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ABSTRACT
Introduction: Typical chronic apical periodontitis is
generally accompanied by periapical bone destruction, which
is radiographically observed as periapical radiolucency
around the apex. Pathological events in apical periodontitis
are mainly characterized by bone destruction and this bone
destruction is mediated by osteoclasts which are multinuclear
cells derived from macrophages. Although bone tissue
possesses the capacity for regeneration, there are many
pathological situations in which this capacity is not sufficient
to stimulate and realize healing processes. The development
of biphasic calcium phosphate ceramic for bone graft is one
of the promising biomaterials for better control of the complex
processes of bone healing and regeneration.
Materials and Ìethods: The subject of this study
were seven clinical cases (seven patients - 4 female and 3
male in ages from 22 -53 years) with radiolucency and
radiographical evidence of periapical lesions. The result of
this treatment was presented in three groups: I) three of root
canals were aseptically instrumented to ISO size 60 (# 11, 46,
21), II) two of them – to ISO size 70 (# 11,36), and III) the
third group to ISO size 80 (# 21,22) (Fig.2).
Following the ideology of the injectable implant
material [37], this study used as, scaffold fine powder particles
of biphase calcium phosphate ceramic mixed with saline
solution.
Results: The results of this study are presented in the
radiographs listed as Fig. 5, 9, 10 preoperatively and Fig. 6,
7, 8, 11, 12, 13 and 14 postoperatively.
The sequence of replacement of radiolucency with a
radioopacity in periapex should be considered as one of the
characteristics in remodeling of the processes after treatment.
These findings showed that in a lapse of time the
healing processes involve immature bone and fibrous
connective tissues.
Discussion: Our positive results are insufficient for
suggesting any possible mechanisms expanding healing
processes of lesions. But having in mind some data from the
literature on bone regeneration, molecular and cellular
interaction with calcium phosphate ceramics, it should be
mentioned that some results have demonstrated that
microporosity and surface activity of ceramic is responsible

for bone formation
Concluding remarks: The basic aim of this study is
to achieve healing and probably bone regeneration in the
clinical treatment of apical lesions, using methods of bone
regeneration and tissue engineering.
The positive results of the present pilot study
demonstrate: bone remodeling, biomimetic obturation of the
translucent apical zone and apical foramen.
Key words: apical periodontitis, bone regeneration,
apical obturation
INTRODUCTION
Apical periodontitis is an inflammatory disorder of
periradicular tissues caused by microbial infection within the
root canal system of the affected tooth.
Equilibrium is found between microbial factors and
host defense that allows the persistence of pathogens in the
root canal leading to the formation of various lesions in apical
periodontal zone. Apical periodontitis is viewed as the
consequence of a dynamic encounter between root canal
microbes and host defense [16, 17].
The latter involves cells, intercellular mediators and
antibodies. Pathological events in apical periodontitis are
mainly characterized by bone destruction and this bone
destruction is mediated by osteoclasts which are multinuclear
cells derived from macrophages [38]. Apical periodontitis is
histologically characterized by the infiltration of various
inflammatory cells [1, 18].
Typical chronic apical periodontitis is generally
accompanied by periapical bone destruction, which is
radiographically observed as periapical radiolucency around
the apex.
Apical periodontitis is considered to be caused not
necessarily by microbial infection alone, but also by other
co-factors [13]. It was clear that unlike classical infectious
diseases of single specific etiological agents, there are several
disease entities that are caused by a consortium of microbial
species living in ecological ordered community, known as
biofilm and other co-factors such as necrotic pulp and
stagnant fluid.
In this context it is important to highlight the fact that
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research in recent decades has documented particularly the
microbial factors as leaders in the initiation, development and
persistence of apical periodontitis [ 4, 8, 9, 10, 11, 12].
The microbial factors and host defense forces engaged
together in conflict destroy much of the periodontal apical
zone forming various classes of lesions [16]. The initial
diagnosis and the difficulties associated with treatment are
related to the complex dynamic clinical characteristics of the
apical lesions [17]. The ideal accepted endodontically outcome
of treatment is to close exactly the root canals system with
filling materials and to separate the root canal from the
periapex.
The past 20 years of the last century have brought
little change, and only modest amounts of the accumulated
biological knowledge have found application in the
endodontic area[16]. It should be pointed out that in the
same time tissue engineering gives rise to a new promising
approach in bone regeneration, repair of bone tissue after
loss injury or disease following and specially in
periodontology[8]. Although bone tissue possesses the
capacity for regeneration, there are many pathological
situations in which this capacity is not sufficient to stimulate
and realize healing processes[3,11]. The mainstay of bone
tissue engineering is the scaffolding sytstem mimicking the
natural bone in chemical composition to facilitate better
osteointegration and subsequent bone tissue formation In
this regard calcium phosphate biomaterials are considered
as a good choice [2, 14].
The development of biphasic calcium phosphate
ceramic for bone graft is one of the promising biomaterials
for better control of the complex processes of bone healing
and regeneration. They are able to be resorbed (degradable
through chemical and cellular processes) and they do not
induce adverse local tissue reaction [11]. Tissue healing is a
complex and dynamic process which enables effective repair
of damaged tissue. There is little doubt that appropriate
therapy has the capacity to influence the process in a positive
way. In this context, allow us to hypothesize that analogical
healing phenomena may be displayed in the periodontal apical
lesion as consequences of using bone implant biomaterials.
The aim of the present investigation is to follow the
healing processes in apical periodontal bone lesions
scaffolding with biphasic calcium phosphate ceramics. And
also, biomimetic obturation of apical foramen we hope that
the nanoparticals of biomaterial placed correctly into
periodontal bone lesions and apical foramen could be a good
biological scaffold for osteoconduction, bone formation and
healing processes in periodontal lesion.
MATERIALS AND ÌETHODS
The subject of this study were seven clinical cases
(seven patients - 4 female and 3 male in ages from 22 - 53
years) with radiolucency and radiographical evidence of
periapical lesions. Initial examination found that all the treated
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teeth were painless without acute exacerbation. Nevertheless,
more precise clinical analyses showed that five cases were
asymptomatic, and two cases presented tenderness to
percussion and palpation. À detailed general medical and
dental history was obtained from each patient. Periapical
radiographs using parallel technique were taken. The
diagnoses were determined by systematic clinical
observations and radiographic analyses using periapical
index (PAI) with score 3, 4 and 5 by Ostravik. The patient
was instructed to brush their teeth regularly and to use
chlorhexidine mouthwash after meals. The access cavity was
prepared after the application and fixation of the rubber dam
(Fig. 1.).

Fig. 1. Access cavity after rubber dam isolation

Fig. 2. Master apical file
Microbiological samples were taken twice - in the initial
endodontic access and before definitive obturation of the root
canals. Working length of root canals was determined after
coronal 1/3 preparation, electrometrically with Raypex 5 [VDW,
Germany] and compared with radiographic length

measurements, because of a lack of apical constriction.
Mechanical root canal instrumentation was performed with
rotary NiTi-instruments under irrigation subsequently with
5.25% NaOCl and 17% EDTA, and 0,9% saline solution [34,
35, 36]. For 7-10 days was used calcium hydroxide [Ca(OH)2]
dressing as a medication of choice[19, 23, 33]. At the second
appointment [Ca(OH)2] was removed with irrigation and the
apical control zone was prepared with one more instrument
to the working length. The result of this treatment was
presented in three groups: I) three of root canals were
aseptically instrumented to ISO size 60 (# 11, 46, 21), II) two
of them – to ISO size 70 (# 11,36), and III) the third group to
ISO size 80 (# 21,22) (Fig. 2).
Following the ideology of the injectable implant
material [37], this study used as, scaffold fine powder particles
of biphase calcium phosphate ceramic mixed with saline
solution. The received paste was placed into the defect, using
plugger for accurately fit the lesion to the apical foramen –
2mm above the determined working length. By well
compacted and tightly adapted ceramic through the root
canal to the apex, was realized biomimetic obturation of the
destructed apical foramen. The used operative technique was
followed by successful and easy root canal filling and lateral
condensation, as is described below.
A standard size gutta-percha cone that matched the
master apical file [MAF] was fitted to the working length
with tug back Apexit Plus and was mixed according to the
manufacturer’s instruction. The master cone was coated with
sealer -Apexit Plus and gently placed at the working length
(Fig. 3).

Fig. 4. Lateral condensation
Lateral condensation was then carred out using size
gutta-percha cone with endodontic finger spreaders
(Maillefer) placed in the first instance to within 1mm of the
working length. The gutta-percha cones coated with sealer Apexit Plus were laterally condensed until they could not
be introduced more than 3mm into the root canal (Fig.4).
The biphase calcium phosphate ceramic used in this
clinical investigation was tricalcium phosphate and
hydroxyapatite [29, 40] in particles size about of 1-6 µm, and
a specific surface S=29 m2 measured by BET method. The
used material has broad antimicrobial properties [21, 22]. More
detailed characteristics of the used bioceramic are beyond the
scope of this work, they can be found in other of ours papers
[6, 7, 24, 25, 26].
RESULT
The results of this study are presented in the
radiographs listed as Fig. 5, 9, 10 preoperatively and Fig. 6,
7, 8, 11, 12, 13, and 14 postoperatively.
The sequence of replacement of radiolucency with a
radioopacity in periapex should be considered as one of the
characteristics in remodeling of the processes after treatment.
These findings showed that in a lapse of time the
healing processes involve immature bone and fibrous
connective tissues.

Fig. 3. Master cone selection

CASE REPORT ONE
A 45-year old male patient presented a swelling of the
soft tissues of tooth 22. Probe depths were within normal limits
– 2 - 3mm. No mobility was determined and the tooth was
non-responsive to a cold test. All other vital teeth in the area
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tested within normal limits to thermal challenge. The patient
told us that five years ago he ‘underwent a surgical procedure
around the tip of the root’. Radiographic preoperative
examination (Fig.5) demonstrated severe bone loss around the
apical zone and apical resorption. The tooth was with
endodontic sealed access but in the root canal, there was no
sealer or gutta-percha. Two weeks later, soft tissues in the
apical zone looked normal and the tooth was asymptomatic.
The tooth was instrumented and sealed according to the
methodology and the case was followed-up for four years
(Fig. 7 and 8). Postoperative x-ray showed considerable bone
apposition and successful apical healing after thorough
disinfection and sealing of the root canal (Fig. 6.). It may be
assumed that radioopacity is part of a calcification process
that may lead to bone formation. The patient returned three
years after the placement of the ceramic crown and the tooth
was asymptomatic, the soft tissues appeared normal.
Radiographic examination revealed complete regeneration of
the periradicular tissues (Fig. 8.).

CASE REPORT TWO
A 26- year old female patient presented a swelling at
the buccal mucosa around tooth 36 (which was restored with
amalgam filling before eight years). The rest teeth of the
dentition demonstrated a stable periodontal standing.
Preoperative radiographic examination revealed severe bone
loss around the apical zone on the distal root (Fig. 9, 10). The
tooth was instrumented and sealed according the adopted
methodology. When the patient returned after 10 days, soft
tissues around the treated tooth appeared normal and the
tooth was asymptomatic. The root canal dressing - Ca (OH)
2, was removed with irrigation and apical control zone was
prepared with one more instrument to the working length.
Then apical zone was obturated with calcium phosphate
ceramic and sealed with lateral condensation (11, 12). A
follow-up examination was done four years after the initial
appointment. Radiographic examination revealed regeneration
of the periradicular tissues (Fig. 13, 14).
DISCUSSION
Usually, periodontal lesion depends on the balance
between microorganisms, their toxins, and the host defense.
It is an inflammation at the tooth apex of a long standing
nature and characterized by the presence of a granulomatose
tissue predominantly infiltrated with lymphocytes, plasma cells
and macrophages. These complex dynamic characteristics of
pathogenesis [17] of apical lesion are a real clinical challenge
for a multi-step sequence of clinical treatment seeking optimal
healing results.

Fig. 6. Postoperative x-ray
Fig. 5. Preoperative x-ray
showing periapical lesion and and bone turnover
apical resorption

Fig. 9. Preoperative x-ray

Fig. 10. apical zoom

Fig. 11. Postoperative x-ray

Fig.12. apical zoom

Fig. 8. Postoperative x-ray
Fig. 7. Postoperative x-ray
–
4
years later
– 1 year later
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Fig.13. Postoperative x-ray - 4 years later Fig. 14. apical zoom
Our positive results are insufficient for suggesting any
possible mechanisms expanding healing processes of lesions.
But having in mind some data from the literature on bone
regeneration, molecular and cellular interaction with calcium
phosphate ceramics, it should be mentioned that some results
have demonstrated that microporosity and surface activity of
ceramic is responsible for bone formation [9]. In addition,
through a dissolution-precipitation process, the development
of bone-like mineral layer may initiate bone formation either
by mimic bone mineral structure or by the presence of
osteogenic compounds [27].
In this context, it is appealing to select or combine
calcium phosphate phases that can tailor the bone resorption
kinetics and also their stimulating effect on the bone
formation. Although Ca+2 from Ca (OH)2 may seem to play a
role by activating Ca+2 – dependant adenosine triphosphatase
in the repair potential [5,32]. All these phenomena are
associated with reactivity to bone binding and the formation
of an interfacial mineralized layer between bioceramic and
bone tissue [11]. Seltzer, Soltanoff and Bender [31] observed
in a series of studies that periapical lesions have the potential
for healing without surgical intervention. Studies of the
healing processes in apical periodontal lesion using nonsurgical scaffold implantation have not been done and its
healing mechanisms are profoundly unknown. The suggestion
to apply bone tissue engineering in the field of endodontic
treatment of apical periodontitis provokes clinical interest but
gives rise to a lot of sophisticated questions which require
more detailed study. [39]. Interaction between bioceramic
implant material and its surrounding tissue is highly complex,
a probably due to non-equilibrium conditions and to the
undefined amount of compounds playing role in these
interaction processes.
To our best knowledge, there are no reports in the
literature about the non-surgical treatment of apical lesions
scaffolding with calcium phosphate biomaterials.

The tissue dynamics of periodontal healing after root
canal treatment are generally not well known. However,
certain deductions can be made from the data available on
normal healing and bone regeneration of marginal
periodontitis using bioceramic implant materials [3].
The patterns of healing depend on several factors two
of which are decisive for the regenerative potential and the
speed with which the tissue cells bordering the defect [20].
A periodontal scar probably develops because
precursors of soft connective tissue colonize both the root
and the periapical zone and may occur before the appropriate
cells, which have the potential to restore various structure
components of the apical periodontium are able to do so[16].
The positive results of this pilot study allow us to
point out that scaffold and biomimetic apical obturation with
calcium phosphate have potential healing effects on the apical
lesions, in chronic apical periodontitis. Nevertheless, there
are a lot of complicated, pending questions with enormous
theoretical, biological and practical impact.
Generally, dental materials used in endodontic practice
are foreign materials with little connection to normal biological
processes. It is time to move beyond our traditional
understanding and begin to lod for new topics with bio
implant-materials and regenerative concepts of treatment.
New ideas are emerging that should be expanded and
exploited [28, 30]. In the light of these arguments, it should
be pointed out that calcium phosphates are osteoconductive
and allow formation of bone on their surface, serving as
scaffold. Processes of cell interaction on scaffolds are highly
dynamic and depend on various parameters influencing cells
activity, and they are not yet fully understood.
CONCLUDING REMARKS
Advancement of scientific knowledge on the genesis,
pathologic nature and clinical behavior of periapical lesion
and its successful treatment in various clinical trials are
beginning to favor non-surgical approaches.
The basic aim of this study is to achieve healing and
probably bone regeneration in the clinical treatment of apical
lesions, using methods of bone regeneration and tissue
engineering.
The positive results of the present pilot study
demonstrate: bone remodeling, biomimetic obturation of the
translucent apical zone and apical foramen.
These findings are promising for the use of calcium
phosphate biomaterials in endodontic treatment of apical
periodontal lesion.
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