
Journal of Dentistry 117 (2022) 103919

Available online 10 December 2021
0300-5712/© 2021 Elsevier Ltd. All rights reserved.

Original Article 

Changes in incisor relationship over the life course - Findings from a 
cohort study 

Olliver SJ a, Broadbent JM a, Sabarinath Prasad a,b, Celene Cai a, W. Murray Thomson a, 
Mauro Farella a,c,* 

a Sir John Walsh Research Institute, University of Otago, Dunedin, New Zealand 
b Department of Orthodontics, Hamdan Bin Mohammed College of Dental Medicine (MBRU), Dubai, UAE. 
c Department of Surgical Science, University of Cagliari, Italy   

A R T I C L E  I N F O   

Keywords: 
Overjet 
Overbite 
Malocclusion 
Orthodontics 
Bruxism 
Cohort studies 

A B S T R A C T   

Objective: The aim of this longitudinal cohort study was to investigate the changes in incisor relationship over 
three decades from adolescence to mid-adulthood. 
Materials and Methods: The sample included 1,037 children (48.4% female) born between April 1972 and March 
1973 from the longitudinal birth cohort Dunedin Multidisciplinary Health and Development Study. Overjet and 
overbite values were assessed at age 15 and 45 years and entered in a regression model as outcome variables. 
Baseline occlusal variables, sex, history of orthodontic treatment, periodontal data recorded at age 38, and self- 
reported oral parafunction and orthodontic treatment history recorded at age 45 were entered as covariates in 
the regression analysis. 
Results: Regression modelling showed that overjet/overbite category (high or low) at age 15 tends to predict 
overjet/overbite category at age 45, with overjet become slightly larger (around +0.5 mm) and overbite slightly 
lower (-0.5 mm) over time. Study members with self-reported tooth clenching had a slighter greater overbite 
(+0.3 mm) at age 45 than those who did not. Additionally, those with signs of periodontal disease at age 38 had a 
slightly larger overjet (+0.5 mm) at age 45 than those without disease. Sex differences were demonstrated with 
females having 0.6 mm larger overjet, and 0.4 mm overbite at age 45. 
Conclusions: Overall, overjet values tend to be higher during mid-adulthood than during adolescence, while the 
converse is true for overbite. There appears to be a degree of sexual dimorphism in overjet and overbite values 
later in life. 
Clinical Significance: Incisor relationships change during the life course and are related to ageing, sex, periodontal 
health, and parafunctional habits. Clinicians and educators should be aware of these changes when making 
treatment decisions that alter incisor relationship.   

1. Introduction 

The unpredictable nature of occlusal changes over time remains a 
challenge to orthodontists. Many studies have focused on dentoalveolar 
changes only during adolescence, whereas relatively less is known about 
changes that occur over the life course. The US NHANES survey has 
estimated that around one-third of the US population have an ideal 
horizontal relationship (overjet), and around half have the ideal vertical 
incisor relationship (overbite)[1]. In orthodontics, incisor positions are 
key to cephalometric analysis and treatment planning, and are also 
determinants of overall facial aesthetics [2]. Functionally, the maxillary 

incisors play an important role in providing anterior guidance for 
mandibular movements [3]. Furthermore, ideal incisor relationships are 
thought to enhance stability of orthodontic correction, since it has been 
postulated that incisors will continue to erupt until there is a stable 
contact that balances the forces of eruption [4, 5]. Because of this, it has 
been suggested that, for the long-term stability of orthodontic treatment, 
overjet and overbite values should embody the ideal Class I relationship 
[6], apparent when the lower incisor edges occlude with or lie imme-
diately below the cingulum plateau of the upper incisors [7]. 

Although there has been much research describing incisor relation-
ship changes in the primary and permanent dentitions, there are fewer 
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reports of changes occurring into mid-adulthood. Reasons of conve-
nience have meant that most research has focused on data from histor-
ical growth studies [8–11]. A more recent study using a small untreated 
Swedish sample (n = 18) showed no changes in overjet or overbite from 
ages 23 to 61 years [12]. Despite findings from studies based mainly on 
historical growth records indicating relative stability of overjet and 
overbite values into the fifth and sixth decades of life, samples have been 
small and contain a mixture of malocclusion types which have the po-
tential to complicate the interpretation of finding. For this reason, other 
researchers have investigated dentoalveolar changes that occur in in-
dividuals with untreated ‘normal’ occlusions into the fourth decade and 
beyond. A wide variety of findings have been reported for incisor rela-
tionship changes in these studies. These include: decreases in overjet and 
no change in overbite [13]; decreases in both overjet and overbite [14]; 
no changes in overjet but decreases in overbite [15]; and no overjet 
changes but overbite increases in females only [16]. 

Other investigations have focused on how untreated malocclusion 
types (particularly Class II Division 1) change with time, although these 
have limited follow-up to the late teenage years only [17–22]. 

Findings on long-term changes of orthodontically untreated ‘normal’ 
occlusions seem to be inconsistent, and there is limited information on 
changes that occur to those with abnormal incisor relationships (both 
high and low ranges) beyond adolescence and into adulthood. The 
paucity of long-term data on various untreated malocclusion types may 
be due to ethical reasons, greater recent uptake of orthodontic treat-
ment, and the logistical and financial challenges of longitudinal 
research. Reasons for inconsistencies in previous findings could be their 
small sample sizes, use of historical growth controls, errors in cephalo-
metric measurements, the complex nature of dentoalveolar develop-
ment, and the inability to control for influences that become 
increasingly prevalent in adulthood (such as tooth wear and periodontal 
disease). Changes in incisor relationship (if present) are relevant to 
clinicians and patients alike, as increasing numbers of adults seek or-
thodontic treatment, and the interest in orthognathic surgery grows 
[14]. 

The aim of this study was to investigate changes in the incisor rela-
tionship (overjet and overbite) from ages 15 to age 45, in a birth cohort 
of New Zealanders. We hypothesised that the incisor relationship (as 
represented by overbite and overjet during adolescence) will deteriorate 
in individuals with overbite and overjet values outside the normal range. 

2. Materials and methods 

2.1. Sample 

Participants were members of the Dunedin Multidisciplinary Health 
and Development Study, a longitudinal investigation of health and 
behaviour in a cohort born in Dunedin, New Zealand. Between 1/4/ 
1972 and 31/3/1973, 1037 (91% of eligible births; 52% male) partici-
pated in the first follow-up at age 3 years; these constituted the base 
sample for the remainder of the study. Cohort families represented the 
full range of socioeconomic status in New Zealand’s South Island. Over 
90% of cohort members identified as New Zealand European or “white”, 
while 7.5% self-identify as being Māori. This matches the ethnic distri-
bution of the South Island of New Zealand. Follow-ups were done at ages 
5, 7, 9, 11, 13, 15, 18, 21, 26, 32, 38, and 45 years, when we assessed 
94% of the surviving 1007 study members. This study used data 
collected from ages 15, 38 and 45. The …… Ethics Committee…….., 
granted ethics approval for each assessment phase. Study members gave 
informed consent before participating [23]. 

2.2. Incisor relationships and error study 

At ages 15, dental data (including overjet and overbite measures) 
were collected clinically by trained and calibrated clinicians. All 
DMHDS dental examinations have employed methods in accordance 

with World Health Organisation methods [24]. At age 45, Study mem-
bers had their dentitions digitally scanned using Trios™ (3Shape, 
Copenhagen, Denmark). The three-dimensional scans were then expor-
ted to OrthoAnalyzer™ software (3Shape, Copenhagen, Denmark), 
where they were trimmed and orientated before a digital orthodontic 
model base was added. 

Prior to examining the digital models, a separate calibration sample 
(n = 16) was recruited for staff calibration and testing of methods. 
Clinical DAI measurement was completed using a dental mirror and a 
PCP-2 periodontal probe. Virtual dental arches and bite registration 
were exported to 3Shape OrthoAnalyzer™, where they were modified 
into digital models and analysed. The digital DAI scores were analysed 
against the clinical DAI scores. Orthodontic measurements of these 
digital scans were repeated for each participant on three separate oc-
casions by two examiners. Subsequently, eight participants were 
randomly selected to repeat the above steps so that intra-examiner 
reliability could be evaluated for both methods. Each participant was 
given a numerical code to blind the examiner, and subsequent rounds of 
examinations were at least one week apart to minimise recollection of 
cases. Intra- and inter-examiner reliability scores were calculated as 
excellent (individual ICC = 0.98, average ICC = 0.99) and bias was not 
detected for the digital method relative to the clinical method. It was 
concluded that measurements derived from digital models using 
OrthoAnalyzer™ software were comparable to the traditional clinical 
measurements taken in earlier assessment phases. Orthodontic mea-
surements of the digital models of Study members were completed by 
two examiners using the same guidelines as previous assessments. 
overjet and overbite values were categorised as: ‘low’ (≤ 1 mm); 
‘normal’ (2 to 4 mm); or ‘large’ (≥ 5 mm). These categories were used 
because they have been previously used in research and cited in dental 
texts [25–29]. 

2.3. Orthodontic treatment history 

The Orthodontic treatment history information was collected using 
the age 45 dental questionnaire. Study members were asked “Have you 
ever had orthodontic treatment (teeth straightening)?”. The responses 
were categorised as ‘No self-reported history of orthodontic treatment at 
age 45′ or ‘Any form of self-reported orthodontic treatment at age 45′. 
Any form of orthodontic treatment (including removable or fixed ap-
pliances, extractions, and orthognathic surgery) was considered to be a 
history of orthodontic treatment for the purposes of this study. 

2.4. Molar relationship 

Angle’s molar classification was also recorded at age 15. The left and 
right sides were assessed with the teeth in occlusion, and only the largest 
deviation from the normal molar relationship was recorded. If the 
assessment could not be based on the first molars, the relationship of the 
permanent canines or premolars was assessed. The categories of molar 
relationship were classified as ‘normal’ (Class I molar relationship), a 
half cusp distal (tending Class II), a full cusp distal (Class II), a half cusp 
mesial (tending Class III), and a full cusp mesial (Class III). 

2.5. Parafunctional habits 

Self-reported data on parafunctional habits were gathered in the age 
45 dental questionnaire. Study members were asked about day-time 
clenching (“During the past 12 months, how often did you clench your 
teeth during waking hours?” which could be answered: ‘None of the 
time’, ‘A little of the time’, ‘Some of the time’, ‘Most of the time’ or ‘All of 
the time’). Anyone who self-reported ‘Some of the time’, ‘Most of the 
time’ or ‘All of the time’ was considered a case of day-time clenching. 
Study members were also asked about night-time clenching/grinding 
(“During the past 12 months, how often did you clench or grind your 
teeth (based on any information you may have, for example, a partner or 
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room-mate)?” with response options: ‘None of the time’, ‘Less than 1 
night per month, ‘1–3 nights per month’, ‘1–3 nights per week’ or ‘4–7 
nights per week’. Anyone who self-reported more than 1–3 nights per 
month was considered a case of night-time clenching/grinding. 

2.6. Periodontal disease 

This study used clinical periodontal data recorded at the age 38 
dental examination. This involved the measurement of three sites 
(mesiobuccal, buccal and distolingual) per tooth. A National Institute of 
Dental Research (NIDR) probe (manufactured by Hu-Friedy, Chicago, IL, 
USA) was used which has 6 alternating 2 mm bands and a rounded tip. 
Two measures were recorded: gingival recession (GR; the distance in 
millimetres from the gingival margin to the cementoenamel junction); 
and probing depth (PD; the distance from the gingival margin to the tip 
of the probe). Measurements were rounded down to the nearest whole 
millimetre at the time of recording. The attachment loss for each site was 
calculated at the analysis stage by summing the GR and PD measure-
ments. A case of periodontal disease was defined in this study as the 
presence of one or more sites with 5+ mm of attachment loss. 

2.7. Statistical analysis 

To investigate changes in overjet and overbite by categories from age 
15 to age 45, a two-sided t-test was used. Then, age 45 overjet and 
overbite were entered as dependant variables in a multiple linear 
regression model with age 15 overjet and overbite (low and large/high), 
one or more sites with 5+ mm of periodontal attachment loss at age 38 
(dichotomous variable), self-reported history of orthodontic treatment 
by age 45 (dichotomous variable), female sex, self-reported history of 
day-time clenching (dichotomous variable), self-reported history of 
night-time clenching/grinding (dichotomous variable). A small number 

of participants (n = 7) had a fixed wire retainer bonded to the lower 
anterior teeth at age 45 years; owing to this being a small number we did 
not control for the presence of fixed retainers as a potential confounder. 
The reference category was a normal overjet/overbite range of 2–4 mm, 
and all regression coefficients were adjusted for confounding variables. 
Adjusted regression coefficients were estimated, along with their 95% 
confidence intervals. 

All statistical analyses used STATA 15.1 SE (StataCorp, Texas, USA), 
with the significance level set at 0.05. 

3. Results 

Study members who had occlusal data collected at both ages 15 and 
age 45 were included in the analysis (n = 661), although two individuals 
were missing overbite measures at age 45 (n = 659). At age 15, 89 
(13.5% per cent) of Study members were categorised as low overjet; 485 
(73.4%) had normal overjet, and 87 (13.2%) had large overjet. 101 
(15.3%) study members were categorised as low overbite; 407 (61.6%) 
had normal overbite, and 153 (23.2%) had high overbite. 

Mean values of overjet and overbite by categories at age 15 and 45 
are presented in Table 1. overjet at age 45 was overall 0.5 mm larger 
than at age 15, and this was the case for those who did not report or-
thodontic treatment and those who did. For those in the low overjet 
category at age 15, overjet was overall 1.2 mm larger at age 45. Self- 
reported history of orthodontic treatment led to 1.6 mm larger overjet 
at age 45 for those in this category, than 1.0 mm in those who did not 
self-report orthodontic treatment. The corresponding overbite changes 
in the low overjet category were not significant. Those with normal 
overjet had overall 0.6 mm less (p < 0.001) overjet at age 45, and or-
thodontic treatment had little influence on this age 15 overjet category. 
For those with large overjet at age 15, overjet was overall 0.5 mm less at 
age 45. If orthodontic treatment was self-reported, overjet was 1.4 mm 

Table 1 
Mean overjet and overbite (in mm) at age 15 and 45 by age 15 category and history of orthodontic treatment by age 45 (SD).   

Overjet at 15Overjet 
at 45Difference 

Overjet at 15Overjet 
at 45Difference 

Overjet at 15Overjet 
at 45Difference 

Overbite at 
15Overbite at 
45Difference 

Overbite at 
15Overbite at 
45Difference 

Overbite at 
15Overbite at 
45Difference 

N included 
(col%)  

No orthodontic 
history 

History of 
orthodontics 

All No orthodontic 
history 

History of 
orthodontics 

All  

Overjet at 15        
Low (≤1 
mm) 

0.7 (0.5) 
1.7 (1.1) 
1.0 (1.1)c 

0.9 (0.4) 
2.4 (1.2) 
1.6 (1.3)c 

0.7 (0.4) 
1.9 (1.2) 
1.2 (1.2)c 

2.2 (2.0) 
2.0 (1.8) 
¡0.2 (1.4) 

2.0 (1.9) 
1.7 (1.6) 
¡0.3 (2.0) 

2.1 (2.0) 
1.9 (1.7) 
− 0.3 (1.6) 

89 (13.5) 

Normal 
(2–4 mm) 

2.8 (0.8) 
3.3 (1.2) 
0.5 (1.1)c 

2.7 (0.8) 
3.3 (1.5) 
0.6 (1.5)c 

2.7 (0.8) 
3.3 (1.3) 
0.6 (2.2)c 

3.6 (1.6) 
2.9 (1.6) 
¡0.7 (1.3)c 

3.2 (1.5) 
2.8 (1.6) 
¡0.5 (1.5)c 

3.5 (1.6) 
2.9 (1.6) 
¡0.6 (1.4)c 

485 (73.4) 

Large (≥5 
mm) 

6.1 (1.4) 
6.0 (2.0) 
− 0.1 (2.0) 

6.2 (1.8) 
4.9 (2.1) 
¡1.4 (3.0)a 

6.1 (1.6) 
5.6 (2.1) 
¡0.5 (2.2)a 

4.1 (1.9) 
3.4 (2.1) 
¡0.7 (1.6)b 

3.0 (1.7) 
3.2 (2.6) 
0.2 (1.8) 

3.8 (1.9) 
3.3 (2.0) 
¡0.4 (1.7)a 

87 (13.2) 

Overbite at 
15        
Low (≤1 
mm) 

2.2 (2.0) 
2.6 (2.0) 
0.3 (1.1)a 

2.3 (1.9) 
3.1 (1.7) 
0.8 (2.5)a 

2.2 (2.0) 
2.7 (1.9) 
0.5 (1.7)b 

0.5 (0.5) 
0.8 (1.2) 
0.3 (1.3) 

0.7 (0.5) 
1.7 (1.4) 
1.0 (1.3)c 

0.6 (0.5) 
1.1 (1.3) 
0.5 (1.3)c 

99 (15.0) 

Normal 
(2–4 mm) 

2.9 (1.3) 
3.4 (1.6) 
0.5 (1.2)c 

2.9 (1.6) 
3.4 (1.7) 
0.5 (1.7)c 

2.9 (1.4) 
3.4 (1.6) 
0.5 (1.4)c 

3.2 (0.8) 
2.7 (1.3) 
¡0.5 (1.2)c 

2.9 (0.8) 
2.6 (1.6) 
¡0.4 (1.5)b 

3.1 (0.8) 
2.7 (1.4) 
¡0.5 (1.3)c 

407 (61.8) 

High (≥5 
mm) 

3.5 (1.8) 
4.0 (1.8) 
0.5 (1.1)c 

3.2 (2.1) 
3.4 (1.7) 
0.3 (2.4) 

3.4 (1.9) 
3.9 (1.8) 
0.4 (1.8)b 

5.6 (0.9) 
4.3 (1.5) 
¡1.3 (1.3)c 

5.6 (0.9) 
4.1 (1.6) 
¡1.5 (1.7)c 

5.6 (0.9) 
4.2 (1.6) 
¡1.4 (1.4)c 

153 (23.2) 

Overall 2.9 (1.6) 
3.4 (1.7) 
0.5 (1.2)c 

2.9 (1.8) 
3.4 (1.7) 
0.5 (1.9)c 

2.9 (1.7) 
3.4 (1.7) 
0.5 (1.5)c 

3.5 (1.8) 
2.9 (1.7) 
¡0.6 (1.3)c 

3.0 (1.6) 
2.7 (1.7) 
¡0.3 (1.7)b 

3.3 (1.7) 
2.8 (1.7) 
¡0.5 (1.5)c 

661 

Column N 437 219 661 436 218 659d  

Two-sided paired t-test;. 
a p < 0.05;. 
b p < 0.01;. 
c p < 0.001;. 
d two individuals excluded from measures of overbite. 
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less at age 45, and not significantly difference if no orthodontic treat-
ment was self-reported. The corresponding overbite changes in the large 
overjet category were 0.7 mm less overbite without orthodontic treat-
ment, and no significant overbite change if orthodontic treatment was 
self-reported. 

Overall overbite at age 45 was 0.5 mm less than at age 15. Self- 
reported history of orthodontic treatment resulted in 0.6 mm less 
overbite, while it was 0.3 mm less without orthodontic treatment. For 
those in the low overbite category at age 15, overbite was 0.5 mm higher 
at age 45 overall. Self-reported orthodontic treatment was associated 
with a 1.0 mm higher overbite, and 0.8 mm overjet at 45. amongst those 
with normal overbite at age 15, overbite was overall 0.5 mm less at age 
45 and was not associated with history of orthodontic treatment. For 
those in the high overbite category, overall overbite was 1.4 mm less at 
age 45, with self-reported orthodontic treatment having little effect on 
this category. 

Orthodontic characteristics at age 45 are summarised in Table 2. 227 
(34.5%) of Study members had an Angle Class I molar relationship. 135 
(20.5%) had half Class II molar relationships and 91 (13.8%) full unit 
Class II molar relationships. Half unit Class III molar relationships were 
identified in 181 (27.5%) of Study members, and 24 (3.7%) had full unit 
Class III molar relationships. At age 38, 164 (20.7%) of Study members 
had one or more teeth with 5+ mm periodontal pocketing. Self-reported 
day-time tooth clenching at age 45 was described (at least some of the 
time) by 119 (14.7%), while tooth clenching/grinding while sleeping 

(more than 1–3 nights per month or more) was described by 119 
(14.9%). Approximately half (407 or 49.5%) of the Study members were 
female, and a self-reported history of orthodontic treatment by age 45 
was described by 275 (33.7%) of them. 

The regression model for overjet and overbite at age 45 (adjusted and 
unadjusted) is presented in Table 3. Compared to normal, those with low 
overjet at 15 had 1.1 mm less overjet at age 45, and those with large 
overjet at 15 had 2.2 mm more overjet at age 45. Similar findings were 
seen for overbite when compared to normal, those with low overbite at 
15 had 1.4 mm less overbite at age 45, and those with high overbite had 
1.6 mm more overbite at age 45. Compared to those with Class I molar 
relationships at age 15, those with half unit Class II molar relationships 
had 0.4 mm more overjet at age 45, and those with full unit Class II 
molar relationships had 0.8 mm more overjet at age 45. Age 45 overjet 
and overbite outcomes were not associated with Class III molar re-
lationships (full or half unit). Having one more 5+ mm sites at age 38 
was associated with 0.5 mm more overjet at age 45 than those without 
periodontal disease. A self-reported history of day-time tooth clenching 
at age 45 predicted greater overbite (0.3 mm), whereas a history of 
night-time clenching/grinding was not. A self-reported history of or-
thodontic treatment by age 45 was not associated with overjet or 
overbite at age 45. Females had larger overjet (+0.6 mm) and overbite 
(+0.4 mm) at age 45 than males. 

4. Discussion 

This study reports original data on changes in incisor relationships 
from adolescence to mid-adulthood. Only a handful of studies have 
documented incisor relationships into the fifth decade of life [9-12, 15, 
16] and those are almost exclusively based on small samples derived 
from historical growth study records. The strengths of the current study 
include the large generalisable sample [30], high retention rate and the 
use of multivariate statistics. This work also utilises clinical or digital 
dental measures of overjet and overbite rather than those derived from 
lateral cephalograms; the latter can be prone to measurement error [31, 
32]. 

The study limitations should also be considered. Although partici-
pation in the age 45 dental examination/questionnaire involved around 
90% of the original cohort, complete overjet and overbite data at ages 15 
and 45 were available for only 659 Study members. This lower cohort 
size arose from the relatively low participation in the age-15 dental 
examinations. Additionally, an earlier timepoint for assessing the full 
permanent dentition (excluding third molars) may have been more 
suitable than age 15, because some Study members were currently un-
dergoing treatment or had already completed orthodontic treatment by 
age 15. This has the potential to bias the findings towards the null hy-
pothesis. However, this was not possible because there was no earlier 
assessment phase that included a comprehensive dental examination of 
the permanent dentition. Furthermore, detailed information on the type 
of orthodontic treatment (or whether the treatment was undertaken by a 
general dental practitioner or specialist) was not available at age 45. The 
self-reported history of orthodontic treatment may have included 
removable or fixed appliances, extractions, or orthognathic surgery and 
perhaps a more specific question would have been more appropriate. 
Accordingly, there is a possibility that the observed associations be-
tween self-reported orthodontic treatment and age 45 overjet / overbite 
could have been influenced by treatment bias. In addition, the assess-
ment of clenching and grinding in the previous 12 months were based on 
self-report. Although more accurate forms of assessment (such as elec-
tromyographic monitoring) are considered the gold standard, this was 
not practical or feasible for such a large cohort. Despite this, orthodontic 
treatment (albeit self-reported) appeared to be effective in the age 15 
low overjet (1.6 mm higher at 45), high overjet (1.4 mm lower at 45) 
and low overbite (1.0 mm higher at 45) groups. 

Some of the most notable findings pertain to those who had not had 
orthodontic treatment. Their findings are meaningful because there is no 

Table 2 
Orthodontic characteristics at age 45 by molar relationship at age 15, peri-
odontal disease, parafunctional habits, history of orthodontics and sex.   

Mean overjet at 
45 (SD) 

Mean overbite at 
45 (SD) 

N (Col 
%) 

Angle molar relationship at age 
15 [n = 658]    
Class I 3.2 (1.4) 2.8 (1.4) 227 

(34.5) 
½ Class II 3.8 (1.7) 3.1 (1.9) 135 

(20.5) 
Class II 4.5 (2.3) 3.5 (1.9) 91 

(13.8) 
½ Class III 3.0 (1.5) 2.3 (1.6) 181 

(27.5) 
Class III 2.1 (1.3) 1.4 (1.6) 24 (3.7) 

Periodontal disease at age 38 [n 
= 794]    
1+ sites with 5+ mm of 
attachment loss 

3.8 (2.0) 2.7 (1.8) 164 
(20.7) 

0 sites with 5+ mm of 
attachment loss 

3.3 (1.6) 2.8 (1.7) 630 
(79.4) 

Parafunction – clenching at age 
45 [n = 811]    
At least some of the time 3.5 (1.7) 2.9 (1.8) 119 

(14.7) 
A little or none of the time 3.4 (1.7) 2.8 (1.7) 692 

(85.3) 
Parafunction – grinding at age 

45 [n = 801]    
At least some of the time 3.7 (1.9) 2.8 (1.7) 119 

(14.9) 
A little or none of the time 3.4 (1.7) 2.8 (1.7) 682 

(85.1) 
History of orthodontic treatment 

by age 45 [n = 816]    
Yes 3.5 (1.8) 2.7 (1.7) 275 

(33.7) 
No 3.4 (1.7) 2.9 (1.7) 541 

(66.3) 
Sex [n = 823]    

Female 3.6 (1.7) 2.9 (1.6) 407 
(49.5) 

Male 3.3 (1.7) 2.7 (1.8) 416 
(50.5) 

Overall 3.4 (1.7) 2.8 (1.7) 823  
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orthodontic treatment to masque the natural history of how incisor re-
lationships change with time and their data also allows comparison with 
previous growth studies [8–10]. For example, amongst 
orthodontically-untreated participants who had low overjet at age 15, 
overjet increased significantly by age 45 (1.0 mm increase, closer to 
ideal values), even in the absence of orthodontic treatment. Further-
more, amongst orthodontically-untreated participants with high over-
bite at age 15, overbite decreased significantly by age 45 (1.3 mm 
decrease, closer to ideal values), again despite never having had or-
thodontic treatment. It may be that there is a type of “regression towards 
the mean” effect, whereby ‘improvements’ are seen over time. However, 
for those with orthodontically untreated high overjet and low overbite at 
age 15, no significant differences were seen, indicating that these 
characteristics tend to persist and have limited capacity to self-correct. 
Consequently, this highlights two common clinical situations where 
orthodontic treatment may be of benefit, preventing trauma to pro-
truding incisors [33] and preventing possible periodontal damage from 
a deep bite [34]. Interestingly, nearly two decades ago, the acceptable 
long-term outcomes of orthodontic treatment in the Dunedin cohort 
vis-à-vis equity, efficacy, effectiveness, and safety has also been reported 
[35]. 

Among orthodontically untreated Study members, the mean overjet 
at age 45 was 0.5 mm higher than at age 15. This is in contrast to many 
other studies of untreated individuals which have indicated relative 
stability of overjet during adulthood [8–12]. However, the current 
study’s sample size is considerably larger (by at least seven times) than 
those of any other investigations describing overjet changes into adult-
hood. Reasons for the higher overjet later in life could be due to more 
pronounced decreases in mandibular inter-canine widths and arch 
length, relative to the maxillary arch [8, 12, 36-39]. Such changes have 
been shown to lead to mandibular arch forms becoming shorter and 
broader overall [9]. It was noteworthy that those who had orthodonti-
cally untreated large overjet age 15 had a significantly lower overbite by 
age 45. This slight improvement in overbite was unexpected, because 
such cases are thought to be at risk of continued incisor eruption due to 
the lack of vertical limit [40]. This finding may assist clinical decision 
making in cases where orthognathic surgical correction is contra-
indicated (skeletal Class II, for example) or where the planned move-
ment of the maxillary incisors would adversely affect upper lip support. 
Currently, permanent bonded retainers are recommended for stabilising 
these cases, although there is limited evidence to support this practice 
[40]. 

After controlling for other factors, females had 0.6 mm higher overjet 
at age 45 than males. This is not the first time that marked sex differ-
ences in overjet beyond adolescence have been described [36]. Sexual 
dimorphism in overjet into mid-adulthood could be a result of residual 
mandibular growth subsequent to age 15 in males, or greater decreases 
in mandibular arch dimension in females [37]. 

Regardless of age 15 overbite category, the mean overbite values 
were 0.5 mm lower at age 45 than at age 15. Lower overbite later in life 
could be due to dentoalveolar/skeletal change, or attrition of incisal 
edges, which would affect overbite. Decreases in overbite values in 
orthodontically untreated samples have been observed from age 12 to 
20 years [41, 42], into mid-adulthood [14, 43] and into late adulthood 
[15]. On the other hand, authors have also reported overbite remaining 
invariant [9, 10, 12, 13] and even increasing [8] during adulthood. We 
also observed sex differences in age 45 overbite, with female Study 
members having higher overbite values than males by 0.4 mm. Sex 
differences in overbite have been previously reported [15, 16, 36, 37]. 
Greater overbite reductions in males during adulthood may be due to 
physiological process rather than dentoalveolar change per se as 
increased incisal tooth wear [44], and stronger masticatory muscle ac-
tivity [45] are more prevalent in males. We also observed that a 
self-reported history of day-time clenching at age 45 was associated with 
higher overbite at age 45. This could be a result of posterior dental 
intrusion of the teeth and subsequent auto-rotation of the mandible. 

Table 3 
Regression model for overjet and overbite at age 45. (N in final model = 620).   

Overjet: 
Unadjusted 
coefficient 
(95% CI) 

Overjet: 
Adjusted 
coefficient, 
(95% CI) 

Overbite: 
Unadjusted 
coefficient, 
(95% CI) 

Overbite: 
Adjusted 
coefficient, 
(95% CI) 

Overjet at age 
15     
Low (≤1 
mm) 

¡1.3 (¡1.6, 
¡1.0) 

¡1.1 (¡1.5, 
¡0.8) 

¡1.0 (¡1.4, 
¡0.6) 

− 0.2 (− 0.6, 
0.1) 

Normal (2–4 
mm) [ref] 

. . . . 

High (≥5 
mm) 

2.3 (2.0, 
2.7) 

2.2 (1.9, 
2.5) 

0.5 (0.1, 0.9) 0.2 (− 0.1, 
0.6) 

Overbite at age 
15     
Low (≤1 
mm) 

¡0.5 (¡0.9, 
¡0.1) 

− 0.1 (− 0.5, 
0.2) 

¡1.5 (¡1.8, 
¡1.2) 

¡1.4 (¡1.7, 
¡1.0) 

Normal (2–4 
mm) [ref] 

. . . . 

High (≥5 
mm) 

0.5 (0.2, 
0.8) 

0.2 (− 0.0, 
0.5) 

1.6 (1.3, 1.9) 1.6 (1.3, 
1.8) 

Molar 
relationship     
Class 1 [ref] . . . . 
½ Class II 0.6 (0.3, 

1.0) 
0.4 (0.1, 
0.7) 

0.2 (− 0.1, 
0.6) 

0.2 (− 0.1, 
0.6) 

Class II 1.2 (0.8, 
1.6) 

0.8 (0.5, 
1.2) 

0.7 (0.3, 1.1) 0.4 (0.0, 
0.7) 

½ Class III − 0.2 (− 0.5, 
0.2) 

0.1 (− 0.2, 
0.4) 

− 0.5 (− 0.8, 
− 0.2) 

− 0.3 (− 0.5, 
0.0) 

Class III ¡1.1 (¡1.8, 
¡0.4) 

− 0.2 (− 0.8, 
0.5) 

− 1.4 (− 2.1, 
− 0.7) 

− 0.2 (− 0.9, 
0.4) 

Periodontal 
disease at 
age 38     
1+ sites with 
5+ mm of 
attachment 
loss 

0.5 (0.1, 
0.8) 

0.5 (0.3, 
0.8) 

− 0.1 (− 0.5, 
0.2) 

0.1 (− 0.2, 
0.3) 

0 sites with 
5+ mm of 
attachment 
loss [ref] 

. . . . 

Parafunction – 
clenching at 
age 45     
At least 
some of the 
time 

− 0.0 (− 0.4, 
0.4) 

− 0.0 (− 0.3, 
0.3) 

0.2 (− 0.2, 
0.6) 

0.3 (0.0, 
0.7) 

A little or 
none of the 
time [ref] 

. . . . 

Parafunction – 
clenching/ 
grinding at 
age 45     
At least 
some of the 
time 

0.2 (− 0.1, 
0.6) 

− 0.1 (− 0.4, 
0.3) 

0.0 (− 0.4, 
0.4) 

− 0.3 (− 0.6, 
0.0) 

A little or 
none of the 
time [ref] 

. . . . 

History of 
orthodontic 
treatment by 
age 45     
Yes − 0.1 (− 0.4, 

0.2) 
− 0.1 (− 0.3, 
0.1) 

− 0.2 (− 0.5, 
0.0) 

− 0.1 (− 0.3, 
0.2) 

No [ref] . . . . 
Sex     

Female 0.4 (0.1, 
0.6) 

0.6 (0.4, 
0.8) 

0.2 (− 0.0, 
0.5) 

0.4 (0.2, 
0.6) 

Male [ref] . . . .  
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Another possibility is posterior tooth wear amongst these individuals, 
although this seems less likely, since no association was seen between 
overbite and self-reported night-time tooth clenching/grinding at age 
45. 

Study members who had one or more sites with 5+ mm of peri-
odontal attachment loss at age 38 tended to have greater overjet at age 
45. This age 38 case definition was used, rather than a more recent 
diagnosis, to allow time for periodontal disease to manifest, A limitation 
of this generalised periodontal variable is that there is an assumption 
that the anterior teeth are also affected by disease. It is accepted that 
incisors exist in a position of equilibrium between the lips, cheeks and 
tongue [4], and a loss of periodontal support can negatively change this 
[46]. The observed 0.5 mm increase in overjet is likely to have arisen 
from anterior tooth displacement and early pathologic tooth migration 
(PTM) which is a common complication of moderate-to-severe peri-
odontitis [46]. However, research has shown that the mean attachment 
loss of a tooth affected by PTM is around 4.8 mm greater than that of 
control teeth [47]. Perhaps a more severe periodontal case definition 
may be more useful in future research, along with limiting periodontal 
disease analysis to the anterior teeth, to place emphasis on the teeth 
most affected by this phenomenon. Because greater overjet has a 
negative impact on quality of life in children and adults [48–51], the 
influence of periodontal disease on long-term incisor stability is of 
clinical and social significance. 

We hypothesised that the incisor relationship (as represented by 
overbite and overjet during adolescence) will deteriorate amongst those 
with overbite and overjet values outside normal range. This does not 
appear to be the case, although orthodontically untreated Study mem-
bers with high overjet or low overbite remained such later in life. That 
these occlusal features did not self-correct could mean they would 
benefit from orthodontic intervention. Comparisons of orthodontically 
untreated and treated Study members should be interpreted with care 
for two reasons. First, many Study members had either finished ortho-
dontics or were undergoing orthodontic treatment at the age 15 exam-
inations; second, orthodontic treatment history was self-reported and 
included any form of treatment by age 45. 

Quantifying long-term changes in overjet and overbite presents 
many challenges. These include factors such as continuous dentoal-
veolar and skeletal change throughout life, individual variation, physi-
ological tooth wear, measurement error, changes in arch widths/depths 
with time, crowding, and periodontal disease. More importantly, the 
clinical significance of difference in the order of fractions of millimetres 
observed over a 30-year period needs to be considered. Notwith-
standing, the study provides valuable information on changes in overjet 
and overbite that occur in a large cohort using valid measures, from age 
15 into mid-adulthood. 

5. Conclusions 

Overall, overjet tends to be approximately 0.5 mm higher, and 
overbite tends to be approximately 0.5 mm lower in mid-adulthood than 
during adolescence. Sex differences were also apparent with females 
having higher overjet and overbite at 45 than males. A greater overjet at 
age 45 was found in Study members with loss of periodontal support at 
age 38. Overjet at age 45 was not associated with self-reported history of 
day-time tooth clenching, while overbite was higher in members with 
self-reported history of tooth grinding. A history of orthodontic treat-
ment is associated with overjet and overbite closer to normal range 
values over long-term. This research opens new questions that merit 
investigation, including a need for more detailed and high-quality long- 
term longitudinal research on how occlusion matures and ages. 

CRediT authorship contribution statement 

Olliver SJ: Investigation, Software, Formal analysis, Funding 
acquisition, Writing – original draft, Writing – review & editing. 

Broadbent JM: Conceptualization, Project administration, Funding 
acquisition, Supervision, Methodology, Resources, Formal analysis, 
Writing – original draft, Writing – review & editing. Sabarinath Prasad: 
Writing – original draft, Writing – review & editing. Celene Cai: 
Investigation, Methodology, Software. W. Murray Thomson: Supervi-
sion, Resources, Writing – review & editing. Mauro Farella: Concep-
tualization, Methodology, Formal analysis, Funding acquisition, Project 
administration, Supervision, Visualization, Data curation, Writing – 
original draft, Writing – review & editing. 

Declaration of Competing Interest 

The authors whose names are listed immediately below certify that 
they have NO affiliations with or involvement in any organization or 
entity with any financial interest (such as honoraria; educational grants; 
participation in speakers’ bureaus; membership, employment, consul-
tancies, stock ownership, or other equity interest; and expert testimony 
or patent-licensing arrangements), or non-financial interest (such as 
personal or professional relationships, affiliations, knowledge or beliefs) 
in the subject matter or materials discussed in this manuscript. 

Acknowledgments 

We thank the Dunedin Study members, their families and friends for 
their long-term involvement. We thank Dunedin Study Unit research 
staff, research collaborators, and Study founder Phil A. Silva. The 
Dunedin Multidisciplinary Health and Development Research Unit is 
supported by the New Zealand Health Research Council, and has also 
received funding from the New Zealand Ministry of Business, Innovation 
and Employment. The age 45 data collection was supported by the New 
Zealand Health Research Council Programme Grant (16-604) and Proj-
ect Grant (15-265), the US National Institute of aging grant 
R01AG032282 and the UK Medical Research Council grant MR/ 
P005918/1. The Study protocol was approved by the Health and 
Disability Ethics Committees, Ministry of Health, New Zealand. Study 
members gave informed consent before participating. 

References 

[1] W.R. Proffit, H.W. Fields Jr., L.J. Moray, Prevalence of malocclusion and 
orthodontic treatment need in the United States: estimates from the NHANES III 
survey, Int. J. Adult. Orthodon. Orthognath. Surg. 13 (2) (1998) 97–106. 

[2] I. Ceylan, B. Baydas, B. Bölükbasi, Longitudinal cephalometric changes in incisor 
position, overjet, and overbite between 10 and 14 years of age, Angle Orthod. 72 
(3) (2002) 246–250. 

[3] P.E. Rossouw, C.B. Preston, C.J. Lombard, J.W. Truter, A longitudinal evaluation of 
the anterior border of the dentition, Am. J. Orthod. Dentofacial Orthop. 104 (2) 
(1993) 146–152. 

[4] W.R. Proffit, Equilibrium theory revisited: factors influencing position of the teeth, 
Angle Orthod. 48 (3) (1978) 175–186. 

[5] W.J. Houston, Incisor edge-centroid relationships and overbite depth, Eur. J. 
Orthod. 11 (2) (1989) 139–143. 

[6] S.E. Bishara, J.M. Chadha, R.B. Potter, Stability of intercanine width, overbite, and 
overjet correction, Am. J. Orthod. 63 (6) (1973) 588–595. 

[7] I. British Standards, British Standard Glossary of Dental Terms = Glossaire des 
Termes Utilisés En Art Dentaire, British Standards Institution, London, 1983. 

[8] S.E. Bishara, J.E. Treder, J.R. Jakobsen, Facial and dental changes in adulthood, 
Am. J. Orthod. Dentofacial Orthop. 106 (2) (1994) 175–186. 

[9] E.F. Harris, A longitudinal study of arch size and form in untreated adults, Am. J. 
Orthod. Dentofacial Orthop. 111 (4) (1997) 419–427. 

[10] G.A. Carter, J.A. McNamara Jr., Longitudinal dental arch changes in adults, Am. J. 
Orthod. Dentofacial Orthop. 114 (1) (1998) 88–99. 

[11] K.S. West, J.A. McNamara Jr., Changes in the craniofacial complex from 
adolescence to midadulthood: a cephalometric study, Am. J. Orthod. Dentofacial 
Orthop. 115 (5) (1999) 521–532. 

[12] N. Tsiopas, M. Nilner, L. Bondemark, K. Bjerklin, A 40 years follow-up of dental 
arch dimensions and incisor irregularity in adults, Eur. J. Orthod. 35 (2) (2013) 
230–235. 

[13] B. Thilander, Dentoalveolar development in subjects with normal occlusion. A 
longitudinal study between the ages of 5 and 31 years, Eur. J. Orthod. 31 (2) 
(2009) 109–120. 

[14] K. Heikinheimo, M. Nyström, T. Heikinheimo, P. Pirttiniemi, S. Pirinen, Dental 
arch width, overbite, and overjet in a Finnish population with normal occlusion 
between the ages of 7 and 32 years, Eur. J. Orthod. 34 (4) (2012) 418–426. 

O. SJ et al.                                                                                                                                                                                                                                       

http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0001
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0001
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0001
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0002
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0002
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0002
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0003
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0003
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0003
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0004
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0004
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0005
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0005
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0006
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0006
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0007
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0007
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0008
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0008
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0009
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0009
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0010
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0010
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0011
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0011
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0011
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0012
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0012
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0012
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0013
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0013
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0013
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0014
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0014
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0014


Journal of Dentistry 117 (2022) 103919

7

[15] C. Massaro, F. Miranda, G. Janson, R. Rodrigues de Almeida, A. Pinzan, D. 
R. Martins, D. Garib, Maturational changes of the normal occlusion: a 40-year 
follow-up, Am. J. Orthod. Dentofacial Orthop. 154 (2) (2018) 188–200. 

[16] S.E. Bishara, J.E. Treder, P. Damon, M. Olsen, Changes in the dental arches and 
dentition between 25 and 45 years of age, Angle Orthod. 66 (6) (1996) 417–422. 

[17] N.E. Carter, Dentofacial changes in untreated Class II division 1 subjects, Br. J. 
Orthod. 14 (4) (1987) 225–234. 

[18] S.E. Bishara, J.R. Jakobsen, B. Vorhies, P. Bayati, Changes in dentofacial structures 
in untreated Class II division 1 and normal subjects: a longitudinal study, Angle 
Orthod. 67 (1) (1997) 55–66. 

[19] P.W. Ngan, E. Byczek, J. Scheick, Longitudinal evaluation of growth changes in 
Class II division 1 subjects, Semin. Orthod. 3 (4) (1997) 222–231. 

[20] C.H. Chung, W.W. Wong, Craniofacial growth in untreated skeletal Class II 
subjects: a longitudinal study, Am. J. Orthod. Dentofacial Orthop. 122 (6) (2002) 
619–626. 

[21] F. Stahl, T. Baccetti, L. Franchi, J.A. McNamara Jr., Longitudinal growth changes in 
untreated subjects with Class II Division 1 malocclusion, Am. J. Orthod. 
Dentofacial Orthop. 134 (1) (2008) 125–137. 

[22] T. Baccetti, F. Stahl, J.A. McNamara Jr., Dentofacial growth changes in subjects 
with untreated Class II malocclusion from late puberty through young adulthood, 
Am. J. Orthod. Dentofacial Orthop. 135 (2) (2009) 148–154. 

[23] R. Poulton, T.E. Moffitt, P.A. Silva, The Dunedin Multidisciplinary Health and 
Development Study: overview of the first 40 years, with an eye to the future, Soc. 
Psychiatry Psychiatr. Epidemiol. 50 (5) (2015) 679–693. 

[24] P.E. Petersen, R.J. Baez, O. World Health, Oral health surveys: Basic Methods, 5th 
ed, World Health Organization, Geneva, 2013. 

[25] S. Haynes, The lower lip position and incisor overjet, Br. J. Orthod. 2 (4) (1975) 
201–205. 

[26] B.K. Kinaan, Overjet and overbite distribution and correlation: a comparative 
epidemiological English-Iraqi study, Br. J. Orthod. 13 (2) (1986) 79–86. 

[27] M.T. Cobourne, A.T. DiBiase, Handbook of Orthodontics, Elsevier, Edinburgh; New 
York, 2016. 

[28] M. Mina, A. Borzabadi-Farahani, A. Tehranchi, M. Nouri, F. Younessian, 
Mathematical beta function formulation for maxillary arch form prediction in 
normal occlusion population, Odontology 105 (2) (2017) 229–236. 

[29] A.J. Rice, R. Carrillo, P.M. Campbell, R.W. Taylor, P.H. Buschang, Do orthopedic 
corrections of growing retrognathic hyperdivergent patients produce stable 
results? Angle Orthod. 89 (4) (2019) 552–558. 

[30] R. Poulton, R. Hancox, B. Milne, J. Baxter, K. Scott, N. Wilson, The Dunedin 
Multidisciplinary Health and Development Study: are its findings consistent with 
the overall New Zealand population? N. Z. Med. J. 119 (1235) (2006) U2002. 

[31] S. Baumrind, R.C. Frantz, The reliability of head film measurements. 1. Landmark 
identification, Am. J. Orthod. 60 (2) (1971) 111–127. 

[32] W.J. Houston, The analysis of errors in orthodontic measurements, Am. J. Orthod. 
83 (5) (1983) 382–390. 

[33] K. Batista, B. Thiruvenkatachari, J.E. Harrison, K.D. O’Brien, Orthodontic 
treatment for prominent upper front teeth (Class II malocclusion) in children and 
adolescents, Cochrane Database of Systematic Reviews (3) (2018). 

[34] H.A. Nasry, S.C. Barclay, Periodontal lesions associated with deep traumatic 
overbite, Br. Dent. J. 200 (10) (2006) 557–561. 

[35] W.M. Thomson, Orthodontic treatment outcomes in the long term: findings from a 
longitudinal study of New Zealanders, Angle Orthod. 72 (5) (2002) 449–455. 

[36] O. Bondevik, Changes in occlusion between 23 and 34 years, Angle Orthod. 68 (1) 
(1998) 75–80. 

[37] A.A. Akgül, T.U. Toygar, Natural craniofacial changes in the third decade of life: a 
longitudinal study, Am. J. Orthod. Dentofacial Orthop. 122 (5) (2002) 512–522. 

[38] R.H. Tibana, L.M. Palagi, J.A. Miguel, Changes in dental arch measurements of 
young adults with normal occlusion–a longitudinal study, Angle Orthod. 74 (5) 
(2004) 618–623. 

[39] D.E. Ward, J. Workman, R. Brown, S. Richmond, Changes in arch width. A 20-year 
longitudinal study of orthodontic treatment, Angle Orthod. 76 (1) (2006) 6–13. 

[40] P. Williams, D. Roberts-Harry, J. Sandy, Orthodontics. Part 7: fact and fantasy in 
orthodontics, Br. Dent. J. 196 (3) (2004) 143–148. 

[41] A. Björk, Variability and age changes in overjet and overbite: report from a follow- 
up study of individuals from 12 to 20 years of age, Am. J. Orthod. 39 (10) (1953) 
779–801. 

[42] P.M. Sinclair, R.M. Little, Maturation of untreated normal occlusions, Am. J. 
Orthod. 83 (2) (1983) 114–123. 

[43] J. Driscoll-Gilliland, P.H. Buschang, R.G. Behrents, An evaluation of growth and 
stability in untreated and treated subjects, Am. J. Orthod. Dentofacial Orthop. 120 
(6) (2001) 588–597. 

[44] M.A. Donachie, A.W. Walls, Assessment of tooth wear in an ageing population, 
J. Dent. 23 (3) (1995) 157–164. 

[45] M. Palinkas, M.S. Nassar, F.A. Cecílio, S. Siéssere, M. Semprini, J.P. Machado-de- 
Sousa, J.E. Hallak, S.C. Regalo, Age and gender influence on maximal bite force 
and masticatory muscles thickness, Arch. Oral. Biol. 55 (10) (2010) 797–802. 

[46] M.A. Brunsvold, Pathologic tooth migration, J. Periodontol. 76 (6) (2005) 
859–866. 

[47] P.P. Towfighi, M.A. Brunsvold, A.T. Storey, R.M. Arnold, D.E. Willman, C. 
A. McMahan, Pathologic migration of anterior teeth in patients with moderate to 
severe periodontitis, J. Periodontol. 68 (10) (1997) 967–972. 

[48] A. Johal, M.Y. Cheung, W. Marcene, The impact of two different malocclusion 
traits on quality of life, Br. Dent. J. 202 (2) (2007) E2. 

[49] S. Fabian, B. Gelbrich, A. Hiemisch, W. Kiess, C. Hirsch, Impact of overbite and 
overjet on oral health-related quality of life of children and adolescents, J. Orofac. 
Orthop. 79 (1) (2018) 29–38. 

[50] C. O’Brien, P.E. Benson, Z. Marshman, Evaluation of a quality of life measure for 
children with malocclusion, J. Orthod. 34 (3) (2007) 185–193, discussion 176. 

[51] I. Sierwald, M.T. John, O. Schierz, P.G. Jost-Brinkmann, D.R. Reissmann, 
Association of overjet and overbite with esthetic impairments of oral health-related 
quality of life, J. Orofac. Orthop. 76 (5) (2015) 405–420. 

O. SJ et al.                                                                                                                                                                                                                                       

http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0015
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0015
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0015
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0016
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0016
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0017
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0017
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0018
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0018
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0018
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0019
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0019
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0020
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0020
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0020
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0021
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0021
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0021
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0022
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0022
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0022
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0023
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0023
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0023
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0024
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0024
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0025
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0025
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0026
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0026
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0027
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0027
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0028
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0028
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0028
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0029
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0029
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0029
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0030
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0030
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0030
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0031
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0031
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0032
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0032
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0033
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0033
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0033
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0034
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0034
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0035
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0035
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0036
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0036
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0037
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0037
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0038
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0038
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0038
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0039
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0039
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0040
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0040
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0041
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0041
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0041
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0042
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0042
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0043
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0043
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0043
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0044
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0044
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0045
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0045
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0045
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0046
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0046
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0047
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0047
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0047
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0048
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0048
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0049
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0049
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0049
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0050
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0050
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0051
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0051
http://refhub.elsevier.com/S0300-5712(21)00341-9/sbref0051

	Changes in incisor relationship over the life course - Findings from a cohort study
	1 Introduction
	2 Materials and methods
	2.1 Sample
	2.2 Incisor relationships and error study
	2.3 Orthodontic treatment history
	2.4 Molar relationship
	2.5 Parafunctional habits
	2.6 Periodontal disease
	2.7 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgments
	References


