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Resumo

A disfungdo temporomandibular (DTM) abrange algumas altera¢des clinicas que comprometem
estruturas do sistema estomatognatico (SEG). As intervengdes terapéuticas conservadoras sao as
comumente indicadas em seu manejo, onde o aconselhamento e os aparelhos interoclusais planos
(AIP) sdo considerados procedimentos de primeira escolha para este tipo de disfuncdo, devido ao seu
reconhecido indice de sucesso. Atualmente, aplicagdes de toxina botulinica tipo A (TxBoA) tém sido
indicadas para as DTM miogénica com sintomatologia dolorosa aguda. Entretanto, os estudos
existentes ndo confirmam se esta intervencao pode ser eficaz para o controle da dor cronica ligada a
DTM,; isto devido as caracteristicas e acdo da TxBoA, os quais podem variar substancialmente em
funcdo de fatores locais, nimero e posicionamento das pungdes realizadas, volume aplicado,
concentracao da droga, etc. Desta forma, o objetivo deste ensaio clinico, realizado em triplo-cego,
randomizado e controlado, foi avaliar a efetividade da TxBoA no controle da dor miofascial
persistente relacionada a8 DTM. Cem voluntarias, classificadas pelo RDC/TMD, foram divididas
aleatoriamente em cinco grupos (n=20): um grupo controle, tratado com aconselhamento e aparelho
interoclusal plano (SP); um grupo placebo, tratado com aconselhamento e aplicagdes de solucao
salina a 0.9% (SS); e trés grupos experimentais tratados com aconselhamento e aplicagdes de TxBoA
em trés doses distintas: dose baixa (B), dose média (M) e dose alta (A); (30U, 50U e 75U nos
musculos masseteres € 10U, 20U e 25U no feixe anterior do musculo temporal, respectivamente). As
variaveis dependentes foram: 1) dor, avaliada através do indice subjetivo de dor, mensurado por
Escala Visual Analogica (EVA), e através da analise do limiar da dor a pressao (LDP), mensurado
por algometria; 2) anélise da atividade eletromiografica (EMG) e da imagem ultrassonografica (UTS)
dos musculos masseter direito e esquerdo (MD, ME) e feixes anteriores dos musculos temporais
direito e esquerdo (TD, TE); 3) andlise da performance mastigatoria das pacientes (PM); 4) analise
do volume 6sseo do processo coronoide, mediante tomografia computadorizada de feixe conico (TC);
e 5) analise de alguns dados obtidos nos eixos I e I do RDC/TMD. A coleta dos dados foi feita 7 dias
antes e até 180 dias apos as intervencdes terapéuticas. Foram utilizados modelos lineares
generalizados para a analise estatistica das varidveis EVA, Algometria, EMG e UTS; ANOVA dois
fatores para medidas repetidas para PM; correlagdo de Spearman para PM e UTS; e o teste de
Wilconxon para TC. Para todas as analises considerou-se o nivel de significdncia de 5%. Os menores
valores encontrados para EVA foram nos grupos SP e TxBoA-B, M e A (p<0,05), nas avaliacdes
feitas aos 30, 90 e 180 dias pds-operatérios. Da mesma forma, foram encontrados valores maiores
(p<0,05) de limiar de dor a pressao nos grupos SP ¢ TxBoA-B, M e A quando comparados ao grupo

SS, apos 30, 90 e 180 dias das intervengdes. Quando considerados os valores EMG, os trés grupos



tratados com TxBoA apresentaram uma diminuicdo significativa (p<0,05) nas atividades dos
musculos investigados aos 30 dias pds-operatdrios, quando comparados aos grupos controle. Exceto
na avaliagdo feita aos 30 dias pds-operatorios, os valores para a PM demonstraram que o grupo
TxBoA-B teve comportamento semelhante ao grupo SP, ndo apresentando diferengas significativas
nos periodos subsequentes (p>0,05%). Os dados do US mostraram que o TxBoA-L foi o tnico grupo
tratado que ndo apresentou diferenga quando comparado com o grupo SP apds 30 e 90 dias pos
intervecao (p>0,05). Houve correlacdo negativa entre PM e UTS. Desta forma a TxBoA mostrou-se
eficaz no controle da dor miofascial persistente; porém alguns efeitos adversos devem ser

considerados na indicagao desta intervengao.

Palavras-Chave: Toxina Botulinica; Dor cronica; Disfungdo Temporomandibular



Abstract

Temporomandibular dysfunction (TMD) involves some clinical changes that compromises the
stomatognathic system. Counseling and splint are the procedures usually considered in TMD
handling due to their recognized success. Currently, applications of botulinum toxin type A (TxBoA)
have been indicated for acute pain myogenic TMD. However, the literature does not confirm whether
this intervention may be effective for the control of persistent TMD-related pain. This is due to the
characteristics of BONTA, which may vary substantially depending on the local factors, the number
and position of punctures, the drug volume and concentration, etc. Thus, the objective of this double-
blind-randomised-controlled clinical trial was to evaluate the effectiveness of BoNTA in the
management of persistent TMD-related myofascial pain. One hundred volunteers, classified by
RDC/TMD, were randomly divided into five groups (n = 20): control group, that received counseling
and splint (SP); placebo group treated with counseling and 0.9% saline (SS); and three experimental
groups treated with counseling and three different doses of BONTA: low dose (L), medium dose (M)
and high dose (H); (30U, 50U and 75U in the masseters and 10U, 20U and 25U in the anterior
temporal muscles, respectively). The outcome variables were: 1) pain, assessed through the subjective
pain index, measured by Visual Analogue Scale (VAS), and through the pressure pain threshold
admeasument, reached by algometry; 2) analysis of the superficial electromyographic signals (EMGQG)
and ultrasound (US) of right and left masseter (MD, ME) and anterior temporal muscles (TD, TE);
3) the patients' masticatory performance (PM); 4) bone volume of bilateral coronoid process, acquired
by cone bean computed tomography images (CT), and some data obtained from axis I and II of
RDC/TMD. The data were collected 7 days before, and until 180 days after the therapeutic
interventions. The statistical analysis of the data obtained for VAS, algometry, EMG and US was
done with generalized linear models. Two-way ANOVA was used for MP and RDC/TMD data.
Spearman's correlation, was used to correlate MP and US. The Wilconxon test was used for the
analysis of the bone density data. The level of significance of 5% was considered in all the analyzes.
EVA was lowest to SP and TxBoA-B, M, A (p <0.05) in 30, 90 and 180 postoperative days. Likewise,
after 30, 90 and 180 of the interventions, higher values (p <0.05) for pressure pain threshold were
found to SP and TxBoA-L, M and H, when compared to SS. The three TxBoA treated groups
presented a significant decrease (p <0.05) in EMG muscles at 30 postoperative day, when compared
to both control groups. Except for the 30-day postoperative evaluation, PM values showed similarity
among TxBoA-B and SP, and did not present alterations over period (p> 0.05%). The US data showed
that TxBoA-L was the only treated group that did not present difference when compared to SP after
30 and 90 days post-intervention (p> 0.05). There was a negative correlation between PM and UTS.



TxBo-A showed effectiveness to control persistent myofascial pain; however, some adverse effects

should be considered in the BONT-A TMD indication.

Key words: Botulinum Toxin; Chronic pain; Temporomandibular dysfunction
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1 Introducao

A disfun¢do temporomandibular (DTM) acomete estruturas do sistema estomatognatico
(SEG) envolvendo as articulagdes temporomandibulares (ATM) e a musculatura mastigatoria
(Okeson, 1998).

As DTMs podem apresentar sinais e sintomas caracteristicos como os ruidos articulares
(Okeson, 1998), hiper ou hipomobilidade mandibular (Lam er al., 2001), irregularidades e/ou
assimetria nos movimentos de abertura e fechamento bucal, cefaléias, mastigacdo deficiente e
disturbios de fala (Caillet, 1999; Piozzi & Lopes, 2002). Entretanto, a dor localizada na face, na
musculatura mastigatoria e na regido da ATM nem sempre ¢ de facil diagnéstico, e envolve critério
em sua interpretagdo, qualificagdo e quantificagdo (Silveiro et al., 1998).

A dor ¢, sem duvidas, o sintoma mais presente na DTM (Manfredini et al., 2011). Nestes
quadros clinicos, ajustes musculares compensatorios sdo observados durante as situagdes funcionais,
adaptando o SEG a uma nova situagdo postural para restabelecer a normalidade da mastigacao, fala
e degluticdo, e para diminuir a condi¢ao dolorosa (Ciancaglini, et al., 2001).

A dor miofascial ¢ a mais comum nos quadros de DTM (Manfredini et al., 2011) e, quando
se apresenta na condicdo de dor persistente, pode ser dificil de ser controlada. Isto porque, muitas
vezes, o sintoma tem uma forte correlagdo com os fatores psicossociais, que podem redundar em
hiperatividade muscular e fortalecer o ciclo dor/estresse (Silvério et al., 1998).

Em funcdo da similaridade com outras disfungdes musculoesqueléticas, os tratamentos
conservadores sao indicados como terapias de eleicdo (Branco et al., 2005). Embora relativamente
onerosos, os aparelhos interoclusais planos ainda ocupam um lugar de destaque como intervengao
conservadora a DTM devido ao seu alto indice de sucesso (Portero et al., 2009; Guarda-Nardini et al,
2012). Sao utilizados com o objetivo principal de redistribuir as forcas oclusais, tratar dores nos
musculos da mastigagdo e condicionar as ATM a uma posi¢do postural ndo patologica (Issa et al.,
2005). A conscientizacdo e a educagdo do paciente sobre hdbitos mais saudaveis também podem
contribuir significativamente para melhorar o resultado ao tratamento proposto (Portero et al., 2009).
A associagdo desse aconselhamento ao uso de aparelhos interoclusais tem sido uma boa proposta
clinica de interven¢ao nos quadros de DTM (Canales et al., 2017; Conti et al., 2012).

Além destes, diversos tratamentos alternativos t€ém sido propostos aos portadores de DTM.
As aplicagoes de toxina botulinica tipo A (TxBo-A) nas areas sensiveis da face t€ém sido utilizadas
com relativo sucesso para a remissao da sintomatologia dolorosa aguda ligada a DTM, principalmente
aquelas com compromeperiodnto miogénico. Esta age temporariamente como promotor de analgesia

via relaxamento da fibra muscular inflamada (Dressler et al., 2005; Matak, 2015), bloqueando a
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liberagdo da acetilcolina (ACh) nas junc¢des neuromusculares (Kok-Yuen et al., 2007). A TxBo-A ¢
produzida pela bactéria Clostridium botulinum e € constituida por um complexo proteico que contém
as neurotoxinas. No passado, foi considerada letal e utilizada como arma quimica; porém, na
atualidade, além de ser usada com finalidade estética, tem sido empregada como instrumento
terapéutico de diversas patologias musculares que envolvem a atuagdo colinérgica. Alguns estudos
prospectivos clinicos demostraram a eficacia do uso da TxBo-A particularmente no tratamento de
disturbios neurolédgicos associados com hiperatividade dos musculos esqueléticos (Dressler et al.,
2005; Kok-Yuen & Kian-Hian, 2007).

A TxBo-A foi aprovada para uso na Odontologia através da Resolugdo CFO-112, de 2 de
setembro de 2011 no Brasil o que permitiu seu uso terapéutico em procedimentos odontologicos.
Atualmente seu uso terapéutico vem sendo amplamente estudado, incorporando diversas
possibilidades de uso, como em alguns quadros de sorriso gengival, no controle da sialorréia, em
implantodontia, na cirurgia ortognatica, no controle da hipertrofia muscular e bruxismo, e no controle
da dor relacionada a DTM. Entretanto, os estudos existentes a respeito do assunto ndo confirmam se
esta intervengdo nas DTMs pode ser eficaz para alguns quadros de dor especifica, como os
relacionados a dor persistente (Song et al., 2007; Ernberg et al., 2011; Guarda-Nardini et al., 2012).
Isto, provavelmente, devido as caracteristicas de acdo da droga, que podem variar substancialmente
em funcdo de sua concentracdo, de fatores locais, da técnica utilizada e do nimero de pungdes
realizadas (Dressler et al., 2005). Acredita-se que o refinamento destes parametros bem como as
caracteristicas dos musculos a serem injetados e a atividade da droga sobre a fibra nervosa, sejam
capazes de alterar os efeitos e a eficacia da TxBo-A (Wheeler ez al., 2001). Isto pode ser hipotetizado
tomando-se por base alguns estudos experimentais em animais de laboratorio (Cui et al., 2004; Matak
etal.,2013; Lora et al., 2016), que demonstraram efeitos antinociceptivos da TxBo-A prévios ao seu
periodo de agdo sobre a vesicula colinérgica, e, consequentemente, sobre a fibra muscular.
Consequentemente, a utilizagdo da TxBo-A para controlar a dor persistente ¢ uma extensao logica a
sua utilidade clinica, admitindo propor o seu uso no controle da dor miofascial relacionada a DTM
(Rizzatti-Barbosa & Albergaria —Barbosa, 2017).

No entanto ¢ importante salientar uma possivel associacdo das aplicacdes da TxBo-A nos
musculos da mastigacdo com alguns efeitos adversos importantes, como foi demonstrado em alguns
estudos em animais (Rafferty er al., 2012; Kun-Darbois et al., 2015; Matthys et al., 2015). Foram
observados indicios de osteopenia nos condilos mandibulares, possiveis alteragdes no crescimento
craniomandibular e diminui¢do no desempenho mastigatério. Embora contraditérios, existem
também dois estudos clinicos sobre as alteragdes 0sseas mandibulares apos injegcdes de TxBo-A

(Chang et al., 2011; Raphael et al., 2014). Tais achados requerem ponderar o uso terapéutico da
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TxBo-A e os efeitos adversos que pode promover, tais como as alteragdes na eficiéncia mastigatoria,
possiveis riscos de osteopenia ou mesmo de fraturas mandibulares.

Devido a escassa evidéncia cientifica e auséncia de consenso sobre um protocolo seguro e
padronizado para o uso da TxBo no controle da dor persistente relacionada a DTM buscando
minimizar os efeitos adversos, este ensaio clinico propds analisar a efetividade da TxBo-A em relagao
a intervencdo convencional para o controle da dor miofascial persistente relacionada a DTM
(aconselhamento associado ao uso do aparelho estabilizador). Como variaveis dependentes, avaliou-
se a presenca e intensidade da dor nos diferentes periodos experimentais por analise subjetiva da dor,
através da escala visual analdgica (EVA), e por andlise do limiar de dor a pressao, através do teste de
algometria; a atividade eletromiografica e espessura muscular dos musculos masseter e temporal
anterior, através de eletromiografia de superficie e ultrassonografia, respectivamente; o volume 6sseo
dos processo coronoides mandibulares, através de tomografia computadorizada de feixe conico; a
preformance mastigatoria dos sujeitos da pesquisa; e a andlise de alguns parametros dos eixos I e Il
do RDC/TMD. Através dos resultados foi possivel constatar que a TxBo-A mostrou-se eficaz no
controle da dor miofascial persistente relacionada @ DTM. No entanto, alguns efeitos colaterais
estabelecem correlagdo com as dosagens utilizadas, e estes fatores devem ser considerados na

indicagao e uso da TxBo.
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2 Artigo

Este trabalho foi realizado no formato alternativo, conforme as normativas definidas pela
CCPG/001/2015, da Comissao Central de Pos-Graduagdo (CCPG) da Universidade Estadual de
Campinas.

O artigo intitulado “Is botulinum toxin type A effective and safe for chronic myofascial TMD
pain? A randomised controlled double-blind clinical trial”, foi apresentado neste processo de

defesa, e submetido a publicacdo no periddico The Lancet, ISSN: 0140-6736.
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Abstract

Background. Published data about the management of persistent masticatory muscle pain with
Botulinum Toxin A (BoNT-A) has shown mixed results in clinical trials; however the quality of the
evidence is low. We compared three different doses of BONT-A injections for persistent masticatory
muscle pain and established an efficient and safe protocol.

Methods. We did a randomised, double-blind, placebo-controlled clinical trial at Piracicaba Dental
School-University of Campinas, Sao Paulo-Brazil. Between March 1, 2013 and June 5, 2016, 540
patients were enrolled, and 100 female patients, aged 18-45 years, presenting persistent masticatory
muscle pain were randomly assigned into five groups (20 per group): Splint Group (SP), Saline Group
(SS), and three TxBo-A groups with different doses (BoNTA-Low/Medium/High). All patients and
investigators were masked to treatment assignment. The outcomes over the course of 180 days from
the administration were the comparisson of BoNT-A versus control and placebo, measured as the
change from baseline in pain intensity and in pressure pain threshold, masseter and anterior temporal
muscles ultrasound (US) and eletromyography (EMG), masticatory performance patients (MP),
coronoid apophysis bone volume acquired by cone bean computadorized tomography images (TMGQG),
and some data obtained from axis I and II of RDC/TMD. VAS, PPT EMG, UT and RDC/TMD axis
I data were analized in the SAS program using the GENMOD procedure. MP data was explored using
the IBM® SPSS® Statistics 24 software (NYSE: IBM; Armonk, United States), and all statistical
inferences were accomplished with two-tailed trials (0=.05), achieving a statistical power (1-p) of
0.80 (p=.2). The relationship among the variables was verified by Spearman’s correlation. For
RDC/TMD axis II variable, one way repeated measures analysis of variance was used. For TMG data,
Kruskal-Wallis test was used with a significance level of 5% This trial was registered at ReBEC
(Universal Trial Number #111111973181).

Findings. BoNT-A reduced pain intensity (P<0.05) and increased pressure pain threshold (P<0.05)
over 180 days compared with placebo. A decrease in MP (P<0.05) and EMG in muscle contraction
(P<0.05) was found as temporary adverse effects of BoNT-A applications. Muscle thickness and
coronoid apophysis bone volume were also affected after BONT-A applications (P<0.05).
Interpretation.

BoNT-A is an effective approach to control persistent masticatory muscle pain; however, due to the
evident side effects, we suggest BONT-A low-group (30U/masseter and 10U/temporalis) as the
protocol choice for persistent masticatory muscle pain, presenting an efficient analgesic effect with
faster adverse-effects recovery period.

Funding. The Sao Paulo Research Foundation (FAPESP) - Brazil (# 2014/15863-7).
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Introduction

Myofascial pain syndrome (MPS) is characterized by the presence of myofascial trigger
points,! and classified as a primary syndrome (non-related to other medical conditions), or as a
secondary syndrome (concomitant with other pain conditions)??. In dentistry, MPS is know as
masticatory myofascial pain (MMP), prevalent in 45% of patients with signs and symptoms of
Temporomandibular Disorders (TMD)*°. Therefore, the syndrome has a complex pathogenesis,
expressed as a multifactorial etiology with various systemic and local risk factors ® causing the
fluctuating and self-limiting nature of this disorder ’.

The uncertainty knowledge on the etiopathogenesis of MMP proposes several treatment
approaches®. Conservative, multidisciplinary, symptomatic modalities, such as occlusal splints,”!°
farmacotherapy'!, physiotherapy'?, and behavioral and physical treatments'® are the most common
treatment approaches for MMP. Since the US Food and Drug Administration approved BoNT-A for
the treatment of muscle disorders based on its ability to inhibit synaptic exocytosis and, therefore, to
disable neural transmission, several studies have suggested that BONT-A has analgesic activity,
independently of the effect over muscle. It may suggests an indication for BONT-A in analgesia. Thus,
because of its muscle-relaxing and analgesic effects, utilizing BoNT-A to treat chronic MMP is a
logical extension of its clinical usefullness; however proper doses, efficacy and safety of the
administration of this drug for MMP have not yet been investigated.

To date, published data about the management of MMP with TxBo-A has shown mixed results
in clinical trials ®!4"!7. Nevertheless, the quality of the evidence is low, because it comes mostly from
studies with inappropriate methodological design, makind difficult their use as a guide in the clinical
decision. In addition, no study has assessed the efficacy, possible adverse effects and proper doses of
administration of TxBo-A for the treatment of MMP, for more than six month after treatment.

Within this premise, we conducted a randomised controlled doble-blind clinical trial to assess
the efficacy and possible adverse effects of three different doses of TxBo-A intramuscular injections
in patients with masticatory myofascial pain.

Materials and methods

The Ethics Committee in Research of Piracicaba Dental School, University of Campinas,

Brazil, approved the research protocol (#114/2013). All subjects signed an informed consent form to

participate in the study.
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One hundred consecutive patients were selected according to the following inclusion criteria:
female gender, age between 18 and 45 years, presence of jaw muscles pain in accordance to group la
and Ib diagnoses of the Research Diagnostic Criteria for TMD (RDC/TMD) '8 for more than three
months without concurrent presence of TMJ pain; complete dentition (except third molars), self-
reported pain intensity higher than 50 mm in the visual analog scale (VAS), contraceptive use and all
subjects must had received previous treatments for MMP. Patients with a positive history of trauma
in the face and neck area, dental pain, systemic diseases (arthritis and arthrosis), major psychiatric
disorders, use of drugs acting on neuromuscular junctions, with any contraindication or
hypersensitivity to botulinum toxin A, and that recived anti-tetanus vaccine at least 3 months before
the clinical trial started, were excluded from potential recruitment.

Randomisation and masking

First, patients were submitted to ultrassonography evaluation of masseteres and anterior
temporalis muscles, in order to standardize muscle pattern in each group, according to muscle
thickness. Patients randomisation was done after ultrassonography asessment, in which each patients
was alocated in each group until all groups had the same quantitiy of the similar muscle tickness
patients. After, all random process was performed again until each group was completed by the simple
random method, in which each subject was invited to remove a small sealed envelope from a larger
opaque envelope indicating five treatment groups: Splint Group (SP), treated with counseling/oral
splint, Saline Solution Group (SS), treated with counseling/injections of NaCL 0,9%, Botulinum
Toxin Low Group (BoNTA-L) treated with counseling/injections of low doses of BoNT-A,
Botulinum Toxin Medium Group (BoNTA-M) treated with counseling/injections of medium doses
of BONT-A and Botulinum Toxin High Group (BoNTA-H) treated with counseling/injections of high
doses of BONT-A (Table 1). All patients and investigators were masked to treatment assignment.

Procedures

According to the experimental design, patients were evaluated eight periods during the
investigation protocol, as described in Figure 1. This evaluations were performed by a different
researcher, who was not involved in any other process of the study .

Counseling (CLS) was applied in all patients. Consisted in educating the patients about the
anatomy and physiology of the stomatognathic system, the etiology and possible good prognosis of
MMP, and teaching self-care strategies to control parafunction. Information about the improvement
of sleep and correct body posture, as weel as the importance of dietary habits, were also given. The

same trained clinician performed CSL at the first appointment for all groups.
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Baseline 0D 7D 14D 21D 28D 90D 180 D
(7 days) ‘ (7 days) (7 days) (7 days) (7 days) (60 days) (90 days)
RDC/TMD VAS VAS VAS VAS VAS VAS VAS
Axis,IIRDC/TMD  PPT PPT PPT PPT — ot e
VAS EMG MP MP MP MP MP EMG
PPT MP SP SP SP SP SP MP
EMG SP Delivery EMG EMG Sp
Ul BoNT-A UI Ul Axis LIl RDC/TMD
IMG SS Axis I RDC/TMD Axis I RDC/TMD
CSL T™MG

Figure 1. Experimental Chronogram, Treatments and Outcomes

D: day; RDC/TMD: Research Diagnostic Criteria for Temporomandibular Disorders; Ul: Ultrasound Imaging; VAS: Visual Analogue Scale; PPT:
Pressure Pain Threshold; EMG: Eletromiography; TMG: Computadorized Cone Bean Tomography; CSL: Counseling; MP: Masticatory Performance;
SP: Splint adjustment; BoNT-A: Botulinum Toxin Type A; SS: Saline Solution.

Treatments

Splint Group (SP)

The splint (SP) delivered to the patients was a flat occlusal appliance covering all superior
teeth, made of transparent thermo-polymerized acrylic resin'®. The appliance was delivered one week
after data collection at baseline. Patients were advised to wear the SP while sleeping, during the six
months of therapy. Occlusal adjustment of the SP was performed, if needed, over seven sessions: at
the SP delivery, once a week during the first month, after three months, and after six months.

Botulinum Toxin Groups (BoNT-A)

The preparation of drugs and syringes was made by a research who was not involved in any
other research procedure. Breafly, BONT-A (BOTOX®, Allergan, Irvine, California, USA) was
supplied as a freeze-dried powder of 100U (99 phials), and was reconstituted with 2 ml of non-
preserved saline solution 0.9% to a concentration of 5U/0.1 ml. Doses of BONT-A were assigned
according to the groups distributions (Table 1). BONT-A was injected in 5 sites of each subject’s
masseter and anterior temporalis muscles using a 1-ml syringe with a 30-gauge, 13mm needle. In the
masseter muscle, the application were done considering 1cm of distance among them; the punctions
were placed in the inferior part of the masseter which was the most promient part of this muscle
observed when the subjects were asked to clench. In the anterior temporalis muscle, sites were
distributed Icm externally the eyebrow and swith 1cm of distance among them, considering the
prominent part of the anterior portion of the temporalis muscle observed when the subject was asked
to clench. The injection technique involved inserting the needle into the soft tissue until bone was

encountered and then the needle was withdrawn, so that the tip was in the muscle, at which period



23

the solution was injected after careful aspiration. If aspiration indicated intravascular administration,
the needle was slightly moved and aspiration repeated until negative. Another research, handed over
the syringe with the drug to be injected to the research investigator to ensure that the patient and the
investigator were blinded. The active treatment and placebo solutions were transparent and
indistinguishable.

Saline Solution Group

Saline Solution (NaCl 0,9%) was injected bilaterally into each muscle using a 1-ml syrnge
with 30-gauge, 13mm needle. The assigned dose is shown in Table 1. Muscles and sites of
application as well as the protocol used were the same of the BONT-A groups.

Injections of BONTA and SS were done during a single appointment and performed by the

same trained clinician.

Experimental Groups Anterior Temporalis Muscle Masseter Muscle
BoNTA-L 10U 30U
BoNTA-M 20U 50U
BoNTA-H 25U 75U

SS 20U 50U

Table 1. Distribution of doses according to the experimental groups
BoNTA= Botulinum Toxin Type A; L= Low dose; M= Medium dose; H= High dose; SS= Saline Solution

Outcome Variables (VAS)

Pain, surface electromiography muscle activity, ultrasound imaging, coronoid process bone
cone bean tomography, patient’s masticatory performance, and I/Il RDC/TMD axis were the
outcomes variables. Pain was evaluated through Visual Analogue Scale (VAS) and Pain Preassure
Threshold (PPT).

Visual analog scale (VAS)

The VAS ! is a 100 mm horizontal line, anchored by word descriptors at each end. The left
end is labeled with the words “no pain,” while the right end is labeled “worst pain imaginable.” The
participants were instructed to mark a point on the line representing the level of their current pain.
Patients were instructed to mark at home the daily subjective pain at VAS, therefore the media of the
daily VAS was used for data analysis.

Pressure pain treshold (PPT)



24

The PPT 2° assessment was performed by a single operator (Kappa = 0.89) who did not know
the treatments applied to the patients, with a digital algometer (Kratos DDK-20. Sao Paulo, Brazil)
with a 1ecm? circular rod, used to press the muscles. The PPT was assessed bilaterally for the masseter
and anterior portion of relaxed-condition temporalis muscles. Pressure was perpendicularly to the
surface of the skin at a rate of 0,3kg/cm?, according to the following sequence: right anterior temporal
(RT), right masseter (RM), left masseter (LM), and left anterior temporal (LT) muscle; 5 min later, a
second series of pressure followed this order: left anterior temporal (LT), left masseter (LM), right
masseter (RM), and right temporal (RT) 2°. Patients were instructed to indicate the moment when the
pressure became painful.

Eletromiography (EMG)

To record the electromyographic signal of the evaluated muscles, the ADS 1200 (Lynx
Electronic Technology Ltd, Sao Paulo, Brazil) calibrated equipment was handled, using eight
channels considering adjusted gain of 1/16,000, with a band-pass filter of 20/500 Hz, and a sampling
frequency of 2000 Hz for each channel. The electrodes were placed in the most promient part of the
muscle, observed when the subjects were asked to clench in the function test; the neutral electrode
was placed on the manubrium of the sternum of the volunteers !. The software Lynx AgDa- dos 7.02
and Lynx AqD Analysis 7.0 (Lynx Electronic Technology Ltd, Sao Paulo, Brazil) was used for the
acquisition of simultaneous signals and to process the root mean square (RMS) values, expressed in
mV. The electrical activity of the muscles was recorded in maximum volunteer contraction (MVC).
Three five senconds repetitions of each mandibular position were performed. To avoid muscle fatigue
effect 22, a 2-minute period of rest between collections was allowed. To perform MVC, Parafilm M
(American National Can, Chicago, IL, USA) was placed bilaterally in the region of the molars. The
patients were instructed to clench their jaw to the maximum possible extent and to maintain the same
level of contraction for 5 seconds. The RMS value of each acquisition, was obtained in the interval
between 2 seconds and 4 seconds. For greater reliability of results, the RMS of the arithmetic mean
of the three acquisitions (MVC) was calculated.

An acetate plate was fabricated for each patient in order to keep the algometer and settle the
electrodes of electromiography in the same position during the various recording sessions. The acetate
plate was perforated at the sites in which BoNT-A and SS were applied, in order to obtain proper
reference to place de algometer and the electrodes in the same muscle side of the BoNT-A
applications. Perforations were according to anatomic reference lines (external angle of the eye,
tragus of the ear, and external angle of the mandible) to warrant reproducibility of future recordings’?
(Figure 3).

Masticatory performance test (MP)
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Condensed silicone (Optosil Comfort®, Heraeus Kulzer, Hanau, Germany) cubes of 5.6 mm
edge were obtained using a metal matrix. After initial material setting, the cubes were weighted and
stored for 16 h at 60°C in an oven to perform complete silicone reticulation?*, and disinfected by the
use of 2% chlorhexidine solution for 24h?’.

Each subject was asked to chew for 20 chewing cycles in a habitual mode a mouthful of 17
cubes (3.4 g) contained in a plastic pot. Although the subjects were not familiar with the test foods or
specified instructions, no pre-test training was performed to obtain the true reproducibility of
measures. Also, to prevent imbalance in the conscious/unconscious nature of the chewing process
and subsequent fluctuations in bite force and chewing rate, no feedback control was employed 6.

Afterward, the subjects spit out the comminuted particles onto a paper filter placed on a
beaker. The oral cavity was rinsed with 200 mL water to recuperate nearly all material (<5% loss).
After draining the water and desinfection, the filter with the particles was dried in an oven at 80°C
for 25 min. Each sample was sieved through a stack of up to 10 sieves with aperture sizes of 0.50—
5.60 mm based on a \2 progression in a shaker (Bertel Indtstria Metalurgica Ltda, Caieiras, Brazil)
for 20 min. The particles retained in each sieve were weighed on a 0.001-g balance (Mark 2060; Bel

Engineering, Lombardy, Italy). The masticatory performance was calculated using a nonlinear
regression Q“; (X)=1-2"&/ Xso)b, considering Qy, the cumulative weight percentage of particles

smaller than X or passing through a specific sieve aperture, Xso is the aperture of a theoretical sieve
through which 50% of the weight can pass, and b, the broadness size distribution of particles 2°.

The counting of masticatory cycles, as well as each stage of tests were accomplished by a
calibrated examiner (Kappa=0.80).

Ultrasound Imaging (UI)

Real-period imaging of the bilateral masseter and anterior portion of temporalis muscle
thickness in a contracted and relaxed condition were performed ultrasonographically (SSA-780 A-
APLIO Mx, 38 mm/7-18 MHz; Toshiba Medical System Co., Tokyo, Japan). Muscle thickness was
measured directly on the instrument’s screen with an accuracy of 0.01 mm. 7.

Computarized Cone Beam Tomography (TMG)

For the measurement of volume of the mandibular coronary process, Cone Beam Computed
Tomographies (TMG) were performed using the Picasso Trio 3D® (Vatech, Hwaseong, South Korea).
Parameters used to obtain the images were: 85KVp, SmA, voxel size of 0.2mm and FOV (Field of
View) of 12.0cm x 8.5cm, being 2 acquisitions per patient. Thus, three-dimensional images generated
from multiplanar reconstructions were obtained using the ITK-SNAP 3.0® segmentation software

tools (Cognitica, Philadelphia, PA, USA). Analysis were performed by a single examiner (dental
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surgeon and radiologist), who had prior knowledge about the operation of the ITK-SNAP 3.0®
software and the tomographic anatomy of the coronoid process, and that was not involved in any
other process of the study. Reconstruction of the 3D model was performed with the semi-automatic
segmentation mode of the software. The analysed bone structures encompassed beyond the coronoid
process itself, in order to have a safety margin in the segmentation. The delimitation of the region of
interest was performed with the Snake ROI (Region of Interest) tool.

Research Diagnostic Criteria for Temporomandibular Disorders

The RDC/TMD '? are standardized diagnostic guide-lines, which provide criteria for a dual-
axis assessment, including both physical (axis I) and psychosocial appraisal (axis II). A new version,
now called DC/TMD, has been released, but it was not yet available to Brazilian language at the
period of this study. Axis I gives information about the physical TMD diagnoses, i.e. muscle
disorders, disc displacements, and other joint disorders and clinical findings, while the axis II focuses
on the psychosocial symptoms. Axis Il comprises an evaluation of the following: chronic pain-related
impairment, based on graded chronic pain scale (GCPS) scores (0. no disability; I. low disability, low
intensity; I1. low disability, high intensity; III. high disability, moderately limiting; IV. high disability,
severely limiting); depression levels, based on the Depression Scale (DEP) of the Symptoms-
Checklist-90R (SCL-90R) (normal, moderate, severe depression); and non-specific physical
symptoms (somatization) levels based on the Somatization Scale (SOM) of the SCL-90R (normal,

moderate, severe somatization).

Statistical Analysis

VAS, PPT EMG, UT and RDC/TMD axis I data were analized in the SAS program using the
GENMOD procedure. Significance level of 95% was set to all statistical tests. The comparison of the
groups and periods of analysis (period), was analized by adjusted generalized linear models
considering the gamma distribution (asymmetric), according to a design in repeated measurements
for group / period effects and group interaction versus period.

For MP, data was explored used the IBM® SPSS® Statistics 24 software (NYSE: IBM;
Armonk, United States), and all statistical inferences were accomplished with two-tailed trials
(0=.05), achieving a statistical power (1-f) of 0.80 (B=.2). Assumptions of normality and sphericity
were examined through Shapiro-Wilk and Mauchly’s (Greenhouse-Geisser correction) tests,
respectively. Two-way repeated measures analysis of variance and pairwise comparisons of estimated
marginal means using the Fisher's test were performed to find differences in the median particle size

assessments. The relationship among the variables was verified by Spearman’s correlation. For
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RDC/TMD axis II variable, one way repeated measures analysis of variance was used. For TMG data,

Kruskal-Wallis test was used with a significance level of 5%

Results
One hundred volunteers (mean age 36.8 +5.6 years old) were assigned from 540 patients of
Piracicaba Dental School (University of Campinas — Brazil), durig the period from 2013 to 2016.
Decrease in VAS was found when considered data baseline and all periods after treatments.
It became evident after the 7 day (comparison within-group analysis), specialy for SP group (Figure
2). Moreover, comparison among-groups at different periods showed significant decrease (P<.05)

when comparing BoNTA and SP groups with SS group, and the others groups.
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Figure 2. Visual Analogue Scale (VAS) data (mm) presented by the groups during experimental periods
Different capital letters in vertical represents statistical differences among groups

Different lowercase letters in horizontal represent differences among periods

G:Group; SP:Splint; SS:Saline Solution; BONTA:Boulinum Toxin type A; L: Low dose; M: Medium dose; H: High dose; D: Days

Preassure Pain Threshold (PPT)

Significant increase (P<.05) was found for PPT data for all muscles evaluated in BONTA and
SP groups (within-group analysis) when considering baseline and all post treatment data (Figure 3
a,b,c,d). Aditionally, comparison among groups showed significant PPT increase (P<.05), for LT and
LM muscles at the 21%, 90" and 180" days after treatment evaluations. Likewise, significant
differences (P<.05) were observed for RT and RM muscles at the 21%, 90" and 180™ days in all
BoNTA and SP groups (Figure 3 a,b,c,d)
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Figure 3a.Pressure Pain Threshold (kgf.cm-2) scores among groups in different experimental periods
Different capital letters in vertical represent differences among groups

Different lowercase letters in horizontal represent differences among periods
G= Group; SP= Splint; SS= Saline Solution; BONTA= Boulinum Toxin type A; L= Low dose; M= Medium dose; H= High dose; D= Days
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Figure 3b. Pressure Pain Threshold (kgf/cm-2) scores between groups in different periods
Different capital letters in vertical represent differences among groups

Different lowercase letters in horizontal represent differences among periods
G:Group; SP:Splint; SS:Saline Solution; BONTA: Boulinum Toxin type A; L: Low dose; M: Medium dose; H: High dose; D: Days
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Figure 3c. Pressure Pain Threshold (kgf/cm-2) scores between groups in different periods
Different capital letters in vertical represent differences among groups

Different lowercase letters in horizontal represent differences among periods

G:Group; SP:Splint; SS:Saline Solution; BONTA:Boulinum Toxin type A; L: Low dose; M: Medium dose; H: High dose; D: Days
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Figure 3d. Pressure Pain Threshold (kgf/cm-2) scores between groups in different periods
Different capital letters in vertical represent differences among groups

Different lowercase letters in horizontal represent differences among periods

G:Group; SP:Splint; SS:Saline Solution; TxBoA:TxBoulinum Toxin type A; L: Low dose; M: Medium dose; H: High dose; D: Days



Eletromiography (EMG)
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Maximum muscle contraction EMG showed significant dicrease (P<.05) in muscle activity

for all muscles for BONTA groups at the 28" days after treatment (Figure 4 a,b,c,d), when compared

with SP and SS. Those data increased for BONT-L after this period and became normal after 180"

days after treatment. That was not observed to the BoONT-M and BoNT-H groups.
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Figure 4a. Root Mean Square scores (RMS pV) in maximum muscle contraction condition among

groups in different periods
Different capital letters in vertical represent differences among groups
Different lowercase letters in horizontal represent differences among periods
G:Group; SP:Splint; SS:Saline Solution; BONTA:Boulinum Toxin type A; L:Low dose; M:Medium dose; H:High dose; D:Days
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Figure 4b. Root Mean Square scores (RMS pV) in maximum muscle contraction condition among

groups in different periods

Different capital letters in vertical represent differences among groups

Different lowercase letters in horizontal represent differences among periods.

G:Group; SP:Splint; SS:Saline Solution; BONTA: Boulinum Toxin type A; L:Low dose; M:Medium dose; H:High dose; D:Days
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Figure 4c. Root Mean Square scores (RMS pV) in maximum muscle contraction condition among
groups in different periods

Different capital letters in vertical represent differences among groups
Different lowercase letters in horizontal represent differences among periods
G:Group; SP:Splint; SS:Saline Solution; BONTA: Boulinum Toxin type A; L:Low dose; M:Medium dose; H:High dose; D:Days
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Figure 4d. Root Mean Square scores (RMS pV) in maximum muscle contraction condition among
groups in different periods

Different capital letters in vertical represent differences among groups
Different lowercase letters in horizontal represent differences among periods
G:Group; SP:Splint; SS:Saline Solution; BONTA: Boulinum Toxin type A; L:Low dose; M:Medium dose; H:High dose; D:Days

Masticatory Performance (MP)

The changes in MP during 180 days are presented in table 2. The intra-group data showed that
MP of all BONTA groups significantly declined (P<.05), during the first 28 days but fully recovered
until the last evaluation (180 days). For SP group, masticatory performance showed no improvement
during the first month, but presented a significant recovery in the 90 and 180 days evaluations
(P<.05).

The MP inter-groups showed that BONTA-L group was maintained similar to SS group,
showing no significant differences over period (P>.05) with exception of the baseline and 28" days
evaluation. BONTA-M and BoNTA-H groups were significantly lower than SS group (P<.05) in all
the evaluations with the exception of the baseline. Also, masticatory performance of BONTA-L group
was significantly higher (P<0.05) than BONTA-M and BoNTA-H groups in almost all evaluations,
with the exception of the baseline and 28" days (P<0.05).
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Table 2. Mean and standard deviation of the comminuted median particle sizes (mm) according to

period and concentration groups

Period
Groups
Baseline 7D 14D 21D 28D 90D 180D
BoNT-A
High 5.9+0.8 Bab 6.4+0.6 Aab  6.6£0.5Aa 6.7£0.6 Aab 6.4+0.7 Aa 6.1+0.7 ABab 5.9+0.9 Ba
Medium 5.9+0.9 Bab  6.8+0.5Aa 6.9+0.6Aa 6.8+0.7 Aa 6.6£0.6ABa 6.3+0.8 Ba 6.2+0.7 Ba
Low 5.5+0.9 Bb 6.1+£0.7 Ab 6.1+£0.6Ab 6.1£0.8 Abc  6.2+0.4 Aa 5.5+0.7 Bb 5.1£0.8 Cb
SS 6.2+0.7 Aa 5.8+0.7 Ac 5.840.8Ab  5.7+£0.9 Ac 5.7+£0.9 Ab 5.1+1.1 Be 5.0+1.1 Bb

Uppercase letters in horizontal represent differences among the periods of groups evaluations
Lowercase letters in vertical denote differences among botulinum toxin concentrations and saline solution
BoNT-A: Botulinum Toxin Type A; SS: Saline Solution; D: Day

Ultrasound Imaging (UI)

Table 3 shows the Ul results for both condition, relaxation and maximum contraction, of all
muscles at baseline, 28" and 90™ days. BONTA-L group significantly decreased muscle thickness in
both conditions (P<0.05), with exception ME in relaxation and contracted MD in maximum
contraction. BONTA-M group significantly decreases muscle thickness after treatment in maximum
contraction and relaxation (P<0.05), with the exception of MD in relaxation. BONTA-H showed a
significant thickness decrease in TE and ME muscles in maximum contraction and relaxation
(P<0.05). In the inter-group analysis, BONTA-L was the only group with no significant difference
when compared with SS group after 28 and 90 days after treatment (P>0.05); however it also
presented no differences with BONTA-M and BoNTA-H groups (P>0.05); on the other hand, SS
group muscle thickness was significantly higher than BONTA-M and BoNTA-H groups at the 28 and
90 days after treatments in almost all muscles (P<0.05), except ME in maximum contraction and ME-

MD in relaxation (P>0.05).



Table 3. Mean and standar desviation of muscle thickness evaluated in different periods.

M T SS TxBoA-L TxBoA-M TxBoA-H SS TxBoA-L TxBoA-M TxBoA-H
CONTRACTED RELAXED
B 2,45 (1,05) Aa 2,32(0,71) Aa 2,13 (0,88) aA 1,89 (0,82) Aa 1,68 (0,93) Aa 1,65 (0,61) Aa 1,43 (0,73) Aa 1,23 (0,48) Aa
RT 28D 2,45(1,27)Aa 1,70 (0,65)ABb 1,40 (0,55) Bb 1,54 (0,71) Ba 1,61 (0,86) Aa 1,18 (0,55) ABb 0,94 (0,55) Bb 1,08 (0,58) ABa
90D 2,57 (1,51)Aa 1,70 (0,59)ABb 1,47 (0,62) Bb 1,41 (0,43) Ba 1,82(1,21)Aa 1,17 (0,56) ABb 0,99 (0,61) Bb 0,96 (0,40) Ba
B 11,70 (1,88) Aa 12,37 (1,75) Aa 11,90 (1,55) Aa 12,34 (1,68) Aa 9,33 (1,44) Aa 9,84 (1,68) Aa 9,57 (1,57) Aa 9,91 (1,48) Aa
RM 28D 12,04 (2,11)Aa 11,75(1,47) ABb  9,88(1,83) Bb 10,44 (1,26) Ba 9,78 (1,97) Aa 9,62 (1,75)Aa 8,49 (1,62)Aa 8,97 (1,44) Aa
90D 12,09 (1,79) Aa 11,6 (1,70) ABb  10,49(1,72)Bb 11,38 (1,67) Ba 10,22 (1,47) Aa 9,61 (1,74) Aa 8,85 (1,86) Aa 9,46 (1,64) Aa
B 11,51 (1,80) Aa 12,83 (1,44)Aa 12,52 (1,71)Aa 12,39 (1,91) Aa 9,92 (1,65)Aa  10,91(1,35)Aa 10,64 (1,85)Aa 10,46 (1,90) Aa
LM 28D 11,72(1,81)Aa  12,08(2,11)Aa  11,10(1,77)Ab  10,91(1,56)Ab | 9,64 (1,65)Ab 10,49 (1,89)Ab 9,84 (1,85) Ab 9,46 (1,60) Ab
90D 11,76 (1,68)Aa  12,01(1,67)Aa 11,28 (1,64)Ab 11,22 (1,49)Aab | 9,89(1,22)Ab 10,22 (1,55)Ab 9,61 (1,95) Ab 9,66 (1,44) Ab
B 2,49 (0,99) Aa 2,57 (0,80) Aa 2,26 (0,84) Aa 2,03 (0,57) Aa 1,84 (0,78) Aa 1,71 (0,72) Aa 1,49 (0,71) Aa 1,37 (0,46) Aa
LT 28D 2,44 (0,97) Aa 1,68 (0,62) ABb 1,50 (0,54) Bb 1,59 (0,66) Bab 1,74 (0,81) Aa 1,21 (0,65) ABb 0,98 (0,44) Bb 1,13 (0,53) ABab
90D 2,58 (0,97) Aa 1,65 (0,64) Bb 1,42 (0,63) Bb 1,41 (0,51) Bb 1,86 (0,88) Aa 1,14 (0,56) Bb 0,9 (0,42) Bb 0,93 (0,39) Bb

Uppercase letters in horizontal represent differences among botulinum toxin concentrations and saline solution
Lowercase letters in vertical denote differences among period groups.
M: Muscle; T:Period; BoNT-A: Botulinum Toxin Type A; L: Low dose; M: Medium dose; H:High dose; SS: Saline Solution; RT: Righ Temporal, RM: Righ Masseter; LM: Left Masseter; LF: Left Temporal;

B:Baseline; D: Day
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Significant correlation (rtho = 0.2, p < 0.05) was found between muscle thickness and
masticatory performance data for all muscles of BoNT-A groups, when data were grouped (Table

3), escept for the RM and LT in relaxation.

Table 4. Correlation between muscles thickness and masticatory performance

VARIABLE Correlation Coefficient P
C-RT -0,233 0,002*
C-RM -0,188 0,015*
C-LM -0,179 0,02*
C-LT -0,216 0,005*
R-RT -0,215 0,005*
R-RM -0,129 0,095
R-LM -0,17 0,027*
R-LT -0,115 0,137

*Significant difference (P<.05). C: Maximum Contraction; R:Relaxation RT: right temporal; LT: left temporal; RM:
right masseter; LM: left masseter
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Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD)

RDC/TMD axis I showed significant increase in spontaneus pain in mouth opening
measurements for BONT-A groups when comparing baseline with the 180" days after treatment
evaluation. Moreover, when the analysis was between-group, considering baseline and the 180" days
evaluation, significant differences (P<.05) were found among SS group and the other groups, with
TxBo-A groups presenting the highest values.

Table 5. Mean and standar desviation of spontaneus pain opening mouth (mm) in different periods.

Period
Groups Baseline 28 D 180 D
Mean SD Mean SD Mean SD
BoNTA-L 31.9aB 8.7 33.6aB 8.8 38.3abA 7.5
BoNTA-M 32.4aC 9.4 36.0aB 7.7 40.7aA 7.6
BoNTA-H 32.6aB 8.9 35.0aB 9.2 39.0aA 8.1
SS 36.2aAB 6.1 37.6aA 6.6 34.0bB 9.0

Different letters (lowercase in vertical) represent signicant difference (p<.05) among groups
Different letters (uppercase in horizontal) represent significant difference (p<.05) among phases
BoNTA: Botulinum Toxin type A; L: low dose; M: medium dose; H:high dose; SS: Saline Solution; D: Days

Table 6. Medium, minimum and maximum values for maximum unassisted and assisted opening in
different periods.

Period

Unassisted Baseline 28D 180 D

Grupos Medium Mn Mx Medium Mn Mx Medium Mn Mx

BoNTA-L  41.0aB 28.0 59.0 42.0aB  29.0 58.0 44.5aA  31.0 60.0

BoNTA-M 43.0aB 29.0 54.0 43.5aB 30.0 52.0 45.0aA  35.0 60.0

BoNTA-H 41.0aC 26 50.0 45.0aB 25.0 52.0 46.0aA  23.0 55.0
SS 41.5aA 35.0 55.0 42.0aA  50.0 50.0 39.0bB  20.0 45.0
Assisted

BoNTA-L  43.0aB 30.0 60.0 43.0aB  31.0 58.0 47.0aA  33.0 62.0

BoNTA-M 47.0aAB  30.0 57.0 455aB  31.0 55.0 48.5aA  35.0 61.0

BoNTA-H 44.0aB 30.0 55.0 47.0aB  30.0 53.0 50.0aA  31.0 57.0

SS 42.5aA  33.0 56.0 44.5aA  34.0 51.0 41.56B  22.0 47.0

Different letters (lowercase in vertical) represent signicant difference (p<.05) among groups
Different letters (uppercase in horizontal) represent significant difference (p<.05) among phases
BoNTA: Botulinum Toxin type A; L: low dose; M: medium dose; H:high dose; SS: Saline Solution; D: Days
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Significant diferences (P<.05) were found between-group analyses for right lateral
movement data, with BONT-A groups presenting higher values than the SS group in the 180" days

evaluation.

Table 7. Medium, minimum and maximum values for right (RLM) and left lateral movements
(LLM) in different periods.

Period

RLM Baseline 28D 180D

Groups Medium Mn Mx Medium Mn Mx Medium Mn Mx
BoNTA-L 9.5aB 2.0 15.0 9.0aB 3.0 12.0 11.0aA 6.0 13.0
BoNTA-M 9.0aB 5.0 12.0 9.0aA 6.0 14.0 10.0aA 7.0 13.0
BoNTA-H 8.5aB 4.0 14.0 9.5aB 4.0 14.0 10.5aA 5.0 15.0
SS 8.0aB 3.0 11.0 9.0aAB 5.0 14.0 8.5bAB 5.0 12.0
LLM

BoNTA-B  8.0aB 0.0 13.0 9.5aA 4.0 13.0 9.0aA 4.0 14.0
BoNTA-M 8.0aB 2.0 12.0 9.5aA 6.0 15.0 10.0abA 8.0 15.0
BoNTA-A 9.5aB 4.0 12.0 9.5aB 4.0 15.0 10.0abA 6.0 15.0
SS 8.0aA 3.0 13.0 10.0aA 5.0 15.0 8.5bA 5.0 15.0

Different letters (lowercase in vertical) represent signicant difference (p< .05) among groups
Different letters (uppercase in horizontal) represent significant difference (p<.05) among phases
BoNTA: Botulinum Toxin type A; L: low dose; M: medium dose; H:high dose; SS: Saline Solution; D: Days

Tenderness palpation showed significant decrease (P<.05) in all muscles for all TxBo-A
groups in the 1% and 6 month evaluations. Moreover, when the between-group analysis was
considered at the 1% and the 6™ month evaluations, significant differences were found between SS

groups and the others groups, with TxBo-A groups presenting the lowest values.
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Table 8. Medium, minimum and maximum values for right (RT) and left temporal (LT) muscle in

different periods.
Period
RT Baseline 28D 180D
Groups Medium Mn Mx Medium Mn  Mx Medium Mn Mx
BoNTA-L 2.5abA 0.0 3.0 1.0bB 0.0 2.0 0.0aA 0.0 2.0
BoNTA-M 2.0bA 0.0 3.0 1.0bB 0.0 2.0 0.0aA 0.0 2.0
BoNTA-H 2.0aA 0.0 3.0 0.0bB 0.0 3.0 0.5aA 0.0 2.0
SS 2.0abA 0.0 3.0 2.0aA 0.0 3.0 2.0bAB 0.0 3.0

Group (P=.071); period (P=.0001); group*period (P=.0139); Source Pr>ChiSq

*LT MC
BoNTA-L 2.0 0.0 3.0 1.0 0.0 3.0 0.5 0.0 3.0 b

BoNTA-M 1.5 0.0 3.0 0.0 0.0 3.0 0.0 0.0 2.0 b

BoNTA-H 2.0 0.0 3.0 0.5 0.0 3.0 0.0 0.0 3.0 ab
SS 1.0 0.0 3.0 1.0 0.0 3.0 1.5 0.0 3.0 a

MC A B B

*Group (P=.0714); period (P<.0001); group*period (P=.3062); Source Pr>ChiSq; MC: Multiple comparison

Different letters (lowercase in vertical) represent signicant difference (p< .05) among groups
Different letters (uppercase in horizontal) represent significant difference (p<.05) among periods
BoNTA: Botulinum Toxin type A; L: low dose; M: medium dose; H:high dose; SS: Saline Solution; D: Days

Tabela 9. Medium, minimum and maximum values for right and left masseter muscle in different periods.

Period

Right Baseline 28D 180 D
Grupos Medium  Mn Mx Medium  Mn Mx Medium  Mn Mx
BoNTA-B 2.0aA 0.0 3.0 1.0bB 0.0 12.0 1.0bB 0.0 2.0
BoNTA-M 1.0aA 0.0 3.0 0.0bB 0.0 14.0 0.0bB 0.0 3.0
BoNTA-A 2.0aA 0.0 3.0 0.05bB 0.0 14.0 0.0bB 0.0 3.0
SS 2.0aA 1.0 3.0 2.0aA 0.0 14.0 2.0aA 0.0 3.0
Left

BoNTA-B 1.5aA 0.0 3.0 0.0bB 0.0 2.0 0.5bB 0.0 3.0
BoNTA-M 1.0aA 0.0 3.0 0.0bB 0.0 3.0 0.0bB 0.0 3.0
BoNTA-A 2.0aA 0.0 3.0 0.0bB 0.0 3.0 0.0bB 0.0 2.0
SS 1.0aA 0.0 3.0 2.0aA 0.0 3.0 2.0aA 0.0 3.0

Different letters (lowercase in vertical) represent signicant difference (p< .05) among groups
Different letters (uppercase in horizontal) represent significant difference (p<0,05) among phases
BoNTA: Botulinum Toxin type A; L: low dose; M: medium dose; H:high dose; SS: Saline Solution; D: Days
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RDC/TMD axis II findings (Table 10) showed a significant improvement (P<.05) for almost

all groups in the graded chronic pain scale. Also, when groups values were compared, significant

differences (P<.05) were found in the 180 days evaluations, with the BONTA-M and H groups and

SP groups presenting the lowest values (Table 10).

Significant improvement (P<.05) was found for all treated groups, except for the BONTA-M

group when the between-group analysis was considered at the 180 days evaluation, significant

differences were found between SS groups and the others groups, with BoONT-A groups and SP groups

presenting the lowest values.

Somatization scale scores showed significant improvement (P<.05) for all BoNT-A groups

and SP groups at the 180 days evaluation. When groups were compared, significant differences

(P<.05) were found in the 180 days evaluation, among SS groups and the others groups, with BoNT-

A groups and SP groups presenting the lowest values.

Table 10. Differences between average scores in axis Il findings between groups at the various
observation points according to the phase evaluation.

RDC/TMD Axis 11 SP SS BoNTA-B BoNTA-M BoNTA-A
Graded Chronic Pain Scale
Baseline 2,30aA 2,40aA 2,20aA 2,15aA 2,65aA
180D 0,50bB 1,75bA 0,85bAB 0,40bB 0,85bAB
Depression Scale
Baseline 0,90aA 1,20aA 1,30aA 1,05aA 1,55aA
180D 0,25bB 1,40aA 0,50bB 0,50aB 0,30bB
Somatization Scale
Baseline 1,35aA 1,60aA 1,60aA 1,30aA 1,75aA
180 D 0,20bB 1,40aA 0,65bB 0,30bB 0,45bB

Different letters (uppercase in horizontal) represent significant difference (p<0,05) among groups.

Different letters (lowercase in vertical) represent significant difference (p<0,05) among evaluation phases

SP: Splint; SS: Saline Solution; BONTA: Botulinum Toxin type A; L: low dose; M: medium dose; H:high dose; D:

Days

Computarized Cone Beam Tomography (TMG)
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TMG results (Table 11) showed significant reduction (P<.05) of bilateral coronoid apophysis

bone volumen in the BONTA-H group at the 90 days evaluation; however no significant differences

were observed in the other groups at the same period (P>.05)

Table 11 . Median of coronoid apophisis bone volume evaluated in different periods

Right Left

Periods SS BoNTA-L BoNTA-M BoNTA-H SS BoNTA-L BoNTA-M BoNTA-H
217.2aA 213.6aA  195.6aA  207.9aA | 185.7aA  243.6aA  156.4aB  232.8aA
Baseline  (£77)  (£122.3)  (*118)  (£108.7) | (225.5)  (x1843)  (£76.2) (+£86.4)
2109aA  194aA 1643aA  1892bA | 1713aA  236.3aA  158.5aA  195.1bA
90D (£50.6)  (#213.8)  (£135.9)  (#93.8) | (£61.1)  (£195.4) (+£54) (+105.1)

Different letters (lowercase in vertical) represent significant difference (p<.05) among evaluation periods
Different letters (uppercase in horizontal) represent significant difference (p<.05) among groups

SS: Saline Solution; BoONTA: Botulinum Toxin type A; L: low dose; M: medium dose; H:high dose; D: Da



Discussion

Our randomised clinical trial (RTL) fulfill the methodological requirements stated in
recent systematic reviews. This RCT, as far as the authors know?®, is the first research wich
aimed to compared the efficacy and adverse effects of three different doses of BoONT-A on
MMP with a control (SP) and placebo (SS) groups. Therefore, the importance of an
experimental design considering positive and negative control groups, allows comparing the
values within the experimental groups, eliminating placebo effects. Thus, the findings of the
present RCT add valuable knowledge.

A significant reduction of subjective pain for BONT-A groups and SP group was found
in our study. All BONT-A groups presented pain redution since the 7 day after the treatments
and last long until 180 days of evaluation. This finding is in line with literature, reporting that
when BoNT-A is injected in striate muscle to treat painful muscle disorders, frequently
substantial pain relief is achieved 2%3°. So far, this pain relief is attributed to the reduction of
the muscle activity due to the blockage of acetylcholine release through the muscle endplate
2931 Such as paresis begin after 2-5 days, reaching its maximum effects between the 14" and
the 21% day and lasting from 2-3 months before it gradually starts to wear off 2. Our results
pressupose that the decrease of protocol drug doses'* does not affect subjective pain
reduction, and, at the same period, may decrease any possivel side effects and cost treatment,
which are the main concerns on literature on BoNT-A use *.

We observed that clinically, pain relief preceded muscle relaxation and last for a
longer period than the described in literature 3!. Probably because BoNT-A treatment may
have a pain-relieving effect that is independent of muscle-relaxing variable. Animal studies
have shown that BoNT-A peripheral applications inhibited formalin-induced inflammatory
pain by preventing the release of glutamate, substance P, and calcitonin gene-related peptide
from nociceptive nerve endings, leaving muscle relaxation as a simple secondary effect 334,
However, results from human experiments are inconclusive 3¢,

Moreover, BONT-A groups presented a significant reduction of subjective pain when
compared with SS group in VAS evaluation. Our results are incontrast with previous findings
1532 concernig MMP in which there were no differences between those groups, and in line

with two RCTs '**7 reporting a clear treatment effect of BONT-A. Lack of clinical protocols,

standardization of dosage and different dilution of preparations between the various
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commercial brands*® may contribute to explain the variability in the protocols adopted in the
mentioned researches, that certainly influenced the results. Furthermore, the padronization of
muscle thickness performed in our study allowed to standarize the sample in a presicely
design, inasmuch as literature reports that TxBo-A effects depend on a proportional
correlation between muscle size and doses range 2°, wich could also alter studies pain results.

Aditionally, significant differences concernig BoNT-A and SP groups in reducing
subjective pain in 28", 90" and 180™ evaluation periods, demonstrated that BoNT-A is as
effective than oral splints, which is the most used approach for chronic MMP.

We showed a significant increase in PPT values for BONT-A and SP groups from the
14" day after treatments, remaining higher to SS group only until the 180 days evaluation.
Those findings are in contrast with the results of Ernberg et al '° that found no difference in
PPT when BoNT-A and splint therapy were compared, or even for BoONT-A applications
within different period evaluations. The absence of assessment padronization probably
influenced those results. In our RCT, positioning of the measuring tip of the algometer was
standardized through marks made on an acetate sheet individualized for each patient, in order
to assess them in any evaluation period, and at the same muscle position in which treatment
injections were performed, allowing reproductibility of all analyzes.

Therefore, BONT-A positive effects on PPT could be associated to the inhibition on
the activation of primary nociceptive afferents, suggesting that BoONT-A was able to inhibit
peripheral release of neurotransmitters involved in pain and inflammation processes such as
substance P, glutamate and calcitonin gene related peptide, reducing the peripheral
sensitization and, indirectly, probably preventing a central sensitization 2233343940,

Assessment of muscular electrical activity of the masseter and anterior temporalis
muscles was the major concern in our study, due to the paralyzing BONT-A mechanism of
action. EMG MVC values, presented a severe decrease on muscle activity up to the 28% day
evaluation in BONT-A groups, independently of the dose, as it was expected. Our findings are
in line with other studies reporting the same tendency in muscular activity after BoNT-A
injections 374!,

Except BoNTA-L group recovered almost all muscle ativity in MVC up to 90™ day

after treatments, reaching about the same values of baseline, on the opposite of BONTA-M

and BONTA-H groups, that presented a significant increase in muscle activity even after 180"
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day; however this MVC increase was not close by baseline values. It suggests the probable
influence of BoNTA spreading in the muscle fibers, making difficult the muscle repairing as
a whole *?; or because the remanescent BONT-A did not bond to the whole pre-sinaptic vesical
once injected due to the large amount of BoNT-A, bonding to the new pre-sinaptic vesicles
over period.

Our eletromiographic MVC findings support literature concensous concerning BoNT-
A effects under the muscle ativity 2. When the same patient is treated with identical treatment
parameters the action of BONT-A is usually stable; however as the showed in our study, there
is a dose-effect and dose-duration relationship, indicating that higher doses will present more
muscle disability and for longer period of period. Additionally, we believe that this variable
determines one of the main side effects of BONT-A when injected into the chewing muscles,
considering that EMG activity is directly related to the efficiency and quality of mastication
26

The most common patient’s complaint after BONT-A injection is the discomfort in
chewing, probably due to BoNT-A muscle activity decreasing action *. In addition, changes
in afferent input after BONT-A injection into muscles can modify the response of the cortex,
alters the motor neuron activity and even decrease muscle activity **. Probably, BoNT-A
injection into masticatory muscle directely influences chewing by muscle weakness and
atrophy, and it indirectly influences mastication by affecting central pattern generator in
brainstem through modification of the sensory feedback from masticatory muscle spindle **.

A significant decrease in MP after BoNT-A injections in masseter and anterior
temporalis muscles was found in our study. Mastigatory performance declinee after the 7%
day after BONT-A injections, and remained inefficient until the 28% day evaluation; however
MP recovered to baseline values in the 90 and 180" days evaluations, independently of
BoNT-A doses . Our results are in line with studies showing the same pattern in MP 4346, It
was an expected result because of the decreasing effect of BONT-A which starts after at 2™
and 5" days, reaching the maximum effects between the 14" and 21 days, gradually starts
to wear off, finishing the effect from 2 to 3 months. It could explain the drecrease and recovery
patterns found in our study after 180 days.

Moreover, BONTA M and H groups also presented significant differences in MP when

compared with SS group, confirming the undesirible effect of BoNT-A in mastigatory

43



function. Regarding, BONTA-L group, even though MP declined also in this group, no
significant differences were found when compared with the SS group, demonstrating that low
doses of BONT-A, in MMP patients almost do not affect MP. Considering that subjective pain
values were reduced in all BONT-A groups, this results may suggested that the doses used in
BoNTA-L group may be considered as the ideal doses to control chronic MMP, due to its
positive effect over subjective pain and the absence of adverse effects in MP.

Similarly, a significant decrease in muscle thickness was found in all BONT-A groups
in UI contraction position until the 90 days for almost evaluated muscles. Our results are in
line with previous studies reporting decrease in muscle thickness *7* after BoNT-A use.
Atrophy, shortening of muscle fibers and consequently loss of muscle mass may be the causes
of those effects.

In aestethic field this result could be seen as benefical, due to the countering face
effect, owing to the hypertrophy reducing effect of BoNT-A; however, in dentistry, it could
be considered an important adverse effect. Decrease in muscle mass and strength have been
reported in the literature after masticatory muscles BoNT-A injections °°? the associated
structural changes for single or repeat injections must to be considered in dental activities.
Physiological cross section, muscle mass is influenced by factors including the content of
non-contractile fibrotic or fatty tissue, which accumulates after BONT-A injection®. Atrophy
of muscle mass stop after 3 months BoONT-A injections >*. However, even though BONTA-L
group muscle tickness declined in Ul, we did not observe significant differences with the SS
group, demonstrating that low doses of BONT-A do not affect muscle thickness.

A significant relationship between muscle thickness from almost evaluated muscles
and the masticatory performance values was found independently of the doses and period.
This fact confirms the importance of muscle size and strength in mastication performance,
which was the main side effect reported in our study, even after a single injection of TxBo-A.

In addition, muscle mass and strength decrease, could lead to other important side
effects such as bone loss at alveolar bone, condyles and coronoid process of the mandible due
to the lack of loading in bone tissues *>~’. We found a significant decrease in both coronoid
process bone volumen for the TxBoA-H group at the 90" evaluation. This finding may alert
towards the need for an assessment of a possible increased risk of osteopenia or coronoid

fractures. It is important to remark that this side effect have been reported in possible
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association with repeated BoNT-A in other studie >°>, however we showed that this adverse
effect could appeare even after a single injection of BONT-A. Therefore, again, low doses of
BoNT-A can be effective to control pain and the prefered protocol to prevent bone or other
adverse effects.

On the other hand, the improvement in clinical parameters such as mouth opening,
lateral movements and palpation tenderness evaluated with the RDC/TMD axis [ in all BoNT-
A groups, strengthen the indication of this therapy for MMP. In the same way, the
improvement observed in GCPS, DEP and SOM evaluated with the RDC/TMD axis II, in
patients allocated in all BONT-A groups, demonstrated the possitive effects of BoNT-A
treatment in the psychological imparment of TMD patients, that usually is affected due to the
presence of pain.

Few limitations in this study were addressed. Even though this is the largest double-
blind placebo study concerning BoNT-A in chronic MMP, follow ups for longer periods
should be performed in order to assess long term effects of a unique injection of BoNT-A.

As a final remark we enphasize that our study if the first RCT evaluating the efficacy
and possivel adverse effects of three different doses of BONT-A, and that compared those
groups with two controls: the splint and saline. Base on our findings, we considerd BoNT-A
as an effective approach to control chronic myofascial masticatory pain; however due to the
evident side effects on muscle contraction, masticatory performance, muscle thickness and in
mandibular bone, which are not reported from conservative treatments, we speculate that
patients for whom conservative treatment gives inadequate pain relief, low doses of TxBo-A

might be a benefical approach as an adjunct.
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3 DISCUSSAO

A abordagem terapéutica mais comum para dor miofascial (DM) dos musculos
mastigatdrios € baseada em modalidades reversiveis, conservadoras e multidisciplinares (Dao
& Lavigne, 1998; Nikolakis et al., 2002; De Laat et al., 2003). Da mesma forma, desde que a
Food and Drug Administration dos EUA aprovou a TxBo-A para o tratamento de varios
disturbios musculares tais como espasticidade e doencas musculares hipertonicas, a TxBo-A
ganhou muito interesse além de seu uso cosmético, sendo utilizada para a dor miofascial,
devido a sua atividade sobre a musculatura estriada (Qerama et al., 2010). Revisdes
sistematicas sobre o uso da TxBo-A na dor miofascial relacionada a DTM, afirmam que ndo
ha evidéncia cientifica suficiente para apoiar o uso de TxBo-A no tratamento da DM, uma
vez que ha poucos trabalhos randomizados, controlados e duplo-cego e com homogeneidade
metodologica (Soares et al., 2009; Antonia et al., 2013; Chen et al., 2015; Sandrini et al.,
2017)

Somado a falta de evidéncia cientifica do uso da TxBo-A, devemos mencionar os
possiveis efeitos adversos desta terapia. Um dos efeitos secundarios mais frequentemente
relatados apés tratamento com TxBo-A quando injetada nos musculos mastigatorios, ¢ a
presenca de enfraquecimento muscular, o que leva ao desconforto mastigatorio,
principalmente de alimentos consistentes ( Ahn and Kim, 2007; Kim et al., 2009; Park et al.,
2013;). A maioria dos estudos mostra uma correlagdo positiva entre o enfraquecimento
muscular e for¢a de mordida maxima apo6s aplicagdes de TxBo-A, indicando uma diminuig¢ao
na for¢a de mordida durante o primeiro més, que se recupera ao seu estado normal apds trés
meses da aplicagdo ( Ahn and Kim, 2007; Kim et al., 2009; Park et al., 2013;). Em
contrapartida, embora seja verdade que a espessura dos musculos mastigatorios esteja
relacionada a forca de mordida e a eficiéncia mastigatdria, ainda ndo existem estudos
associando o desempenho mastigatorio e diferentes doses de TxBo-A. Estes se limitam a
avaliagdes clinicas sem preocupac¢do comparativa com grupos controle positivo € negaivo
simultaneamente (Tsai et al., 2009; Rafferty et al., 2012;).

O presente trabalho clinico randomizado, controlado e duplamente-cego cumpre os
requisitos metodologicos estabelecidos nas revisdes sistemdticas supra-mencionadas.
Ademais, ¢ a primeira pesquisa que visou comparar os efeitos da TxBo-A na dor miofascial

cronica, utilizando doses diferentes e comparando estes resultados com dois grupos controle.
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Com o objetivo de estudar os beneficios e possiveis efeitos adversos desta terapia, buscou-se
investigar os efeitos de diferentes doses desta intervencao sobre a dor subjetiva e objetiva, a
atividade muscular, seus efeitos sobre estruturas 6sseas mandibulares, alguns parametros
relacionados aos movimentos mandibulares e psicossociais, ¢ ainda correlacionando a

espessura muscular e performance mastigatoria.

Uma reducao significativa da dor subjetiva para os grupos de TxBo-A foi encontrada
nos pacientes dos grupos tratados. A diminui¢ao da dor ocorreu desde a primeira semana de
tratamento até a avaliacdo de 180 dias . Esse achado condiz com a literatura, que relata o
efeito da TxBo-A sobre a dor miogénica. Freqlientemente um alivio substancial da dor ¢
observado (Matak et al., 2013). Esse alivio tem sido atribuido a perda de efeitividade na
contracdo das fibras musculares devido ao bloqueio da liberacdo de acetilcolina na placa
motora (Colhado et al., 2009). Tal paresia muscular comeca por volta de 2 a 5 dias pds
tratamento, atingindo seu efeito maximo entre o 14 ° e 21 ° dias, perdurando por 60 a 90 dias,
apos o que reduz gradualmente até desaparecer (Dressler ef al., 2005). Este comportamento
foi observado em nosso experimento, em todos os periodos de observagdo da variaveis da
EVA e do LDP. Observou-se ainda que as altera¢des na dose do farmaco nao afetou a redugao
subjetiva da dor.

Nossos resultados diferem, dos reportados em estudos prévios (Nixdorf et al ., 2002;
Ernberg et al., 2011), onde ndo houve diferencas significativas entre grupos que utilizaram
TxBo-a e placas de desoclusdo.. Entretanto, nosso estudo corrobora com os resultados de dois
estudos clinicos, randomizados (von Lindern et al., 2003; Kurtoglu et al., 2008) nos quais foi
relatado um efeito positivo do tratamento com TxBo-A. Observa-se que existe grande
diferenca entre as metodologias experimentais utilizadas nos experimentos que avaliama agao
da TxBo-A. E ainda a auséncia de padronizagdo no emprego dos protocolos clinicos, na
padronizacdo da dosagem e homogeneidade no processo de dilui¢do entre as diversas marcas
comerciais, dentre outros. Estes fatores, a nosso ver, podem contribuir com diferengas
observadas nos resultados, bemcomo pode a explicar a variabilidade nos resultados dos
estudos mencionados. Ademais, o delinemento metodologico inadequado, incluindo tempo
de avaliagdo insuficientes (Nixdorf ef al ., 2002) tamanho inadequado da amostra (Nixdorf et

al ., 2002; Ernberg et al., 2011), falta de padronizagao dos pontos de aplicagdo, presenga de
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tratamentos concomitantes de DTM durante o experimento (Ernberg et al., 2011) e
expectativas dos pacientes devido ao delineamento cruzado (Ernberg et al., 2011),
indubitavelmente, afetam os resultados de um estudo clinico. Nosso experimento buscou
padronizar a maior parte de varidveis que pudessem interferir nos resultados. Buscamos
estabelecer parametros reprodutiveis para o uso da TxBo-A em outros experimentos. Uma de
nossas preocupagdes foi a padronizagdo da espessura dos musculos estudados, ja que a
literatura relata que os efeitos da TxBo-A dependem da propor¢dao entre o tamanho do
musculo e a dose de TxBo-A utilizada (Dressler et al., 2005).

Nosso estudo nao encontrou diferencgas significativas entre os grupos TxBo-A e grupo
SP nos valores da EVA, nas avaliagdes de 30, 90 e 180 dias, demonstrando que a eficacia da
TxBo-A ¢ quase igual a dos AIP para o controle da dor cronica miofascial relacionada a DTM.
Observou-se ainda um aumento significativo nos valores do LDP para os grupos de TxBo-A
e para o grupo SP a partir do 14° dia pds tratamento, valores que foram superiores aos do
grupo SS até a avaliagdo de 180 dias. Nossos achados diferem com os resultados de Ernberg
et al (2005) que ndo demonstraram diferencas significativas nos valores de PPT para os grupos
que receberam TxBo-A e que usaram placa de desoclusdo. Observou-se que nesse estudo,
houve auséncia de padronizacao das avaliagdes entre os grupos, o que pode ter influenciado
os resultados. Em nosso estudo, o posicionamento da ponta de medi¢do do algémetro foi
padronizado através de marcas feitas em uma folha de acetato individualizada para cada
paciente, a fim de posicionar, em qualquer avaliagcdo, a mesma por¢ao muscular na qual as
injecdes de tratamento foram realizadas, permitindo a reprodutibilidade das analises, em todos
os periodos experimentais. Adicionalmente, ¢ importante salientar o tamanho reduzido na
amostragem investigada por Ernberg et al (2005), o que pode ter afetado os resultados do
estudo.

A avaliacdo da atividade elétrica muscular dos musculos masseter e temporal anterior
foi uma grande preocupacao em nosso estudo, devido ao mecanismo de acdo da TxBo-A sobre
a atividade muscular. Os valores de repouso eletromiograficos mostraram uma tendéncia de
manutengdo da tonicidade muscular em todos os periodos de avaliagdo, e em todos os grupos
que receberam TxBo-A. No entanto, os valores de méxima contragdo voluntaria apresentaram
uma severa diminui¢do na atividade muscular desde o 14° dia pos tratamento, até os 30 dias

de avaliacdo, nos grupos TxBo-A. Nossos achados corroboram resultados apresentados por
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outros estudos relatando a mesma tendéncia da diminui¢do na atividade muscular apds
injecgoes de TxBo-A (Freund et al., 2000; Kurtoglu et al., 2008). A recuperagdo da atividade
muscular ocorreu ao longo do experimento.

Apenas o grupo TxBoA-B recuperou quase toda a atividade muscular na adquisicao
de maxima contragdo voluntaria (MCV) ap6s 180dias do tratamento, atingindo os mesmos
valores do baseline. Embora os grupos TxBoA-M e TxBoA-A tenham apresentado valores
maiores da EMG apos 90 dias do tratamento, este aumento nao atingiu os valores do base
line, mesmo ap6s os 180 dias pos tratamento. Por outro lado, os valores de MVC nao foram
alterados no grupo SP e SS em todos os periodos experimentais.

Nossos resultados da EMG suportam o consenso ja existente na literatura sobre os
efeitos da TxBo-A na atividade muscular (Dressler et al., 2005). Entretanto, como foi
demostrado em nosso estudo, ha uma relagao dose-efeito e dose-duracao da droga, indicando
que doses mais altas apresentam maior indice de paresia muscular, por um periodo de tempo
mais longo. O mecanismo de agdo da TxBo-A consistem em inibir a liberacao da acetilcolina
na fenda sinaptica mioneural, através da inibi¢cao das proteinas do complexo SNARE (Soluble
Methylmaleimide-Sensitive Factor Attachment Protein Receptor), e, em fungdo deste
processo, inibem a contracdo da fibra muscular. Acreditamos que este aspecto seja o principal
determinante dos efeitos colaterais do TxBo-A quando injetada nos musculos da mastigacao,
considerando que a atividade muscular esta diretamente relacionada a eficiéncia e qualidade
da mastigagdo. Neste contexto, ponderamos que os dados obtidos neste ensaio clinico podem
orientar a indicag¢ao de doses menores, mas efetivas, para o controle da dor cronica relacionada
a DTM.

Ainda em fungdo da hipoatividade muscular, as perdas 6ssea nas regides condilares e
alveolares da mandibula e as possiveis alteragdes no crescimento craniomandibular podem
ser alguns efeitos colaterais a serem considerados como possivel correlagdo ao uso da TxBo-
A (Rafferty er al., 2012; Kun et al., 2015; Matthys et al., 2015). Com relagdo aos estudos
clinicos, ha apenas dois estudos contraditorios sobre as alteragdes Osseas mandibulares apos
a injecdo de TxBo-A (Chang et al., 2011; Raphael et al., 2014). Tais achados podem alertar
quanto a necessidade de um possivel risco de osteopenia ou fratura mandibular, nos casos em

que doses altas e/ou frequentes forem empregadas nos musculos da mastigacao.
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Nosso estudo encontrou ainda uma diminuigdo significativa da performance
mastigatdria apds injecdo de TxBo-A. O desempenho mastigatério diminuiu drasticamente
desde oo 7° dia pos traamento até as avaliagdes de 30 dias. Contudo os valores voltaram para
os dados basais apds os 90 a 180 dias, independentemente das doses utilizadas. Nossos
resultados corroboram outros estudos mostrando o mesmo padrao de PM apos aplicagdes de
TxBo-A (Park et al., 2013; Ahn e Kim, 2007). Este foi um resultado esperado em virtude da
denervacdo quimica que a TxBo-A promove sobre a fibra muscular. Este efeito se inicia apds
2 a 5 dias, atingindo seus efeitos maximos entre o dia 14 e ou 21 dias, que perduram por 60 a
90 dias, desaparecendo gradualmente. Estes periodos no qual a TxBo-A atinge seu potencial
maximo explica o padrao de diminuicao e recuperagdo da PM observado em nosso estudo. O
brotamento das fibras nervosas e a conseqiiente reativacao da liberagdo de acetilcolina através
da placa neuromotora a partir de 90 dias apds a aplicagdo de TxBo-A pode explicar a
reabilitacdo da funcdo de contragdo muscular e mastigagao.

Embora a PM tenha diminuido também no grupo TxBoA-B, ndo foram encontradas
diferencas significativas quando este grupo experimental foi comparado com o grupo SS,
demonstrando que doses baixas de TxBo-A, em pacientes com dor miofascial cronica
relacionada a DTM nao afetam significativamente a PM .

Nosso estudo também evidenciou, através do US, uma diminuigdo significativa da
espessura dos musculos tratados, em todos os grupos de TxBo-A, até a avaliacao de 90 dias
apos os tratamentos. Atrofia, encurtamento das fibras musculares e conseqiientemente perda
de massa muscular podem ser as causas do efeito observado. Estudos prévios (Kim et al.,
2007, Kim et al., 2009), relataram diminui¢do semelhante a apresentada em nosso estudo;
porém o nosso estudou mostrou que a diminuicdo na espessura muscular, também foi
observada no grupo TxBoA-B, que foram as mesmas observadas nos grupos SP e SS,
demonstrando que doses baixas de TxBo-A ndo afetam significativamente a espessura

muscular.

Este resultado pode considerado benéfico no campo da estética dos musuculos da
mimica, devido ao efeito da TxBo-A na reducdo de ritides de expressdao. No entanto, este
poderia ser um efeito adverso importante quando a toxina for utilizada nos usculos da

mastigacdo. Este fato ficou bem evidenciado em nosso estudo, quando demonstramos a
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correlagdo direta entre a espessura dos musculos tratados e os valores do desempenho
mastigatdrio, independentemente das doses utilizadas e do tempo experimental. Este fato por
si, confirma a importancia do volume muscular e da forgca muscular no desempenho da
mastigacao. Consideramos este um dos efeitos colaterais mais relevantes a ser ponderado na
indicagdo da TxBo-A para o controle da dor nas DTM miogéncias..

Os resultados apresentados neste estudo, ndo devem ser extrapolados para situagdes
nas quais multiplas inje¢des de TxBo-A forem realizadas. Portanto, sugerimos que mais
estudos, incluindo inje¢des multiplas de TxBo-A devem ser realizados a fim de esclarecer a
possibilidade de efeitos colaterais irreversiveis ao SEG.

Embora este seja o maior estudo duplo-cego randomizado e placebo referente ao
tratamento com TxBo-A na DTM miofascial cronica, algumas limitacdes neste estudo
precisam ser abordadas. Acompanhamento por periodos mais longos devem ser realizados
para avaliar os efeitos a longo prazo de uma inje¢do unica de TxBo-A, bem como estudos
com amostragens maiores e pacientes com perfis difeentes aos aqui investigados poderiam
contribuir na obtengdo de parametros e protocolos que correlacionemm dose/efeito ao uso da

TxBo-A sobre os musculos da mastigagao.
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4 CONCLUSAO

Com base nos achados do presente estudo e dentro das limitagdes apresentadas, €
possivel confirmar que a TxBo-A ¢ uma abordagem eficaz para controlar a DTM miofascial
cronica; no entanto, devido aos efeitos colaterais observados sobre o desempenho
mastigatorio, a espessura muscular e sobre estruturas 6sseas mandibulares, sugerimos que
doses menores devem ser consideradas como primeira escolha quando a TxBo-A for utilizada
sobre os musculos elevadores da mandibula. Desta forma, sugerimos que, nos quadros de
DTM miogéncia com dor cronica nas quais as terapias convencionais nao proporcionarem
alivio adequado a dor, a TxBo-A em baixas doses pode ser uma abordagem adjuvante a

intervencao.
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