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|. STRESZCZENIE

Dysfunkcje narzadu zucia (temporomandibular disorders, TMD) stanowig powazny
problem diagnostyczno-leczniczy 1 moga dotyczy¢ od 10-90% populacji. Do
charakterystycznych objawéw nalezg bol miesni narzadu zucia i/lub stawdéw skroniowo-
zuchwowych, objawy dzwigkowe w stawach skroniowo-zuchwowych (trzaski, trzeszczenie)
oraz zaburzenia ruchomosci zuchwy. Dodatkowo moga wystepowaé objawy z otaczajacych
tkanek. Brak obiektywnych narzedzi diagnostycznych moze utrudnia¢ i1 opdzni¢ proces
terapeutyczny. Pomiar napigcia mieSni zwaczy wykonany w oparciu o metode
sonoelastografii fali poprzecznej (shear wave elastography, SWE) moze wypeti¢ ta luke.

Celem pracy byta ocena przydatnosci sonoelastografii fali poprzecznej w diagnostyce
1 ocenie efektow leczenia zwiekszonej sztywnosci migsni zwaczy w przebiegu TMD.

W badaniu ustalono wartosci referencyjne sztywnosci migsnia zwacza u zdrowych
ochotnikéw. Wiek i pte¢ byly istotnymi czynnikami wptywajacych na sztywnos$¢ migsni
zwaczy. Zgodnie z otrzymanymi wynikami, ogélna $rednia sztywnos¢ wyniosta 10,67 £ 1,77
kPa. Srednie wartosci byly nizsze o 2,25 kPa (9,15%) u kobiet w poréwnaniu z mezczyznami
(9,48 £ 1,47 kPa vs 11,73 £ 1,27 kPa; p < 0,0001). Wartosci sztywnosci wzrastaly wraz z
wiekiem, przy wspotczynniku korelacji okoto 0,35 i p < 0,0001. Ustalenie wartosci
referencyjnych badania sztywnos$ci migsni zwaczy metoda sonoelastografii fali poprzeczne;j
stanowito punkt wyjsciowy do dalszych badan. W 8 tygodniowym badaniu przeprowadzonym
wsréd pacjentéw poddawanych leczeniu zachowawczemu TMD (terapia manualna wraz z
szyng zwarciowg) oceniono skutecznos¢ leczenia w sposdb obiektywny (sonoelastografia) i
subiektywny (walidowane kwestionariusze). Wyniki badania wskazaty, ze po leczeniu
sztywnos¢ obu migsni zwaczy ulegla znacznemu zmniejszeniu (o srednio 4,21 kPa), a
pacjenci raportowali znaczne ograniczenie bdlu. Subiektywna poprawa przetozyla si¢ na
zmniejszenie sztywnosci miesni zwaczy, a zatem sonoelastografia wykazata swoja
uzytecznos$¢ w ocenie postepow leczenia u pacjentéw z TMD.

W wyniku przeprowadzonych badan mozna stwierdzi¢, ze sonoelastografia fali
poprzecznej jest obiektywnym narzedziem do oceny sztywnosci mi¢sni Zzwaczy u pacjentow
oraz oceny prowadzonego leczenia u pacjentéw z TMD. Dzigki sonoelastografii mozna
obiektywnie poréwnywac grupy pacjentéw oraz ocenia¢ efekty leczenia na przestrzeni czasu.
Sonoelastografia jest bezpieczna, nieinwazyjna 1 nie powoduje negatywnych doznan u

pacjentow.



Il. ABSTRACT

Temporomandibular disorders (TMD) is a serious diagnostic and therapeutic problem
and may affect 10-90% of the population. Characteristic symptoms include pain in the
masticatory muscles and/or temporomandibular joints, sounds in the temporomandibular
joints (clicking and popping), and abnormal jaw movements. Additionally, patients may
complain about the surrounding structures. The lack of objective diagnostic tools may hamper
and delay the therapeutic process. Measurement of masseter muscle stiffness based on the
shear wave elastography (SWE) method can fill this gap.

The aim of the study was to evaluate the usefulness of SWE in the diagnosis and
evaluation of the treatment effects of increased masseter muscle stiffness in the course of
TMD.

The study determined the reference values for the stiffness of the masseter muscle in
healthy volunteers. Age and gender were important factors affecting the stiffness of the
masseter muscle. According to the results achieved, the overall mean elasticity was
10.67+1.77 kPa. The average values were lower by 2.25 kPa (9.15%) in women compared to
men (9.48+1.47 kPa vs. 11.73+1.27 kPa; p < 0.0001). The stiffness values increased with age,
with a correlation coefficient of about 0.35 and a p < 0.0001.

The determination of reference values for the study of masseter muscle stiffness using
shear wave sonoelastography was the starting point for further studies. In an 8-week study
conducted among patients who underwent conservative treatment for TMD (manual therapy
with an occlusal splint), the effectiveness of treatment was objectively assessed with
sonoelastography and subjectively assessed with validated questionnaires. The results showed
that after treatment, the stiffness of both masseter muscles decreased significantly (by 4.21
kPa). The patients reported a significant reduction in pain. The subjective improvement
translated into a reduction in masseter muscle stiffness, and therefore SWE has shown its
usefulness in assessing treatment progress in patients with TMD.

As a result of the research conducted, it can be concluded that SWE is an objective
tool to assess the stiffness of the masseter muscles and to evaluate the treatment in patients
with TMD. Thanks to sonoelastography, it is possible to objectively compare groups of
patients and evaluate the effects of treatment over time. Sonoelastography is safe, non-

invasive and free of negative experiences for the patient.



I1l. WSTEP

Dysfunkcje narzadu zucia, nazywane rowniez zaburzeniami skroniowo-zuchwowymi
(temporomandibular disorders, TMD) stanowig powazny i czesty problem diagnostyczno-
leczniczy w praktyce stomatologicznej. Ich objawy stwierdza si¢ u 10-90% spoteczenstwa w
zaleznosci od badanej populacji. [1, 2] Szacuje si¢, ze w polskiej populacji 0os6b zdrowych
odsetek ten wynosi 55,9%. [3] Do najbardziej charakterystycznych objawéw zalicza si¢ ostry
lub przewlekty bol migsni narzadu zucia i/lub stawéw skroniowo-zuchwowych, objawy
dzwigkowe w stawach skroniowo-zuchwowych (trzaski, trzeszczenie) oraz zaburzone ruchy
zuchwy. [4] Podstawowym objawom moga towarzyszy¢ dolegliwosci z otaczajacych tkanek,
a pacjenci uskarzaja si¢ na bdle glowy, zaburzenia otolaryngologiczne, a takze zwigkszenie
napiecia i b6l migsni szyi i obreczy barkowej. [5, 6] Patologie miesni zwaczy powoduja
ostabienie sily zgryzu i morfologii zgryzu, zaburzenia mowy oraz ostry lub przewlekly
bol. [7, 8] Przeglad literatury dokonany przez Cucci¢ i Caradonna sugeruje, ze zmienione
napiecie w uktadzie stomatognatycznym moze mie¢ konsekwencje dla catego organizmu. [9]
W badaniu przedmiotowym pacjentow z TMD stwierdza si¢ zwiekszone napigcie miesni
zwaczy czesto wspotwystepujace z ich przerostem oraz bolesnoscig uciskowa. Diagnostyka
TMD opiera si¢ na ustandaryzowanych, miedzynarodowych, walidowanych kryteriach
Diagnostic Criteria for Temporomandibular Disorders (DC-TMD). [10, 11]

Patogeneza TMD jest niejasna 1 wieloczynnikowa. [12] Na funkcjonowanie uktadu
stomatognatycznego 1 ogdélne utrzymanie zdrowia jamy ustnej wplywa wiele czynnikéw.
Stwierdzono, ze nawyki parafunkcyjne sa istotnie zwigzane z wystgpowaniem objawOw
TMD. [13] Do ogdlnych czynnikéw zalicza si¢ czynniki behawioralne (zgrzytanie, zaciskanie
1 nieprawidtowa pozycja glowy), czynniki spoteczne (wplywajace na percepcje i wyuczong
reakcje na bol), czynniki emocjonalne (depresja 1 lgk), oraz czynniki poznawcze. [12] Biorac
pod uwage powyzsze czynniki, diagnostyka TMD przysparza wiele trudnosci zwigzanych z
utrudnionym réznicowaniem z powodu braku obiektywnych narzedzi diagnostycznych,
poznego zglaszania si¢ pacjentéw do specjalistéw oraz mozliwosci wystepowania chordb
wspotistniejacych. Pézna lub bledna diagnoza oraz opdznione leczenie przyczyniajg si¢ do
chronifikacji dolegliwosci. [14]

Gtéwnym celem leczenia pacjentow z TMD jest zmniejszenie napiecia i
wyeliminowanie bolu migsni narzadu zucia oraz przywrocenie prawidlowej funkcji stawow
skroniowo-zuchwowych. Wstepne badanie najczg¢sciej wykonane jest przez stomatologa i
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obejmuje wywiad, nastgpnie ocene symetrii twarzy i tuku zgryzowego, badanie palpacyjne
miesni zucia 1 stawoéw skroniowo-zuchwowych, badanie calego uzgbienia pod katem liczby i
polozenia zebéw wraz z ich powierzchnia. [15] Pacjenci w pierwszej kolejnosci sg kierowani
do leczenia zachowawczego, a nastepnie w przypadku niepowodzenia na leczenie
chirurgiczne. [16, 17] Konserwatywne strategie leczenia maja na celu zmniejszenie bdlu
spowodowanego przez TMD i przywrdcenie prawidtowej funkcji narzadu zucia. Stosuje si¢
szeroka game technik, w tym terapi¢ manualng, terapi¢ szyng zwarciowa 1 zabiegi
fizjoterapeutyczne. [18] Jednak leczenie TMD najczesciej jest dlugie i moze wymagaé
udzialu wyspecjalizowanego stomatologa, fizjoterapeuty, chirurga szczekowo-twarzowego i
innych specjalistow. [19] Co wazne, TMD czesto naleza do zaburzen o dlugotrwaltym
przebiegu i trudnym leczeniu, stad moga wplywac na obnizenie jakosci zycia pacjentéw i
ogolne ograniczenie ich funkcjonowania.

Obecnie w diagnostyce TMD wykorzystywane sg kryteria International Research
Diagnostic Criteria for Temporomandibular Disorders (DC-TMD) [10, 11], ktére nie
obejmujg w petni obiektywnej oceny napiecia 1 sztywnosci miesni zwaczy w przebiegu
dysfunkcji narzadu zucia. Pomiar napi¢cia miesni zwaczy wykonany w oparciu o metode
sonoelastografii fali poprzecznej (shear wave elastography, SWE) wykorzystywany jest w
nieinwazyjnej ocenie sztywnosci tkanek. W metodzie tej fale poprzeczne generowane przez
ucisk wykrywane sa przez podluzne fale ultradzwickowe, ktére przemieszczaja si¢ w
tkankach znacznie szybciej niz fale poprzeczne. Otrzymany wynik odzwierciedla ilosciowy
pomiar sztywnosci tkanki. Do zalet sonoelastografii fali poprzecznej nalezy niewielka
zaleznos¢ od operatora, wysoka powtarzalno$¢ wyniku oraz mozliwos¢ ilosciowej oceny
badanych parametrow. [20, 21] Stad mozliwos¢ wykorzystania pomiaru sztywnosci miesni
zwaczy w diagnostyce TMD oraz ocenie efektéw leczenia tych zaburzen. [22] Jednakze do tej
pory nie przeprowadzono odpowiedniej ilosci badan poswigconych tematyce zwiekszone;j
sztywnosci miesni zwaczy, a dostepne badania posiadajg ograniczenia metodologiczne.

Wprowadzenie badania sonoelastografii fali poprzecznej do pomiaru sztywnosci
miegs$ni zwaczy u pacjentéw z TMD moze podnies¢ jakos¢ obiektywnej diagnostyki i oceny
efektow leczenia tych schorzen, a tym samym stwarza szanse¢ podniesienia jakosci opieki
stomatologicznej calej populacji. Uzyskanie wiarygodnej metody pomiaru sztywnosci miesni
zwaczy w przebiegu dysfunkcji narzadu zucia utatwi prowadzenie badan naukowych poprzez
mozliwos¢ obiektywnego pordwnania wynikow leczenia prowadzonych w réznych osrodkach

z wykorzystaniem réznych metod terapeutycznych. Dodatkowa wartos¢ to otoczenie pacjenta
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z TMD interdyscyplinarng opieka z wykorzystaniem najnowoczesniejszej nieinwazyjnej

metody diagnostyki obrazowej w stomatologii.

IV.CELE PRACY

Celem gtéwnym badania byta ocena przydatnosci sonoelastografii fali poprzecznej w

diagnostyce i ocenie efektow leczenia zwigkszonej sztywnosci migsni zwaczy w przebiegu

dysfunkcji narzadu zucia. Gtéwny cel pracy zostal zrealizowany w oparciu o cele

szczegotowe:

1.

Podsumowanie obecnej wiedzy oraz luk w obecnie dostgpnych danych naukowych w
zakresie wykorzystania sonoelastografii fali poprzecznej w ocenie migsni zwaczy u
0s6b zdrowych i pacjentéw z dysfunkcja narzadu zucia. Cel ten zostal zrealizowany w
przegladzie systematycznym literatury pod tytulem ,,Great potential of ultrasound
elastography for the assessment of the masseter muscle in patients with
temporomandibular disorders. A systematic review”.

Okreslenie wartosci referencyjnych sztywnosci migsni zwaczy u zdrowych oséb
dorostych za pomocg sonoelastografii fali poprzecznej. Cel ten zostal zrealizowany w
publikacji pod tytulem ,,Determination of reference values of the masseter muscle
stiffness in healthy adults using shear wave elastography”.

Ocena sztywnosci miesni zwaczy za pomocg sonoelastografii fali poprzecznej u
pacjentow poddawanych leczeniu zachowawczemu zaburzen czynnosciowych miesni
zucia oraz ocena skutecznosci terapii manualnej wraz z wykorzystaniem szyny
zwarciowej w leczeniu pacjentéw z dysfunkcjg miesni narzadu zucia. Cel ten zostat
zrealizowany w publikacji pod tytutem ,,Assessment of the masseter stiffness in
patients during conservative therapy for masticatory muscle disorders with shear wave

elastography”.

. MATERIAt | METODY BADAN

Badanie kliniczne zostalo poprzedzone systematycznym przegladem literatury

poprzedzit majacym na celu zebranie i podsumowanie dostepnych dowodéw dotyczacych

stosowania elastografii w ocenie miesnia zwaczy u osoéb zdrowych i pacjentow z

zaburzeniami miesni zwaczy, a tym samym zidentyfikowanie luk w obecnej wiedzy. Przeglad
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literatury przeprowadzono zgodnie ze standardami Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) — szczegdty znajduja sie¢ w publikacji nr 1.

Badanie podzielono na dwa etapy. Celem pierwszego etapu bylo opracowanie
metodyki badania sonoelastograficznego z precyzyjnym okresleniem sposobu przylozenia
gltowicy i1 pozycji glowy zuchwy w stawie skroniowo-zuchwowym oraz ustalenie normy
sztywnosci miesni zwaczy w populacji ludzi zdrowych. Etap ten objal pacjentéw bez
zaburzen narzadu zucia w wywiadzie 1 bez odchylen od normy w badaniu wedtug protokotu
DC-TMD. Z tego etapu wytaczono pacjentow leczonych farmakologicznie lekami mogacymi
mie¢ wplyw na napiecie i b6l miesni np. miorelaksanty, SSRI oraz z chorobami
ogllnoustrojowymi  zwlaszcza  neurologicznymi, = nowotworowymi,  zaburzeniami
hormonalnymi, lekami zmieniajacymi tonus mig¢sniowy, pacjentow powyzej 60 r.z.,
chorujacych na zaburzenia psychiczne i nie wyrazajacych zgody na udziat w badaniu.

Pomiar sztywnos$ci miesni zwaczy wykonywano w oparciu o metode sonoelastografii
fali poprzecznej (shear wave elastography, SWE) stosowanej w nieinwazyjnej ocenie
sztywnosci tkanek miekkich. W metodzie tej fale poprzeczne generowane przez ucisk
wykrywane sg przez podtuzne fale ultradzwigckowe, ktére przemieszczaja sie w tkankach
znacznie szybciej niz fale poprzeczne. Otrzymany wynik odzwierciedla ilosciowy pomiar
sztywnosci tkanki wyrazony w kilopaskalach (kPa). Do zalet tego badania nalezy niewielka
zaleznos¢ od operatora, wysoka powtarzalno$¢ oraz mozliwos¢ ilosciowej oceny badanych
parametréw. Wada tego badania, ze fakt, ze kazdy organ posiada swoja unikalng
charakterystyke i stad wartosci normatywne powinny by¢ ustalane oddzielnie dla kazdego z
nich. Badanie mie¢s$ni zwaczy zostaly wykonane przez jednego do$wiadczonego operatora w
takich samych warunkach z uzyciem tej samej glowicy i tej samej aparatury. W czasie
badania pacjent znajduje si¢ na 16zku w pozycji lezacej na plecach (szczeg6ty sg opisane w
publikacji nr 2).

Drugi etap poswiecono ocenie potencjalnej wartosci sonoelastografii w ocenie
skutecznosci efektéow leczenia. Kryterium wigczenia do grupy badanej byla obecnosé
dysfunkcji mies$ni narzadu zucia wg DC-TMD (grupa II masticatory muscle disorders ze
wszystkimi podgrupami). Kryterium wylaczenia stanowity wczesniejsze leczenie zaburzen
narzadu zucia, kryteria farmakologiczne i kliniczne przyjete jako kryteria wykluczenia w
pierwszym etapie badania.

Grupe badang poddano terapii dysfunkcji narzadu Zzucia z zastosowaniem  terapii

manualnej i szyny zwarciowej stabilizacyjnej dla zuchwy. Przed rozpoczeciem leczenia oraz
9



po jego zakonczeniu, ocenie poddano: nasilenie dolegliwosci bélowych za pomoca skali
Numerical Rating Scale (NRS), jakos¢ zycia zwigzang ze stanem zdrowia jamy ustnej (z
uzyciem wystandaryzowanego mie¢dzynarodowego kwestionariusza) oraz kwestionariusze
zwigzane z dobrostanem pacjenta (szczegdly podane sa w publikacji nr 3). Poréwnano zmiany
wartosci sztywnos$ci miesni zwaczy mierzone z uzyciem sonoelastografii i wyniki zebrane
przez zastosowanie DC-TMD w celu okreslenia przydatnosci tej metody w monitorowaniu
efektow leczenia.

Badanie bylo finansowane z  $rodkéw  Narodowego  Centrum  Nauki
(2017/277/N/NZ5/02690). Na przeprowadzenie badania uzyskano zgode Komisji Bioetycznej
przy Uniwersytecie Medycznym we Wroctawiu (KB-592/2018) oraz badanie zarejestrowano

w miedzynarodowej bazie badan klinicznych clinicaltrials.gov (NCT03844854).

VI.CYKL PUBLIKACII

1. Olchowy A, Wieckiewicz M, Winocur E, Dominiak M, Dekkers 1, tasecki
M, Olchowy C. Great potential of ultrasound elastography for the
assessment of the masseter muscle in patients with temporomandibular
disorders. A systematic review. Dentomaxillofac Radiol. 2020 Dec

1;49(8):20200024. doi: 10.1259/dmfr.20200024. IF: 2,419; MEIN : 100,00

Celem badania byto podsumowanie obecnej wiedzy i znalezienie luk w danych
dostepnych w literaturze. Cel ten zostat okreslony jako podsumowanie obecnej wiedzy na
temat wykorzystania sonoelastografii fali poprzecznej w ocenie mie$ni zwaczy u o0sOb
zdrowych 1 pacjentow z zaburzeniami miesni zwacza. Metoda realizacji celu byt
systematyczny przeglad literatury wykonany w oparciu o obowigzujace wytyczne
miedzynarodowe dla przegladéw systematycznych (Preferred Reporting Items for Systematic
Reviews and Meta-analyses guidelines) [PRISMA]. W czasie przegladu literatury do analizy
wybrano 16 sposréod wyselekcjonowanych 142 artykuléw. W analizowanych artykutach
sonoelastografia zostata wykorzystana w siedmiu badaniach dotyczacych miesni zwaczy. W
publikacjach stwierdzono niejednorodnos¢ w zakresie protokotéw badan, urzadzen,
pacjentéw, jednostek miary, jak i otrzymanych wynikéw. Wartosci sztywnosci wykazaty
korelacje miedzy lewym i prawym mie$niem zwaczem u zdrowych oséb, ale nie u pacjentéw
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z zaburzeniami czynnosciowymi narzadu zucia (TMD). Wartosci sztywnosci byty wyzsze u
pacjentow z TMD, jak réwniez byly skorelowane z nasileniem objawéw TMD. Badania
fantomowe potwierdzity wysoka wiarygodnos¢ elastografii.

Na podstawie przeprowadzonego systematycznego przegladu literatury mozna stwierdzié, ze
sonoelastografia fali poprzecznej jest obiecujacym narzedziem do oceny sztywnosci mies$ni
zwaczy, ale dowody na jej uzytecznos¢ kliniczng z dotychczas przeprowadzonych badan sg
niewystarczajgce. Nalezy kontynuowa¢ badania na wigkszych grupach, aby okresli¢
doktadnos$¢ elastografii w celu scharakteryzowania zaburzen migsni zucia. Otrzymane wyniki
daja zatem podstawe do kontynuacji projektu i prowadzenia badan nad sztywnos$cig miesni

zwaczy u 0s6b zdrowych i pacjentéw z TMD.
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SYSTEMATIC REVIEW
Great potential of ultrasound elastography for the assessment
of the masseter muscle in patients with temporomandibular
disorders. A systematic review
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Objective: To summarize the available evidence on the use of elastography in the assessment
of the masseter muscle in healthy individuals and patients with masseter muscle disorders.
Methods: Systematic literature review has been performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses guidelines.

Results: 16 of 142 studies identified were analyzed. Elastography was used in seven studies.
Heterogeneity was observed in terms of study protocols, devices, patients, units of measure,
and results. Elasticity values showed a correlation between the left and right masseter muscle
side in healthy people, but not in patients with temporomandibular disorders (TMDs). Elas-
ticity values increased in TMD and were correlated with the severity of TMD symptom:s.
Phantom studies proved the high reliability of elastography.

Conclusion: Elastography is a promising tool for the assessment of the masseter muscle elas-
ticity, but the evidence is insufficient. Studies on larger groups are needed to determine the
accuracy of elastography to characterize masticatory muscle disorders.
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Introduction

The masseter muscle, being a part of the masticatory
apparatus, helps to perform an important physiolog-
ical function of mastication, which is an initial activity
for appropriate digestion. Pathologies of the masseter
muscle result in impaired bite force and occlusal
morphology, speech disorders, and acute or chronic
pain.'? The assessment of the masticatory muscle is
particularly useful for diagnosing and monitoring
muscle-related temporomandibular disorders (TMDs),
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which are frequent orofacial problems. The prevalence
of TMD varies greatly across studies. Prevalence of
myofascial TMD was estimated to be 10.5% in United
States community females.> In the Northern Finland
Birth Cohort 1966, the prevalence of TMD symptoms
reached 34.2% in 46-year-old people and dominated in
females.* A Brazilian study conducted in adolescents
between the age of 10 and 17 years showed a 33.2%
prevalence irrespective of age and economic status.’
Studies conducted on the Polish population found that
approximately 54% of students presented with TMD
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symptoms.®’ Some other studies suggest that TMD
symptoms may be present in up to 40-90% of the
population, but without the need for active treatment.?
Some reports from the literature link the increase in
TMD symptoms to abuse of active substances and poor
emotional health status; TMD is diagnosed in over half
of the prisoners.”!

The clinical presentation of TMD includes acute
and chronic masticatory muscles and/or temporoman-
dibular joint pain, sounds in temporomandibular joints
(clicking and popping), and abnormal jaw movements.
The main symptoms may be associated with headache,
otolaryngological disorders, and pain within muscles
of the neck and shoulder girdle. Physical examination
sometimes shows an increased stiffness and tension of
the masseter muscles, which is often associated with
their hypertrophy, soreness, and pain during palpation.
Diagnostic criteria are based on the recommendations
of the International Network for Orofacial Pain and
Related Disorders Methodology (Diagnostic Criteria
for Temporomandibular Disorders; DC-TMD).!!:12

Clinical symptoms perceived by patients and the
mechanics of the temporomandibular joints are
important for the diagnosis of TMD, but they consti-
tute only a part of the picture of the disorders. Novel
approaches to evaluate the condition of masticatory
muscles may facilitate the diagnosis and enable precise
monitoring of the management. One of such tech-
niques is shear wave elastography used for noninva-
sive assessment of soft tissue hardness. In this method,
shear waves generated by pressure are detected by
longitudinal ultrasonography waves that propagate in
tissues much faster than shear waves. The quantitative
measurement of tissue hardness is expressed in kilo-
pascals. The advantages of this method include low
dependence on the operator, high repeatability and the
possibility of quantitative evaluation of tested param-
eters.!’ ! The main disadvantage is that every organ has
its unique characteristics, and hence, normative values
must be determined for each muscle independently.'”!
Currently, although there has been a growing body of
evidence, little is known about elasticity values of the
masseter muscle as well as the optimal examination

Table 1 Inclusion and exclusion criteria

protocol that would enable to obtain repetitive and
reliable results.

The goal of this systematic review was to summa-
rize the available evidence on the use of elastography
in the assessment of the masseter muscle in healthy
individuals and patients with TMD. Authors focused
on the techniques and devices used for the assessment
of the masseter muscle. Furthermore, the authors
aimed at determining the ranges of the masseter
muscle elasticity and factors that contribute to its
change.

Methods and materials

Evidence acquisition

The databases PubMed, Ovid MEDLINE, Web of
Science, and ClinicalTrials.gov were searched for
relevant literature on February 19, 2019. The present
systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.!” The search in
databases was supplemented with a Google search
of grey literature and hand search of the bibliogra-
phies of retrieved articles. No restrictions regarding
timeframe and geographical scope were applied, but
papers published only in English were considered.
Electronic search strategies employed the following
keywords elastography, shear-wave elastography,
sonoelastography, TMD, masticatory, masseter as
well as combinations and variations of them and
are shown in Supplementary Table 1 to S3. Inclu-
sion and exclusion criteria were defined according to
the PICOS (Population, Intervention, Comparison,
Outcomes and Study Design) approach (Table 1).
Three reviewers performed the literature search. Two
reviewers screened records and abstracts and recom-
mended papers for qualitative analysis. The following
data were extracted from selected papers: author and
year of publication, characteristics of the popula-
tion under study, examination protocol, the device
used, and elasticity values of the normal and diseased
masseter muscle.

PICOS Inclusion criteria Exclusion criteria
Population Healthy patients, phantoms, humans and animals, Pathologies other than TMD including
patients suffering from TMD malignant lesions, benign tumors, injuries
Intervention Shear-wave elastography or sonoelastography of -
masseter muscle
Comparator None or any -
QOutcome Muscle hardness and elasticity -
Study RCTs, cohort studies, experimental models, animal Review papers, letters, commentaries, articles not

models, case reports

in English

PICOS, Population, Intervention, Comparison, Outcomes and Study Design; RCT, randomized controlled trials;TMD, temporomandibular

disorders.
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Records identified through database Additional records identified through other
c searching sources
-3 1. In PubMed (n = 46) 1. Reference search and grey
E 2.In Ovid (n =69) literature (n = 11)
'E 3. In Web of Science (n = 129) 2. ClinicalTrials.gov (n=2)
2
PR Records after duplicates removed
(n=142)
00
£
c
g
E Records excluded (n=114)
Records screened »| 1. Not on elastography (n = 111)
(n=28) 2. Not on masseter muscle (n = 3)
—/
)
. Full-text articles excluded, with
Full-text articles assessed reasons (n = 12)
Z for eligibility ™| 1.Review papers (n = 8)
;néo (n=16) 2. Not on masseter muscle (n = 4)
2
\ ) Studies on elastography in general
included in qualitative synthesis
o
(n=16)
-]
[}
3
S Studies on shear wave elastography
£ included in qualitative synthesis
(n=7)
—

Figure 1 PRISMA flow diagram of the systematic review protocol. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-

Analyses

Results

Evidence synthesis

A total of 142 studies were identified, out of which 16
met PICOS criteria and were included in a qualitative
analysis of the use of elastography for the assessment of
the masseter muscle. For the evaluation of the shear wave
elastography values, seven publications were considered.
Additionally, two ongoing studies were identified from
the Clinical Trials Database. The selection process is
shown in the PRISMA flow diagram in Figure 1.

Study populations

A total of 16 studies on 573 subjects were analyzed.
These studies included 486 healthy volunteers, 73
patients with TMD, 13 patients who underwent radio-
therapy for nasopharyngeal carcinoma (this subgroup
was compared to the healthy control group which was
of interest in this review; for this reason, the whole
study population was included), 1 patient with unilat-
eral temporal myositis, 6 cadavers, and 2 phantoms.
Only in two studies, the study groups comprised over
100 participants. Study cohorts were small with a mean
number of subjects of 47.7 (median 33.5; range 10-176).

The qualitative evaluation of elasticity values focused
on studies using shear wave elastography. These studies
included 436 (76% of the pooled number of all studies
included) subjects with the mean sample size of 72.6
(median 46.5; range 10-176). The characteristics of the
16 studies included are presented in Table 2. The details
of studies on shear wave elastography are depicted in
Table 3.

Devices used for the measurement of elasticity
Several devices were used to measure elasticity. For strain
elastography, two machines were used. In one study, the
EUB-7000 device (Hitachi Medical Systems, Tokyo,
Japan) equipped with a 6-13 MHz wide bandwidth
linear probe was used,”® while four other studies used
LOGIQ E9 (GE Healthcare, Tokyo, Japan) equipped
with a 4.5-15 MHz wide bandwidth linear active-matrix
transducer (ML6-15-D).223:29:30

A wide variety of devices were used for shear wave
elastography. Supersonic Imaging System Aixplorer
ultrasound machine (Aix-en-Provence, France) was
used either with a linear-array transducer with a
frequency range of 6-13 MHz or 4-15 MHz."720% In
two studies, a GE Logic E9 system with a 9 MHz linear

birpublications.org/dmfr
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Table 2 Characteristics of the studies included in the systematic review

Author

Technique Study population Results

Arda, 20112

Ariji, 2009%!

Ariji, 2012

Ariji, 20132

Ariji, 20167

Ariji, 2016

Badea, 2014*

Damian, 2016

Ewertsen, 20188

Shear wave elastography 127 healthy volunteers (89 females, The mean elasticity values were 10.4 + 3.7kPa for the
38 males) with a mean age of 37.7 = masseter muscle. The same values in the longitudinal
9.11 years; range, 17-63 years)  and transverse planes. Values in the longitudinal place
were greater in males 10.8 + 3.9 (range 4-20) than in
females 10.3 *+ 3.6 (range 2-23) with p value of 0.3.
There was no correlation between age and elasticity of
the muscle (p = 0.50).

Real-time sonographic 14 healthy volunteers (10 males and ~ The mean MSI of the right and left muscles in the
elastography six females) and two female patients healthy volunteers were 0.85 £ 0.44and 0.74 + 0.35.
with TMD There was a significant correlation between the right
and left MSI (R = 0.67, p < 0.001). The mean MSI
was lower in males and in females (0.64 + 0.34and
1.05 = 0.35; p = 0.008).
MSI values of a 29-year-old female with TMD of the
right masseter muscle were 2.06 for the right and 0.43
for the left masseter muscle.
MSI values of a 46-year-old female with bilateral
TMD were right 3.71 for the right and 0.22 for the left
masseter muscle.

Strain sonoelastography 35 healthy volunteers (20 males and MEI was comparable for both masseter muscles with
15 females) with a mean age of 41.4  values of 0.79 % 0.43 for the right side-and 0.74 *
+ 12.4 years; range, 25-65 years) 0.37 for the left side (p = 0.5737). A strong correlation
was observed between the two sides (R = 0.7739; p <
0.001).

8 TMD patients (2 males and six MEI was higher for the symptomatic side-than for
females) with unilateral myofascial  the contralateral side (1.13 £ 0.43 vs 0.77 £ 0.31; p
pain with a mean age of 44.1 £9.6 = 0.03). The correlation between the two sides was

years; range, 32—60 years) insignificant (R = 0.4741; p = 0.2050).

Strain sonoelastography  ten healthy volunteers (8 males and MEI was comparable for both masseter muscles with
two females) with a mean age of 40.9  values of 0.84 * 0.21 for the right side-and 0.85 *
+ 12.4 years; range, 26-54 years  0.21 for the left side. MEI increased significantly after
exercise.

Strain sonoelastography 37 TMD patients with myofascial ~ MEI was calculated at baseline and after 9.5 weeks
pain (6 males and 31 females) with a of massage therapy. Patient were divided by response

median age of 45 years (range 9-83 to the therapy. MEI in the therapy-effective was 1.33

years) at the baseline, 1.17 after the third treatment session,

and 1.00 after the last treatment session. In the

therapy-ineffective group, MEI were 1.20, 1.08, and

1.08, respectively. In the first group, values after the

treatment were significantly lower in comparison to
baseline, while in the second one, the differences were

insignificant.
Strain and shear wave ~ Phantoms and 30 healthy volunteers In healthy subjects, the average hardness on shear-
elastography (21 males and nine females) with wave sonoelastography was 42.82 £ 5.56kPa at
the median age of 31.5 years; range, rest and 53.86 * 8.26 kPa during jaw clenching.
26-63 years Differences between the left and right hardness values

and between males and females were insignificant.

Shear wave elastography 25 healthy controls and 13 patients ~ Shear waves velocities were measured in m/s. The
who had had radiotherapy for values for relaxation and contraction in controls and
nasopharyngeal carcinoma (35Gy patients presented no differences (1.79 = 0.52 vs 1.72
minimum) +0.73; p=0.72and 1.70 £ 0.48 vs 1.59 £ 0.77; p =
0.98). Differences between groups were insignificant
(1.79 £ 0.52 vs 1.65 £ 0.63; p = 0.78).

Strain elastography One case report of unilateral Values not available.
temporal myositis

Shear wave elastography 10 healthy individuals (5 males and 5 The mean shear wave speed in the parallel plane was
females) with median age of 31 years 2.45 + 0.25 m/s. The effect of sequence (day-to-day
and range from 22 to 46 years. variation) and dominant side-were insignificant. The
effect of scan plane in relation to muscle pennation
was statistically significant.

(Continued)
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Table 2 (Continued)
Author Technique Study population Results
Gotoh,2013 Strain elastography 10 healthy volunteers (8 males and ~ The EI ratios of the right and left masseter muscles

2 females) before, immediately after, were 0.84 = 0.21 and 0.85 + 0.21, respectively, before
and 10 min after static contraction exercise, 1.75 * 0.43and 1.71 * 0.43 immediately after
exercise, and 0.90 = 0.38and 0.87 £ 0.36 10min after

exercise. There were no significant differences between

the right and left EI ratios in any of the phases.
The EI ratios immediately after exercise were
significantly higher than those before exercise and
10 min after exercise on both right and left sides.
The mean stiffness was 10.0 + 4.3kPa. A small

increase with age was observed. BMI and weight had
small effect on stiffness values.

Herman, 2017'7 176 volunteers with no known
history of head and neck disease
with a mean age of 48.8 years and

range from 21 to 91 years.

Shear wave elastography

Joy, 2015% 6 Thiel soft-embalmed human
cadavers (3 males and 3 females)
with a mean age at death of §1.3 £

13.2and range from 63 to 97 years.

Shear wave elastography Masseter 15.0 (95% CI: 6.3-35.5) kPa
Sex, age at death and repeated measurements had no

effect on elasticity.

Nakayama, 2015% Strain elastography Phantoms with elasticity of 20, 40 No differences in EI ratios between males and females
and 60kPa. as well as between the right and left sides were

25 healthy volunteers (10 females  observed. EI ration increased during clenching. Less

and 15 males) with a mean age of  variations were observed for the hard coupling agent.

30.8 + 9.8 years and range from 20  The EI ratios increased and showed wide variation

to 53 years. with clenching.

TMD Ia = 1.96 m/s (12.5kPa)
TMD Ib =2.00 m/s (13.0kPa)

Takashima, 2017% 26 females with bilateral masseter
muscle pain who were classified as
having TMD Ia (myofascial pain; Healthy females = 1.27 m/s (5.25kPa)

n = 13) or Ib (myofascial pain with  Stiffness was significantly greater in TMD patients
limited opening; # = 13) and healthy (p < 0.05). It was positively correlated with pain (p <
controls consisted of 24 females.  0.05) and negatively with maximum assisted mouth

Age range of TMD patients was 15 opening (p < 0.05) and painless mouth opening (p <

to 46 years, while controls 23-45 0.05).

years.

Shear wave elastography

MEI, masseter muscle elasticity index calculated as the value of (the mean elasticity index of the masseter muscle)/(the mean elasticity index
of the subcutaneous fat tissue) and was defined as the total hardness; MSI, masseter stiffness index defined as the ratio of elasticity of the fat
tissues and elasticity of the masseter muscle; TMD, temporomandibular disorders; EI, elasticity index defined as the strain values of each area
compared with the average strain value of the whole area of interest; EI ratio was calculated as the mean EI of scoring area divided by the mean

EI of background.

array transducer was used.'®?! Ariji et al used a coupling
agent with Young’s modulus of 40kPa on the surface
of the masseter muscle as the reference and presented
the results in kPa.?! Another two studies were conducted
using the ACUSON (S2000 or S20001) device (Siemens
AG, Munich, Germany) with an 8-14 MHz linear
transducer.?*?’

The devices used in the studies for shear wave elastog-
raphy are listed in Table 3.

Techniques used for the measurement of elasticity in
masseter muscles

The masseter muscle was examined in two positions:
supine or sitting position; the supine position was more
frequently used for shear wave elastography, whereas
the sitting position was used for strain elastography.
Slight differences were noted across the studies when
comparing the technique of scanning.

In the early study on masseter muscle elasticity
conducted by a team from Japan, the patient was seated
in an upright position with the head in the natural posi-
tion. The measurements were acquired parallel to the

anterior border of the muscle. The probe was placed
15mm, or 20 mm in more recent studies, above the lower
margin of the mandible. In patients with tender points in
the masseter muscle, the points were included in the area
scanned.?>? In the study conducted by Ewerstsen et al,
the patient was examined when sitting on a chair while
the sonographer was sitting behind the patient. The
recordings were performed after light pre-compression
of the skin.!® Takashima et al who used the sitting posi-
tion during examination evaluated three points (anterior
border, center, and posterior border) of the masseter
muscle body.?”” Gotoh et al examined their patients in an
upright position with the head in the natural position.
They used a multiple focus technique with a focal range
of 0.5-2.0cm and image depth of 4.0cm. Elasticity was
measured 15mm above the edge of the mandible.*

In both studies from 2016 performed by Ariji’s
group, the patient lied in the supine position, but the
head of the transducer was applied in the same manner.
For better accuracy, each of the measurements was
performed twice, and the results were averaged.?'** The
supine position dominated in studies using shear wave

birpublications.org/dmfr
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Table 3 Characteristics of studies on shear wave elastography

Author Device

Patients positioning

Elasticity values of the masseter

Study population muscle

Arda, 201 1% Supersonic with a linear-array
transducer with a frequency range

of 6-13 MHz (Aix-en-Provence)
Ariji, 2016 Logic E9 with a 9 MHz linear array
transducer; the coupling agent with

Young’s modulus of 40kPa was
used (GE Healthcare)

Badea, 2014* ACUSON S2000 with an 8-14

(Siemens)

Ewertsen, 2018'® Logic E9 system with a 9 MHz
linear array transducer (GE

Healthcare)
Supersonic with a compact linear
array transducer SL 15-4 (4-15
MHz)
(Aix-en-Provence)

Herman, 2017V

Joy, 2015%
range of 4-15 MHz
(Aix-en-Provence)

ACUSON 52001 with an 8-14 MHz
linear transducer (Siemens)

Takashima, 2017%

Patient in a supine
position

Patient in a supine
position

Patients in a supine
MHz linear transducer; ARFI mode position with the head
half extended

Patient in a sitting
position

Patient in a supine
position

Supersonic with a with a frequency ~ Cadavers in a supine
position

Patient in a sitting
position

Total: 10.4 £ 3.7kPa (range,
2-23)
Males: 10.8 = 3.9kPa (4-20)
Females: 10.3 + 3.6kPa (2-23)
At rest 42.82 + 5.56 kPa

At jaw clenching 53.86 + 8.26
kPa

127 healthy volunteers

30 healthy volunteers

Central measurement — m/s
Healthy at rest; right 1.87
0.52and left 1.6 + 0.47
Healthy at contraction right 1.57
+ 0.54and left 1.47 £ 0.53
Patients at rest; right 1.67
0.6and left 1.6 £ 0.34
Patients at contraction right 1.41
+0.52and left 1.68 £ 0.9

2.45%0.25m/s

25 healthy volunteers
and 13 patients after
radiotherapy

10 healthy volunteers

176 healthy volunteers ~ 10.0 = 4.3kPa, median 9.85kPa;

Six cadavers 15.0 (95% CI: 6.3-35.5) kPa

26 females with TMD and TMD Ia = 1.96 m/s (12.5kPa)
24 healthy females TMD Ib =2.00 m/s (13.0kPa)
Healthy females = 1.27 m/s
(5.25kPa)

TMD, temporomandibular disorders.

elastography.!7-2242¢ Additionally, Badea et al examined
patients in a supine position with the head half extended
and advised to refrain from swallowing during the exam-
ination. Nakayama et al instructed the patients to turn
the head so that the side to be examined faced upwards
and to relax the masseter muscle.?® Regarding contrac-
tion during the examination, Nakayama et al asked the
patients to clench the mandible with the maximum force,
while Badea et al asked the patients to make a moderate
contraction.?*?

Most studies used some ultrasound gel on the skin
over the muscle and carried out scanning without
compressing the tissue,!7202527

Elasticity values of the masseter muscle

Two studies showed that the elasticity of the masseter
muscle differs significantly not only from that of different
organs but also from that of different muscles. Arda et
al*® compared elasticity values in different locations of
the body and found a significant difference between
them in healthy people. The lowest values were recorded
in the spleen (2.9 £ 1.8kPa) and the highest in the
Achilles tendons (51.5 £ 25.1kPa). Moreover, consid-
erable differences were noted between the same tissues,
but with different locations and functions, e.g. elasticity

Dentomaxillofac Radiol, 49, 20200024
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for the masseter muscle was 10.4 * 3.7kPa, while for
the supraspinatus muscle, it was three times higher and
reached 31.2 + 13kPa.? Herman et al reported a differ-
ence in elasticity across different organs; however, the
difference between the sternocleidomastoid muscle (9.89
+ 4.1kPa) and the masseter muscle (10.04 + 4.3kPa)
was small.!’

Overall, in studies on humans, four studies expressed
elasticity values of the normal masseter muscle in
kPa'!”2021.27 while three studies used velocity (m/s)
to report elasticity.'>** Additionally, one study on
cadavers reported elasticity in kPa.?

For kPa, the values at rest in healthy people ranged
from 5.25kPa in the study by Takashima et al?’’ to
42.82 + 5.56kPa in the study by Ariji et al.?! It is worth
noting that the studies were conducted using different
devices and coupling agents. The study by Arda et
al*® and Herman et al'” showed similar results (10.4 +
3.7 and 10.0 £ 4.3kPa). Both research teams used the
Supersonic device. Only one study reported values of
12.5-13kPa for patients with TMD.?’

For m/s, the values at rest in healthy people ranged
from 1.27 m/s in the study by Takashima et al*’ to 2.45
m/s in the study by Ewertsen et al.'® Of these studies,
two were conducted using ACUSON Siemens devices
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but with different models, and one study used Logic E9
from GE Healthcare.

The values of elasticity of the masseter muscle are
presented in Table 2.

Factors affecting elasticity values of the masseter muscle
The impact of age remains unclear. One study found no
correlation between age and elasticity of the muscle,?
while another study noted a small increase in elasticity
with age."” Regarding sex, three studies reported no
differences in elasticity between males and females.?*2>26
Only one study reported significantly lower values of
the masseter stiffness index in males than in females.?®
Some studies investigated whether there are differences
between both masseter muscles. In most cases, a signif-
icant correlation between the right and left masseter
stiffness index in healthy volunteers was observed,
indicating that elasticity of both normal muscles is
similar.2-22262830 - Differences between the sides of
masseter muscles appeared for pathologies. In patients
with TMD, the masseter muscle elasticity index was
higher for the symptomatic side than for the contralat-
eral side.?>?® More detailed report by Takashima et al
showed significantly increased stiffness in patients with
TMD as well as a positive correlation of stiffness with
pain and a negative correlation with maximum assisted
mouth opening and painless mouth opening.”’ The
history of radiotherapy did not affect elasticity values.
Exercise increased the masseter muscle elasticity index.?
The effect of contraction or clenching is not clear
because of conflicting results.?!:2426

Discussion

The present systematic review shows small evidence for
the use of elastography to assess the masseter muscle.
Reports available in the literature are heterogeneous
because the studies were conducted using different
devices, protocols, and health conditions of patients.
Additionally, they report results of elastography with
different units, which cannot be compared directly.

The main limitation of this review is the small
number of studies included in the qualitative evaluation
of elastography of the masseter muscle. Large heteroge-
neity across the studies precluded not only determining
normative values but also comparing elasticity values in
different pathologies. Because of the sparsity of data,
also studies on cadavers and phantoms were included
to show the background of the use of elastography as
well as to capture all possible evidence in this scope. Joy
et al* used Thiel embalmed cadavers which are used for
medical research as this method preserves greater flex-
ibility compared to formalin-embalmed cadavers. In
the phantom study, a muscle phantom of known elas-
ticity was used and compared to sonographic results
obtained from the measurement of healthy volunteers.?
This study proved that on one hand, measurements are
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reliable and on the other, that can be used to measure
tissue hardness in humans. Due to the heterogeneity
of the studies, authors were unable to conduct a meta-
analysis on the change in the masseter muscle elasticity
between healthy people and patients with TMD.

Different measures of elasticity were used across
studies. Masseter muscle elasticity index and elasticity
index as well as masseter stiffness index (MSI) are
defined in Table 2; they were used for strain sonoelas-
tography and real-time sonographic elastography. The
results of shear wave elastography were presented in two
units m/s and kPa. These two units represent a different
approach to measurement; m/s shows the shear wave
speed with which the waves propagate in a given tissue,
while kPa is calculated from the velocity of the shear
waves using Young’s elastic modulus. Because the retro-
spective calculation of kPa from m/s and vice versa®! is
not feasible, authors recommend providing results using
either kPa or both units.

The studies included in the present review analyzed
several factors that were important for the assessment
of masseter muscles in patients diagnosed with TMD.
First, a correlation between the left and right sides
of the masseter muscle was confirmed for healthy
people. Second, the masseter muscle affected by TMD
presented with increased values of elasticity. Further-
more, elasticity values correlated with the severity of
TMD symptoms. Finally, a strong correlation between
actual and measured hardness confirmed by phantom
studies proves the high reliability of elastography. The
noninvasive nature of this examination and real-time
display of results increase its potential to be accepted by
patients. All these features suggest that elastography has
the potential of being a valuable tool for the assessment
of muscle-related TMD and monitoring the results of
the management.

The European Society of Radiology highlights the
need for the development of new imaging biomarkers
that have sufficiently high accuracy and reproduc-
ibility in detecting pathological processes.’> From the
European Society of Radiology perspective, elastog-
raphy still requires to be standardized and validated by
gathering evidence from large studies. Currently, two
ongoing studies are in progress and have been regis-
tered at ClinicalTrials.gov. Both studies aim to assess
shear wave elastography. The first study will enroll 20
participants,® while the second will enroll 150 partici-
pants® and is focused on determining elasticity values
in patients with TMD and healthy subjects. In authors
institution, attempts have been made to gain experi-
ence in using shear wave elastography to examine the
masseter muscle. An example of a shear wave image
of the masseter muscle of a healthy person is shown in
Figure 2. New studies are showing a growing interest
in this modality with the aim to improve oral health in
patients with TMD.

Currently, there is no reliable method for the assess-
ment of the masseter muscle in patients with TMD.

birpublications.org/dmfr
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Image shows shear wave elastography of the masseter muscle of healthy volunteer (33-year-old male). Ultrasound linear probe was

placed longitudinally to the long axis of the muscle and the presented image was obtained. Three ROIs of 3mm in diameter each were placed in
the central aspect of the muscle belly and provided three independent measurements. The mean elasticity of the masseter muscle calculated from

3 measurements was 9.4 kPa.

However, several attempts have been made and inves-
tigated in clinical trials. The use of diffusion-weighted
MRI showed that it could be useful to evaluate myalgia
of the masticatory muscles.** Electromyography is
another method which can help to make a proper diag-
nosis, exclude other pathologies and measure the severity
of pain.** It is worth noting that TMD is a complex
condition in which an interplay of several factors and
overlap of other conditions can be observed. Complete
assessment of the patient requires checking the condi-
tions of temporomandibular joint which can be done
with ultrasound?® or magnetic resonance.*

Conclusion

Elastography is a promising tool for the assessment of
the masseter muscle elasticity for improved diagnosis of
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Opublikowane dotad badania wskazuja, ze sonoelastografia jest obiektywna 1 wiarygodna
metodg oceny miesni i narzadow wewnetrznych, jednak kazdy organ ma swojg wtlasng
charakterystyke sztywnosci i dlatego wymaga indywidualnych wartosci odniesienia. Skad
koniecznos¢ ustalenia wartosci referencyjnych dla miesni zwaczy. Celem niniejszego badania
byto okreslenie wartosci referencyjnych sztywnosci miesni zwaczy u zdrowych o0s6b
dorostych za pomoca sonoelastografii. W badaniu przeanalizowano dane 140 zdrowych
ochotnikéw (74 mezczyzn, 66 kobiet) z mediang wieku 50 lat. Zgodnie z otrzymanymi
wynikami, ogélna $rednia sztywno$¢ wyniosta 10,67 + 1,77 kPa. Srednie warto$ci byty nizsze
0 2,25 kPa (9,15%) u kobiet w poréwnaniu z m¢zczyznami (9,48 + 1,47 kPa vs 11,73 + 1,27
kPa; p < 0,0001). Wartosci sztywnosci wzrastalty wraz z wiekiem, przy wspoétczynniku
korelacji okoto 0,35 1 p < 0,0001. Wiek byt istotnym czynnikiem wplywajacym na sztywnos¢
mie$ni zwaczy. Wartosci sztywnosci lewego i1 prawego mie$nia zwacza byly podobne.
Podanie pozwolilo na wyciagniecie kilku istotnych wnioskéw. Wartosci sztywnosci sa
znacznie nizsze u kobiet niz u mezczyzn z réznicg wynoszaca 9%. Wiek istotnie wptywa na
sztywno$¢ migsni zwaczy, a wartosci sztywnos$¢ znacznie wzrastaja wraz z wiekiem,
szczegblnie u mezczyzn. Niezbedne sg jednak dalsze badania w celu okreslenia doktadnych
zakresOw sztywnosci uwzgledniajacych wiek 1 pte¢ u oséb zdrowych oraz u oséb z

zaburzeniami i réznymi stanami patologicznym w obrebie narzadu zucia.
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Abstract: Shear wave elastography (SWE) is an objective and reliable method for the assessment of
muscles and internal organs. Every organ exhibits its own stiffness characteristics and hence requires
individual reference values. We aimed to determine the reference values of stiffness of the masseter
muscle in healthy adult individuals using SWE. We analyzed the data of 140 participants (74 men,
66 women) with a median age of 50 years. The overall mean elasticity was 10.67 & 1.77 kPa. The
average values were lower by 2.25 kPa (9.15%) in women compared to men (9.48 + 1.47 kPa vs.
11.73 + 1.27 kPa; p < 0.0001). The values of stiffness increased with age, with a correlation coefficient
of about 0.35 and a p < 0.0001. Age was a significant influencing factor of masseter muscle stiffness.
The left and right masseters had similar stiffness. We conclude that stiffness values are significantly
lower in women than in men with a difference of 9%. Age significantly influences the stiffness of
masseter muscle, and the values of stiffness increase significantly with age, particularly in men.
However, further studies are required to determine the precise ranges of stiffness accounting for age
and sex in healthy subjects and people with disorders and conditions of the masticatory system.

Keywords: masseter muscle; masticatory system; normal values; reference values; shear wave
elastography

1. Introduction

Up to date, several ultrasound elastography techniques have been used for the eval-
uation of muscle stiffness. These include transient elastography, acoustic radiation force
impulse elastography, real-time tissue elastography, and real-time shear wave elastography
(SWE). Although SWE has been recently introduced to clinical practice, it has been vali-
dated and is gaining attention among practitioners. An SWE device produces mechanical
vibration sources which radiate low-frequency shear waves inside tissues, creating two
intense plane shear waves [1]. These waves propagate through soft tissues, promoting
their distortion adequately to their degree of stiffness. Then, the waves are registered by
an ultrafast scanner. SWE allows determining the actual elastic modulus of tissues and
recording the stiffness (in kPa) of the region of interest (ROI) in an organ. The technique
is reproducible, operator independent, and quantitative [2]. An SWE device is integrated
into an ultrasound system with standard ultrasound probes. Hence, SWE can be carried
out as part of an additional routine examination or during a standard examination.

Clinical applications of SWE primarily include the evaluation of muscles and internal
organs. However, every organ exhibits its own stiffness characteristics and therefore
requires individual reference values. The reference values for muscles have been mainly
established for healthy people. Ewertsen et al. [3] determined the reference values for
neck and shoulder muscles; Wang et al. [4] attempted to determine the reference ranges of
stiffness for the upper trapezius during different degrees of shoulder abduction; Lallemant-
Dudek et al. [5] aimed to define the reference values for healthy muscles and muscles
affected by spastic cerebral palsy. Their study focused on the long head of the biceps brachii
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and medial gastrocnemius. Regarding internal organs, the values for the liver and breasts
have been well established for both healthy people and people presenting pathologic
conditions [6,7]. In many diseases (e.g., breast cancer), SWE helps to make a diagnosis,
determining the stage of the disease, and evaluating the response to treatment [8].

Taking into account the characteristics of SWE, we decided to use it for the assessment
of the masticatory muscles. Patients with temporomandibular disorders (TMD) often suffer
from hypertrophy and increased tension of the masseter muscle [9,10]; however, hyper-
trophy is not always associated with TMD and its etiology remains unexplained. These
symptoms can be monitored by SWE, and the response to treatment can be evaluated [11].
Furthermore, SWE can be used to assess the condition of the masseter muscle by a trained
dentist during check-up visits [12]. For this reason, we attempted to establish the reference
values for a normal masseter muscle tissue in healthy adult individuals, which can help to
differentiate any disorders and conditions, using SWE. Additionally, we investigated the
reference values in terms of age and gender, which are factors affecting the stiffness of the
masseter muscle.

2. Materials and Methods

We enrolled a total of 140 healthy adult volunteers (164 volunteered for this study and
140 were included based on the inclusion criteria). The percentage of excluded subjects
was lower than in the general population [13] because we aimed to recruit only healthy
people. Inclusion criteria for the study were as follows: age of 18 years or older, absence
of any signs and symptoms suggestive of TMD according to the Diagnostic Criteria for
Temporomandibular Disorders [14] protocol, and no previous diagnosis of TMD or treat-
ment for this condition. People with neuromuscular disorders and/or rheumatoid disease,
cancer, or inflammation in the facial region, pregnant and breastfeeding women, and those
using muscle relaxants and /or other drugs that can alter the functioning of muscles were
excluded. In addition, individuals with any abnormalities within the masticatory muscles,
such as pain within the masseter and parafunctional oral habits, were not included. All
participants took part in the study voluntarily and gave informed consent. The study was
conducted according to the Declaration of Helsinki and was approved by the Bioethical
Committee at Wroclaw Medical University (KB-592/2018).

This study is a part of the research project titled, “Shear Wave Sonoelastography in the
Diagnosis and Management of the Masseter Muscles Disorders”, funded by the National
Science Centre, Poland (funding ID: PREL.B160.18.007).

During the study, each participant was first interviewed by a trained dentist and
examined for the fulfillment of the inclusion criteria. If qualified for the study, the partic-
ipant was referred for the SWE examination. All the SWE assessments were conducted
by a single trained radiologist with seven years of experience in the technique. For each
participant, three measurements each were taken in the right and left masseter muscle and
averaged. In the previous pilot phase (unpublished data), measurements were made with
a transducer placed longitudinally and transversely to the masseter muscle; however, no
significant differences were found between measurements. Based on our experience, we
recommend a longitudinal (parallel) placement as shown in Figure 1. In our opinion, such
placement is more intuitive. Additionally, it is easier to achieve a 0° angle than a 90° angle
of the probe in relation to muscle fibers. A similar approach was used by Chang et al. for
measurement of the middle part of the masseter muscle [15]. While taking the measure-
ment, the probe was placed parallel to the longitudinal axis of the masseter muscle in the
widest part (the midpoint level) of the muscle in the belly. The middle part of the masseter
muscle was identified while the patient clenched his/her teeth on the most protruding part
of the muscle.

A circular, 4 mm ROI was positioned in the center of the muscle tissue. The ROI of
4 mm was chosen to reflect the size of the masseter, avoiding the deep and superficial
fascia of the muscles. It was located in an area of relatively uniform elasticity as guided
by an SWE image and standard deviation (SD) of less than 30% of the mean elasticity
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value. During the SWE examination, the patients were asked to lie in a supine position,
remain relaxed and comfortable, and refrain from swallowing. Before the examination, the
probe was covered with an ultrasound gel to reduce the passage of air between the probe
and the skin, which enabled good visualization. The tissues were not compressed during
the examination.

\

\ i \
Figure 1. Placement of the probe on the masseter muscle during shear wave elastography examination.

The stiffness of the masseter muscle was measured with the Aixplorer Ultimate device
(SuperSonic Imagine, Aix-en-Provence, France) using a high-frequency linear probe SL 18-5
(5-18 MHz). The obtained measurements were validated using the elasticity QA Phantom
model 049A (Computerized Imaging Reference Systems, Inc, Norfolk, VA, USA).

Data were statistically analyzed using MedCalc v. 19.5.3 (MedCalc Software Ltd.,
Ostend, Belgium). Means and SDs were calculated. The Shapiro-Wilk test was used
to analyze the data distribution. The hypothesis of normal distribution was rejected
for all variables. The stiffness values were compared using the Mann-Whitney U test.
Correlations between age and stiffness were checked with Spearman’s rank correlation
coefficient. Regression models were built for predicting the stiffness value of the masseter
based on age. A probability value lower than 0.05 was considered statistically significant.

3. Results

We analyzed data obtained from 140 healthy volunteers (74 men and 66 women)
with a median age of 50 years (95% confidence interval (CI): 45.9-55). For women, the
median age was 45 years (95% CI: 40-53) with a range from 22 to 65 years. Men were
older with a median age of 54 years (95% CI: 47-57.9) and a range from 25 to 65 years.
The age distribution is shown in Figure 2. The mean elasticity of all measurements was
10.67 £ 1.77 kPa. The values of stiffness by sex and side of the body are presented in
Table 1. Figure 3 shows typical SWE images.



Int. J. Environ. Res. Public Health 2021, 18, 9371 4 0f 8

20 - 25|

Number of women
=
Number of men

v

0 10 20 30 40 50 60 70 80 90
Age (years) Age (years)

Figure 2. Age distribution in the study group by gender with a stiffness means expressed in kPa for age range.

Table 1. Values of stiffness in the study group.

Mean + SD, kPa Difference, kPa (%) p-Value

thrir;r(ln(: =14183)2> 191.4783f 114277 2.25(9.15%) <0.0001
Rightroml (1= 140 1067 £ 175 001 009%) 09706
vvggrmniﬁ 2523 N ﬁi 108..186111%25 1.36 (13.4%) 0.0001
Nen aged > Me 1205+ 101 06 (9% 00661

Abbreviations: Me, median; n, number of patietns, SD, standard deviation.

Figure 3. Shear wave elastography images of the masseter muscle of healthy volunteers: a 22-year-old woman (A) and

28-year-old man (B).
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We investigated the relationship between age and stiffness values of the masseter
muscle. Taking into account the side of the body, a moderate correlation was found between
age and the stiffness value of the left masseter muscle (r = 0.353, 95% CI: 0.199-0.490,
p < 0.0001). Similarly, a moderate correlation was found between age and the stiffness value
of the right masseter muscle (r = 0.346, 95% CI: 0.192-0.485, p < 0.0001). As the comparison
between left and right masseter muscle did not show any significant difference, we analyzed
the stiffness values of left and right masseter together to calculate the correlation coefficients
by sex. In women, a moderate correlation was found between age and the stiffness of the
masseter muscle (r = 0.449, 95% CI: 0.232-0.623, p = 0.0002). On the other hand, a weak
correlation was found in the case of men (r = 0.265, 95% CI: 0.0384-0.465, p = 0.0227).

Regression models were built for predicting the stiffness value of the masseter based
on age separately for men and women. In each model, the stiffness values were set as a
dependent variable (Y), and age as an independent variable (X). For women, the regression
equation was as follows: y = 7.3351 + 0.04663 x x. The average stiffness value regardless of
age was 7.33 kPa, which increased by 0.05 kPa for every additional year. Age significantly
influenced the stiffness values (p < 0.0001). The unadjusted R-squared was calculated
as 0.1870, and the model thus explained approximately 18% of the variability. For men,
the regression equation was as follows: y = 10.2745 + 0.02881 x x. The average stiffness
value regardless of age was 10.27 kPa, which increased by 0.03 kPa for every additional
year. Similar to women, age significantly influenced the masseter muscle stiffness in
men (p < 0.0001). The unadjusted R-squared was 0.0709, and the model thus explained
approximately 7% of the variability.

4. Discussion

The reference values of the masseter muscle stiffness have not been established so far in
the literature. Our study showed that the mean stiffness value in men was 11.73 £ 1.27 kPa,
and in women was 9.48 £ 1.47 kPa. Age and sex had a significant impact on muscle stiffness.
The average stiffness values were lower by 2.25 kPa (9.15%) in women compared to men.
The values increased with age with a correlation coefficient of about 0.35 and a p-value
below 0.0001. Thus, age was identified as a significant influencing factor of masseter
muscle stiffness.

SWE is gaining importance in oral and facial imaging. Despite the insufficient evidence
for its use in determining the stiffness of masticatory muscle, SWE has been widely applied
over the past few years. However, there is still a need for large studies to establish the
reference values of stiffness. For this reason, we conducted this study on 140 healthy
adult individuals using SWE. Few reports providing stiffness values can be found in the
literature [16]. Nevertheless, some factors can affect the results, which include the method
used, equipment, age, sex, concomitant diseases, medications, and the degree of muscle
tension. In Table 2, we summarize the results of previous research on masticatory muscle
stiffness in healthy subjects with measurements taken using the Aixplorer device. It can
be noted that the mean stiffness values range from 10.0 to 11.46 kPa. We used the same
device in the present study and also expressed the results in kPa for better comparison with
previous results, given that stiffness measured with different devices can produce different
values [16]. In the Aixplorer device, SWE is performed using SuperSonic shear imaging.
This means that acoustic radiation force induces displacement in the examined tissues
and generates perpendicularly propagating shear waves. Next, those shear waves are
detected by longitudinal ultrasonography waves that propagate faster than shear waves.
The Aixplorer device provides quantitative real-time mapping of elastic modulus across
soft tissue and objective stiffness value for the ROI expressed in kPa [1]. This method is
characterized by low dependence on the operator, high repeatability, and the provision of
quantitative assessment; however, a training and learning curve is required to use SWE.
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Table 2. Values of masseter muscle (expressed in kPa) stiffness from previous studies measured with the Aixplorer device.

Author Quantity Elasticity Values of the Masseter Muscle, kPa
Total: 10.4 £ 3.7 (range, 2-23)
Arda, 2011 [2] 127 healthy adult volunteers Men: 10.8 £ 3.9 (range, 4-20)
Women: 10.3 + 3.6 (range, 2-23)
Herman, 2017 [17] 176 healthy adult volunteers 10.0 £ 4.3, median 9.85
Olchowy, 2020 [11] 20 healthy adult volunteers 11.46 + 1.55

Olchowy, 2021 [12]

Olchowy, 2021 [18]

Left: from 10.72 4= 2.32 to 10.67 £ 2.23
Right: from 10.88 + 2.34 to 10.54 £ 2.38
Total: median 11.35 (interquartile range, 9.7-12.65)
40 healthy adult volunteers Left: 10.99 4+ 2.04

Right: 11.01 +£2.21

51 healthy adult volunteers

Reports from the literature regarding the relationship between the stiffness of the
masseter muscle and age are inconclusive. Some researchers report a positive correla-
tion [19,20] and some report a negative one [21,22], whereas some claim that the stiffness
values do not depend on age [2,23]. Our study revealed a significant correlation between
the stiffness of the masseter muscle and age, with a correlation coefficient of 0.265-0.449.
Thus, it can be interpreted that the stiffness of the masseter muscle increases with age.

The effect of age on stiffness has been reported in the literature for other muscles but
not for the masseter muscle. Ekby et al. [18] examined the stiffness of biceps brachii in
a group of 133 healthy subjects and reported similar findings to our study. They found
that shear modulus values increased with age in full extension of the muscle, especially in
people over 60 years of age. A possible explanation for increased stiffness at an older age is
sarcopenia—a condition characterized by the loss of muscle mass and strength which is
associated with increased collagen content in muscles [20,24]

On the other hand, Alfuraih et al. [21] reported contrasting results. They measured
the stiffness of the quadriceps and biceps brachii in 77 healthy participants who were
divided into three cohorts: young (20-35 years), middle aged (40-55 years), and elderly
(above 75 years). Their results show a gradual decrease in resting muscle stiffness with
a significant decline in the oldest group—the stiffness was 16.5% lower in the elderly
participants compared to the young participants. They also revealed that sex and body
mass index did not have any effect on muscle stiffness. Yoshida et al. [23] reported that the
stiffness of gastrocnemius muscle was 9% lower in participants under 30 years of age than
in those aged 30 years and older with a p-value of < 0.001, but they also found that the
correlation between age and stiffness was not significant (r = 0.173 for men and r = 0.018
for women).

In the present study, the stiffness values were found to be higher in men, and therefore
it is worth comparing the masseter muscle stiffness of men and women. For the masseter
muscle, Arda et al. [2] reported that the stiffness was 4.6% lower in women compared
to men. However, this difference was insignificant (p = 0.3). In addition, the correlation
between age and masseter muscle stiffness was weak (p = 0.50).

Yoshida et al. [23] reported that the stiffness of the gastrocnemius muscle was 6%
lower in women compared to men, with a p-value of 0.032. However, they did not examine
the correlation as they did for age, which may suggest that this relationship might be not
linear or could be confounded by outliers. Hence, it is difficult to draw conclusions about
the sex-related differences in stiffness.

The present study has some limitations to be addressed. Firstly, SWE measurements
were taken by only one experienced radiologist on a limited number of subjects. A question
regarding the reliability of SWE might arise. However, SWE has already proven to be a
reliable and accurate method for measuring the hardness/elasticity of soft tissues. It is also
widely used in other therapeutic areas. Reports in the literature indicate that the measure-
ments obtained using this technique are reliable and repeatable [11]. The results expressed
in kPa to represent the hardness of tissues allow for comparisons between studies.
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Olchowy et al. assessed the reliability of SWE measurements for the masseter mus-
cle using intraclass correlation coefficients and observed excellent results [12]. Other
researchers also proved this method to be reliable for different muscles [25-27]. Another
limitation is that we examined only healthy adult subjects. The literature data show that
the stiffness of the masseter muscle can increase in some disorders such as TMD [15] and
after exercise [18], or decrease after applying therapeutic methods such as massage [11].
Therefore, this study shall be regarded as a reference for analyzing the disorders and
conditions of the masseter muscle.

5. Conclusions

The present study showed that the stiffness of the masseter muscle was about 9%
lower in women compared to men (9.48 £ 1.47 kPa vs. 11.73 £ 1.27 kPa; p < 0.0001).
The masseter muscle on the left and the right side of the body had similar stiffness. Age
significantly influenced the stiffness of the masseter muscle, and the value of this parameter
increased significantly with age, particularly in men. However, further studies with larger
samples are required to determine the precise ranges of stiffness accounting for age and sex
in healthy subjects and people with disorders and conditions of the masticatory system.
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Uktad stomatognatyczny jest ztozony 1 odgrywa kluczowa role w wielu procesach takich
jak zucie, trawienie, mowa, oddychanie, mimika i polykanie. Jego zlozonos¢ jest gléwnym
powodem tworzenia multidyscyplinarnych zespoléw zajmujacych si¢ leczeniem zaburzen
skroniowo-zuchwowych (TMD). Niniejsze badanie miato na celu ocen¢ sztywnosci mies$ni
zwaczy u pacjentow poddawanych leczeniu zachowawczemu zaburzen czynnosciowych
miesni zucia oraz ocen¢ skutecznosci terapii manualnej w potaczeniu z szyng zwarciowa w tej
grupie pacjentéw. Badanie trwato 8 tygodni i1 miato charakter otwarty, prospektywny, bez
grupy kontrolnej. Do badania wiaczono 35 pacjentéw ze zwiekszong sztywnoscia migsni
narzadu zucia. Pacjenci byli leczeni terapia manualng i szyng zwarciowg stabilizacyjng dla
zuchwy. W czasie badania dokonano oceny sztywnos$ci mig$ni zwaczy za pomocg
sonoelastografii fali poprzecznej oraz oceny wynikow walidowanych kwestionariuszy
(Generalized Anxiety Disorder-7, Epworth Sleepiness Scale, Satisfaction with Life Scale,
Perceived Stress Scale-10, Somatic Symptom Scale-8) wypetnianych przez pacjentéw
(patient-reported outcome measures, PROMs), analizujgcych bol, ek, jakos¢ snu,
zadowolenie z zycia i odczuwany stres. Wyniki badania wskazaty, ze po leczeniu sztywnos¢
obu miesni zwaczy ulegta znacznemu zmniejszeniu (o 4,21 kPa), a pacjenci odnotowali
znaczne zmniejszenie bolu. Na poczatku badania mediana wynikéw wahata sie¢ od 5 do 8,
natomiast po leczeniu wahata si¢ od 0 do 1 (p < 0,0001). Pacjenci zglaszali rowniez znaczng
poprawe pod wzgledem wszystkich PROMs. Dodatkowo zmniejszenie sztywnosci
odpowiadato zmniejszeniu bélu i poprawie innych PROMs, na co wskazuja wyniki testow
korelacji, jednakze ich wartosci nie osiggnely istotnosci statystycznej. W wyniku
przeprowadzonego badania mozna stwierdzi¢, ze terapia zachowawcza zaburzen migsnia
zucia polegajaca na terapii manualnej i wykorzystaniu szyny zwarciowej jest skuteczna. W
wyniku leczenia zmniejszyta si¢ sztywnos$¢ miesni zwaczy (obiektywnie potwierdzona za
pomoca elastografii fali poprzecznej), jak réwniez poprawie ulegty punktacje kwestionariuszy

PROMs, szczegdlnie w zakresie oceny bélu, ale rowniez w zakresie pozostalych wynikéw
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kwestionariuszy. Elastografia fali poprzecznej ma potencjat do szerokiego zastosowania w
praktyce klinicznej do oceny efektéw leczenia zaburzen miesni zucia ze wzgledu na jej
obiektywnos¢ 1 nieinwazyjny charakter. Zaleca si¢ dalsze badania z grupa kontrolng na

wiekszych populacjach pacjentéw i dtuzszg obserwacje.
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Abstract

Background: The complex structure of the stomatognathic system plays a vital role in chewing, digestion, speaking,
breathing, facial expression and swallowing. Its complexity is the primary reason for creating multidisciplinary teams
to manage temporomandibular disorders (TMD). We aimed to assess the masseter stiffness in patients undergoing
conservative therapy for masticatory muscle disorders and evaluate the efficacy of manual therapy and stabilization
occlusal splint in the treatment of masticatory muscle disorders.

Methods: This uncontrolled prospective cohort study included 35 patients with masticatory muscle disorders. The
study lasted for eight weeks. The patients were treated with manual therapy and stabilization occlusal splint and
evaluated using shear wave elastography of the masseter muscles and patient-reported outcome measures (PROM:s)
to assess pain, anxiety, quality of sleep, satisfaction with life and perceived stress.

Results: After the treatment, the stiffness of both masseter muscles decreased significantly (by 4.21 kPa). The patients
reported a significant reduction in pain. At baseline, the median scores ranged from 5 to 8; after treatment, they
ranged from 0 to 1 (p<0.0001). The patients also reported significant improvement in terms of all patient-reported
outcome measures. The reduction in stiffness corresponded to the improvement in pain and PROMs, as shown by
correlations which were insignificant for all measures.

Conclusions: Conservative therapy of masticatory muscle disorders involving manual therapy and stabilization
occlusal splint is effective. It reduces the masseter stiffness as objectively shown in shear wave elastography and
improves subjective PROMs scores, including numerical pain assessment and selected questionnaires. Shear wave
elastography has the potential for broad application in clinical practice to monitor masticatory muscle disorders
treatment effects due to its objectivity and non-invasive character. Further research is recommended on larger patient
populations and longer follow-up.

Trial registration: The study was registered at clinicaltrials.gov (NCT03844854). First posted date: 19/02/2019.

Keywords: Masseter, Shear wave elastography, Temporomandibular disorders, Occlusal splint, Massage, Masticatory
muscle disorders
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requires harmonious cooperation of skeletal structures
(maxilla and mandible), soft tissues, temporomandibu-
lar joints and masticatory muscles [1]. This complex-
ity is one of the reasons for creating multidisciplinary
teams to manage frequently reported temporomandib-
ular disorders (TMD).

The Diagnostic Criteria for Temporomandibular Dis-
orders (DC/TMD) represent a comprehensive approach
to TMD diagnosis [2]. TMD patients may present with
disorders in the masticatory muscles, which control the
mandible movements and temporomandibular joints.
Other symptoms include sounds and/or pain in temporo-
mandibular joints (clicking and/or popping and/or crepi-
tus), locking and limited movement of the mandible [3].
In addition, the patients may also experience symptoms
that appear unrelated to the stomatognathic system, such
as headache, neck and/or shoulder pain, or otolaryn-
gological problems (e.g. tinnitus) [1, 4].

The prevalence of TMD in the Polish urban popula-
tion is estimated at 55.9% [5]. The preliminary assess-
ment can be performed by a general dentist and includes
an assessment of the face and occlusal arch symmetry,
palpation of masticatory muscles and temporomandibu-
lar joints, investigation of the entire dentition for num-
ber and position of teeth along with their surfaces [6].
Patients are first referred to conservative treatment, and
next to surgery in the case of failure. Conservative treat-
ment strategies aim to reduce pain and disability caused
by TMD. A wide variety of techniques are used, including
manual soft tissue work, splint therapy and electrophysi-
cal modalities [7]. However, TMD treatment is long and
may require the participation of a more qualified dentist,
physiotherapist, maxillofacial surgeon and other special-
ists [8]. In addition, even minor abnormalities in oral
structure and function may reduce the patient quality of
life [6]. Low TMD awareness [9, 10], long-term treatment
and the lack of objective measures make the TMD treat-
ment challenging.

Technological advances in diagnostic methods allowed
the introduction of shear wave elastography to diagnose
and monitor the treatment of masticatory muscles dis-
orders. This method enables measuring the stiffness of
soft tissues. Shear waves are generated by pressure and
then detected by longitudinal ultrasonography waves that
propagate in tissues significantly faster than shear waves.
This method is non-invasive and shows high intra- and
inter-operator agreement, high repeatability and the
possibility to provide quantitative results [11, 12]. The
body of evidence on the use of shear wave elastogra-
phy in dentistry is growing [13]. It was validated against
phantoms of known hardness [14, 15] and compared
with other methods [16]. The results of shear wave elas-
tography were proved reliable and reproducible [17, 18].
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Furthermore, the literature reports suggest that this tool
is reliable in measuring the changes in stiffness of the
masseter muscle in response to physical therapy (namely
massage) [19, 20] and exercise [21], both of which may
be used in TMD management. However, there is little
evidence on the use of shear wave elastography to evalu-
ate treatment effects in patients undergoing conserva-
tive treatment for masticatory muscle disorders. With
this gap in the current knowledge in mind, we performed
this study among patients suffering from masticatory
muscle disorders evaluating their treatment with patient-
reported outcome measures (PROMs) along with an
objective assessment of the masseter muscles using shear
wave elastography.

Objectives

The primary objective of this uncontrolled prospec-
tive cohort study was to assess the masseter stiffness in
patients after a conservative therapy for masticatory
muscle disorders using shear wave elastography. The
secondary aim of this study was to evaluate the efficacy
of manual therapy and stabilization occlusal splint in
the treatment of masticatory muscle disorders. For this
purpose, we investigated whether the objective measure
of masseter muscle stiffness corresponded to subjec-
tive improvement in PROMs, including numerical pain
assessment and selected questionnaires.

Methods

Participants

Overall, 38 people were examined of which 35 people
meet inclusion criteria and were included in the study.
Included patients were referred for the baseline visit
directly. They gave informed written consent before the
study and agreed to participate in all the study proce-
dures. The study was approved by the Bioethics Commit-
tee at the Wroclaw Medical University (KB — 592/2018).
The study was first posted on 19/02/2019 at clinicaltrials.
gov (NCT038443854).

To calculate the sample size, we have taken into
account our organisational and financial limitations, as
well as expected estimates for the means and standard
deviations that were obtained in previous studies. Addi-
tionally, we used the G* power software to calculate the
total sample size of participants. The minimum sample
size was 32 subjects considering the Wilcoxon test for
paired samples (two groups) with a 5% level of signifi-
cance, statistical power of 85%, and an average effect size
of 0.5. An excess of about 10% was considered to account
for possible dropouts.
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Inclusion and exclusion criteria

Included patients were diagnosed with at least one of the
disorders classified in group II of masticatory muscle dis-
orders according to the DC/TMD [4, 22], namely muscle
pain, contracture, hypertrophy, neoplasm, movement
disorders and masticatory muscle pain attributed to sys-
temic/central pain disorders. Exclusion criteria were the
following: pharmacological treatment that can alter mus-
cle tonus and/or reduce muscle pain (e.g. muscle relax-
ants, selective serotonin reuptake inhibitors, painkillers);
systemic diseases, including neurological, oncological
and hormonal, that can alter muscle tonus; age over 60;
severe psychiatric conditions; no consent for participa-
tion in the study and other TMD treatments.

Study procedure

At the baseline and final visit, each patient was examined
according to DC/TMD [2] using the DC/TMD interna-
tional examination form, had elastography examina-
tion and filled in the questionnaires. All patients were
instructed about the nature of TMD, risk factors and
healthy lifestyle. In addition, impressions necessary to
produce the splints were taken during the baseline visit.
The patients used occlusal splints for eight weeks; manual
therapy started one week later and continued for seven
weeks. The rationale for choosing such study period was
dictated by organizational and funding limitations, long-
term institutional experience in treating patient with
TMD, and results of other research that showed improve-
ment after several weeks of treating TMD [23-25].

Figure 1 illustrates the study protocol.

Intervention

Each patient received an individually produced lower
stabilization occlusal splint covering the whole mandibu-
lar teeth arch with a thickness of 3 mm. The base of the
splint was made of Erkodur (Erkodent, Pfalzgrafenweiler,
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Germany) while the shaft was made of DURASPLINT®
LC (Scheu, Iserlohn, Germany). The patients were
advised to use the splint during sleep and partly during
the day for 12 h a day in total.

Each patient underwent seven physical therapy treat-
ments: one 45-min session per week. The therapy
involved the masseter, temporal, medial pterygoid and
suboccipital muscles. The suboccipital muscles were
treated because of their neurophysiological connection
with the trigeminocervical nucleus and consequently
facial pain [26]. The therapeutic intervention consisted
of extra- and intraoral techniques. All intraoral meth-
ods were applied using nitrile gloves. Therapy included
kneading, transverse friction movements, stretching and
releasing the trigger points. Kneading involved circular
motions performed by a therapist in the area of certain
muscles. It starts the therapy and increases the blood
level and temperature of tissues [27]. Transverse friction
movements were executed with the pressure of the fin-
gertips on the muscle belly and by moving perpendicular
to the muscle fibres. It may provoke a local inflammatory
response and then reconstruction of the muscle struc-
ture [27]. Stretching was done with the patient’s active
opening and closing of the jaw while putting pressure
on muscle fibres. This technique was applied for tempo-
ral and masseter muscles. It provides a greater range of
motion and lowers muscle tension [28, 29]. Releasing the
trigger points was done by finding tender points in the
muscles and then applying compressive force until the
pain completely disappeared. The masseter relaxation
was achieved intraorally by grabbing the muscle belly
with the thumb (from inside) and the index finger from
the outside. The other muscles were relaxed extraorally.
Therapy was conducted by a physiotherapist with six
years of experience in masticatory muscle physiotherapy.

Physical examination
Questionnaires
Shear wave elastography
of the masseter muscles
Impressions

A

masage therapy for 7 weeks

Physical examination
Questionnaires
Shear wave elastography
of the masseter muscles
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&
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Fig. 1 Study design
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Numerical pain assessment and questionnaires

For the present study, we selected a battery of question-
naires that can be useful for the psychosocial assessment
of TMD patients. We used a numerical rating scale (NRS)
to evaluate pain intensity and Generalized Anxiety Disor-
der-7 (GAD-7) for anxiety. In addition, the patients were
asked to fill in the Epworth Sleepiness Scale (ESS), Sat-
isfaction with Life Scale (SWLS), Perceived Stress Scale
(PSS) and the Somatic Symptom Scale-8 (SSS-8).

A numerical rating scale (NSR) is a standard tool for
assessing pain in TMD patients [30]. We used a 10-point
scale that produces results from 0 for no pain to 10 for
the worst imaginable pain. In our study, it was used to
evaluate six locations, namely the masseter and temporal
muscles and the temporal muscle tendons on both sides.

The PSS-10 [31] is a 10-item questionnaire with a total
score from 0 to 40. The version adapted and translated
by Juczynski and Oginska-Bulik [32] was employed to
measure the perceived life stress among the respondents
(the higher the score, the higher the level of stress). The
scores ranging from 0 to 13 indicate low, from 14 to 26
moderate and from 27 to 40 high perceived stress. The
GAD-7 [33] was developed to evaluate anxiety symp-
toms. All seven questions are scored on a 4-point Likert
scale and can produce a total score ranging from 0 to 21,
with higher scores denoting greater severity of measured
disorders. For a score of 10 or greater, further evaluation
is recommended. The scores below 5 represent minimal,
5-9 mild, 10-14 moderate and over 14 severe anxiety.

The Pittsburgh Sleep Quality Index (PSQI) [34] evalu-
ates the quality of sleep over the past month. Nineteen
questions grouped in seven components inform about
sleep duration, disturbance, latency, daytime dysfunc-
tion due to sleepiness, sleep efficiency, overall sleep qual-
ity and sleep medication use. The global PSQI score can
range from O to 21. The higher scores indicate worse
sleep quality, with the cut-off > 5 defining poor sleepers.

The ESS [35] was created to measure daytime sleepi-
ness. The scale consists of 8 items that can produce scores
from O (indicates ‘would never nod off’) to 3 (a strong
chance of nodding off). The individual results of each
item are summed, and the total score can range from 0
and 24. Higher scores indicate a higher level of daytime
sleepiness. The scores from 0 to 10 denote normal sleepi-
ness in healthy adults, 11-14 indicate mild, 15-17 mod-
erate and 18-24 severe sleepiness.

The SWLS [36, 37] is a short instrument developed to
evaluate perceived satisfaction with one’s life in terms of
global life satisfaction. The scale consists of 5 items that
can give scores from 1 (strongly disagree) to 7 (strongly
agree). The total score ranges from 5 to 35. The scores
from 5 to 9 mean extreme dissatisfaction with life, 10-14
— dissatisfaction, 15-19 — slightly below average, 20-24
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— average, 25-29 — satisfaction and 30-35 — high satis-
faction. For both time points, only one person achieved
scores below average.

The SSS-8 [38] is a brief measure of somatic symptom
burden. It is an abbreviated version of the PHQ-15. The
scale consists of 8 items that can give scores from 0 (not
bothered at all) to 4 (very much bothered). Somatic prob-
lems are classified into no to minimal (0-3), low (4-7),
medium (8-11), high (12-15) and very high (16-32).

Share wave elastography

Elastography was performed using an Aixplorer Ultimate
device (SuperSonic Imagine, Aix-en-Provence, France)
with a high-frequency linear probe SL 18-5 (5-18 MHz).
The examinations were carried out in a supine, relaxed
and comfortable position. The patients were asked not
to bite down or swallow. The probe used minimal pres-
sure on the examined tissues. The ultrasound probe was
placed parallel to the long axis of the masseter in the
middle of the muscle belly, where the volume of the fibres
is the highest. The probe placement and patient position
are based on previous research [13, 39]. The measure-
ments were taken at the widest and thickest part of the
muscle belly [40, 41]. A circular region of interest (ROI)
of 4 mm was selected. Three measurements of each mus-
cle were made and then averaged for further analysis.
We reported inter- and intraobserver agreements of the
measurements taken with the Aixplorer Ultimate device
in the previous publication. The stiffness of the masse-
ter muscle was rated excellent and confirmed diagnostic
accuracy of shear wave elastography [18]. A radiologist
with eight years of experience evaluated the masseter
stiffness using shear wave elastography.

Statistical analysis

The data were statistically analysed. The Shapiro—Wilk
test was used to test for normal distribution. The paired
Student’s t-test was employed to compare the measure-
ments before and after the treatment for variables with
normal distribution. For those with distribution other
than normal, the Wilcoxon test for paired samples was
applied. Differences were considered statistically signifi-
cant at a p-value of 0<0.05. Statistical analysis was done
with MedCalc v. 19.5.3 (MedCalc Software Ltd., Ostend,
Belgium).

Results

Participants

Of the 35 generally healthy Caucasian participants, 11
were male and 24 female. Their age ranged from 19 to 58
(mean age: 29.80+ 8.54). A diagnosis of group II of mas-
ticatory muscle disorders according to the DC/TMD [4,
22] was made in the case of all patients included. None
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of the patients had previous occlusal splint therapy, nor
masticatory muscle physical therapy. All participants did
not have any serious abnormalities in dentition and they
completed the study protocol.

Numerical pain assessment and questionnaires

The pain assessment conducted with the NRS showed
that treatment eliminated pain almost entirely at each
measured site. At baseline, the median scores ranged
from 5 to 8; after treatment, they ranged from 0 to 1.
All differences were statistically significant for p-values
below 0.0001.

The patients’ subjective feelings about the perceived
stress and anxiety were assessed using validated ques-
tionnaires. The results of PSS-10 showed that the patients
experienced moderate stress with a trend towards low
stress after treatment. The PSS-10 score dropped by 0.86.
This drop was significant. The results of GAD-7 showed
that the mean score was below clinical significance
(below 10), so they did not require further diagnosis. The
scores indicated mild anxiety. At baseline, seven individ-
uals reported a score of 10 or greater, while five individu-
als exceeded this cut-off value after treatment. The total
mean score dropped significantly (by 0.91) in response to
treatment.

Sleep was assessed with the PSQI and ESS. According
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within the normal range. A score over 10 was reported by
four individuals at baseline and by two after treatment.

Life satisfaction measured by the SWLS indicated that
the mean results leaned into a high score. The mean total
score increased significantly (by 0.57 points). The SSS-8
showed that somatic problems dropped significantly
from medium (9 points) to low (4 points). Only four
patients reported no to minimal problems at baseline,
but this number grew to 12 after treatment.

The results of PROMs are presented in Table 1.

Share wave elastography

The stiftness of both masseter muscles decreased signifi-
cantly (by 4.21 kPa on average) (Table 2). In two patients,
the stiffness did not drop or increase, and the patients
did not report improvement in symptoms. Both were
referred for further diagnosis; one patient was diagnosed
with tetany, no follow-up information is available for the
other patient.

Table 2 Share wave elastography results for the masseter

Measured site Before After p-value
to the PSQI, the study group suffered from poor sleep
quality (at 2 time points, the global score was over 5)’ Right masseter (kPa), mean & SD 1217116 790+1.73 <0.0001*
although it decreased signiﬁcantly (by 0’54)‘ According Left masseter (kPa), mean = SD 12.18+1.18 801+£1.69 <0.0001*
to the ESS, daytime sleepiness decreased significantly (by Total measurements (kPa), 1217+£1.17 796+1.70 <0.0001%

. mean =+ SD

0.94 points), but both measurements produced results

SD Standard deviation

“ Wilcoxon test for paired samples
Table 1 Results of numerical pain assessment and questionnaire scores
Muscle / Scale Before After p-value
NRS, right masseter, median (IQR) 7 (5.25-7.00) 1(1.00-1.75) <0.0001*
NRS, left masseter, median (IQR) 6 (5.00-7.00) 1 (1.00-2.00) <0.0001*
NRS, right temporal muscle, median (IQR) 5 (3.00-6.00) 1 (0.00-1.00) <0.0001*
NRS, left temporal muscle, median (IQR) 5 (3.00-6.00) 0 (0.00-1.00) <0.0001*
NSR, right temporal muscle tendon, median (IQR) 8 (7.00-8.00) 1 (1.002-.00) <0.0001*
NSR, left temporal muscle tendon, median (IQR) 8 (7.00-8.00) 1(1.00-2.00) <0.0001*
PSS-10, mean £ SD 14.66 +6.06 13.804+5.94 0.0917**
GAD-7, mean+SD 6.71£343 580+3.26 0.0003**
PSQI, mean£SD 783+£243 7.29+£2.22 0.0097**
ESS, mean+SD 6.174+3.08 5234296 <0.0001**
SWLS, mean +SD 26.69+3.84 27.26+£3.85 0.0008**
SSS-8, median (IQR) 9 (6.25-12.00) 4 (3.00-5.75) <0.0001*

ESS Epworth Sleepiness Scale, GAD-7 Generalized Anxiety Disorder-7, IQR Interquartile range, NRS numerical rating scale, PSQ! Pittsburgh Sleep Quality Index, PSS
Perceived Stress Scale, SD Standard deviation, SS5-8 Somatic Symptom Scale-8 (S55-8), SWLS Satisfaction with Life Scale

" Wilcoxon test for paired samples

" paired samples t-test
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Table 3 Relationships between the changes in stiffness, numerical pain assessment and questionnaires scores

Muscle / Scale

Difference, mean &=SD

Correlation with stiffness, correlation coef.;
p-value

right masseter left masseter

Stiffness in the right masseter 417 +£147
Stiffness in the left masseter 426+148
NRS for the right masseter 5144152
NRS for the left masseter 500£15

PSS-10 0864292
GAD-7 091+1.36
PSQl 054+1.17
ESS 0944111
SWLS -0.574+0.92
SSS-8 5294429

0.1461; 04024

0.4396;0.0082
-0.0917; 0.6002 -0.0511;0.7708
-0.1746;0.3158 -0.1412; 04185
0.1195;0.4942 0.0212;0.9038
0.1063; 0.5434 0.1003; 0.5663
-0.0660; 0.7063 -0.1628; 0.3501
-0.0201; 0.9086 -0.0088; 0.9602

ESS Epworth Sleepiness Scale, GAD-7 Generalized Anxiety Disorder-7, IQR Interquartile range, NRS numerical rating scale, PSQ/ Pittsburgh Sleep Quality Index, PSS
Perceived Stress Scale, SD Standard deviation, S55-8 Somatic Symptom Scale-8 (S5S-8), SWLS Satisfaction with Life Scale

Correlations between the change in PROMs and masseter
stiffness

First, we calculated mean changes in somatic and mental
measures and the masseter stiffness achieved in response
to applied treatment. The total mean reduction in stiff-
ness after the treatment in comparison with the baseline
was 4.22 + 1.47 kPa. The relationships between scales and
the reduction in stiffness were not significant (Table 3).
The correlation between baseline subjective measure
scores and stiffness for both sides was significant or
tended to be significant only for GAD (left: r=-0.3725;
p=0.0275; right: r=-0.333; p=10.0506).

Discussion

Our study showed a significant improvement after mas-
ticatory muscle disorders treatment. Improvement in
numerical pain assessment and questionnaire scores and
decreased masseter stiffness were observed. An improve-
ment in subjective PROMs, including perceived pain,
anxiety, stress, quality of sleep, satisfaction with life and
perceived somatic symptoms, corresponds to the reduction
of stiffness of the masseter muscle as objectively measured
with shear wave elastography.

TMD therapy is challenging. TMD is an umbrella term
that includes various conditions affecting the morphology
and function of the masticatory system. On top of this,
numerous factors complicate the diagnosis and treatment
of TMD, including those related to dentition, teeth grind-
ing/clenching, systemic diseases and local neuromuscu-
lar pathologies [42]. TMD treatment aims to eliminate
pain, joint sounds and improve mouth opening and jaw
movements. Conservative therapies include interventions
directed to change lifestyle (mainly to reduce stress), phys-
iotherapy and occlusal splints [43]. In this study, we used

conservative treatment, as it is proved to be effective, less
aggressive and satisfactory for patients [42]. Treatment
monitoring is based mostly on the physical examination
and PROMs, which are subjective in nature. Currently,
shear wave elastography is not applied to assess the mas-
seter muscle stiffness in TMD patients. However, several
reports proved its usefulness in evaluating the masseter
muscle condition both in healthy volunteers and patients
with diagnosed TMD [18, 19, 21, 44]. Still, there was a gap
in evidence on monitoring TMD patients with shear wave
elastography. Previous reports showed effectiveness to
detect improvement after short term exposure to massage
or exercise [19, 21]. After such treatment, the stiffness of
the masseter muscle dropped from 12.17+1.17 kPa to
7.96+1.70 kPa (p<0.0001). The present study showed
a significant decrease in masseter muscle stiffness by
4.2241.47 kPa on average. This study justifies the use of
shear wave elastography to assess long-term treatment.
As shear wave elastography can detect changes in the
stiffness of the masseter with high precision, we aimed to
investigate whether the benefits of manual therapy and
stabilization occlusal splint in the treatment of mastica-
tory muscle disorders can be shown using shear wave
elastography. Correlations between the change in stiff-
ness and PROM scores were not significant, which indi-
cates that clinical drop in muscle stiffness corresponded
to the improvement reported by patients in subjective
measures. We did not find similar studies involving shear
wave elastography in the literature, yet previous research
showed that both massage and occlusal splints can effec-
tively reduce masseter muscle stiffness. Researchers con-
clude that the drop in stiffness after massage [19, 20] can
be due to relaxation of the tissues caused by increased
blood flow and temperature of the treated tissue [45];
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however, the biomechanism of massage has not been
explained. Occlusal splints are widely used for treating
TMD in patients with muscle-related disorders, although
the evidence might be considered inconclusive. Occlusal
splints reduce fatigue in the masseter muscles, ensure
stable dental occlusion, reduce occlusal interferences,
and minimise neuromuscular activity [46].

Benefits provided by shear wave elastography for TMD
patients go beyond measuring stiffness and monitoring
the treatment results. In the present study, we were able
to identify two patients who did not respond to treatment
(one completely, one partially). Although the patients
reported a minimal clinical improvement, the masseter
muscle stiffness increased in both. This finding prompted
us to refer non-responsive patients for further diagnosis.
Both patients were diagnosed with tetany. Tetany involves
muscle contractions, but its aetiology is different and asso-
ciated with hypocalcaemia [47]. Also, tetany has a variable
clinical presentation, which poses a challenge for differ-
ential diagnosis [48]. We did not track down any report
describing tetany in patients undergoing TMD treatment;
however, this could be due to the lack of sensitive meth-
ods to distinguish those disorders. Using shear wave elas-
tography, we could objectively measure that those patients
had no improvement in terms of masseter muscle stiffness
which allowed us to conclude that they were misdiag-
nosed. The patients were unaware of the condition at the
time of enrolment in the study.

Limitations

Several limitations have to be kept in mind when inter-
preting the study findings. First, this study included a
relatively small number of subjects. The study offered
an intensive treatment; therefore, only highly motivated
and committed patients could participate. Second, the
study lacks a control group. It would add more value to
our results; however, we considered it ethically contro-
versial to leave patients suffering from TMD without
treatment and merely observe them. And finally, our
study lasted eight weeks including seven weeks of mas-
sage therapy and eight week od occlusal splints wear-
ing only without a long-term follow-up due to financial,
organizational and time constraints. Nevertheless, it was
sufficient for a short-term assessment that showed the
benefits of manual therapy and the application of stabi-
lization occlusal splint for masticatory muscle disorders
treatment. However, further questions about mainte-
nance therapy and the possibility of relapse after treat-
ment remain open.
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Conclusions

Conservative therapy of masticatory muscle disorders
involving manual therapy and stabilization occlusal splint
is effective. It reduces the masseter stiffness as objectively
shown in shear wave elastography and improves subjective
PROMs scores, including numerical pain assessment and
selected questionnaires. Shear wave elastography has the
potential for broad application in clinical practice to moni-
tor a masticatory muscle disorders treatment effects due to
its objectivity and non-invasive character. Further research
is recommended on larger patient populations and longer
follow-up.
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VII. PODSUMOWANIE WYNIKOW

Zaburzenia skroniowo-zuchwowe (temporomandibular disorders, TMD) stanowia
powazny i czesty problem diagnostyczno-leczniczy w praktyce stomatologicznej. W polskie]
populacji ogdlnej, TMD moga dotyczy¢ nawet do 55,9% populacji os6b dorostych. Do
charakterystycznych objawow zalicza nalezag bdol mie$ni narzadu zucia i/lub stawéw
skroniowo-zuchwowych, objawy dzwieckowe w stawach skroniowo-zuchwowych (trzaski,
trzeszczenie) oraz nieprawidlowe ruchy zuchwy. Dodatkowo wystepuja objawy z
otaczajacych tkanek i narzadéw.

Diagnostyka TMD opiera si¢ na kryteriach Diagnostic Criteria for
Temporomandibular Disorders (DC-TMD), ale stanowi wyzwanie m.in. z powodu ograniczen
dotyczacych obiektywnosci. Pomiar sztywnosci migsni zwaczy wykonany w oparciu o
metode sonoelastografii fali poprzecznej (shear wave elastography, SWE) moze wypehic¢ ta
luke, gdyz pozwala w spos6b obiektywny, nieinwazyjny i bezpieczny na wykonanie pomiaru
sztywnosci miesni zwaczy. Jednakze kazdy organ posiada wtasng charakterystyke i
odchylenia od normy w stanach patologicznych.

Dzigki badaniu poswigconemu ustaleniu wartosci referencyjnych sztywnosci mig¢snia
zwacza u zdrowych oséb dorostych za pomoca sonoelastografii fali poprzecznej ustalono
zakres wartosci Srednich u zdrowych ochotnikéw. Wiek i pte¢ byty istotnymi czynnikami
wplywajacych na sztywnos$¢ miesnia zwacza. Zgodnie z otrzymanymi wynikami, ogélna
Srednia sztywnos¢ wyniosta 10,67 + 1,77 kPa. Srednie wartosci byly nizsze o 2,25 kPa
(9,15%) u kobiet w poréwnaniu z me¢zczyznami (9,48 + 1,47 kPa vs 11,73 + 1,27 kPa; p <
0,0001). Wartosci sztywnosci wzrastaly wraz z wiekiem, przy wspéiczynniku korelacji okoto
0,351 p <0,0001.

Ustalenie wartosci referencyjnych badania sztywnosci migsni zwaczy metoda
sonoelastografii fali poprzecznej stanowi punkt wyjsciowy do dalszych badan. Dzigki temu
mozna obiektywnie poréwnywac grupy pacjentéw oraz ocenia¢ efekty leczenia w czasie. W 8
tygodniowym badaniu przeprowadzonym wsrdd pacjentéow poddawanych leczeniu
zachowawczemu zaburzen mi¢sni zucia (terapia manualna wraz z szyng zwarciowa) 0Ceniono
skutecznos¢ leczenia w o0s6b obiektywny (sonoelastografia) i subiektywny (wyniki
walidowanych kwestionariuszy wypetnianych przez pacjentéw). Wyniki badania wskazaty, ze
po leczeniu sztywnos$¢ obu migsni zwaczy ulegla znacznemu zmniejszeniu (o 4,21 kPa), a

pacjenci odnotowali znaczne zmniejszenie bdlu. Subiektywna poprawa przetozyla si¢ na
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zmniejszenie sztywnosci miesni zwaczy, a zatem sonoelastografia wykazata swoja
uzytecznos$¢ w ocenie postepow leczenia u pacjentow z TMD.

W wyniku przeprowadzonych badan mozna stwierdzi¢, ze sonoelastografia fali
poprzecznej jest obiektywnym narzedziem do oceny sztywnosci migsni zwaczy oraz oceny
prowadzonego leczenia u pacjentéw z TMD. Sonoelastografia jest bezpieczna, nieinwazyjna i

pozbawiona negatywnych doznan dla pacjentow.

VIII. WNIOSKI

Na podstawie przeprowadzonych badan wyciagnieto nastepujace wnioski:

1. Systematyczny przeglad literatury usystematyzowal obecna wiedze¢ na temat
stosowania elastografii w ocenie mie$nia zwaczy u oséb zdrowych i pacjentéw z
zaburzeniami mies$ni zwaczy, a tym samym wskazatl na koniecznos¢ przeprowadzenia
badan do wigkszych grupach pacjentéw w celu okreslenia doktadnosci elastografii fali
poprzecznej w ocenie zaburzen migsni zucia.

2. Sonoelastografia fali poprzecznej jest wiarygodnym narzedziem do oceny sztywnosci
mies$ni zwaczy. Dzieki wiaczeniu sonoelastografii w proces diagnostyczny mozliwe
jest skrécenie 1 poprawienie jakosci procesu diagnostycznego. Wlaczenie
sonoelastografii w proces oceny leczenia umozliwia jest obiektywne porownanie
wynikéw w czasie leczenia pacjenta. Sonoelastografia jest bezpieczna, nieinwazyjna i
pozbawiona negatywnych doznan dla pacjentow.

3. Migsien zwacz, podobnie jak inne migs$nie poprzecznie pragzkowane, ma swoéj unikalny
zakres normy wartosci sztywnosci. U zdrowych ochotnikéw wartos¢ sztywnosci
miesni zwaczy byto obustronnie symetryczna. Do czynnikéw istotnie wptywajacych
na sztywno$¢ miesnia zwacza naleza pte¢ i wiek. Sztywnos$¢ miesni zwaczy jest nizsza
u kobiet niz u megzczyzn. Wartos¢ sztywnosci istotnie wzrastata z wiekiem,
szczegblnie u mezczyzn. Wyniki badania sztywnosci metoda sonoelastografii fali
poprzecznej sa powtarzalne.

4. Zachowawcza terapia prowadzona u pacjentéow z TMD obejmujaca terapie¢ manualng
wraz z zastosowaniem szyny zwarciowej daje pozytywne efekty w zakresie badanych
obiektywnych 1 subiektywnych parametrow. Po leczeniu stwierdzono u pacjentow
spadek sztywnosci miesni zwaczy za pomocg obiektywnej metody jaka jest
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sonoelastografia fali poprzecznej. Obiektywna poprawa nastgpita rownolegle do
poprawy subiektywnej w zakresie badanych PROMs. Sonoelastografia fali
poprzecznej ma potencjat do szerokiego zastosowania w praktyce klinicznej do oceny
leczenia TMD ze wzgledu na jej obiektywizm, nieinwazyjny charakter i
bezpieczenstwo. Niemniej jednak nalezy kontynuowa¢ badania z grupa kontrolng na

wiekszej populacji pacjentow 1 z dluzszym czasem obserwacji.
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dr hab. Jacek Zielinski (filozofia)
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po zapoznaniu sig z projektem badawczym pt.

Ocena przydatnosci sonoelastografii fali poprzecane] w diagmmfc:: imanimm!.-:'aniu
;nm;pé:' leczenia zwigkszonego napigcia mieéni zwaczy w przebiegu dysfunkeji narzadu
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zgloszonym przez lek. dent. Anng Olchowy uczestniczke studiéw doktoranckich w Katedrze
i Zakladzie Stomatologii Doswiadczalnej Uniwersytetu Medycznego we Wroclawiu oraz
Zlozonymi wraz z wnioskiem dokumentami, w tajnym glosowaniu postanowita wyrazi¢ zgodg
na przeprowadzenic badania w Poradni Dysfunkeji Narzgdu Zucia Katedry i Zaktadu .
Stomatologii Doswiadezalnej Akademickiej Polikliniki Stomatologicznej we Wroclawiu pod
warunkiem zachowania anonimowoéci uzyskanyeh danych.

Uwaga; Badanie to zostalo objete ubezpieczeniem odpowiedzialnodci cywilnej Uniwersytetu

Medycznego we Wroclawiu z tytutu prowadzonej dziatalnosci;

Em_m W ciggu 14 dni od otrzymania decyzji wnioskodawcy przyshuguje prawo

u“crlwnhma do Komisji Odwolawczej za podrednictwem Komisji Bioetycznej UM we
roctawiu

Opinia powyzsza dotyczy: projektu badawczego finansowanego z Narodowego Centrum
Nauki — Numer rejestrowy Centrum Wspierania Nauki UMW: PREL.B160.18.007

Wroclaw, dnia izp" pazdziernika 2018 .
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4. NOTA BIOGRAFICZNA

Anna Olchowy urodzita si¢ 12 marca 1992 r. w Wieluniu. W 2011 ukonczyta I Liceum
Ogolnoksztatcace im. Marii Sktodowskiej Curie w Ostrzeszowie. W 2012 r. rozpoczeta studia
na Kierunku Lekarsko-Dentystycznym Wydzialu Lekarsko- Stomatologicznego Uniwersytetu
Medycznego im. Piastéw Slaskich we Wroctawiu. Podczas studiéw byla aktywnym
cztonkiem Studenckiego Kota Naukowego Ortopedii Szczekowej 1 Ortodoncji. W roku 2017
r. ukonczyla studia uzyskujac tytut lekarza dentysty. W 2017 r. rozpoczeta studia
doktoranckie w Katedrze 1 Zakladzie Stomatologii Doswiadczalnej na Wydziale Lekarskim
Ksztatcenia Podyplomowego Uniwersytetu Medycznego im. Piastéw Slaskich we Wroctawiu.
Przez caty okres studiéw doktoranckich otrzymywata stypendium dla najlepszych studentow.
W 2018 r. otrzymata Grant Narodowego Centrum Nauki Preludium 14. W 2019 r. otrzymata
stypendium programu POWER Dolnoslascy Liderzy Medycyny.

Liczba opublikowanych prac: 16 (suma pkt. MEiN: 1420, IF: 43,244)
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Dane z bazy Web of Science z dnia 14 wrzesnia 2022.
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