ORIGINAL ARTICLE
Fracture Resistance of Reattached Hydrated Fragment of
Fractured Incisors

Minu Suresh?, Shanthala B Mallikarjun?, George Babu®, Madakkattayil Abdu Zareena*

ABSTRACT

Background and objectives: Fragment reattachment procedure provides conservative treatment option when an intact fractured fragment
is available. Rewetting of fractured fragment before reattaching has shown better bond strength of attached fragment. Therefore, fracture
resistance of reattached fractured fragment with hydration and without hydration was evaluated and compared.

Materials and methods: Ellis class Il fracture was induced in selected and coded 60 extracted maxillary central incisors using a custom-made-
wise and assigned into group | and group Il (without hydration and with hydration) and both the groups were further divided into two groups
(1 week and 3 months). In group |, fractured fragments were reattached after bench-drying for 24 hours. In group Il fractured fragments were
reattached after hydrating for 1 hour following bench-drying for 24 hours. Composite (Filtek Z350 XT, Universal Restorative, 3M ESPE) was used
to reattach the fractured fragments. Reattached fractured fragments were stored in artificial saliva for 1 week and 3 months and subjected to
fracture resistance test using Universal Testing Machine. The data obtained were tabulated and statistically analyzed.

Results: Fracture resistance in hydration samples was higher than without hydration at the end of 1 week and 3 months statistically. Fracture
resistance of fractured fragment at the end of 3 months was higher in both with hydration and without hydration but was not significant with
hydration.

Conclusion: Hydration of fractured fragment before reattachment procedure has shown better fracture resistance and improved further after

storing in artificial saliva for 3 months.
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INTRODUCTION

In dental clinics, treatment approaches followed in management
of dental trauma is crucial as they occur frequently in daily life.’
Dental trauma results either as crown fracture or avulsion and with
orwithout pulpal involvement or bone fracture.? Crown fractures
of the anterior teeth have been found to have a profound influence
on social and psychological well-being of a child/adult patient.
Besides minor luxation injuries such as concussion or loosening
of the teeth, crown fractures are the most common consequences
of dental trauma.? In all, 18 to 22% of crown fractures are of
permanent incisors out of which 28 to 44% are simple fracture
(enamel + dentin) and 11-15% are complex fracture (enamel +
dentin + pulp). Maxillary central incisors are affected in majority
up to 96%.%

Reattachment of the fractured fragment in simple crown
fracture would be a preferred treatment choice when the biological
width of the fractured fragment is maintained and available for
reattachment.’ Fractured fragment reattachment has the advantage
of being conservative, esthetically acceptable, and cost effective
when compared to alternate restorative options, such as resin-based
composite restoration or full-coverage crown.’ Reattachment of a
fractured fragment can provide adequate adaptation to the remnant
tooth structure in the oral cavity as a autogenous bonding technique
and can be an ideal choice of treatment.®

Chosack and Eidelman first described autogenous bonding in
1964 and has been used widely since then. The retention period
of the reattached fractured fragment depends on the techniques
followed in preparation of the fractured tooth and its fragment,
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bonding agents, composite materials used, and storage of fractured
fragment. Immediately after a trauma, the fractured fragment is
exposed to the external environment and begins to dehydrate,
decreasing the potential bond strength between the fragment and
the remaining structure.’ Strength and esthetics are the critical end
results of a successful treatment. Dehydration often changes the
color of the fragment, creating a mismatch with the tooth remnant.
Therefore, the fragment should be hydrated by immersing in
distilled water for a duration of minimum 30 minutes to maximum
24 hours before reattachment procedure.

Previous investigations have shown an inverse relation
in fracture strength and dehydration time as it increases
from 5 seconds to 24 hours. Rewetting/hydration of the
fractured fragment for at least 24 hours or 30 minutes has been
demonstrated to be sufficient even after either 24 hours or 48
hours of drying.”
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Fracture Resistance of Reattached Hydrated Fragment

Keeping the fractured part in a wet/moist environment before
reattaching has been reported to be advantageous in the successful
outcome of the reattachment procedure, as most of the time patient
reports for reattachment procedure with the fractured fragment
at a varying time lapsed from the time of trauma (that is, from few
minutes to days). In prolonged time from the time of trauma to
the reattachment procedure, the fractured fragment may lose its
moisture.®

Hydration maintains the vitality and original esthetic
appearance of the fractured fragment.? Hydration of the fractured
fragment should be considered primarily in the reattachment
procedure.’® The longer fragment remains dehydrated, but
adhesion will be weaker. Rewetting of dried tooth fragments
longerthan 1 hour appeared to worsen the adhesive bond with the
remaining tooth structure. A fractured tooth fragment that is dried
out must be rewetted before trying to bond it to the remaining
tooth structure."

Thus, the research hypothesis stated was rewetting/hydration
of fractured fragment before reattachment would improve fracture
resistance. In the present study, comparative evaluation of fracture
resistance of dehydrated and hydrated fracture fragment was done.

MATERIALS AND METHODS

After obtaining the ethical clearance from the institutional review
board, 60 permanent central incisors extracted for therapeutic
purpose were used in this study. Extracted teeth were washed in
running water, cleaned from debris and calculus, and stored in
artificial saliva until further use. All the samples were examined
under 10x magnification using a stereomicroscope to check for any
signs of fracture or craze line before inducing fracture.

Inducing Ellis Class Il Fracture

Ellis class Il fracture was induced in all the prepared teeth
samples with the help of two custom-made blades mounted on

Fig. 1: Custom-made blade mounted on a vise to induce Ellis class Il
fracture

International Journal of Clinical Pediatric Dentistry, Volume 13 Issue 5 (September—October 2020)

a vise. Fracture was induced transversely by applying the force
on the proximal surfaces of the incisors 3 mm below the incisal
edge with the help of the sharp blades that were mounted
on either side of the vise (Fig. 1). In any tooth, if Ellis class Il
fracture was unable to achieve, they were replaced with the
other tooth.

The fractured fragment of the tooth (Fig. 2) and its counterpart
were stored in artificial saliva in an individual number coded (1-60)
container to prevent contamination of the sample.

The number-coded samples were divided into two equal
groups:

Group |—Without hydration of fractured fragment (n = 30),
i.e., from 1to 30

Group Il—With hydration of fractured fragment (n = 30), i.e.,
from 31 to 60

They were further divided equally into two groups for different
periods of time i.e., 1 week and 3 months.

Bench-drying and Hydration of the Fractured
Fragment

Fractured fragment from both the groups were removed from
artificial saliva and allowed to bench dry for 24 hours. Samples
from group | were reattached without hydration. Samples
from group Il were subjected to one hour of hydration before
reattachment.

Reattachment of Fractured Teeth

Composite (Filtek Z350 XT, Universal Restorative, 3M ESPE) was used
to restore the fractured teeth fragments.

The fracture resistance of reattached samples in both the
groups with hydration and without was evaluated at the end of
1 week and 3 months. The force required to fracture the bonded
fragments were recorded in Newtons using the Universal Testing
Machine.

Fig. 2: Induced Ellis class Il fracture in the selected sample
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The average force required to fracture the reattached fragments
in without hydration after 1 week was 153.3 N and after 3 months
was 173.3 N and with hydration after 1 week was 322.6 N and after
3 months was 336.6 N (Table 1 and Fig. 3)

Paired t test without hydration between 1 week and 3 months
was found to be significant (p value = 0.001085) and with hydration
between 1 week and 3 months was found to be not significant (p
value = 0.1709) (Table 2).

Two-sample t test comparison after 1 week without hydration
and with hydration was found to be significant (p value = <2.2 x
107'%) and between after 3 months without hydration and with
hydration was also found to be significant (p value = <2.2 x 107'6)
(Table 2).

Discussion

Fracture resistance of the re-attached fragment in a reattachment
procedure depends on the preparation of the fragments and the
type of composites used. Placement of an internal groove and
use of resin composite restoration have shown fracture strength
similar to sound tooth structure, whereas Neslihan et al. have
demonstrated that placement of any kind of preparation would
not improve the fracture strength of reattached fragment.'?
A conventional total-etch adhesive system on fragment
reattachment in fractured teeth was suggested instead of self-
etch adhesives systems.'®

Hydration of the fractured fragment influences the fracture
resistance of the reattached fragment. In reattachment procedure,
hydration of fractured fragment along with hydrophilic characteristic
of adhesive systems ensures adequate bond strength.>'*

Hydrating dried dentin for 2 seconds using moisturizing agent
was inadequate, to moisturize the collapsed collagen fibers, and
indicated decreased fracture strength.””
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Fig. 3: Bar diagram showing the mean fracture resistance values

Recovery in bond strength was observed when rehydrating dry
fragments in water for 30 minutes 24 hours prior to bonding.™'¢

Review of literature on hydration and dehydration of the
fractured fragments without using any preparation of the
fractured fragment and bonding by total-etch adhesive systems
using Composite, Filtek Z350 XT, Universal Restorative, 3M ESPE
was sparse. Hence, a comparative evaluation on the hydration of
fractured fragment’s and its effect on fracture resistance after 1
week and 3 months was observed.'>'>"

Fracture resistance of reattached fragments stored in saline and
milk has demonstrated greater fracture resistance on comparison
without any hydration (dried)'® Shirani et al. have shown that
maintaining fractured parts in milk and saliva environments can
increase the force required force fracturing reattached teeth.®
Shirani et al. compared the effect of various dry and wet storage

¢
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Table 1: The force required to fracture the reattached tooth
fragments

Group | (without hydration) Group Il (with hydration)

1 Week 3 Months 1 Week 3 Months
1 150N 170N 310N 290N
2 160 N 180N 300N 290N
3 170N 160N 340N 300N
4 150N 190N 290N 370N
5 140N 170N 290N 370N
6 130N 170N 330N 390N
7 160 N 160 N 330N 310N
8 160 N 200 N 310N 340N
9 170N 170N 330N 310N
10 130N 180N 310N 310N
11 150N 160 N 340N 330N
12 150N 190N 350N 370N
13 160 N 170N 330N 370N
14 160 N 170N 340N 360N
15 160 N 160 N 340N 340N
Average 1533 N 1733 N 3226N 336.6 N

Table 2: Descriptive statistics for the comparison between fracture
resistance in the two groups

Group | Group Il
1 Week (N)  3Months (N) 1Week(N) 3 Months (N)

Mean 153.333 173.3333 322.6667 336.6667
Standard 12.34427 12.34427 19.52327 33.44467
deviation
Group Test tvalue df  pvalue Conclusion
Without hydration Paired  4.0988 14  0.001085 S
between t test
1 week and
3 months
With hydration Paired 14433 14 0.1709 NS
between 1 week  ttest
and 3 months
After 1 week with- Two- 28474 28 <22Xx S
out hydration and sample 10716
with hydration ttest
After 3 months Two-  17.708 28 <22X S
without hydration sample 1076
and with ttest
hydration.

periods on the reattached fragment’s bond to the tooth and
concluded that 24-hour rehydration of the tooth fragment before
treatment seems to salvage enough moisture to resultin anincrease
in reattachment strength.”®

Thus, multiple factors are involved in achieving required
fracture resistance of reattached fragment. In the present study,
fracture fragment hydrated before reattachment was found to have
higher fracture resistance when compared to fracture fragments
reattached without hydration. This is similar to the results of
studies that have shown fragment discoloration resulting from the
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dehydration of fragment and decreased bond strength between
the tooth remained and fragment.'%'"18

Accordingly, it is recommended to maintain the fracture
fragment in moist environment until its reattachment to prevent
the consequent effects.'>2°

Shirani F et al. observed discoloration in fractured fragment
because of losing its moisture, but after 1 month of reattachment,
the fragment had regained some of the original color and
translucency, and after 1 year, the reattached fragment had
satisfactory esthetics and excellent function.® In the present
study, storage of reattached fractured fragment in artificial saliva
for 3 months in both the dehydrated and the hydrated samples
demonstrated higher fracture resistance suggesting prolonged
duration period of hydration restores the lost moisture and reduces
the consequences of the dehydration such as decreased bonding
strength and aesthetic'®?'

The findings from this study are in accordance with the
observation of Yucal et al. The clinical study of reattached fractured
tooth and its follow-up for 2 years exhibited initially encountered
color disharmony was resolved significantly on its own within 12
months after reattachment of the fragment.

In conclusion the hydration of fractured fragments before
the reattachment procedure shows improved fracture resistance.
Fragment reattachment can be effectively used to treat fractured
teeth in children and adolescents.
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