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ABSTRACT
Maturational changes of the normal occlusion: a 40-year follow-up

Purpose: This study aimed at evaluating the changes in the dental arch dimensions,
tooth size and incisor crowding in individuals with normal occlusions over a 40-year
period. Methods: A sample of 82 White-Brazilian subjects with normal occlusion
evaluated at adolescence (T1) and early adulthood (T2) was recruited for a T3
evaluation at the sixth decade of life. The exclusion criteria were history of orthodontic
treatment, complete tooth loss and absence of dental model at any of the three time
points. The final sample was composed by dental casts of 22 subjects (12 males and
10 females) obtained at a mean age of 13.3 years (T1), 17.8 years (T2) and 60.9 years
(T3). The following variables were measured in digital casts: mesiodistal tooth size,
clinical crown height, arch length, arch width, arch perimeter, palatal depth, maxillary
and mandibular incisor crowding (Little’s irregularity index), overjet, overbite and curve
of Spee. Interphase changes were evaluated using dependent ANOVA and Tukey
tests, and sex comparisons were performed using independent t-tests (p<0.05).
Results: An increase of the clinical crown height in the posterior teeth and an increase
of incisor crowding were found. Mesiodistal tooth size decreased from T2 to T3. A
decrease of mandibular intercanine width, arch length, arch perimeter, overbite and
curve of Spee was observed from 13 to 60 years of age. No changes were noted for
the overjet. The palatal depth increased between 13 and 17 years and remained stable
from 17 to 60 years of age. Males had a greater reduction in the overbite when
compared with females. Conclusion: Normal occlusion subjects demonstrated
dimensional changes in tooth size and alignment, overbite and arch dimensions from
adolescence to late adulthood. Aging of normal occlusion might be prevented by
bonding a mandibular 3x3 bar retainer during adolescence and reconstructing worn
canine cusp tips during adulthood.

KEY WORDS: Dental models. Dental occlusion. Aging.

RESUMO
Alterações maturacionais da oclusão normal após 40 anos de
acompanhamento
Objetivo: O objetivo deste trabalho foi avaliar longitudinalmente, dos 13 aos 60 anos,
as alterações dimensionais dos arcos dentários e tamanho dentário em indivíduos
com oclusão normal.

Material e Métodos: Uma amostra de 82 indivíduos

leucodermas com oclusão normal avaliados na adolescência (T1) e no início da idade
adulta (T2) foi recrutada para uma terceira avaliação durante a sexta década de vida
(T3). Os critérios de exclusão foram histórico de tratamento ortodôntico, perda total
dos dentes e ausência de modelos de gesso em um dos três tempos. A amostra final
foi composta por modelos de 22 indivíduos (12 homens e 10 mulheres) obtidos em
média aos 13,3 anos (T1), 17,8 anos (T2) e 60,9 anos (T3). As seguintes variáveis
foram mensuradas em modelos digitais: tamanho mesiodistal dos dentes, altura da
coroa clínica, largura do arco, comprimento do arco, perímetro do arco, profundidade
do palato, apinhamento dos incisivos superiores e inferiores (pelo Índice de
Irregularidade de Little), overjet, overbite e curva de Spee. As alterações interfases
foram avaliadas pelo teste ANOVA dependente e teste de Tukey, e as comparações
entre os sexos foram realizada pelo teste t independente (p <0,05). Resultados:
Observou-se um aumento da altura da coroa clínica dos dentes posteriores e um
aumento do apinhamento na região dos incisivos. O tamanho mesiodistal dos dentes
diminuiu de T2 para T3. Houve uma diminuição da distância intercaninos inferiores,
comprimento do arco, perímetro do arco, overbite e curva de Spee dos 13 aos 60 anos
de idade. Não foram observadas alterações para o overjet. A profundidade do palato
aumentou dos 13 aos 17 anos. Os homens apresentaram uma maior diminuição no
overbite em comparação às mulheres. Conclusão: Os indivíduos com oclusão normal
demonstraram alterações dimensionais no tamanho e alinhamento dos dentes,
overbite e dimensões do arco da adolescência até idade adulta tardia. O
envelhecimento da oclusão normal pode ser amenizado pela instalação preventiva da
contenção fixa inferior (3X3) durante a adolescência e pela reconstrução das pontas
de cúspide dos caninos, desgastadas durante a idade adulta.

Palavras-chave: Modelos dentários. Oclusão dentária. Envelhecimento.
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1 INTRODUCTION

Craniofacial growth and development are continuous processes and
maturational changes may affect the dentition and dental occlusion during adult life
(BEHRENTS, 1984). While one is alive, teeth change position respecting a
compensatory mechanism that aims to maintain the structural balance of the face and
dentition (BJORK, 1950; BEHRENTS, 1984; PROFFIT; FIELDS JR; SARVER, 2014).
Early growth, until adolescence and first two decades of life is well documented
(MOORREES; CHADHA, 1965; SINCLAIR; LITTLE, 1983; BISHARA et al., 1998), and
some studies extended the assessment to the third, fourth and fifth decades of life
(BISHARA;

TREDER;

JAKOBSEN,

1994;

CARTER;

MCNAMARA,

1998;

HENRIKSON; PERSSON; THILANDER, 2001; TIBANA; PALAGI; MIGUEL, 2004;
THILANDER, 2009; HEIKINHEIMO et al., 2012; TSIOPAS et al., 2013). However, less
is known about maturational changes in the late adulthood. Considering the increasing
number of adult patients seeking for dental treatment and the growth of older
individuals, it has become very important to understand the natural changes in the
craniofacial and dental structures that may occur at the later stages of adulthood.
The untreated normal occlusion is a great reference in Orthodontics
(ANDREWS, 1972), and efforts have been made to understand how normal occlusion
ages

(SINCLAIR;

LITTLE,

1983;

BISHARA;

TREDER;

JAKOBSEN,

1994;

HENRIKSON; PERSSON; THILANDER, 2001; TIBANA; PALAGI; MIGUEL, 2004;
BERG; STENVIK; ESPELAND, 2008; HEIKINHEIMO et al., 2012; TSIOPAS et al.,
2013). Cephalometric studies observed craniofacial changes after adolescence and
dental models showed that dentalveolar structures also continue to undergo changes
in “nongrowing” individuals (SINCLAIR; LITTLE, 1983; BISHARA; TREDER;
JAKOBSEN, 1994; HENRIKSON; PERSSON; THILANDER, 2001; TIBANA; PALAGI;
MIGUEL, 2004; BERG; STENVIK; ESPELAND, 2008; HEIKINHEIMO et al., 2012;
TSIOPAS et al., 2013).
From ages 21 to 28, a decrease of the arch perimeter and an increase in the
incisor crowding and overbite were observed in Brazilian individuals with normal
occlusion (TIBANA; PALAGI; MIGUEL, 2004). A cross sectional study evaluated the
occlusal changes in Sweden normal occlusal individuals and found a continuously
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decrease of the intercanine width from 16 to 31 years (THILANDER, 2009). A
longitudinal follow-up of Finnish normal occlusal subjects from 7 to 32 years showed a
decrease of the intercanine distance, maxillary intermolar width, overjet and overbite
after 15 years of age (HEIKINHEIMO et al., 2012). From 25 to 46 years of age, a
decrease of the maxillary and mandibular intercanine widths, a decrease of the
maxillary arch lengths and an increase of the mandibular incisor crowding were
reported (BISHARA; TREDER; JAKOBSEN, 1994). Bishara et al. (BISHARA et al.,
1996) found significant changes in the maxillary and mandibular arches in normal
individuals from 25 to 45 years. An increase in crowding was described and considered
part of the normal maturational process (BISHARA et al., 1996). Extending the
evaluation to the sixth decade of life, Berg et al. (BERG; STENVIK; ESPELAND, 2008)
performed a qualitative comparison between dental photographs of Norwegian normal
occlusion individuals from 8 to 63 years, and reported a great stability of the occlusion.
No report was found specifically about tooth size changes with age in individuals with
normal occlusion.
It is common to look for causes of failure when dental crowding and other arch
discrepancies are found in the posttreatment period. However, longitudinal follow-ups
of the untreated patients showed that dimensional changes can occur naturally
throughout life, and may be related not only to the orthodontic intervention and to the
initial malocclusion (CARTER; MCNAMARA, 1998; TIBANA; PALAGI; MIGUEL, 2004;
THILANDER, 2009; TSIOPAS et al., 2013). However, there is a lack of studies
extending the report to the late adulthood, mainly due to the difficulty in obtaining
longitudinal data (BISHARA; TREDER; JAKOBSEN, 1994; HARRIS, 1997; CARTER;
MCNAMARA, 1998; BERG; STENVIK; ESPELAND, 2008; TSIOPAS et al., 2013). The
question remains: is the normal occlusion stable from the adolescence to late
adulthood? Thus, the aim of the present study was to assess the maturational changes
in the normal occlusion, through quantitative references of dental arch and tooth
dimensions, from adolescence to late adulthood, over a 47-year follow-up.
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2 ARTICLE

The article presented in this Dissertation was written according to the
American Journal of Orthodontics and Dentofacial Orthopedics instructions and
guidelines for article submission.
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MATURATIONAL CHANGES OF THE NORMAL OCCLUSION:
A 40-YEAR FOLLOW-UP

ABSTRACT

Purpose: This study aimed at evaluating the changes in the dental arch dimensions,
tooth size and incisor crowding in individuals with normal occlusions over a 40-year
period. Methods: A sample of 82 white subjects with normal occlusion evaluated at
adolescence and early adulthood was recruited for a third evaluation at the sixth
decade of life. The final sample was composed by dental casts of 22 subjects (12
males and 10 females) obtained at a mean age of 13.3 years (T1), 17.8 years (T2) and
60.9 years (T3). The following variables were measured in digital casts: mesiodistal
tooth size, clinical crown height, arch length, arch width, arch perimeter, palatal depth,
crowding, overjet, overbite and curve of Spee. Interphase changes were evaluated
using dependent ANOVA and Tukey tests (p<0.05). Results: An increase of the
clinical crown height in the posterior teeth and incisor crowding were found. A decrease
of mesiodistal tooth size, mandibular intercanine width, arch length, arch perimeter,
overbite and curve of Spee was observed. The palatal depth increased from 13 to 17
years. Conclusion: Normal occlusion subjects demonstrated dimensional changes in
tooth size and alignment, overbite and arch dimensions from adolescence to late
adulthood.

KEY WORDS: Dental models. Dental occlusion. Aging.
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INTRODUCTION

The unpredictability of occlusal changes with aging is a challenge for
Orthodontics. Craniofacial growth and development are continuous processes and
dimensional changes can occur naturally throughout life.1,2 The considerable growth
during the first two decades of life and the dental arches changes during this period
are well documented,3-5 and the literature indicates that the adult craniofacial structures
continue to increase in size.1,2 The study by Behrents1 provided evidence that
craniofacial growth continues in adulthood with greater changes observed for the soft
than for the skeletal tissues. A forward and downward mandibular rotation in males
and backward rotation in females followed by a dental compensation represented by
the maxillary incisor upright were observed. After 40 years of age, only mild changes
were observed until the eighth decade of life.1
The occlusion and arch dimensions are also influenced by aging.1,6-11 Studies
on the longitudinal changes of normal occlusion were previously conducted until the
third, fourth or fifth decades of life.2,6-12 A remarkable decrease of the intercanine width
was reported.6,8,10 The arch length and perimeter decreased from the adolescence to
the fourth decade of life.7-10,12 The arch length decrease varied from 1.0 mm to 5.7
mm.8,12 A slight sexual dimorphism was observed with a greater maxillary arch length
decrease in males.12 The overbite and overjet changes varied.2,4,8,10 The increase in
the anterior crowding was greater in the mandibular arch compared to the maxillary
arch.4,7,8 No previous studies extended the evaluation of normal occlusion maturation
to the sixth decade of life. Normal occlusion longer follow-ups are important for
providing references of natural changes for comparative studies in treated individuals.
A recent review about long-term stability of the orthodontic treatment reported that
despite of a large number of articles published, few studies included an untreated
control group.13
In general, tooth size has an association with age.14 Decrease in the mesiodistal
tooth size as a result of interproximal attrition with age was previously described.14-16
Begg reported a 10.5 mm mesiodistal tooth wear in the lower arch in primitive
Australian aborigines.15,17 A mean reduction of 0.15 and 0.32 mm per tooth was
described from adolescence to 50 years of age in modern civilization.16 Changes in
tooth size and clinical crown length with age were not evaluated in individuals with
normal occlusion and might influence the arch dimensions and the smile esthetics.

30 Article

Considering the above-mentioned concerns, this study aimed at evaluating the
changes in the dental arch dimensions, tooth size and clinical crown height in
individuals with normal occlusions from 13 to 60 years of age.

MATERIAL AND METHODS

This observational and longitudinal study was approved by the institutional
research ethical committee and written patient consents were obtained (Process
number: 43931915.4.0000.5417). The sample size calculation was based on a
preliminary statistics including the first 5 individuals of the sample. For a standard
deviation of 1.47 mm for mandibular incisor irregularity and a minimal interphase
difference of 1.00 mm to be detected, a sample of 19 patients was required to provide
a statistical power of 80% with an α of 5%.
The initial normal occlusion sample group was obtained from 1967 to 1974
and comprised 82 Brazilian-White subjects (39 males and 43 females). Dental models
and cephalometric radiographs were obtained at 13 and 17 years of age. At T1, all
individuals had a clinically acceptable occlusion in the complete permanent dentition,
dental and skeletal Class I relationships, absence of crossbites, normal overjet and
overbite and a maximum 2 mm of incisor crowding with no previous history of
orthodontic treatment.18 From April of 2015 to May of 2016, the sample was recalled
and dental models were performed (T3). Thirty-eight patients were contacted and
twenty-seven patients were enrolled. The exclusion criteria were history of previous
orthodontic treatment from T1 to T3, complete tooth loss and absence of dental model
at any of the 3 time points. The final sample comprised 22 individuals (12 males and
10 females) assessed at three age periods, as shown in Table I. The enrollment
process is described in Figure 1.
All dental models were digitized using a R700 3D Scanner (3Shape A/S,
Copenhagen, Denmark). Dental model measurements were performed using the
software OrthoAnalyzerTM 3D (3Shape A/S, Copenhagen, Denmark). Measurements
included mesiodistal tooth size (Figure 2A), cervical-occlusal crown dimension (Figure
2B), arch widths (Figure 3A), arch perimeter (Figure 3B), arch length (Figure 3C),
palatal depth (Figure 3D), incisor crowding index (Figure 4A), overjet (Figure 4B),
overbite (Figure 4B), and curve of Spee (Figure 4C). Absent teeth and prostheses were
not considered for measurements (Table II).
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Statistical Analyses
One operator (C.S.M.) performed all measurements and half of the sample was
measured twice with an interval of at least 1 month. The intrarater reliability was
assessed using intraclass correlation coefficients (ICC)19 and the Bland-Altman
method.20
Means and standard deviations were calculated for all measurements at T1, T2
and T3. For tooth measurements, the average of both sides was used. The
Kolmogorov-Smirnov test showed a normal distribution for all variables and interphase
changes were evaluated with dependent analysis of variance (ANOVA) followed by
Tukey post hoc test. Sex comparisons were performed using independent t-test. The
significance level considered was 5%. The statistical analyses were performed using
software “Statistica” (Statistica for Windows version 11.0; StatSoft, Tulsa, Okla, USA).

RESULTS

Table III shows the results of the error study. All variables showed an excellent
intrarater agreement, varying from 0.78 to 0.99. The variable with greater limits of
agreement was the maxillary intermolar width (-2.55 and 2.48).
Tables IV and V show the interphase changes. The aging process influenced
most of the variables from T1 to T3. Mesiodistal tooth size, lower intercanine width,
arch length, arch perimeter, overbite and the curve of Spee decreased. On the other
hand, clinical crown height, incisor crowding and palatal depth increased. The overjet
and maxillary arch widths remained stable.
From 13 to 17 years old, no changes were observed for the mesiodistal tooth
size, but most teeth had an increase in their clinical crown length (Table IV). Maxillary
arch length and perimeter, overbite and curve of Spee decreased while the mandibular
crowding and palatal depth increased from T1 to T2 (Table V).
From 17 to 60 years of age, mesiodistal tooth size, mandibular intercanine
width, arch length, arch perimeter and overbite decreased. The clinical crown height of
most posterior teeth and the anterior crowding increased from T2 to T3 (Table IV and
V).
No sexual dimorphism was observed from T1 to T3, except for the overbite and
mesiodistal size of the mandibular canine, which decreased more in males.
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DISCUSSION

Accuracy and reproducibility of digital dental model measurements are well
documented.21-29 Digital dental models facilitate the landmarks demarcation and allow
drawing lines, planes and transverse cross sections.24,30 Digital dental models have
been widely used and previous studies showed reproducible and reliable linear
measurements.21,27-29,31 Our study also showed an adequate intrarater reliability (Table
III).
Previous studies reported the difficulties related to collecting longitudinal
data.2,8,10,32,33 This study comprised an extensive follow-up period and confirmed the
enrollment limitations. From the 82 individuals from the initial sample, 26.8% were
enrolled after a four-decade period. Another limitation of this study was related to
dental conditions at T3, when considerable tooth losses were observed (Table II). In
the present study, there was a mean loss of 3.09 teeth per patient in a 47-year followup. Out of the 22 individuals of the sample, 27% had no missing tooth (6), 4% had only
one missing tooth (1), 13% had two missing teeth (3) and 54% had three or more
missing teeth (12). A previous study with 30 individuals with normal occlusion had a
total of seven tooth losses from 25 to 45 years of age.8 Our rate of tooth loss was
greater when compared to that of previous studies, probably due to the longer followup period and older age for the final evaluation (mean of 60 years of age). Considering
a photograph follow-up of 57 years (from 8 to 65 years of age) in Norwegian normal
occlusion individuals, an average of 1.4 permanent teeth was missing.33 The lower rate
of tooth loss compared to our results might be related to the annual dental check-ups
the Norwegian individuals were submitted to.
A significant reduction in the mesiodistal tooth size was observed over the 47year follow-up (Table IV), corroborating previous studies that reported an interproximal
wear and reduction in the tooth size.15,16,34 However, no study followed untreated
individuals with a normal occlusion. A mean reduction of 0.35 mm in the mesiodistal
tooth size was found in the present study from 13 to 60 years. This finding is similar to
the 0.32 mm per tooth previously found in females subjects from adolescence (14
years) to adulthood (31 to 50 years) in a previous transverse study.16 Our results
showed a smaller decrease in tooth size (2.5 mm per arch) compared to the reduction
reported for a prehistorical civilization of 10.5 mm per arch.15 No sex differences were
found for interproximal tooth wear in our study, except for a greater reduction in the
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mandibular canines in males. Conversely, a sexual dimorphism in the mesiodistal tooth
size changes was previously found with a greater tooth decrease occurring in
females.16
Clinical crown height increased from adolescence to late adulthood (T1 to T3),
except for the maxillary and mandibular central incisors (Table IV). The increase of
crown height varied from 3.22 mm (maxillary second molars) to 0.55 mm (mandibular
lateral incisors) and are probably related to the apical migration of the gingival level
and tooth eruption.35 Final clinical crown height is dependent upon several factors,
including genetic and growing factors, occlusal and incisal wear, active and passive
teeth eruptions and gingival level.14,34-38 Our results suggest a continuing apical
migration of the gingival margin from 13 to 60 years of age mostly in the most posterior
teeth (Figure 5). The long-term crown height maintenance of central incisors might be
related to the incisal wear. Morrow35 found a mean increase of 0.50 mm in the clinical
crown height of maxillary incisors and canines from 14 to 19 years while our results
showed a mean increase of 0.77 mm for the same teeth group from 13 to 17 years.
A significant decrease was observed in the mandibular intercanine width from
17 to 60 years (0.69 mm) while no significant changes were detected for the maxillary
intercanine distance (Table V). Previous study showed similar findings for an untreated
normal occlusion sample assessed from 21 to 28 years (a decrease of 0.39 mm in the
lower intercanine distance).10 The greater reduction observed in the present study
might be related to the longer observational period. A reduction in the intercanine
distance was previously reported for both dental arches at early and late adulthoods,
even though the reduction was more evident in the mandibular arch.2,4,6,8,11,39,40 A
mixed sample of normal occlusion and untreated individuals followed from 22 to 61
years old also showed a decrease of the maxillary and mandibular intercanine
distance.39 A decrease of the intercanine distance was also found from 20 to 55 years
of age in untreated individuals with malocclusion.32
Interpremolar and intemolar distance remained stable from 13 to 60 years in
both dental arches (Table V). These results are in accordance with previous
longitudinal studies that showed minimal or no changes in the posterior arch widths
with age.2,6,8,10 An increase between 2 and 3 mm in the intermolar and inter first
premolars width for lower and upper arches was found from 20 to 55 years in a study
with mixed normal occlusion and untreated malocclusion sample.32 Conversely, a
longitudinal follow-up from 17 to 48 years observed a slight decrease for the
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mandibular intermolar width.40 A possible explanation for these variabilities might be
the sample features as the inclusion of untreated individuals with malocclusions,
different ethnic background and different patterns for intra and extraoral muscular
function.41,42
A statistically and clinically significant decrease of the arch length and arch
perimeter was observed from 13 to 60 years of age (Table V). Maxillary and mandibular
arch perimeter reduced 3.75 mm and 2.85 mm, respectively. These findings are in
accordance with previous studies,4,8,12,32,39,40,43,44 and are explained by the mesiodistal
tooth size reduction, posterior tooth mesial migration and a slight lingual inclination of
the incisors which occurred with age.1,10,15,34,45-47 These reductions in the arch length
and perimeter might explain the incisor crowding that appeared in normal occlusion
individual during aging (Table V and Figure 6). The incisor crowding was greater in the
mandibular arch and occurred predominantly between T2 and T3 (Table V). A greater
incisor crowding in the mandibular arch might be associated with the abovementioned
mandibular intercanine decrease. Previous studies also reported an increase of the
anterior crowding in longitudinal follow-ups of normal occlusion.4,7,8,10
The palatal depth increased in the total observational period (2.31 mm from T1
to T3). The increase of the palatal depth corroborates with the possibility of a slow and
continuous eruption of the teeth in the early permanent dentition.9 A similar increase
in the palatal depth was previously described in individuals with a normal occlusion
between 16 and 31 years of age (0.10 mm/year).9 In the present study, no significant
changes were observed for palatal depth from 17 to 60 years, because the increase
occurred predominantly from 13 to 17 years during the pubescent growth (Table V).
The absence of significant changes in the palatal depth from 17 to 60 years can support
the idea that, although growth is a continuous process, it declines with age.1
No changes were detected for the overjet from 13 to 60 years (Table V). The
same result was previously described for different age groups in untreated individuals
with32,39,40,43 and without malocclusions.2,8,10 These results show that despite
maxillomandibular changes can continue in the adulthood,1,2 the inclination of the
incisors can compensate the changes and may result in constant values for overjet.48
On the other hand, a slight but significant decrease in the overjet was also previously
described in the second decade of life of normal occlusion individuals (from 13 to 20
years).4 Differences in the ethnic background of the sample and age range might have
contributed to the divergent results.
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A significant and gradual decrease in the overbite was noted in the
observational period (-0.79 mm from 13 to 17 years and -0.61 mm from 17 to 60 years)
as shown in Figure 7. The T1-T2 overbite decrease may be related to the mandibular
growth,1,49,50 eruption of the second and third molars51 and to the reduction in the depth
of the curve of Spee (-0.49 mm) observed in the same period, as shown in Table V.
The T2-T3 overbite reduction might be explained by the incisal wear in the central
incisors with aging and residual mandibular growth.38,49,52,53 Sinclair and Little4 also
reported a reduction in the overbite in the early adulthood (0.59 mm from 13 to 20
years). However, the studies show a high variability of overbite changes with aging
reporting also increases2,10 and stability.1,8,32,39,40 These differences might be related
to different facial growth patterns, presence of parafunctional habits, food habits and
presence of untreated malocclusions in the sample.32,38,39,49 Males showed a greater
reduction in the overbite, as compared to females. These sex differences might be
related to an increased incisal tooth wear in males, considering they have a stronger
masticatory activity.53-55 Another possible explanation for this sexual dimorphism might
be the later mandibular growth period in males.52
A decrease in the Curve of Spee was observed between 13 and 17 years of age
(Table V). A mean decrease of 0.49 mm can be associated to the end of the eruption
of the lower second molars after 13 years.37 Carter et al.40 found a similar decrease in
the curve of Spee from 13 to 17 years in untreated male individuals. The stability of the
curve of Spee from 17 to 60 years agreed with a previous study in untreated individuals
with and without malocclusions, from 17 to 48 years.40
An increase in the clinical crown height and dental crowding and a reduction in
the mesiodistal tooth size, arch length, arch perimeter and overbite might be expected
with aging in individuals with normal occlusion. As a clinical approach, a 3X3 bar
retainer should also be indicated for adolescents without the need of orthodontic
treatment. In addition, clinicians should be more restrained in indicating periodontal
procedures for surgical crown lengthening, considering the natural increase in clinical
crown height with age. Finally, procedures that minimize the incisal wear of the incisors
should be considered in the dental treatment plan of adult patients, such as the
augmentation of the canine tips. Further studies should evaluate the individual tooth
angulation and tipping changes during the maturational process in normal occlusion.
Additionally, the aging changes of the normal occlusion should be compared to aging
changes of orthodontic treated occlusions.
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CONCLUSION

Significant dimensional changes occur from adolescence to late adulthood:
•

A decrease in the mesiodistal tooth size and an increase in the clinical
crown height;

•

A decrease in the lower intercanine width, arch length, arch perimeter
and overbite;

•

An increase in the mandibular anterior crowding.
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FIGURE LEGENDS

Fig. 1: Enrollment process.

Fig. 2: Individual tooth measurements. Mesiodistal tooth size measurement at the
occlusal aspect (A). The clinical crown height was measured as the distance between
the occlusal and cervical limits of the buccal aspect long axis (B).56

Fig. 3: Measurement of arch size. Intercanine, interpremolar and intermolar widths
were measured at the level of cusp tips (A). Arch perimeter was considered the sum
of the four segments from the mesial aspect of the right permanent first molar to the
mesial aspect of the contralateral tooth (B). The arch length (yellow arrow) was
measured on the horizontal plane from the mesial aspect of permanent first molars to
a point between maxillary central incisors (C). The palatal depth (red arrow) was
measured from a line passing through the mesial gingival papilla of the permanent first
molars to the deepest point on the palate, perpendicularly to the arch length (D).

Fig. 4: Little’s Irregularity Index was measured for upper and lower arches following
Little et al.57 and Dowling et al.26 (A). The overbite and the overjet were measured on
a slice passing through the center of the right and left maxillary central incisor (B). The
mean between the right and left side was considered. The Curve of Spee was
measured as the greater perpendicular distance between the buccal cusp tips of the
mandibular teeth and a reference plane drawn from the central incisor edge to the
distal cusp tip of the second molar (C). A mean value between the right and left sides
was considered.

Fig. 5: Digitals models of a female subject (S.M.G.) from the sample at T1 (15 yrs), T2
(19 yrs) and T3 (60yrs).

Fig. 6: Six subjects illustrating the increase of the mandibular incisor crowding from T1
(first column) to T2 (second column) and T3 (third and fourth columns)

Fig. 7: Frontal images of the digital models of 5 subjects from the sample, showing the
overbite continuous decrease from T1 to T3.
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TABLES
Table I: Age distributions, in years, at the three phases.

T1

T2

T3

Difference

Difference

Difference

1967-1969

1971-1974

2015-2016

(T2-T1)

(T3-T2)

(T3-T1)

Mean

13.3 yrs

17.8 yrs

60.9 yrs

4.3 yrs

43.1 yrs

47.5 yrs

(range)

(11.0 – 15.0)

(16.0 – 22.0)

(58.0 – 63.0)

(4.0 – 4.8)

(43.7 – 49.4)

(44.9 – 49.4)

SD

0.9

1.3

1.0

0.3

1.2

1.0

Abbreviations: SD: standard deviation
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Table II: Maxillary and mandibular missing teeth.
Maxillary (n=64)

N

Mandibular (n=73)

Mx7

Mx6

Mx5

Mx4

Mx3

Mx2

Mx1

Md1

Md2

Md3

Md4

Md5

Md6

Md7

18

17

13

9

1

4

2

0

0

1

5

16

27

24

Abbreviations: X=missing teeth, I=dental implants and C=prosthodontic crowns

Total

X

I

C

137

52

20

65
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Table III: Error study for all variables assessed with the Intraclass Correlation Coefficients
(ICC) and the Bland-Altman limits of agreement (95% LoA).
1st
measurement
Mean (SD)

2nd
measurement
Mean (SD)

ICC

Bland-Altman
95% LoA
Lower
Upper

Maxilla

7
6
5
4
3
2
1

9.87 (0.53)
10.15 (0.39)
6.76 (0.31)
6.92 (0.45)
7.52 (0.37)
6.34 (0.41)
8.48 (0.49)

9.93 (0.50)
10.25 (0.39)
6.82 (0.40)
7.03 (0.49)
7.57 (0.41)
6.49 (0.42)
8.57 (0.54)

-0.05 (0.28)
-0.11 (0.13)
-0.06 (0.23)
-0.11 (0.21)
-0.05 (0.15)
-0.15 (0.20)
-0.09 (0.16)

0.85
0.90
0.78
0.87
0.92
0.83
0.93

-0.59
-0.37
-0.50
-0.52
-0.34
-0.54
-0.41

0.48
0.16
0.38
0.31
0.24
0.23
0.23

Mandible

7
6
5
4
3
2
1

10.24 (0.61)
10.46 (0.63)
7.15 (0.40)
6.92 (0.32)
6.66 (0.40)
5.84 (0.30)
5.33 (0.35)

10.31 (0.54)
10.57 (0.58)
7.19 (0.42)
7.01 (0.33)
6.75 (0.36)
5.90 (0.32)
5.38 (0.34)

-0.06 (0.25)
-0.12 (0.17)
-0.03 (0.19)
-0.09 (0.18)
-0.09 (0.17)
-0.06 (0.14)
-0.05 (0.13)

0.90
0.94
0.89
0.80
0.87
0.88
0.91

-0.54
-0.46
-0.40
-0.45
-0.42
-0.34
-0.30

0.42
0.23
0.33
0.27
0.24
0.21
0.21

Maxilla

7
6
5
4
3
2
1

5.26 (1.57)
5.79 (1.18)
7.17 (1.40)
8.10 (1.14)
9.47 (1.14)
8.42 (0.97)
9.93 (1.16)

5.40 (1.48)
5.80 (1.16)
7.12 (1.40)
8.13 (1.12)
9.49 (1.14)
8.45 (0.98)
9.98 (1.19)

-0.14 (0.23)
-0.01 (0.20)
0.06 (0.21)
-0.04 (0.10)
-0.02 (0.13)
-0.03 (0.10)
-0.04 (0.07)

0.98
0.98
0.98
0.99
0.99
0.99
0.99

-0.58
-0.39
-0.35
-0.23
-0.28
-0.23
-0.18

0.31
0.37
0.46
0.16
0.24
0.16
0.10

Mandible

7
6
5
4
3
2
1

5.26 (1.23)
6.31 (0.94)
7.15 (1.03)
8.07 (0.83)
9.39 (1.03)
8.41 (1.06)
8.18 (1.02)

5.39 (1.19)
6.36 (0.93)
7.19 (1.06)
8.09 (0.82)
9.40 (1.05)
8.45 (1.05)
8.24 (1.02)

-0.13 (0.36)
-0.05 (0.22)
-0.04 (0.12)
-0.02 (0.15)
-0.01 (0.11)
-0.04 (0.11)
-0.05 (0.11)

0.94
0.97
0.99
0.98
0.99
0.99
0.99

-0.84
-0.48
-0.27
-0.31
-0.23
-0.25
-0.27

0.59
0.38
0.19
0.26
0.21
0.18
0.17

Maxilla

3-3 width
4-4 width
5-5 width
6-6 width
Arch length
Arch perimeter
Crowding
Palatal Depth

33.26 (1.57)
41.14 (2.10)
47.32 (2.32)
52.47 (3.01)
26.39 (2,15)
72.74 (3.68)
0.71 (1.08)
18.01 (2.52)

33.21 (1.54)
41.04 (2.07)
47.27 (2.24)
52.51 (3.56)
25.59 (2.04)
72.99 (3.55)
0.76 (1.13)
18.25 (2.45)

0.05 (0.21)
0.09 (0.14)
0.06 (0.24)
-0.04 (1.28)
-0.20 (0.40)
-0.25 (0.53)
-0.05 (0.13)
-0.24 (0.37)

0.99
0.99
0.99
0.92
0.97
0.98
0.99
0.98

-0.37
-0.18
-0.41
-2.55
-0.99
-1.29
-0.31
-0.97

0.46
0.37
0.52
2.48
0.59
0.80
0.22
0.48

Mandible

3-3 width
4-4 width
5-5 width
6-6 width
Arch length
Arch perimeter
Crowding
Curve of Spee

25.44 (1.28)
33.84 (1.91)
39.82 (2.11)
45.52 (3.11)
22.82 (1.96)
63.81 (3.53)
3.69 (2.48)
1.61 (0.68)

25.49 (1.32)
33.71 (1.94)
39.72 (2.01)
45.39 (3.23)
23.03 (2.05)
63.49 (3.51)
3.76 (2.47)
1.64 (0.67)

-0.05 (0.22)
0.12 (0.30)
0.10 (0.34)
0.13 (0.33)
-0.21 (0.52)
-0.18 (0.41)
-0.07 (0.21)
-0.03 (0.34)

0.98
0.98
0.98
0.99
0.96
0.99
0.99
0.87

-0.47
-0.46
-0.56
-0.51
-1.23
-0.98
-0.48
-0.69

0.38
0.71
0.76
0.76
0.81
0.62
0.34
0.63

Overjet
Overbite

2.67 (1.08)
2.48 (1.23)

2.75 (1.03)
2.62 (1.34)

-0.07 (0.29)
-0.14 (0.26)

0.95
0.97

-0.65
-0.65

0.50
0.38

Variables

Mesiodistal
tooth size

Clinical
crown
height

Arch
dimensions

Incisor relationship

Difference
Mean (SD)

Abbreviations: 7: second molars, 6: first molars, 5: second premolars, 4: first premolars, 3: canines, 2: lateral incisors,
1: central incisors, 3-3: intercanines, 4-4: inter-first premolars, 5-5-: inter-second premolars and 6-6: intermolars.
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Table IV: Interphases comparisons for tooth measurements with dependent ANOVA
and Tukey tests.

Variables
Mesiodistal tooth size
7
6
5
Maxillary
4
3
2
1
7
6
5
Mandibular
4
3
2
1
Clinical crown height
7
6
5
Maxillary
4
3
2
1
7
6
5
Mandibular
4
3
2
1

T1
Mean SD

T2
Mean SD

T3
Mean SD

P

10.01A
10.15A
6.91A
7.07A
7.71A
6.51A
8.41A
10.38A
10.78A
7.22A
7.10A
6.78A
5.91A
5.37A

0.48 9.95A
0.39 10.04A
0.40 6.79A
0.37 6.97A
0.40 7.68A
0.42 6.47A
0.46 8.33A
0.54 10.31A
0.74 10.70A
0.32 7.18A
0.37 7.03A
0.40 6.72A
0.32 5.87A
0.30 5.34A

0.47 9.54B
0.36 9.73B
0.37 6.44B
0.43 6.71B
0.40 7.34B
0.42 6.29B
0.48 8.09B
0.55 10.10B
0.70 10.29B
0.31 6.86B
0.33 6.72B
0.37 6.46B
0.29 5.69B
0.27 5.11B

0.43
0.43
0.35
0.41
0.43
0.35
0.51
0.66
0.71
0.43
0.35
0.32
0.27
0.31

<.001*
<.001*
<.001*
<.001*
<.001*
<.001*
<.001*
<.001*
<.001*
<.001*
<.001*
<.001*
<.001*
<.001*

4.09A
4.81A
5.91A
7.13A
8.28A
7.81A
9.32A
4.43A
5.52A
6.22A
7.42A
8.53A
7.83A
8.00

0.48 4.89B
0.60 5.50B
0.57 7.00B
0.64 8.06B
1.01 9.41B
0.68 8.45B
0.90 9.87B
0.60 5.17A
0.48 6.29B
0.53 7.11B
0.71 8.15B
0.87 9.60B
0.69 8.29AB
0.64 8.19

0.47 7.31C
0.66 7.62C
0.70 8.97C
0.79 9.16C
1.11 9.78B
0.73 8.57B
0.97 9.54AB
0.81 6.57B
0.37 7.06C
0.63 7.77C
0.58 8.45B
0.84 9.63B
0.67 8.38B
0.73 7.98

1.27
0.85
1.00
1.32
1.42
1.22
1.33
1.22
0.98
1.30
1.15
1.19
1.28
1.20

<.001*
<.001*
<.001*
<.001*
<.001*
0.001*
0.027*
<.001*
<.001*
<.001*
<.001*
<.001*
0.016*
0.502

Abbreviations: SD: standard deviation, 7: second molars, 6: first molars, 5: second premolars,
4: first premolars, 3: canines, 2: lateral incisors,1: central incisors
Different letters indicate statistically significant differences;
* Statistically significant at p<0.05.
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Table V: Interphase comparisons for arch dimensions, crowding and incisors
relationship with dependent ANOVA and Tukey tests.
Variables

T1
Mean SD

T2
Mean SD

T3
Mean SD

p

Maxilla
6-6 width

52.42A 3.93 52.34A 3.19 52.84A 3.20

0.759

5-5 width

47.47A 2.47 47.46A 2.13 47.48A 2.58

0.998

4-4 width

41.45A 2.16 41.14A 1.99 40.82A 1.93

0.232

3-3 width

33.21A 2.12 33.47A 1.90 33.06A 2.15

0.300

Length

27.38A 1.63 26.27B 1.72 25.17C 2.08 <.001*

Perimeter

74.45A 3.26 73.34B 3.34 70.70C 3.30 <.001*

Anterior Crowding
Palatal depth

0.37A

0.74

0.67A

1.08

1.49B

1.30 <.001*

16.92A 1.93 18.66B 2.24 19.23B 2.56 <.001*

Mandible
6-6 width

44.74A 3.66 45.14A 3.26 45.44A 2.11

0.692

5-5 width

40.14A 2.40 40.15A 2.53 40.89A 3.20

0.390

4-4 width

34.39A 2.09 34.00A 1.81 33.78A 2.35

0.261

3-3 width

25.50A 1.48 25.45A 1.52 24.76B 1.52 0.001*

Length

23.48A 1.60 22.77A 1.75 21.71B 1.88 <.001*

Perimeter

64.99A 3.52 63.99A 2.83 62.14B 3.12 <.001*

Anterior Crowding

2.26A

1.96

3.13B

2.20

4.67C

2.52 <.001*

Curve of Spee

2.02A

0.76

1.53B

0.64

1.16B

0.45 <.001*

Anterior relationship
Overjet
2.81

0.66

2.36

0.72

2.75

1.19

3.13A

0.96

2.34B

1.20

1.73C

1.31 <.001*

Overbite

0.071

Abreviations: 3-3: intercanines, 4-4: inter-first premolars, 5-5: inter-second premolars and 6-6: intermolars.

Different letters indicate statistically significant differences.
*Statistically significant at p<0.05.
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3 DISCUSSION

The present study recalled untreated subjects with a normal occlusion at early
permanent dentition (T1) in their sixth or seventh decade of life (T3) aiming at
evaluating time effects in their dental arches. All individuals had a third pair of dental
casts, obtained at 17 years old (T2), to minimize the growth effects. Longitudinal followups are a modality of study that provides a high level of scientific evidence. However,
there are difficulties related to collecting longitudinal data, as previously reported, and
shown in the present study (BISHARA; TREDER; JAKOBSEN, 1994; HARRIS, 1997;
CARTER; MCNAMARA, 1998; BERG; STENVIK; ESPELAND, 2008; TSIOPAS et al.,
2013).
Regarding the methodology, all variables were measured on digital models.
Digital assessments have been widely used in Orthodontic researches, allowing
measurements with high accuracy and reproducibility (ZILBERMAN; HUGGARE;
PARIKAKIS, 2003; QUIMBY et al., 2004; COSTALOS et al., 2005; DALSTRA;
MELSEN, 2009; LEIFERT et al., 2009; DOWLING et al., 2013). The error study
showed an adequate intrarater reliability and confirmed the reproducibility of digital
dental model measurements.
Important changes were observed from 13 to 60 years of age. The literature
shows that the craniofacial skeleton continues to increase in size, even in the
adulthood (BEHRENTS, 1984; BISHARA; TREDER; JAKOBSEN, 1994), and aging
changes can affect the dental arches (BISHARA et al., 1989; BISHARA; TREDER;
JAKOBSEN, 1994; BISHARA et al., 1996; BISHARA et al., 1997; CARTER;
MCNAMARA, 1998). Therefore, current results corroborated previous studies showing
that the human craniofacial skeleton and dental arches undergo visible changes as
they grow, adapt and age. Most of the variables were influenced by the aging process,
except for some arch width and overjet. Considering the total observational period,
mesiodistal tooth size, lower intercanine width, arch length, arch perimeter, overbite
and the curve of Spee decreased. On the other hand, clinical crown height, incisor
crowding and palatal depth increased. Tooth wear, tooth eruption and gingival
migration influenced the changes in tooth size (VAN DER LINDEN, 1978; LOE;
ANERUD; BOYSEN, 1992; D’INCAU; COUTURE; MAUREILLE, 2012). Lower
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intercanine width, arch length and arch perimeter decreased from 13 to 60 years, but
no more than 4 mm. Previous studies also observed a gradual reduction of arch
dimensions with age (BISHARA et al., 1997, 1998; TIBANA; PALAGI; MIGUEL, 2004).
Clinically, the reduction in the dental arches dimensions may be associated with
mesiodistal tooth size reduction, posterior tooth mesial migration and a slight lingual
inclination of the incisors which take place in time (DOWNS, 1938; BEGG, 1954;
BEHRENTS, 1984; SOUTHARD; BEHRENTS; TOLLEY, 1990; VARRELA, 1990;
TIBANA; PALAGI; MIGUEL, 2004; D’INCAU; COUTURE; MAUREILLE, 2012),
resulting in an increase in maxillary and mandibular anterior crowding, as observed in
the present study.
One limitation of this study was the tooth loss in the sample (72 teeth in 22
patients). Permanent tooth loss was more prevalent in the posterior region and in the
mandibular arch. Previous study in Norwegian subjects found a mean tooth loss rate
of 1.4 teeth in a normal occlusion sample at 65 years of age (BERG; STENVIK;
ESPELAND, 2008). Usually, the generation of our sample shows a high rate of dental
caries and tooth extraction because these individuals did not experience water
fluoridation, fluoride dentifrices, changes in perception of oral health and oral hygiene,
and a regular use of dental services and technologies (PETERSEN et al., 2004;
PETERSEN; YAMAMOTO, 2005).
Significant changes were found in tooth and dental arch dimensions from 13
to 60 years of age. A 3x3 bar retainer can be indicated in normal occlusion in order to
prevent the late mandibular incisor crowding in individuals with a high oral hygiene
level. Further studies should analyze the skeletal and facial changes with aging in
individuals with normal occlusion. It is also suggested that changes in normal occlusion
individuals be compared with those of treated individuals. A 3D digital superimposition
of the digital models would allow a clear and didactic view of the time effects in dental
arches.

4 FINAL CONSIDERATIONS
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4 FINAL CONSIDERATIONS

It is very important to understand what naturally occurs with tooth and dental
arches with age, since the aging process may change or maintain the dental
relationship. The long-term follow-up of individuals with normal occlusion showed
significant dimensional changes from 13 to 60 years of age. Therefore, changes in
tooth size, overbite and arch dimensions might be expected with aging, from
adolescence to late adulthood.
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