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Abstract

The ability to masticaé has historically been
viewed mainly in a static way by analyzing the
morphology of teeth. The dynamic chewing
motions have been considered too complicated
and variable to have any analytical value. This
complexity has been breached by averaging the
movemat pattern to allow the visualization of
the underlying patterrmand its variability The
three most important characteristics of the motion
patternare size, shape and variability.

Adding the mean pattern of muscleactivity
during chewing dramatically impoves the
analysis ofthe quality of function. The normal
hierarchy of muscle activity is indicated when the
working masseter is most active, followed by a
somewhatless active working temporalis, a
further less active neworking temporalis and
lastly, aleast active nomvorking masseter. In a
worstcase scenario, the nevorking masseter
can be the most active muscle.

The roll of adaptation is key to maintaining good
function in spite of damage to or dete&ton of

the masticatory system. A highly adaptive system
can ameliorate damage and degeneration. Age
and gender are lesser factors than maintenance of
the system. Much can be done to improve the
function, but it isabsolutelynecessary to measure
masticapry function before any treatment plan
can be devised to improve it.
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The Diagnostic Value of Biometric Instruments

Introduction :

Masticationis the most importarfunction of the
stomatognathic system. The teeth, bones, joints,

XIl. Hypoglossa] efferent totongue, Genioglossus,
Styloglossus and Hyoglossus

Damage to any of these nerves can asblgr

musc|es’ nerves, Vesse|s, sensory elements and affect masticatory function. Likewise, damage to

connective tissues are all necessarygunivhat
constitutesthe beginningof the gastrointestinal
systemfor digestion (Massey, 2006)A very
unfortunate truth is that dentistfgcuses on the
aestheticgor cosmetics if you will) but not on
function(Cunningham, Hunt, & Feinmann, 1996;
Williams et al, 2009)T he qual ity
function almost always goes untested, while the
appearane of a beautiful smile is highly valued.

In fact, a bad appearance is n@adindication

of the quality of function and even an ideal
appearance does not guarantee good function.
Masticatory function must be tested if a clinician
wishes to understandehull needs of the patient.

AiThe
mo st

aim of
mo r @ODRA@0s)

clinical

often no a

The good news is that testing can be done simply,
guickly and definitivel

Background: Sevenof thetwelve cranial nerves
eachcontibute to the procegsastication:

I. Olfactory; The smell of food (Is it safe to eat or
spoiled?Does it stimulate the appetije?

V. Trigeminal;efferent to Masseter, Temporalis,
Lateral Pterygal, Medial PterygoidAnterior
Digastric, Mylohyoid, afferenfrom numeros
sensory elementhroughout the system

VII. Facial; Gustatory, efferent to Buccinator,
Posterior Digastric, Stylohyoid and Obicularis Oris

IX. GlossopharyngeaGustatory, Stylopharyngeus,
salivation, tongue control, swallowing

X. Vagus Thyroartenoid, Transverse Arytenoid,
Oblique Arytenoid]ateral Cricoarytenoid, Posterior
Cricoarytenoid, Aryepiglottic, Thyroepiglottic, both
afferent and efferent to the striated and smooth
muscle of the esophagus

XI. Accessory Efferent to Sternocleidomastoid,
Trapezius, Levator Veli Palatini, Palatoglossu
Uvular; and from Vagu$ Palatopharyngeus,
Salpingepharyngeus, Superior Pharyngeal
Constrictor and Inferior Pharyngeal Constrictor

Radke, J. & Ruiz Velasco, G.

restoridefq;iemjysticatory
del usion. o

a temporomandibular joint, a muscle, a ligament,
a tooth or any of the associated tissues will
adversely affect the efficient mastication of food.
However, this also means that when a tested
patient shws good function, all of these elements
must be working properly together. By measuring

0 fhe Butpht Brtthk MdLdcloty systemecisely it

is possible to evaluate how well it is functioning
overall. If the system is functioning poorly, then
it is necessarto scrutinize the individual parts of
the system to find the specific malfunction(s), but
good function meansither, a) all of the original
tissues aréntact or b)successfubdaptation has

occurredwithin the systento compensate for any
function is

Considering the complexity of the masticatory
system, it would be exhausting for any dentist and
Yost Prbhibitive forPnth& Yallehits th EncR &8y © 9
component of the systemdividually for proper
function. Thuspnevery practical approach is to
test the systenas a wholé. To date, the most
developed method available includes recording
EMG from the superficial masseter and anterior
temporalis muscles simultaneously together with
the movement of the mandible at the incisoint
while the patient is chewing guon a tough bolus
(on the left and right sides). This combination of
data allows one to evaluate the quality of
masticatory function, to detect the presence and
the approximate level of dysfunction and to also
estimatethe level of successfuadaptation.

This process can be accomplished with as few as
four recordings in just a few minutes and the
incremental cost is minimal. These four records
include20 seconds to 30 seconddedt and right
fidir ec t-cheling fgowed by a similar
duration ofleft and right mastication of a tough
bolus. The gunthewing represents fis of t
predictabled bolus and t
the systemunder load The following analysis

uses BioPAK, but is not limited to that pragn.

a
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The Diagnostic Value of

Dentistry and Masticatory Function

Historically, dentistry has been most concerned
with the teeth and gumsaries and periodontal
disease and relatively little attentionhas been
paidtowardsap at i ent 6 s a bevdni t
though that is thenainfunctional purpose of the
systemHowever, he roles of masticatpmerves
andthe associated muscles in tleentrol of the
masticatory systenmave long beenvigorously
arguedgoing backfor many decadegPickerill,
1914) Previouslyit was propo®drepeatedlyhat
within the braina control centerexists(a central
pattern generatofpr mastication and deglutition
from studies usinglecerebrateabbits. (Ferrier,
1886; Rethi, 1893Carpenter, 1895Usingmore

of the decerebrateabbits, bilateral synchronous
imovememdasst iocfati ono
stimulating the cortical area of one cerebral
hemisphere(Miller, 1920. More recently the
same experiments were repeateagain with
another decerebratabbit, arriving athose same
conclusiongDellow & Lund, 1971) However, t

is likely thatthe decerebrate preparati@enwhat
facilitates this phenomemn (Sherrington, 1917

A number of problems persist with the central
pattern theory; a) masticatory function is not
characterized withisiultaneousbilateral muscle
activity, Figure 1.b) although superficially the

movements appear to be rhythmic, a tremendous

amount of variation is present, ¢) the movements
and the necessamuscle activity arenost often
quite asymmetrical, d) chewingeveroccus at

the 4 cycles/second rate, e) coordination of
mastication includes all of the masticatory
musculature, the tongue, asoime of thenuscles

of the head and neck, f) each cyaeludes a
unique motion that igormulated by the CNS
from mechanosensory feedback and #tered
memories of previous experience, andwgjen
analying eventhe intia-patient range of patterns

it seemgdnfinite. In light of these conditions it is
difficult to imagine how apreprogrammed
generator could do more thatimulate the desire
to chew. Considering the amount of flexibility
needed, it is hard to even imagine the complexity
of the Aprogramo that
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out mastication. Unlikevalking, which has been
theorizedto alsoinclude apattern generatpthe
whole process of mastication is far more
complex less predictabland alsamoreprecise.
In control subjectsite mandible canonsisteriy

Y retrPto WifhiR £ 106 fhicrns ofthe certric
occlusion position without making any tooth
contact during chewing, yet withouever
repeating the same pathw&ee Figure 2Thus,
it is notvery likely a figeneti® pre-programmed
function but rathera learnedskill (Wilson &
Green, 2009Y amadalto et al 2013)

Mean Normal Chewing Muscle Activity
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Figure 1.Class | normal chewing activity pattel
showing each elevator muscle in rectified aver:
mi crovol ts. Muscl es i n
wor king side, -wirking/gideMm =1
masseter, Ta = anterior templigaTP = turning point.
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Left Chewing Gum: Asymptomatic Normal Subject

Figure 2.A normal control subject chewing on the l¢
side. A very precise terminal chewing position, |
with adequate variation in the approach and a nor
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The Diagnostic Value of Biometric Instruments

The process of mastigah requires manipulation
of the bolus by the tongue and the buccinator
muscles, positioning it onto the molars, crushing
the bolus and mixing it with saliva, and then
swallowing it. All of theseactivities canhappen
more or lessimultaneouslywithout very much
conscious thought in normal control subjects, but
the presence of dysfunction raises the levéhef

S ubj ec nagssAs dysfuaatiaincreases the
masticatioractivity patterrbecomesncreasingly
tentative slower,with the movementdecoming
morerandomizedRadke, Kull & Sethi, 2014)

There are two factors that produce variability in
the mastication pattern; 1) the characteristics of
the bolus and 2) theverallconditionswithin the
masticatory system. Whemmastcatory system

is functioning very wellthe bolus producemost

of thevariation(Figure 3A).But when the system

is functioning poorly,a preponderance dll of

the variation is due to dysfuncti¢Rigure 3B).

Horizontal View
Normal Subject

N\

R-HOR.-L

Horizontal View
Dysfunctional Subject

Figure 3.The horizontal viewreveals the level o
randomness within these gum chewing patterns. \
the patient is unable to find a workable pattéeyshe
just keeps trying every possibility.
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The Advantages of Averaging EGN

Previous studies have suggested that variability in
moveament patterns between subjects may be too
great to establish whatiermal(Proschel, 1987,
Nielsen, Marcel, Chun & Miller, 1990)n order

to recognize dysfunctional chewing, it is first
necessary to understand what good function looks
like. This is truefor movement analysis and also
for muscle function. It is also important to have a
handle on what is reasonablyacceptable level

of variability. When the differences are huge as
in figure 3,they arenot hard to see, but for more
subtle differenceshe StandardDeviatiors (SD)
from normalsubjectscanalso be venhelgful.

The Chewing Motion just by itself can provide an
impression of the quality of function to the very
experienced viewer. Four samples of left chewing
motions are illustrated iRigure 4 However, it is
not possible to place them into a normalcy order
without someype ofreference.

A-SAC.P
25 9 35 5

R-FRON.L
5, 2 )

RHOR-L
chew gum lert <chew gum left

Figure 4. Four sample Chewing MotioriBhese are
from control subjects thaby all appearancesiave
very good function. It isvery difficult to distinguish
anymorethan that from these raw motion graphs

Since it isimpossibleto find even one perfect
control subjecto use as aeference with which
to judgeother individuals, the alternative is to
calculate the mean of a normasymptomat
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population(Kuwahara, Miyauchi & Maruyama,
1992. Completely normal subjects are a rarity.
But good functioning asymptomatic subjects are
plentiful enoughKuwahara et al found no less
than 500 with which to calculate addnensional
Average Chewing Pattn(ACP)and the standard
deviation of it.

The inclusi on chodldibeseti a
to; 1) aminimum of28 teeth, 2An gl e d s
occlusion, 3) anterior coupling of teeth a4)east
45 mm for ROM and 5) youthful adukgth good
general hdéh. The exclusion criteria for a normal
groupshould be; 1) any teeth sensitive to hot or
cold or painful, 2) any other painful TMD
symptoms, 3) posterior interferences in lateral
excursions, 4) an ovalosedor deep bite(> 5

mm), and 5) the presence of any systemic disease.

R-FRON.-L A-SAG.-P -VEL . R-FRON.-L A-SAG.-P

Chew Gum L FHORAL

CVEL.-O
I

R-FRON.-L A-SAG.-P
TR AT

open 278

Close ( E )
<9 D
OR-L

chew gum left

Figure 5.The ACPs from four subjects with goc
functionarecompared withthepopulation mean (blacl!
lines). None of the 3D patterns of movement
perfectly matchthe normal population meabut all
indicategood masticatory functiofC is closest to it)

It has been well demonstrated that malocclusion
alters masticatorymovementpatterns(Ahlgren,
1967; Nishio, Miyauchi & Maruyama,1988
Miyauchi, Nakaminami, Nshio & Maruyama,
1989 Takeda, Nakamura, Handa, Ishii, Hamada
& Seto, 2009; Kerstein, R, B, Radke, J. (2017
should be intuitively obvious that any alteration
in the mandibularmovement pattern must result
from a change in the activity of the muscles that
producet (Mdller, Sheikholeslam & ous, 1984
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Alarcon, Martin & Palma200Q Andrade Ada,
Gavido, Gameiro & De Ros2010;Kerstein &
Radke, 20127omonariet al, 2014. Any painful

condition within the magtatory system wilklso
altersomemasticatory muscleesponss

What isquitefortuitousis the factthat the minor
abnormalities inthe movement pattesiof awell-
ddapted dhd substamtidiiyprmal group will be

C I randomly Histributed.Consequently when the

masticatorymovementsof the entire groupre
averagedwith respect tahe working and non
working sides the small deviationswill tend to
canceleach otheout and theresultingmean or
Average Chewing Pattern (ACP) will represent
that difficult to find mostideal chewing motion
patternand its (+/) statistical rangeThis useful
approactwas first discovered by PredsorTakao
Maruyamads group at t
dental schoain Osaka, Japaihey aveaged the
gum chewing patterns froma group of 500
normal [Japanese]subjectsto produce their
normal populationACP mean and standard
deviation (Kuwahara, Miyauchi & Maruyama,
1992) Anotheraveragegample of gum chewing
patterns fomjust 30 hormal [American] subjects
matchedhose of theJapanese mean very closely.
The common criteria were; 1) the same magnetic
jaw tracking device, 2) one stick of gum pre
softened and 3) directgsim-chewingon theleft
and rightsides See Figure 6.

he

Mean Right-Sided Mean Left-sided

‘ Mastication_ Mastication
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Figure 6. Mean Frontal patterns of the direct
chewing of gum on left and right sides of thin
American normal Class | control subjects.
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What i s most # nlefrsidaand
right-side chewingpatterns in figure 6 are their

shapes. The sizes of the patterns can be larger or

smaller wider ornarrower,according the size of

the mouth, the aggressiveness of the chewing and

the size ofthe bolus. Intuitively, a larger bolus
requires a larger pattern, at least initiallyn A

aggressive approach to chewing uses a larger

pattern with more velocity Larger mouths
sometimesutilize a somewhatlarger range of
motion during masticatioas well

To accommodate¢he range of sizes of normal
patterns the Normal ACPcan bescaled to the

vertical sizeoini ndi vi dual dany pat

comparison is made This allows for the
comparison of shapes rather than sizes.

To avoidallowing swallows or manipulations of
the bolusto mischaracteriza
i ndi v codhplete ségsience ofcles from a
recordare first averaged to arrive at awverall
mean and standard deviation. Thesing only
the first15 to 20 cycles that fall within 2 standard
deviations of theoverall meanof the complete
sequencgethe ACPis re-calculatedThis process
removes al swallows andbr any excess bolus
manipuhbtions from thep a t i fena AGPsand
gives a more accurate indication of traternof
function. The first cycle is also avoided as it is
usually too manipulative of the bolus.

C-VEL.-O R-FRON.-L A-SAG.-P
100 50 0 50 100 25 25 ﬂ25 0 25 5 "
t e { + + Rt + + = L%
7 N \
# N\ \ )
, 15 N / \ L‘,‘
/ ‘ | / fl \ fh \
/ | / \\ 14
| | | / \ AR
T . f [l Fo} \ ,,ﬁ.\k
| / ARV
!‘ I’II ( / / ‘w \" I\\
h = { i\
L NV Lo Boo 2t %
. T5
Open -/)
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Figure 7.An ACP of patient with left DD withou

reduction. Note slowedelocities and distortion to th
left of the frontal and horizontal patterns.
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pati ethd 6 s

r &he ACPdnFiguce 7 ts bne that is relatively easy

to read. The obvious distortion of the frontal and
horizontal patterns to the left while chewing on
the rightis a distinct indication of restricted left
condylar translatiormost often caused by a ron
reducing displaced diskHowever, a relatively
large (20 mm) vertical and smooth consistent
patterns are indicative of@nsiderablyadapted
condition. Note thagxcept for that distortioand
some reduction ipeningvelocity, the overall
shapes of the patterns closely follow those of the
population means (in black) in each plane and in
velocity. These are characteristics of a chronic
condition that is well added. The green area of
tIJieevreIJﬂcal a'?(ig c?erpr@sents th2 standard
deviationrangeof vertical opening for the normal
population during the chewing of one stick of
gum The portions of the individual ACBraph
line ¢that include a thickening of the line icdte
that the pathwat that part of the ACP exceeds
two standard deviations from the normal
population mearNote n Figure 7, the thickened
lines are athe most deviated part of the ACP.

Measuring Chewing Efficiency

An alternative method oévaluating chewing is
to evaluatethe sizesof chewed particles. With
this approach the subject issually given an
artificial food substance (e.@ptosil, CutterSil
etc) or sometimesa real food (almondpeanut,
etc.) andinstructed to chew iwith a specified
number of strokesThenit is spit out and the
particles are washeahddried, straied through
severalsieves The median particle sizgMPS)
andthe broadness of thgarticle sizedistribution
arecalculatedOptical scanning of the particles
an alternative method of determining particle
size.This approach is rather time consuming and
too messy to be utilized in a routine clinical
setting but has providedomevaluableresults
(Olthoff, van der Bilt, Bosman & Kleizeri,984;
Mowlanag Heath, Van der Bilt & Van der Glas,
1994:English Buschang & Throckmortqr2002
Gavido, Raymundo & Sobrinho, 2001; Toro,
Buschang, Throckmorton & Roldan, 2006
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Comparisons have been made between chewing
efficiency testing anthe masticatory kinemasc
while chewing(Wilding & Shaikh,1997; Lepley,
Throckmorton, Parker & Buschang, 201The
factors that are altered in dysfunctional subjects
include; a slower rate of chewing, a smaller size
to the chewing motion and greater witlsinbject
variability of ACP. Occlusalfactors have been
clearly demonstratedo be closely related to
masticatoryefficiency (Lepley, Throckmorton,
Ceen & Buschang, 201Giannakopoulos, Wirth,
Braun, Eberhard, Schindler & Hellmann, 2p14

It has also beedemonstrated that subjects that
are scheduled for treatment for malocclusion can
be evaluated and classified as to the severity of
thdr masticatory dysfunction (severe, moderate
or none) This offers the possibility ofallowing
goodadapation to bean aternativefor the non
severe casg8ourdiol, SoulierPeigue, Lachaze,
Nicolas, Woda & Hennequin. 2017While
adaptation does occur eventually immy cases,

it can take a long time. The unpleasantness
associated with the process can diminish the
quality of life dramatically andnany patients do
preferashortertermTMD correctionif possible.

Additional Kinematic Parameters

The kinematics of the single incispoint do not
describe the entire mandibular motions, but due
to some limitations orestrictions in the possible
movements of the mandible, some infererare
possible 1) a horizontal rotation (yaw) of the
mandible does not occur without a lateral motion
of the incisor point and vice versa, and 2) because
of the intimate contact of theondyles with the
eminences, any pitch of the mandible cannot be
very large. Since the incis@oint moves farther
and faster than any other point on the jaw that
gives better resolution to its kinematic data. The
lack of any impediment to function is pegs the
most important feature of incis@oint tracking
systems over all clutebased systems. Of course,
that also depends on what you want to record. If
condylar motion iswhat is desired, a @legree
trackeris be needed.
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The kinematics of the incisguoint include; a) the
path of the motion, b) the velocity of the motion,
c) the acceleration of the motion and d) the
jerkiness of the motion. During mastication the
path determines the shaps the ACP, the
velocity and size of the ACRletermine the
chewngrate(cycle timg, thetransitionsbetween
acceleration and deceleration are key to the
smoothness of the function, which can be
calculated as Jerkhe third derivative of motion.

The relationship between these parameters can be
seen in Figure 8Whenthe teeth are together at
time zeroall four parameters 0.0 The blue lines
are the slant distances from occlusion and they
opento about 20 mm during both of these single
cycle recordings. The red lines are the velocities,
which actually precede the ptign slightly as the
motions begin. The green lines represent the two
accelerations andhey precede the velocities.
Finally, the purple lines show the jerk for each
cycle, which precedes slightly the acceleration.

One Dysfunctional Cycle
(TMD Subject) »

-30 30
20 -20
-10 10
0 [
10 10
20 20
30 30
40 40
50 50
€0 60
0 200 400 600 800 1000 1200 1400 0 200 400 600 800
milliseconds miliseconds

One Smooth Chewing Cycle
(Control Subject)

== Open-Close (mm) = Open-Close (mm)

—Velocity (cm/s) e Velocity (cm/s)

Acceleration (dm/s/s) Ac

A, s |1k (M/5/5/5) B

Figure 8.Comparison of an adaptedystunctional
cycle (A) and a normal one (B). The normal chew
motion is smooth, but the dysfunctional chewing
jerky even whem patient isrelatively welladapted.

celeration (dm/s/s)

e Jerk (m/s/s/s)

In figure 8A the jerk function (purple) includes at
least 12 peaks, meaning there afetransitions
between acceleration and deceleration. This is a
jerky motion. In 8B the normal cycle includes just
4 peaks, two in opening and two in closing. This
is the minimum numbegrossibleaseach chewing
cycle must include an opening acceleratiodl a
deceleratiorand the same for closinghe cycle
time for the normal subject (figure 8B) is shorter
andless variableDue to the complexity of the

Chapter 6: Analysis of Mastication




The Diagnostic Value of Biometric Instruments

dysfunctional cycle (8A)it takes longer andit
varies mordrom cycle to cycle

Three objectively measurable differencesn
dysfunctional chewing are; ) longer cycle
time, 2) a smallerand often distorted ACPand
3.) agreater variabilityof the movements.

As a dysfunctional condition progresses from
acute to chronic and adaptation os;uhe cycle
time and the shape of the ACP gradu#digd to
returntoward a morenormal pattern.However,
the variability remains excessive. In contrast, the
poorly or unadapted pattern of dysfunctional
mastication remains slow, smallistortedand
highly variable.

When evaluating the ACP there &mar objective
timings andwo positions that can be measured

1. Opening Time

2. Closing Time

3. Occlusal Time

4. Cycle Time

5. VerticalTurning Point

6. Antero-posteriorTurning Point

7. LateralTurning Point

8. Vertical Terminal Chewing Position
9. Ant/post Terminal Chewing Position

10. Lateral TerminaChewing Position

The timing is measured in milliseconds and the
positions are measurexb millimeters from the
intercuspal position. Table 1 in the appendix lists
the normative values and rangegicomparsto
somedysfunctional ones.

The chewing measurements illustratedrigure
9 are from a normal control subject chewing fast,
smooth and wh low variability.

The cycle time of 538 milliseconds is faster than
the mean normal of 750 milliseconds.

The Turning Point TP), which is theend of
openingand the beginning aflosing measures
13.8 mm, which i€lose to the mean of 16 mm.
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The Terninal Chewing Position (TCP) of 0.1 mm
is where the bolus is fully crushed araties less
than+ 0.05 mm verticallyand antereposteriorly

The lateral width of the frontal ACP is very close
to the mean normal value of 5.5 mhable 1.

The opening and cking peak velocities both
exceed the mean normal valu&ed¢ Table 1 in
the appendix)

The opening and closing frontal angles are close
to the low end of normal indicating a relatively
flatter intercuspal relationship arntde absence of
occlusal interferaces.

The values of jerkiness are very loanfinimum
value is 2.0s for perfectly smootlthewing.

Normal Control Subject
Timing

Opening Time 184.2 * 226 ms
Closing Time 191.7 £ 15.0ms
Occlusal Time 162.1 £ 124 ms
Cycle Time 538.1 £ 25.8 ms
Turning Point
Vertical 13.8 * 0.8 mmaf—
Ant./Post. 14 £ 0.5 mmaf—
Lateral 11 0.9mm<«€—
Terminal Chewing Position
Vertical 01 % 0.0mmaf—
Ant./Post. 0.1 ¥ 0.0 mm<€—
Lateral 0.2 ¥ 0.1mm&—
Max. Lateral Width 5.1 £ 0.7 mm
Max. Open Vel. 137.5 mm/sec
Max. Close Vel. -129.4 mm/sec
Ave. Open Vel. 92.7 mm/sec
Ave. Close Vel. -99.4 mm/sec
Opening Angle (Frontal) 65.8°
Opening Angle (Horizontal) -39.°
Closing Angle (Frontal) 32.6°
Closing Angle (Horizontal) -5.6°

Opening jerkiness measure: 3.0 (0.0 SD)
Closing jerkiness measure: 2.1 (0.3 SD)

Figure 9. The summary values from a normal sub

chewing gum on the right sidall of these values cat
contribute something to an analysis
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Typical Un-adapted Dysfunction

The chewing measurements illustratedFigures
10 & 11 are from an wadapted dysfunctional
subject chewinglowly, with severgerkinessand
with high variability.

The cycle time of 1484 millisecondstisice the
mean normal of 750 milliseconds. The variability
is huge as indicated by the very large standard
deviations for all of the times. S@&able 1.

The Turning Point (TP), which is the end of
opening and thedginning of closing, measures

13.5 mm, which is close to the mean of 16 mm
and well within normal limits (the size is mainly

determined by the size of the bolus).

The Terminal Chewing Position (TCP) of 0.3 mm
is the thickness othe gum afterit has beerfully
crushed and variesdmm vertically This shows

a very tentative approach to chewing.

The lateral width of the frontal ACP is only 3.0
mm and indicates a restrictgattern that lacks
the usual amount of lateral motion.

The opening and closing peaklocitiesareboth
well below the mean normal values (See Table 1
in the appendix).

Un-adapted Chewing

A-SAG.-P

C-VEL.-O R-FRON.-L ﬁ
g D 25

78 33 0 39 T8 0
k t t |

— Open
— Close

0
R-HOR.-L

Soft Chew Left

Figure 10. Apoorly adapted dysfunctional caséhe
ACP mpatterns are highly distorted and the velocity
very low. This patient is struggling to masticate.
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The opening frontal angle is within the normal

range, but the closing angle is much larger than
normal indicating a relatively deep intercuspal

relationship with likely occlusal interferences.

The values of jerikess are very high (a minimum
value is 2.0 for perfectly smooth chewing), and
there isa lot of variation from cycle to cycle.

Un-adapted Dysfunction

Timing
Opening Time  480.9 £110.0 ms
Closing Time 530.1 £ 81.0ms
Occlusal Time  413.6 ¥191.5ms
Cycle Time 1484. £273.3 ms

Turning Point
Vertical 3.6+ 0.8mm
Ant./Post. 45 % 1.1mm
Lateral 0.2 1.7mm

Terminal Chewing Position
Vertical 03 04mm
Ant./Post. 04 0.2mm
Lateral -0.1 £ 0.1mm
Max. Lateral Width 3.0 £ 1.1 mm
Max. Open Vel. 48.7 mmisec
Max. Close Vel. -58.5 mm/sec
Ave. Open Vel. 35.1 mm/sec
Ave. Close Vel. -36.0 mm/sec
Opening Angle (Frontal) 75.2°
Opening Angle (Horizontal)  40.7°
Closing Angle (Frontal) 110.°
Closing Angle (Horizontal)  157.°

Opening jerkiness measure: 7.0 (1.6 5D)
Closing jerkiness measure: 9.1 (1.9 SD)

Figure 11. This summary from an -adapted
dysfunctional subjecté
dramatically different from meamormal(Compare to
Table 1 in the appendix).
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Well Adapted Functional Values

The patient representedfigures 12 and 13 was
diagnosed by MRI with a chronic left TMJ disk
displacement with reduction. The ability to adapt
to dysfunction varies frompatient to patient and
cannot be assumed to happen in every case. This
is an example of remarkably good addiph not
very often seen with internal derangemeritke
Summaryof the numerical values Figure 13
revealsonly somemild deviatiors fromtheideal
normalpatterns Consequentlythis example of a
dysfunctional subjecatnay notevenrequireany
treatment of the internal derangement. For those
few claiming that TMD is seltorrecting, this is
one example, but it is an exceptiamdcertainly

not the rule.This determination can only be made
by measuring thp a t i masticafosy function.

Well Adapted Chewing
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Figure 12. This ACP is from a patient with a chrol
left TMJ reducing disk displacement. The shapes of
patterns are approaching normal with ordynall
deviations.

The chewing measurements illustratedrigure

13 are from a weladapted dysfunctional subject
chewing less slowly, with less jerkiness and with
less variabilitythan the previous example

The cycle time of 799 milliseconds is within
normal limits of the normal population mean of
750 milliseconds. The variability is reduced for
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all of the timesand also within normal limitsSee
Table 1in the appendix for normal values

The Turning Point (TP), which is the end of
opening and the begimg of closing, measures
14.5 mm, which is close to the mean of 16 mm.

The Terminal Chewing Position (TCP) o20nm

is the thickness of the gum after it has been fully
crushed and variesOmm vertically. This shows

a significanty better chewing compaad to the
previous example, but not quite nornchkewing.

Well Adapted Chewing

Timing
Opening Time 301.3 £ 39.5ms
Closing Time 266.8 * 23.3ms
Occlusal Time 230.7 ¥ 242ms
Cycle Time 798.7 * 468 ms

Turning Point
Vertical 145 23 mm
Ant./Post. 7.7 22mm
Lateral 1.0 1.3 mm

Terminal Chewing Position
Vertical 0.2 0.1mm
Ant./Post. 01 % 01mm
Lateral 00 0.1mm
Max. Lateral Width 4.0 ¥ 0.9 mm
Max. Open Vel. 78.5 mm/sec
Max. Close Vel. -109.2 mm/sec
Ave. Open Vel. 58.0 mm/sec
Ave. Close Vel. -81.7 mm/sec
Opening Angle (Frontal) 59.1°

Opening Angle (Horizontal)  10.1°
Closing Angle (Frontal) 62.4°
Closing Angle (Horizontal) 40.4°

Opening jerkiness measure: 4.7 (1.5 SD)
Closing jerkiness measure: 3.8 (0.9 SD)

Figure 13. The summary of a patient with a left Tl
reducing displaced disk that is well adapted. Som
the values are within normal limits and others .
close but the motions are still jeyk
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The lateral width of the frontal ACP is 4.0 mm
and indicates a less restricted and less variable
pattern thats closer tanormal.

The opening and closing peak velocities both are
close to the mean normal values (See Table 1 in
the appendix).

The opening frontal angle is slightly below the
normal range, but the closing angle is well within
normal indicating a relatively average irtespal
relationship with any occlusal interferences being
successfully avoided.

The values of jerkiness are moderate (a minimum
value is 2.0 for perfectly smooth chewing3,is
the variation from cycle to cycle.

Just looking at the ACP in the figure $2me
subtle differences can be missed, but the general
impression is onefagpretty good functionThis
level of evaluation is probably enough nmost
cases unless the patient has specific complaints.
For thoseclinicianswho relate better to numbers
than b graphsthe summary and Table 1 can offer
an alternative way to evaluate the quality of
masticatory function.

Muscle Function Patternsin Chewing
TA-R

TA-L

MM-L

DA-R

DA-L

T T T T T T T T
0.0 1.0 20 3.0 4.0

1 gum left Seconds

Figure 14. Just the Raw EMG can be valuable enc
to show the relative activity of each musc
qualitatively. However, the Raw EMG does r
indicate anything about variability.
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More recently, it was also discovered thdten

the EMG activity issimultaneouslyecored and
averaged, an ideal distribution ofuscleeffort
can be seen as welbince he motion of the
mandible is totally determined by the actions of
the musculature, the pattern of muscle activity
associated with normal function must be different
from that associated with any type of dysfunction.
The simplest view of the EMG activitytise Raw
data displagdin time. Figure 14 is the Raw EMG
of a normal control subject chewing gum on the
left side. It shows enough difference between the
muscle efforts to see that the working masseter is
most active followed by the working temporalis.
Thenonworking masseter is the least active.

TAR

1 gum left

1 gum left

Figure 15. This superimposed view gives a pretty g
qualitative indication of the variability. This norm:
subject is quite consistertachgraph startand ends
at the beginning of opening (BOO).

P— s

To measre the variabilityof the patternit is
necessary to average the activity of multiple
cycles It is also necessary to use an independent
timing reference, which cannot just be one of the
muscles. If one of the muscles is used as the
reference, the varidliy of the reference muscle

is transferred to the rest of the muscles. When the
activity is recorded together with the movements,
a timing reference can be from the movement and
eliminate that problem. One method is to use the
movements to establish thedinning of opening
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(BOO) and the end of closure (EOC) to segment
the sequence into individual cycles. The time
between ECO and BOO is by default the time of
occlusion or maximum bolus crush. This method
creates three phases within each chewing cycle;

1. TheOpeningPhase
2. TheClosingPhase
3. The Occlusion Phase

Each phase is characterized by averaging it using
15 to 20 cycles of motion. This segmentation can
be used to divide the EMG data into individual
segmerg and average the muscle activity iato
Average Chewing Cycle (ACC) activity pattern.
The rectified sierage activities from all of the
individual cycles are superimposiac graphand
shown inFigure 15, showing the consistency.

The next level of analysigquires the averaging
of these individual cycles into one mean pattern.
That process also allowsrfthe calculation of
standard deviations (SD) of each muscle. The SD

The process of averaging thetivity of several
cycles of muscle function provides a quantitative
indication of the variabilityas well.Note that all

of the peak activities in this normal subject occur
before the end of closure (EOEjgure 17 is the
summary of the ACC analysis.

Figure 17. The summary of the calculations t
characterize the muscle activity during function.

contributesa quantitativeneasureof amu s ¢ | e 6 EMG Diagnodic Parameters

variability. Figure 16 illustrates the normal
hierarchical relationship between several muscles
producing the closing and crushing moveise

Figure 16.The averaged activity of the comple
sequence provides a clear image of the relative e
of all musclesrecorded The hierarchical relationshi
between the musclés revealed in this graph.
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Mean Area: This is the area (integral) under the
plotted graph for each muscle. It is analogous to
the relative amount of effort each muscle is
contributing to the process of mastication. Large
numbers (in microvolseconds) mean a relatively
large contribution tahe effort.Since it includes
both the contraction level and the length of time
of the contraction, a stronger contraction with a
shorter contraction time may involve less effort.

SD Area The standard deviation of the area is a
measure of how much thefedt is varying cycle
to cycle(microvoltseconds)

CV (SD/Mean). the coefficient of variation is a
relative measure of the variability with reference
to the amount of efforf{no units) Note the
consistently low values across all of the muscles
in this namal control example.

Peak Amplitude: The peak amplitude provides
an indication of th&MG activity level at théime
when thehighestforce is being appliedmv). A
narrow high peak as in figure 16 indicates an
efficient chewing activity.
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