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Objective: This study tested the efficacy of detecting masticatory dysfunction prior to

prosthodontic treatment using incisor-point

tracking and surface EMG. Additionally, the

prospect of objectively detecting improvements in masticatory function post treatment
was evaluated using the same measurements.

Methods and materials: 30 subjects seeking various types of fixed prosthodontic
treatments were selected per specific inclusion and exclusion criteria. The criteria were
masticatory motions and muscle activities recorded while chewing gum and a hard bolus
on their left and right sides. Seven motion and five muscle activity parameters were
selected as mean functional measures. Student’s t test was applied to the normally
distributed data (n = 60 trials) to determine the significance of changes. Reference values
were used to distinguish between change towards or away from control group values. (a =

0.05)

Results: All twelve parameters provided at least some contribution to the process of
detecting dysfunction and positive changes post treatment (p < 0.05). The changes
measured post treatment with respect to gum chewing were almost always less than
those associated with the mastication of a hard bolus. The hard bolus challenged the
masticatory system and revealed more aberrant measures than the gum chewing.
However, the highly dysfunctional patient may not be able to chew a hard bolus and

therefore limited to chewing gum.
Conclusions: The prosthodontic treatments
the objectively measured parameters almost

applied to this group significantly changed
always closer to the reference chewing

motion and muscle activity values. The recording of combined chewing motion and
muscle activity is an effective method for detecting masticatory dysfunction and
objectively measuring treatment improvements.

INTRODUCTION

Masticatory function has been studied in several ways; 1.)
assessing chewed particle size by optical scanning or siev-
ing,! with real or with artificial food, 2.) calculating the
Average Chewing Pattern of motion,34 3.) analyzing EMG
muscle activity® or 4.) by asking the patient if they have
any difficulty when eating.® A limitation of patient input is
that he or she has no frame of reference as to what is good
function. The other three methods can be either laborious,
time consuming and/or provide incomplete results. How-
ever, a correlation has been found between the patient’s
perception of chewing ability and his or her oral health-
related quality of life (OHRQoL).” Historically, the value
of good masticatory function has been underestimated or

completely ignored by dentistry, along with the deleterious
effects of inadequate mastication upon the rest of the body.

While particle size analysis can evaluate the efficiency of
mastication, a poor result usually does not provide an indi-
cation of what needs to be corrected. The Average Chewing
Pattern has been used to classify types of TM] internal de-
rangements? and document obvious malocclusions.89 An-
other factor that has been separately extracted from mas-
ticatory motion is the smoothness of function. Smoothness
is assessed from the Jerk function, the third derivative of
motion, the rate of change of acceleration.!0 Jerkiness, the
opposite of smoothness, is present when acceleration and
deceleration alternate extensively. A simple way to measure
jerkiness is to simply count the average number of tran-
sitions per cycle, (the inflection points), between accel-
eration and deceleration that occur within a chewing se-
quence. The smallest number of possible inflection points
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55 Control Subjects Left and Right Op?nlng (?l‘(.) o~ '(,‘?-'cle Tl.n'nmg) Ma‘xmium o e“'.“? (,losn.lg'
GumChewtig Conbifned n.= 110 Time Time lime point A/P  Lateral  Velocity Velocity
(millisec.) (millisec.) (millisec.)  (mm) Width  (mm/sec) (mm/sec)

Mean 225 227 640 4.81 0.45 129.3 129.7
SD (+-51.9) (+-517) (+/-99.5) (+-349) (+/-185) (+-40.9) (+-39.8)
95 % Confidence Interval 215-235  217-237 632670  3.9-5.7 6.0-69  118-129  119-140
Mann-Whitney U test p= 0.00001 0.00001 0.00001 0.00062 0.05480  0.00080 0.03515
38 Dysfunctional Subjects Left and Ope'fnmg Cl(')smg C?-'cle A/P Maxnm.um Opening  Closing
Right Gum Chewing Combined: n =76 1 e Time SUMNNEY Latenl Velocity  velocity

(millisec.) (millisec.) (millisec.)  point Width ’

Mean 316 300 897 1.84 4.68 107 118

SD (+-84.9) (+-76.1) (+/-199) (+-531) (+/-145) (+-36.5) (+-32.1)
95 % Confidence Interval 297-335  283-317 852-942 0.66-3.02 4.36-5.0 98116  110-126

Figure 1. An asymptomatic control group (n = 55) is compared to a dysfunctional (TMD) group (n = 38) chewing
gum on the left and right sides. The timing of cycles, the antero-posterior position at the turning point, the
lateral width of the pattern and the velocity of chewing are compared.

per cycle is four, two during opening (one acceleration and
one deceleration) and likewise two during closing. Normal
asymptomatic subjects average about 3.4 transitions during
opening and 3.2 during closing, but dysfunctional subjects
often exhibit many more.

Asymptomatic control subjects with good occlusions
chew at a certain rate (from 1.3 to 2 cycles/second) and with
greater consistency. Patients with masticatory dysfunction
as a group, chew more slowly, with more variability and
with smaller movement patterns.!1;12 See Figure 1.

Of course, every individual is unique and a well-adapted
patient with some type of dysfunction can still function
more effectively than one who has the same dysfunction,
but is poorly adapted. A huge advantage of recording the
motion of chewing is that segmenting the timing into in-
dividual cycles and separating the opening movement from
the closing movement is very straightforward. However, it
is the musculature that moves the mandible and nearly nor-
mal movements are sometimes present with a struggling
musculature in the dysfunctional patient. Thus, it is neces-
sary to simultaneously record both the movement and the
muscle activity to fully understand the quality of mastica-
tory function.

Asymptomatic control subjects with good occlusions ex-
hibit a consistent pattern of muscle activity. The hierarchy
of the intensity of the activity is; 1) the working masseter
is the most active, 2) followed by the working temporalis, 3)
followed by the non-working temporalis and 4) followed by
the least active non-working masseter muscle. See Figure
2.

The variability can be observed by calculating the Coef-
ficient of Variation (SD/Mean), which falls near 0.32 within
normal groups. The Peak Amplitude follows the same hi-
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erarchical pattern. The time from the onset of opening to
the Peak Amplitude of the activity is similar for all muscles,
but the non-working masseter most often reaches its peak
first and the working temporalis last. The time from the
Peak Amplitude to the End of Closure is an indication of the
confidence of the subject. Positive values indicate the peak
occurred confidently during bolus crush before the End of
Closure, but negative values indicate the Peak Amplitude
occurred after the End of Closure. Late peaking indicates a
lack of confidence and is associated with masticatory dys-
function.

An important factor that affects the ability of the patient
to masticate is the stability of the occlusion. A stable oc-
clusion allows the patient to function smoothly, rapidly,
forcefully and efficiently with short bursts of muscle activ-
ity.13 Occlusal interferences are often avoided to the extent
that the Central Nervous System (CNS) is able to do so, but
unavoidable occlusal interferences hyperactivate the mus-
cles that are attempting to avoid them. Electromyography
(EMG) can be used to identify the presence of unavoid-
able occlusal interferences by detecting exteroceptive sup-
pression (Silent Periods) occurring during gum chewing.14
See Figure 3. When the presence of silent periods has been
identified, occlusal interferences can be most accurately lo-
cated and removed by using the T-Scan (Tekscan, Inc. South
Boston, USA).15:16

Patients in need of prosthodontic services often do not
have good masticatory functional capacity due to missing
teeth and/or compromised occlusions. A lack of good mas-
ticatory function can contribute to gastrointestinal dys-
function (e. g. irritable bowel syndrome,!”18 Gastroe-
sophageal Reflux Diseasel®20 (GERD), etc.). Note:
Although more research has been focused on the loss of
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Average Chewing Cycle Mean Area Coefficient Peak Time to Peak e
Means and Standard = S = : End of
. . (microvolt- of Variation Amplitude Amplitude
Bepanonssion 58 Uonirgl seconds) (SD/Mean) (microvolts) (milliseconds) L
Subjects: n =76 (milliseconds)
Working Masseter 32 0.312 195 456 442
SD 9.9 0.088 90.5 104.2 26.1
Working Temporalis 26.5 0.308 163 448 52.8
SD 8.1 0.084 100 103.7 26.1
Non-working Temporalis 18.7 0.322 118 461 39.2
SD 6.2 0.089 78.1 106.3 26.9
Non-working Masseter 16.6 0.325 90.5 440 60.6
SD 5.5 0.077 56.5 98.2 39.8
Mean of 4 muscles 235 0.32 141.6 451.3 49.2
SD 7.4 0.08 81.3 103.1 29.7

Figure 2. Thirty-eight asymptomatic control subjects chewing gum on their left and right sides (combined, n =
76) to illustrate the hierarchy of muscle activity between working and non-working sides. The pattern of muscle

activity is very consistent and predictable.

i Exteroceptie “W’FHWM

v, Suppression |J 4 Q
&M "Silent Periods” "F " M M

. ChewmgGum | 'H
~ i WW el

e 00 || 050 ors 100 125 178
|Gum Chewing Right Pre Trial cycles 2 - 16

Figure 3. Exteroceptive suppression (Silent Periods)
occurring repeatedly throughout a gum chewing
sequence. Gum is used because it is very predictable
once it is softened and represents a “Kindergarten”
level of mastication.

tooth enamel due to GERD, the loss of the ability to masti-
cate effectively can contribute to the development of GERD.
Restoration of the teeth is often necessary for restoring
masticatory function, but just replacing missing teeth does
not guarantee ideal correction of masticatory function.
However, it is possible today to evaluate the results of den-
tal restorations in terms of its effects on masticatory func-
tion.

OBJECTIVE

The objective of this study was to compare the overall mas-
ticatory function of prosthodontic patients prior to and
subsequent to fixed restorative treatment. The purpose was
to elucidate some objectively measurable, statistically sig-
nificant changes in masticatory function that could be
identified after any fixed restorative prosthodontic treat-
ment, not limited to the particular treatment procedure.

METHODS

A standard medical history and clinical examination were
conducted to determine the status and eligibility of pre-
senting patients seeking prosthodontic treatments accord-
ing to the following criteria;

» Inclusion Criteria: Good general health, a need for
prosthodontic treatment, a willingness to participate,
a signed informed consent

» Exclusion Criteria: Patients with systemic diseases,
the presence of identified temporomandibular disor-
ders, inability to chew gum or hard bolus prior to
treatment, potential subjects with facial hair prevent-
ing surface EMG recording of the masseter and tem-
poralis muscles.

The thirty prospective patients were selected from a con-
tinuous series of patients seeking prosthodontic treat-
ments, who met all of the criteria. Mastication was recorded
with a magnet-based JT-3D incisor-point tracker, a BioEMG
III electromyograph and analyzed with the BioPAK version
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Figure 4. EMG electrode placement (A), magnet
placement (B), JT-3D magnetic incisor-point tracker
(C) and BioEMG III electromyograph (D).

8.80 computer program (BioResearch Associates, Inc. Mil-
waukee, WI USA). See Figure 4. Records were made prior to
and subsequent to all of the restorative prosthodontic pro-
cedures.

A magnet was secured in the labial vestibule with a
stomahesive material and EMG surface electrodes were
placed bilaterally after cleansing the masseter and anterior
temporalis areas with alcohol. See again Figure 4. The
subjects were recorded chewing gum first and then given
a tough bolus (Chikki, a peanut-based candy) and directed
to masticate alternately on their left and right sides for at
least 20 cycles.

The BioPAK Computer Program segmented the chewing
sequence movement into individual cycles. See Figure 5.
Then an Average Chewing Pattern (ACP) was calculated and
graphed to reveal the underlying pattern in relation to the
mean normal pattern (black lines). A summary was also cre-
ated describing the chewing motion numerically.

The simultaneously recorded EMG activity was also aver-
aged by muscle to create the graph of the Average Chewing
Cycle (ACC) of muscle activity, along with a numerical sum-
mary of the EMG activity. See Figure 6. The Superimposed
View of the EMG activity reveals graphically the variability
of the ACC pattern.

To provide a frame of reference, an asymptomatic con-
trol group’s data is also graphed. Figure 7.

Certain numerical parameters that are calculated within
the BioPAK program, extracted from the motions and the
muscle activities, have previously been identified as in-
dicating the presence of various masticatory dysfunc-
tions.21-25 The Cycle Time, the Antero-Posterior position
at the Turning Point (most open position), the Maximum

Lateral Width of the frontal movement pattern, the Maxi-
mum Opening Velocity and the Maximum Closing Velocity
were selected as parameters to be tested within this study.
In addition, the Opening and Closing Jerkiness values were
calculated. See Figure 8.

For the EMG analysis five additional parameters were
calculated; 1) the Mean Area representing the total work
(mean integrated activity) of all four muscles, 2) the Coef-
ficient of Variation of the working activity of all four mus-
cles, 3) the mean Peak Amplitude of the activity for all four
muscles, 4) the mean Time to Peak Amplitude of the activ-
ity of all four muscles measured from the onset of opening
and 5) the mean time from the Peak Amplitude to the End
of Closure for all four muscles. Because the treatments ap-
plied to this group were heterogenous, it was not possible
to test the efficacy of any specific treatment.

All subjects included in this study sought prosthodontic
treatment to repair damaged or replace missing teeth. The
treatments included single crowns, small bridges or full
arch prostheses, with or without implant support. Inas-
much as this study simply evaluated the subject’s ability
to masticate prior to and after routine prosthodontic treat-
ments, an IRB exemption was granted. All treatments were
provided following the recommendations of the World
Medical Association Declaration of Helsinki. (a = 0.05 was
chosen)

RESULTS
MASTICATORY MOVEMENT PATTERNS

According to the parameters selected, this group of thirty
subjects exhibited only marginal masticatory dysfunction
prior to prosthetic treatment. This is evident by comparison
to the reference control group data. See Figure 9. The cri-
teria requiring the ability to chew gum and a hard bolus
actually eliminated any potential subjects with substantial
dysfunction. The mean cycle times chewing gum were not
significantly different from pre-treatment to post treat-
ment and similar to the reference control group mean. The
maximum lateral width did increase slightly, but not sig-
nificantly with gum chewing post treatment. The jerkiness
was slightly reduced during gum chewing post treatment,
but also not significantly. However, the mean A/P Turning
Point values did increase significantly (p < 0.0003 for left
gum chewing and p < 0.0175 for right gum chewing). The
opening velocity values were also significantly increased (p
< 0.0381 for left gum chewing and p < 0.0364 for right gum
chewing), but only the left gum chewing closing velocity
exhibited a significant increase (p < 0.0236). Non-signifi-
cant reductions in jerkiness were found for gum chewing.
The mastication of a hard (tough, resistant) bolus chal-
lenged the masticatory systems and consequently revealed
more significant changes in the timing, maximum lateral
width, the velocities and the jerkiness. See Figure 9. The
maximum lateral width increased significantly for hard bo-
lus mastication (p < 0.0495 for left and p < 0.0254 for right)
post treatment. Both the left and right mastication maxi-
mum opening velocities increased significantly (p < 0.0235
for left, p < 0.0005 for right) and essentially reached the
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Figure 5. The BioPAK program shows the movement analysis of a chewing sequence starting with segmentation, calculation of the Average Chewing Pattern (ACP) and
a numerical summary. The black lines in the ACP graph are the mean normal pattern. The red is the subject’s mean opening path, the blue is the mean closing path.

The portions of the path where the lines become thick are two standard deviations away from the mean normal path.
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Figure 6. BioPAK analysis of muscle activity during a chewing sequence again stating with motion to segment
the activity into individual cycles, calculation of the Average Chewing Cycle (ACC), a superimposed view of

variability and a numerical summary.

reference values. Likewise, the closing velocities increased
significantly (p < 0.0048 for left, p < 0.0022 for right), better
matching the reference values. The opening jerkiness re-
duced significantly for left-side hard bolus mastication (p
< 0.0355), but did not reach significance or right chewing.
Significant reductions in jerkiness were present in both left
and right mastication of the hard bolus. See Figure 9.

MASTICATORY MUSCLE ACTIVITY PATTERNS

In terms of the overall work effort, (Mean Area), for gum
chewing only the right-sided Mean Area was significantly
reduced post treatment (p < 0.0116). The pre-treatment
variability (indicated by Coefficient of Variation) was high
compared to the reference value for all four conditions. It
was reduced significantly post treatment for all (p < 0.05),
but it did not reach the reference value for any condition.
The Peak Amplitudes increased significantly for all four
conditions even though the amount of Mean Area did not
(p < 0.05). This was due to a shortened time of contraction
at higher amplitudes, a common characteristic of efficient
mastication.

The mean time from the onset of opening to the Peak
Amplitude (Time to Peak Amplitude) of muscle activity de-
creased significantly for all four conditions (p < 0.05), which
corresponds to shorter cycle times as well. An important
parameter, the time from the Peak Amplitude to the End of
Closure is related to the confidence of the subject. This pa-
rameter changed very significantly for all four conditions (P
<0.0111), indicating increased confidence and reduced hes-
itancy while chewing. See Figure 10.

Normal Average Chewing Pattern

25.0%
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200
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o
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(o]
TIME
Percent of Total EMG Activity
40.0%

Figure 7. The pattern of muscle action in mastication
for Class I good occlusions is hierarchical with the
working masseter most active and the non-working
masseter least active. In the above graph the left and
right chewing activity of the superficial masseter and
anterior temporalis muscles of 30 asymptomatic
subjects are plotted in microvolts.
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Figure 8. The Jerk function is the third derivative of position (the rate of change of acceleration) reveals the
relative smoothness or jerkiness of the motion. A jerky motion rapidly alternates between acceleration and
deceleration and can be easily detected by counting the inflection points or transitions between acceleration and

deceleration.

DISCUSSION

A remarkable early effort was made to evaluate changes in
masticatory function post treatment with complete max-
illary and bilateral distal-extension mandibular removable
partial dentures.26 The authors found that the velocity in-
creased, the mandibular displacement also increased, the
pattern of motion became more of a “teardrop” shape and
the number of chewing cycles required was also reduced. In
a subsequent study some adaptive changes were recorded
in the masticatory movements after osseointegrated fixed
prostheses were placed in edentulous patients.2” The au-
thors found a shortened occlusal phase reducing cycle du-
ration, higher mandibular velocity and a greater displace-
ment, all of which were maintained long term.

INCISOR-POINT MOVEMENTS

The subjects within this patient treatment group were not
classified with temporomandibular disorders (TMD) but

were in need of various prosthodontic restorations. The
group exhibited less than ideal masticatory function, but
some were well enough adapted that many of the group’s
mean parameters fell within the limits of an asymptomatic
control reference group. See Figure 9. This was most no-
ticeable with the parameter Maximum Lateral Width. In
general, when patients are muscularly well adapted to their
specific dysfunctional situation, they are able to chew with
a movement pattern that closely mimics a normal pattern
regardless of the food hardness.28 The ability to chew a soft
gum bolus with mostly normal movement parameters, but
not as well a hard bolus, suggests an intermediate level of
adaptation. The level of adaptability of the masticatory sys-
tem has been previously shown to be robust.29

In aggregate, the post treatment movement parameter
values for hard bolus mastication moved closer to the refer-
ence values, suggesting improved functional patterns post
treatment. Only the opening jerkiness values of the right-
side hard bolus mastication did not change significantly.
That obviously was due to both the pre-treatment and post
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Significant Changes in Pre- Post Pre- Post Pre- Post Pre- Post 33 no.l'mal
Masticatory Function from Treatment Treatment Treatment Treatment Treatment Treatment Treatment Treatment subjeF £
Pre-Treatment to Post- Gum Left  Gum Left Gum Right Gum Right Hard Left  Hard Left Hard Right Hard Right chewing
Treatment (millisec)  (millisec.) (millisec.)  (millisec.) (millisec)  (millisec.) (millisec)  (millisec.) i‘;‘;’n;
Mean Cycle Time 744 712 735 659 791 640 792 631 651
SD Cycle time (+-197) (+/- 169) (+/- 250) (+-111) (+-442) (+-144) (+- 424) (+-164) (+-99.5)
Significance pre to post means p= ns p= ns p= 0.0335 p= 0.0259 95% C. L
Significance of variability p= ns p= ns p=_ 0.0295 p= 0.0435 552-751
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) 4.81
Mean A/P Turning Point 3.27 6.83 202 5.58 3.48 6.60 3.29 6.42 (+-3.41)
SD A/P Turning Point (+/-4.5) (+/-524) (+-5.19) (+-6.74) (+-5.26) (+-5.98) (+-7.20) +-727) 95% C. L
Significance pre to post means p=_0.00029 p=_ 0.0174 p=_0.001 p=_ 0.0247 13-83
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) 6.45
Mean maximum Lateral Width 4.5 4.75 4.14 430 451 5.6 4.45 5.24 (+/- 1.85)
SD Maximum Lateral Width (+-192) (+/-2.74) (+/- 1.63) (+-1.75) (+-1.74) (+-2.97) (+/- 1.86) (+/- 1.85) 95% C.L
Significance pre to post means p= ns p= ns p= 0.0495 p= 0.0254 4.6-83
mnv/sec mm/sec mm/sec mny/sec mm/sec mmy/sec mmy/sec mmy/sec 1293
Mean maximum opening velocity 93.9 111.1 101.1 128.2 102.7 1203 100.3 1347 (+/- 40.9)
SD Maximum opening velocity (+/- 46.1) (+/- 60.2) (+/-57.1) (+-53.9) (+/-45.9) (+/- 46.7) (+/- 55.5) (+-50.4) 95 % C.L
Significance pre to post means p=_0.0380 p=_0.0363 p= 0.0234 p= 0.0005 38-170
mm/sec mm/sec mnysec mm/sec mny/sec mm/sec mny/sec mm/sec 129.7
Mean maximum closing velocity 919 1103 99.4 93.6 103.4 124.0 106.4 136.4 (+/-39.8)
SD Maximum closing velocity (+/-38.9) (+/-46.4) (+/-57.0) (+-35.1) (+-46.2) (+-39.3) (+/-58.2) (+/-61.4) 95%C.L
Significance pre to post means p= 0.0235 p= 00729 p= 0.0047 p= 0.0021 90-170
Inflections Inflections Inflections Inflections Inflections Inflections Inflections Inflections 3.41
SD opening Jerk inflections 4.18 3.55 413 344 4.19 299 331 332 (+-0.75)
SD of opening Jerk SD (+/- 2.30) (+/-1.67) +-227)  (+-1.10) (+/-4.27) +-1.72) *H-117)  (+-1.12) 959 C. L
Significance of Variability p= N8 p=_ 0.0745ns p=_0.0354 p= ns 2.7-42
Inflections Inflections Inflections  Inflections Inflections  Inflections Inflections  Inflections 321
Mean closing Jerk inflections 311 289 285 255 325 229 294 235 (+/- 0.81)
SD closing Jerk inflections (+/- 0.85) (/- 1.09) (+/-066)  (+-1.09) (+-2.14) (+-139) (+-148)  (+-1.03) 959 C. L
Significance pre to post means p= mns p= 00622ns p= 0.0222 p= 0.0068 24-40

Figure 9. The gum-chewing analyses revealed only marginal improvements after prosthetic treatments. However,
the more challenging hard bolus revealed a greater change in the subjects’ abilities to masticate. The control

group values are supplied for reference (n = 110).

treatment values already nearly identical to the mean of the
reference group.

The mean vertical opening is determined mostly by the
size of the bolus by necessity regardless of the degree of
dysfunction, but the mean antero-posterior range is subject
to other factors such as the skeletal A/P relationship of
the mandible to the maxilla in centric occlusion. When the
mandible is distalized in the maximum intercuspal posi-
tion, the chewing pattern tends to occur in a more for-
ward position reducing the value of the A/P turning point.
Consequently, an increase in the A/P turning point value
commonly occurs when an over-closed bite is restored to
a more normal vertical dimension because overclosure also
tends to distalize the intercuspal position. The A/P turning
point value increased in this group towards the reference
value for all four conditions, suggesting an improved max-
illo-mandibular relationship post treatment.

The degree of laterality of the frontal chewing pattern
is a factor used in assessing mastication due to the known
asymmetrical nature of it. An overly wide pattern is asso-
ciated with a worn-flat occlusion (very low cuspal angles)
while a very narrow pattern suggests either some occlusal
restrictions or a wildly variable chewing pattern such that
the left and right extreme movements are cancelled out by
calculating the ACP. Within this group a significant increase
in the maximum lateral width towards the reference value

was measured only for the hard bolus condition post treat-
ment.

Note: The mean normal opening movement begins to-
wards the non-working side and then crosses over to the
working side at about mid opening. The turning point
(maximum vertical opening) is deflected to the working
side as is the complete closure path. See Figure 5. However,
chewing in children without fully developed dentitions is
different enough from adults that comparison to this study
is not warranted.30 See also Figure 5. In the presence of a
unilateral posterior crossbite or a severe opening occlusal
interference the normal sequence can be reversed.3! Re-
versed sequencing is an adaptation to a malocclusion that
also alters the pattern of muscle function. Consequently,
correction of the crossbite may not reduce the incidence of
reversed sequencing comparable to control subjects.

The opening velocity is usually less affected by any dys-
function except by an opening occlusal interference, such
as a crossbite32 or by a more restricted opening pathway.33
An introduced closing working side interference can de-
crease the closing velocity and narrow the closing path as
the subject attempts to avoid the interference when ap-
proaching occlusion.34 Within this group, both the opening
and closing velocities increased after treatment for seven of
the eight values, except the right closing velocity of gum
chewing. This result suggests that the prosthodontic treat-
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_Mef‘ - Standan:l . Mean Area Coefficient Peak Time to Peak R
Deviations of EMG Activity . ST ? i End of
kg G and ki (mlcm:’lnltf ofs })?I:*;annn Ag]p]jtuﬁe I:j]]]l]’pm“d; Closure
seconds ean, microvolts iseconds 2
Bolus from ACC ) ( ) ( ) ( ) (milliseconds)
Pre-treatment Left Gum 234 0.45 84.5 449 29.2
SD (+/- 16.85) (+/- 0.30) (+/- 60.9) (+/-172) (+/- 163)
Student's Paired ¢ test - P = 0.1414 ns 0.0109 0.0214 0.0093 0.00024
Post-Treatment Left Gum 23.8 0.37 110.4 400 132
SD (+/-18.1) (+/-0.22) (+/-124.9) (+/- 143) (+/- 269)
Pre-treatment Right Gum 26.38 0.44 83.2 437 -39.7
SD (+/-19.01) (+/-0.22) (+/- 61.8) (+/- 250) (+/-139)
Student's Paired ¢t test - P = 0.0115 0.0456 0.0049 0.0175 0.00014
Post-treatment Right Gum 215 0.39 12)] 381 20.23
SD (+/- 12.85) (+/-0.23) (+/- 145.6) (+/- 126) (+/- 106)
Pre-treatment Left Hard 25.03 0.49 96.0 415 -10.1
SD (+/-16.99) (+/- 0.25) (+/-102.1) (+/-222) (+-91.7)
Student's Paired t test - P = ns 0.0025 0.01547 0.0472 0.01102
Post-treatment Left Hard 25.8 0.39 129 375 31.9
SD (+/- 15.8) (+/- 0.24) (+-126.1) (+/- 136) (+/-174)
Pre-treatment Right Hard 31:1 0.48 111 456 -46.4
SD (+/- 41.2) (+/- 0.24) (+/- 109) (+/- 308) (+/- 156)
Student's Paired ¢t test - P = 0.0661 0.0365 0.0442 0.0176 0.00021
Post-treatment Right Hard 25.3 0.43 137 386 8.8
SD (+/-14.77) (+/- 0.23) (=/-131) (+/- 193) (+/- 64)
Mean & SD Asymptomatic 235 0.32 141.6 451 49.2
Control Subjects
SD (+/-7.4) (+/- 0.08) (+/- 81.3) (+/- 103) (+/- 29.7)

Figure 10. Pre-treatment to post treatment muscle activities for combined masseter and temporalis muscles
showing averaged overall effort. For gum chewing the post treatment changes we not all significant, but for hard
bolus each parameter improved towards the reference values. Note: The reference values are for gum chewing (n

= 76).

ment successfully improved the masticatory function of the
group. However, it may not have been true for every patient.

The correction of class III malocclusions has demon-
strated reduced jerkiness along with increased chewing ve-
locity.35 A lack of smoothness or its inverse, jerkiness, has
been evaluated and closely associated with masticatory
dysfunction.3¢ Although gum chewing did not reveal signif-
icant reductions in jerkiness within this group, the hard bo-
lus mastication did. This suggests that the level of dysfunc-
tion within this group was moderate on average and that
their individual adaptations were usually sufficient to over-
come any during gum chewing, but not as well when the
challenge of a hard/tough bolus was masticated.

MUSCLE ACTIVITY

Muscle activity during chewing has been shown to be stable
within intraindividual repeated measures.3” Thus, any sig-
nificant changes in the muscle activity cannot be credited
to chance. Also, in the working portion of the cycle during
closing, the activity of normal control subjects, is asymmet-
rical with more activity on the working

side than on the non-working side.38 See Figure 7. In
asymptomatic groups, the working masseter is the most ac-
tive followed by the working temporalis, the non-working
temporalis and the least active muscle, the non-working

masseter. This hierarchy is usually altered with significant
dysfunction.

Considering the aggregate muscle activity value (Mean
Area), this group only deviated (perhaps by chance) from
the reference value when subjects chewed gum on the right
side. See Figure 10. Consequently, the right-side gum
chewing value reduced toward the reference value signifi-
cantly after treatment (p < 0.0116) and the same direction
(p = 0.0661 ns), but did not reach significance. Meanwhile
the left-sided chewing did not show significant change in
either case. Note that none of the four Mean Area values
were hugely different from the reference value, suggesting
that most of these subjects could probably chew gum or a
hard bolus by using only a little extra effort.

The variability of the muscle activity as indicated by the
coefficient of variation (CV) was reduced significantly in all
four conditions after treatment (p < 0.05). Although none
of the four conditions quite reached the CV level of the
reference value, the statistically significant measured re-
ductions that occurred can be viewed as real measured im-
provements in masticatory function.

The Peak Amplitudes in all four conditions were signif-
icantly increased by the treatments. The amount of work
needed to crush a given bolus does not change between
pre-treatment and post treatment. The work needed to
crush the bolus can either be done slowly with less peak ac-

Advanced Dental Technologies & Techniques 9


https://adtt.scholasticahq.com/article/11728-changes-in-objective-masticatory-measurements-after-prosthodontic-treatments/attachment/155525.jpg

Changes in Objective Masticatory Measurements after Prosthodontic Treatments

tivity as is common when masticatory dysfunction is pre-
sent or it can be done quickly with greater peak activity
as seen in asymptomatic subject groups. The fact that this
group increased their Peak Amplitude and at the same time
reduced their Time to Peak Amplitude is strong evidence for
improved masticatory function.

The importance of the measure of the time from the
Peak Amplitude (PA) to the End of Closure (EOC) is related
to the confidence of the subject. A confident chewing sub-
ject will reach PA well before EOC (maximum bolus crush).
However, subjects lacking in masticating confidence will of -
ten apply their PA only after the bolus is full crushed and
the mandible is secure in centric occlusion. Note: In this
parameter a positive value indicates peaking prior to EOC
and a negative value after EOC. See Figure 10. The signifi-
cant changes in this parameter were the most dramatic and
consistent of the five muscle parameters measured. Note:
Both right side pretreatment values were negative (after
EOC) and changed to positive values for both gum and the
hard bolus after treatment, indicating most likely that there
were higher average levels of dysfunction pre-treatment
when the group chewed on the right side.

Gum chewing has an advantage for detecting occlusal in-
terferences that produce exteroceptive suppression because
normal subjects rarely ever produce any silent periods while
chewing gum. See Figure 3. In contrast, a hard bolus can
induce silent periods when it fractures unpredictably. How-
ever, the Chikki used in this study can be characterized as
tough enough to resist unpredictable fractures.

Occlusal Adjustment has been shown to significantly re-
duce the incidence of silent period production!> as well as
their durations.3% Likewise, orthodontic correction of in-
cisor crossbites has also been shown to reduce the inci-
dence and duration of nociceptive reflex-initiated silent pe-
riods.40 The limitation of Gum is that it does not challenge
the system sufficiently to fully reveal all of the specific fac-
tors present in a moderately dysfunctional subject. A hard,
tough resistant bolus challenges the system and reveals
moderate dysfunction of the masticatory system more de-
finitively than gum chewing.

LIMITATIONS

The heterogenous subject group of this study was selected
from patients presenting at a university clinic seeking var-
ious fixed prosthodontic treatments. The purpose was to
simulate a real clinic situation. Thus, no effort was made to
limit the procedure types. Due to the wide variety of proce-
dures done, it was not possible to test any one treatment for
effectiveness. It was necessary to average the parameters
across the group and only evaluate the changes within the
group. It would be interesting to test specific prosthodontic
procedures in separate future studies, evaluating one spe-
cific treatment at a time.

Incisor-point tracking requires consistently correct
placement of the magnet in the labial vestibule, which is
not at all difficult. However, aligning the sensor array to the
magnet with the patient in the intercuspal position is not
as precise. Fortunately, all of the measurements are rela-
tive to the intercuspal position and not dependent on the
exact absolute starting relationship of the sensor array to
the magnet. Errors in motion measurement should be ran-
domly distributed throughout any group of thirty subjects
and therefore tend to be cancelled out when the groups’
values are averaged. However, chance is not predictable
with certainty and some degree of residual error may have
been present.

The placement of EMG surface electrodes can vary from
session to session, casting some doubt on the changes be-
tween pre-treatment and post treatment. Within a sizeable
group of thirty subjects, the small variations due to elec-
trode placements should also be randomly distributed and
consequently tend to cancel out when averaged. However,
some residual errors due to chance may have affected the
outcome.

CONCLUSIONS

The prosthodontic treatments applied to this group of pa-
tients have significantly changed these objectively mea-
sured parameters towards more normal chewing motions
and muscle activities. The mastication of a hard bolus chal-
lenged the masticatory system and more thoroughly re-
vealed mild aberrant measures than the gum chewing. Only
the detection of silent periods appears to be most appro-
priate for gum chewing. However, the highly dysfunctional
patient may not be able to chew a hard bolus at all and
therefore limited to only chewing gum. The recording of
combined chewing motion and muscle activity is an effec-
tive method for detection of actual masticatory dysfunction
and objectively measuring any improvement after treat-
ment.
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