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Chapter

Orthodontic Management of
Residual Spaces of Missing Molars:
Decision Factors

Hakima Aghoutan, Sanaa Alami, Amal El Aouame
and Farid El Quars

Abstract

In the daily practice, the orthodontist may be confronted with particular clinical
situations with one or more missing teeth. This can complicate the therapeutic plan
and influence the choice of possible extractions imposed by treatment require-
ments. In case of permanent molar absence, making decision becomes even more
delicate. The practitioner must use his/her critical sense and clinical common sense
to make the right choice between closing and redeveloping the residual spaces.

Its choice must meet the patient’s expectations and correct the clinical problem
without risking overtreatment, or extending duration care. Several factors guide
the therapeutic decision, ranging from the patient’s age to economic factors, not to
mention the technical complexity, therapeutic predictability, and patient comfort,
which determine proper compliance and therefore success. In this chapter, we will
focus on these decision-making factors by determining the scientific evidence level
in terms of success, survival, and patient-centered outcomes (quality of life and
functional efficiency).

Keywords: missing permanent molars, first permanent molar,
second permanent molar, orthodontic management, decision factors, adult,
children, space closure, space reopening, multidisciplinary treatment

1. Introduction

Orthodontic treatment aims globally to improve dentofacial esthetic and
stomatognathic system functions in harmony with the patient’s wishes. To achieve
these objectives, inter- and intra-arch occlusion is the guiding field of action.
Therefore, any orthodontic movement must be carefully considered including in
the molar area. Indeed, permanent molars are considered as significant determi-
nants for normal tooth development and facial growth [1, 2]. They play a central
role in the mastication of food, in supporting the vertical dimension of the face,
and as anchorage teeth against orthodontic forces [3]. Moreover, posterior dental
contacts are important to adapt and coordinate growth between the mandible and
maxilla and a lack of chewing function in children will disrupt their maxillofacial
growth [1, 4]. Hence, every orthodontist must ensure a well-thought-out manage-
ment of missing molar spaces mostly in children.
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The molar missing may be primary, due to the agenesis phenomenon, or sec-
ondary to extraction not compensated by prosthetic rehabilitation. It complicates
decision-making process, since the orthodontist’s first vocation is to balance dento-
facial pattern with a better cost-benefit ratio, especially in young patients. What is
more, molar absence is generally accompanied with other complicated dental and
skeletal problems, which affect treatment planning and outcomes.

Molar agenesis may be an isolated anomaly or associated with particular syn-
dromes. It is an uncommon clinical condition not well documented in the literature.
Moreover, it has also been reported that anterior agenesis may depend more on
genes while posterior missing might be sporadic [5]. Its prevalence rate has been
reported to fluctuate between 0 and 0.05% in the general population for the first
permanent molar (FPM) [1] and to revolve around 0.8% for the second permanent
molar (SPM) [4]. This phenomenon was reported to be associated with a higher
prevalence of other permanent tooth agenesis and advanced tooth agenesis [3].
Consequently, when treating patients with molar agenesis, the orthodontist should
consider that observed alterations of craniofacial dimensions might occur beyond
the variations associated with age and gender [6].

On the other hand, in case of acquired lack of molars, many factors can be incrimi-
nated. Carious lesions, dental hypoplasia including molar-incisor hypomineralization
(MIH), and periodontal disease are the major concerns [7, 8]. Several authors have
dealt with the best time to extract first permanent molar when this is unavoidable in
the young patient. There is only little scientific evidence about the extraction timing in
order to minimize unwanted negative effects. In a recent meta-analysis [6], authors sug-
gested that it is when the second permanent molar is at Demirjian stage E. Otherwise,
several consequences can occur and if orthodontic need arises, the treatment plan can
be complicated or modified to adapt to these modifications, especially in adults.

In this section, we will address the main etiologies and dentoskeletal conse-
quences of molar missing and focus on decision-making factors related to orth-
odontic management of residual space of one or several missing molars. We will
discuss some clinical situations to illustrate this topic.

2. Problem statement

The consequences of permanent molar extraction and all consequences and treat-
ment considerations have been largely discussed in the literature for the first molar.
Second molar is less commonly addressed. Currently, the majority of first permanent
molars are extracted because of dental caries [9]. The eruption of the first permanent
molar occurs, as its name suggests, around the age of 6 years. Its early eruption, as well
as the immaturity of its histological components and its occlusal anatomy (grooves,
pits, and fissures), makes it vulnerable to various microbial, periodontal, or structural
pathologies, and more prone to possible premature extraction before 15 years [6, 10].
The period between the eruption of the tooth and the definitive maturation of its histo-
logical components, especially that of the enamel, is considered to be cario-susceptible.

As said above, permanent molars act as a guide for the permanent teeth since
they control the establishment of dental occlusion and participate in the maxillary
growth and physiology of the mandibular apparatus. Therefore, loss of permanent
molars without any remedy could disturb the developing dentition, generate
numerous malocclusions, and affect dental health [6]. It typically leads to occlusal
disturbances by pathological migration of neighboring teeth and periodontal
lesions as alveolar melting or false periodontal pocket adjacent to the tipped teeth
which is induced by bone contour remodeling following the cementoenamel junc-
tion [11] (Figures 1-3).
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These complications are all the more serious, as the period of molar absence on
the arch is extended; hence, the importance of the multidisciplinary approach with
a large communication between the pediatric dentist and the orthodontist in order
to establish the best care and to plan potential extraction, which is useful to correct
discrepancies and prevent the development of malocclusions [10].

For managing this space problem, the orthodontist can adopt two therapeutic
strategies including space reopening or space closing. The orthodontist ought to use
his/her critical sense and clinical common sense to make the right choice, which
must not only take into consideration dental arch length and occlusion [12] but also
all the technical and biological specificities of treated case. Space can be reopened
for implant insertion, autotransplantation, and prosthetic restoration; while space
closing can be undertaken to correct the other associate malocclusions. Either way,
his/her choice must meet the patient’s expectations and correct the clinical problem

Figure 1.
Case of MIH in a 11-year-old boy, with severe molar damage and loss of 26. We can observe displacement of
second left upper molar: (a and b) lateral occlusion views; (c) occlusal view of maxillary arch.
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Figure 2.

Orthopantomogram (OPG) of an adult showing the absence of 16 and 26 with version and false periodontal
pocket in the mesial side of 17 and 27. We can note the low floor level of the right maxillary sinus, which may
complicate orthodontic mesial movement of posterior teeth.

Figure 3.
Case of an adult with multiple molars missing. The over eruption of 17 is due to no-compensated extraction of 47.

without risking overtreatment, or extending duration care, especially since patients
with missing molars often need a compensatory treatment in the opposite arch.

Besides, some authors [11, 13, 14] claim that space closure by molar orthodontic
movement is time-consuming and more problematic mainly in the mandibular
arch and in atrophic extraction sites exhibiting a reduction in vertical height and a
decrease in width of the residual ridge. The orthodontist must avoid teeth tipping,
damage of the gingiva and marginal bone. Hence, this decision requires confronta-
tion with the alternative prosthetic treatment especially in old adults who usually
show less bone apposition around moved molars into the narrowed space, and poor
stability of the closed space, leading in some, if not several, cases to an orthodontic
compromise. Nevertheless, fixed appliances can achieve excellent outcomes at differ-
ent ages following permanent molars’ loss particularly with the advent of temporary
anchorage devices. Studies have reported that posterior spaces have been closed by
protracting posterior teeth, which prevent detrimental effects without reopening of
the edentulous spaces or increased pocket depth in the follow-up period [15]. In case
of related orthodontic abnormalities, it is necessary to use all or part of the space
given by molar extraction to correct the dysmorphy. A golden rule is to determine the
anchorage value and location as well as any associated auxiliary devices.

On the other hand, before any prosthetic rehabilitation succeeding space
redevelopment, the practitioner has to upright and to parallelize the adjacent teeth
in order to gain sufficient space, even apically at the root level [14]. Moreover, in
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these cases, wisdom teeth are often removed [16]. Consequently, the orthodontist
has always to wonder which of the two options is better: (a) close residual molar
space to control the wisdom tooth positioning or (b) remove the third molar and
place a prosthesis on the missing molar, which is more expensive. Obviously other
biomechanical considerations must be taken into account, to be explained later.

On another note, over the years of craniofacial growth, teeth and their support-
ing tissues are able to adapt to functional demands. Thus, continuous changes are
observed after tooth missing, and the orthodontist has to choose optimal treatment
for his/her patient taking into account several decision factors. In his literature review
[14], Thilander has shown that both closure and space opening alternatives have their
advantages as well as disadvantages, but the evidence base is weak, with currently
no randomized trials reporting on the outcome of different interventions [9]. More
research is needed with relevant clinical follow-up, varying craniofacial morphology,
different ages, and large sample. This will be of great value for comprehension of
tissue reaction to orthodontic space management and continuous changes of the den-
tition and its supporting tissues. From then on, treatment choice can be standardized.

3. Clinical features

The direct consequence of molar extraction is the creation of a 10- to 12-mm dia-
stema. The movements of the neighboring and antagonistic teeth will cause occlusal
and periodontal imbalance. It was reported that post-extraction migration occurred
in the following ways: over eruption of opposing teeth, horizontal migration of
neighboring teeth, space reduced by tipping, dual drift (horizontal and vertical),
or complete space closure [6]. In addition to this, authors investigated contour
changes of the alveolar processes of posterior extraction sites and demonstrated a
reduction in width of the residual alveolar ridge of up to 50% during a 12-month
healing period, of which two-thirds of the reduction occurred within the first
3 months of healing in [17]. In case of an extraction on one arch, the opposing tooth
can significantly over erupt (Figures 4 and 5). In general terms, malocclusions are
complicated by the early loss of a first permanent molar without treatment [10].

Moreover, sinus pneumatization was identified after extraction of maxillary
posterior teeth. This phenomenon occurs within 4-6 months of healing duration,
and is caused by atrophy associated with the replacement of dental socket by non-
functional bone [18, 19]. The expansion of the sinus was larger following extraction
of teeth enveloped by a superiorly curving sinus floor, extraction of several adjacent
posterior teeth, and extraction of second molars in comparison with first molars [19].

A systematic review reported that the post-extraction space of first permanent
molar was closed mostly by the SPM rather than by the second premolar [6]. For
certain authors [20, 21], no significant relation was found between patient Angle’s
Classification or the timing of FPM extraction based upon SPM development stage
and complete spontaneous space closure in both arches, contrary to the usual rec-
ommendations indicating that the ideal time for FPM extraction, with fewer unde-
sirable consequences, is when the SPM is at Demirjian stage E (early bifurcation)

[6, 9]. For these authors, apart from extraction timing of the FPM, the presence of
the third permanent molar, mesioangulation of the SPM in relation to the FPM, and
the engagement of second premolar in the bifurcation of the second primary molar
are better predictors of spontaneous space closure of the FPM mainly in mandibular
arch where closure space is more problematical and leads frequently to mesial tip-
ping and distobuccal rotation of the SPM or angulation and distal movement of the
second premolar. This might be due to the differences in the eruption paths of SPM
in the mandible and maxilla [10].
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Figure 4.
Over eruption of tooth 16 after extraction of tooth 46.

Figuress.
OPG of the same patient showing the consequences of extraction of tooth 46: over eruption of 16, distal
displacement of 45 germ and slight mesial displacement of 47.

The occlusal and skeletal consequences in the vertical direction after extraction of
FPM were much discussed. Some authors noted counterclockwise rotation of the occlu-
sal plane and an improvement in infraclusion [6, 13] but most studies did not notice a
significant influence on the vertical dimension [6]. Also, there was no significant effect
described on the maxillomandibular relationship in the anteroposterior direction.

Furthermore, it was stated that the FPM and SPM extraction accelerated sig-
nificantly the development and eruption of the third molars when a posterior space
is created [13, 22-24] and led to lingual tipping and retrusion of incisors mostly in
lower arch [6]. However, some authors have discussed the effect of various extrac-
tion patterns on provision of space both anteriorly and posteriorly within the arch
and they highlighted the fact that FPM extraction seems to have less effect on the
profile than premolar extraction [13].

Finally, in the aforementioned systematic review, the authors concluded that the
published studies have too many weaknesses to draw sufficient evidence. Therefore,
further prospective studies are needed to investigate the consequences of FPM
extraction and to confirm the ideal time of this extraction.
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4. Treatment choices

In patients with missing molar, a standard treatment plan does not exist. There
are essentially two orthodontic treatment approaches to manage this problem,
which are space closure or reopening for prosthetic replacements, and implant or
autotransplantation. Several elements guide the therapeutic decision, ranging from
the patient’s age to economic possibilities, not to mention the technical complexity,
therapeutic predictability, and patient comfort, which determine proper compli-
ance and therefore success.

Patients with missing molars often manifest with many underlying skeletal and
dental problems and a multidisciplinary approach is recommended and depends on
several factors. The amount of crowding, type of malocclusion, facial profile, age
of the patient, periodontal conditions, bone volume in alveolar process, vertical or
horizontal growth pattern, the number of missing teeth, and the available space
should be considered in treatment plan [5]. Moreover, all the consequences that
occurred after an old extraction must also be taken into account since they deter-
mine the choice of the biomechanical system.

The main advantage of the space closure resides in the fact that the whole treat-
ment can be finished immediately after completion of orthodontics. When pos-
sible, it must be systematically preferred because better longer term outcomes can
be achieved without growth-related infraocclusion, blue coloring of the gingiva, or
periodontal problems as the tooth has displaced along with its supporting tissues
[5]. Additionally, orthodontic space closure will reduce the financial expenses for
the patient along with resolving arch crowding or anteroposterior malocclusion.
Nevertheless, space closure is one of the most challenging approaches to molar
extraction cases [13]. Like any treatment, this procedure presents indications and
contraindications that have to be rigorously considered. For example, in hypodiver-
gent patients, the closure of the space cannot be indicated due to the muscular and
cortical anchoring, making it difficult or impossible to move the molars horizon-
tally and to reduce the overbite [25]. Likewise, the practice of compensating and
balancing the extraction of lost permanent molars along with space closing should
be discussed. It aims to preserve occlusal relationships and arch symmetry within
the whole dentition. A compensating extraction is the removal of a permanent
molar from the opposing quadrant, while a balancing extraction signifies the
extraction of a permanent molar from the opposite side of the same dental arch [9].
The long-term prognosis of the remaining permanent molars, the developmental
status of the dentition including third molars as well as the underlying malocclu-
sion were the main decision factors for or against balancing and compensating
treatment [9, 13].

As regards patient age, this result is of great interest for a young adult or an
adolescent by guiding the erupting teeth into a stable occlusion and can be consid-
ered a cost-effective alternative to complex restorations that require replacement
over the life span [20]. Indeed, despite cessation of statural growth, vertical growth
of the face permits continued teeth eruption past puberty and could adversely affect
the alignment of teeth after orthodontic therapy. Facial growth in the horizontal
plane is ended significantly sooner than growth in the vertical plane predominantly
in patients with vertical growth patterns [26]. Accordingly, if an implant is placed
before growth and eruption completion, it will become in infraocclusion, as it
behaves like ankylosed teeth while the adjacent teeth continue to erupt. The magni-
tude of the vertical changes after age 20 seems to have little clinical importance [26].

In other words, in case of residual molar space in children, it is largely indicated
to choose closure option in order to avoid all restrictions related to the periodontal
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immaturity. In other cases where the extraction space is preserved in growing
children, autotransplantation of the tooth is preferable to the implant option [25].
However, other parameters must be studied before deciding treatment plan.

On the other hand, in adults undergoing comprehensive orthodontic therapy,
coexisting dental and periodontal problems require multidisciplinary treatment
approaches to manage malocclusions often complicated by the migration of adja-
cent teeth into the extraction sites. Periodontal defects, multiple missing teeth, and
atrophic extraction sites make it difficult to close all the extraction spaces, which
require remodeling of cortical bone [11]. Also, adults show less bone apposition
when moving molars into the narrowed space, poor maintenance of the closed
space, and, in some cases, resorption of the second molar roots when moved in
place of first molar [11]. Duration of treatment has to be considered and adapted to
patient needs. For these reasons, the placement of an implant may be the treatment
of choice for adults with missing molars. Be that as it may, this proposition may
be in some instances valid for an adult patient whose biological and biomechani-
cal therapeutic specificities must be kept in mind. Precise 3-D control of tooth
movement during closure of extraction spaces is very important in meeting treat-
ment goals. Second molar protraction is time-consuming and relatively difficult.
Therefore, this treatment option may be justified only when the periodontal health
of the protracted second molar is not compromised [24]. Protracting the molars
may be advantageous for the patient by increasing alveolar ridge width that had
previously been lost in the edentulous space. It should ideally be done before signifi-
cant vertical bone resorption occurs [27]. In respect of orthodontic force system,
bodily movement of molars can be obtained by using temporary skeletal anchorage
devices and rational biomechanics [24]. Several authors have reported some useful
clinical tips and tricks that surround providing this therapy [11, 13, 15, 27]: along
buccal hook, an uprighting spring, a toe-in bend in the posterior portion of the
archwire with constriction, or a balancing lingual force can be used to prevent side
effects such as posterior tooth tipping, mesial rotation, and buccal sweep.

Regardless of the chosen option, the fate of wisdom teeth must be assessed. The
final success of the treatment depends on its satisfactory positioning [16]. So, it is
important to evaluate angulation, eruption space, root developmental stage, and
periodontal status of this tooth before deciding to close molar space [27]. Actually,
space reopening is indicated when the wisdom tooth is absent.

Furthermore, closure can be difficult, in the maxillary posterior area with sinus
proximity, because tooth movement through the maxillary sinus is limited. The
increased difficulty of moving teeth in the maxillary sinus is similar to moving a
tooth in the atrophic posterior mandibular ridge. In severe cases, the pneumatiza-
tion can extend completely to the alveolar bone adjacent to the gap. This not only
makes it difficult to move teeth through the sinus but also to place an implant
without sinus wall lifting surgery [18, 19]. Closing the space should not be chosen
as the usual treatment method, as it extends the duration of the treatment without
predictable results.

5. Clinical cases

In this section, we will review some clinical cases with one or more missing
molars and will justify our therapeutic choices for each situation.

5.1 Case presentation

Case no. 1 (Figures 6-9).
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“(b)

Figure 6.
Pretreatment intraoval photographs of a 32-year-old woman with 36 and 46 missing. We can note mesial

tipping of 37 associated to a mesiolingual rotation. The space of 36 is move closed than that of 46. (a and c)
Buccal occlusion views, (b) Frontal occlusion view, (d) Occlusal view of the lower arch.

Figure 7.
Radiographic image of the mesial tipping of teeth 37 and 47, after extraction of lower FPM. Pseudo-pocket was
formed adjacent to 37. Tooth 28 is absent.

(© | T

Figure 8.
Intraoral photographs of treatment progress. Extraction site of 36 was closed along with reopening of 46 space.
(a) Frontal occlusion view, (b and c) Buccal occlusion views, (d) Occlusal view of the lower arch.
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(b)

Figure 9.
Root correction and mesializing spring used to close left lower space with miniscrew-reinforced anchorage.
(a) Buccal left occlusion view, (b) Design and activation of the spring used.

Case no. 2 (Figures 10-13).

Figure 10.
This case of an adult shows dilapidated 46 with slight over eruption of 16 but not remarkable drifting of 47.
(a and c) Buccal occlusion views, (b) Frontal occlusion view, (d) Occlusal view of the lower arch.

Figure 11.
OPG showing difference in molar level at the upper right side. Tooth 46 was unpreservable and enforced
extraction was indicated.

10
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Figure 12.
Orthodontic treatment was undertaken with the objective to correct the malocclusion while keeping the 46

space.

Figure 13.

Posttreatment illustrations. Corrvection of the dentomaxillary abnormality and prosthetic restovation of missing
46. (a and d) Buccal occlusion views, (b) Frontal occlusion view, (c) Occlusal view of the lower arch, (e)

OPG showing the parallelism of the voot axes, (f) Occlusal view of the mandibular arch with the provisional
prosthesis of 46.

11
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Case no. 3 (Figures 14 and 15).

Figure 14.
Case of 47 extraction with large alveolar ridge and no notable migration of opposite and adjacent teeth, except
for 48 that slightly drifted mesially. (a and d) Buccal occlusion views, (b) Frontal occlusion view, (c) Occlusal

view of the lower arch.

(d)

Figure 15.

Lower molar space closure was chosen. After mesializing tooth 48 in place of tooth 47, teeth 46 and 48 have
been united to prevent space reopening in waiting for adaptation of periodontal ligament fibers. (a and d)
Buccal occlusion views, (b) Frontal occlusion view, (c) Occlusal view of the lower arch.
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Case no. 4 (Figures 16 and 17).

Figure 16.

Case of dentoskeletal class IT with absence of 16. We can observe mesial tipping and mesiopalatal rotation of
17. The width of edentulous alveolar ridge was not very narrow. (a) Frontal occlusion view, (b and c) Buccal
occlusion views, (d and e) Occlusal views of the upper and lower arches.

Figure 17.

Posttreatment intraoval photographs. Remaining space was used to correct dental class II relationship and
to mesialize 17 in place of 16. In the left side, first bicuspid was extracted. Extraction of 48 was indicated to
compensate upper right molars’ mesializing. (a) Frontal occlusion view, (b and c) Buccal occlusion views,
(d and e) Occlusal views of the upper and lower arches.

13
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5.2 Case discussion

In all the cases presented above, the molar missing was due to dental decay.
Indeed, it is the most common infectious disease worldwide [6]. According to the
World Health Organization (WHO), 60-90% of school children have dental caries
[6]. The molars are the most affected teeth as they evolve early.

When planning orthodontic treatment with molars missing, the patient age
correlated to the amount of residual space, even apically, and the wisdom tooth
condition are main decision factors described in the literature [1, 9, 16]. Patient
wishes and cooperation must also be taken into account.

Case 1 concerns an adult woman who had chief complaints of upper incisors
protrusion and smile asymmetry. She also wanted to resolve the residual mandibular
spaces of missing 36 and 46 by the same orthodontic treatment. According to some
authors [28], the ideal dimensions for the closure of the lower molars’ spaces are
6 mm or less for the mesiodistal space and 7 mm for the buccolingual width. In
this clinical case, the 36 space was almost closed. Furthermore, since tooth 28 was
absent and tooth 18 was in functional occlusion, the treatment plan consisted of
reopening the 46 space and completely closing that of 36. Also, due to mesial tipping
of teeth 37, the mesializing movement was performed at the same time as the root
correction using a miniscrew-supported spring. Temporary anchorage devices were
indeed widely described and reported to be efficient in achieving accurate control of
anchorage [15, 29] provided that the orthodontists master their biomechanics well.
In case 3, as the space of lost 47 was quite large and the orthodontic abnormality not
very complicated, the ideal choice was to maintain 47 space and a prosthetic rehabili-
tation. However, because of the absence of 18 in addition to a low economic profile of
the patient, the residual space of 47 was closed at the expense of treatment duration.

In case 2 of an adult patient, all wisdom teeth have evolved and there was no
need to extract to correct the anomaly. Thus, orthodontic treatment was undertaken
while keeping the 46 space for a subsequent prosthetic restoration. By contrast, in
case 4 that required premolars’ extraction, remaining space of tooth 16 was used to
mesialize 17 in place of 16 and to correct dental class II relationship with retraction
of anterior teeth instead of taking out right first bicuspid.

In summary, in case of orthodontic management of molar absence, whether the
residual space is closed or maintained, the control of the orthodontic movement
including control of anchorage units and vertical forces as well as axial tipping and
rotations is crucial to the success of the chosen therapeutic option [28].

6. Conclusion

In case of missing molars, orthodontic solutions consist of either closing or
opening the space. A careful case assessment must be undertaken before treatment
to ensure that the benefits of treatment will outweigh any potential risk of the treat-
ment decided upon.

Space closure remains the best choice if the suitable conditions, notably in chil-
dren whose prosthetic rehabilitation is still problematic and should be postponed
until the growth and eruption process is completed. In adult patients, biological
and psychological characteristics must be taken into account to achieve expected
outcomes.

The decision-making process depends also on other factors like concomitant
malocclusions, third molar development, absence of other teeth, and patient com-
pliance. An orthodontic treatment based on reasoned biomechanic principles will
help accomplishment of initial objectives in accordance with patient expectations.

14
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In the majority of cases, treatment is complicated by all the side effects of the
uncompensated absence of molars. Management is sometimes a veritable chal-
lenge. Hence, the prevention and early multidisciplinary management are of major
importance.
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