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ABSTRACT

Introduction: The purpose of this study was to analyze the influence of maximum
bite force on dental crowding in subjects between 6 and 17 years of age. Methods:
A total of 364 children and adolescents from three private schools from Medellin,
Colombia were assigned to 4 age cohorts (ages 6, 9,12 and 15 years). Each age
cohort was evaluated for 3 consecutive years. Incisor (IBF) and molar (MBF) bite
forces were assessed by using an occlusal force transducer. Peer assessment rating
index was used to quantify the lower crowding.

Results: Both, bite force and lower crowding increased from 6 to 17 years of age.
Multilevel analyses showed that the influence of the bite force on dental crowding
was only significant in age cohorts 6 and 9 and not in age cohorts 12 and 15 . The
influence of IBF was inversely proportional while the MBF was directly proportional
to dental crowding.

Conclusions: In age cohorts 6 and 9, by increasing the IBF the lower crowding
tended to decrease and by increasing the MBF the lower crowding tended to

increase.
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INTRODUCTION

Several factors have been suggested to affect crowding, such as tooth
size,(1) arch dimensions,(2) interproximal contact type,(3) premature tooth loss,(4)
anterior component of force,(5) vertical growth,(6) and third molar presence(7)
among others. However, anthropological studies have shown that malocclusions are
a relatively recent phenomenon, showing a low prevalence in medieval civilizations
compared to recent data.(8,9) Increased malocclusions incidence has been related
to industrialization and changes in diet consistency.(10,11) It has been shown in
animal studies that there is a direct causal relationship between alterations in
masticatory muscle function, produced by a soft diet, and craniofacial skeletal
growth. Additionally, a soft diet has been correlated with changes in fiber type
muscular composition and diameters, therefore the reduction of total muscle weight,
promotes a different craniofacial skeletal pattern and the establishment of
malocclusions.(10,12-16)

Given the limitation of conducting studies that alter diet consistency in growing
humans, bite force (BF) has been used as an indicator of functional capacity of the
masticatory system, and it has been suggested that the presence of a decreased
bite force could be due to the type of diet.(17) Bakke et al(18) measured the
thickness of the masseter muscle and its correlation to bite force, electrical muscle
activity, and morphologic and occlusal parameters. They found that the muscle
thickness was significantly correlated to bite force, occusal contacts and
cephalometic data. Thicker masseters were found when bite force increased and
more teeth were present. Weak masseters were found when facial height and
mandibular plane angle were increased. On the other hand, Gionhaku et al(19) found
that individuals with bigger muscles showed greater bigonial width, wider arches,

reduced gonial angles and anterior mandibular rotation.



There is an agreement that masticatory muscles strength and increased bite
force alters craniofacial morphology. The impact on the transverse and vertical face
dimensions is well documented;(10,18,20-23) However, the relationship between
bite force and malocclusion remains unclear. Patients with open or cross bites tend
to have a decrease bite force compared to patients with normal occlusions.(24,25)
Nevertheless, when comparing bite force among Angle’s classification of
malocclusions the results are contradictory. Sonnesen and Bakke(20) concluded
that bite force does not significantly differ between Class | and Il malocclusions,
however, they did not compare with normal occlusion. Roldan et al(26) in a semi-
longitudinal study, reported that subjects with normal occlusion showed a greater
molar and incisal bite force than those with Class | or Class || malocclusion.

It is still unclear whether bite force influences the development of dental
crowding in growing individuals. Thus, the aim of this study was to analyze the
influence of maximum bite force on dental crowding in a sample of subjects between

6 and 17 years of age.

MATERIAL AND METHODS

This cohort follow-up study was approved by the Ethics Committee of
Universidad CES (Ae-207). Informed consent was obtained from all subjects and
their parents. A total of 2954 students were examined in three private schools from
Medellin, Colombia. The sample was selected according to the following criteria:
Age: 6 and 17 years of age patients were screened and assigned to one of the
following age cohorts: age cohort 6, between 5.5 and 6.5 years of age; age cohort
9, between 8.5 and 9.5 years; age cohort 12, between 11.5 and 12.5 years; and age
cohort 15, between 14.5 and 15.5 years of age. Occlusal status was determined
based on a clinical examination. Subjects with congenitally missing teeth, signs and
symptoms of temporomandibular dysfunction, craniofacial anomalies, history of
previous orthodontic treatment, parent-reported dental or jaw trauma and
submerged teeth, ankylosed teeth, Class |l molar relationship or any teeth with more



than two-thirds of their occlusal surfaces restored were not included in this study.

Annual measurements were made over 3 consecutive years.

Maximum bite force: Bite forces were measured by the same investigator,
who was calibrated before data collection, using an occlusal force transducer,(27)
which was covered with a thin plastic and recovered with sterile latex after each
subject. The total vertical height of the transducer was 7.5 mm, which is within the
physiological range of the masticatory muscles’ optimum functional vertical
distance.(17) Subjects sat in an upright position without head support. Standardized
bite force measurements were taken between the central incisors and right first
permanent molars by one previously trained orthodontist. Recorded voice
commands were used to instruct the subjects to bite as hard as possible for 3
seconds. This procedure was repeated three times, with 1 minute rest periods
between bites. One day after data collection, 10% of the subjects (randomly
selected) were remeasured. Reliabilities of the maximum bite force was 78% for the
molars and 86% for the incisors.(28) The transducer was calibrated after every 50
subjects. Bite force readings were not taken for subjects who presented with
restorations on the incisal surfaces of their anterior teeth, unerupted anterior teeth,

or molars with extensive restorations involving the cusp tips. (26)

Lower crowding: Alginate impressions (New Stetic, Medellin, Colombia)
were taken from all subjects, and dental casts (Whip Mix, Louisville, Ky) were
produced as decribed Alvaran et all(29) Crowding was measured from each
subject’s dental cast according to the PAR index by the same investigator, who was
calibrated prior to data collection. The PAR index(30) measure dental displacements
between the contact points of adjacent teeth in millimeters using a special ruler. The

greater this distance, the higher the assigned score.

Anthropometric measurements (covariates): The following anthropometric
measurements were made: (1) bizygomatic breadth, zygoma to zygoma; (2) bigonial
breadth, gonion to gonion; and (3) facial height, nasion to gnathion. All
anthropometric measurements were taken of each of the subjects by one



experienced anthropologist, who was calibrated prior to data collection and
undertook all the measurements with an anthropometer (Harpenden Anthropometer;
Crosswell, Crymych, Pembrokeshire, UK). Three replicates were taken of each
measurement and averaged; when one of the replicates deviated more than 3 per
cent, a fourth was taken and the outlier was discarded. Intraclass correlations based
on replicates of approximately 10 per cent of the subjects ranged from 0.96 to 0.99.

Transverse measurements of the dental arches were made directly on the
plaster models with digital calipers (Mitutoyo, Japan) accurate to 0.05 mm.
Measurements taken in the mandible and maxilla included the following.

1. Intercanine width, measured as the distance between cusp tips of the deciduous
and permanent canines. When there was attrition, the measuring point was
determined as the middle of the facet on the tooth.

2. Interpremolar width, measured as the distance between the distal pits on the
occlusal surface of the first premolars or between the first deciduous molars.

3. Intermolar width, measured as the distance between the center point of the

occlusal surface of the right and left first permanent molars.

Intraclass correlations for the model measurements, based on 2 measures for

each of the 3 widths from 20 subjects, ranged from 0.99 to 1.00

Statistical analysis

Statistical analyses were performed in Stata version 12. Means and standard
deviations were used to describe craniofacial anthropometric measurements by age-
cohort and dentition type. For each age-cohort, annual average change of incisive
and molar bite force (kg) and annual average change of lower crowding (mm) were
estimated with independent linear multilevel models with repeated measurements,
crowding as level 1 variable, participant as level 2 variable and age as covariate,

robust estimation of variance was considered. The influence of bite force (per 10 kg)



and anthropometric characteristics on the annual average change in lower crowding
(mm) was analyzed including covariates in the multilevel model, crude and adjusted
estimates of influence are presented for each characteristic. Estimations are
presented with 95% confidence intervals.

RESULTS

A total of 364 children and adolescents who presented the measurements of
bite force and dental crowding in the three times of observation were included in the
present study. Sample loss was due to children changed school, absence the day of
the measurement, some started orthodontic treatment or restorative procedures,

and others did not want to continue in the study (Figure 1).

Children with 6, 9, 12, and 15 years.

Assessed for eligibility (n= 465, obs: 1395)
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Figure 1. Flow diagram.



Maximum Bite Force

The average maximum bite force increased with age in all the cohorts. Molar
bite force (MBF) increased in average per year 1.48kg (95%Cl -0.17;3.13) in the age
cohort 6, 5.03kg (95%CI 3.48; 6.68) in the age cohort 9, 5.51kg (95%CI -3.16;7.87)
in the age cohort 12, and 3.04kg (95%CI 0.53;5.54) in the age cohort 15. In the age
cohort 12 it was observed a slight decrease from age 12 to 13, which then returns
and increase at age 14. The increase in MBF was statistically significant in all the
age cohorts, except in age cohort 6 in which the increase in bite force up to 8 years
was not statistically significant. (Figure 2)

The incisive bite force (IBF) increased in average per year 0.8kg (95%CI -
0.07;1.66) in the age cohort 6, 1.69kg (95%CI 0.84;2.53)in the age cohort 9, 1.89kg
(95%CI 0.72;3.06) in the age cohort 12, and decreased in average per year -1.18kg
(95%CI -2.48; 0.12) in the age cohort 15. In the age cohort 6 it was observed a slight
decrease from age 6 to 7, which then returns and increase at age 8. The increase in

the IBF at age cohort 9 and 12 was statistically significant. (Figure 2)
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Figure 2. Annual average change of Incisive and molar bite force (kg) by age and cohort



Lower Crowding

Average lower crowding tended to increase with age (Figure 3). It increased
in average per year 0.47mm (95%CI 0.22;0.73) in age cohort 6, (95%CI 0.49;0.99)
in age cohort 9, 0.17mm (95%CI-0.05;0.38) in age cohort 12, and 0.03mm (95%CI-
0.19;0.24) in age cohort 15. In the age cohort 12 it was observed a slight decrease
in lower crowding from age 12 to 13, which then returns and increase at age 14. The
increase in the lower crowding was statistically significant at age cohorts 6 and 9.
(Figure 3).
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Anthropometric Characteristics
In general, the craniofacial anthropometric measurements tended to increase

with age (Table 1).

Table 1. Baseline craniofacial anthropometric measurements by cohort

Cohort
Age cohorts 6 and 9 Age cohorts 12 and 15
6 9 12 15
mean sd mean sd mean sd mean sd

Inter-canine distance, upper (mm) 30.13 192 33.13 2,11 34.12 1.93 35.06 2.37
Inter-premolar distance, upper (mm) 34.84 1.68 36.66 2,04 3716 256 37.64 2.21

Inter-molar distance, upper (mm) 4459 251 4640 2,33 4712 259 4790 2.56
Inter-canine distance, lower (mm) 23.88 179 26.64 1,96 26.69 192 26.76 2.04
Inter-premolar distance, lower (mm) 30.34 1.72 31.61 2,02 31.90 218 3249 1.90
Inter-molar distance, lower (mm) 40.71 275 41.67 2,31 41.57 261 42.01 243
Bigonial with (cm) 943 037 991 047 10.38 0.48 10.62 0.44
Facial index (%) 78.14 393 8128 3,83 8237 4.33 84.99 4.36

Influence of bite force and anthropometric characteristics on lower crowding
in age cohorts 6 and 9 .

The crude analysis showed that the influence of the annual average change

of IBF (p= 0.063) and MBF (p= 0.806) on lower crowding was not statistically
significant.
The adjusted analysis for anthropometric characteristics showed that both IBF (p=
0.021) and MBF (p= 0.042) significantly influenced the annual average change of
the lower crowding. For every 10 kg of increase in IBF, lower crowding decreases
0.04mm (95%CI-0.08; -0.01), and for every 10 kg of increase in MBF, lower crowding
increases 0.02mm (95%CI 0.00;0.04).

Among the covariates, lower intercanine distance, lower interpremolar distance and
bigonial width, significantly influenced annual average change of the lower crowding
in the crude analysis. When adjusted by craniofacial anthropometric measurements,

only the lower intercanine distance remained statistically significant (Table 2).



Between-subject variability in cohorts 6 and 9 lower crowding was SD = 2.06 mm
(95%CI 0.74; 1.82); the adjusted model explained 22.6% of this variability.

Table 2. Influence of bite force and anthropometric characteristics on the annual average

change of lower crowding in age cohorts 6 and 9 .

Crude Adjusted
p
Coef. 95%CI p value Coef. 95%CI value
Incisive bite force -0.03 (-0.07, 0.00) 0.06 -0.04 (-0.08,-0.01) 0.02*
Molar bite force 0.00 (-0.01,0.02) 0.80 0.02 (0.00,0.04) 0.04*
Inter-canine distance, upper -0.06 (-0.20, 0.09) 0.45 0.10 (-0.21,0.42) 0.51
Inter-premolar distance, upper -0.02 (-0.15, 0.12) 0.81 0.06 (-0.34, 0.45) 0.77
Inter-molar distance, upper 0.01 (-0.12,0.13) 0.93 0.05 (-0.24, 0.34) 0.75
Inter-canine distance, lower -0.19 (-0.34,-0.04) 0.01 -0.29 (-0.53,-0.06) 0.01*
Inter-premolar distance, lower -0.28 (-0.46, -0.10) 0.00 -0.29 (-0.66, 0.07) 0.11
Inter-molar distance, lower -0.07 (-0.23, 0.08) 0.36 0.24 (-0.06, 0.53) 0.11
Bigonial width -0.64 (-1.22,-0.06) 0.03 -0.53 (-1.37,0.32) 0.22
facial index 0.06 (-0.01,0.13) 0.07 0.05 (-0.03,0.14) 0.21
*p <0.05

Influence of bite force and anthropometric characteristics on lower crowding

in age cohorts 12 and 15 .

Crude analysis showed no statistically significant influence of the annual
average change of IBF (p= 0.25) and MBF (p= 0.67) on lower crowding. When
adjusted for anthropometric characteristics, both IBF (p= 0.38) and MBF (p= 0.95)

remained no statistically significant. Among the covariates, the upper and lower

interpremolar distance and the lower intermolar distance significantly influenced

annual average change of the lower crowding in the crude analysis. When adjusted

by craniofacial anthropometric measurements, only upper intercanine distance (p=

0.00) became significant (Table 3).



Between-subiject variability in cohorts 12 and 15 lower crowding was SD = 2.88 mm
(95%CI 0.92; 2.61); the adjusted model explained 15.5% of this variability.

Table 3. Influence of bite force and anthropometric characteristics on the annual average

change of lower crowding in age cohorts 12 and 15 .

Crude Adjusted
p
Coef. 95%CI p value Coef. 95%CI value
Incisive bite force -0.01 (-0.04, 0.01) 0.25 -0.01  (-0.04,0.02) 0.38
Molar bite force 0.00 (-0.01,0.01) 0.61 0.00 (-0.01,0.01) 0.95
Inter-canine distance, upper 0.06 (-0.10, 0.23) 0.44 0.35 (0.11,0.60) 0.00*
Inter-premolar distance, upper -0.23 (-0.34, -0.11) 0.00 -0.21 (-0.44,0.02) 0.07
Inter-molar distance, upper -0.12 (-0.24, 0.00) 0.05 0.09 (-0.15,0.32) 047
Inter-canine distance, lower -0.15 (-0.32, 0.01) 0.06 -0.12 (-0.38,0.14) 0.36
Inter-premolar distance, lower -0.22 (-0.36, -0.09) 0.00 -0.14 (-0.37,0.10) 0.25
Inter-molar distance, lower -0.18 (-0.31, -0.06) 0.00 -0.19 (-0.38,0.01) 0.06
Bigonial width 0.23 (-0.33,0.79) 0.42 0.27 (-0.42,0.97) 044
facial index 0.06 (0.00, 0.12) 0.07 0.06 (-0.01,0.13) 0.07
*p <0.05
DISCUSSION.

Since dental crowding is the most prevalent form of malocclusion and the main

complaint in the orthodontic office, it is important to study its etiology and understand

the factors associated with it. This study analyzed the influence of maximum bite

force on dental crowding in a sample of subjects between 6 and 17 years of age.

When the influence of the bite force on dental crowding was analyzed, the

results showed that it was only significant in age cohorts 6 and 9 and not in age



cohorts 12 and 15 . The crude analysis in age cohorts 6 and 9 showed that the
influence of the annual average change of IBF (p= 0.063) and MBF (p= 0.806) on
lower crowding was not statistically significant. However when the analysis was
adjusted for anthropometric characteristics, showed that both IBF (p= 0.027) and
MBF (p= 0.042) significantly influenced the annual average change of the lower
crowding.(Table 2) This may be due to the fact that the increase in bite force was
greater between 6 and 11 years (age cohorts 6 and 9 ) than between 12 and 17
years (age cohorts 12 and 15 ). This might be explained by the continuous growth
and development of the masticatory muscles in early ages,(31) and with the fact that
crowding increase more in age cohorts 12 and 15 than in age cohorts 6 and 9 .(32)
In addition to the factors that may influence the development of dental crowding
commonly discussed in the literature, the bite force could be another that has not
been explored.

In this study it was found that by increasing the IBF the lower crowding tended
to decrease in the age cohorts 6 and 9 . For every 10 kg of increase in IBF, lower
crowding decreases 0.04mm (p=0.02) (95%CI-0.08; -0.01). (Table 2) Although the
relationship between MBF and crowding has been studied, this is the first study to
analyze the IBF and dental crowding. It has been shown that bite force influences
the craniofacial morphology.(10,19,20,33) A decreased bite force and weak
muscles, could generate vertical growth of the face characterized by a posterior
mandibular rotation, which has been shown to cause lingual compensation of the
lower incisors, reducing the perimeter of the arch and thus generating dental
crowding.(6,19) On the other hand, Bakke(20) found a positive correlation coefficient
between the bite force and vestibular inclination of the lower incisors of 0.33. In
addition, it has been reported that an increase in bite force can generate greater
transverse development of the dental arches which increases the perimeter of the
arch and therefore decreases the appearance of crowding. (16,19) According to the
results of this study, it is possible to speculate that the IBF may increase the
intercanine distance and thus reduce the dental crowding. For every 1mm of
increase in the lower intercanine distance, crowding decreases 0.29mm (p=0.01)



(Table 2) This shows that IBF has a more important value than what has been given
until now. The functions that the human being had related to the incisors have been
lost with habits and dietary changes, tools to cut food, among others. The results of
this study demonstrate the importance of recovering and improve the IBF to prevent

the lower crowding.

On the other hand, the present study showed that by increasing the MBF the
lower crowding tended to increase. For every 10 kg of increase in MBF, lower
crowding increases 0.02mm (p=0.04) (95%CI 0.00;0.04). (Table 2) This can be
explained by the anterior component of force (ACF). It is thought that while chewing
on posterior teeth, a portion of the occlusal load projects towards the front of the
mouth resulting in crowding.(5,34) Southard et al(35) found a proportional increase
in ACF with increasing bite force from 50 to 200N, therefore a greater bite force in
the molar zone, could generate a greater ACF which can cause slippage of contact
points between the front teeth and contribute to crowding.(3) However, the increase
of dental crowding generated by the increase of the MBF is lower than the decrease
of dental crowding generated by the increase of the IBF. For this reason, muscular
exercises to increase the IBF at growth stages are suggested to prevent dental
crowding. Thompson et al(36) evaluated the effects of isometric exercise on
maximum voluntary bite forces and jaw muscle strength. After exercise, subjects
increased their maximum bite forces by 37%. Unfortunally, bite force in this study
was measured in the first premolars. Studies measuring force in the incisors are

suggested to assess the response of the incisor bite force to muscle exercises.

The sample used in this study showed on average slight and moderate
crowding, this may be related to the low coefficient found. However, this increase in
crowding, although little, is the first step in the development of greater dental
crowding over time by contact displacements. It is suggested to conduct this study
in a sample with severe crowding where it would be possible to find a greater
influence coefficient of the bite force in the dental crowding.



In this study, the incisive and molar bite force increased with age. At 6 years
the MBF was on average 34kg and at 17 years it was 61kg. The IBF at 6 years was
on average 11.1kg and at 17 years it was 22.1kg. (Figure 2) This increment is in
accordance with the improvement in the number of occlusal contacts during the
transition through different dentition stages and with the gain of masticatory muscle
size with maturation. Owais et al(37) also found that maximum occlusal bite force
increased with age in children between 3 and 18 years. Similarly, Bakke(38)
suggests that bite force increases with age from childhood to adulthood, stays fairly
constant from 20 to 40 years of age, and then decrease. Other studies in growing
patients have reported the same results.(20,26,39,40) On the other hand, Braun S
et al(21) reported a lack of age differences in bite force. These dissimilarities could
be related to the different growth stages of the sample in each study. Owais and
Bakke included adolescents’ patients and Braun’s sample consisted of adults
between 26 and 41 years. In the literature is has been explain that the increase in
bite force with age is related to the gain in size of the chewing muscles, increase in
body height, hormonal changes and presence of more teeth in the
mouth(18,37,38,41-43)

The present study showed an increase of the lower crowding between 6 and
17 years. This increase was statistically significant at age cohorts 6 and 9. In the age
cohort 12 it was observed a slight decrease in lower crowding from age 12 to 13,
which then returns and increase at age 14. (figure 3) These changes in lower
crowding are similar to those observed by Moorrees(32) who found a significant
increase in crowding between 8 to 10 years, followed by a decrease between 12 to
14 years, and an increase from 14 to 18 years. Sinclair and Little(44) reported a
slightly decrease of the incisor irregularity index between mixed and age cohorts 12
and 15 and then an increase between 12 and 20 years. Bishara et al(45) observed
a small decrease of the mandibular intercanine width after 13 years that may
correspond to the increase in lower crowding found in the present study from 13
years onwards. The increase of dental crowding have been related with decreases
in inter-canine width and arch length in the years after eruption of the second



molars.(3)(34) Environmental and functional changes such as the increase in
incisive bite force at early ages is essential because as explained before, at these

ages dental crowding, facial growth pattern, dental compensations develop.

CONCLUSIONS.

e Bite force and dental crowding increased with age.

e The influence of bite force on dental crowding was significant in age cohorts 6
and 9 and not significant in age cohorts 12 and 15 .

e The IBF negatively influenced crowding. By increasing the IBF the lower
crowding tended to decrease.

e The MBF positively influenced crowding. By increasing the MBF the lower
crowding tended to increase, but in a lesser degree than the negative influence
of the IBF.
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