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ABSTRACT
Objectives: The aim of this observational cross-sectional one-centre study was to assess whether the
previously described national orthodontic treatment practises and international recommendations are
implemented in a public health care centre in Finland. We also assessed early treatment practices and
appliances used.
Methods: The study group comprised 801 children born in 2011 and 2012 residing in the Riihim€aki
health centre catchment area in Finland, representing 80% of the age cohort. The patient records
were examined for data on orthodontic treatment, timing of treatment, appliances used, and occlu-
sal traits.
Results: The children had been examined by four orthodontist specialists and two orthodontic post-
graduate students. Mean age at occlusal examination had been 9 years. Of the children, 212 (26%)
were undergoing or had undergone orthodontic treatment. An additional 4.4% were scheduled for
treatment. The proportion of children deemed to need treatment was significantly different between
the different orthodontists. The most frequently used appliances were quad-helix (30%), eruption guid-
ance appliance (20%), head gear (14%), fixed appliances (10%), protraction facemask (10%), and pas-
sive mandibular lingual arch (6%).
Conclusions: Nearly one-third of children aged less than 12 years in the health centre were currently
or had been in orthodontic treatment. Approximately half had received treatment with either quad-
helix or eruption guidance appliance.
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Introduction

Early orthodontic treatment can be defined as treatment
conducted in primary or early mixed dentition phase [1–3].
Early treatment can also be regarded as interceptive when it
is implemented to prevent the development and progression
of more severe occlusal problems [4]. Interceptive treatment
usually has limited treatment goals compared with compre-
hensive treatment. The literature suggests that an early treat-
ment approach should be adopted to correct posterior
crossbite with functional mandibular shift [5], severe skeletal
class III malocclusion [6], maxillary transverse deficiency [7],
proclined upper incisors conjoint with incompetent lip seal
[8], and deep bite with palatinal gingival contact [9]. The
rationale for early correction of posterior crossbite with func-
tional mandibular shift is the prevention of asymmetrical
growth of the mandible and potential development of tem-
poromandibular joint dysfunction later in life [10–13]. The
association between temporomandibular disorder (TMD) and
malocclusion remains a contoversial topic [14]. In individuals
with a skeletal class III relationship, early treatment is usually
justified, and facemask therapy has been shown to be effect-
ive in early mixed dentition phase [6]. Correction of

transversal discrepancy early with a maxillary expander
increases the arch width and creates space in the upper
arch, thus reducing dental crowding [7,10,15]. A large overjet
increases the risk for traumatic injury of the upper incisors
[16]. Treating proclined upper incisors early during dental
development potentially prevents dental trauma more than
the need for a second phase of treatment [8]. An overjet
threshold of 3mm in primary dentition and 5mm in early
secondary dentition for increased dental trauma risk has
been proposed [17], although for interceptive treatment a
greater overjet with an incomplete lip closure is usually set
as the threshold [18]. Furthermore, malocclusions affect oral
health-related quality of life [19]. Especially malocclusion in
the aesthetic zone has been shown to have a negative
impact on emotional and social well-being [19].

In the Finnish public healthcare system, orthodontics
forms a considerable proportion of the dental treatment
given to children and adolescents [20]. A report from 2018
states that a national average of 27% of visits to the dental
office by individuals aged 6–17 years are related to orthodon-
tic treatment [21]. Riihim€aki municipality estimates that 13%
of its inhabitants aged between 6 and 17 years undergo
orthodontic treatment [21]. Similarly to other Nordic
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countries, in Finland the patient selection evaluation for pub-
licly funded orthodontic care is done based on professionally
defined need [22–24]. Severe malocclusion, graded with a
10-point scale according to severity, warrants universal ortho-
dontic treatment in public healthcare clinics [25]. The Finnish
10-point scale used in the public healthcare system is
adapted from Grainger’s Treatment Priority Index (TPI)
[26,27]. The index includes evaluation of possible craniofacial
malformations and developmental disturbances, molar sagit-
tal relationship, anterior overjet, deep bite, open bite, con-
genital absence of teeth, transverse discrepancies, tooth
displacement, and crowding. The adapted TPI index has no
aesthetic component. In developing dentition, a grade equal
to or higher than 8, or the potential of worsening to grade
8, corresponding to severe malocclusion or craniofacial dis-
crepancy, warrants treatment free-of-charge for all individuals
aged under 18 years. In fully developed dentition, the criteria
are more stringent. In the past, large regional variation in
access to orthodontic treatment and unsatisfactory routines
in the treatment processes have been identified as the
main concerns of orthodontists in Finnish public healthcare
clinics [28].

The aim of this retrospective cross-sectional study was to
assess whether the previously described national orthodontic
treatment practices and international recommendations have
been implemented in a public healthcare centre in Finland.
The study hypothesis was that the number of children
receiving early treatment resembles that of previous national
investigations. We also hypothesised that early orthodontic
treatment is most often conducted due to crossbite, crowd-
ing, deep bite, large overjet, and anterior crossbite.

Materials and methods

Study population

The Riihim€aki region of the federation of municipalities has
approximately 47,000 inhabitants. Of the total population
aged 20 years and over in Riihim€aki municipality, 29% have
higher education qualifications and 44% upper secondary
education [29]. Median income is 3026 euros/month, which
is in line with the national median of 3217 euros/month [30].
The study material consisted of patient records of children
born in 2011 and 2012 residing in the Riihim€aki health centre
region. All of the children had undergone a clinical occlusal
examination in primary or mixed dentition phase between
the age of 5.2 and 10.7 years by a specialist orthodontist or
an orthodontic postgraduate student. All the specialist ortho-
dontists had more than 2 years of experience and the post-
graduate students had been in the clinical specialising
program for more than a year. All orthodontists and post-
graduate students had received similar training in imple-
menting the Treatment Priority Index, as part of their
education. The clinical examinations and treatments had
been conducted by four orthodontists and two postgraduate
orthodontic students. The postgraduate students had been
calibrated against the gold standard of an experienced
orthodontist (two different orthodontists). No calibration had

been carried out between the orthodontists, as is typical in
Finnish healthcare centres.

The municipality’s patient records were examined
between October 2021 and March 2022 for data on occlu-
sion and orthodontic treatment of children of the 2011 and
2012 birth cohort. In total, 801 children’s records were eli-
gible for the study. The Riihim€aki region of the federation of
municipalities approved this study (7/2021).

Outcome measures

The main outcome measure was the number of children
receiving orthodontic treatment in primary or early mixed
dentition phase. A secondary outcome measure was the fre-
quency of use of different orthodontic appliances. We also
collected data on malocclusion diagnosis and occlusal char-
acteristics of the cohort.

The following variables were recorded:

� age at occlusal evaluation timepoint
� treatment status (no treatment need, in treatment, or

waiting for treatment onset)
� orthodontic appliance(s) used
� main diagnosis code of the malocclusion according to

ICD-10 classification [31] for the children deemed in need
of orthodontic treatment

� first permanent molar relationship according to Angle
classification

� horizontal incisor overjet
� vertical incisor overbite

Statistics

Mean value and standard deviation or range were calculated
for continuous variables. Prevalence percentage was deter-
mined for Angle class molar relationship and different appli-
ances used. The number of children examined by different
orthodontists and postgraduate students was recorded, and
the percentages of children deemed eligible for treatment
were calculated. Mean differences in overjet and overbite
between children in orthodontic treatment and those with
no current treatment need were compared with an inde-
pendent samples t-test. Statistical significance was set at
p< .05. Correlation between age and appliance type was
evaluated with a point-biserial correlation. Chi-square test
was applied to analyse the association between appliance
type and primary malocclusion diagnosis as well as between
orthodontists’ and postgraduate students’ evaluation of treat-
ment need. No data were missing for the primary outcome
variables of age and treatment status. Missing completely at
random were individual measurements on occlusal features
due to inconsistency in patient documentation.

Results

Of the 1088 children in the municipality birth cohort of chil-
dren born in 2011 and 2012, altogether 801 (80%) had been
clinically examined by one of four specialist orthodontists
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and/or two postgraduate orthodontic students working in
the municipality (Table 4). One of the postgraduate students
(student 2, Table 4) had been calibrated against the gold
standard of an experienced specialist orthodontist with a
subsample of 16 children for overjet, overbite, Angle molar
relationship, and crossbite. The percentage agreement for
the two raters was 93% for horizontal overjet, 87% for verti-
cal overbite, and 80% for unilateral molar Angle classification.
The percentage agreement for the two raters was 100% for
crossbite. The average age of children at the time of clinical
examination had been 9.0 (range 5.2–10.7) years.

Primary outcome

Of the children, 212 (26.5%) were undergoing or had under-
gone orthodontic treatment (Table 1). An additional 4.4%
were waiting for the onset of treatment. Furthermore, 26.8%
of the children were deemed to need occlusal follow-up. By
contrast, 41.8% were considered either not to have malocclu-
sion or the malocclusion severity did not warrant treatment
in public healthcare.

Secondary outcome

The most frequently used appliances were quad-helix (QH),
eruption guidance appliance (EGA), and headgear (HG)
(Tables 2 and 3). No association was found between age of
the child and the appliance used (rpb¼ 0.065, p¼ .342).

Selection for treatment

In our sample, the proportion of children selected for ortho-
dontic treatment ranged between 18 and 38% among the four
orthodontist specialists and two postgraduate students
(Table 3). The variation was significant (v2(5)¼ 405.5, p< .001).
Notably, the number of children examined varied between the
orthodontists, the great majority of evaluations being done by
one orthodontist and two postgraduate students (Table 3).

Malocclusion diagnosis and occlusal characteristics

Diagnosis of malocclusion had been established for the chil-
dren selected for orthodontic treatment and for some chil-
dren scheduled for follow-up. The most prevalent diagnostic
codes given were crowding, deep bite, and crossbite
(Table 4). The protocol for using diagnostic codes varied

between the professionals. Some patients had only one main
diagnosis, while others had several codes listed.

Of the study subjects, 66% displayed a class I molar rela-
tionship, 31% a class II molar relationship, and 1% a class III
molar relationship. In 18% of the children, the molar relation-
ship was asymmetrical. In the whole sample, the mean over-
jet was 3.7mm (SD 1.6) and the mean overbite 3.5mm (SD
1.6). Overjet and overbite were significantly greater in those
who had received treatment or were undergoing treatment
(t(796)¼�3.991, p< .001, 95% CI �0.750 to �0.255 and
t(790)¼�2.239, p¼ .025, 95% CI �0.518 to �0.034, respect-
ively). Presence/absence of functional mandibular shift had
not been systematically recorded. A significant association
was present between appliance type and primary malocclu-
sion diagnosis (v2(160, 211)¼ 550.5, p< .001) (Table 3).

Discussion

In this retrospective cross-sectional study, we found 26.4% of
children in mixed dentition phase to have undergone ortho-
dontic treatment and an additional 4.4% were waiting for
the treatment to commence. The most frequently used appli-
ances were quad-helix and prefabricated eruption guid-
ance appliance.

Orthodontic treatment services are organised and financed
differently in Nordic countries. In Finland, the national

Table 1. Study group characteristics.

N¼ 801 Missing data N

Age, mean (range) in years 9.0 (5.2–10.7) 0
Ongoing orthodontic treatment 195
Planned treatment 35
Previously completed treatment 17
Horizontal overjet, mean (range) in millimetres 3.7 (�3–11) 1
Vertical overbite, mean (range) in millimetres 3.5 (�2–11) 7
Angle class molar relationship 8 % Of the cohort
Class I 531 66
Class II 252 31
Class III 9 1.1

Table 2. Appliances used in early orthodontic treatment in 212 subjects.

N %

Quad-helix 64 30
Eruption guidance appliance 43 20
Headgear 30 14
Fixed appliances 25 12
Protraction facemask 22 10
Passive mandibular lingual arch 14 7
Intermaxillary elastics 6 3
Rapid maxillary expander (RME) 3 1
Functional appliance 3 1

Table 3. Differences between four specialist orthodontists and two orthodon-
tic postgraduate students in patient selection to treatment.

Orthodontist/dentist
Number of
evaluations

In need of
treatment N

Selection for
treatment %

Orthodontist 1 329 98 30
Orthodontist 2 50 16 32
Orthodontist 3 56 10 18
Orthodontist 4 87 30 34
Postgraduate student 1 130 37 29
Postgraduate student 2 144 55 38
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healthcare system offers full financial coverage for orthodontic
treatment of severe functional malocclusion in individuals
aged under 18years. In Norway, orthodontic treatment costs
are reimbursed according to the criteria for need [32], and in
2018 around 17% of children aged 9 years were estimated to
be undergoing orthodontic treatment [33]. In Denmark, an
estimated 25–33% of children and adolescents receive free
orthodontic treatment by public healthcare up to the age of
18 years [23]. A Swedish report described a treatment need in
37% of 12- to 13-year-olds, as assessed by the Index of
Orthodontic Treatment Need (IOTN) [34].

Treatment need estimation relies on the subjective evalu-
ation of a dental professional [35]. Our findings confirm the
subjectivity of treatment need evaluation. The proportion of
patients deemed to need early orthodontic treatment assessed
by the evaluator with the highest percentage was double that
of the evaluator with the lowest percentage. Both postgradu-
ate students selected patients to orthodontic treatment more
frequently than the average of the specialist orthodontists.
This finding might be related to experience and confidence
level of the practitioner. In Finland, according to the 10-point
scale of treatment need, the need for orthodontic treatment
among 7-year-olds has previously been described to be 24%,
whereas no treatment was required by 42% and follow-up of
occlusal development was recommended for 35% [27]. A
wider estimation of treatment need was suggested by Keski-
Nisula et al. [2] who analysed the occlusion of 489 children at
the onset of mixed dentition and noted the overall prevalence
of malocclusion to vary between 68 and 93% depending on
the parameters applied. Treatment need was not prioritised
according to the 10-point scale. Class II malocclusion was
found to be the most prevalent malocclusion in Finnish chil-
dren at the onset of mixed dentition [2]. Our finding of the
proportion of children in public orthodontic treatment is in
line with the Danish report but is greater than in a previous
Finnish investigation. In our sample, 31% of the children were
in or had been deemed in need of orthodontic treatment
before the age of 11 years. The discrepancy with previous
Finnish findings could be explained by the older age in our
cohort. At the time of data collection, our study participants
were on average 9 years old. The estimate from the municipal-
ity of a 13% prevalence for the age group of 6–17 years may
suggest a tendency for favouring early orthodontic treatment.

As Tausche and co-workers [4] state, early interceptive
treatment aiming to eliminate factors that inhibit dental arch
development and mandibular and maxillary growth is prac-
ticed varyingly by orthodontists, possibly because scientific
evidence does not explicitly show the benefit of such inter-
ventions. By contrast, several investigations demonstrate a
favourable preventive outcome with early interceptive treat-
ment in lowering the prevalence of impacted maxillary can-
ines [36,37]. In Finnish studies conducted more than a
decade ago, the most frequently used appliances in early
interceptive treatment of 7-year-olds in public healthcare
centres were headgear and quad-helix [28,38]. Our study
confirms partly the continuation of this preferred appliance
selection. However, use of headgear was less frequent thanTa
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described in 2009 [28], and quad-helix and eruption guid-
ance appliance were more often the treatment of choice.

In children in orthodontic treatment in our sample, dental
crowding was the most prevalent main diagnosis (34%), fol-
lowed by deep bite (26%) and crossbite (21%). Both crowd-
ing and crossbite malocclusions can be effectively treated
with quad-helix appliance in early mixed dentition. Headgear
has also been proposed to be advantageous in eliminating
crowding when started in early mixed dentition [39].
Correction of transverse discrepancies is recommended
before skeletal growth velocity peak in order to induce more
skeletal transverse craniofacial changes [40]. Quad-helix is
effective for posterior crossbite correction in children [41,42].
Our findings imply that the previous recommendation of
early treatment of transverse discrepancy and elimination of
crowding is practiced in the healthcare centre investigated.

Treatment of skeletal class III malocclusion and anterior
crossbite with protraction facemask before the age of
10 years is effective [43,44]. The prevalence of class III mal-
occlusion in individuals of European descent aged over
11 years is 4.9% (range 1.0–9.7%) [45]. In a Finnish study ana-
lysing children at onset of mixed dentition phase, the preva-
lence of anterior crossbite was 2.2% [2]. In our sample, 10%
of patients in treatment (2.7% of the whole sample) had pro-
traction facemask therapy, implying that class III malocclu-
sion and/or anterior crossbite is treated early in this
healthcare centre. Thus, the orthodontic treatment practice is
in line with the recommendations in the literature.

Uni- or bilateral class II molar relationship was common in
our study sample (31%). However, the prevalence of class II
malocclusion was not systematically reflected in the recorded
diagnostic codes. Only 2.8% of children had been given the
diagnosis of distal bite or retrognathic mandible. Class II mal-
occlusion can be treated in mixed dentition phase or in late
mixed dentition phase [46]. In our sample, activators or other
functional appliances were rare, whereas early treatment was
frequently done with EGA (20%). We could speculate with
the frequent use of EGA that some of the class II treatments
may be started early in the mixed dentition phase, instead of
waiting for the pubertal growth spurt. EGA is widely used in
some areas of Finland in early mixed dentition phase for
treatment of class II malocclusion to avoid the need for a
second phase of treatment in the growth spurt [9,47]. In our
study group, open bite was rare and negative overbite was
measured in only five subjects; an open bite diagnosis was
assigned to four individuals.

Caution is warranted in interpreting our findings. Firstly,
the study was limited to one healthcare centre and does not
reflect the treatment practices throughout Finland. Secondly,
the retrospective nature of the study hindered detailed ana-
lysis of occlusal features and treatment indications, as the
orthodontists and postgraduate students had not been com-
prehensively calibrated.

Conclusions

The prevalence of children aged 9 years on average in early
orthodontic treatment was 26%. The most prevalent

appliances used were quad-helix, eruption guidance appli-
ance, headgear, fixed appliances, and protraction facemask.
The use of eruption guidance appliance is more frequent in
our sample than in previous studies done in Finnish health
centres. The proportion of patients selected for orthodontic
treatment differed among the orthodontist specialists and
postgraduate students. Thus, practitioners in public health-
care clinics should be calibrated in their assessment of ortho-
dontic treatment need to ensure a standard evaluation of
all patients.
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