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Molar extractions in orthodontics

Orthodontic treatment with extraction of molars in adult patients is technically more com-
plex due to a number of factors. In general, the space to be closed is greater than premolar 
spaces rendering critical anchorage and longer treatment time. Often such cases exhibit 
some degree of periodontal involvement due to patient age. Hence, the need for greater 
control over orthodontic mechanics to reduce the side effects of space closure. Therefore, 
good finishing results can be more difficult to achieve. Thus, the purpose of this article is 
to determine the reasons for molar extraction indications, describe different stages of orth-
odontic mechanics, and explain the issues involved in this kind of planning and treatment. 
Additionally, it aims at describing some treatments with molar extractions.
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IntROductIOn

Nowadays, a significant number of adult 
patients seek orthodontic treatment. These pa-
tients often present with some degree of dental 
involvement, including the absence of one or 
more molars.

In cases involving lack of space for tooth 
alignment, protruding teeth or intra-arch asym-
metry, where extraction of permanent teeth is 
indicated, impaired molars may become the 
first extraction option when premolars are in 
better condition.

Orthodontic treatment with first molar ex-
traction in adult patients is technically more 
complex and a positive outcome may prove 
harder to be achieved because there is more 
space to be closed, anchorage is critical and 
besides these patients usually have some de-
gree of periodontal involvement. Furthermore, 
treatment takes longer and requires greater 
control of orthodontic mechanics to reduce 
the side effects of space closure.

Second molar extraction aiming at creating 
space for first molar distalization is a viable al-
ternative that should be considered in correct-
ing Angle Class II malocclusion. It may also be 
indicated in some cases of third molar impaction.

Third molar extractions are indicated for 
several reasons, with impaction emerging as the 
most common. Impaction stems from a scarcity 
of space in the dental arches or an inadequate 
axis of eruption.

This article seeks to present the manifold rea-
sons for extracting molars in orthodontic treat-
ment and clarify the issues involved in this type of 
planning and treatment.

extRActIOn Of fIRst peRMAnent 

MOLARs

Indications

Extraction of first permanent molars for orth-
odontic purposes is indicated in the presence of 
excessively extruded molars endodontically treat-

ed, with caries and/or extensive restorations, with 
marked periodontal involvement; and in orthodon-
tically retreated cases presenting with Angle Class II 
malocclusion in the absence of four premolars. Mo-
lar extractions are also indicated in severe crowding 
in patients with a high mandibular plane angle and 
convex profile as the mesialization of posterior teeth 
facilitates the counterclockwise rotation of the man-
dible and helps in cases where molars are missing 
from the outset.1-4

contraindications

Given the complexity of orthodontic treat-
ment involving extraction of first permanent 
molars, some situations must be avoided in order 
to prevent treatment prognosis from becoming 
limitated. These extractions are not indicated for 
patients who do not present with crowding and 
feature a decreased lower face height. It may be 
better to align the upper and lower teeth and 
prepare them for the use of dentures, implants 
or transplants in the extraction sites. Neither are 
these extractions indicated in noncompliant pa-
tients — due to a lengthy treatment time — or 
in patients who have already undergone previ-
ous orthodontic treatment and present with root 
resorption and/or short roots. In patients with 
bruxism, molar extractions should be avoided 
due to occlusal interferences that occur during 
space closure, causing an overload of forces on 
posterior teeth.1-4

diagnosis and planning

In the diagnostic phase, first molars need to 
be assessed with respect to their individual clini-
cal condition and all restorative, periodontal and 
periapical issues should be addressed. In some 
cases, clinicians may detect problems that lead 
to the unilateral decision to remove the corre-
sponding tooth on the opposite side of the arch, 
even if it is healthy.

In cases where a first molar extraction is indi-
cated, the presence of third molars in the dental 
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arch is of paramount importance, or at least there 
should be a high likelihood of eruption of third 
molars in the dental arches.

The size and anatomy of second and third 
molar roots must also be adequate as they un-
dergo substantial movement and short roots may 
hinder this procedure.

In patients with increased lower face or se-
vere crowding, if one or more first molars have 
poor prognosis, extraction of all first molars 
may be considered. When planning extractions, 
one should assess whether one or both first 
molars should be extracted. Treatment me-
chanics can also benefit from upper first molar 
extraction. If the upper first molars need to be 
extracted it is sometimes possible to avoid the 
extraction of lower first molars. The unilateral 
extraction of a first molar may cause midline 
shift during space closure. The loss of a pre-
molar or molar on the opposite side helps to 
preserve the midlines.

In cases where the second molar has not 
erupted, the right time for first molar extraction 
can be defined in accordance with the need for 
space utilization. The sooner the first molar is 
extracted, the more challenging will be the re-
positioning of the second molar in order to oc-
cupy that space. If the space needs to be utilized 
it is advisable to wait for the eruption of the sec-
ond molar. If the first molars are extracted after 
eruption of the second molars, as indicated by 
orthodontic treatment, it is necessary to ensure 
the anchorage of this tooth, place the orthodon-
tic appliance and immediately start the move-
ment to close space. This averts tip, rotation of 
teeth adjacent to the extraction site and bone 
narrowing in the extraction site.1,2,3

Another common situation involves the need 
to close edentulous spaces. Such need can emerge 
due to loss of first molars, mesial tip of the sec-
ond and third molars, distal tip of premolars, ex-
trusion of molars in the opposing arch, changes in 
the shape of the gums, with bone narrowing and 

formation of bone defects on the mesial side of 
second molars. Impact on the upper arch is usually 
not as severe as in the lower arch.3,4

The longer the time elapsed after extraction, 
the worse the sequelae and orthodontists are 
advised to have caution. Molars can be moved 
through edentulous areas. However, the amount 
of remaining bone should be noted.3,4

The ideal alveolar dimensions in order to suc-
ceed in closing first molar space is 6 mm or less in 
the mesiodistal direction and 7 mm in the buc-
colingual direction.3,4

If the patient does not fit these characteristics, 
one can resort to the techniques of bone regen-
eration, which have been widely used for orth-
odontic movement in areas with bone defects.6

Orthodontic movement in adults — compared 
to young adults — presents greater resistance and 
entails a greater likelihood of loss of alveolar bone 
crest height, gingival recession and root resorption, 
in addition to greater difficulty in maintaining the 
closed space, i.e., decreased stability.8

To reduce these effects, orthodontists must use 
an efficient mechanism to ensure delivery of light 
forces and increase the interval between activations 
so that the tissues involved have time to recover. 
This approach greatly increases treatment time.

Aware of the consequences brought about 
by this procedure, orthodontists should consid-
er other alternatives such as molar uprighting, 
with space creation every time mesial move-
ments can jeopardize the maintenance of mo-
lars in the dental arches.

Molar uprighting produces significant reduc-
tion in the depth of existing periodontal defects, 
with highly desirable changes in gingival architec-
ture, space creation adequate for the placement of 
an implant or prosthetic elements, and parallelism 
of abutment teeth for a better distribution of mas-
ticatory forces on pontic elements.7-10

The space created by molar extraction can be 
used to attain a number of goals. In some treat-
ments it is necessary that molars remain in position 
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in the anteroposterior direction, while the ante-
rior teeth occupy the entire extraction space. In 
others, molars may drift mesially up to half the 
space, or even the entire space. There are also 
situations in which extraction spaces are used 
to establish intra-arch symmetry and correction 
of dental midlines, thus requiring asymmetric 
space closure. These different needs may ren-
der the case more complex mechanically and 
increase treatment time.

Anchorage loss occurs more easily in the 
upper arch and, therefore, when one needs to 
utilize the space created with extraction of the 
first molar to dilute crowding or even retract 
anterior teeth, one should establish appropriate 
anchorage mechanisms. In cases where there is 
no patient cooperation, but the patient agrees 
with skeletal anchorage, this is the best option 
to avoid anchorage loss.

stages of orthodontic mechanics

Placement of the orthodontic appliance 
must be complete and include third molars if 
possible, starting with the initial alignment and 
leveling phase. Orthodontic auxiliaries should 
be placed on second molars so that during 
alignment and leveling tooth roots are tipped 
back mesially. This procedure seeks to accom-
plish parallelism between the roots of second 
molars and premolars during space closure. At-
tachments can also be positioned mesially on 
second molar crowns to reduce a rotation ten-
dency when closing spaces.

In the alignment and leveling phase one can 
use a sequence of up to 0.018 x 0.025-in cross-
section nickel-titanium wires, which can be used 
when molars are tipped lingually. Ideally, start-
ing with round 0.018-in wires, steel wires should 
be used in coordination in the upper and lower 
arches. One is advised to avoid extending the 
initial archwires (0.012-in and 0.014-in) as far 
as the second and third molars to avert disrupt-
ing the region between the second premolar and 

second molar due to the large interbracket space 
present in the chewing area.

In cases with severe crowding, the use of 
archwires encompassing all teeth in the align-
ment and leveling phase will cause anterior teeth 
to protrude. If this is intended, small distal move-
ments of the premolars and canines should be 
performed during the early stages of treatment in 
order to facilitate the alignment of anterior teeth. 
Distalization of these teeth can also be accom-
plished using segmented archwires with loops.

The space closure phase should only be ini-
tiated after full alignment and leveling of the 
dental arches.

During space closure one seeks to perform a 
bodily movement of the teeth, avoiding any side 
effects during movement, such as uncontrolled 
tipping and rotation of the molars, unwanted loss 
of anchorage, treatment lengthening, excessive in-
cisor uprighting, increased overbite and even ex-
ternal root resorption.

In order for the posterior teeth to remain in 
their original position (steady anteroposterior 
position), it is necessary to use adequate anchor-
age, such as a Nance button, headgear or a mini-
implant. The type of anchorage choice should be 
consistent with the patient’s compliance profile. 
When using straight archwires in the lower arch, 
the maintenance of anchored posterior teeth can 
be achieved with tight omega loops and Class 
III elastics supported by the headgear on a del-
ta loop in the lower canine region, or even by 
bracket hooks positioned on the lower canine 
teeth. This procedure is performed during the 
stage of premolar distalization. In the canine 
and incisor retraction phase the elastic can be 
supported directly by the retraction loop. In this 
type of mechanics, the premolars are distalized 
tooth after tooth with elastomeric chains. To re-
duce friction teeth may be distalized when using 
a 0.018-in archwire, and to reduce the possibility 
of rotation one can also use elastomeric chains 
lingually, which results in a binary system. 
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Since the extraction space is large and wire 
deformation is common in these regions, sliding 
mechanics cannot provide the desired efficacy. 
Segmented arches offer great advantages such as 
the elimination of friction and rotations, provided 
that one has control over this technique.

Special attention should be given to asym-
metric cases, where it may be necessary to use 
mechanics comprising Class II elastics on one 
side and Class III elastics on the other side. An-
other option would be to use skeletal anchorage 
placed on different points of the dental arch.11

An ideal orthodontic appliance should de-
liver a relatively continuous force across a 
long distance. Therefore, it should feature a 
low load/deflection ratio and a wide activation 
range. To this end, it is essential that one be 
aware of the load/deflection ratio of the loop 
being used. Loops with a very high load/de-
flection ratio enable only limited activations so 
that any small change in activation will pro-
duce a very large change in the magnitude of 
the force released. In contrast, very flexible 
loops, i.e., with a very low load/deflection ratio, 
require a very large activation to produce the 
force magnitude for the desired retraction.12

T-loops, manufactured from 0.019 x 0.025-in 
stainless steel wire with a height of 7 mm and 
10 mm horizontal dimension, deliver a force of 
about 250 g under a 1.5 mm activation. By re-
ducing wire cross-section to 0.018 x 0.025-in or 
increasing the vertical height to 9 mm, or even 
using a TMA wire, the force released will be 
reduced when activated by 1.5 mm. The force 
will also vary in accordance with changes in 
the amount of activation, which can reach up 
to 3 mm without the risk of permanent loop 
deformation.11

During space closure, one should place in 
the molar region tip-back bends in the wire 
with an inclination of about 20° to 30° to con-
trol mesial tipping, while incorporating smooth 
bends of approximately 10° of lingual inclina-

tion in the third molars in order to prevent me-
siolingual rotation.

It is advisable to have a panoramic radiograph 
taken after closing the spaces to assess root par-
allelism, especially in the area between second 
premolars and second molars. Should it become 
necessary to improve parallelism, second order 
bends (tip-backs) can be incorporated into the 
finishing archwires in the second molars. These 
teeth must remain tied together with metal lig-
atures to prevent the reopening of the spaces 
or to keep the omega loop tied back. The teeth 
should be kept together to allow a reorganiza-
tion of the gingival fibers and bone maturation 
around the teeth, thereby reducing the possibil-
ity that the extraction spaces may reopened.

The use of Class II elastics increases the ten-
dency of mandibular molars to tip mesially and 
incline lingually. Prolonged use of these elastics 
should therefore be avoided.

In first molar extraction cases, the inter-
bracket distance between second molars and 
second premolars is considerable. In these ar-
eas one can observe wire deformation due to 
the chewing forces that are delivered to them. 
To avoid side effects in teeth adjacent to ex-
traction spaces, these deformations need to be 
monitored frequently as they severely hinder 
sliding mechanics. If in this interbracket space 
the archwire is allowed to injure the soft tis-
sues of the cheek, one can resort to plastic wire 
sheaths. The length of these sheaths should al-
ways be 1 to 2 mm smaller than the interbrack-
et distance to prevent unwanted movements.

The use of archwires with loops allows the 
closure of first molar spaces with concurrent 
control of second and third molar mesial tip 
and lingual inclination. Control over inclina-
tion of posterior teeth in the buccolingual di-
rection is obtained by incorporating torque.13

In its final stages, these auxiliaries must 
be repositioned so that the teeth can achieve 
their ideal position. The teeth adjacent to the 
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extraction area that were banded in the early 
stages should have their attachments replaced 
by bonded brackets or tubes so that all spaces 
are fully closed with a fixed appliance.

Retention

The purpose of using posttreatment reten-
tion in all orthodontic cases is to prevent or 
reduce relapse. In adult patients, the main fac-
tors affecting posttreatment stability are the 
soft tissues surrounding the teeth, such as the 
tongue, perioral muscles, connective tissue of 
the periodontal ligament and gingival fibers.

Muscle function is a dominant factor in re-
tention. If muscle balance is present, a well-es-
tablished intercuspation may help to preserve 
the final tooth movement outcome. In cases 
with strong adverse muscle pressure, a precise 
relationship between the arches will not pre-
vent the occurrence of relapse, requiring, there-
fore, a permanent retainer.

The lack of a reasonable occlusal balance 
during chewing can create instability. If the im-
balance is excessive, future treatment may be 
necessary and/or occlusal adjustment should be 
performed to eliminate interference.

When a tooth is moved orthodontically, a 
fold or invagination of gingival tissue is formed 
between the teeth that were moved closer to 
each other. Apparently, these teeth are not 
moved through the gingiva, but rather compress 
the adjacent gingiva, producing an invagination 
of connective tissue and epithelium. The clini-
cal appearance can vary from a single gap on 
the buccal side of the attached gingiva to a deep 
cleft that extends through the interdental pa-
pilla. The longer the time before initiating tooth 
movement after extraction, the greater the ten-
dency of gingival invagination being formed.14,15

The invagination is considered as the main 
cause for the reopening of extraction spaces and 
it is therefore necessary to retain the teeth until 
reorganization of the pertinent structures has 

occurred. This remodeling may last 12 months 
in children and take even longer in adults.15

To reduce the possibility of relapse, Reitan16 rec-
ommends periodontal surgery before removing the 
fixed appliance. The surgery is aimed at cutting the 
elastic fibers located above the alveolar crest, which 
cause relapse. The orthodontic appliance should not 
be removed before recovery is complete.16

extRActIOn Of peRMAnent secOnd 

MOLARs

Distal movement of maxillary first molars in 
cases of extraction of maxillary second molars 
occurs rapidly and efficiently, reducing treat-
ment time and protrusion of anterior teeth, 
which is a common side effect when distalizing 
molars in cases without extractions.17,18

The space created by extracting second molars 
is usually larger than the space needed for correc-
tion of crowding and Class II. Nevertheless, an-
chorage must be considered, as there is significant 
mesial migration of molars during orthodontic 
treatment.17 With the advent of skeletal anchor-
age, concern about patient compliance in wearing 
headgear and intraoral elastics is no longer a deter-
mining factor in treatment success.

The main reasons to consider the extrac-
tion of second molars are: To prevent excessive 
profile flattening, which can occur with premo-
lar extractions; to reduce treatment time, since 
one only uses the required amount of space to 
achieve an ideal molar occlusion relationship and 
a convenient first molar distalization.17,18 It also 
decreases the tendency of developing open bite 
in patients with an increased lower face.17,19

Second molar extraction is a viable alterna-
tive to be considered when these teeth are se-
verely damaged or poorly positioned and when 
there is crowding in the posterior region, although 
it should not be considered as an alternative to 
replace premolar extraction in cases of dental 
crowding in the anterior region, or even in severe 
incisor protrusion cases.17,20,21
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It is also indicated in cases of third molar impac-
tion, despite the uncertainty involving its eruption 
in an acceptable position, and prevention of late 
crowding in the lower arch.17,18,20,21

One factor should be taken into account be-
fore recommending the extraction of second mo-
lars, i.e., verifying the presence of third molars, 
making sure they are well positioned and have an 
adequate coronary and root anatomy.17

The ideal time to recommend second molar 
extraction is when the third molars have begun 
root development, but it is not always possible 
to start orthodontic treatment in this phase, 
which does not preclude treatment in adults 
whose third molars have erupted.21

When treatment is started at the ideal stage 
it is usually completed before the eruption of 
third molars, causing, in some cases, extru-
sion of the opposing teeth (antagonists). Or-
thodontists must exercise caution and place 
an appropriate retainer. In cases where third 
molars erupt out of position and prevent the 
achievement of an adequate functional occlu-
sion, orthodontic retreatment is indicated to 
position them correctly.21

In terms of relapses in the anteroposterior di-
rection, cases treated with extraction of second 
molars seem to be quite stable.21

extRActIOn Of peRMAnent tHIRd 

MOLARs

General indications for removal of impacted 

third molars

The average age for eruption of third molars 
is around 20 years, although the eruption might 
continue as late as age 25.22

Third molars tend to tip distally during the 
early stages of development, and seldom tip 
mesially.23

Third molar begins to form horizontally tipped 
and eventually, with development and mandibular 
growth, the angulation changes from horizontal to 
mesioangular and ultimately to vertical.24

The ideal moment for extracting third molars 
is when more than 1/3 of the roots of these teeth 
have formed, usually between ages 17 and 20. The 
major issues related to retained third molars are 
addressed below.

Infections and inflammations

When a tooth is partially erupted and cov-
ered by the gingival operculum, the patient 
usually presents with repeated episodes of 
pericoronitis — an infection of the soft tis-
sues around the crown of a partially erupted 
tooth — caused by normal oral microbiota. It 
is considered the most common disease related 
to impacted third molars. Third molars should 
not be extracted before the pericoronitis symp-
toms have been addressed.25

Root resorption

Root resorption of second permanent mo-
lars appears to be similar to the process of re-
sorption that occurs with primary teeth in the 
presence of succeeding permanent teeth. After 
extraction of the impacted tooth, the adjacent 
tooth recovers through a cementum repair pro-
cess. In a study on the prophylactic removal of 
asymptomatic third molars with a sample of 40 
asymptomatic and impacted molars, 95% were 
referred for prophylactic removal with a 26% 
risk of root resorption of second molars.24,25

Odontogenic cysts and tumors

If the tooth is retained within the alveolar 
process, so is the dental follicle. This follicle, 
while maintaining its original size in most pa-
tients, can undergo cystic degeneration and be-
come a dentigerous cyst or an odontogenic kera-
tocyst. In general, if the follicle around the crown 
is larger than 3 mm, a dentigerous cyst should 
be suspected. Epithelial cells comprised within 
the dental follicle may also form an odontogenic 
tumor. Ameloblastoma25 is the most commonly 
found tumor in this region.
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Inferior alveolar nerve impairment

The surgical removal of third molars may 
cause injury to the inferior alveolar nerve, 
which leads to a proliferation of axons, plausibly 
a cause of paresthesia, dysesthesia, allodynia and 
pain, which may eventually become disabling. 
However, inferior alveolar nerve injury is rare 
and other complications related to surgical re-
moval of third molars such as pain and trismus 
should be considered.26

The pain following extraction of third molars 
is directly proportional to the degree of difficulty 
in extracting this tooth.27

General contraindications for removal of 

impacted third molars

In principle, all impacted teeth should be re-
moved, except when there are specific contrain-
dications. The most common contraindication for 
tooth extractions is age. An 18-year-old patient 
may present with swelling and discomfort for 1 or 
2 days after the removal of an impacted tooth but 
a 50-year-old adult may display an edema for 4 to 
5 days as a result of the same procedure. There-
fore, patients older than 35 years with impacted 
teeth showing no signs of disease should not have 
these teeth extracted. Moreover, in patients over 
the age of 25, the risk of complications arising 
from the extraction of third molars increases.24

A very early extraction of third molars should 
be postponed until an accurate diagnosis of im-
paction can be established.  24

Advanced age and compromised health are 
usually associated. In conditions involving com-
promised cardiorespiratory function (congenital 
or acquired coagulopathy), the surgeon is advised 
to leave the affected teeth in the alveolus until the 
general health of the patient is under control.24

Orthodontic indications for extraction of 

third molars

Currently, with the use of skeletal anchorage 
devices, it is possible to recommend the extraction 

of third molars with the purpose of creating space 
and correcting Class II by distalizing maxillary mo-
lars.28 A rate of 0.3 mm to 7.8 mm of distal move-
ment of maxillary molars in a period of 7 months29 
has been reported using this type of mechanics. 
Unlike other distalization mechanics, which pro-
voke extrusion, it is possible to distalize upper and 
lower molars with intrusive vectors and with mini-
mal risk of opening the bite.30

Orthodontic contraindications for extraction 

of third molars

Extraction of third molars is contraindicat-
ed in cases of extraction of permanent second 
molars as an alternative for the treatment of 
Class II. With the extraction of permanent sec-
ond molars space is gained for distalization of 
first molars while the rest of the space is closed 
by moving the third molars mesially.22

cLInIcAL cAse 1

diagnosis summary

Forty-four-year-old patient presented as 
chief complaint mandibular crowding and space 
resulting from the extraction of tooth #26. On 
extraoral clinical examination she exhibited a 
pleasant looking face (Fig 1), lip competence, 
normal display of incisors on smiling, convex 
profile, normal nasolabial angle, nasal breathing, 
normal speech and swallowing.

Examination of the oral cavity revealed an 
Angle Class II Division 1, subdivision left mo-
lar relationship, less than 5 mm crowding, 50% 
overbite, 2 mm overjet, 2 mm lower midline de-
viation to the left and 1 mm upper midline de-
viation to the left, absence of tooth #26, tooth 
#43 positioned 3 mm mesially from tooth #33, 
and gingival recession in the cervical region of 
the canines, premolars and tooth #36 (Fig 1).

Periapical radiographic examination dis-
closed extensive restorations in posterior teeth 
with excess restorative material in the mesio-
distal direction, and tooth #36 with lesions and 
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furcation involvement (Fig 2). Cephalometric 
analysis revealed a skeletal Class II malocclu-
sion, adequate inclination of the mandibular 
plane, incisors excessively inclined labially and 
a convex profile (Fig 3, Table 1).

treatment goals

The goals were to align and level the teeth, 
establish intra-arch symmetry, close the extrac-
tion spaces, correct the deviated midlines, at-

tain a normal second molar occlusion, estab-
lish adequate disocclusion guides and correct 
the overjet and overbite without changing the 
original facial esthetics.

treatment planning

Treatment planning consisted in placing a 
standard Edgewise fixed orthodontic appliance, 
slot 0.022 x 0.028-in, on the upper and lower 
dental arches. The patient’s teeth #16, #36 and 

FIGURE 1 - Initial facial and intraoral photographs.
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A B

FIGURE 2 - Initial periapical radiographs.

#46 were extracted. During the alignment and 
leveling phase 0.012-in, 0.014-in and 0.016-in 
nickel-titanium wires were used, followed by 
0.018-in stainless steel wire. While using 0.018-in 
wire, space closure was initiated with elastomeric 
chains to establish symmetry between the antero-
posterior quadrants. Lower reverse curve of Spee 
was incorporated at this stage. Once symmetry 
was achieved, 0.019 x 0.025-in TMA wires with 
a T-loop were used to proceed with space closure.

When using the rectangular wires, a sharper 
curve of Spee was incorporated into the upper 
archwire for overbite control, as well as a tip-
back bend placed in upper and lower molars 
to control the mesial tip. During the space clo-
sure phase, 5/16-in intermaxillary elastics with 
around 200 g of force on each side were used 
in the Class II direction to control anchorage 
and attain a normal molar occlusion. In the final 
stages upper and lower 0.019 x 0.025-in TMA 

FIGURE 3 - Initial lateral cephalometric radiograph (A) and cephalometric tracing (B). 
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archwires were used in coordination. A wrap-
around removable appliance was worn for reten-
tion in the upper arch 24h/day for 12 months. 
After this period, nighttime use was prescribed 
in order to prevent reopening the spaces created 
by the extracted molars. A 0.028-in steel wire 
was bonded to teeth #33 and #43 and a 0.020-
in twist-flex wire was bonded to teeth #34, #35 
and #37, #44, #45 and #47 to avoid reopening 
the spaces produced by the molar extractions.

treatment results

The treatment goals were achieved. The 
pleasant facial esthetics was preserved, second 
molars attained a normal occlusion, overjet 
and overbite were corrected in the anterior re-
gion and appropriate disocclusion guides were 
established. The upper incisors were upright-
ed, the lower incisors remained protruded, the 
teeth were aligned and leveled, the extraction 
spaces were closed and asymmetries corrected, 

FIGURE 4 - Final facial and intraoral photographs.
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FIGURE 7 - Total (A) and partial (B) superimposition of initial and final cephalometric tracings.

FIGURE 6 - Final lateral cephalometric radiograph (A) and cephalometric tracing (B). 

FIGURE 5 - Final panoramic and periapical radiographs.
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the dental arch form was maintained (Fig 4) and 
the mandible experienced a counterclockwise 
rotation (Fig 7, Table 1).

From the beginning of treatment bone loss 
was apparent in the labial surface of tooth #36, 
which worsened after its removal. As a result, a 
periodontal defect developed in the mesial sur-
face of tooth #37 (Fig 5). As regards case sta-
bility, the protracted use of an upper retainer 
became necessary, as well as the maintenance 
of a wire bonded to the teeth adjacent to the 
lower extractions.

TABLE 1 - Summary of cephalometric measurements.

cLInIcAL cAse 2

diagnosis summary

Female patient, age 23, presented as her chief 
complaint lip protrusion and the presence of pos-
terior teeth with compromised crowns.

From a dental standpoint, as can be seen in 
Figure 8, she presented with an Angle Class 
I malocclusion, 10%, overbite, 2 mm overjet, 
coincident upper and lower midlines, severely 
damaged crowns of teeth #16, #26 and #47, 
which was confirmed by radiographic examina-
tion (Fig 9). The patient also featured parabolic 

MEASURES NORMAL A B A/B DIFFERENCE

S
ke

le
ta

l 
pa

tt
er

n

SNA (Steiner) 82° 82° 83° 1

SNB (Steiner) 80° 77° 79° 2

ANB (Steiner) 2° 5° 4° 1

Convexity angle (Downs) 0° 9° 8° 1

Y axis (Downs) 59° 58° 56° 2

Facial angle (Downs) 87° 87° 88° 1

SN-GoGn (Steiner) 32° 32° 29° 3

FMA (Tweed) 25° 23° 20° 3

D
en

ta
l 

pa
tt

er
n

IMPA (Tweed) 90° 107° 106° 1

1-NA (degrees) (Steiner) 22° 22° 14° 8

1-NA (mm) (Steiner) 4 mm 7 mm 2 mm 5

Ī-NB (degrees) (Steiner) 25° 37° 35° 2

Ī-NB (mm) (Steiner) 4 mm 10 mm 5 mm 5

1/1 -Interincisal angle (Downs) 130° 116° 128° 12

Ī-APo (mm) (Ricketts) 1 mm 7 mm 3 mm 4

Upper lip – S line (Steiner) 0 mm 2 mm 1 mm 1

Lower lip – S line (Steiner) 0 mm 3 mm 2 mm 1Pr
oi

le
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FIGURE 8 - Initial facial and intraoral photographs.

arches with symmetry in the anteroposterior 
and transverse directions, negative 4 mm lower 
model discrepancy and absence of Bolton dis-
crepancy. As regards her facial profile, she had 
a marked protrusion of both lips.

Assessment of a lateral cephalometric ra-
diograph (Fig 10, Table 2) revealed an ad-
equate inclination of the mandibular plane 
with incisors excessively inclined labially and 
a convex profile.
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FIGURE 10 - Initial lateral cephalometric radiograph (A) and cephalometric tracing (B). B shows 
that the upper second molars were traced due to extraction of the first upper molars.

FIGURE 9 - Initial panoramic and periapical radiographs.

treatment goals

To reduce the dental protrusion, establish-
ing a correct incisor inclination and normal 
occlusion between the first lower molars and 
second upper molars.

treatment method

Given that the patient rejected the placement 

of a skeletal anchorage device, it was explained 
that in order to reduce the dental protrusion and 
improve her profile convexity the treatment might 
require a second phase. In the first phase, teeth #16, 
#26, #37 and #47 would be extracted, the spaces 
closed, but the dental protrusion would likely only 
be fully corrected in a second phase, with the ex-
traction of teeth #14, #24, #34 and #44.
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FIGURE 11 - Final facial and intraoral photographs.

A Nance button attached to the second mo-
lars was used for anchorage in conjunction with a 
Kloehn headgear and Class III elastics supported 
by the headgear to attain lower anchorage. The 
subject was referred for extraction of teeth #16, 
#26, #37 and #47 given the fact that the crowns 
were severely damaged. Archwire sequence and 
space closure were carried out as in Case 1, but 
with a different anchorage system.

After closing the molar spaces a new assessment 

was performed, where a slight retraction of the up-
per and lower incisors was noted as well as a minor 
change in her facial profile. The maxillary upper 
and lower first premolars were therefore extracted.

For retention, a removable (wraparound) 
retainer was used in the upper arch, and in the 
lower arch a twist-flex wire was bonded lingually 
from tooth #35 to tooth #45. The patient wore 
the retainer 24/7 during the first 12 months and, 
after this period, for nighttime use only.
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FIGURE 12 - Final panoramic and periapical radiographs.

FIGURE 13 - Final lateral cephalometric radiograph (A) and cephalometric tracing (B). 

FIGURE 14 - Total (A) and partial (B) superimposition of initial and final cephalometric tracings.
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final results

In reviewing the patient’s final records (Fig 11) 
it became clear that all intended goals were attained 
(Figs 5, 6 and 8). There was improvement in facial 
esthetics, a normal occlusion was achieved between 
maxillary second molars and mandibular first mo-
lars, appropriate overjet and overbite were achieved 
in the anterior region along with adequate disocclu-
sion guides. The upper and lower incisors were up-
righted (Fig 14, Table 2), the teeth were aligned and 
leveled, and the extraction spaces closed. A lateral 
cephalometric radiograph (Fig 13, Table 2) showed 
a reduction in tooth and lip protrusion.

Treatment lasted 51 months. A successful 
outcome was only possible thanks to patient mo-
tivation and youth, normal sized roots and the 
appropriate use of forces, which took into ac-
count the intervals between activations.

The root resorptions that the patient pre-
sented at the end of treatment (Fig 12) were ac-
ceptable given the movements performed, and 
entailed no periodontal involvement.

cLInIcAL cAse 3

diagnosis summary

Female patient, 33 years old, was referred by 
her dental implant surgeon to assess the possibility 
of closing the space of tooth #26, which was in-
dicated for extraction. The patient had undergone 
previous orthodontic treatment with extraction of 
teeth #14 and #24. On extraoral clinical examina-
tion she exhibited a pleasant looking face, lip com-
petence, normal display of incisors on smiling, con-
vex profile and normal nasolabial angle (Fig 15).

Examination of the oral cavity revealed an 
Angle Class II malocclusion, absence of teeth #14, 
#24, #36, #46 and #47, 2 mm lower crowding, 15% 
overbite, 1 mm overjet, coincident lower midline 
and 1 mm upper midline deviation to the left (Fig 
15). Periapical radiographic examination (Fig 16) 
disclosed that tooth #21 had undergone root canal 
therapy and tooth #26 had a perforation in the 
furcation area. Panoramic radiography displayed 
a divergence between the roots of teeth #13 and 
#15, and #23 and #25, and confirmed that teeth 

TABLE 2 - Summary of cephalometric measurements.

MEASURES NORMAL A B A/B DIFFERENCE 

S
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l 
pa
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n

SNA (Steiner) 82° 85° 85° 0

SNB (Steiner) 80° 81° 81° 0

ANB (Steiner) 2° 4° 4° 0

Convexity angle  (Downs) 0° 9° 7° 2

Y axis  (Downs) 59° 60° 59° 1

Facial angle  (Downs) 87° 86° 87° 1

SN-GoGn (Steiner) 32° 31° 31° 0

FMA (Tweed) 25° 29° 27° 2

D
en

ta
l 

pa
tt

er
n

IMPA (Tweed) 90° 108° 94° 14

1-NA (degrees) (Steiner) 22° 30° 12° 18

1-NA (mm) (Steiner) 4 mm 10 mm 3 mm 7

Ī-NB (degrees) (Steiner) 25° 43° 28° 15

Ī-NB (mm) (Steiner) 4 mm 13 mm 4 mm 9

1/1 - Interincisal angle  (Downs) 130° 104° 137° 33

Ī-APo (mm) (Ricketts) 1 mm 11 mm 1 mm 10

Upper lip – S line (Steiner) 0 mm 1 mm -2 mm 3

Lower lip – S line (Steiner) 0 mm 7 mm 0 mm 7Pr
oi
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FIGURE 15 - Initial facial and intraoral photographs.

FIGURE 16 - Initial panoramic and periapical radiographs.
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FIGURE 17 - Initial lateral cephalometric radiograph (A) and cephalometric tracing (B). 

#14, #24, #36, #46 and #47 were missing (Fig 16). 
Cephalometric analysis (Fig 17, Table 3) revealed 
a skeletal Class I malocclusion, increased mandib-
ular plane angle, incisors well positioned in their 
basal bone and a straight profile.

treatment goals

The goals were to align and level the teeth, 
close the tooth extraction space created by 
tooth #26, upright tooth #48, correct the up-
per midline, establish appropriate disocclusion 
guides, correct overjet and overbite and pre-
serve the original facial esthetics.

treatment method

After placing the orthodontic appliance, the 
patient had tooth #26 extracted. A 0.018-in stain-
less steel wire was used to close the space by 
moving teeth #27 and #28 mesially. To this end, 
nickel-titanium springs were used with a force of 
approximately 200 g and on some occasions with 
elastomeric chains. For anchorage, a mini-implant 
was positioned between teeth #23 and #25. Figure 
18 depicts the different stages of closing tooth #26 
space. After space closure, panoramic and periapi-
cal radiographs were taken to evaluate root paral-
lelism and integrity. In the finishing phase, upper 
and lower 0.019 x 0.025-in steel archwires were 

used in coordination. A wraparound removable 
appliance was prescribed for retention in the up-
per arch 24h/day for 12 months. After this period, 
nighttime use was indicated in order to prevent 
reopening of the spaces created by the extracted 
molar. In the lower arch, 0.028-in stainless steel 
wire was bonded from tooth #33 to tooth #43.

treatment results

The treatment goals were achieved. The teeth 
were aligned and leveled, the space created due to 
the extraction of tooth #26 was closed, overjet and 
overbite were corrected in the anterior region, ap-
propriate disocclusion guides were established, and 
facial esthetics was preserved (Fig 19). Panoramic 
radiography disclosed that tooth #48 was upright-
ed, the implant was positioned in the region of 
tooth #46 and the roots of teeth #25 and #27 were 
parallel to each other (Fig 20). Lateral cephalomet-
ric radiography showed that the facial profile was 
maintained (Fig 21). Cephalometric measurement 
evaluation showed no significant changes (Fig 22, 
Table 3). The only significant change consisted in 
the mesialization of the left upper second molar. 
Concerning case stability, the patient had to pro-
long the use of the upper retainer.

The use of a mini-implant in this case enabled 
unilateral space closure (tooth #26) and correc-
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FIGURE 18 - Different stages of space closure.

FIGURE 19 - Final facial and intraoral photographs.
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FIGURE 21 - Final lateral cephalometric radiograph (A) and cephalometric tracing (B). 
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FIGURE 20 - Final panoramic radiograph.

FIGURE 22 - Total (A) and partial (B) superimposition of initial and final cephalometric tracings.
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tion of the midline, which was already deviated 
to the side of the extraction. Sliding mechan-
ics was not working efficiently with the use of 
0.018 x 0.025-in wire and so the molars were 
mesialized with a 0.018-in wire. As a side effect, 
molar torque control was lost. The use of a mini-
implant as indirect anchorage would allow the use 
of rectangular archwires with a space closure loop, 
enabling a more efficient torque control.

cLInIcAL cAse 4

Male patient aged 50 years with a chief 
complaint of incisal wear and crowding.

On clinical extraoral examination, the pa-
tient featured a pleasant appearance, with lip 
competence and a concave profile (Fig 23).

Clinical intraoral examination revealed an 
Angle Class II, Division 2 malocclusion, with 
upper and lower crowding of 2 mm and 6 mm, 
respectively.  The patient had a deep Curve of 
Spee, 20% overbite, 3 mm overjet, lower midline 
deviated 1 mm to the left side and a coincident 

upper midline. The upper and lower left side 
molars were in crossbite with the lower molars 
occluding buccally with the upper molars. The 
patient had a Bolton discrepancy of over 2 mm 
excess in the six anteroinferior teeth.

He did not have an adequate disocclusion 
guide on the left side due to premature contacts 
caused by the crossbite.

Panoramic and periapical radiographs revealed 
discreet horizontal bone loss, molar restorations and 
endodontic treatment in tooth #47 (Fig 24).

Cephalometric analysis showed a skeletal 
Class II, adequate inclination of the mandibular 
plane, protruded lower incisors and upright upper 
incisors (Fig 25, Table 4).

treatment goals

The treatment was aimed at correcting the 
posterior crossbite, aligning and leveling the 
dental arches, correcting the Class II without 
changing facial esthetics and improving the dis-
occlusion guides.

TABLE 3 - Summary of cephalometric measurements.

MEASURES NORMAL A B A/B DIFFERENCE

S
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l 
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n

SNA (Steiner) 82° 81° 81° 0

SNB (Steiner) 80° 78° 78° 0

ANB (Steiner) 2° 3° 3° 0

Convexity angle (Downs) 0° 5° 4° 1

Y axis (Downs) 59° 58° 58° 0

Facial angle (Downs) 87° 79° 78° 1

SN-GoGn (Steiner) 32° 38° 38° 0

FMA (Tweed) 25° 28° 28° 0

D
en

ta
l 

pa
tt

er
n

IMPA (Tweed) 90° 93° 93° 0

1-NA (degrees) (Steiner) 22° 21° 27° 6

1-NA (mm) (Steiner) 4 mm 7 mm 7 mm 0

Ī-NB (degrees) (Steiner) 25° 30° 29° 1

Ī-NB (mm) (Steiner) 4 mm 9 mm 8 mm 1

1/1 - Interincisal angle (Downs) 130° 125° 121° 4

Upper lip – S line (Steiner) 0 mm 0 mm -1 mm 1

Lower lip – S line (Steiner) 0 mm 2 mm 0 mm 2Pr
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FIGURE 23 - Initial facial and intraoral photographs.

FIGURE 24 - Initial panoramic and periapical radiographs.
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treatment method

Extraction of the upper second molars was 
indicated with a view to correcting the Class 
II because the upper third molars had erupted 
with a normal anatomy. Furthermore, the low-
er third molar on the left side was missing and 
tooth #27 was involved in the crossbite. The up-
per first molars would be distalized with greater 
efficiency and only to the extent that it was nec-
essary to ensure a correct intercuspation.

Alignment and leveling were performed by 
controlling lower incisor protrusion. To this end, a 
distributed 4 mm canine-to-canine stripping was 
performed in the lower arch in order to create 
space for the leveling of the curve of Spee, align-
ment of the 2 mm crowding that existed originally 
and elimination of the Bolton discrepancy.

After the complete alignment and leveling of 
the maxillary teeth, distalization of the first molars 
was initiated by means of a straight 0.018 x 0.025-
in rectangular stainless steel wire and elastomeric 
chains both labially and palatally. The premolars 
and canines were also distalized with the binary 
system, until they reached a suitable position in 
relation to their antagonists. A Nance button sup-
ported by the third molars was used for anchorage.

After canine distalization, the Nance button was 

FIGURE 25 - Initial lateral cephalometric radiograph (A) and cephalometric tracing (B). 

removed and space closure was completed with a 
slight movement of the maxillary incisors. At that 
time, the use of Class II intermaxillary elastics be-
came necessary.

To correct the crossbite, starting with the use 
of a 0.018-in steel archwire, on the left side, the 
lower dental arch was subjected to contraction 
and the upper dental arch to expansion, both 
supported by the Nance button.

A wraparound-style upper retainer was indi-
cated and a 0.028-in lingual canine-to-canine steel 
wire retainer was bonded to the lower arch.

At the end of the orthodontic treatment, the 
third molar on the right side was left with no an-
tagonist and its extraction was indicated. 

treatment results

Esthetic appearance remained unchanged, the 
crossbite was corrected, the canine and molar re-
lationship became a Class I malocclusion and the 
disocclusion guides were improved (Fig 26).

Bone level height in the molar region was main-
tained after space closure and treatment comple-
tion (Fig 27). There were no skeletal changes 
and there was control of lower incisor protrusion 
since these teeth were already protruding at the 
beginning of treatment (Fig 28, Table 4).
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FIGURE 26 - Final facial and intraoral photographs.

FIGURE 27 - Final panoramic and periapical radiographs.
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FIGURE 28 - Final lateral cephalometric radiograph (A) and cephalometric tracing (B). 

TABLE 4 - Summary of cephalometric measurements.

fInAL cOnsIdeRAtIOns

The authors of this study contend that orth-
odontic treatment success in cases involving 
molar extractions is directly related to patient 
complaint and psychological profile, absence of 
disease and skeletal discrepancies, application 
of biomechanical principles and professional 
experience. Another factor worthy of consid-

eration is whether the patient has undergone 
previous orthodontic treatment with extrac-
tions. These patients usually present with some 
degree of root resorption, a condition that 
can worsen, preventing such cases from being 
properly finished. Currently, skeletal anchor-
age allows the attainment of good results while 
reducing treatment time.

MEASURES NORMAL A B A-B DIFFERENCE
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SNA (Steiner) 82° 85° 85° 0

SNB (Steiner) 80° 80° 80° 0

ANB (Steiner) 2° 5° 5° 0

Convexity angle (Downs) 0° 7° 7° 0

Y axis (Downs) 59° 57° 57° 0

Facial angle (Downs) 87° 91° 91° 0

SN-GoGn (Steiner) 32° 26° 26° 0

FMA (Tweed) 25° 14° 14° 0
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IMPA (Tweed) 90° 106° 107° 1

1-NA (degrees) (Steiner) 22° 16° 9° 7

1-NA (mm) (Steiner) 4 mm 4 mm 3 mm 1

Ī-NB (degrees) (Steiner) 25° 34° 32° 2

Ī-NB (mm) (Steiner) 4 mm 7 mm 7 mm 0

1/1 - Interincisal angle (Downs) 130° 129° 142° 13

Upper lip – S line (Steiner) 0 mm -6 mm -8 mm 2

Lower lip – S line (Steiner) 0 mm -4 mm -4 mm 0Pr
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