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Can We Regrow Pulps?
Paul V. Abbott, BDS, MDS

A B S T R AC T  Interest in regrowing pulps is increasing. Case reports and studies have 
been published but predictable protocols have not been developed. While periapical 
healing is predictable because of canal disinfection, clinical fi ndings are variable 
especially regarding root maturation. Histological studies demonstrate connective 
tissue and blood vessels rather than pulp and dentin-like or cementum-like tissue but 
not dentin or cementum. Repair procedures can help retain teeth but currently have 
no advantages over apexifi cation and apical barrier techniques.

I
n recent years, dentists have become 
excited by the prospect of regrowing 
pulps after they have become necrotic 
and infected. This possible new 
treatment modality became popular 

following two case reports in the early 
2000s that described management of 
immature mandibular second premolars 
with infected root canal systems and 
chronic apical abscesses where a dens 
evaginatus fractured and exposed the 
pulp.1,2 Both cases were managed by 
disinfecting the root canal system prior 
to placing a material in the coronal 
part of the canal without a root canal 
fi lling to allow tissue to grow into the 
remaining canal space. Radiographs 
showed periapical healing and hard 
tissue within the canals. In one case,1

root formation appeared to progress 
normally with a narrow apical foramen 
after 30 months while the other case2

had considerable narrowing of the canal 
but not complete narrowing of the apical 
foramen after 24 months. The premise 

was that some viable pulp remained 
in the apical part of the canal and this 
recovered1 or new tissue grew in from 
the periapical region with the aid of a 
blood clot scaffold inside the canal.2

This concept was not new when these 
cases were treated. The earliest reports of 
attempts to regrow the pulp date back to 
1961 when Nygaard-Östby histologically 
analyzed cases and reported that pulps and 
dentin were not reliably induced.3 Later, 
Hørsted and Nygaard-Östby reported that 
when canals were intentionally fi lled 2-4 
mm short of the apical foramen, slightly 
infl amed connective tissue formed within 
two months. After six and 10 months, 
there was a cell-rich fi brous tissue with a 
few lymphocytes, but it was not pulp.4

With the progress of stem cell 
research in the last two decades, the 
desire to regrow pulps has resurfaced. 
The purpose of this paper is to summarize 
the literature and provide a balanced 
view of the possible treatment modalities 
for infected immature teeth.
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Defi nitions
Before reviewing the literature, 

the terminology needs to be defi ned. 
Unfortunately, the profession has adopted 
terms that are ill defi ned and hence 
are not always used appropriately. It is 
essential that new terms or new procedures 
be clearly defi ned so all practitioners 
and authors understand them. The 
use of inappropriate terminology leads 
to misunderstanding and potentially 
inappropriate clinical procedures. It 

also leads to unrealistic expectations 
among practitioners and/or patients.

Regeneration — This term has become 
popular to the extent that it is almost 
used exclusively (although in varying 
forms — such as regeneration, regenerative 
endodontic procedures, etc.) when 
discussing procedures that attempt to 
regrow pulps. However, it has not been 
adequately defi ned. “Regeneration” when 
used in a biological sense means “restoration 
or new growth by an organism of organs, 

p u l p s

FIGURE 1A . FIGURE 1B .

FIGURE 1D.

FIGURE 1E .

FIGURE 1C .

FIGURES 1.  Maxillary left lateral incisor in a 9-year-old girl where revascularization occurred after avulsion. It 
was placed in milk, then replanted and splinted 45 minutes later. After replantation (1A). Three-month review (1B). 
It responded to electric pulp testing but not a cold test. Seven-month review — further root development and pulp 
canal calcifi cation are evident. It still responded to electric pulp testing (1C). Fourteen-month review showing further 
pulp canal calcifi cation (1D–1E). The tooth continued to respond to electric testing.

Healing of 
periapical tissues

? Hard tissue 
— dentine-like/
cementum-like/
bone-like

? Nil
? Connective tissue/
? fi brous tissue

Cervical barrier — 
MTA/bioceramic

Restoration in the 
access cavity

FIGURE 2. Diagrammatic representation of typical 
fi ndings following repair procedures to treat infected 
immature teeth. These involve inducing a scaff old within 
the canal to encourage tissue ingrowth from the periapical 
region. The reparative tissue may be various types of soft 
or hard tissues or the canal may remain empty.

tissues, etc., that have been lost, removed 
or injured.”5 This implies that new tissue 
in the canal must be pulp and not other 
tissues. As outlined below, this does not 
predictably occur in animal studies or in the 
few human cases where histological analysis 
has been performed. Hence, use of this term 
should be abandoned until it can be proven 
that pulp is actually, and reliably, formed. 
Interestingly, the term “regeneration” was 
not used in the titles of the early papers; 
instead “revascularization” was used.1,2
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Revascularization — means “re-
establishment of blood supply to a part 
or organ.”6 The American Association 
of Endodontists (AAE) defi nes it as “the 
restoration of blood supply.”7 This is 
known to occur after trauma where the 
pulp’s neurovascular supply is severed by 
luxation or avulsion. In immature teeth 
where the apical foramen is “open” — 
especially more than 1.1 mm — blood 
vessels can anastomose and re-establish 
blood supply to the pulp.8 Provided 

there is no bacterial contamination, 
pulps can recover and function normally. 
Pulp canal calcifi cation typically 
occurs (FIGURE 1) but this is a normal 
physiological response demonstrating 
pulp survival and normal function.

Revitalization — means “to give new 
life to or to give new vitality or vigor to.”9 
It is not defi ned in the AAE Glossary of 
Endodontic Terms. In dentistry, vitality 
refers to presence of pulp blood supply. 
It is a poorly understood and misused 

term. In clinical practice, it is impossible 
to determine whether pulps have viable 
blood supply because thermal and electric 
pulp tests are sensibility tests and not 
vitality tests — that is, they indicate the 
ability of the pulp to respond to a stimulus. 
Specifi c tests for blood supply (laser 
Doppler fl owmetry or pulse oximetry) 
are required if claims about vitality are to 
be made, but these tests are not typically 
used in practice due to cost, time, lack 
of reliability and little research. 

FIGURES 3 .  Traumatized immature tooth with a pulpless, infected root canal system and a chronic apical abscess treated with a repair procedure. Triple 
antibiotic paste was used followed by Ca(OH)2 and induction of a blood clot. Preoperative (3A–B). Postoperative with an MTA cervical barrier (3C). Eighteen 
months (3D–E). Six years (3F). (Courtesy Dr. Eugene Chen) 

FIGURE 3A .

FIGURE 3D.

FIGURE 3B .

FIGURE 3E .

FIGURE 3C .

FIGURE 3F.
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Repair — this term can have several 
meanings, including “to restore to a 
good or sound condition after decay 
or damage, to restore or renew by any 
process of making good, strengthening, 
etc., to remedy and to make good.”10 This 
defi nition is appropriate for procedures 
where clinicians treat root canal infections 
and attempt to encourage pulp regrowth. 
By using this term, the profession 
recognizes that a reliable pulp regenerative 
procedure has yet to be developed (and 
proven) and that healing with other tissue 
may occur (FIGURES 2 and 3). Hence, 
this term will be used in this review.

Apexifi cation — the AAE defi nes this 
term as “a method to induce a calcifi ed 
barrier in a root with an open apex.”7 
This usually involves placing intracanal 
medicaments such as calcium hydroxide 
to induce closure of the open apical 
foramen with a natural hard tissue barrier 
(FIGURES 4 and 5). This procedure has 
been used in dentistry for many years with 
great success and high predictability.11–14

Apical barrier technique — the AAE 
defi nes this as “blockage of the apical 
foramen; may be an induced hard tissue 
or artifi cial materials.”7 Placing hard-
setting materials such as mineral trioxide 
aggregate (MTA) or other bioceramic 
materials prior to fi lling the remaining 
canal is an example of an apical barrier 
technique (FIGURES 6 and 7). The 
barrier formed is artifi cial although a 
natural hard tissue barrier may form 
later — however this cannot usually be 
assessed radiographically because of the 
radiopacity of the barrier material.

Literature Overview
Nygaard-Östby was the fi rst to 

investigate whether pulp could regrow 
after infection of the root canal system but 
he was unable to predictability induce pulp 
regrowth.3 Subsequently numerous case 
reports and research papers have discussed 

this concept using modern approaches, 
especially with a focus on stem cells 
that may be in the periapical tissues.

Iwaya et al. assumed that some viable 
tissue remained in the apical part of the 
root canal.1 This assumption was based on 
the patient having pain when instruments 
were used in the canal. The authors 
stated that visual inspection confi rmed 
the presence of pulp tissue approximately 
5 mm apical to the canal orifi ce. They 
therefore avoided further instrumentation 
to preserve this tissue, and they postulated 
that it recovered, regrew and continued 
to function by producing dentin to 
complete the root development.

Banchs and Trope took a different 
approach.2 Following canal disinfection, 
periapical bleeding was induced to form 
a blood clot in the canal to act as a 
“scaffold” for ingrowth of new tissue. They 
hypothesized that this was “similar to 
necrotic pulp after a traumatic injury” in 
immature teeth where revascularization 
occurs. A triple antibiotic paste was 
used as the main disinfecting agent. 
This paste was based on an in vitro 
study that reported it to be highly 
effective for infected root dentin.15 

Many case reports and studies have 
now been published. On reviewing the 
case reports, it is apparent that there is no 
standard protocol and the types of cases 
vary considerably. There is no consensus 
regarding the materials used for canal 
disinfection, the timing and number 
of appointments, the use of adjunctive 
agents (such as blood products) and other 
variables to treat a range of presenting 
conditions. Reports have concerned dens 
evaginatus in mandibular premolars or 
traumatized maxillary incisors. Some 
cases have had draining sinus tracts 
indicating chronic apical abscesses, 
while others have had chronic apical 
periodontitis, acute apical abscesses 
or acute apical periodontitis. Each of 

these is a distinctly different condition 
(albeit with a similar cause) so they may 
have different responses to treatment. 
The stage of root development (apical 
foramen width, canal width, root length) 
varies considerably as do the methods 
and criteria used to assess outcomes. 
As a result of these variables and the 
lack of standardization/consensus, the 
fi ndings are quite variable, which leaves 
the profession without true indications 
for when repair procedures are indicated 
and how to predictably perform them.

A systematic review16 found 214 
studies regarding repair procedures but 
only six satisfi ed the inclusion criteria — 
English, performed in humans with fi ve or 
more teeth, immature infected permanent 
teeth. Various outcome measures were 
used in these six studies, including tooth 
survival and function, resolution of signs 
of disease and success/failure. Two of 
the six studies were excluded from parts 
of the analysis due to discrepancies in 
their initial assessments. Hence, only 
four studies could be assessed for all 
criteria, which demonstrates the limited 
evidence available and highlights the 
wide variation between studies. The four 
studies included only 75 teeth treated 
with repair procedures and 53 treated by 
apexifi cation or apical barrier techniques. 

p u l p s

Root canal fi lling — 
gutta percha and 
cement

Restoration in the 
access cavity

Healing of 
periapical tissues

“Natural” induced 
hard tissue barrier

FIGURE 4 .  Diagrammatic representation of typical 
fi ndings following apexifi cation of infected immature 
teeth where an apical hard tissue barrier is induced 
before root fi lling.
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FIGURE 5A .

FIGURE 5C .

FIGURE 5B .

FIGURE 5D.

FIGURES 5.  An immature tooth with a pulpless, infected root canal system and secondary acute 
apical periodontitis treated by apexifi cation with three monthly calcium hydroxide dressings. The 
apical hard tissue barrier was noted after 12 months. Preoperative radiograph (5A). After nine 
months — periapical healing and hard tissue barrier formation are evident (5B). Root canal fi lling 
12 months after commencement of treatment (5C). Five-year review (5D).

Unfortunately, the data for these latter 
two procedures were combined, which is 
inappropriate because they are different 
clinical procedures. Each procedure 
cannot be assessed individually as 
the results of one may (positively or 
negatively) infl uence results of the other 
procedure. Tooth survival was 98.6 percent 
for repair procedures and 88.6 percent for 
combined apexifi cation/barrier techniques. 
The combined clinical success from two 
studies was 89.7 percent for repair and 

100 percent for apexifi cation/barrier 
techniques. Periapical healing based on 
radiographs from three studies was 89.7 
percent for repair and 100 percent for 
apexifi cation/barrier techniques. One 
study assessed bone density and found 
no difference among these procedures.

Quantitative analysis of changes in 
root length and dentin thickness have 
been performed. Jeeruphan et al. reported 
average increases of 14.9 percent and 
28.2 percent in length and thickness, 

respectively.17 These were compared 
with changes following apexifi cation and 
barrier techniques but only the length 
changes should be compared because 
dentin thickness cannot possibly change 
with apexifi cation and apical barrier 
techniques. After apexifi cation, average 
root length increased by 6.1 percent.17 
Another study found average changes 
following repair procedures were 5 percent 
for root length and 21 percent for dentin 
thickness.18 These changes were only 
detectable and quantifi ed by computer 
software and could not be detected by 
visual examination of radiographs.18

Alobaid et al. reported no statistical 
differences for changes in root length 
and dentin thickness following repair 
and apexifi cation/apical barrier 
procedures.19 They used 20 percent as a 
clinically meaningful change for each 
category but only four repair cases and 
one apexifi cation/apical barrier case 
met this threshold. Hence, the clinical 
relevance of these changes is doubtful. 
The authors concluded that repair and 
apexifi cation/apical barrier techniques 
were equivalent with insuffi cient evidence 
to claim superiority of any technique.

In another systematic review of repair 
procedures,20 the authors reported that 
the tooth survival rates and resolution of 
periapical radiolucencies were excellent. 
However, they also reported that apical 
closure and continued root development 
were inconsistent in the reviewed studies. 
Furthermore, they commented that 
there are few well-reported randomized 
prospective clinical studies, plus evidence 
regarding long-term outcomes and late 
effects was sparse. No study evaluated 
health economic outcomes and whether 
there were any improvements to quality 
of life for the patients. Their conclusions 
stated that there are many gaps in the 
profession’s knowledge regarding repair 
procedures and the published evidence 
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does not provide defi nitive conclusions 
regarding the predictability of treatment 
outcomes following repair procedures. 

Alobaid et al. compared outcomes 
and “adverse events” following repair and 
apexifi cation/apical barrier procedures.19 
Follow-up periods were short and the 
number of teeth was small — 19 teeth 
for 15 months average in the repair group 
and 12 teeth for 22 months average in 
the apexifi cation/apical barrier group. 
One tooth from the repair group did not 
survive (further trauma) and four teeth 
had unfavorable outcomes (78 percent 
clinical success). In the other group, all 
teeth survived with favorable outcomes 
(100 percent clinical success). There 
were more adverse events in the repair 
group (eight teeth, 42 percent) than 
the other group (one tooth, 8 percent). 
The adverse event in the latter group 
was further trauma whereas the repair 
group had a variety of adverse events, 
including reinfection (three teeth), 
staining (two), fracture (one), pain (one) 
and further trauma (one). Some adverse 
events are unavoidable and/or unrelated 
to the procedure (e.g., further trauma, 
fracture) so they are not “negative” 
issues or contraindications. However, 
other adverse events (e.g., continued 
infection, pain, no healing) may be 
related to the procedure and must be 
considered whenever contemplating such 
procedures. Patients (and parents) must 
be informed of these possible problems.

When assessing new techniques, case 
reports and clinical studies have severe 
limitations because of the variations 
in techniques and conditions being 
treated. Hence, animal studies are 
extremely valuable because histology 
and scanning electron microscopy can 
be used to assess healing responses, 
the type/nature of reparative tissue (if 
any) and treatment outcomes. Animal 
studies can show progress of healing 

over time by examining animals at 
appropriate time intervals. They show 
tissue responses within both the canals 
and the periradicular tissues. Histological 
studies can rarely be performed on human 
teeth. If they can, it is usually due to an 
adverse event that led to tooth extraction 
so the fi ndings may not be applicable 
to all cases. In addition, histological 
examination of extracted teeth does not 
usually include the periradicular tissues 
and it is an examination at a single time 
point without showing healing over time. 
Hence, histological animal studies are 
essential to provide evidence to support 
(or not support) new techniques.

A systematic review of repair 
procedures in animals where histology 
was used to assess tissue responses initially 
identifi ed 123 studies but only 13 met 
the inclusion criteria.21 None of these 
studies identifi ed pulp tissue in the canals 
— instead, there were varying degrees 
of connective tissue, fi broblast-like cells 
and blood vessels. Various types of hard 
tissue were found in the canals and none 
of the studies reported them as being 
dentin, bone, periodontal ligament or 
cementum — instead, they were “like” 
tissues suggesting similarity but not 
replication of these tissues. Dentin-like 
tissue was reported on canal walls in 4 
percent of teeth after blood-clot scaffold 
procedures and 2 percent of teeth where 
blood clots plus additional materials were 
used. Periodontal ligament-like tissue 
was reported in 46 percent of teeth. 
Cementum-like tissue was in 64 percent 
of teeth with blood-clot scaffolds, 80 
percent with blood clots and additional 
materials, 50 percent with alternative 
scaffold materials and only 5 percent 
when canals were left empty. Bone-like 
hard tissue was reported in 10 percent of 
cases with blood-clot scaffolds, 2 percent 
with blood clots and additional materials 
and 4 percent with alternative scaffold 

materials. The overall conclusion of this 
review was: “None of the regenerative 
protocols resulted in predictable 
formation of a true pulp-dentin complex.” 
This is a very important fi nding that 
contradicts claims in many reports of 
pulp regeneration, revascularization or 
revitalization. Furthermore, claims of root 
strengthening need reconsideration in 
light of this review because a “like tissue” 
is unlikely to have the same physical 
properties as the tissue it is replacing. 
It will not necessarily provide the same 
structural strength as the original tissue. 
In addition, different types of “like tissues” 
that would not normally be present in the 
canal (e.g., bone-like, cementum-like) 
are less likely to provide strength because 
strength relies on having suffi cient dentin.

Some further observations from the 
literature,1,2,16–23 especially case reports, are:

 ■ Infected immature mandibular 
premolars with dens evaginatus 
generally respond well to repair 
procedures. Radiographs suggest 
resumption of normal root 
development, indicating that pulps 
may have regrown. Radiographs 
usually show good periradicular 
repair, reformation of normal 
periodontal ligament space, root 
canal narrowing and closure of 

p u l p s

Root canal fi lling — 
gutta percha and 
cement

Restoration in the 
access cavity

Healing of the 
periapical tissues

Apical barrier — with 
MTA/bioceramic

FIGURE 6 .  Diagrammatic representation of typical 
fi ndings following apical barrier techniques to treat 
infected immature teeth. A cement is placed to close 
the apical foramen prior to root canal fi lling.
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open apical foramina. However, 
caution is necessary as radiographs 
do not allow differentiation 
between dentin and other hard 
tissue and the tissue within 
the canal cannot be seen to 
determine its composition.

 ■ Maxillary incisors that become 
infected following trauma do 
not respond as predictably as 
mandibular premolars discussed 
above. Damage to the periapical 
stem cell base during trauma is 
the likely explanation. The type 
of trauma is probably critical 
because some injuries damage 
periapical tissues more than 
others — for example, crown 
fractured teeth may have no 
damage while luxated and avulsed 
teeth have considerable damage. 

 ■ Controlled placement of the 
cervical barrier is diffi cult and 
radiographs often show the 
material placed well into the 

root canal rather than just in the 
cervical region (FIGURE 8). In some 
cases, material has been placed 
almost to the apical foramen, 
which leaves little space for repair 
and hard tissue formation — this 
is more akin to apexogenesis or 
an apical barrier technique.

 ■ Follow-up radiographs usually 
show periapical tissue repair. This 
should be an expected outcome if 
the root canal system is adequately 
disinfected. It is well-known 
that periapical radiolucencies 
can heal without canals being 
fi lled.24,25 However, many authors 
use this as the sole criterion to 
claim pulp has “regenerated,” 

even without canal and apical 
foramen narrowing. These fi ndings 
indicate periapical healing but 
not pulp repair/regeneration. 

 ■ Some cases have used radiographs 
to assess outcomes while others 
have used cone beam computed 
tomography (CBCT). Neither of 
these can determine the nature of 
the soft tissue (if any) that may form 
within the canal. These images only 
show hard tissue changes and not 
presence (or absence) of soft tissue. 
They cannot be used to distinguish 
between pulp, connective tissue, 
fi brous tissue or other soft tissue.

 ■ Radiographs and CBCT cannot be 
used to determine the nature of new 

FIGURE 7A . FIGURE 7B .

FIGURE 7D.

FIGURE 7C .

FIGURE 7E .

FIGURES 7.  Immature tooth with a pulpless, 
infected root canal system and chronic apical 
periodontitis treated with an MTA apical barrier 
technique. On referral to an endodontist — treatment 
had been commenced by a general dentist (7A). MTA 
apical barrier (7B). Canal fi lled with gutta percha and 
cement (7C). Six months (7D). Four years (7E).



C DA  J O U R N A L ,  V O L  4 6 ,  Nº 4

256 A P R I L   2 01 8

hard tissue. This may be dentin, 
cementum, bone or a mixture of 
these. Animal studies have shown 
the new hard tissues are “like” these 
original tissues but they are not the 
same when examined histologically. 
Radiographs and CBCT images 
are not discriminating enough 
to distinguish between these 
different hard tissues. 

 ■ Many clinicians report diffi culty 
in inducing bleeding into the 
canal to create a scaffold. In 
such cases, hard tissue does 
not appear to form within the 
canal although periradicular 
healing still occurs because the 
canal has been disinfected.

Discussion
The literature suggests many teeth 

can be retained with repair procedures. 
However, histological studies do not 
support the concept of pulp and dentin 
regeneration. Hence, the profession needs 
to reconsider what it is trying to achieve 
with these procedures. If the intent is to 
retain teeth, then repair procedures can 
be performed but the evidence does not 
show any advantages over apexifi cation 
and its derivative, the apical barrier 
technique. There are further aspects 
that need consideration other than just 
periapical healing and whether pulp 
and/or hard tissue form in the canal.

Periapical healing following 
treatment of infected root canal systems 
is predictable provided adequate 
disinfection protocols are followed.24,25 
These include using a rubber dam, 
thorough instrumentation, antibacterial 
irrigants and medicaments, plus adequate 
tooth restoration during and after root 
canal treatment. Studies have shown 
that it is not necessary to fi ll canals 
with materials such as gutta percha 
and cement to achieve periapical 

healing.24,25 In these two studies, one 
group of infected teeth had root canal 
fi llings placed while canals in another 
group were left empty. Periapical healing 
rates were identical for both groups 
in both studies. This clearly indicated 
that disinfection is the most important 
contributor to periapical healing. This 
approach should be identical for immature 
teeth, although instrumentation of canal 
walls is minimized to preserve dentin. 
Advocates for repair procedures employ 
disinfection methods although protocols 
vary between studies and cases. Typically, 
antibiotics (triple, double or single 
antibiotic pastes), calcium hydroxide or 
other antiseptics are used. These, along 
with canal irrigation (typically with 
sodium hypochlorite and ethylenediamine 
tetra-acetic acid), are very predictable 
in achieving bacteria-free root canal 
systems and therefore periapical healing 
should be expected. Hence, periapical 
healing following repair procedures is 
neither surprising nor remarkable.

Further consideration is needed 
regarding the aims of repair procedures. 
One aim is to strengthen tooth roots by 
regrowing pulp that can then produce 
dentin. This is based on Cvek’s fi ndings of 
cervical root fractures in some teeth after 
calcium hydroxide apexifi cation.26 The 
fractures usually occurred after further 
trauma (FIGURE 9) although some may 

result from normal functional loading 
(especially in very immature teeth). The 
proportion of fractures was highest (77 
percent) in the most immature teeth 
— i.e., Stage 1 development — and 
lowest in mature teeth (28 percent). 
The frequency of fractures was also 
highly statistically signifi cantly related to 
external infl ammatory resorption defects 
where tooth structure had been lost.26 
Unfortunately, Cvek’s data has been 
misrepresented by proponents of repair 
procedures who claim fractures are very 
likely after apexifi cation because some 
publications suggest calcium hydroxide 
weakens dentin.27,28 However, the 
methods used do not replicate the clinical 
scenario of trauma as they typically use 
dentin samples rather than intact human 
teeth. In addition, the medicament is 
not just applied within the root canal 
and continuous loading is used rather 
than impact forces. Other studies have 
contradicted these fi ndings, suggesting 
that calcium hydroxide may not be 
the cause of dentin changes.29,30 In a 
systematic review regarding nonsetting 
calcium hydroxide, no clinical studies 
directly supporting a correlation between 
calcium hydroxide intracanal dressings 
and root fracture could be found in the 
literature. This was despite most of the 
in vitro studies showing some reduction 
in the mechanical properties of dentin 

p u l p s

FIGURE 8 .  In repair cases, the cervical barrier 
placement is diffi  cult to control. It may inadvertently be 
positioned too apical as in this immature mandibular 
premolar with dens evaginatus.

FIGURE 9. 
Cervical root 
fracture after 
apexifi cation. 
This tooth had 
three episodes of 
trauma after the 
root fi lling was 
completed, with 
the fi nal episode 
(three years 
later) resulting in 
fracture.
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after exposure to calcium hydroxide 
for fi ve weeks or longer. However, 
conversely, there was no conclusive data 
concerning calcium hydroxide used for 
one month or less had a negative effect 
on the properties of dentin.31 Careful 
analysis of Cvek’s paper indicates that 
fractures were directly related to the 
amount of tooth structure rather than 
the effect of calcium hydroxide since 
all cases had long-term application 
of this medicament and the only 
signifi cant variables were the stage of root 
development and the resorptive defects.26

Increases in root length and dentin 
thickness are of interest because it has 
been assumed that they provide greater 
strength to teeth over time. However, this 
is purely an assumption and no studies 
have investigated this. Increases are 
usually reported as average percentages 
but if quantifi ed as tooth structure, it is 
doubtful that they will strengthen teeth. 
As an example, extrapolating data from 
Saoud et al.18 suggests the change in root 
length averaged only approximately 1.0 
mm while dentin thickness changed by 
only about 0.54 mm. Production of such 

a small amount of hard tissue at the root 
apex seems unlikely to increase resistance to 
fracture at the cervical level where fractures 
occur. Likewise, a small increase in dentin 
thickness in the apical two-thirds of the 
root is also unlikely to increase resistance 
to cervical fracture. If any procedure could 
increase resistance to fracture, it would need 
to produce a signifi cant amount of dentin at 
the critical point where the fractures occur 
— that is, the cervical level. Unfortunately, 
current repair protocols cannot achieve this 
as barrier materials (MTA or a bioceramic 
material) are placed in the cervical part of 

FIGURES 10 .  Example showing how a tooth treated by apexifi cation can be re-treated. Postoperative radiograph after Ca(OH)2 apexifi cation (10A). 
Eight-year review (10B). Thirteen-year review (10C). Periapical radiolucency indicates an infected root canal system and chronic apical periodontitis. 
Working length radiograph shows the apical hard tissue barrier (10D). Postoperative radiograph with the new root fi lling (10E). Two-year review (10F).

FIGURE 10A .

FIGURE 10D.

FIGURE 10B .

FIGURE 10E .

FIGURE 10C .

FIGURE 10F.
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the root, thus preventing dentin formation 
there. The material must be placed there 
to facilitate access cavity restoration and 
to avoid staining. Hence, it is impossible 
to overcome this fundamental problem 
of immature teeth being susceptible to 
cervical fracture using current techniques 
for managing immature teeth whether 
they be repair, apexifi cation or apical 
barrier techniques. Furthermore, a study 
similar to Cvek’s26 needs to be conducted 
so the incidence of root fractures following 
repair and apical barrier procedures 
can be determined and compared with 
Cvek’s results for apexifi cation.

Proponents of repair and apical barrier 
techniques often discuss the number of 
appointments and patient compliance as 
advantages over apexifi cation. However, 
there is little difference apart from overall 
time to treat the tooth. Apexifi cation 
studies have reported hard tissue barriers 
within 5.1 months (average 2.4 visits),12 
7.8 months (three Ca(OH)2 dressings)13 
and 9.0 months.14 The time for apical 
closure was signifi cantly related to size 
of the apical foramen — average 6.2 
months when the opening was less than 
2.0 mm and 11.0 months when more 
than 2.0 mm.13 Protocols for apical barrier 
and repair procedures vary between 
practitioners but both procedures require 
three to four appointments over one 
to three months. Hence, there is little 
difference in the number of appointments. 
Therefore, arguments regarding time and 
compliance are irrelevant and patients 
should be offered the most predictable 
treatment with a full discussion of the 
time and appointment scheduling. Well-
informed patients are likely to comply 
in the interest of predictable outcomes.

Interestingly, although apexifi cation 
has lost favor among some clinicians, 
it remains the “fall-back” procedure 
for repair cases that have not healed 
or have become infected again, as 

demonstrated by one case presented by 
Bukhari et al.23 Sometimes, apical barrier 
techniques are used.24 It is somewhat 
ironic that these procedures are only 
used as a “backup” rather than as the 
fi rst choice of management when they 
are associated with fewer complications 
and are generally more predictable.

The potential need for endodontic 
re-treatment if and when the root canal 
system becomes infected again should 
always be considered when planning 
treatment. This is a possibility because all 
teeth require a restoration after root canal 
treatment. Over time, restorations break 
down, leading to reinfection, because all 
restorations have a fi nite life span. Hence, 
clinicians and patients should be prepared 
for possible endodontic re-treatment. The 
concept of “what goes in, must come out” 
should be followed — that is, materials 
must be capable of being removed without 
risking damage to the tooth, particularly in 
immature teeth as they already lack tooth 
structure. Use of hard cements as apical 
or cervical barriers may be problematic. 
No reports have been published regarding 
barrier removal but it is likely to be diffi cult 
and even impossible in some cases. During 
removal, apical barrier materials may be 
extruded into the periapical tissues leading 
to infl ammation or foreign body reactions. 
If the material cannot be removed, the 
apical part of the canal may not be able to 
be disinfected, which may lead to treatment 
failure or the need for periapical surgery. 
Cervical barriers used for repair procedures 
may be more accessible but still diffi cult 
to remove without damaging the canal 
walls. In contrast, following apexifi cation 
to create natural hard tissue barriers it is 
relatively simple to re-treat as the gutta 
percha can be removed in the usual manner 
with solvents and fi les. The apical hard 
tissue barrier is usually still intact and 
the new root fi lling can be easily placed 
after canal disinfection (FIGURE 10).

Conclusions
Having treatment procedures that 

predictably lead to pulp regrowth 
is desirable but currently there is 
insuffi cient evidence to support this 
concept as a modality for managing 
infected immature teeth. The best that 
can be achieved with current repair 
procedures is periapical healing, but 
root maturation is unpredictable. In 
some cases, various types of soft and 
hard tissues may form in the canal. 
Current repair procedures show no 
advantage over apexifi cation and 
apical barrier techniques. The latter 
two procedures tend to be more 
predictable, and they provide more 
possibilities for longer-term retention 
of immature infected teeth. ■
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