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Correlation between
maximum bite force and facial
morphology in children

Bengt Ingervall, DDS, Odont Dr; Christian Minder, PhD

ite force in adults who have long-
B face morphology is lower than in adults
who have skeletal deep bite.!* Elec-
tromyographic studies of the masticatory
muscles have revealed low activity levels in long-
faced adults.>® The small bite force in these indi-
viduals is in line with the decreased thickness
and volume of their mandibular elevator muscles
as revealed by ultrasonography,”® computer to-
mography,”® and magnetic resonance imaging."
While the correlation between masticatory
muscle strength and facial form is well docu-
mented in adults, some controversy exists re-

Electromyographic studies have shown low lev-
els of activity in the mandibular elevator muscles
in children with long-face morphology,”*® and
some studies have shown reduced bite force at
the molars'>* and incisors.”

On the other hand, Proffit and Fields™ were
unable to find any correlation between bite force
and facial morphology in children; they hypoth-
esized that the correlation between masticatory
muscle force and facial form develops during
adolescence. Bite force increases during child-
hood and continues to increase until adult-
hood."" Proffit and Fields!® were also unable to

garding the relationship in children. find the same bite force difference between long-

Abstract

The correlation between maximum bite force and facial morphology was studied in 54 boys, 8 to 16 years old, and 66 girls,
7 to 17 years old. Bite force was measured at the first molars with a miniature bite force recorder. Facial morphology was
evaluated on profile cephalograms. In addition, the number of teeth in contact in the intercuspal position was recorded with
occlusal foils. In the girls, maximum bite force was correiated with the inclination of the mandible, the size of the gonial angle,
and the ratio between posterior and anterior face heights. The correlations implied a large bite force with a small mandibular
inclination and gonial angle, a large posterior face height in relation to the anterior face height, and a small bite force with
the opposite facial characteristics. These correlations were nonexistent or weaker in boys. In both sexes, bite force was
correlated with the number of occlusal contacts. Elimination of the influence of age and occlusal contactin the group of girls
by the use of partial correlations reduced the correlation between bite force and facial morphology. A significant correlation
with the size of the gonial angle remained, however, and the correlation with mandibular inclination was close to significance.
In addition to the correlations found with facial morphology, the study clearly demonstrated the need to take gender and
occlusal contacts into consideration in future studies of masticatory muscle function and strength in relation to facial
morphology.
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Figure 1

faced children and controls that is present in
adults. They suggested that individuals with
long-face morphology have normal bite force
during childhood but do not develop strength
in the mandibular elevators in the later phase of
the growth period. Therefore, long-faced adults
have less bite force than other adults.

Van Spronsen® proposed that the lack of de-
velopment of masticatory muscle strength in
long-faced children (often with anterior
openbite) may be the result of poor working con-
ditions for the muscles due to occlusal instabil-
ity. This hypothesis is supported by the results
of Bakke,? who found a positive relationship
between masticatory muscle strength during
static and dynamic functions and the number of
occlusal contacts. According to van Spronsen,®
the masticatory muscles of long-faced adults are
characterized by disuse atrophy because the low
muscle strength cannot be explained solely by
the small cross-sectional area of the muscles. This
muscle atrophy takes place during the develop-
ment of the long-face morphology.

Before the validity of the theories of Proffit and
Fields®™ and van Spronsen® can be confirmed, the
question of bite force in children with varying
facial morphologies must be further evaluated.
The present study was done in order to elucidate
the relationship between the strength of masti-
catory muscles and facial morphology in chil-
dren.
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Material and methods

One hundred twenty individuals (54 boys and
66 girls) were included in the study. The boys
ranged in age from 8 years 3 months to 15 years
9 months (median 11 years 10 months) and the
girls ranged from 7 years 2 months to 16 years 8
months (median 10 years 8 months). The study
comprised all children who were to start orth-
odontic treatment at the Department of Orth-
odontics, University of Bern, during the period
covered by the investigation. The subjects, there-
fore, had varying facial morphologies, varying
types of malocclusion, and were in varying
stages of dental development. None had symp-
toms or signs of functional disorders of the
stomatognathic system.

The facial morphology of the subjects was
evaluated on profile cephalograms taken with
the mandible in the intercuspal position and in-
cluding a linear enlargement of 3.3%. The refer-
ence points and lines used for the analysis are
shown in Figure 1, and the variables measured
are given in Table 1. Two ratios were calculated
from the cephalometric measurements, one be-
ing the ratio of the lower anterior face height to
the total anterior face height (lower face height
%). This ratio was calculated from the distances
sp’-me” and n’-me” where n’, sp’, and me” are the
projections of the points n, sp, and me on a ver-
tical line drawn perpendicular to a horizontal
line making an angle of 7 degrees to NSL, i.e,,
approximating the vertical line of natural head
position. The other ratio (PFH:AFH x 100) was
that of posterior face height (distance s-tgo) to
anterior face height (n-me).

Bite force in Newtons (N) was measured with
a miniature bite force recorder (as described by
Floystrand et al.?) that was calibrated in a bench
for a linear relationship between load and re-
corded value. The strain-gauge transducer of the
recorder was contained in steel housing (11 x 15
x 4 mm) mounted on a handle. To avoid contami-
nation, the transducer was placed in a thin latex
finger cot during measurement. For the bite force
measurements, maxillary and mandibular acrylic
splints were made for each subject from dental
casts. The splints had a flat occlusal surface and
covered the buccal and lingual surfaces of the
teeth. The splints allowed stable positioning of
the bite force recorder during the measurements,
loading the sensor at right angles. The upper and
lower splints together increased the vertical di-
mension at the first molars by 2 to 5 mm (me-
dian 3 mm) in addition to the thickness of the
bite force recorder (4 mm). Three measurements
of maximum bite force at the both the right and
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Table 1

Median, mean, standard deviation and range for maximum bite force, cephalometric variables,
and tooth contacts in boys and girls.

*=0.01 <p<0.05,** =0.001 < p<0.01, ** = p< 0.001

Boys (n = 54) Girls (n = 66) Significance of

Median Mean SD Range Median  Mean SD Range  difference
Bite force (N) 607.0 6322 1574 330- 1019 5345 539.8 141.2 286 - 895 >
s-n-ssY 80.2 80.7 3.8 74 - 90 80.3 80.7 3.5 71-88
s-n-smY 771 76.9 4.0 68 - 89 77.0 76.9 3.3 70 - 84
ss-n-smY 4.3 3.9 2.2 2-7 3.8 3.7 2.2 -1-8
NSL/NLY 71 7.4 2.7 2-13 7.0 7.5 3.0 2-15
NSL/MLY 32.8 32.5 55 17 - 43 34.3 33.5 5.4 19- 48
NUMLY 25.4 25.1 5.2 11- 37 25.2 25.9 5.4 13- 38
RUMLY 1240 1245 55 113-137 125.8 1248 6.3 109 - 138
n-sp mm 49.4 49.6 4.0 43 - 59 471 47.3 3.5 41-56 e
sp-me mm 62.2 62.5 46 51-74 61.7 61.4 4.4 52 - 73
Lower face height (%) 56.1 55.8 1.7 53- 59 56.6 56.5 2.3 51 - 61 *
se-pm mm 43.7 44.0 3.3 37-53 42.8 43.4 3.8 36 - 55
s-tgo mm 71.3 71.6 6.1 60 - 88 68.3 69.0 6.3 56 - 85 **
n-me mm 109.6 110.3 7.0 94 - 129 106.9 107.1 6.1 94 - 123 *
PFH : AFH x 100 62.5 63.3 4.4 55-77 62.7 62.8 4.0 56 - 75
NL-is mm 27.0 26.7 23 22 - 32 26.2 25.8 2.7 19- 32 *
NL-umt mm 20.0 20.1 2.4 14 - 26 19.4 19.6 2.1 14 - 24
ML-ii mm 37.7 38.3 2.6 33- 46 371 37.0 2.4 32-43 *
ML-Imt mm 291 294 2.0 25-34 28.4 28.5 2.6 23 - 36 *
MTC number 6.0 6.9 2.3 3-13 7.0 6.9 2.6 3-14
MPTC number 5.0 5.4 1.4 2-8 5.0 5.2 1.7 2-8
NC number 7.0 7.9 3.2 3-16 7.5 8.0 34 3-17

left first permanent molars were made in random
order. Care was taken to avoid lateral or protru-
sive deviations of the mandible during the mea-
surements. Children were allowed to rest
between each measurement. Measurements were
made with the child sitting slightly reclined in a
dental chair with a headrest. To obtain the high-
est bite force values possible, the children were
urged to do their very best.

Before the bite force measurements were made,
the total number of maxillary teeth (permanent
or deciduous) in contact in the intercuspal man-
dibular position (MTC), the number of maxillary
posterior teeth (molars and premolars or decidu-
ous molars) in contact (MPTC), and the total
number of interocclusal contacts (NC) were re-
corded. The recording was made with the aid of
strips of occlusal foil with a thickness of 8 n
(Shimstock Metal Foil, Hanel-GHM-Dental,
Niirtingen, Germany). A tooth contact was re-
corded if the strip could be maintained between

the teeth against a strong pull during biting with
moderate occlusal force.

The largest of the six bite force measurements
was taken to represent the maximum bite force
of the individual. Maximum and the median bite
forces on the right and left sides were also used
and the median value of all six measurements
was calculated.

Errors of the method

In order to evaluate the errors of the method
of the bite force measurements, the recordings
of tooth contact, and the cephalometric variables,
duplicate determinations were made in 28 ran-
domly selected individuals. The new bite force
measurements and recordings of tooth contact
were made 3 to 59 days (median 24 days) after
the first recordings using the same acrylic splints.
Duplicate measurements were made of the pro-
file cephalograms of the 28 individuals, preceded
by new localization of the reference points and
new tracings.
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Table 2

Significant rank (R) and product moment (r) correlation coefficients
between the maximum bite force, age, cephalometric variables, and
tooth contact variables in boys and girls.

Boys (n=54) Girls {n=66)
Variable R r R r
Age 0.42*** 0.44***
NSL/ML -0.28* -0.50***  -0.49***
NL/ML -0.42***  -0.44*
RL/ML -0.28* -0.48***  -0.53***
n-sp 0.26* 0.27*
se - pm 0.27*
s - tgo 0.32* 0.36** 0.44*** 0.54***
PFH : AFH x 100 0.30* 0.46™* 0.51*
NL - umt 0.32* 0.37*
ML -ii 0.34*
ML - Imt 0.34* 0.36** 0.30"
MTC 0.31* 0.42** 0.51** 0.47***
MPTC 0.38** 0.44*** 0.54*** 0.58***
NC 0.33* 0.34* 0.49*** 0.45"**

*=0.01<p<0.05 *=0.001 <p<0.01, *** = p< 0.001
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The systematic errors of the method were
evaluated with the paired t-test, and the acciden-
tal errors (si) were calculated with the formula

X d?

2n
where d is the difference between the two deter-
minations.

All parameters of bite force (maximum force,
maximum forces on the right and left sides, me-
dian forces on the right and left sides, and me-
dian bite force) showed significant systematic
differences between the two determinations. A
larger value was generally recorded at the sec-
ond determination. The smallest accidental er-
ror (39.6 N) was found for maximum bite force
(based on all six measurements). This is equiva-
lent to a coefficient of variation of 7%. The error
for the median value was 49.2 N. Also, the maxi-
mum values on the right and left sides had
smaller accidental errors than the median values.

No significant systematic errors were found
between the duplicate determinations of tooth
contact. The accidental error was 0.99 for the to-
tal number of maxillary teeth in contact, 0.35 for
the number of maxillary posterior teeth in con-
tact, and 1.37 for the number of intermaxillary
tooth contacts.

Of the 18 cephalometric variables, five showed
small, significant, systematic differences between
the two determinations. The largest mean differ-
ences were 0.22 mm and 0.40 degrees, respec-

Si=
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tively. The accidental errors varied between 0.24
and 0.79 mm or degrees.
Statistical methods

Differences between sides were tested with
Wilcoxon’s matched-pairs signed-ranks test; dif-
ferences between sexes were tested with Mann
Whitney’s U-test. Correlations between variables
were studied with Spearman rank correlation
and product moment correlation. Partial prod-
uct moment correlation was calculated with the
CANCORR procedure of SAS® (no equivalent
nonparametric method was available). Normal-
ity of the distribution of the variables used in
partial correlation analysis was checked graphi-
cally using normal quantile plots. In addition,
multivariate normality of the variables used in
each partial correlation analysis was assessed
using Mahalanobis” distance-chi square quantile
plot

Results

There were no significant differences between
maximum bite force values at the right and left
sides either in the whole group or in boys or girls.
Because the maximum bite force (based on all six
measurements) had the smallest accidental error,
this parameter was used in the further analysis.

The values for bite force, cephalometric vari-
ables, and tooth contact for boys and girls are
given in Table 1. Bite force was significantly
larger in boys than in girls. There was no differ-
ence between the sexes in the number of tooth
contacts or in the form of the face (angular cepha-
lometric variables). The majority of the means of
linear cephalometric variables (facial dimen-
sions) were somewhat larger in boys than in
girls. All variables recorded had large ranges,
which were similar in boys and girls.

The significant coefficients of correlation be-
tween maximum bite force, age, cephalometric
variables, and tooth contact variables are given
in Table 2. Bite force was correlated with age in
girls but not in boys. A clear correlation between
bite force and facial form was found in girls but
not in boys (see rank-correlation coefficients).
Thus, in girls, bite force was negatively corre-
lated with the inclination of the mandible (vari-
ables NSL/ML, NL/ML) and with the size of the
gonial angle (RL/ML), that is, with variables
markedly different in short- and long-face mor-
phologies. In analogy with this relationship, a
positive correlation was found to the quotient be-
tween the posterior and anterior face heights
(variable PFH: AFH x 100). In both sexes, bite
force was positively correlated with the number
of teeth in contact and with the number of



interocclusal contacts (NC). This correlation was
stronger in girls than in boys and strongest for
the number of maxillary posterior teeth in con-
tact (MPTC).

Because more significant correlations between
bite force and the other variables were found in
girls, further analysis was restricted to the group
of girls. In girls, the variables NSL/ML, NL/ML,
RL/ML and PFH:AFH were significantly corre-
lated with age, with coefficients of correlation (R)
of -0.43, -0.48, -0.50, and 0.48, respectively
(p>0.001). Tooth contact variables were signifi-
cantly correlated with age (R=0.37 - 0.38, 0.001
< p < 0.01). It was further found, in girls only,
that tooth contact was significantly correlated
with the form of the face. Thus, MPTC was cor-
related with NSL/ML (R=-0.38), NL/ML
(R=-0.38), RL/ML (R=-0.35), 0.001 <p < 0.01,
and PFH:AFH (R=0.43, p < 0.001). It was there-
fore unclear if the correlation between bite force
and facial form (Table 2) was due to the correla-
tion with age and tooth contact. Product moment
partial correlation coefficients () were therefore
calculated eliminating the influences of age and
tooth contact (MPTC). The partial correlation co-
efficients are given in Table 3. The p-values can
be relied on, as graphical checks of the assump-
tions underlying partial correlation analysis did
not show any relevant deviations.

The partial correlations with respect to age and
MPTC, respectively, reduced the correlation be-
tween bite force and facial form (compare Tables
2 and 3). However, when either age or tooth con-
tact was eliminated in the partial correlation
analysis, the coefficients of correlation between
bite force and the morphological variables re-
mained significant. The partial correlation elimi-
nating the influence of both age and tooth contact
further reduced the strength of the correlation
between bite force and facial form. In this case,
only the correlation between bite force and
gonial angle (RL/ML) remained significant. The
correlation with the inclination of the mandible
(NSL/ML) was, however, close to significance (p
= 0.06). From the partial correlation analyses, it
is clear that the correlation between bite force
and facial form found by calculation of the
simple correlations (Table 2) is, to some extent,
due to the influence of age and tooth contact, but
a correlation still exists after the elimination of
the influence of these factors.

As a supplementary check of the dependence
of the correlation between bite force and facial
morphology on age and occlusal contact, a fur-
ther analysis was made among young girls (girls
12 years of age or older were excluded). The

Maximum bite force and facial morphology

Table 3

Partial product moment correlation coefficients in girls between
maximal bite force and NSL/ML, NL/ML, RL/ML,, and PFH: AFH x 100
after eliminating influence of age and tooth contact (MPTC)

*=0.01<p<0.05 " =0.001 < p<0.01

Variable Partial with Partial with Partial with respect
respect to age  respect to MPTC to age and MPTC
NSL/ML -0.34™ -0.31* -0.24
NL/ML -0.27* -0.25* -0.15
RL/ML -0.38** -0.38** -0.29*
PFH:AFH x 100 0.35** 0.30* 0.21

sample then consisted of 47 girls. The reduction
in sample size reduced the standard deviation
of practically all variables. When coefficients of
correlation between the maximal bite force and
the other variables were calculated (n=47), few
significant correlations were found. A negative
correlation was found between bite force and the
size of the gonial angle (RL/ML, R=-0.44,
r=-0.38, 0.001 < p < 0.01) and positive correla-
tions with the three variables for tooth contact
(MTC, R=0.37, 0.001 < p < 0.01, MPTC, R=0.46,
p < 0.001, NC, R=0.34, 0.01 < p < 0.05). In this
sample, bite force was not significantly corre-
lIated with age and no significant correlations
were found between tooth contact and facial
morphology. Therefore, the calculation of partial
correlations, eliminating the influence of tooth
contact (MPTC), did not change the correlation
between bite force and the size of the gonial
angle (RL/ML), which remained the same
(r=-0.38, 0.001 < p < 0.01).

Discussion

The use of splints covering the occlusal surfaces
of the teeth during the bite force measurements
offered distinct advantages. The splint distrib-
uted the force over a larger part of the occlusal
surface, thus avoiding damage to the enamel or
filling material. The flat splints also increased the
possibilities for reasonable axial loading of the
teeth. Axial loading has been shown to result in
greater maximal force than eccentric loading.”
The combined thickness of the splints and the
force-measuring device (median 7 mm), how-
ever, prevented strict axial loading. An increased
vertical dimension is also known to influence
maximal bite force.?*” The increase of the verti-
cal dimension may, however, be assumed to in-
fluence bite force in the same way in all subjects?®
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and should not, therefore, influence the correla-
tion between bite force and facial morphology.

Measurement of maximum bite force is depen-
dent on the effort of the subject, which is influ-
enced by motivation, pain, and fear, among other
factors. These factors add to the normal biologi-
cal intra-individual variation and to technical
imperfections. A relatively large error of the
method is therefore to be expected in the mea-
surement of maximal bite force. The accidental
error in this study, however, compared favorably
with the error in a previous study of maximal
bite force in children” and was of similar mag-
nitude to that found by Linderholm et al.® An
explanation for the relatively low error in this
study may be the use of the splints during the
measurements. The consistently larger bite forces
recorded at the second measurement of the du-
plicate determinations illustrate the influence of
motivation and fear on measurements of this
kind.

The error of the method for the determination
of tooth contact was smallest for the variable
MPTC and of the same relative size as for maxi-
mal bite force, i.e., 7% in terms of coefficient of
variation. The recording of tooth contact, like the
measurement of bite force, is dependent on the
cooperation of the child, who can exert varying
biting forces on the strip. Riise® demonstrated
the importance of the biting force at the record-
ing of tooth contact in adults. In addition, the
number and distribution of occlusal contacts
change throughout the day depending on the
physical state of the masticatory muscles and the
mental state of the patient.* A further factor in
this study that may contribute to the error of the
method in the recording of tooth contact is the
development of the dentition; the interval be-
tween duplicate determinations was, in the ex-
treme case, up to 2 months (median 24 days)
during a period of extensive occlusal changes in
many of the children.

No difference in maximum bite force was found
between the right and left sides, in agreement
with the results of previous bite force measure-
ments in children®”* and in a combined sample
of children and adults."” The increase in bite force
with age is in accordance with previous bite force
measurements in children.719%35 The median
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age of the boys in the present study was more
than 1 year greater than that of the girls. This
might explain the larger median bite force in
boys; in previous bite force studies in children
of comparable age, no sex difference was
found,7#%%% with the exception of the study by
Shiau and Wang.*

In this study, median maximal bite forces were
greater than those for children of comparable
ages in studies by Lindqvist and Ringqvist,*
Helle et al.,® Fields et al.,”” Bakke et al.,”” and
Shiau and Wang,* but similar to those of
Kiliaridis et al.'” The differences may be related
to methodological circumstances (the use of
splints and the amount of increase of the verti-
cal dimension). Splints increase the likelihood of
axial loading of the teeth and also increase the
force distribution on the teeth. With increased
force distribution, a higher threshold for the
alarm function of the periodontal pain receptors
during biting is achieved. In the studies referred
to, no splints were used.

The calculation of simple correlations revealed
a clear correlation between maximum bite force
and facial form in girls, with the same tendency,
but less evident, in boys. The reason for the dif-
ferences in correlations with gender are un-
known. When the error for the determination of
bite force was calculated separately for boys and
girls, no difference was found. Thus, a larger er-
ror of the method, diluting the strength of cor-
relations in the boys, is an unlikely explanation.
In fact, a gender difference in the correlation be-
tween masseter muscle thickness and facial form
was found in an earlier study. Kiliaridis and
Kilebo,” studying young adults, found masseter
thickness to be related to the form of the face in
women but not in men. From the results of this
study and that of Kiliaridis and Kélebo,” it is clear
that gender has to be taken into consideration in
future studies of the correlation between masti-
catory muscle strength and facial morphology.

Correlations between bite force and facial mor-
phology were found primarily by cephalomet-
ric variables expressing the inclination of the
mandible, which is in line with the results of ear-
lier studies in children.’®'® A clear correlation
was also found with the size of the gonial angle.
These variables have also been found to corre-



late with masticatory muscle thickness and vol-
ume in adults®!’ and to deviate in so-called long-
faced children.® A further cephalometric variable
clearly correlated with bite force was the quotient
between the posterior and anterior face heights.
Unexpectedly, however, no correlation was
found with the ratio of lower anterior face height
to total face height (lower face height %), which
may possibly be due to the small variance of this
variable. From the correlation analyses, it seems
that posterior face height is of greater importance
for bite force than anterior face height. Proffit and
Fields® selected their long-faced children on the
basis of the ratio of lower anterior face height to
total face height, which may be one reason why
they found no difference in bite force between
these children and controls.

In a recent study by Braun et al.” of the corre-
lation between maximum bite force and facial
morphology in young adults, the authors found
correlations that are very similar to those of the
present study, i.e., a negative correlation with the
mandibular plane angle and the mandibular
plane/palatal plane angle and a positive corre-
lation with the ratio of posterior to anterior face
height but not with the ratio of lower anterior
face height to total face height. As in this study,
the authors found positive correlations between
bite force and upper and lower posterior dentoal-
veolar heights, which they found surprising. All
their results are, however, verified by the present
study with almost identical findings.

In agreement with the results of Bakke et al.,”
who studied a combined sample of children and
adults, the number of antagonistic tooth contacts
was found to greatly influence bite force. Two
explanations for this relationship are possible: (1)
many tooth contacts in the intercuspal position
implies that during the bite force measurements,
force is distributed across many teeth, resulting
in a higher pain threshold or positive feedback
from periodontal receptors;* or (2) good occlusal
stability has resulted in strong masticatory
muscles, able to develop great force. It is not clear
which of these explanations is correct. Explana-
tion 1 (force distribution) is appealing, but Shiau
and Wang?* also found the bite force in children
to vary with the number of teeth when they used
a bite fork that covered only 1 or 2 teeth, ie.,

Maximum bite force and facial morphology

without force distribution on the teeth. The rapid
change of occlusal conditions in many of the chil-
dren in the present investigation (being in a stage
with exfoliation of the deciduous and eruption
of permanent teeth) makes the second explana-
tion less likely. On the other hand, the unex-
pected correlations (in subjects of this age)
between tooth contact and relevant morphologic
variables support explanation 2. A third expla-
nation for the relationship between the number
of tooth contacts and bite force is also possible.
It is thus conceivable that strong muscles with
resultant hard biting and increased function
cause better occlusal stability and an increased
number of antagonistic contacts. In any case, it
is clear that the number of antagonistic contacts
must be taken into consideration in future stud-
ies of masticatory muscle strength. One possible
way to arrive at a plausible explanation for the
correlation between tooth contact and muscle
force in children would be to relate the number
of tooth contacts to the cross-sectional area of the
masticatory muscles. Such studies in adults have
revealed a positive correlation with masseter

muscle thickness 8%

The influences of age, gender, and tooth con-
tacts make evaluation of the correlation between
bite force and facial morphology in children dif-
ficult. However, even when these factors are ac-
counted for, a weak correlation still exists, even
in children below pubertal age (sample of girls
younger than 12 years). The weakness of the cor-
relation does not exclude the possibility that a
stronger correlation exists because the variance
due to methodological problems reduces the
possibility of demonstrating strong correlations.
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Commentary: Correlation between
maximum bite force and facial

morphology in children

Steven J. Lindauer, DMD, MDSc¢

T I This article explores a question that has in-
terested orthodontists for decades: What
is the relationship between masticatory

muscle function and the morphological develop-

ment of the facial skeleton? Several investigators
have attempted to answer this question, yet the
results from previous studies have been incon-

clusive and often contradictory. o

The premise of this study is that while previ-
ous work has demonstrated relatively clear re-
lationships between bite force and facial
morphology in adults, the relationship in chil-
dren has been more difficult to discern. This
study offers the advantage of being able to sta-
tistically factor out the influence of age changes
and occlusal contact differences in calculating
correlations between bite force and facial mor-
phology. However, after reading this article, one
finds the relationship still not very clear, thereby
confirming the evidence already presented. The
article does raise some worthwhile questions
about current concepts concerning the relation-
ship between masticatory muscle function and
the development of facial morphology.

It is generally well accepted that individuals
with long mandibles, flat mandibular planes,
acute gonial angles, and short lower facial
heights exhibit the greatest absolute masticatory
muscle activity during function. However, closer
review of these previous studies reveals that al-
though statistically significant differences in bite
force have been demonstrated in adults with
skeletal deep bite morphologies as compared

with those with long-face morphologies, substan-
tial variation in bite force and muscle function
remain largely unexplained by differences in
morphology. In other words, even in adults, a
large amount of functional variation exists that
cannot be attributed to differences in facial mor-
phology. Apparently this unexplained variation
is even greater in children.

In this study, correlations between facial mor-
phologic characteristics and bite force were sta-
tistically significant but mathematically weak;
the largest being r=0.54. This means that less than
30% (0.54% of the observed differences in bite
force can be explained by any individual mor-
phological variation alone. However, these
results were in qualitative agreement with pre-
vious studies in adults. Correlations between bite
force and occlusal contact measures found in this
study were somewhat stronger. The authors pro-
pose two possible explanations for these associa-
tions: (1) tooth contacts allow greater force
distribution among teeth, thus reducing localized
pain perception and permitting harder biting;
and (2) good occlusal stability results in strong
muscles permitting harder biting. I favor a third
hypothesis: strong muscles, harder biting, and
increased muscle function cause better occlusal
stability and increased tooth contacts to develop.
The question is whether form dictates function
or vice versa. In all probability, both mechanisms
interact dynamically to influence each other dur-
ing facial development. Though this has been a
popular area for study in the past, continued re-
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search is warranted to further elucidate these
mechanisms.

One of the more perplexing findings in this
study was the difference in the degree of corre-
lation between bite force and morphology in girls
and boys. The reasons for this variation are un-
known, but are not, as the authors correctly point
out, inconsistent with previous findings. In girls,
facial morphology, bite force, age, and occlusal
contacts were all found to be interrelated. Sta-
tistical elimination of the effects of age and oc-
clusal contacts somewhat diminished the
correlations between facial morphologic features
and bite force.

Overall, this is a well conceived, soundly per-
formed, and well documented study. The rela-
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tively inconclusive results reflect a rather weak
relationship between muscle function and facial
morphology despite our desire, as orthodontists,
to believe that form exclusively follows function.
If form does follow function, perhaps we are not
measuring all the functional characteristics that
dictate form. Otherwise, there may be other fac-
tors, such as inherited determinants or other en-
vironmental influences, that affect morphological
development. Someday we may be able to ac-
count for all the component influences on the
development of facial morphology. Until then,
it is useful to remain informed about the extent
to which we can explain why functional morpho-
logic characteristics develop in the way they do.
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