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The first molar has been reported to be the most caries prone tooth in the permanent dentition. Orthodontists are
treating more adult patients who are more likely to have missing and severely decayed first molars. This article
will show the various orthodontic and restorative options for first molars that are already extracted or have to
be extracted. The following clinical situations will be addressed: molar uprighting and its advantages for the
future restoration vs orthodontic space closure, strategic extraction of salvable first molars, impacted molars,
and early extraction of compromised permanent first molars in young children. (Am J Orthod Dentofacial
Orthop 2021;159:682-92)
Early extraction of permanent first molars has been
advocated in the literature for over a century.1

Considered to be most prone to caries, the
removal of such teeth was believed to reduce the decay
incidence in the remaining teeth.2,3 After World War II,
first molar extraction became a standard procedure.
Hence, the term “extraction for prevention” was pre-
sented as a way for solving the “spread” of caries.4 The
importance of the permanent first molar in the develop-
ment of the dentition and the occlusion was controver-
sial.5 Edward Angle, the father of modern orthodontics,
described it as the keystone of the dental arch, whereas
others advocated permanent first molar extraction on a
routine basis. Many studies tried to counteract the un-
controlled extraction of first molars by showing its detri-
mental effect on occlusion.6,7

Despite all the preventive and prophylaxis measures
available today, we still have to deal with extracted
and severely decayed permanent first molars in our daily
practices.1,8,9 For patients referred by restorative dentists
for migrated teeth after first molar extractions, ortho-
dontic treatment should be aimed at facilitating the
restorative process rather than correcting an existing
malocclusion when it is not the patient's chief
complaint. In long-standing extractions not
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compensated prosthetically, the edentulous space is
partially closed by mesiolingual tipping of the
second molar. First molar extraction in the late mixed
dentition or early permanent dentition can also lead to
residual spaces because of distal tipping of the premo-
lars. Spaces can be redistributed for restorative replace-
ment of the extracted first molar or closed
orthodontically. The main advantage of space closure
is that the whole treatment is finished right after
completion of the orthodontic treatment without pa-
tient dependence on a permanent restoration and less
treatment cost. Space closure can be difficult in atrophic
extraction sites, which require remodeling of cortical
bone.10 Adults can have less bone apposition whenmov-
ing second molars into the narrowed space of first mo-
lars extraction sites, greater likelihood of loss of
alveolar bone crest height on the mesial of the
second molar roots, and in some patients gingival reces-
sions and root resorption.11,12 Efficient orthodontic me-
chanics must be used to ensure delivery of light forces
and increase the interval between activations so that
the tissues involved have time to recover and avoid the
development of soft-tissue clefts, which have a tendency
to reopen spaces.10 Space closure can also be difficult in
the maxillary posterior area with low sinus because tooth
movement through the maxillary sinus is limited.13

Pneumatization can extend to the alveolar ridge making
implant placement difficult.14,15 Space closure of recent
first molar extraction sites have better predictable results
than ancient extraction sites. Although technically more
demanding, it is sometimes advisable to extract a
compromised first molar rather than a healthy premolar.
Compromised permanent first molars, mostly because of
enamel hypoplasia, can also be seen in young patients in
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the mixed dentition stage. Consideration should be
given to extraction at the ideal developmental age,
which corresponds to a chronological mean age of 8-
10 years, to achieve spontaneous space closure with a
mesial eruption of second molars.16

This article will describe the orthodontic and restor-
ative approaches with common clinical situations of
long-standing and recent extractions of first molars,
“strategic” extraction of compromised first molars rather
than healthy premolars, impacted molars, and early
extraction of first permanent molars with enamel hypo-
plasia in young children.

LONG-STANDING NONREPLACED FIRST MOLAR
EXTRACTIONS

Patient 1

The main sequelae of extracted mandibular perma-
nent first molars not replaced prosthetically are mesio-
lingual tipping of second and third molars and
overeruption of the antagonist as seen with this 27-
year-old patient (Fig 1, A and B). By uprighting the tip-
ped molars, the tooth movement not only facilitates
prosthetic rehabilitation but also enables better design,
periodontal conditions, function, and stability of the
restorative solution.17 The maxillary third molar had to
be extracted to facilitate the alignment of the blocked
out second molar. In addition, the mandibular third
molar had to be extracted because it would have been
without an antagonist after molar uprighting. A maxil-
lary removable biteplane was used to enable tooth
movement (Fig 1, C). The conventional uprighting
spring made of a 0.019 3 0.025-in stainless steel wire
was used against a segmental 0.0193 0.025-in archwire
engaged passively in canine and premolars 0.022-in
brackets (Fig 1, D). This anchor unit was reinforced by
a wire from canine to canine bonded on the lingual of
the canines.17 A space maintainer made of a
0.019 3 0.025-in wire was secured after tooth move-
ment and replaced by a temporary bridge during the
restorative phase (Fig 1, E). As both abutment teeth
adjacent to the extraction site had large restorations, a
conventional full-coverage crown bridge was indicated.
This restoration allowed occlusal grinding on the
second molar to compensate for the extrusion effect
of the uprighting spring. This reduction of the
clinical crown height yields a more favorable crown-
to-root ratio.18 Correction of the angular osseous defect
on the mesial aspect of the second molar with better ac-
cess to oral hygiene can be seen on pretreatment and
posttreatment periapical radiographs (Fig 1, F and G).
Molar uprighting has also favored parallel preparations
American Journal of Orthodontics and Dentofacial Orthoped
with better insertion and retention of the restoration
(Fig 1, H). Treatment time was 8 months. The orthodon-
tic treatment objective was not to correct the existing
Class II Division 2 malocclusion but to facilitate a restor-
ative solution that remained functional and stable at
20 years after the treatment (Fig 1, I and J).

Patient 2

This 32-year-old patient had a long-standing
mandibular first molar extractions not replaced pros-
thetically. Orthodontic space closure replacing the first
molar with the second molar is an attractive solution
that avoids patient dependence on a permanent restora-
tion. Light forces with increased intervals between acti-
vations are recommended in space closure, which greatly
increases treatment time compared with molar upright-
ing for a restorative solution, especially in the mandib-
ular arch with a greater bone density.19 What needs to
be considered is not the clinical crown space at the
extraction site, which often appears small because of
crown tipping but the root space between the second
premolar and the second molar (Fig 2, A). This distance
between the apices also needs to be reduced until
adequate root parallelism is achieved. Optimal root posi-
tion in space closure is essential for the correction of the
mesial angular osseous defect, good occlusion, and sta-
bility. Despite a large extent of root movement, root
resorption of the second molars was shown to be mini-
mal in space closure.20 There is also a tendency for the
mesial bone height of the second molar to decrease an
average of 1.3 mm with space closure, but this does
not compromise the periodontal support.20,21

A diagnostic setup for second molar uprighting has
shown that mandibular third molars will end up without
an antagonist (Fig 2, B and C). The 2 treatment alterna-
tives were to extract third molars and upright
second molars for a prosthetic replacement of the ex-
tracted first molars or to close the extraction space by
bringing second and third molars forward. Even though
more challenging and time consuming, orthodontic
space closure was selected rather than extracting 2 sound
molars to replace them with 2 implant restorations.

Uprighting springs started to mesial drive the
second molar roots. Tip-back bends to fully correct
root position, and power chains with light forces were
used for space closure (Fig 2, D). Progress periapical ra-
diographs helped monitor root parallelism. Occlusal
equilibration on the molars was necessary to compen-
sate for mild uncontrolled extrusion. Complete space
closure with adequate root parallelism between second
premolars, second, and third molars was achieved in
ics May 2021 � Vol 159 � Issue 5



Fig 1. Patient 1: A,Old noncompensated extraction of a mandibular first molar. B, Tipped second and
third molars. C, Maxillary biteplane. D, Uprighting spring. E, Space maintainer. F and G, Pretreatment
and posttreatment radiographs. H, Posttreatment conventional bridge restoration. I and J, Twenty
years after the treatment.
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15 months (Fig 2, E). A 0.0215-in twisted wire was
bonded between second premolars and second molars
(Fig 2, F). Space reopening and the likelihood of a
long-term open contact is a common problem in first
molar space closure, even with parallel roots and a twist
wire.

Patient 3

A 52-year-old patient had the mandibular first mo-
lars extracted at age 14 years, resulting in a spaced
dentition (Fig 3, A-D). Orthodontic redistribution of
the spaces in the first molar sites would be complex
May 2021 � Vol 159 � Issue 5 American
and time-consuming. Instead, as shown in the diag-
nostic setup, minor tooth movement of the canines
and left second molar has facilitated a 3 single-tooth im-
plants restoration in the existing spaces (Fig 3, E and F).
Orthodontic treatment time was 20 months. Optimal
and stable occlusion was seen in photographs taken
6 years after the treatment (Fig 3, G and H).

Patient 4

Space closure of first molar extraction sites in the
maxillary arch is usually faster and easier mechanically
than in the mandibular arch because the mandible is
Journal of Orthodontics and Dentofacial Orthopedics



Fig 2. Patient 2: A, Panoramic radiograph of long-standing extraction of mandibular first molars with
large root space (divergent). B and C, Diagnostic setup for space opening. D, Two uprighting springs.
E, Posttreatment panoramic radiograph. F, Bonded 0.0215-in twisted wire retainer.
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consisted of thick cortical bone connected by coarse
trabecular bone, and the molar roots are extremely
wide buccolingually.19 Maxillary first molar extractions
may be associated with maxillary sinus pneumatization,
which can hinder orthodontic tooth movement.13 The
maxillary sinus floor is structured with compact cortical
bone formed by the alveolar process and part of the hard
palate.13 Light constant forces with longer adjustment
intervals could effectively move teeth through the maxil-
lary sinus wall.14 When the sinus floor extends more
vertically in front of the tooth to be moved, more tipping
will occur with teeth moving through a flat sinus base.15

Even when optimal root parallelism cannot be achieved,
it will not prevent an acceptable outcome, and pneuma-
tization should not be a contraindication for space
closure in maxillary first molar extractions.22
American Journal of Orthodontics and Dentofacial Orthoped
This 24-year-old girl had an early maxillary first
molar extraction that was to be replaced prosthetically
at the end of growth. Because of insufficient space
opening or lack of space maintenance, only 4 mm of
edentulous space remains. Meanwhile, the third molar
erupted and had no antagonist (Fig 4, A and B). There
was a midline shift toward the extraction side and a ten-
dency to an anterior edge to edge bite. She rejected a full
comprehensive orthodontic treatment, which she
already had in the early permanent dentition. The 2
treatment alternatives were to open additional space
for single-tooth implant or close the space. An implant
solution required a sinus lift surgery and extraction of
a sound third molar which had no antagonist. Space
closure by mesial driving second and third molars was,
therefore, more appropriate. Two miniscrews allowed
ics May 2021 � Vol 159 � Issue 5



Fig 3. Patient 3: A-D, Spaced dentition because of early mandibular first molar extractions at
age 14 years. E, Diagnostic setup. F, Three implant restorations. G and H, Occlusion 6 years after
the treatment.
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orthodontic space closure with minimal teeth involved
and avoided relying on the canine and premolars as an-
chor units (Fig 4, C). An extension was soldered on the
hook of the second molar band to direct the force closer
to the center of rotation, favoring a bodily movement. A
light continuous force was delivered by a nickel-
titanium coil. The overerupted third molar was intruded
and occluded with the mandibular second molar (Fig 4,
D). Pneumatization of the sinus prevented optimal root
parallelism, but total space closure and proper occlusion
could be achieved in 9 months (Fig 4, E and F). A
0.0215-in twisted wire was bonded between the second
premolar and second molar, and home care instruction
May 2021 � Vol 159 � Issue 5 American
with an interdental toothbrush was given to
maintain a healthy periodontium on the mesial of the
second molar.
RECENT EXTRACTION OF FIRST MOLARS

Patient 5

This 16-year-old patient had a recently extracted
maxillary first molar and an unerupted third molar.
There was posterior crowding, which is an indication
of space closure (Fig 5, A). Three bands with lingual at-
tachments were used to correct rotations of the premo-
lars, and the remaining first molar extraction space was
Journal of Orthodontics and Dentofacial Orthopedics



Fig 4. Patient 4: A, An early maxillary first molar extraction and overerupted third molar with no antag-
onist. B, Available space is 4 mm with divergent adjacent roots. C, Space closure with 2 miniscrews to
avoid adverse reaction from the canine and premolars. D-F, Proper occlusion and complete space
closure despite lack of optimal root parallelism because of pneumatization.
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closed in 5 months (Fig 5, B). The third molar erupted
spontaneously right after appliance removal with
optimal root parallelism and crestal bone levels (Fig 5,
C and D). Extraction of the permanent first molar has
been shown to have an accelerating effect on the devel-
opment of the third molar, which tends to erupt earlier
than the contralateral tooth.2,9

Patient 6

This 25-year-old patient had a similar situation with
a hopeless maxillary first molar (Fig 6,A). The absence of
a third molar has ruled out space closure. The patient re-
jected a sinus lift surgery, which was needed for an
implant solution. Aligning a palatally displaced second
premolar was done in 7 months and enabled an inlay–
onlay restoration with minimal preparation on abutment
teeth (Fig 6, B-D). This restoration has saved sound
tooth structure and avoided endodontic involvement.

Patient 7

This 35-year-old patient had a mandibular first molar
extraction space that was too big for 1 implant and too
small for 2 implants (Fig 7, A). Considering the standard
3.75 mm diameter implant commonly used in the poste-
rior region, 1 single-tooth implant would end up with
open embrasures and plaque accumulation, and 2
American Journal of Orthodontics and Dentofacial Orthoped
implants would be too close together and to adjacent
teeth. To reduce the extraction space, the second and
third molars were moved mesially. An implant placed
ideally relative to the second premolar was used initially
as an orthodontic anchor device and secondarily as a
prosthetic abutment (Fig 7, B and C). The posttreatment
radiograph shows a well-centered implant in the newly
created space (Fig 7, D). Orthodontic treatment time
was 7 months, and there was no space reopening 6 years
after the treatment (Fig 7, E).

STRATEGIC EXTRACTION OF SALVABLE FIRST
MOLARS

Patient 8

This 13-year-old patient had an Angle Class II molar
relationship with a blocked out maxillary right canine
and an impacted left canine (Fig 8, A and B). The maxil-
lary arch length discrepancy was 9 mm. Maxillary first
premolar extractions would have been normally consid-
ered if the maxillary left first molar was not compromised
(Fig 8, B). A full-coverage crown or an inlay–onlay resto-
ration, endodontic treatment, and possible crown
lengthening were needed to save the first molar. Rather
than extracting a sound premolar and leaving a compro-
mised first molar, the first molar was extracted instead. A
Nance holding arch helped distalize second and first
ics May 2021 � Vol 159 � Issue 5



Fig 5. Patient 5: A and B, Space closure of a recent maxillary first molar extraction site. C, Third molar
erupted spontaneously. D, Posttreatment radiograph with optimal root parallelism.

Fig 6. Patient 6: A-C, Aligning a malpositioned first premolar after maxillary first molar extraction. D,
Inlay–onlay restoration.

Fig 7. Patient 7: A, Mandibular first molar extraction space too large for 1 implant and too small for 2
implants.B, Implant positioned ideally relative to the first premolar.C andD, An implant used initially as
an orthodontic anchor to reduce extraction space and secondarily as a prosthetic abutment. E,
Occlusal view 6 years after the treatment.

688 Sabri
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Fig 8. Patient 8: A and B, Lack of space for an impacted maxillary left canine. C and D, “Strategic”
extraction of a compromised first molar and Nance holding arch to distal drive premolars into the extrac-
tion space before fixed appliance treatment. E and F, Posttreatment intraoral photographs. G, Post-
treatment panoramic radiograph.
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premolars in the extraction site, creating space for the
impacted canine before fixed appliance treatment (Fig
8, C and E). Treatment time was 30 months. Posttreat-
ment photographs show well-aligned canines and a
seated Class I occlusion (Fig 8, E and F). Optimal root
parallelism at the maxillary left first molar extraction
site was achieved (Fig 8, G).
IMPACTION OF FIRST MOLARS

Patient 9

This 12-year-old patient had a Class II Division 1
malocclusion and a deeply impacted and ankylosed
mandibular first molar with curved roots (Fig 9, A and
B). A corresponding bulge could be palpated at the lower
border of the mandible. The second molar was impacted
horizontally. Extraction of first and secondmolars for a 2
implants solution at a later age was unrealistic. It would
leave an edentulous ridge with overeruption of the
American Journal of Orthodontics and Dentofacial Orthoped
unopposed maxillary molars or patient dependence on
a removable partial denture till the end of growth. The
second molar was uprighted with an intermaxillary
elastic hooked on a bonded bracket after surgical uncov-
ering (Fig 9, C). A removable maxillary Hawley-type
appliance with an extended arm soldered on the reten-
tion clasp was used as an anchor unit to hook the elastic
at the other end (Fig 9,D). A miniscrew would have inter-
fered with the unereupted maxillary second molar.
Therefore, cooperation was essential and achieved com-
plete repositioning of the horizontally impacted
second molar in 3 months before fixed appliance treat-
ment (Fig 9, D). A CT scan of the right mandibular
region after adequate space management showed the
inferior dental nerve inserted between the roots of the
impacted first molar (Fig 9, E). Complete extraction of
the impacted molar was ruled out to avoid nerve damage
and fracture of the mandible. A partial coronectomy was
done to obtain enough height for an implant (Fig 9, F
ics May 2021 � Vol 159 � Issue 5



Fig 9. Patient 9: A and B, Class II Division 1 malocclusion with an impacted mandibular right first and
second molars. C and D, Surgical uncovering and intermaxillary elastic to upright the second molar. E,
Dentascan showing nerve insertion between first molar roots. F, Partial coronectomy of the ankylosed
first molar to be done before implant placement. G and H, Panoramic radiograph and intraoral photo-
graph taken 10 years after the treatment.
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andG). The implant was inserted 5 years later. Treatment
time was 4 years. A panoramic and an intraoral photo-
graph that was taken 10 years after the treatment showed
the stability of the overall treatment result (Fig 9, G and
H).

EARLY EXTRACTION OF COMPROMISED
PERMANENT FIRST MOLARS IN MIXED DENTITION

Severely decayed permanent first molars in the
mixed dentition, mostly because of enamel hypoplasia,
present a dilemma for the pedodontist; should these
teeth be restored with a questionable long-term prog-
nosis or considered for early extraction?16 The condi-
tions favoring early extraction of permanent first
molars are (1) poor tooth quality, (2) presence of second
and third molars, (3) posterior crowding with third mo-
lars reasonably positioned, (4) patient willing to pursue
long-term follow-up and future fixed appliance treat-
ment, and (5) open bite tendency.23,24 Conversely, se-
vere arch length discrepancy and protrusion are
May 2021 � Vol 159 � Issue 5 American
contraindications for early extraction of first molars.
Spontaneous space closure with the mesial eruption
and drift of the second molars will not allow the use
of the extraction space to relieve crowding or protru-
sion. In such patients, extraction of compromised first
molars should be delayed until the full eruption of the
second molars. Space maintainers such as the lingual
arch and Nance appliance will maintain the needed
extraction space until fixed appliance treatment in the
early permanent dentition.

Patient 10

This 9-year-old patient had enamel hypoplasia on 3
out of 4 permanent first molars. All third molars were
present with signs of posterior crowding (Fig 10, A).
Spontaneous early exfoliation of the maxillary and
mandibular right primary canines was an early sign of
arch length deficiency. The pedodontist questioned the
feasibility of early extraction of these compromised first
molars as part of a future orthodontic treatment, which
Journal of Orthodontics and Dentofacial Orthopedics



Fig 10. Patient 10: A, Three permanent first molars with enamel hypoplasia at age 9 years. B-F, Sec-
ondmolars eruption with favorable axial inclination 1 year after early extraction of 4 first permanent mo-
lars. G-J, Intraoral photographs taken 25 years after the treatment.
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was needed anyway. There was a full Class II molar rela-
tionship with an overjet of 11 mm. The appearance of
calcification of the interradicular bifurcation of the
second molar, as can be seen on the panoramic radio-
graph, is used as a suitable time for extracting the first
molar (Fig 10, A).25-27 This corresponds to a
chronological age of 9-10 years.

One year after the first molar extractions, the
second molars erupted mesially with a good axial incli-
nation (Fig 10, B). The mandibular left deciduous
second molar was still retained, and the underlying suc-
cessor mesially inclined. Third molars had completed
crown calcification. There was a spontaneous space
closure in the maxillary arch with the mesiopalatal rota-
tion of the second molars in the first molar extraction
site, unlike the mandibular arch, where some residual
spaces remained. All canines erupted fully with a good
overall arch alignment (Fig 10, C-F). Fixed orthodontic
treatment was initiated at the age of 11 years for
30 months. A good Class I intercuspation with a normal
overbite and overjet and long-term stability can be seen
in intraoral photographs taken 25 years after the treat-
ment (Fig 10, G-J). Careful management and timely
extraction of the compromised permanent first molars
American Journal of Orthodontics and Dentofacial Orthoped
simplified later orthodontic mechanotherapy and saved
this young child from teeth with a questionable long-
term prognosis.

CONCLUSIONS

Extracted and decayed permanent first molars are
still prevalent. Significantly compromised first molars
have a great potential to enter a restorative cycle, even-
tually ending with extraction. Tooth migrations after
nonreplaced molar extractions complicate restorative
treatment. Orthodontic treatment is also more extended
and requires great control of mechanics with first molar
extractions. This article has shown how a well-
coordinated multidisciplinary approach can facilitate
the orthodontic and/or restorative treatment of ex-
tracted permanent first molars and achieve rewarding
outcomes.
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