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RESUMO

As cefaleias séo classificadas em primarias e secundarias. Cefaleias primarias
ocorrem sem doencas subjacentes e dividem-se em enxaquecas, dores de cabeca e dores
de origem tensional. Para obter sucesso no tratamento das cefaleias primarias com toxina
botulinica do tipo A (TXB-A) é fundamental conhecer detalhes anatbmicos do musculo
temporal (MT) e das estruturas adjacentes a ele. Esse projeto visou propor diretrizes
anatomicas para distinguir a posi¢cao do ventre muscular do MT, de seu tendéo e de vasos
sanguineos e nervos, proporcionando maior seguranca e eficacia para aplicacdo da TXB-A
em uma amostra brasileira. Foram analisadas 20 hemifaces do MT pertencentes a FOP-
UNICAMP seguindo dois métodos diferentes: obtencdo de medidas morfométricas do MT e
do seu tenddo com auxilio de um paquimetro digital e confeccdo de uma estrutura de
guadrantes em um filme plastico transparente, o que permitiu observar a distribuicdo do
tenddo temporal e de vasos e nervos na regido. Os resultados demonstraram que o tendéo
temporal esta localizado acima do arco zigomatico e possui forma retangular. O Método |
avaliou a extensdo horizontal do tendao temporal e permitiu sua classificacdo em trés tipos:
Tipo | (35,29%), tipo Il (58,82%) e tipo Il (5,88%). As distancias verticais entre a linha
horizontal LH e o tendédo temporal ao longo das linhas de referéncia foram L0O: 30.9 + 5.5 mm,
L1:48.5 £ 3.8mm, L2: 39.2 £ 7.8mm, L3: 44.9 £ 11.6 mm, e L4: 34.2 £ 2.3mm. Segundo o
Método I, o tendao temporal estava disposto nos quadrantes PIl, Ml e Al. As fibras tendineas
do MT estavam dispostas na maioria dos casos no compartimento Al (63,4%). Nenhuma
porcao tendinea alcancou os quadrantes Au e Pu e somente algumas fibras posteriores
ocuparam o compartimento PI, cuja mensuracgéao ficou comprometida pela presenca da orelha
externa. Em todos os casos analisados, a artéria temporal superficial teve seu ponto de
bifurcacdo no compartimento Mm. A veia temporal média teve seu trajeto majoritariamente
horizontal ou levemente inclinado para cima em sua extremidade, no limite superior dos
guadrantes Al e MI. Ambas as metodologias forneceram diretrizes anatdmicas capazes de

garantir segurancga e eficacia para a injecdo de TXB-A no MT em uma amostra brasileira.

Palavras-chave: Cefaleia do tipo tensional. Toxinas botulinicas. Mlsculo temporal.



ABSTRACT

Headaches are classified into primary and secondary. Primary headaches occur
without underlying diseases and are divided into migraines, headaches, and tension-type
headaches. To be successful in the treatment of primary headache disorders with botulinum
toxin type A (BTX-A), it is essential to know anatomical details of the temporalis muscle (TM)
and the structures adjacent to it. This project aimed to propose anatomical guidelines to
distinguish the position of the belly of the TM, its tendon and blood vessels and nerves,
providing greater safety and efficacy for the application of BTX-A in a Brazilian sample. Twenty
sides of TM belonging to FOP-UNICAMP were analyzed using two different methods: by
obtaining morphometric measurements of the TM and its tendon with the aid of a digital caliper
and by making a structure of quadrants in a transparent plastic film, which allowed observing
the distribution of the temporalis tendon and vessels and nerves in the region. The results
showed that the temporalis tendon is located above the zygomatic arch and has a rectangular
shape. Method | evaluated the horizontal extension of the temporalis tendon and allowed its
classification into three types: Type | (35.29%), type Il (58.82%) and type Ill (5.88%). The
vertical distances between the horizontal LH line and the temporalis tendon along the
reference lines were LO: 30.9 £5.5 mm, L1: 48.5 £ 3.8mm, L2: 39.2 £ 7.8mm, L3: 449 £ 11.6
mm, and L4: 34.2 + 2.3mm. According to Method Il, the temporalis tendon was arranged in the
guadrants PI, Ml and Al. The tendon fibers of the TM were arranged in most cases in the Al
compartment (63.4%). No tendon portion reached the Au and Pu quadrants and only a few
posterior fibers occupied the Pl compartment, whose measurement was compromised by the
presence of the outer ear. In all cases analyzed, the superficial temporal artery had its
bifurcation point in the Mm compartment. The middle temporal vein had its course mostly
horizontal or slightly tilted upwards at its end, at the upper limit of the Al and MI quadrants.
Both methodologies provided anatomical guidelines capable of ensuring safety and efficacy

for the injection of BTX-A into the TM in a Brazilian sample.

Key words: Tension-type headache. Botulinum toxin. Temporal muscle.



SUMARIO

1 INTRODUCAO

2 ARTIGO: COMPARISON OF BOTULINUM TOXIN APPLICATION GUIDELINES
FOR HEADACHE TREATMENT IN A BRAZILIAN POPULATION

3 CONCLUSAO

REFERENCIAS

ANEXOS

Anexo 1 — Verificagéo de originalidade e prevencao de plagio

Anexo 2 — Comité de Etica em Pesquisa

Anexo 3 — Relatério Iniciacdo Cientifica

Anexo 4 — Declaracgdo Iniciacdo Cientifica

Anexo 5 — Comprovante de submissdo do Artigo

10

12

26

27

29

29

30

31

32

33



10

1 INTRODUCAO

As dores de cabeca sdo algumas das queixas mais frequentes em consultérios
médicos, sendo responsaveis por diversos tipos de impactos negativos na vida de quem as
sofre, causando até mesmo incontaveis dias de trabalho perdido. Possuem intensidade e
caracteristicas variaveis e carregam consigo uma morbidade significativa, além do seu

impacto socioeconémico.

As cefaleias podem ser classificadas em primérias e secundérias. As cefaleias
primarias ocorrem sem associacao a processos patoldgicos, doencas ou injarias traumaticas
e dividem-se ainda em enxaquecas, cefaleias trigémino-autonébmicas e dores de origem
tensional (Mier e Dhadwal, 2018). A cefaleia tensional é o tipo mais comum de dor de cabeca
cronica, apresentando uma prevaléncia de 30% a 78% na populacdo em geral (Wieckiewicz
et al, 2017). Frequentemente associada a fatores musculares e psicolégicos, pode ser
causada pela contracdo de muasculos da regido da cabeca e do pescoco (Rollnik et al, 2000),
pois a sensibilizacdo de fibras aferentes musculares por mediadores locais, leva a
sensibilizacdo central, ocasionando as dores de origem tensional, que se nao tratadas,

resultam na cronificacdo da cefaleia tensional (Silberstein et al, 2006; Bendtsen, 2000).

A toxina botulinica (TXB) tem sido amplamente empregada no tratamento das
dores tensionais, pois ela age sobre o sistema sensorial miofascial, o que ajuda a interromper
a via de transmisséo da dor na cefaleia tensional episddica, prevenindo sua progressao para
cefaleia tensional cronica (Silberstein et al, 2006; Bendtsen, 2000). Além disso, seu uso no
tratamento da cefaleia tensional € uma alternativa extremamente vantajosa e eficaz,
apresentando menos efeitos colaterais e efeito de maior duracdo quando comparada aos

farmacos comumente usados, podendo durar até 5 meses (Patil et al, 2016).

7

A toxina botulinica é uma neurotoxina produzida pela bactéria Clostridium
botulinum que possui 7 sorotipos diferentes (Montecucco e Molgd, 2005), sendo os tipos A e
B os mais usados em aplicacdes clinicas (Bellows e Jankovic, 2019). O uso de inje¢cdes de
toxina botulinica do tipo A (TXB-A) como uma alternativa para o tratamento de dores de
cabeca foi proposto pela primeira vez ap0s observar que pacientes que receberam injecoes
cosmeéticas da TXB-A apresentaram melhora das dores de cabeca, levando a uma série de
investigacdes que sugeriram seu beneficio (Binder et al, 2000; Evans e Blumenfeld, 2003;
Pascual, 2004).
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A Food and Drug Administration (FDA) reconheceu a seguranca e a eficicia da
TXB-A no tratamento das dores de cabeca ao aprovar 31 locais de inje¢do para a TXB-A em
7 musculos da cabeca e do pescoco, dentre eles, quatro locais de injecdo em cada lado do
musculo temporal (Blumenfeld et al, 2010). O mecanismo de a¢&o da TXB-A no alivio da dor
baseia-se em impedir a liberacdo do neurotransmissor acetilcolina das terminacdes dos
axbnios na juncao neuromuscular, o que causa paralisia muscular (Montecucco e Molgo,
2005). Isso significa que para obter melhores efeitos farmacoldgicos usando a TXB-A, essa
deve ser aplicada visando atingir as terminacdes nervosas (Choi et al, 2020), por isso a

compreenséo das terminag¢des nervosas que atuam no musculo alvo é fundamental.

A coloracdo de Sihler permite a visualiza¢éo da distribuicdo neural nos musculos
gue contém fibras nervosas mielinizadas, podendo ser considerada a melhor ferramenta para
observar a distribuicdo nervosa dentro dos musculos esqueléticos (Won et al, 2011),
entretanto o musculo temporal possui uma fascia fiborosa e um tendao destacado, o que

dificulta a aplicacéo da técnica.

A experiéncia clinica tem demonstrado que a compreensao insuficiente da
anatomia e funcdo dos musculos da cabeca e pescoco pode levar a resultados indesejaveis
e eficacia reduzida (Blumenfeld et al, 2017). Diante de tal importancia do conhecimento
anatbmico da regido, o presente estudo realizou uma andlise morfolégica detalhada do
musculo temporal, do seu tenddo e dos vasos adjacentes a ele, a fim de atingir o alvo e

produzir maior eficacia clinica usando concentracdes minimas de TXB-A.
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2 ARTIGO: COMPARISON OF BOTULINUM TOXIN APPLICATION GUIDELINES FOR
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Submetido no periédico Clinical and Laboratorial Research in Dentistry (Anexo 5)

Comparison of botulinum toxin application guidelines for headache treatment in a
Brazilian population

Amanda Miki OKAMOTO?, Paulo Henrique Ferreira CARIA?

1. Amanda Miki Okamoto

Undergraduate dental student at Piracicaba Dental School, State University of Campinas —
UNICAMP

Avenida Limeira, n® 901, CEP 13414-903, Piracicaba, SP, Brazil,
amandaokamotoo@gmail.com

2. Paulo Henrigue Ferreira Caria

Departament of Biosciences, Piracicaba Dental School, State University of Campinas —
UNICAMP.

Avenida Limeira, n°® 901, CEP 13414-903, Piracicaba, SP, Brazil, phcaria@unicamp.br

ABSTRACT

The present study compared two different methods in order to provide anatomical guidelines
on how to differentiate the temporalis muscle, its tendon and main vessels in the region,
allowing a safe botulinum toxin type A (BTX-A) injection into the temporalis muscle for primary
headache disorders treatment. Twenty sides of temporalis muscle belonging to the
Biosciences Department of FOP-UNICAMP were analyzed using two different methods. The
first method consisted of obtaining morphometric measurements of the temporalis muscle and
its tendon with the aid of a digital caliper. The second method evaluated the distribution of the
temporalis muscle belly, its tendon and adjacent vessels and nerves after dividing its surface
into nine quadrants of equal size. The temporalis tendon is located above the zygomatic arch
and has a rectangular shape. Method | evaluated the height and length of the temporalis
muscle and its tendon. The posterior border of the temporalis tendon was classified into three
types: Type | (35.29%), type Il (58.82%) and type Ill (5.88%). According to Method II, the
temporalis tendon was arranged in the quadrants PI, Ml and Al. Both methodologies provided
anatomical guidelines capable of ensuring safety and efficacy for the injection of BTX-A into

the temporalis muscle in a Brazilian sample.

KEYWORDS: Primary headache disorders. Botulinum toxin type A. Temporalis muscle.
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INTRODUCTION

Primary headaches occur without underlying organic diseases and can be further
classified into migraines, headaches, and tension-type headaches. Chronic headaches are
disabling and significantly burden patients, being common in the population [1]. Migraine is a
primary neurological condition characterized by recurrent episodes of headache with other
associated symptoms, such as nausea, vomiting and sensitivity to sensory stimuli. Without
effective treatments, migraine can reduce the quality of life, increase the economic cost, and
decrease the productive capacity of the individual. Recent studies have shown significant
benefit in treating chronic migraine (CM) with botulinum toxin [2]. This led to a new way of

treating migraine.

Tension-type headache (TTH) is another condition with an extremely high
socioeconomic impact, hence the importance of its study [3]. TTH occurs in up to 38% of
adults, 2% have headaches almost daily, classifying them as tension headaches [4]. The
underlying causes of headaches are often nervous and muscular disorders, which is why
botulinum toxin type A (BTX-A) has been gaining prominence because of its effect [5,7].
Likewise, BTX-A produces fewer side effects than some drugs that are commonly used for
headaches. In addition, treatment with BTX-A can last up to 4 months, in contrast to the short-

term effects of the drugs administered and lidocaine injections [8,9]

The Food and Drug Administration (FDA) recognized the safety and effectiveness
of BTX-A by approving 31 injection sites for BTX-A. Among them, four injection sites were
suggested on each side of the temporalis muscle. These injection sites were approved after
analyzing the clinical results of the BTX-A injections designed to treat tension-type headache.
The hypothesis about muscle tension relief is based on suppression of the neurotransmitter
acetylcholine release by the peripheral nerve [10]. This mechanism promotes peripheral and
central sensitization, providing relief for patients suffering from primary headaches. Since the
BTX-A acts on nerve endings, knowledge of the nerve endings that act on the muscle is

essential to obtain maximum relief with the minimum concentration of BTX-A.

Invasive procedures may be limited by the lack of anatomical knowledge of the
affected site, reducing the effectiveness of the BTX-A injection, in addition to the risk of
damaging the muscle and local nerve endings. Therefore, the best option is to know the
morphology of the temporalis muscle, its tendon, and adjacent structures. The aim of this study
was to compare the effectiveness of two different methods for identifying locations for a safe
and effective injection of BTX-A into the temporalis muscle in a very mixed population such as

the Brazilian one.
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MATERIAL AND METHODS

Twenty sides from ten Brazilian cadavers (eight men and two women - average
age, 46.8 years) fixed in glycerin were evaluated. This study was submitted to and approved
by the University of Campinas Research Ethics Committee involving human beings and
respected all ethical principles defined in the WMA Declaration of Helsinki. The skin and the
underlying subcutaneous tissue were removed, then a careful dissection of the temporal region
was performed for better visualization and distinction of the anatomical structures. The limits
of the temporal fossa used as limits for this study were: Anterior: posterior border of the frontal
process of the zygomatic bone; superior: temporal line; posterior: supra-mastoid crest; lower:
zygomatic arch. For the evaluation of the muscles, two different methodologies were used, the
one described by Won-Kang Lee at al. (2017) [11], and the one by You-Jin Choi et al. (2016)
[12].

Method |

With the aid of a digital caliper (CD-15 CP, Mitutoyo, Kawasaki, Japan),
morphometric measurements of the temporalis muscle were performed in the 20 sides. All
measurements strictly followed the analysis proposed by Choi et al. (2016) [12] which consists
of dividing the surface of the temporalis muscle, using several anatomical points as a
reference, to measure its height and length. The Jugale point and the zygomatic arch were
used as fixed structural anatomical markers to morphologically outline the muscle. (LH:
horizontal line that passes through the Jugale point, LO: vertical line that passes through the
Jugale point, L1: vertical line that equally divides the distance between points LO and L2, L2:
vertical line that passes through the anterior outer margin of the ear. L3: vertical line that
equally divides the distance between points L2 and L4, L4: vertical line that passes through

the posterior outer margin of the ear) (Figure 1).
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Figure 1- Schematic drawing of points and reference lines based on anatomical surface
structures (Choi et al., 2016) [12].

Method Il

The second analysis was described by Lee at al. (2017) [11] and consists of
dividing the surface of the temporalis muscle into nine quadrants of equal size. In our study,
we used a transparent and resistant plastic sheet as shown in figure 2. The reference lines
that delimit each quadrant presented the same conditions for all. Therefore, the position of an
anatomical structure could be marked in its natural position and perceived at first glance. As
described in the study by Lee at al. (2017) [11], the lateral canthus of the eye (C), the tragus
(T, the posterior outer margin of the ear (E) and the most anterior (A), superior (S) and
posterior (P) points of the temporalis muscle were used as reference points. The quadrants
were named according to their location (Figure 2). Then, the plastic lamina was positioned
over each muscle in question, allowing to identify in which quadrants there was a prevalence

of blood vessels and other important anatomical structures.
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Figure 2 - Reference lines and anatomical landmarks for measurements in the temporal region.
C lateral canthus of the eye; T tragus (most prominent point of the tragus); Line C-T: Reference
line; A: Most anterior point of the temporalis muscle; A": contact point between the reference line
and the perpendicular line from A; P: most posterior point of the temporalis muscle; P': contact
point between the reference line and the perpendicular line from P; S: most superior point of the
temporalis muscle; S': contact point between the perpendicular line of A and the horizontal line
from S; E: most posterior point of the ear lobe; E'": contact point between the reference line and
the perpendicular line from E; Es: Most superior point of the ear lobe; A'-P": width of the
temporalis muscle (TM); A'-S": vertical height of the TM; A'-S'/ A'-P’', ratio between the height
and width of the TM; A'- C, distance from the canthus of the eye to the anterior margin of the
temporalis muscle; T-P', distance between the tragus and the posterior margin of the temporalis
muscle. The nine compartments are labeled using two letters that describe their coordinates: A

anterior, M middle, P posterior, | lower, m middle and u upper (Won-Kang Lee at al., 2017) [11].

RESULTS

Method I:

1. Posterior border of the temporalis muscle tendon

According to Method |, the posterior extension of the temporalis muscle (TM)

tendon was evaluated. This horizontal measurement was performed using the distance between
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the Jugale point and the reference lines L2, L3 and L4 as reference. The posterior border of the
temporalis tendon was then classified into the following categories: Type I, the posterior border
of the temporalis tendon is located in front of L2. The distance between the Jugale and L2 was
48.5 + 0.32 mm (mean = SD) and occurred in 7 of the 20 case cases (35.29%). Type Il, the
posterior border of the TM tendon is located between L2 and L3. In this type, the distance
between Jugale and L3 was 71.4 £ 0.62 mm (mean * SD), and occurred in 11 of the 20 cases
(58.82%). Type lll, the posterior border of the TM tendon is located between L3 and L4. In this
type, the distance between Jugale and L4 was 91.2 + 0.5 mm (mean + SD), occurring in 2 of
the 20 cases (5.88%). There were no cases where the tendon reached or exceeded L4. (Figures
3,4 and 5).

2. Vertical length of the temporalis tendon and the temporalis muscle

These analyzes consist of the measurement of the vertical distance between the
horizontal line that passes through the Jugale point (LH) and the superior border of the
zygomatic arch, up to the temporalis tendon (measure 1) along the lines (LO to L4); and the
vertical distance between the horizontal line that passes through the Jugale point (LH) and the
superior border of the zygomatic arch, up to the superior border of the TM (measure 2) along
the lines (LO to L4). In measure 1, the captured values were: LO: 30.9 + 5.5 mm, L1: 48.5 + 3.8
mm, L2: 39.2 £+ 7.8 mm, L3: 44.9 + 11.6 mm and L4: 34.2 £ 2.3 mm. Measure 2 presented the
following values: Lo: 56.9 + 13.3 mm, L1: 76.2 + 11.0 mm, L2: 73.1 £+ 16.1 mm, L3: 56.4 + 15.2
mm and L4 : 48.8 £ 12.3mm (table 1).

Table 1. The vertical distance of the temporalis tendon from LH (1) and the vertical length of the

temporalis muscle (2).

Points Measure 1 Measure 2
LO 30.9+5.5 56.9 +13.3
L1 485+ 3.8 76.2+11.0
L2 39.2+7.8 73.1+16.1
L3 449+11.6 56.4 +15.2
L4 342+2.3 48.8 +12.3

Values are expressed in millimeters (mm).
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Method II:
Temporalis muscle (TM) dimensions

In this analysis, the values related to the dimensions of the TM were obtained. The
measure relative to its average height (A0-S0) was 98 £ 1.22 mm (range 73—113 mm). The
average width of the TM (A0-PO) was 120.4 mm (range 88-134 mm). The average lateral
distance between points A' and C was 4 mm, (range -4—8 mm). The average distance between
P"and T was 27.8 £ 2.32 mm (range 22—-38 mm). The average distance between T and E' was
32 mm (range 29-35 mm). The distance between T and P' was 2.8 mm and the average distance

between T and E' was 2.6 mm.

Position of the superficial temporal artery (STA)

The STA bifurcation in all cases (100%) occurred above the reference line (line C-
T). In all 20 cases analyzed, the bifurcation point was inside the Mm compartment of the TM
rectangle. The average distance above the reference line was 41 mm (range 35-44 mm). Only
in 6.2% of the cases, the STA bifurcation occurred at the limit between the Mm and Pm
guadrants. The most vertical position of the STA before bifurcation was 23.3 mm (17-38 mm)
from the reference line. Still about the more vertical position of the STA in relation to the
reference line, it was placed within 1/3 higher of the Ml compartment in 34.7% of the cases,

closer to the tragus than to the anterior border of the Al quadrant.

The middle temporal vein (MTV)

The horizontal (anterior) segment of the MTV passed through the TM 23.7 mm
(range 19—-27 mm) above the reference line. The MTV had its path mostly horizontal or slightly
tilted upwards at its end, at the upper limit of Al and MI compartments and then a slight inclination
until its junction with the main trunk, at the 1/3 posterior of the reference line (line C-T). In all

cases analyzed the junction of the MTV with its trunk occurred within the Mm and MI quadrants.

The temporalis tendon

After the total exposure of the muscle fibers and tendons, it was possible to

determine the limits of the TM and its tendon in relation to the temporal line, the superior limit of
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the temporal fossa, the zygomatic arch and the lower limit. The tendon was arranged in the
quadrants PIl, Ml and Al, that means, anterior, central, and posterior portion of the TM.
Percentually, it is possible to affirm in relation to the tendon fibers of the TM that most of the
cases were in the posterior part of the quadrant Al with 63.4% (range of 57-68mm) and in the
posterior part of quadrant Am in 13.8% (range 2-17mm) of the cases. In the anterior region,
tendon fibers never crossed the Am compartment and occupied the posterior half (55% of the
total) of the Al compartment. Medially, the tendon filled the entire MI compartment and part of
the Mm, with 66.2mm (range 58.1-67.2mm), but never reached Mu. They corresponded to more
than 57% of the height of the TM. In all cases analyzed, the superior margin of the medial tendon
fibers was higher than the STA bifurcation. No tendon portion of the TM reached the Au and Pu
guadrants. Finally, only a few posterior fibers occupied the Pl compartment, whose

measurement was compromised by the presence of the outer ear.

DISCUSSION

BTX-A has been used for the treatment of bruxism [13], with some success [14],
as well as for the treatment of migraine. Another option for migraine treatment is the use of oral
medications whose prolonged use represents a risk of side effects for patients who have
cardiovascular, cerebrovascular, liver diseases or who are pregnant, in addition to not having
evident benefits [15,16]. Alternative treatment for bruxism is palliative, with the use of
interocclusal plaques and physical therapy [17]. Although the mechanism of action of BTX-A in
migraines is still unclear, there is empirical evidence of its success without side effects. On the

other hand, the use of BTX-A for bruxism treatment has established clinical evidence [18].

The US Food and Drug Administration (FDA) has approved 31 sites for BTX-A
injections for the treatment of migraines. However, they used as reference only the places of
greatest pain relief, without considering the risks. As a result, there is a need of more accurate
information on the safest points for BTX-A injection in similar procedures such as bruxism and
tension-type headaches. Choi et. al (2016) [12] conducted a study on the nerve endings of the
temporalis muscle to ensure safety for clinicians when performing such procedures. Although
methodological standards have been established to assist clinicians in the injection of BTX-A
[11,12], these have been performed on samples of Asian people. Methodologically, they were
well performed, but the profile of the population evaluated in these studies represents only 1.1%
of the Brazilian population. On the other hand, nearly 20% of all dentists in the world are in Brazil
and there are 2.18 doctors per thousand inhabitants here [19], what justifies the need for

anatomical references related to the local population, which has a significant index of
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miscegenation. Therefore, the present study was motivated by the need to analyze the
topography of anatomical structures around the TM, in order to establish reasonable guidelines
for safe injections of BTX-A in a Brazilian sample.

Injections of BTX-A into the TM should prevent damage to the surrounding blood
vessels, reducing the occurrence of undesirable side effects after injection. The analysis of the
anatomical arrangement and shape of the TM tendon can be easily established by observational
study of the anatomical parts (specimens). There is anatomical evidence that supports that the
injection of BTX-A should avoid the tendon of the temporalis muscle [20] Thus, by avoiding the
injection of BTX-A into the muscle tendon, where there are few motor nerve endings, the
clinicians will increase the effectiveness of the toxin, and also reduces events of post-injection

tendonitis or laceration of tendon fibers by the needle tip.

The evaluations related to the disposition of the TM tendon, carried out in the
present study, when compared to the study carried out by Choi et al. (2016) [12], indicated some
similarities, but also differences. There was a prevalence of Type 1l (58.82%), in our study with
values of 71.4 £ 0.62 mm, 11 cases out of 20. Followed by Type | (35.29%), with values of 48.5
+ 0.32mm, 7 cases out of 20. The data by Choi et al. (2016) [12] also indicated prevalence of
Type Il (85.7%), but their values were lower (70.2 £ 5.1 mm), 18 out of 21. Followed by Type Il
(90.0 £ 5.3 mm) with 2 cases out of 21 (9.5%). Both analyzes did not show Type IV cases. These
results indicate that the head of the Asians is slightly smaller than the Brazilians, which is a very
miscegenated population, but this aspect does not influence the professional's conduct for the

application of BTX-A.

In the other analysis on the TM tendon, based on the study by Lee et al. (2016)
[11], the tendon was arranged in the quadrants PIl, Ml and Al, therefore anterior, central, and
posterior. Most of the cases (63.4%) were in the posterior part of the Al compartment, and the
minority of the cases (13.8%) were in the posterior part of the Am compartment. The anterior
fibers never exceeded the Am quadrant, but occupied half (55% of the total) of the Al
compartment. The results of the study by Lee et al. (2016) [11], were similar to those of our
study, with the posterior distribution of the TM tendon prevailing in the posteroinferior part in
most cases. The prevalence of the tendon occurred in the Mm compartment. The tendon
corresponded to 55.4% of the height of the TM and, in all specimens, it had a fan shape. The
extension of the tendon fibers was similar in both samples, because no tendon was observed in
the upper third (Au, Mu and Pu) of the temporalis muscle. The analysis of the results of the
tendon arrangement in the three studies allows us to state that small differences occur between

different races, however, some patterns do not change as mentioned above.
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The average height of the TM in the Brazilian sample was 98 + 1.22 mm and the
average width was 120.4 mm, while in the Asian population (Won-Kang Lee at al., 2017) [11] it
was 96 mm and 117,6 mm, respectively. The dimensions and proportions were almost identical,
with little difference between races. Like the height and width, the other measurements were
always greater in Brazilian specimens. Regarding the superficial temporal artery (STA), there
were also small differences, as its bifurcation occurred above the reference line (line C - T) and
within the Mm compartment in all specimens, while in the Asian population it occurred in 94.7
% of cases and in the same quadrant. The other measurements and analyzes also indicated

slight differences between the two races, always with higher values related to the Brazilian race.

The horizontal (anterior) segment of the middle temporal vein (MTV) passed
through the MT 23.7 mm above the reference line. Slightly below the average of the values
obtained in the Asian sample. However, in both cases the route was mostly horizontal. All
specimens reached the Al and Ml compartments and with few variations reached the main trunk

at the rear 1/3 of the reference line (C-T), in the Mm and MI quadrant.

In the methodology proposed by Choi et al. (2016) [12], Jugale is a part of the
zygomatic bone that horizontally follows the upper margin of the zygomatic arch. The horizontal
line LH, which passes through Jugale, coincides with the upper margin of the zygomatic arch,
therefore, BTX-A can be clinically applied using the upper margin of the zygomatic arch as a
reference. We conclude that the temporal tendon extends 45 mm above the upper margin of the

zygomatic arch.

The recommended compartments for BTX-A injection are Am, Mu and Pm, all
within the hairline, thus reducing the risk of developing a deficient temple. We have proposed
safe and reproducible injection sites in the form of compartments. It would be useful to better
specify the exact position of the injection site within the nine compartments described in this

document, to allow the clinician to perform injections with greater confidence.

In the present study, the nervous distribution of the anterior, middle, and posterior
branches of the deep temporal nerve was not evaluated. It is important to keep in mind that in
order to be successful in BTX-A injection, blood vessels, tendons and nerves must be avoided,

although in the present study the nervous distribution in TM was not evaluated.
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Figure 3 - Arrangement of TM tendon fibers evaluated in Type I.

Figure 4 - Arrangement of TM tendon fibers evaluated in Type II.
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Figure 5 - Arrangement of TM tendon fibers evaluated in Type Ill.
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3 CONCLUSAO

Ap6s a andlise das duas metodologias propostas foi possivel sugerir métodos para
identificacdo das principais estruturas anatdmicas envolvidas na regiéo temporal, de modo a
garantir maior seguranca e eficacia clinica, minimizando os efeitos colaterais decorrentes da
injecdo de TXB-A para o tratamento tanto do bruxismo quanto das cefaleias primarias, em

uma populacdo miscigenada como a brasileira.
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