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The treatment of pulp in teeth with incomplete apex formation is
still a clinical challenge. In addition to the most widely used medication
for this purpose, calcium hydroxide, other materials have also been
tested. Following the use of synthetic biomaterials for restoring bone
tissue, and considering their recognized biocompatibility and
bioconductivity, our intention was to explore the possibility of using
synthetic biomaterials in the endodontic treatment of permanent teeth
with incomplete apex formation.

The aim of this study was to observe the effectiveness of
hydroxyapatite in apexogenesis of young permanent teeth.

In this study a 100 um synthetic hydroxyapatite material, Beohap
(HAP) powder, was applied to 24 teeth in 3 dogs of 5.5 months of age,
after incomplete root development was established on radiographs.
The treated teeth were radiographed monthly and the radiographs
compared with those of the corresponding teeth on the other side of the
jaw until completion of apex growth. The tested teeth were divided into
three groups according to the method of treatment: the first was direct
pulp capping, the second was amputation of the pulp at the enamel-
cement junction and the third was high amputation at the
radiographically identified point of root growth.

On the basis of radiographic analysis, apex formation was
successful in all test groups, with no significant differences between
the three groups and the controls (Fisher's and 2 test). Deformities of
the root apex were observed in two teeth (25%) in the third group.

Key words: apexogenesis, hydroxyapatite, endodontic treatment,
radiography

INTRODUCTION

Root formation (apical development) has yet to be completed when teeth
erupt in the mouth. Viewed on a dental radiograph, the root of a newly erupted
human tooth is aproximately two thirds of its final length. The root canal system
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(pulp space) appears relatively large, with an apical diameter that is wider in the
earlier stages of development than the diameter in the coronal and middle
portions of its length and with thin and frgile dentinal walls. These anatomic
characteristics are of significance to the clinician because of complications that
can interfere with the completion of endodontic treatment, if necessary. The
endodontic treatment of such teeth carries a poor prognosis and they also
provide reduced support when a full crown restoration is required (Andreasen et
al., 2006).

The apical odontogenic complex consists of the dental pulp, dental follicle
and Hertwig's epithelial root sheath. Injury to the tooth during its developmental
stage can result in damage and functional failure of any or all of these tissues. The
overall clinical effect of such injuries is proportional to the degree and extent of
the damage of the odontogenic complex and the degree and extent to which
repair occurs (Rafter, 2005). Considering the cellularity and vascularity of apical
tissue in a developing tooth as compared to a fully developed tooth, the potential
for recovery and repair subsequent to most injuries is good provided that no
infection occurs (Torneck, 1982).

Apexification and apexogenesis are two endodontic procedures which
attempt to either induce apical repair by initiating a hard tissue barrier across an
open apex or to promote the continued formation of the apical portion of the root
(Rafter, 2005). The success of apexogenesis depends on the integrity of the apical
radicular pulp.

The use of calcium hydroxide pulpotomy has been widely applied and
proved useful in the immediate treatment of exposed pulp in partially developed
permanent teeth (Silva et al., 2006; Accorinte et al., 2006). To a greater or lesser
extent dentine adhesives, bioceramic materials, MTA and materials of bioactive
glass (Shabanshang and Torabinejad, 2000; Salako et al., 2003; Rafter, 2005;
Accorinte et al., 2006) have been employed. Attempts to use enamel preparations
(Emdogain) did not give the expected results in terms of forming a firm tissue
barrier in exposed human pulp (Olsson et al., 2005). Experiments are also
directed towards testing the effects of various materials in combination with
growth factors and growth factors themselves. (Thesleff and Vaahtokari, 1992;
Tziafas et al., 1992; Title et al., 1996). When tricalcium phosphate was used to
induce apical closure in human permanent pulpless teeth with large open apices,
it was found to be no more effective than calcium hydroxide. (White and Goodis,
1991).

Synthetic hydroxyapatite belongs to the group of ceramic biomaterials with
a wide range of use in medicine and dentistry. (Yamamuro and Hench 1990;
Yamamuro and Wilson 1990). It is produced in two forms: non-porous and
porous. It is also available in granules and cubes. The final morphology and
stechiometry of hydroxyapatite depend on how it was synthesized. Numerous
biocompatibility studies showed that all forms of hydroxyapatite are
biocompatible. Hydroxyapatite does not induce a giant cell reaction, considerable
inflammation or elevate serum Ca and P, It is biocompatible with macrophages,
fibroblasts, osteoclasts, osteoblasts and periodontal ligament cells. (Orly et al.,
1989; Gregoire and Menantean, 1990; Cassidy et al., 1997; Markovic et al., 2006).
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In addition to being biocompatible, synthetic Ca-phosphates have an effect
on the formation of the dentine bridge (Mehlich et al., 1987; Alliot-Licht and
Gregoire, 1994). Newly calcified tissue forms directly along the material without
the zone of necrosis characteristic of Ca(OH),. There is an evident change of
morphology in human fibroblasts that come into contact with Ca(OH),: a change
in DNA synthesis, alkaline phosphatase activity and protein synthesis. In the same
study fibroblasts phagocyted HAP molecules of less than 10 um and had the
effect of altering DNA synthesis; however, it was emphasized that the fibroblasts
were not in a phase of differentiation and therefore biocompatibility was never an
issue. Molecules of Ca(OH), and HAP firmly adhered to the cellular membrane.

Comparing the reaction of the pulp to HAP (Osteogen®, a porous,
reabsorbable material based on hydroxyapatite with particles of 300-400 um) and
Dycal® (calcium hydroxide based liner) in lab animals (rats), it was noticed that
new odontoblasts and dentine bridge formation appeared in both instances. It is
interesting that the authors do not recommend the use of Osteogen® for pulp
treating due to the possibility of calcification in the pulp that may impede
endodontic treatment. They believe Osteogen’s® slight acidity, pH=6.4, probably
leads to calcification in the pulp (Jaber et al., 1992).

In addition to the ceramic form of HAP, the cement form of HAP has been
studied since 1991. It is produced by direct crystallization in vivo without heating
to high temperatures in order to obtain a structurally stable implant. Applied
during the procedure in the form of a paste, it becomes a structurally stable
implant with a micro porous structure. (Cassidy et al., 1997).

Recent studies of organic HAP obtained from eggshells for direct and
indirect pulp capping have also given favourable results. (Djordjevic, 2004).

MATERIAL AND METHODS

The aim of thie study was to examine apexogenesis in teeth with immature
roots following the use of hydroxiapatite.

Tested material was synthetic hydroxyapatite, Beohap, powder with a
particle size of 100 um.

Methods: The procedure was performed on single root teeth with immature
roots in three lab dogs of 5.5 months of age. The Animal Ethical Screening
Comitee permission was obtained prior to the investigation. The presence of
permanent teeth was confirmed before the experiment and the teeth proved to be
in different stages of apex development (Figure 1). The tested teeth were divided
into three groups of 8 teeth each.

I - In the first group direct pulp capping was performed. A small 0.5 mm area
of pulp was exposed on the labial surfaces and the pulp was covered with HAP.

Il - In the second group a vital amputation was performed at the cement-
enamel junction and the wound was covered with HAP.

[ll — Teeth in the third group were given high amputations at the point of
immature root growth identified on radiographs. The wound was covered with
HAP and the root space obturated with Silapex and gutapercha.
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All cavities were filled with glass ionomer cement liner and amalgam fillings.
Radiographs were taken after the procedure and every month following until the
completion of root growth.

Controls: Contralateral untereated teeth served as controls.

Monitoring and scoring: The following was monitored with the aid of
radiographs: (a) presence of dentine bridge in treated teeth, (b) retardation of root
growth compared to controls, (c) presence of deformations in the newly formed
part of the apex, (d) any presence of pathology in the periapical region and
obliteration of pulp space with the presence of denticles. Observed parameters
were scored with 1 (yes) and 0 (no). Root growth was evaluated from radiographs.
The evaluation of root growth was recorded by Demijrian’s scale for dental
maturity and tooth age determination (1973) from A to H (Figure 2). Root
formation was considered "complete" (G,H) when the root apex was closed or
near completion and the canal was tapering with near normal root length. Any
other configurations of the root such as wide open (blunderbuss) apex, closed
apex with wide elliptical canal, and shortened root with or without closed apex,
were considered "incomplete" (A-F).

Figure 2. Demjrian’s scale for dental growth and teeth mineralisation
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Root growth was evaluated radographically after direct pulp capping with
synthetic hydroxiapatite Behap. Root formation was completed in all tested teeth
at the same time as non-treated contralateral teeth and scored with "H" according
to Demirijan’s scale. Dentin bridge formation was observed in 6 out of 8 treated
teeth. There were no significant differences in 4 observed parameters compared
to controls.

Beohap powder was applied on pulpal wound after the coronal part of the
pulp was removed. Cavities were lined with glassionomer liners and filled with
amalgam. As viewed on radiographs, root formation was completed in all tested
teeth with the majority of both tested and control teeth being in the development
stage "H" and physilogical shapes. Dentin bridge formation was observed in 6 out
of 8 tested teeth. There were no significant differences in 4 observed parameters
compared to control teeth.

Figure 3. Direct pulp capping with Hap on  Figure 4. Lower left canine tooth 6 months

second and third incisors. Apex after initial treatment: the root apex
growth is completed (stage G). has matured to stage G; dentinal
Incomplete dentinal bridges are walls are thinner compared to the
visible control tooth

Figure 5. First central inisor after pulp
capping: the apex has reached
stage G. On the lateral incisor
pulpotomy was performed at the
point of radiographically visible point
of immature root and filled with
Silapex and gutapercha; the apex
has matured to stage H. Pulpotomy
at the e-c junction was performed on
the canine; the apex growth has
reached stage H
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High amputations were performed and Beohap powder applied at the
immature root end. The pulp space was filled permanently with gutapercha and
Silapex, lined with glassionomer and filled with amalgam. The presence of dentine
bridge tissue was observed in 6 cases. Root formation was completed in all tested
teeth with deformities of root apex present in 4 teeth. Pathological changes in the
periapical region and pulp space was not recorded in any of the cases.

DISCUSSION

By analyzing the radiographs, it was concluded that apexogenesis was
successful in all tested teeth. There were no significant differences between the
tested groups and controls (Fisher's and y? test). Deformities of the root apex were
present in two teeth (25%) in the third group. This can be explained by the
possible damage caused during instrumentation, pulp extirpation and filling
techniques. Dentinal bridges or their parts are visible in almost all pulpotomized
teeth. Radiographs did not reveal any pathology in the periapical tissue,
obliteration of pulp space or the presence of any denticles in the pulp.

Based on the results, it can be concluded that the use of a HAP material
exhibited positive results in the treatment of teeth with incomplete root formation.
The bioinductive potential of HAP led to successful pulp healing and dentine
bridge formation, which is one of the conditions for successful apexogenesis.
These results are promising and there might be an alternative to the routinely used
calcium hydroxide in the treatment of teeth with immature apices, especially after
recent studies showed decreased fracture resistance after filling with calcium
hydroxide (Andreasen et al., 2006). What we have noticed during the experiment,
is that defining a suitable filler for easier manipulation would be helpful in clinical
application. Other studies are also pointing out that right filler, the vehicles and the
right combination of these agents with the tested material might be important (Mc
Donald et al., 2004). Comparing the influence of various biomaterials and
combinations thereof (TCP+HAP, TCP+Mg, OCP-octocalcium phosphate) and
Ca(OH), on forming a dentine bridge in lab animals (porcine deciduous teeth), the
best results were obtained with a mixture of TCP and HAP with a quicker formation
of a superior quality dentine bridge than with other materials. (Jean et al., 1998).
Studying Osteogen® collagen and Ca(OH), as possible apical sealants. Another
group of researchers recommend using HAP in combination with collagen for this
purpose due to the anticipated results, the stability of the combination of HAP and
collagen and the ease of its application (Pissiotis and Spagberg, 1990). This
combination also showed favourable results for augmenting the alveolar ridge,
which gave rise to its possible application in endodontic treatment. (Martinez and
Araujo, 2004).

The canine mandible model has been used extensively to investigate many
aspects of healing following oral surgery, as well as to study the applications of
various dental materials and lately, growth factors (Title et al., 1996; Shabanhang
and Torabinejad, 1999; Domingues et al., 2003). Whilst this model has proved
very useful, it has some shortcomings: the healing process is considerably
shorter than in humans and care must be taken when extrapolating results from
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this model to the human. There also appear to be wide variations in the response
to wound healing of various breeds of dogs and their susceptibility to periodontal
disease. The dogs used in this study were all cross-bred. All animals were in good
health throughout the experiment. The radiographs taken at the beginning of the
experiment showed all roots to be with wide open apices. When deciding about
the clinical approach and vitality of the pulp in the developing tooth, radiographic
interpretation can be difficult. A radiolucent area that normally surrounds the
developing open apex of an immature tooth can be difficult to differentiate
between this finding and pathologic radiolucency resulting from a necrotic pulp.
Comparison with the periapex of the contralateral tooth maybe of help.

Hydroxyapatite is a standard material used in implantology (Cheong and
Haak, 1988; Yamamuro an Hench, 1990; Yamamuro and Wilson,1990). Research
results concerning the reaction of dental pulp to HAP and HAP-induced dentine
bridge formation following pulpotomies in monkeys have been contradictory at
times. (Gregoire and Menentean, 1990). However, in the same animals, when
HAP was used as a direct pulp-capping agent, it failed to produce complete
dentinal bridges (Heys et al., 1981). In order to study the osteogenic action of
hydroxyapatite on dental pulp, direct pulp capping was performed in rats. After 28
days they observed globular dentine tissue of irregular distribution. However,
Osteogen was not reccomended for pulp capping purposes in humans because
of areas of calcification that would make any future endodontic treatment difficult.
(Jaber et al., 1992). In our study, HAP material was introduced at 3 different levels
of pulp exposure and the results are promising. Apexogensis continued in much
the same fashion as in the untreated control teeth; slight deformities were noted
on radiographs only in the third group. Areas of calcification in the pulp space
were not recorded.

Apexogenesis involves removal of the inflamed pulp and the placement of
medicament, usually calcium hydroxide on the remaining healthy pulp tissue
(AAPD Clinical Guidelines, 2004). Traditionally this has implied the removal of the
coronal portion of the pulp. However, the depth to which the tissue is to be
removed should be determined by clinical judgment. Only inflamed tissue should
be removed, but the difficulty in assessing the level of inflammation is widely
acknowledged (McDonald et al., 2004). For that reason, the removal of the pulp
tissue in this study was performed on three different levels including direct pulp
capping, all with a succesful outcome. The Mann Whitney Test was used for
statistical analysis in this study. Teeth with pre-treatment shapes which were
convergent or parallel, all resulted in physiological shapes after treatment. Apical
closure was obtained in 100% of the cases studied a further step would be to
conduct histological studies and specific tissue responses after use of the tested
material.
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RENDGENOLOSKA PROCENA APEKSOGENEZE NAKON PRIMENE
HIDROKSIAPATITA

MARKOVIC D, PETROVIC VANJA, KRSTIC N, LAZAREVIC-MACANOVIC MIRJANA
i NIKOLIC ZORANA

SADRZAJ

Tretman pulpe u vreme kada jos uvek traje rast i razvoj korena predstavlja i
dalje klinicki izazov. Pored kalcijum hidroksida, najceS¢e i najduze upotrebljava-
nog medikamenta u ovakvim sluCajevima, svakodnevno se testiraju i mnogi drugi
materijali. Nakon $to su se sintetski biomaterijali pokazali uspesnim u restauraciji
kostnog tkiva uz njihovu priznatu biokompatibilnost i biokonduktivnost, nasa
namera je bila da istrazimo moguénost primene hidroksiapatita kao sintetskog
biomaterijala u endodontskom tretmanu zuba sa nezavrSenim rastom korena. U
ovom istrazivanju primenjen je Beohap, sintetski hidroksiapatit, prose€ne veliine
Cestica = 100 um, aplikovan na 24 zuba sa nezavrSenim rastom korena kod tri psa
uzrasta 5,5 meseci. Uzrorci su kontrolisani radiografskii poredeni sa kontralateral-
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nim netretiranim zubima do zavrSetka rasta korena. Tretirani zubi su podeljeni u tri
grupe: u prvoj je uradeno direktno prekrivanje pulpe, u drugoj je pulpa uklonjena
do cementno-gledne granice, a u trec¢oj je pulpa uklonjena do radiografski vidl-
jivog vrha korena. Na osnovu analize rendgen filmova utvrdeno je da je formiranje
vrha korena bilo zavrSeno u sve tri grupe bez statistickin znaCajnosti razlika
(Fisher's i x? testovi) Deformiteti vrha korena uoéeni su u 2 uzorka u tre¢oj grupi
(25%).



