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Abstract:

Introduction:

The wind instrumentalist embouchure is probably one of the most demanding tasks that occurs during their musical performance. It is important to
quantify the forces that are applied during the wind instrumentalist embouchure on the perioral structures.

Objective:

Quantify the force on the perioral structures involved during the embouchure mechanism of wind instrumentalists.

Methods:

Piezoresistive sensors of FlexiForceTM were placed on the mouthpiece of 28 different wind instrumentalists, in order to obtain the applied forces
transmitted to the upper lip or the lower lip. The application of the sensors were done according to the particular characteristics of the different
types of wind instruments, single reed, double reed or metal. Each participant performed three times three different notes at different pitches: high,
medium  and  low.  The  average  medium  and  maximum  pressure  was  obtained  from  the  nine  essays.  The  sensors  were  connected  to  a  data
acquisition board from National Instruments and the results displayed in LabVIEW 2011.

Results:

Measurement values were obtained for the different groups of wind instruments. In an ascending order, the pressures registered where for the
bassoon (6g-31g), the oboe (17g-125g), the saxophone (39g-120g), the clarinet (54g-106g), the trumpet, (63g-172g), the bisel flute (73g-245g), the
French horn (56g-305g), the transversal flute (220g-305g) and the trombone (201g-325g).

Conclusion:

Metal instrumentalists seem to apply greater forces than woodwind musicians when performing the embouchure mechanism, being in this specific
case the trombone the instrument from the metal group to exert more force, while on the contrary, the bassoon registered the lower values.
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1. INTRODUCTION

Performing arts medicine is a sub-speciality that is oriented
to treat musicians, ballet dancers, actors and other people that
are dedicated to performing arts. The “maladies of musicians”
are  reported in several  researches, where  the pathologies that
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are  described  and  addressed  concern  the  musculoskeletal
system  [1  -  3].  Stress  and  anxiety  can  be  associated  to
psychological  aspects  that  a  musician  is  exposed  due  to  his
intense daily routine and environment [4, 5]. Apart from these
health issues that are known and identified, the oral health of a
musician  has  been “neglected”  to  a  certain  extent.  There  are
few studies in this particular area, which is so important and
vital  for  a  wind  instrumentist  in  order  to  perform  correctly
his/her embouchure [6 - 8].
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The wind instrumentalist  embouchure is  probably one of
the  most  demanding  task  that  occurs  during  his  musical
performance.  The  embouchure  technique  is  developed  and
learned  since  the  age  a  wind  instrumentalist  chooses  his/her
main musical instrument, which usually can occur when they
reach the age of seven or eight years old.

The Cranio-Cervical-Mandibular Complex (CCMC), that
is composed by different anatomical structures such as bones,
where  it  can  be  highlight  the  maxilla  and  mandible,  teeth,
ligaments,  muscles,  blood  vessels,  central  nervous  system,
articulations  and  glands  play  an  important  role  on  the  wind
instrumentalist embouchure. The sound quality obtained as the
final outcome of the musician´s performance is directly propor-
tional  to  the  musicians  grip  of  the  embouchure,  to  the  stabi-
lization  of  the  mouthpiece  within  the  lips,  teeth  or  both,  the
absence  of  orofacial  pain,  the  resistance  of  the  masticatory
muscles  to  fatigue  and  even  the  coordinated  movement  bet-
ween the temporomandibular joints in order to allow a correct
kinematic of the mandible during the achievement of different
pitches  were  the  quantity  of  mouth  opening,  mandible  pro-
trusion  or  retrusion  is  associated  to  the  wind  instrumentalist
embouchure.

Nevertheless,  and  from  a  clinical  point  of  view,  besides
implementing studies with questionnaires and clinical exami-
nations of wind instrumentalists, it is important to quantify the
forces  that  are  applied  during  the  wind  instrumentalist
embouchure  on  the  perioral  structures.  This  contribution  is
fundamental to differentiate the forces that can be applied on
the  upper  central  incisors  when playing a  clarinet  or  a  saxo-
phone  even  if  they  are  both  single  reed  instruments,  or  the
forces  exerted  by  different  brass  instruments  like  a  trumpet
or/and a tuba. From an empirical point of view of a musician
technical  approach,  there  is  a  genera-lized  knowledge  that
when a wind instrumentalist  is playing a high note there is a
higher force applied on the perioral structures comparing to a
low note where a lower force can be expected. But nowadays
with  the  advance  of  technology,  there  can  be  a  special  con-
tribution of bioengineering, with specific software that can be
implemented on the screening and acquisition of information
regarding the applied forces on the perioral structures during
the wind instrumentalist embouchure.

2. AIM

The objective of this research was to apply piezoresistive
sensors on the interface between the perioral structures and the
mouthpiece  of  single  reed,  double  reed  and  brass  instrument
players  and  quantify  the  applied  forces  during  their  embou-
chure.

3. MATERIALS AND METHODS

3.1. Study Population

Twenty-eight subjects were selected from the high school
of  music,  where  they  were  taking  there  master  of  science
degree  in  music  performance.  From  the  28  wind  instrumen-
talists, two groups were formed, wood instruments and metal
instruments. The metal group was composed by 6 trumpets, 1
French horn and 1 trombone. The wood group was composed
by  7  saxophonists,  7  clarinets,  4  bassoons  and  2  oboes.  The
participants  were  included  in  this  study  with  the  following
criteria: They were absent of pain in the orofacial structures,
namely the lower lip and had no previous orthodontic treatment
done.

3.2.  Implementation  of  Piezoresistive  Sensors  to  Charac-
terize Embouchure Forces

In order to understand the forces that were applied in these
wind  instrumentalists  during  their  embouchure,  the  piezo-
resistive sensors were applied on the upper and lower part of
the  mouthpiece.  For  single  reed  instruments  (saxophone  and
clarinet), 2 piezoresistive sensors were placed in the upper part
of the mouthpiece and one was placed on the lower part, once
for this class of instruments the purpose was to measure and
quantify the forces applied at the level of both maxillary central
incisors and at the level of the lower lip (Fig. 1).  For double
reed instruments (bassoon and oboe) (Fig. 2), two piezoresis-
tive sensors were placed on the mouthpiece to obtain the values
for the upper and lower lip that are doing a labioversion during
the  musical  performance  to  stabilize  the  mouthpiece.  The
major  difference  on  the  acquisition  of  the  applied  forces
between  these  double  reed  instrument  players  and  brass
instruments  (for  the  French  horn,  trumpets  and  trombone
(Fig.  3)  is  regarding  to  the  position  where  the  piezoresistive
sensors were applied, since the pressure exerted by the lips of
the double reed instruments is done  with  the lips folded inside

Fig. (1). (a) Piezoresistive sensors placed on the mouthpiece of the clarinet (b) and saxophone, (c) a saxophone with 2 piezoresistive sensors at the
upper part and 1 piezoresistive sensor at the lower part of the mouthpiece.
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Fig. (2). Acquisition of the signal resulted from the pressure applied during an oboe’s embouchure.

the oral cavity, while in the case of the brass instruments this
pressure is measured on the external zone of the lips, or even
on the surrounding tissues in the case of the tuba, due to the
size of the mouthpiece. For the transverse flute and the bisel
flute,  only  on  the  lower  part  of  the  mouthpiece  one  piezo-
resistive  sensor  was  placed  (Fig. 3). The  embouchure  force
measurements were made with a piezoresistive sensor of Flexi-
ForceTM, Tekscan, Boston, USA, 0.07 kgf/cm2. The sensor was
previously  calibrated  and  integrated  according  with  the
manufac-tures’  recommendations.  For  calibration  purposes,
four  different  weights  (100  g,  250  g,  500  g  and  1  kg)  were
placed  over  the  piezoresistive  sensor  and  the  voltage  output
was  observed  with  a  LabVIEW  2011  (National  Instruments,
Austin, USA). Furthermore, each participant performed three
times, three different notes, at different pitches: high, medium
and  low.  The  average  medium  and  maximum  pressure  was
obtained  from  the  nine  essays.  For  the  data  acquisition  a

Phidget Interface kit 8/8/8 was used, being connected by USB
to  a  computer.  Later  data  processing  was  performed  using
Microsoft Excel®.

4. RESULTS

The values presented in the Tables 1-7 below are the result
of the signal input when a pressure was applied by the orofacial
structures on the piezoresistive sensors. For each measurement,
3 essays were done in different tone pitches: high, medium and
low. For each participant, the tables are presenting the average
of force applied at the upper part of the mouthpiece and at the
lower part of the mouthpiece. For wood wind instruments the
upper  part  of  the  mouthpiece  had  2  sensors  contacting  both
upper central incisors when in brass wind instruments only one
sensor was applied for the upper lip (Fig. 4). All wind instru-
ments had a piezoresistive sensor to record the pressure applied
to the lower lip (Fig. 5).

Fig. (3). a) Signal acquisition of the pressure applied during the embouchure mechanism of a French horn; b) Signal acquisition of the pressure
applied during the embouchure mechanism of a trombone; c) Signal acquisition of the pressure applied during the embouchure mechanism of a
transverse flute; d) Piezoresistive sensors applied to a trumpet’s mouthpiece.

ȹaȺ ȹbȺ ȹcȺ ȹdȺ
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Fig. (4). Bar graph of the medium values of pressure registered at the upper part of the mouthpiece for all wind instruments.

Fig. (5). Bar graph of the medium values of pressure registered at the lower lip of the mouthpiece for all wind instruments.

5. DISCUSSION

It is therefore important to study the human interface bet-
ween the instrument and the musician. The implementation of
sensors has been vital for the comprehension and development
of  society  in  many sectors  of  life  [9,  10].  In  performing arts
medicine the usefulness of sensors devices is imperative since
they can quantify the inherent activity of the musician that is
directly linked to the biomechanics of his performance. From a
medical point of view, this can provide valid information, in
order  to  be  able  to  fulfill  a  correct  diagnosis  and  a  better
treatment plan when treating this specific population.

The piezoresistive sensors can quantify the differences on
the applied forces on the upper and lower lip, while playing the
English horn and the oboe in an orchestra musician that had a
temporomandibular  disorder  [11].  These  issues  should  be  of
major  interest  for  dentistry  since  it  is  known  that  a  specific
applied force on a certain direction can produce tooth move-
ment  and  it  is  known  that  forces  over  50  g  are  capable  of
tipping and even moving tooth during ortho-dontic treatment
[12].  The  application  of  sensor  devices  like  piezoresistive
sensors in wind instrumentalists, can be an aid on the establish-
ment  of  a  prosthodontic  rehabilitation  and  consequent  treat-
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ment  plan  in  this  particular  case  of  a  saxo-phone  player
[13 - 17].

Relatively to the present results, the clarinets registered a
higher  force  during  the  embouchure  at  the  upper  central
incisors  than  in  the  lower  lip.  On  contrary,  the  saxophonists
showed that the greatest pressures were at the lower lip and not
at the upper central incisors.  The fact that the mouthpiece of
these single reeds wind instruments, are different may be the
answer for the opposite piezoresistive results. The clarinet has
a  more  parallel  insertion  with  the  lingual  face  of  the  upper
central  incisors,  turning  the  mouthpiece  stabilization  more
comfortable and convenient. On the other hand, the saxophone
is more parallel with the Camper plane and more perpendicular
with the lower incisors resulting in a stabilization area more the
lower lip and lower central incisors. For the bassoon, such as
the  saxophone,  the  greatest  forces  found  during  the  embou-
chure mechanism were at the lower lip. Similarly, to the clari-
net,  the  oboe  showed a  greater  pressure  being  applied  at  the
upper  aspect  of  the  mouthpiece  when  contacting  both  upper
central incisors. Although, the study sample contained only 2
oboists, the forces registered clearly suggest that to perform the

embouchure of this wind instrument higher forces are needed
when comparing to the 4 bassoon players.  From all  samples,
the trombone shows to be the wind instrument with the highest
values of force. Moreover, for this instrument, the embouchure
pressure  found  to  be  'equally'  distributed  on  the  upper  and
lower  lip.  Regarding  the  French  horn,  the  results  registered
suggest  that  it  has  similar  values  when  comparing  with  the
trumpets,  once  both  instruments  seem to  demand more  from
the  lower  lip  than  the  upper  lip  to  produce  a  sound  and/or
perform  a  play.  Furthermore,  the  trumpet  players  may  not
apply the same amount of force at the lower lip, but a higher
force than the French horn instrumentalists. The only transver-
sal flute instrumentalist had greater values of force when com-
pared with the bisel flute instrumentalist. This finding may be
related to the fact that the stabilization for a proper embouchure
of the transversal flute is highly dependent on the lower lip. In
this  study,  where  it  was  assessed  the  force  applied  to  the
orofacial structures when performing the embouchure mecha-
nism, the wind instrument that registered the greatest force was
the trombone. Nevertheless, the bassoon was the type of wind
instrument  where  less  force  was  registered  when performing
the embouchure mechanism.

Table 1. Medium & maximum values obtained from the clarinetists’ group with the use of piezoresistive sensors.

– – – Minimum(g) Maximum (g) Mean (g) STD (g)

Clarinet

Upper sensor
 

Medium values 25 118 58.0 37.9
Maximum values 37 323 106.0 100.4

Lower sensor
 

Medium values 6 120 54.1 41.1
Maximum values 17 226 83.6 72.9

Table 2. Medium and maximum values obtained from the saxophonists’ group with the use of piezoresistive sensors.

– – – Minimum(g) Maximum (g) Mean (g) STD (g)

Saxophone

Upper sensor
 

Medium values 17 85 38.9 23.4
Maximum values 43 16 82.7 41.1

Lower sensor
 

Medium values 5 169 62.7 68.8
Maximum values 20 320 120.3 122.3

Table 3. Medium and maximum values obtained from the bassoonists’ group with the use of piezoresistive sensors.

– – – Minimum(g) Maximum (g) Mean (g) STD (g)

Bassoon

Upper sensor
 

Medium values 0 11 6.3 5.2
Maximum values 1 37 22.0 16.5

Lower sensor
 

Medium values 3 21 10.3 7.7
Maximum values 8 49 30.3 19.1

Table 4. Medium and maximum values obtained from the oboists’ group with the use of piezoresistive sensors.

– – – Minimum(g) Maximum (g) Mean (g) STD (g)

Oboe

Upper sensor
 

Medium values 20 26 23.0 4.2
Maximum values 55 195 125.0 98.9

Lower sensor
 

Medium values 6 28 17.0 15.6
Maximum values 26 29 27.5 2.1
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Table 5. Medium and maximum values obtained from a Trombone and French horn player with the use of piezoresistive
sensors.

– – – Force (g)

Trombone

Upper sensor
 

Medium values 201
Maximum values 325

Lower sensor
 

Medium values 220
Maximum values 307

– – – Force (g)

French horn

Upper sensor
 

Medium values 56
Maximum values 220

Lower sensor
 

Medium values 86
Maximum values 305

Table 6. Medium and maximum values obtained from the trumpetists group with the use of piezoresistive sensors.

– – – Minimum(g) Maximum (g) Mean (g) STD (g)

Trumpets

Upper sensor
 

Medium values 55 81 62.7 10.9
Maximum values 87 201 130.3 54.2

Lower sensor
 

Medium values 0 178 89.2 97.3
Maximum values 9 296 172.3 141.0

Table 7. Medium and maximum values for the bisel flute and transverse flute players with the use of piezoresistive sensors.

– – – Force (g)

Bisel Flute
Lower
sensor

 

Medium values 73

Maximum values 249

Tranverse flute Lower sensor
 

Medium values 220
Maximum values 305

Analyzing  tooth  displacement  can  be  a  challenge,  espe-
cially when applied to human subjects. There have been several
studies and techniques to quantify the tooth movement, but the
most common could probably be the use of an optical method
called hologram interferometry and magnetic sensors [18 - 21].
One of the advantages of the magnetic sensors is that they are
able to determine the location of center of resistance.  As the
magnitude of the force was increased the location of center of
resistance moved towards the apical region. Nevertheless, from
a theoretical perspective, it had been supposed that the center
of  resistance  would  be  stationary  independently  to  the  force
magnitude.  The findings  of  Yoshida  et  al.,  can  be  useful  for
orthodontic  treatments  when  providing  forces  for  tooth
movement  [9].

The  challenge  of  understanding  the  possible  effects  of
undesired  forces  are  important  from a  clinical  point  of  view
and should be applied to the pressures which wind instrumen-
talists are exposed daily. The different directions that the forces
are carried out will determine diverse effects in terms of dental
reposition or bone remodeling. Intrusion is frequently referred
as one of  the greatest  risks  for  the occurence root  resorption
[22].  For  this  purpose,  one  should  bear  in  mind  that  the
mouthpiece  of  saxo-phone  players  can  induce  this  intrusive
mechanism towards the lower incisal block. The question is if
this  pressure  and the amount  of  time which it  is  produced is

sufficient  to  produce  alterations  to  the root apex. Panoramic
X-rays  should  be  performed  in  a  dental  routine  appointment
where wind instrumentalists should be screened with a special
attention for the possibility of this risk to occur.

Understanding biology and physiology is fundamental  to
analyses the embouchure mechanism of a wind instrumentalist.
The periodontal ligament has a very organized distribution of
its fiber bundles to soften ordinary intrusive forces [23]. The
morphologic pattern of the periodontal ligament is not prepared
to efficiently neutralize lateral forces and/or inclination of the
tooth  inside  the  alveolus  [23].  The  application  of  forces  for
lateral  movements  requires  moderation  and  control  since
excessive forces may induce root and bone lesions because of
excessive or morphologically uncontrolled resorption of mine-
ralized  tissues  [23].  In  these  particular  cases,  the  pressures
induced by the brass instrumentalist  that are applied towards
the  perioral  structures  and  which  can  be  considered  lateral
forces.  The  area  and  the  center  of  resistance  or  center  of
rotation  of  the  tooth  where  the  forces  are  applied  can  differ
within each brass instrument since the diameter of the mouth-
piece cup can differ from a small diameter in the trumpet or a
bigger  diameter  in  the  trombone.  In  the  past,  Burstone,  had
already applied the holographic technique in order to measure
tooth displacements and quantify the effects of time and force
magnitude on tooth movement [18]. The results clearly showed
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that  the  force  applied  at  the  crown  produces  the  center  of
rotation apical to the center of resistance; the longer the root,
the further apical the center of rotation [18]. It was also found
that the center of rotation is moving further apically with the
increasing force magnitude,  for  a  constant  M/F ratio  and the
same  root  geometry  [18].  These  aspects  involving  the  root
geometry  when  observing  the  wind  instrumentalists  are  also
important, independently that the central incisors usually have
the  same  morphology.  There  are  variations  that  have  to  be
considered regarding the root length, the bone quality and also
the periodontal status. All these issues can influence the final
outcome  of  the  tooth  response  to  the  undesired  pressures
produced  during  the  musical  performance.

As the results of our study demonstrated, the pressure can
reach  values  up  to  330g  when  playing  a  trombone.  These
forces can be considered of heavy forces (300g), while forces
around  50g  are  as  light  forces.  Variables  such  as  force
magnitude,  direction,  distribution,  duration,  initial  tooth  dis-
placement,  stress,  strain,  and biologic changes of the period-
ontium must all be considered to obtain optimal tooth move-
ment  [24].  Yee  et  al.,  concluded  that  during  an  ortho-dontic
treatment the application of different intensity of force would
induce  different  reactions.  An  initial  tooth  movement  would
benefit from light forces and heavier forces tend to increase the
rate  and  the  amount  of  canine  retraction  but  lose  their
advantage because of unwanted clinical side effects [24]. Thus,
wind  instrumentalists  may  be  influenced  by  these  pressures
applied to the perioral structures, mainly at the mandible where
the pressures are greater. Consequently, the clinician may need
to follow closely their wind instrumentalists’ patients regarding
teeth  position,  dental  and  craniofacial  relationships.  Under-
standing  the  applied  pressures  during  the  embouchure
mechanism of different wind instrumentalists can be important
regarding the type of occlusion each musician has. Regarding
the applied forces during the embouchure mechanism and its
relation  to  orthodontic  forces,  these  forces  induced  on  the
lower  incisors  during  musical  performance  can  eventually
change  the  position  of  the  lower  incisors  in  relation  to  the
mandibular  plane.  Nevertheless,  this  supposition  should  be
confirmed  with  cephalometric  measures  of  wind  instru-
mentalists.  The  implementation  of  lingual  retainers  on  the
lower incisal teeth of young musicians can be a valid option.
On the other hand, being able to predict the embouchure forces
provides the dentistry field to embrace an area that had till now
very  few  information  regarding  the  applied  forces  on  the
perioral structures of wind instrument players. Eventually there
can be a specific type of occlusion that could benefit from the
applied forces, with this the authors do not pretend to say that
playing a  wind instrument  can  correct  a  malocclusion,  but  it
can provide a force or a stimulus with a certain intensity during
an amount of time that can eventually benefit or be harmful to
the  musician  in  relation  to  his  particular  occlusion.  Ortho-
dontists should be aware of these results and the forces that are
applied  during  the  embouchure  of  wind  instrumen-talists.
Future  studies  regarding  the  craniofacial  relationships  and
tooth  position  should  be  done  concerning  wind  instru-
mentalists  to  clarify  if  there  are  differences  comparing  other
group of individuals.

CONCLUSION
The technique used in this study is a significant improve-

ment over the previous methods, since it is non-invasive, and
more  accurate.  Metal  instrumentalists  seem  to  apply  greater
forces than woodwind musicians when performing the embou-
chure mechanism, being in this specific case the trombone the
instrument from the metal group to exert more force, while on
the contrary the bassoon registered the lower values.

The results obtained with the piezoresistive sensors suggest
that during the embouchure of a particular instrument, medium
and/or  heavy forces,  similar  to  orthodontic  forces,  may exist
and be transmitted to the orofacial structures.
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