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Abstract

Background: Aim of this study was to analyze the efficacy and precision of the completely customized lingual
appliance (CCLA) regarding the single tooth torque correction. The study also examined external apical root resorptions
as possible side effects of torque correction and the changings of the periodontal situation.

Methods: A case series of three patients were included. The patients showed a single tooth torque problem with a
gingival recession and were treated with the CCLA. Plaster casts before and after treatment and plaster casts of the set
up were scanned and superimposed. Deviations between the two plaster casts were analyzed at different points of
interest. Changes of the gingival recession were compared before and after treatment. Relative root resorptions were
measured by the orthopantomograms. Treatment times were assessed by the records of the patients. Results were
presented descriptively.

Results: The mean change of the most apical part of the root reached by the orthodontic treatment was 1.8 ± 0.
3 mm. The largest deviation between set up and final model was measured on the occlusal surface of the tooth 36
with 0.8 mm. Most measurement points showed a deviation of 0.5 mm or less. The depths of the gingival recession
showed a significant reduction of 4.7 mm. The widths of the gingival recession were reduced by 1.1 mm. The average
relative root resorption of the corrected teeth was 2.7 ± 1.5%. The average treatment time was 13.8 ± 4.5 months.

Conclusions: This is the first study showing that the CCLA with its high precision is very effective in correcting single
tooth torque problems. Orthodontic torque correction resulted in a significant reduction of gingival recessions and
caused only negligible root resorptions.
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Background
In orthodontic treatment with the completely customized
lingual appliance (CCLA) the appliance is manufactured
for each patient with individual designed brackets and
archwires (Fig. 1).
It was demonstrated that the tooth positions after

orthodontic treatment with a CCLA are very close to
the planned tooth positions of this set up [1, 2]. A previ-
ous study showed that the CCLA is able to provide a very
precise torque control especially of the frontal teeth [3].
The precise control of the axis of the front teeth can be

especially necessary, if a single tooth needs to be
corrected. A specifically single tooth correction is for
example needed, if one tooth exhibits a torque problem.
Torque describes the tooth axis in the oral-vestibular dir-
ection. A torque problem can be caused by late growth of
the mandible, occlusal forces or relapse after orthodontic
treatment [4–7].
After orthodontic treatment a common method to

prevent a relapse in the frontal area is to bond a fixed
retainer. This is bonded on the lingual tooth surfaces
especially in the lower arch from canine to canine. How-
ever, the retainers might have negative effect when they
are partially debonded and unnoticed by the patient for a
longer time. The teeth rotate around the retention wire
either to the buccal or lingual site. There are some studies
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reporting about undesirable tooth movements due to a
broken retainer [8, 9]. These tooth movements can result
into a relapse similar to the situation before orthodontic
treatment or into a new malocclusion [10, 11].
The orthodontic correction of this torque problem can

be a chance to save the tooth and improve the gingival
recession. There are some studies reporting about the
orthodontic correction of this problem with a vestibular
appliance. Different techniques are described in these
case reports. Some authors use the technique with
segmented archwires, some prefer the technique with
continuous archwires [9, 12]. The challenge is to move
only the one tooth while not affecting the neighboring
teeth, because they are in the correct position. Thus
for using a continuous archwire technique a very precise
appliance is necessary to control the position of the neigh-
boring teeth. The CCLA is providing a very high precision
with a very high torque capacity [13]. So far there is no
study published regarding the efficacy of a CCLA for a
single tooth torque correction.
Aim of this study was to analyze the efficacy and pre-

cision of the CCLA regarding the single tooth torque
correction by comparing the plaster casts before and
after orthodontic treatment and the set-up models.
The analysis was performed using an optical 3D scanner,

digital superposition and measurements of possible gingival
recessions on the plaster casts. We also examined external
apical root resorptions by orthopantomogram measure-
ments as possible side effects of torque correction and
the changings of the periodontal situation.

Methods
Patient selection and inclusion criteria
Three patients (females n = 2; males n = 1), being treated
at the Department of Orthodontics of the University of
Mainz and private praxis Prof. Dr. Dr. h.c. Wiechmann

and partners in Bad Essen (both Germany), were included
by the following criteria:

Inclusion criteria

– single tooth torque problem
– periodontal recession at the lingual or buccal site
– completed treatment with a completely customized

lingual appliance
– orthopantomogram and before and after treatment
– plaster casts and pictures before and after treatment
– plaster cast set up

Treatment procedure
The three patients were treated with a completely cus-
tomized lingual appliance (WIN, DW Lingual Systems,
Bad Essen, Germany). Treatments of all patients were
performed with a general archwire sequence of 0.014″
SE-NiTi, 0.016″ X 0.022″ SE-NiTi, 0.016″ X 0.024″
Stainless Steel and 0.018″ X 0.018″ ß-Ti.

Optical 3D scanner
A 3D Scanner (OrthoXscan, Dentaurum, Germany) was
used for the digitalization of the plaster casts. Plaster casts
of the situation before treatment, from the set up and from
the situation after treatment were fixed on special plates,
which are necessary to hold the plaster casts during scan
process. These fixators are able to rotate, which allows the
three dimensional scanning of the models.
The scanner is composed of a projector and a camera

and works with the method of a stripe projection. The
projector produces light stripes from different positions,
which are registered by the camera. This is necessary to
calculate the three dimensional data. All measurements
are composed to a complete set of data by a process
called “matching” and saved as a Standard Tessellation
Language (STL) – file. The. STL-file is a key file for differ-
ent systems of the Computer Aided Design (CAD)-system.

Software
The program EasySLIM (3D–Shape, Erlangen, Germany)
converted the. STL-files to .pmh-files. In the next step
artifacts and unnecessary areas were eliminated by the
3D–Viewer (3D–Shape, Erlangen, Germany).

Digital superposition
The digital superposition was done with the program
Comparison (3D–Shape, Erlangen, Germany). The teeth,
which were not included into the appliance and not
moved by the orthodontic treatment, functioned as
stable structures for the superposition. Everything except
of these tooth surfaces was cut before proceeding with
the superposition.

Fig. 1 A completely customized lingual appliance (WIN, DW Lingual
Systems, Bad Essen, Germany) bonded to the lingual surfaces of the
teeth in the lower jaw
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The deviations between two scanned plaster casts were
shown by colored pictures and metric values of the devia-
tions were calculated by the software. For the optical repre-
sentation a color scale has been set up. Negative deviations
were colored in yellow and red, positive deviations in
blue and purple. Area with no or very low deviation
were marked green. White areas of the superposition
show sections, where the difference between the two
scanned models are undetectable for the software (Fig. 2).
The Vertex-information-tool gave the information about
the value of the deviation. By marking the areas with the
mouse the program automatically calculated the value for
the deviation. Different points of the tooth arch were then
analyzed and the deviations in every axis of the coordinate
system were observed. The points of interest were middle
of the occlusal surface of the teeth 36 and 46, the top of
the canines 33 and 43 and the most apical point of the
recession at the affected teeth.

Measurement of the gingival recession on the plaster cast
Gingival recessions were measured with a caliper gauge
on the plaster casts before and after orthodontic treat-
ment. Measurements of the width of the recession were
performed at the biggest distance of the recession from
the gingival limit mesial to distal. Measurements for the
depth were performed from the enamel/cementum border
of the crown to the gingival apical limit of recession. All
measurements were performed three times.

Orthopantomogram measurement and treatment time
External apical root resorptions (EARR) were defined as
any reduction regarding the radiographic root length of
the orthodontically moved mandibular incisor. Quantitative
measurements of the crown and rot length were taken.

Any image distortion between the pre- and post-treatment
radiographs was calculated using the crown length
measurement [14]. It was decided to express the EARR
as relative root resorption seen as the percentage short-
ening per tooth. Radiographs before and after treatment
where performed by the same machine (Fig. 3).
Treatment time were taken out of patients records and

clinical pictures were analyzed descriptively.

Statistical analysis
Results are presented as single values for each patient or
as mean values with standard deviations. Differences
between the groups are described descriptively.

Results
Achieved changes of the root position
Superposition of the plaster cast before treatment and
after treatment showed a mean change of the root of

Fig. 2 Representation of a superposition of two plaster casts (before
and after treatment). Different colors show the amount of position
change, which can be measured by the software at any point of interest

Fig. 3 Orthopantomogram of a patient before orthodontic treatment.
Lengths of the crown and root of the incisor with the torque discrepancy
was measured and compared to the lengths of the crown and the root
after treatment

Fig. 4 Example of a 3D superimposition of the plaster cast before
treatment and after treatment. Different colors show the amount of
tooth movement. In this case changes of the most apical point of
the lingual recession (white arrow) at tooth 42 were measured

Jacobs et al. Head & Face Medicine  (2017) 13:18 Page 3 of 6



1.8 mm ± 0.3 mm (patient no. 1: 1.6 mm; patient no. 2:
1.7 mm, patient no. 3: 2.1 mm) into the alveolar bone at
the most apical point of the recession (white arrow, Fig. 4).

Differences between set-up and final model
Evaluation of the set-up and final models after treatment
showed the deviation between the planned tooth move-
ment and the achieved tooth position (Fig. 5). The high-
est mean value for the deviation between set up and
final model was measured at the occlusal surface of the
tooth 36 with 0.8 mm. Nearly all other measurements
showed values around 0.5 mm or less (Table 1).

Depths and widths of the recessions
The depths and widths of the periodontal recessions were
measured on the plaster casts before and after orthodontic
treatment. Mean depth of the periodontal recession before
treatment was 8.0 ± 4.6 mm and 3.3 ± 0.5 mm after treat-
ment. Thus the depths were significantly reduced with Δ of
4.7 mm. Mean widths of the recessions was 3.3 ± 0.3 mm
before treatment and 2.2 ± 0.3 mm after treatment.
Thus Δ of the widths was 1.1 mm. Table 2 shows the
values for each patient before and after orthodontic
treatment.

Relative external apical root resorption (EARR)
The affected teeth were measured before and after treat-
ment to analyze a possible EARR due to the accomplished
torque movement. The mean relative EARR of the three

teeth was 2.7 ± 1.5% (patient no. 1: 2.7%; patient no. 2:
4.2%, patient no. 3: 1.2%).

Treatment time
The treatment time of the patients were analyzed due
to the patients` records. Average treatment time was
13.8 ± 4.5 months (patient no. 1: 18.5 months; patient
no. 2: 13.5 months, patient no. 3: 9.5 months).

Clinical situation before and after treatment
In the last step we analyzed the clinical situation of the
patients by the intraoral pictures. All three patients showed
a massive improvement of the periodontal situation after
the orthodontic treatment. Torque correction of the
affected teeth led to an improvement of the periodontal
recession. Two of three patients still had a problem
with the hygiene of the gingiva and an inflammation of
the gingiva was still observed in these cases (Fig. 6).

Discussion
The precision of the CCLA has been analyzed in previous
studies [1–3]. Pauls et al., 2010 [1], compared set up plaster
casts and final model plaster casts of full arch treatments.
Consequently all teeth changed their position making the
superposition much more complicated. In the present study
all patients were treated by a partial appliance. The teeth
that were not included in the set up and not integrated into
the appliance served as stable structures. Thus, we could
use the teeth that were not included into the appliance to
superimpose the plaster casts on the surfaces of these teeth.
Therefore the gingival parts had to be removed before the
process of the superposition.
Pauls et al., 2010 [1], observed a discrepancy between

the set up and the plaster cast of the final situation of
less than 0.5 mm. In accordance we found out a difference
of about 0.5 mm between the two models. This indicates a
very high precision and reliability of the methods for the
superposition.
The exactness of the 3D scanner is a key factor for the

precision of the digitalization of the plaster casts. The
orthoX 3D scanner used in the present study provides a
precision of less than 20 μm at a scanning time of 45 s. This
is the requirement for the quality of the digitalization.
The method to measure the EARR in the orthopanto-

mogram was established by Linge and Linge in 1983
[14] and successfully used in different previous studies

Fig. 5 Example of a 3D superimposition of the set up and the final
situation after treatment. Different colors show the amount of deviation.
Different points of the arch were analyzed and the deviations in every
axis of the coordinate system were observed. Target points were on the
middle of the occlusal surface of the teeth 36 and 46, the top of the
canines 33 and 43 and the most apical point of the recession at the
affected teeth

Table 1 Mean deviation between the set up and the plaster cast (mm ± standard deviation) of the final situation of every measurement
point (occlusal 36 and 46, top of 33 and 43 and at the gingival apical limit of recession) in every axis (X, Y, Z) of the coordinate system

Axis Occl. 36 Occl. 46 Top 33 Top 43 Apical 42/41

X 0.17 ± 0.14 mm 0.53 ± 0.06 mm 0.43 ± 0.15 mm 0.47 ± 0.06 mm 0.17 ± 0.06 mm

Y 0.4 ± 0.27 mm 0.5 ± 0.3 mm 0.57 ± 0.21 mm 0.77 ± 0.15 mm 0.6 ± 0.2 mm

Z 0.8 ± 0.1 mm 0.53 ± 0.31 mm 0.5 ± 0.3 mm 0.27 ± 0.15 mm 0.56 ± 0.15 mm
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[15, 16]. Orthopantomograms are done as a standard
procedure before and after orthodontic treatment in
Germany. Thus, no additionally x-ray must be done for
study reasons. The weakness of the method is the inaccur-
acy of the orthopantomograms which do not show the
apex as sharp as for example a single-tooth radiograph.
In the present study the torque movement of the apex

after orthodontic treatment with the CCLA was about
2 mm into the direction of the alveolar bone. The gingival
recession improved in all cases with a mean reduction of
nearly 5 mm. So far there are only case reports in the
present literature describing the periodontal changes after
orthodontic single tooth correction. Our results accord
with these case reports, which also reported a significant
improvement of the periodontal situation due to ortho-
dontic treatment [9, 12]. All these cases showed a
massive gingival recession on the tooth with the torque
problem before treatment. This underlines the fact that
the position of a tooth correlates with its gingival situ-
ation. Due to the retrospective study design we were
only able to compare the gingival recession by plaster
casts and clinical pictures. Further study with a larger
amount of patients and clinical measurements of the
periodontal situation before and after torque correction
are desirable for the future.

Tanaka et al. presented a case report in 2010 and could
show a five-year-follow-up of a combined treatment of
periodontal surgery and orthodontic treatment for gingival
recession in the lower front [17]. The periodontal surgery
was performed before orthodontic treatment. Two of the
cases presented in our study also underwent periodontal
treatment. The periodontal surgery was performed after
the orthodontic treatment. The direction of tooth move-
ment might have an impact on the order of the two ther-
apies. Both approaches ended up into very good clinical
results. Long time-follow-up-studies are necessary to show
a possible advantage of one method.
In our study all cases were under orthodontic retention

with a fixed retainer behind the frontal teeth of the man-
dible. Two of the retainers were partially debonded what
the patients did not notice. It is still unclear in the litera-
ture where the unexpected tooth movements under par-
tially debonded retainers come from. Either the retainer
was bonded with an active component or masticatory
forces can be the origin of stress in the retainer wire [10].
Shaughnessy et al. [18] pointed out that fixed retainers

are an effective way to prevent a relapse after orthodontic
treatment, but require a regular supervision. The wire
used as a fixed retainer might have an impact on the risk
of unexpected tooth movements, but nearly all wires can
create inadvertent tooth movements when they are par-
tially debonded.
To avoid stress between the bonding points of a fixed

retainer a novel technique are CAD/CAM-produced
lingual retainer. These retainers seem to provide a very
accurate fitting to the lingual tooth surface and might
prevent unexpected tooth movements caused by residual
stress between the bonding points [19]. Future studies
are needed to confirm this possible advantage.
We observed a very low external apical root resorption

on the teeth after torque correction. Hohmann et al.,
2007 [20], described in their finite element study that

Table 2 Depths and widths of the recessions (mm) before and
after orthodontic treatment (mean ± standard deviation)

Patient Depth before
(mm)

Depth after
(mm)

Width before
(mm)

Width after
(mm)

1 4 2.5 3.5 2.0

2 7.0 4.0 3.5 2.5

3 13.0 3.0 3.0 2.0

mean ± SD 8.0 ± 4.6 3.3 ± 0.5 3.3 ± 0.3 2.2 ± 0.3

Δ change 4.7 mm 1.1 mm

All values in mm, Δ change means the difference before and after treatment

Fig. 6 Intraoral clinical pictures of the three patients (I-III) before (upper line) and after orthodontic treatment (lower line)
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increased torque resulted in increased high-pressure areas
and increased magnitudes of hydrostatic pressure [20].
They concluded, if hydrostatic pressure exceeds typical
human capillary blood pressure in the PDL, the risk of
root resorption increases. Van Loenen et al., 2007 [21], ob-
served higher root resorptions after the torque movement
and described the torque movement as a possible trigger
for external apical root resorptions [21]. In our study the
teeth, which were torqued, were standing partially out of
the bone. Thus, maybe the resistance and hydrostatic
pressure during the movement was less and might be the
reason for the less observed root resorptions.

Conclusions
This is the first study showing that the CCLA with its
high precision is very effective in correcting single tooth
torque problems. Orthodontic torque correction resulted
in a significant reduction of gingival recessions and caused
only negligible root resorptions.

Abbrevations
3D: 3 Dimensional; CCLA: Completely customized lingual appliance; EARR: Relative
external apical root resorption; SPSS: Statistical Package for the Social Sciences;
STL: Standard Tessellation Language
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