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Mesially impacted mandibular second molars are a common occurrence in orthodontic practices,
especially those using the lingual arch or lip bumper for alleviating anterior crowding. Horizontally
impacted second molars, on the other hand, occur so infrequently that most practitioners have limited
experience in treating such a patient. Because of this there is little consensus on the management of
these cases. As opposed to vertically impacted molars that may be associated with ankylosis or other
factors preventing eruption, the mesially angulated, horizontally impacted mandibular second molar
usually has eruption potential, because its impaction is more commonly due to lack of space and/or
abnormal eruption path. Hence, orthodontic uprighting shows the most promise and can commonly be
done without extracting the third molar or surgically exposing the impacted second molar. Modern
clinicians have at their disposal a myriad of biomechanical choices that can be used to successfully
reposition these teeth and enable finishing with an optimal occlusion.

� 2020 World Federation of Orthodontists.
1. Introduction

The management of mesially inclined/impacted mandibular
permanent second molars is an area of significant importance to
orthodontists. However, there is little consensus on how to treat
these uncommon anomalies. A survey of 12 esteemed clinicians
elicited seven different treatment plans for a case with horizontally
impacted second molars in a 12-year 9-month-old female patient
(Fig. 1) [1]. In this regard Valmaseda-Castellon et al. [2] stated “the
low prevalence of impaction of second permanent molars, and the
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tion of Orthodontists.
difficulty of distinguishing between primary and secondary reten-
tion and impaction have been major factors underlying the lack of
uniformity in the management of these eruption disturbances.”
This paper examines how low prevalence and proper diagnosis
using clear terminology can impact our treatment decision on
impacted mandibular permanent second molars.
2. Definitions/terminology

Suri et al. [3] discussed the many terms used to describe disor-
ders of tooth eruption and pointed out the considerable confusion
over their usage. To be consistent with several studies performed on
prevalence and treatment outcomes the terms impaction, primary
retention, and secondary retention will be used in this paper
[2,4e7]. Impaction is defined as the failure of tooth eruption due to a
physical obstacle in the eruption path, or an abnormal eruption
path of the tooth [3,4,7,8]. Most impacted second molars occur in
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Fig. 1. Panoramic radiograph of a 12-year 9-month-old girl showing horizontally impacted second permanent molars.
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the mandible [2,5]. Shpack et al. [9], who examined 165 impacted
mandibular second molars, reported most (88%) were mesially
angulated, with 8% vertical, and 4% angulated distally. Mesially
angulated impactions have been reported to respond better to
treatment than the other types [10,11]. Primary retention is the
cessation of eruption before emergence, without a physical barrier
in the eruption path and not due to abnormal position [3,8,12].
Primary retention is more commonwith upper second molars than
lowers [5]. Secondary retention is the cessation of eruption after
emergence without a physical barrier in the eruption path and not
due to abnormal position. Ankylosis is probably the main etiologic
factor although several phenomena have been found associated
with secondary retention [8,13]. Secondarily retained permanent
second molars seem to be the most difficult to treat [2,6].

Ectopic eruption, a term used universally to describe the
entrapment of a mesially inclined first permanent molar behind the
second primary molar during its initial eruption [14], but is not
commonly used to describe a similar condition of the second per-
manentmolar. Inclusion is infrequently used to describe a tooth that
remains inside the bone [2]. Retention or inclusion have been used to
indicate the molar before or after apical root closure, when the
tooth was still able to erupt or not [7].
Fig. 2. Radiograph of a 22-year 3-month-old woman referred by her periodontist to correct
extracted years earlier.
3. Etiologic factors

Becker [15] states “teeth normally erupt. In the absence, it must
be assumed there is some pathologic cause. The key to success in
resolving.tooth impaction, is to find the cause and if possible,
eliminate it.” Andreasen et al. [12] pointed out three main causes
for second molar disturbances: ectopic position, obstacles in the
eruption path or failures in the eruption mechanism. The abnormal
eruption of mandibular second molars appears to be related to
genetics [4,16e18]. Craniofacial morphology including Class II
malocclusion, reduced mandibular gonial angle, vertical condylar
growth, and decreased distance from first molar to mandibular
ramus were found to be associated with abnormal second molar
eruption [19e21]. An abnormal eruption mechanism was consid-
ered by Palma et al. [4].

Insufficient space in the dental arches has been shown related to
the impaction of lower second molars [4,10,18]. Evans [22] found
that cases with impacted mandibular second molars have signifi-
cantly more lower crowding compared with controls. Appliances
such as the lingual arch or lip bumper which hold or further worsen
the posterior arch length deficiency are also associated with
mandibular second molar impaction [23e26]. The distal overhang
the position of the mandibular left third molar. The permanent second molar had been



Fig. 3. A lingual arch supported by a sectional archwire bonded to a miniscrew placed
between the roots of the first and second premolar was used for anchorage.
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of bands cemented to first permanent molars may further prevent
the proper eruption of the second molar.

Becker [13] cites a number of unusual anomalies associated with
the failure of permanent molars to erupt: dentigerous cyst
(increased intracystic pressure), ankylosis (usually subjective),
invasive cervical root resorption, hooked or dilacerated root (cause
or effect?) [4], primary failure of eruption (affects all teeth posterior
to most anteriorly affected tooth) [27e29], pre-eruptive intra-
coronal resorption, and root encirclement of the inferior alveolar
nerve. In regards to a molar not erupting due to ankylosis, Becker
[13] states “ankylosis of an impacted tooth is often very casually
determined on the empirical basis that the tooth has not responded
to extrusive orthodontic forces.it is an entirely outcome-oriented,
fall back designation. Unless you extract, the tooth ankylosis cannot
be confirmed scientifically.” Becker [30,31] reported on a large
sample of failed cases of impacted teeth finding invasive cervical
root resorption, pre-eruptive intra coronal resorption, inappro-
priate direction of traction and poorly designed auxiliaries, can all
be associated with failure to resolve impaction.

In summary, vertically oriented infraoccluded molars are
commonly due to primary or secondary retention, and these teeth
may have limited eruption potential due to ankylosis or other fac-
tors. Mesially inclined impacted molars are impacted due to an
abnormal eruption path and usually have eruption potential.
4. Incidence/prevalence

Impacted second molars have been reported to occur infre-
quently in the general population (0.03e1.7%) [18,32,33], but are
more common (1.8%e3%) in the orthodontic population [9,17,18].
Some of the variation in prevalence may be due to the categoriza-
tion of molars being either ectopic or impacted [5,33]. This is
Fig. 4. (AeC) Another sectional archwire was used to align
probably the reason the incidence of impaction (0.2%) was so low in
the Bondemark and Tsiopa [5] study. Combining teeth described as
ectopic (1.5%) and impacted (0.2%) would give an incidence of
impaction at 1.7%. Mandibular second molar impaction is more
common than maxillary second molars, or either maxillary or
mandibular first molars [2,4,5,7]. Horizontally impacted
second molars are rare. Monaca et al. [7] found only 7 of 161
impacted molars were horizontal. Fu et al. [33] observed only 5 of
125 impactedmolars to be angulated at greater than 90%. Therefore,
horizontally impactedmolars may occur once inmany thousands of
patients meaning most practitioners might practice a lifetime
without experiencing such a case. Hence the difficulty in formu-
lating a treatment plan when such a case presents itself.

5. Clinical management

Several factors need to be considered in planning treatment.

5.1. Age, eruption status, and root development

The first is the age of the patient. Younger patients experienced
better outcomes than adults, with treatment around the age of 14
reported to be optimal [7,34e37]. But although treatment in
adolescence may be preferred, there are several case reports where
horizontally impacted second molars were successfully uprighted
in young adults [38e41]. Next is the eruption status of the impacted
molar and the exposure, if any, of the clinical crown. If sufficient
clinical crown is visible to bond to (4 � 4 m) surgical exposure may
not be necessary. The angulation or inclination of the impacted
molar does not seem to be as important a factor as it might appear
[4,7]. Other than experiencing longer treatment times [33], hori-
zontally impacted molars seem to respond as well as moderately
inclined molars. The stage of root development of the second or
third molar is a consideration if one is to consider either surgical
uprighting of the impacted molar, or autotransplanting either the
second or third molars [34,35,42,43]. Root anomalies such as dila-
ceration, root resorption or ankylosis may prevent an impacted
tooth from being repositioned. Similarly the presence and position
of third molars may influence treatment options such as auto-
transplantation or orthodontic uprighting.

5.2. Anchorage considerations

The source of anchorage is a major consideration in planning
orthodontic treatment and the myriad of designs reported in our
literature speaks to the boundless imagination of clinicians. Various
types of springs, loops, and uprighting arches can be used suc-
cessfully with only minor changes to the anchorage teeth
[2,9,17,33,37,38,40,44e56]. For absolute anchorage, miniscrews can
be used in the retromolar area, or more anteriorly between the
roots of the molar and/or premolars for either direct or indirect
the third molar and protract it with an elastic chain.



Fig. 5. Panoramic radiograph of a 16-year 7-month-old boy showing an impacted mandibular left third molar.
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anchorage [9,11,39,41,57e61]. Miniplates have similarly been re-
ported to provide an excellent source of anchorage [15,62]. The
preferred biomechanical approach is often predicated on the
experience of the clinician and the limited access in the area of the
impacted tooth, especially in a younger individual. The degree of
crowding or follicular collision may be a factor, as well as the
financial status of the family and whether or not they choose to
pursue orthodontics as a treatment option.
6. Treatment options

With some variations, there were four different treatment plans
suggested for the management of horizontally impacted mandib-
ular second molars in a 12-year 9-month-old patient [1]. Let's
examine the indications, contraindications, benefits, shortcomings,
and reported success rates of these different treatment plans.
Fig. 6. (A) A rectangular NiTi arch wire is inserted down the distal surface of the anchor mol
then bent forward 90� across the occlusal surface of the anchor tooth. A separator holds th
molar.
6.1. Extract the third molars and surgically upright the impacted
second molars

Surgical uprighting involves tipping the molar on its root apex
through a gentle luxation movement. Pogrel [35] describes the
surgical technique carried out under local anesthesia supplemented
by intravenous sedation as needed. A buccal flap is created to the
distobuccal line angle of the first molar and down into the buccal
sulcus. Lower third molars are removed at this time. The distal soft
tissues are reflected lingually and a lingual retractor placed over the
distal bone in the second molar region to protect the lingual nerve.
Bone is then removed with a bur distal to the second molar leaving
the crown of the tooth exposed down to its greatest concavity. A
straight elevator is then placed mesially and the tooth surgically
tipped and elevated into the correct position.

Indications for surgical uprighting include an adolescent with
open apices of the molar roots (one-half to two-thirds root
ar far enough to engage the mesial marginal ridge of the impacted tooth. (B) The wire is
e wire in place for bonding. (C) The wire is then bonded to the occlusal surface of the



Fig. 7. After 11 weeks of activation, the occlusal surface of the molar is now visible.
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development preferable), no clinical crown of the impacted molar
visible intraorally, a minor unfavorable axial inclination of the
impacted molar, and no other orthodontic treatment needs
[35,42]. Kravitz et al. [42] recommend an angle of inclination of
less than 75� to the long axis of the first molar. The benefits of this
approach are it simplifies or eliminates the need for orthodontic
treatment and is highly successful with an experienced surgeon.
Monaca et al. [7] reported a positive outcome in all 38 treated
molars inwhich only a minor unfavorable axial inclination existed.
The shortcomings are possible pulp necrosis, ankylosis, root
fracture or resorption [34e36,63]. Pogrel [35] reported success in
21 of 22 cases, with eight cases developing asymptomatic pulpal
calcification. None of the 21 cases developed either internal or
external root resorption or developed periapical disease. One
tooth was lost due to infection. Kravitz et al. [42] cited the
displacement of the secondmolar into buccal crossbite as themost
common undesirable side effect. Teeth horizontally impacted
experience greater movement of the root apex and hence may
have increased risk of complications. Teeth that undergo surgical
uprighting/luxation prior to complete root formation show
Fig. 8. (A, B) After 37 weeks of activation (during COVID-19 closure) the mol
continuing eruption and root formation [35,36,64]. Divergent
roots are reported to be a contraindication [7].

6.2. Extract the second molars, allow mesial drift of third molars

In reviewing the results of 43 cases treated conservatively, Val-
maseda- Castellon et al. [2] found only approximately 50% of teeth
reached an acceptable position. They concluded “if second molar
eruption is questionable, it could be wiser to perform early
extraction of the second molars and allow the third molars to
replace them.” Horizontally impacted second molars appear so
severe that they are often considered irretrievable. Hence extrac-
tion of these teeth is often recommended, with autonomous drift of
the third molar observed and later orthodontic treatment a possi-
bility to protract and align the third molar.

The indication for this treatment option is the family declining
other treatment options such as orthodontic or surgical uprighting
or autotransplantation. The presence of advanced caries or anky-
losis of the second molar would be another indication for extrac-
tion. Although several authors suggest autonomous movement of
the third molar seems to be best when the tooth bud of the third
molar is in the “full crown” stage (no root) of development [65e67].
Richardson and Richardson [68] found the timing of second molar
extraction has little effect on the final third molar position. The
major benefit of this approach is that orthodontic treatment may be
avoided. The major shortcoming is that orthodontic treatment may
be required later to protract and align the third molar (Figs. 2e4).
Overeruption of the opposing second molar also is a potential
problem.

In the study by Monaca et al. [7] “second molar extraction was
carried out when the tooth was not retrievable owing to severe
abnormalities of their location and/or inclination.” No further
explanation was given as to whether horizontal impaction may
have fallen into this category. The eruption of third molars after the
extraction of second molars has been the subject of numerous
studies [67e75], Orton-Gibbs et al. [66] examined this phenome-
non in 63 patients and found all thirdmolars erupted; none became
impacted [66]. They presented a summary table of studies reporting
excellent or satisfactory position of mandibular third molars in 75%
to 96% of cases. The exception was the study by Gooris et al. [76]
who reported only 46% had a satisfactory contact with the first
molar. Other studies however report a difference in the response
between upper and lower third molars. De-la-Rosa et al. [65] found
96% of maxillary, but only 66% of mandibular third molars erupt in
good position.
ar is now uprighted and can be bracketed for leveling and space closure.



Fig. 9. (AeC) The molar is bracketed for leveling with a continuous archwire.
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But these studies examined the extraction of second permanent
molars for the relief of crowding, cases in which the axial inclina-
tion of the second molar was within normal limits. When impacted
second molars are extracted, the response of the third molars does
not seem to be as favorable. Monaca et al. [7] found “the extraction
of first or second irretrievable molars performed to enable the
mesial shifting of the subsequent molar was associated with a
lower prevalence of a positive outcome (17/22 molars, 77%). Mag-
nusson and Kjellberg [6] observed the extraction of the
second molar replaced by the third molar to be the most common
treatment, but the least successful (11%) of the treatment options.
They further concluded “the few third molars that did erupt were
all malpositioned” and “extraction of the second molar with no
further intervention should be avoided.”

6.3. Extract the impacted second molars and autotransplant the
third molars

A third treatment option is to extract the impacted secondmolar
and autotransplant either a maxillary or mandibular third molar
into the second molar position. Indications for this choice of
treatment are the family declines orthodontic treatment, advanced
caries or ankylosis of the impacted second molar, and the root
apices of the third molar are still open. The main benefit to this
treatment approach is that no orthodontic treatment is necessary.
The shortcoming is the success rate of this procedure. What do we
know about the success of autotransplantation? Aside from being
Fig. 10. Panorex taken after 1
done by an experienced surgeon and performed at the correct stage
of root development (ideally two-thirds to three-fourths root for-
mation) success depends on what type of tooth is being harvested
and into what position it is being repositioned to. Kvint et al. [43]
studied 215 consecutive patients treated by one surgeon over a
period of 15 years. The overall success of autotransplantation was
81% (175 of 215) with premolars showing the most success at 89%
(68 of 76). Interestingly premolars transplanted to the maxillary
incisor region showed 100% success (24 of 24). But the teeth we are
concerned with in this article showed poorer results. The auto-
transplantation of maxillary or mandibular third molars to replace
mandibular second molars had the worst prognosis (68%, 23 of 34)
of all the teeth transplanted. If the family declines orthodontic
treatment, it might be more prudent to extract the impacted
second molar and allow the third molar to develop rather than
attempt autotransplantation. In the case where the second molar
needs to be extracted because of caries or ankylosis, with no third
molar in that quadrant, autotransplanting a third molar from
another quadrant might be desirable.

6.4. Extract the third molars, surgically expose the second molars
and orthodontically upright

The most common and predictable approach reported to treat-
ing the impacted second molar is to orthodontically upright the
tooth with possible extraction of the third molar and surgical
exposure of the second molar. The reported success of surgical
7 months of treatment.



Fig. 11. (A) Pretreatment lower arch showing distal surface of impacted second molars. (B) After 17 months of treatment.
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exposure and orthodontic uprighting varies from 68% to 75% [2,6,7].
Monaca et al. [7] found negative factors being total bone coverage,
or impaction of the root apex with the inferior canal roof. Others
have reported higher success rates with mesially inclined impacted
second molars (Johnson E, 2020, personal communication) [33].
Monaca et al. [7] stated “orthodontic uprighting was applied to
partially erupted molars impacted against the distal surface of the
adjacent tooth, given the presence of sufficient space for the anchor
device placement and dental distal movement to reposition the
molar.” But how is “sufficient space” determined? Howmuch space
is needed for anchor device placement? And how is sufficient space
for molar distal movement determined?

To begin the uprighting and distalizing process one not even
need to initially bond an attachment to the second molar [33,77].
Bach [77] described amethod of using a straight section of a 0.014�
0.025 copper NiTi wire placed vertically down the distal surface of
the first molar to just clear the mesial marginal ridge of the
impacted molar. The NiTi wire is then bent 90� anteriorly across the
occlusal surface of the first molar and is stabilized with light cured
composite (Figs. 5e9). Significant uprighting can occur with this
approach following which attachments can be bonded to the tooth
for further uprighting using one of many orthodontic methods.

How is sufficient space for dental distal movement determined?
Oneway is tomeasure the distance from the distal of the first molar
to the mesial of the third molar in relation to the mesiodistal width
of the second molar. But this assumes the third molar is in the
distalization path and that the third molar will not be distalized as
the second molar distalizes. Neither of these may be the case.
6.5. Does the impacted second molar need to be surgically exposed?

As previously described, initial uprighting can be accomplished
with little clinical crown exposed by using a vertically placed
rectangular NiTi sectional wire. Or if there is at least a 4x4mm
portion of the crown exposed, an orthodontic attachment can be
bonded to the tooth for activation with various designed ortho-
dontic systems. Surgical exposure is often not needed. Johnson
(2020, personal communication) comments “orthodontists are
incredibly buccal attachment oriented. Bonding to the buccal re-
quires much more tissue removal. Minimal exposure and occlusal
bonding are much easier on everybody.”
6.6. Does the third molar need to be extracted?

Surgical exposure of the impacted second molar is most often
performed in conjunction with extraction of the third molars.
Valmaseda-Castellon et al. [2] stated “in cases of surgical exposur-
e.lower third molar extraction in the same operation is recom-
mended when there is posterior crowding in the dental arch,
because the lower third molar could prevent lower second molar
eruption.” [3,5,36].

However, numerous articles suggest uprighting of the
second molar is not hindered by the presence of the third molar
[7,34,37,45,46,48,51,58,60,61,78,79]. The confusion over this is
illustrated byMah et al. [60] who state “in patient 3, the thirdmolar
extraction was not helpful in uprighting the second molar and not
needed; in patient 1, the value of extractionwas doubtful.” But later
in the article they state, “to avoid uncertainty, we routinely order
third molar extraction when second molar uprighting is needed.”
Melsen et al. [46] suggestmaintaining the third molars may even be
beneficial by preventing distal displacement of the second molar
crown and preventing space from opening anterior to the
second molar. Treating without extracting the third molars and
surgically exposing the secondmolars saves the family considerable
expense as well as the morbidity associated with these surgical
procedures (Figs. 1, 10, 11).

And what happens if following the extraction of the third molar,
the secondmolar cannot be repositioned and needs extraction? The
third molar could have been a replacement tooth. In this regard
Monaca et al. [7] states “a more cautious approach is to postpone
extracting the third molar until the repositioned second molar
appears to be sufficiently stable.” This approach is most indicated in
an adolescent patient in whom the third molar is still developing
distal to the impacted second molar. In an adult patient where the
third molar may have erupted mesially and may be lying on top of
the second molar, the extraction of the third molar or orthodonti-
cally uprighting it to provide access to the second molar, would be
necessary [9,38,39,41,56].
7. Summary

Mesially impacted mandibular second molars are a common
occurrence in orthodontic practices, especially those using the
lingual arch or lip bumper for alleviating anterior crowding. Hori-
zontally impacted second molars, on the other hand, occur so
infrequently that most practitioners have limited experience in
treating such a patient. Because of this there is little consensus on
the management of these cases. Extraction of these teeth with or
without auto transplantation of third molars is often suggested, but
commonly presents poor results. Surgical uprighting is more suc-
cessful in moderately tipped teeth and is mostly indicated in pa-
tients who decline orthodontic treatment.

As opposed to vertically impacted molars, which may be asso-
ciated with ankylosis or other factors preventing eruption, the
mesially angulated, horizontally impacted mandibular
second molar usually has eruption potential, because its impaction
is more commonly due to lack of space and/or abnormal eruption
path. Hence orthodontic uprighting shows the most promise and
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can commonly be done without extracting the third molar or sur-
gically exposing the impacted second molar. Second molars can be
uprighted initially with minimal clinical crown exposure, with the
third molars providing little resistance to proper uprighting. The
modern clinician has at their disposal a myriad of biomechanical
choices that can be used to successfully reposition these teeth and
enable finishing with an optimal occlusion.
References

[1] Turley P. Let’s talk about that interview with Dr. Patrick Turley. The Pacific
Coast Society of Orthodontists Bulletin Digest. Winter; 2019. p. 23e6.

[2] Valmaseda-Castellon E, De-la-Rosa-Gay C, Gay-Escoda C. Eruption distur-
bances of the first and second permanent molars: results of treatment in 43
cases. Am J Orthod Dentofacial Orthop 1999;1116:651e8.

[3] Suri L, Gagari E, Vastardis H. Delayed tooth eruption: pathogenesis, diagnosis
and treatment. A literature review. Am J Orthod Dentofacial Orthop
2004;126:432e45.

[4] Palma C, Coelho A, González Y, Cahuana A. Failure of eruption of first and
second permanent molars. J Clin Pediatr Dent 2003;27:239e45.

[5] Bondemark L, Tsiopa J. Prevalence of ectopic eruption, impaction, retention
and agenesis of the permanent second molar. Angle Orthod 2007;77:773e8.

[6] Magnusson C, Kjellberg H. Impaction and retention of second molars: diag-
nosis, treatment and outcome: a retrospective follow-up study. Angle Orthod
2009;79:422e7.

[7] Monaca G, Cristalli M, Pranno N, Galluccio G, Annibali S, Pippi R. First and
second permanent molars with failed or delayed eruption: clinical and sta-
tistical analyses. Am J Orthod Dentofacial Orthop 2019;156:355e64.

[8] Raghoebar G, Boering G, Vissink A, Stegenga B. Eruption disturbances of per-
manent molars: a review. J Oral Pathol Med 1991;20:159e66.

[9] Shpack N, Finkelstein T, Lai YH, Kuftinec MM, Vardimon A, Shapira Y.
Mandibular permanent second molar impaction treatment options and
outcome. Open J Dent Oral Med 2013;1:9e14.

[10] Wellfelt B, Varpio M. Disturbed eruption of the permanent lower second
molar: treatment and results. ASDC J Dent Child 1988;55:183e9.

[11] Kim SJ, Kim JW, Choi TH, Lee KJ. Restoration of a vertical alveolar bone defect
by orthodontic relocation of a mesially impacted mandibular first molar. Am J
Orthod Dentofacial Orthop 2015;147:122e32.

[12] Andreasen JO, Petersen JK Laskin D. Textbook and color atlas of tooth im-
pactions. Copenhagen, Denmark: Munksgaard; 1997. p. 199e208.

[13] Becker A. Failure of eruption and the hooked root apex-cause or effect? Bul-
letins 2016. Bulletin #51. Available at: www.dr-adrianbecker.com. [Accessed
28 July 2020].

[14] Kennedy D, Turley P. The clinical management of ectopically erupting first
permanent molars. Am J Orthod Dentofacial Orthop 1987;97:336e45.

[15] Becker A. Non-eruption of a developing mandibular first permanent molar.
Bulletins 2014. Bulletin #38. Available at: www.dr-adrianbecker.com.
[Accessed 28 July 2020].

[16] Baccetti T. Tooth anomalies associated with failure of eruption of first and
second permanent molars. Am J Orthod Dentofacial Orthop 2000;118:608e10.

[17] Shapira Y, Finkelstein T, Shpack N, Lai YH, Kuftinec MM, Vardimon A.
Mandibular second molar impaction. Part I: genetic traits and characteristics.
Am J Orthod Dentofacial Orthop 2011;140:32e7.

[18] Varpio M, Wellfelt B. Disturbed eruption of the lower second molar: clinical
appearance, prevalence, and etiology. ASDC J Dent Child 1988;55:114e8.

[19] Vedtofte H, Andreasen JO, Kjaer I. Arrested eruption of the permanent lower
second molar. Eur J Orthod 1999;21:31e40.

[20] Cassetta M, Altieri F, Di Mambro A, Galluccio G, Barbato E. Impaction of per-
manent mandibular second molar: a retrospective study. Med Oral Patol Oral
Chir Bucal 2013;18:e564e8.

[21] Cassetta M, Altieri F, Calasso S. Etiological factors in second mandibular molar
impaction. J Clin Exp Dent 2014;6:e150e4.

[22] Evans R. Incidence of lower second permanent molar impaction. Br J Orthod
1988;15:199e203.

[23] Jacob H, LeMert S, Alexander R, Buschang P. Second molar impaction associ-
ated with lip bumper therapy. Dental Press J Orthod 2014;19:99e104.

[24] Arevalo S, Choy R, Rich A, Felemban O, Bagher S, Loo C. Relationship of lower
lingual arch appliance use and impaction of second molars: a retrospective
study. Pediatric Dent 2020;42:123e5.

[25] Buhay-Ogilvie M, Chen CY, Coll JA. Effects of passive lingual arch treatment on
mandibular tooth movement. GSRA Abstracts. Ped Dent 2020;42:152.

[26] Santana L, Franca E, Flores-Mir C, Abreu L, Marques L, Martins Jr P. Effects of lip
bumper therapy on the mandibular arch dimensions of children and adoles-
cents: a systematic review. Am J Orthod Dentofacial Orthop 2020;157:454e65.

[27] Frazier-Bowers S, Koehler K, Ackerman J, Proffit W. Primary failure of erup-
tion: further characterizations of a rare eruption disorder. Am J Orthod Den-
tofacial Orthop 2007;131:578.e1e578.e11.

[28] Grippaudo C, Cafiero C, D'Apolito I, Ricci B, Frazier-Bowers S. Primary failure of
eruption: clinical and genetic findings in the mixed dentition. Angle Orthod
2018;88:275e82.
[29] Rhoads S, Hendricks H, Frazier-Bowers S. Establishing the diagnostic criteria
for eruption disorders based on genetic and clinical data. Am J Orthod Den-
tofacial Orthop 2013;144:194e202.

[30] Becker A. Failure of treatment of impacted canines associated with invasive
cervical root resorption. Angle Orthod 2013;83:870e6.

[31] Chaushu S, Becker A. Palatally impacted canines: the case for closed surgical
exposure and immediate orthodontic traction. Am J Orthod Dentofacial
Orthop 2013;143:451e9.

[32] Grover P, Lorton L. The incidence of unerupted permanent teeth and related
clinical cases. Oral Surg Oral Med Oral Pathol 1985;59:420e5.

[33] Fu P, Wang J, Wu Y, et al. Impacted mandibular second molars: a retrospective
study of prevalence and treatment outcome. Angle Orthod 2012;82:670e5.

[34] Johnson JV, Quirk GP. Surgical repositioning of impacted mandibular second
molar teeth. Am J Orthod Dentofacial Orthop 1987;91:242e51.

[35] Pogrel MA. The surgical uprighting of mandibular second molars. Am J Orthod
Dentofacial Orthop 1995;108:180e3.

[36] Owen AH. Early surgical management of impacted mandibular second molars.
J Clin Orthod 1998;32:446e50.

[37] Sawicka M, Racka-Pilszak B, Rosnowska-Mazurkiewicz A. Uprighting partially
impacted permanent second molars. Angle Orthod 2007;77:148e54.

[38] Bonetti G, Pelliccioni G, Checchi L. Management of bilaterally impacted
mandibular second and third molars. J Am Dent Assoc 1999;130:190e4.

[39] Giancotti A, Arcuri C, Barlattani A. Treatment of ectopic mandibular second molar
with titanium miniscrews. Am J Orthod Dentofacial Orthop 2004;126:113e7.

[40] Bagala F, Maino G, Maino G, Dalessandri D. A superelastic loop for uprighting
mesially impacted lower second molars. J Clin Orthod 2019;53:726e31.

[41] Zhen J, Liu CH, Zhang WX, et al. Uprighting deeply impacted mandibular
second with miniscrew anchorage. J Clin Orthod 2019;53:405e13.

[42] Kravitz N, Yanoksky M, Cope J, Silloway K, Favagehi M. Surgical uprighting of
lower second molars. J Clin Orthod 2016;1:33e40.

[43] Kvint S, Lindsten R, Magnusson A, Nilsson P, Bjerklin K. Autotransplantation of
teeth in 215 patients. A follow-up study. Angle Orthod 2010;80:446e51.

[44] Shellhart WC, Oesterle LJ. Uprighting molars without extrusion. J Am Dent
Assoc 1999;130:381e5.

[45] Shapira Y, Borell G, Nahlieli O, Kuftinec M. Uprighting mesially impacted
mandibular permanent second molars. Angle Orthod 1998;68:173e8.

[46] Melsen B, Bergamini A, Fiorelli G. Uprighting of lower molars. J Clin Orthod
1996;30:640e5.

[47] Orton HS, Jones SP. Correction of mesially impacted lower second and third
molars. J Clin Orthod 1987;21:176e81.

[48] Mezomo M, Guerino P, Matje P, De Lima E. Uprighting severely impacted
lower second molars prior to class II correction with upper second-molar
extractions. J Clin Orthod 2019;53:539e49.

[49] Aksoy AU, Aras S. Use of nickel titanium coil springs for partially impacted
second molars. J Clin Orthod 1998;32:479e82.

[50] Miao YQ, Zhong H. An uprighting appliance for impacted mandibular second
and third molars. J Clin Orthod 2006;40:110.

[51] Lau CK, Whang CZ, Bister D. Orthodontic uprighting of severely impacted
mandibular secondmolars. Am J Orthod Dentofacial Orthop 2013;143:116e24.

[52] Johnson E. Managing second molars. Am J Orthod Dentofacial Orthop
2011;140:269e73.

[53] Buchner HJ. Correction of impacted mandibular second molars. Angle Orthod
1973;43:30e3.

[54] Mansour E, Kodaih A, El-Beialy A, Mostafa Y. Molar uprighting using a
simplified technique (MUST). Eur J Clin Orthod 2015;4:31e4.

[55] Eckhart J. Case report: orthodontic uprighting of horizontally impacted
mandibular second molars. J Clin Orthod 1998;32:621.

[56] Okihara H, Ono T. Correction of bilateral heavily impacted second molar with
improved super-elastic nickel-titanium alloy wires. Am J Orthod Dentofacial
Orthop 2019;158:114e25.

[57] Di Leonardo B, Riatti R, Giuntoli F, et al. Management of partially impacted
mandibular molars using temporary anchorage devices. J Clin Orthod
2018;52:275e83.

[58] Lorente C, Lorente P, Perez-Vela M, Esquinas C, Lorente T. Management of
deeply impacted molars with the miniscrew supported pole technique. J Clin
Orthod 2018;52:589e97.

[59] Barros S, Janson G, Chiqueto K, Ferreira E, Rosing C. Expanding torque possi-
bilities: a skeletally anchored torqued cantilever for uprighting “kissing mo-
lars". Am J Orthod Dentofacial Orthop 2018;154:524e34.

[60] Mah SJ, Won PJ, Nam JH. Uprighting mesially impacted mandibular molars
with 2 miniscrews. Am J Orthod Dentofacial Orthop 2015;148:849e61.

[61] Lee KJ, Park YC, Hwang WS, Seong EH. Uprighting mandibular second molars
with direct miniscrew anchorage. J Clin Orthod 2007;41:627e35.

[62] Miyahira Y, Maltagliati L, Siqueira D, Romano R. Miniplates as skeletal
anchorage for treating mandibular second molar impactions. Am J Orthod
Dentofacial Orthop 2008;134:145e8.

[63] Peskin S, Graber TM. Surgical repositioning of teeth. J Am Dent Assoc
1970;80:1320e6.

[64] Kaban L, Needleman H, Hertzberg J. Idiopathic failure of eruption of perma-
nent molar teeth. Oral Surg Oral Med Oral Pathol 1976;42:155e63.

[65] De-la-Rosa-Gay C, Valmaseda-Castellón E, Gay-Escoda C. Spontaneous third-
molar eruption after second-molar extraction in orthodontic patients. Am J
Orthod Dentofacial Orthop 2006;129:337e44.

http://refhub.elsevier.com/S2212-4438(20)30058-8/sref1
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref1
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref1
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref2
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref2
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref2
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref2
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref3
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref3
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref3
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref3
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref4
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref4
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref4
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref5
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref5
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref5
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref6
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref6
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref6
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref6
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref7
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref7
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref7
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref7
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref8
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref8
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref8
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref9
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref9
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref9
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref9
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref10
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref10
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref10
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref11
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref11
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref11
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref11
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref12
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref12
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref12
http://www.dr-adrianbecker.com
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref14
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref14
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref14
http://www.dr-adrianbecker.com
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref16
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref16
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref16
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref17
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref17
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref17
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref17
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref18
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref18
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref18
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref19
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref19
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref19
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref20
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref20
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref20
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref20
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref21
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref21
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref21
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref22
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref22
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref22
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref23
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref23
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref23
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref24
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref24
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref24
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref24
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref25
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref25
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref26
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref26
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref26
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref26
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref27
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref27
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref27
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref27
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref28
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref28
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref28
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref28
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref29
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref29
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref29
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref29
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref30
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref30
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref30
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref31
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref31
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref31
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref31
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref32
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref32
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref32
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref33
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref33
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref33
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref34
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref34
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref34
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref35
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref35
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref35
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref36
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref36
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref36
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref37
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref37
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref37
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref38
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref38
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref38
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref39
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref39
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref39
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref40
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref40
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref40
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref41
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref41
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref41
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref42
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref42
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref42
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref43
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref43
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref43
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref44
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref44
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref44
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref45
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref45
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref45
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref46
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref46
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref46
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref47
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref47
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref47
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref48
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref48
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref48
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref48
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref49
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref49
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref49
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref50
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref50
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref51
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref51
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref51
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref52
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref52
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref52
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref53
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref53
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref53
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref54
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref54
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref54
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref55
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref55
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref56
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref56
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref56
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref56
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref57
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref57
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref57
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref57
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref58
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref58
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref58
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref58
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref59
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref59
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref59
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref59
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref60
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref60
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref60
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref61
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref61
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref61
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref62
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref62
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref62
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref62
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref63
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref63
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref63
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref64
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref64
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref64
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref65
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref65
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref65
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref65


P.K. Turley / Journal of the World Federation of Orthodontists 9 (2020) S45eS53 S53
[66] Orton-Gibbs S, Crow V, Orton HS. Eruption of third permanent molars after
extraction of second permanent molars. Part 1: assessment of third molar
position and size. Am J Orthod Dentofacial Orthop 2001;119:226e38.

[67] Dacre JT. The criteria for lower second molar extraction. J Orthod 1987;14:1e9.
[68] Richardson M, Richardson A. Lower third molar development subsequent to

second molar extraction. Am J Orthod Dentofacial Orthop 1993;104:566e74.
[69] Cryer BS. Third molar eruption and the effect of extraction of adjacent teeth.

Br Soc Study Orthod 1967;53:51e64.
[70] Wilson HE. Long term observation on the extraction of second permanent

molars. Eur Orthod Soc Trans 1974;50:215e21.
[71] Rindler A. Effects on lower third molars after extraction of second molars.

Angle Orthod 1977;47:55e8.
[72] Huggins DG, McBride LJ. The eruption of lower third molars following the loss

of lower second molars: a longitudinal cephalometric study. Br J Orthod
1978;5:13e20.
[73] Lawlor J. The effects on the lower third molar of the extraction of the lower
second molar. Br J Orthod 1978;5:99e103.

[74] Cavanaugh JJ. Third molar changes following second molar extractions. Angle
Orthod 1985;55:70e6.

[75] Gaumond G. Second molar germectomy and third molar eruption. Angle
Orthod 1985;55:77e88.

[76] Gooris CGM, Artun J, Joondeph DR. Eruption of mandibular third molars after
second molar extractions: a radiographic study. Am J Orthod Dentofacial
Orthop 1990;98:161e7.

[77] Bach RM. Non-surgical uprighting of mesially impacted lower molars. J Clin
Orthod 2011;45:679e81.

[78] Davis WH, Patakas BM, Kaminishi RM, Parsch NE. Surgically uprighting and
grafting mandibular second molars. Am J Orthod 1976;69:555e61.

[79] Ferrazzini G. Uprighting of a deeply impacted mandibular second molar. Am J
Orthod Dentofacial Orthop 1989;2:168e71.

http://refhub.elsevier.com/S2212-4438(20)30058-8/sref66
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref66
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref66
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref66
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref67
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref67
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref68
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref68
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref68
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref69
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref69
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref69
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref70
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref70
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref70
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref71
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref71
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref71
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref72
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref72
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref72
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref72
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref73
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref73
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref73
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref74
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref74
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref74
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref75
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref75
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref75
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref76
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref76
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref76
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref76
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref77
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref77
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref77
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref78
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref78
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref78
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref79
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref79
http://refhub.elsevier.com/S2212-4438(20)30058-8/sref79

