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ABSTRACT
The aim of the present study was to compare treatment outcomes of preparing vertical root fractures from within the

root canal using ultrasonic devices with and without a built-in electronic apex locator before sealing the fracture gap.

A total of 178 teeth with vertical root fractures, in which the fracture lines had been prepared from within the root

canal using an ultrasound device before sealing the gap, were classified into S and E groups based on the device used.

In the S group, an apex locator was used with the ultrasonic device. Probing depth and bone defect were significantly

improved after treatment as compared with before treatment in both groups. Moreover, probing depth was

significantly shallower in the S group as compared with the E group. Our findings indicate that using an ultrasonic

device with a built-in electronic apex locator may improve treatment outcomes.
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INTRODUCTION

When tooth roots are vertically fractured, periodontal tissue
destruction progresses rapidly and tooth extraction is generally
indicated in the case of a single-rooted tooth, whereas root
resection and hemisection are indicated in the case of multi-
rooted teeth [1-4]. Ricucci et al. [5] reported the formation of
biofilm in the cracks. Biofilms, which also form within fracture
gaps in vertical root fractures, are responsible for the
inflammation in periodontal tissue. Kimura et al. [6]
histopathologically evaluated the roots of beagles with
experimental vertical fractures and found that a short time after
fracture, bacteria that had grown in the root canal and fracture
gap were the main cause of periodontal inflammation regardless
of the probing depth. They also reported that there was almost
no downward growth of epithelium although a pocket probe
penetrated the inflammatory connective tissue. Tomita et al. [7]
fractured the tooth roots of beagles and sealed the fracture gap
with 4-methacryloxyethyl trimellitate anhydride/methyl
methacrylate-tri-n-butyl borane (4-META/MMA-TBB) resin.
They found that sealing the fracture gap improved inflammation
that had occurred in the periodontal tissue, and that bone loss

around the fracture line was repaired with a shallower probing
depth.

Some studies reported successful clinical preservation with 4-
META/MMA-TBB resin bonding [8-13]. Masaka [8] reports cases
of fractured roots that were preserved for 10 years through 4-
META/MMA-TBB resin bonding. In addition, Sugaya et al. [9]
performed the same bonding treatment using 4-META/MMA-
TBB resin in 23 teeth with vertical root fractures and found that
18 teeth (78%) were successfully preserved over a 6-74 month
follow-up period. Hayashi et al. [10] extracted 26 teeth with
vertical root fractures, which they replanted after bonding, and
14 teeth were successfully preserved over a follow-up period of
4-74 months. However, methods of bonding from within the
root canal have been found to result in insufficient improvement
in periodontal pockets and bone loss [9]. Possible causes of this
are that bacteria are prone to remain in the fracture gap and that
fully bonding the fracture gap from within the root canal is
difficult.

Preparing the fracture line from within the root canal using an
ultrasonic device can improve scalability by enabling both
removals of infected dentin in the fracture gap and formation of
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a space for the resin to penetrate [14]. In the abovementioned
experiment, the fracture line was prepared while measuring the
impedance between the ultrasonic tip and artificial periodontal
ligament using an ultrasonic device with a built-in electronic
apex locator. The findings stated that the appropriate use of an
automatic apical stop system where ultrasonic vibrations stop
when the set value of the electronic apex locator is reached
would be effective at preventing excessive or insufficient
preparation.

The aim of the present study was therefore to compare
treatment outcomes of preparing vertical root fractures from
within the root canal using ultrasonic devices with and without
a built-in electronic apex locator.

MATERIALS AND METHODS

This retrospective study was carried out in teeth diagnosed with
vertical root fracture and in which the fracture gap was sealed
from within the root canal at Hokkaido University Hospital,
Department of Endodontics and Periodontics between 1994
and 2012. The study was approved by the Institutional Review
Board of Hokkaido University Hospital for Clinical Research
(011-0305). Items examined were patient age, sex, tooth type,
fracture site, pretreatment, and posttreatment probing depth
and bone defect from dental radiographs. If the same tooth had
2 or more fracture lines, the line with the deeper probing depth
was subject to examination.

Fracture lines were prepared under a microscope without
irrigation using an ultrasonic device. The debris was
intermittently washed away with irrigation. The teeth were
classified into an S group and E group according to the
ultrasonic device used. In the S group, an ultrasonic device with
a built-in electronic apex locator (Solfy ZX or Solfy F, J. Morita
MFG. Corp., Kyoto, Japan) and a Micro Endo File (Mani,
Tochigi, Japan) were used. The Solfy F and Solfy ZX both have
the same vibration frequency and electronic apex locator system.
In the E group, the ENAC 10WA (Osada Electric Co., Ltd.,
Tokyo, Japan) and Ultrasonic SC Point 4-17 (Osada Electric Co.,
Ltd., Tokyo, Japan) were used. In both groups, the ultrasonic tip
diameter was 0.25 mm with the same 0.05 taper. The automatic
apical stop system was set to 1.0 in the Solfy ZX and Solfy F and
preparation was performed with the tip only vibrating in areas
larger than the set value by slowly touching the tip from one end
of the fracture line to the other. In the S group, preparation was
stopped at the point where 1.0 was shown no matter the part of
the fracture line. In the E group, preparation was performed
until continuous, slight bleeding throughout the entire fracture
line was seen under a microscope.

When bleeding or pus discharge from the fracture gap did not
stop after stopping fracture line preparation in either group,
calcium hydroxide was applied and the root canal was
temporarily sealed. In cases where the indirect method was
performed, calcium hydroxide was applied to the root canal after
post-site preparation and impression-taking and the root canal
was temporarily sealed. At the next visit, the root canal was

thoroughly washed using an ultrasonic device and the fracture
gap was bonded and sealed if pus discharge and bleeding from
the fracture gap had disappeared. To start, 10% citric acid with
3% ferric chloride solution (Green activator, Sun Medical Co.,
Ltd, Shiga, Japan) was injected into the root canal, and 10
seconds later, the root canal was washed using a three-way
syringe fitted with a 24G needle, after which the water was
removed by suction and the root canal was dried using a mild air
blow. 4-META/MMA-TBB resin (Super Bond, Sun Medical Co.,
Ltd, Shiga, Japan) was mixed with monomer solution, a catalyst,
and polymer powder according to the manufacturer ’ s
instructions and loaded in a syringe (Terumo, Tokyo, Japan).
The mixture was injected into the root canal, after which a cast
post or fiber post resin core (i-TFC system, Sun Medical Co.,
Ltd, Shiga, Japan) was inserted. In cases where the direct
method was used, a fiber post was inserted into the root canal
filled with Super Bond and the core was built up with a
composite resin (i-TFC system, Sun Medical Co., Ltd, Shiga,
Japan).

In both groups, teeth underwent re-evaluation 1-2 months after
bonding treatment. The clinical examination involved checking
probing depth, presence of sinus tract or abscesses, and
improvement of bone defect based on radiographs.
Improvement of bone defect was classified into the
disappearance of bone defect, a decrease of bone defect and no
change or increase of bone defect. Crown prostheses were
fabricated at the time of re-evaluation, except in cases with
deepened probing depth, presence of sinus tract or abscesses
and no improvement in the bone defect.

For statistical analysis, the Chi-square test, Mann-Whitney U test
and Wilcoxon signed-rank test were performed using SPSS
Statistics Version 21 (IBM, Armonk, NY, USA).

RESULTS

Patients in the S group included 29 men and 63 women aged
54.5 ± 12.4 years (mean ± standard deviation), while patients in
the E group included 27 men and 42 women aged 54.6 ± 10.1
years. Two patients belonged to both groups, bringing the total
number of subjects to 159. The most common tooth type in
either group was the maxillary premolar, although no significant
difference was seen between the 2 groups (p=0.41) (Table 1). The
most common fracture region in the longitudinal axial direction
in either group was fracture from the apical region, with no
significant difference between the 2 groups (p=0.87) (Table 2).

Pretreatment probing depth did not differ significantly between
the two groups at any of the fracture sites (complete fracture:
p=0.37, apical region fracture: p=0.18, cervical region fracture:
p=0.94). However, a comparison of pretreatment and re-
evaluation probing depth revealed significantly shallower depths
at re-evaluation in all fracture regions in the S group (p<0.001).
In the E group, probing depth at re-evaluation was significantly
shallower in complete fractures and cervical region fractures
(p<0.022). Furthermore, an intergroup comparison of probing
depth at re-evaluation revealed that complete fractures were
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significantly shallower in the S group than the E group (p=0.014)
(Figure 1).

Table 1: Tooth types.

 

Maxillary Mandibular Total

Incisor Canine Premolar Molar Incisor Canine Premolar Molar

S group 15 4 33 12 1 0 16 24 105

E group 7 1 24 10 0 3 11 17 73

Total 22 5 57 22 1 3 27 41 178

No significant difference between either group (Chi square test, p=0.41)

Table 2: Fracture region in the longitudinal axial direction.

Complete fracture

Incomplete fracture

Apical region Mid-region Cervical region

S group 26 46 2 31

E group 21 28 1 23

Total 47 74 3 54

No significant difference between either group (Chi square test,
p=0.87)

Figure 1: Box plot of probing depth before treatment and at re-
evaluation in the fracture regions.

A significant difference between a and b, and a and c (Wilcoxon
signed-rank test, p<0.001)

A significant difference between b and c (Mann-Whitney U test,
p=0.004)

Pretreatment bone defects were seen in the S group in 17 of the
26 teeth with complete fracture (65.4%), 40 of the 46 teeth with
apical region fracture (87.0%), and 19 of the 31 teeth with
cervical region fracture (61.3%). In the E group, pretreatment

bone defects were seen in 13 of the 21 teeth with complete
fracture (61.9%), 21 of the 28 teeth with apical region fracture
(75.0%), and 15 of the 23 teeth with cervical region fracture
(65.2%). No significant differences were seen between the two
groups (p>0.28). Comparison of bone defects before treatment
and at re-evaluation revealed significant improvement in
complete fractures (p=0.020) and cervical region fractures
(p=0.002) in the S group, and in cervical region fractures
(p=0.019) in the E group (Tables 3-5). A comparison of the state
of improvement of bone defects of both groups at re-evaluation
revealed no significant difference (p>0.19).

Table 3: Improvement of bone defects in complete fracture with pre-
treatment bone defect.

 
Disappearanc
e Decrease No change/increase Total

S group 3 11 3 17

E group 5 4 4 13

No significant difference between the 2 groups (Chi square test,
p=0.18)

Table 4: Improvement of bone defects in apical region fracture with
pre-treatment bone defect.

 
Disappearanc
e Decrease No change/increase Total

S group 18 15 7 40

E group 11 7 3 21

No significant difference between the 2 groups (Chi square test,
p=0.86)

Abscesses remained or formed during the period up to re-
evaluation in 1 apical region fracture and 2 cervical region
fractures in the S group, and in 1 complete fracture and 2
cervical region fractures in the E group. Sinus tracts were
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present in 1 complete fracture and 3 apical region fractures in
the S group, and in 3 apical region fractures in the E group.

Table 5: Improvement of bone defects in cervical region fracture with
pre-treatment bone defect.

 Disappearance Decrease No change/increase Total

S group 7 7 5 19

E group 6 5 4 15

No significant difference between the 2 groups (Chi square test,
p=0.98)

DISCUSSION

Cases in which the fracture gap had already widened and
granulation tissue had penetrated by the time a definitive
diagnosis of vertical fracture was made were excluded from the
sample population of this study. This was because granulation
tissue hinders the removal of infected dentin in the fracture line
through the root canal and granulation tissue, exudate, and
bleeding during sealing of the fracture gap make proper bonding
of the resin difficult.

An ultrasonic tip with a diameter of 0.25 mm and taper of 0.05
was used to prepare fracture lines. Preparing the fracture line
with a tapered tip exposes the dentinal tubules with an oblique
angle on the dentin surface even if the fracture is parallel to the
dentinal tubule. This is reported to improve bond strength after
bonding [14] and using a tapered tip is considered an effective
means of preventing recurrent fracture.

Fracture lines were prepared in the S group using an automatic
apical stop system set to a value of 1.0. The manufacturer
specifies a set value of 0.5 as standard when determining root
canal length. However, in experiments where fracture lines are
prepared in extracted teeth, setting a value of 0.5 unavoidably
results in excessive preparation; thus, the closest value that
allows adequate root preparation is reported to be 1.0 [15]. That
is why the automatic apical stop was set at 1.0 in this study.

The results of the present study indicated the possibility of
different treatment outcomes depending on the fracture region.
Complete fractures, apical region fractures, and cervical region
fractures were therefore analyzed separately. Mid-region fractures
were present in few cases and were thus excluded from the
analysis. Probing depth was significantly shallower at re-
evaluation compared with before treatment in all fracture
regions in the S group and in complete fractures and cervical
region fractures in the E group. When the periodontal tissue is
inflamed due to periodontitis, the periodontal probe can easily
penetrate into the inflamed connective tissue through the
epithelial attachment, whereas it would not reach the epithelial
attachment if there is no inflammation [16,17]. In addition, a
study that histopathologically examined periodontal tissue
destruction over time in the roots of beagles where vertical root
fractures had been made, found that hardly any epithelial down
growth occurred regardless of the probing depth and that a

probe could easily penetrate deep into the periodontal tissue
when inflammation had occurred as a result of vertical root
fracture [6]. The findings of these studies strongly suggest that
probing depth may have improved in the present study because
before treatment the probe penetrated into the periodontal
tissue along the fracture line due to inflammation, and after
treatment, the probe could no longer penetrate due to
improvement of inflammation.

An intergroup comparison of probing depth at the re-evaluation
revealed that the depth was significantly shallower in the
complete fracture of the S group as compared with the E group.
The shape of the ultrasonic tip was the same in both groups,
which makes it highly likely that the presence of an automatic
apical stop system in conjunction with an electronic apex locator
caused differences in pocket improvement. Preparation was
considered completed in the E group despite insufficient
preparation because any bleeding caused by the tip coming into
contact with the periodontal ligament flowed along the fracture
line. Meanwhile, the impedance ratio measured at different
wavelengths by the automatic apical stop system in the S group
stopped tip vibration once a set value was reached. Root canal
length found by measuring the impedance ratio with 2
wavelengths is not easily affected by conductivity within the root
canal [18,19], and even if a small amount of bleeding occurred as
a result of preparation, the impact was negligible in the S group,
likely resulting in higher preparation accuracy than in the E
group, where completion of preparation was determined by
visual inspection. In the S group, the probing depth after
pretreatment differed significantly in all fracture regions,
whereas in the E group, no significant improvement was seen in
the apical region. Significant improvement was also seen in bone
defects after treatment in complete fractures and cervical region
fractures in the S group, but a significant difference was only
seen in cervical region fractures in the E group. This may
indicate that the apical stop system has a greater impact in the
apical region where fracture lines are less likely to prepare.
However, there were cases in the S group where no improvement
in probing depth or bone defect was seen. These findings
suggest that preparing fracture lines even with an apex locator
may not be accurate; this may have led to residual infection in
fracture gaps and incomplete closure. Irrigation with antiseptic
or antibacterial solutions may be an effective means of rectifying
this problem, although the further investigation into this matter
is needed. Biofilm may have also formed on the outer root
surface around the fracture line, as it does in the cementum
surface around the apical foramen in apical periodontitis
[20-26]. In such cases there are limitations to treatment from
within the root canal, making surgical treatment such as
intentional replantation necessary.

Calcium hydroxide was injected into the root canals of many
cases with a deep pretreatment probing depth and bone defects.
Calcium hydroxide has a disinfectant action and is effective in
controlling inflammation [27,28]. however, the use of calcium
hydroxide is unlikely to affect the difference in treatment
outcomes because the same usage criteria were applied in both
groups. Calcium hydroxide also inhibits adhesion by remaining
on the dentin surface [29,30]. While this residual calcium
hydroxide can result in the formation of dead space and
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refractures, long-term observation is needed to determine if
clinical outcomes are affected. The effectiveness of injections of
calcium hydroxide into the root canal in treatment for vertical
root fracture is a complex problem that requires further study.

This treatment led to disappearance or decrease in bone defects
in a large number of cases. The lack of downgrowth of the
pocket epithelium in these cases may have caused the repair of
bone along with the removal of infection from the fracture line.
This is consistent with the results of an animal experiment in
which fracture gaps were successfully sealed and the bone defect
repaired a short time after vertical root fracture because the
amount of downgrowth of the epithelium was very small [7].
Moreover, no significant difference in bone defect improvement
was seen between the 2 groups in this study. This is because it
takes time for radiolucency to be reduced even after periodontal
inflammation has resolved; the follow-up period of 1-2 months
after fracture gap bonding until re-evaluation may have been
short. However, long-term observation can lead to findings of
refracture and deterioration of the periodontal pocket, which
may obfuscate the repair of fracture lines and the effects of
bonding and sealing. That is why the present study comprised a
follow-up period of 1-2 months to evaluate the initial
improvement of inflammation. The long-term prognostic
evaluation will be needed to determine if this method is
effective for the treatment of vertical root fractures. Bone defects
were also evaluated in the present study by dental radiographs,
although the use of Cone Beam Computed Tomography
(CBCT) might further improve the accuracy of evaluation of
apical region bone defects [31]. Artifacts caused by metals near
the cervical region may, however, inhibit the evaluation of bone
morphometry. A more accurate evaluation may be possible in
cases with no artifacts by using CBCT.

CONCLUSION

The fact that improvement was seen in many cases in the
present study suggests that the method of bonding and sealing
after preparation of the fracture line from within the root canal
could be developed as a treatment for vertical root fracture. Our
findings indicate that using an ultrasonic device with a built-in
electronic apex locator may improve treatment outcomes as
compared with a simple ultrasonic device.
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