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The effect of third molars on maxillary molar
distalisation using a miniscrew-supported 3D°
maxillary bimetric distalising arch

Niliifer Irem Tunger and Ayca Arman-Ozcirpici

Faculty of Dentistry, Department of Orthodontics, Bagkent University, Ankara, Turkey

Objectives: The aim of the present study was fo investigate the effect of third molars on the efficiency and biomechanics of a
novel miniscrew-supported 3D® Maxillary Bimetric Distalising Arch (3D-MBDA).

Methods: Twenty-three patients, whose third molars were either extracted at the beginning of treatment (Group 1, n=11) or
retained (Group 2, n=12), were included in the study. Lateral cephalometric films and dental casts, taken at the beginning (TO)
and af the end of upper molar distalisation (T1), were analysed fo study the differences between groups.

Results: Crown distalisation of the first molars was similar between the groups; however, root distalisation, both at the frifurcation
and apex levels, infrusion at the mesiobuccal cusp tip, and the distalisation rate were significantly higher in Group 1. The resultant
fipping of the first molars in both groups was mesially-directed, unlike the usual distal fipping. The second molars distalised more,
displaced less vestibularly and rotated mesiobuccally in Group 1, whereas they demonstrated a significantly higher vestibular
displocement and distobuccal rotation in Group 2. The mean distalisation time was significantly shorter in Group 1 when
compared to Group 2. The miniscrew success rate was 95.5% for Group 1 and 91.7% for Group 2.

Conclusion: The miniscrew-supported 3D-MBDA was found to have greater effects on root distalisation and the final inclination
of the molars. The third molars were associated with limited root movement, unfavourable displacement of the second molars, as
well as a slower distalisation rafe. Therefore, the extraction of third molars prior fo distalisation is recommended, especially when
the miniscrew-supported 3D-MBDA s the appliance choice.
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Introduction

Maxillary molar distalisation has proven to be an
effective treatment approach in the correction of
a Class II malocclusion. There is a great variety of
appliances that may be employed, from cervical
head-gear to skeletonised intraoral distalisers, aiming
for an eflicient and rapid distalisation sequence with
a minimal risk of relapse and side-effects.'* Cervical
head-gear clinically generates a substantial amount of
distalising force with very few side-effects; however,
it is aesthetically challenging and relies on patient

compliance.® Intraoral distalisers have the advantage
of high aesthetic acceprability, but the conventional
devices fail to meet the anchorage demand and
produce unwanted tooth movement.*” For almost
two decades, temporary skeletal anchorage devices
(TSADs) have served to overcome the shortcomings
of conventional intraoral distalisers. TSADs may
be inserted into the palate, buccal interradicular
areas or the infrazygomatic crest. TSAD-supported
palatal distalisers have the advantage of being distant
to tooth roots and sited in an adequate quantity
and quality of bone with sufficient keratinised soft
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tissue.*” However, there are disadvantages regarding
applied force vectors and the complex placement and
removal procedures."” Buccal distalisers supported by
interradicular TSADs can usually be placed during
the same session when the TSAD:s are inserted, have
a de-rotating effect on the mesially-drifted molars,
and are easy to place. However, interradicular
TSADs have a higher risk of root injury and provide
a limited range of tooth movement.''> Lastly,
the infrazygomatic TSADs do not interfere with
tooth movement but inserted miniplates require
surgical placement and removal, thereby increasing
postoperative discomfort and treatment costs.

A 3D Maxillary Bimetric Distalising Arch
(3D-MBDA) was introduced in the late 1970s by
Wilson."!* The appliance is applied from the buccal
aspect and consists of a bi-dimensional arch with distal
omega loops and hooks for elastic use. The distal ends
of the arch are inserted into the head-gear tubes of the
first molar bands and compressed open coil-springs,
placed between the omega-loops and head-gear tubes,
generate the distalising force. The anterior part of the
arch is tied to the maxillary incisors for stability. The
system is patient-compliant but requires the use of
Class II elastics in order to convey the distalising force
onto the molars. Furthermore, the system is useful in
correcting the rotation of mesially-drifted molars via
the applied buccal forces.*”7 The shortcoming of the
appliance is unwanted mandibular molar mesialisation
and mandibular incisor proclination as a result of
Class II elastic use.”®' In order to overcome the
side-effects and eliminate the dependency on Class 11
elastics, the present study used a modified version of
the conventional 3D-MBDA by integrating TSADs
into the system.

The benefits of extracting the third molars prior to
maxillary molar distalisation remains a controversial
issue. Kinzinger et al.”* strongly recommended third
molar extraction at the beginning of treatment to
limit the distal tipping of the first molars. A recent
study, conducted on adolescents, demonstrated that
the eruption pattern of the third molars in the short-
term changed from downward-forward to upward-
backward after maxillary molar distalisation using
a modified C-palatal plate. It was concluded that it
may still be possible to carry out distalisation without
third molar germectomy.” However, De-la-Rosa-
Gay et al.?* determined that the chance of successful
eruption of the third molars decreased as the tooth’s

developmental stage increased with age. The rationale
behind prior extraction of the third molars was to
maximise the efficiency of the distalisation, and
minimise relapse by creating an environment in
which molars may be bodily distalised, because
distally-tipped molars have been shown to upright
after the distalisation forces have been discontinued
which leads to a loss of achieved distal movement.>%

As the effect of third molars on maxillary molar
distalisation in adult patients seeking orthodontic
treatment is seldom studied, it remains unclear
whether the extraction of the third molars prior
to distalisation provides a significant advantage.
Therefore, the aim of the present study was to
investigate the impact of the third molars on the
efficiency and biomechanics of a novel miniscrew-
supported 3D-MBDA, and to determine whether it
is necessary to extract these teeth at the beginning of
treatment. It is considered that this will be the first
study to document the dental and skeletal effects of
a miniscrew-supported version of 3D-MBDA in a
relatively large group of patients.

Subjects and methods

The present study was approved by the Institutional
Review Board of Baskent University (Project no:
D-KA 21/27), and was conducted according to the
Declaration of Helsinki in protecting the interests
and rights of research participants. The inclusion
criteria were; (1) at least half-cusp bilateral Class II
molar relationship originating from the maxillary
dental arch, (2) patients who were about to complete or
have completed skeletal growth (above MP,  according
to hand-and-wrist films,”® and stage 5 according to
the cervical vertebral maturation method?), (3) fully-
erupted maxillary second molars in good occlusion,
(4) no posterior crowding, and (5) no previous
orthodontic treatment history. Records of 23 patients
(19 females, 4 males) meeting the inclusion criteria
were included in the study and were treated by the
same investigator (N.IT).

After explaining the treatment protocol to the
patients, and to the parents if the patient was a
minor, all were advised to have their third molars
extracted before treatment, regardless of the eruption
status (position, angulation and rotation). The
patients and/or parents made the final decision and
therefore provided consent, so that bias would not be
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Figure 1. [A) Miniscrew insertion between first and second premolars (note proximity of the miniscrew to the second premolar roof). (B) 3D® Maxillary
Bimetric Distalizing Arch, 5-mm open Elgiloy coil-springs placed distal to the omega-loops, and molar bands with gingivally-placed headgear tubes
[0.045-inch). (C] Activation of the open coil-springs with elastomeric chains. (D) Infracral positioning of the 3D® Maxillary Bimetric Distalizing Arch from

occlusal view.

introduced to the research. Those patients who agreed
to have the third molars extracted at the beginning
of distalisation constituted Group 1 (z=11), whereas
those who refused extractions constituted Group 2
(n=12).

Two miniscrews (ACR series, BioMaterials Korea,
Seoul, Republic of Korea), of 1.5 mm diameter and 8
mm length, were placed perpendicular to the alveolar
surface between the first and second premolar roots
under local infiltration anesthesia. After cementing
molar bands (Truform, RMO?® Colorado, USA)
with gingivally-placed headgear tubes (0.045-inch)
on the maxillary first molars, the appropriate size
of 3D-MBDA (number 1-7, RMO® Colorado,
USA) was selected and 5 mm open Elgiloy coil-
springs (RMO?®, Colorado, USA) were placed distal
to the omega loops. The free ends of the distalising
arch were inserted through the headgear tubes of
the molar bands. Open coil-springs were activated
(approximately 250 gm per side) using elastomeric

chains placed between the miniscrews and the hooks
on the distalising arch (approximately 150 gm per
side) (Fig. 1). This modified tying system avoided the
need to place brackets on the maxillary incisors and
also the use of Class II elastics.

The distalisation mechanics were commenced after a
minimum of two months of healing in Group 1, and
soon after commencement of treatment in Group 2.
Review appointments were arranged every 4 weeks to
renew the elastomeric chains.

Start and end points of the observation period were
set at the beginning of treatment (T0) and at the end
of distalisation when a Class I molar relationship was
achieved (T1). A total of 17 cephalometric (Fig. 2)
and 9 dental cast (Fig. 3) variables were measured
by the same investigator. Cephalometric films
were traced and measured using Dolphin Imaging
software (Patterson Dental, California, USA). The
dental casts were scanned with an optical dental
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Occlusal
plane

Figure 2. Reference planes and cephalometric variables used in the study. Reference planes: SN (Sella-Nasion) plane; Occlusal plane, passing through
mesiobuccal cusp fip of maxillary first molar and incisal edge of maxillary central incisor; GoGn (Gonion-Gnathion) plane; Horizontal reference plane
[HRP), horizontal plane angulated 7° clockwise to the SN plane at Sella; Vertical reference plane [VRP), perpendicular plane to the HRP passing through
Sella. Cephalometric variables: 1, SNA; 2, SNB; 3, ANB; 4, GoGn.SN; 5, Occ plane.SN; 6, Overiet; 7, Overbite; 8, UbrootVRP (perpendicular
distance between mesiobuccal root apex of maxillary first molar and VRP); 9, Ubtrifurc VRP (perpendicular distance between trifurcation point of maxillary
first molar roots and VRP); 10, U6M-VRP (perpendicular distance between mesial contact point of maxillary first molar crown and VRP); 11, U6 MB-HRP
[perpendicular distance between mesiobuccal cusp tip of maxillary first molar and HRP); 12, U5.HRP; 13, U6.HRP; 14, UZHRP; 15, UTiVRP; 16, UT.HRP;

17, L1.HRP.

iiku:‘e | .

Midpalatal raphe

Figure 3. Reference planes and variables used in model analysis. Reference planes: Midpalatal raphe, the depression of the midpalatal suture; Rugae
line, a perpendicular line to the midpalatal raphe passing through the same rugal points identifiable on both (TO&T1) dental casts. Dental cast variables: 1,
U5-rugae line (distance between the central fossa of the second premolar and rugae line); 2, Ué-rugae line [distance between the central fossa of the first
molar and rugae line); 3, U7-rugae line (distance between the central fossa of the second molar and rugae line); 4, U5-U5 (infersecond premolar width);
5, U6-U6 [interdirst molar width); 6, U7-U7 (infersecond molar width); 7, U5.U5 (angle formed between the mesiodistal axes of the second premolars); 8,
U6.U6 [angle formed between the mesiodistal axes of the first molars); 9, U7.U7 (angle formed between the mesiodistal axes of the second molars).
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Table I. Demographic characteristics of patients in the treatment groups.

THE EFFECT OF THIRD MOLARS ON MAXILLARY MOLAR DISTALISATION

Group 1 {Third molars extracted) (n=11)

Group 2 (Third molars present) (n=12)

Mean (min-max) or n Mean (min-max) or n SD p
Age (years) 15.7 15.7 1.7 0.567
(13.4-21.2) (13.7-18.9)
Sex
Female % 10 0.876
Male 2 2
Anteroposterior discrepancy
1/4-cusp 0 0 0.789
1/2-cusp 6 7
3/4-cusp 2 3
fullcusp 3 2

SD, standard deviation.

scanner (Neway + Dental Scanner, Open Tech 3D,
Brescia, Italy) and analysed using MeshLab software
(CNR, Rome, Italy). The amount of distalisation
assessed on dental casts (U5/U6/U7-rugae line) was
measured for the right and left sides, and mean values
were taken for data analysis.

Statistical analysis

Statistical analyses were performed using the
SPSS software package (SPSS for Windows 22.0,
SPSS Inc, Illinois, USA). The Shapiro-Wilk test
was applied to test the normality of distribution.
The Mann-Whitney U and Wilcoxon signed rank
tests were used to compare differences between
and within groups, respectively. The Chi-square
test was used to examine the relationship between
categorical variables. The level of significance was
set at p <0.05.

Two weeks after the initial data assessment, five
randomly chosen patients from each group were
re-assessed by the same investigator (N.IT.) to test
intra-examiner reliability.

Results

Intraclass correlation coefficients, to assess the
reliability of measurements, ranged between 0.923

and 0.999. A post-hoc power analysis conducted by
using the differential of U6.HRP (°) between T0 and
T1 produced a power of 86.5%.

The demographic characteristics of the groups
at the beginning of distalisation are provided in
Table I. The mean ages, the distribution of genders
and anteroposterior discrepancies were found to be
similar between the groups. Baseline characteristics
were also similar, except for the U7-rugae line, which

was reduced in Group 1 (p=0.041) (Table II).

The changes achieved following distalisation within
and between the groups are summarised in Table
II. An outstanding finding of the present study
was the mesially-directed tipping pattern of the
molars, unlike the usual distal tipping, which was
significantly greater in Group 1 (Fig. 4).

The amount of distalisation of the first molar crowns
(U6M-VRP) was similar between the groups, yet the
amount of root distalisation at the trifurcation and
apex levels was significantly greater in Group 1. The
mesiobuccal cusp tips of the first molars (U6MB-
HRP) intruded significantly more in Group 1 and, as
a result, posterior rotation of the occlusal plane (Occ
Plane.SN) was more pronounced in this group (Fig.

4, Table II).

The mean distalisation time for Group 1 (12.3 + 1
months) was significantly shorter than for Group
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2 (153 +19 months) (p=0.003). Furthermore,
the distalisation rate was significantly higher in
Group 1 (0.36 + 0.11 mm/month) than in Group 2
(0.25 £ 0.11 mm/month) (p=0.034) (Table II).

The second molar crowns distalised (U7-rugae
line) significantly more while displacing significantly
less towards the vestibule (U7-U7) in Group 1. The
second molars rotated (U7.U7) mesiobuccally in

Group 1, and mesiopalatally in Group 2 (Table II).

Both groups demonstrated significant retraction and
retrusion of the maxillary incisors (UL.HRP and
Uli-VRP), an increase in inter-second premolar (U5-
U5) and inter-second molar widths (U7-U7), and
a mesiobuccal rotation (U5.U5) and spontaneous
distalisation of the second premolars (U5-rugae line).
However, changes in skeletal parameters (ANB and
GoGn.SN angles), mandibular incisor inclination
(L1.LHRP), overbite, overjet and inter-first molar
width (U6-U6) were found to be insignificant
(Table II).

The miniscrew success rate was 95.5% (1 failure out
of 22) for Group 1 and 91.7% (2 failures out of 24)
for Group 2.

Group 1: -7.7°
Group 2: -3.9°
p=0.001%

Group 1: -5.5 mm
Group 2: -3.8 mm
p=0.003*

Group 1: -4.5 mm
Group 2: -3.5 mm
p=0.022%

Group 1: -3.9 mm
Group 2: -3.4 mm
p=0.178

Group I1: -1.9 mm I
Group 2: -1.1 mm
p=0.005*
Figure 4. Comparison of first molar movements between groups. Color-
ed arrows represent the following; red, U6.HRP (amount and direction
of tipping); purple, UbrootVRP (amount of root distalization at apex
level); turquoise, Ubtrifurc VRP (amount of root distalization a trifurcation
level); orange, UGM-VRP [amount of crown distalization at mesial contact
point); blue, U6BMB-HRP {amount of infrusion at mesiobuccal cusp tip).

Discussion

The present study evaluated the effects of third molars
on maxillary molar distalisation using miniscrew-
supported 3D-MBDA. This was also the first study to
report the efficiency and dentoskeletal effects of this
new distalisation system, plus describing significant
mesial molar tipping, unlike the usual and expected
distal tipping. The results showed that third molars
contributed to four distinct effect differences in the
biomechanics of distalisation using the miniscrew-
supported 3D-MBDA; (1) the amount of tipping and
distalisation at the trifurcation and root apex levels
of the first molars, (2) the rate of distalisation, (3)
the movement pattern of the second molars in the
sagittal and transverse planes, and (4) the amount
of intrusion at the mesiobuccal cusp tip of the first
molars.

The amount of distalisation at the crown level
was similar between the groups; however, it was
significantly greater at the trifurcation and apex levels
in Group 1, which resulted in more mesial tipping
when compared to Group 2. These findings indicate
that the third molars decrease the efficiency of molar
distalisation possibly by limiting root movement. This
is therefore considered a strong indicator for the prior
extraction of these teeth, especially when miniscrew-
supported 3D-MBDA is the appliance of choice.
In line with the current findings, Kinzinger et al.*?
showed that molars could be distalised almost bodily
after germectomy of the third molars, and strongly
recommended their extraction before distalisation.

The second molars tipped more mesially with a mild
amount of vestibular movement and mesiobuccal
rotation when the third molars were extracted
prior to distalisation. However, when the third
molars were present during distalisation, the second
molars moved even more towards the vestibule and
rotated mesiopalatally which worsened the Class
IT discrepancy. The vestibular displacement of the
second molars, as if they were being “squeezed-
out” of the dental arch, may be a mechanism which
compensates for their inability to move and leads to
an increased tendency towards a scissors bite and a
subsequent unstable occlusion.

The intrusion of the mesiobuccal cusp tip of the first
molars was another controversial, yet desired effect
of the miniscrew-supported 3D-MBDA which was
more pronounced when third molars were extracted.

As can be inferred from GoGn.SN and ANB angles,
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the distalisation of the maxillary dental arch was
successfully carried out without increasing vertical
dimensions.

The miniscrew-supported 3D-MBDA is a recently
introduced distalisation system and, to the best of
current knowledge, this is the first study to document
its effects. The present results showed that maxillary
molar roots distalised further than the crowns, which
can be explained by the force vectors and moments
acting on the first molars in such a way that the
elastomeric chains, applied from the hooks to the
miniscrews, pull the anterior part of the distalising
arch upward, and the free ends of the arch placed
in the headgear tubes, force the molar crowns to
tip mesially. However, as a result of the continuous
distalising forces exerted by the coil-springs, the
crowns do not move forward, but the roots tip
distally instead, followed by uprighting of the crowns.
This shows that molar distalisation is a sequence of
tipping and uprighting. When the present results are
compared to those of previous distalisation studies
using temporary anchorage devices, the amount of
molar tipping was found to be greater than alternative
buccally-  (1.70°-3.99°) and  palatally-supported
(-1.20°-11.24°) distalisation systems.*? The amount of
molar distalisation was greater than buccal distalisation
using interradicular miniscrews (2.75 mm), and
similar to that reported by buccal distalisation using
infrazygomatic screws/plates (4.07 mm) and palatal
distalisation (4.17 mm) procedures.”> Based upon these
findings, it may be concluded that the new system is
capable of distalising the maxillary molars in similar
amounts compared with other skeletally-anchored
distalisation systems; however, with a more favourable
tipping pattern.

During  distalisation ~using the conventional
3D-MBDA, the arch is tied to the incisor brackets and
Class 1II elastics are applied to convey the distalising
force to the maxillary molars while stabilising the
arch. Although this design has been proven to be
effective in correcting a Class II molar relationship,
it relies heavily on Class II elastic use which may be
associated with two side-effects. Firstly, the maxillary
incisors are at risk of further proclination if the patient
does not comply with elastic use, and secondly,
Class II correction is a result of 50% maxillary
molar distalisation and 40% mandibular molar
mesialisation.’®=?! The addition of two miniscrews to
the conventional system avoided the need for anterior
brackets and Class II elastics. It further increased

THE EFFECT OF THIRD MOLARS ON MAXILLARY MOLAR DISTALISATION

the efficiency of the system while eliminating side-
effects but decreased the distalisation rate. The rate of
distalisation using the conventional 3D-MBDA was
reported to be 0.56 mm/month and 1.11 mm/month
by Muse et al.”® and Altug-Atac et al.?! respectively.
The distalisation rate identified in the present study
was found to be lower, which may be explained by the
consecutive tipping and uprighting sequence taking
more time than rapid distal-tipping observed in
most of the other distalisation systems. Furthermore,
Class II correction was achieved by only maxillary
molar distalisation, instead of a combination of
maxillary molar distalisation and mandibular molar
mesialisation.

Miniscrews which loosened and needed replacement
during distalisation were inserted nearby at a more
apical position and at a lesser insertion angle. At the
end of the distalisation period, the miniscrews were
placed between first and second molar roots, and
used to reinforce molar anchorage.

Limitations

Studies conducted with statistically appropriate sample
sizes provide the most reliable results. Although
the sample size of the present study was small, a
retrospective power determination was 86.5%, showing
that the acquired results did not undermine the
internal nor external validity of the study. Furthermore,
blinding of the data assessor was not possible as the
third molars were visible on the radiographs; however,
the operator performing the clinical steps was blinded.

Conclusion

The third molars were associated with less distal
movement of the first and second molar roots, more
vestibular displacement of the second molar crowns,
and a longer treatment time during maxillary molar
distalisation using the miniscrew-supported 3D°
Maxillary Bimetric Distalising Arch. Based on the
present results, the extraction of the third molars at
the beginning of distalisation seems beneficial with
regard to the distalisation rate and biomechanics of
this new-system.
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