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INTRODUCTION

The potential influence of bite force on the develop-
ment of the masticatory complex has been reported™.
Many researchers focused on bite force with regard to
the magnitude and distribution on the dental arch®'V,
Previous studies provided variable results on maximum
bite force, and the variability may be due to a lack in
the control of such variables to affect bite force mea-

2,12-14) 1,13-15
, sex19

surements as age , physical characteris-
tics including body height and weight'*'®, the number
of teeth present™®, diverse population and different
measuring instruments and techniques®'™'®,

A number of appliances for bite force measurement
have been reported including strain gauge trans-

1813151929 and biting fork®'*'® or bite force dyna-

ducer
mometer™'”. Recently, an occlusal diagnostic system
called the Dental Prescale System® (Fuji Film Co.,
Japan) was developed. As compared to the appliances
described above, the Dental Prescale is more flexible,
permits natural occlusion and prevents mandibular dis-
placement during clenching”. The reproducibility of
this system has been confirmed for the use in complete

119 and complete denture patients” as well

)

dentitions
as in implant supported fixed cantilever prostheses®
and hemi-maxillectomy patients™.

Many studies reported on the relationship between
bite force and the craniofacial morphology. Nanda et
al® made an investigation on the influence of mas-

seter muscle function on the shape and structure of
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bone. They reported that the bone structures depend
on the muscle activity. Ringqvist® studied the bite
force and its relation to dimensions of craniofacial skel-
eton in 29 healthy females aged 19-23 years and
reported that the maximum bite force was associated
with large maxilla and mandible, and small gonial
angle. Ingervall and Helkimo® found a straighter
cranial base, a deeper upper face and a more curved
mandible in the strong bite force group. Ingervall and
Thilander® showed that persons with great bite force
have a facial profile described as rectangular. Proffit
et al?® reported that long face individuals exhibited sig-
nificantly less bite force during maximum clenching
than individuals with standard vertical facial dimen-
sions. These studies described above, however, were
carried out in racial groups of Caucasians. Studies on
Asians are few?®*®, and so far, no studies have been
undertaken for Indonesians.

The distribution of occlusal load has been studied in
various aspects. Harmonious balance of the occlusal
load was reported to be important not only for satisfac-
tory artificial dentition but also for maintaining healthy
oral function®. Maness et al*? and Boening and
Walter® evaluated the balance of occlusal load be-
tween right and left sides of the dental arch. Olivieri
et al® described a measuring method for the occlusal
load center (OLC) in complete denture patients by
T-scan system and Shinogaya et al.® measured the
position of the OLC in complete dentition by the Den-
tal Prescale System. They suggested that the analysis
of the OLC might be meaningful for evaluating the
occlusal function since the position of the OLC was not
affected by race, gender and age.

The purpose of this study was to evaluate:

1. The relationship between bite force and craniofa-

cial morphology.



2. The relationship between the OLC and craniofa-

cial morphology.

MATERIALS AND METHODS

Subjects

Sixty-four female dental students at North Sumatera
University in Medan, Indonesia, with the average age
of 21.9 years were selected as subjects. The subjects
were selected on the basis of the following criteria:
1) no large caries cavities; 2) no missing teeth; 3) no
occlusal contacts at the third molar; 4) no signs or
symptoms of the craniomandibular disorder; and 5) no
severe periodontal diseases.

All the subjects participated in this study after provid-
ing informed consents approved by the Ethics Commit-
tee in the Faculty of Dentistry, University of North
Sumatera, Medan. The examination was comprised of
bite force measurements, measurements of craniofacial
morphology and physical characteristics (body height
and weight).

Bite force measurements

Maximum bite force was measured by a Dental
Prescale System® (Fuji Film Co., Japan), consisting of
pressure sensitive sheets (Dental Prescale) and an ana-
lyzing computer (Occluzer) (Figure 1). Before record-
ing, each subject was seated at the upright position, in
parallel with the Campher’s plane and instructed to bite
properly to exert and produce the maximum clenching.
Dental Prescale sheet (50H, type R) was placed be-
tween the upper and lower dentitions and the subjects

Figure 1 Schematic drawing of bite force measure-

ments.
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were instructed to bite at the intercuspal position for
2-3 seconds. On occlusion, the midline of the Dental
Prescale was matched with that of the subject’s dental

arch.

Occlusal load center measurement

Position of the OLC was measured as described by
Shinogaya and Matsumoto”. A picture of the occlusal
view of maxillary cast obtained from each subject was
taken by a digital camera (Casio QV-2400VX) in the
perpendicular direction to the occlusal plane. The
result of ‘balance data mode’, one of the data display
function of Occluzer, was superimposed on a digitized
image of the maxillary dental cast (Figure 2). The
relative location of the OLC was then calculated from
the size of the dental arches antero-posteriorly and
right-left (Figure 3).

Figure 2 The image file of the scanned data superim-
posed to the image file of the maxillary den-
tal arch.
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Figure 3 Schematic illustration of the OLC measure-
ment.
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Morphometric analysis with cephalograms for

the craniofacial skeleton

Craniofacial morphology measurement was obtained
from conventional lateral cephalogram. Each lateral
cephalogram was traced on acetate paper and 16 land-
marks were defined in a X-Y coordinate system (Figure
4). The X and Y coordinates were digitized and the
following 25 measurement items were executed by a
personal computer (Macintosh Quadra 800, Apple
Computer Inc., Cupertino, USA) (Figures 5 and 6).
The twenty-five cephalometric variables (11 angular
and 14 linear items) used were listed in Tables 1 and 2,

respectively.

Data analysis and statistical treatments

The mean and standard deviation were calculated for
each of the variables measured. The relationship be-
tween the twenty-five cephalometric items and bite
force was analyzed by means of a simple correlation
analysis at the 95% confidence level.

For multivariable analysis, all the measurement

items were first categorized into ten subgroups by

Figure 4 Landmarks for cephalometric analysis.
S : Sella turcica Ptm : Pterygomaxillare
N : Nasion PNS: Posterior nasal spine
A :Point A (subspinale) ANS: Anterior nasal spine
B : Point B (supramentale) Po : Porion

Pog : Pogonion Or : Orbitale

Me : Menton U6 : Mesiobuccal of upper
Go : Gonion first molar

Ba : Basion L6 : Mesiobuccal of lower

Ar : Articulare first molar

S-N plane

Frankfurt
plane

Palatal
plane

Mandibular plane

Figure 5 Angular measurement items.

1. NSBa 7. GoA
2. Facial A 8. RpSN
3. SNA 9. ANB
4. PP-SN 10. PP-Mp
5. SNB 11. Occ.pl
6. Mp-SN

Frankfurt
plane

Palatal
plane

andibular plane

Figure 6 Linear measurement items.

1. SN 8. Ptm-ANS/PP
2. S-Ar/FH 9. Go-Me

3. N-Me 10. Ar-Me

4. N/PP 11. OJ (PP)

5. Me/PP 12. OB (PP)

6. S/PP 13. U6/PP

7. Go/PP 14. L6/Mp



Table 1 Angular measurement items

NSBa shape of cranial base

Facial A antero-posterior position of the mandible
evaluated by N-Pog plane relative to FH
plane

SNA antero-posterior position of the maxilla
relative to the anterior cranial base

PP-SN palatal plane angle

SNB antero-posterior position of the mandible
relative to the anterior cranial base

Mp-SN  mandibular plane angle

Go A angle between the mandibular and ramus
planes

Rp-SN ramus plane angle

ANB antero-posterior relation between maxilla
and mandible

PP-Mp relative inclination of maxilla and man-
dible

Occ.pl bisected occlusal plane related to SN
plane

Table 2 Linear measurement items

S-N antero-posterior length of the ante-
rior cranial base

SAr/FH antero-posterior length of the poste-
rior cranial base

N-Me total anterior facial height

N/PP upper anterior facial height

Me/PP lower anterior facial height

S/PP upper posterior facial height

Go/PP lower posterior facial height

Ptm-ANS/PP  antero-posterior size of the maxilla

Go-Me length of mandibular corpus

Ar-Me effective length of the mandible

OJ(PP) horizontal distance between incisal
edge registered on the palatal plane

OB(PP) vertical distance between incisal
edge registered on the palatal plane

U6/PP distance from upper molar to palatal
plane

L6/Mp distance from lower molar to man-

dibular plane

means of a cluster analysis and the representative
measurement items were selected in each subgroup
(Figure 7). Secondly, a stepwise multiple regression
analysis was performed to calculate the influence of ten
items on the occlusal bite force and to determine
whether a higher explanatory value could be obtained

with ten items selected. The coefficient of determina-
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Figure 7 Dendogram showing the amalgamation step.

tion (¥ which indicates the explanatory values of the
regression model was calculated.

To evaluate the relation between the position of oc-
clusal load center and craniofacial morphology, simple
correlation analysis was performed.

For all the statistical analyses, a software package of
SPSS (SPSS Inc., 1999) was used.

RESULTS

The maximum bite force was obtained. The mean
was 806.23 N with standard deviation of 324.83 N.
Table 3 shows the means and standard deviations of
the twenty-five cephalometric measurement items and
the physical characteristics. Both body height and
weight showed lower correlation coefficients, however
the height exhibited a significant correlation with the

maximum bite force (Figure 8).

Relationship between bite force and craniofacial

morphology

Out of the twenty-five cephalometric measurement
items, nine variables showed significant correlations
(Table 4). Bite force exhibited significant positive
correlations with variables representing the length of
posterior cranial base (var. 13), and the vertical and
horizontal sizes of the maxilla (var. 19, 24) and man-
dible (var. 18, 20, 21) (Figure 9). Furthermore, the
significant negative correlations were found with vari-
ables representing mandibular plane angle (var. 6),
gonial angle (var. 7) and palatal plane/mandibular
plane (var. 10) (Figure 10).

A stepwise regression analysis was applied to con-
sider the entire set of variables correlated with the
maximum bite force. The resultant * value was 0.55
with the correlation coefficient of 0.72. This shows

that the maximum bite force can be described by
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Table 3 Mean values and standard deviations for
the variables recorded

Table 4 Relationship between cephalometric
items and bite force magnitude by

means of simple correlation analysis

Variables Mean SD
Force 806.20 324.84 No Variable r Significance
Height 158.00 512 1. NSBa +0.11 ns.
Weight 48.85 5.20 .
2. Facial A -0.01 n.s.
NSBa 131.40 4.73
K 3. SNA +0.02 n.s.
Facial A 87.56 311
4. PPSN +0.20 n.s.
SNA 83.74 3.48
5. SNB +0.04 n.s.
PP-SN 7.60 2.84
6. MpSN -0.29 *
SNB 80.73 3.24 7. GoA ~ 045 -
Mp-SN 30.93 543 ’ ’
8. RpSN +0.22 n.s.
Go A 118.04 6.24
9. ANB -0.03 n.s.
Rp-SN 92.91 5.25
10. PP-Mp -041 *k
ANB 3.01 2.16
11. Occ.pl -0.18 n.s.
PP-Mp 23.35 5.21 12. SN +0.03 ns
Occ.pl 15.35 4.46 13. SAr/FH +033 .
SN 68.25 3.04 14. N-Me +0.10 s
S-Ar/FH 17.42 3.12 ’ ’ o
15. N/PP +0.14 n.s.
N-Me 121.43 6.58
16. Me/PP +0.09 n.s.
N/PP 54.30 2.88 17. S/PP — 008 s
Me/PP 66.42 4.81 18. Go/PP N O' 44 o
S/PP 45.29 s2 19. Ptm-ANS/PP +031 =
Go/PP 34.55 437
20. Go-Me +0.38 *x
Ptm-ANS/PP 52.34 2.55 21, ArMe +031 "
Go-Me 73.26 4.36 ’ ’
22. O] (PP) +0.23 n.s.
Ar-Me 108.42 493 23. OB(PP) - 0.04 s
0 (PP) 287 0.92 24. U6/PP +028 .
OB (PP) 2.56 1.12 25' L6/M N 0.18 s
U6/PP 23.93 247 i P : =
L6/Mp 32.96 2.97 *p < 0.05 **p<0.01 n.s.:not significant

+ positive relation - negative relation

(For abbreviations, see Fig. 4 and footnotes to
Tables 1 and 2.)
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Figure 8 Scatter diagram showing relationship between maximum bite force and physical characteristics.
A. Height B. Weight

angle (Go A), and antero-posterior length of the poste-
rior cranial base (S-Ar/FH) (Figure 11). Beta-weights
indicate that the gonial angle was the main contributor

craniofacial morphology as much as 55% by use of four
variables; lower posterior facial height (Go/PP), antero-

posterior size of the maxilla (Ptm-ANS/PP), gonial
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Figure 11 Four cephalometric variables closely re-
lated to the maximum bite force.
a. lower posterior facial height
b. antero-posterior size of the maxilla
c. gonial angle
d. antero-posterior length of the posterior
cranial base.

Table 5 Values obtained by means of stepwise
multiple regression analysis between
the ten cephalometric variables and
maximum bite force

Variable Beta (B) p
Go/PP +0.21 <0.05
Ptm-ANS/PP +0.43 < 0.001
Go A -047 < 0.001
S-Ar/FH +0.36 < 0.001

(Table 5) followed by antero-posterior size of the max-
illa, antero-posterior length of the posterior cranial base
and lower posterior facial height. The gonial angle
has a negative relation, i.e, larger bite force coincided
with smaller gonial angle. Other three variables;
lower posterior facial height, antero-posterior size of
the maxilla and antero-posterior length of the posterior
cranial base have positive relations, i.e, larger bite force
coincided with longer posterior facial height, larger
maxilla and longer posterior cranial base.
To explain these relationship, the following predicted
equation was obtained:
Maximum Bite Force (MBF) =
-379.77 + 15.62 X; + 55.11 X,-24.44 X3+ 37.14 X,

where: X;: Go/pp (mm) X3 Go A (degree)
Xo: Ptm-ANA/PP (mm) X, SAr/FH (mm)

Relationship between the OLC and craniofacial

morphology

The relative positions of the OLC are shown in Table
6. The OLC was located at 73.8 + 7.0% (antero-posteri-
orly) and 50.4% * 3.6% (right-left). It corresponded to
the center of upper first molar (antero-posterior) and
midline of the dental arch (right-left). For the relation
to the twenty-five cephalometric items, the antero-pos-
terior position exhibited a significant negative correla-
tion with gonial angle. It implies that the occlusal load
center was located more posteriorly as the gonial angle
became smaller. The scattergram to show the linear

relationship is presented in Figure 12.

Table 6 Measurement of the relative position of
the occlusal load center in the antero-
posterior and right-left directions

Position Mean (%) SD Median
Antero-posterior 73.8 7.0 75.5
Right-left 50.4 36 50.1
100 "
r =-0.3; p<0.05

90 +

80

70

60

50 [ ]

Antero-posterior position of the OLC (%)

40

100 105 110 115 120 125 130 135
Go A (deg)

Figure 12 Scatter diagram showing linear relation-
ship between the antero-posterior position
of the OLC and gonial angle.

DISCUSSION

In previous studies, maximum bite force was mea-
sured using a metal material such as transducer, biting
fork or bite force dynamometer with various sizes and
thicknesses. The thickness (4-16mm) was one of the
reasons for the unstable position. Moreover, subjects
might be reluctant to bite maximally because of fear



to tooth damage or pain. In this study, maximum
bite force was measured using the Dental Prescale Sys-
tem, which consists of pressure sensitive sheet (Dental
Prescale) and a computer for analysis (Occluzer).
Suzuki et al.” reported that Dental Prescale System
has some advantages as follows: (1) the thin material
induces only a small change in the occlusal vertical
dimension, and makes it available to measure at a posi-
tion near the intercuspal position; (2) it is not necessary
to prepare special measurement equipment; (3) many
patients may be examined for a short time; (4) record-
ing storage, even for an extended period, is simplified;
and (5) it is easy to explain the treatment to patients by
using dental images. In addition, the clinical useful-
ness of this system was documented in terms of quanti-
tative evaluation for occlusal load distribution®*,

In the present study, the mean value of maximum
bite force was greater than that obtained by previous
studies. Bakke et al*® examining a large sample (63
females and 59 males), found a mean bite force of 522
N in males and 441 N in females. Dean et al.* found
the mean values at the molar region to be 490 N in
males and 402 N in females. Braun et al.' reported a
mean value of 814 N for males and 615 N for females.
This variability might be due to the differences of mea-
suring point and appliances used.

Several authors found positive correlation between
bite force and growth variables such as age and body
height and weight. It is assumed that persons with
larger body build, size and/or weight may exhibit a
greater bite force. Kiliriadis et al.'® noticed a correla-
tion between body height and the mean amplitude
of the maximum bite force. Ringqvist® found signifi-
cant correlation between body height and maximum
molar bite force in female, whereas Braun et al.” and
Linderholm and Wennstrom'” did not. The present
study agrees with an earlier study by Ringqvist that bite
force significantly positively correlated to height. It is
probably because Ringqvist and our study were made
on the similar type of subjects, a group of young adult
females.

Relationship between bite force and craniofacial

morphology

Since the activity of masticatory muscle occurs
throughout the day*™®, previous study suggested that

the jaw muscle activity at rest was correlated with cran-
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iofacial morphology™. On the other hand, Nasedkin®
reported that muscle activity in nocturnal clenching
was sometimes six times greater than that in voluntary
maximum clenching. The present study focused on
the relation between maximum clenching and craniofa-
cial morphology.

Among the twenty-five cephalometric measurements
evaluated by means of simple correlation analysis, nine
cephalometric items were statistically significant to
maximum bite force; Mp-SN, Go A, PP-Mp, S-Ar/FH,
Go/PP, Ptm-ANS/PP, Go-Me, Ar-Me, and U6/PP.
The potential correlation of maximum bite force to vari-
ous cephalometric measurements has been reported by
many researchers. Most of these studies, however

3,15,19,20,22,36,40,41)

were conducted among Caucasians and

some studies in Mongoloid®*”. Based on racial clas-
sifications by Molnar*? there were three kinds of races,
Caucasoid, Mongoloid and Negroid. Indonesian, a
variety of the Malay-Indonesian ethnic, belongs to the
Mongoloid group with characteristics of short and
slender stature, black hair and relatively dark skin pig-
mentation®.

A highly significant negative correlation was found
between gonial angle and maximum bite force (r =

44) and

0.45). All Indonesians are called Orientals
Enlow*, reported that the facial feature of Oriental
tends to be brachycephalic or square jaw. This facial
feature was characterized by relatively smaller gonial
angle®.

The size of mandible, denoted by Go-Me and Ar-Me,
showed significant correlation with maximum bite force
with a positive correlation. This finding supports the
findings of the study by Ringqvist® and Throckmorton

1.2 who found that size and inclination of mandible

eta
were strongly correlated to maximum bite force.
Braun et al.” and Ringqvist® reported that mandibu-
lar plane angle and mandibular/palatal plane angle cor-
related significantly to maximum bite force with nega-
tive correlation. This finding supports the widely
accepted concept that long face subjects have dimin-

ished force!'>??,

In the present study, similar findings
were observed.

Ingervall and Helkimo® found that shape of the
cranial base, denoted by NSBa and SBa (the distance
between sella and basion) were significantly larger in
the group with strong bite force. In this study, the

antero-posterior length of the posterior cranial base,
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denoted by S-Ar/FH positively correlated with maxi-
mum bite force. This finding suggests that shape and
size of the cranial base were correlated with maximum
bite force.

Lower posterior facial height, denoted by Go/PP cor-
related to maximum bite force with a positively signifi-
cant correlation. This finding supported the study of
Weijs and Hillen*® who reported that during maximal
bite, the cross sectional areas of the lateral pterygoid
muscles was positively correlated with lower facial
height. It is widely accepted there was interaction
among maximum bite force, jaw muscle size and cran-
iofacial morphology®*®.

In this study, the positive linear relationship was
found between the antero-posterior size of the maxilla
denoted by Ptm-ANS/PP and maximum bite force.
This finding supported the findings by Ringqvist® and
Ingervall and Helkimo® who reported that higher bite
force was associated with a broader maxilla.

The correlation of maximum bite force and the pos-
terior dentoalveolar heights, denoted by U6/PP was
found in this study. Though Braun et al.' found a
similar finding however, they reported this as unex-
pected results. Throckmorton et al.*® have shown a
positive correlation between maximum bite force and
dentoalveolar heights as one of the nine contributing
variables representing the size of mandible.

By means of stepwise multiple regression analysis,
the outcome indicated that 55% of maximum bite force
could be explained by four cephalometric items, lower
posterior facial height (Go/PP), antero-posterior size of
the maxilla (Ptm-ANS/PP), gonial angle (Go A) and
antero-posterior length of the posterior cranial base
(S-Ar/FH). The effect of intercorrelation among those
variances could explain this condition. A larger bite
force implies with greater posterior facial height,
smaller gonial angle, larger maxilla and straighter pos-
terior length of the cranial base. In white population,
it was accepted that subjects exhibiting a short face or
square jaw or brachycephalic tends to bite with greater

3420 The outcome of our study indicated that

force
this findings generally supports those found in racial

groups of Caucasians.

Relationship between the OLC and craniofacial
morphology
Equilibrium of occlusal load distribution is one of the

most important factors for the stability of the dentitions
and healthy stomatognathic function™'*?, To this
end, it is necessary to consider the location of the OLC,
a balancing center of the occlusal load distributed over
the maxillary dentition®. Olivieri et al.>® reported the
position of center of force target was approximately 31
mm distal to the incisal plane. In the present study,
the relative antero-posterior position of OLC was 73.8 +
7.0% and the relative right-left position of the OLC was
50.4 + 3.6%. This finding proposed the relative posi-
tion of the OLC for Indonesians in accordance with the
previous study by Shinogaya et al.®” who studied the
relative locations of the OLC in Japanese and Danish.
They reported the location of the OLC is approximately
the same in different racial groups and concluded that
location of the OLC might not be affected by racial dif-
ferences, gender and age. For these reasons, analysis
of the OLC was considered as an important method for
making comprehensive evaluation of occlusal function.

With regard to the relation between craniofacial mor-
phology and the position of the OLC, the OLC was
located more posteriorly as the gonial angle became
smaller. Throckmorton et al.'” evaluated the biome-
chanical advantage of the masticating muscles includ-
ing masseter muscle and temporalis muscle and re-
ported that there was a close relationship between the
direction of the muscle forces and gonial angle.
These findings suggest that occlusal force distribution

was correlated with craniofacial morphology.

CONCLUSIONS

The present study was conducted to evaluate the
relationship between maximum bite force and craniofa-
cial morphology. Sixty-four Indonesian female dental
students aged 19-27 years with normal occlusion were
served as the subjects. The Dental Prescale System
was used to measure the maximum bite force using a
pressure sensitive sheets while craniofacial morphol-
ogy measurements were determined from conventional
lateral radiogram. The antero-posterior and right-left
position of the occlusal load center, the OLC were mea-
sured also. Stepwise multiple regression analysis was
performed to evaluate the relationship between bite
force and craniofacial morphology while correlation
analysis was used to evaluate the antero-posterior posi-
tion of the OLC related to craniofacial morphology.

As a conclusion, this study suggests that among



Indonesians, maximum bite force could be explained
by craniofacial morphology as it was found in Cauca-
sians. In addition, we have proposed a clinical stan-
dard of the OLC for the comprehensive evaluation of

occlusion.
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