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ABSTRACT

Vertical root fractures of intentional replantation need a material capable of binding the fragments of the fracture line
tightly and encouraging the regeneration of periradicular tissue. One of the indicators that regeneration of periradicular
tissue takes place is epithelial thickness. This study aimed to investigate the effect of mineral trioxide aggregate (MTA)
and self-adhesive resin cement as the adhesive materials in sealing vertical root fractures of intentional replantation
on the epithelial thickness of periradicular tissue. This study used 27 male New Zealand rabbits with the age range
of 8-12 weeks. The mandibular incisor was extracted, and the tooth was cut from the cervical border to the 2/3 apical
third. The samples were assigned randomly into three groups of 9 each, namely Group 1 with no application of any
material in the fracture line (control group), Group 2 with MTA, and Group 3 with self-adhesive resin cement. All the
teeth in all the groups were then inserted back into the socket. Each group was further divided into three subgroups
based on the observation time, namely days 7, 14, and 21. Histological observations of the epithelial thickness were
carried out under the light microscope (400x magnification). Data were analyzed using a two-way ANOVA and LSD
post hoc test with a confidence level of 95%. The two-way ANOVA analysis showed that the materials used for sealing
the fracture lines had a significant effect on the epithelial thickness (p<0.05), while the observation time did not affect
the epithelial thickness (p>0.05). No interaction occurred between the material used and observation times (p>0.05).
It can be concluded that MTA generated a greater epithelial thickness of periradicular tissue compared than self-
adhesive resin cement in sealing vertical root fractures of intentional replantation.
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INTRODUCTION

Trauma to the teeth is one factor that induces
fracture of hard tissue such as the crown along
with the root or only the crown or the tooth root.
Various factors can generate fracture, such as
iatrogenic errors, accidents, and mastication.
This fracture, which occurs not only in anterior but
also in posterior teeth, causes loose or avulsed
tooth." Fracture of teeth can be categorized into
vertical (longitudinal) and horizontal fractures. The
majority of vertical fracture is caused by occlusal
pressure and dental procedures. The vertical
fracture occurs if the force within the root canal
surpasses the strength of the dentin of the root.
As a consequence of the fracture, many irritants
may enter and inhabit the fracture gap and its
adjacent canals, which in turn, bacteria and their

88

products could then conceal in the fracture gap.?®
The inflammation of periodontal tissue will appear,
and then connective tissue will grow into the
fracture gap to the root canal. This condition may
induce root surface resorption, which results in the
extraction of the tooth.*

Intentional replantation is the most desirable
treatment if vertical root fracture occurs since
the tooth root remains embedded in its socket.®
According to Becker,® intentional replantation
is defined as extracting the tooth intentionally,
followed by a root canal treatment entirely out of
the socket, and finally, the tooth is returned to the
same socket in one visit. A previous study reported
that approximately 96.9% of 64 vertical fractures of
posterior teeth achieved clinical success following
two years of treatment using composite resin to
seal the fracture gap, and intentional replantation



was performed.* Another study on the intentional
replantation of vertical tooth fractures was also
done by Unver et al, which showed that the
fracture gap of vertical root fracture was sealed
by adhesive resin materials. After 36 months, the
clinical evaluation demonstrated that the fractured
tooth was asymptomatic and radiographically
good, and its periodontal pocket depth and vertical
bone loss reduced.

The most important factor in enhancing the
success of the treatment of vertical root fracture is
the selected materials used to seal the fracture gap
and the technique, hence, the fracture gap is sealed
tightly, preventing any bacteria and their products
from occupying the fracture gap.® Recently, self-
adhesive resin cement has been popular in the
clinic. This material needs only one step to seal the
fracture gap and does not require pre-treatment
on the tooth surface.? It contrasts with a previous
study conducted by Liying et al,” which used dentin
bonding and composite resin in a separate step
to seal the fracture gap. Thus, self-adhesive resin
cement is proposed to be utilized to seal vertical
root fractures that will simplify the treatment.®®

Thus far, mineral trioxide aggregate (MTA)
is a material of choice to seal the fracture gap
since it has many beneficial properties, such as
biocompatibility, closure density, mechanical
strength, and the healing capacity of periradicular
tissue.’®" Even though the clinical success
of employing composite resin in intentional
replantation showed more than 90% after two
years following the treatment,” it is still necessary
to evaluate its success histologically to evaluate
the regeneration of periradicular tissue, particularly
the epithelial thickness. In addition, tooth
extraction on intentional replantation could rupture
the periodontal ligament, resulting in tooth socket
injury.’? This injury is a complicated process,
which includes homeostasis and inflammation,
proliferation, and maturation phases. In the
proliferation phase, there will be an increase in the
number of cells and wound healing factors; one
of them is fibroblast proliferation. Fibroblasts will
produce collagen that enables them to bind the
wound and affect the re-epithelialization process.™
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The periodontal healing phase consists of
the inflammatory, proliferation (angiogenesis,
epithelialization, and fibroplasia), and maturation.
Epithelialization is one of the parameters of
successful wound healing perceived from increased
epithelial thickness. This epithelialization is a crucial
factor related to epithelial function, which forms the
first barrier between the body and the environment.®
It is not possible to undertake a histological study of
vertical root fracture in the intentional replantation
in humans because it involves the procedure of
cutting the jaw to make histologic preparations.
Thus, a histological observation can be carried out
on experimental animals. One of the experimental
animals that can be used is rabbits since they
have physiological conditions similar to humans,
specifically the gingival mucosa.'®

However, only several studies are available
in the literature that have evaluated MTA'’s effect
and self-adhesive resin cement as the adhesive
materials for vertical root fracture fragments on
the epithelial thickness of periradicular tissue.
Therefore, the purpose of this study was to
investigate the effect of MTA and self-adhesive
resin cement as the adhesive material for vertical
root fracture fragments on the epithelial thickness
of periradicular tissue.

MATERIALS AND METHODS

Ethical Clearance has been obtained from the
Research Ethics Commission of the Faculty of
Dentistry, Universitas Gadjah Mada number
00566/KKEP/FKG-UGM/ EC/ 2020. A total of
27 white male rabbits, New Zealand, aged 8-12
weeks with a bodyweight of 2500-3000 grams
were used in this study.

All the rabbits were physically healthy with
normal oral cavity conditions and no infection.
Intramuscular anesthesia on the thigh with 10%
xylazine ketamine 10 mg/kg body weight was
performed on all the rabbits. Before surgery, oral
prophylaxis was done with 10% povidone-iodine
solution (Betadine, PT Mahakam Beta Farma,
Jakarta, Indonesia). The gum tissue was separated
from the tooth socket.
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Furthermore, the mandibular incisor was
extracted with pliers. The crown was cut incisal half
o prevent contact with the antagonist. To simulate
the vertical fracture, the tooth was sectioned
perpendicularly to the tooth axis from the CEJ
edge in a labio-palatal direction using a 0.6 mm
diameter of round-end diamond fissure bur (DDS
lab, Tampa, FL, USA) along 2/3 of the root length,
and leaving 1/3 of the apical tooth intact."” The
pulp tissue was extirpated using barbed broach
(Dentsply Sirona, Charlotte, NC, USA) and the
teeth were then irrigated using sterile saline (0.9%
NaCl, PT. Otsuka, Semarang, Indonesia). Group 1
as the control group received no application of any
material in the fracture line; the tooth was inserted
back into the socket (replantation). In group 2,
MTA was applied to the the fracture line. In group
3, self-adhesive resin cement was applied to the
fracture line, then polymerized using a LED light
source (Woodpecker, China) for 20 seconds at
both sides of the sections. Following the material
application to the fracture line, the teeth in groups 2
and 3 were inserted back into the socket. The area
of operation was smeared with 10% povidone-
iodine antiseptic.

Afterwards, the rabbits were euthanized using
an injection of ketamine xylazine at a dose of 10
mg/kg body weight, and their jaw specimens were
taken according to the observation time, namely 7,
14, and 21 days. Then the jaw in the incisor region
was dissected, and the specimens for Hematoxylin
Eosin (H&E) examination were made from the
root cleavage site to the mucosal outer margin.
Hematoxylin Eosin staining was performed using
an Automatic Staining Machine (Thermoscientific,
Waltham, MA, USA). The sequences of H&E
staining started with a deparaffinization process,
which was performed by inserting the preparations
into xylol three times for 5 minutes each. Then the
specimens were gradually rehydrated with alcohol
concentrations of 100%, 95%, 80%, and 70% for
2 minutes, respectively. The remaining alcohol
was removed by placing the specimen slides in
distilled water. Hematoxylin staining was done
by immersing the specimens in a hematoxylin
solution for 7 minutes to obtain a blue color on the
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cell nucleus and then washing them by inserting
the specimen slides in distilled water for 7 minutes
to remove any remaining staining. Eosin staining
was done to provide a red color as a contrast
to the cytoplasm. Counterstain was performed
using eosin solution for ¥2-1 minute, then rinsed
by adding them to distilled water to remove the
remaining eosin solution, and dehydrated with
70%, 80%, 95%, and 100% alcohol for 4 minutes,
respectively. The specimens were immersed in
xylol 1, 2, and 3 solutions for 2 minutes each to
provide tissue transparency.

The histological preparations of the epithelial
thickness were observed under a light microscope
(Olympus, Japan) along with OptiLab with a
magnification of 400X. The examination was
done by measuring the epithelial thickness from
the basal stratum to the stratum corneum in pm
using image raster software (versions: 4.0) in
three selected fields of view, and then the results
were averaged. The data obtained were analyzed
using two-way ANOVA followed by the LSD
(Least Significant Difference) post-hoc test at a
significance level of 95%.

RESULTS

Table 1 shows that the epithelial thickness of
periradicular tissue after intentional replantation
of vertical tooth fractures was the highest in the
control group with an observation time of 21 days
(5633.438 + 151.3 um). Conversely, the lowest
epithelial thickness was observed in the self-
adhesive resin cement application on the fracture
line group with an observation time of 14 days
(188.617 + 48.9 um).

Figure 1 reveals thatbased on the observation
time, the mean epithelial thickness in the control
group increased from day 7 to day 21. In contrast,
the mean epithelial thickness using MTA and self-
adhesive resin cement decreased from day 7 to
day 14, then increased on day 21. However, MTA
produced greater epithelial thickness than self-
adhesive resin cement on all days of observation.

The two-way ANOVA analysis showed that
observation time had no effect on the epithelial
thickness (p>0.05). In contrast, a significant
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Table 1. The mean and standard deviation (SD) of the epithelial thickness observed on days 7, 14, and 21 following intentional
replantation of vertical root fractures with the application of MTA and self-adhesive resin cement (in um)

No  Group n Day 7 Day 14 Day 21

1 Group 1 3 277.89 + 102 453.39+5.2 533.44 + 151.3

2 Group 2 3 443.71 £ 168.7 351.65+31.8 449.42 £ 140.4

3 Group 3 3 256.45 + 54.6 188.62 +48.9 324.43 +89.8
Note:

- Group 1 (Control): teeth were split 2/3 in an apical direction and then replanted without application of any material

- Group 2: teeth were split 2/3 in an apical direction, then MTA was applied to the fracture line; finally, the tooth was replanted

- Group 3: teeth were split 2/3 in an apical direction, then self-adhesive resin cement was applied to the fracture line ; finally,
the tooth was replanted.
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Figure 1. The graph of mean epithelial thickness on days 7, 14, and 21
- The point on the vertical line is the observed value (epithelial thickness)
- The vertical line shows one group and shows the width (range) of observations per group per day
- The thick horizontal line is the per-group mean per day.

Table 2. Analysis using two-way ANOVA of the epithelial thickness observed on days 7, 14, and 21 after intentional replantation of
vertical root fractures with the application of MTA and self-adhesive resin cement

Parameter df Sum of squares Average of squares F p-value
Observation time 1 54201.68 54201.68 2.483 0.127
Material used 2 157173.77 78586.89 3.600 0.040*
Interaction 2 50737.52 25368.76 1.162 0.337

*) Significant difference
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Figure 2. Histological images exhibiting the epithelial thickness on day 21 of the control group (A), MTA (B), and self-
adhesive resin (C) (H&E stain at 400x magnification)
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difference was found in the material used on
the epithelial thickness (p<0.05). No interaction
occurred between observation time and the material
used on the epithelial thickness (p> 0.05) (Table 2).

The representative specimens of the
histological images of the epithelial thickness are
revealed in Figure 2. It can be seen that on day 21,
the control group obtained the highest epithelial
thickness compared to the other groups, namely
MTA and self-adhesive resin cement.

DISCUSSION

The indicator to observe the regeneration of
the periradicular tissue in this study was the
epithelial thickness formed during the observation
period, namely days 7, 14, and 21 following the
intentional replantation. The epithelium was used
as an indicator since epithelialization is one of
the parameters of wound healing, which can be
revealed from an increased epithelial thickness.
Furthermore, this epithelialization is crucial for the
epithelial function that performs as the first barrier
between the body and the environment."®

The results of the study based on the
observation time demonstrated that on day 21, the
epithelial thickness of the control group was the
highest compared to the MTA and self-adhesive
resin cement groups. This phenomenon is possibly
due to no foreign bodies entered the tooth socket,
resulting in normal wound healing. It can be seen
that the epithelial thickness was the greatest in
the control group than the other two groups.' This
condition occurred because the tooth roots had a
similar composition as the hard tissue in the body,
hence, no reaction of the body tissues resisted
against the tooth replanted into its socket.?°

In the MTA and self-adhesive resin cement
groups, the epithelial thickness decreased from
day 7 to day 14 but increased on day 21. This
indicated that the wound healing process on the
intentional replantation did not occur mormally.?’
This condition might be due to the utilization of
the two materials to seal the fracture line, namely
MTA and self-adhesive resin cement, which were
considered foreign bodies by the body tissues. As
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a consequence, the epithelial thickness decreased
on day 14. The increase in the epithelial thickness
on day 21 might be due to the neutralization effect
of the foreign bodies by the body tissues.?0?!

The epithelial thickness of the MTA group
was higher than that of the self-adhesive resin
cement group. This proved that MTA has high
biocompatibility, which can be well tolerated by body
tissue compared to self-adhesive resin cement.'®'
These results are in accordance with a study
conducted by Lillo et al?? and Solanki et al,?®* which
reported the biocompatibility of MTA in human cells.
In addition, another study reported that the 12-week
observation of animal tissue in vitro and in vivo
exhibited normal cell growth and no infection.?

On the contrary to MTA, the fact that self-
adhesive resin may have a detrimental effect on
periodontal tissue is due to cytotoxic constituents
influencing the regeneration of wounded tissue
because of intentional replantation.?® The
components contained in self-adhesive resin
cement that are believed to be cytotoxic are TEGMA
and fluoride.® Furthermore, the LED light cure unit,
which was used in this study to polymerize the resin
cement, might also cause a negative effect because
this light source may not completely polymerize
the resin cement.® Subsequently, free monomer
components, such as Bis-GMA, UDMA, TEGDMA
camphorquinone, and HEMA, may be found. These
free monomers have the potential to cause pulp
injury and prevent a proper tissue healing process.?

CONCLUSION

Based on the results of this study, it can be
concluded that MTA resulted in a greater epithelial
thickness of periradicular tissue compared to self-
adhesive resin cement in sealing the vertical root
fractures of the intentional replantation. Therefore,
using MTA rather than self-adhesive resin cement
in the clinic is recommended, although further
study is still needed.
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