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— Abstract

This study aimed to evaluate the long-term outcomes of teeth treated with reattachment technique in children
and adolescents. Twenty seven permanent anterior teeth from 21 patients treated with fragment reattachment were
evaluated. Clinical photos and medical records were used to assess treatment outcomes. Effect of pulp treatment and the
ratio of fragment on success rate were statistically analyzed. Detachment of fragment was observed in 17 teeth, and their
duration of retention was 2141 + 23.39 months. Repeated trauma was found to be the most frequent causes of failure.
Pulp treatment before reattachment did not affect the success rate (p > 0.05). The mean ratio of fragment was 0482 +
0.147, and the success rate was affected by the ratio of fragment (o = 0.018). The median retention time of the teeth was
72 montbhs if the ratio was under 0.5, and 8 months for that of the others. A significant correlation was found between
the ratio of fragment and retention time (p = 0.003). Reattachment can be a predictable treatment option for crown
fracture in anterior teeth in children and adolescents when a fracture involves less than 50% of the clinical crown.
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I. Introduction

Traumatic dental injuries (TDIs) occur frequently in children
and adolescents[1,2]. Among TDIs in the permanent dentition,
the crown fracture is the most common type of tooth injury
and the maxillary central incisors are the most commonly in-
volved teeth[1,2]. Further, crown fracture can cause the loss
of tooth structure and damage pulpal health. As the maxillary
anterior teeth have a large esthetic role, this type of injury can
negatively affect self-image and quality of life in children and
adolescents[3-5].

Reattachment is a restorative technique that puts fractured
tooth fragments together using resin-based composites[6,7].
This technique enables quick, conservative, and predictable re-
production of the shape and function of the natural tooth[6-8].
The wear rates of reattached fragments are similar to those of
adjacent teeth, whereas composite restorations wear off more
rapidly[9]. This reattachment technique is expected to be a re-
liable treatment option for fractured anterior teeth.

Most clinical studies on reattachment of fractured tooth
fragments were case reports describing the advantages of
this technique[10-13]. Several studies suggested various tech-
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niques increasing the bonding strength of reattachment, such
as the additional preparation prior to reattachment and dental
post[14,15]. Although the advantages of this technique have
been proven widely, long-term data on the survival of teeth
treated with this technique remain insufficient.

The purpose of this study was to evaluate the long-term
outcomes of teeth treated with reattachment technique in chil-
dren and adolescents.

II. Materials and methods

This study proposal was reviewed and approved by The
Ethics Committee of Kyung Hee Dental Hospital, Kyung Hee
University, Seoul, Korea (KH-DT19024). Data from all patients
who visited the Department of Pediatric Dentistry, School of
Dentistry, Kyung Hee University, Seoul, Korea for the treatment
of crown fractures between 2006 and 2013 were evaluated.

Only patients who were treated with the reattachment
technique in their permanent anterior teeth by 5 experienced
pediatric dentists were included in the present study. The
fragments were reattached to fractured teeth without addi-
tional preparation. After the reattachment, the patients were
followed-up every 3 months. The patients whose follow up
period was shorter than 2 years were excluded. To this end,
from a total of 302 patients who visited our department for
the treatment of crown fractures during the study period, 27
teeth were selected for the study.
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The included cases were retrospectively evaluated using clin-
ical photographs and medical records. A successful treatment
was defined as fragment retention and failure was defined
as fragment detachment from the affected tooth during the
follow-up period. Time from the reattachment to detachment
was regarded as the duration of retention.

To determine the ratio of fragment to clinical crown, clinical
photographs of the cases were imported into Adobe Photo-
shop CC 2017 (version 18.0.0; San Jose, CA, USA). Using the
software, the pre- and post-treatment photographs were su-
perimposed for each case, and the ratio of fragment to clinical
crown was calculated (Fig. 1). Following this, the teeth were al-
located into 2 groups based on the ratio of fragment to clini-
cal crown; group | was composed of teeth with ratio under 0.5
and group Il consisted of teeth with ratio over 0.5.

The duration was evaluated according to the pulp treatment
and the ratio of fragment to clinical crown. Pulp treatments in-
cluded direct pulp capping, partial pulpotomy, and root canal
treatment.

Statistical analyses were performed using SPSS software
(version 26.0 for Windows; IBM Corp., Armonk, NY, USA). The
relationship between success rates and pulp treatment and the
ratio of fragment to clinical crown were analyzed using Fisher’s
exact test. Long-term survival was evaluated using the Kaplan-
Meier product-limit estimator in SPSS and compared with the

Log-rank test.

Fig. 1. Ratio of fragment to clinical crown calculation. (A) Pre- and post-treatment clinical photographs were imported to
Photoshop CC software and superimposed. (B) The ratio of fragment to clinical crown was defined as surface area of frag-

ment divided by whole tooth surface area.
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II. Results

The mean age of the patients was 115.19 + 18.78 months
and the age ranged from 80 to 138 months. There were 12
male patients with 14 teeth and 9 female patients with 13
teeth. The male to female ratio of teeth treated with the reat-
tachment technique was 1.08. All the injured teeth were maxil-
lary central incisors. One tooth was involved in 15 patients and
2 teeth were involved in 6 patients (Table 1).

Follow-up period ranged from 31 to 123 months, the mean
follow-up period was 70.74 + 29.98 months. Treatment failure
was observed in 17 teeth, and their duration of retention was
2141 £ 23.39 months. After Kaplan-Meier survival analysis,
the estimated mean retention time was 46.55 months, and

the median time was 37 months (Fig. 2). Repeated trauma fol-
lowed by unknown reasons and eating-related causes was the
most frequent causes of failure (Table 2).

Of all the teeth we evaluated in this study, 19 teeth were
treated after pulp treatment and fragments from 8 teeth were
reattached without pulp treatment. During the follow-up peri-
od, 36.84% of the teeth with pulp treatment and 37.5% of the
teeth without pulp treatment presented successful outcomes
(Table 3). The success rate was not affected by pulp treatment
(o > 0.05). Based on the Kaplan-Meier survival analysis, the es-
timated mean retention times of teeth with and without pulp
treatments were 50.28 and 37.83 months, respectively (Fig.
3). The median retention time of teeth with and without pulp
treatments were expected to be 37 months and 28 months,

Table 1. Demographic and clinical characteristics of teeth treated with reattachment

Case Sex Age Eollow-up Time Qf fragment  Pulp treatment Cause of Ratio.o.f fragment
No. (month) Period (month)  retention (month) before reattachment treatment failure  to clinical crown

1 M 106 59 1 No Trauma 0816
2 F 130 67 N/A Yes N/A 0.425
3 F 130 67 3 Yes Eating 0.384
4 M 98 64 N/A No N/A 0.438
5 F 122 123 58 Yes Unknown 0.330
6 M 80 54 28 Yes Trauma 0.383
7 M 80 54 5 Yes Eating 0.509
8 M 117 47 N/A Yes N/A 0.239
9 M 17 83 23 Yes Trauma 0.370
10 F 107 103 37 No Trauma 0374
1 F 117 31 N/A No N/A 0422
12 F 117 31 N/A Yes N/A 0.442
13 F 98 33 5 Yes Trauma 0.560
14 M 126 35 2 Yes Trauma 0.848
15 F 101 70 19 Yes Unknown 0.652
16 M 110 101 72 No Trauma 0418
17 M 110 101 8 Yes Eating 0.538
18 M 132 116 28 Yes Eating 0.657
19 M 91 36 8 No Unknown 0.541
20 M 116 69 N/A Yes N/A 0.525
21 M 133 68 63 Yes Unknown 0.649
22 F 117 112 N/A No N/A 0.481
23 F 138 43 N/A Yes N/A 0.369
24 F 138 43 N/A Yes N/A 0.418
25 M 167 70 N/A Yes N/A 0.403
26 F 106 115 2 No Trauma 0.561
27 F 106 115 2 Yes Trauma 0.272
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respectively. Similar to the statistical result from Fisher's exact
test, there was no difference between both survival curves (p
> 0.05).

The number of teeth in group | was 16 and that in group |l
was 11. The mean ratio of the fragment to the clinical crown

Table 2. Causes of treatment failure

Cause of failure n (%)
Repetitive trauma* 9 (52.94)
Unknown reason 4 (23.53)
Eating 4 (23.53)
Total 17 (100.00)

*Repetitive trauma refers that the reattached tooth fragments were de-
tached owing to an additional trauma episode.
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Fig. 2. Kaplan-Meier survival curve of teeth evaluated in
this study.

J Korean Acad Pediatr Dent 48(1) 2021

was 0.482 + 0.147. The success rate of teeth in group | was
56.25%, the teeth in group Il presented a 9.09% success rate.
Contrary to the result with pulp treatments, the success rate
was affected by the ratio of fragment to clinical crown (p =
0.018).

The mean retention time of group | was expected to be
64.55 months and that of group Il was expected to be 19.09
months (Fig. 4). The expected median time of group | and
group Il was 72 months and 8 months, respectively. A sig-
nificant correlation between the ratio of fragment to clinical
crown and retention time was determined by the Log-rank test
(p = 0.003).
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Fig. 3. Kaplan-Meier survival curves of teeth with and with-
out pulp treatments. The both curves were not significantly
different (o = 0.639).

Table 3. Treatment failure according to pulp treatment and ratio of fragment to clinical crown

Success Failure
p value
n (%) n (%)
With pulp treatment 7 (36.84) 12 (63.16) 1,000
Without pulp treatment 3 (37.50) 5 (62.50)
Total 10 (37.04) 17 (62.96)
Group | (Ratio of fragment to clinical crown < 0.5) 9 (56.25) 7 (43.75) 0018
Group Il (Ratio of fragment to clinical crown > 0.5) 1(9.09) 10 (90.91)
Total 10 (37.04) 17 (62.96)

p values from Fisher's exact test.
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Kaplan-Meier survival curve
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Fig. 4. Estimated survival curves of group | and Il by Ka-
plan-Meier survival analysis. There was a significant differ-
ence in survival curve between group | and Il (p = 0.003).

IV. Discussion

Reattachment of fractured tooth fragments is a conservative
technique that could restore the shape of fractured teeth pre-
dictably with easy and simple procedures. And, this technique
has been supported by several clinical studies[6-8]. Despite its
advantages, long-term survival data for teeth treated with reat-
tachment of fractured tooth fragments were rare. In this study,
the outcomes of tooth fragment reattachment from long-term
follow-up data were evaluated.

In this study, 37.04% of reattached fragments were retained
during the follow-up period, in comparison to previous stud-
ies where the success rates varied from 25% to 77.8%[16-18].
This difference in success rate among the studies might be at-
tributed to different timing of assessing treatment success. In
the current study, the tooth which retains its fragment stable
until the last visit was regarded as a successful treatment case.
Considering that follow-up periods were different for each
patient and even in a single tooth, there was no certain point
or time for determining treatment success. In other words, as
there was no certain point to determine treatment success,
this study could include not only the successfully treated cases
but also the failed cases until their last follow-up visit. This
made the present study more appropriate for outcome evalu-
ation. Unlike previous studies which were conducted mainly
with adult patients, reattachment in children and adolescent

46

patients were evaluated in this study. This could also be attrib-
uted as a reason for the different success rates compared to
that of previous studies.

In a clinical study of fractured anterior tooth restora-
tions with composite resin, the 24-month survival rate was
82.14%[19]. Difference in defining the treatment success could
account for varied success rate among the studies. In this
study, the treatment was regarded as successful case only if
the fragment was intact at the last visit of follow-up. While
previous study was conducted mainly with adult patients, chil-
dren and adolescents were recruited for this study. And this
could affect the success rate of treatment.

In a previous study, it was reported that 49% of patients
with TDIs experience repeated dental trauma[20]. In this study,
more than half of treatment failures were caused by repetitive
trauma. This finding indicates that dentists should be aware of
repetitive TDIs, and traumatized children and their guardians
should be counseled to be careful about the possible repeti-
tive dental injuries. The use of a mouth guard is recommended
to prevent the teeth and surrounding tissues from incurring
additional injuries[21].

Based on the findings of this study, the pulp treatment was
not the factor that deteriorated the stability of reattached frag-
ments. As the tooth fragments of this study were reattached
by a conventional bonding technique whose strength depend-
ed primarily on the micromechanical locking between com-
posite resin tag and etched enamel as well as on the hybrid
layer above the dentinal tubules, it was reasonable that the
success rate was not affected by pulp treatments[22]. It can be
considered that the reattachment of fragments may be utilized
for treatment not only of uncomplicated crown fractures but
also of complicated cases.

Concerning the ratio of fragment to clinical crown, the suc-
cess rate was demonstrated to be higher in group | than in
group Il. Kaplan-Meier curves indicated that only 27.27% of re-
attached fragments in group Il were expected to survive after
24 months of follow-up, about 81.25% of fragments in group |
were expected to survive. This finding indicated that the reat-
tachment of tooth fragments cannot provide long-term clinical
success when fractures involve more than 50% of the crown
surface area. This could be demonstrated by the Class Il lever
principle (Fig. 5). Supposing 3 imaginary points consisting of
a class Il lever on the axis of a tooth with a fixed length, it
can be assumed that the longer the reattached fragment, the
bigger force would be applied onto the fracture line. A tooth



Fig. 5. A diagram describing forces causing detachment by
class Il lever principle. (A) A point on the junction of clinical
crown and the rest of tooth serving as a fulcrum. A mobility
of tooth can be restricted by root embedded in the alveolar
socket. (B) A point on the fracture line (black dotted line)
serving as a resistance. (C) A point where the external force
is exerted. (D) An axis of tooth. (E) The input external force
such as repetitive trauma. (F) The output force applied to
fracture line.

with a bigger ratio of fragment to clinical crown could be at
an even bigger risk of detachment than a tooth with a smaller
ratio when subjected to the same external forces.

In cases with a fragment that is larger than 50% of the clini-
cal crown, dentists should improve their reattachment proce-
dure by observing the recommended bonding technique. It
is advised to follow additional techniques recommended by
previous studies such as preparation of dentin grooves, over-
contouring technique, chamfering, and beveling to improve
treatment outcomes[7,9,23,24].

This study has several limitations. First, individual causal
parameters, such as occlusal interferences, daily eating pat-
terns, oral habits, state of fragments and patient cooperation
which could contribute to the failure of reattachment were not
considered. As they are possible factors that could deterio-
rate treatment outcomes after a dental trauma, further stud-
ies including them are required. Second, considering the age
of patients from our study, some teeth could be in a partially
erupted state. The ratio of fragment to clinical crown can be
changed during the follow-up period due to eruption. In this
study, eruption stages of teeth were not considered to simplify
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superimposition and calculation procedures. A study including
the eruption stages of traumatized teeth should be conducted
in the future. Third, as this study was conducted with medi-
cal record of patients who were treated with 5 experienced
pediatric dentists, it should be considered that inter clinician
variability in clinical experiences and degrees could affect the
survival rate of fragments.

Within the limits of this study, a reattachment technique can
be a predictable treatment option for crown fracture in an-
terior teeth of children and adolescents only when a fracture
involves less than 50% of the clinical crown. In cases present-
ing severe crown fracture, additional clinical techniques were
required to improve the stability of the fragment. Patients and
their guardians should be counseled to be careful about re-
petitive dental trauma.
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