
Changes in occlusal contact area and average bite pressure during treatment

The Journal of Clinical Pediatric Dentistry Volume 28, Number 1/2003 75

INTRODUCTION

There are many reports on early orthodontic
treatment of anterior crossbite in primary
dentition.1-7 Early treatment is considered to be

important to recover original growth and development
by elimination of etiological factors as soon as possible.
However, the changes in the relationship between the
maxilla and mandible and changes in functional factors

during by early treatment of anterior crossbite in
primary dentition have not been elucidated.
Determination of the changes in functional factors is
important to assess the usefulness of early treatment.

Pressure-sensitive devices for measurement of the
occlusal contact area and occlusal load have been
developed, and Photocclusion and T-Scan system have
been developed for measurement of occlusal contact
and occlusal load.8,9 Photocclusion records the color
patterns of a thin photoelastic sheet at occlusal contact
points, and the occlusal pressure is measured by a color
calibration chart and a conversion scale. However,
quantitative measurement of the color patterns is
difficult, and the sheet is relatively inflexible. The 
T-Scan system is a system for measurement of occlusal
contact and occlusal load based on change in the
electrical resistance at occlusal contact points.
However, this system has some problems, such as
narrow measuring range, unstable measured values and
shift of the mandible due to the inflexible sensor.

Recently, a new system for measurements called the
Dental Prescale-Occluzer® system (Fuji Film, Tokyo,
Japan) has become available (Figure 1). This system
enables accurate measurements of occlusal contact
area (OCA), average bite pressure (ABP), integrated
occlusal load (IOL) and balancing point of occlusal
load (BOL) by a color-developing chemical reaction in
a thin pressure-sensitive sheet. This computerized
system simultaneously provides quantitative data on all
occlusal points in the dental arch.10-12 Evaluation of
occlusal function using the Dental Prescale-Occluzer®
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system is a relatively simple procedure since the sensor
sheet is thin and very flexible and there are four sizes
of sheets. This system is therefore particularly suitable
for children. Various parameters such as OCA, ABP
and IOL in Japanese children with normal occlusion in
primary dentition have been measured using this
system, and mean values have been reported.13

The purpose of this study was to compare OCA,
ABP and IOL in anterior crossbite patients with
primary dentition measured before and during ortho-
dontic treatment with those in subjects with normal
occlusion.

MATERIALS AND METHODS
Six Japanese patients (four boys and two girls) with
anterior crossbite in primary dentition participated
were enrolled in this study (Figure 2a). All patients had
treated dental caries and had no full crowns or missing
teeth. Anterior crossbite was treated by the use of a
lingual arch appliance and a chin cap. The mean age of
the subjects at the start of the orthodontic treatment
was 4.9 years (range of ages: 4.1 to 6.2 years). Prior to
the treatment, the purpose of the study and procedures
to be used were fully explained to the patients and the
parents, and informed consent for use of the data in this
study was obtained.

Each subject was seated in a relaxed upright position. A
pressure-sensitive sheet (Dental Prescale®) was placed
between upper and lower dental arches, and the subjects
were instructed to bite as forcefully as possible for 3
seconds. Recording of OCA, ABP and IOL was longitu-
dinally performed before setting a lingual arch appliance
(T0) and after setting the appliance at each visit for the
treatment period with about 1-month intervals between
visits (T1, T2, T3, T4, T5, T6 and T7). Two 50H type-R
sheets were used in each treatment session. The sheets
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Figure 2. Oral photographs showing changes in occlusion in a subject
in this study. a: A photograph showing anterior crossbite in primary
dentition before the start of orthodontic treatment (period A).
b: A photograph showing improvement in crossbite (period B). c: A
photograph taken in period C, after removal of the lingual arch
appliance. In comparison with period B (Figure 2b), there is close
occlusion in anterior teeth, and there are some differences in
occlusal contact area (OCA), average bite pressure (ABP) and
integrated occlusal load (IOL) between Figures 2b and 2c. The data
are shown in Figures 3 and 4. 

a

b

c

Figure 1. a: A photograph showing the pressure-sensitive sheets
(Dental Prescale® 50H type-R), before (left side) and after (right
side) examination. b: A photograph showing the analyzing scanner
(Occluzer®; right side) and the personal computer (left side) which
is used data calculation and preservation.

a

b
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were scanned and digitized by a scanner (Occluzer®)
with the analyzing system. OCA (mm2),ABP (MPa) and
IOL (N) were automatically calculated twice at each
visit, and the mean values were used for analysis.

The values of the three parameters in the subjects
were compared with those in Japanese children with
normal occlusion in primary dentition. Data obtained
before the start of treatment (period A; Figure 2a), data
obtained when crossbite had improved (period B;
Figure 2b) and data obtained when the lingual arch
appliance had been removed (period C; Figure 2c)
were examined in detail.

In statistical analysis, one sample t-test was used for
comparison of the parameters in the subjects with
crossbite and in children with normal occlusion.
Wilcoxon’s signed-rank test was used to test for signifi-
cance in differences between values of parameters in
periods A, B and C.

RESULTS
OCA, ABP and IOL in the subjects were slightly lower
than the mean values in Japanese children with normal
occlusion in primary dentition (Table). However, there
were no significant differences between the parameters
in the subjects and those in the children with normal
occlusion as determined by one sample t-test.

Changes in OCA,ABP and IOL are shown in Figure
3. Period B is indicated by T1 for subjects a, c, d and f
and by T3 and T2 for subjects b and e, respectively.
Period C is indicated by T5 for subjects b and e and by
T6 for subjects c, d and f. Period C for subject a is
indicated by T4. OCA decreased remarkably in all
subjects after setting of the lingual arch appliance,
showing the lowest value in period B, and then
gradually increased to the pretreatment level. ABP
increased until period B and then gradually declined or
became constant.The change in IOL was similar to that
in OCA. Four subjects who could be measured after 
6 months from period B got the pretreatment level of
functional parameters.

Both OCA and IOL showed significant differences
in periods A and B and in periods B and C, respectively

(both p<0.05) (Figures 4a and 4c). ABP showed
significant differences in periods A and B and in
periods A and C (both p<0.05) (Figure 4b).

DISCUSSION
Studies using Dental Prescale-Occluzer® system have
recently been done on the characteristics of this
system,14,15 effectiveness of a stabilization splint,16

conditions of disorder in the temporomandibular
joint,17 effectiveness of denture form,18 and changes
after oral surgery.19 However, all of the subjects in those
studies were adults. There have been few studies using
child subjects, and there have been no reports on
changes in primary dentition. Thus, the results of the
present study on changes in occlusion in child patients
with primary dentition, who had received orthodontic
treatment should contribute to elucidation of
functional factors in primary dentition.

Preparation of the patients was required for applica-
tion of this system to children with primary dentition.
The subjects in this study practiced biting a Dental
Prescale® sheet in order to be able to reproduce
intercusping when biting without the sheet. Most of the
subjects were able to reproduce the occlusion in biting
the sheet after practicing once or twice. Therefore, it
seems that this system can be easily used for children.

There were no significant differences between OCA,
ABP and IOL in the subjects with anterior crossbite
and the Japanese children with normal occlusion in
primary dentition. For a period of about 4 years prior to
the start of orthodontic treatment, the patient had been
using anterior crossbite as occlusion. Therefore, it was
thought that functional development proceeded with
anterior crossbite in the patients to a level similar to
that of normal occlusion.

The remarkable decrease in OCA in period B
resulted from temporary premature contact in the
primary anterior teeth due to a change in the mandibu-
lar position and movement of maxillary anterior teeth
during the period of orthodontic treatment. ABP
increased significantly up to period B because there
was no fundamental change in maximum bite force and
OCA decreased in period B. There was a statistically
significant difference between ABP in period A and
that in period C (Figure 4b). It seemed that the function
was improved by orthodontic treatment, since OCA
showed a tendency to recover to the pretreatment level
and ABP in period C was higher than the pretreatment
level. In this study, there were some variations in IOL
(Figure 3c). It was thought that IOL was affected by
OCA and ABP because IOL in this system was
calculated as the product of OCA and ABP.

It has been reported that the bite force of prognathic
patients steadily increased after surgery and
approached normal values within  2 to 3 years using
various methods with a custom bite force gauge
consisting of four strain gauges mounted on two

Table. Comparison of the Mean Values of Parameters in the
Anterior Crossbite and Normal Occlusion Groups.

Occlusal contact Average bite Integrated occlusal
area pressure load
(mm2) (Mpa) (N)

mean±SD mean±SD mean±SD

Subjecta 7.7±4.3c 44.8±4.7d 326.8±148.0e

Normalb 9.2±7.3c 45.7±8.2d 391.8±258.3e

a Patients with anterior cross bite in primaty dentition (n = 6)
b Japanese children with normal occlusion in primary dentition 

(n = 145).13

c-e Not significant difference by one sample t-test.
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stainless-steel bars.20 In a previous study, bite forces and
occlusal contact areas of prognathic patients were
measured using a Dental Prescale-Occluzer® system
before and after surgery, and it was found that they
exceeded preoperative levels at 6 months after surgery
but that the postoperative levels were still only about
half or less than the levels of healthy subjects.19 These
findings suggest that a relatively long time after
improvement of occlusion by surgical therapy is
required for recovery of function. The results of the

present study showed that a relatively long time was
required for recovery of function after improvement in
crossbite in many patients. It was thought that the
patients gradually acquired new function with the new
occlusion by using the improved occlusion. Therefore,
the results of this study suggest that there is a time lag
in about 6 months between improvement in crossbite
and recovery of function.

Although improvement in crossbite is the main goal
of early treatment of anterior crossbite, stability of the
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Figure 4. a: Changes in occlusal contact area (OCA) during ortho-
dontic treatment. There were significant differences between the
values of OCA in periods A and B and in periods B and C (both
p<0.05). b: Changes in average bite pressure (ABP) during ortho-
dontic treatment. There were significant differences between the
values of ABP in periods A and B and in periods A and C (both
p<0.05). c: Changes in integrated occlusal load (IOL) during ortho-
dontic treatment. There were significant differences between the
values of IOL in periods A and B and in periods B and C (both
p<0.05).
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Figure 3. a: Changes in the occlusal contact area (OCA). OCA
decreased in all subjects after placement of the appliance, show-
ing the lowest value in period B, and then gradually increased.
b: Changes in the average bite pressure (ABP). ABP increased until
period B and then gradually declined or became constant. 
c: Changes in the integrated occlusal load (IOL). The change in IOL
was similar to that in OCA.  Period A for all subjects is indicated by
T0. Period B is indicated by T1 for subjects a, c, d and f and by T3
and T2 for subjects b and e, respectively. Period C is indicated by
T5 for subjects b and e and by T6 for subjects c, d and f. Period C
for subject a is indicated by T4.
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new occlusion with acquisition of occulusal function is
very important for the patient. Therefore, appropriate
observation and management of the oral condition
until the new occlusion has become stable are
important. Measurements of three parameters seemed
to provide useful information on the occlusal condition
of the patients.

The Dental Pescale-Occluzer® system used in this
study is very easy to use and is a simple means for
evaluating OCA, ABP and IOL in child patients. This
system also enables calculation of occlusal balance. In
this study, however, occlusal balance was not calculated
because of the difficulty in determining the relationship
between oral condition and the data. Although further
investigation using this system is needed, data obtained
using this system seem to be good indicators of change
in correction of anterior crossbite due to orthodontic
treatment.
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