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Contemporary advances in the durability of dentin bonding

xE7
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The long-term durability of dentin bonding remains a critical challenge in restorative dentistry due to the
inherent vulnerability of the dentin-resin interface, particularly the hybrid layer, to physicochemical and biological
degradation. Building upon the mechanistic insights into hybrid layer breakdown discussed in the preceding review,
this companion review focuses on contemporary strategies aimed at overcoming the limitations of dentin bonding

and enhancing bond durability.

This article overview of current evidence-based approaches designed to stabilize the dentin-resin interface
and reduce the time-dependent degradation processes. Key strategies discussed in this article include improving
adhesive infiltration into demineralized dentin, optimizing moisture control and resin polymerization, protecting the
interface from hydrolytic and enzymatic degradation, stabilizing the collagen matrix through chemical and biological
modulation, and the adjunctive use of antioxidants. In addition, emerging biomimetic remineralization approaches
targeting demineralized collagen substrates and clinically relevant modifications of bonding protocols are critically

reviewed.

Key words : dentin bonding, hybrid layer, hydrolytic degradation, adhesion durability, collagen

stabilization
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Cracked teeth are clinically important and diagnostically challenging because symptoms are often intermittent
and the crack line may not reflect the biological severity of the defect. When irreversible pulpitis, pulp necrosis,
or apical periodontitis develops, root canal treatment (RCT) may be indicated as a tooth-preserving procedure;
however, prognosis must be established by integrating periodontal, endodontic, structural, and restorative factors.
Current evidence does not support extraction solely because a crack is present. Selected cracked teeth treated with
RCT generally show favorable short- and medium-term survival, commonly around 85% to 90% or higher, when
appropriate case selection, endodontic disinfection, immediate coronal sealing, cuspal coverage, and occlusal
management are provided. Long-term data are more conservative, showing progressive decline over 10 to 15 years,
particularly when preoperative probing depth is present. Localized periodontal probing depth remains the most
consistent prognostic indicator, potentially reflecting bacterial communication through the crack, radicular extension,
or localized periodontal breakdown. Classification systems such as the Iowa Staging Index and Modified Iowa Index
support structured clinical risk assessment. This review summarizes the prognosis of root canal-treated cracked teeth,
identifies major prognostic factors, and discusses implications for treatment planning and long-term management.

Key words : cracked tooth; root canal treatment; prognosis; tooth survival

Review therapeutic challenge in restorative dentistry
and endodontics. Diagnosis requires a combined

Cracked teeth represent a diagnostic and interpretation of patient history, bite testing,

Coressponding author: Su-Jung Shin, DDS, Ph.D

Professor, Department of Conservative Dentistry and Oral Science Research Center,
Gangnam Severance Hospital, Yonsei University College of Dentistry,Seoul, South Korea
* Katherine Paola Lara Franco and Ji-Yeon Lee share the first authorship.

E-mail: sujungshin@yuhs.ac

13



Volume 13, Number 2, 2026

transillumination, magnification, periodontal
probing, pulpal diagnosis, periapical findings,

02 The central

occlusal risk, and restorability
clinical question is whether the tooth remains
biologically treatable and structurally restorable
after endodontic and restorative intervention.
Historically, cracked teeth requiring RCT were
considered to have a guarded prognosis because
the crack may act as a pathway for bacterial
leakage, pulpal inflammation, periapical disease,

and localized periodontal breakdown'*®

. However,
contemporary studies and systematic reviews
support a more nuanced view: RCT can be a
predictable tooth preserving option in selected
cracked teeth, with favorable short and medium
term survival when appropriate case selection
and restorative protection are achieved” ™. Deep
localized periodontal probing, advanced crack
extension, terminal posterior tooth position,
preoperative periapical disease, and absence of
definitive cuspal coverage have been identified
as clinically relevant factors that may reduce
prognosis“®”*?. Therefore, the purpose of this
narrative review was to evaluate the prognosis of
root canal-treated cracked teeth, identify major
prognostic factors, and discuss the clinical utility of
the Towa Staging Index and Modified Iowa Index

in treatment planning and prognosis assessment.

Indications for RCT

A crack should be understood as a chronic
structural defect rather than a static line. In vital
cracked teeth, the earliest biological goal is to
stabilize the tooth before cuspal flexure and
bacterial leakage drive pulpal breakdown. Wu et al.
followed 199 vital cracked teeth and reported that
58 developed pulpal complications, while most

14 The Korean Journal of Adhesive Dentistry

remained vital during follow-up"”. This supports a
conservative but active approach: early diagnosis,
crack stabilization, cuspal coverage when indicated,
occlusal management, and recall may prevent or
delay progression to endodontic disease. RCT is
indicated when the crack has produced irreversible
biological consequences, including symptomatic
irreversible pulpitis, pulp necrosis, retreatment
cases, or apical periodontitis in a restorable tooth.
A vital tooth with reversible symptoms and no
evidence of advanced disease may initially be
managed with stabilization and monitoring™*".
Before RCT is initiated, however, the clinician must
confirm that the tooth can be isolated, disinfected,
sealed, restored, and protected. Teeth with
complete separation of segments, nonrestorable
margins, progressive localized bone loss, or a split-
tooth pattern usually have a poor prognosis and

may be better managed by extraction.

Prognostic Factors

Periodontal probing depth (PPD) is the
most consistent prognostic factor reported for
endodontically treated cracked teeth. A narrow,
isolated probing defect adjacent to a crack
should not be interpreted as ordinary generalized
periodontal disease. Rather, it may indicate a
communication pathway from the oral cavity
through the crack to the periodontal attachment,
allowing bacterial colonization, localized
inflammation, epithelial down growth, and
attachment loss. Kang reported approximately 90%
in 2-year survival after RCT overall, but survival
decreased from 96.8% in teeth with probing depths
less than 6 mm to 74.1% when probing exceeded
6 mmb. Long-term data similarly identified

preoperative probing depth as the primary



Franco KPL

statistically significant factor for survival, with
increased extraction risk for teeth with 4-5 mm or
at least 6 mm probing defects". Crack extension
is also critical. A coronal crack confined to enamel
and dentin has a different prognosis from a crack
reaching the pulpal floor, canal orifice, root canal
space, or radicular surface. Sim et al. reported
5-year survival in 77 of 84 endodontically treated
posterior cracked teeth, with lower survival when
the crack invaded the pulpal floor: 99% without
invasion versus 88% with invasion'®. Radicular
extension has traditionally been considered
unfavorable; however, Davis and Shariff reported
high survival in selected cracked teeth with
radicular extensions when strict protocols were
used, including intra-orifice barrier placement,
occlusal reduction, and full-coverage restoration™.

Thus, radicular extension is not automatically

hopeless, but it must be interpreted together with
PPD, periodontal stability, restorability, and the
ability to seal and protect the tooth. Pulpal and
periapical status represent the biological stage
of the disease. Teeth with irreversible pulpitis
but no periapical pathosis may have a more
favorable prognosis than teeth with necrosis and
apical periodontitis, particularly when periodontal
probing is also present'®”. Tooth position further
modifies risk. Tan et al. reported 85.5% in 2-year
survival for root-filled cracked teeth, but terminal
posterior teeth showed less favorable outcomes".
Terminal molars experience high occlusal loads,
difficult isolation, limited access, and significant
restorative challenges. Finally, definitive restoration
is central because RCT eliminates pulpal infection
but does not eliminate the crack. Full-crown or

cuspal-coverage restorations reduce cuspal flexure,

Communication sign between crack

Localized Periodontal
Probing Depth
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Major risk: isolated pocket = 5-6 mm ]

and attachment
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ﬁ
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e
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Worsens crown toward root surface ]
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)
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“——| Importance of parafunction control
=
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RCT limitations on crack stability
Prevention of cuspal flexure

Prompt cuspal-coverage or full-coverage

Table 1. Conceptual summary of prognostic factors associated with cracked teeth requiring root canal treatment. "
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limit crack propagation, and improve coronal seal.
Zhang reported that cracked teeth treated with
RCT but not restored with full crowns had an 11.3-
fold higher risk of extraction”. Prognostic factors

are summarized in Table 1.

Classification and Index
Systems

Prognostic classification systems help transform
separate clinical findings into a structured
treatment recommendation. The original lowa
Staging Index, proposed by Krell and Caplan,
incorporated periodontal pocket depth, distal
marginal ridge involvement, and periapical
diagnosis”. Its value is that prognosis is no longer
based on a subjective description of a crack
line but on biologically meaningful variables.
The Modified Towa Index further refines this
approach by incorporating crack extension and
by subdividing stages according to whether the
crack remains coronal or extends radicularly
(detailed in Table 1), In a retrospective cohort
of 263 posterior cracked teeth treated with RCT,
reported overall success and survival rates of
82.9% and 89.7%, respectively, with a mean follow-
up of 40.3 months; estimated survival was 99.2%
at 2 years and 78.6% at 5 years. It emphasized
that the combination of radicular extension and
a periodontal pocket Type equation here. =5 mm
represented a high-risk profile, especially Stage IV-
R, which showed substantially poorer outcomes".
For the present review, the Modified Iowa Index
is especially relevant because it links the exact
clinical concern in advanced cracked teeth - root
extension of an intracoronal crack with prognosis

and decision making.
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Clinical Outcomes of RCT-
treated Cracked Teeth

Outcome data should be interpreted across
time horizons and by distinguishing survival from
success. Survival means that the tooth remains
present and functional; success requires absence
of symptoms, periodontal deterioration, and
radiographic disease. Short-term studies and
meta-analyses support RCT as a viable treatment
for selected cracked teeth. Olivieri et al.reported
pooled 1-year survival of 88% and success of 82%
" whereas Zhang et al. reported tooth survival
rates of approximately 90.5% to 91.1% for cracked
teeth treated with RCT at 1 to 2 years”, Medium-
term data remain favorable but show a growing
influence of case selection. Collectively, several
studies demonstrate that survival around 80%
to 90% is achievable when teeth are restorable,
periodontal probing is favorable, and definitive
restoration is performed"**'%"l Long-term
evidence requires more conservative patient
communication. Chan et al. analyzed 204
endodontically treated cracked teeth and reported
survival of 66% at 10 years and 55% at 15 years,
while success declined from 64% to 37%". These
findings do not argue against RCT; rather, they
show that cracked teeth require realistic prognosis,
long-term recall, and maintenance as chronic
structural conditions. These findings suggest that
when a cracked tooth is diagnosed at an early
stage and endodontic treatment is promptly
initiated, the long-term prognosis does not appear
to be significantly compromised compared to that
of routine root canal treatment.

Clinical decision making begins with
comprehensive diagnosis: visual inspection,
magnification, transillumination, bite testing,

periodontal probing, pulpal testing, and periapical
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Figure 1. An 8-year recall of a cracked tooth treated endodontically. (a) A 45-year-old female patient presented to our
institution with a chief complaint of pain upon chewing on the right side. The right mandibular first molar was diagnosed as a
cracked tooth with reversible pulpitis and a normal periapex. (b - d) As pain persisted following crown preparation, root canal
treatment was performed. (e) At the 8-year recall, the patient was asymptomatic.

assessment. The first threshold is restorability;
teeth with complete splits, mobile segments,
nonrestorable margins, or progressive bone loss
should be considered for extraction. The second
threshold is periodontal communication: an
isolated deep pocket contiguous with the crack,
particularly = 5-6 mm, shifts the prognosis
toward guarded or poor, especially with radicular
extension™®?. When the tooth is restorable and
periodontal findings are favorable, pulpal diagnosis
guides treatment. Vital teeth with reversible
symptoms may be stabilized with provisional
bracing or cuspal coverage and monitored.
Teeth with irreversible pulpitis, necrosis, or
apical periodontitis require RCT if isolation,
disinfection, and coronal sealing are feasible.
Post-RCT management should include occlusal

load reduction when indicated, intra-orifice

barrier placement in high-risk cases, prompt
cuspal-coverage restoration, and regular recall to
monitor symptoms, probing depths, and periapical
status” ™,

The main message of the literature is that
prognosis should be factor-based rather than
crack-based. A crack alone is not an indication
for extraction; many cracked teeth requiring
RCT can be retained when diagnosis is early,
periodontal probing is favorable, the tooth is
restorable, and definitive coronal protection is
provided (Fig2). However, treatment should not be
indiscriminate. Deep localized probing, radicular
extension with periodontal breakdown, periapical
disease, terminal molar loading, multiple crack
lines, parafunctional habits, and inadequate
coronal coverage may reduce predictability. The

Modified Iowa Index is clinically useful because it
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organizes crack-related findings into a staged risk
profile: radicular extension alone is not necessarily
hopeless, but radicular extension combined with a
periodontal pocket represents a distinctly higher-
risk condition. Clinicians should explain to patients
that RCT treats pulpal infection or inflammation

but does not eliminate the structural defect itself.

Conclusion

Root canal treatment for cracked teeth should
not be considered hopeless solely because a
crack is present. Current evidence supports RCT
as a viable tooth-preserving option for selected
cracked teeth when accurate diagnosis, favorable
periodontal probing, controllable crack extension,
adequate restorability, immediate coronal sealing,
cuspal coverage, occlusal management, and long-
term recall are provided. Periodontal probing depth
remains the most consistent prognostic indicator
and should be assessed carefully before treatment.
The Towa Staging Index and Modified lowa Index
offer practical frameworks for translating clinical
findings into prognosis, especially when crack
extension and periodontal pocketing are present.
In clinical practice, cracked teeth should be
managed as chronic structural conditions requiring
coordinated endodontic-restorative treatment

rather than as isolated endodontic lesions.
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Three Key Conditions for Long-Term Success of Anterior Maryland
Bridges: A Case Report and Finite Element Analysis
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Department of Prosthodontics, College of Dentistry, Yonsei University
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Cantilever resin-bonded fixed dental prostheses (RBFDPs), particularly the single-wing Maryland bridge, have
re-emerged as a clinically viable option for replacing missing anterior teeth in the era of minimally invasive
dentistry. However, long-term success requires careful attention to the biomechanical interplay between abutment
mobility, connector design, and adhesive protocol. This report addresses the single-wing design rationale in two
complementary parts. First, a clinical case of a maxillary lateral incisor pontic restored with a zirconia single-
wing Maryland bridge is presented, including the tooth-preparation strategy, prosthesis design, and adhesive
protocol. Second, a separate three-dimensional finite element analysis (FEA) of a simplified mandibular central
incisor pontic model under an oblique 200 N occlusal load compared three design configurations: (1) one-wing
cantilever, (2) two-wing fixed-fixed, and (3) two-wing with differential abutment mobility simulated by an increased
periodontal ligament width at the lateral incisor abutment. In the FEA, the single-wing design produced negligible
cement-interface stress under abutment loading and was least sensitive to differential abutment mobility,
minimizing the risk of asymmetric debonding from physiologic periodontal ligament (PDL) mobility differences
between abutments. Integrating clinical and biomechanical evidence, three key conditions are proposed for long-
term success of anterior Maryland bridges: (i) preference for a single-wing cantilever design, (ii) placement of the
connector away from the cervical margin to protect the adhesive interface, and (iii) strict adherence to a zirconia-
bonding protocol incorporating airborne-particle abrasion and a 10-MDP-containing adhesive system. Adherence
to these principles supports a predictable, minimally invasive alternative to implant-supported or conventional
fixed restorations in the anterior region.

Key words : Maryland bridge, Resin-bonded fixed dental prosthesis, Cantilever, Finite element analysis,
Adhesive dentistry, Minimally invasive prosthodontics
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Endocrown Restorations for Smgle Molar:
Indications, Clinical Procedures, and Case Reports
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Hyungwoo Lee
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One-stop Specialty Center, Seoul National University Dental Hospital
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In the restoration of endodontically treated teeth, post placement has traditionally been indicated for core
retention. However, the additional radicular preparation required for the post space increases the risk of root
fracture, and post placement may be contraindicated due to anatomical limitations of the root. With advancements
in adhesive dentistry and ceramic materials, the endocrown—a monolithic restoration utilizing the pulp chamber
for macro-retention—has emerged as an excellent minimally invasive alternative. This paper reviews the academic
background, specific indications, and clinical guidelines (preparation, material selection, and adhesion protocols)
for endocrown restorations. Furthermore, it aims to evaluate the clinical utility and prognosis of endocrowns
through various case reports involving teeth with extensive loss of coronal structure or insufficient clinical crown

length.

Key words : Endocrown, Endodontically treated molar, Adhesive dentistry
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UM =sA S M=
(Clinical Procedures & Materials)
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Management of lingual external cervical resorption in a mandibular tooth
using intentional replantation

ASE
Seung-Kyung Kwon
HMCHEt W K| ot ESt A

Department of Conservative Dentistry, College of Dentistry, Yonsei University

x=2

=

Lingual external cervical resorption in mandibular molars presents a considerable treatment challenge because
conventional surgical access is often limited. Intentional replantation enables direct access to lesions that are
otherwise difficult to manage and facilitates extraoral restoration under improved visibility.

A 25-year-old female presented with spontaneous pain in the right mandibular second molar. Clinical and cone-
beam computed tomography examinations revealed an external cervical resorption lesion extending from the
lingual cervical area to the subcrestal region. Because conventional surgical access and orthodontic extrusion were
not feasible, intentional replantation was performed. After extraoral removal of the resorptive tissue, the defect was
restored with a self-adhesive resin cement without a separate etching and bonding procedure, followed by root-
end surgery and replantation. Root canal obturation and definitive crown restoration were completed after initial
healing. At follow-up, the tooth remained asymptomatic with favorable clinical and radiographic healing.

Intentional replantation can be a valuable treatment option for lingual external cervical resorption with limited
surgical access. In this case, a simplified extraoral restorative strategy using a self-adhesive resin cement enabled
efficient defect restoration while limiting unnecessary extraoral manipulation.

Key words : External cervical resorption; Intentional replantation; Self-adhesive resin cement, Mandibular second molar
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Injection molding techniqueZ ©]-&3t 3t} A x| &2
Black Triangle %

Management of Mandibular Black Triangles Using Injection Molding
Technique

x| 2%, M2, HXF
Eunjin Choi, Seok Woo Chang, Jiyoung Kwon
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=

Loss of interdental papilla, commonly referred to as “Black triangle,” is an esthetic concern that is particularly
prevalent in the mandibular anterior region due to age-related periodontal recession. Management of black triangle
is challenging due to limited interdental space and the need for a precise emergence profile. A conservative
approach can be achieved using the injection molding technique with a clear matrix.

Direct composite resin restoration was performed using a pre-curved anatomical clear matrix (Bioclear Matrix,
Bioclear, Tacoma, WA, USA) combined with flowable and preheated composite resin to maximize adaptation to the
tooth substrate.

Satisfactory esthetic and functional outcomes were obtained, demonstrating that the injection molding
technique using a clear matrix is an effective and conservative method that reduces technique sensitivity in narrow
mandibular spaces and provides a predictable result.

Key words : Black triangle, Injection molding technique, Clear matrix, Preheated composite resin
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Esthetic Rehabilitation of the Maxillary Anterior Region Using Premolar
Autotransplantation and Direct Composite Restoration: A Case Report

MR, 22|, M8,y
Seorin Juhng, Kun-hwa Sung, Yoorina Choi, Su-Jung Park
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Department of Conservative Dentistry, School of Dentistry, Wonkwang University

x=2

=

Severe traumatic injury of maxillary anterior teeth in growing patients presents significant esthetic and
functional challenges, while implant placement is often limited due to ongoing growth. This case report describes
the multidisciplinary management of traumatic crown-root fracture of maxillary central incisors using premolar
autotransplantation, orthodontic treatment, and direct composite restoration.

Premolars scheduled for extraction were autotransplanted to the maxillary anterior region, followed by
orthodontic tooth movement to optimize tooth position, axial inclination, gingival architecture, and smile esthetics.
Diagnostic wax-up and minimally invasive direct composite restoration were subsequently performed to convert
the transplanted premolars into maxillary central incisor morphology while preserving enamel for predictable
adhesion. Appropriate cervical contour and emergence profile were achieved through additive restorative
procedures, contributing to harmonious esthetic integration.

This multidisciplinary approach may provide a predictable and minimally invasive treatment option for esthetic
rehabilitation of the anterior region in growing patients.

Key words : Direct composite restoration, Autotransplantation, Esthetic rehabilitation, Emergence profile,
Multidisciplinary approach
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Orthodontlc extrusion of complicated crown-root-fractured anterior
teeth using different appliances: a case report
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This case report describes the management of complicated crown-root fractures affecting both a maxillary and a
mandibular central incisor in a single patient, in which the orthodontic extrusion appliance was selected separately
for each arch according to arch-specific anatomic and occlusal conditions. A 14-year-old boy presented after trauma
with complicated crown-root fractures of the maxillary right central incisor (#11) and the mandibular right central
incisor (#41). Tooth #11, which had received emergency pulp extirpation, was managed with root canal treatment,
post-and-core restoration, and orthodontic extrusion using a button and an elastic chain. Tooth #41, diagnosed
with reversible pulpitis, received vital pulp therapy followed by orthodontic extrusion. Because of a deep bite and
limited interocclusal space, a mini-tube appliance with a 0.012-inch nickel-titanium archwire was used for #41, with
the tube bonded 3 mm apical to the adjacent tubes. Tooth #41 reached the 3 mm target within approximately 11
days, and pulp vitality was maintained throughout a 6-month follow-up, with periapical bone remodeling observed
radiographically. Both fractured incisors were restored with composite resin. Appliance selection guided by arch
anatomy allowed conservative restoration of both teeth.

Key words : Crown-root fracture, Orthodontic extrusion; Vital pulp therapy; Mini-tube appliance; Dental trauma

Introduction classified as uncomplicated or complicated

according to pulp involvement. It accounts for

A crown-root fracture is a traumatic injury approximately 5% of traumatic injuries in the
involving enamel, dentin, and cementum, permanent dentition"”. When the fracture line

Coressponding author: Min-seock Seo

Department of Conservative Dentistry, Wonkwang University Daejeon Dental Hospital,
77, Dunsan-ro, Seo-gu, Daejeon, 35233, Republic of Korea
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extends subgingivally or below the alveolar crest,
conservative restoration becomes challenging
because of violation of the biologic width” and
the prognosis is reported to be unfavorable'.
Conservative treatment options other than
extraction include fragment reattachment,
crown lengthening or gingivectomy, surgical
extrusion, and orthodontic extrusion. Among
these, orthodontic extrusion is a conservative
method that moves the fracture margin coronally
to expose it while minimizing reduction of the
adjacent teeth and periodontal tissues'”.

However, appliance selection should be tailored
to the fracture morphology and to the anatomic
conditions of the affected arch. In the present case,
complicated crown-root fractures that occurred
simultaneously in the maxillary and mandibular
anterior teeth of a single patient were extruded

using different appliances for each arch, and in

the mandibular central incisor extrusion was
performed after vital pulp therapy. We report the

clinical course and the considerations involved.

Case presentation

A 14-year-old boy presented the day after
trauma with a chief complaint that his teeth
had been fractured after being hit by a ball
while playing baseball. His medical history was
unremarkable, with no known drug allergies.
Immediately after the trauma, emergency pulp
extirpation of tooth #11 had been performed at a
local clinic (Fig. 1). Tooth #11 showed a complicated
crown-root fracture with most of the coronal
structure lost, and the palatal fracture line was

located approximately 3 mm subgingivally. Tooth

#41 had a mobile fracture fragment; after the

Fig. 1. Clinical and periapical radiographic images of tooth #11 and #41 at the initial visit.

R L !
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Fig. 2. Clinical photograph after removal of the fracture fragment of tooth #41
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fragment was removed under local anesthesia, the
mesial fracture line was located approximately
4-5 mm below the interdental papilla, with a
thinly chipped portion of about 2 mm (Fig. 2).
Tooth #11 was diagnosed as a previously initiated
tooth with normal apical tissue, and tooth #41
as reversible pulpitis with normal apical tissue.
Accordingly, tooth #11 was planned for root canal
treatment and orthodontic extrusion, with post-
and-core restoration and Class IV restoration.
Tooth #41 was planned for vital pulp therapy and
orthodontic extrusion, with a Class IV restoration.
After consultation with the guardian and in
consideration of the planned comprehensive
orthodontic treatment, the teeth were first
restored with composite resin, with the definitive
restoration to be reevaluated after orthodontic

treatment was completed.

Treatment

1. Mandibular central incisor (#41)

Considering that the patient presented within
24 hours of the trauma, vital pulp therapy was
performed on the day of the visit with the goal of

Fig. 3. Vital pulp therapy of tooth #41.

preserving pulp vitality. A partial pulpotomy was
performed on the exposed pulp; after achieving
hemostasis within 5 minutes using a cotton pellet
soaked in sodium hypochlorite, a calcium silicate-
based material (Well-Root PT, Vericom, Korea) was
applied, and the tooth was provisionally restored
with glass ionomer cement (Fig. 3).

When designing the appliance for orthodontic
extrusion, it was considered that the deep bite left
insufficient space for appliance placement and that
crown reduction was limited because of the goal
of preserving pulp vitality. If a conventional button
and elastic appliance bonded to the opposing arch
were used, the extrusion path could tilt labially
or occlusal interference could occur. If such an
appliance were placed on the mandibular arch,
there would be no space for appliance attachment.
Therefore, orthodontic extrusion using a 0.012-
inch nickel-titanium archwire and a mini-tube
appliance was planned. Owing to its shape-
memory properties, the nickel-titanium archwire
slides along the adjacent tubes as extrusion
proceeds and delivers a relatively constant, light,
continuous force.

To avoid unnecessary orthodontic force on
adjacent teeth, the archwire was passively ligated

by bypassing the lingually crowded #32 and #42.
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Fig. 4. Placement of the mini-tube appliance and 0.012-
inch nickel-titanium archwire on tooth #41

For #41, the tube was bonded approximately 3
mm apical to the adjacent tubes to target 3 mm of
extrusion, and the design allowed the extrusion to
be self-limiting once the archwire became level (Fig.
4). The 3 mm target was chosen because, although

the fracture line was located 4-5 mm below the

(A) day of extrusion (B) day 11

interdental papilla, the thinly chipped portion
of about 2 mm could be expected to heal with
gingival tissue'.

By day 4 approximately 2 mm of extrusion
was observed, and by day 11 the archwire had
straightened, achieving approximately 3 mm
of extrusion. A supracrestal fiberotomy was
performed under local anesthesia at each visit.
Upon confirming exposure of the mesial fracture
line, extrusion was terminated, followed by
occlusion adjustment, retainer bonding, and an 11-
week stabilization period (Fig. 5).

Approximately 3 months after completion of
extrusion, a Class IV composite resin restoration
was performed. After placement of a gingival
retraction cord, etching and bonding (Scotchbond
Multi-Purpose, 3M, St. Paul, MN, USA) were

(C) retainer placement

(D) day of extrusion

(E) day 11

Fig. 5. Course of orthodontic extrusion of #41
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(A) preoperative (B) preparation

Fig. 6. Class IV composite resin restoration of tooth #41

A 4

(A) initial visit (B) orthodontic extrusion

Fig. 7. Serial periapical radiographs of tooth #41

performed; the proximal surface was built up
using a Bioclear matrix (Bioclear, Tacoma, WA,
USA) and a flowable composite resin (Estelite
A2, Tokuyama Dental, Japan); and the body and
enamel of composite resin (shade A2; Filtek
7350, 3V, St. Paul, MN, USA) were layered (Fig. 6).
During the 6-month follow-up, the tooth showed
consistently positive responses to cold and electric
pulp testing, indicating maintained pulp vitality;
percussion and mobility were negative; and
periapical bone remodeling was observed at 3 and
6 months (Fig. 7).

2. Maxillary central incisor (#11)

During the extrusion period of tooth #41, root

canal treatment and post-and-core restoration of

(C) 3-month check (D) 6-month check

(C) postoperative

tooth #11 were performed (Fig. 8). Subsequently,
orthodontic extrusion was performed using a
button and an elastic with teeth #13-23 serving as
anchorage. Approximately 1 mm of extrusion was
achieved by day 7, and on day 21 the extrusion
rate decreased, so the elastic was replaced. By
day 30, approximately 2 mm of extrusion was
achieved, falling short of the 3 mm target. Because
the patient was a baseball player and complained
of discomfort from the appliance, extrusion
was terminated, and the insufficient amount of
extrusion was compensated for by palatal crown
lengthening to obtain a ferrule (Fig. 9). The tooth
was then restored with composite resin, and
the definitive crown restoration was planned to
be reevaluated after completion of orthodontic

treatment (Fig. 10).
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(B) day 30 (C) resin restoration

(D) day of extrusion (E) day 30 (F) resin restoration

Fig. 9. Course of orthodontic extrusion of tooth #11 and composite resin restoration.

(A) initial visit (B) 4-month check (C) 6-month check
Fig. 10. Clinical photographs at the initial visit and at 4 and 6 months postoperatively.
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Discussion

Compared with extraction or surgical extrusion,
orthodontic extrusion is a conservative option that
can preserve the natural tooth and periodontal
tissues'”. In the present case, different appliances
were used for the two teeth because the arch
conditions differed. For #11, the space for appliance
placement was sufficient, so a conventional button
and elastic appliance could be used. For #41, a
deep bite and limited interocclusal space made
attachment of a conventional appliance difficult,
so a mini-tube appliance was selected. In this case,
the mini-tube appliance was a useful alternative
for a mandibular incisor with limited space.

For #41, orthodontic extrusion was performed
after vital pulp therapy, and pulp vitality was
maintained. Bauss et al. reported that maxillary
incisors with a history of luxation injury are more
susceptible to pulp necrosis during extrusion than
non-traumatized teeth'. #41 had no luxation
injury, thereby excluding it from this high-risk
category. In addition, unlike intrusion, extrusive
force does not produce compression in the apical
region, and Brodin et al. reported no significant
change in pulpal blood flow during extrusion.
" The calcium silicate-based material used for
the partial pulpotomy (Well-Root PT) exhibits
excellent biocompatibility, sealing ability, and
moisture stability®. Consequently, it is thought
to have provided a stable protective barrier over
the exposed pulp, thereby preserving pulp vitality
during orthodontic extrusion. However, as this is
a single case, generalization is limited.

The extrusion rate of #41 was about 1.9 mm per
week, which was somewhat faster than the mean
of approximately 1.5 mm per week reported in
a systematic review'". This relatively rapid tooth

movement may be attributed to a combination

of the continuous, constant force delivered by
the nickel-titanium archwire, the low resistance
of the single-rooted mandibular central incisor
in the direction of extrusion, the unobstructed
extrusion path resulting from the fracture of the

opposing tooth, and the absence of proximal
65
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contacts. To reduce relapse after rapid extrusion
a supracrestal fiberotomy was performed at each
visit and a stabilization period of approximately
11 weeks was given. Because the extrusion rate
is difficult to predict precisely in advance, short-
interval monitoring is necessary.

With regard to the restoration, orthodontic
extrusion moved the fracture margin
supragingivally, which facilitated adaptation of
the matrix for the proximal restoration. However,
restoration of tooth #11 was challenging owing to
the extensive fracture. Considering the young age
of the patient, shade A2 was used; however, the
restoration appeared brighter than the adjacent
teeth, and shade A3 might have provided a better
shade match. As this is a single case with only a
6-month follow-up, further observation is needed
to evaluate the long-term pulpal prognosis and
periodontal stability.

Conclusion

In the present case, selecting the orthodontic
extrusion appliance according to the anatomic
and occlusal conditions of each arch enabled
conservative restoration of both anterior teeth.
The mini-tube appliance was a useful option
for the mandibular central incisor with limited
interocclusal space. Furthermore, orthodontic
extrusion following vital pulp therapy successfully
achieved the target movement while preserving

pulp vitality.
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Endocem MTA repair of Trauma-induced External cervical resorption
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External cervical resorption (ECR) is a pathological condition that originates at the cervical region of the tooth
and may progressively invade the dentin, and occurs when infection is superimposed on a traumatic injury. This
case presents an external cervical resorption occurring in maxillary lateral incisor, following damage in cervical
cementum from avulsion. Surgical debridement followed by Endocem MTA repair successfully arrested the
resorptive process and preserved the affected tooth. Careful long-term follow-up is required to monitor the stability

of the treatment outcome.

Key words : External cervical resorption, Dental trauma, Surgical flap, MTA repair, Endocem MTA
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Restoration of Localized Wear with Pre-fabricated CAD-CAM index
and Pre-Heated Composite Resin
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Tooth Wear is a multifactorial pathology resulting from tooth clenching habits, bruxism, gastroesophageal reflux
disease, and all of these factors combined. If left untreated, these lesions may progress to dentin hypersensitivity,
pulpal involvement, and a gradual loss of vertical dimension of occlusion, compromising both esthetics and
masticatory function.

An injection molding technique can be utilized to restore localized wear facets conservatively. This approach
accurately reproduced the patient's existing occlusal scheme while completely avoiding the removal of sound tooth
structure and reducing clinical chair time. The following case presents localized wear facets which were restored by
using a pre-fabricated CAD-CAM index combined with preheated composite resin to maximize adaptation to the tooth
substrate. This technique may serve as a convenient, time-efficient, and minimally invasive alternative to indirect
restorations, offering predictable results for patients with localized occlusal wear and minimal restorative space.

Key words : Localized wear, Injection molding technique, CAD-CAM Index, Preheated composite resin
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