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Abstract 

Background The aim of the investigation was to evaluate if a Class II malocclusion in adult patients can be success‑
fully corrected by maxillary total arch distalization with interradicular mini‑screws in combination with completely 
customized lingual appliances (CCLA).

Methods Two patient groups were matched for age and gender to determine differences in the quality of final 
treatment outcome. The treatment results of 40 adult patients with a Class I malocclusion (Group 1) were compared 
with those of 40 adult patients with a moderate to severe Class II malocclusion (Group 2). All patients had completed 
treatment with a CCLA (WIN, DW Lingual Systems, Bad Essen, Germany) without overcorrection in the individual treat‑
ment plan defined by a target set‑up. To compare the treatment results of the two groups, 7 measurements using 
the American Board of Orthodontics Model Grading System (ABO MGS) and linear measurements for anterior‑poste‑
rior (AP) and vertical dimensions were assessed at the start of lingual treatment (T1), after debonding (T2B), and com‑
pared to the individual target set‑up (T2A).

Results A statistically significant AP correction (mean 4.5 mm, min/max 2.1/8.6, SD 1.09) was achieved in Group 2, 
representing 99% of the planned amount. The planned overbite correction was fully achieved in both the Class I 
and Class II groups. There was a statistically significant improvement in the ABO scores in both groups (Group 1: 39.4 
to 17.7, Group 2: 55.8 to 17.1), with no significant difference between the two groups at T2B. 95% of the adult patients 
in Group 1 and 95% in Group 2 would meet the ABO standards after maxillary total arch distalization with a CCLA 
and interradicular mini‑screws.

Conclusions CCLAs in combination with interradicular mini‑screws for maxillary total arch distalization can success‑
fully correct moderate to severe Class II malocclusions in adult patients. The quality of the final occlusal outcome 
is high and the amount of the sagittal correction can be predicted by the individual target set‑up.

Keywords mini‑screws, Interradicular mini‑screws, Maxillary total arch distalization, ABO score, Class II correction, 
Lingual orthodontics, Completely customized lingual appliance

Introduction
Class II malocclusion correction in adult patients can be 
performed in many ways. Comprehensive diagnostics are 
mandatory if a non-surgical approach is chosen, as den-
toalveolar correction can be performed primarily in the 
maxilla by premolar extractions or distalization, or at the 
mandible by intermaxillary Class II elastics or by rigid/
flexible fixed functional appliances. When selecting the 
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most suitable approach, the reliability and efficiency of 
the various treatment concepts are among the main con-
siderations. Today, mini-screws (MSs) are considered a 
reliable anchorage system with a wide range of indica-
tions [1]. They allow non-interradicular insertion away 
from the teeth, such as in the palate, and interradicu-
lar placement [2–7]. When an insertion in the anterior 
palate for maxillary total arch distalization (MTAD) is 
selected, a supra-construction will be required in most 
cases, which is now routinely digitally designed and fabri-
cated using an additive manufacturing process (selective 
laser melting) [8]. A less complex concept is MTAD using 
interradicular MSs combined with fixed labial appli-
ances, as first introduced by South Korean authors [6, 9]. 
In a recent study, Beyling et al. have shown preliminary 
results using this concept in combination with completely 
customized lingual appliances (CCLAs) mostly in ado-
lescent patients [10]. It was found that reliable levelling 
of the mandibular curve of Spee, along with controlled 
mandibular incisor intrusion and reliable control of max-
illary incisor root torque before and during the retraction 
are essential for a successful Class II correction.

Recently, some authors have investigated the possibility 
of Class II correction in adult patients using clear align-
ers in combination with intermaxillary Class II elastics in 
a retrospective analysis, comparing the treatment results 
with a control group of age- and gender-matched patients 
with Class I malocclusions [11, 12]. The American Board 
of Orthodontics Model Grading System (ABO MGS) 
was selected as the outcome measure and the focus was 
on the quality of the occlusal treatment outcome. The 
method introduced by Patterson et  al. was also used in 
this study because it clearly illustrates the quality of the 
final treatment outcome that can be achieved with the 
chosen approach [11].

Testing was performed against the null hypothesis that 
there is a significant difference in the quality of treatment 
outcome, as defined by the ABO MGS score, between a 
group of patients with a moderate to severe Class II mal-
occlusion treated with CCLAs and MSs for MTAD and a 
Class I group also treated with CCLAs.

Material and methods
The approval for this retrospective cohort study was 
received from the ethical committee of the Hannover 
Medical School, Hannover, Germany (3151–2016). Inclu-
sion criteria were adult patients 18 years of age or older at 
the onset of lingual treatment with Class I or II malocclu-
sion who were consecutively treated with a CCLA (WIN, 
DW Lingual Systems, Bad Essen, Germany) in one ortho-
dontic specialist practice (Bad Essen, Germany), and 
were debonded between 2019 and 2023. Patients with a 
known centric occlusion-centric relation discrepancy, 

planned extractions and space closure, dental bridges, 
or a compromised treatment plan  where the target set-
up did not represent a Class I were excluded. History of 
previous orthodontic treatment, missing teeth, missing 
records or bad compliance (e.g.: bad oral hygiene, com-
promised Class II elastic wear during night time, missing 
appointments) were not exclusion criteria. All fixed lin-
gual treatments were completed by orthodontic special-
ists with high expertise in the field of CCLA treatment.

Two groups were defined: Group 1 with Class I maloc-
clusion, and Group 2 with Class II malocclusion. Inclu-
sion criteria for the Class II group was at least half-a-unit 
Class II occlusal relationship on one side. Groups were 
classified using ABO classifications for molar relation-
ship. Even distribution in both groups was ensured by 
matching age and gender of patients with Class I to the 
included patients with Class II. An ideal occlusion with-
out overcorrection was defined for all included cases 
as the goal for the target set-up process, as it is known 
that fixed orthodontic appliances can deliver full three-
dimensional control [13–15]. The individual set-up was 
made on plaster models ensuring a really three-dimen-
sional view for the dental technicians.

Concerning the orthodontic biomechanics for MTAD, 
in contrast to the method presented by Park et  al. [6], 
two mini-screws per side were inserted. The entire max-
illary dentition was moved simultaneously in a poste-
rior direction using two mini-screws per side to which 
elastic chains (Morita Energy Chain, Rocky Mountain 
Orthodontics, Denver, CO, USA) were attached (Fig. 1a). 
The traction force per screw did not exceed 150–200 
cN, as an excessive tipping moment may result in loose 
or lost screws [7, 16]. A 0.016″ × 0.024″ stainless steel 
archwire (ribbon-wise) with 2 cm expansion at the first 
molars and a 13 or 21° palatal root-torque from upper 
canine to canine was used for the maxillary distaliza-
tion. Considering the limited interradicular space, the 
buccal screws (Abso Anchor SH 1312–10, Tiger Den-
tal, Hörbranz, Austria) were removed 3–5 months after 
the start of retraction, in order not to interfere with dis-
tal tooth movements. The palatal screw (Dual Top S16-
G2–010 N, Tiger Dental, Hörbranz, Austria) was inserted 
close to the palatal molar root, i.e. 1.5 mm distal to the 
midline between the second premolar and the first molar 
(Fig. 1a). The palatal screws were inserted perpendicular 
to the alveolar process and the buccal screws were angu-
lated cranially (Fig. 1b) to position the tip of the screws 
in an area of greater interradicular bone [17, 18]. Class 
II elastics were prescribed only at nighttime to support 
the anterior-posterior correction. The MTAD was dis-
continued when a sagittal overcorrection of about 1 mm 
was achieved. All MSs were placed by one operator 
(F.B.) with high clinical expertise in the field of inserting 
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interradicular MSs in this region (more than 250 MSs 
inserted per year).

The measurements according to the ABO MGS were 
made on the plaster models before (T1) and after ortho-
dontic treatment (T2B) as well as on the target set-up 
(T2A). Along with the ABO MGS assessments, meas-
urements of alignment and rotations, marginal ridges, 
buccolingual inclinations, occlusal contacts, occlusal 
relationship, overjet, and interproximal contacts were 
included (Table  1). Furthermore, the overbite and the 
anterior-posterior relationship at the first molar were 
measured in millimeters using a digital caliper. As in 
previous studies in which final occlusal outcomes were 

compared to an individual set-up, no radiographs were 
assessed for root parallelism [11, 12, 19]. All measure-
ments were taken by the same investigator (Y.J.) who had 
successfully completed the ABO calibration directed by 
the former ABO Director (P.F.F.). The ABO passing score 
was set to 25 penalty points.

Statistical analysis
Intrarater reliability was evaluated using intraclass cor-
relation coefficients (ICC). For this purpose, 10% of 
the sample (8 patients) were randomly selected and 
remeasured after at least 2 weeks by the main investi-
gator (Y.J.). ICC estimates were calculated based on a 

Fig. 1 MTAD with 4 interradicular MSs (a). The palatal screws are placed close to the palatal roots of the first molars. The buccal MSs are inserted 
with a visible cranial orientation (b)

Table 1 Description of the measurements and intrarater reliability

ICC <  0.5: poor reliability; 0.5 ≤ ICC <  0.75: moderate reliability; 0.75 ≤ ICC <  0.9: good reliability; ICC ≥ 0.9: excellent reliability. A-P: anterior-posterior relationship at first 
molar

Measurement Description ICC

Alignment Assessment of tooth alignment. Incisal edges and lingual surfaces of maxillary anterior teeth, incisal edges and labial‑
incisal surfaces of mandibular anterior teeth, mesiodistal central grooves of posterior maxillary teeth and buccal cusps 
of posterior mandibular teeth should be in line.

0.995

Marginal ridges Assessment of vertical positioning of posterior teeth. Marginal ridges of adjacent teeth should be at the same level. 0.845

Buccolingual inclination Assessment of buccolingual inclination of posterior teeth. Upper and lower buccal and lingual cusps should be 
at the same height.

0.926

Occlusal contacts Assessment of intercuspation of opposing teeth. The functioning cusps should be contacting the occlusal surfaces 
of opposing teeth.

0.973

Occlusal relationship Assessment of anterior‑ posterior position of posterior teeth. The occlusion should be an Angle Class I relationship. 0.999

Overjet Assessment of anterior‑posterior relationship of anterior teeth and transverse relationship of posterior teeth. Anterior 
teeth should be in contact and posterior functioning cusps should be in the fossae of opposing teeth.

0.987

Interproximal contacts Assessment of spacing within the dental arch. All teeth should be in contact with one another. 0.995

Total score Sum of the of grading scores for the above parameters. Total score should be as low as possible. 0.997

Overbite Measurement [mm] between two antagonistic incisors comprising the greatest vertical overlap. Overbite should be 
1–2 mm.

0.991

A‑P Measurement [mm] of the discrepancy of the mesiobuccal cusp of the upper first molar in relation to the buccal 
central groove of the lower first molar. Anterior‑posterior relation should be 0 mm.

0.999
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single measurement, absolute-agreement, 2-way mixed 
effects model. Interpretation of the correlation coeffi-
cients followed the cut-off limits of Koo and Li 2016 [20]. 
Descriptive statistics were calculated for all variables. 
Non-parametric tests were used since the data was not 
normally distributed, as assessed by the Shapiro-Wilk 
test (p <  0.05). Wilcoxon signed-rank tests were used to 
investigate intragroup differences and Mann-Whitney 
U tests were used to evaluate intergroup differences. 
The significance level was set to α = 5%, and a p-value 
< 0.05 was considered significant. To assess any poten-
tial dependencies of the outcome at T2B and the starting 
conditions at T1 the linear correlation (r) as well as the 
Coefficient of determination  (r2) were derived. The data-
sets were analyzed using IBM SPSS Statistics 29 (IBM 
Corp., Armonk, NY, USA).

Results
Forty Class II patients met the inclusion criteria. After 
matching the control group for age and gender, 80 
patients were included in the analysis: 40 patients in 
Group 1 with Class I malocclusion (f/m 33/7; mean age 
30.5 ± 10.0 years) and 40 patients in Group 2 with Class II 
malocclusion (f/m 33/7; mean age 32.6 ± 12.0 years). The 
baseline characteristics are summarized in Table 2.

Intra-rater reliability was excellent for all variables 
except for marginal ridges, which showed good reli-
ability (Table  1). The total treatment time was on 
average 1.29  ±  0.52 years in the Class I group versus 
2.35  ±  0.65 years in the Class II group (Table  2). 144 
interradicular mini-screws were placed for bilateral dis-
talization (32 patients) and unilateral distalization (8 
patients). The mean time of MTAD with the interradicu-
lar MSs was 10.20  ±  5.10 months. Descriptive statistics 
for the ABO MGS and the metric measurements at T1, 
T2A, and T2B and comparisons between time points are 

shown in Tables 3, 4 and 5 for patients with Class I and 
Class II malocclusions, respectively (Figs. 2, 3 and 4).

ABO score
Assuming a passing threshold score of 25 penalty points 
or lower, all individual target set-ups (T2A) would meet 
ABO standards in both groups. Posttreatment (T2B), 
38 out of 40 Class I cases (95%) and 38 out of 40 Class 
II cases (95%) would pass. The total ABO MGS scores 
of the cases that would not have passed were 31/30 in 
Group 1 and 29/27 in Group 2. In both groups, all OGS 
categories improved from pretreatment to posttreat-
ment. There were substantial improvements in total 
scores in both groups and at the end of fixed lingual 
appliance treatment, the mean ABO MGS score was 
reduced from 39.4 to 17.7 in Group 1 and from 55.9 to 
17.1 in Group 2 (Fig. 5). However, despite major improve-
ments in final mean ABO MGS scores in both groups, a 
statistically significant difference remained between the 
planned (T2A) and the achieved (T2B) total ABO MGS 
scores. Looking at the different criteria in Group 1, there 
was no statistically significant difference between pre-
dicted and achieved scores for marginal ridges, occlusal 
contacts, occlusal relationship, interproximal contacts 
and overbite. In Group 2, there was no statistically signif-
icant difference between predicted and achieved scores 
for occlusal relationship, interproximal contacts, overbite 
and anterior-posterior linear measurements at the first 
molars.

Metric measurements
Looking at the metric measurements, there was no sta-
tistically significant difference between predicted and 
achieved AP correction at the first molars in the Class 
II group (4.53 mm/4.47 mm), as 99% of the planned AP 
correction was achieved (Table  6). The mean overbite 
improved by 0.89 mm in Group 1, which was 100% of the 
planned correction. In Group 2, the observed overbite 
correction was 1.91 ± 2.03 mm, while the expected over-
bite correction was 1.69 ± 2.14 mm, indicating a degree 
of overcorrection (132%) for Class II patients (Table  6). 
There was no statistically significant difference in the 
overbite correction achieved between the two groups 
(Table 6).

Intergroup comparison
The intergroup comparison of ABO MGS measure-
ments showed higher total scores in Group 2 at T1, 
mainly due to higher scores for the occlusal relation-
ship (Tables  3 and 4). In the individual target set-up 
(T2A), slightly lower total scores were found in Group 
2. Looking at the different components, the treatment 
results in the Class II group were similar to the results 

Table 2 Baseline characteristics

MTAD Maxillary total arch distalization

Characteristic Group 1 (Class I) Group 2 (Class II)

Age (years) Mean ± SD 30.51 ± 10.03 32.62 ± 11.95

Total treatment time (years) 
Mean ± SD

1.29 ± 0.52 2.35 ± 0.65

Duration MTAD (months) 
Mean ± SD

10.20 ± 5.10

Gender n (%)

Female 33 (82.5%) 33 (82.5%)

Male 7 (17.5%) 7 (17.5%)

Localization Class II n (%)

Bilateral 32 (80.0%)

Unilateral 8 (20.0%)
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in Group 1, except for the alignment and buccolingual 
inclination scores, which were slightly better in the 
Class II group.

Correlation between initial and final molar relationship
Figure 6 shows an overview of the initial severity of the 
distal relationship at the first molar (T1) and the final cor-
rection achieved (T2B) in the Class II group. No correla-
tion was found between the initial severity of the distal 
occlusion and the quality of the final anterior-posterior 
occlusal relationship (correlation r = 0.23,  r2 = 0.0529).

Mini-screw survival rate
A total of 144 interradicular mini-screws were placed 
for MTAD. Three of them were lost before sched-
ule, indicating a survival rate of 97%. None of the lost 
mini-screws had to be replaced as the second one in 
the relevant quadrant was serviceable until the end of 
simultaneous total arch distalization. In one patient, 
a palatal screw had to be relocated one segment fur-
ther distal as it was an obstacle for complete bite 
correction.

Discussion
This study is the first to evaluate the quality of the 
occlusal outcome with total arch distalization using 
ABO MGS scores. Previous studies of mini-screw-
supported maxillary distalization have primarily 
used cephalograms or digital 3D casts to evaluate the 
amount of distalization in the maxillary first molar 
region, along with any first molar tipping [21, 22]. 
Numerous papers on mini-screw-supported maxillary 

distalization include in their analysis the first treat-
ment stage only, meaning the distalization of the 
upper molars [3, 4, 23–33]. The outcome of the subse-
quent retraction of the anterior segment that such an 
approach requires to achieve a Class I canine relation-
ship, was not included in many cases. Beyling et  al. 
were the first to describe the MTAD results in rela-
tion to the lower jaw based on the canine relationship 
and overjet corrections and to compare them to the 
intended outcome as defined by the individual target 
set-up [10]. In the present study, the dentoalveolar 
correction of the Class II from the upper jaw was also 
achieved by using a CCLA combined with interradicu-
lar MSs according to the method described by Beyling 
et  al. [10]. For more in-depth assessment of the treat-
ment outcome, the Class II patients were compared 
to a Class I control group matched for age and gender. 
The null hypothesis was rejected: There was no signifi-
cant difference in the quality of the treatment outcome 
between a group of patients with a Class II malocclu-
sion treated with MSs for maxillary total arch distaliza-
tion and a Class I group.

The average sagittal correction achieved in the area 
of the first molars amounted to 4.5 mm, represent-
ing an outcome of 99% of what had been intended 
(T2A). Earlier studies have shown that when lingual 
appliances are used in patients exhibiting Class II 
malocclusion, the clockwise rotation of the lower jaw 
immediately after indirect bonding will result in a 
sagittal relationship that is worse by 1 mm on average 
(Figs.  2 and 3) [10, 34, 35]. Considering the intended 
overcorrection of 1 mm, an average total correction 
of more than 6 mm can be assumed at the end of the 
MTAD phase. In this regard, the success of the sagittal 
correction has been demonstrated not to depend on 
the initial severity of the class II relationship (Fig.  5). 
This emphasises the effectiveness and efficiency of 
the selected method compared to alternative MTAD 
approaches [23, 24]. One essential precondition for 
successful sagittal correction is the comprehensive 
levelling of the lower curve of Spee and the overbite 
correction associated. There is ample evidence that 
CCLAs are very effective for this purpose [10, 34–
36]. No statistically significant difference was found 
at the end of treatment (T2B) between both groups, 
while the bite raising (T2A) in the Class II group even 
exceeded what had been intended by 0.2 mm on aver-
age (Table  6). The mean correction of the overbite in 
Group 1 was 0.89 mm. This is because both open and 
deep bites were included. Nevertheless, the overbite 
could be fully corrected as planned in the set-up. The 
fact that there was a mathematical overcorrection of 
the overbite 113% in Group 1 is somewhat diminished 

Table 5 Intergroup Mann‑Whitney‑U test statistics

Sig significance (p-value), AR alignment, MR marginal ridges, BI buccolingual 
inclination, OJ overjet; OC occlusal contacts, OR occlusal relationship, IC 
interproximal contacts, OvB Overbite, A-P anterior-posterior relationship at first 
molar

T1 T2A T2B
Variables Sig Sig Sig

Total score <  0.001 <  0.001 0.552

AR 0.606 <  0.001 0.013

MR 0.114 0.801 0.083

BI 0.167 <  0.001 0.007

OJ <  0.001 0.040 0.425

OC 0.739 0.006 0.342

OR <  0.001 0.565 0.255

IC 0.706 1.000 0.671

OvB 0.007 <  0.001 0.174

A‑P <  0.001 0.588 0.053
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Fig. 2 19‑year‑old female patient with a Class II division 2 malocclusion, deep overbite and an initial ABO MGS score of 64 (a‑c). After bonding 
of the CCLA the Class II relationship has worsened on both sides (d‑f). At the end of MTAD an overcorrection could be achieved (g‑i). At the end 
of fixed appliance therapy, a final ABO MGS score of 14 could be achieved. The result and the individual treatment plan (target set‑up with a score 
of 11) look very similar (j‑o). The lateral headfilms before and after show a clockwise rotation of the occlusal plane with a maxillary posterior 
intrusion (p, q). Good levelling of the mandibular curve of Spee and acceptable torque control could be achieved with the CCLAs
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Fig. 3 35‑year‑old female patient with a Class II division 1 malocclusion, an anterior open bite and an initial ABO MGS score of 57 (a-c). After 
bonding of the CCLA the Class II relationship has worsened on both sides (d-f). When using MTAD, further proclination of the lower incisors 
during Class II correction can be avoided (g-i). At the end of fixed appliance therapy, a final ABO MGS score of 10 could be achieved. Directly 
after debonding, upper and lower fixed 4–4 retainers were bonded. The patient had to wear up and down elastics in the canine region at night 
for 6 months in order to retain the vertical correction. The result and the individual treatment plan (target set‑up with a score of 6) look very similar 
(j-o). The lateral headfilms before and after also show a clockwise rotation of the occlusal plane with a maxillary posterior intrusion (p, q). Due to this 
intrusion, a slight counter‑clockwise rotation of the mandible can be noted. Further proclination of the lower incisors could be prevented. For better 
long‑term stability and further improvement of the profile a genioplasty was recommended
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clinically, as open and deep bites were included, and 
the range was large.

With a comparable approach and method, Patter-
son et al. and Leavitt described the outcome of aligner 
treatment in adult patients with Class II malocclusion 
and compared the post-treatment results to a matched 
group of Class I patients [11, 12]. As opposed to the out-
comes in this study, the adequate outcome represented 
by the Class I patients could not be achieved in the pre-
selected Class II patients despite good compliance in 
using intermaxillary elastics, neither with the first set of 

aligners nor after more than 3.5 refinements on average 
[11, 12]. After the first set of aligners, not only unsuc-
cessful sagittal correction was found, but both groups 
also had significantly worse scores for occlusal contacts 
(> 10 penalty points) [11]. The evaluation of the same 
component in this study, on the contrary, yielded a par-
ticularly good result with less than 1.5 penalty points in 
both groups at T2B.

Looking at the MTAD per se, the most astounding 
aspect is the simplicity of the distalization mechan-
ics placed in this study and its convincing efficiency. 

Fig. 4 27‑year‑old female patient with a Class I malocclusion, upper and lower frontal crowding and an initial ABO MGS score of 37 (a-c). At 
the end of fixed appliance therapy, a final ABO MGS score of 19 could be achieved (d-f). The result and the individual treatment plan (target set‑up 
with a score of 16) look very similar (g‑i). The lateral headfilms before and after also show an improved inter‑incisor angle (j, k)
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Interradicular insertion allows direct use of the anchor-
age and eliminates the need for a supra-construction. 
The screw loss rate in this study of less than 3% is also 
a consequence of the operator learning curve already 
described by Berens et al. for the insertion of the inter-
radicular MSs in the relevant areas [37]. These last two 
points add up to a practical and pragmatic approach.

Strengths and limitations
The retrospective nature of this study is the result of 
its innovative approach to MTAD. Strict inclusion 
and exclusion criteria helped to minimize the risk of 
bias. No patient was excluded from this retrospective 
analysis for any reason other than the defined exclu-
sion criteria, i.e., no exclusion due to missed appoint-
ments, lack of compliance, or missing records, as is 
occasionally seen in sample compositions of retrospec-
tive studies.

The evaluation of the quality of the occlusal out-
come after orthodontic treatment using the criteria by 
the American Board of Orthodontics is one of the few 
methods, along with the PAR index, for assessing the 
occlusion after orthodontic treatment as objectively as 
possible. Despite individual rater calibration, a subjec-
tive component in the evaluation, albeit small, cannot 
be ruled out. In previous studies on the quality of the 
occlusion after CCLA treatment, different raters, who 
had also been calibrated, found above-average outcomes 
[19, 34, 38, 39]. The results of this study confirm that the 
treatment standard is above average.

In both Groups a statistically significant difference 
in total ABO scores between T2A and T2B became 
obvious. As previously defined, T2A represents the 
patient specific ideal occlusion defined by the indi-
vidual target set-up. Theoretically, an ideal appliance 
would correct the occlusion comparable to a math-
ematical “function of a limit” more and more towards 
the individual ideal situation, making the differences 
between both of them smaller and smaller over time. 
The high quality of the final occlusions achieved in 
this investigation underlines the thoughtful definition 
of the endpoint of active lingual fixed appliance ther-
apy despite a statistically significant difference in the 
scores at T2A and T2B.

Many previous studies into MTAD assessed the out-
come quality based exclusively on the amount of dis-
talization achieved in the maxilla, not considering the 
posttreatment occlusion [21, 22]. They relied on the 
analysis of superimposed lateral headfilms and/or digi-
tal casts of the upper jaw. The question this raises, as to 
the occlusal quality of the treatment outcome achiev-
able by a distalization of this kind, could be answered 
in this study.

Fig. 5 Total ABO MGS scores before treatment (T1), on the target 
set‑up (T2A) and after orthodontic treatment (T2B) in Group 1 and 2

Table 6 Anterior‑posterior relationship and overbite millimetric measurements

SD standard deviation, 95% CI 95% confidence interval for mean, Sig significance (p-value), A-P anterior-posterior relationship at first molar (mm), OvB Overbite (mm)

Class I Class II Mann-
Whitney- 
U test

Variables Mean SD 95% CI Min Max Mean SD 95% CI Min Max Sig

A‑P

Predicted (T1‑T2A) −0.09 0.58 −0.28 ‑ 0.09 −2.00 1.50 4.53 1.08 4.19–4.88 2.00 8.60 <  0.001

Achieved (T1‑T2B) 0.08 0.65 −0.12 ‑ 0.29 −1.20 3.50 4.47 1.09 4.13–4.82 2.10 8.60 <  0.001

Achieved (T1‑T2B)/(T1‑T2A) % 72.78 98.81 0.031

OvB

Predicted (T1‑T2A) 0.89 1.63 0.37–1.41 −2.00 5.40 1.69 2.14 1.00–2.38 −1.40 9.40 0.099

Achieved (T1‑T2B) 0.89 1.54 0.40–1.38 −2.00 4.70 1.91 2.03 1.26–2.55 −1.70 9.40 0.017

Achieved (T1‑T2B)/(T1‑T2A) % 111.69 132.13 0.640



Page 12 of 13Janssens et al. Head & Face Medicine           (2024) 20:27 

The study was conducted in a single orthodontic 
practice in Bad Essen, Germany. The results may there-
fore not be fully generalizable to other orthodontic 
settings. In addition, all mini-screws were placed by a 
single experienced operator (FB), which could affect the 
reproducibility of results.

Conclusions
The quality of the occlusal outcome after maxillary total 
arch distalization with a completely customized lingual 
appliance and interradicular mini-screws is high even in 
severe cases and the amount of the sagittal correction 
can be predicted well by the individual target set-up.
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