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Abstract

Introduction: Vertical root fractures (VRFs) in endodontic treatment teeth are most serious complication. VRFs have a poor prognosis and usually result in tooth
extraction. The purpose of this study was to evaluate the clinical outcomes of mineral trioxide aggregate (MTA) - filled teeth for VRFs using by dental operate
microscope (DOM).

Methods: Fifty-two endodontic treatment teeth with VRFs were evaluated. 52 VRFs teeth were examined and evaluated the clinical finding with radiography, and
DOM finding in root canal. The MTA-filled adhesion methods consist of the elimination of infected dentin by ultrasonic root canal instrument under DOM. The
elimination of infected dentin method could be expected to inhibit the root perforation using an apex locator for measuring the distance to the tooth root surface
during grooving for enlarging the tooth crack and fracture.

Results: 52 VRFs teeth were treated by this method under ODM. Clinical symptoms and radiographic appearance of bony lesions were followed-up from 8 to 90
months. The survival rate of treatment was 94.3%.

Conclusion: The results showed the MTA-filled adhesion methods using DOM and ultrasonic instrument was effective therapy for vertical root fractures teeth

without extraction of the tooth.

Introduction

Vertical root fractures (VRFs) of endodontic treatment teeth are
often encountered in the dental retreatment [1]. Clinical diagnosis of
VRFsis difficult because in only a few cases can the presence of a fracture
line be detected correctly with radiographic or oral examination. The
prognosis of teeth with VRFs is hopeless, and these teeth usually
require the extraction of tooth or resection of the affected root. Main
factors which lead to extraction are bacterial infection in the fracture
line, as well as resorption of nearby alveolar bone. However, an early is
necessary to avoid excessive bone loss, which can impair reconstructive
procedures should implant therapy be the treatment of choice.

Although several treatment approach have been used to preserve
VREFs cases, such as utilizing CO, laser to fuse VRFs [2], and intentional
re-plantation with adhesive resin cement [3-5], no specific treatment
has been provided ideal long term results. VRFs reconstruction with
adhesive resin cement has shown successful outcome in several studies
[6-9]. The distance between separated fragments, vertical bone defect
localization, the position and the extent of the fracture are important
factors to determine the treatment modality.

MTA might have a profound advantage when used as canal
obturation material because of its superior physiochemical and
bioactive properties. MTA also provides an effective seal against dentin
and cementum and promotes biologic repair and regeneration of the
periodontal ligament [10-13]. Furthermore, MTA has been shown to
support the tooth structure and increase its obturate immature sheep
teeth and standardized models of immature teeth made from bovine
teeth and bovine femur bone [14]. Recently research has demonstrated
that root canal treated teeth obturated with MTA exhibit higher
fracture resistance than their untreated counter parts [15].
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Recent research on immature tooth models that were obturated
with MTA and tested for fracture strength by using an Instron testing
machineindicated thatat 1 year, MT A showed higher fracture resistance
than untreated control [16,17]. MTA increase the resistance to VRFs
of endodontically treated teeth and influences the mode of fracture.
Furthermore, recently reports might indicate that the combination of
calcium hydroxide therapy followed by the obturation of teeth with
MTA and combined with a composite core might increase the long-
term prognosis for teeth with open apices and necrosis pulps [18-20].

Thus, early identification of VRFs by dental operate microscope
(DOM) and reconstruction with MTA are important for prognosis
of VRFs cases. The purpose of this study was to evaluate the clinical
outcomes of MTA-filled teeth for VRFs using by ODM.

Materials and methods

Study population and clinical finding

The study was approval by the Ethics Committee of Kanagawa
Dental University and was conducted in full accordance with ethical
principles, including the Declaration of Helsinki. The study protocol,
the procedures and the possible risks were thoroughly explained to
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the patients, and written informed consent statements were received.
The UMIN trial was registered at national medical schools in Japan,
sponsored by the Ministry of Education, Culture, Science, Sports and
Technology (MEXT), Japan (Clinical Trials.gov.) #R000030480 and
Current Controlled Trials UMIN000026540.

Fifty two patients who had root canal treatment completed on their
VRFs teeth, at Kanagawa Dental University from May 2006 to June
2015, were recalled from 6 to 90 months review by two endodontists.
Fifty two VRFs teeth in 52 patients (24 —62 years) with percussion pain
and clinical symptoms suggestive of VRF teeth were included in the
study after informed consent was obtained. A total of 52 VRFs teeth
were examined and evaluated the clinical finding with radiography.
VRFs were diagnosis by detection of the fracture line with visual
inspection under x8.0 — x16.0 magnification by DOM finding in root
canal treatment.

Treatment method

Atotal of 52 VRF teeth were sealed through the root canal obturation
without tooth extraction. Firstly, Root-canal treatment was performed
with rubber dam isolation under DOM. All root canal was established
the working length to fracture areas, the infected dentin or obturation
material was eliminated using #3-5 Gates-Glidden drill (MANTI Co.,
Utsunomiya, Japan) or Peeso reamer (MANI Co.,), and ultrasonic
ENDO file (SC.4, OSADA Co., Tokyo, Japan) devices. Infected dentin
was stained by 1% acid red in propylene glycol (Kuraray Co., Tokyo,
Japan). The elimination of infected dentin method could be expected
to inhibit the root perforation using an apex locator for measuring
the distance to the tooth root surface during grooving for enlarging
the tooth cracks. The root canal cleaning was performed with 5.25%
sodium hypochlorite after elimination of infected dentin.

The root canal was dried with paper points, and a calcium
hydroxide paste was inserted to or 1 mm short of the working length.
When the clinical signs and symptoms subsided, crack and fracture
root canal was filled with MTA. For the sealing procedures, MTA
cement (Dentsply Meillfer, Switzerland) was used according to the
manufacturer’s instructions. To remove the smear layer without
excessive modification of the underlying dentin was applied by 17%
EDTA (EDTA Pentron, Tokyo, Japan) solution for 60s to the fractured
surfaces and root canal and then washed and air-dried gently. MTA
was delivered into the root canal by plugger or/and a MTA gun
(Dentsply Meillfer, Switzerland). It was condensed with the bulky side
of a sterile paper point within the premeasured length to the fracture
line. After the root canal obturation of MTA, it was reattached using
digital pressure applied over moist sterile cotton pallet.

Glass ionomer cement (Shofu, Kyoto, Japan) and/or provisional
crowns were placed immediately after MTA obturation of the VRFs
teeth. Provisional crowns were made by MMA resin (Shofu, Kyoto,
Japan) in laboratory, and fixed with temporary cement (Temporary
Hard Cement, Shofu). Those were beneficial for diagnostic purpose
where the functional, stabilizing and occlusal parameters are developed
to identify an optimal treatment result before the completion of
definitive prosthesis. Percussion pain was examined after 3-6 months
follow-up. Metal bonded porcelain crown or 4/5 crown, and hybrid
resin crown was finally restored after completely asymptomatic, and
continue to maintenance.

Clinical and radiographic follow-up measurements

The clinical finding were used to evaluate the outcome were
percussion pain, sinus tract, gingival swelling, and pocket depth,
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and the radiographic lesion. The radiographs were exposed using a
standardized long-cone technique. All the patients were recalled at an
interval of 3-6 months for maintenance (Figures 1, 2).

Statistical analysis

Statistical analysis was performed using Stat View (Abacus
Concepts, CA, USA). Clinical parameters of the fractured teeth were
compared between before treatment and after treatment at recall.
Because an insufficient number of teeth were available with follow-up
of more than 6 months, only the first year data were included in the
statistical analysis. Differences within the groups for pain on percussion,
sinus tracts, gingival swelling, increased pocket depth, the presence
of radiographic lesions, and remaining tooth number were evaluated
using Chi-squaire test with Yetes correction, and residual analysis,
with individual variances computed for each comparison. A P value <
0.05 was considered to be statistically significant. Survival curves were
created using the Kaplane-Meier method and the Wilcoxon t-test was
used to examine differences between premolar and molar tooth group
(p<0.05),

Figure 1. Perilateral radiographs changes of endodontic treatment 1** mandibular molar
with VRFs. Radiographs showing the VRFs before treatment (a) and obturation with MTA
(c). Microscopic finding of fracture line (arrow) on mesial root canals (b). Follow-up
radiographs showing the decrease of the radiolucent lesion areas (arrow) after treatment
(d): after 6 months, e): after 60 months).

Figure 2. Enlargement of periodontal ligament space changes of endodontic treatment
1% maxillary molar with VRFs. Radiographs showing the VRFs before treatment (a) and
obturation with MTA (c). Microscopic finding of fracture line (arrow) of MB1 or MB2
canals (b). Follow-up radiographs showing the decrease of the radiolucent lesion areas
(arrow) after treatment (d): after 6 months, e): after 28 months).
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Results

All VRFs teeth exhibited clinical symptoms before treatment: 52
(100%) exhibited pain on percussion, 4 (7.7%) exhibited sinus tract,
4 (7.7%) exhibited gingival swelling, 4 (7.7%) recorded pocket depths
of over 4 mm, and 52 (100.0%) exhibited radiographic lesions or
periodontal ligament enlargement (Table 1). All endodontic treatment
VRFs with MTA were followed up until after 12 months treatment.
All clinical symptoms were significantly improved after treatment
with MTA. The remaining teeth were showed 49 teeth (94.3%) after
treatment with MTA.

Table 2 summarizes the 52 clinical cases (14 maxillary premolars,

Table 1. The clinical symptoms between pre-treatment and re-examination after treatment.

Number of total case (%)
percussion pain (%)

pre-treatment 52 (100.0%)

re-examination 3 (5.7%)*
sinus tract (%)
pre-treatment 4 (7.7%)
re-examination 1 (1.9%)*
gingival swelling (%)
pre-treatment 4 (7.7%)
re-examination 1 (1.9%)*
pocket depth>4m m (%)
pre-treatment 4 (7.7%)
re-examination 1 (1.9%)*

radiographic lesion (%)
pre-treatment 52 (100.0%)
re-examination 1 (1.9%)*
remain teeth (%)
pre-treatment 52 (100.0%)
re-examination 49 (94.3%)

* Significant difference (p<0.05)
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Figure 3. The Kaplane-Meier survival curve of MTA repaired teeth for VRFs teeth group.
Significant difference among the tooth distribution (p= 0.86).

Table 2. The summary of endodontic treatment cases with MTA for VRFs teeth.

20 maxillary molars, 18 mandibular molars) treated with MTA, which
were examined at regular intervals for maintenance from 8 to 90 months
after treatment. After 12 months, one maxillary molar was treated by
hemi-section due to re-fracture or the presence of a sinus tract. The
remaining teeth caused no discomfort and were asymptomatic over a
mean period of 38.9 + 22.9 months (range 8-90 months).

The Kaplan-Meier survival curve is shown in Figure 3. The 7-year
survival rates of MTA repaired all teeth were 88.8%. The 5-year survival
rates of MTA repaired teeth (maxillary premolar: 88.8%, maxillary
molars: 91.7%, mandibular molars: 91.7%) was not significant
difference among the tooth distribution (p= 0.86).

Discussion

MTA is the most biocompatible endodontic cement material, able
to promoting tissue regeneration [21-23]. Recently, MTA was used for
root fracture repair. The use of MTA in intra-alveolar root fractures
was described in some case reports. Eraden et al. [24] and Kusgoz et al.
[25] reported the repair of horizontal root fracture sealing with MTA.
During a follow-up period of 1 to 3 years, all teeth showed excellent
clinical and radiographic healing. Yildirin and Gencoglu observed that
the area of the MTA and fracture line was fully surrounded with new
hard tissue formation. Healing with the interposition of connective
tissue was found in the 10-year follow-up radiographic although MTA
was extruded between the fragment [26]. Kim et al initially identified
22 teeth in 21 patients who had horizontal intra-alveolar root fractures
and who had received endodontic treatments with MTA, 17 teeth
exhibited healing of the root fracture and 2 teeth showed interposition
of granulation tissue [27].

Furthermore, Taschieri et al. reported that 10 incomplete vertical
root fracture repair surgical procedures were performed [28]. At
12-months follow-up, all cases remained successful. Hadrossek et al
also reported the re-implantation with MTA repair VRFs teeth could be
kept in situ after 2 years [29]. Those data shows MTA was recommend
to repair VRFs by preparing a groove along the entire vertical fracture,
placing MTA in the groove, and covering it with a resolving membrane.

This study follows the long-term treatment and check-ups of the
intra-oral cementation of 52 VRFs teeth after restored with MTA
obturation. The total of 49 (94.3%) teeth were improved the clinical
symptoms, and continue to the occlusal function after restoration.
Our data shows that VRFs teeth treated by MTA may be functioned
successfully from 8 to 90 months period. The results favorable factors
in the present study, the infection removal, the biological affinity and
the adhesive force of MTA can be considered. Infected root canal
treatment of principle, it is needless to say that in the removal of root
canal infection source. It is considered the infected dentin removal in
the VRFs will affect the clinical outcome. In the treatment protocol,
infection dentin removed until just before the periodontal ligament
around fractures or crack was visible in the enlarged field of view
through the use of DOM. As much as possible removal of the infected
dentin is related to also lead to the strengthening of the MTA

Biocompatibility of MTA for periodontal tissue has been reported

Tooth type

Maxillary Premolar
Maxillary Molar
Mandibular Molar
Total

The number of
treatment cases

14
20
18
52
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Recall terms (months)
(mean + SD)

The number of
improvement cases (%)

The number of
failure cases (%)

10 ~90 (47.4 + 25.5) 13 (92.9) 1 (7.1
8~61 (325 + 15.8) 19 (95.0) 1 (5.0)
8~ 63 (326 + 16.9) 17 (94.4) 1 (5.6)
8~90 (389 + 22.9) 49 (94.3) 3 (5.7)
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and has been considered sufficient for use in soft tissue in procedures
such as intentional replantation, retro-filling in root surgery, and repair
of the perforation. MTA is a bioactive silicate cement is nonirritating
to periapical tissue and also induces and also induces the regeneration
of cementum and the PDL [30-33]. MTA can stimulate hard tissue
deposition when used as a root-end filling materials [34]. When the
cement was experimentally placed as a root-end filling in dogs or
nonhuman primates, the histologic regeneration of the periodontal
architecture was a frequent finding [35, 36]. Several studies have
shown that MTA placed as a root-end filling material promotes the
regeneration of the PDL through a complex process of biologic repair
[32, 37]. Histological sections revealed biologic closure by the synthesis
of new cementum and the regeneration of the PDL in the absence of
inflammation.

Furthermore, MTA might stimulate PDL fibroblasts to display the
osteogenic phenotype and promote the production of osteonectine,
osteopontine, and increase alkaline phosphatase levels [38,39]. Our
data shows that all treatment case was improved the percussion pain
after until 6 months. Those clinical symptoms were support from
the resistance to vertical root fracture of roots. MTA-obturation
root canals demonstrated a significantly greater resistance to vertical
root fracture. This can be explained as follows: MTA sets through a
hydration reaction of the calcium silicates, which forms a colloidal gel
that turns that into a hard structure in 2 h 45 min [13]. This setting
reaction is complex but mainly involves the formation of di-calcium
and tri-calcium silicate hydrates rapidly and is responsible for the
increase in strength over the subsequent week [40]. I t is likely that
tissue fluid may penetrate through these tubules and reach the MTA
root filling. The result is the formation of a hydroxyapatite-like layer at
the interface between dentine and MTA root fillings as demonstrated
previously [41].

Tooth crack and VRFs in endodontic treated teeth are most serious
complication, and VRFs have a poor prognosis and usually result in
tooth extraction. In the present study, it is the first report to observe
the long-term clinical results as an intra-oral cementation method
with MTA obturation for VRFs tooth. The success rates of 94.3%
allow this method to be a reliable option for restoring missing teeth.
In conclusion, these results showed the MTA-obturation adhesion
methods using ODM and ultrasonic instrument was effective therapy
for vertical root fractures teeth without extraction of the tooth.
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