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A complicated crown–root fracture is a fracture involving enamel, dentin, cementum, and pulp. Because crown fracture generally
extends below the gingival margin, several options may be indicated to expose the margins before permanent restoration. Among
them, orthodontic extrusion is the most non-invasive treatment option. In this case report, a case of traumatic crown–root
fracture of the maxillary incisor was managed by root canal treatment with fiber-reinforced ceramic post-placement followed
by orthodontic extrusion using a customized mini-tube appliance technique. Then, the porcelain fused zirconia crown was
restored. Traumatized orthodontic extruded teeth have shown a reliable prognosis without inflammatory signs nor
complications after a 15-month follow-up.

1. Introduction

Trauma-related tooth fracture has a prevalence of 17.5%, of
which the crown–root fracture is approximately 5%, which
is typically caused by direct trauma to the anterior teeth
[1, 2]. Crown–root fractures include fractures that spread
to enamel, dentin, and cementum and those that involve
pulp exposure and those that do not. However, when the
tooth is fractured to the periodontium or below the alveolar
bone, such as the crown–root fracture, the restorative treat-
ment is particularly difficult [3]. To restore crown–root
fractured teeth, maintaining the biological width of the
teeth is an important factor. If the fracture line is in a range
that does not invade the biological width of the teeth, frag-
ment reattachment may be possible. However, if the
planned restoration is at risk of invading the biological
width of the teeth, a clinical crown lengthening procedure
should be considered. Biological width has been mentioned
by Gupta et al. [4], and it is the width required to defend
against bacterial infection from the gingival sulcus to peri-
odontal tissue [5]. Therefore, ensuring that restorative

treatment does not destroy or mechanically invade this biolog-
ical width is important. Methods of increasing the biological
width include alveolar bone graft, apically positioned flap oper-
ation, surgical extrusion, or intentional replantation [2, 6, 7].

In cases where the dentogingival complex and kerati-
nized gingiva are sufficient, considering that soft tissues are
sufficient, treatment can be performed only by gingivectomy
through an external incision. However, regardless of the
amount of dentogingival complex, if keratinized gingiva is
as insufficient as <2mm, a gingivectomy may not be possible
and an apically positioned flap operation must be performed
[29]. Such forms of the surgical crown lengthening proce-
dure are not recommended in aesthetically important areas,
including maxillary anterior teeth; thus, the acquisition of
biological width through surgical extrusion or orthodontic
extrusion is recommended. The first objective of surgical
extrusion or orthodontic extrusion is to provide sound peri-
odontal tissue at the time of final restoration and to ensure
biological width so that the patient can easily maintain and
care for the teeth [8]. Surgical extrusion can be performed
promptly and simply by dislocating the tooth and extracting

Hindawi
Case Reports in Dentistry
Volume 2023, Article ID 7911464, 7 pages
https://doi.org/10.1155/2023/7911464

https://orcid.org/0000-0002-4074-830X
https://orcid.org/0000-0002-5832-7466
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/7911464


it to the desired position after confirming the relationship
between the fracture line of the tooth and the bone. How-
ever, one demerit includes the possibility of damage to the
periodontal ligament cells during the treatment. A more
conservative method may be opted for orthodontic extru-
sion. This treatment is a technique that can be selected from
aesthetically important teeth and is recommended first as it
provides a better crown-to-root ratio and more aesthetic
results than surgical procedures alone [4]. Orthodontic
extrusion can typically be performed using removable appli-
ances and rubber bands or brackets and wires [9]; however,
these conventional methods have problems, such as possible
discomfort during treatment, difficulty in oral hygiene man-
agement, and the need for cooperation [3].

To overcome the shortcomings of the existing methods,
mini-tube appliance (MTA), typically used for partial cor-
rection of anterior tooth, can be used. The MTA uses a mini
tube about 3mm in length, with almost no foreign body sen-
sation or pain, more aesthetic with a lower dropout rate, and
the correction period is short, as early as 6 weeks, with an
average of 3–6 months [10, 11]. In addition, one of the
advantages includes the low frictional resistance, which
ensures that it can move quickly with only the light force
of wire [10]. In this case, a customized mini tube was used,
and a syringe needle tip cut into 3mm lengths was used as
a tube substitute, for easy use. The following case report, in
which a patient obtained conservative and aesthetic treat-
ment results using orthodontic extrusion with a customized
mini tube for complex crown–root fracture of maxillary inci-
sors due to trauma, and considerations during the procedure
were reported.

2. Case Report

A 39-year-old woman who fell at the apartment stairs has
visited our emergency center. An oral and maxillofacial sur-
geon sutured the lacerated upper lip and referred her to the
Department of Conservative Dentistry, for the treatment of
fractured teeth. A complicated crown fracture was visible
in the maxillary right central incisor (tooth #11), and an
uncomplicated crown fracture was observed in the maxillary
left central incisor (tooth #12). The fracture line of tooth #11
was located in the 1.5mm sub-gingival level on the mesial
side. The fracture line of tooth #12 was located on the incisal
level (Figure 1).

The treatment plan was to perform porcelain fused zir-
conia crown restoration on tooth #12 and orthodontic extru-
sion on tooth #11 after root canal treatment with post-
placement due to 1.5mm sub-gingival leveled crown–root
fracture followed by porcelain fused zirconia crown restora-
tion. Root canal treatment under rubber dam isolation was
performed first, followed by fiber-reinforced ceramic post
(Luxapost, 1.35mm, DMG, Hamburg, Germany) placement,
during which the tooth was etched with 37% phosphoric
acid, rinsed, and dried. Then, the bonding layer (All-Bond
Universal, BISCO, Schaumburg, IL, USA) was applied, and
post-cementation was performed using dual-cure resin
cement (Duo-Link Universal, BISCO; Figure 2) Since the
buccal surface of residual crown height was long enough, it

was not suitable for forced eruption using a hook. Thus, cus-
tomized MTA was made using a 3mm length syringe tip for
orthodontic extrusion. Maxillary six incisors were prepared
with 37% phosphoric acid etching, rinsed, and dried
followed by bonding layer (All-Bond Universal, BISCO)
application. The MTA was bonded to the central part of
the labial surface using flowable composite (Supreme Flow-
able Restorative, 3M ESPE, St. Paul, MN, USA) so that the
NiTi wire could be passively inserted into the maxillary inci-
sors except for the traumatized tooth. MTA of tooth #11 was
positioned 1.5mm to the apical side so that the extrusion
force could be only applied to tooth #11. A 012 NiTi wire
(HUBIT, Anyang, Korea) was inserted to provide as weak
and sustained force as possible, and a palatal fixed retainer
was bonded with 0195 twistflex wire (Dentaflex, DEN-
TAURUM, Ispringen, Germany) to the palatal surface of
maxillary incisors except tooth #11 to prevent adjacent teeth
from shifting (Figure 3).

Two weeks after orthodontic extrusion started, tooth #11
extruded 1.5mm to the coronal axis observed. Thus, occlusal
reduction and re-adjustment of tooth #11 were performed
twice at intervals of 2 weeks. Orthodontic extrusion force
was applied for a total of 4 weeks to extrude 3.0mm length,
thereby exposing the fracture line on the mesial side to the
supra-gingival level to secure ferrule for dentin. Periapical
radiographs also showed that tooth #11 was shifted towards
the incisal margin (Figure 4). A gingivectomy with no bone
remodeling was also performed to excise the proliferated
gingival tissue when the orthodontic extrusion was com-
pleted (Figure 5). Then, the newly designed palatal fixed
retainer was re-made using 0195 twistflex wire and bonded
to all maxillary incisors, including tooth #11 for 6 weeks
for stabilization.

Then, teeth #11 and #12 porcelain fused zirconia crowns
(zirconium oxide 89.5%, yttrium oxide 7.5%, and vinyl alco-
hol 3%) were restored under the following procedure. First,
the crowns were etched with hydrofluoric acid, and then a
silane coupling agent was applied and then air-dried on each
crown. The tooth surface was also etched using 37% phos-
phoric acid and air-dried. Dual-cure resin cement (Duo-
Link Universal, BISCO) was used for cementation.

During 15-month periodic check-ups (Figures 6 and 7)
neither specific findings nor complications were observed
on each check-up visit. Both the patient and the clinician
were satisfied in terms of aesthetics and function.

3. Discussion

Orthodontic extrusion, proposed by Heithersay et al. [12] in
1973, refers to a technique, in which a weak and continuous
corrective force is applied to move the tooth in a coronal
direction. The movement of the shifting tooth causes the
gingiva and periodontal zone to stretch, and the soft tissue
and bone tissue shift to the dentition. Before orthodontic
extrusion, it is important to understand in advance the
length, shape, fracture location, importance of the tooth,
the patient’s age, and the treatment length and cost [13].

Orthodontic extrusion can expose healthy dentin while
maintaining biological width so that aesthetically the
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restorative margins can be properly positioned for a favor-
able prognosis [14]. At this time, a ferrule of 1.25–2.5mm
is required. Biological width is the sum of epithelial tissue
and connective tissue attachment attached to the tooth root
above the alveolar ridge (2.04mm), and the prosthesis mar-
gin must be at least 3.5–4mm away from the alveolar ridge
so as not to invade the attachment of the crown [15]. In par-
ticular, orthodontic extrusion has been widely performed to
ensure biological width in cases where the margins of the
teeth are located at the sub-gingival level [16].

The crown-to-root ratio helps predict the prognosis of
teeth. The ideal clinical crown-to-root ratio should be 1 : 2,
and at least 1 : 1 should be maintained. When orthodontic
extrusion was performed, a relatively improved crown-to-root
ratio could be obtained compared with surgical treat-

ment [17]. In this case, the length of the crown–root
measured from radiographs still maintains a crown-to-
root ratio over 1 : 1.5, a more favorable ratio than 1 : 1
after extrusion.

When orthodontic extrusion is performed, the width of
the attached gingiva increases, and when the gingival margin
moves to the coronal direction, the gingival mucosal border
remains the same. By performing periodontal surgery after
the extrusion, it can be restored to the aesthetic crown shape
in harmony with the adjacent teeth of the maxillary
arch [18].

Methods of orthodontic extrusion include slow extrusion
using a constant force of 15–30 g and rapid extrusion using a
constant force of 50 g or more [8]. In slow extrusion, the
movement of the alveolar bone and gingiva occurs at the

(a) (b)

(c)

Figure 1: (a) Intra-oral photograph (Buccal), (b) Periapical view, (c) Intra-oral photograph (Occlusal) at first visit.
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same time as with tooth extraction, and after orthodontic
extrusion, surgical treatment is required to secure biological
width [8, 19]. On the contrary, rapid extrusion uses a large
static force to move the teeth quickly, so that the dental
movement of periodontal tissue does not occur at the
same time, reducing the need for additional surgical pro-
cedures such as osteotomy [13, 20, 21]. Thus, rapid extrusion
is recommended for secure biological width, periodontal liga-
ment fiber expansion, and immediate osteogenesis prevention
around the newly formed white enamel border [20].

Orthodontic extrusion can usually be performed using a
removable appliance and a rubber band or bracket and wire.
However, using a removable appliance needs the patient’s
degree of cooperation, so it is difficult to use it for certain
patients [9]. In addition, there is a possibility that the treat-
ment period may be prolonged due to remanufacturing by
device fracture. Next, the method of using fixed wire and
bracket attached to 2–4 adjacent teeth, applying a constant
force by a power chain or elastic thread, has a limitation of
tipping risk of adjacent teeth used as a fixation cannot be

(a)

(b) (c)

Figure 2: (a) Intra-oral photograph after post placement and resin build-up. (b) Periapical view after canal filling. (c) Periapical view after
post placement, and resin build-up.

(a) (b)

Figure 3: The clinical procedure of customized resin tube appliance. Intraoral photographs of (a) Palatal fixed retainer attachment.
(b) Formation of a customized resin tube for orthodontic extrusion procedure.
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avoided. Furthermore, it is unaesthetic due to brackets with
difficulty in oral hygiene management. Therefore, in this
case, an MTA that can be used for partial orthodontic treat-
ment of the anterior teeth, such as mild diastema and distor-
tion, was used.

By doing so, there is almost no foreign body sensation
or pain, and the short correction period (6 weeks as the
shortest and 3–6 months average) and the result will also
be aesthetically pleasing. In addition, since 012 NiTi wire
is used, it has the advantage of less frictional resistance

(a) (b)

Figure 4: (a) Intra-oral photograph of 4 weeks after orthodontic extrusion started. (b) Periapical view of 4 weeks after orthodontic extrusion
started.

(a) (b)

Figure 5: (a) Intra-oral photograph of orthodontic extrusion finished followed by gingivectomy. (b) Periapical view after orthodontic
extrusion finished and temporary crown delivery.

(a) (b)

Figure 6: (a) Intra-oral photograph of orthodontic extrusion 6-month follow up. (b) Periapical view of orthodontic extrusion 6-month
follow up.

5Case Reports in Dentistry



during tooth movement and various side effects, such as
root resorption, periodontal damage, and unwanted
tooth movement, that may occur during orthodontic
treatment [10, 11].

However, commercially available MTAs were expensive,
and alternatives were proposed. One example is the method
used in the cases above, the use of a syringe tip cut into
3mm lengths. The process of cutting and polishing the nee-
dle so that it can be used as a tube is difficult, but if it is cov-
ered with resin, it can maintain its aesthetics, and it is easy to
use because it is easy to obtain and affordable.

After the orthodontic extrusion is completed, it is neces-
sary to evaluate whether the traumatic occlusal force is
working. In addition, it is necessary to have a sufficient
maintenance period. After the orthodontic extrusion is com-
pleted, Heithersay and Ingber recommended 2 months and
Guilford et al. recommended 3–6 months of maintenance
period [22–24]. Still, the maintenance period varies slightly
from paper to paper, but the maintenance period of about
2 months is also used for the normal period. Several litera-
ture have emphasized the necessity for an incision of the
suprcrestal fibers to prevent recurrence and reduce the
maintenance period [25–27]. The main periodontal fibers
are rearranged during the maintenance period, but the
supracrestal fibers remain stretched for a long time, so the
excision of these fibers is important to prevent recurrence.

The final result of orthodontic extrusion contributes to
more aesthetic and physiological results. The position of the
gingival margin is also close to the original level, and the
crown-to-root ratio can be relatively improved. This elimi-
nates the non-aesthetic aspects that can be caused by surgical
procedures. In this case, a longer follow-up is required for a
more accurate prognosis due to the short follow-up period
after orthodontic extrusion and methylene blue staining is
performed on fractured teeth before orthodontic extrusion to
check for crack lines and predict a more accurate prognosis.

Orthodontics is a way to regenerate bone and tissues
rather than just extruding the teeth. According to the Pao-
lone et al. study, the orthodontic extrusion procedure can
be used for the correction of periodontal defects and the
enhancement of the alveolar bone and the soft tissue
remodeling [28].

There must be harmony between the soft and hard tis-
sues and between the periodontal of adjacent teeth. Often,
a combination of orthodontic extrusion and dental surgery
to minimize the need for follow-up treatment for adjacent
teeth can improve the crown-to-root ratio and achieve more
aesthetic results.

4. Conclusion

In this case, orthodontic extrusion was used for complex
crown–root fracture of maxillary anterior teeth due to
trauma to secure a relatively sufficient clinical crown length.
When orthodontic extrusion using customized MTA was
performed, it was possible to improve the crown-to-tooth
root ratio compared with surgical treatment, and it is con-
sidered to be a satisfactory and effective treatment method
for both patients and practitioners in terms of short treat-
ment duration and aesthetics.
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