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Root canal treatment of traumatized permanent teeth

with external root resorption

Yasutaka Yawaka, Yuki Toyota, Akina Hisada, Ayako Maeda, Shohei Inoue
and Toshihiro Yoshihara

Dentistry for Children and disabled Persons, Department of Oral Functional Science, Faculty of Dental Medicine,

Hokkaido University

ABSTRACT : External root resorption is an important challenge in the preservation of traumatized teeth. External root

resorption is observed in cases of replanted teeth from dental trauma. Root canal dressing containing calcium hydroxide

(Ca(OH),) is one recommended clinical approach for external root resorption treatment. However, complete control of

external resorption may not be possible due to certain factors, such as the smear layer, which is formed by reaming

and filing during root canal treatments. The smear layer plugs dentinal tubules and inhibits the effects of Ca(OH), as a

root canal dressing material. Our study showed that root canal irrigation with ethylenediaminetetraacetic acid (EDTA)

and sodium hypochlorite (NaOCl) with an ultrasonic device is the most effective method to remove the smear layer.

Additionally, we observed an alkaline environment at the outer root surface due to ion diffusion from Ca(OH), following

this treatment. As a result, the combined use of EDTA and NaOCI with an ultrasonic device for root canal irrigation led

to good control of external root resorption.
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Introduction

Dental trauma is an accident, not a disorder. Therefore,
rapid and suitable treatments for traumatized teeth
produce good convalescence of the teeth. For tooth
avulsions, treatment consists of replanting teeth.
However, in many cases, replanted teeth showed external
root resorption after replantation (Fig. 1)1’ 9 External root
resorption with dental trauma affects preservation of the
traumatized tooth. Root canal treatments are necessary
for replanted teeth to control root canal conditions and
stop external root resorptionB). However, it is difficult to
control/stop external root resorption adequately.

This review describes control/cessation of external
root resorption as shown by our studies with an
emphasis on root irrigation, the smear layer, and calcium

hydroxide.

Chs

Fig. 1 External root resorption
A representative X-ray photograph of an upper left lateral
incisor shows external root resorption caused by dental trauma.

Root resorption

Odontoclasts play a leading role in root resorptionl' 8

Odontoclasts adhere to the root surface with a clear zone
of attachment, and a small area is created between the
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odontoclast and root surface. Odontoclasts also secrete
acid and enzyme. The acid decalcifies mineral and
enzyme dissolves organic substances such as collagen
fiber, leading to root surface resorption.

Two kinds of root resorption are observed in
traumatized teeth : inflammatory resorption and
replacement resorptionﬁ). Advanced inflammatory
resorption particularly affects preservation of traumatized
tooth. However, control/cessation of root resorption is
very difficult in clinical cases. Dentists should try to stop

the resorption as quickly as possible.

Calcium hydroxide (Ca(OH),)

Calcium hydroxide (Ca(OH),) is commonly used in root
canal filling of primary teeth. Ca(OH), is an alkali with
sterilization effects” %\ Moreover, Ca(OH), inactivates
lipopolysaccharideg). Therefore, dentists use root canal
dressings containing Ca(OH), in root canal treatments.
In the clinical setting, inflammation around the root is
reduced by root canal treatments. The use of Ca(OH), in
root canal dressings changes the root canal environment
to alkaline by ion diffusion via dentinal tubules from
the root canal to outer root surface. lon diffusion from
Ca(OH), neutralizes acid secreted from odontoclasts and
inhibits root decalcification® '*'?. While this method is

good for clinical treatment, it is not reliable.

Smear layer

It was reported that a smear layer develops on
the root canal wall and in dentinal tubules after
instrumentation such as reaming and filing in root
canal treatmentlB'w)(Fig. 2). The smear layer on root
canals comprises dentin and necrotic and viable
tissue, including remnants of odontoblastic processes,
pulp tissue, and microorganismsm. The smear layer
penetrates dentinal tubules' and reduces root dentin
permeability19). Therefore, studies have focused on
techniques to remove the smear layer, including root
canal irrigation of permanent teeth. The combined use
of ethylenediaminetetraacetic acid (EDTA) and sodium
hypochlorite (NaOCl) as chemical substances was very
effective for removal of the smear layer. In particular,
EDTA decalcified minerals in the smear layer, and NaOCl
dissolved organic substances®. Moreover, ultrasonic
irrigation was more effective than conventional needle

s e 21,22)
irrigation .

Root dentin

Fig. 2 Representative SEM photographs of the smear layer
on root canal wall after root preparation

a : The surface of the root canal wall was covered with a

smear layer.

b : A smear layer (arrows) of 1-2 pm thickness was observed

on the root canal surface.

Study in our department

The detailed effects of root canal irrigation with EDTA
and NaOCI are unclear. Our department has focused
on developing a suitable root canal irrigation method®,
which we describe in detail below. This study was
approved by the Research Ethics Committee of Hokkaido
University Graduate School of Dental Medicine (Number
2012-1).

Materials and methods

1) Specimens
Fifty-five human permanent teeth with a single root
and single root canal were used in this study. The crowns

were cut off all teeth.

2) Percentage of opened dentinal tubules
a) Root canal irrigation

The root canals of 28 permanent teeth were enlarged
by a #80 K-ile (ISO). Permanent teeth were divided into
4 groups according to root canal irrigation method used
with 7 teeth in each group (Table 1). Ultrasonic irrigation
was performed using an endodontic tip (ST49-0.8 tip,
Osada, Tokyo, Japan ; #30 U-file, Mokuda Dental, Hyogo,
Japan) attached to an ultrasonic device (ENAC OE-W10,
Osada) (Fig. 3).

Table 1 Methods of root canal irrigation

group method time
Gl 109%NaOCl,  31%H,0, (alternate use with syringes) 45s
G2 10%NaOCl + ultrasonic device 45s (15s x3)
G3 14%EDTA + ultrasonic device 45s (15s x3)
G4 14%EDTA + ultrasonic device // 10%NaOCI + ultrasonic device 45s (15s x3) /
45s (15s x3)

* ultrasonic device : ENAC OE-W10 (Osada, Tokyo, Japan) with an endodontic tip (ST19A + #30
U-file) at power 1
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Fig. 3 Ultrasonic device and endodontic tip
a : The ultrasonic device (ENAC OE-W10 ; Osada)
b : An endodontic tip (ST49-0.8 tip, Osada ; #30 U-file, Mokuda
Dental)

b) Observation of root canal walls

Teeth were divided into two sections cut parallel to the
tooth axis and fixed in glutaraldehyde in 0.1 M sodium
cacodylate buffer (pH 7.4) for 24 h. The specimens were
then dehydrated in a graded series of ethanol, dried in a
critical-point dryer, and ion sputter coated. The irrigated
root canal walls of specimens were observed by scanning
electron microscopy (SEM ; HITACHI S-4000, HITACHI,
Tokyo, Japan), at an accelerated voltage of 10 kV. SEM
photographs were taken at 10 sites in the middle region
and four sites in the apical region per tooth. These
sites were randomly selected so that each site was not
repeated. The middle and apical regions of the canals
were scanned to evaluate the amount of smear layer.
The percentage of opened dentinal tubules (POD) at the
middle and apical regions of canals was calculated by
using a SEM photograph taken at 1,500 X magnification.
Each photograph measured 120 mm X 150 mm. POD was
defined as follows :

POD (%) = [area of root canal dentin with opened

dentinal tubules in an SEM photograph (cm?/(12 X 15)

(cm?)] x 100.

¢) Statistical analysis
Differences in POD between groups were statistically
analyzed using one-way factorial analysis of variance

followed by the posthoc Dunn-Bonferroni test. Statistical

analyses were conducted using SPSS software (IBM,
Tokyo, Japan) and p values < 0.01 were considered
statistically significant.

3)Ion diffusion at the outer root surface (alkaline
environment)

The root canals of 30 permanent teeth were enlarged
by a #30 K-ile (ISO). Teeth were divided into 3 groups
according to root canal dressing material used with 10
teeth in each group. Five root canals of 10 teeth were
irrigated by the Gl method in each group, while the
other five root canals were irrigated by the G4 method.
The root canals were then dressed using three Ca(OH),-
based pastes : CalcipeX®II (Nippon Shika Yakuhin, Tokyo,
Japan), Calvital® (Neo Dental Chemical Products, Tokyo,
Japan), and Vitapex® (Neo Dental Chemical Products)
(Fig. 4). Calcipex”II and Calvital” are hydrophilic
materials, while Vitapex® is a hydrophobic material.
The root canal orifice and apical foramen of teeth were
blocked by quick self-curing resin (Unifast II, GC, Tokyo,
Japan). Then, external root resorption was simulated by
creating two resorptive defects on the outer root surface
by a round bar. The teeth were embedded in agar culture
medium with 1% phenolphthalein, a colorless indicator
that becomes pink in alkaline regions (pH > 8.5) (Fig. 5).

Fig. 4 Ca(OH),based pastes
a: Calcipex®II (Nippon Shika Yakuhin)
b : Calvital® (Neo Dental Chemical Products)
c: Vitapex® (Neo Dental Chemical Products)

Fig. 5 Embedding of a tooth in agar medium
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The color change of the culture medium, indicating ion
diffusion from resorptive defects, was observed for 4
weeks. The rate of color change (ion diffusion) was then
calculated.

Results

1) Observation of root canal wall
a) Middle region of root canals

In the G1 group, the smear layer was not removed
and dentinal tubules were not clear due to the remaining
smear layer. In the G2 group, a moderate smear layer
was present and dentinal tubules were clear, but few
were opened. In the G3 group, the smear layer was
removed and many dentinal tubules were opened, but
there was some debris on the root canal wall. In the G4
group, the smear layer was removed and many dentinal
tubules were clearly opened (Fig. 6).

POD for the G4 group was significantly higher than
that of G1, G2, and G3 groups (p < 0.01). Additionally,
POD for the G3 group was significantly higher than that
of G1 and G2 groups (p < 0.01). There was no significant
difference in POD between G1 and G2 groups (Fig. 7).

b) Apical region of root canals

In the Gl group, the smear layer was not removed
and dentinal tubules were not clear due to the remaining
smear layer. In the G2 group, a considerable smear

layer was present and dentinal tubules were clear, but

(%)
100

few were opened. In the G3 group, the smear layer was
removed and many dentinal tubules were opened, but
there was some debris on the root canal wall. In the G4
group, the smear layer was removed and many dentinal
tubules were clearly opened (Fig. 8).

POD for G3 and G4 groups was significantly higher
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Fig. 6 Representative SEM photographs of the middle region

of permanent root canal walls after root irrigation
The effectiveness of smear layer removal by four irrigation
methods (G1-G4) was evaluated.
G1 (NaOCl, H,0, : alternate use with syringes) : Dentinal
tubules were not clear due to the remaining smear layer.
G2 (NaOCI + ultrasonic device) : Dentinal tubules were clear,
but few were opened.
G3 (EDTA + ultrasonic device) : Many dentinal tubules were
opened.
G4 (EDTA + ultrasonic device / NaOCI + ultrasonic device) :
Most dentinal tubules were opened.
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Fig. 7 Percentage of opened dentinal tubules
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Fig. 8 Representative SEM photographs of the apical region
of permanent root canal walls after root irrigation

The effectiveness of smear layer removal by four irrigation

methods (G1-G4) was evaluated.

G1 (NaOCl, H,0, : alternate use with syringes) : Dentinal

tubules were not clear due to the remaining smear layer.

G2 (NaOCl + ultrasonic device) : Dentinal tubules were clear,

but few were opened.

G3 (EDTA + ultrasonic device) : Many dentinal tubules were

opened.

G4 (EDTA + ultrasonic device / NaOCI + ultrasonic device) :

Most dentinal tubules were opened.

than that of G1 and G2 groups (p < 0.01). There was no
significant difference in POD between G3 and G4 groups
or between G1 and G2 groups (Fig. 7).

2) Ion diffusion of outer root surface

Ton diffusion (alkaline environment) from the root
canal to the outer surface cavity was observed by a
color change in culture medium due to the reaction of
phenolphthalein. G1 specimens hardly showed a medium
color change (data not shown). However, color change
was observed in Calcipex®II and Calvital® treated

G4 specimens with considerable frequency (Fig. 9a).

Fig. 9 Color change of agar medium (G4)
a : A clear color change (arrows) was observed with

Calcipex“1L
b-1:In Vitapex®, a color change was observed on the defect
surface only (oval). b-2 is a 90° rotation of b-1.

In Vitapex® treated G4 specimens, color change was
observed on the resorptive defect surface only (Fig. 9b).

Root canal irrigation by G4 showed a high ion diffusion
rate. However, Vitapex® treated G4 specimens showed
color change on the defect surface only. Accordingly, the
rate of diffusion of Vitapex® treated G4 specimens was “0”
(Fig. 10).

%
100()

80

60

40

50.0

Rate of Alkaline Diffusion

20 |

25.0

0 r r
Calcipexfi Calvital®

0

Vitapex®
Calcium Hydroxide

Fig. 10 Rate of ion diffusion
Root canal irrigation in the G4 group showed a high ion
diffusion rate. However, Vitapex” treated G4 specimens
exhibited a color change on the defect surface only.
Accordingly, the rate of diffusion was “0".

Effects of root canal irrigation with an ultrasonic
device

The use of EDTA with an ultrasonic device or the
combined use of EDTA and NaOCI with an ultrasonic
device was effective in removing the smear layer on
permanent teeth. This finding suggested that root canal
irrigation with an ultrasonic device strongly removed the
smear layer on root canal walls, leading to ion diffusion
(alkaline environment) from Ca(OH),. These results are in

. . . 18,20, 22,24
agreement with those of previous studies J

Hydrophilic/hydrophobic materials for root canal
dressings

Ton diffusion of Calcipex®H and Calvital” treated
specimens differed from that of Vitapex® treated
specimens. We speculated this result was due to
the chemical behavior of materials (hydrophilic vs.
hydrophobic).

Root canal dressing materials composed of Ca(OH),
are divided into two main groups : hydrophilic materials
such as CalcipeX®II and Calvital” and hydrophobic
materials such as Vitapex®. The results showed that ion

diffusion when using CalcipeX®H and Calvital” was more
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widespread and rapid than that of hydrophilic materials
occurred more widely and rapidly than that Vitapex®.
However, ion diffusion of Calcipex®H and Calvital” did
not persist. For Vitapex®, ion diffusion was observed
to the outer root surface and continued for a long time.
Therefore, when selecting root canal dressing material,
the location and progression of external root resorption

should be carefully considered.

Clinical approach

In our clinic, traumatized permanent teeth with
external root resorption are treated with root canal
treatments using a rubber dam.

Here, we describe the treatment of a case of replanted
permanent teeth with external root resorption (case
report is described in Fig. 11). Root canal irrigation was
performed using 14% EDTA (Morphine® for dental
liquid, Showa Yakuhin Kako, Tokyo, Japan) with an
ultrasonic device for three cycles of 15 s (total time : 45
s), and then the root canal was dried by cotton points.
Next, 10% NaOCl (Neo Cleaner, Neo Dental Chemical
Products, Tokyo, Japan) was applied with an ultrasonic

Fig. 11 Treatment of traumatized teeth with external root

resorption

X-ray photographs of a case of replantation. A 12-year-old
boy fell and his upper left central and lateral incisors avulsed.
The teeth were replanted by a general practitioner. Since the
replanted teeth showed severe external root resorption at 2
months after replantation, the patient visited our clinic. Severe
external root resorption was observed at the initial visit (a).
Root canal treatment with Ca(OH), was initiated to control root
canal conditions and stop external root resorption. Root canal
irrigation with EDTA and NaOCIl with an ultrasonic device
was performed. After 2 months, external root resorption was
stopped mostly by root canal treatments with Ca(OH),-based
paste, such as Calcipex‘@H (b). After 1 year, the periodontal
ligament space became normal (c). The root canal dressing
used for the upper left central incisor was Calcipex“Il, and the
root canal dressing used for the lateral incisor was Vitapex".

device for three cycles of 15 s (total time : 45 s), and then
the root canal was dried by cotton points. Ultrasonic
irrigation was performed using an endodontic tip (ST49-
0.8 tip, Osada ; #30 U-file, Mokuda Dental) attached to an
ultrasonic device (ENAC OE-5, Osada).

Root canal dressing using hydrophilic materials such
as CalcipeX®H was applied during treatment at the initial
visit. Widespread and rapid ion diffusion was effective to
stop root resorption by neutralizing the resorbed surface.
After external root resorption was stopped, hydrophobic
materials such as Vitapex® were used before root canal
filling (Fig. 11).

A periodic examination was performed every 3 months.
The condition of the traumatized tooth was evaluated
by inspection, palpation, percussion test, and X-ray
photographic examination. After external root resorption
was stopped and the continuity of the periodontal
ligament space recovered, root canal filling material was

changed from Ca(OH), to gutta percha with a sealer.

Root canal irrigation in primary teeth

Most studies examining the effectiveness of root canal
irrigation for smear layer removal focused on permanent
teeth!”™™ Few studies using primary teeth have been
reported. Therefore, we sought to determine how root
canal irrigation affects smear layer removal in primary
teeth.

In our study using primary teeth, conventional needle
irrigation with NaOCI could not remove the smear layer
effectively. However, ultrasonic irrigation with NaOCl
could remove the smear layer. Ultrasonic irrigation
with EDTA removed the smear layer more effectively
than that with NaOCIl, however, erosive effects such
as enlargement of the orifices of dentinal tubules were
observed on root canal wall dentin (Fig. 12)27).

There are more organic substances and water in the
dentin of primary teeth, resulting in a low degree of
hardness®. Furthermore, the density of dentinal tubules
in primary teeth is greater than that of permanent
teeth™. Because of these structural differences, the dentin
of primary teeth is more reactive to chemical substances™.

31, 32
) Therefore,

Conversely, erosion weakens root dentin
caution is needed when using EDTA in primary teeth.
Our study suggested that root canal irrigation with
NaOCI using an ultrasonic device is effective for smear

layer removal in primary teeth.
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Fig. 12 Representative SEM photographs of the middle region of primary root canal walls after root irrigation
The effectiveness of smear layer removal by three irrigation methods (G1, G2, G4) was evaluated.

G1 (NaOCl, H,0, : alternate use with syringes) : Dentinal tubules were not clear due to the remaining smear layer.

G2 (NaOCI + ultrasonic device) : Many dentinal tubules were clear and opened.
G4 (EDTA + ultrasonic device / NaOCI + ultrasonic device) : Most dentinal tubules were opened. However, erosive effects such as

enlargement of the orifices of dentinal tubules were observed.

Conclusion

It is difficult to definitively control/stop external
root resorption. However, a key factor is the alkaline
environment produced by Ca(OH),. Root irrigation with
EDTA and NaOCl with an ultrasonic device is effective
for smear layer removal, and ion diffusion from Ca(OH),
occurs from the root canal to outer root surface. Ion
diffusion neutralizes acid that is secreted by odontoclasts?
and effectively stops root resorption.

However, root canal treatments of replanted tooth
should be completed before addressing external root
resorption. Therefore, after replantation of avulsed
teeth, dentists should carefully examine the condition of
replanted teeth at periodic checkups.

In conclusion, it is more important to prevent root

resorption than to stop root resorption.
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