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Abstract—The criteria of performing a correct embouchure can differ ac-
cording to particular craniofacial features. Different teaching techniques can al-
so lead to specific patterns of a musician embouchure, where playing in a re-
laxed position is one of the major indications. In order to understand if there is a
“perfect embouchure”, several techniques were used on the analysis of the em-
bouchure of three different wind instrumentalists. Force sensing resistors were
applied to the mouthpiece of a clarinet, infrared thermography was performed to
a brass player, while a bassoon player underwent two lateral cephalograms. The
examinations techniques were chosen to take advantage of the possible infor-
mation that could be taken from each musician, on addition to the evidence of
the intra-oral exam. The force analysis showed that the clarinetist had an asym-
metrical force distribution among the two central incisors. The infrared ther-
mography showed that the tuba player had thermal asymmetry at the region cor-
respondent to the masseters muscles possibly related to the teeth position. The
lateral cephalograms showed a 10° posterior rotation of the mandible during the
embouchure of the bassoon player. Therefore, understanding the anatomical
limitations of the orofacial region, which may lead to an asymmetrical embou-
chure, is fundamental to analyze and treat a wind instrumentalist within a dental
appointment.

Keywords—Embouchure, infrared thermography, lateral teleradiography force
sensing resistor, wind instrumentalists

1 Introduction

A wind instrumentalist learns how to play its instrument since a young age of 7-8
years old. Then, by the age of 10 to 12 years he/she has to decide which will be the
instrument to perform during the entire life. While music student in a school, conserv-
atory of music university, the wind instrumentalist learns respiratory techniques and
how to hold the instrument, how to keep his/her back on an upward position, and how
to perform a centered embouchure in order to play the most comfortable as possible.
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At this point, it can be asked what is a “centered embouchure”. Are the upper cen-
tral incisors a reference for the single reed instrument player? Or the junction of the
upper and lower lip for the brass player? Which reference point should be considered
for the double reed player in order to have a centered embouchure? Will it be the
upper lip that is retruded and folded back over the upper central incisors, or the lower
lip which is also retruded over the lower incisors? What is the criteria for performing
a correct embouchure technique? Are the actual musical teachers aware that there are
specific craniofacial features that make a centered embouchure for a clarinet player
different from a tuba player? This article intends to highlight the specificities involved
in the embouchure of wind instrumentalists in order to clarify what is a perfect em-
bouchure. For this purpose, three different techniques were used - Force Sensing Re-
sistor (FSR), Infrared Thermal imaging (IRT) and lateral cephalograms (LC), respec-
tively to a single reed instrument player, a brass player and a double reed instrument
player.

The dentistry and performing arts community have a lot to gain with an interdisci-
plinary approach of using techniques and sensors common in engineering field like
IRT and FSR. By working together, it makes easier to understand the underplaying
mechanism of producing a musical piece, sealing the lips around the mouthpiece,
positioning the tongue and mandible and obtain the different tones (high, medium and
low). Lateral cephalograms can also help to understand, visualize and quantify the
mechanisms involved during the embouchure procedure, leading eventually to the
perfect embouchure.

Infrared thermal imaging (IRT) is a non-invasive and non-ionizing medical imag-
ing modality that allows to map the skin temperature distribution of an area, which is
related to the underlining physiology [1, 2]. IRT has been successfully applied in
different clinical conditions that can be monitored in different regions of the body. In
terms of the masticatory and functional orofacial complex structures, the application
of IRT is mainly focused in research, although this technique can also be easily im-
plemented in daily clinical routine. Haddad et al. used the thermal imaging as a com-
plementary diagnosis of myogenous TMD [3]. Functional IRT was able to discrimi-
nate healthy subjects from patients affected with myofascial pain at the regions corre-
sponding to the masseter, sternocleidomastoid, cervical and upper trapezius muscles
[4]. The use of IRT to assess the masticatory mechanism during function is a promis-
ing tool to obtain objective data from temporomandibular joint (TMJ) patients and
may act as a useful indicator of the moment to stop the treatment on asymptomatic
patients [5]. The thermal imaging showed to be a valuable complementary diagnostic
method for mild to medium TMJ disorders [6].

The aim of this paper is to demonstrate the usefulness of each technique as a com-
plementary tool that can be used in dentistry to analyze wind instrumentalists and
their embouchure.
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2 Materials and Methods

2.1 Sample

The sample of this study consisted of three wind instrumentalists, a clarinetist, a
brass and a bassoon player, with a common problem: pain on the masticatory muscles,
in particular the masseter muscle. From a sample of 20 wind instrumentalists, three
were chosen because they showed two extreme malocclusions, in the case of the sin-
gle and double reed woodwind player; while the brass player presented a tooth rota-
tion of a central incisor with direct implications on the embouchure mechanism. The
sample for the present investigation was screened from the Orchestra Sinfonica do
Porto, Casa da Musica, and students from the Master of Science degree in Music and
Performing arts (Superior School of Music and Performing Arts of Porto - ESMAE).
The inclusion criteria were: to be adults (>18 years old), playing their musical instru-
ment for more than ten years, and should have not yet been submitted to an orthodon-
tic treatment (nor any history of maxillofacial surgery, nor mandibular injuries).

These musicians were subject to a meticulous examination in order to understand
anatomical and physiological conditioning factors. In order to analyze the underlying
mechanism of their embouchure, intra-oral photographs were performed to visualize
the occlusion, the possibility of existing tooth crowding, or any other characteristic
that could be directly linked to the position adopted by the respective mouthpiece
inside the oral cavity.

2.2 Experimental set-up

The exhaustive clinical examination, intra-oral photographs and the clinical history
were complemented by the results of the exam technique performed to each wind
instrument player; the FSR sensor was applied to the clarinet mouthpiece, the IRT
was done to the brass player, while the bassoon player underwent a lateral cephalo-
gram.

Clarinet Player: The clarinet player, as shown in Fig. 1a, presents a malocclusion
with an anterior open bite, and therefore FSR sensors were placed on the upper sur-
face of the mouthpiece in order to quantify the pressure applied to the upper central
incisors during the embouchure (Fig. 1b and 1c).

The FRS sensors (FlexiForce model A201-1 1b/sqi) were previously integrated in
an electrical circuit according the recommendations of the maker (Tekscan, Boston,
MA, USA) and connected to a four-channel Universal Analog Input Module 9219,
mounted in the NI-USB 9162 Carrier (National Instruments, Austin, TX, USA). Sen-
sor characterization was made through polynomial regression using four different
masses (100 g, 250 g, 500 g and 1000 g). The output signal was displayed and record-
ed with a home-made LabVIEW 2011 software application (National instruments,
Austin, TX, USA).
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Fig. 1. Clarinetist’s intra-oral frontal view in maximum intercuspation — anterior open bite (a);
Embouchure position (b); FSR sensors adapted to the mouthpiece (c);

Brass Player: Infrared thermal imaging (IRT) was applied to the brass player (Fig.
2) following the procedures define by the “Glamorgan Protocol” [7]. The images were
captured in an environment controlled room, with average temperature of 22 °C, rela-
tive humidity <50%, absence of air flow and incident lightning over the subject. The
equipment used was an uncooled thermal camera FLIR (Wilsonville, Oregon, USA)
E60, operating in the long-range infrared spectrum (7.5 to 13 um), with a focal plane
array size of 320x240, a Noise Equivalent Temperature Difference (NETD) <50 mK
at 30 °C and measurement accuracy of +2% of the overall reading. The camera was
switched on 15 minutes before the image capture to avoid start-up drifting, the emis-
sivity value was set to 0.98 and the rainbow false color scale was chosen the define
the display colors. The subject was asked to avoid any heavy meal, alcohol intake,
smoking, vasomotor drugs, physical activity or physiotherapy two hours before exam-
ination. At the appointment, the instrumentalist present himself shaved and without
having any oil or ointment over the face skin. Before the images were taken, he ac-
climatized to the room conditions for a minimum of 10 minutes. The images of the
head were taken at the lateral views, with the region of interest occupying 2/3 of the
image.

Fig. 2. Brass player’s intra-oral frontal view in maximum intercuspation(a); Brass player’s
intra-oral right lateral view in maximum intercuspation — rotation of upper central inci-
sor —tooth 11 (b);
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The infrared images were analyzed using the software package FLIR (Wilsonville,
Oregon, USA) ThermaCAM Researcher Pro 2.10, three regions of interest (ROIs)
were defined (Fig. 3), a rectangle for the anterior part of the right temporal muscle, a
big circle for the masseter muscles and a small circle for the temporomandibular joint.

Fig. 3. Right lateral thermogram of the cranio-cervico-mandibular complex (CCMC) of the
brass player. Regions of interest marked: anterior part of the right temporal muscle,
right masseter muscle and right temporomandibular joint (a); anterior part of the left

lateral thermogram of the CCMC) of the brass player. Regions of interest marked: ante-
rior part of the left temporal muscle, left masseter muscle and left temporomandibular
joint (b).

Bassom Player: Lateral cephalograms were taken to the bassoon player (Fig. 4) in
two situations, in maximum intercuspation and with the double reed mouthpiece in-
side the oral cavity, in order to determine the relationship between the different
planes, angles and landmarks of the Ricketts analysis.

Fig. 4. Bassoons player’s intra-oral right lateral (a), frontal (b) and left view (c¢) in maximum
intercuspation. Lower incisors and upper central incisors are retroclined.

3 Results and Discussion

3.1 Clarinet player FSR sensors analysis

The FSR sensors allow clinicians, researchers and performers to determine the re-
gion of the upper central incisors that exerts more force in the single reed instrument
player, or even quantify the existing forces applied on the lower lip that is retruded
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over the mandibular incisors [8]. If considered that the grip of the embouchure is
established between these structures, it is interesting to highlight the influence of a
malocclusion with mandibular or maxillary incisors more proclined or retroclined,
tooth rotation, anterior crowding or even orthodontic braces on the embouchure. The
occurrence of any of these situations will lead the single reed instrumentalist to adapt
the mouthpiece at his/her convenience in order to be able to play. Since the prevalence
of a malocclusion is high in the general population [9], it is probable that musicians
will have the natural tendency of applying more force on one specific teeth. This will
allow the single reed instrument to have the perfect embouchure that achieve all these
conditionings of the orofacial tissues.

The Figure 5 represents the FSR output from the force applied by the upper central
incisors, tooth 11 and 21, to the mouthpiece. The force was measured while playing a
musical piece in a high pitch.
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Fig. 5. Mouthpiece contact force of the clarinetist during the performance, tooth 11 and 21.

The expression - perfect embouchure - is extremely difficult to describe and define.
There are many clinical features and anatomical characteristics that should be taken in
consideration when analyzing this issue. If we think that the masticatory muscles of
the stomatognathic apparatus has as primary functions: mastication, swallowing and
speech, and as secondary functions: breathing and expression of emotions, it can
make sense to include the act of playing a wind instrument as a parafunctional habit.
Nevertheless, wind instrumentalists are taught to perform during long periods of time,
eventually reaching a point of discomfort, or pain in certain regions of the cranio-
cervico-mandibular complex (CCMC) [10]. The main reasons for this, is the overuse
of specific muscles, excessive time of practice, high pressure being applied to the
mouthpiece, inadequate postures adopted by the mandible and as a consequence the
temporomandibular joint is subject to an excessive load [11].

The clarinet player involved in this research had an anterior open bite being more
pronounced on the left side the maxilla, which will induce a deviation of the mouth-
piece in a special direction added to the fact that the two upper central incisors are
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also misaligned. The musician normally seeks a contact point with the central incisor
that has a more regular and straight incisal edge, which in this particular case doesn’t
happen. This clarinet player exerts more pressure in tooth 21 (2.5 N), which may
occur probably because the embouchure mechanism does not only depend on the
wind instrumentalist’s teeth, but of anatomical structures like the temporomandibular
joint and the masticatory muscles which will contribute for the stabilization of the
mouthpiece within the oral cavity. Regarding this assumption, the player performed
the stabilization of the mouthpiece against the tooth 21 and 22 which makes the kine-
matics of the mandible more favorable.

In relation to the lower jaw, the mouthpiece may also be deviated in case of any
discomfort or pain eventually induced, for example, by tooth crowding against the
lower lip. Likewise, there can also be an adaptation of the mouthpiece towards one
particular side of the midline of the face. When these issues are analyzed in older
musicians, e.g. at the age of 35 years, there are less possibilities to reprogram the
embouchure, as a specific neuromuscular pattern has already been established.

These are orofacial issues that are being highlighted regarding the embouchure of
professional musicians that have reached the highest level of their careers, playing in
orchestras or giving lessons as musical teachers. The adjustment of the mouthpiece
can be a stressful episode for the single reed instrument player, as the musician by
himself doesn’t recognize the dentist as an eminent person to change a musician’s
embouchure if needed when attending a dental appointment. After all, what does a
dentist understand about a mouthpiece, or playing a clarinet if in the past years a
teacher has spent a huge amount of time to define a perfect embouchure. Neverthe-
less, the importance that performing arts starts to have within the dental community or
even within the wind instrumentalists’ population is directly proportional to the more
we learn with the orofacial issues of these musicians and therefore be able to help
them.

The significance of this data is to provide dentists the capacity to understand vital
matters of wind instrumentalists’ basic mechanisms associated with the embouchure,
and thus be able to help them to minimize orofacial pain related with his/her activity.

The idea of comprehending this phenomenon is not to tell the single reed instru-
ment player that in the case of having orofacial pain after playing the clarinet, the tuba
or the bassoon they should “try to play another instrument, like piano for example”.
The central point is that in order to have a perfect embouchure from a clinical and
performing point of view, it is necessary for the parents of wind instrumentalists to
take their children at the age of 10-12 years to a dentist to observe and analyze any of
the above mentioned anatomical characteristics. A preventive approach towards un-
derstanding the musicians’ embouchure can eventually lead to a “the perfect embou-
chure”.

3.2 Brass player infrared thermography analysis

Based on the ROIs previously defined, it was measured the average temperature in
each area Table 1, as well as, calculated the thermal asymmetry to the contralateral
side, Fig. 6.
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Table 1. Thermographic analysis of the regions of interest of the brass player

ROI Right Left Asymmetry
|Anterior part of temporal muscle (°C) 33.6 333 0.3
[TMJ (°C) 329 32.6 0.3
Masseter muscle (°C) 33.0 32.6 0.4

0,45
0,40
0,35
0,30
0,25
0,20
0,15
0,10
0,05
0,00

Temeprature difference (°C)

Temporal anterior muscle ™I Masseter muscle
Fig. 6. Bar graph of the bilateral thermal asymmetry found in the respective regions of interest

Taking in comparison a tuba player with the type of occlusion of the single reed in-
strumentalist that is presented in this article, we could certainly observe a higher diffi-
culty to adapt the mouthpiece of the instrument, since the lips of a tuba player have to
perform an “optimal” sealing in order to blow the air to produce sound [12]. The brass
instrument player would have the contact point of the mouthpiece against a sub-nasal
point and the chin, due to the big dimension of the mouthpiece, while the lower lip is
expected to vibrate against the upper lip and produce the different registrations. The
protrusion of the upper incisors could eventually oblige the wind instrumentalist to
provide a flexion of the cervical region with the inherent changes of the head posture
in order to align the protruded upper teeth at more vertical position with a more favor-
able relationship to the lower incisors. Likewise, there would be an adaptation of
certain regions of the CCMC in order to fulfil the necessary criteria to stabilize the
mouthpiece and perform the perfect embouchure. Therefore, considering the anterior
open bite of the clarinet player (Figure 1a) it was possible to observe the adaptation of
the mouthpiece to the wind instrument player’s occlusion. On the other hand, it could
be questioned if this malocclusion had been provoked by the years of practice of the
clarinet. To be accurate we don’t know, what we know is FSR sensors can be a useful
tool in order to quantify the contact pressures during the embouchure, complemented
by the lateral cephalograms and a clinical observation of the contact point of the em-
bouchure on different wind instruments. With this information it is possible to deter-
mine a pattern on the hypothetic influence of the mouthpiece in tooth position. Never-
theless, for this to occur, it would be necessary to implement longitudinal studies with
wind instrumentalists following them since the age they chose their instrument, evalu-
ating their occlusion, follow them till the adult age, and compare them with a control
group. This prospective trial would be the efficient method to analyze the relation of

24 http://www.i-joe.org



the orofacial structures with the embouchure, and the eventual influence on the occlu-
sion.

Currently, what we are heading for, is to provide the scientific community of dif-
ferent techniques and methods to complement our knowledge and understand more
about the mechanism of a perfect embouchure.

In this particular case, the thermography was used in the region of the CCMC of
the tuba player which showed an asymmetry of 0.4 °C on the masseter muscle. The
highest temperature was present on the masseter of the right side which in our opinion
is in accordance to the anatomical characteristics of the upper central incisors and the
inherent implications of the teeth on the TMJ biomechanics during the embouchure,
as well as the masticatory muscles. What this really means is that the tooth 11 appears
to be rotated with the vestibular surface being slighted turned to the second quadrant,
so when the tuba player is leaning his mouthpiece on the orofacial structures he will
try to stabilize the mouthpiece towards a more regular surface. This area usually cor-
responds to the midline as a reference in order to adapt the mouthpiece correctly. But
what is really happening is that the mouthpiece is placed against the surface of the
tooth 21 and turned slighted to the left side, since the upper right central incisor is
rotated. This rotation of the tooth 11 obligates the protrusion of the mandible with a
slight deviation to the left side in order to allow the alignment of the upper and lower
incisors when performing the embouchure and musical performance. This movement
will originate a higher activity of the right masseter fibers that act as a protruding
muscle besides of being a strong elevator muscle [13]. From a musical point of view,
playing a high or a low note implicates the achievement of a stronger or looser aper-
ture of the lip. Nevertheless, from a dentistry point of view what happens is a major or
minor protrusion of the mandible. According to the repertoire and the occlusion of the
brass player, there will be a larger movement of the mandible, directly related to the
rotation/translation of the temporomandibular joint and activity of the masticatory
muscles. Therefore, the tuba player, in order to achieve the perfect embouchure, exe-
cutes an asymmetrical pattern of the condylar path, which will originate a higher ac-
tivity of the right masseter muscle that is confirmed by the thermal images. In our
opinion, the origin of the pain presented by the tuba player is related with the rotation
of the upper central incisor which will promote an unbalanced activity of the muscles.

The results obtained with infrared thermography are in line with the diagnostic val-
ues used by Gratt et al. [14] and Haddad et al. [3], which emphasizes the importance
of using this complementary diagnostic method that does not require contact with the
patient, being fast, costless and safe. The method also showed good reliability and the
information provided can be emphasized by using functional IRT [15].

3.3 Bassoon player lateral cephalogram analysis

Two teleradiographies were obtained from the bassoon player, one in maximum in-
tercuspation, the other while performing the embouchure (Fig. 7). Taking into consid-
eration this exam and the Ricketts analysis of the bassoon player in maximum inter-
cuspation, one can conclude that both, upper and lower maxilla, are orthopositioned.
The patient has a tendency to the dolichofacial facial type (long and narrow face) and
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the positive angle’s convexity shows a prominent maxillary base compared to mandi-
ble (retrognathic profile). Regarding the upper and lower central incisors, both ap-
peared to be retroclined. The results of the Ricketts analysis are indicated on Table 2,
[16].

b e b v, B

Fig. 7. Cephalometric analysis of the bassoon player in maximum intercuspation (a), and per-
forming the embouchure (b)

Table 2. Cephalometric analysis results of the bassoon player in maximum intercuspidation.
The symbol (*) represents the deviation from the standard refence values. The more (*),
the larger discrepancy to the normal standard (Dev Normal).

Parameters | Measured | Normal | Std Dev | Dev Norm
Craniofacial relation — Cranial structure
Cranial Length (mm) 84.2 30.1 2.5 9.QFHHHAK
Posterior Facial Height (Go-CF) (mm) 80.3 54.8 33 7T HAAR
Cranial Deflection (°) 29.5 27.3 3.0 0.7
Porion Position (mm) -56.5 -38.6 2.2 RN okl
Ramus Position (°) 81.7 76.0 3.0 1.9%
Craniofacial relation — Mx Positi
Maxillary Depth (FH-NA) (°) 92.3 90.0 3.0 0.8
Maxillary Height (N-CF-A) (°) 56.4 55.6 3.0 0.3
Sn-Palatal Plane (°) 14.1 7.3 3.5 2.0%*
Craniofacial relation — Md Positon
Facial Angle (FH-NPo) (°) 89.8 88.6 3.0 0.4
[Facial Axis-Ricketts (NaBa-PtGn) (°) 89.5 90.0 3.5 -0.2
FMA (MP-FH) (°) 28.3 23.9 4.5 1.0*
[Total Face Height (NaBa-PmXi) (°) 61.1 60.0 3.0 0.4
[Facial Taper (°) 61.9 68.0 3.5 -1.7
Maxillo-Mandibular Relationships
IConvexity (A-Npo)(mm) 3.5 0.7 2.0 1.4*
Corpus Length (Go-Gn)(mm) 108.6 752 4.4 7o HHAAN
Mandibular Arc (°) 34.2 30.2 4.0 1.0*
ILower Face Height (ANS-Xi-Pm) (°) 48.2 45.0 4.0 0.8
Dental Relationships — Mx Dentition
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[U-Incisor Protrusion (Ul-Apo) (mm) 0.8 3.5 2.3 -1.2*
UL —FH (°) 107.4 111.0 6.0 -0.6
[U-Incisor Inclination (Ul-Apo) (°) 20.2 28.0 4.0 -2.0%*
JU6 — PT Vertical (mm) 28.1 18.0 3.0 3. 4%
Dental Relationships — Md Dentition
IL1-Incisor Protrusion (L1-Apo) (mm) -1.4 2.0 23 -1.5%
L1 to A-Po (°) 14.7 22.0 4.0 -1.8*%
Mand Incisor Extrusion (mm) 1.0 1.2 2.0 -0.1
Hinge Axis Angle 78.4 90.0 4.0 -2.9
Dental Relations Mx/Md Dentition
Interincisal Angle (U1-L1) (°) 145.1 130.0 6.0 2.5%*
Molar Relation (mm) -0.9 -3.0 1.0 2.1*%*
Overjet (mm) 2.2 2.5 2.5 -0.1
Overbite (mm) 2.0 2.5 2.0 0.2
Occlusal Plane to FH (°) 2.5 6.8 5.0 -0.9
Esthetic
Lower Lip to E-Plane (mm) [ 116 | 20 [ 20 [ 48w

By observing the second lateral teleradiography performing the gesture of embou-
chure (Fig. 7b), it is possible to notice a greater increase of the lower facial high and
approximately 10° posterior rotation of the mandible with rotational axis at the Xi
point (center of mandible ramus). Interestingly, even with the small dimension of the
bassoon’s mouthpiece, the lower face height increased substantially comparing to the
lateral teleradiography in maximum intercuspation. The long axis of the mouthpiece
together with the anterior dental relationships (long axis of upper and lower central
incisors) may determine the mouth opening pattern during the embouchure gesture.
Likewise, a deep bite, crossed bite and/or open bite can promote a different mouth-
piece insertion. Regarding the position of the condyle, the articular disc on the man-
dibular fossa and its biomechanics it is interesting to notice that hypothetically, when
the wind instrumentalists adopt an instable position of the condyle articular disc com-
plex in the temporal fossa for long periods of time during musical performance, he
can be more predisposed to have TMJ discomfort/pain, or even to develop an internal
derangement of the TMJ. A third parameter that can be analyzed, is the cranio-
cervical angle. The cranio-cervical posture of this bassoon player seems to change
from a normal up-right straight position to the adoption of a slightly anterior head
position when performing the embouchure.

There are few studies associating the practice of a wind instrument to a possible
malocclusion [17-20]. It is possible that a wind instrument will not affect a skeletal
malocclusion, because it is at an earlier age that individuals’ patterns are greater sus-
ceptible to acquire harmful habits. Playing a wind instrument professionally demands
numerous daily hours of practice and therefore may result in tooth malposition, par-
ticularly on the anterior zone. Cephalometric studies of wind instrumentalists involv-
ing larger samples can be very important.

Malocclusion is related to the growth and development of the upper and lower jaws
regarding the skeletal pattern, or an incorrect relationship of the upper and lower teeth
which can be associated to harmful habits during childhood. Moimaz et al., in a longi-
tudinal study of a baby population with 12 to 30 months concluded that early sucking
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habits and nocturnal mouth breathing were a predisposing habit to malocclusion. It
was considered as harmful habits pacifier sucking, finger sucking, nocturnal mouth
breathing, bottle feeding and breastfeeding, where this habits would influence the
prevalence of overjet, open bite or posterior crossbite [21]. Similar results can be
found in literature from other authors like Katz, Gimenez and Mocellin [22-24].

Lapatki et al. suggested that intrusion of the maxillary incisors should be part of the
treatment of Class II, Division 2 cases to eliminate the non-physiologically high pres-
sure exerted by the lower lip on these teeth and consequently, to reduce the high risk
of a post-orthodontic relapse [25]. Additionally, Ingervall et al. in a study of 24 boys
and 40 girls aged from 9 to 15 years old concluded that the lip bumper therapy was
not effective on decreasing the pressure the lower lip exert on the lower incisors.
Thus, no adaptation of the lower lip to the proclination occurred. After relapse of the
proinclination the pressure from the lip would decreased to a value no different from
that before the start of the treatment [26].

In prosthodontics there’s a well described concept called neutral zone. Beresin and
Schiesser suggested in 1976 that the denture teeth should be arrange in this neutral
zone that is a specific area where the function of the musculature will not unseat the
denture and where forces generated by the tongue will be neutralized by the forces
generated by the lips and cheeks [27]. The celebrity quote “The function makes the
organ” by Jean Baptiste Lamark captures the fact that organisms can provide their
offspring with some characteristics acquired during lifetime resulting in the species’
gradual adaptation to the environment. For a correct embouchure mechanism of a
bassoon, it is required the lips to be retruded over the teeth, and the jaw should be
pulled back just enough to create a slight overbite [28]. The present cephalometric
analysis showed that both maxillary and mandibular incisors were in a retroclined
position. The upper incisor had 20.2° (value expected: 284+4°) and the lower incisor
had 14.7° (value expected: 22+4°). Thus, confirming the possible effect of a present
hyperactivity of the upper and lower lip. Furthermore, an inexperienced bassoon play-
er or with a deficient breath-leading skills will over-depend of the embouchure and
will have a tighter embouchure. For a more relaxed embouchure, to allow the jaw
opening and to maximize the resonance, a better abdominal support is needed [29].

The lateral cephalograms can be an important tool on the analyses of the interface
between the mouthpiece of any wind instrumentalist and the orofacial structures. In
this article it can be observed in the lateral cephalogram of a bassoon player the upper
and lower lip are retruded over the respective central incisors. The angle of insertion
of the bassoon’s player mouthpiece inside the oral cavity is almost parallel to the
Frankfurt plan, making an angle of 70° with the upper incisal plan. If it is taken into
consideration that both, upper and lower lips are retruded over the respective incisors
edge, this obliges a mouth opening in accordance to the position adopted by the lips
during the embouchure.

Therefore analyzing the different type of mouthpieces and their interrelationship
with the mandibular kinematics during the embouchure, it is possible to mention that
in this case the amount of mouth opening is associated to the retroclination of the
upper and lower incisors and the consequent retrusion of the lips over the respective
teeth, while the single reed instrument player, the clarinetist, has to insert his/her
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mouthpiece inside the mouth at a more vertical position than, for example, the saxo-
phone player, whilst the brass instrument players will have to lean the mouthpiece
against the lips and the protrusion of the mandible during the embouchure can also be
related to the position of the upper central incisors.

A tuba player that has a Class II div 2, independently of not having to introduce his
mouthpiece inside the mouth to perform the embouchure, will always need to have the
upper central incisors aligned with the lower central incisors for the air flow to pass
and produce a sound. While in the case of a clarinet player with an occlusion Class 11
div 2, there would always be the need to retruded the lower lip over the lower central
incisors and place the mouthpiece at a "more" vertical position. Regardless to the type
of occlusion of the clarinet player, the mouth opening of this wind instrumentalist will
always demand the retrusion of the lower lip and the subsequent inclination of the
mouthpiece inside the oral cavity. When performing the embouchure, the major dif-
ference will be related to the biomechanics of the temporomandibular joint since the
clarinet player with, for example, an occlusion Class III, will have to have a bigger
opening of the mouth when comparing to a brass instrument with the same type of
occlusion, with the difference that when playing a high note, the embouchure of the
clarinet player obliges a retrusion of the mandible with the mouth slightly more open
than the brass instrument. Theoretically a brass instrumentalist with the same type of
occlusion of a clarinet player and when comparing their embouchure mechanism, the
brass instrumentalist will move the mandible backwards and forwards at a more stable
position comparing to the single reed instrument player that has the condyles at a
more instable position, since these can be more advanced on the mandibular fossa
against the slope of the eminence due to the mouth opening for the insertion of the
mouthpiece inside the oral cavity.

Apparently the embouchure of these wind instrumentalists occurs in a natural way
and the above mentioned anatomical areas do not seem to make part of a major con-
cern on their performance, since they were used to adapt the mouthpiece and execute
their own perfect embouchure. From a clinical and dental point of view, this perfect
embouchure can exist until the day the musician is absent of pain on the masticatory
muscles, on the temporomandibular joint and the teeth. If any disequilibrium happens
in any of these structures, the perfect embouchure will be compromised. The physio-
logical tolerance and resistance of each individual differs and it is important that a
dentist can identify these issues and correlate the clinical point of view with the ne-
cessities of the wind instrumentalist’s embouchure.

Therefore, a thoroughly examination of the CCMC is important since the young
age, when they start playing. Eventually, at this stage the instrument can be changed
in order to be more suitable to the type of occlusion of the individual. In any case, the
analysis of the musician based on CAMIST technique for temporomandibular disor-
ders in performing arts medicine may be helpful to minimize oral pain [30].
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4 Conclusion

There is a perfect embouchure from a clinical point of view regarding the dental
features and specific orofacial structures of each wind instrument player. Neverthe-
less, the classic centered embouchure with equal pressures being distributed symmet-
rically on the mouthpiece that usually renewed pedagogues and musical teachers try
to implement in their students is more difficult to achieve. Understanding the anatom-
ic limitations and implications on the final outcome of the “centered embouchure” is
fundamental to analyze and treat a wind instrumentalist within a dental appointment.

The implementation of different techniques such as FSR sensors, infrared thermog-
raphy and lateral cephalograms in the analysis of wind instrumentalists can be consid-
ered as a complementary diagnostic tool in order to comprehend and quantify the
physiological occurrences during the embouchure.

The dentistry field is one of the most important areas for wind instrument players.
Likewise, the most exhaustive comprehension that is possible to obtain regarding
different regions of interest of the CCMC the more knowledge we have regarding the
embouchure mechanisms.

This information should be shared within wind instrumentalists, musical teachers,
oral health professionals in order to follow the wind instruments students since the age
they start playing, to be able to treat dento-maxilla discrepancies, teeth rotations, oro-
facial pain, temporomandibular disorders or any comorbid situations that can have
direct implications on the wind instrumentalists “perfect embouchure”.
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