kipuihin.

Johtopddtoksend on, ettd koetut TMD-oireet ja narskuttelu ovat opiskelijoilla yleisié ja niilla
on yhteisid taustatekijoitd. AR-menetelméd voidaan pitdd yhtend hoitovaihtoehtona TMD-poti-
laille, joilla on psyykkistd kuormittuneisuutta ja muita kipuja.

Asiasanat: narskuttelu, opiskelijat, purentaelimistén toimintahdiridt, sovellettu
rentoutus, stressi






Yesterday is but today’s memory, and tomorrow is today’s
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1 Introduction

Temporomandibular disorders (TMDs) are an umbrella term for pain and disorders
in the masticatory muscles, temporomandibular joints (TMJs) and associated
structures (Okeson, 2020). TMDs comprise specific symptoms and signs in the
masticatory muscles and TMJs, including muscle-related facial pain, restriction of
movement of lower jaw, and TMJ noises, like clicking and crepitation, and pain
symptoms in mastication-related tissues (Okeson, 2020). Non-specific symptoms
are also common, such as headache, ache in the ear, tinnitus, hoarse voice, tired
eyes, and pain in teeth or tongue (Ohrbach et al., 2016).

The etiology of TMD is multifactorial and includes biological and
psychosocial factors. Psychosocial factors in the background of TMD are currently
well taken into account in the diagnostics as they increase the risk of chronicity and
impair the treatment outcome (Suvinen, Reade, Kemppainen, Koéndnen, &
Dworkin, 2005); Huttunen, Qvintus, Suominen, & Sipild, 2019; Maixner et al.,
2011). The diagnosis of TMD is based on a comprehensive patient history and
systematic clinical examination, complemented with radiological examination if
needed. As TMD can be considered a musculoskeletal disorder it may also be
associated with muscular pain in other areas of the body, as well as with widespread
pain (Suvinen et al., 2005; Sipild et al., 2011). Therefore, treatment of TMD patients
may involve dental, medical and psychological aspects. A novel dual-axis
biopsychosocial model with assessment of clinical somatic diagnoses (Axis I) and
estimation of psychosocial burden and risk factors of pain chronification (Axis II)
are included in both the Research Diagnostic Criteria of Temporomandibular
Disorders (RDC/TMD) (Dworkin & Le Resche, 1992) and the recently developed
Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) (Schiffman et
al., 2014).

The prevalence of TMD symptoms is 25-50% in the general population
(Kohler, Hugoson, & Magnusson, 2012). Women report and suffer from TMD pain
at least twice as much as men (Kuttila, Niemi, Kuttila, Alanen, & Le Bell, 1998;
Rutkiewicz, Kéndnen, Suominen-Taipale, Nordblad, & Alanen, 2006; Hiaggman-
Henrikson, Liv et al., 2020). All age groups report TMD symptoms, but the
symptoms seem to increase from young adulthood up to 50 years of age and decline
slowly after that (Yekkalam & Wénman, 2014; Kohler et al., 2012; Lovgren et al.,
2016; Qvintus, Sipild, Le Bell, & Suominen, 2020; Banafa, Suominen, & Sipilé,
2020; Haggman-Henriksson et al., 2020a). In general population, the prevalence of
TMD symptoms is highest in 35- to 50-year-olds (Kuttila et al., 1998; Lovgren et
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al., 2016; Kohler et al., 2012; Yekkalam & Wianman, 2014). Fluctuation is typical
for TMD symptoms or facial pain in both long-term and short-term studies
(Carlsson, 1999; Magnusson, Adiels, Nilsson, & Helkimo, 2004; Slade et al.,
2014). Studies have shown that students, in most studies in the age-range between
18 and 35 years old, report more often TMD symptoms than the general population
(Wieckiewicz et al., 2014; Lung, Bell, Heslop, Cuming, & Ariyawardana, 2018)
(Table 1). Accordingly, due to their socioeconomic status linked with new social,
educational, and economical stressors because of lower income (Stallman, 2010),
students may be considered a special population group and may thus be at higher
risk for TMD (Wieckiewicz et al., 2014; Sojka, Stelcer, Roy, Mojs, & Prylinski,
2019).

Bruxism refers to “both diurnal repetitive or sustained tooth contact by bracing
or thrusting of the mandible; and nocturnal rhythmic or non-rhythmic masticatory
muscle activities” (Lobbezoo et al., 2013, 2018); of these, sleep bruxism (SB) is
currently considered to be regulated by the central nervous system (Lobbezoo &
Naeije, 2001; Lavigne, Khoury, Abe, Yamaguchi, & Raphael, 2008) while awake
bruxism (AB) is mainly related to psychosocial factors (Manfredini & Lobbezoo,
2010). The prevalence of bruxism varies in studies on general and student
populations, with a higher prevalence seen in student populations (Wieckiewicz et
al., 2014; Lung et al., 2018) (Table 1). Bruxism is considered one of the background
factors for TMD as it may increase the load of the masticatory structures and thus
provoke TMD pain (Baad-Hansen, Thymi, Lobbezoo, & Svensson, 2019; Jimenez-
Silva et al., 2017; Manfredini & Lobbezoo, 2010). On the other hand, bruxism and
TMD share some common background factors, such as psychosocial distress and
widespread pain.

The most common treatments of both TMD and bruxism are self-care
instructions, physiotherapeutic treatment, and occlusal splint therapy (Aggarwal,
Fu, Main, & Wu, 2019; Shimada et al., 2019; Al-Moraissi et al., 2020; Tiirp,
Komine, & Hugger, 2004; Wianman & Marklund, 2020). However, there are
controversial studies on the effectiveness of occlusal splint therapy in reducing
TMD-related pain (Qvintus et al., 2015; Klasser & Greene, 2009). As psychosocial
factors play an important role in the background of TMD, treatments focusing on
these might be sensible in a holistic approach to the treatment process. However,
studies investigating the effectiveness of such treatments are scarce. Applied
relaxation (AR), developed based on cognitive therapy methods, is one option for
decreasing the stress response and thus alleviating pain.

18



The effectiveness of AR has been studied in patients with various pain conditions
with promising long-term results (Tiirp et al., 2004). However, the effectiveness of
AR has not been evaluated among TMD patients.

The present epidemiological cross-sectional survey was conducted to
investigate the prevalence and the associated background factors of TMD and
bruxism in university students based on the Finnish Student Health Surveys in 2012
and 2016. A randomized controlled trial (RCT) was conducted to evaluate the
effectiveness of the AR method, as compared to stabilization splint, for treatment
of TMD in university students in Northern Finland.
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2 Review of literature

21 Temporomandibular disorders (TMD)

2.1.1 Definition

TMD is a collective term used for multifactorial facial pain and disorders in the
masticatory muscles, the temporomandibular joint, and the adjacent tissues
(Okeson, 2020). The origin of the pain or disorder can be muscle- or joint-related,
or both. TMD is one of the most prevalent pain disorders and is considered the
second most commonly occurring musculoskeletal pain condition after low back
pain (NIDCR 2013; Schiffman et al., 2014). Musculoskeletal disorders are the
greatest cause of disability in Europe (Cieza et al., 2021). More than one million
Finns and every fourth adult in Europe have musculoskeletal pain conditions. In a
review of ICD-11 work-in-progress classification, the International Association of
the Study of Pain has suggested chronic TMD as a subclass of chronic secondary
headache or orofacial pain disorders, with a definition of persistent or recurrent
pain that lasts longer than three months (Treede et al., 2015; Benoliel et al., 2019).

From a neuroanatomical aspect, TMD pain is mostly musculoskeletal and
transmitted through the second and third trigeminal nerve branches, occurring
mainly under the orbitomeatal line, anterior to the pinnae and above the neck, in
contrast to headache, which is located above the orbitomeatal line (Headache
classification committee, 2018). However, in clinical practice headache and facial
pain are often discussed together because of their symptomatic proximity.

2.1.2 Symptoms and signs

TMD comprise specific and non-specific symptoms in the masticatory muscles and
TMJ. Specific symptoms include muscle- or TMD-related pain, restriction of the
movement of the lower jaw, joint noises, such as clicking and crepitation, and pain
symptoms in the masticatory structures (Okeson, 2020). The nonspecific symptoms
of TMD can locate in the adjacent tissues and organs, such as teeth, tongue, eyes,
ears, head, and throat. They are expressed as altered function or sensation like
tinnitus, hoarse voice, tired eyes, and pain in teeth or tongue (Ohrbach et al., 2016).
Other musculoskeletal conditions, like pain in the neck, limbs, or back, and
widespread pain as defined pain in both limbs and spine, are also often adjoined
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with TMD symptoms in TMD patients (Velly et al., 2010; Sipild et al., 2011;
Ohrbach et al., 2011; Visscher et al., 2015; Maixner, Fillingim, Williams, Smith, &
Slade, 2016).

Clinical signs of TMD include pain on palpation in the masticatory muscles
and TMJs or surroundings of the TMJ, locking of the jaw, restricted jaw opening,
or noises in the TMJ (Okeson, 2020). TMJ noises, such as clicking and crepitation
caused by intra-articular derangement, for example, can be either painless or
painful. However, TMJ intra-articular disorders, especially when painless, seem to
have minimal impact on patients’ reported pain, function, and disability
(Chantaracherd, John, Hodges, & Schiffman, 2015).

2.1.3 Prevalence

The prevalence of subjective TMD symptoms varies in general population surveys
from 25% to 50%, whereas that of clinical TMD signs varies from 40% to 90%
(Carlsson, 1999; Jussila et al., 2017; Kohler et al., 2012). Discrepancies between
the methods and populations in the studies cause variations in prevalence levels
(Rutkiewicz et al., 2006; Qvintus et al., 2020; Hiaggman-Henrikson, Liv, et al.,
2020). Among Finnish adults, the prevalence of at least one TMD sign was 38% in
the Health 2000 Survey (Rutkiewicz et al., 2006; Qvintus et al., 2020), whereas the
prevalence of TMD signs in the Northern Finland Birth Cohort (NFBC) 1966 was
34% at the age of 46 years (Jussila et al., 2017). According to recent studies, women
report and suffer from TMD pain at least twice as much as men (Kohler et al., 2012;
Gaue et al., 2016; Jordani et al., 2017; Séjka et al., 2018; Bueno et al., 2018;
Héaggman-Henrikson, Liv, et al., 2020). Genes (Visscher & Lobbezoo, 2015);
hormonal and enzyme differences (Berger et al., 2015; Slade et al., 2015; Brancher
etal., 2021) and behavioral aspects have been suggested to have a role in the gender
differences (Vincent & Tracey, 2008; Sanders et al., 2013; Slade et al., 2015;
Quinelato et al., 2018), but the discussion of the determinants of gender association
continues.

All age groups suffer from TMD symptoms, but prevalence seems to increase
from young adulthood up to 50 years of age, and decline slowly after that
(Yekkalam & Wianman, 2014; Al-Jundi et al., 2008; Kohler et al., 2012; Lovgren et
al., 2016; Qvintus et al., 2020; Banafa et al., 2020; Haggman-Henrikson, Liv, et al.,
2020). A lower prevalence is observed in children and older adults, while the
highest prevalence occurs between the ages of 35 and 50 years (Drangsholt &
LeResche, 1999; Higgman-Henrikson, Liv, et al., 2020). Students (18- to 35-year-
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olds) report TMD symptoms more often than the general population (Wieckiewicz
et al., 2014; Lung et al., 2018), and the prevalence of TMD pain symptoms has
increased among Finnish students since 2000 (Oksanen, Laimi, Loyttyniemi, &
Kunttu, 2014). The prevalence of perceived TMD symptoms in student populations
varies between 8% and 77%. In a Polish study of 456 students, the prevalence of
TMD symptoms was 18% in men and 36% in women (Wieckiewicz et al., 2014),
whereas in an Australian study of 136 dental students 77% reported TMD pain and
TMIJ noises (Lung et al., 2018). Based on clinical examinations, TMJ clicking has
been found to be the most common TMD sign. Of the diagnoses, student population
has shown 8-28% prevalence of myalgia and 5—62% prevalence of joint-related
TMD (Jivnani et al., 2019; Sojka et al., 2019; Fernandes, Duarte Moura, Da Silva,
De Almeida, & Barbosa, 2017; Wieckiewicz et al., 2014; Lévgren, Osterlund,
Ilgunas, Lampa, & Hellstrom, 2018) (Table 1).

2.1.4 Background factors

According to the biopsychosocial model, the etiological factors of TMD may be
divided into biological, psychological, and social factors (Suvinen et al., 2005;
Fillingim et al., 2011).

A comprehensive project called Orofacial Pain: Prospective Evaluation and
Risk Assessment (OPPERA) found that health status (general health, comorbid
pain, sleep, headaches) variables contributed the most to TMD, followed by
psychological (mood, anxiety, somatic symptom reporting, catastrophizing) and
clinical (orofacial symptoms, parafunctions, palpation pain) orofacial domains
(Ohrbach et al., 2011). The independent contribution to TMD incidence was much
smaller in sociodemographic (age, race, marital status), pain sensitivity (thresholds
of pressure, heat, and thermal pain), and autonomic function (heart rate and
variability, blood pressure) domains (Bair et al., 2013; Slade et al., 2016). Typical
risk factors include female gender, age group, comorbid pain, psychosocial factors,
and parafunctions. A more profound association between higher incidence of TMD
first onset and sex hormone exposure in utero favoring estrogen over testosterone
was found in the OPPERA studies (Sanders et al., 2013). Occlusal factors as TMD
risk factors have also been discussed; today, their role has often been excluded
(Lobbezoo et al., 2010; Manfredini, Serra-Negra, Carboncini, & Lobbezoo, 2017),
although opposite results have also been presented (Jussila et al., 2017).

23



uoissaidap pue ‘Ajaixue ‘swoydwAs gL uo joedw sey
uopje|os! 6-pIAo0) ‘swoidwAs uoissaidap pue ‘swoydwAs

Aaixue ‘QINL pue SIoIAeyaq [eJo Usam}aq UoNe[a.i00

auouy/|el.ed/|ejo}
uopelos| [e100S {(A-SAVH

(sieah 'z ¥ G’ obe ueoaw)

OAINISOd ‘%t uoissaldap ‘9,9 61 Alaixue swojdwAs  pue y-SQVH) 9|eos uoissaideq pue (usw %gz) (ELL = u) zeug
Aw. (Inyured-uou %2z ‘Injuted %4 /2) %8'¥S AWL  ABIxuy [endsoH ‘OS ANL/0a ‘090 sjuspnis |eyusp 0c¢0c¢ / SOJISpSIN
090 pue y1-dIHO pue ‘Dg0 pue | (steak @' ¥ |"L g obe uesw)
-dIHO PUE |¥4 Usamjeq uoneloosse Juesyiubls 1%,z AL (¥1-dIHO) ¥L (usw %z ov) (08Y = ) Aoxny
8I8ASS ‘%9’ AINL S¥elopow ‘%0'9% AL PlW (%E'€S AWL  -8|yo.d oedw| yiesH [ei0 ‘090 ‘IV4 Sjuspnjs |eyusp 0c¢0¢ / ueweley|
‘uonouny
pue uied 3oau pue suopounjeled [BIO Yim paje|aliod
s1 Aluanas AL "%1 89 Ubiy D90 :AINL @1aAas 10 (JINOD) XdpU| 3INSEa|\ SwoINQ 310D (sseak oz abe ueipaw)
sjeIopoW (%908 UbIY ‘%0z Mol D9O(IVH) %E'9 S19nas ‘090 (a1ewdy %001) (471 = u) Aaspn
ANL ‘%L 8l S1esspow AL ‘%9'8Y Pl ANL ‘%622 ANL ‘(Ivd) xepu| ossuweuy s,e09su04 sjuspnis aieoyjeay 0zZ0Z  /edlqesey
(UBWIOM %E'BE ‘UBW %6 LZ) %0°GE SSalsIp ‘(uswom (s1eah ¢ aS ‘6'tz obe ueaw)
%8’ LG ‘UBW %9°Z¥) % 81 Bulyouso ‘(uswom %G 6l ‘usw #-OHd (090) 1sIpo8yD Joineyag (usw %gG'9¢) (z61 = u) puejui
%9°'02) %661 GV (UBWOM %Q’'GY ‘UsW %6°0E) %L 6€ S [B4O salleuuonsanb || sixy AWL/0d sjuspn}s [EJUSp 202 / eleyed
‘ayoepeay/uied QL pue
SSaJ)SIP USOMIS(Q UOIJBIDOSSY "% 6 SSOJISIP 919A8S/a)elapow
‘%1 LG S9SI0U PN L ‘%S 0% @yoepeay [ejodwis} pajejal QiNL
‘9% €°e¢ Juswanow mel Buunp uied g1 ‘(usw uey} aiow ($-OHJ) (sieah ¢ aS ‘6'tz obe ueaw)
uawom) %1 0t sAep 0g ise| buunp ured gL ‘(uswom p-alleuuonsanp yiesH jusied pue (usw %g'9¢) (z61 = u) puejui
IIB 4O %029 ‘UdW |[E JO %G 9G) %EQ 4ons uled QN L (DS) ateuuoysenp wojdwAs AWL/OA Sjuspnjs [EJuSp | Z0Z  / USUBMSIN
(ebe ‘1opusb ‘,u) Anunoo
SBWO02IN0 UlB ZSpoylew Apnis uone|ndod Apnig JeaA / Joyiny

*SjuUapnjs Ul WSIXniq pue siap.losip Jejnqipuewolodwa} jo asuajeaasd uo salpnis | a|qel

24



pip usw uey} buidos jo Ayoedeo taybiy
INg ‘SSaJ)S JO UOIIBZ[JBWOS JO [9A3] JoyBIy pamoys UsWop)

‘%L L6 USWOM ‘97" |8 UBW SSalIS ‘%GG USWOM ‘% | "G uoljeulwexs |eolul|o | sixy
usw suonounjeled 8)IqUON ‘%8°Z] USWOM ‘%G /z usw (9SS ANL/Oa (DOS) @ouaisyo) JO @suss S (sseah ¢z obe ueaw)
10 gy) suonounjeled alg "%g i uononpal yum juswade|dsip ‘(©say) asreuuonsanp woydwAs pue (usw 9%9'¢ee) (122 = U) puejod
osIp '%9°6 elbjeAw asoubelp ANL ‘%z €€ swoldwAs QWL [euoisuswiQy ‘v-OHd ‘OS AWL/Od O Sjuspn}s [EDIPBW 6102 / exlos
slajoweled [ESN[O20 |euojouN) pue sisjeweled
|eaibojoyoAsd yym QAL Jo suoneroosse jueoyiubis S (0'z ¥ 8’1z obe ueaw)
%6 JopIosIp julof Jendie-enul ‘%G L uedg-| UoIsnPOO ‘SAvH Pue (00z =u) elpuj
ayoepesy pue gL pelejas uted ‘o, 2| sasoubelp QINL pue QN1/0Q Jeusaids uled AWL D sjuapn}s [edIpaW 6102 /IUBUAIP
wsixnuq 0} pajejas Ajpanebau JOOYHO ¥1-dIHO
‘wisixnuq Jo soussald  ‘(YSS3T) SUe0S9|opY JO) 9|edS ssallS
Unm pajeroosse sem uonupe ‘uted gL ‘uted pNL ‘ssadis Jeuoneonpg ‘0L-SSd ‘Alolsiypue s (sueah 0 F g'gz obe uesw)
%Y 0L av+4S ‘%¥'€Z AV ‘%Z'8€ uojeulwexs | sixy giNL/OQ [edwuld pue (usw %g 9%) (895 = u) Wweusin
gS ‘(UBWOM Ul %8'2S ‘UBW Ul %' 61) %g LG Wsixnig ‘(gv pue gs) wsixnig papodal-jles O Sjuspn}s [edlpaw 0Z0C / Buonud
1sa1 ul (3ybu pue
13| 1IN) SU0} J9}aSSEeW "W JO UOlEN|BAS
9|osShw J9}assew OINT yum ‘subis uonounjeled (11 ¥ 1'0Z obe ueaw)
10 8uo} pue uoissaldap ‘A}aIxue ‘ssalls Jo asealoul 10} uoljeulwexa [eoluld ‘{g-SavH S (uaw %g0¢) (5oL = u)
snoaue)nwis Joj Aouapua) e sdnoib yjoq uj ((SA)%EL Pue  pue y-SAVH ‘(01L-SSd) 9|eos ssaslg pue  sjuapnis (Sd) AdessyjoisAyd puejod
(Sd)%61 wsixniq des|s (SA) %8 PUE (Sd)%9Z uted AL paAledIad ((gS) wisixnig + DZAWL O pue (sq) |eyuap teak}s| 0g0Z  /091EZOMQ
wisixniq papodal-j|as pue ‘1apuab pue ‘abe pue qQINL (spjo-1eah-G-g| abues abe)
usaMm}aq uoneroosse Juediiubis %0'glL AINL INOYIM WsIXniq (usw %/¢) (009 = u) lizelg
-%6°6 WsIxnig Inoyim aNL ‘%gg wsixniq pue QL wsixniq sjuspnis / oyuynod
‘(uswom %6°L9 ‘UBW %G'ZS) %EZ9 AINL ‘% 8'8€ wsixnig ‘Ivd ‘Il SIXy ANL/OaY S ABojouyos} pue @ousIds 0202 eslonboN
(ebe ‘1opusb ‘,u) Anunoo
SBWO02IN0 UlB ZSpoylew Apnis uone|ndod Apnig JeaA / Joyiny

25



USW<USWOM
subis pue swoldwAs jo aousjerald {QINL pue ewnely
uaamjaq uoleloosse jueoliubis ‘ajdoad asus) paquosap-j|os

(s1eak gz—g| abuel abe)

ul swoldwAs Jo aouajerald pasealoul (%G 0 SI9A8S ‘% /2 (uaw %9°¢¢) (20 v=u) elpu|
ajesopow ‘% 6l pliw uted gL paje|al julof 4o ajosnuw Iv4 S sjuapnys AjisioAlun £1.0g /ypey
%87 Uied) Buiyous|o
pue swoldwAs QN1 ‘%z ZL Yiea) buipuub pue swoldwAs
ANL ‘%192 AiIxue pue sublis gL ‘UBWOM Ul %9°Et SVA (%1°€6
‘uswl Ul %z 'zl subis QL ‘%66 uoissaidap ‘9% ¢ 0 AlBIXue uo |9AS] SSalls [euonows ‘g-SAVH pue sieah g1L—G| ‘sieahk gGz—G|)
‘%6°L. ssals panvosad ‘%G /8 sHqey [euonounjeied  y-SAVH ‘vL-dIHO ‘uoljeulwexs giNL (usw %1€) (€0€ = u) lizeig
%P ¥Z olew ‘%g g9 slewsy ((xapul 4NQ) swoydwAs QL [ed1ulD (xapul 4NQ) Saleuuolsenb |v4 S spuapnys jooyos ybiy 810z foutned
%6°/Z Uo1ed 10 X20| me[ ‘9,z ge ayoepeay (s1eah zz obe ueaw)
[eljodws} ‘%G 8f sosiou Julof ‘%G gy uted QL {(uswom (usw %g ge) (9€L = u) eljelsny
Ul %E8 ‘UsW Ul %/°99) %" L/ :woldwAs QN L duo ises) je OSIsXy QNL/Ood S sjuapn}s [ejusp 8102 / Bun
‘suonounjesed |eio
10 Jaquwinu Jaybiy ‘uonenwi mef saybiy ‘Aysusyul ured Jaybiy
paloos syuaned QL %G1 ayoepeay "9%G9 uied peaidsapim (onewos) GL-OHd ‘090 ‘02 S (sieah {z abe ueipaw)
10 ‘jeuolbal ‘|eoo| {9,/ ¢ [eiiajal yym uled |elosejoAw ‘99’ -S4l ‘'SdD9 :salieuuonsanb || sixy pue (usw 9,/¢) (¥G = u) uspamg
¥MAA ‘%8| ebeiyne ‘%g /z eibjedw (9%0€ ©a AWL Aue  QL1/OQ ‘uoneulwexs | SIXyY AWNL/OA O sjuspnjs [ejusp 8102 / ua1bAQT
%1 6Z swoydwAs %66 uled LINL ‘%E ZL Juswarow mel
|ewouqe ‘%’ / | Spunos julof ‘siapusb usamiaq aoualayip
jueoyiubis 9%¢ z1 uled QL palelal wulof Jo ajosnw
‘%G9 SSIOU PINL ‘% L"SE SANL :2102-}L0Z ul'(uawom
Ul %G| | pue usw ul %1°6) %66 ured QL pajejas julof 1o S
a1osnw ‘(UBWIOM Ul %4y"/ | PUB UBW Ul %E'GL) %1 /L Sasiou subis [eolulo pue aousjeaasd pue eulyo
PINL ‘(UBwOoMm Ul %9 0E ‘UBW Ul %/2Z) %L 62 SAINL lBJoAQ  ‘SISA|eue-Bjow pue maiAal oljewalsAs O sjuapnis 6102 VA1)
(ebe ‘1opusb ‘,u) Anunoo
SBWO02IN0 UlB ZSpoylew Apnis uone|ndod Apnig JeaA / Joyiny

<]
N



Japuab ajew 1oy AJuo 1sIXe WSIXNIq
o)EeME pUB SSBJ)S USaMIad U100 VY (6'ZE UsWom
‘2 L€ Usw) 8100s SSaU}S Ul souasaylp Jopusb jueoyiubis

(s1eah gz obe uesaw)

(£2€-9°L€ 10%S6 '9'¥ AS) 2°2€ 0L-SSd (%L '62ZN (usw %zv) (822 = u) ey
‘%€°€€d) %8 L€ 8S (% YEW ‘%8 07d) %6°LE GV 8IVd 0L-SSd ‘(8lvd ‘g way) Iv4 S SjuspN}s BoUBIS 9102 / olleaed
wsixniq des|s 0} pajejal Jou aie SI0jOe} [BSN[O0 ‘AL YIM
pajeroosse Apueoyiubis gsd {(wsixnig pey QINL 919A8s
pey oym 8soy} 4O %619 (AINL 818A8S) %L L 9Sd (AL (sievk 0z ¥ 0124
sjelapowl) %e¢ 9Sd ‘(AL PlIw) %ZS 9Sd ‘(anLuou) S ‘sieak gz ¥ 9'LgN obe uesw)
%1t 9Sd :sJaxniq ul QL Jo Aouanbal4 gl Buiney (gsd) wsixniq des|s pue (usw %¢t) (615 = u) Aaxuny
9S0U} JO %2 9Sd -SJoxniq Jo %996 AL -%€'82 9Sd paAigosad (uojeulwEexs [eauld ‘y4 O sjuapnys AJIsIoAlUN LLOZ [ JBI9A UIdeA
WISIXNIq Yum pajeroosse Ajueoyiubis
a1om asiou PINL ‘uted pINL ‘uted BjosSNW (9,6 g SOSIOU [N L (1eom [eyuap) uoneulwexs [eoUlE S (sieak 2z F G |Lg obe ueaw)
‘0%0°/1 uted PINL ‘%Z°GZ (oau ‘aoey ‘peay) uled sjosnw ‘wisixniq ‘swoldwAs g1 pauodal-jes pue (uaw %6 L) (gG2 = u) lizeig
‘9%€°9/ Ssaus (%, 1€ (puub Jo yous|d) wsixniq panisdiad ‘(Aeixue ‘enbiey ‘ssasis) alieuuonsenb O sjuapns AlsISAIUN /102 / se1eos
AW Jo @ousasaud ay} aouanpui ay1| jo Ayjenb pue
‘A1aixue ‘siaplosip onewosoyodAsd ‘yyeay |essuab ‘sujewop xapu| Alaixuy liel] -91els ‘fz-1alg-a)i (s1eah 6°| ¥ 6°61 obe ueaw)
0160j0YoAsd "%/'G AINL 818A8S ‘%8°0Z AL dyelsspow o Ajjenp uoneziuebiQ yyesH PHOA (06 =u) l1zeig
‘%9°€L AL PIIW (%2 ZE UBWOM ‘%6°8G SwoldwAs QINL ‘09-8Jleuuonsenp yjlesH [eiaue ‘Ivd S Sjuspnys [eusp /102 / 8Yo0y
%G8 (ured) Sd09 ‘%t'0 Bp 8814} ‘%z 9 (sieak 6°/| obe ueaw)
Bp om} ‘% "0z Bp BUO (%" SISOIYLEOD)SO ‘%z {7 EIbjeiyue S (usw %gz'92) (09Z = u)
‘%2'6 ¥MAQ ‘%0z uled [elosejoAw (%G €Z UBWOM ‘%% ¢ saJleuuolsanb || sixy pue pue Sjusapnls |00yYods puejod
uaw) 9,G'9g sasoubelp uied QL pale|jas Juiol Jo sjosnw  uofeulwEXS [BOJUID | SIXY ANL/OAY D ubiyuoneindod jesauab g| abe 710z /481s07
(ebe ‘1opusb ‘,u) Anunoo
SBWO02IN0 UlB ZSpoylew Apnis uone|ndod Apnig JeaA / Joyiny

27



%81 (elbleiype) psjejal

-juiof JaYlo ‘9%, i Juswade|dsip oSIp ‘%8| pajejal-ajosnw
:sasoubelp QL ‘%19 suonounjeled |ESN000 (%bZ+/1)
ssauybly B|oSNW (2, G| USW ‘%EZ USWOM ;Juswade|dsip
2sIp (%G subis QINL {UsW UBY} S10W USWOM ‘%68
suonounjeled |BSN[020-UoU ‘%@ | swoldwAs 0160|010 ‘9%, 0¥
ayoepeay ‘9,0¢ anbiey/ssaulybn ajosnw swoydwAs QL
%1 @pIm yinow Buiuado

S
uoljeuIWEXS [BOIUI[D pue

(s4eah |'Zz ¥ 0'zZ obe ueoaw)

(usw %z¥) (9G1 = u)
sjuapn}s

| SIXY ANL/DAY + 8lleuuonsenb O 99U8I0S pue ‘|BedIUYd3) ‘|edlpaw

(yje9) ‘sajdwa)

(sseah | ¥ oz obe ueaw)

puejod

7102 / ZOIMA{OBIAN

uaym uied ‘o4 ured PINL ‘%/ eaJe [eiodwa) ul ured {(ured ‘uonouny ‘sajosnw ‘sjuiol/ease |ejoey (uaw %6°¢S) (BLE = U) eiqies
OIUOIYD % L7 ‘UBW Ul Y% iy JOBIBYM) %Z€ uled |eioejoi0 uied) uled |e|oejolo aJleuuonsONY S SJUSPN]S |BOIUYDS) PUE [BIIpSW 9102 /oliwg
(sie0h g L ¥0LL
(emg) abe ueaw ‘sieak
uonejndod 6°0 ¥ 891 (1yD) abe uesw)
asaulyD a8y} ul INL Yum pajelatioo Auanod ‘jooyos (UsW 9%|°2G @MS ‘usw
[BANJ ‘Bwoy Y} SpISINo BulAll ‘Uyeay [elo pue [essush %8 L% 1uD) (G1L0 L1 = (8mgQ)u uspams
J00d ‘|aA8| uoneonpa |eusaled moj ‘uonendod ysipamg ‘¥2S G = (Iyo)u) pue euiyn
8y} Ul % "G pue uonendod asauly) Ut %8'1 uted QNL alleuuonsenb D zanwL S sjuapnys [ooyos ybly 910z  / BuixBuoH
wnb Buimayo :uonounjeled 9%z 6l
av ‘%z’6 gs ‘uonejas Japuab ou gy pue gs usamiaq
uoljeloosse Jueoyiubis e ‘passalls Buijeay ‘uled |eroejoio
‘spunos [L :gV 0} paje|al sa|gelen ‘passalls Buljesy (ssals panleosad
‘SpuUNos LAL :9S 0} paje|al sa|geleA "%/ gl Bunjold LINL + Buipuub 1o Buiyouso axeme (sieah g'| ¥ |'G| obe uesaw) |oeus|
‘'8 SosIou [PINL ‘%8 L€ uted yoau ‘%8 6| uled [eloejolo +Buixniq desjs + dn Bupjem usym uied (000 L =) / uewypad
(s1b = shoq) %z 61 GV (%28 SHIB ‘%90l sAoq) %z'6 9S  + uted 308U + DZAWL) daeuuoysenb g spuapnjs jooyos ybiy 910z Ipowy
(ebe ‘1opusb ‘,u) Anunoo
SBWO02IN0 UlB ZSpoylew Apnis uone|ndod Apnig JeaA /Joyiny o0

N




Apnys podau-yos = g ‘Apnis [eoluld = O, ‘sjuedioned jo Jequinu

(s1eak 6’1 ¥ L'gg obe ueaw)

%€"9G UBW “%0'CL USWOM %€ " 91aAaS (usw %/2) (96€ Z = u) lizeig
‘%6'E 1 djeIopowW ‘%8’LG Wbl :1%9'89 swoldwAs gL Iv4 S suspnis 9002 / BlIdBAIIO
(s1eah gz obe ueaw)
UBWIOM JO %1 €9 ‘UBW JO %9°0F (%G'G 91ones (usw %0'+¥) (812 = U) lizeig
‘%61 L 91 IopOW ‘%8 SE PlIW) %z €S :swoidwAs aNL Iv4 S sjuspnis [elUsp 2002 / BINWON
BUO (%17} BUDO| [INL “%6°2C SNWSL) ‘%t L
Buimayd uo uted ‘9,6z Bunjold PINL ‘%9 G swoldwAs sJes ay} Jnoge Jo ul uied ‘Buimel (s1eah gz 0} g| obuel abe)
0160[010 %6°8 Al ‘%P ¥ L INOY ‘%0 LL B3I} ‘%E VT Jo Buimayo uo ured ‘Bud0| PINL (usw %0°G2) (0L L =) uep.op
OM] ‘%{"GE DUO JoaIaym ‘%9'89 woldwAs auo ises| je  ‘snwsly ‘Budydlo pNL :swoldwAs gQNL S sjuapnis 6002 / Yejehy
%S0
S9SI0U MINL ‘%0G uonouny LINL palieduwl ‘9%gzG Juswarow S (s1eah 6°Z F |1 obe ueaw)
Jo abuel pastedw ‘%G 1| anbuey {(111) %8 a19A8s (I1) %EL (1v) xepu| onssuweuy pue (1q) pue (ooz =u) ues|
ajesapowl ‘(1) %0G Piiw :1d (1) % 818n8s ‘(]) %0€ PliW Iy Xdpu| uonouNsAp [ESIUID S,0WINISH O SJUSPN}S [EJUSP-UOU PUE [BJudp Z|0Z / lueplop
|0Jjuod o} pasedwod se gL 0 swoydwAs
AL yim pauodal Ajuanbaly aiow eibjejo pue ‘obiuan  uled Japjnoys ‘uoissaidap ‘eyoepeay
‘snjiuul] ‘%t gz woydwAs auo 1ses| 1e (9,(0’'G swoldwAs a|dwa) ‘obiuana ‘eibjejo ‘snyuuny (s1eahk L'z ¥ 9'g| obe ueaw)
931y} %9t swoldwAs om} ‘9,6 gl (Buluado yinow ui ‘swojdwAs |eine ‘Buiuado yynow (uaw 9%g803) (0€6 L = u) uedepr
Aynoiyip/uted N L/Bupolo) woydwAs auo :swoydwAs anL ul Aynoip ‘ured PLL ‘S8SIOUPINL S sjuapn)s AJIsIaAluUN JeaA isi L 102 /181y
(ebe ‘1opusb ‘,u) Anunoo
SBWO02IN0 UlB ZSpoylew Apnis uone|ndod Apnig JeaA / Joyiny

29



Some evidence of heritability in the development of TMD pain has been shown in
studies of familiar aggregation and genetic association (Visscher & Lobbezoo,
2015). Studies have found associations of genetic mapping with orofacial
symptoms, pain sensitivity, and the effect of stress on pain (Smith et al., 2011;
Smith et al., 2013; Slade et al., 2015; Sanders et al., 2017). TMD symptoms may
also be linked with pain sensitivity which has a special genetic background (Slade,
Smith, et al., 2013).

Biomechanical factors, such as parafunction and occlusal factors, can cause
microtrauma (Jussila et al., 2018; Jimenez-Silva et al., 2017), which may
predispose to TMD symptoms and signs. Macrotraumas may predispose to internal
derangements of the TMJ or deformation of the TMJ (Gray & Al-Ani, 2010),
effectuating a higher risk to develop TMD symptoms (Ryalat et al., 2009). For
example, in whiplash trauma, strain may be concentrated in the cervical tissues of
the ligaments of C1-C3, and hence symptoms and signs of TMD may develop years
after the accident. A Swedish study showed an association between a history of
whiplash trauma and TMD; however, the pathophysiology of whiplash seems to be
different from TMD pain in the facial region (Higgman-Henriksson et al., 2013).

According to the general dictionary, parafunction as abnormal or disordered
function comprises movements of the mandible that are outside normal function,
for example nail biting or bruxism (The Free Dictionary). However, in dentistry,
parafunctions and bruxism are considered as separate phenomena. Daytime oral
parafunctions like chewing gum or objects, nail biting, non-functional or static
tooth contact when awake, and sleep bruxism are associated with TMD symptoms
(Berger et al., 2015; Blanco Aguilera et al., 2014; Jimenez-Silva et al., 2017; Funato
et al., 2014) and signs (Paulino et al., 2018). Parafunctions increase the frequency
of muscle contractions, elevation of electromyographic activity, and may lead to
muscle hypertrophy. Experimental studies on blood oxygenation have concluded,
for example, that individuals with high risk for developing TMD may have
abnormalities in masseter and temporalis muscle deoxygenation (Shah, Melo, Reid,
& Ciofti, 2019; Suzuki, Castrillon, Arima, Kitagawa, & Svensson, 2016).

The role of sleep bruxism as a parafunction or risk factor of TMD is under
debate; here, it will be discussed in the chapter on bruxism (2.2).

Psychosocial factors

Psychological and social factors associated with TMD include distress (Ferrando
et al., 2004; Tuuliainen, Sipild, Miki, Kéndnen, & Suominen, 2015; Niskanen,
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Hietaharju, Ndpédnkangas, Suvinen, & Sipild, 2021), anxiety (S¢jka et al., 2018),
depression (Sipila et al., 2001; Rantala et al., 2009), catastrophizing (Campbell et
al., 2010; Haggman-Henrikson, Bechara, Pishdari, Visscher, & Ekberg, 2020,
social relationships (Rocha et al., 2017; Marpaung et al., 2018), economy
(Wetselaar, Vermaire, Lobbezoo, & Schuller, 2019), and work-related factors and
non-specific physical symptoms (NSPS) (Suvinen et al., 2004; Suvinen et al., 2005;
Manfredini, Piccotti, Ferronato, & Guarda-Nardini, 2010; Fillingim et al., 2011;
Maixner et al., 2011). Distress is one of the important psychosocial factors and is
defined as being subject to great strain or difficulties either physically or mentally
(Merriam-Webster Dictionary) or as a feeling of great worry or unhappiness
(Oxford Learner’s Dictionaries). Distress as a concept is also defined by attributes
such as inability to cope effectively, change in emotional status, harm, discomfort,
and communication of discomfort (Ridner, 2004). These attributes also control the
harmfulness of distress.

The relevance of psychological factors including somatic awareness in TMD
has been ascertained by many studies in both general (Manfredini et al., 2010;
Campbell et al., 2010; Fillingim et al., 2011, 2013; Sipilé et al., 2013) and student
populations (Paulino et al., 2018; Slade et al., 2016), but it is still difficult to
determine whether psychological symptoms predispose to TMD pain or vice versa
(Wieckiewicz, Zietek, Smardz, Zenczak-Wieckiewicz, & Grychowska, 2017). The
OPPERA study analyzed widely the association of psychological and somatic
factors with the onset of TMD and found significant interaction between global
psychological symptoms and TMD onset (Fillingim et al., 2013). Somatic
awareness (Fillingim et al., 2011, 2013), health anxiety (Aggarwal, Tickle, Javidi,
Peters, 2010), coping ability (Fillingim et al., 2011; Sojka et al., 2018),
catastrophizing (Fillingim et al., 2011), and depression are factors playing a role in
the long-term persistence of pain (Garofalo et al., 1998; Ohrbach & Dworkin,
1998).

Other pain conditions

Pain in other body areas (Sipild et al., 2011; Slade et al., 2014), widespread pain,
and fibromyalgia (Velly et al., 2010) are associated with TMD. The number of
comorbidities is positively associated with the duration and intensity of TMD pain
(Dahan, Shir, Velly, & Allison, 2015; Forssell, Kauko, Kotiranta, & Suvinen, 2017).
Widespread pain, and bodily comorbid local pain complaints like headache, muscle
soreness or pain, joint, back, chest, and menstrual pain often seem to precede TMD

31



(Lim et al., 2010; Nilsson List, & Drangsholt, 2013, Velly et al., 2010). Comorbid
pains in TMD patients also frequently associate with fatigue and poor general
health (Sanders et al., 2013; Jussila et al., 2018), such as painful and general health-
decreasing irritable bowel syndrome (IBS) (Ohrbach et al., 2020).

The processes of pain are complex; similar pathways of separate nociceptive
neurons, sensitization on different levels of the central nervous system and brain,
and finally, referred pain sensation partly explain the different manifestations of
TMD pain (Khalid & Tubbs, 2017; de Leeuw & Klasser, 2013).

Regional cervicogenic musculoskeletal pain with neck disability refers to the
shoulders, arms, upper and lower back, and head. Separate regional
musculoskeletal pains have common risk factors, and, on the other hand, the
conditions may appear simultaneously. The increased pain load causes a change in
the processing of impulses, and during chronification, larger areas of the brain
cortex are involved, thus complicating treatment. In Finnish student population, co-
occurrence of different pain symptoms and TMD symptoms was reported in 2000
and 2012; of those suffering from neck and shoulder pain, 9% also had TMD pain
(Oksanen et al., 2014).

2.1.5 Diagnostics of TMD

The diagnosis of TMD is based on patient history, subjective symptoms, and
clinical examination, supplemented with radiological imaging if needed.
Questionnaires for assessing symptoms and background factors are included in the
examination. A thorough clinical examination of a TMD patient includes
registration of movements of the jaw and pain during movements, TMJ noises, and
palpation of the masticatory muscles and TMJs. Registration of occlusion, pain on
palpation in the neck and base of skull, mobility of TMJs, and pain on movements
of the head are included in comprehensive examination of TMD patients.

Research Diagnostic Criteria for Temporomandibular Disorders

The internationally standardized protocol Research Diagnostic Criteria for
Temporomandibular Disorders (RDC/TMD), edited by Samuel Dworkin and Linda
LeResche in 1992 (Dworkin & Le Resche, 1992), has since been revised and
updated by the RDC/TMD Consortium, later called the International Network for
Orofacial Pain and Related Disorders Methodology (INfORM). The reliability and
validity of the RDC/TMD criteria have been tested (Dworkin et al., 2002; Truelove
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et al., 2010; Schiffman, 2010) and the protocol is widely used in high-quality
studies. Clinical TMD diagnoses are set according to Axis I diagnostic algorithms,
based on symptom questionnaire and clinical examination. The Axis II instruments,
used for psychosocial assessment of the TMD patient, include a Graded Chronic
Pain Scale 1.0 (GCPS 1.0) for assessment of pain intensity, pain-related disability,
and chronic pain grade classification. Axis II also includes assessment of
depression and non-specific physical symptoms (with or without pain items
included), based on the Symptom Checklist 90-revised, SCL-90-R, during the
preceding month (Von Korff, Ormel, Keefe, & Dworkin, 1992; Dworkin &
LeResche, 1992; Derogatis, 1994). The depression scale assesses negative mood,
and the NSPS include various complaints of cardiovascular, gastrointestinal,
respiratory, and other autonomic systems, reflecting distress aroused by bodily
perceptions (Dworkin & LeResche, 1992).

Currently, the RDC/TMD has been translated to Finnish and 20 other
languages. All instruments for study assessment are available at the INfORM
webpage www.iadr.org/INfFORM/RDC-TMD in English, and in Finnish at
https://ubwp.buffalo.edu/rdc-tmdinternational/wp-content/uploads/sites/58/2017/
01/RDC-Finnish.pdf (Suvinen, Rantala, Ahlberg, & Koénonen, 2010).

Diagnostic Criteria for Temporomandibular Disorders

The Diagnostic Criteria of Temporomandibular Disorders (DC/TMD) (Schiffman
et al., 2014) was further developed from RDC/TMD for clinical and scientific
settings. According to the DC/TMD, the dual-axis system reflects the
biopsychosocial model with Axis I clinical diagnoses and Axis II assessment. Axis
I includes TMD Pain Screener, DC/TMD Symptom Questionnaire and clinical
examination protocol with mandatory commands which reveal pain-related
(myalgia, myofascial pain, myofascial pain with referral, arthralgia, and headache
attributed to TMD) and joint-related (intra/articular and degenerative joint
disorders and subluxation) TMD sub-diagnoses. Diagnostic decision trees and
diagnostic criteria have been drawn for diagnosis making. (Schiffman et al., 2014)
Additionally, Axis II includes questionnaires on pain and pain-related disability,
pain intensity, location of pain, NSPS, symptoms of depression and anxiety,
parafunctional behaviors, and limitations in jaw function (Schiffman et al., 2014;
Ohrbach & Dworkin, 2016), thus revealing individual risk factors and prognosis
assessment which are prominent factors in treatment planning.

33



As RDC/TMD also DC/TMD has been translated to Finnish; the translation is
available on the INfORM  homepage  https://ubwp.buffalo.edu/rdc-
tmdinternational/tmd-assessmentdiagnosis/dc-tmd/ (Ohrbach, 2016).

Both RDC/TMD and DC/TMD have been applied to some student studies
(Patala, Napankangas, Sipild, 2021, Niskanen et al., 2021, Séjka et al., 2019,
Lovgren et al., 2018, Loster, Osiewicz, Groch, Ryniewicz, & Wieczorek, 2017).

2.1.6 Treatment of TMD

TMD treatment need (7-9%) exceeds the demand (3—7%) in general population,
where women are the majority (Kuttila et al., 1998; Carlsson, 1999; Magnusson,
Egermark, & Carlsson, 2002). The treatment need is highest in the age range of 35
to 50 years (Kuttila et al., 1998; Kohler et al., 2012).

The aims of TMD treatment are to decrease pain and muscle tension, reduce
discomfort and TMJ noises, and to improve limited jaw function. Conservative
treatment, like counseling and patient education (Dworkin et al., 2002; Roldan-
Barraza, Janko, Villanueva, Araya, & Lauer, 2014; Aggarwal et al., 2019), exercises
(Storm Mienna et al., 2019; Armijo-Olivo et al., 2016), massage (Morell, 2016),
manual therapy (Armijo-Olivo et al., 2016; Delgado de la Serna et al., 2020), and
occlusal splint therapy (Roldan-Barraza et al., 2014), is recommended as first-line
treatment (Wieckiewicz, Boening, Wiland, Shiau, & Paradowska-Stolarz, 2015).
Good first-hand patient advice and education may have an impact on both TMD
treatment need and demand. Additional treatments, like pharmacotherapy with pain
medication, occlusal rehabilitation, psychological treatment, and surgical treatment
are applied if needed (Haggman-Henrikson et al., 2017; Al-Moraissi et al., 2020;
Nagori et al., 2018).

The current opinion agrees that tailored treatment based also on psychosocial
assessment gives the most beneficial outcome (Dworkin et al., 2002; Kotiranta,
Suvinen, & Forssell, 2014). Combining different treatment modalities gives the
best results in most cases (Karibe et al., 2014).
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Conservative treatment

Information and self-care

The first-choice elements of TMD symptoms management are to inform the patient
of the etiology and risk factors of TMD, the generally good prognosis and treatment
protocols at a dentist’s practice, and to inform and educate the patient on self-care
(Dworkin et al., 2002; Roldan-Barraza et al., 2014; Aggarwal et al., 2019; Storm
Mienna et al., 2019; Armijo-Olivo et al., 2016). Self-care for TMD pain comprises
warming or cooling aching muscles and joints, self-massage, motion and stretching
exercises, relaxation, and pain medication if needed.

Treatment of TMD includes possible elimination of harmful behavior,
masticatory muscle exercises, and targeted physical treatment, if needed.
According to several studies, active exercise decreases TMD pain and affliction by
increasing the mouth opening range, decreasing pain on moving jaw, and
decreasing the need of pain medication (Armijo-Olivo et al., 2016). Patients with
widespread pain often also benefit from active exercise (Storm Mienna et al., 2019),
especially when exercises for surrounding tissues like the neck or upper back are
included. These exercises include posture exercises and repeated tension and
relaxation with minimal movement. Additionally, a recent study by Miettinen et al.
(2021) on Finnish conscripts showed that good physical fitness in the neck-
shoulder area may be a protective factor against TMD pain.

Florjanski et al. (2019) showed in their systematic review that different
biofeedback methods (visual, audio, or electrical) can be useful in decreasing
masticatory muscle activity, at least in the short term (Florjanski et al., 2019). Roy,
de la Vega, Jensen and Mir6 (2020) studied the possibilities of neurofeedback on
pain management and concluded that there may be potential for reducing pain and
improving other related outcomes in individuals with chronic pain. However, all
methods lack sufficient evidence for definitive conclusions on the effectiveness of
biofeedback (Florjanski et al., 2019; Roy et al., 2020; Mishra, Gatchel, & Gardea,
2000; Raphael et al., 2013).

Physical therapy

Physical therapy strives to enhance and restore physical function of the masticatory
muscles, joints, and related structures by utilizing non-invasive methods such as
various manual therapies, mobilization and manipulation of TMJ and cervical
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neural tissue, massage, and soft low-level laser therapy. Physical therapy has
primarily been suggested to be an effective treatment method (Wéinman &
Marklund, 2020; Wieckiewicz et al., 2015). Also, transcutaneous electrical nerve
stimulation (TENS) (Zhang et al., 2020) and acupuncture have been used for
immediate pain relief, for decreasing electromyographic activity, and for increasing
the range of mandibular movement (Fernandes et al., 2017; Munguia et al., 2018).

Manual mobilization of TMJs and neural tissues and manual therapy of
masticatory muscles, TMJs, and related structures such as cervical (C1-C3) joints
and head, neck and upper back muscles decrease pain symptoms, perceived and
palpation TMD pain, and increase the mobility of the jaw (von Piekartz & Hall,
2013; Armijo-Olivo et al., 2016; Paco, Peleteiro, Duarte, & Pinho, 2016; de Melo
et al., 2020). Accordingly, as cervicogenic headache can be a contributing factor to
TMD, targeting treatment at both the cervical and the orofacial area gives good
results for both TMD symptoms and signs, and headache (von Piekartz & Hall,
2013).

The results from studies on manual therapy and therapeutic exercise are,
however, controversial, partly due to the heterogeneity of the study protocols
(Armijo-Olivo et al., 2019). Manual therapy alone or combined with relaxation
methods has a better long-term impact than any of the above-mentioned alone in
both myogenous and arthrogenous TMD (Calixtre, Moreira, Franchini,
Alburquerque-Sendin, & Oliveira, 2015; Pago et al., 2016; van Grootel, Buchner,
Wismeijer, & van der Glas, 2017). Promising results have also been achieved by
combining physical therapy with occlusal splint treatment. In stepped care of
myogenous TMD, physical therapy may be successful as primary therapy before
occlusal splint (van Grootel et al., 2017).

Occlusal splint

An occlusal splint, made of processed acrylic resin, is a custom-made mouth guard
attached to the teeth by friction for treatment of TMD. Stabilization splint (SS) is
the most common type of splint used in TMD (Okeson, 2020). The benefit of use
of SS is shown especially in most patients with joint-related TMD (Klasser &
Greene 2009; Wianman, & Marklund, 2020). Temporary use of other common
splints, reposition and relaxation splints, is recommended especially in painful
TMD, but switching to stabilization splints after 2—3 weeks is recommended to
avoid pathological changes in dentition (Tecco, Festa, Salini, Epifania, & D'Attilio,
2004).
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In the literature, the results of the effects of SS are shown to be contradictory;
some studies have shown that their pain-relieving effect is good or moderate
(Wahlund, List, & Larsson, 2003; Magnusson et al., 2004; Zhang et al., 2020),
whereas others have reported that splint use does not give any additional pain relief
as compared to other treatments, such as counseling and masticatory muscle
exercises (Truelove, Huggins, Mancl, & Dworkin, 2006; Qvintus et al., 2015).
Quvintus et al (2015) found no significant difference between the groups in change
of pain on visual analogue scale (VAS) before and after one-year follow-up. In fact,
fewer patients (27.6%) in the splint group reported ‘very good’ treatment effects
after the 1-year follow-up compared with the control group (37.5%). Al-Moraissi
et al. (2020) conducted a network meta-analysis of the effect of hard SS compared
to prefabricated or non-occluding splints, counseling therapy, and control. The
evidence favoring any special SS treatment was low or very low. However, there
was moderate evidence that counseling therapy is as effective as hard SS in TMDs
of mixed origin. They also reported that anterior repositioning splints are favored
over SS in mainly arthrogenous TMD.

The SS can, however, be considered a good non-invasive treatment approach,
especially in TMD with restriction or pain on mandibular movement, even though
the results on long-term effectiveness are contradictory (Zhang et al., 2020).

The controversial results of studies concerning conservative TMD treatment,
such as the effect of splints, may derive from heterogenic study populations. For
example, studies on the impact of the role of psychosocial factors on treatment
outcome are scarce (Huttunen et al., 2019; Litt, Shafer, Ibanez, Kreutzer, & Tawfik-
Yonkers, 2009). More studies evaluating the treatment response also using
psychosocial instruments along with conventional outcome factors, like pain
intensity, are needed.

Psychosocial interventions

Psychosocial intervention is an umbrella term; according to one definition,
psychosocial interventions emphasize psychological or social factors rather than
biological factors (Ganslev, Storebg, Callesen, Ruddy, & Segaard, 2020).
Psychosocial interventions comprise, for example mindfulness, cognitive behavior
therapy, and different coping methods such as applied relaxation (AR).
Psychosocial interventions in TMD treatment are justified as psychosocial risk
factors are relevant in the background of TMD (Suvinen et al., 2005). In general,
psychosocial interventions in TMD pain have been successful for pain coping and
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acceptance, resulting in improvement of pain and disability compared with usual
treatment. Improvements in mediators like pain catastrophizing and psychological
inflexibility have been shown (Roldan-Barraza et al., 2014). Different psychosocial
interventions can be performed in individual and group therapy and combined with
other treatment methods (Ké&#pd, Frantsi, Sarna, & Malmivaara, 2006; Ehde,
Dillworth & Turner, 2014).

Mindfulness

Mindfulness is a common individual and group therapeutic method for relieving
psychological distress and musculoskeletal tension (Schumer, Lindsay, & Creswell,
2018). The goal of mindfulness-based interventions is to increase self-management
rather than influence the experienced symptom, e.g. pain McCracken & Vowles,
2014). A meta-analysis of studies on mindfulness-based stress reduction concluded
that mindfulness may contribute to better coping abilities in health issues
(Grossman, Niemann, Schmidt, & Walach, 2004). Mindfulness-based treatment has
been shown to reduce distress and stress especially in healthy people with
psychological symptoms (Khoury, Sharma, Rush, & Fournier, 2015). Multiple
studies show that mindfulness also reduces stress among cancer pain and chronic
pain patients with significant decrease in distress and stress levels and increase of
pain acceptance (Carlson, Bertrand, Ehrlich, Maxwell, & Burton, 2001; Plews-
Ogan, Owens, Goodman, Wolfe, & Schorling, 2005). However, researchers are not
unanimous, and a systematic review and meta-analysis was skeptic, and requested
more high-quality studies with larger sample sizes, multidimensional scale
measuring mindfulness, and choosing outcomes with value to patients (Bawa et al.,
2015).

Cognitive behavior therapy

Cognitive behavior therapy (CBT) such as counseling, education, relaxation
methods and acceptance and commitment therapy, aims to decrease the burden of
pain.

Several studies have shown the utility of cognitive behavioral interventions in
chronic pain (Williams, Fisher, Hearn, & Eccleston, 2020). In TMD treatment, also,
CBT has shown to be effective (Aggarwal et al., 2010; Roldan-Barraza et al., 2014)
as it focuses on changing the behavior that maintains or worsens distress, disability,
catastrophic thinking, and pain (Williams et al., 2020). CBT has also shown to be

38



cost-effective in treatment of TMD, especially at early stage (Stowell, Gatchel, &
Wildenstein, 2007; Litt et al., 2009; Aggarwal et al., 2010). As a strategy developed
within CBT, acceptance and commitment therapy (ACT) has been studied in pain
subjects with good results (Wicksell, Olsson, & Hayes, 2010; Thompson et al.,
2011). The treatment objective in ACT is to increase psychological flexibility also
in the presence of interfering distress and pain. The treatment outcome of
acceptance-oriented ACT has been compared with other CBT-based methods such
as coping-oriented AR (Thorsell et al., 2011; Kemani et al., 2015; Kemani, Hesser,
Olsson, Lekander, & Wicksell, 2016).

Litt et al. (2009) showed that pain and catastrophizing decreased significantly
whereas active coping increased in interventions where CBT was combined with
standard treatment in TMD patients (Litt et al., 2009). However, the decrease of
pain level was not significantly higher with the combined intervention. They also
showed that skills attained in CBT training add to the efficacy of other treatment
modalities, especially in patients with low somatization or high self-efficacy (Litt
et al., 2009).

Applied relaxation

Applied relaxation (AR) is a coping method developed from Jacobson’s
progressive relaxation by Professor Lars-Goran Ost in Sweden. Jacobson’s
progressive relaxation therapy (from the 1920s) is based on recognizing the
difference between tight and relaxed muscle by tensing and relaxing specific
muscle areas one at a time. Recognition of the difference also teaches awareness of
one’s body and physical sensations. Ost (1987) developed the method further, from
awareness of physical sensations to controlling physiological events in the
autonomic nervous system, which is the basis of AR (Ost, 1987).

The mechanism of the effect of AR is not clear, but several outcomes have been
presented:

reduction of general tension in the body,
increased recognition and awareness of the problematic reaction,

1

2

3. increased self-esteem,

4. increased number of alternatives in a problematic situation, and
5

decrease of fatigue and feebleness (Ost, 1987).

In short, AR is a self-control method based on changing the autonomic response to
psychological or physiological stimulus. Due to its active nature and easy usability,
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AR differs from other coping methods. The patient is taught to control the
autonomic reactions, sensations, and mechanisms of his/her body through
relaxation. The time needed for functioning relaxation to be achieved decreases
gradually from 20 minutes to less than a minute and changes from conscious to
subconscious activity through active training. (Ost, 1987)

The studies on AR assessment for psychological or psychiatric problems in the
1970’s to 1990’s showed beneficial results; personal CBT and AR have shown to
relieve generalized anxiety disorder including worrying and stress (Ost &
Breitholz, 2000; Hayes-Skelton, Roemer, & Orsillo, 2013). During the first decade
of the 21% century, studies on behavioral medical treatment were carried out.
Willumsen et al. (2001) showed good results in relieving dental fear with AR
compared with nitrous oxide and cognitive therapy, with more regular dentist’s
check-ups and improved dental health as an additional outcome (Willumsen,
Vassend, & Hoffart, 2001). Although positive results have been of short duration,
AR and cognitive behavioral methods could be beneficial for persons with severe
tinnitus (Andersson, 2002; Beukes, Manchaiah, Baguley, Allen, & Andersson,
2018), AR has also been more successfully used in treatment of headache (Strom,
Pettersson, & Andersson, 2000) and back pain as compared to either usual
rehabilitation therapy or no treatment in studies with a two- and twelve-month
follow-up (Johansson, Dahl, Jannert, Melin, & Andersson, 1998; Marhold, Linton,
& Melin, 2001).

The use of AR is based on the previous positive results of treatment of muscular
or joint pain (Andersson, Johansson, Nordlander, & Asmundson, 2012; Kemani et
al., 2015). Kemani et al. compared the impact of AR and ACT on pain and showed
that the Pain Disability Index decreased more in ACT than in AR during active
therapy. However, at three- and six-month follow-up both pain and disability
remained lower or improved further in AR whereas they gradually deteriorated in
ACT (Kemani et al., 2016), showing better longevity of AR. When comparing cost-
effectiveness in the same study, ACT was more cost-effective than AR during
therapy and at the 3-month follow-up, but no longer at 6-month follow-up (Kemani
et al., 2015). Both AR and ACT have shown good results in coping and relieving
pain although the mechanisms are different. (Hayes-Skelton et al., 2013).

To the best of our knowledge, the impact of AR on TMD has not been
previously studied. However, as psychosocial factors and response to stress play a
noteworthy role in TMD pain, methods like AR that increase coping ability may be
beneficial especially for TMD patients with other pain symptoms or psychosocial
loading. Also, as TMD is similar to other musculoskeletal pains, the impact of AR
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could be as successful as it has been shown to be in headache and back pain
treatment.

2.2 Bruxism

Bruxism has traditionally been assumed to be an important background factor in
TMD. A significant association between TMD and bruxism has been shown in both
general and student population studies, based on self-report (Blanco Aguilera et al.,
2014; Emodi Perlman et al., 2016; Jiménez-Silva, Pefia-Duran, Tobar-Reyes, &
Frugone-Zambra, 2017; Ekman et al., 2020; Nogueira Coutinho et al., 2020), as
well on clinical studies (Magnusson et al., 2004; Manfredini & Lobbezoo, 2010;
Paulino et al., 2018; Phuong et al., 2020; Soares et al., 2017; van Selms, Lobbezoo,
Visscher, & Naeije, 2008; Yal¢in Yeler, Yilmaz, Koraltan, & Aydin, 2017).
However, the causality between bruxism and TMD is not known.

2.2.1 Definition

According to recent international consensus, the relevant indicator of bruxism is
the masticatory muscle activity (Lobbezoo et al., 2018). Bruxism was earlier
defined as oral parafunction with repetitive activity of the masticatory muscles
characterized by teeth clenching, or grinding, and/or thrusting of the mandible. It
included two distinct circadian manifestations during sleep, with excessive sleep
arousal activity, or during wakefulness (Lobbezoo et al., 2013). Both states
comprise elevated muscle tension and may cause stiffness and functional pain in
masticatory muscles.

According to the current approach, a single definition for bruxism has been
replaced by two separate definitions for sleep and awake bruxism (Lobbezoo et al.,
2018). Sleep bruxism (SB) is a masticatory muscle activity during sleep that is
characterized as rhythmic (phasic) or non-rhythmic (tonic). Awake bruxism (AB)
is a masticatory muscle activity during wakefulness that is characterized by
repetitive or sustained tooth contact and/or by bracing or thrusting of the mandible.
Neither sleep nor awake bruxism is considered a movement disorder in otherwise
healthy individuals; instead, it should be considered as a behavior that can be a risk
factor for consequences like tooth wear, or TMD, but may also be a protective
factor when associated with one or more positive health outcomes (Lobbezoo et al.,
2018). Bruxism is also considered as one of many sleep disorders (International
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Classification of Sleep Disorders) and is classified as a somatoform disorder in
ICD-10.

2.2.2 Prevalence

Bruxism is most common in teenagers and young adults, its prevalence declining
with age towards the late 60s (Lobbezoo, Ahlberg, Manfredini, & Winocur, 2012;
Manfredini, Winocur, Guarda-Nardini, Paesani, & Lobbezoo, 2013) without
significant gender differences in studies based on self-report (Ahlberg, Savolainen,
Rantala, Lindholm, & K&nonen, 2004; Manfredini et al., 2013).

The prevalence for awake bruxism is 19-29% (Lavigne et al., 2008; Carra et
al., 2011) and for heavy sleep bruxism 10-16 % in the general population (Lavigne
et al., 2008; Carra et al., 2011; Manfredini et al., 2013). The NFBC 1966 study
reported that 38% of 46-year-olds reported sleep bruxism and 10% awake bruxism,
women reporting more bruxism than men (Ekman et al., 2020). In a Brazilian study,
10% of the adults (n = 1 280) reported sleep bruxism based on interview (Pontes &
Prietsch, 2019). They also reported that SB did not show any gender differences
but did associate with higher education. In an Italian adult population study, the
prevalence of bruxism in young adults, i.e. under 30 years of age, was 35% and
declined with age (Ciancaglini, Gherlone, & Radaelli, 2001). A recent survey of
young Dutch adults showed that of 17- and 23-year-olds, 4% reported awake
bruxism and 8%—13% sleep bruxism (Wetselaar et al., 2019).

Bruxism is frequently reported in student populations (Soares et al., 2017;
Yalcin Yeler et al., 2017; Nogueira Coutinho et al., 2020) (Table 1). Worldwide, the
prevalence of parafunctions and bruxism in students varies between 17 and 89%
(Jivnani et al., 2019; Lovgren et al., 2018; Lung et al., 2018; Paulino et al., 2018;
Sojka et al., 2019; Vojdani, Bahrani, & Ghadiri, 2012; Wieckiewicz et al., 2014)
(Table 1) The prevalence of awake bruxism among Israeli high school students
(n=2347) was 19.2% and that of sleep bruxism 9.2% (Emodi-Perlman et al.,
2016) while Nomura (2007) showed a bruxism prevalence of 72% in a study of 218
dental students (Table 1). Studies with students other than health care students are
scarce. More studies with large populations of students from all study fields are
needed to achieve results that are comparable with general population studies.
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2.2.3 Background factors

Bruxism is a multifactorial, centrally inductive phenomenon. It has been suggested
to be related to psychosocial factors, such as distress, depression, and anxiety
(Lobbezoo & Naeije 2001; Lobbezoo et al., 2006; Ahlberg et al., 2013). The
association of bruxism in the etiology of TMD has been widely discussed, whereas
the association between psychological symptoms and bruxism is not clear (van
Selms et al., 2017). Because of some common background factors, such as anxiety,
distress, and elevated muscle contraction, the etiologies of both bruxism and TMD
often are discussed side by side.

Besides psychosocial factors, several other risk factors for bruxism have also
been presented, i.e. higher socioeconomic status (Wetselaar, Vermaire, Lobbezoo,
& Schuller, 2021), personality, genetics (Lobbezoo, Visscher, Ahlberg, &
Manfredini, 2014; Ahlberg et al., 2020), smoking and substance use (Ohayon et al.,
2001; Rintakoski et al., 2010), medicines that influence serotonin and dopamine
metabolism (Lavigne et al., 2001; Winocur, Gavish, Voikovitch, Emodi-Perlman,
& Eli, 2003; de Baat et al., 2021), conditions like Parkinson’s disease and Down
syndrome (Ella, Ghorayeb, Burbaud, & Guehl, 2017; Verhoeff et al., 2021), and
common mental disorders (Kinalski et al., 2019).

2.2.4 Diagnosis

Based on a consensus, the diagnosis of bruxism can be achieved on three different
levels: possible, probable, and definite (Lobbezoo et al., 2013). Possible diagnosis
is based on self-report, while probable diagnosis also requires a clinical
examination with apparent oral manifestations, like buccal linea alba, impressions
on the sides of the tongue, and tooth wear. Only tooth grinding sounds have strong
evidence of association to bruxism (Lavigne, Rompré, & Montplaisir, 1996; Abe et
al., 2009). Other clinical findings, such as tooth wear, muscle fatigue or pain,
muscle hypertrophy, or temporal headache have several other background factors
besides bruxism (Stuginski-Barbosa, Porporatti, Costa, Svensson, & Conti, 2017;
Michelotti, Cioffi, Festa, Scala, & Farella, 2010). A definite diagnosis of sleep
bruxism also requires polysomnographic or related recording. The fluctuating
pattern of sleep bruxism complicates the use of one-night polysomnography to
reveal random masticatory muscle events; home polysomnography with a self-
applicable electrode set could thus provide a more definite diagnosis (Miettinen et
al., 2018).
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2.2.5 Treatment

Treatment of bruxism aims to alleviate pain and other symptoms as well as to
protect teeth and surrounding structures from harmful forces. Lobbezoo and
colleagues summarized the initial treatment modality of bruxism as triple-P: pep-
talk, plates, and pills, referring to counseling, stabilization splints and short-term
pharmacotherapy (Lobbezoo et al., 2008). Manfredini, Ahlberg, Winocur and
Lobbezoo (2015) concluded that there is not enough evidence to define a standard
of reference for the treatment of bruxism, except the manufacturing of oral splints,
partly due to the low quality of studies (Manfredini et al., 2015). They also stated
that there is a lack of evidence of the effects of various treatment modalities because
of low-quality and scarce randomized trials. However, they recommended adding
psychological and physical therapy to the triple-P treatment modality (Manfredini
et al., 2017).

Occlusal splint

Stabilization splints are manufactured to protect the teeth and restorations from
excessive wear and tear, thus not for treating bruxism but to prevent further damage
and reduce the pain in teeth and masticatory structures. A summary of the effect of
oral splint use on bruxism showed insufficient evidence of shortening bruxing time
or decreasing bruxing episodes or reducing tooth wear compared with a control
splint. However, more pain reduction was shown in bruxers with splints compared
to no splint, minimal intervention, or placebo splints (Riley et al., 2020.)

Pharmacotherapy

Drug therapy with L-dopa inhibitors or antidepressants, for example (Macedo,
Macedo, Torloni, Silva, & Prado, 2014) or injections like botulinum toxin have
been used to treat bruxism in conditions with severely elevated muscle tonus
(Haggman-Henrikson et al., 2017). High-quality RCTs are needed to evaluate the
effect of botulinum toxin injections, although they may be effective as alternative
therapy for reducing the symptoms of primary bruxism (Sendra, Montez, Vianna,
& Barboza, 2020).
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Psychological therapy

Psychological and physical therapy have been suggested to be included in the
treatment of bruxism (Manfredini et al., 2015). For example, behavior modification
(Glaros, Kim-Weroha, Lausten, & Franklin, 2007) and adapting muscle relaxation
methods for stress reduction have been applied, especially for awake bruxism.
Ommerborn et al. (2007) compared occlusal splint treatment with CBT among
bruxers and found no significant difference between the two. The results in the CBT
group were more positive in self-assessment of bruxism activity and in positive
stress-coping strategies (Ommerborn et al., 2007). Valiente Lopez et al. (2015)
compared combined improvement of sleep hygiene and progressive relaxation on
sleep bruxism and sleep for a 4-week period using polysomnography, showing no
significant difference in the outcome (Valiente Lopez, van Selms, van der Zaag,
Hamburger, & Lobbezoo, 2015).

Physical therapy

There is only weak evidence that physical therapy methods like electrotherapeutics,
therapeutic and postural exercises or local therapy like acupuncture, muscle
relaxation and massage would improve muscle pain and activity, health-related or
psychological factors in persons with bruxism (Amorim, Espirito Santo, Sommer,
& Marques, 2018). However, psychological as well as various physiotherapeutic
treatments can be used auxiliary to occlusal splints in the treatment of bruxism
(Manfredini et al., 2015).

Biofeedback

Biofeedback with or without mechanical applications is occasionally successful;
some case studies on children or mentally challenged people applying repeatedly a
tap on the cheek with a simultaneous command to open mouth have shown
successful results (Armstrong, Knapp, & McAdam, 2014; Barnoy, Najdowski,
Tarbox, Wilke, & Nollet, 2009). A significant correlation between reduced
masticatory muscle activity and audio biofeedback, visual biofeedback training, or
electrical stimulation intervention was shown in a systematic review (Florjanski et
al., 2019). However, the evidence for the effect of biofeedback on bruxism is scarce
as the quality of the studies included in the qualitative analysis was low or
moderate.
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As TMD and bruxism share common psychosocial background factors, AR as
one modification of CBT could be effective for treatment of these conditions. Even
though the studies on relaxation and biofeedback methods in the treatment of
bruxism have not been able to show relevant effect, it may be speculated that
treatment focused to a specific sample susceptible to psychosocial burden might be
beneficial. This hypothesis is based on the positive effect of AR in treatment of
musculoskeletal pain and psychological distress found in previous studies. Thus, as
students have more distress than the general population and are at high-risk age
regarding TMD and bruxism, they make an appropriate study population.
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3 Aims of the study

The aims of the study were to evaluate the prevalence of TMD symptoms and self-
reported bruxism, their mutual relationship and psychosocial background factors,
and the applicability of the applied relaxation method in treatment of TMD among
Finnish university students.

The specific research objects were to investigate the following among Finnish
university students:

1. the prevalence of TMD symptoms and self-reported bruxism
the association between TMD symptoms and self-reported bruxism

3. the associations of psychological distress and widespread pain with TMD
symptoms and self-reported bruxism

4. the effectiveness of applied relaxation method as compared to stabilization
splint in treatment of TMD.

The working hypotheses were that TMD symptoms and bruxism are common
among university students, they are mutually associated, and share distress and
widespread pain as determinants.

Furthermore, we hypothesized that applied relaxation is an effective method as
compared to occlusal splint in treatment of TMD.
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4 Subjects and methods

41 Cross-sectional survey (Studies I, Il)

The Finnish Student Health Service (FSHS) has implemented a comprehensive
health survey every four years between the years 2000 and 2016 to undergraduate
students in Finnish universities of applied sciences (UAS) and academic
universities (Univ). In 2012 and 2016, the comprehensive data collection of
students’ physical, mental, and social health included questions on TMD symptoms
and bruxism as one of the items of special interest.

4.1.1 Data collection

The survey questionnaire, available in both paper and in electronic format, included
168 (in 2012) and 126 (in 2016) questions on students’ physical, mental, and social
health, certain key-aspects of health-related behavior, the use of health services,
and opinions concerning the quality of the services. In 2012, the following six
questions on TMD and bruxism were included in the questionnaire:

1. TMD pain: Do you experience pain in the temples, temporomandibular joint,
face or jaw once a week or more often? (with the following answer options:
no/occasionally/all the time)

2. Some factors may provoke facial pain. Which factors provoke your facial pain?
(I haven’t noticed any provoking factors/cold/chewing/stress/something else,
what?).

3. TMIJ pain on jaw movement: Do you experience pain once a week or more
often while opening your mouth wide or during chewing? (never or
seldom/yes).

4. TMIJ locking: Does your jaw lock once a week or more often? (no/yes),

5. Sleep bruxism/awake bruxism: Do your grind or clench your teeth tightly
together? (no/only when sleeping/only awake/both asleep and awake).

Questions 1, 3, and 4 are validated for screening TMD in adult population (Lovgren
et al., 2016). In 2016, the same questions (except 2) were used.
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Table 2. Distribution of original sample by gender and respondents by gender, age and
study level.

2012 (n =9 992) 2016 (n = 10 000)
men women men women
(n=4661) (n=52331) (n=4767) (n=5233)

Group / Category n % n % n % n %
Sample

UAS' 2317 232 2679 26.8 2434 243 2570 25.7

Univ? 2344 235 2652 26.5 2333 233 2663 26.6
Respondents

UAS 711 16.2 1267 28.8 400 13.0 833 27.0

Univ 917 20.8 1508 34.2 664 21.5 1185 38.5
Mean age (years)

UAS 24.4 23.7 24.8 241

Univ 25.2 24.7 24.6 24.3
Age group/UAS

< 25 years 421 25.9 882 31.8 184 18.1 465 24.8

25-29 years 222 136 284 10.2 134 132 208 11.1

30-34 years 68 4.2 101 3.6 52 5.1 95 5.1
Age group/ Univ

< 25 years 430 26.4 834 30.1 296 29.2 548 29.3

25-29 years 354 21.7 493 17.8 275 271 433 23.1

30-34 years 133 8.2 181 6.5 73 7.2 123 6.6

" Universities of Applied Sciences, 2 Academic Universities

Psychological distress was assessed using the reliability-tested and validity-shown
12-item General Health Questionnaire (GHQ-12) (Goldberg et al., 1997; Oksanen
et al., 2014; Hankins, 2008; Aalto, Elovainio, Kiviméiki, Uutela, & Pirkola, 2012).
The GHQ-12, used as a screening instrument to measure non-specific psychiatric
morbidity with 12 items, includes questions regarding concentration, decision-
making, coping with difficulties, feelings of usefulness, happiness, self-confidence,
sleep disturbances, unworthiness, ability to enjoy, and ability to confront
difficulties. Respondents were asked to rate the extent to which they had recently
experienced any of the 12 symptoms using a 4-point Likert scale:

1 = not at all,

2 = same as usual,

3 = somewhat more than usual, and
4 = much more than usual.
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The responses were combined into a sum score, the range being 12—48. A higher
score indicated greater distress. Two out of the 12 questions could be missing and
replaced by the mean value of the remaining GHQ-12 items of the individual. In
the present study, GHQ-12 was used both as categorized and continuous. The score
was further divided into quartiles (see 4.1.3. Statistical analysis), of which the two
highest indicated elevated distress.

In 2012, the question for self-rated general health was: “How would you rate
your own health?”” (with the options good/quite good/average/quite poor/poor). For
the analysis, the responses were classified into three subgroups: good (good/quite
good), moderate (average), and poor (quite poor/poor).

In 2016, the format of the question was changed as follows: “How would you
describe your current state of overall well-being?” (with the options very
good/good/fairly good/poor/very poor). For the analysis, the responses were
classified into three subgroups: good (very good/good), moderate (fairly good), and
poor (poor/very poor).

Other pain items were inquired with the question “Have you had the following
symptoms during the last month (30 days)?: Headache, neck or upper back pain,
lower back pain, and pain in limbs” (with the options not at
all/occasionally/weekly/daily or almost daily). The responses were dichotomized
as 0 (not at all/occasionally) and 1 (weekly/daily or almost daily). Widespread pain
was defined according to White, Speechley, Harth and Ostbye (1999), with some
modifications; subjects who reported pain involving at least one extremity and
either the neck or back were assessed to be suffering from widespread pain.

4.1.2 Design of the study

The FSHS research team prepared and sent a comprehensive questionnaire to
students studying in Finnish academic and applied science universities. The sample
sizes from each study level were equal (in 2012: 4 996 UAS and 4 996 Univ; in
2016: 5 004 UAS and 4 996 Univ). (Table 2) In 2012, 37% of the respondents were
male and the total response rate was 44.3% (4 532 responses), while in 2016, 34.5%
of the respondents were male, and the total response rate was 31% (3 114
responses). The age range was 18-35 years. The respondents represented well the
target population for gender, age, study years, and disciplines (Kunttu & Pesonen,
2013; Kunttu, Pesonen, & Saari, 2017).
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4.1.3 Statistical analysis

The prevalence of sleep and awake bruxism as well as TMD symptoms in Study I
was described as numbers and percentages and stratified by gender, age was
dichotomized into 25 years or less vs. 26 years or more. The answers to the
questions on TMD pain were dichotomized as yes (occasionally/all the time) or no.
Bivariate associations between TMD symptoms and bruxism (sleep bruxism,
awake bruxism, and both sleep and awake bruxism) were evaluated using chi-
square tests and Pearson’s correlation coefficients, as described by odds ratio (OR)
with 95% confidence interval (CI). The difference was considered statistically
significant at p<0.05. The associations between self-reported bruxism
(dichotomized as yes or no) and TMD symptoms were evaluated using logistic
regression model including age and gender.

For the analyses in Study II, age was dichotomized into 25 years or less vs. 26
years or more and the GHQ-12 score (range 12-48) was categorized to quartiles
with cut-offs at < 20, 21-23, 24-27, > 28 of sum scores, respectively. Independent
samples T-test was used to analyze differences in mean age and GHQ-12 scores
between men and women. Chi-square tests were used to evaluate the associations
of age group, GHQ-12 quartile, self-reported general health/wellbeing, other pain
items, and widespread pain with gender and occurrence of TMD symptoms (TMD
pain, pain in jaw movement, and locking) and bruxism (AB, SB, and having both
AB and SB). Logistic regression models were used to evaluate the adjusted
associations between distress (GHQ-12 score) and occurrence of bruxism
(reporting both AB and SB), TMD pain and TMD pain on jaw movement.
Associations were adjusted for age group, self-reported general health/wellbeing
and presence of widespread pain. Separate models were run with GHQ-12 as
continuous and categorized in quartiles. The mean of the GHQ-12 was calculated.
The statistical analysis was performed by IBM SPSS Statistics 25 for Windows.

4.1.4 Ethical considerations

An ethical consent for the FSHS questionnaire study in 2012 was obtained from
the Medical Ethics Committee of the Hospital District of Southwest Finland and in
2016 from the Ethics Committee of the University of Turku. Permission for the
implementation of the study was given by the authorities of FSHS. The informed
consent was obtained by voluntary response to the questionnaire. The answers
could not be traced to individuals. (Kunttu & Pesonen, 2013; Kunttu et al., 2017).
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4.2 Randomized controlled trial (Study Ill)

This randomized controlled trial was conducted between November 2011 and
December 2014 at the FSHS Health Center in Oulu, Finland.

4.2.1 Design of the study and treatment procedures

The study population consisted of 96 TMD patients (students from the Universities
of Oulu and Lapland) who had visited a doctor, nurse, dentist, dental hygienist, or
physiotherapist due to symptoms related to TMD at the FSHS Health Center in
Oulu. Power analysis was used to calculate the sample size. The age range was 19
to 34 years (mean 25.2 years, SD 3.7), 18% were men and 82% women. At the
baseline appointment with the examining dentist the patients received information
about the study protocol and a questionnaire to fill in at home. The patients signed
the consent concurrently. After the baseline appointment the patients were assigned
to two intervention groups: the AR group and the SS group, according to
computerized randomization. (Fig. 1) The randomization was performed using
IBM SPSS Statistics (version 18.0). The allocation was concealed to the examiner.

The AR treatment was administered by a trained physiotherapist according to
the protocol by Ost (Ost, 1987) and modified by Thorsell (Thorsell et al., 2011) in
six sessions with one-week intervals according to Fig. 1.

The splint treatment was conducted by a specialized dentist with dental
laboratory manufactured heat-cured acrylic splints, with instructions to use them
every night during the study; the centric relation for the splint was defined by using
wax (Astynax®, Associated Dental Products Ltd). The fit, occlusal contacts in
centric relation and wearing of the splint were checked approximately 2 weeks after
the first fitting and re-checked when needed.

4.2.2 Data collection

The patients filled in a questionnaire on demographic data, general health, pain-
related questions, and psychosocial assessment including the Finnish version of the
RDC/TMD Axis II questionnaires on depressive symptoms and NSPS (Suvinen et
al., 2010; Dworkin & LeResche, 1992) at baseline and at the 12-month follow-up.
Intensity of facial pain was inquired using the following questions: "How would
you rate your facial pain right now, on a scale from 0 to 10?” Body pain was
inquired with the following question: “Have you had problems (pain, ache,
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discomfort) during the last year (12 months) in the following parts of the body:
neck/occiput, shoulders, one or both hips, one or both knees, one or both ankles?”
The answers were dichotomized as no/yes. A pain drawing of the body outline
(back view) was used to identify the areas.

smmeed 30 min

*S 1  Intro. Progressive relaxation long version.

—_— 15 min

*S2  Progressive relaxation short version.

e 5-7 min

*S3 Cue-controlled relaxation.

=S4 Differential relaxation.

mmmd  2-3 Min

*S5  Differential relaxation during movement.

—

«S6  Rapid relaxation. Application training in everyday situations.

Fig. 1. Steps of AR intervention. Home exercise data was viewed and assessed during
the sessions. S=sitting

Clinical examinations were performed according to the modified protocol of
DC/TMD Axis I presented in a symposium at the International Association of
Dental Research (IADR) conference in 2010 (Schiffman, 2010) at baseline, and at
3-, 6-, and 12-month follow-up for both groups (Fig. 2). The modified DC/TMD
form included questions of TMD symptoms during the preceding 30 days. The
clinical TMD examination form consisted of recording horizontal and vertical
overjet, maximal mouth opening (without and with pain, limited if <40 mm),
familiar pain and TMJ noises (clicking and crepitus) during vertical and horizontal
jaw movements, and a question on previous locking of the jaw. Familiar pain was
recorded during palpation of temporal and masseter muscles, and around the lateral
pole of the TMJ (1 kg) as well as on the TMJ (0.5 kg). However, due to the
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incomplete verification of the DC/TMD examination protocol pain referral and
TMD-related headache were not recorded.

Splint group | Applied relaxation group |

Fig. 2. Flow chart of the RCT study on TMD patients. Numbers inside bigger circles
describe those patients who were included in the analysis. Grey boxes= drop-out.

The examining dentist (OH) was blinded to the applied treatment throughout the
study period.
4.2.3 Statistical analysis

All data were analyzed by SPSS version 23 (IBM). The normality of the data was
confirmed with Kolmogorov-Smirnov test using SPSS 25.0 and showed non-
significance (p = 0.65). Drop-out analysis was used to evaluate variable differences
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between those who dropped out and those who stayed by using chi-square tests and
Student’s t-test for independent sample. The percentages of clinical TMD signs at
baseline and every follow-up point were compared between the groups using chi-
square tests. The outcome variables at baseline and follow-up were as follows:
masticatory muscle palpation pain, restricted opening, TMJ noises, intensity of
facial pain (VAS), depressive symptoms, NSPS with and without pain item (as
evaluated in using RDC/TMD), and number of body pain sites.

The differences within groups in clinical signs were studied with ANOVA for
repeated measures. The differences between groups in means of outcome variables
at baseline and 12-month follow-up were analyzed with the independent samples ¢-
test. Variable change was calculated by subtracting a variable at 12-month follow-
up from the baseline variable. Significance was set as P-value 0.05.

4.2.4 Ethical considerations

Ethical consent for the clinical study was obtained from the Ethics Committee of
the Northern Ostrobothnia Hospital District in 2011 (diary number 186/2011). The
enrolled students gave their informed written consent at the first appointment with
the examining dentist. The participants attended the study voluntarily and were
permitted to interrupt their participation at any time without consequences. Each
participant was given a study number to which the data was saved and analyzed.
Anonymity was well protected. Single blinding was achieved as the examining
dentist (OH) was not aware of which treatment had been assessed. The trial was
retrospectively registered in the ISRCTN registry (study ID ISRCTN11790049).

56



5 Results

5.1 Prevalence of TMD symptoms and bruxism in Finnish students

(1, 1)

In 2012, TMD symptoms were reported by 41.1% of the study population. Women
reported more than twice as many TMD symptoms than men (OR 2.70; 95% CI
2.27-3.22; p < 0.001). Continuous TMD pain (pain on temples, TMJs, face or jaw
once a week or more often) was reported by 2.7%, frequent TMD pain by 20.5%,
and occasional TMD pain by 17.8%. TMJ pain on jaw movement was reported by
7.6% and TMJ locking by 3.8% of the subjects. In 2016, frequent TMD pain was
reported by 24.4% of the population, occasional TMD pain was reported by 20.4%,
and continuous TMD pain by 3.0% of the subjects. Women reported more TMD
pain than men. TMJ pain on jaw movement was reported by 7.9% in 2016, and
TMJ locking once a week or more often was reported by 4.6% of the subjects (Table
3).

The prevalence of SB was 18.2% in 2012 and 15.6% in 2016 of the population,
while the prevalence of AB was 2.3% in 2012 and 2.5% in 2016. The prevalence
of self-reported bruxism was higher in women than in men in both 2012 and 2016,
as 18.8% of men reported AB+SB in both 2012 and 2016 while 30.7% of women
reported AB+SB in 2012 and 26.3% in 2016. (Table 3)

5.2 Association between TMD symptoms and bruxism in Finnish
students (I, Il)

SB was significantly associated with TMD pain symptoms in both genders in both
2012 and 2016 and with TMJ locking in both genders in 2012. AB was associated
with TMD pain symptoms only in women in both 2012 and 2016. Bruxism (report
of AB and/or SB) was associated with all TMD symptoms in both genders in both
2012 and 2016. The association between TMD pain symptoms and bruxism varied
between OR 3.0 and 6.3, the greatest association being between bruxism and TMD
pain in women in 2016 (Tables 4 and 5).
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Logistic regression analyses showed significant associations between SB and TMD
pain symptoms, and between AB+SB and all TMD symptoms in both genders at
both time points. Additionally, SB was associated with TMJ locking in both genders
in 2012, and AB was associated with TMD pain symptoms in women at both time
points (Table 6).

Table 6. Significant associations between awake bruxism (AB), sleep bruxism (SB),
both awake and sleep bruxism (AB+SB) and TMD symptoms according to the binary
logistic regression analysis.

Symptom TMD pain TMD pain when moving jaw TMJ locking
AB b,d b,d

SB a,b,c,d a,b,c,d a,b
AB+SB a,b,c,d a,b,c,d a,b,c,d

a=menin 2012, b = women in 2012, ¢ = men in 2016, and d = women in 2016

5.3 Association of psychosocial factors and widespread pain with
TMD-related pain and bruxism in Finnish students (lI, IlI)

Associations between self-reported TMD symptoms and age group, self-reported
general health/wellbeing, psychological distress, and pain in other areas including
widespread pain are presented in Tables 7 and 9. Associations of report of both AB
and SB (AB+SB), SB, and AB with age group, self-reported general
health/wellbeing, psychological distress, and pain in other areas including
widespread pain are presented in Tables 8 and 10.

Poor self-rated general health was significantly associated with all TMD pain
symptoms, and with AB+SB in women in 2012 and both genders in 2016.

In 2012, 22.6% of the population reported highest level of distress; of these,
75.3% were women. In 2016, 24.8% of the population reported highest level of
distress; 70.2% of them were women. The presence of TMD symptoms increased
with the level of distress in both genders and at both time points. Among women
with the highest distress level, the prevalence of TMD symptoms (except for TMJ
locking in 2016) was approximately two-fold as compared to those with the lowest
level of distress, but the ratio decreased from 2012 to 2016. The same tendency was
noted among men. The associations were significant in both genders at both time
points, except for TMJ locking among women in 2016. Similar associations were
found when using GHQ-12 as a continuous variable.
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The presence of AB, SB, and AB+SB increased with increasing distress within
GHQ-12 quartiles in women but varied in men. The association between distress
and AB+SB was significant in both genders in 2012, and in women in 2016,
whereas the association with SB was significant only in men in 2012. A tendency
of stronger association between higher and lower distress and bruxism was noted
but it was ascending only in women reporting AB+SB. When analyzing the
associations with GHQ-12 as a continuous variable, the associations with AB+SB
were significant, whereas the associations with SB and AB varied (Table 8).

In 2012, the provoking factors for TMD pain were reported as follows: stress
(8.2%), chewing (5.8%), cold (1.5%), and other factors (3.0%). In 2012, 81.9% of
those who reported stress as a provoking factor were women (n“°™e" =295,
n™" = 65). Reporting stress as a perpetuating factor for facial pain increased the
risk for SB report (OR 3.4, 95% CI 2.8-4.0) more than three-fold, that of AB (OR
1.7, 95% CI 1.1-2.6) almost two-fold, and that of both SB and AB (OR 4.4, 95%
CI 3.3-6.0) more than four-fold.

All other studied pain items and widespread pain were significantly associated
with all TMD pain symptoms both in 2012 and 2016, whereas TMJ locking was
associated only with headache (in women in 2012, and in men in 2016) and upper
back/neck pain (in women in 2012 and in men at both time points).

In the logistic regression analysis, higher distress was significantly associated
with TMD pain symptoms and AB+SB in both genders in 2012, and in 2016, with
TMD pain symptoms and AB+SB only in women (Tables 7 and 8). Widespread
pain associated significantly with TMD pain symptoms at both time points, and
with AB+SB in 2012 (Tables 9 and 10). Between the two time points a greater
variability in these associations was seen in men than in women: in men, the
association between widespread pain and bruxism was weaker and that between
widespread pain and TMD pain symptoms stronger in 2016 as compared to 2012.

5.4 Effectiveness of applied relaxation method versus occlusal
splint in treatment of TMD in Finnish students (lll)

Of the studied population, temporomandibular myalgia was diagnosed in 100% and
arthralgia in 41%. Of the subjects, 43.5% had only one diagnosis (myalgia), 46.7%
had two diagnoses, and 9.8% had three or more diagnoses; both myalgia and
arthralgia were present in 35%, while myalgia and/or arthralgia, and/or
degenerative joint disease, and/or disc displacement with reduction was present in
29% of the subjects.
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Almost all clinical findings decreased in the 12-month follow-up in both
groups, with no significant difference between or within the groups. TMD signs
fluctuated during the follow-ups. The percentage of masticatory muscle pain on
palpation decreased during the 12-month follow-up in both groups. Masticatory
muscle pain during jaw movement decreased in both groups, whereas TMJ pain in
opening and/or closing jaw movement increased in the SS group and decreased in
the AR group. Restriction in mouth opening increased slightly in both groups.
There was some fluctuation in TMJ noises during the follow-up, and a slight
decrease was noted in the SS group. (See original publication III, Fig. 2A-C)

At baseline, the differences between groups on all measured outcomes were
non-significant. At baseline, the mean of VAS on pain intensity was 4.1 in the SS
group and 3.7 in the AR group. At the 12-month follow-up, the corresponding
values were 3.2 and 2.7. At baseline, the mean of the total score of depressive
symptoms was 12.1 (SD 12.9) in the SS group and 12.5 (SD 11.4) in the AR group.
At the 12-month follow-up, the corresponding values were 10.3 (SD 11.4) and 7.3
(SD 7.2). At baseline, the mean of the total score for NSPS with pain items was
12.8 (SD 7.7) in the SS group and 10.9 (SD 6.4) in the AR group, and the
corresponding values for NSPS without pain items were 5.5 (SD 5.1) and 4.4 (SD
3.5). The mean of the total score for NSPS with and without pain items was
significantly lower in the AR group than in the SS group at the 12-month follow-
up (p = 0.008 and 0.016, respectively). At baseline, the mean number of body pain
sites was at the same level in both groups, while it was significantly lower at 12-
month follow-up in the AR group as compared to the SS group (p = 0.004).
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6 Discussion

This thesis is based on two population-based surveys with comprehensive samples
of university students in Finland and a smaller RCT to gather evidence of TMD-
pain related factors and their treatment, comparing AR with SS in the treatment of
TMD in students. The results showed that the prevalence of TMD symptoms and
bruxism in students was high, as almost one fourth of the study population reported
frequent TMD pain, and also about one fourth reported both awake and sleep
bruxism. TMD symptoms and bruxism were mutually associated, and they were
both associated with psychosocial factors. Prevalence of TMD pain also showed an
increasing tendency from 2012 to 2016. An important finding was that the effect of
AR was equal to SS in treatment of TMD pain, but it also showed more positive
impact on non-specific physical symptoms and body pain as compared to SS
treatment. These findings support the study hypotheses of high prevalence of TMD
and bruxism, their mutual association, and sharing distress and widespread pain as
background factors. AR treatment was comparable to SS in relieving local TMD
pain, thus supporting the hypothesis, but had significantly more effect on
psychosocial burden.

6.1 Prevalence of TMD symptoms and bruxism

In the present study, the prevalence of the most common self-reported TMD
symptoms in Finnish university student population exceeded 20%, with a higher
percentage in 2016 compared to 2012. The International Association for the Study
of Pain reported in 2016 that TMD-related facial pain occurs in 9-13% of the
general population, and, according to Kohler et al. (2012), the prevalence of at least
one TMD-related symptom is 25-50%. Miettinen et al. (2017) reported that the
occurrence of self-reported TMD symptoms in Finnish conscripts (n = 8 699, mean
age 19.6 years) was between 6% and 28%, with the lowest prevalence in difficulty
in jaw opening and the highest in TMJ clicking. Facial pain was reported by 15%
of female and 14% of male conscripts. Compared to the conscript cohort, the
present study showed that TMJ-related symptoms were less common in students.
However, we studied the prevalence of jaw locking as once a week or more often
(3.8% in 2012 and 4.6% in 2016), which is concordant with Miettinen’s results on
frequent or continuous jaw opening difficulties (2.7% in females and 0.3% in
males).
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The present study showed higher proportions for TMD pain (20-25%) as
compared to two large Finnish population-based studies; the NFBC1966 study
(Jussila et al., 2017) and the Health 2011 survey (Qvintus et al., 2020), both of
which used the same validated questions on TMD. In the Health 2011 Survey on
Finnish adults, the prevalence of TMD pain was 7% in the age group under 30
years, and in the NFBC1966, 18.5% among 46-year-olds. However, TMJ pain was
approximately at the same level in all these studies. Furthermore, in a Swedish
longitudinal population study (n= 180 308) by Nilsson, List and Drangsholt
(2006), using the same questions on TMD pain, the prevalence in an almost equal
age group was smaller as compared to the present study but showed similar increase
from 2010 to 2017 (Haggman-Henrikson, Liv, et al., 2020). The increase in TMD
symptoms in both the present and the Swedish study may relate to the multiplicity
of factors, such as psychosocial distress and increasing awareness of pain, that may
contribute to TMD incidence and persistence. They showed an incidence rate ratio
of 2.37 (95% CI 2.25-2.50) with a higher risk for women as compared to men.
They also found a twin peak pattern among women through the studied years; the
first peak in 25-year-olds, and the second in 45-year-olds. They also showed that
approximately 20% of individuals who develop TMD pain will develop a long-
term pain condition (Hdggman-Henrikson, Liv, et al., 2020).

It seems that students have more TMD pain than the general population, even
in corresponding age groups. The prevalence of TMD pain (20-25% TMD pain and
8% TMIJ pain) in the present study sample consisting of students from all study
fields was comparable to other studies of student populations (Wieckiewicz et al.,
2014; Lung et al., 2018; Akhter, Morita, Esaki, Nakamura, & Kanehira, 2011;
Smiljic, Savic, Stevanovic, & Kostic, 2016; Soares et al., 2017). However, dental
students have reported even higher prevalence; in a recent Finnish study (Niskanen
et al.,, 2021) 40% of the dental students reported TMD pain (pain during the
preceding 30 days, based on DC/TMD Symptoms Questionnaire). The higher
prevalence of TMD symptoms in dental students has also been shown in other
studies (Rocha et al., 2017; Smiljic et al., 2016; Lovgren et al., 2018; Medeiros et
al., 2020; Niskanen et al., 2021) (Table 1). The higher prevalence’s may be
explained by dental students being likely to have more knowledge of TMD
problems, which may influence their reporting. In the present study, TMD pain was
more than twice as frequent in female students as compared to males, which is in
accordance with other studies (Wieckiewicz et al., 2014; Paulino et al., 2018;
Niskanen et al., 2021). Higgman-Henriksson (2020a) also argued that over time,
the prevalence of TMD pain increases more in women than in men, creating an
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increasing gender difference, but this phenomenon could not be seen in the present
study among students (Table 3).

According to the present study, bruxism is also a common phenomenon in the
Finnish student population as about one fourth of the students reported awake
and/or sleep bruxism. The prevalence of self-reported bruxism in studied student
populations is around 30-40% (Soares et al., 2017; Yal¢in Yeler et al., 2017;
Nogueira Coutinho et al., 2020; Patala et al., 2021), which is in accordance with
the present study. Corresponding prevalences have also been shown in general
populations (Ekman et al., 2020; Blanco Aguilera et al., 2014; Manfredini et al.,
2013). In the FinnTwin16 study consisting of five birth cohorts born in 1975-1979
(n =3 124, mean age 24 years, range 23—27 years), bruxism was reported to occur
weekly by 8.7% and rarely by 23.4% (Rintakoski et al., 2010). According to a
systematic review, the prevalence of bruxism in adults ranged from 8% to 31%, of
AB from 22% to 31%, and of SB from 1% to 15% (Manfredini et al., 2013). A
decrease in SB prevalence with age has been shown (Manfredini et al., 2013).

In the present study, the prevalence of reporting SB only was 17%, report of
AB only was low (2.4%), whereas report of AB+SB was higher (25%). The high
prevalence of bruxism in young adults is also shown in other studies. In a recent
survey study of Dutch 17- and 23-year-olds, 4% and 4% reported awake bruxism
and 8% and 13% sleep bruxism, respectively, with higher prevalence in subjects
with higher socioeconomic status (OR 3.0) in the 23-year-olds (Wetselaar et al.,
2021). The outlines of the Dutch study are in concordance with the present study.
In the NFBC1966 of 46-year-olds (Ekman et al., 2020), the prevalence of self-
reported SB was 38%, and the prevalence of AB was 10%. However, the self-report
of bruxism in NFBC1966 was based on alternatives no/yes, which includes
relatively high possibility of bias as the frequency or longevity of either AB or SB
cannot be estimated. A recent Finnish study on dental students (n = 192; mean age
24.9 years, SD 4.0 years) showed higher prevalence as compared to the present
study in both self-reported sleep bruxism (40%) and awake grinding (20%) and
clenching (48%) (Patala et al., 2021). They used the Finnish version of the Oral
Behavior Checklist (OBC) included in the DC/TMD criteria (Schiffman et al.,
2014). The difference may be explained by the high knowledge and awareness of
bruxism behavior in dental students, and by the different time intervals used in the
questions (the preceding 30 days vs. current behavior in the present study).

In the present study, the differences in SB and AB between the time points
(2012 and 2016) were minor and non-significant. In the present study, SB showed
higher prevalence in women than men, but not significantly in AB. This is in
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accordance with other studies of student populations (Paulino et al., 2018; Patala et
al., 2021), with some exceptions (Lavigne et al., 2008; Carra et al., 2011; Cavallo,
Carpinelli, & Savarese, 2016; Emodi Perlman et al., 2016), but also with general
population (Ekman et al., 2020). Some studies have used more accurate methods
for reporting bruxism. High specificity (0.83—1.00) and sensitivity (0.40—1.00) of
portable devices for diagnosis of bruxism have been reported, whilst questionnaires
and clinical examinations have shown similar specificity (0.63—-0.99) but poorer
sensitivity (0.13—0.94) (Casett et al., 2017). In the study on TMD patients (n = 293)
by Muzalev, van Selms and Lobbezoo (2018) the frequency of bruxism was studied
by using time items from O (not at all) to 4 (4—7 nights per week). The mean value
for sleep bruxism was 2.53 (standard deviation (SD) 1.71) and for awake bruxism
1.45 (SD 0.89), the correlation between AB and SB being statistically significant.
A new reliable tool for bruxism registration was introduced by Bracci et al. (2018)
who assessed awake bruxism behaviors with a smartphone-based application and
showed an average tooth contact (14.5%) and clenching (10.0%) frequency during
awake time over a 7-day period (Bracci et al., 2018). Development of similar
applications could be a relevant asset in population studies in the future.

6.2 Association between TMD symptoms and bruxism

In this study, the association between self-reported TMD symptoms and especially
sleep bruxism was significant. This is in accordance with earlier studies in both
general population (Paesani et al., 2013; Ekman et al., 2020; Muzalev et al., 2018;
van Selms et al., 2017) and students (Emodi-Perlman et al., 2016; Soares et al.,
2017; Yal¢in Yeler et al., 2017; Nogueira Coutinho et al., 2020). The association
between SB and TMD pain symptoms is also in accordance with the studies of
Yalgin Yeler et al. (2017) and Nogueira Coutinho et al. (2020), showing that 97%
and 82%, respectively, of the students with self-reported bruxism had TMD; more
than a third of them had moderate or severe TMD when using the Fonseca’s
anamnestic index. However, polysomnographic studies have shown that the
occurrence of TMD-related pain is not related to the intensity of SB (Smardz et al.,
2019).

In the present study, a significant association between AB and TMD pain
symptoms was shown only in women. Ekman et al. (2020) showed similar results,
as the association was significant especially among women. The prevalence of AB
in the present study was low, which may also impact the significance of
associations. Interestingly, only few (5.8%) of the participants reported that
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chewing provokes their facial pain. This might be due to the fact that bruxism
behavior and pain onset may occur with different timing, and due to lack of
awareness of their connection.

The present study used questions on bruxism based on tooth clenching and/or
grinding. There exist variations in the terminology concerning bruxism and
parafunction. In earlier TMD studies bruxism has often been discussed as an oral
parafunction (Michelotti et al., 2010), but in some studies bruxism has been
separated from parafunctions (Emodi-Perlman, Eli, Friedman-Rubin, Goldsmith,
Reiter, & Winocur, 2012). Oral parafunction is defined as abnormal or disordered
function which in dentistry comprises movements of the mandible that are outside
normal function, for example nail biting or bruxism. However, the definition of oral
parafunctions has recently been extended to cover also biting of cheek, tongue, lip,
and objects; resting chin on hand; and chewing or sucking objects, gum, ice, or
lollipops (Winocur, Gavish, Finkelshtein, Halachmi, & Gazit, 2001; Paulino et al.,
2018). Thus, the bruxism event has lately been considered as “elevated masticatory
muscle activity which is either rhythmic (phasic) or non-rhythmic (tonic) during
sleep (sleep bruxism) or thrusting or bracing the mandible with or without sustained
or repetitive tooth contact when awake (awake bruxism)” (Lobbezoo et al., 2018).
Both sleep and awake bruxism differ regarding the amount of force assessed or the
time consumed from any of the parafunctions mentioned above and according to
the multifactorial etiology of bruxism (Lobbezoo & Naeije 2001; Manfredini et al.,
2010; Lavigne et al., 2008). On the other hand, awake and sleep bruxism
undoubtedly share etiological factors such as stress and personality factors (van
Selms, Lobbezoo, Wicks, Hamburger, & Naeije, 2004; Ohrbach, Gonzalez,
Michelotti, & Schiffman, 2018; Wieckiewicz et al., 2014) and both are risk factors
for TMD. Raphael and Lobbezoo have argued that bruxism is a behavior but may
also be either a risk-factor or even a disorder in healthy people (Raphael, Santiago
& Lobbezoo 2016). Parafunctions were not studied in the present study although it
could be of some interest to compare the pathology behind parafunctions and
bruxism.

6.3 Association of psychosocial distress with TMD-related pain
and bruxism (ll, 1ll)

The present student population aged 26 to 35 years showed explicitly higher
prevalence of highest distress in both men (15% in 2012, and 21% in 2016) and
women (27% both in 2012 and 2016) as compared to Finnish general population.
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In comparison, the Health 2000 study reported a 10% and 13% prevalence of
distress in young Finnish men and women (age from 18 to 29 years), respectively
(Koskinen, Kestild, Martelin, & Aromaa, 2005), and 15% in men and 17% in
women in 30- to 44-year-olds (Suvisaari et al., 2012). As in the present study, in
the Health 2000 Survey GHQ-12 was used as an instrument for screening distress.
Psychological symptoms have decreased between 2000 and 2011 in the general
population (Suvisaari et al., 2012) while the prevalence of perceived psychological
distress in students has increased between 2000 and 2012 (Oksanen, Laimi,
Bjorklund, Loyttyniemi, & Kunttu, 2017), which was also noted in the present
study. The contradictive results may be due to different stressors between
populations; speculations of both personal pressure for better achievement and
external pressure on economic and social status are prominent in students, while
stress experiences in the general population traditionally arise from multifactorial
work and quality of life issues (Testa & Simonson, 1996; Stallman, 2010).

The association between psychological burden and all studied TMD symptoms
in the present study support earlier studies (Suvinen et al., 2004; Suvinen et al.,
2005; Manfredini & Lobbezoo, 2010; Fillingim et al., 2011; Tuuliainen et al., 2015;
Rochaetal., 2017; Sojka et al., 2019; Niskanen et al., 2021). Niskanen et al. (2021),
using the Patient Health Questionnaire-4, showed that almost 50% of Finnish dental
students (n=192) had mild distress, while severe distress was present in 3%
without significant gender or study level association. They also showed a
significant association between distress and TMD symptoms, which is in
accordance with the present study (Niskanen et al., 2021).

Although distress has strongly been associated especially with sleep bruxism
in earlier studies (Saczuk, Lapinska, Wilmont, Pawlak, & Lukomska-Szymanska,
2019; Polmann et al., 2021), in the present study the association was significant
only with combined (AB+SB) bruxism. This is in accordance with several other
studies on students (Soares et al., 2017; Emodi-Perlman et al., 2016; Cavallo et al.,
2016; Kinalski et al., 2019) and general population (Saczuk et al., 2019; Ahlberg et
al., 2013). However, even though the results are not unanimous (Cavallo et al.,
2016; van Selms et al., 2020), a recent systematic review and meta-analysis
suggested, with some caution, a positive association between sleep bruxism and
stress symptoms (Polmann et al., 2021). Recently, van Selms et al. (2020) reported
an association between higher frequency of bruxism and elevated stress level in
Finnish symphony orchestra musicians (mean age men: 47.7 years, mean age
women: 43.4 years). An association was also shown between higher frequency of
sleep bruxism and less than seven hours of sleep per night, which is common in
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student population. Female musicians and those with high-stress experience had
more sleep bruxism (van Selms et al., 2020), which is supported by the present
study.

Among 1 000 Israeli high-school students adolescents (age range 12 to 18
years) both SB and AB were associated with feeling stressed (Emodi Perlman et
al., 2016), while in the present study a significant association between AB and
distress was shown only in 2012. The association between AB and distress was
significant only in women in 2012, while Cavallo et al. (2016) showed that AB
correlated with stress only in men (Cavallo et al., 2016). However, the prevalence
of self-reported AB was low, so no straightforward deductions of the association
can be made based on the present study. The gender variation of bruxism and the
association between distress and AB and SB between genders needs further studies.
Studies on different positive and negative coping strategies in awake and sleep
bruxers as well as between genders could give more information on the variation
of the association between distress and AB and SB (Schneider et al., 2007;
Reissman et al., 2012; Soto-Goni et al., 2020).

It also seems relevant to study the association between distress and TMD
symptoms as well as distress and bruxism in relation to time. Recent studies in Italy,
Poland, and Israel on general population during the Covid-19 pandemic show a
clear increase in both distress and TMD symptoms (Saccomanno et al., 2020;
Emodi-Perlman et al., 2020). In Emodi-Perlman’s study, 34% of the Polish and
15% of the Israeli responders reported aggravation of TMD symptoms since the
lockdown. They showed an aggravation of 34% of AB and 28 % of SB by the Polish
and 16% and 13% by the Israeli responders, respectively. One of the main elevated
stressors was the economic situation, which along with living away from home and
an uncertain future is also common in the Finnish student population. The period
of social distancing and compromised economic situation will probably leave traces
visible as psychosocial and somatic symptoms for years to come, as shown after
earlier periods of economic depression (Stuckler, Basu, Suhrcke, Coutts, & McKee,
2009); Toffolutti & Suhrcke, 2014).

The increase in TMD symptoms between 2012 and 2016 may be coincidental
but may, on the other hand, show unfavorable development of individual health,
poor sleep quality and ergonomics, increased psychological distress, screen time
(statista.com, Huotari, Aunio, Paavola, & Kallio, 2019; Odgers, & Jensen, 2020).
In addition, the general information and acknowledgement of pain symptoms in
masticatory muscles has probably increased. The relationship between distress and
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pain may be bidirectional; distress may provoke pain, and on the other hand, pain
conditions can lead to distress.

6.4 Association of widespread pain with TMD related pain and
bruxism

The associations between all TMD symptoms and other pain items in the present
study were significant. The high prevalence of other pains, especially in 2016, such
as pain in the neck or upper back (52%), lower back (41%) and stomach (43%),
was surprising, although musculoskeletal conditions and first diagnosis of different
enterodynias, such as IBS and Crohn’s syndrome, is often made before the age of
thirty (Ohrbach et al., 2020; Kalla, Ventham, Satsangi, & Arnott, 2014). According
to Oksanen et al. (2014) the prevalence of musculoskeletal syndromes and pain is
increasing in Finnish students. An association has been shown to exist between
neck disability and TMD (Olivo et al., 2010). This is in accordance with the present
study as in 2012, 28.3% of men and 41.2% of women, and in 2016, 37.6% of men
and 46.2% of women with TMD pain reported neck and upper back pain. The
association between neck disability and TMD has been shown to exist (Olivo et al.,
2010), thus supporting the present results. On the other hand, good physical fitness
and physical activity might be protective factors against TMD (Miettinen et al.,
2021) as well as neck and shoulder pain (Kaartinen et al., 2019), which is closely
related to TMD.

The present study results are supported by previous longitudinal and cross-
sectional studies. Pre-existing psychosocial factors like poor general health
(Rantala et al., 2003; Sanders et al., 2013; Yekkalam & Wianman; 2014), regional
musculoskeletal pain (Nahit, Pritchard, Cherry, Silman, & Macfarlane, 2001),
chronic widespread pain (MacBeth J et al., 2001), and low back pain (Nahit et al.,
2001) may predict the onset of TMD pain. Subjects with TMD have reported more
comorbid disorders (Visscher et al., 2015; Plesh, Adams, & Gansky, 2011) and
widespread pain than controls (Velly et al., 2010; Sipila et al., 2013). According to
a comprehensive population survey (the 2000-2005 US National Health Interview
Survey), only 0.77% of those reporting myogenous TMD pain did not report any
comorbid pain, whereas 59% reported two or more comorbid pains (Plesh et al.,
2011). In addition, those with arthrogenous TMD reported severe headache (53%),
neck pain (54%), low back pain (64%), and joint pain (62%). Vissher et al. have
shown similar results in the Dutch population (Vissher et al., 2015). Also, according
to a clinical North American study, the presence of some conditions, such as
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migraine and chronic fatigue syndrome, was associated with an increase in TMD
intensity and duration (Dahan et al., 2015).

The statistics show an increase in illnesses and musculoskeletal conditions, and
the need for rehabilitation in different musculoskeletal disorders is increasing
worldwide (Cieza et al., 2021). Thus, general practitioners face challenges in
management of cases with widespread pain and less understood disorders like TMD
(Gil-Martinez, Paris-Alemany, Lopez-de-Uralde-Villanueva, & La Touche, 2018).

The association between bruxism and widespread pain varied in AB+SB, and
was nonsignificant in AB and SB. However, the association between bruxism and
musculoskeletal upper back or neck pain and headache was significant. This is in
accordance with other studies (Baad-Hansen et al., 2019). Elevated muscle tonus
and prolonged tension during grinding teeth or thrusting the mandible forward
causes tension also in the neck and the cervical area, which makes cervicogenic
headache common in bruxers and TMD patients (von Piekartz & Hall, 2013).

6.5 Effectiveness of applied relaxation

As psychosocial risk factors are important in the background of TMD, the use of
psychosocial interventions like relaxation or self-regulation in TMD treatment is
also justified. Self-reported local pain is the most common outcome variable in
clinical TMD studies. However, besides local TMD pain, psychosocial factors were
also included as outcome variables in the present study due to the high prevalence
of other pain items and NSPS in TMD patients as compared to general population
(Reissmann, John, Schierz, Seedorf, & Doering, 2012). In the present study, NSPS
at baseline and 12-month follow-up decreased significantly more in the AR group
as compared to the SS group (4.8 vs 1.8 respectively) showing clinically significant
decrease in the AR group. The difference between the groups was significant also
considering body pain sites and masticatory muscle and TMJ pain on palpation. A
clinically significant decrease of depressive symptoms was shown in the AR group.

The AR method is closely related to physical self-regulation (PSR) studied by
C.R. Carlson (2001). In both methods, the aim is to decrease the high muscle
activity by relaxation, with promising results in pain relief as shown in studies
(Carlson et al., 2001; Thorsell et al., 2011). The relaxation in both methods is
achieved by regulation of the autonomic nervous system and altering the
parasympathetic response to stressors. TMD patients may have a dysregulation of
the autonomic system (Monaco, Cattaneo, Marci, Pietropaoli, & Ortu, 2017), which
may be altered in AR by repeatedly implemented tension-relaxation, and later short
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relaxation exercises. According to Buchholz, Kelly, Bernatene, Méndez Diodati
and Gelpi (2017), the relaxation of n. trigeminus innervated m. masseter may
enable activation of the trigeminocardiac reflex which affects the autonomic nerve
function (Buchholz et al., 2017).

The AR method is also a positive coping strategy, which became apparent in
discussions with the participants in the present study; many of them reported a
reduction of negative stress in public study-related presentations. TMD patients
tend to show negative coping strategies, such as behavioral disengagement like
self-pity or -blame, and resignation (Ferrando et al., 2004; Reissmann et al., 2012),
compared to general population, while bruxers seem to use more positive coping
strategies, like self-revalidation, -affirmation and situational control (Schneider et
al., 2007; Soto-Goiii et al., 2020). Studies show differences on coping strategies in
sleep and awake bruxism (Schneider et al., 2007; Soto Goiii et al., 202) and between
genders (Schneider et al., 2007). Both bruxism and TMD patients could benefit
from a positive coping strategy like AR. The present study showed that comorbid
other pain, like NSPS and other pain sites, and TMD pain on masticatory muscle
palpation in TMD patients decreased more during the 12-month follow-up in the
AR group as compared to SS treatment. The pain on palpation continued to
decrease in the AR group as opposed to the SS group; this refers to an increase in
coping ability in the AR group. In the present study the effect of AR on bruxism
was not an aim but it needs to be studied.

Treatment or change of behavioral mechanisms, such as parafunctions in TMD,
is always a challenge for any therapist. Therefore, recognizing the reasons behind
the person’s harmful behavior is a good start, but information is needed in order to
make progress. Both the patient and the therapist need positive feedback and
motivation to willingly alter any behavior. Motivating energy is also needed in
biofeedback and cognitive behavioral methods, such as AR, to achieve significant
outcome. In both individual and group sessions of AR the feedback is implemented
when any confronted problems with relaxation are talked through.

Occlusal devices and splints reduce the damage caused by sleep bruxism, but
there is no evidence of significant reduction of phasic or tonic muscle activity
which is more apparent in awake bruxism. Bruxism is considered to be centrally
regulated and as AR may have an impact on autonomic nervous system it may also
be effective on bruxism. However, muscle relaxation, risk-factor avoiding, and
stress reducing assessments in bruxers have not been sufficiently studied in RCTs.
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6.6 Considerations of methodology, strengths, and limitations

6.6.1 The surveys

The FSHS survey is internationally unique, and the data covers a representative
cross-section of the Finnish student population at two time points, providing
valuable information to the student health care professionals. The sampling was
done systematically, and rich and equal representation of gender, age-group, and
study level and field was achieved, which is a major strength of the study. To the
best of our knowledge, most of the studies on students have involved dental or
medical students who are more aware of the concept of bruxism and TMD, which
may affect the reports.

The data collection for the FSHS survey was well designed, with experience
of four earlier similar surveys. The study population samples of the FSHS surveys
in 2012 and 2016 covered 3.6% and 4.8% of a 276 279 and 208 825 student
population, respectively. The number of respondents was 4 408 in 2012 and 3 082
in 2016, which makes it one of the largest student populations studied, if not the
largest. The age, gender, and university distributions were equal, as was the
respondent distribution on a larger scale. Although a large study population and
randomization decrease bias, the phenomenon of responding fatigue can be seen in
this population, as has been noted in other studies (Tolonen et al., 2006). Population
studies may include bias due to non-response, as young men are less active in
responding to surveys than young women (Kunttu et al., 2017). Likewise, those
who respond may often also be active in health maintenance, but also interested in
their own condition. However, based on the bias analysis of the FSHS studies, the
respondent group did not differ from those from the previous surveys in 2000, 2004,
and 2008 (Kunttu et al., 2017). Also, a dropout analysis of an annual FSHS survey
(Ritakorpi, Kaunonen, Kaila, Paldanius, & Seilo, 2019) showed that the main
reasons for non-response were lack of time, interest or recollection of receiving the
questionnaire, and experience of sufficiently good health. However, no difference
between the dropouts and the respondents concerning physical or mental health was
shown.

The response rate for all the questions used in the present study was good; more
than 99% of the respondents answered the general health and GHQ-12 questions,
and more than 98% answered the TMD-specific questions. Data for the present
study was collected using validated questions for TMD (Lovgren et al., 2016) and
distress (Goldberg et al., 1997), which have also been applied in other studies
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concerning TMD and distress (Tuuliainen et al., 2015). This is considered a strength
in the study, as is using separate questions for AB, SB, and AB+SB. However, the
modified definition of widespread pain in this study required only two pain areas,
which is less than usually. A more accurate and wider understanding of widespread
pain would be accomplished by assessing the ACR 2010/2011 (American College
for Rheumatology) or the WPI (Widespread Pain Index) definitions with at least
three or four pain areas, and on both sides of the body (Wolfe, Clauw, Fitzcharles,
Goldenberg, Katz, Mease, ... & Yunus, 2010; Wolfe, Egloff & Hauser, 2016). One
major limitation of the FSHS survey concerning the present study is that the data
is based on self-report. Therefore, bruxism is considered only as possible and may
cause bias in the study. In the present study a lack of confirming questions such as
“have you been told by your partner/roommate/dentist that you brux?”” may cause
underestimation. A clinical examination for a sample of the respondents would have
given more reliable results; however, this is difficult to organize in a national
population study. Earlier studies using polysomnography and electromyography
have shown similar results of the association between TMD symptoms and bruxism
(Raphael et al., 2013; Smardz et al., 2019).

6.6.2 The clinical trial

The study population of the RCT was gathered from FSHS health care patients who
reported TMD-related symptoms. Most of the participants were women, which is
in line with the gender distribution of prevalence studies and also indicates the
tendency of women to seek treatment more easily. The age range was equal to the
FSHS study population, which enables conjoining the results to a thesis. The RCT
on the treatment effect of AR as compared to conventional SS was conducted on
similar population as the survey, which strengthens the structure of the thesis.

The baseline questionnaire for the background factors of TMD was modified
slightly with the addition of the questions on NSPS after the first thirty participants,
which caused incomplete data collection. This was taken into consideration in the
analysis, however.

The clinical TMD examinations were performed according to a modified
DC/TMD clinical examination protocol. The dissimilarity to the confirmed
DC/TMD clinical examination was the lack of determining muscle related sub-
diagnoses. The examinations were performed by one educated dentist, which
excludes the possibility for inter-examiner error.
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Data on psychosocial background factors were collected according to the
validated RDC/TMD Axis II questionnaires (Dworkin & Le Resche, 1992; Suvinen
et al., 2010). Using the RDC/TMD questionnaire and DC/TMD-based clinical
examination protocol is a strength in the present study as more specific diagnoses
are reached than those according to ICD-10. Myalgia was diagnosed for 100% and
arthralgia for 41% of the study patients. As the proportion of internal derangement
of TMJ was lower, no conclusions can be drawn of the effect of AR on their
treatment. TMD diagnoses were equally distributed between the groups, thus
allowing comparisons. Also, the one-year follow-up period was a strength in the
present study.

The large number of dropouts was a weakness in the present RCT study. The
number of participants at each follow-up varied due to dropouts; most of them (29
subjects) dropped out after the baseline examination, which is in accordance with
earlier studies, suggesting that information might be sufficient treatment for mild
TMD cases (Aggarwal et al., 2019; Roldan-Barraza et al., 2014). Dropout is
common in clinical studies; the significance of it varies depending on the reason
(Bell, Kenward, Fairclough, & Horton, 2013). Dropouts in the present study
population may be linked to study period and lack of time during studies.
Furthermore, based on a dropout analysis (study III), no significant differences in
gender, group status, the outcome variables (VAS on pain intensity, NSPS, and
number of pain sites) were detected, except on values of VAS in the stabilization
splint group at the 3-month follow-up. The dropouts may at least partially be related
to pain relief at 3-month follow-up; those having less pain were more susceptible
to drop out from the study. Thus, the dropouts may not be associated with gender
or treatment, but rather, with other circumstances. A bias in the outcomes between
groups may exist as the intention to treat analysis was not performed.
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7 Summary and clinical implications

The present thesis discusses TMD and its background factors in a special Finnish
population for the first time. The wide range of study fields and geographical
coverage allows better comparability to general population than earlier studies with
medical and dental students does. The present thesis shows the high prevalence of
TMD symptoms and self-reported bruxism and their association with psychosocial
background factors, such as distress, among the Finnish students. The increased
psychological distress shown in student populations is a risk factor of TMD
symptoms and bruxism which, as shown in the present study, are more common in
student populations as compared to the general population. Also, pains beside TMD
are common in young university students and associate with TMD pains and
bruxism. In the long run, these factors contribute strongly to chronification of pain.
To avoid an increase of chronic pain patients in health care it is important to study
young adult populations and implement long-lasting treatment modalities like
applied relaxation before chronification.

As over a quarter of the student population reported TMD pain and bruxism,
which may significantly reduce their quality of life and cause disability, dentists
need to react when diagnosing TMD and bruxism. All dentists should have the
skills and tools for treatment of TMD, as well as opportunity for interdisciplinary
co-operation in cases with widespread pain or increased psychosocial burden. The
interdisciplinary possibilities in most parts of Finland are scarce and the challenge
for TMD management is high. Thus, in the future, the preliminary results in the
present thesis show that applied relaxation could be successful and implemented
by any trained health personnel as one cost effective method to relieve
musculoskeletal pain in basic health care on TMD patients with psychosocial
burden. Additionally, while applied relaxation affects various psychological and
pain symptoms, it also gives a person a skill for life that can be developed and used
whenever needed in various pains or emotional situations.

Perspectives for future studies are

1. to assess the association of abdominal pain and stress-related diseases on TMD
in students
to assess the effect of applied relaxation method on bruxism

3. to develop and test a digital applied relaxation-based application for tailored
treatment of TMD
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4. to assess the possible impact of COVID-19 pandemic lockdown on TMD
symptoms and bruxism and their psychosocial background in Finnish students
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8 Conclusions

The results of the present study indicate a high prevalence of TMD pain symptoms
and self-reported bruxism in Finnish university students. TMD symptoms and
bruxism are strongly associated with elevated distress and pain in other areas of the
body. Students are at high risk of TMD-related pain syndrome with several
background factors.

The present study showed for the first time that the cognitive behavioristically
based applied relaxation method is a potential tool for treatment of TMD, especially
in patients with psychosocial burden and other pains.

1. The prevalence of TMD symptoms and self-reported bruxism is higher as
compared to general population, and TMD symptoms are reported twice as
often by women as compared to men in Finnish university students

2. TMD symptoms and self-reported bruxism are mutually associated in Finnish
university students

3. Psychological distress and weak widespread pain are associated with TMD
symptoms and with bruxism in Finnish university students

4. AR treatment seems to relieve local TMD symptoms equally compared to SS
but is more effective for alleviating general body symptoms, however, more
well-designed RCTs are needed.
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