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Abstract

Specific Aim: With biometric technologies, the interrelationship between the TM joints, the masticatory muscles, and the teeth can be
accurately measured, providing insight into disc displacements, hyperactive musculature, and abnormal bite force distribution. The
Specific Aim wasto use JVA, T-Scan,and EMG, to report baseline occlusal parametersin Angle Class|, 11 and Il malocclusion patients.

Method & Materials: A total of 68 asymptomatic patients were divided by Angle’s Class into 3 groups, and subjected to JVA, T-
Scan/BioEMG recordings of Maximum Intercuspation (MIP), excursive movements and the full range of TMJ motion. Recorded TM
joint vibrations, bite force imbalances, Occlusion Time (OT) and Disclusion Time (DT), and muscle hyperactivity observed per Class,
were analyzed with the Chi-square, Student t-test and ANOVA.

Results: Subjectswith normalJVA had significantly lower Total Integrals, larger mouth opening, and lower peak amplitudes compared
to the non-normal subjects as indicated by JVA. More Class Il subjects had non-normal Occlusion Time (OT) (p = 0.015). Class Il
subjects demonstrated the worst force distribution, as no Class I11 subjects approached the Standard Deviation Center of Force (COF)
position (inside the grey outer COF target). And 45.5% of the Class Il subjects’ COF was outside the COF target (p < 0.001). Class |
subjectsdemonstrated the best force distribution, with many Class| COFs positioned inside the normative target.

Conclusion: Despite being asymptomatic, most of the subjects exhibited abnormal TM joints, unbalanced bite force, and/or muscle
hyperactivity, suggesting that presenting without symptomsdoes not indicate that good occlusal, muscular,or TM joint health exists. A
treating clinician should understand that any pre-existing masticatory system abnormality may impactan occlusaltreatment outcome.

Keywords: Temporomandibular Disorders; Angle Class; Malocclusion; JVA; T-Scan; Occlusion Time (OT); Disclusion Time (DT);
BioEMG 111
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Introduction

Medical and Dental technological advancements continue
to provide a broader scope for research, and have led to
faster and safer diagnoses, andsuperior treatment outcomes
resulting in more comfortable patients, and a healthier
dental community.

Dental malocclusion is a very common and prevalent
dysfunctionfor whichpatientsseek treatment. Itis common
that orthodontic treatment is applied to both dental and
skeletal malocclusion, without necessarily studying the
temporomandibular joint condition or the occlusal contact
bite force distribution. Yet it is necessary for the treating
clinician to completely understand the Condyle-disc spatial
relationships as well as the health of the mandibular fossae,
in order to achieve harmonious treatment outcomes with
respect to treating the occlusion.

However, some dentists advocate that there is no need to
investigate the TM Jointstability becausethey (incorrectly)
believe that it will not change their treatment, regardless of
any structural TMJ problems. It is important to recognize
that any dental intervention (including orthodontics), is at
risk for relapse/failure if the TMJ foundation is unstable.
Therefore, in the planning of any occlusal treatment, the
TMJ function should be equally asimportant to evaluate as
are the teeth and the periodontium. Additionally, the
muscular physiology in the head and neck is unique, as
teeth play an important neurologic role in maintaining
system homeostasis. Today, with the available biometric
technologies, the TM joints, the masticatory muscles and
dental occlusal interrelationships can all be studied in great
physiologic detail.

Biometric techniques in Dentistry utilize the computerized
analysis of the teeth, the TM joints, and certain associated
muscles using 4 digital technologies:

1. T-Scan9 (Tekscan Inc. S. Boston, MA, USA) for
the objective evaluation of a patient’s occlusion,
synchronized with surface electromyography.

2. BIoEMG I (Bioresearch Assoc., Inc., Milwaukee,
WI, USA) a surface electromyograph that is
synchronized with the T-Scan 10 for evaluating
muscle activity levels atrestand during excursions.
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3. JT-3D (Bioresearch, Assoc., Inc. Milwaukee WI,
USA) electrognathograph provides 3-dimemsional
incisor-point tracking for analyzing dynamic
mandibular movements.

4. BioJVA (Bioresearch Assoc., Inc. Milwaukee WI,
USA) Joint Vibration Analysis for evaluating the
dynamic function of the TM Joints as an aid to the
precise diagnosis of and treatment planning for
Temporomandibular Disorders (TMDs) patients. *

T-Scanl0 is dentistry’s only clinically recognized and
research-validated digital occlusion analysis system.?® T-
Scan provides quick, dynamic occlusal measurements that
reveal the relative intensity of forces and timing of contacts
on individual teeth that occur during clenching and all
excursions. It can be used in diagnoses to detect occlusal
stability of the overall bite. An ultra-thin, (100 microns
uncompressed) and consistently uniform Mylar-encased
sensor is placed between a patient’s teeth to record
changing tooth-tooth contact relative force levels and
timing sequences. The handpiece is connected to a
computer workstation via a USB interface. This
combination of relative forces from dynamic tooth contact
and timing data provide a clinician detailed, precise, and
unparalleled diagnostic and treatment planning occlusal
measurement data, which allows one to address many
different clinical occlusal pathologies.* The displayed
relative occlusal force and timing data aids in the
examination and treatment of occlusal abnormalities on
natural teeth, dental prostheses, and dental implant-
supported prostheses.®

It is ideal to evaluate the Temporomandibular Joint status
first, as treatment options may be limited by any structural
joint breakdown. This can be done quickly and easily with
Joint Vibration Analysis that usestissue accelerometers to
objectively capture vibrations given off by structurally
compromised internal TM Joint anatomy. Vibrations are
gathered during repeated mandibular opening and closing.
JVA can makea very accurate negative diagnosis of “good
function” orno “internal derangement” with a specificity of
98% according to the dental literature. For pathological
conditions, the diagnosismay be tentative, butoftencorrect
and signals the need for an MRI or CBCT for a patient A
structurally compromised TM Joint breakdown leads to
altered mandibular movement patterns during chewing
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function.®Different vibration patterns have been linked to
various Temporomandibular Joint pathologies, making
Joint Vibration Analysis an essential Temporomandibular
Joint diagnostic adjunct in the clinic. A JVA finding of
significant TM Joint pathology can justify employing
sophisticated diagnostic imaging like MRI.” The differing
vibrations are characterized by Amplitude and Frequency,
which describes numerically, the energy associated with a
particular internal TM joint dysfunctional event.® Studies
have shown that JVA is very capable of detecting joint
pathologies with a 98% specificity and between 70 and
95% sensitivities, depending on the condition.®-°

After the introduction of T-Scan | technology in 1984 * to
the field of Occlusion, a very important occlusal functional
movement parameter was isolated, known as Posterior
Disclusion Time.*? The Disclusion Time (DT) is defined as
the elapsed time in seconds, required for a patient to exit
maximum intercuspation (MIP) and move right, left, or
forward, to disclude all the posterior teeth, such that only
canines and/or incisors are in tooth contact.*? Prolonged
Disclusion Time (due to prolonged occlusal surface friction
that occurs between opposing posterior teeth during
mandibular excursions) is proportional to elevated levels of
masseter and temporalis contractile activity that occurs
during excursive movements.'> 13 4 Many studies since
1991 have consistently demonstrated that the prolonged
Disclusion Time and elevated masticatory muscle levels
recorded using surface electromyography (SEMG), are
etiologic for Occluso-muscle Disorder symptomatology
(the muscle hyperactivity subset of Temporomandibular
Disorders symptoms).*>-*¢ The evaluation of SEMG activity
can be very helpful in detecting maxillo-mandibular mal-
relation, functional muscle imbalances and/or occlusal
interferences during function.*®

With these Biometric tools evaluating the TM joint, the
masticatory muscles, and the teeth in patients with mal-
occlusions, an opportunity exists to establish a pre-
treatment set of biometric normative values. These sets of
signature patterns may be unique to a certain type of
malocclusion. Hence, studying malocclusion in patients
who seek orthodontic or complex restorative procedures
before any treatment is rendered, using JVA and T-Scan
synchronized with EMG, will help clarify whether a pre-
existing disc displacement, an abnormal amount of bite
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force or increased Disclusion Times are present. These
combined digital data sets that are able to characterize
dental malocclusions, can aid in the understanding of how
relapse to a symptomatic state can be prevented following
complex treatments like orthodontics, implant-based
rehabilitation, and other restorative dental procedures. This
same digital data may simplify prognosticating the outcome
of orthodontic treatment rendered in cases of malocclusion,
while shedding light on the neurophysiologic status of the
patient’s masticatory system function in the presence of a
deranged occlusion.

Specific Aims and objectives of this study were to assess in
Angle’s Class I, 11 and 11l malocclusion patients:

1. The Occlusion Time (OT)

2. The Total Force percentages as distributed at
maximum intercuspation

3. The Bite Force distribution between the left and
right arch-halves

4. The Disclusion Times (DT) of the right, left and
protrusive excursions

5. Todetermine if any correlations exist between the
above measured occlusal parameters obtained from
the three Angle’s skeletal Classes and the physical
conditions of disc displacement, hyperactive
musculature and abnormal bite.

Materials and Methods

This was a prospective in-vivo study conducted in the
Department of Oral Medicine & Radiology, SDM College
of Dental Sciences and Hospital, Dharwad, India. Sixty-
eight patients were included in the sample of those who
visited the department seeking treatment for the correction
of a malocclusion and for routine dental check-ups. Forty-
eight of the subjects were female (70.6 %) and twenty were
male (29.4 %). The protocol was reviewed by the SDM
College of Dental Sciences and Hospital Institutional
Review Board and ethical clearancewas obtained. A signed
informed consent was obtained from participating subjects.

Inclusion Criteria

e Bilateral Angle’s Class I, Class Il (and their
subdivisions) and Class 111 malocclusion patients,
who were not actively seeking TMD treatment,

UjjyaPetal



http://www.advdenttech.com/

Biometric Characteristicsof TMJ, Masticatory Musclesand Teeth in Dental Malocclusion in an Asymptomatic Population

absent of active wear facets, small TM joint noises
and without any substantial dental complaints.

e Asymptomatic patients willing to undergo
Orthodontic or complex restorative treatments to
correct their malocclusion

e Patients willing to undergo testing with Biometric
technologies

Exclusion Criteria:

e History of previous orthodontic treatment.

e History of chronic pain in the TM Joint region.

e History of migraine or recurrent headaches, jaw
pain, dizziness, vertigo,andear tinnitus, suggestive
of Occluso-Muscle disease.

e History of any prior or ongoing TMD treatment
utilizingsplints, Neuromuscular Orthotics or other.

e History of TM Joint Surgery or Arthrocentesis

Biometric Examination Procedure

The included subjects’ occlusal evaluation was performed
based on their Angle’s Class (Figures 1, 2 and 3). 23
patients were assigned to the Angle Class | and 11 groups,
and 22 others were assigned to the Class Il group. All
subjects underwent a clinical evaluation and an additional
evaluation using JVA, T-Scan and BioEMG.

The Joint Vibration Analysis test was performed by asking
the patient to sit upright in the dental chair with their head
positioned with their Frankfort horizontal plane parallel to
the floor. To maintain good hygiene, the skin over both TM
Joints was cleaned with 75% isopropyl alcohol and dried.
The JVA accelerometers were placed precisely over both
Temporomandibular Joints. (See Figure 4) A pacing
metronome (on the computer screen that is visible to the
patient) prompted the patient to maintain, a consistent
cyclical rate (40 cycles/minute) of mandibular opening
wide and closingto a tapping of their posterior teeth into
MIP throughout the recording (Figure 5).

March 2021 Vol.3 No.1

Figure 1. Patient with Angle Class | Malocclusion. The
mesiobuccal cusp of the upper first molar occludes with the
buccalgroove of the lower first molar.

Figure 2. Patient with Angle Class Il Division | Malocclusion.

The mesiobuccal cusp of the upper first molar
occludes anterior to the buccal groove of the lower first molar
with increased overbite.
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Figure 5. A JVA Patient observes and follows an on-screen
metronome to control their rate of repeatedly opening to the
Figure 3. Patient with Angle Class Il Malocclusion. The maximum extent and closing into MIP.

mesiobuccal cusp of the upper first molar occludes posterior to

the buccalgroove of the lower first molar.

The JVA traces forall Class I, 11 and 111 subjects (Figure 6)
were interpreted based upon:

e The Range of Motion (ROM) — (the measurement
of range of motion is required either with a ruler,
caliper or with a jaw tracker when recording JVA
and to use the JVA flow chart). Note: In Figure 6
the ROM was measured in advance and entered
into the computer program before starting the
recording.

e The Total Integral

e The Amplitude of each detected vibration

e The Frequency of each detected vibration

The four measured JVA parameter values, (Total Integral,
Maximum Range of Motion [ROM], > 300 Hz Integral and
the Ratio of > 300 Hz Integral/< 300 Hz Integral) were
comparedto those onthe standardized JV A diagnostic chart
(Figure 7), to arrive at a probable internal derangement
diagnosis observed in each malocclusion Class.

Figure 4. The JVA headset as placed bilaterally over the
patient’s TM Joints and connected to the BIOEMG Amplifier.
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Help Average Window 1

Narrative Left Right Left Right Left Right Left Right
Total Integral 954 1849 89.5 185.0 722 177.2 83.6 206.6
Max. Opening 48

Integral <300Hz 66.0 134.0 61.0 129.6 51.2 129.3 61.5 145.4
Integral >300Hz 29.4 50.9 28.5 55.4 21.0 47.9 22.0 61.2
>300/<300 Ratic 0.45 0.38 0.47 0.43 0.41 0.37 0.36 0.42
Peak Amplitude 3.1 7.4 3.6 7.6 2.8 7.3 3.5 8.0
Peak Frequency 134 163 31 144 139 173 17 168
Med. Frequency 202 187 197 202 192 197 168 207
Est. Velocity -87.4 -87.9 | -81.8 -81.8 -94.0 -91.6 -86.7 -86.7
<

C - Estimated VELOCITY - O

Velocity: 250 mmisec per division
Vertical: 10 mm per division
VA

Figure 6. Joint Vibration Analysis summary of a Class 11 subject showing irregular, high amplitude compressed waveforms (A, C), with
Total Integrals = 95.4 on left side and = 184.9 on right side (B). These vibrations occur during closing from maximum opening (D) and
are suggestive of chronic disc displacementwith reduction, Piper Stage 4a. Superimposition of successive waveforms (E).

JVA Flow Chart

Patient Name Date MO R-Lat L-Lat Pro Velocity Pattern
Deviation Deflection Opening [ ] Closing [ ] LefiJoint[ ] 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
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i
T . i o -
o srmgattcimipeine DTN e i reopryardione AL A \ N | :
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10X : X o VBX 2X
5X 2X 2X 5X

Total Integral ibrations Vibrations

Max opening
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chronic DDR
w/mild DJD
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i | \ I
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5X 5X 1X 11X 1X ax ) Ax  SX) SX4Ex 1X

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

Adapting
4b

waveform 7

Figure 7. The JVA Flow Chart (Bioresearch Inc., Milwaukee, WI, USA). Itwas validated through research involving surgery and
MRI imaging to confirm the detected lesions.” A clinician initially enters the Total Integral, then follows to the maximum opening
(range of motion), followed by the >300Hz/<300Hzratio, to derive the TM joint’s condition, and/orits Piper classification. Below the
decision tree, the typical waveformsare shown magnified that correspond to the differing TM Joint conditions.
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For the T-Scan and BIoEMG analysis, a similar skin
preparation preceded the placing of disposable silver/silver
chloride, self-adhesive bipolar surface electrodes on the
anterior temporalis and masseter muscles, parallel to and
over the bulk of each muscle’s fibers. The digital occlusal
parameters were recorded using the T-Scan 9 computerized
occlusal analysis system.

Before T-Scanning the occlusion, the computer display of
the T-Scan dental arch was customized to match each
patient’s teeth and implant situation. The patient again sat
upright in the dental chair with their Frankfort horizontal
plane parallel to the floor. The patient position did not
change during the recordings while the subject bit down on
the sensor. Subjects were trained to close onto the sensor
and firmly intercuspate into (MIP), and to make excursive
movements from that firm complete intercuspation. The
recording sensor was placed intraorally between the dental
arches to measure a real-time-sequence data, including
relative occlusal force, force balance between arches and
simultaneous muscle activity, as the subject made various
movements (maximum intercuspation, left and right
excursive) across its recording surface. The synchronized
T-Scan/EMG technologies (Figure 8) were used to record
theright and leftexcursionsof all subjects closinginto their
Maximum Intercuspal Position (MIP) firmly, holding their
teeth together for 1-3 seconds, and commencing a right or
left excursion until only anterior teeth were in contact. This
specific recording method insured that high quality
Disclusion Time and EMG data were obtained from all
subjects (Figure 8).

The Occlusion Time was calculated from the initial contact
to static forceful intercuspation. The Disclusion Time (DT)
was calculated from the last timeframe of complete
intercuspation in MIP, until all posterior teeth bilaterally
were discluded and only anterior teeth were in contact. The
presence of working and balancing side interferences was
also noted during the excursive movements. Three sets of
recordings per excursion were made to detect intra-operator
errors.

March 2021 Vol.3 No.1

Occlusal Bite Force Analysis

Figure 8. T-Scan 9/BioEMG 111 recording. The HD T-Scan
sensor is placed intraorally between the dental arches to record
MIP and the excursive movements. Surface EMG leads are
placed on the subject’s masseterand anteriortemporalis muscles,
tosimultaneously capture any associated masseterand/or anterior
temporalis muscle hyperactivity.

The Bite force parameters analyzed from the T-Scan/EMG
data for the three Classes of malocclusion were:

a. Percentage of Bite force on the Right & Left arch-halves
seen on 2D Force view. (Figure 9)

b. The force distribution based on Center of Force
trajectory, either by the outer grey Standard Deviation zone,
orthe innerwhite Normative zone, or whether the COF icon
sat outside both the white and grey zones, as seen in 2D-
Force view (Figure 9)
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Figure 9. A triple closure Multi-Bite T-Scan 9/BioEMG 111 recording ofCIass 111 patient, shown at MIP in the 3" closure-into-MIP (left
pane). The right-left force distribution = 66.6% left — 34.4% right, and the Occlusion Time of the 3" closure (A3-B3 OT) = 0.21 sec.
The EMG data (upperright pane)illustrates the contraction patternsof each closure-into-MIP. 3 of the 4 muscles (except for the right
temporalis), demonstrate a burst of electrical activity just prior to the 1st tooth contact in each closure, indicating there is pre tooth
contact resting EMG Hyperactivity. In the 3™ closure at MIP, the right masseter demonstrates comparatively low-level contraction
strength.

c. The Occlusion Time (OT), which describes the degree of closure sequence bilateral time-simultaneity present (The A-B
time-duration in Figure 9).

12 ms

% 100.0 '

E 00T & | *®

: ;;3g| I m w‘qvf[;—— s

: 30(3 hk— /Gz.‘_‘_w___\ O o ms
a5 5.4 63 ‘

Time (sec) MM 2 210 ms
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Figure 10. The mid-left excursive T-Scan 9/BioEMG Il data showing (Ieft pane)prolonged left Disclusion Time (between C-D =1.00
sec.), with working and balancingexcursive frictional occlusal contacts visible in the 2D and 3D ForceViews, and in the Force vs. Time
graph, where the posterior right blue and left orange quadrant lines are involved the excursion to the right of C (left bottom pane). The
excursive friction causes Total Force Line “step downs,” indicating sharp force drops occurred as the patient’s posterior teeth frequently
stopped the mandible from moving easily. Both temporalis muscles (top right BIoEMG pane) demonstrated minimal resting EMG
hyperactivity (before A). Three muscles produced high contractile strength during intercuspation (B-C) except for the right temporalis.
There is prolonged and elevated excursive hyperactivity visible in the left temporalis and the right and left masseter muscle s (to the right
of C; upper right EMG pane), resultant from the excursive frictional balancing and working contacts. The excursive hyperactiv ity
worsened (to theright of D; upper right EMG pane) as the patient moved further laterally towards their anterior teeth.
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d. The Disclusion Time (DT), whichis the elapsedtime in seconds, measured from the beginning of an excursive movement
made in one direction (right, left, or forwards) with all teeth in complete intercuspation through until only canines and/or
incisors are in contact (The C-D time-duration in Figures 10 & 11)

e. The Resting state, Maximum Intercuspation (MIP) (Figure 9), and the excursive movement muscle hyperactivity
(Figures 10 & 11), as measured with the T- Scan/BioEMG in all three Classes of malocclusions.

/!3

2 oy
=4 »
&

/N 0% %v—. gs m
0.0 :
oon
Ce
21/ T~ — T\
ao% 0%
P/ —

45 5.4

D000

Figure 11. Mid right excursion prior to D in the T-Scan 9/BioEMG Ill data. There is a prolonged right Disclusion Time between C-D
=0.73 sec., from working side excursive frictional occlusal forces (the posterior right blue quadrant line controls the excursion to the
right of C). Between C-D, the right temporalis and the left and right masseters demonstrated some excursive hyperactivity, but not as
much as in the left excursion (Figure 10). Both the Temporalis muscles (in the BioEMG) demonstrated increased resting EMG activity
just before 15tcontactat A.

. . . 5% Confidk
Statistical Analysis v
Std. Lower | Upper
Variable Category N Mean Dev Bound | Bound | Min. Max F Sig.
H H 1ot Left Total Class I 23 §2.13 50.03 56.60 107.65 10.60 | 186.40 093 | 0.398
The data obtained fromthe studywas subjectedto statistical v ol s Il I ol Il sl I .
analysis using SPSS 20.0 software (IBM, Armonk, NY, e A uE R A A
- Max. Class I 23 56.6 88 54.50 58.72 49.00 66.00 2 0.305
USA). The Chi-square and ANOVA tests analyzed the Openisg | cluent | 25 | 3996 | a8 | 3207 | ssst | 4300 | 6000 | | ns
. g - . . Class IIT 22 58.68 6.64 55.74 61.63 47.00 73.00
significant associations between the studied parameters and Towl | 68 | 5706 | 614 | 5557 | ss.54 | 4300 | 7300
Left Peak Class I 23 6.64 5.13 442 8.86 0.60 16.20 0.60 0.550
the 3 Angle Classes (p < 005) (Tables 2'10) Amplitude | Class IT 23 | 519 | s.06 3.00 | 738 | 040 | 22.20 NS
Class IIT 22 522 5.09 296 7.48 0.40 21.90
Total 68 5.69 5.06 4.46 6.92 0.40 22.20
Left Peak Class I 23 65.57 3541 50.25 80.88 21.00 134.00 0.87 0.422
Frequency Class IT 23 73.65 95.97 32.15 115.15 17.00 | 481.00 NS
Class IIT 22 49.82 26.29 38.16 61.47 17.00 95.00
. . Total 68 63.21 61.24 48.38 78.03 17.00 | 481.00
Table 1: JVA values by Class of mal-occlusion and Comparison Right Total | Class I 23 | 9365 | 76.57 | 6054 | 12676 | 920 | 29220 | 0.83 | 0.443
between the Classes by Analysis of variance (ANOVA) for the ftegral pisvogetll gl (el Il Evsoil Byl el i NS
left and right TMJs. None of the comparisons were found to be Total 65 | 79.13 | 8880 | 5763 | 100.62 | 420 | 47800
. . . g . Max Class I 23 56.61 4.88 54.50 58.72 49.00 66.00 1.21 0.305
statistically significant, which suggests that the range of TMJ Opening | Classt | 23 | 5506 | 668 | 53.07 | sss4 | 43.00 | 69.00 NS
conditions were spread randomly and relatively equally among e
the three malocclusion groups. RightPeak | ClassI 23 | 745 4.08 5.30 9.60 1.00 | 22.00 | 129 |0.283
Amplitude Class II 23 433 459 234 6.32 0.40 18.20 NS
Class IIT 22 6.37 9.52 2.15 10.59 0.50 45.70
Total 68 6.05 6.72 442 7.67 0.40 45.70
Right Peak ClassI 23 65.74 39.84 48.51 82.97 21.00 129.00 0.33 0.722
Frequency Class IT 23 71.04 96.75 2921 112.88 17.00 | 471.00 NS
Class III 22 5591 31.70 41.85 69.97 17.00 139.00
Total 68 64.35 62.84 49.14 79.56 17.00 | 471.00
NS — Not significant
128
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Results

Forty-eight (70.5%) patients were female with a mean age
of 23.5 years and twenty were male (29.4 %) with a mean
age of 20.1 years. The 68 subjects were divided into three
groups according to the Angle’s molar relationship (23 in
Class I; 23 in Class Il; and 22 in Class 111).

The JVA mean values of parameters (maximum mouth
opening, left and right joint Total Integral, left and right
joint Peak Frequency and Peak Amplitude) were analyzed
for all three Classes of malocclusion with the ANOVA
(Table 1). The studied variables did not significantly differ
between the 3 Classes of mal-occlusion and all subjects in
each Class demonstrated a normal Range of Motion with
mouth opening =55-62 mm.

Applying the JVA chart by Piper Classification to arrive at
a probable internal derangement diagnosis per class of
malocclusion, determined left and right joint normal and
non-normal subject designations for each class of
malocclusion (Tables 2 & 3). The Class Il mal-occlusion
group had the highest number of normal subjects compared
to the other two classes. However, the Chi-squaretest found
no statistically significant differences between the Classes.

The subjects with normal ROM and very quiet TMJs had
significantly lower left and right JVA values of the Total
Integral (< 20), the > 300 Hz Integral (< 3.0), the Ratio of
frequencies < 300 Hz/> 300 Hz (< 0.2) and the Peak
Amplitude (< 3) compared to the Non-normal subjects. The
distributionsin are shown in Tables 2 and 3.

Table 2. Comparison of the study parameters between normaland
not normal subjects (Left TMJs)

Class of Malocclusion Chi-
a Total | square
Criteria  Category Class I | Class II I;Is s test
N 6 10 6 22 chi-
0. 2 _—
Normal square
value
Normality % 26% 43% 27% 32% 1.97
Not No. 17 13 16 46 p-value
normal % 74% 57% 73% 68% 0.37
No. 23 23 22 68
Total
% 100% 100% 100% 100% NS
NS = Non-significant
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Table 3: Comparison of the study parameters between normal
and notnormalsubjects (Right TMJs)

Class of Malocclusion Chi-
Criteria | Category ClassI | ClassIT | Class III | Total | Square test
Normality | Normal | No 4 9 6 19
Chi-
% 17.4% 39.1% 27.3% 27.9% square
value
Not No 19 14 16 49 2.70
normal
% | 826% | 60.9% 727% | 721% | P=0.258
Total No 23 23 22 68 NS
% | 100.0% | 100.0% | 100.0% | 100.0%

Table 4: T-Scan EMG at Maximum Intercuspation results and
comparison between Classification of mal-occlusion by ANOVA
(Analysis of Variance) with no significant differences.

95% Confidence
Interval for Mean
Std. | Lower Upper
Variable Category N | Mean | Dev. | Bound Bound | Min. | Max. F P
TA-R Class I 23 | 154.03 | 5695 | 129.40 | 178.66 | 60.30 | 251.80 | 2.768 | 0.070
Class I 23 | 193.90 | 90.03 154.97 232.83 | 85.90 | 414.90 NS
Class III 22 | 152.71 | 45.68 132.46 172.97 | 71.20 | 253.30
TA-L Class I 23 | 176.77 | 88.41 | 13854 | 215.00 | 80.00 | 468.20 | .936 | 0.397
Class I 23 | 184.83 | 103.49 | 140.08 229.58 | 54.40 | 502.40 NS
Class III 22 | 151.75 | 50.96 129.15 174.34 | 66.20 | 258.90
MM-R Class I 23 | 208.05| 79.62 | 173.62 | 242.48 | 73.80 | 415.00 | 1.608 | 0.208
Class IT 23 | 244.24 | 129.74 | 188.14 300.35 | 42.60 | 563.00 NS
Class IIT 22 [ 192.75 | 78.76 157.83 227.68 | 89.50 | 362.90
MM-L Class T 23 | 255.87 | 119.69 | 204.11 307.62 | 91.90 | 553.30 | 1.700 | 0.191
Class I 23 | 271.55 | 126.60 | 216.81 | 326.30 | 91.20 | 484.30 NS
Class IIT 22 | 208.90 | 107.18 | 161.38 256.42 | 30.60 | 445.40
% of Total | Class 1 23 | 97.29 323 95.89 98.69 86.02 | 99.93 | 1.545 | 0.221
Force Class IT 22 | 98.19 1.64 97.46 98.91 91.79 | 99.82 NS
Class III 22 | 96.41 4.55 94.39 98.43 82.17 | 99.31
Occlusion | Class I 23 | 023 0.12 0.18 0.28 0.09 | 044 | .557 | 0.576
Time Class I 23 0.28 0.11 0.23 0.32 0.14 0.55 NS
Class III 22 0.30 0.34 0.15 0.44 0.10 1.62
Force L Class I 23 | 49.08 | 9.50 44.97 53.19 | 31.70 | 68.60 | .098 | 0.907
arch Class IT 23 | 47.93 7.28 44.79 31.08 | 32.20 | 61.40 NS
Class IIT 22 | 47.83 13.91 41.67 54.00 12.60 | 66.90
Force R Class 1 23 | 50.92 9.51 46.81 55.03 31.40 | 68.30 | .099 | 0.906
arch Class IT 23 | 52,07 | 7.28 48.92 55.21 | 38.60 | 67.80 NS
Class IIT 22 | 52,17 | 13.91 46.00 58.33 33.10 | 87.40

TA = Anterior Temporalis, MM = Masseter, L-= Left, R = Right

Table 4 describes the results for maximum bite force,
Occlusion Time (OT), the force distribution between arch-
halves, and the EMG activity of bilateral temporalis and
masseter muscles at maximum intercuspation (MIP). Using
ANOVA no significant differences were found between
these occlusal parametersin the 3 Classes of malocclusion.
Again, all subjects within each Class were classified as
normal and non-normal accordingto the known physiologic
Occlusion Time (OT <0.2 seconds). See Table 5. The Chi-
square test indicated that the Class Il mal-occlusion group
had a significantly higher number of individuals as “Non
normal” with respect to the Occlusion Time (OT).
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Table 5. Comparison of percentage of people with normal (< 0.2
sec.) or notnormalocclusion time (> 0.2 sec.) between the three
mal-occlusion Classifications

Variable Category Class of Malocclusion Total Chi-square
test
ClassT | Class I | Class IIT
Chi-square
. No 11 3 11 25 value
Normality | Normal
of
Occlusi
P % | 47.80% | 13.00% | 50.00% | 36.80% 8.43
(OT) No 12 20 11 43
Not al
normal % 52.20% | 87.00% | 50.00% | 63.20% p(’)‘(;‘lls‘e
No 23 23 22 68
Total L
% 100.00% | 100.00% | 100.00% | 100.00% | Significant

Interpretation: Class IT malocclusion shows significantly higher number of individuals as
“Non normal” Occlusion Time (OT) when compared by Chi-square test.

The comparisonof percentage of people with different force
distribution pattems (i.e., Center of Force (COF) in inner
white normal zone, outer grey Standard Deviation zone, or
completely outside the COF target) (Table 6) found the
Class 111 subjects had no individuals in inner white normal
zone (0%), with the highest number of subjects completely
outside the COF target (45.5%), while the Class | subjects
had highest number of individuals within the inner white
normal zone.

Table 6. Comparison of the percentage of people with different
force distribution patterns between three mal-occlusion Classes.

Class Of Malocclusion Chi-
square
Variable Category ClassI | ClassII | ClassIII | Total test
Pattern Of | 1- Inner No. 12 4 0 16 Chi-
force circle % |522% | 174% | 00% | 23.5% | square
distribution value
2- Outer | No. 4 15 12 31
circle % [174% | 652% | 545% | 456% | 22,77
3- Qutside | No. 7 4 10 21 p<
the | % [304% | 174% | 455% | 309% | (001
circle
Total No. 23 23 22 68 Signifi-
% | 100% | 100% | 100% | 100% | cant

Tables 7 and 8 show the excursive movement parameters
(the leftand right Disclusion Times (DT) and the activity of
bilateral temporalis and masseter muscles). No statistically
significant differences were found between Classes for
these parameters within the 3 Classes of malocclusion.
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Table 7. Parameters from left excursions compared between the
three Classes with malocclusions

95% Confidence
Interval for
Mean
Category Std. | Lower | Upper

N | Mean | Dev. | Bound | Bound Min Max ¥ P

Disclusion ClassI |23 1.00 | 0.84 0.63 1.36 0.25 4.20 1.38 | 0.258

time left ClassIT |23 | 1.07 | 0.58 0.82 1.32 0.39 2.56 NS

Class III | 22 1.50 1.62 0.78 2.22 0.31 8.22

Temporalis Class I 231 1095 | 16.11 3.98 17.91 2.60 81.60 | 0.74 | 0.480
right ClassII | 23 | 10.05 | 9.49 5.95 14.16 | 2.30 | 41.20 NS

ClassIII | 22 | 14.62 | 13.45 | 8.66 20.59 | 3.70 | 62.70

Temporalis Class I 23 | 4530 | 3631 | 29.60 61.01 9.20 165.00 | 1.20 | 0.308
Left ClassII | 23 | 63.05 | 44.70 | 43.72 82.38 | 8.60 | 205.00 NS

Class I | 22 | 57.35 | 3736 | 40.78 73.91 7.30 | 130.10

Masseter | Classl | 23 | 26.83 | 19.83 | 18.26 | 3540 | 6.90 | 76.10 | 2.09 | 0.132
right Class 11 23 | 26.90 | 24.00 | 16.52 37.28 540 94.40 NS

Class I | 22 | 44.68 | 49.77 | 22.61 66.74 7.60 | 224.00

ClassT |23 | 18.99 |23.73| 4.95 872 | 2925| 460 | 1.09]|0.341

Masseter Class 11 23 | 29.77 | 30.04 6.26 16.78 | 42.76 4.80

left Class TII | 22 | 30.04 | 32.15 | 6.86 15.78 | 4430 | 2.90 NS

Variable

Table 8. Parameters from right excursions compared between
the three Classes with malocclusions

95% Confidence
Interval for Mean
Std. | Lower | Upper
Variable Category | p | Mean | Dev. | Bound | Bound | Min | Max | F P
Right Class I 23 1.40 0.79 0.16 1.05 1.74 | 0.23 | 1.55 [ 0.220
Di .
time ClassT | 23| L17 | 076 | 0.16 085 | 150 | 0.28
Class ITT 22 1.68 1.28 0.27 L1l 225 0.29 NS
Temporalis | Class T 23 | 68.64 | 37.56 7.83 52.40 84.80 ( 1470 | 1.13 | 0.330
right
Class IT 23 | 60.60 | 3535 7.37 4531 75.88 | 2.00 NS
Class IIT 22| 76.55 | 33.89 7.23 61.53 91.58 | 25.20
Temporalis | Class I 23 | 14.09 | 16.33 3.41 7.03 21.15 | 2.00 | 0.66 | 0.522
left
Class IT 23 | 12,03 | 9.77 2.04 7.80 16.25 | 2.40 NS
Class ITT 22| 16.62 | 1351 2.88 10.63 2261 4.60
Masseter Class I 23| 22,79 | 17.89 3.73 15.06 30.53 | 6.00 | 1.72 ]| 0.187
right
Class IT 23| 2321 | 20.17 4.21 14.49 31.93 | 3.60 NS
Class IIT 22| 4098 | 59.69 12.72 14,51 67.44 | 7.60
Class I 23| 61.99 | 53.66 11.19 38.78 85.19 | 3.50 | 1.49 | 0.233
Masseter Class I 23 | 39.39 | 42.01 8.76 21.22 57.56 | 1.80
left NS
Class IIT 22 | 50.06 | 3524 7.51 34.43 65.69 | 3.90

Table 9. Comparingthe resting EMG activity for the 3 Angle’s
Classes. No significant resting state differences were found
between Angle’s Classes.

95% Confidence

Interval for Mean ANOVA
Std. Lower Upper
N | Mean | Dev.  Bound Bound | Min. | Max. F p
TA-R ClassI 23| 7.87 | 4.66 5.86 9.88 1.20 | 18.60 | 0.733 | 0.484
ClassII | 23| 7.64 | 6.57 4.80 10.48 1.60 | 28.60 NS

ClassIII [ 22| 9.89 875 6.01 13.77 2.60 | 34.00
Total 68| 845 | 6.80 6.80 10.09 1.20 | 34.00
TA-L ClassI 23] 827 | 628 5.55 10.98 1.80 | 31.60 | 0.358 | 0.701
ClassII | 23| 9.30 | 862 5.58 13.03 1.50 | 39.60 NS
Class I | 22| 10.10 | 6.83 7.08 13.13 2.40 | 24.00
Total 68 | 9.21 7.25 7.46 10.97 1.50 | 39.60
MM-R Class I 23| 12.87 | 955 8.74 16.99 2.50 | 42.80 | 1.016 | 0.368

ClassI [ 23| 948 | 8.09 5.98 12,97 2.10 | 35.80 NS
ClassTII | 22| 10.54 | 6.79 7.53 13.55 2.40 | 27.60
Total 68 | 1097 @ 824 8.97 12.96 2.10 | 42.80

MM-L Class I 23] 1072 | 646 7.93 13.51 2.10 | 25.90 | 0.122 | 0.886
ClassII | 23| 1107 | 897 7.19 14.95 2.80 | 36.40 NS
ClassTII | 22| 10.04 | 543 7.63 12.44 2.00 | 22.50

Total 68 | 10.62 | 7.04 8.91 12.32 2.00 | 36.40
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Discussion

In patients with healthy/normal occlusion, there always
exista synergistic and coordinated firing and relaxation of
the elevator and depressor muscles of mastication.?° The
sensory factors responsible for supporting the masticatory
coordination are the inputs from the teeth, from the muscles
themselves, from the periodontal ligaments, from the
tongue and from the oral soft tissues. Dental patients seek
treatment for malocclusion because of irregular alignment
of teeth, inability to chew properly, frequent cheek biting,
speech problems, poor esthetics and difficulty breathing. In
cases of malocclusion, the muscle firing coordination is
altered or reduced,?® which can direct excessive forces
vectoring onto the posterior band of the articular disc.*
Over time, this can progress into disc laxity and eventual
partial or complete displacement. Altered or displaced discs
make both audible and inaudible vibrations that are
indicative of the disruption of the normal, smooth
functioning of the various components of the TMJs.?? In
contrast, the fully normal TM joint produces only the
minimum of vibrations under function.?® Therefore, the
diagnostic value of evaluating the vibrations helps identify
a healthy vs. a diseased TM joint status, even in otherwise
asymptomatic patients.?*

In the presentstudy, the normal occlusionsubject group had
total integral vibration energy within the normal range of 0-
20 Pascal-Hz ?° (Table 1). Utilizing the JVA flow chart,
many Class | and Ill patients demonstrated partial disc
displacement with reduction, (Piper Stage Illa with Total
Integral ranging between 20-80 Pascals),?® with a few
subjects demonstrating complete disc displacement with
reduction (Piper Stage IVa with total integral ranging
between 80-300 Pascals). And most of the Class Il subjects
demonstrated ligament laxity (Piper Stage II).

A vibration’s Peak Amplitude and Peak Frequency both
describe the energy associated with a particular TM Joint
dysfunction, with the Peak Frequency revealing the chronic
nature of the underlying disease. A frequency value near to
but <300 Hz indicates TM Joint chronic disease,** whereas
a frequency well below 300Hz indicates a soft tissue
pathology while frequencies > 300 Hz indicate the condyle
may be making bone-to-bone contact with the skull base.?®

March 2021 Vol.3 No.1

www.AdvDentTech.com

In the present study, the Peak Frequencies in all 3 Angle
Classes were < 300Hz, indicating most subjects had mostly
soft tissue conditions. When a vibrations’ Peak Amplitude
> 6 Pascals it is often audible, but < 6 can be inaudible to
the patient.?’ Class | and Class 111 subjects had more audible
vibrations compared to Class Il subjects.

After interpretation of all the combined JVA parameter
values, (Total Integral, Peak Amplitude, Peak Frequency
and Ratio), the results showed that all subjects who
demonstrated the normal ranges of these parameters (the
Normal subjects) had statistically significant lower values
of the total integral, peak frequency and peak amplitude,
compared to the Non-normal group (Tables 2 & 3). These
findings are consistent with a previous study from Durrani
et al,?® that used JVA to detect TMJ vibrations in the
asymptomatic patients. The authors found that 5 out of the
20 subjects (25%) had underlying TM Joint pathology, with
all the above-mentioned parameters being lower in the
normal joints compared to the abnormal ones. It then is
important to note patients can be completely asymptomatic
in terms of reported complaints and still haveabnormal JVA
parameters and underlying TM Joint pathology. Both the
present study and the prior Durrani study highlight the role
that JVA can play when detecting pathologies that a patient
is unaware of. It can indicate that some treatment is needed
(or not) to prevent further TM joint disease progression.

An ongoing controversy exists as to whether genetically
determined facial morphology influences the contractile
strength of the masticatory muscles,” or if a very strong
musculature contributes to the form of the face.*® This
presentstudy attemptedto decipher whether muscleactivity
levels orother physical factors (Occlusion Time, Disclusion
Time, the pattern of force distribution between the arch-
halves) were associated with a particular Angle Class. Table
4 shows the EMG activity of the bilateral temporalis and
masseter and the T-Scan recorded values for the Occlusion
Time, the Maximum Intercuspation, the Total Relative
Force and the arch-half force distribution obtained with T-
Scan/BioEMG Multi-Bite recordings. These synchronized
data sets identified the dynamic effect a tooth contact or
groups of tooth contacts sequentially have on the
masticatory musculature’s response with respect to each
Angle’s Classification.
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The Total Force % of the subjects’ maximum clench can
indicate their potential occlusal strength. The Class | total
force % =97.29%, the Class Il total force % =98.19%, and
the Class Il total force % =96.41%. However, there were
no total force percentage significant differences between the
3 groups, which agrees with the prior findings of Sandhu,
et. al.®!

Occlusion Time is deemed ideal when < 0.2 seconds.*An
ideal Occlusion Time indicates that both arch-halves of the
occlusion quickly sequentially contact, but it does not
qualify the force equality of each arch-half; only the time-
simultaneity of all the occlusal contacts (regardless of arch
half) from 1%t contact until static intercuspation. An
increased Occlusion Time (OT > 0.2 seconds) indicates the
patient is slow to fit their teeth together and may have
muscular compromise from premature contact that can
occur during an attempted intercurspation.®?

In the present study, the Class 111 mean Occlusion Time
(OT) was longer than both Class I and 11, and the Class i
right side-to-left side force imbalance was larger than in
both the Class I and Class Il groups, which agrees with the
prior findings of Koval S et al. “2 However, neither of these
parameters was significantly different between the 3
Angle’s Classes (Table 5) and when considering ideal
Occlusion Time (OT) as being a normal range, the Class Il
group had significantly higher numbers of Non normal
Occlusion Time subjects when compared to both the Class
I and 111 subject groups (Table 6).

The Center of Force Trajectory, Icon, and Target all sit in
the T-Scan 9’s 2-Dimensional Force View. The Icon marks
the location of the summedtotal occlusal force generated by
all the contacting teeth at any given moment in a T-Scan
recording. The inner white zone represents the area where
68% of the normal occlusal population MIP force
summation can be found, whereas outer grey Standard
Deviation zone is where 95% of the normal occlusal
population’s MIP Force summation can be found.* In the
present study, the Class Il subjects had no subjects within
the white most normal zone (0%) and had the highest
number of subjects (45.5%) outside the entire COF target
Standard Deviation area (Table 6). With many Class |
subjects within the COF normative white zone, it appears
that a more normal skeletal relationship better distributes
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occlusal forces within the arches, than does an end-on
skeletal alignment with edge-to-edge incisal relationships
(asin Class I11).

Inthe 3 Angle’s malocclusion subjectgroupsstudied, when
the Occlusion Time (OT) was normal, the force distribution
between the arches was more equal, and the bilateral
muscular contractions were more equally shared.®*%®
Ideally, in an asymptomatic subject with a normal
occlusion, the amount of muscle activity in a muscle pair
(e.g. right masseter — left masseter) should be bilaterally
similar. However, with malocclusions the relationship of
the mandibleto maxillais altered, also altering the muscular
balance; causing some muscles to contract more than their
counterpart or inhibiting the counterpart muscle from
contracting. In the present study, the subjectsin all three of
Angle’s Classes demonstrated non-uniform bilateral muscle
activity (Table 5) suggesting that many subjects could have
maxillo-mandibular relationship discrepancies. But the
EMG results showed no significant differences between the
3 Angle’s classes, which was in agreement with prior
studies performed by Rodolfo *” and Sarabjeet.*®

Excursive functional movement recorded with T-Scan 9
assessed the Disclusion Time (DT) and the existence of any
posterior occlusal surface friction.'? In many previous
studies prolonged Disclusion Time has been shown to be a
major triggering factor for muscle hyperactivity and
Occluso-muscle disease symptoms.*2 #%-40 Of the various
occlusal factors that contribute to prolonged Disclusion
Time, the Angle’s skeletal classification isimportant. In one
80 patient study by Kerstein, “* the Disclusion Time (DT)
statistically varied between Angle’s Classes, with the worst
mean Disclusion Time observed in anterior open occlusion
subjects =1.8+sec.; Class Il = 1.7 sec., followed by Class
I11=1.3 sec., and shortest seenin Class | =1.2 sec.** In the
present study the longest DT was observed in the Class Il
subjects (Tables 7 & 8) concurring with Kerstein’s previous
findings, as this study did not include any open anterior
occlusion subjects. Class Il patients have very shallow
anterior guidance surfaces predisposing Class 111 patients to
posterior interfering contacts. Importantly, no studied
Angle’s Class had normal mean Disclusion Time (DT <0.4-
0.5 seconds per excursion), indicating that without occlusal
intervention, ideal Disclusion Times do not necessarily
develop.

UjjyaPetal



http://www.advdenttech.com/

Biometric Characteristicsof TMJ, Masticatory Musclesand Teeth in Dental Malocclusion in an Asymptomatic Population

The integration of T-Scan and BioEMG allows the clinician
to record occlusal contacts and the corresponding electrical
potential of the masticatory muscles simultaneously,
allowing the clinician to correlate the effects of teeth on the
masticatory musculature. In anormal excursive movement,
the non-working temporalis does not fire. In the present
study in many left and right excursive movements,
hyperactivity in the non-working temporalis was detected,
indicating there was posterior occlusal surface friction
present in all 3 Angle Classes. The maximum mean left and
right excursive hyperactivity was seen in the Class Il
malocclusions (Tables 7 & 8) where excursive guidance
contacts are very shallow (or absent), and rarely do they
disclude the posterior teeth.

In normal patients with ideal occlusion there will be very
low resting muscle activity levels, (1-2 microvolts).** Low
muscle activity during rest is attributed to less required
mandibular posturing. When there is a compromised
maxillo-mandibular relationship, posturing may result to
compensate for the mal-relationship. This can appear as
EMG spiking from larger motor unitsdue to fatigue of the
smaller motor units from posturing the mandible. In the
present study, no significant difference in resting muscle
activity was found between the 3 Angle’s Classes. Butthere
was > 2 microvolts resting EMG in many asymptomatic
subjects (Table 9). In these subjects, an unconscious auto-
adaptive mechanism likely attempted to compensate for the
malocclusion.

Conclusion

Although all the included Angle’s Class I, Class I, and
Class 111 subjects were clinically asymptomatic, with the
help of biometricdiagnostictechnologies, itwas determined
that many subjects had abnormal TM Joints, poor bite force
distributionsand/or electromyographically recorded muscle
hyperactivity (including Class ). Regardless of the skeletal
relationships and a lack of reported symptoms, biometric
digital analyses revealed many underlying conditions that
could not be otherwise detected, thereby revealing the true
neurophysiologic nature of a masticatory system that must
operate in the presence of amalocclusion. Clinicians should
understand that pre-existing masticatory system abnormal
conditions may deleteriously impact a complex orthodontic
or prosthodontic treatment outcome.
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