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special regard to etiology and five severity grades (Table 1). 
Orthodontists have to evaluate the indication group and 
grade during the first orthodontic appointment. Concerning 
the statutory health insurance, costs for orthodontic treat-
ment are only defrayed for grades 3 to 5. Grades 1 and 2 
are not covered by the health insurance, even if correction 
for medical reasons would be recommendable in individual 
cases [15, 23]. Differences of cost absorption occur, if early 
or main orthodontic treatment is needed. Early orthodon-
tic treatment at the expense of the statutory health insur-
ance is only possible for patients starting from age four with 
increased overjet (KIG D5), reversed overjet (KIG M4 and 
M5), scissors bite (KIG B4), bilateral or unilateral crossbite 

Introduction

In Germany, treatment of orthodontic anomalies and its 
costs covered by statutory health insurance (GKV), has been 
restricted by introduction of orthodontic indication groups 
(KIG) since January 2002 [8, 16, 23]. The KIG system 
categorizes orthodontic anomalies by eleven groups with 
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Abstract
Objective Early orthodontic treatment with cost reimbursement within the framework of the German statutory health insur-
ance (GKV) is only possible for a strictly defined malocclusion group as defined by the orthodontic indication groups (KIG). 
It is not yet clear whether the application of the KIG criteria and corresponding successful early orthodontic interventions 
result in no or significantly less need for treatment in the late mixed dentition or in the permanent dentition. This study there-
fore investigated short-term intervention stability from a 10-year-period.
Materials and methods Between 2009 and 2019, n = 661 patients were diagnosed with indication groups D (increased over-
jet), M (reversed overjet), B (scissors bite), K (crossbite), or P (lack of space) including orthodontic treatment need. N = 70 
patients (35 female, 35 male) met the inclusion criteria of the study and had received early orthodontic treatment with a mean 
duration of 15.44 ± 2.20 months. Orthodontic indication groups (KIG) were evaluated at the beginning (aged 7.99 ± 1.44 
years) and the end of early orthodontic treatment (aged 9.63 ± 1.49 years) and at a voluntary control or the beginning of addi-
tional orthodontic treatment (aged 11.85 ± 1.72 years). The evaluation included established procedures for categorization of 
orthodontic indication groups and their respective classification. Statistics included Chi-square test and Kendall´s tau-b. The 
level of significance was set at p < 0.05.
Results The results showed reversed overjet in 44.3% and crossbites in 41.4% of the patients as most common indication for 
early orthodontic treatment. At the end of early orthodontic treatment, no orthodontic treatment need was present in 87.1%. 
At the late mixed dentition, the treatment result of early orthodontic treatment was stable in N = 61 out of N = 70 patients.
Conclusions The results of our study confirm preventive benefits of early orthodontic treatment, especially in patients with 
transverse anomalies or reversed overjet.
Clinical relevance A short-term orthodontic intervention with correct indication during primary or early mixed dentition can 
prevent or reduce further treatment need during late mixed or permanent dentition, and should therefore not be postponed.

Keywords Early orthodontic treatment · Orthodontic treatment need · Orthodontic indication groups · Treatment 
stability

Received: 8 November 2024 / Accepted: 9 December 2024
© The Author(s) 2024

Early orthodontic treatment need over a 10-year period and 
evaluation of short-term intervention stability

Maike Tabellion1 · Ines Caroline Loef1 · Constanze Charlotte Linsenmann1 · Jörg Alexander Lisson1

1 3

http://crossmark.crossref.org/dialog/?doi=10.1007/s00784-024-06104-4&domain=pdf&date_stamp=2024-12-12


Clinical Oral Investigations           (2025) 29:12 

(KIG K3 and K4) and pronounced lack of space (KIG P3 and 
P4). Comprehensive orthodontic treatment at the expense of 
the statutory health insurance requires a late mixed dentition 
and is possible for patients aged under 18 years with cleft 
lip, alveolar process and/or palate and other craniofacial 
anomalies (KIG A5), hypodontia prior to prosthodontics 
or if space closure is indicated (KIG U4), eruption disorder 
with retention or displacement (KIG S4 and S5), increased 
overjet (KIG D4 and D5), negative overbite (KIG O3, O4 
and O5), increased overbite (KIG T3), scissors bite (KIG 
B4), bilateral or unilateral crossbite (KIG K3 and K4), dis-
placement of contact point (KIG E3 and E4) or lack of space 
(KIG P3 and P4). Instead of main orthodontic treatment, 
intervention at the expense of the health insurance is pos-
sible prior to a late mixed dentition for patients with KIG 
A5, M4 and M5 and O5. Combined orthodontic-surgical 
treatment at the expense of the statutory health insurance is 
possible for patients of any age after completion of growth 
with KIG A5, D4 and D5, M4 and M5, O5, B4 and K4 [15, 
23]. The latest German Study on Oral Health (DMS • 6) 
evaluated the prevalence of malocclusion in 705 eight- to 
nine-year-olds and the need of orthodontic treatment with 
regard to KIG [11]. Since radiographs were not indicated as 
part of the study, indication groups U (Hypodontia) and S 

(eruption disorder) were excluded. Due to the nine remain-
ing indication groups, orthodontic treatment need with 
grades 3 to 5 was found in 40.4% of the participants [11, 
12, 16, 17]. Since the orthodontic indication groups (KIG) 
are used by orthodontists in Germany only, Kirschneck et 
al. [17] aimed to assess the Index of Orthodontic Treat-
ment Need in a modified version (mIOTN) and the Index 
of Complexity, Outcome and Need (ICON) during the DMS 
6 making international comparison easier. IOTN is estab-
lished in Great Britain, ICON across Europe and the USA. 
Orthodontic treatment need was 40.4% using KIG, 41.6% 
using ICON and 44.2% using mIOTN. They confirmed that 
KIG can be used as a valid and reliable system to assess 
orthodontic treatment need without causing an over- or 
undersupply of orthodontic treatment in Germany.

The right timing of orthodontic treatment has been 
widely discussed especially with regard to immediate treat-
ment effects and long-term benefits [10]. Early orthodontic 
treatment takes place in primary or early mixed dentition 
and aims to correct dental and skeletal anomalies as early 
as possible in terms of proceeding growth. After early 
orthodontic treatment and reduced severity of malocclu-
sion, later main orthodontic treatment is either not needed 
anymore or easier and shorter with more stable results in 

Table 1 Orthodontic indication groups (KIG) for early (light blue) and main (≥ Grade 3) orthodontic treatment (distances in mm)
Indication group Grade 1 2 3 4 5
Craniofacial Anomaly A Cleft lip/

alveolar 
process/pal-
ate and other 
craniofacial 
anomalies

Hypodontia
Aplasia or tooth loss

U Hypodontia
Prior to prosthodon-
tics or space closure

Eruption disorder S Retention
(third molars 
excluded)

Displacement
(third molars 
excluded)

Sagittal Anomaly
Increased overjet

D ≤ 3.0 3.1 to 6.0 6.1 to 9.0 ≥ 9.1

Sagittal Anomaly
Reversed overjet

M 0.0 to 3.0 ≥ 3.1

Vertical Anomaly
Negative overbite

O ≤ 1.0 1.1 to 2.0 2.1 to 4.0 ≥ 4.1
Habitual open bite

≥ 4.1
Skeletal 
open bite

Vertical Anomaly
Increased overbite

T ≥ 1.1 ≥ 3.1
With/without 
contact to gingiva

≥ 3.1
With traumatic 
contact to gingiva

Transverse Anomaly
Scissors bite

B Scissors bite

Transverse Anomaly
Crossbite

K End-to-end bite Bilateral
crossbite

Unilateral
crossbite

Displacement of contact point
Crowding

E ≤ 1.0 1.1 to 3.0 3.1 to 5.0 ≥ 5.0

Lack of space P ≤ 3.0 3.1 to 4.0 ≥ 4.0
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the long term [2, 10, 14, 19, 21, 24]. Especially unfavor-
able growth and underdeveloped jaws combined with den-
tal anomalies can be influenced by functional orthodontic 
and orthopedic appliances at an early age [10]. Long-term 
stability of early orthodontic treatment is also widely and 
controversially discussed [7, 25]. Dolce et al. [7] reported in 
their centrographic analysis of 1-phase or 2-phase treatment 
for class II malocclusion that early treatment has effects on 
the mandible, but the effects were not apparent at the end 
of fixed appliance treatment. Tulloch et al. [25] suggested 
in their randomized clinical trial of early class II treatment 
that a 2-phase treatment started early before adolescence 
might be not more effective than a 1-phase treatment during 
adolescence in the permanent dentition. Many orthodontists 
postpone orthodontic treatment until complete eruption of 
the permanent dentition and believe that there is no signifi-
cant difference of an early or late initiated treatment [10].

Aims of the study

The aim of this study was to investigate whether there is a 
new or recurring need for orthodontic treatment in the short-
term after successful early orthodontic treatment in relation 
to the orthodontic indication groups (KIG). It should be ver-
ified, if the treatment results of early orthodontic treatment 
are preventive with special regard to later main orthodontic 
treatment need.

Materials and methods

Patients

Between 2009 and 2019, n = 661 patients diagnosed by 
means of indication groups with classification grades D5, 
M5, M4, B4, K4, K3, P4 or P3 for orthodontic treatment 
at Saarland University Hospital were identified using the 
dental software ivoris (Computer konkret AG, Falkenstein, 
Germany). Out of those, 70 patients came back for a check-
up after early orthodontic treatment and 64 patients had 
ongoing early orthodontic treatment.

Inclusion/exclusion criteria

Inclusion criteria were completed early orthodontic treat-
ment and diagnostic data including dental casts at the 
beginning (t0, aged 7.99 ± 1.44 years) and at the end of 
early orthodontic treatment (t1, aged 9.63 ± 1.49 years) 
and dental casts and a panoramic x-ray at a check-up or 
rather the beginning of main orthodontic treatment (t2, aged 
11.85 ± 1.72 years).

Exclusion criteria included cleft lip and/or palate, comor-
bid syndromes and genetic disorders.

Out of the n = 661 patients, n = 70 patients (35 female, 
35 male) met the inclusion criteria of the study. All 70 
patients were exclusively treated at the Saarland University 
Hospital. Mean duration of early orthodontic treatment was 
15.44 ± 2.20 months.

Cast and orthopantogram evaluation

A total of 210 paired casts and 70 orthopantograms of 
patients from one specialized center were available with 
70 paired casts for each point in time. Fabrication of den-
tal casts needed alginate impressions (Kaniblue, Kanidenta 
GmbH & Co. KG, Herford, Germany) and they were made 
of type III hard plaster (Hinritzit®, Ernst Hinrichs, Goslar, 
Germany). The casts of t0, t1 and t2 were evaluated concern-
ing overjet, overbite, displacement of contact point or lack 
of space with reagard to the orthodontic indication groups 
by the use of a sliding caliper »Münchner Modell®« (Den-
taurum, Ispringen, Germany) or visually concerning trans-
verse anomalies by one orthodontist. If needed, the greatest 
tooth aberrance was measured in millimeters with a preci-
sion of 0.25 mm. The orthopantograms of t2 were evaluated 
visually with special regard to hypodontia or eruption dis-
orders. Craniofacial anomalies were diagnosed visually or 
based on documentation of genetic screenings.

Statistical method, error of the method

Statistical analysis was performed with the SPSS software 
version 26 (IBM, Armonk, NY, USA). Statistics included 
chi-square test for differences concerning orthodontic indi-
cation groups of female and male patients at each point 
in time and between the different points in time of over-
all patients. The level of significance was set at p < 0.05. 
The significance level was defined as follows: p ≥ 0.05 not 
significant, p < 0.05 significant, p < 0.01 highly significant 
and p < 0.001 most highly significant. Chi-square test used 
for differences concerning orthodontic indication groups 
between the different points in time of overall patients was 
followed by testing the correlation using Kendall´s tau-b (τb): 
0.1 = small effect size and low correlation, 0.3 = medium 
effect size and correlation, 0.5 = large effect size and high 
correlation. For testing the interrater-reliability the whole 
evaluation process was repeated by a second orthodontist 
two months after the first investigation. Intrarater-reliability 
was not tested to reduce any degree of subjectivity. The dif-
ferences were statistically analyzed using again Kendall´s 
tau-b (τb). Correlation τb was 1.000 at t0, 0.728 at t1 and 
0.876 at t2. According to power analysis using the software 
G*Power version 3.1.9 (HHU, Düsseldorf, Germany), with 
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and grades of female and male patients at t0 were not sig-
nificant (p = 0.568).

Indication groups and grades at t1 for all 70 patients 
(Fig. 2; Table 3)

At the end of early orthodontic treatment (t1) no further 
treatment need was present in n = 60 patients (87.1%). 
N = 5 patients (7.1%) presented lack of space (P4) and n = 2 
patients (2.9%) increased overjet (D4). Lack of space (P3) 
and reversed overjet (M4) were equally present in n = 1 
patient (1.4%) respectively. The differences of the distribu-
tion between indication groups and grades of female and 
male patients at t1 were not significant (p = 0.203).

an effect size of 0.50 and an alpha level of 0.05 the actual 
power was 91.5%.

Results

Indication groups and grades at t0 for all 70 patients 
(Fig. 1; Table 2)

At the beginning of early orthodontic treatment (t0) reversed 
overjet (M4) was present in n = 30 patients (42.9%) and 
unilateral crossbite (K4) in n = 25 patients (35.7%). N = 5 
patients (7.1%) presented increased overjet (D5) and n = 4 
patients (5.7%) bilateral crossbite (K3). Lack of space (P3) 
and scissors bite (B4) were equally present in n = 2 patients 
(2.9%) respectively. Lack of space (P4) and reversed overjet 
(M5) were equally present in n = 1 patient (1.4%) each. The 
differences of the distribution between indication groups 

Table 2 Indication groups and grades at t0 for all 70 patients and divided into female and male patients
Indication group and grade Overall patients Female patients Male patients

Quantity [%] Quantity [%] Quantity [%]
P3 2 2.9 1 1.4 1 1.4
P4 1 1.4 0 0.0 1 1.4
K3 4 5.7 2 2.9 2 2.9
K4 25 35.7 11 15.7 14 20.0
B4 2 2.9 0 0.0 2 2.9
M4 30 42.9 18 25.7 12 17.1
M5 1 1.4 0 0.0 1 1.4
D5 5 7.1 3 4.3 2 2.9

Table 3 Indication groups and grades at t1 for all 70 patients and divided into female and male patients
Indication group and grade Overall patients Female patients Male patients

Quantity [%] Quantity [%] Quantity [%]
No treatment need 61 87.1 29 41.4 32 45.7
P3 1 1.4 0 0 1 1.4
P4 5 7.1 4 5.7 1 1.4
M4 1 1.4 0 0 1 1.4
D4 2 2.9 2 2.9 0 0.0

Fig. 2 Percentage of indication group and grade of n = 70 patients at t1

 

Fig. 1 Percentage of indication group and grade of n = 70 patients at t0
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Change of indication group and grade between t0 
and t2 for all 70 patients (Fig. 4; Tables 5 and 8

N = 2 out of n = 2 patients with lack of space (P3) at t0 pre-
sented displacement of contact point (E3) at t2. N = 1 out of 
n = 1 patient with lack of space (P4) at t0 presented displace-
ment of contact point (E4) at t2. Out of n = 4 patients with 
bilateral crossbite (K3) at t0n = 3 patients presented reversed 
overjet (M4) and n = 1 patient retention of teeth (S4) at t2. 
Out of n = 25 patients with unilateral crossbite (K4) at t0n = 8 
patients presented no treatment need, n = 1 patient displace-
ment of contact point (E4), n = 1 patient scissors bite (B4), 
n = 1 patient increased overbite (T3), n = 4 patients reversed 
overjet (M4), n = 3 patients increased overjet (D4), n = 4 
patients retention of teeth (S4) and in n = 3 patients uni-
lateral crossbite (K4) recurred at t2. Out of n = 2 patients 
with scissors bite (B4) at t0n = 1 patient presented increased 
overbite (T3) and in n = 1 patient scissors bite (B4) recurred 
at t2. Out of n = 30 patients with reversed overjet (M4) at 
t0n = 8 patients presented no treatment need, n = 4 patients 
displacement of contact point (E3), n = 1 patient displace-
ment of contact point (E4), n = 2 patients unilateral crossbite 
(K4), n = 2 patients increased overjet (D4), n = 4 patients 
retention of teeth (S4), n = 3 patients displacement of teeth 
(S5), n = 1 patient hypodontia (U4) and in n = 5 patients 
reversed overjet (M4) recurred at t2. N = 1 patient with 
reversed overjet (M5) at t0 presented displacement of teeth 
(S5) at t2. Out of n = 5 patients with increased overjet (D5) 
at t0n = 1 patient presented lack of space (P4), n = 3 patients 
less, but still increased overjet (D4) and n = 1 patient reten-
tion of teeth (S4) at t2. The changes of indication groups and 
grades in terms of correlation of overall patients between t0 
and t2 were not significant (p = 0.233, τb = 0.116).

Indication groups and grades at t2 for all 70 patients 
(Fig. 3; Table 4)

At the beginning of main orthodontic treatment (t2), the 
treatment result of early orthodontic treatment was stable 
in N = 61 out of N = 70 patients (87.1%). N = 12 patients 
(17.1%) presented reversed overjet (M4) and n = 10 patients 
(14.3%) retention of teeth (S4). N = 8 patients (11.4%) pre-
sented increased overjet (D4) and n = 6 patients (8.6%) 
displacement of contact point (E3). N = 5 patients (7.1%) 
presented unilateral crossbite (K4) and n = 4 patients (5.7%) 
displacement of teeth (S5). Displacement of contact point 
(E4) was present in n = 3 patients (4.3%). Scissors bite 
(B4) and increased overbite (T3) were equally present in 
n = 2 patients (2.9%) respectively. Lack of space (P4) and 
hypodontia (U4) were equally present in n = 1 patient (1.4%) 
each. The differences of the distribution between indication 
groups and grades of female and male patients at t2 were not 
significant (p = 0.254).

Table 4 Indication groups and grades at t2 for all 70 patients and divided into female and male patients
Indication group and grade Overall patients Female patients Male patients

Quantity [%] Quantity [%] Quantity [%]
No treatment need 16 22.9 10 14.3 6 8.6
P4 1 1.4 0 0.0 1 1.4
E3 6 8.6 3 4.3 3 4.3
E4 3 4.3 1 1.4 2 2.9
K4 5 7.1 2 2.9 3 4.3
B4 2 2.9 1 1.4 1 1.4
T3 2 2.9 0 0.0 2 2.9
M4 12 17.1 3 4.3 9 12.9
D4 8 11.4 3 4.3 5 7.1
S4 10 14.3 8 11.4 2 2.9
S5 4 5.7 3 4.3 1 1.4
U4 1 1.4 1 1.4 0 0.0

Fig. 3 Percentage of indication group and grade of n = 70 patients at t2
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n = 5 patients with increased overjet (D5) at t0n = 3 patients 
presented no treatment need, n = 1 patient lack of space (P3) 
and n = 1 patient less, but still increased overjet (D4) at t1. 
The changes of indication groups and grades in terms of 
correlation of overall patients between t0 and t1 were not 
significant (p = 0.522, τb = 0.072).

Change of indication group and grade between t1 
and t2 for all 70 patients (Tables 7 and 8)

Out of n = 61 patients with no treatment need at t1n = 16 
patients presented still no treatment need, n = 6 patients dis-
placement of contact point (E3), n = 3 patients displacement 
of contact point (E4), n = 5 patients unilateral crossbite (K4), 
n = 2 patients scissors bite (B4), n = s patients increased 
overbite (T3), n = 11 patients reversed overjet (M4), n = 6 
patients increased overjet (D4), n = 6 patients retention of 

Change of indication group and grade between t0 
and t1 for all 70 patients (Tables 6 and 8)

N = 2 out of n = 2 patients with lack of space (P3) at t0 pre-
sented no treatment need at t1. N = 1 out of n = 1 patient with 
lack of space (P4) at t0 presented no treatment need at t1. 
N = 4 out of n = 4 patients with bilateral crossbite (K3) at 
t0 presented no treatment need at t1. Out of n = 25 patients 
with unilateral crossbite (K4) at t0n = 20 patients presented 
no treatment need, n = 3 patients lack of space (P4), n = 1 
patient reversed overjet (M4) and n = 1 patient increased 
overjet (D4) at t1. N = 2 out of n = 2 patients with scis-
sors bite (B4) at t0 presented no treatment need at t1. Out 
of n = 30 patients with reversed overjet (M4) at t0n = 28 
patients presented no treatment need and n = 2 patients lack 
of space (P4) at t1. N = 1 out of n = 1 patient with reversed 
overjet (M5) at t0 presented no treatment need at t1. Out of 

Fig. 4 Change of indication group and grade of n = 70 patients between t0 and t2
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teeth (S4), n = 3 patients displacement of teeth (S5) and n = 1 
patients hypodontia (U4) at t2. N = 1 out of n = 1 patient with 
lack of space (P3) at t1 presented more lack of space (P4) 
at t2. Out of n = 5 patients with lack of space (P4) at t1n = 4 
patients presented retention of teeth (S4) and n = 1 patient 
displacement of teeth (S5) at t2. N = 1 out of n = 1 patient 
with reversed overjet (M4) at t1 presented again reversed 
overjet (M4) at t2. N = 2 out of n = 2 patients with increased 
overjet (D4) at t1 presented again increased overjet (D4) at 
t2. The changes of indication groups and grades in terms of 
correlation of overall patients between t1 and t2 were not 
significant (p = 0.254, τb = 0.119).

Discussion

In our study, early orthodontic treatment (aged 7.99 ± 1.44 
years) was most frequently indicated because of reversed 
overjet (M4 and M5) in 44.3% of the patients, uni- and 
bilateral crossbites (K4 and K3) in 41.4% of the patients 
and increased overjet (D5) in 7.1% of the patients. At the 
end of early orthodontic treatment (aged 9.63 ± 1.49 years) 
87.1% of the patients had no further treatment need. Two 
years later (aged 11.85 ± 1.72 years), 22.9% of the patients 
still had no need for main orthodontic treatment at the late 
mixed dentition stage. No further treatment costs for main 
orthodontic treatment within the framework of the statutory 
health insurance were incurred. Therefore, early orthodon-
tic treatment prevented main orthodontic treatment need in 
16 patients of our study successfully. 54 patients had main 
orthodontic treatment need. 45 patients of this sample pre-
sented new indication groups and grades for main orthodon-
tic treatment need, the treatment results of early orthodontic 
treatment were stable. 9 patients presented the same indica-
tion group and grade for main orthodontic treatment need 
as they had for early orthodontic treatment need. Against 
ongoing debates concerning benefits of early orthodontic 
treatment, there are many national and international studies 
advocating early intervention [1, 3–6, 13, 18, 20]. Almeida 
et al. [1] presented in their case report a twelve-year-old 
girl with posterior crossbite correction. The treatment result 
of the posterior crossbite correction was stable even after 
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Table 6 Kendall´s tau-b (τb) correlation of indication groups and 
grades between t0, t1 and t2 for all 70 patients
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grade t1
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Indication group and grade t0 0.072 0.116
P valuea 0.522 0.233
Indication group and grade t1 0.119
P valuea 0.254
aChi-square test
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21 years of following-up. Bartzela and Jonas [3] described 
observation periods after unilateral posterior crossbite cor-
rection of 8 years for an early treatment group and 6.5 years 
for the late treatment group. In almost 80% of the patient the 
result of the posterior crossbite correction remained stable 
in long-term. The short-term stability of unilateral posterior 
crossbite treatment was 75% in our study. Defraia et al. [6] 
compared 23 patients treated with a removable appliance 
for unilateral posterior crossbite treatment during primary 
or early mixed dentition with 20 untreated patients. Posi-
tive dental and skeletal effects of the treatment were seen in 
short-term after 22 months compared to the untreated con-
trol. Kerosuo et al. [13] followed-up 68 patients between 8 
and 20 years, who have been treated after the first examina-
tion at 8 years of age due to anterior or lateral crossbite, 
increased overjet or overbite or severe crowding. They 
suggested, that definite orthodontic treatment need may be 
eliminated by early treatment with simple appliances and 
that early timing of treatment may have led to good long-
term stability of the treatment results. 78% of the patients 
had no treatment need at the age of 20.

Especially early-corrected overjet and crossbite tend 
to be stable in long-term [3, 13]. In our study, main orth-
odontic treatment was most frequently indicated because of 
retention and displacement of teeth (S4 and S5) in 25.9% 
of the 54 patients with further treatment need followed by 
reversed overjet (M4) in 17.1% of the patients and increased 
overjet (D4) in 11.4% of the patients. Correlation tends to 
exist between transverse anomalies (K3 and K4) and later 
retention of teeth (S4) and between reversed overjet (M4 
and M5) and later displacement of contact point (E3 and E4) 
or retention or displacement of teeth (S4 and S5). Nonethe-
less, correlations were not significant in our study.

To our knowledge, our study is the first presenting lon-
gitudinal data related to orthodontic indication groups by 
comparison of early and main orthodontic treatment need 
and short-term stability of early orthodontic treatment 
results taking the changes of KIG into account. Graf et al. 
[9] screened 586 patients from seven German study centers 
for their cohort study and rated the severity of malocclu-
sion using the Peer Assessment Rating (PAR)-Index [22] 
providing an objective assessment of treatment success at 
baseline and after retention period. Their study comprised 
335 patients, mean age 14.8 years. 164 patients improved 
greatly during treatment. 81.5% of all patients had a high-
quality treatment outcome.

Limitations of the study

The number of patients of our study was acceptable. 
Nonetheless, a larger patient number could have been 
reached, but 53 patients did not return for a recall after 

Ta
bl

e 
7 

C
ha

ng
e 

of
 in

di
ca

tio
n 

gr
ou

p 
an

d 
gr

ad
e 

be
tw

ee
n 

t 1 
(v

er
tic

al
 c

ol
um

n)
 a

nd
 t 2

 (h
or

iz
on

ta
l c

ol
um

n)
 fo

r a
ll 

70
 p

at
ie

nt
s

In
di

ca
tio

n
gr

ou
p 

an
d 

gr
ad

e
N

o 
tre

at
m

en
t

ne
ed

P4
E3

E4
K

4
B

4
T3

M
4

D
4

S4
S5

U
4

O
ve

ra
ll

pa
tie

nt
s

N
o 

tre
at

m
en

t n
ee

d
16

6
3

5
2

2
11

6
6

3
1

61
P3

1
1

P4
4

1
5

M
4

1
1

D
4

2
2

1 3

   12  Page 8 of 10



Clinical Oral Investigations           (2025) 29:12 

Funding Open Access funding enabled and organized by Projekt 
DEAL. This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

Data availability No datasets were generated or analysed during the 
current study.

Declarations

Ethical approval This article does not contain any studies with human 
participants or animals performed by any of the authors. Ethical ap-
proval for this study was granted by the Ethical Committee of Ärz-
tekammer des Saarlandes, Saarbrücken, Germany (Decision Number: 
221/19).The final manuscript has been approved by all authors.

Informed consent For this type of study, formal consent is not re-
quired.

Competing interests The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit  h t t  p : / /  c r e  a t i  v e c o m m o n s . o 
r g / l i c e n s e s / b y / 4 . 0 /     .  

References

1. Almeida RR, Almeida MR, Oltramari-Navarro PV, Conti AC, 
Navarro Rde L, Marques HV (2012) Posterior crossbite–treat-
ment and stability. J Appl Oral Sci 20:286–294.  h t t  p s : /  / d o  i . o  r g / 1 0 
. 1 5 9 0 / s 1 6 7 8 - 7 7 5 7 2 0 1 2 0 0 0 2 0 0 0 2 6       

2. Baccetti T, Franchi L, McNamara JA Jr (2000) Treatment and 
posttreatment craniofacial changes after rapid maxillary expan-
sion and facemask therapy. Am J Orthod Dentofac Orthop 
118:404–413. https:/ /doi.or g/10.10 67/mo d.2000.109840

3. Bartzela T, Jonas I (2007) Long-term stability of unilateral poste-
rior crossbite correction. Angle Orthod 77:237–243.  h t t  p s : /  / d o  i . o  
r g / 1 0 . 2 3 1 9 / 0 0 0 3 - 3 2 1 9 ( 2 0 0 7 ) 0 7 7 [ 0 2 3 7 : L S O U P C ] 2 . 0 . C O ; 2       

completion early orthodontic treatment, 20 patients 
returned for a check-up after early orthodontic treatment, 
but dental casts for evaluation were not made and 13 
patients cancelled the early orthodontic treatment before 
completion. 50 patients with cleft lip and/or palate, 
comorbid syndromes or genetic disorders were excluded 
from the study. Due to the small number of patients, a 
gender division was not performed during comparison 
of treatment results and short-term stability. The recruit-
ment duration was rather long, since only a few patients 
are referred for early orthodontic treatment during pri-
mary or early mixed dentition. Most of our patients were 
referred for treatment at a later age, because the dentists 
told them to postpone orthodontic treatment until per-
manent dentition. In addition, the orthodontic indication 
groups (KIG) are used by orthodontists in Germany only, 
therefore international comparability is difficult.

Finally, treatment success and resulting short-term sta-
bility does not exclusively depend on correct indication 
and timing, but also on patient and parents compliance, 
especially when removables are used.

Conclusion

The results of our study confirm preventive benefits of 
early orthodontic treatment, especially in patients with 
transverse anomalies or reversed overjet. At the end of 
early orthodontic treatment, no orthodontic treatment 
need was present in 87.1%. At the late mixed denti-
tion, the treatment result of early orthodontic treatment 
was stable in N = 61 out of N = 70 patients. A short-term 
orthodontic intervention with correct indication during 
primary or early mixed dentition can prevent or reduce 
further treatment need during late mixed or permanent 
dentition, and should therefore not be postponed.

Author contributions Concept: M. T., I. C. L., C. C. L. and J. A. L. 
Execution and data collection: M. T., I. C. L., C. C. L. Preparation of 
Figures and Tables: M. T., I. C. L., C. C. L. Data analysis: M. T., I. C. 
L., C. C. L. Manuscript writing: M. T. Revision and approval of manu-
script: J. A. L.The final manuscript has been approved by all authors.

Table 8 Change of indication group and grade between t0 (vertical column) and t1 (horizontal column) for all 70 patients
Indication group
and grade

No treatment
need

P3 P4 M4 D4 Overall
patients

P3 2 2
P4 1 1
K3 4 4
K4 20 3 1 1 25
B4 2 2
M4 28 2 30
M5 1 1
D5 3 1 1 5

1 3

Page 9 of 10    12 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1590/s1678-77572012000200026
https://doi.org/10.1590/s1678-77572012000200026
https://doi.org/10.1067/mod.2000.109840
https://doi.org/10.2319/0003-3219(2007)077[0237:LSOUPC]2.0.CO;2
https://doi.org/10.2319/0003-3219(2007)077[0237:LSOUPC]2.0.CO;2


Clinical Oral Investigations           (2025) 29:12 

health insurance in a German orthodontic practice in North Rhine 
Westphalia - a multi-part cross-sectional study over a 20-year 
period. Clin Oral Investig 27:7787–7797.  h t t  p s : /  / d o  i . o  r g / 1 0 . 1 0 0 
7 / s 0 0 7 8 4 - 0 2 3 - 0 5 3 6 8 - 6       

16. Kinzinger GSM, Hourfar J, Lisson JA Prevalence of KIG-grades 
3–5 in an orthodontic practice in North Rhine Westphalia com-
pared with results of the DMS•6 and with KZBV data (2024). Head 
Face Med 20:3. https:/ /doi.or g/10.11 86/s1 3005-023-00402-0

17. Kirschneck C, Kuhr K, Ohm C, Frenzel Baudisch N, Jordan AR 
(2023) Comparison of orthodontic treatment need and malocclu-
sion prevalence according to KIG, ICON, and mIOTN in German 
8- to 9-year-old children of the Sixth German oral health study 
(DMS 6). J Orofac Orthop 84:26–35.  h t t  p s : /  / d o  i . o  r g / 1 0 . 1 0 0 7 / s 0 0 
0 5 6 - 0 2 3 - 0 0 4 4 6 - 6       

18. Lippold C, Stamm T, Meyer U, Végh A, Moiseenko T, Danesh G 
(2013) Early treatment of posterior crossbite–a randomised clini-
cal trial. Trials 14:20. https:/ /doi.or g/10.11 86/17 45-6215-14-20

19. Mandall NA, Cousley R, DiBiase A, Dyer F, Littlewood S, Mat-
tick R, Nute S, Doherty B, Stivaros N, McDowall R, Shargill I, 
Ahmad A, Walsh T, Worthington H (2012) Is early class III pro-
traction facemask treatment effective? A multicentre, random-
ized, controlled trial: 3-year follow-up. J Orthod 39:176–185. 
https:/ /doi.or g/10.11 79/14 65312512Z.00000000028

20. Mutinelli S, Manfredi M, Guiducci A, Denotti G, Cozzani M 
(2015) Anchorage onto deciduous teeth: effectiveness of early 
rapid maxillary expansion in increasing dental arch dimension 
and improving anterior crowding. Prog Orthod 16:22.  h t t  p s : /  / d o  i . 
o  r g / 1 0 . 1 1 8 6 / s 4 0 5 1 0 - 0 1 5 - 0 0 9 3 - x       

21. Ngan P, Yiu C (2000) Evaluation of treatment and posttreatment 
changes of protraction facemask treatment using the PAR index. 
Am J Orthod Dentofac Orthop 118:414–420.  h t t  p s : /  / d o  i . o  r g / 1 0 . 1 
0 6 7 / m o d . 2 0 0 0 . 1 0 8 2 5 3       

22. Richmond S, Shaw WC, Roberts CT, Andrews M (1992) The PAR 
Index (peer Assessment Rating): methods to determine outcome 
of orthodontic treatment in terms of improvement and standards. 
Eur J Orthod 14:180–187. https:/ /doi.or g/10.10 93/ej o/14.3.180

23. Schopf P (2001) Die kieferorthopädischen Indikationsgruppen, 
2nd edn. Proll Druck und, Augsburg

24. Thilander B, Wahlund S, Lennartsson B (1984) The effect of early 
interceptive treatment in children with posterior cross-bite. Eur J 
Orthod 6:25–34. https:/ /doi.or g/10.10 93/ej o/6.1.25

25. Tulloch JF, Proffit WR, Phillips C (2004) Outcomes in a 2-phase 
randomized clinical trial of early class II treatment. Am J Orthod 
Dentofac Orthop 125:657–667.  h t t    p  s :  /  / d   o  i .  o r  g  / 1 0 . 1 0 1 6 / j . a j o d o . 2 
0 0 4 . 0 2 . 0 0 8       

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

4. Bucci R, Montanaro D, Rongo R, Valletta R, Michelotti A, 
D’Antò V (2019) Effects of maxillary expansion on the upper 
airways: evidence from systematic reviews and meta-analyses. J 
Oral Rehabil 46:377–387. https:/ /doi.or g/10.11 11/jo or.12766

5. De Ridder L, Aleksieva A, Willems G, Declerck D, Cadenas de 
Llano-Pérula M (2022) Prevalence of Orthodontic malocclusions 
in Healthy Children and adolescents: a systematic review. Int J 
Environ Res Public Health 19:7446.  h t t  p s : /  / d o  i . o  r g / 1 0 . 3 3 9 0 / i j e r p 
h 1 9 1 2 7 4 4 6       

6. Defraia E, Marinelli A, Baroni G, Tollaro I (2008) Dentoskeletal 
effects of a removable appliance for expansion of the maxillary 
arch: a postero-anterior cephalometric study. Eur J Orthod 30:57–
60. https:/ /doi.or g/10.10 93/ej o/cjm079

7. Dolce C, Schader RE, McGorray SP, Wheeler TT (2005) Cen-
trographic analysis of 1-phase versus 2-phase treatment for class 
II malocclusion. Am J Orthod Dentofac Orthop 128:195–200. 
https:/ /doi.or g/10.10 16/j. ajodo.2004.04.028

8. Glasl B, Ludwit B, Schopf P (2006) Prevalence and develop-
ment of KIG-relevant symptoms in primary school students from 
Frankfurt am Main. J Orofac Orthop 67:414–423.  h t t  p s : /  / d o  i . o  r g / 
1 0 . 1 0 0 7 / s 0 0 0 5 6 - 0 0 6 - 0 6 1 5 - 8       

9. Graf I, Bock NC, Bartzela T, Röper V, Schumann U, Reck K, 
Christ H, Höfer K, Fritz U, Wiechmann D, Jost-Brinkmann PG, 
Wolf M, Ruf S, Braumann B (2022) Quality of orthodontic care-
A multicenter cohort study in Germany: part 1: evaluation of 
effectiveness of orthodontic treatments and predictive factors. J 
Orofac Orthop 83:291–306.  h t t  p s : /  / d o  i . o  r g / 1 0 . 1 0 0 7 / s 0 0 0 5 6 - 0 2 1 - 
0 0 3 0 4 - 3       

10. Hamidaddin MA (2024) Optimal treatment timing in Orthodon-
tics: a scoping review. Eur J Dent 18:86–96.  h t t  p s : /  / d o  i . o  r g / 1 0 . 1 0 
5 5 / s - 0 0 4 3 - 1 7 6 8 9 7 4       

11. Jordan AR, Kuhr K, Frenzel Baudisch N, Kirschneck C (2023) 
Prevalence of malocclusions in 8- and 9-year-old children in Ger-
many-results of the Sixth German oral health study (DMS 6). J 
Orofac Orthop 84:1–9.  h t t  p s : /  / d o  i . o  r g / 1 0 . 1 0 0 7 / s 0 0 0 5 6 - 0 2 2 - 0 0 4 3 
7 - z       

12. Jordan AR, Kuhr K, Ohm C, Frenzel Baudisch N (2023) Method-
ology of the Sixth German oral health study (DMS 6) to survey 
tooth and jaw misalignment. J Orofac Orthop 84:10–18.  h t t  p s : /  / d 
o  i . o  r g / 1 0 . 1 0 0 7 / s 0 0 0 5 6 - 0 2 2 - 0 0 4 3 6 - 0       

13. Kerosuo H, Heikinheimo K, Nyström M, Väkiparta M (2013) 
Outcome and long-term stability of an early orthodontic treat-
ment strategy in public health care. Eur J Orthod 35:183–189. 
https:/ /doi.or g/10.10 93/ej o/cjs087

14. King GJ, Wheeler TT, McGorray SP, Aiosa LS, Bloom RM, Tay-
lor MG (1999) Orthodontists’ perceptions of the impact of phase 
1 treatment for class II malocclusion on phase 2 needs. J Dent Res 
78:1745–1753. https:/ /doi.or g/10.11 77/00 220345990780111201

15. Kinzinger GSM, Hourfar J, Maletic A, Lisson JA (2023) Fre-
quency and severity of malocclusions in patients with statutory 

1 3

   12  Page 10 of 10

https://doi.org/10.1007/s00784-023-05368-6
https://doi.org/10.1007/s00784-023-05368-6
https://doi.org/10.1186/s13005-023-00402-0
https://doi.org/10.1007/s00056-023-00446-6
https://doi.org/10.1007/s00056-023-00446-6
https://doi.org/10.1186/1745-6215-14-20
https://doi.org/10.1179/1465312512Z.00000000028
https://doi.org/10.1186/s40510-015-0093-x
https://doi.org/10.1186/s40510-015-0093-x
https://doi.org/10.1067/mod.2000.108253
https://doi.org/10.1067/mod.2000.108253
https://doi.org/10.1093/ejo/14.3.180
https://doi.org/10.1093/ejo/6.1.25
https://doi.org/10.1016/j.ajodo.2004.02.008
https://doi.org/10.1016/j.ajodo.2004.02.008
https://doi.org/10.1111/joor.12766
https://doi.org/10.3390/ijerph19127446
https://doi.org/10.3390/ijerph19127446
https://doi.org/10.1093/ejo/cjm079
https://doi.org/10.1016/j.ajodo.2004.04.028
https://doi.org/10.1007/s00056-006-0615-8
https://doi.org/10.1007/s00056-006-0615-8
https://doi.org/10.1007/s00056-021-00304-3
https://doi.org/10.1007/s00056-021-00304-3
https://doi.org/10.1055/s-0043-1768974
https://doi.org/10.1055/s-0043-1768974
https://doi.org/10.1007/s00056-022-00437-z
https://doi.org/10.1007/s00056-022-00437-z
https://doi.org/10.1007/s00056-022-00436-0
https://doi.org/10.1007/s00056-022-00436-0
https://doi.org/10.1093/ejo/cjs087
https://doi.org/10.1177/00220345990780111201

	Early orthodontic treatment need over a 10-year period and evaluation of short-term intervention stability
	Abstract
	Introduction
	Aims of the study

	Materials and methods
	Patients
	Inclusion/exclusion criteria
	Cast and orthopantogram evaluation
	Statistical method, error of the method

	Results
	Indication groups and grades at t0 for all 70 patients (Fig. 1; Table 2)
	Indication groups and grades at t1 for all 70 patients (Fig. 2; Table 3)
	Indication groups and grades at t2 for all 70 patients (Fig. 3; Table 4)
	Change of indication group and grade between t0 and t2 for all 70 patients (Fig. 4; Tables 5 and 8
	Change of indication group and grade between t0 and t1 for all 70 patients (Tables 6 and 8)
	Change of indication group and grade between t1 and t2 for all 70 patients (Tables 7 and 8)

	Discussion
	Limitations of the study

	Conclusion
	References


