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ABSTRACT
Objective: To investigate the prevalence of occlusal deviations and received orthodontic treatment in a 
Finnish adult population, and to assess variation by sex.
Materials and methods: The data (n = 1,746) are part of the Northern Finland Birth Cohort 1986 (NFBC1986). 
A clinical oral examination, including 3D intraoral scanning and self-completed questionnaires was carried 
out when the subjects were 33–35 years old. Registration of occlusion was done in connection with clinical 
oral examinations and from 3D dental models. 
Results: Over half of the subjects (52.5%) had received orthodontic treatment, and it was more common 
among females compared to males. Almost half (47.5%) had at least one occlusal deviation, with the most 
common deviations being increased overbite ≥ 5 mm (26.3%), increased overjet ≥ 5 mm (9.2%), anterior 
crossbite at least in one tooth (5.0%), and lateral crossbite (4.9%). The prevalence of occlusal deviations 
was higher among males and subjects with orthodontic treatment history compared to females and the 
untreated group. 
Conclusions: Occlusal deviations and orthodontic treatment history were common, although severe 
deviations were relatively rare. Occlusal deviations were slightly more prevalent among males and in the 
treated group, whereas orthodontic treatment history was more common among females.
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Introduction 

Deviations from normal occlusion, commonly referred to as 
malocclusions, are frequent in modern populations, with an 
increasing demand for orthodontic treatment [1–3]. In earlier 
studies among European populations, the prevalence of occlu-
sal deviations in adults has varied between 40% to 68% [4–8]. 
Prevalence differs depending on the definition of deviation 
from normal occlusion, population, and ethnic background  
[3, 9]. Furthermore, definitions of normal occlusion vary across 
studies, with the most common differences concerning the 
acceptable range of overjet and overbite [1, 4, 6–8, 10].

Globally, reports show that the most common deviations 
from normal occlusion in permanent dentition are crowding, 
increased overbite, and increased overjet [10]. Moreover, the 
most common sagittal molar relationship has been found to be 
Class I and the rarest Class III, the prevalence varying between 
populations [3, 5, 10, 11]. 

Due to the craniofacial growth and mesial drift of the molars, 
the occlusion and dental arch forms change throughout life 
and occlusion can deteriorate with ageing [12–15]. In addition, 
relapse and post-treatment changes, such as mandibular 
anterior crowding, are common after orthodontic treatment 
[16–18]. However, there are only a few large cohort-based 

studies that examine the prevalence of occlusal deviations in 
adults, while most studies have focused on children or 
adolescents [10, 19]. Previously, the prevalence of occlusal 
deviations has been examined in middle-aged Finnish adults 
from the data of the Northern Finland Birth Cohort 1966 
(NFBC1966) [6, 20, 21]. However, since then the prevalence of 
orthodontic treatment has increased significantly among 
younger generations. 

According to the literature, males have more occlusal 
deviations than females, who instead show significantly higher 
previous orthodontic treatment experience [4, 6, 7]. In addition, 
studies show that a higher prevalence of occlusal deviations is 
associated with the children of parents who have a lower 
educational level [22]. Although the goal of orthodontic 
treatment is usually to achieve normal occlusal relationships, 
previous cohort studies have found that adults with orthodontic 
treatment history have the same amount or even more occlusal 
deviations compared to untreated individuals [6, 23].

Over the last decades, access to orthodontic treatment has 
increased, which is expected to reduce the prevalence and 
severity of occlusal deviations at the population level. The aim 
of this study was to examine the prevalence of deviations from 
normal occlusion and orthodontic treatment history in the 
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NFBC1986 adult population at the ages of 33–35 years. A 
further aim was to investigate the associations of occlusal 
deviations with sex, orthodontic treatment history, and 
educational level.

Materials and methods

Subjects 

The data for this study were collected from the NFBC1986 [24], 
which is an epidemiological and longitudinal research pro-
gramme carried out at the University of Oulu in Northern 
Finland. The NFBC project collects information on the frequency 
and symptoms of diseases, as well as the effects of genetic and 
environmental factors such as social wellbeing. The objective of 
the NFBC project is to promote health and wellbeing in the pop-
ulation. The study design and population of the NFBC1986 have 
been described in a previous publication [25].

The NFBC1986 consists of Finnish participants born in the 
province of Oulu and Lapland with an expected date of birth 
between 1 July 1985 and 30 June 1986, a total of 9,479 (9,432 
liveborn) children born to 9,362 mothers. Subjects living in the 
city of Oulu and within 250 km of it (n = 5,740) were invited to 
the clinical examination.

Of the invited subjects, 1,791 went through an oral 
examination and questionnaire survey in 2019–2020 when they 
were between 33 and 35 years old. The oral examination 
included the registration of overjet and overbite, which were 
registered from 1,746 subjects (1,047 females and 699 males). 
Dental scanning was successfully performed on 1,372 subjects. 
All subjects who had clinically registered overjet and overbite, 
and/or 3D dental scans, were included in the study. The flow 
chart of the study population is shown in the Figure 1. 

Participation was voluntary and the subjects provided a 
written consent. The subjects had the right to refuse 
participation at all phases of the study and were informed about 
the findings and referred to treatment if needed. The subjects 
were also given the results of the clinical examination. The 
investigators were not aware of the identity of the subjects. This 
study was accepted by the Ethics Committee of the Northern 
Ostrobothnia Hospital District on 20 February 2019 (108/2017). 

Clinical examination 

Extensive oral and dental examinations were performed at the 
University of Oulu using a standardised clinical dental examina-
tions protocol. Five dentists, who performed examinations, were 
trained by an experienced specialised dentist and calibrated 
both before and during the examinations, which increased 
repeatability of the examination. 

Overjet and overbite were measured with a periodontal 
probe with 2 mm scale in the intercuspal position when there 
was a maximal number of occlusal contacts, with a precision of 
1 mm. Overjet was measured from the labial surface of the right 
upper central incisor to the most labial surface of the right lower 
central incisor. Overjet was measured from the left central 

incisors if the right incisor differed significantly from the dental 
arch. Overbite was measured between the incisal tips of the 
right upper and right lower incisors. 

3D measurements

Dental arches were scanned by using Planmeca Emerald 
(Planmeca Oy, Helsinki, Finland) and processed with 
Rapidform2006 software (INUS Technology, Inc., Seoul, South 
Korea) if needed. Dental scans of inadequate quality were 
excluded from further analyses. One dentist (T.K.) registered 
lateral and anterior crossbite, scissor bite, and sagittal molar 
relationships from those who underwent 3D measurements 
successfully (n = 1,372). The registration was guided by a spe-
cialised dentist (A.-S.S.) and calibrated both before and during 
the examinations. Anterior crossbite, lateral crossbite, and scis-
sor bite were registered according to the registration method 
developed by Björk et al. [26]. Registration of anterior crossbite 
included incisors and canines. Registration of lateral crossbite 
included premolars, first and second molars. Crossbite and scis-
sor bite of third molars were not registered. Sagittal molar rela-
tionships were registered bilaterally from the first molars using 
Angle’s classification [27] and half-cusp-Class II, and further clas-
sified into three groups: Class I, Class II, and Class III, the classifi-
cation having been described previously by Tervahauta et al. 
[21]. If the first molar was missing, the sagittal molar relationship 
was not registered from that side. If the sagittal molar relation-
ship was registered unilaterally, that determined general 
classification. 

Total 

n = 9,432

Overjet and overbite registered 

n = 1,746

Went through oral clinical examination and 

questionnaire survey 

n = 1,791

4033–35 years old subjects were invited to a 

clinical examination and questionnaire survey 

n = 5,740 

Dental scanning unusable or missing 

n = 374

Dental scans 

n = 1,372

Overjet and/or overbite not registered

n = 45

Figure 1.  NFBC1986 study population
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Intra-examiner agreements for registration of occlusal 
deviations from 3D scans were assessed. Kappa values for the 
diagnoses were as follows: sagittal molar relationship right 0.84, 
sagittal molar relationship left 0.82, crossbite 1.00, and scissor 
bite 1.00.

Normal occlusion

In this study, the following definition of ‘normal occlusion’ was 
used: overjet and overbite of 1–4 mm, no crossbite or scissor 
bite. Subjects were classified as having ‘deviation from normal 
occlusion’, herein also termed ‘occlusal deviation’, if there was 
any deviation according to this definition.

Questionnaire

Information on orthodontic treatment history, used appliances 
(fixed/removable), and educational level were gathered in con-
nection with the oral examination using self-completed ques-
tionnaires. The questionnaire included the following questions:

‘Have you received orthodontic treatment before the age of 20/
after the age of 20?’

‘Was orthodontic treatment performed with fixed appliances/
removable appliances/headgear/other appliances or cannot 
say?’ 

‘What is your highest education?’ (Dichotomised as 1 = no 
professional education/vocational or college level education, 
2 = polytechnic/university degree) 

The data were collected using the anonymous notification 
channel Webropol. There was also the option of filling in the 
answers in paper form. 

Statistical analysis

The data of this study were analysed with IBM Statistical Package 
for the Social Sciences (SPSS) Statistics version 25 using 
Pearson’s Chi-square test (χ2–test) to calculate the differences 
between the following groups: females and males; subjects 
with and without orthodontic treatment history; and educa-
tional level 1 and educational level 2. Removable appliances 
and headgear were combined under the category ‘removable 

appliances’ for calculation of frequencies. P–values less than 
0.05 were considered statistically significant.

Results

The information on orthodontic treatment history is presented 
in Table 1. Over half of the subjects (52.5%) had received ortho-
dontic treatment either before the age of 20 (51.0%) or in adult-
hood (4.1%), or both (1.2%). Orthodontic treatment history was 
more common among females (55.3%) than in males (48.4%)  
(p = 0.004). Subjects with an orthodontic treatment history had 
significantly more deviations from normal occlusion than 
untreated subjects (p = 0.013). 

In the higher educational group, orthodontic treatment 
history was significantly more common (57.6%) than in the 
lower educational group (47.1%) (p < 0.001). Subjects with a 
lower educational level had slightly more (49.8%) occlusal 
deviations compared to subjects with a higher educational level 
(45.5%), however, the difference was not statistically significant. 

The prevalence of different deviations from normal occlusion 
traits is presented in Tables 2–4. Of the subjects who successfully 
went through all the examinations, at least one deviation from 
normal occlusion was found in 47.5%. The most common 
occlusal deviations were increased overbite ≥ 5 mm (26.3%), 
increased overjet ≥ 5 mm (9.2%), anterior crossbite in at least 
one tooth (5.0%), and lateral crossbite (4.9%). Among males, 
deviations from normal occlusion were more prevalent than 
among females (p = 0.027).

Most (88.0%) of the subjects had normal (1–4 mm) overjet, 
while 2.9% of the subjects had overjet ≤ 0 mm, 7.3% had 5–6 mm 
overjet, and 1.8% had overjet ≥ 7 mm.

More than two-thirds (69.4%) of the subjects had normal (1–4 
mm) overbite, while 4.3% of the subjects had ≤ 0 mm overbite, 
23.1% had 5–6 mm overbite, and 3.3% had overbite ≥ 7 mm.

Decreased overjet and overbite were more prevalent among 
males and in the treated group compared to females and the 
untreated group (p < 0.001, p < 0.001, p = 0.003, p = 0.02, 
respectively). Increased overjet was more common in the treated 
group than in the untreated group (p = 0.003). Males presented 
more increased overbite than females (p < 0.001). Normal overjet 
and overbite were more prevalent among females and the 

Table 1.  Orthodontic treatment history and used appliances among females and males, and treated and untreated subjects.
Female (%) Male (%) Total (%) p

All treated 592 (55.3) 346 (48.4) 938 (52.5) 0.004
Before age 20 573 (53.5) 337 (47.2) 910 (51.0) 0.009
After age 20 57 (5.4) 16 (2.3) 73 (4.1) 0.001
Fixed appliances 204 (35.7) 105 (31.7) 309 (34.3)
Removable appliances 192 (33.6) 124 (37.5) 316 (35.0)
Fixed and removable appliances 175 (30.6) 102 (30.8) 277 (30.7)

Fixed appliances: only fixed appliances used.
Removable appliances: only removable appliances used, included headgear.
Fixed and removable: both fixed and removable appliances used.
Information on orthodontic treatment history available (n = 1,785).
Information on used appliances available: female (n = 571), male (n = 331), total (n = 902).
Missing data on used appliances: female (n = 21), male (n = 15), total (n = 36).
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untreated group than among males and the treated group 
(p < 0.001, p < 0.001, p = 0.003, p = 0.02, respectively). 

Class I was the most common sagittal molar relationship 
(81.0%), while 17.1% had Class II and 1.9% had Class III sagittal 
molar relationships. Among females and the untreated group, 
there were more Class I occlusions than males and the untreated 
group (p = 0.039, p = 0.012, respectively). The Class II sagittal 
molar relationship was more prevalent among females and in 
the treated group (p = 0.039, p = 0.012, respectively). The Class III 
molar relationship was more common among males and in the 
treated group (p = 0.039, p = 0.012, respectively). 

Of all the subjects, 5.0% had anterior crossbite, 4.9% had 
lateral crossbite, and 2.1% had scissor bite. Males presented 
more crossbites on molars than females (p = 0.034). There was 
significantly more anterior and lateral crossbites in the treated 
group than in the untreated group (p < 0.05).

Discussion

The aim of the present study was to examine the prevalence of 
deviations from normal occlusion and orthodontic treatment 
history in a Finnish adult population at the ages of 33–35 years, 
as well as to explore their association with sex. In this study, the 
most common occlusal deviations were increased overbite and 
increased overjet, which are globally reported to be among the 
most common occlusal deviations in permanent dentition [3, 
10]. As discussed, earlier studies have shown that subjects with 
a history of orthodontic treatment and males have a higher 
prevalence of deviations from normal occlusion compared to 
untreated subjects and females [4, 6, 7, 20, 23]. 

The prevalence of orthodontic treatment has significantly 
increased in recent decades [4, 28–30]. In the previous NFBC1966 

study, only 18.6% of the 46-year-old subjects had received 
orthodontic treatment [6], whereas in the present younger 
cohort, the prevalence had risen to 53.1%. This finding reflects 
that orthodontic care for children and adolescents has been 
widely available in this region for this cohort. In NFBC1966, 
about half of those with a history of orthodontic treatment 
received care after the age of 20. In contrast, only a small 
proportion of subjects in the present cohort underwent 
treatment in adulthood. 

Although the overall prevalence of occlusal deviations in the 
present study was 47.5%, severe deviations were relatively rare 
compared to the earlier NFBC1966 study [6]. The criteria for 
normal occlusion and overjet/overbite deviations were 
narrower (normal 1–4 mm, increased 5–6 mm, ≥ 7 mm) than in 
the NFBC1966 study (normal 1–6 mm, increased ≥ 7 mm) [6]. 
This adjustment was made to better reflect clinically accepted 
concepts of normal occlusion and to allow better categorisation 
in a cohort where the prevalence of severe deviations was low 
and more than half of the subjects had received orthodontic 
treatment. In a previous study utilising National Health and 
Nutrition Examination Survey (NHANES) III data, Asiri et al. 
(2019) defined clinically meaningful occlusal characteristics as 
an overjet or overbite greater than 4 mm, as well as any reverse 
overjet or open bite of ≥ 0 mm [7]. Some variation exists in the 
literature regarding cutoff values for severe deviations, which 
are typically set at ≥ 6 mm or ≥ 7 mm [4, 7, 8]. Due to the lack of 
a clear consensus on the limits of malocclusions, the term 
‘deviation from normal occlusion’ and ‘occlusal deviations’ was 
used instead of ‘malocclusion traits’ in this study. 

The high prevalence of occlusal deviations in this study aligns 
with a German study [31]. However, in the German study 
population, the prevalence of moderate or serious need of 

Table 2.  Distribution of overjet and overbite among females and males, and treated and untreated subjects.
Female (%) Male (%) Total (%) p Treated (%) Untreated (%) Total (%) p

Overjet < 0.001 0.003
≤ 0 mm 15 (1.4) 35 (5.0) 50 (2.9) 33 (3.6) 16 (2.0) 49 (2.8)
1–4 mm 938 (89.4) 600 (85.8) 1538 (88.0) 780 (85.4) 741 (90.9) 1521 (88.0)
5–6 mm 77 (7.3) 51 (7.3) 128 (7.3) 83 (9.1) 43 (5.3) 126 (7.3)
≥ 7 mm 19 (1.8) 13 (1.9) 32 (1.8) 17 (1.9) 15 (1.8) 32 (1.9)
Overbite < 0.001 0.02
≤ 0 mm 31 (3.0) 44 (6.3) 75 (4.3) 51 (5.6) 24 (3.0) 75 (4.3)
1–4 mm 754 (72.0) 457 (65.4) 1211 (69.4) 625 (68.4) 571 (70.3) 1196 (69.3)
5–6 mm 235 (22.4) 168 (24.0) 403 (23.1) 203 (22.2) 196 (24.1) 399 (23.1)
≥ 7 mm 27 (2.6) 30 (4.3) 57 (3.3) 35 (3.8) 21 (2.6) 56 (3.2)

Overjet registered: female (n = 1,049), male (n = 699), total (n = 1,748).
Overbite registered: female (n = 1047), male (n = 699), total (n = 1,746).
Missing data on overbite: female (n = 2).
Information on orthodontic treatment history available (n = 1,785).

Table 3.  Distribution of sagittal molar relationships among females and males, and treated and untreated subjects.
Female (%) Male (%) Total (%) p Treated (%) Untreated (%) Total (%) p

Class I 644 (81.5) 442 (80.2) 1086 (81.0) 0.039 562 (78.3) 517 (84.1) 1079 (80.9) 0.012
Class II 137 (17.3) 92 (16.7) 229 (17.1) 137 (19.1) 91 (14.8) 228 (17.1)
Class III 9 (1.1) 17 (3.1) 26 (1.9) 19 (2.6) 7 (1.1) 26 (2.0)

Information on sagittal molar relationship available: female (n = 790), male (n = 551), total (n = 1,341).
Information on orthodontic treatment history available (n = 1,785).
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orthodontic treatment among adults was even higher (61.6%) 
when assessed using the Index of Orthodontic Treatment Need 
(IOTN), which has stricter criteria for accessing orthodontic 
treatment compared to the present study [31]. Consequently, 
this indicates a lower need of orthodontic treatment in the 
present Finnish cohort.

Females have been shown to be more likely to seek and 
participate in orthodontic treatment compared to males [4, 6, 
28, 32]. The more negative impact of occlusal deviations on 
satisfaction with dental aesthetics among females might partly 
explain the sex differences in seeking orthodontic treatment 
[33, 34]. Malocclusions have been found to be more strongly 
associated with poorer oral health-related quality of life among 
females [20, 35].

The most common sagittal molar relationship was Class I, 
followed by Class II, with this finding being in concordance with 
previous studies [3, 5, 10, 11, 36]. Sagittal molar relationships 
were not included in the definition of normal occlusion, since 
adequate occlusion can also be achieved with camouflage 
treatment through extraction and in cases of hypodontia.

The higher coverage of orthodontic treatment in this cohort 
compared to the NFBC1966 was reflected in the reduction of 
individual occlusal deviations. In the present study population, 
there was less decreased overjet (≤ 0 mm), increased overjet (≥ 
7 mm), and increased overbite (≥ 7 mm) among both females 
and males than in the NFBC1966 study [20]. Interestingly, the 
prevalence of open bite was at the same level in the cohorts, 
despite the higher coverage of orthodontic treatment in the 
younger cohort, which may be due to the difficulty of treating 
open bite and its high tendency of relapse. In addition, in the 
NFBC1966 study, subjects were examined at an older age and 
had a higher prevalence of missing teeth, which may potentially 
be related to vertical changes. 

A systematic review concluded that posterior crossbite in 
permanent dentition is more common in the European 
population than in the American, African, and Asian populations 
[10]. In NFBC1966 study [6], the most common deviation from 
normal occlusion was lateral crossbite (17.9%), whereas in the 
present study, only 4.8% of the subjects had lateral crossbite. 
Furthermore, 2.1% of the subjects had scissor bite, while in the 
NFBC1966, the number was 7.6% [6]. The differences between 

the two cohorts could be interpreted to reflect the positive 
effects of early treatment for transversal problems and its 
contribution to improved long-term stability.

The present study found that subjects with an orthodontic 
treatment history exhibited more occlusal deviations compared 
to the untreated group, whereas in the NFBC1966 study occlusal 
deviations were at the same level in both the treated and 
untreated groups [6, 20]. Previous studies have also reported a 
higher prevalence of certain malocclusions, including crossbite, 
anterior open bite, and mandibular overjet, among 
orthodontically treated subjects than among untreated subjects 
[4, 23]. More severe malocclusions are more likely to receive 
treatment, and while treatment can reduce deviations, it may 
not completely eliminate them, particularly in the context of 
long-term growth and relapse [17]. In addition, orthodontic 
treatment may have been interrupted, or the outcome may 
have been compromised due to the patient’s inadequate 
compliance. 

In Finland, publicly funded orthodontic treatment is provided 
free of charge within the public healthcare system for children 
and adolescents under 18 years of age, with an emphasis on 
malocclusions that may cause functional problems [37, 38]. The 
national guidelines have highlighted the same principles when 
the cohort participants were children and adolescents [39]. It 
can be assumed that almost all Finnish children who meet the 
criteria for admission to treatment receive public orthodontic 
treatment if the family is willing and the patient is cooperative. 
In this study, a large part of the treated group had had both fixed 
and removable appliances. It is also possible that only removable 
appliances are used in the Finnish public healthcare, with fixed 
appliances not being necessary, as the primary goal of treatment 
is to correct the main occlusal problem rather than achieve an 
ideal occlusion. Due to limited resources, public orthodontic 
treatment does not include finishing of dental arches unless it is 
necessary to improve occlusal function. For the above reasons, 
not all deviations from normal occlusion end up in orthodontic 
treatment, and some of the subjects have occlusal deviations 
even though they have received orthodontic treatment. 

In the present cohort, orthodontic treatment history was 
slightly more common in the higher educational level group 
compared with the lower educational level group. A previous 

Table 4.  Distribution of anterior and lateral crossbite and scissor bite among females and males, and treated and untreated subjects.
Female (%) Male (%) Total (%) p Treated (%) Untreated (%) Total (%) p

Anterior crossbite 35 (4.3) 34 (6.0) 69 (5.0) 0.163 48 (6.6) 21 (3.3) 69 (5.1) 0.006
Crossbite on premolars 32 (4.0) 16 (2.8) 48 (3.5) 0.257 37 (5.1) 11 (1.7) 48 (3.5) < 0.001
Crossbite on molars 16 (2.0) 22 (3.9) 38 (2.8) 0.034 29 (4.0) 9 (1.4) 38 (2.8) 0.005
Crossbite lateral total 38 (4.7) 29 (5.1) 67 (4.9) 0.728 51 (7.0) 16 (2.5) 67 (4.9) < 0.001
Scissor bite on premolars 10 (1.2) 2 (0.4) 12 (0.9) 0.083 6 (0.8) 6 (0.9) 12 (0.9) 0.798
Scissor bite on molars 7 (0.9) 10 (1.8) 17 (1.2) 0.137 11 (1.5) 6 (0.9) 17 (1.2) 0.358
Scissor bite total 17 (2.1) 12 (2.1) 29 (2.1) 0.982 17 (2.3) 12 (1.9) 29 (2.1) 0.589

Anterior crossbite included canines and incisors.
Lateral crossbite included premolars, first and second molars.
Subjects with information on crossbite and scissor bite (n = 1,372).
Missing data: crossbite on premolars (n = 2), crossbite lateral total (n = 2), anterior crossbite (n = 1).
Information on orthodontic treatment history available (n = 1,785).



177  T. KOVANEN ET AL.

study in adults found that higher education levels were 
associated with better compliance with orthodontic treatment 
[40]. Furthermore, previous studies have shown that lower 
parental socioeconomic status is associated with increased 
malocclusion and poorer oral health in children [22, 41]. 
Although parental education was not assessed in this study, 
the participants’ own educational level likely reflects the 
socioeconomic environment in which they grew up. Even within 
Finland’s broad public healthcare system, the small differences 
detected may stem from greater parental support or better 
treatment compliance among those in the higher education 
group.

One strength of this study is a large study population, as well 
as subjects being born in the limited area in the Northern 
Finland with an expected date of birth over a period of 1 year. 
Registration of occlusion was done in connection with a clinical 
oral examination and from 3D dental models. The examiners 
were trained by an experienced specialised dentist and 
calibrated both before and during the examinations.

One limitation of this study was that crowding was not 
registered. However, crowding is more likely to exist with other 
occlusal deviations, such as crossbite, Class II and Class III 
malocclusion [21]. In addition, data collection of orthodontic 
treatment history would have been more accurate with precise 
patient files than with self-reported questionnaires. The study 
did not use a formal orthodontic treatment need index.

Conclusion

In a Finnish young adult population, the prevalence of devia-
tions from normal occlusion was relatively high (47.5%), 
although severe deviations were uncommon. A significant por-
tion of the study population had undergone orthodontic treat-
ment (52.5%), reflecting good access to care during growth in 
this region. This study provides valuable information on the 
prevalence of occlusal deviations and orthodontic treatment in 
Finnish adult population, which can be used to assess treatment 
needs in the future.

Acknowledgements

The authors thank the work of the NFBC Project Center and the 
participants of this study.

Funding 

This work was supported by the Finnish Dental Society Apollonia 
[number 20220020]; the Finnish Association of Women Dentists 
[number 555]; and the State Research Funding of Oulu University 
Hospital.

Disclosure of interest 

The authors report there are no competing interests to declare. 

Data availability statement 

The NFBC data are available from the University of Oulu, 
Infrastructure for Population Studies. It is possible to apply for 
permission to use the data for research purposes via the elec-
tronic material request portal. The use of data complies with the 
EU General Data Protection Regulation (679/2016) and the 
Finnish Data Protection Act. In the most recent follow-up study, 
the use of personal data is based on written informed consent 
by the cohort participants, which may cause limitations to its 
use. Please contact the NFBC project centre (NFBCprojectcenter@
oulu.fi) and visit the cohort website (www.oulu.fi/nfbc) for more 
information. 

References
[1]	 Hensel E, Born G, Körber V, Altvater T, Gesch D. Prevalence of defined 

symptoms of malocclusion among probands enrolled in the Study 
of Health in Pomerania (SHIP) in the age group from 20 to 49 
years. J Orofac Orthop. 2003;64(3):157–66. https://doi.org/10.1007/
s00056-003-0230-x

[2]	 Rolland SL, Treasure E, Burden DJ, Fuller E, Vernazza CR. The ortho-
dontic condition of children in England, Wales and Northern 
Ireland 2013. Br Dent J. 2016;221(7):415–9. https://doi.org/10.1038/
sj.bdj.2016.734

[3]	 Lombardo G, Vena F, Negri P, Pagano S, Barilotti C, Paglia L, et al. 
Worldwide prevalence of malocclusion in the different stages of 
dentition: a systematic review and meta-analysis. Eur J Paediatr Dent. 
2020;21(2):115–22. https://doi.org/10.23804/ejpd.2020.21.02.05

[4]	 Jonsson T, Arnlaugsson S, Karlsson KO, Ragnarsson B, Arnarson EO, 
Magnusson TE. Orthodontic treatment experience and prevalence 
of malocclusion traits in an Icelandic adult population. Am J Orthod 
Dentofacial Orthop. 2007;131(1):8.e11–8. https://doi.org/10.1016/j.
ajodo.2006.05.030

[5]	 Joshi N, Hamdan AM, Fakhouri WD. Skeletal malocclusion: a devel-
opmental disorder with a life-long morbidity. J Clin Med Res. 
2014;6(6):399–408. https://doi.org/10.14740/jocmr1905w

[6]	 Krooks L, Pirttiniemi P, Kanavakis G, Lähdesmäki R. Prevalence of mal-
occlusion traits and orthodontic treatment in a Finnish adult popula-
tion. Acta Odontol Scand. 2016;74(5):362–7. https://doi.org/10.3109
/00016357.2016.1151547

[7]	 Asiri SN, Tadlock LP, Buschang PH. The prevalence of clinically 
meaningful malocclusion among US adults. Orthod Craniofac Res. 
2019;22(4):321–8. https://doi.org/10.1111/ocr.12328

[8]	 Bernhardt O, Krey KF, Daboul A, Völzke H, Splieth C, Kocher T, et al. 
Association between coronal caries and malocclusion in an adult 
population. J Orofac Orthop. 2021;82(5):295–312. https://doi.
org/10.1007/s00056-020-00271-1

[9]	 Brunelle JA, Bhat M, Lipton JA. Prevalence and distribu-
tion of selected occlusal characteristics in the US population, 
1988–1991. J Dent Res. 1996;75 Spec No:706–13. https://doi.
org/10.1177/002203459607502S10

[10]	 Alhammadi MS, Halboub E, Fayed MS, Labib A, El-Saaidi C. Global 
distribution of malocclusion traits: a systematic review. Dental 
Press J Orthod. 2018;23(6):40.e1–10. https://doi.org/10.1590/2177-
6709.23.6.40.e1-10.onl

[11]	 Uslu O, Akcam MO, Evirgen S, Cebeci I. Prevalence of dental anom-
alies in various malocclusions. Am J Orthod Dentofacial Orthop. 
2009;135(3):328–35. https://doi.org/10.1016/j.ajodo.2007.03.030

[12]	 Sarnat BG. Normal and abnormal craniofacial growth. Some experi-
mental and clinical considerations. Angle Orthod. 1983;53(4):263–89. 

[13]	 Henrikson J, Persson M, Thilander B. Long-term stability of dental arch 

mailto:NFBCprojectcenter@oulu.fi
mailto:NFBCprojectcenter@oulu.fi
http://www.oulu.fi/nfbc
https://doi.org/10.1007/s00056-003-0230-x
https://doi.org/10.1007/s00056-003-0230-x
https://doi.org/10.1038/sj.bdj.2016.734
https://doi.org/10.1038/sj.bdj.2016.734
https://doi.org/10.23804/ejpd.2020.21.02.05
https://doi.org/10.1016/j.ajodo.2006.05.030
https://doi.org/10.1016/j.ajodo.2006.05.030
https://doi.org/10.14740/jocmr1905w
https://doi.org/10.3109/00016357.2016.1151547
https://doi.org/10.3109/00016357.2016.1151547
https://doi.org/10.1111/ocr.12328
https://doi.org/10.1007/s00056-020-00271-1
https://doi.org/10.1007/s00056-020-00271-1
https://doi.org/10.1177/002203459607502S10
https://doi.org/10.1177/002203459607502S10
https://doi.org/10.1590/2177-6709.23.6.40.e1-10.onl
https://doi.org/10.1590/2177-6709.23.6.40.e1-10.onl
https://doi.org/10.1016/j.ajodo.2007.03.030


ACTA ODONTOLOGICA SCANDINAVICA  178

form in normal occlusion from 13 to 31 years of age. Eur J Orthod. 
2001;23(1):51–61. https://doi.org/10.1093/ejo/23.1.51

[14]	 Tsiopas N, Nilner M, Bondemark L, Bjerklin K. A 40 years follow-up 
dental arch dimensions and incisor irregularity in adults. Eur J 
Orthod. 2013;35(2):230–5. https://doi.org/10.1093/ejo/cjr121

[15]	 Miranda F, Massaro C, Janson G, de Freitas MR, Henriques JFC, 
Lauris JRP, et al. Aging of the normal occlusion. Eur J Orthod. 
2019;41(2):196–203. https://doi.org/10.1093/ejo/cjy044

[16]	 Glenn G, Sinclair PM, Alexander RG. Nonextraction orthodon-
tic therapy: posttreatment dental and skeletal stability. Am 
J Orthod Dentofacial Orthop. 1987;92(4):321–8. https://doi.
org/10.1016/0889-5406(87)90333-7

[17]	 Littlewood SJ, Millett DT, Doubleday B, Bearn DR, Worthington 
HV. Retention procedures for stabilising tooth position after 
treatment with orthodontic braces. Cochrane Database Syst 
Rev. 2016;2016(1):CD002283. https://doi.org/10.1002/14651858.
CD002283.pub4

[18]	 Martin C, Littlewood SJ, Millett DT, Doubleday B, Bearn D, Worthington 
HV, et al. Retention procedures for stabilising tooth position after 
treatment with orthodontic braces. Cochrane Database Syst Rev. 
2023;5(5):CD002283. https://doi.org/10.1002/14651858.CD002283.
pub5

[19]	 Keski-Nisula K, Lehto R, Lusa V, Keski-Nisula L, Varrela J. Occurrence of 
malocclusion and need of orthodontic treatment in early mixed den-
tition. Am J Orthod Dentofacial Orthop. 2003;124(6):631–8. https://
doi.org/10.1016/j.ajodo.2003.02.001

[20]	 Silvola AS, Närhi L, Tolvanen M, Pirttiniemi P. Gender-specific associa-
tions of malocclusion traits with oral health-related quality of life in a 
Finnish adult population. Eur J Orthod. 2020;42(2):242–9. https://doi.
org/10.1093/ejo/cjz026

[21]	 Tervahauta E, Nokela J, Vuollo V, Pirttiniemi P, Silvola AS. Associations 
of sagittal malocclusions with dental arch characteristics and crowd-
ing in Northern Finland Birth Cohort 1966. Orthod Craniofac Res. 
2022;25(4):468–75. https://doi.org/10.1111/ocr.12558

[22]	 Vedovello SAS, Ambrosano GMB, Pereira AC, Valdrighi HC, Filho MV, 
Meneghim MC. Association between malocclusion and the contex-
tual factors of quality of life and socioeconomic status. Am J Orthod 
Dentofacial Orthop. 2016;150(1):58–63. https://doi.org/10.1016/j.
ajodo.2015.12.022

[23]	 Laine T, Hausen H. Occlusal anomalies in Finnish students related to 
age, sex, absent permanent teeth and orthodontic treatment. Eur J 
Orthod. 1983;5(2):125–31. https://doi.org/10.1093/ejo/5.2.125

[24]	 University of Oulu. Northern Finland Birth Cohort 1986. Universityof 
Oulu. Available from: http://urn.fi/urn:nbn:fi:att:f5c10eef-d25-4bd0-
beb8-f2d59df95b8e (Accessed March 22, 2026)

[25]	 Järvelin MR, Elliott P, Kleinschmidt I, Martuzzi M, Grundy 
C, Hartikainen AL, et al. Ecological and individual predic-
tors of birthweight in a northern Finland birth cohort 1986. 
Paediatr Perinat Epidemiol. 1997;11(3):298–312. https://doi.
org/10.1111/j.1365-3016.1997.tb00007.x

[26]	 Björk A, Krebs AA, Solow B. A method for epidemiological registra-
tion of malocclusion. Acta Odontol Scand. 1964;22(1):27–41. https://
doi.org/10.3109/00016356408993963

[27]	 Angle EH. Classification of malocclusion. Dent Cosmos. 1899;41:248–
64.Available from: https://name.umdl.umich.edu/acf8385.0041.001 
(Accessed March 22, 2026)

[28]	 Seeling S, Prütz F. Uptake of orthodontic treatment by children and 

adolescents in Germany. Results of the cross-sectional KiGGS Wave 
2 study and trends. J Health Monit. 2018;3(4):71–8. https://doi.
org/10.17886/RKI-GBE-2018-101

[29]	 Vulugundam S, Abreu LG, Bernabé E. Is orthodontic treatment 
associated with changes in self-esteem during adolescence? 
A longitudinal study. J Orthod. 2021;48(4):352–9. https://doi.
org/10.1177/14653125211006113

[30]	 Arpalahti A, Saarnio-Syrjänen A, Laaksonen S, Arponen H. Early 
orthodontic treatment in a Finnish public health centre: a retrospec-
tive cross-sectional study. Acta Odontol Scand. 2023;81(5):396–401. 
https://doi.org/10.1080/00016357.2022.2161623

[31]	 Bock JJ, Czarnota J, Hirsch C, Fuhrmann R. Orthodontic treat-
ment need in a representative adult cohort. J Orofac Orthop. 
2011;72(6):421–33. https://doi.org/10.1007/s00056-011-0047-y

[32]	 Schmahl T, Steinhäuser J, Goetz K. Association between orthodontic 
treatment and psychosocial factors in adolescents: a cross-sectional 
study. Eur J Orthod. 2024;47(1):cjae082. https://doi.org/10.1093/ejo/
cjae082

[33]	 Silvola AS, Varimo M, Tolvanen M, Rusanen J, Lahti S, Pirttiniemi P. 
Dental aesthetics and quality of life in adults with severe malocclu-
sion before and after treatment. Angle Orthod. 2014;84(4):594–9. 
https://doi.org/10.2319/060213-417.1

[34]	 Campos LA, Campos JADB, da Silva WR, Peltomäki T, Pinto ADS, 
Marôco J. Impact of body and orofacial appearance on life satis-
faction among Brazilian adults. PLoS One. 2022;17(11):e0275728. 
https://doi.org/10.1371/journal.pone.0275728

[35]	 Rantavuori K, Silvola AS, Suominen A, Masood M, Suominen AL, 
Lahti S. Gender differences in the association between maloc-
clusion traits and oral health-related quality of life in Finnish 
adults. Eur J Oral Sci. 2023;131(3):e12927. https://doi.org/10.1111/
eos.12927

[36]	 Tervahauta E, Närhi L, Pirttiniemi P, Sipilä K, Näpänkangas R, 
Tolvanen M, et al. Prevalence of sagittal molar and canine relation-
ships, asymmetries and midline shift in relation to temporomandib-
ular disorders (TMD) in a Finnish adult population. Acta Odontol 
Scand. 2022;80(6):470–80. https://doi.org/10.1080/00016357.2022.
2036364

[37]	 Pietilä I, Pietilä T, Pirttiniemi P, Varrela J, Alanen P. Orthodontists’ views 
on indications for and timing of orthodontic treatment in Finnish 
public oral health care. Eur J Orthod. 2008;30(1): 46–51. https://doi.
org/10.1093/ejo/cjm085

[38]	 The Ministry of Social Affairs and Health. Uniform criteria for accessto 
non-emergency care 2019. Helsinki: STM; 2019. Available from: 
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/161496/
STM_J02_Yhtenaisen%20kiireettoman%20hoidon%20perusteet 
(Accessed March 22,2026)

[39]	 National Board of Health. Instruction Letter No. 6/88: Organization of 
Orthodontic Treatment. Helsinki: National Board of Health; 1988. 

[40]	 Pattanaik S, Veeraraghavan VP, Dasari AK, Patil SR, Alzahrani 
SG, Fareed M. Orthodontic treatment in adults: challenges, 
outcomes, and factors affecting compliance and satisfac-
tion. J Orthod Sci. 2024;13(1):14. https://doi.org/10.4103/jos.
jos_186_23

[41]	 Talekar BS, Rozier RG, Slade GD, Ennett ST. Parental percep-
tions of their preschool-aged children’s oral health. J Am  
Dent Assoc. 2005;136(3):364–72. https://doi.org/10.14219/jada.
archive.2005.0179

https://doi.org/10.1093/ejo/23.1.51
https://doi.org/10.1093/ejo/cjr121
https://doi.org/10.1093/ejo/cjy044
https://doi.org/10.1016/0889-5406(87)90333-7
https://doi.org/10.1016/0889-5406(87)90333-7
https://doi.org/10.1002/14651858.CD002283.pub4
https://doi.org/10.1002/14651858.CD002283.pub4
https://doi.org/10.1002/14651858.CD002283.pub5
https://doi.org/10.1002/14651858.CD002283.pub5
https://doi.org/10.1016/j.ajodo.2003.02.001
https://doi.org/10.1016/j.ajodo.2003.02.001
https://doi.org/10.1093/ejo/cjz026
https://doi.org/10.1093/ejo/cjz026
https://doi.org/10.1111/ocr.12558
https://doi.org/10.1016/j.ajodo.2015.12.022
https://doi.org/10.1016/j.ajodo.2015.12.022
https://doi.org/10.1093/ejo/5.2.125
http://urn.fi/urn:nbn:fi:att:f5c10eef-d25-4bd0-beb8-f2d59df95b8e
http://urn.fi/urn:nbn:fi:att:f5c10eef-d25-4bd0-beb8-f2d59df95b8e
https://doi.org/10.1111/j.1365-3016.1997.tb00007.x
https://doi.org/10.1111/j.1365-3016.1997.tb00007.x
https://doi.org/10.3109/00016356408993963
https://doi.org/10.3109/00016356408993963
https://name.umdl.umich.edu/acf8385.0041.001 
https://doi.org/10.17886/RKI-GBE-2018-101
https://doi.org/10.17886/RKI-GBE-2018-101
https://doi.org/10.1177/14653125211006113
https://doi.org/10.1177/14653125211006113
https://doi.org/10.1080/00016357.2022.2161623
https://doi.org/10.1007/s00056-011-0047-y
https://doi.org/10.1093/ejo/cjae082
https://doi.org/10.1093/ejo/cjae082
https://doi.org/10.2319/060213-417.1
https://doi.org/10.1371/journal.pone.0275728
https://doi.org/10.1111/eos.12927
https://doi.org/10.1111/eos.12927
https://doi.org/10.1080/00016357.2022.2036364
https://doi.org/10.1080/00016357.2022.2036364
https://doi.org/10.1093/ejo/cjm085
https://doi.org/10.1093/ejo/cjm085
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/161496/STM_J02_Yhtenaisen%20kiireettoman%
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/161496/STM_J02_Yhtenaisen%20kiireettoman%
https://doi.org/10.4103/jos.jos_186_23
https://doi.org/10.4103/jos.jos_186_23
https://doi.org/10.14219/jada.archive.2005.0179
https://doi.org/10.14219/jada.archive.2005.0179

