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Abstract
Objectives: The purpose of the study was to use FEM to analyze three dimensional movements of first permanent molar distalization
using mini-implants.

Aim of the Study: The aim of the study was to analyze the FEM model of the maxilla which simulates the three dimensional movements of the first permanent molar after distalization using mini-implants.

Materials and Methods: In the present study, a 3D FEM model of right maxilla with an end on molar relation was created and was
used to calculate the amount of distalization in three axes, when forces were applied on implant to distalize the molar.

Results: On buccal side, the molar showed mesial buccal rotation, intrusion with uncontrolled distal tipping on application of 150

gms, on application of 200 gms, the molar showed mesial buccal rotation, intrusion with uncontrolled distal tipping and extrusion of
mesial cusps. On palatal side, the molar showed mesio palatal rotation, distal displacement, and intrusion of distal cusps and extru-

sion of mesial cusps which were the same on application of 150 and 200 gms of force, but the movements were more with the latter.

Interpretation and Conclusion: Buccal placement leads to distalization and unwanted tipping, whereas palatal placement shows
more distalization and less tipping, as it is closer to center of resistance. In terms of visibility and ease of placement, buccal implant
was easier compared to palatal implant.
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Introduction
Maxillary molar distalization is a non-extraction treatment op-

tion for maxillary arch expansion. The rationale for maxillary molar distalization is a Class II relationship (as a result of maxillary

posterior teeth migrating mesially) or a small skeletal Class II re-

lationship with minimal skeletal deformity or no mandibular tooth
size–arch length discrepancy [1].

The traditional method used for maxillary molar distalization is

headgear (extra-oral anchorage). However, headgear has some dis-

advantages; it is esthetically unacceptable and needs patient compliance [2]. These disadvantages led to the development of intra-

oral distalization methods that do not require patient cooperation:
e.g. magnets [3], nickel-titanium open-coil springs [4], pendulum

appliance [5], Keles slider appliance [6], distal jet appliance [7] and

several other methods. The common and unwanted side effect of
these non-compliance methods is the mesial drift of the premolars
and the incisors: i.e. anchorage loss [8].

To prevent anchorage loss, intraoral distalization methods take

support from the skeletal structures with the help of temporary an-

chorage devices such as endosseous implants, mini plates and mini

screws [9]. Implants and mini plates have some disadvantages such

as high costs and the need for additional surgery for placement and

removal. Mini-implants, on the other hand, are preferred because
they are cheaper and less invasive than other methods [10]. Additionally, they can be easily placed in several skeletal regions. The

anterior palate is considered to be a safe region for mini-implant
insertion because it is far from the tooth roots and important

anatomic structures [11,12]. Another benefit of palatal anchored
distalization mechanics would be that no fixed appliances are required during the distalization period.

Many authors have examined the effects of intraoral distaliza-

tion performed with support from the mini-implants placed in this
region. However, the tooth movements were generally analysed

two dimensionally on cephalometric radiographs and dental cast
photocopies in these studies.

The FE approach was proposed into dental biomechanical re-
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reliable for numerical approximation to all physical problems that
can be modelled by a differential equation description.

The Finite Element Method (FEM) is a numerical method of

analysis that allows the study of stress distribution in biological
systems. In dentistry, it has been used in studies of cranio-facial
development, prosthetics and implantology.

This method enables the strain-stress in the interior of the

structures to be calculated. It also has the potential for equivalent

mathematical modelling of a real object of complicated three di-

mensional geometry. At the same time, it permits the application of

various force systems at a set point and the study of the distribu-

tion of such forces through the structures like alveolar bone, tooth
and periodontal ligament.

Aim of the Study

The aim of the study was to use FEM to analyze three dimen-

sional movements of first permanent molar distalization using
mini-implants.

Materials and Methods
The present study was conducted for 3D evaluation of distal-

ization of maxillary first permanent molar using mini-implants by
using a Finite Element Method.
Armamentarium
1.

a.

b.
c.

d.
e.

2.

search in 1973 (Farah., et al.) and has been widely used to investi-

gate the stress and strain fields in alveolar support structures ever
since. The FEM is a powerful tool for the analysis of complex struc-

tures [8]. It has the advantages that it could be done in silico and is

3.

Workstation computer with following configuration:
Intel core 2 duo with 2.1 GHz
2 GB of RAM

2GB graphics card
320GB hard disc
17” monitor.

Spiral C.T scan machine: An X-force/SH spiral C.T scan machine was used for taking the CT scan images of the skull

(from which only region of interest like maxilla was extracted).

Software’s used:
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a.

Mimics 8.11: Materialise‘s interactive medical image control

b.

ANSYS 12.1: Analysis system software

system (MIMICS)

c.

Hypermesh 13.0.

•

Implants placed on buccal side.

•
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Material properties are assigned to each part (Elastic modu-

lus and poisson ratio), loads and boundary conditions were
applied and then the models are exported to simulation soft-

Selection of CT images: The sample for the present study included

•

ware.

patient were imaged using a X-force/SH spiral C.T scan machine.

•

models separately subjected to 150 gms and 200 gms of loads.

non-pathological CT images of intact maxilla. The CT images for the

required study were retrospectively collected. The CT scans of the
The scans for these patients were ordered by other clinicians for
specific clinical indications like sinusitis. The collected images
were evaluated according to the stipulated criteria.

The inclusion criteria for the selection of CT images were:

General criteria
•
•
•
•
•
•
•
•

Non pathological maxilla

No metallic restorations and other artefacts
No periodontal abnormalities
Non ankylosed teeth
Vital teeth

Skeletal class I jaw relation
Anterior crowding.

End on molar relation.

Data acquisition and model generation
•

The CT Scan data is processed using Mimics 8.11 software
and extracted the maxilla portion for the study which is fur-

ther taken into Rapid form 2014 Software and converted
•

into geometric model.

•

13.0 software to convert into finite element model.

The geometric model is further imported into Hypermesh
Bones, teeth, PDL, are separated and also physical metal

parts like brackets, wire and implants are modeled using
•
•

reverse engineering technique.

Two separate models were created for the study:
Implants placed on palatal side.

ANSYS 12.1 was used for analysis and was carried out for each
The results like movement of first molar were derived.

Observations and Results
Buccal side

Initially, the stability of maxillary buccal implants was ques-

tioned. With the development of new implants, there is no reason
to refrain from use of buccal implants in patients below 15 years

and older. The use of buccal implants is preferable because of their
ease of implantation and simple application in treatment.

Buccal interdental implants may have the disadvantage of im-

peding adjacent tooth movement. If properly positioned, however

with 2 to 3 mm of distal movement on either side, there is no little

possibility that tooth movement will be restricted, to be precise,
buccal alveolar bone is being used rather than the interdental alveolar bone. If buccal space is used with accurate implant positioning, movement of at least a half cusp width of molar is possible.

In the present study, mini-implant with a 1.2 mm x 7 mm di-

ameter were placed buccally at an angle of 90 degrees in between

second premolar and first molar. As the molar distalizing force was

applied at the level of the bracket, on application of 150 gms, the
first molar showed:
•
•
•

-0.001 mm mesial buccal rotation (Figure 1).

0.002 mm uncontrolled distal tipping (Figure 2).
0.001 mm intrusion (Figure 3).

As the molar distalizing force was applied at the level of the

bracket, on application of 150gms, the second molar showed:
•
•
•

No rotation (Figure 4).

0.002 mm distal tipping (Figure 5).
Intrusion (Figure 6).
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In the present study, mini-implant with a 1.2 mm x 7 mm di-

ameter were placed buccally at an angle of 90 degrees in between

second premolar and first molar. On application of 200 gms, the
first molar showed:
•
•
•

- 0.001 mm mesial buccal rotation (Figure 1).

0.003 mm uncontrolled distal tipping (Figure 2).

0.001 mm intrusion and extrusion of mesial cusps (Figure
3).

On application of 200 gms, second molar showed:
•
•
•

-0.001 mm mesial buccal rotation (Figure 4).

Figure 3: First molar movement in Z-direction (mm).

0.002 mm uncontrolled distal tipping (Figure 5).
0.001 mm intrusion (Figure 6).

Figure 4: Second molar movement in X-direction (mm).
Figure 1: First molar movement in X-direction (mm).

Figure 2: First molar movement in Y-direction (mm).

Figure 5: Second molar movement in Y-direction (mm).
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•

0.001 mm extrusion of mesial cusps (Figure 9).
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In this study, when mini-implant assisted trans palatal arch was

used for molar distalization, on application of 150 gms, second molar showed:
•
•
•

No rotation (Figure 10).

0.002 mm distal displacement (Figure 11).
0.001 mm intrusion (Figure 12).

In this study, when mini-implant assisted trans palatal arch was

Figure 6: Second molar movement in Z-direction (mm).
Palatal side

used for molar distalization, on application of 200 gms, the first
molar showed:
•
•

0.002 mm mesio palatal rotation (Figure 7).
0.004 mm distal displacement (Figure 8).

Placing the mini-implants between the buccal roots, limits the

•

To achieve molar distalization in MIA-TPA, direct traction using

In this study, when mini-implant assisted trans palatal arch was

distal movement of the dentition (Lee., et al. 2009). Additionally,
this movement results in tilting, most notably in the molars.

elastic modules stretching from a mini-implant to a TPA helix is
suggested. Mini-implant were inserted into the palate in this study,

where in attached gingiva is not a major concern, in contrast to the
buccal side.

The mesio distal axis of molar movement can be controlled by

adjusting the vertical position of mini-implants and/or the direction of the line of action relative to furcation. Thus, rather than tipping, bodily tooth movement is encouraged.

•

0.001 mm intrusion of distal cusps (Figure 9).

0.001 mm extrusion of mesial cusps (Figure 9).

used for molar distalization, on application of 200gms, second molar showed:
•
•
•

-0.001 mm mesio palatal rotation (Figure 10).
0.003 mm distal displacement (Figure 11).
0.001 mm intrusion (Figure 12).

The MIA-TPA is a dental appliance that can successfully establish

absolute anchoring and distalize maxillary first molars. This move-

ment is inextricably linked to expansion. Extrusion is hindered by
the apical distal force, and molar movement is slow relatively.

In this study, when mini-implant assisted trans palatal arch was

used for molar distalization, on application of 150 gms, first molar
showed:
•
•
•

0.001 mm mesio palatal rotation (Figure 7).
0.002 mm distal displacement (Figure 8).

0.001 mm intrusion of distal cusps (Figure 9).

Figure 7: First molar movement in X-direction (mm).
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Figure 8: First molar movement in Y-direction (mm).

Figure 9: First molar movement in Z-direction (mm).

Figure 11: Second molar movement in Y-direction (mm).

Figure 12: Second molar movement in Z-direction (mm).
Buccal side
As the molar distalizing force was applied at the level of the

bracket, on application of 150 gms, the first molar showed, -0.001
mm mesial buccal rotation, 0.002 mm uncontrolled distal tipping,

0.001 mm intrusion. The second molar showed, no rotation, 0.002
mm distal tipping, intrusion (Table 1).

On application of 200 gms, the first molar showed, -0.001 mm

mesial buccal rotation, 0.003 mm uncontrolled distal tipping, 0.001
Figure 10: Second molar movement in X-direction (mm).

mm intrusion and extrusion of mesial cusps. The second molar
showed, -0.001 mm mesial buccal rotation, 0.002 mm uncontrolled
distal tipping, 0.001 mm intrusion (Table 1).
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Palatal side

•
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The distal movement on palatal side varied as the load increased from 150 gms to 200 gms, first molar moved from

In this study, when mini-implant assisted trans palatal arch was

0.002 mm to 0.004 mm and second molar moved from 0.002

used for molar distalization, on application of 150 gms, first mo-

mm to 0.003 mm (Graph 2).

lar showed, 0.001 mm mesio palatal rotation, 0.002 mm distal displacement, 0.001 mm intrusion of distal cusps, 0.001 mm extrusion

of mesial cusps. The second molar showed, no rotation, 0.002 mm
distal displacement, 0.001 mm intrusion (Table 1).

On application of 200 gms, the first molar showed, 0.002 mm

mesio palatal rotation, 0.004 mm distal displacement, 0.001 mm

intrusion of distal cusps, 0.001 mm extrusion of mesial cusps. The
second molar showed, -0.001 mesio palatal rotation, 0.003 mm distal displacement, 0.001 mm intrusion (Table 1).
Tooth

Side

150 gms
200 gms
X
Y
Z
X
Y
Z
First molar Buccal -0.001 0.002 0.001 -0.001 0.003 0.001
Second
side 0.000 0.002 0.001 -0.001 0.002 0.001
molar
First molar Palatal 0.001 0.002 0.001 0.002 0.004 0.002
Second
side 0.000 0.002 0.001 -0.001 0.003 0.001
molar

Table 1: Displacement summary table for both buccal and palatal
side.

On application of different loads i.e. 150 gms and 200 gms on
first and second molar:
•

The distal movement on buccal side varied as the load in-

creased from 150 gms to 200 gms, first molar moved from

0.002 mm to 0.003 mm, second molar movement was constant

Graph 2: Palatal side distal movement variation with applied
load.
•

On application of 150 gms, distal movement of first molar

when mini-implant was placed either buccal or palatal is the
same. On application of 200 gms, distal movement of first molar when mini-implant was placed palatally is more than buccal placement (Graph 3).

(Graph 1).

Graph 1: Buccal side distal movement variation with applied load.

Graph 3: First molar distal movement comparison.
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On application of 150 gms, distal movement of second molar

cooperation, which can be challenging given social and aesthetic

molar when mini-implant was placed palatally is more than

distal jet and pendulum. These devices distalized maxillary molars

when mini-implant was placed either buccal or palatal is the
same. On application of 200 gms, distal movement of second
buccal placement (Graph 4).

issues. To avoid this drawback, various non-compliance appliances

have been developed including the Keles slider, repelling magnets,
continuously, which may result in distal tipping and extrusion of

the first molars, whilst mesial reactive forces may result in anchoring loss and labial flaring of anterior teeth. To overcome these un-

wanted side- effects, skeletal anchorage systems have been applied
in previous studies for molar distalization [57].

Orthodontists regularly encounter mild to moderate Class II

molar and canine relationships that they desire to avoid treating

with premolar extraction and for which supplemental treatment is

frequently ineffective due to low patient compliance. Many studies
on intraoral maxillary molar distalization without patient coopera-

tion have been performed, in order to solve the patient compliance
Graph 4: Second molar distal movement comparison.

Discussion
Anchorage management has historically been a tough and un-

predictable task in orthodontic practise. Numerous attempts have
been made to obtain bone tissue support for successful anchoring

management in order to overcome this obstacle. In the early stages

of orthodontic research, several case reports described osseo in-

problem associated with extraoral distalization appliances [44].

Molar distalization is recommended for correction of Class II malocclusion or maxillary crowding cases without extraction [57].

It has been reported that the mean distalization possible in the

sagittal direction was 3.34 mm with tooth-borne intraoral distal-

ization methods and 5.10 mm with skeletal anchorage [45]. The
distal jet moved the crowns of maxillary molars with 2.8 mm distally in 2.5 months. The conventional intra oral appliances distalized maxillary first molar at the rate of 0.6 to 1.2mm per month.
The following observations were made in the study.

tegrated implants for restoration of missing teeth and later for an-

chorage in orthodontic treatment. This led to the modification of

Buccal side

plant system for orthodontic anchorage. These skeletal anchorage
systems have been subsequently used as onplants, osseo integrated

tioned. With the development of new implants, there was no rea-

implants. Mini-implants have the advantages of low cost, simple

son to refrain from use of buccal implants in patients below 15
of their ease of implantation and simple application in treatment.

prosthodontic dental implants and the development of a new im-

implants, zygomatic ligatures, mini plates and more recently mini-

surgical placement and ease of removal. They are small enough to
be placed in any space in the alveolar bone, even in the interdental

Initially, the stability of maxillary buccal implants was ques-

years and older. The use of buccal implants is preferable because

Buccal interdental implants have the potential limitation of

areas. The use of mini- implant has now been expanded, but there

hindering the movement of adjacent teeth. If properly positioned,

About distalization

cise, buccal alveolar bone is being used rather than the interdental

are still many unknown factors that could affect the clinical success
of mini-implants.

Headgear has been a conventional modality for Class II maloc-

clusion through distalization of molars or entire the maxillary dentition. However, its primary disadvantage is its reliance on patient

however with 2 to 3 mm of distal movement on either side, there
is no possibility that tooth movement will be restricted. To be prealveolar bone.

In this regard, mini-implants are considered as viable option

due to the various advantages which include:
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•
•
•

Minimum anatomic limitation in its placement.

•

Economical, no necessity for complicated clinical and labora-

The disadvantages of placing a mini-implant buccally are:

Easy placement and removal.

•

tory phases, or for osseo integration when mini-implants are

•

used.

•

Mini-implant placement in this area, however, has some disad-

vantages including:
•

•

Low mechanical stability of the mini-implant due to moderately low thickness of the cortical bone.

The need to use mini-implants with small diameters is be-

cause of inadequate interdental space and there is injury
•
•

potential to the roots of adjacent teeth.

The possibility of invasion into the maxillary sinus.

Inhibition of subsequent tooth movements, etc [58].

Inter-radicular mini-implants have been shown to provide sta-

tionary anchorage for various types of orthodontic tooth move-

Maintenance of good oral hygiene control.

Less mesio-distal space is available on the buccal side than on
the palatal side. This indicates that, more sites for a safe screw
insertion are available on the palatal side than on the buccal

One of the common areas for placement of mini-implants in
molar distalization is the interdental area.

It is more comfortable to the patient.

48

•

side.

•

tal movement of at least a half cusp width of molar is possible.

If buccal space is used with accurate implant positioning, dis-

Mini-implants inserted into the inter-radicular space should
not interfere with tooth movement when adjacent teeth are
moved in an antero-posterior direction. It is likely that extensive molar distal movement is difficult to achieve with buccal

inter-radicular mini-implants because the implants would
come in contact with the surrounding root during tooth movement.

In the present study, mini-implant with 1.2 mm x 7 mm diam-

eter were placed buccally at an angle of 900 in between second premolar and first molar.

As the molar distalizing force was applied at the level of the

ment. Mini-implants are frequently used to give skeletal anchorage

bracket, the first molar showed mesio-buccal rotation, uncon-

potential for complications related to soft tissue irritation, particu-

cal rotation, uncontrolled distal tipping, intrusion and extrusion of

in the buccal inter-radicular bone. The inter-radicular space is a

potentially advantageous region for insertion because there is less
larly if they are placed through the attached gingiva. While adjacent

teeth may restrict mesio-distal tooth movement, buccal interdental mini-implants are extremely beneficial for molar distalization
due to their ease of placement and ease of usage during treatment.

trolled distal tipping and intrusion on application of 150 gms (Figure 1-3). On application of 200 gms, the molar showed mesio-bucmesial cusps (Figure 4-6).
Palatal side

The placement of mini-implants between the buccal roots limits

Three millimetres of distal movement each side can indeed be

the distal movement of the dentition. Also, this movement causes

The highest bucco-lingual thickness was found at the 6mm level

In MIA-TPA, direct traction from elastic modules spanning from

achieved with a correctly positioned TAD [55].

tipping, especially in the molars.

between the first and second molars. The highest mesio-distal dis-

a mini-implant to a TPA helix is used to achieve molar distalization.

The advantages of placing a mini-implant buccally are:

side. Moreover, there is more interdental space in the palate rela-

tances, both buccally and palatally were found between the second
premolar and the first molar [60].
•
•

It’s ease of placement.

The presence of adequate cortical bone in posterior maxil-

lary region.

Mini-implants were inserted into the palate in this study, wherein
attached gingiva is not a major concern, in contrast to the buccal

tive to the buccal side, and larger mini-implants (2 mm in diameter) can be inserted.

The mesio-distal axis of molar movement can be controlled by

adjusting the vertical position of mini-implants and/or the direc-
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tion of the line of action relative to furcation. Thus, bodily tooth

implants required per patient. In most cases, the same MSI can be

ease of manufacture. The appliance is compact in comparison to

The advantages of palatal implants are:

movement is promoted, rather than tipping movement [55]. Additionally, TPAs are advantageous because to their simplicity and
other similar devices.

Nalcaci distalized molars via mini-implants with open coil

springs by an average 3.95 ± 1.35 mm. Gelgor distalized molars by
an average 3.9 ± 1.6mm via implants supported by TPAs and NiTi

open coil springs. Yamada used mini-implants and elastomeric

used for distalization, retraction, or intrusion of teeth, simply by
altering the design of the TPA attached [55].
•
•
•

distalization of 4 - 5 mm was seen with palatal implants on an average duration of 10 - 12 months.

An earlier study, conducted to mechanically evaluate distaliza-

tion modalities through the application of skeletal anchorage us-

ing Finite Element Analysis. Distalization with the palatal plate
revealed substantial molar movement and negligible incisor displacement. Placing mini-implants on the buccal side resulted in

Availability of adequate cortical bone.

The presence of abundant attached gingiva, more mesiodistal inter dental space, can move the molar by one full

chain or NiTi closed coils for distalization and average molar movement was 2.8 ± 1.6 mm [44]. The above study showed that, mean

They exert force closer to centre of resistance.

cusp width.

The disadvantages of palatal implants are:
•

•

Complicated procedure for implant placement and removal.

Risk of nerve damage.

In this study, when mini-implant assisted trans palatal arch was

distally tipped and extruded first molars, whereas labially flared

used for molar distalization, first molar showed mesio-palatal ro-

movement without tipping or extrusion [57]. The above study also

(Figure 7-9) and 200gms (Figure 10-12) of force, but the move-

and intruded incisors. Distalization with the palatal plate rather
than mini-implants on the buccal side provided bodily molar

inclines towards the opinion that palatal placement of implant is
better than buccal.

In this aspect, the palate is an ideal location for mini-implants

for maxillary molar distalization because of its adequate cortical
bone thickness, which aids in the stability of the mini-implant. In

our research, inserting mini-implants on the buccal side resulted in
the distal tipping and extrusion of the first molar. The palate on the
other hand, presents with thick, dense cortical bone levels, mak-

ing it one of the most suitable sites for successful MSI placement.

tation, distal displacement, intrusion of distal cusps and extrusion

of mesial cusps which were the same on application of 150 gms
ments were more with the latter. As the load increases, movement

achieved through palatal mini-implant placement was more than
buccal mini-implant placement (Graph 3 and 4) (Table 1).

Based on the clinician’s requirements and clinical situations,

distalization can be achieved by placing the implant buccally or
palatally.

Conclusion
Interradicular mini-implants have been demonstrated to pro-

The palate, with the exception of the incisive foramen, is a site with

vide fixed anchoring for a variety of orthodontic tooth movements.

thickness, which presents an environment that naturally limits tis-

moved in an anterior-posterior direction.

a low risk of nerve and blood vessel damage from MSI insertion.
Furthermore, the palate is covered with keratinized tissue of ample
sue irritation and inflammation [59].

The MIA-TPA is an appliance capable of achieving absolute an-

choring and successfully driving maxillary first molars distally. Be-

cause the distal force is directed apically, extrusion can be avoided.
The use of palatal anchorage can also reduce the number of mini-

However, mini-implants inserted into the interradicular space
should not interfere with tooth movement when adjacent teeth are
Mini-implants placed in the maxillary buccal interradicular

space between the second premolar and the first molar at an 90
degree angle were useful for moving maxillary molars distally in
non-growing patients:
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•

•

On application of 150 gms, the molar showed mesial out rotation, intrusion with uncontrolled distal tipping.

On application of 200 gms, the molar showed mesial buccal

rotation, intrusion with uncontrolled distal tipping and extru•

sion of mesial cusps.

Mini-implants were placed on the palatal interdental area at

an angle of 90 degree such that the distalization forces were
•

applied directly to the molar.

On application of 150 gms, molar showed mesio palatal rota-

tion, distal displacement, intrusion of distal cusps and extru•

sion of mesial cusps.

On application of 200 gms of force, molar showed mesio palatal rotation, distal displacement, intrusion of distal cusps and

extrusion of mesial cusps, but the movements were increased.

To conclude, both buccal placement and palatal placement of

implants have pros and cons such as, buccal placement leads to distalization and unwanted tipping, whereas palatal placement shows

more distalization and less tipping, as it is closer to center of resistance. In terms of visibility and ease of placement, buccal implant
was easier compared to palatal implant.
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