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R E S E A R C H  A R T I C L E

     Air force aerobatic fl ight exposes pilots to accelerative 
stress.  3 , 6   Air force pilots' experiences are similar to 
those of high-performance athletes: both are stressed 

by accelerations.  1   Acceleration is the vectorial physical quan-
tity that describes the variation of velocity in a unit of time: 
a  5  dv/dt. Modern military airplanes are capable of initiat-
ing and sustaining instantaneous acceleration forces up to 
+9 G z  (gravitational forces). Th e physiological and operational 
impact of acute exposures to high-G acceleration has been 
well documented.  20   

 Pathologies concerning dental and stomatognathic pro-
blems affecting pilots have been reported in literature. Bar-
odontalgia, the dental pathology that is diagnosed with the 
highest frequency, occurs in 11% of air force aircrews at a rate 
of 5 episodes/1000 fl ights.  23   Another pathology, frequently 
reported during the WWII period, deals with fracturing of 
restorations during high-altitude fl ying and is called  “ dental 
barotrauma. ”   24   

 It is generally accepted that chronic stressful situations and 
mental diseases contribute to the development of occlusal 
parafunctions and temporomandibular disorders without 
being the only cause.  22   Air force pilots, due to the physical 
stresses to which they are subjected, can experience bruxism, 
an oral parafunction that can cause masticatory muscle pain, 
serious dental and periodontal damage, and temporomandib-
ular joint disorders (TMD).  6   

 TMD is a multifactorial pathology, diffi  cult to diagnose 
and characterized by an alteration of the masticatory muscles, 
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    INTRODUCTION:   Due to the physical stresses to which they are subjected, military pilots may experience bruxism, an  “ oral parafunction. ”  
Parafunction can cause masticatory muscle suff ering and serious dental, periodontal, and temporomandibular joint 
damage. The aim of this pilot study was to analyze the temperature distribution in masticatory and upper trapezius 
muscles in a sample of bruxist air force pilots, to evaluate whether an occlusal splint would be able to induce skin 
temperature variations in the stomatognathic apparatus using the technology of infrared thermography. 

   METHODS:   A total of 11 male Italian Air Force pilots of high performance aircraft, ages from 27 to 40 yr (mean 34.91  6  2.15 yr) with 
1000 – 3000 fl ight hours, were enrolled in the study and analyzed using an infrared camera in order to evaluate the 
temperature of the masticatory muscles. All the recordings were taken on each subject using the same protocol with 
and without a temporary occlusal splint. 

   RESULTS:   The occlusal splint statistically increased each muscle temperature (0.10 – 0.20°C) on both the sides of the body. No 
statistically signifi cant diff erences were found between the left and right muscles (asymmetries) before or after the 
wearing of the splint except for the anterior temporalis muscle. No signifi cant improvement or variations in temperature 
symmetry of this muscle was found after the application of the splint. 

   DISCUSSION:   The use of an occlusal splint could help in increasing muscles temperatures in Air Force pilots with consequent relax-
ation of their facial muscular system.   
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limitation of jaw movement, pain, joint noises, and other symp-
toms.  4 , 8 , 19   In 2007, Lurie et al. performed a study in which a 
signifi cant percentage (69%) of Israeli air force pilots analyzed 
were aff ected by bruxism; the authors suggested the utility of a 
protective treatment for the teeth.  14   

 In air force pilots, it is important to evaluate various aspects of 
the masticatory muscles, such as temperature, due to the high 
stress which this component of the stomatognathic system is sub-
jected to. Stomatognathic diseases, such as myogenous TMD 
and bruxism, can alter the temperature of masticatory muscles  7   
because it is dependent not only on energy production, but also 
blood fl ow. TMD and bruxism are characterized by hyperactivity 
of the masticatory muscles, which changes the microcirculatory 
dynamics due to compression of blood vessels, resulting in a 
decrease of skin temperature.  18   Th us, in the masticatory system, 
lower temperatures are typical of muscular hyperactivity while 
higher temperatures are related to muscular relaxation. 

 To measure peripheral temperature, infrared thermography 
is applied  9 , 12 , 13   and is able to detect variations of skin tempera-
ture, showing changes in the muscular activity of the mastica-
tory system. Th ermography analyzes body infrared radiation 
with a temperature above absolute zero and is used as an eff ec-
tive tool for the diagnosis of various diseases given its effi  ciency 
in analyzing the distribution of skin surface temperature.  17   
Control of heat transfer with the environment plays a funda-
mental role for body temperature regulation; indeed, the skin 
temperature distribution of the human body depends on the 
complex relationships defi ning the heat exchange processes 
between skin tissue, inner tissue, local vasculature, and meta-
bolic activity.  16   Some great advantages of infrared thermogra-
phy are that it is not an invasive exam, but a  “ touchless ”  and 
dynamic imaging investigation technique. Some studies have 
been carried out with infrared thermography to measure the 
skin surface temperature of the masticatory muscles and tem-
poromandibular joint in individuals with TMD.  7 , 8 , 10   

 It is well established in the fi eld of thermography that healthy, 
symptom-free patients show thermal symmetry between the 
right and the left  sides of the body. Studies have shown that in 
healthy persons, temperatures of the body (including the face) 
were essentially bilaterally equal, with an average temperature 
diff erence from side to side (termed AT) of only 0.2°C.  21   Th ere 
are confl icting reports regarding the trustworthiness of this 
instrument in the diagnosis of TMD because of the diffi  culty 
matching its results with the results of the Research Diagnostic 
Criteria for Temporomandibular Disorders system.  18   Th e aim of 
this pilot study was to analyze the temperature distribution in the 
masticatory and upper trapezius muscles in a sample of air force 
pilots, to evaluate whether an occlusal splint was able to induce 
skin temperature variations in the stomatognathic apparatus.  

 METHODS  

    Subjects 
 A total of 11 male Italian Air Force pilots of high performance 
aircraft , ages from 27 to 40 yr (mean 34.91  6  2.15 yr) with 

1000 – 3000 fl ight hours, were enrolled in the study and ana-
lyzed at the Institutes of Aerospace Medicine in Milan. Th ese 
pilots were all members of the P.A.N. (National Acrobatic Patrol) 
and they signed a consent form aft er being fully informed 
about the nature of the study. A clinical examination and anam-
nesis showed all pilots were aff ected by bruxism, but with no 
symptoms of TMD (    Fig. 1  ).       

 Equipment 
 An infrared camera FLIR Systems  w   (Wilsonville, OR) Th erma-
CAM SC640 with resolution of 640  3  480 pixels was used in 
order to evaluate the temperature of the right and left  masseter, 
right and left  anterior temporalis, right and left  upper trapezius, 
and right and left  sternocleidomastoid muscles. Th e instrument 
was stabilized for 10 min before the exam.   

 Procedure 
 Th e study protocol was approved by the relevant ethical com-
mittee of the Italian Air Force ’ s Forensic Medicine Medical 
Commission.Th e participants were asked to avoid hot showers 
or baths, topical agents, creams or powders, or nasal decon-
gestants, vigorous exercise, or intake of stimulants such as 
caffeine 2 h before data collection. During the examination, 
the pilots stayed in an acclimatized room for 20 min with 
a temperature of 22  6  0.1°C, an aeration of 0.3  6  0.2 m  z  s  2 1 , 
and a relative humidity of 48  6  1%. Th e subjects were posi-
tioned upright without shoes on a posture scale analyzer; the 
head was positioned with the Frankfurt plane parallel to 
the ground at a distance from the front lens of the camera of 
2  6  0.1 m. Th e region of the muscles analyzed was cleared of 
clothes and personal items. 

 In order to evaluate the temperature we used the line tool of 
the soft ware. Th is instrument delimits the entire length of the 
muscles we wanted to study and generates a thermic plan 
(    Fig. 2  ). For the masseter muscle, the starting point of the line 
tool was positioned in the zygomatic arch and the fi nal part in 
the lateral surface of the angle of mandible; for the anterior 
temporalis muscle, the initial point of the line tool was placed 
on the frontal bone, immediately above the muscle belly, and 
the fi nal portion near the eyelid lateral commissure; for the 
upper trapezius muscle, the starting part of the line tool was 
positioned on the C7 spinous process and the fi nal part on the 

  
 Fig. 1.        Clinical intraoral image showing signs of bruxism in an air force pilot 
involved in the study.    
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 Fig. 2.        Example of thermographic analysis of the craniofacial muscles (see the 
online fi gure for color).    

acromion; for the sternocleidomastoid the initial part of the line 
tool was positioned on the mastoid process and the fi nal part 
near the collarbone. Th e average temperature of the entire line 
extension was generated along the entire length of the delimited 
muscle. In order to exclude potential interrater variability, the 
same operator performed all analyses.     

 A temporary occlusal splint was fabricated for each subject 
using Easybite  w   (Techim Group S.r.l., Milan, Italy). Easybite  w   
consists of a PVC tube, shaped to adapt to the dental arch, that 
can be fi lled with a photopolymerizable fl uid (    Fig. 3  and  Fig. 4  ). 
An expert operator inserts the Easybite  w   into the subject ’ s 
mouth and adds the fl uid in order to obtain the ideal shape 
while asking the patient to bite lightly the tube. In this study the 
Easybite  w   was used in a centric relation with Dawson ’ s bilateral 
manipulation, which is a manual technique that allows the gna-
thologist to position the mandible and its condyles in a record-
able and modifi able position. Studies in literature concluded 
this technique to be trustworthy and reliable for recording the 
patient ’ s centric relation position.  3           

 Th e operator stands behind the patient and places three 
fi ngers (fi rst fi nger, middle fi nger, and ring fi nger) under the 
horizontal branch of the mandible with the thumb firmly 

positioned on the chin and the little fi nger on the rear of the 
vertical branch of the mandible so the operator can pull the 
mandible, allowing the condyles to return to the glenoid cavity.  6   
Once the operator has obtained the bite in centric relation, 
the fluid can be photopolymerized. 

 All of the recordings were taken on each subject using the 
same protocol with and without the Easybite  w   with a pause of 
2 h between the recordings. Th e pilot was asked to have the 
Easy bite  w   between his dental arches during 20 min of staying in 
the acclimatized room before the recording. A Student ’ s  t -test 
was applied for analyzing the diff erences between the record-
ings (statistical signifi cance was set at  P   ,  0.05).     

 RESULTS 

     Table I   displays the mean temperature of the muscles on the 
right and left  sides as aff ected by the occlusal splint. Analyzing 
the results obtained, it was observed that wearing the occlusal 
splint statistically increased each muscle temperature on both 
sides ( P   ,  0.01) ( Table I ). No statistically signifi cant diff erences 
were found between the left  and right muscles (asymmetries) 
before or aft er the wearing the splint except for the anterior 
temporalis muscle ( P   5  0.019 before and  P   5  0.023 aft er). No 
signifi cant improvement or variations in temperature symme-
try of this muscle was found aft er the application of the splint.       

 DISCUSSION 

 Some authors have stated that thermography is a record of the 
heat produced by facial vessels and by the cellular metabolism 
during muscular activity.  8 , 16 , 21   Th ermography was used in some 
studies in the dental fi eld in order to analyze its usefulness in 
the analysis of TMD and stomatognathic diseases with con-
trasting results about the accuracy in diagnosis.  18   Stomato-
gnathic system diseases such as TMD, infl ammations, or muscle 
and ligament injuries can alter the temperature of the compro-
mised structures and these variations can be detected by tele-
thermographic analysis. Also, bruxism can alter the craniofacial 
muscles' temperature owing to the consequent hyperactivity. 

  
 Fig. 3.        Filling of an Easybite  w   with photopolymerizable fl uid.    

  
 Fig. 4.        Easybite  w   positioning between the dental arches.    
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 A study made by Lurie et al.  14   demonstrated that 69% of air 
force pilots are aff ected by bruxism and dental occlusion was 
able to highly infl uence the air force pilots' muscular system.  3   
Th us an occlusal splint treatment, in which the subject per-
forms an isometric contraction of the mandibular elevator 
muscles, could be useful for relaxing their masticatory muscles, 
balancing the occlusal contacts and forces by changes in the rest 
position due to tooth clenching, which may or may not be 
related to emotional stress.  6 , 11   Moreover, if carefully built, the 
splint could enhance their postural control, preventing painful 
lumbar and cervical symptomatologies.  2 , 5 , 6   

 In this study a temporary occlusal bite was built using 
Easybite  w   for analyzing the thermographic eff ect on air force 
pilots' facial muscles consequent to the wearing of this splint. 
Barao et al.  7   showed that the use of an acrylic splint in a sample 
of diagnosed myofascial TMD statistically increased the muscles ’  
temperature aft er approximately 3 mo therapy. Th ese fi ndings 
corroborate with the results of the present study, since the 
temperature changed aft er the Easybite  w   was worn for 20 min. 
Notwithstanding, these pilots were not aff ected by TMD. Th eir 
facial muscle tension probably correlated to their bruxism; 
wearing the temporary splint succeeded in relaxing their mus-
cular system, increasing their facial muscle temperature. 

 In this study the thermal patterns of the stomatognathic sys-
tem present a high level of symmetry between the two sides, 
according to other authors,  7 , 10   except for the anterior tempora-
lis that, according to McBeth and Gratt  15   showed statistical sig-
nifi cance between the left  and right sides. Th is may be related to 
the presence of a parafunction (bruxism), but not the absence 
of TMD in this sample of air force pilots. 

 Aft er wearing the occlusal splint, no signifi cant improve-
ment of the temperature asymmetry of the anterior temporalis 
muscle were recorded, contrary to Barao et al.  7   Barao at al. 
found that the mean temperature of the masseter muscle prior 
to treatment was around 34.2°C, while in patients with arthritis 
was signifi cantly lower (33.5°C). Similar to that, in this study, 
the simple application of the occlusal splint caused an increase 
from 33.39°C to 33.75°C in the masseter muscle. 

 It should be remembered that, compared to other studies, 
these results were obtained aft er only 20 min of application of 
the occlusal splint. Th us, the signifi cant results of this study are 

important as a starting point for the planning of a detailed study 
about the use of an occlusal bite in air force pilots in order to 
protect their stomatognathic apparatus from bruxism and other 
stresses and relax their muscles, balancing their occlusal and 
muscular system. 

 Th e principal limitations of this study are the small sample 
size and the use of a temporary splint for only 20 min. Th ere-
fore, additional studies are required to evaluate the muscular 
temperature changes aft er prolonged occlusal bite therapy in air 
force pilots. Within the limitations of this study, the use of an 
occlusal splint could help in increasing muscle temperatures in 
air force pilots, with consequent relaxation of their facial mus-
cular system. Bruxist pilots present an asymmetry between the 
temperatures of the anterior temporalis muscle of the left  and 
right side that cannot be balanced aft er only 20 min of occlusal 
splint wearing.     
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