Orthodontic Extrusion as an Aid in Oral Rehabilitation
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Abstract

The aims of this study were to discuss the use of orthodontics for oral rehabilitation in patients, particularly for dealing with bone
defects, and to present a clinical case in which the orthodontic extrusive remodeling approach was used for bone gain in the posterior
maxillary region, with subsequent implant placement. After 18 months of treatment, the dimensions of the alveolar process were
restored and an implant was fixed in the maxillary region, with appropriate bone and gingival levels. Based on the literature and
clinical evidence, orthodontic extrusion may be considered as an alternative to surgery to obtain a suitable implant site.
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Introduction

expensive because it requires hospital surgery under general
anesthesia, and it exposes the patient to the inherent risks of
surgery. For gingival deficiencies, mucogingival surgical
procedures are adopted, such as grafting of the gingival tissue
and repositioning [4].
Forced orthodontic eruption is an alternative approach to
surgery for increasing and improving the hard and soft tissue
contours. Initially described by Heithersay [8] and Ingber [9],
this technique has been used to correct isolated bone defects,
reposition the gingival margin, and lengthen the crown [8-13].
The aims of this paper were to discuss the role of orthodontics
in the oral rehabilitation of patients, with particular emphasis
on the procedures used to treat bone defects, and to present
a clinical case in which the orthodontic extrusive remodeling
approach was used for bone gain in the posterior maxillary
region, with subsequent implant placement.

Rehabilitative treatment in patients suffering from tooth
loss is a challenge for dentists, and interactions among the
dental specialties are required for optimal results. With the
increasing demand for orthodontic treatment by adult patients,
orthodontists must be aware of the various oral rehabilitation
techniques that are currently available. Such knowledge will
allow them, together with the general practitioner, to determine
the best option for the patient. The orthodontist must be wellacquainted with and use a wide range of techniques that can
improve masticatory function and smile aesthetics for their
patients.
Although osseointegrated implants have shown consistent
improvement in terms of their application in cases of tooth
loss, nevertheless, the quality and quantity of the alveolar bone
and gingival tissue are determining factors for the prognosis
of the implant [1]. Rehabilitation success depends on the
osseointegration of the implant, health of the hard and soft
tissues, and harmony with the adjacent teeth [2]. In some cases
of implant insertion soon after tooth extraction, numerous
factors may influence the functional and aesthetic results. A
conically shaped socket and socket expansion during tooth
extraction may contribute to a poor interface between the
implant and the bone (especially in the coronal third), which
may interfere with the primary stabilization and rehabilitation
time of the implant [3]. A vertical or horizontal bone
deficiency may exist at the implant placement site, especially
in the anterior maxillary and mandibular regions, requiring
procedures to preserve or reconstruct the alveolar crest [4].
Some of these procedures, such as distraction osteogenesis [5],
guided tissue regeneration [6], and bone graft application [7],
can be used during or after the extraction process.
Allogeneic or autologous bone grafts of the intraoral
or extraoral regions are used to improve the bone contour
before implant placement. The use of a graft removed from
an extraoral area (e.g., the iliac region) is one of the only
surgical methods for reconstructing the alveolar crest in
cases of severe vertical bone loss. However, this approach is

Case Report
A 53-year-old woman presented with severe bone loss in the
region of tooth 24, the upper left first premolar (Figure 1),
due to periodontal disease associated with occlusal trauma.
Prosthetic rehabilitation was not possible due to a low bone
level at the apical third of the root. Extraction of this element
was contraindicated because of later implant placement.
Therefore, to complete the restoration of the alveolar
architecture, a block bone graft was needed to increase the
height of the alveolar ridge. To achieve appropriate function
and aesthetics, tooth extraction for further rehabilitation with
an implant would require a preliminary vertical reconstruction
of the alveolar architecture. Depending on the extent of
the vertical bone loss, this reconstruction would require a
bone graft of autogenous origin (e.g., from the iliac crest or
mandible) or even of allogenic, heterogenous, or alloplastic
origin, for the rehabilitation of a single tooth.
In addition to bone loss, the patient had a Class I
malocclusion with lower incisor crowding, lower premolar
rotation, spaces between the upper premolars, and a poor
relationship of the canines with no function; thus, orthodontic
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Figure 2 A. Orthodontic extrusive remodeling with a coaxial
wire (0.018”). Crown was cut to avoid contact with the
antagonist tooth. B: Radiographic aspect of bone remodeling.

Figure 1 A. Initial aspect of the upper left first premolar
with mesial and distal loss of the gingival papillae and color
changes. B: Initial radiograph showing a bone defect around
the upper left first premolar, endodontic treatment, and
porcelain crown.
treatment was indicated. Proper hygiene instruction was
provided and basic periodontal procedures were performed to
establish a healthy periodontal environment that was free of
tartar and plaque.
After 2 months, Roth braces were fixed in both arches, slot
0.022” × 0.028”, with the bracket in tooth 24 being positioned
adjacent to the cervical region (Figure 2). Alignment and
leveling of the teeth were performed with coaxial wires of
0.015” and 0.018”, followed by stainless steel wires of 0.016”,
0.018”, 0.020”, and 0.19” × 0.025”. Premolar extrusion was
performed slowly to obtain bone gain. Bends were placed in
the orthodontic wire to finish the premolar extrusion. Through
this process, the bone and gingival architectures of the site
were reconstructed.
During extrusion, the tooth was worn in its occlusal
surface to prevent premature contact with the antagonist teeth
and to allow movement. Because the tooth had undergone
root canal treatment and had a ceramic crown, dental cutting
could be made in large quantities. Torque was applied on
the rectangular section wire, to move the premolar root apex
in the buccal direction. This step enabled bone gain in the
same direction for a better aesthetic restoration (Figure 3).
A sequence of radiographs was obtained by the paralleling
technique.
After 18 months of treatment, the dimensions of the
alveolar process were restored, with appropriate bone and
gingival levels. Afterwards, the tooth was extracted, and a 3.75
x 15 mm implant (Pi-Branemark) was fixed (Figures 4 and

Figure 3 A. Rectangular wire (0.019” x 0.025”) used to
promote extrusion and tipping of the root toward the buccal
side. B: The root apex of the first premolar approaching the
cervical bone margin.
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Figure 6 A. Provisional restoration 5 months after implant
installation. B: Radiographic aspect of implant.

Figure 4 A. End of orthodontic extrusive remodeling after 18
months of treatment. B: Site of premolar extraction.

gingival contour. This crown remained in place for 8 months,
until the end of the orthodontic treatment, when the final
restoration was completed with a porcelain crown (Empress3M) (Figures 7 and 8).
Discussion
Forced orthodontic eruption, also known as orthodontic
extrusive remodeling, forced eruption, or orthodontic
extraction [14-15], is an osteophysiologic- and orthodonticbased technique [8,9]. In 1993, Salama and Salama [14]
applied this technique to lengthen the alveolar bone crest
and replace the gingival tissue, improving the soft and hard
tissue profiles at the sites of implant placement. The authors
performed orthodontic extrusion in hopeless teeth with
periodontal involvement.
Some authors [1,14,16-18] have reported that teeth with
periodontal involvement and without periapical lesions
can be extruded to develop bone and gingival tissues in a
coronal direction before implant placement. Lengthening
of the vertical buccal bone plate and the alveolar bone crest
allows good implant placement, providing a more natural
emergence profile of the prosthesis relative to the adjacent
teeth and enhancing the cervical gingival levels. The increase
in keratinized gingival and bone tissues allows a more
aesthetically pleasing final restoration [17,18].
The extrusion movement of a tooth involves the application
of tension forces in all regions of the periodontal ligament to
stimulate bone apposition. The entire alveolar bone connected
to the root of the periodontal ligament exhibits this movement,
as does the gingival tissue, which is attached to the ligament by
connective tissue [19,20]. Usually, this movement is produced

Figure 5 A. View of bone remodeling after extraction of the
first premolar. B: Installation of the implant immediately after
extraction.
5). After a 5-month period of osseointegration, a temporary
crown was installed (Figure 6) to restore the aesthetics and
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Figure 8. Natural aspect of the first premolar (implant) 30
months after starting treatment.

Figure 7 A. Final restoration in satisfactory occlusion with
good aesthetics. B: Final radiographic showing the good
condition of the bone around the implant.

Figure 9. Schematic drawing of orthodontic extrusive
remodeling. A: Arrow indicating the direction of the extrusive
force line passing through the buccal of the premolar, which
has only the alveolar bone in the apical region. B: The arrow
indicates the moment created by moving the apex toward
buccal and bone formation in this direction.

by low-magnitude force. The application of higher-magnitude
forces has been proposed to cause rapid extrusion and smaller
crown migration of the supporting tissues, presumably
because the rapid movement exceeds the tissues’ physiological
capacity for adaptation [20,21]. However, some authors have
questioned this theory, because the rapid movement stretches,
but does not rupture, the periodontal fibers. The bone and
gingival tissues might migrate coronally after a longer period
of time, during the restraining phase [22]. Rapid extrusion
movement is associated with risks of ankylosis [23] and root
resorption [24] of the tooth, phenomena that can be limited by
controlling the extrusion forces [20,25].
Korayem et al. [15] published a systematic review of the
literature on the development of the alveolar region through
orthodontic extrusion for later implant placement. They
found 19 case reports that showed clinically significant gains
in bone and gingival tissues, which improved the quality
and quantity at the implant site. In all of the clinical cases
cited, the extrusion movement was performed in the anterior
region of the dental arch. The most common indication for
extrusion and extraction of the teeth was poor prognosis of
the tooth due to periodontal disease, with severe horizontal
bone loss, interproximal or circumferential to the teeth [15].
The extrusion time of the teeth varied from 4 to 28 weeks. The
retention period of the teeth for tissue adaptation ranged from
immediate extraction to up to 6 months after the final active
extrusion treatment.
Although Korayem et al [15] found no consensus as to
a standard clinical protocol for orthodontic extrusion, they
recommended certain behaviors based on the literature.

In particular, they indicated forces of 15 and 50 cN for the
anterior and posterior teeth, respectively, and a slow and
steady extrusion rate of ≤ 2.0 mm/month. A retention and
stabilization period of ≥ 1 month for each month of active
extrusion was recommended prior to extraction. Overlay
wires were recommended to reinforce anchorage and to avoid
the tipping of adjacent teeth toward the tooth undergoing
active extrusion. They also indicated that a buccal root torque
component may be applied concomitantly to increase the
buccolingual bulk of the alveolar bone. Nevertheless, many
orthodontic extrusion methods are available in the literature
[8-18], and it is the responsibility of the orthodontist to
implement and monitor the effects caused by force application
[19,20]. The orthodontist must seek to avoid detrimental
effects, such as ankylosis [23] and root resorption [24], as
well as excessive forces that could make vertical bone gain
impracticable [21,22,25-27].
Orthodontic brackets may be used to control the application
of forces in a desired direction. This control is very important
when bone must be gained in any nonaxial direction. In this
case, torque application on the root can increase the width
of the bone crest (Figure 9), leading to a better quality and
quantity of hard and soft tissues for correct implant insertion
and an aesthetic smile [17,18]. By bonding brackets to the
facial tooth surface (with a more cervical position in the tooth
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to be extruded), extrusion can be performed at low-magnitude
forces, allowing new tissues to form [14]. The action line
of the extrusion force passes buccally to the resistant center
of the tooth and creates a moment (i.e., tendency to incline)
on the tooth, which moves the root apex and leads to bone
formation in the buccal direction [15]. Inclination and torque
control must be performed later in the extrusion process and
with a rectangular wire. The orthodontist must avoid loss of
mechanical control, which can lead to excessive root apex
tipping.
In the clinical case presented, the sequence of alignment
and leveling of the upper teeth and the torque applied by the
rectangular wire promoted vertical bone gain. Subsequent
reconstruction of the alveolar architecture allowed the implant
to be installed and a good aesthetic result to be achieved.
In addition to bone loss, the radiographic results revealed
decalcified bone around the first right upper premolar (24),
with more evidence on the mesial side. This decalcification
was improved after the basic periodontal procedures and
“orthodontic extrusive remodeling” had been performed.
Although the technique of parallelism was used, variations
in the exposure parameters may account for this radiographic
evidence.
Undoubtedly, the use of three-dimensional (3D) computed
tomography would have been more efficient in providing
results than 2D periapical radiography. However, although
the lack of 3D radiography is a limitation in this clinical
case, periapical radiography is a routine dental procedure.
Moreover, because the amount of bone around the implant
cannot be measured by the 2D method, the stability of the
results may be questioned. However, clinically, the gingival
aspect without papillae at the start of treatment (Figure 1),
the improved bone quantity and quality after implant surgery
(Figures 4 and 5), and the final restoration, which showed
periodontal health and gain of papillae (Figure 8), indicated
that the treatment resulted in many improvements, mainly in
the papillae, which are very difficult to obtain in bone defects
or around implants through periodontal surgery or any other
procedure.
The use of orthodontic techniques to aid in the rehabilitation
of teeth can avoid the need for more invasive procedures,
such as mucogingival surgeries [4], distraction osteogenesis
[5], guided tissue repair [6], or bone graft application [7].
The discomfort caused by the use of devices such as wires,
braces, or other appliances for orthodontic extrusion can be
a disadvantage from the aesthetic and hygienic perspectives.
Similarly, there may be a need for conservative periodontal
surgery, such as gingivoplasty, for correction of the cervical
levels between adjacent teeth [8,19,20].

Orthodontic extrusion allows a tooth that has suffered bone
loss to be restored, by repairing the proportion between the
crown and the root. It avoids the need for implant placement
or the mutilation of adjacent teeth through the installation of a
fixed prosthesis. In the case of a hopeless tooth, the technique
enables the implant to be fixed at a better angle and position,
resulting in better function and aesthetics [14]. Orthodontic
extrusion is indicated for the treatment of subgingival lesions
(e.g., caries, fractures, and perforations), restorations invading
the biologic width, vertical or horizontal bone loss, reduction
of angular bone defects or isolated periodontal pockets
[1,15,19,20], treatment of trauma and impacted teeth [19],
as well as gains in the bone and gingival regions for implant
insertions [1-4,8,10-12,15-17,19]. Orthodontic extrusion
for hard and soft tissue gains is contraindicated in cases of
ankylosis, hypercementosis, and periapical or vertical fracture
of the root to be moved [19]. When rehabilitation of the root
is proposed, the final crown-to-root ratio should not be less
than 1:1, there must be sufficient prosthetic space, and there
should not be furcation exposition in the multiradicular teeth;
otherwise, the restorative procedure is unfeasible.
During orthodontic extrusive remodeling, inflammation
can interfere directly with the bone tissue gain and stimulate
gingival hyperplasia. The periodontal status, the quality and
quantity of the attached gingiva, the presence and depth of
periodontal pockets, the aesthetics of the site (e.g., gingival
contour, occlusion, overjet, or overbite), the mandible
movement, the prosthetic space after extrusion, and the
general condition of the dentition must be evaluated. The
patient should be informed about the risks of ankylosis,
root resorption, recurrence, adjacent tooth movement, and
treatment failure, which would necessitate changes in the
treatment plan [19].
Orthodontic extrusion promotes the development of a
better area for implant installation at sites of moderate or
severe periodontal destruction, thereby increasing the amount
and quality of bone, which directly influences implant
stability [3]. Other treatment modalities, such as allogeneic or
autologous bone grafts, guided tissue regeneration, distraction
osteogenesis, and procedures to increase gingival aesthetics,
may contribute to the same goal [4-7]. We cannot conclude
whether any orthodontic procedure is superior to the others;
to our knowledge, no study has compared these methods [15].
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