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EFFECT OF DIFFERENT STORAGE MEDIA ON RE-ATTACHMENT
OF INCISAL FRAGMENT: LABORATORY STUDY
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ABSTRACT

Background: Tooth fragment re-attachment represents an important technique in restoring
fractured anterior teeth. The esthetic appearance and the strength of the final restoration is dependent
partly on correct hydration of the fragment.

Aim: Evaluate and compare the effect of different storage media of the tooth fragments on the
color matching of the re-attached segment with the original tooth structure, on fracture resistance
of re-attached teeth and on the mode of failure of re-attached fragments after one day, one week and
two weeks storing time.

Design: A total number of 144 permanent incisor teeth were used. The fracturing procedure
was done by a blunt chisel and hammer. The fractured fragments were then stored in appropriate
storage media (dry, tap water, full humidity and milk) for one day, one week and two weeks. As
scheduled, the fragments were re-attached using a flowable composite. After re-attachment of the
fragments, standard photographs were captured for all teeth. Then, the photographs were assessed
and the results were presented as percentages. All samples were subjected to fracture resistance
test using a universal testing machine. The force required to fracture each tooth was recorded in
Newton (N) and the data were collected and statistically analysed. The fractured edges of the teeth
and fragments were examined under a stereomicroscope and the results were tabulated.

Results: Fragments stored in dry environment demonstrated the highest color disharmony
results even if the fragment kept for one day. One day fragment storing in milk and water was
found to be with significantly higher fracture resistance than one and two weeks storing (P< 0.001).
No significant differences were detected between the different media in one and two weeks storing.

The mode of failure revealed the adhesive mode of fracture at the re-attachment line in all groups.

Conclusion: Hydration and dryness avoidance are of fundamental importance for the
maintenance of the original aesthetic appearance of the tooth. Keeping the tooth fragment wet in

milk or water for one day yields the highest fracture resistance.

*  Department of Pediatric Dentistry, Mansoura University, Mansoura, Egypt
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INTRODUCTION

Dental trauma is a very frequent accident among
children and adolescents, usually associated with
sport activities, falls and bicycle accidents.'The
treatment of coronal fracture is a considerable
challenge for the dentist because it has to fulfil many
parameters like a necessity to obtain an esthetic
result comparable to the natural form.* Despite the
recent advances in adhesive materials and restorative
technique, there is no restorative material that can
reproduce the esthetic and functional needs as much
as the natural dental structures.* Therefore, came
the concept of ‘“‘tooth fragment re-attachment”
(provided fragment available) making it possible for
the dentist to use patient’s own intact tooth fragment
to restore the fractured tooth by re-attaching the
fragment back to the tooth.’

In 1964 the concept of re-attachment was first
described by Chosack and Eidelman® Fragment re-
attachment procedure usually involves storage and
preparation of the fragment prior to its re-attachment.
These procedures are important determinants for the
overall clinical outcome.”

The prognosis of the fragment re-attachment
depends on the firm attachment of the fragment to
the tooth remnant. Tooth preparation, impervious
margins and strong bonding between the two
segments are critical factors for firm re-attachment.*
% 1°The strength of the final restoration is dependent
also on correct hydration of the fragment so one
of the factors that play an important role in the
success of fragment re-attachment is the mode of
the fragment storage following trauma.'"""* In many
cases, immediate re-attachment of the fractured
fragment is not allowed as the fractured tooth may
need pulp treatment. As a limited number of studies
have been performed on the hydrating media and
the time of storing. So it is meaningful to test several
preservative media to stand for the one that could
aid in re-attaching the fragment perfectly.
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The aim of this study is to evaluate and compare
the effect of different storage media of the tooth
fragments on the color matching of the re-attached
segment with the original tooth structure, on fracture
resistance of re-attached teeth and on the mode of
failure of re-attached fragments after one day, one
week and two weeks storing time.

MATERIALS AND METHODS

In this experimental laboratory study, a total
number of 144 human permanent mandibular
incisors freshly extracted for periodontal reason
were used. The teeth were free from cracks, caries
or any other kind of structural defects. The tissue
remnants on the root surface of the teeth were
removed with curettes and ultrasonic tips. The teeth
were then stored in a plastic container with water and
thymol (0.2% thymol solution) till experimentation.

Intentional coronal fracture

A line was traced on the labial surface of each
tooth, it should be 3 mm from the incisal edge and
parallel to it. Then, each tooth was embedded in
acrylic resin block up to three millimeters away
from the marker so that the line axis of the tooth
was parallel with the line axis of the acrylic block
and the incisal edge was parallel with the horizontal
line.

The fracturing procedures were done by using a
blunt chisel (Single Bevel Straight Chisel 12 mm
size) and hammer. The chisel was placed on the
marked line perpendicularly to the labial surface
of the tooth then a sudden stroke was directed to
the head of the chisel with a hammer to fracture
the incisor. The teeth displaying a fracture pattern
different from the premeditated line or an unclear
fracture line were discarded at this stage. Both the
tooth remnant and incisal fragment of each tooth
were then coded to ensure that each remnant could
be matched correctly to its fragment at the time of
fragment re-attachment.
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Storage of fractured fragment

Immediately after fracturing, the fractured
fragments were stored in separate marked containers
with appropriate storage medium (dry, milk,
and saline) for 24 h, one week and two weeks as
scheduled and the remaining tooth structure along
with acrylic blocks were stored again in distilled
water until re-attachment, so the experimental
groups were as follow:

Group A: Specimens stored dry in plastic
Group Al:
in a plastic container for 24 hours. Group A2:

containers: Specimens stored dry
Specimens stored dry in a plastic container for 1
week.Group A3: Specimens stored dry in a plastic
container for 2 weeks. Group B: Specimens stored
in 100% humidity in small closed plastic containers
with a cotton soaked in tap water. Group Bl:
Specimens stored in 100% humidity for 24 hours.
Group B2:Specimens be stored in 100% humidity
for 1 week.Group B3: Specimens stored in 100%
humidity for 2 weeks. Group C: Specimens stored
in tap water. Group CI1: Specimens stored in tap
water for 24 hours. Group C2: Specimens in tap
water for 1 week. Group C3: Specimens in tap
water for 2 weeks. Group D: Specimens in milk
(Full Cream Milk, Juhayna, EGYPT). Group DI:
Specimens stored in milk for 24 hours. Group D2:
Specimens stored in milk in a refrigerator for 1
week. Group D3: Specimens stored in milk in a
refrigerator for 2 weeks.

Re-attachment of the fragments

Fragments were re-attached by means of simple
re-attachment technique without any additional
preparation of the fragment or tooth. The fractured
parts were rinsed and dried to be ready for re-
attachment. The fractured surfaces of both the
fragment and the tooth were etched by 37%
phosphoric acid gel (Scotchbond Universal Etchant
- Etching Gel, 3M ESPE, St. Paul, MN, USA) for
15 seconds and rinsed for 10 seconds followed by
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air drying for 5 seconds to remove excess water.
Bonding agent (Adper Single Bond Plus Adhesive,
3M ESPE, St. Paul, MN, USA) was applied to the
etched surfaces to be attached in two consecutive
coats, and the surfaces were dried for 5 seconds with
gentle air steam from an air syringe to allow solvent
evaporation. The bonding agent was light cured for
20 seconds in the fractured fragment and 20 seconds
in the tooth remnant (600 mW cm, Ivoclar vivadent
LEDition, Austria). Flowable composite (Filtek
flowable Z350, 3M ESPE, USA) was applied to the
fractured surface of the fragment and tooth remnant
then resin composite on each tooth surface (buccal
and lingual) was light-cured for 40 seconds.

Color matching

After re-attachment of the fragments, a standard
photograph was captured for each tooth using a
fixed film-object distance and magnification. Each
photograph was assessed according to the criteria;
Score A: No noticeable difference from original
teeth color Score B: Slight color mismatch. Score
C: Obvious color mismatch. The results were
presented as percentages.

Fracture of restored teeth

All the samples were then subjected to fracture
strength test using a universal testing machine
(Model LRX-plus; Lloyd Instruments Ltd.,
Fareham, UK) at a speed of 0.5 mm/min. The load
was applied using a custom made load applicator
(Mono-bevel chisel steel rod 0.6 mm thickness).
The force application was always at 90° with respect
to the buccal surface and positioned exactly on the
fractured line that was marked with a marker. The
force required to fracture each tooth was recorded
in Newtons (N). The data collected were tabulated
accordingly and subjected to statistical analysis.

Evaluation of mode of failure

The fractured edges of the teeth and fragments
were examined under a stereomicroscope (Olympus,
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New York, NY, USA) to determine the nature of
failure that occurred during fracturing procedures in
each group (cohesive, adhesive or mixed) and the

results were tabulated.

Statistical analysis

Data were collected, tabulated and statistically
analyzed with Statistical Package for Social
Sciences (SPSS) version 21.13The normality of data
was first tested with Shapiro-Wilk test. Continuous
variables were presented as mean + SD (standard
deviation). Analysis Of Variance (ANOVA test)
used for comparison of means of more than two
groups. Repeated measure ANOVA tests used for
comparison between three different durations. For
color matching results kappa test was used for

assessing reliability.
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RESULTS

Color matching

Tables 1,2 and 3 show the color matching
evaluation between the tooth structure and its incisal
fragment for the twelve groups.

The results showed that Fragments stored in
dry environment demonstrated the highest color
disharmony results even if the fragment kept for one
day. A total of 6 (60%) fragments kept in milk for
one day, 6 (60%) fragments kept in humidity for one
week and 7 (70%) fragments kept hydrated in water
for two weeks demonstrated no color disharmony.

Fracture resistance of restored teeth

Results were expressed as Mean * Standard
Deviation (Table 4, 5, 6 and 7). ANOVA analysis
was used for multiple group
The P value was calculated for statistical significance
(P =0.05 is statistically significant).

comparison.

TABLE (1) Color matching among the groups according to the storage medium for 1 day storing time.

Group 1 A B C Total
1 Day No. % No. % No. % No. %
1A: Dry 1 10 1 10 8 80 10 100
1B: 100% 3 30 4 40 3 30 10 100
humidity
1C: Water 2 20 6 60 2 20 10 100
1D: Milk 6 60 3 30 1 10 10 100

A: No noticeable difference from original teeth color

C : Obvious color mismatch

B: Slight color mismatch

TABLE (2) Color matching among the groups according to the storage medium for 1 week storing time.

Group 2 A B C Total
1Week No. %0 No. % No. % No. %
2A: Dry 0 0 3 30 7 70 10 100
2B: 100 % 6 60 3 30 1 10 10 100
humidity
2C: Water 5 50 3 30 2 20 10 100
2D: Milk 3 30 5 50 2 20 10 100
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TABLE (3) Color matching among the groups according to the storage medium for 2 weeks storing time.

Group 3 B C Total
2Weeks No. %o No. % No. %o No. %o
3A: Dry 0 00 2 20 8 80 10 100
3B: 100% 3 30 4 40 3 30 10 100
humidity
3C: Water 7 70 2 20 1 10 10 100
3D: Milk 4 40 3 30 3 30 10 100

TABLE (4) Mean fracture resistance for each group according to the storage medium for 1 day fragment

storing.
Environment Fracture force
Mean + SD Min Max

Dry 229.584 35.36 153.13 272.12
100 % Humid 243.88 A 49.77 159.19 318.60
Water 276.68 " 35.11 235.61 342.58
Milk 331.12°¢ 19.37 300.25 364.59
Test of sig. F=18.276

p-value P=<.001

* Groups with different superscript letters are statistically significantly different according to the Tukey HSD test (p=<0.05).

TABLE (5) Mean fracture resistance of each group according to the storage medium for 1 week fragment

storing.
Fracture force

Environment

Mean + SD Min Max
Dry 186.34 54.95 109.29 299.93
100 % Humid 219.85 5297 132.43 293.34
Water 221.84 60.75 158.59 348.21
Milk 225.74 28.52 192.24 283.88
Test of sig. F=1.544
p-value P=216
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TABLE (6) Mean fracture resistance for each group according to the storage medium for 2 weeks storing.

Fracture force
Environment
Mean + SD Min Max

Dry 194.62 51.90 120.56 295.19
100 % Humid 204 .47 42.76 152.19 295.06
Water 21547 68.09 125.96 344 .34
Milk 230.79 60.77 156.38 360.45

Test of sig. F=.899

p-value P=.449

TABLE (7) Comparison between mean fracture resistance among the groups kept in the

different times.

same medium at

Dayl Week1 Week2 Test of sig.
Environment
Mean = SD Mean = SD Mean * SD p-value
F=2.723
Dry 229.584 35.36 186.34% 54.95 194.62 51.90
P=.080
. F=1.998
100 % Humid 243 884 49.77 219.85 52.97 204 478 42.76 P=152
F=4.263
‘Water 276.684 35.11 221.84B 60.75 215.47¢8 68.09
P=.023
. F=26.049
Milk 331.124 19.37 22574 B 28.52 230.79¢ 60.77 P=.000

* Groups with different superscript letters are statistically significantly different according to the Tukey HSD test (p<0.05).

The results showed that the milk group
demonstrated the highest
followed by the water group then the 100%

humidity group and the dry group which had the

fracture resistance

least fracture resistance. One day fragment storing
in milk and water was found to be with significantly
higher fracture resistance than one and two weeks
storing (P< 0.001). No significant differences were
detected between the different media in one and two
weeks storing.

Evaluation of mode of failure

The results of the stereomicroscopic examination
for the mode of failure at the fracture site of teeth
in different groups revealed the adhesive mode of
fracture at the re-attachment line in all groups.

DISCUSSION

Although tooth fractures are much more
common in maxillary incisors, human mandibular
incisors were used in this study, because they were
obtained in sufficiently large numbers from patients
due to periodontal reasons and have little difference
and variation in their dimensions.'* ! In this study,
thymol (0.2% thymol solution) was used as storage
medium for the collected teeth because it has been
widely assumed that water with thymol have no
effect on either the organic or inorganic content of
dentin. X-ray diffraction has failed to show changes
in the mineral content of dentin after thymol
storage.'®

The teeth were fractured by a blunt chisel and
hummer to simulate the fracture pattern, surface
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topography and the micromechanical adaptation of
the surfaces under clinical conditions.!” Badami et
al.!’® and Reis et al.’ have reported that the surface
of a sectioned tooth is different from a naturally
occurring fractured one, as the fracture pattern
produces fragments with a good fitting.

The selection of the storage conditions in this
study (dry, tap water, full humidity and milk) was
based on publicly accessible materials. Milk was
selected as when the tooth is avulsed, parents are
advised to store it in milk. Therefore, in case of
other tooth injuries such as a crown fracture, some
parents tend to keep the fragment in milk."”” The
selected storage durations (one day, one week and
two weeks) were intended to resemble different
possibilities in actual practice as in many cases the
fractured tooth may need pulp treatment before
fragment re-attachment. On other hand, it considered
to simulate various times from the incident until the
patient may consult a dentist.

In this study major changes were seen in the
appearance of the teeth after re-attachment that its
fragments were stored in the dry environment. That
is in agreement with Toshihiro et al."* study who
observed that the crown fragment was much more
white than the fractured tooth because of dehydration
of the underlying dentin as the fragment was kept
dry forl12 days before re-attachment and it was so
difficult to mask the color disharmony between the
fractured tooth and the re-attached fragment with
composite resin. These results also correspond
with those of Yilmaz et al.”” who observed initial
color disharmony in restored teeth after fragment
re-attachment when the fragment is kept in dry
environment prior to its re-attachment.

Among the tested groups, it was noted that
fragments which were kept in the dry environment
before re-attachment had the least mean fracture
strength values. These results are consistent with a
study carried out by Capp et al.*® who also showed
that the strength of the hydrated and rehydrated
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bonded fragments was greater than that of the
dehydrated fragments. Keeping the fragments in
a moist environment ensured that there is no or
minimal collapse of the collagen fibers in the dentin
leading to a better bond strength. These results also
support Shirani et al.”® finding who reported that
loss of dentin moisture and its shrinkage results
in reduction of the composite surface contact with
dentin. Besides, over acid-etching may occur
and result in unfavorable effects on the bonding
condition.

In the experimental groups in which their
fragments were kept in 100% humidity or water,
their bond strength increased more than those
of the groups whose fractured parts were kept
in a dry environment. It seems that in these two
environments, little osmotic and dimensional
changes happen in the dentin surface and stronger
bond strength is achieved. This ensures the important

role of moisture in the bonding mechanism.

Fragments stored in milk for one day gave the
highest mean fracture strength values. The best
storage environment, as observed in this study, is
milk. It has been proved that milk elements such as
calcium and phosphate can harden and stiffen both
demineralized and healthy dentin by permeating
the surface.?’ This is probably the reason why
enhancement of bond strength was observed in milk
group which was rich in calcium and phosphates.'
These results are in agreement with those of Shirani
et al."” who found the best results is obtained when
the fragment is kept in milk or saliva.

For the fragments which were kept in different
media for one day there was a highly statistically
significant difference in results between different
groups, but for those which were kept for one or
two weeks the results revealed that there was no
statistically significant difference between groups.
This in agreement with Sharmin & Tomas* findings
who reported that if the storage time was more than
48 hours, even the samples stored in milk could
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have obtained similar fracture resistance as stored
in saline. It can be due to the fragments reach full
hydration with time.

No
resistances of teeth groups kept dry for different

significant difference between fracture

times is seen in the present study. These results
correspond with those of Shirani et al.”’who also
showed that the dehydration process appears to have
approached a plateau-like trend within six hours and
any further drying (up to three days) seems to be
almost ineffective in the final strength of the tooth.

Comparing the mode of failure, all samples in all
groups showed adhesive mode of fracture (failure
at tooth surface and restoration interface). All the
specimens failed at the weakest point, which in this
case proved to be the re-attachment line. Since the
specimens can be considered as consisting of three
components, the restoration cracked at the tooth
material interface could be explained by the fact
that the first layer (tooth) was immobilized in the
holder of the testing instrument and the other two
layers (the restorative material and the fragment)
were free. Another possible explanation is the
lack of a perfect fitting, a discrepancy between the
dental fragments may represent an area of increased
stress. %
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