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Abstract

Joint Vibration Analysis (JVA) is a method
of recording the vibrations emanating from
the TMJs in such a way that their analysis can
contribute to the TMD diagnostic process.
This chapter will describe the mess of
recording and analyzing TMJ vibrations.
JVA is not intended to replace TMJ imaging,
but rather to complement it. The relationship
of JVA to patient report, the clinical exam
and imaging is described. It is explained how
the analysis of data from #/can be very
helpful when deciding whether MRI or CT
would be more useful. When a JVA suggests
that the TM joints are not damaged and
functioning well, the added cost of MRIs or
CBCT images may be avoided, minimizing

the numbers of <cogespl et

taken. The significance of each of the JVA
parameters is discussed. The JVA Flow Chart
and its use is explained. The indications for
imaging are reviewed and some suggestions
are presented for when disk recapture may be
possible. An appendix describedi of the
mechanics of recording and analyzing JVA
data.
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The Diagnostic Value of Biometric Measurements

Chapter 1: Joint Vibration Analysis (JVA)

The two principle tenants of joint Vibration
Analysis include; 1) thaanormal adult temporo
mandibular joint isquiet during function and 2)
that it operate smoothly throughout itsormal
Range of MotiofROM), which averages 55 mm
for males and about 5 mm lefss females when
opening to the maximumGupta, Thumati &
Radke, 201gKondrat, Sierpinska & Radke 2018
Lewis, Buschang & Throckmorton, 2001
Ishigaki, Bessette, Maruyama, 1993&Vith the
presence of hypermobility, a patient of either
gender may openeyond 70 mm. It is widely
considered that a ROM of less than 40 mm is
likely to be a restricted one, but due to individual
variability that is not a magic or absolute number
(Linde & lIsacsson, 1990)Numerous factors
affect the ROMsize of the jaws, relative mobility
of the joints Gnebeing relatively tight or loose
jointed), the condition of the disk, etc. making it
impossible to predict what should be thaet
normal value for anyndividual. Irrespective of
these limitations,\JA provides consistentseful
information regarding the dynamic function of
the TMJ. Since JVA indicates the dynamic
function of the joint, itcomplenents, rather than
competes withthe variousimaging technologies
that allow visualization athe morpholoy of the
joint (Kondrat, Sierpinska & Golebiewska,
2012)

The process of JVA

The JVA process starts with the recording of
vibrations from the TMJ. It is necesgdo record
simultaneously from both jointsince vibrations
from onejoint can appear on theontralateral
side. However, whenevérat happens, delay is
present in the ®“echo,
to (Salzman, 208). Although the delay may be
only 1 or 2 milliseconds, by using a sub
millisecond time resolutiorhy sampling at 2000
samples/second @venhigher, t is possible to
distinguish whichsideis originating (Widmalm,
Williams & Yang, 1999) To avoid picking up
noise from the environment, accelerometer
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Figure 1. JVA accelerometeare held in place
attached t@ stereo headbanthis allows precise
placement of them over the coronoid not
bilaterally.

transducers can be placed directly over the joints
andshielded from external noise. A silicone gel
that matches the mechanical properties of the soft
tissue over the TMJ can be used to increase the
sensitivity to record vibrations with as little a one
micron of amplitude (Christensen, 1992 A
simple steeo readband is a convenieniay to
hold both the left and right transducers in place.
See Figure 1. The transducers are located directly
anterior to the traguoghe condyle moves under
them bilaterallyas the mouth is opened.

The vibration waveforms are aniffgd and then
digitized, typically at 2,000 to 4,000 samples/
second to prepare them feoarious computer
software analyses. The BioPAK 9.0 program
(BioResearch Associates, Indilwaukee, WI
@Sﬁ), vl/ri{ten \‘orSWirT?jé?Ng‘Ee(fi/libr&&t,slnc.r, efer
Redmond, WAUSA) has beencontinuously
developed since 1984, initially undaetiBM old
type Disk (peratingSystem(DOS). BioPAK is
currently compatible withVindows versions 7 to
10. Once the data hateen digitized the files are
alsosaved tcharddisk for future reference. This
allows comparingretreatment recordings with
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post treatment recordings to documéms real
effectsupon the TMJ®f anytreatment.

TMJ vibration waveforms

As it happens there are just two main types of
vibration waveforms emanating from the TMJ
that are indicative of specific dysfunctions viith

the joint. When a disk displaces or reduces,
partially or completely, it produces a short
duration, relatively high amplitude vibration.
(Ishigaki, Bessette & Maruyama, 183Radke,
Garcia, Jr & Ketcham, 2001The left andright
vibrations in Figure 2 are typical of those
generated bya left joint reducing anteriorly
displaced disk. The reduction occurs on opening
as the disk returns to a more normal relationship
to the condyleand producea “ c I”isourdi n g
When the disks displaced anteriorly, just a small
portion (10 to 33%) of th vibration produced on

the involvedside is transmitted to the opposite
side but in opposite
of the original (e.g. upside down). The percentage
of transfer is diectly related to the direction of
the displacemer{Radke & Kull, 2012).
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Figure 2. A typical vibration waveformfrom a
left TMJ anteriorly displacediskreducing during
opening; a 20 % transfer

An anteremedial disk dplacement, with a
greater lateral component, transmits mof¢he
vibration to the contralateral side. The left & right
vibrations in Figure 3 are typicalf othose
generated by a very chronic left reducing antero
medially displaced disk. Since the reduction
occurs on opening as the disk returns to a more
normal relationship to the condyle, that is when it
usually produces the
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When thre disk is displaced anternedially, a
larger portion from about33 % to 66 %) of the
vibration produced on the left is transmitted to the
right, but again in the opposite phase or as a
“mirror image” of the
The degree of ante-medial displacement is
variable, since the degree of damage to the lateral
attachment of the disk capsule varies.
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Figure 3 Aleft TMJ“ mi frirmmarge” v
waveform from anteranedially displacedlisk
reducina durina onenina with a 43 % transfer

or as a “mirror i mage”

EE—

TMJ-R

VEEI
AIF'AI

P

TMJ-L : f’:“-\ FTN
LR -

0.048 0.064
Seconds

0.000 0.016 ' 0.032

Figure 4 Right and leftvibration waveforms
from a right medially displaceddisk reducing
during opening, with an 88 % transfer

A chronic and medially displaced diskillw
transfer the greatest percentadeibration to the
contralateral side. It is often the cagmit the
reduction is not audible, except to the patient.
With increasing chronicity, the intensityf the
vibration is usually reduced. That is, the disk
displaces and reduces with a lot less force and
consequentlycreates a less intense vibration. The
vibrations in Figure 4 are typical of a chronic
medially displaced disk reducing. The usual
amount oftransfer is between 66 % and 1%0
cking”

cl i sound.
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The distinction between a partial or a complete
disk displacement with reduction ahly a matter
of the intensityof the vibration.The partial disk
displacement geerates a vibration intensity in a
20KPaHz to 8&KPaHz range, butomplete disk
displacemerstreducing vibrate@bove 8&(KPaHz.

What about manual palpation?

Palpation can be used to detect TMJ vibrations,
but the vibrations occurring with one medially
displacing disk willfeel and even sound equally
strong,as if they originatérom both joints. This
tends to fool the clinician, and sometimasen

the patient, into believing that both left and right
internal derangements goeesentn their joints
(Paesani, Westesson, Hatala, Tallents & Brooks,
1992)However, vihentherearebilateralinternal
derangements]VA can demonstrate that) the
timing is different on the right from the left for
the two eventsh) the vibrations daot relate to
each other as
stage of each conditiomost oftenis different
between the two sides.

The 2" type of TMJ vibration

The second commotype of TMJ vibration is
caused by rough surfaces (cartilage and/or bone)
rubbing togéherand is seen whemdegenerative
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Figure 5. These are bilateral vibration exam|
wavefornsfrom severely degenerative TMJhe
intensities of the vibrations are lowbut the
duratiors are long, which is typical of pathology

conditionis presenin the joint (Radke & Kull,
2015 Ishigaki, Bessette & Maruyama, 1993C
The two mostobvious characteristicare; 1) a
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ac)themypeorr o r

longer durationand 2) a lower intensitpf the
vibration. In fgure 5 below, bilateral internal
derangemestresulin severe degeneration of the
joint tissues, but that is ntite outcomen every
case Some patients agaremarkably well to an
internal derangement, adapting to it successfully
with the result beingiearly normal functionThe
degree of adaptation can bssassedar more
definitively by includng JVA dynamic testing
than with just imaging alone. While igisg does
clearly reveal the morphology of destruction,
JVA canadd to thathe quality of the dynamic
tissue interfacesf the joint, providing a more
comprehensive evaluation(Zhang, Whittle,
Wang & Murray, 2014;,Christensen & Orloff,
1992) The sensitivity of JVA is such that small
changes in the TMJ can be detected that do not
appear on any type of imaging. An example of
this is the slight rougheningf the cartilage of a
normal diskthat is contralateral to one that is
anteripglydisnlacedrigyre 6 showan example
of tiny vibrationsemanatingrom the right TMJ

of a patient with a left internalerangeent.
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Figure 6. Aleft side TMJ &tedisplacing early-
reducing anterior Disk Displacement(ADDR)
with aslightly roughened contralateral disk
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Vibration frequency content

The frequency content of TMJ vibrans can also
reveal more informatiombout thenatureof the
event that is takg placewithin the joint.Events
that ae related to a disk showing hypermobility
(displacing/reducing) tend to produce frequencies
that are below 300 éttz (Hz = cycles/second)
(Ishigaki, Bessette & Maruyama, 18)B3While
300 Hz is not anind of magic numer, it is
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convenient to use and easy to remembéaus,
the BioPAK JVA program divides the fregncy
spectrum into two parts (above 300 Hz and below
300 Hz), and calculates the Integral fraimose
frequencies that fall belo®00 Hertz and another
separate Integrdfom frequencieshat areabove
300 Hertz.

As an example, a typical vibratioftlequency
profile from a joint with a reducing displaced disk

100

! Left

Figure 7. An examlp of aFast Fourier display ol
the frequency content in a series of vibratio
from an internally deranged TMJ during fot
openng movements. The thickest line is tt
average distribution.

1004 Left

Figure 8.

A patient
acute DDR condition. The Peak frequency
slightly higher at 130 Hz and thdistribution
extends well beyond the 300 Hz vertical dast
line. The thickest line is the average.

S

is shown in Figure 7. Thenoundshape of the
distribution of energy peaksell below 300 Hz
and in fact, a majority of the energy is below the
300 Hz vertical dashed line.
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The peak frequency in Figure 7 is at 126 Hz. The
significance of the pedkequency is that aacute
case has aigher peak frguency, buthe more
chronic case haslawer the peak frequencyi n
the absence of aregenerative changes more
acute condition is shown in figure 8.

As aDDR condition becomes chronic and, if also
well adapted, the frequency distribution becomes

10

! Right

Figure 9. With successful adaptation, tl
reduction of the disk becomes much easi
requires less force and produces a softemration.

This results irthe distributionshifting to the left.
The thickest linen this graph isthe average.

1004 Left

Figure 10. The presence of multiple phases
vibratiors within a single analyze@vent, as is
common with degenerative conditions, produce
“spi ky” | ooki ingrerEmaflre of
the FFT and is a good indicator that DJD
present. The thickest line is the avera
distribution.

narroweiwith mosty lower frequencies; the peak
frequency falls as well. See figure 9.

The above examples aa# related toTMJs with
disk displacements with rediionin patients that

Chapter 1: JVA measurements of TMJ function
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have not developed degenerative joint diselase.
cases where degeneration occurs, the FFT pattern
looks quitedifferent, such as in Figure T@low.

The Ratio: > 300 Hz/<300 Hz

For vibrations withmedium or higher intensity
the vilrations includesome harmonic content.
Harmonics are frequencies at integer multiples of
the fundamental frequen€®X, 3X, etc.). Itis the
harmonic content that increases the bandwidth of
high intensity vibrations above 300 Hz. To offset
this effect we ge the Ratio, >300 Hz/ < 300 Hz,
which tends to remain more nearly constant as the
intensity increases, rather than the > 300 Hz
Integral to evaluate degeneration in high intensity
vibrations. Thus, for any vibratisrwith a Total
Integral ofless than80 KPaHz, the > 300 Hz
Integral is used for agessing degenerationoiF
any Jbration with a Total Integrajreater than@®
KPaHz the Ratio is more usefuNote: Because
the human ear iar more sensitive to higher
frequencies and harmonicgyaTMJ noise that
contains an abundance of harmonics wilvbey
audible as a loud click or pofphat sound is an
indication that the disk still fits on the condyle.

The Median Frequency

The median frequency is tleentroid or thamid-
point of the bandwidtldistributionof a vibration.

A higher median frequency indicates more high
frequencies are present. This egtherbe related

to degenerative changes or to the acuteness of an
internal derangement conditiorAlthough the
medianfrequency varies a lot with each type of
condition, once a condition is known, the median
frequency can be a sensitive way to observe small
changes over time. With an internal derangement
condition, the median frequency typically
reduces over time as tj@nt adapts. However, if
the joint degenerates, the median frequency will
increase instead.

Graphics Vs numerical values

The TMJ vibrations are analyzed both graphically
and numerically. The graphs are a very good way
to illustrate the differences in thérationsunder
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different joint conditions. Howeverto help
clinicians morequickly develop a tentative but
highly probable preliminandiagnosis, the]VA
Flow Chart was developed (Sthe Appendix).

Jaw position at the onset of vibration

It has long been observed that an early opening
reduction of the displaced disk in the TM Joint is
associated with a more acute condition, whereas
a late reduction is associated with a more chronic
condition. When considering treatmertn early
reductionis a better candidate for-obapturewith

an appliance. Howevga late reduction indicates

C - VELOCITY - O R - FRONTAL - L

BEL R S

Velocity: 250 mm/sec per division

Vertical: 10 mm per division Lateral: 10 mm per division
Figure 11. In this XY View the onset of an
openingvibration occurs within the first Bim of
opening. The colored dots indicate a vetr
consistent positionH{ 1 mm or so)that also
supports a relatively acute condition, whis of
course moreamenable to recapture.

thatthe patient s most | i kelthe f
d sk."” Funct ii®one adgptive f f
condition that resists any type of permanent re
capture exept possiblysurgical. If the patient is
currently functioning off the diskpainfree and
comfortable, tryingto recapture the disk is
usually contraindicated.hus, the position of the
mandible at the onset of vibration can be relevant.
JVA can show tat position and its consistency
very clearly. When JVA is used together with a
jaw tracker, the precise position will be obvious.

Theright jointvibrationassociated witfigure 11

is typical of thosefrom acutereducing anterior
disk displacemerg; high intensity(total Integral)
andincludinga low percentage of transfer to the
contralateral jointThe presence of an immediate
right lateral deviation in openingso supports a
condition that is early in the ol progression

Chapter 1: JVA measurements of TMJ function
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of internal derangements of the TMJ. Thus, the
various JVA factors to be considered within this
patient are reinforcing rather than contradicting.

The Significance of Numerical Values

1. Intensity of the Vibration?

The TOTAL INTEGRAL is the number hat
best describes the intensityr loudness) of the
vibration. It sums the energy at all frequencies as
a total. We then divide the full range of
amplitudes into four parts:

0-20 KPaHz
20-80 KPaHz
80—-300 KPaHz

300—-1000 KPaHz

Small Vibrations
Medium Vibrations
Large Vibrations
Huge Vibrations

Small Amplitude Vibrations typically occur
only in patients with; a) normal joints, b) an acute
displaced disk (closed lock) condition,apartial
disk displacement without reduction and d) the
End Stage [5b] of osteoarthrosis.

Medium Amplitude Vibrations typically occur
only in patients with; a) loose capsules, b) a
chronic, stilladapting disk displacement without
reduction, ¢) a padi disk displacement with
reduction, d) a chronic disk displacement without
reduction with active osteoarthritis.

Large Amplitude Vibrations typically occur
only in patients with; akhronic well-adapted
displaced disks that are reducing, b) maladapted,
non-reducing, displaced disks that aspecially
mobile and c) eminence clicks.

Huge Amplitude Vibrations typically occur
only in patients with; a) acute disk displacement
with reduction, b) Chronic, partiaHgdapted disk
displacement with degenerativarjt disease and
c) advanced degenerative joint disease with
perforation of the disk or the posterior attachment
tissue.

Using the JVA Flow Chart @ncan begin to

classify the patient’s
general categories based on Tlwgal Integralsof
any vibrationghat may beresent.

7
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2. Significance of the Range of Motion

The normal range of motion (ROM) for opening
to maximum when measured &etincisors is
quite large at 45nm to 70 + mm.Whenan acute
“closed lock condition t h eDispldzensert
without reductiotl (DD), is presentthe ROM is
dramatically reduced, usuallytothe range of 25
mm to 30 mm. If the condition is unilateral, a
dramatic lateral deflection is also present towards
the affected joint. This makeslinical diagnosis
of closed lockather easy. Xays and MRIwill
both clearly show very limied transhtion of the
condyle withinthe affeced joint athe maximum
open positionbut are not needed for diagnosis.

The typical patienwith chronic and verywell

adaptecpbermanent disk displacemenil | regain
ROM to about36 —42 mm. Note:By the time a
nonreducing Disk Displacement (Decomes
truly chronicandwell-adaptedit is, more often
than notpresenbilateraly.

3. Significance of the Integral > 300 Hz

TMJ vibrationscaugd by disk movementoose
capsule, partialor complete diskdisplacement
with reduction,(P-DDR or DDR) typically have
mostall of their frequency contebielow 300 Hz.
However, large and huge vibrations do tend to
produce harmonics above 300 Hz, so only the
small and medium vibrations are usually tested
for an d@sence of 300 Hz content. When small
or medium amplitude vibrations c@in more
than 3.0 KPaHabove the 300 Hz reference, the
presence of degenerative changes within the TM
joint is likely. Generally, the greater the amount
of energy above 300 Hz melation to the amount
below 300 Hz, the more severe the degenerative
changes. Thisondition is expressed as the Ratio
> 300 Hz / < 300 Hz.

4. Significance of the Ratio

For medium, large and huge vibratiohe Ratio
(> 300 Hz / < 300 Hz) is calculated aadralue
greater than 0.300 monsidered as an indien
of éeaeparatiovighin a jami.t Tdie Rakods nef f
used when the Total Integral is less trerout20,
because anyandom noise in the system may
artificially inflate the Ratio fora very small

Chapter 1: JVA measurements of TMJ function
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vibration Forverysmall vibrations the > 300 Hz
Integral 5 used without considering thea#d to
detect degenetian because background noise
can be automatically extractedrom it. The

“ Me a s ur efundlioniusder” Options can
detect althe background noise at all frequencies
and then subtract it from all marked vibrations.

5. Using the Measure Noise function

There are two versi@of Measure Nise If JVA

is recorded with the Jaw TrackeinderOptions
the Auto Measure Noise function can be checke
and it will operate automatically whenever a trace
is analyzedSee Figure 12You only need to do
this once.This is because with the Jaw Tracker
recording, the program can detect when no
movement occurs, either at maximum opening or
when the teeth are together. When there is no
movement at all any signals present are just
electrical interference

TMJ-R I } *
. !
VEEl ﬂ
‘E‘T <+— Measure Noise Area
Afr
P)
TMJ-L ’ }
N
0.0 10 | 20 | 30

Figure 12.1f the Auto Measure Noiséeature is
selected under Options, the BioPAK program w
al ways place a markert
where the noise is measured.

When JVA is recaded without the benefit of the
Jaw Tracker, it ibifity to h e
determine where in the trace the noise can safely
be measurednd whether any vibrations need to
be noise reduced. If the intensity of the vibrations
is at medium or higher levels, noise reduction is
rarely needed. However, for small vibratiohsi
highly reconrmended The Measure Noise must
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be selected manually for each trace recorded
without Jaw Tracking. To do this, with the JVA
Sweep view active, firdind atooth contactand
place the cursor just aftér See Figure 13Then,
click onthe[Options],[Measure Noise]. This will
invoke the function at the location you have
chosen.

TMJ-R TMJ-R f
CT ; CT B
Vert Vert / i \
ol Dl i
TMJ-L J\\/\. TMJ-L f
N
0.000 I 0.0 I
Find a Tooth Contact||Place the Cursor After it

Figure 13 Find a tooth contact (look foriphase
vibrations) and place the cursasi after it,such

that the tooth contacts are NOT visible in tt
Zoom Window.Go to Options, Measure Nois
and select it. This w
to identify the area where the noise was measu
Then, @ ahead and mark TMJ vibrations.

The JVA Flow Chart

TheJVA Flow Chart(see Appendixgan be used
as a guide when atyzing a dysfunctional joint
from the numeric values provided by the BioPAK
program but it should never be used in a
vacuum. The paient history, the patient report,
the clinical exanfindingsand the joint vibration
analysiscan all contribute to a clinician being
able to develop eeliable andaccuratediagnosis
(Sharma, Crow, Kartha, McCall, Jr. & Gonzalez.
(2019.

Nothing in this discussen should discourage a
prapt@oner from bitamingrsepligicatedsinaging
whenit is indicated. Images reveal morphology
while JVA reveals the dynamics of joint function.
These technologies complement each other rather
than competing. JVA is a loaost method that is
excellent for screening patienitsr any internal
derangements. AVA recordingthat indicatesa

Chapter 1: JVA measurements of TMJ function
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perfectlynormalor well adapted joinmay save
the patient the expensed inconveniencef an
unnecessary MRI dheexposure to £T scan

The Indications for Imaging

Currently, there are no publisheohd universally
accepted gidelines for when any type of imaging
is “indicated.” Not
not for any imagingf the TMJ This may seem
ironic wi t h t he fact
I ndicated” is very
some only pain in the TMJ is andication For
others, a restricted ROM is also an indication.
Too often TMJ noises are considered no problem
or even normalOf course, for radiologists and
for at least some oral surgeons, imaging is the
“Gol d Standard.” Thus,
“1 magid Imdicated whenever a
decides hevant it.

There are four primfactors that can be taken into
consideration before prescribing imaging

1. A history of TMjoint symptoms

2. Current patient report aftMJ symptoms

3. Clinical exam indicatin@dM joint noises

4. JVAindicates the presence of iaternal
derangemerdand/or degeneration

Sinceimaging is more expensive and/or invasive
to oktain thanthese fourthe lowest cost/benefit
ratio and the least invasive approdt requires

“i magi ng wh &roccurafter allcoh t e
theseotherprocedures have been contpi#first.

Criteria needed to recapture a disk!

1. An early opening reduction vibration that
has started “clicki
suggests acutenegask how long the
p at i Eeentavase of the joint noise)
A loud click or pop indicatethat the disk
retains its original shape enough to still
fit the condyle. If the disk shape is altered
significantly, a dull thud results instead
of a loud and sharp click or pop.

2. A difficult painful reduction is @other
positive indication that the condition is
acute(askthe mtient about pain). The
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for

acute phase varies in length from patient
to patient. If the patient is highly pain
averse the ate phase will last loger as
the patient will tend to beareful and
very tentative inhis or hermasticatory
movements.

3. A high Total Integralindicates the disk
shape has not changed very much and

MRthat it stii tmatdhes rthe GigafeTof the n d
condyle well enoudp to possibly be

t hafecaptulenagi ni ng when

of t en % Ugugly ane ioigt is ptgmally,deyanged s .

at a time, but by the time the condition is
chronic,both joints are usually involved.

5. The disk must be displaced anteriorly
rather than medially oeven laterally,
indicating that both the medial aratéral

. attachmentsto the condyleare still intact.

I N eitheP tRe mddigldidamerdth@dr the

¢ | iqtekaflihaméht is completely severed, no
permanentnonsurgicalre-capturecan be
expected A careful reading ofthe JVA
data should indicatéhe direction otisk
displacenent;thepercenbf contralateral
transfer of the reductiowibration is an
indication See Figures 2 4 above.

6. With early redgtions, the patients should
also complain about their joints popping
during chewing. If the reduction occurs
within the first 20mm of opening, it will
usuallydisturb masticatry function®

Right
100 TMJ-R -—&—“1}“”‘*)
ct :
VertT
0oy
A
}'-\.l’l"T
P}
TMI-L [
0.000 0.080

Figure 14 An acute anteriorly displaced disk wit
reduction vibration. The vibration is very early i
opening, transfers little to the contralateral si
and has a broad frequency spectrdinis is the

type of vibration that can be considered for a-nc
surgical recapture.
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END NOTES:
1. The previousuggestions are relevant to

patients that have not been treated with
TMJ surgery of any kind. Surgery or
even a procedure as seemingly innocuous
as arthrocentesis can change the situation
within the TM joint in unpredictable
ways. Thessuggestions magr may not

be applicableand any positive treatment
expectationsmay need tobe adjusted
accordingly.

Most complete denture patients have
TMJs that aredegenerative However,
any new dentur@r permanent restorative
procedurethat improves the maxilto
mandibular relationship can improve the
situation within the joints as well as

i mprove t he pnasticaeent ’

more effectively (Goiato, Garcia, dos
Santos & Pesqueira, 2G1dontgomery,
Shuman & Morgan, 2030The loss of
molar support iparticularly damaging to
the TMJs. The restoration of posterior
support allows the TMJs to adapt more
successfully and recover at least partially
from their damage.

Do orthodontists ever need to be
concerned about TMJ function? Some
have previously conctled that
orthodontic treatment has rongterm
affect upon th&MJs or the development
of TMD (Harzer & Reinhardt, 1990
Hirata, Heft, Herandez & King,1992
Hirsch, C. (2009 Others have concluded
that the quality of the treatment is the
greaterdeterminant ofoutcome(Owen,
1996 Kocsis & Kocsis, 1997;Spah)
200% van Beek 2009. An objective
assessment of the risks seems to favor a
neutral relationship whemigh quality
orthodontics is provided. However, it
appears that orthodontistsho arein a
positionto potentiallyreduce the risk of
developing TMD do not takeadvantage
of it. That is, the average orthodontic
patient is no worse off after treatment,
but also no better off with respect to
developing TMD in thduture (Swedish
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Council on Health  Technology
Assessment. 2005

4. The TM joints of 14 subjects with
reducing displaced disks (DDR) were
recorded with JVA. The percentage of
joint vibration transfer from the
ipsilateral joint to the contralateral joint
was measured and displayed in the graph
below. The distribution is -Bhounded,
which supports the concepétithe three
most commonly found types of disk
displacements are; 1) anterior, 2) antero
medial and 3) medial.

Percent Transfer to Contralateral TMJ (n = 147)

[}

Displacement Disk Displacement  Displacement |
0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100
% Transfer from Ipsilateral TMJ to Contralateral TMJ

A frequency of occurrengglot of specificamouns of
vibration transfer fran the ipsilateral joint to the
contralateral joint. The three distinct areas of
distribution are evident in this graph correspondincg
the three most common types of disk displacement
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Key Words and Definitions

1. Joint Vibration Analysis (JVA): Quantitative
analysis of any/all vibrations recorded from TMJ

2. Electrovibratography (EVG): The dectronic
recording and analysis ofibrations emanating
from any joint, another term used for JVA

3. Discrete Fourier Transform (DFT): The
frequency analysis of waveformfor a limited
period of time during which an event occurs

4. Frequency distribution: Range of frequencies
containedwithin acomplex waveform

5. Mirror-image vibration: A discrete vibration
that appears to be 180 degrees out of phase with
the opposite side vibratiotike an“echd of the
originating side vibration.

6. Internal derangement: A condition within the
TMJ where the diskypically displacs to an
anterior, anteranedia or medial position

7. Temporomandibular Joints (TMJ): The joint
where the mandibular condyle articulates with the
temporaleminence

8. Disk (disc or meniscal) displacement: A disk
that is out of position with respect to the condyle,
with or without reduction
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Appendix to Chapter 1

The JVA Flow Chart was developed to assist clinicians in quickly recognizing the probable signéficanc
of specific TMJ vibratios. The relationshipbetween these several numerical valwese discovered by
first training an artificial neural network from a large subjeatld JVA data recording§Radke, 199p

This chart is not intended to provide a final definitive diagnosis, but rather an initial indicatienmbst
likely condition withina TMJ Further confirmation is recommended utilizing the appropriate imaging
(MRI, CBCT, etc.), especially if the JV&hartindicates a condition thatppears to disagreeith the

p at i hestorly and/or clinical findings.

JVA Flow Chart
Patient Name Date MO R-Lat L-Lat Pro Yelocity Pattern
Deviation Deflection Opening_[ ] Closing [ ] Left Joint [ ] Right Joint[ ] Dx:

Start with Total Integral and work your way down the flow chart to see how the #’s best fit the patient's condition.

Total Integral

Max Opening

>300 HZ

Ratio

Conditions

Chronic DD
mild DJD

PDDR
3:

\’ \//\/ \H‘V’I”M L/JL}J}MLM\,

5X 2X | 2! 2X

Waveform

Total Integral

Very Large Vibrations

Max opening

Ratio

Condition Chronic DD Chronic DD chronic
Adapting w/ mild DID adapted DDR
4b Mal-adapted 4a ‘eminence
4b click 1
Waveform
5X 1 1X

DD = Disk Dlsplacement without reduction - DDR = Disk Dlsplacement with reduction - PDDR = Partial Disk Dlsplacemem with reduction
DJD = Degenerative Joint Disease - EDJD = Early (mild) Degenerative Joint Disease - AdvDJD = Advanced Degenerative Joint Disease

chronic DDR
w/mild DID
lla

To use he JVA Flow Chartone takesthe numerical valueisom the BioPAK Summary Windovafter the
vibrations in a trace have been mark&tle Charffirst divides the possible conditions into four groups
based upon the intensity of thidration(Total Integral) The four groups are furthsubdivided into 8 sub

groups based on the Range of Motion measurement. Finally, trgg@uytis are further divided based on

the frequency characteristicsofthe br ati ons. The “general”™ appear a
a control determinatiowhether the correct condition has been determined. Since no two TMJ conditions
are identical, every vibration has some degree of uniqueness. The sample waveforms should be taken 3
typical, but not as exact requirements to confirm the chB8ioee therés some degree of overlap between
adjacent/similar conditions, the user should consider both possibilities when the indications fall near the
transition points between categories.
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The Mechanics of Marking JVA Records

1: Look for Vibrations in the JVA Sweep Window

In this screening record, without Janacking, there areilateral tooth contact vibrations only and good
timing (ROM = 50 mm, Vibrations arall at the top of each cycle, which indicagesd synchronization
with metronome): Tiis is ypical of Normal Jointand those that are well adapted.

WA Sweep = o =™
TMIR |- y - : 3 ¥
c T 5
vert 4]
o If
THMU-L 4‘ W W S n . y -

an | T Ei) T | ) &0 T a’a T 108

Sacnndds

The example belowas more than just tooth vibrationklowever, before jumping to conclusioméyays
identify the Tooth Contadibrationsfirst. Tooth contacts should appear at the top of each cycle. These
tooth conacts are slightly late, but closeough for analysifhe ROM = 55 mm sdaherange of motioris
right in middle of the normal rang®/ith thesebig lateopening Left Joint vibratiah ...c oul d t hi s b
a “ p ochrenicbeft BDR?

WA Sweep =n ol ="

Tooth|Contact
- >kl O .
TMI-R 1 11.,7 e 11 - 1'*' ! font .
A 'Joint Vibration

an ' 20 48 ' da T Y T

SConls

2: Whoal! It is necessary to identify the tooth contacts first
Click onthe ZOOMED VIEWICON and look forafastvibat i on t hat iPH AISIEL. 4t er a
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JVA Sweep = || B ||

TMJI-R l
Y

TOOTH CON

TACTS ARE A LITTL
L

THMJ-L

|

0o 20 40 ‘ ' du &0 ‘ 100

Taconds

In generalif the tooth contacts are displayed a little late, any joint vibrations will also be displayed a little
late foughly thesame amount). It means the real position of the joint vibration is a little bit earlier, either
in opening or in closinglhe image below shoswbilaterat o ot h contacts that are
the lines go up and down on the screen at the sametimaynch rather than going in opposite directions
astheydointhe mi r r or | masgoeidted with foint @ilations

Zoomed View = |- 5|3

TMJI-R

Vert

[
.1—
—]
o
o
[ o o
—
qp
o
—_—
[
DD
<D
.
[ ]
il
oo
DD
[
<D
=
o
O
i
=
oD
T
—
=
ol
—
o
—_—
D

TMJ-L

L0 [T 0050 01s0 PE 0340

Sanonds

3: After identifying the tooth contacts look for any other vibrations.

Everything except the tooth contacts will represent a joint vibration because that is the only other option.

Look for the largest vibration (besides tooth contact) aad ¥ in the ZOOMED VIEW.
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Below is alarge late opening left joint vibratiowhich transfers some vibration to the contralateral joint.
Notice thatthe bike r al v i br aQFHPHASE awi @ h" QT p e(tbd leftvilratiemasc h o
moving up orthe screen while the right vibration is moving down on the scaeel viceversa). Thigs

very commonly seen whea displaced disks reducing during openindt means the vibration on the right

side is really the left vifation transmitted to the right and does not represent a problem on the right,

zmeai_ﬁﬁﬁ_;;l =uEeR|~<=
V; T Typical Large Left Note the Transfer to
o || Joint Vibration : . || the Contralateral Joint
TMJ-L ’v—m——mﬂ\d—-—v—w—f—,ﬂ
L T [T T o.esn T 05.120 E Il a1ee T o200 T e
\4 BaCoNdE

4: ToMark thetrace. Us e t h dcort t&fizndRlie firsof the largesvibratiors and the GREEN X to
Mark it. Then continue to mark additional (same event) vibrations in subsequent cycles.

File Edit Options Record Mode Window Help

& B EluMe] 2%[m] ¢ | o] 7E=] < 3 &

A, A

VA Sweep - = | =[S
i o
TMI-R }« -y

I x ark kirst

@ - v/= 0D

—
]
—
——
—

q
=.
)

ML , }L:.f - + JT : Hﬂ*‘ L_b.
1
- “1 1 1T -

When you mark #race and the vibration is transferritgythe contralaterathe BioPAK program will ask
you if you see a “Mirror I mage” and which side
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then select the side that starts first asdallyhas the larger amplitudeb e | ibisthe LEFT. Note: The
“echo” si debewiertedand sugermnmpasédlover the originating side too. See below.

Zoomed View ===

TMI-R

Lateral (Mirror) Vibration

; e
D BT Rl | W‘h‘e‘n—m
o es ;

] that s transferring, you
will see this picture

-

[ OK ] ‘Cance\| ‘ Help |

TMIL ‘;:"iu:ﬁg‘%* [

g

[T [ wiz e T [ T [0 T wim T [ T rm T [ T M T ods T agsz T [T T [ LT

Once you have marked the first joint vibration, go ahead and mark all the rest of the same vibrations (up
6) in successive cycles. This will produce an Average set of numeailceds in the Summary Window,
which will be a more accurate assessment than just randomly analyzing one individual vibration.

VA Sweep = || B (|

SHA2008 u

e e

THJ-L %

H
an ' ‘ 28 1 40 do

1
i

H_.m

0 100

Saconds

CAUTION: Do not mark both opening and closing vibrations. Only mark the saméiaibogcurring at

the sane point in eachycle. Most of the time the largest vibration will occur during openlhthere is

more than one opening (or closing) vibration, choose the largest ondaamka@ny otherghat may fall

within the Zoon Window (seeMASKINGwhich is explained beloyyNOTE: It is important that only the
vibration of interest is visible within the Zoom Window when it is marked. If multiple discrete vibrations
are visible within the Zoom Window when it is marked, the FFT may generate a distribution that is difficult
to interpret.
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These are the mechanical steps that are applied routinech trace regardless of gpecific condition
ofap at i jeimst Now youcan apphithe numerical values in tf@®ummaryto the JVA Flow Chart

5: Masking a trace

The processfanasking a trace is useful especially in cases where you have bilateral DDR and the vertical
dimension of th@nset of théeft and right joint vibrations is close to the same pdihe illustration below
shows an example of left medial DDR, followedayight anteramedial DDR. To mask this trace:

1. Place the two vibrations on opposite sides of the dashed midline of the Zoomed View window.

2. To mask out the second vibration, place an additional cursor line just to the right of the midline.

3. Press F3 to impiment the Mask.

4. Click on the Green X to mark this vibration, move to the next cycle and repeat this process.

% Zoomed View = =) =) M Zoomed View
Rl i J ~R-AMDDR _w |Right Vibration |
TMJ-R WJ|L| . ||.‘\ ThMJI-R Viasked 1|l|
e
CT P CT
WVert : Vert
Oi : : Place Cursor ol
AT <—— Here AT
AIPi i | Press F3 Mpl
P o P
1 to Mask
1
1
1
1 H
L-MDDR H - - :
oL | M2 ,m..ﬁw-;f P s Lefvibration ‘NP'"""%
— :
T T T . T T T T T T— - _ r
0.000 0.080 0.160 0.240 D.000 0.080 o160 0.240
Seconds Seconds

Unmasking a trace

To Unmask only one Zoomed Viewlace the cursor anywhewdthin the masked area and Press Fd.
Unmask the entire trace sequence, click on the Unmark All Windows Icon (the Green X with a red circle
with a slash through it). Thisill remove all masks anid necessary before analyzing the second vibration

in the trace above.

Once the trace is fiyl unmasked the second (right TMJ) vibration can be assessed by first masking out the
left TMJ vibration. The process is exactly the same except for the placement of the cursor, now to the left
of the midline of the Zoomed View Window.

® Zoomed View =]

TMJ-R I R-AMDDR
L}
C [ 1
S A | R S
Oy -

[=EE=]

Right Vibration
%o be Marked

T

AIPA 1 \L\
pl Place Cursor ;| :

Here —>1!
Press F3 to Mask !
T

1
L-MDDR 1
ThAJ-L ;

0.000 ' 0.080 ' 0.160 ' 0.240 0.000 0.020 0.160 ' 0.240
Seconds) Seconds

Left Vibration
Masked
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