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Recent investigations into the incidence
of dental trauma, especially in the paedi-
atric and adolescent populations, have
made it clear that this particular injury is
of a significant nature and effects up to
one-third of patients in this age group.1

Prior studies have reported estimates that
about one out of every four persons under
the age of 18 will sustain a traumatic 
dental injury in the form of an anterior
crown fracture.2,3 More recent investiga-
tions through clinical examinations of
large adolescent populations and surveys
of lay knowledge on the management of
avulsed teeth provide dentoalveolar
trauma incident estimates ranging from
6–34%.1,3–6 These reports confirm that
dentists are confronted with managing
dental trauma and restoring fractured
teeth on a regular basis. Techniques that
speed and simplify treatment, restore aes-
thetics, and improve long-term success
rates are therefore of potential value and
should be considered. The recent investi-
gation by Hamilton et al. however,
revealed high failure rates for treatments
extended to adolescents experiencing
dentoalveolar trauma, as well as a low

knowledge level concerning management
of specific traumatic injuries.5

A review of 25 published case reports
indicates that 85% of traumatised incisors
fracture in an oblique fashion from the
labial to lingual aspects with the fracture
line proceeding in an apical direction.
This tendency has been confirmed in an
in vitro investigation by Stokes.7 This
study demonstrated that the presence of
this unfavourable fracture pattern, once
restored, exhibits a low resistance to labi-
ally applied forces which mimic trauma
force vectors, but may exhibit higher

resistance to horizontal traction forces
which occur with incising or tearing
food. Other laboratory investigations
have been published using models
addressing a variety of materials and
preparation designs in an attempt to
optimise the strength and consistency of
the reattachment procedure.8–13

The dental profession has attempted to
educate the lay public to the prompt and
appropriate management of avulsed
teeth.2,14 Numerous international cam-
paigns to improve the emergent response
necessary to optimise the prognosis in
replantation cases have been carried out
in Australia, Denmark, Brazil, Argentina,
and the United States.14 These educa-
tional attempts may result in patients (or
parents) presenting with intact avulsed
teeth, as well as fractured coronal tooth
fragments. This article will address the
treatment regimen for incisal edge reat-
tachment, a treatment option that offers
advantages of simplicity, immediate aes-
thetics, and conservatism in cases of dental
trauma.

Historical perspective
The first published case reattaching a frac-
tured incisor fragment was reported in
1964 by paediatric dentists at Hebrew
University, Hadassah School of Den-
tistry.15 In an era of dentistry prior to
commonplace acid-etching and bonding,
the authors termed this treatment a tem-
porary restoration. Other reports espous-
ing a variety of preparation design
features and materials for reattachment
have appeared in the literature restoring
teeth presenting with and without pulpal or
periodontal complications.16–43 Though
some in vitro investigations attempted to
define optimised materials and reattach-
ment regimens, the majority of design 
features had been chosen empirically.

Reattachment techniques have been
described in demanding clinical situa-
tions,34,38 including one case reported by
Simonsen in which an incisor fragment
was reattached and the tooth subse-
quently subjected to orthodontic treat-

This article presents an overview of the evolution of the incisal
edge reattachment procedure. Case reports are described of
patients presenting with traumatised teeth in which the
reattachment procedure was performed. A review is provided of
present in vivo studies detailing long-term success rates in the
clinical application of this procedure. Finally, a recommended
technique for diagnosis and treatment is offered to improve
success in this procedure which may benefit a significant segment
of the paediatric and adolescent populations.

In brief

l Anterior crown fractures are
commonplace in children and
adolescents and may affect up to
25% of this patient population.

l If an intact tooth fragment is present
after trauma, the incisal edge
reattachment procedure presents a
conservative, simple and aesthetic
treatment.

l Clinical trials and long-term
follow-up have reported that
reattachment using modern dentine
bonding agents or adhesive luting
systems may achieve functional and
aesthetic success for up to 7 years.

l Reattachment failures may occur
with new trauma, parafunction, or
horizontal traction. Athletic soft
mouthguards and patient education
may enhance clinical success. 
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ment without difficulties.23 The reattach-
ment regimens cited above can aid in
treatment when concomitantly address-
ing endodontic therapy, periodontal
management of biologic width violations,
or electrosurgical gingivectomy.15,16,19,24,

27–43 Other innovative approaches to
conservation of natural tooth structure
include recovery of a retained, fractured
crown segment in the lip of a patient pre-
senting 3 years after history of sports
trauma or bonding multiple fragments
together for subsequent reattachment.17,40

Though unsupported by laboratory stud-
ies or clinical trials, many successful case
reports were published in the mid-to-late
1980s by a variety of authors.23–32 An
assortment of beveled designs, endodon-
tic adjunctive care, dentinal channels, and
composite resin materials and technique
choices were employed. These case reports
range in follow-up from 3 months to 36
months, and are overwhelmingly positive
regarding retentive and esthetic success.

Andreasen et al. described the clinical
procedure for reattachment of fractured
incisal edges based on their unpublished
clinical collection of 76 permanent
incisors restored with what they termed
the ‘GLUMA technique’.21 This article
described clinical steps for restoring both
uncomplicated and complicated fractures
for incisors. The technique involved plac-
ing a temporary restoration for a waiting
period: 4 weeks for uncomplicated and 
3 months for complicated fractures.
After verification of the vitality of the
tooth, the fragments were reattached
using an acid etch/dentine bonding reg-
imen and no preparation of the tooth or
fragment. Recent multicentre trials and
long-term studies have established this
treatment option as successful in many
instances.22,46 Though initiated early in
the evolution of dentine bonding agents,
the Andreasen group reported 25% reten-
tion of fragments at 7 years and noted that
this technique is especially useful for
young patients presenting with the need
for apexigenesis or in the mixed dentition
stage where delaying prosthetic restora-
tion of the tooth until eruption and tooth
positioning have stabilised is a distinct

(4-META) is another alternative and this
material has been reported to provide
high bond strengths to enamel and to
dentine. Cooley and co-workers in 1991
reported that the material demonstrated
better bond strengths to dentine than any
material previously tested in their labora-
tory.48 Clinicians have thus considered
this 4-META luting material suitable for
luting fractured tooth fragments to
remaining tooth structure, and cases of
reattachment of fractured fragments have
been described using this technique.49–50

Two recent technique articles voice agree-
ment in promoting the reattachment pro-
cedure based on improvements in
materials and properties of modern adhe-
sive bonding.51,52

Published advantages and disadvan-
tages gleaned from these multiple case
reports for incisal edge reattachment are
listed in Table 1.

Case reports
Three case reports will be described,
giving details for a variety of situations
and treatments: for full details, the
reader should consult the original
texts.35,49,50 Report 1 describes the use
of dentine and enamel bonding to effect
a repair, and Reports 2 and 3 describe
the use of an adhesive luting system. In
the first two cases, gross exposures of
the pulp during the traumatic incident
made root canal therapy necessary, but
in the last case report a small exposure
was treated using the bonding/luting
system.35,49,50

advantage.22 As an additional study find-
ing when reviewing cases of fragment
reattachment, these authors reported that
50% of the reattached fragments were lost
within the first year when only enamel
bonding was used, while 3 years elapsed
before 50% of fragments were lost when
dentine bonding was carried out.22 It
would therefore appear desirable to obtain
bonding between the opposed dentine sur-
faces as well as from enamel. Cavelleri and
Zerman published higher success rates
(though on a more limited study size) and
suggest that reattachment regimens may
be used for longer term restoration when
clinical conditions are favourable.46 An
additional long-term study of 50 incisal
fragment reattachments reported an 80%
success rate at 5 years when incisal frag-
ments of approximately one-half the
length of maxillary central incisors were
replaced using acid-etching, internal V-
shaped notches, bonding agents, and a vis-
ible-light cured composite.47

While Kanca and Baratieri et al. have
also described the use of dentine bonding
systems such as All-Bond 2 (Bisco Dental,
Itaska, IL, USA)44 and Scotchbond Multi-
purpose (3M Dental, St Paul, MN,
USA),39 respectively, in the repair of frac-
tured incisor teeth, other clinicians have
used alternative approaches. Baratieri and
co-workers described the use of the glass
ionomer/resin ‘sandwich’ technique.37

The use of an ‘adhesive’ luting material
based on the resin 4-methacryloxyethyl
trimellitate anhydride with the setting
reaction initiated by tri-n-butyl borane

Table 1 Pro's and con's of multiple case reports for incisal edge
reattachment

Advantages
• Conservatism
• Wear similar to adjacent/opposed teeth 
• Colour match to the remaining crown portion
• Preservation of incisal translucency
• Good aesthetics
• Maintenance of original tooth contours
• Financial and economic aspects of a conservative, 1-visit treatment
• More durable restoration than a Class IV resin restoration alone (conjecture)
• Preservation of ‘identical’ occlusal contacts
• Color stability of the enamel
• Delay in the ‘prosthetic restoration’ for young patients (eruption, margin 

placement, etc) 
• Positive emotional and social response from patients
• ‘A short to medium term temporary restoration which has the potential for 

indefinite service’.

Disadvantages
• Less than ideal aesthetics if the tooth fragment is allowed to dehydrate
• Colour changes of the bonded fragment
• Necessity for continuous monitoring
• Colour instability of these early resins led to a discernable ‘line’ at the 

reattachment junction
• Unknown longevity
• ‘Predicted’ eventual separation of the repair due to progressive breakdown 

of the bonded junction



the enamel margins of the retained root
and the fractured fragment were etched
with 35% orthophosphoric acid for 1
minute, washed and dried. The dentine of
the root and fractured fragment was con-
ditioned with the aqueous solution of 10%
citric acid and 3% ferric chloride provided
with the proprietary 4-META luting sys-
tem (Metabond, Sun Medical Co., Kyoto,
Japan) selected for the reattachment. The
luting material was mixed and applied to
the tooth fragment, which was placed in
position. Excess luting material was
removed and the fragment held in posi-
tion for 10 minutes. The margins of the
repair were finished and polished as
described for Case 1. A thin layer of com-
posite restorative material, retained by
acid etching an area 1 mm adjacent to the
fracture line labially, was placed to
improve the aesthetics of the repair. The
occlusion was checked and adjusted, and
the patient discharged, having been given
post-operative instructions. At review at
6 months (fig. 4) and 2 years, the repaired
tooth was found to be symptom-free.
However, further reevaluation was not
possible as contact was lost with the
patient after the 2-year recall visit.

Case report 3
A male exchange student from France suf-
fered trauma from a squash racquet in the
first week following his arrival in England,
resulting in incisal fractures of the upper
left and right central incisor teeth. (fig. 5).
The pulp was visible on the palatal aspect
of the fracture in the upper right central
incisor, but there was no haemorrhage. 

The patient had recovered the fractured
fragment of the upper right central incisor
tooth. No root fracture was visible on
radiographical examination. After isola-
tion of the central incisor teeth using 
rubber dam, the fractured tooth fragment
of the upper right central incisor tooth was
cleaned and was tried against the remain-
ing tooth and was found to fit satisfacto-
rily. After discussion with the patient of
the advantages and disadvantages of the
techniques involved, it was decided that an
attempt should be made to bond the lost
fragment to the remaining tooth. 

Case report 1
Following trauma to her upper left central
incisor tooth (fig. 1), a 10-year-old girl
attended a dental surgery for emergency
treatment. Her mother had retrieved the
fractured fragment. Radiographic exami-
nation showed that root formation was
complete and that there was no root frac-
ture. The patient was in pain as a result of
a large pulpal exposure, and accordingly,
the pulp was extirpated, the canal dressed
following instrumentation and the canal
obturated one week later. The retained
root and the fractured fragment were
treated with the components of a dentine
bonding system, a hybrid composite
material placed between the fragments
and the fractured portion placed against
the retained root. Excess composite was
removed and the composite light cured
from labial and palatal directions. After
light curing, the margins were polished
using discs and impregnated rubber
points. At recall 1 year later, the repair was

performing satisfactorily (fig. 2). Follow-
ing further trauma after 3 years, the frag-
ment debonded. It was not possible to
satisfactorily appose the fragment to the
remaining tooth, and the tooth was
restored initially by a post-retained com-
posite build-up and later by a post crown. 

Case report 2
During an assault, a male patient aged 23
years suffered a fracture of the crown of the
upper left central incisor tooth, with the
fracture line extending below the gingival
margin by 1 mm palatally (fig. 3). The pulp
was exposed, so root canal treatment was
initiated and the root canal obturated 
1 week later. A friend of the patient had
recovered the fractured tooth fragment;
this was cleaned using a pumice and water
slurry, and was found to fit satisfactorily. 

The disadvantages and advantages of
the reattachment procedure were dis-
cussed with the patient and a decision to
proceed was made. Following isolation,

616 BBRITISH DENTAL JOURNAL, VOLUME 186, NO. 12, JUNE 26 1999

PRACTICE
restorative dentistry

Fig. 1 Upper left central
incisor exhibiting typical
facial-lingual sloping
fracture pattern and large
pulpal exposure (Ellis Class
III fracture) (from ref. 35)

Fig. 2 Reattachment of the
fragment remained
successful at the one year
recall visit. The
reattachment ultimately
failed due to recurrent
trauma (from ref. 35)
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The upper left central incisor was
restored using Scotchbond MP and Z100
(3M, St. Paul, MN, USA). For the upper
right central incisor tooth, the retained
tooth and the fractured fragment were
cleaned using a pumice and water slurry,
the enamel of the retained root and the
fractured fragments etched with 35%
orthophosphoric acid; the dentine sur-
face, including the exposure site, was
treated with the 10% citric acid, 3% ferric
chloride conditioner provided by the
manufacturer of the 4-META luting sys-
tem chosen for use in the reattachment
(Metabond, Sun Medical Co, Kyoto,
Japan). The tooth and fragment were
washed with water and dried and the frac-
tured fragment recemented to the
remaining tooth using the 4-META
cement. Excess cement was removed, and
when the 4-META cement had cured, a
layer of composite was placed across the
fracture line labially; the occlusal relation-
ship of the central also allowed the place-
ment of a palatal layer of composite across
the fracture line. At recall, 1 year later, the
replaced tooth fragment was still in posi-
tion (fig. 6) and vitality testing of both
teeth gave similar, vital readings. The
patient returned to France with a request
that the clinician should be advised if the
repair had failed, and, to date, 4 years fol-
lowing the repair, no contact has been
received from the patient.

Discussion and clinical technique
Functional, aesthetic, and biologic
restoration of the fractured incisor
often presents a daunting clinical chal-
lenge. Conventional composite resin
restoration may result in less than ideal
contours, colour match, and incisal
translucency.  Prosthodontic restoration
in cases involving younger patients is
questionable as confounding variables
such as a large pulpal sizes, progressive
eruption, and gingival margin instability
take this predictable treatment modality
for adults and turn the treatment out-
come into one of uncertain longevity.
When an intact fragment is available,
incisal edge reattachment may offer a
most functional and aesthetic treatment

Fig. 3 A physical assault
yielded this fractured
central incisor (Ellis Class III),
again with pulpal
involvement, necessitating
endodontic therapy
consisting of pulpal
extirpation and subsequent
obturation

Fig. 4 Reattached incisor
fragment is successfully
retained at the 6-month
recall visit 

Fig. 5 Fractured central
incisor exhibiting Ellis Type
III fracture on upper right
central and Ellis Class II on
the upper left central incisor.
No pulpal therapy was
instituted for the exposed
pulp, but dentine bonding
was accomplished and the
fragments reattached with
an adhesive luting system
(C&B Metabond)

Fig. 6 Reattached fragment
remains successful at 1 year,
teeth are vital,
asymptomatic, and
aesthetically acceptable
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option. As with conventional restoration,
restorative success hinges on proper case
selection and strict adherence to sound
principles of periodontal and endodontic
therapies, and the techniques and materi-
als for modern adhesive dentistry.22,46,53

With regard to clinical success, the
incisal fragment should ideally exhibit no
caries, negligible loss of tooth structure,
and adapt well to the remaining tooth
structure when ‘tried-in.’ The absence of
traumatic occlusion should be con-
firmed.47 Root integrity and maturation
status are assessed with pre-operative peri-
apical radiographs. Periodontal diagnostic
testing detects biologic width concerns, the
treatment of which ensures adequate isola-
tion and future periodontal health. Initial
post-trauma endodontic diagnostic test-
ing, although unreliable, is integrated with
radiographic findings to provide a basis for
future endodontic treatment decisions. 

Rubber dam isolation facilitates suc-
cessful management of endodontic com-
plications and provides an environment
conducive to quality adhesive dentistry.
An important consideration for clinicians
may be the effects of different fracture
patterns on the long-term success of the
reattachment treatment. Bond strength
measurements to dentine which are simi-
lar to those found with enamel (‘the gold
standard’) are now achieved with many
systems and high retention rates of
restorations in non-retentive, non-stress-
bearing cavities are also possible. How-
ever, it may be considered that the
achievement of an intimate reapproxima-
tion of the segments giving a semblance of
resistance form within the fracture line to
prevent rotation of the reattached frag-
ment on the remaining tooth structure
may serve to protect the bond from rota-
tional and twisting forces which may
reduce the potential for success. A
pumice-water slurry removes any pellicle
and the use of a phosphoric acid etch
and/or material specific ‘10-3 condition-
ing’ may be employed to facilitate enamel
bonding, promote interdiffusion and the
formation of a hybrid layer, and act as an
antimicrobial agent against oral bacteria.54

In all cases, bonding to dentin should be

employed given that the results of multi-
centre clinical studies of fractured incisors
have indicated a more favourable progno-
sis when a dentin bonding system is used
during the repair.22 Furthermore, results
of treatment using a dentine bonding
agent and replacement of the fragment in
which around half of the reported cases
had suffered a pulpal exposure have indi-
cated a low proportion (4%) with pulpal
necrosis.22 Contemporary dentine bond-
ing agents with high, demonstrable bond
strength values with a total-etch, moist
bonding technique reunites the fragment
and remnant, and a highly filled compos-
ite resin added as necessary to replace lost
tooth structure and optimise aesthetics. 

The restoration should be finished, pol-
ished, and a composite surface sealant
placed. If aesthetics are compromised,
premature separation anticipated, or a
degrading bond noted, subsequent
restoration with porcelain or cast ceramic
veneers to reinforce the weakened edge is
in order.42,55 Strong consideration must
be given to the fabrication of a soft
polyvinyl or acrylic mouthguard to be
worn in athletic competition or at night
(if the patient exhibits a nocturnal para-
functional habit) as these conditions may
predispose the reattached fragment to an
early failure. Recall examination permits
observation and direct provider feedback. 

The current view
An advantage of the incisal edge reattach-
ment procedure is that it does not pre-
clude any future treatment and therefore,
in cases where the fragment is available,
represents a viable first treatment option.
Andreasen and Andreasen state that the
reattachment procedure may importantly
serve as a transitional treatment alterna-
tive for pre-teens or teenage patients to
postpone definitive treatment until an age
where gingival margin contours are 
relatively stable.56 Patients should be
appraised of the advantages and disadvan-
tages and should make an informed deci-
sion based on the dentist’s recommended
treatment regimen founded on trends
gleaned from the results of clinical trials
and published case reports. A quote by

Liew is very appropriate in describing the
prognosis for this procedure. He believes
this restoration to act as ‘a short to
medium term temporary restoration
which has the potential for indefinite ser-
vice’.31 The outcomes of the cases
described in this article are in keeping
with the results of the multicentre study
by Andreasen in that long-term success
was elusive in a number of the cases.
However, it appears that improvements in
the luting and/or bonding systems
employed and a greater knowledge of the
factors influencing restoration longevity
should serve to enhance the potential for
success of reattachment techniques in the
future. 

Conclusions
The incisal fragment reattachment proce-
dure may offer a conservative, cost-effec-
tive, and aesthetic restorative option when
patients present with intact incisal edge
segments. The use of a moist bonding
procedure using fourth or fifth generation
dentine bonding agents without addi-
tional retention features (such as internal
or external preparation) has been shown
to provide clinical restorative success.
Research through laboratory findings and
clinical observations show debonding
failures when rapid loading is applied
(simulating trauma to the reattached
fragment), yet current adhesive agents
provide sufficient bonding strengths to
withstand the slow loading from mastica-
tory stresses. This bonded interface is
undeniably susceptible to the effects of
cyclic fatigue and hydrolytic degradation
over time. Despite these factors, case
reports and multicentre studies have
described functional and aesthetic suc-
cesses exceeding 7 years. 

This article was prepared in part by officers of the
United States Government as part of those persons’
official duties and is deemed a work of the United
States Government. Accordingly, this material may
not be copyrighted and may be reprinted without
permission. Figures 3–6 are reproduced courtesy of
Dental Update.
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