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Prognosis of the Apical Fragment of Root Fractures after Root Canal
Treatment of Both Fragments in Immature Permanent Teeth
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— Abstract

In the root fracture, pulp necrosis tends to involve only the coronal fragment, while the pulp in the apical fragment
remains vital. The prognosis of endodontic treatment of the apical fragment is poor due to the possibility of overfilling of
the space between the fragments and difficulty in removing necrotic tissue.

In the present cases, endodontic treatment of the apical fragment of root fracture was performed. However, in re-
endodontic treatment, resistance was felt at the fracture site and access to the root canal in the apical fragment was
difficult. Therefore, the calcium hydroxide was periodically exchanged only in the coronal fragment without further
treatment in the apical fragment and the canal of the coronal fragment was finally filled with Gutta-percha.

Regular observation revealed no radiologic complications in the apical fragment. In some cases, we can observe good
healing pattern such as absorption of calcium hydroxide and pulp canal obliteration of apical fragment in the long term.
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I. Introduction

Root fracture is defined as a fracture involving the dentin,
cementum, and pulp, and accounts for 0.5 - 7.0% of all cases
of permanent tooth trauma[l,2]. Clinically, there is a slight ex-
trusion and palatal displacement at the time of root fracture,
but radiographic examination is essential for accurate diagno-
sis[1]. The fracture line of most root fractures is oblique, and
so can be easily detected by radiography. However, root frac-
ture is rarely observed immediately after trauma in the case
of the fracture line is closed, instead appearing on subsequent
radiograph, likely due to displacement of the coronal fragment
or absorption of the fracture line site as time gose by[3].

To treat root fracture of a permanent tooth, a displaced
coronal fragment is repositioned and fixed firmly or semi-
rigidly[1]. Andreasen et a/.[4] recommended 3 to 4 weeks for
fixation of a root-fractured tooth. However, when the fracture
site is close to the cervical, or if the tooth is very loose, 2 to 3
months is recommended.

There are 4 types of root-fracture healing: healing with calci-
fied tissue, healing with connective tissue, healing with calci-
fied and connective tissue, and healing with granulation tissue.
The type of healing is dependent on the developmental state
of the root, degree of trauma, site of tooth fracture, and treat-
ment method]5,6].

Pulp necrosis with subsequent periradicular involvement oc-
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curs in about 25% of root fractured teeth. Because root frac-
ture tends to dislocate only the coronal fragment, pulpal circu-
lation in the apical fragment is not severely disturbed[7]. Thus,
pulp necrosis usually occurs only in the coronal fragment,
while the pulp in the apical fragment remains vital. However,
if pulp necrosis of the coronal fragment is left untreated, the
bacteria may spread and cause inflammation and necrosis of
the pulp in the apical fragment(8].

In root fracture, because of overfiling during removal of pulp
tissue, endodontic treatment of the apical fragment can be
performed unintentionally. This report presents 3 cases of end-
odontic treatment of the apical fragment, each of which has a
good prognosis. Healing of the apical fragment following root
fracture is also discussed.

II. Case Reports

1. Casel

A 7-year-old boy attended the Department of Pediatric
Dentistry due to a fall. Clinical and radiologic findings were
diagnostic of root fracture of the right permanent central inci-
sor (Fig. 1A). Reduction of the coronal fragment and resin wire
splinting were performed (Fig. 1B). At the 2-month follow-up,
diagnosed as pulp necrosis of the apical fragment, pulp extir-
pation, calcium hydroxide canal filling, and splint removal were
performed (Fig. 1C). During this procedure, root canal treat-
ment of the apical fragment was performed (Fig. 1D).

After 3 months, calcium hydroxide between the fragments
had begun to be absorbed (Fig. 2A), therefore we tried to
exchange total calcium hydroxide. Because resistance was felt
at the fracture site and access to the root canal in the apical
fragment was difficult, we exchanged the calcium hydroxide
in the coronal fragment, and monitored the apical fragment.
Subsequently, calcium hydroxide was exchanged only in the
coronal fragment after 6 months (Fig. 2B). After 2 years, the
coronal fragment canal was filled with Gutta-percha and the
apical fragment was monitored continuously (Fig. 2C). After 4
years, calcium hydroxide in the apical fragment had been ab-
sorbed and there were no complications (Fig. 2D).

After 8 years, calcium hydroxide was completely absorbed
and pulp canal obliteration was observed in the apical frag-
ment (Fig. 3A). After 9, 10, and 11 years, pulp canal oblitera-
tion in the root-fractured teeth had continued (Fig. 3).

2. Case 2

A 12-year-old boy with mental retardation visited our hospi-
tal due to tooth trauma. At the initial visit, an oral and radio-
graphic examination led to diagnosis of intrusion and crown
fractures without pulp exposure of the upper left and right
central incisors (Fig. 4A).

On the day of visit, reduction of the intruded teeth into their
original positions and wire splinting were performed (Fig. 4B).
2 weeks later, pulp extirpation was performed. After 1 month,
the root canal was filled with calcium hydroxide (Fig. 4C).

Fig. 1. Periapical radiographs of a root fracture. (A) Initial periapical view. (B) Reduction and wire-splinted root-fractured
tooth. (C) Pulp extirpation and (D) Calcium hydroxide canal filling were performed after 2 months.
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Fig. 2. Follow-up examinations. (A) Absorption of calcium hydroxide between the fragments at the 3-month follow-up. (B)
Calcium hydroxide exchange at the 6-month follow-up. (C) Gutta-percha filling at the 2-year follow-up. (D) Absorption of
calcium hydroxide in the apical fragment at the 4-year follow-up.

Fig. 3. Follow-up examinations. (A) Completely absorption of calcium hydroxide in the apical fragment at the 8-year follow-
up. (B) 9-, (C) 10-, and (D) 11-year follow-ups.

Fig. 4. Periapical radiographs of root fractures. (A) Initial periapical view. (B) Reduction and wire-splinted root-fractured tooth.
(C) Pulp extirpation and calcium hydroxide canal filling were performed. (D) 2-month follow-up.
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After 4 months, the patient attended the hospital due to
additional trauma, and a root fracture of the right permanent
central incisor was observed on a periapical radiograph (Fig.
5A). Extraction and a space maintainer were considered; how-
ever, as it was unrealistic to expect co-operation from a child
with mental retardation, we planned conservative treatment.

After 6 months, calcium hydroxide between the fragments
had begun to be absorbed (Fig. 5B). As in the first case, be-
cause of resistance at the fracture site and difficulty accessing

the apical fragment in the root, we exchanged the calcium

hydroxide only in the coronal fragment, and monitored the
apical fragment periodically.

After 3 years, calcium hydroxide on the coronal side of the
apical fragment had begun to be absorbed (Fig. 6A). Remnant
calcium hydroxide of apical fragment was completely absorbed
after 4 years (Fig. 6B). After 5 years, the root fracture was
healed with calcified and connective tissue, and the canal of
the apical fragment was healed with bone tissue. The canal of
the coronal fragment was filled with Gutta-percha, and there
were no complications after 8 years (Fig. 6D).

Fig. 5. Follow-up examinations. (A) Root fracture was observed after 4 months. (B) Absorption between the fragments at the

6-month follow-up. (C) 1- and (D) 2-year follow-ups.

A

Fig. 6. Follow-up examinations. (A) Absorption of calcium hydroxide in the apical fragment at the 3-year follow-up. (B) Com-
plete absorption of calcium hydroxide at the 4-year follow-up. (C) 5- and (D) 8-year follow-ups.



3. Case 3

An 8-year-old boy was referred from a local dental clinic at
2 weeks after splinting of a tooth with a root fracture. During
the visit, root canal treatment and calcium hydroxide filling of
the coronal fragment were performed. However, as a result of
the excessive filing, a periapical radiograph showed the pres-
ence of excess calcium hydroxide in the canal of the apical
fragment (Fig. 7B). As in the previous case, we exchanged the
calcium hydroxide only in the coronal fragment and monitored
the apical fragment at 3-month intervals.

After 3 months, calcium hydroxide in the coronal fragment
was completely absorbed (Fig. 7C). After 6, 12, and 24 months,
there were no complications or clinical symptoms (Fig. 8).
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0. Discussion

Endodontic treatment for root fracture can involve treatment
of the coronal fragment only, or treatment of both the apical
and coronal fragments. If this is unsuccessful, it is necessary to
remove the apical fragment[1]. Root canal treatment of both
fragments can be performed if the entire pulp is necrotic.
However, it is difficult to completely remove apical necrotic
tissue and there is a risk of overfilling the space between the
fragments. Therefore, the prognosis is poor. However, if the
root fracture has healed and there is no space between the
fragments, this type of endodontic treatment has a good
prognosis[1,8].

In the present cases, endodontic treatment of the api-

Fig. 7. Periapical radiographs of root fracture. (A) Initial periapical view. (B) Pulp extirpation and calcium hydroxide canal fill-
ing were performed. (C) Absorption of calcium hydroxide in the apical fragment at the 3-month follow-up.

Fig. 8. Follow-up examinations. (A) 6-, (B) 12-, and (C) 24-month follow-ups.
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cal fragment of root fracture was performed and the canal
of the apical fragment was filled with calcium hydroxide. We
exchanged the calcium hydroxide every 6 to 10 months, but
resistance was felt at the fracture site and access to the root
canal in the apical fragment was difficult. Therefore, the cal-
cium hydroxide was exchanged only in the coronal fragment.
In the first and second cases, after confirming the absence of
complications and the formation of dentin bridges on the api-
cal side of the coronal fragment, the root canal of the coronal
fragment was filled with Gutta-percha.

Calcium hydroxide is widely used for root canal treatment
of traumatized teeth[9]. Calcium hydroxide is readily absorbed,
assists healing of the periapical tissues, and exerts an anti-
microbial effect[10,11]. Direct contact with calcium hydroxide
reportedly results in the killing of 99.9% of bacteria within a
few minutes[9]. Calcium hydroxide also breaks down remnant
necrotic pulp tissue, thus cleaning the root-canal walls [12,13].
This facilitates healing of the surrounding tissues and forma-
tion of a hard tissue barrier at the apical end[9].

In the first and third cases, excess calcium hydroxide was
present between the fragments, but this was rapidly absorbed
and dentin bridges subsequently formed. In the second case,
root canal treatment was performed due to pulp necrosis of
an intruded tooth, but root fracture occurred due to additional
trauma. However, calcium hydroxide in the apical fragment was
absorbed and dentin bridges were formed. In all cases, excess
calcium hydroxide between the fragments was absorbed and
formation of dentin bridges to the coronal fragment prevented
infection, resulting in a good prognosis for the apical frag-
ment.

Microleakage can occur due to multiple tunneling defects in
most of the dentin bridging through calcium hydroxide[14-16].
Therefore, dentin bridges require a strong seal to prevent pen-
etration by bacteria[1,16].

In the first case, calcium hydroxide on the apical side of the
apical fragment began to be absorbed after 4 years. After 8
years, calcium hydroxide was completely absorbed and pulp
canal obliteration, a sign of good recovery, was observed. In
the second case, absorption of calcium hydroxide occurred on
the coronal side of the apical fragment after 4 years. This ab-
sorption was likely caused by microleakage around the dentin
bridges. There was no radiographic lesion because there was no
bacterial penetration above the apical fragment of the root frac-
ture. Additionally, recurrent vascularization was probably caused
by the inflow of blood as the pulp canal was obliterated.
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In the endodontic treatment of root fracture, because the
vitality of the pulp in the apical fragment is critical, it is rec-
ommended to treat the root canal of the coronal fragment.
However, endodontic treatment of the apical fragment can
be performed unintentionally due to overfiling. In such cases,
continued root canal treatment of the coronal fragment leads
to a good prognosis.

As in this case, a good prognosis was obtained when root
canal treatment of apical fragment of root fractures was
treated. But accurate diagnosis and treatment of root fracture
should be done. Above all, careful file manipulation and filling
is considered to be important in root canal treatment of root
fractures.

IV. Summary

Endodontic treatment of the apical fragment of a fractured
root has a poor prognosis because of difficulty in removing
necrotic tissue from the apical fragment and the risk of over-
filling of the space between the fragments.

In the 3 cases in this study, the initial root canal treatment
involved the apical fragment, but root canal treatment of the
coronal, but not the apical, fragment was subsequently per-
formed. As a result, no complications occurred and calcium
hydroxide was absorbed, including pulp canal obliteration.

Endodontic treatment of the apical fragment of a root
fracture has a good prognosis if thorough disinfection of the
coronal fragment and periodic observation are performed.
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