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Orthodontic Treatment of Malocclusion Improves Impaired Skillfulness of
Masticatory Jaw Movements

Wakako Tomea; Kohtaro Yashirob; Kenji Takadac

ABSTRACT
Objective: To investigate whether individuals with malocclusion show less skillfulness, as rep-
resented by kinematic parameters that characterize masticatory jaw movement, compared with
those having normal occlusion and, if so, to examine whether more skilled movements are
achieved after completion of orthodontic treatment.
Materials and Methods: Lower incisor point movement in space during gum chewing was re-
corded, and the kinematic traits of such movement were compared among four subject groups:
a Control Group (36 females with good occlusion), a Malocclusion Group (24 females with dental
malocclusions), an Extraction Group (31 females who had received orthodontic treatment with
premolar extraction) and a Nonextraction Group (27 females who had been treated orthodontically
without tooth extraction). Before treatment, all subjects in the three experimental groups exhibited
dental malocclusions and skeletal class I jaw-base relationship.
Results: Compared with the Malocclusion Group, the lower normalized jerk-cost, the shorter
phase durations, the more symmetric property of the velocity profile, and the smaller variance of
lateral jaw-closing trajectories near the tooth intercuspation position were determined in the Ex-
traction Group and the Nonextraction Group as well as in the Control Group.
Conclusions: As measured by kinematic parameters such as normalized jerk-costs, velocity pro-
file, and variance of movement trajectories near the endpoint of movement, dental malocclusions
were associated with significantly lower skillfulness of masticatory jaw motion, whereas good
occlusion and orthodontically improved occlusion (either with or without premolar extraction) were
both associated with more skillful motion. (Angle Orthod. 2009;79:1078–1083.)
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INTRODUCTION

Improvement in occlusal function is an important
goal in orthodontic practice. Functional problems as-
sociated with malocclusions are often difficult to mea-
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sure. Although patients with malocclusions sometimes
complain about the degree of effort required to chew
foods effectively, tooth extraction may often be re-
quired to achieve a successful esthetic treatment out-
come. To date, there have been controversies as to
whether orthodontic tooth extraction impairs posttreat-
ment occlusal function.1,2 Although impairment of me-
chanical effect in food-breakage, termed ‘‘masticatory
performance,’’ has been reported extensively in pa-
tients with malocclusions,3,4 changes in masticatory
jaw function after orthodontic treatment have not been
fully understood. Considering the fact that the masti-
catory jaw movements develop as a result of motor
adaptation or learning with modification by the sensory
feedback from the mouth, muscles, and joints,5–8 it
would be reasonable to postulate that patients with
malocclusion show impaired skillfulness underlying the
jaw movement kinematics, which may result in ineffi-
cient breakage of the food particle.

Concerning the control mechanisms of human motor
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functions, it has been argued that body movement is
organized to achieve optimized movement.9,10 Gener-
ally, the smoothness of movement is quantified by
means of a time integral of squared jerk (jerk-cost),
where jerk is defined as a rate of change in acceler-
ation.11 Minimization of a jerk cost is defined as opti-
mizing smoothness of movement. Indices such as
movement time, peak velocity, symmetry of the veloc-
ity profile, and dispersion of the movement trajectory
have been shown to be effective in explaining the de-
gree of skillfulness of human saccadic eye and limb
motions.11,12 These studies documented that in skilled
movements, the jerk-cost is reduced and the velocity
profile is optimized to approximate a bell shape. In ad-
dition, it has been demonstrated that the greater the
skillfulness of body movement, the smaller the vari-
ance of movement trajectories near the end-point of
the movement.11

Masticatory jaw movement trajectories are known to
be well-simulated by the minimum-jerk model. The fac-
tual masticatory jaw-movement trajectories were found
to be highly correlated with the model-based trajecto-
ries,13,14 which were computed on the basis of a mod-
eling technique10 reported previously. In addition, jerk-
cost has been shown to be highly sensitive and pro-
portional to the degree of occlusal interferences that
have been experimentally induced by inserting acrylic
fillings with varying vertical dimensions.15 A previous
report14 has argued that skillfulness of the jaw motion
can be diagnosed objectively and sensitively by such
kinematic parameters as the normalized jerk-cost and
the velocity profile.

The purposes of the present study were to investi-
gate whether differences in skillfulness of masticatory
jaw motion between subjects with dental malocclusion
and a skeletal class I jaw-base relationship, subjects
with good occlusion, and subjects who have been or-
thodontically treated with and without the extraction of
the four premolar teeth, can be predicted effectively
using the aforementioned kinematic parameters and,
if so, to examine how those differences can be char-
acterized.

MATERIALS AND METHODS

Subjects

The subjects were 118 females with full permanent
dentition divided into four groups, three experimental
and one control.

Experimental Groups

Malocclusion Group: 24 patients (mean age, 20
years 9 months; age range, 12 years 3 months to 28
years 3 months) who exhibited anterior occlusal guid-

ance and had no previous history of orthodontic treat-
ment.

Extraction Group: 31 patients (mean age, 23 years
4 months; age range, 14 years 3 months to 37 years
8 months) whose orthodontic treatment had been
completed and had included the extraction of four pre-
molar teeth.

Non-extraction Group: 27 patients (mean age, 20
years 7 months; age range, 14 years 1 months to 40
years 11 months) whose orthodontic treatment had
been completed with no extraction of teeth.

The patients in the three experimental groups all ex-
hibited dental malocclusions (greater than Grade 2 on
the Index of Orthodontic Treatment Need) with skeletal
Class I jaw-base relationship at the pretreatment
stage.

Participants were selected consecutively from the
patient database in order of their dates of registration
at the university dental hospital during 1993 to 2002
for the Malocclusion Group and during 1993 to 2005
for the treated Groups. Decision for extraction or non-
extraction for each patient was made according to the
conventional Arch Length Discrepancy (ALD) stan-
dards. For the Extraction Group and the Non-extrac-
tion Group, wrap-around retainers had been used in
the upper and lower dental arches after completion of
active treatment with edgewise appliances.

Control group: 36 volunteer subjects (mean age, 24
years 11 months; age range, 19 years 10 months to
35 years 1 months) who exhibited good occlusion and
no discernible clinical signs of jaw dysfunction.

Jaw movements in space during gum-chewing were
measured for the four groups, with the records for the
treated groups taken more than 12 months after the
start of retention.

All subjects gave informed consent for participation
after receiving a full explanation of the purpose and
contents of the study. The experiment study was ap-
proved by the Ethics Committee of the Graduate
School of Dentistry.

Data Recording and Analysis

Movement of the lower incisor point in space during
gum chewing (Morimoto et al,17 15 mm width � 20 mm
length � 1 mm depth, weight 2 g, 80 g in Bloom
strength) was monitored by a stereotaxic device (Ki-
nesiograph Model K-6, Myotronics, Seattle, Wash).
Subjects were asked to perform unilateral gum chew-
ing with the posterior teeth on the habitually preferred
side. Data gathering continued for 30 consecutive cy-
cles. A detailed description of the recording method
has been reported elsewhere.18

Each set of chewing cycle data was divided into
three subsets according to the jaw-opening phase,
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Table 1. Medians and 25th to 75th Percentiles of Normalized Jerk-costs in the Jaw-closing Phase and the Deceleration Phase

jaw-closing phase, and intercuspation phase.19 The
starting time of the jaw-closing phase was defined as
the moment when vertical jaw displacement showed
the minimum value, whereas the end of the jaw-clos-
ing phase was defined as the time when the jaw dis-
placement changed from negative values to show
zero. In addition, the jaw-closing phase was subdivid-
ed into the acceleration phase and the deceleration
phase with the moment of maximum tangential jaw-
closing movement velocity as the critical time point.
Mathematical function of the 10th order Fourier series
was fit to the time series data of lateral and vertical
jaw displacements for each chewing cycle. The root-
mean-square error of the fit was less than 0.002 mm.
The functions x(t), y(t), and z(t), corresponding to the
time series of lateral, anteroposterior, and vertical jaw
displacement data, were thus obtained.

By differentiating the mathematical functions, tan-
gential velocity TV(t) and tangential acceleration TA(t)
could be evaluated. Smoothness of jaw movement
was quantified using a time integral of squared jerk
(jerk-cost). A decrease in the jerk-cost indicates an in-
crease in the movement’s smoothness. A detailed de-
scription of the mathematical data processing methods
has been reported previously.13,14 The minimum-jerk
model10,20,21 was applied to the factual jaw displace-
ment trajectory data of the jaw-closing phase for each
chewing cycle. The accuracy of the model prediction
was measured by using Spearman’s correlation coef-
ficient (r) between the actual and predicted velocity
profiles.

We compared the four groups according to the ki-
nematic features for the jaw-closing movements. Nor-
malized jerk-costs (NJCs),20 phase durations, and the
peak tangential velocity in the jaw-closing and decel-
eration phases in the jaw-closing phase were calcu-
lated. In addition, we examined the symmetric property
of the velocity profile in the jaw-closing phase using

an index which calculated the deceleration phase du-
ration relative to the closing phase duration and the
absolute value of the difference between the propor-
tion and 0.5. Finally, the variances in the jaw-closing
movement trajectories in the lateral (x) and antero-
posterior (y) directions close to the vertical jaw position
of 2 mm below the intercuspal position were calculated
and compared between the four groups.

Statistical Analyses

Spearman’s correlation coefficient (r) between the
actual and predicted velocity profiles was computed
for each subject to evaluate the accuracy of the model
simulation. We employed the Kruskal-Wallis test and
the nonparametric multiple comparisons of the Tam-
hane (T2) test. The significance of coefficients and
mean difference were tested at the � � 0.05 level,
using statistical analysis software (SPSS v10.0, SPSS,
Inc, Chicago, IL, USA).

RESULTS

Mean correlation coefficients (r) between the actual
and predicted velocity profiles of the jaw-closing move-
ment that were calculated for each of the Control
Group, the Malocclusion Group, the Extraction Group
and the Nonextraction Group, were 0.972 (P � .0001),
0.952 (P � .0001), 0.961 (P � .0001) and 0.961 (P �
.0001), respectively.

Table 1 shows results of the inter-group compari-
sons between medians and 25-75 percentiles of the
normalized jerk-costs (NJCs) in the jaw-closing phase
and the deceleration phase. The NJCs calculated for
the Malocclusion Group were significantly (P � .001)
greater than those for the Control Group. The differ-
ences between the NJCs of the Extraction Group and
the Nonextraction Group were not statistically signifi-
cant. The NJCs computed for both the Extraction
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Table 2. Medians and 25th to 75th Percentiles of Phase Durations and Peak Tangential Velocities of the Lower Incisor Point Movement for
the Jaw-closing Phase and the Deceleration Phase, and the Symmetric Property Indices of Velocity Profiles During Chewing for the Four
Subject Groups

Table 3. Variances of Jaw-closing Trajectories in the Lateral and Anteroposterior Directions at the Vertical Jaw Position of �2 mm Below the
CO Position

Group and the Nonextraction Group were found to be
significantly lower (P � .001) than those determined
for the Malocclusion Group and the Control Group.
These findings were consistent for both phase dura-
tions.

Table 2 shows results for the inter-group compari-
sons of medians and 25th to 75th percentiles calcu-
lated for the phase durations as well as the peak tan-
gential velocities and the symmetric property of the ve-
locity profile in the jaw-closing phase. The jaw-closing
phase durations for the Malocclusion Group were sig-
nificantly longer (P � .001) than for the Control Group,
whereas significant differences were not found be-
tween the Extraction Group and the Nonextraction
Group. Both the jaw-closing phase durations deter-
mined for the Extraction Group and the Nonextraction

Group were significantly shorter (P � .001) than those
found for the Malocclusion Group and Control Group.
These findings were consistent with the deceleration
phase, but were weaker statistically.

Significant differences between the Control Group
and the Malocclusion Group were not found for peak
tangential velocity (P � .05). The peak tangential ve-
locity for the Extraction Group was found to be signif-
icantly slower (P � .001) than for the other three
Groups. The peak tangential velocity of the Nonex-
traction Group was found to be significantly slower
than for the Control Group (P � .001), whereas a sig-
nificant difference was not found between the Nonex-
traction Group and the Malocclusion Group (P � .05).

The Extraction Group and the Nonextraction Group
both showed significantly more symmetric velocity pro-
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Figure 1. Comparison of mean tangential velocity profiles of the
lower incisor point movement in the jaw-closing phase during chew-
ing in the four subject groups. Longitudinal axis, tangential velocity
(m/s); Abscissa axis, normalized jaw-closing phase duration(s).

files (P � .0001) than the Malocclusion Group and the
Control Group. The Control Group showed significant-
ly more symmetric profiles (P � .0001) than the Mal-
occlusion Group. There was no significant difference
between the Extraction Group and the Nonextraction
Group in the symmetric property of the velocity profiles
(Table 2 and Figure 1).

Variances in jaw-closing movement trajectories in
the lateral direction estimated for the Malocclusion
Group were significantly greater than for the Control
Group (P � .05), the Extraction Group, and the No-
nextraction Group (both P � .001, (Table 3). Signifi-
cant differences were not found between the Control
Group, the Extraction Group, or the Nonextraction
Group. Concerning the anteroposterior direction, vari-
ances estimated for the Control Group were signifi-
cantly smaller (P � .001) than for the Malocclusion
Group, the Extraction Group, or the Nonextraction
Group. Significant differences were not found between
the Malocclusion Group, the Extraction Group, or the
Nonextraction Group (P � .05).

DISCUSSION

We examined whether the original masticatory jaw-
closing trajectories (raw data) could be well-explained
by the minimum-jerk modeling technique.10 The factual
jaw-closing trajectory data were found to be highly cor-
related with the corresponding model-based data that
were generated using the technique. The results thus
confirmed the robustness of the current modeling
method when applied to those with normal occlusion

as well as malocclusions and were basically consistent
with previous reports.13,21

The results of this study suggest that dental mal-
occlusions are likely to impair skillfulness of the mas-
ticatory jaw movements. In agreement with a previous
study,22 subjects with malocclusions exhibited a pro-
longed deceleration phase rather than acceleration
and deceleration phases of equal durations in the jaw-
closing motion, in contrast with the bell-shaped veloc-
ity profiles of visually guided arm movements.

According to the minimum variance theory,11 the
neural strategy of body movement is to displace the
end effecter to the goal of the movement with mini-
mum energy consumption and without damaging the
end effecter. In the jaw motion paradigm, the highest-
priority neural strategy is to minimize the variance of
the jaw position in the jaw-closing phase near the cen-
tric occlusal position so as to optimize skillfulness of
jaw movements, that is, minimize the normalized jerk-
cost in each individual. This supports optimization of
masticatory jaw motion in management of the food bo-
lus. Thus, it is essential for the lower jaw (and the
teeth) to be able to approach the goal accurately from
a limited angle so that the teeth can be tightly inter-
digitated with the food bolus. If there is an obstacle in
the movement trajectory, a possible neural strategy of
the body motion would be to alter the orbit to avoid a
traumatic collision with the obstacle or, if collision is
inevitable, the motion will be naturally decelerated to
reduce the magnitude of the impact. Jerk-cost will be
sacrificed as a result, however. In mastication, occlu-
sal interference presents an obstacle, and reduction of
impact is achieved reflexively by a transient stop of
jaw-closing muscle contraction called the silent peri-
od23 and/or feed-forwardly.7

Orthodontic treatment serves to minimize the vari-
ance of movement trajectories so that obstacles on the
movement orbit are reduced and the end effecter can
take a straightforward approach with a narrower angle
to the end point of movement. The results of the pres-
ent study suggest that in functional adaptation, short-
ening the jaw-closing motion is given priority over in-
creasing peak tangential velocity in response to the
altered occlusal condition. This contributes to reducing
the risk of a large diversity of variances in movement
trajectories near the movement’s goal. Based on these
facts and the slowed-down peak velocity found in the
Extraction Group, it seems reasonable to conclude
that an adaptive response of the body, that is, an in-
crease in jaw-closing speed to deliver strong impact to
foods, comes after the minimization of variance is well
learned.

A recent case report24, using the current kinematic
parameters, has documented improved masticatory
jaw function as a result of progress in orthodontic
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treatment. In agreement with this, the morphologically
improved occlusal state achieved as a result of ortho-
dontic treatment was found to provide kinematically
optimized masticatory jaw motion that was more skill-
ful than that seen in individuals with untreated mal-
occlusions. It should be emphasized that in the study
described in this article, improved skillfulness of mas-
ticatory jaw motion, which was considered a possible
consequence of the observed kinematic parameter
changes, was found consistently in the treated sub-
jects, regardless of whether or not the four premolar
teeth had been extracted. Previous studies1,2 have
found no significant differences between orthodontic
patients whose treatment involved extraction of pre-
molar teeth and those who did not, in terms of post-
treatment overbite, vertical dimension, jaw movement
pathways, and displacement of condylar positions.
From our results, it can be speculated that orthodontic
improvement of occlusal morphology helps patients
unconsciously improve skillfulness of masticatory jaw
motion and that extraction of premolar teeth is not a
cause of masticatory jaw hypofunction but rather, if the
treatment is designed optimally, contributes to improv-
ing skillfulness of masticatory jaw motion.

CONCLUSIONS

• Dental malocclusions were associated with lower
skillfulness of masticatory jaw motion, whereas good
occlusion and orthodontically improved occlusion re-
sulted in more efficient motion skillfulness.

• Skillfulness of masticatory jaw motion in subjects
with dental malocclusion whose orthodontic treat-
ment included the extraction of four premolar teeth
did not differ from subjects treated without tooth ex-
traction.
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