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INTRODUCTION

The closing process of the apical opening after the endodontic
treatment of the pulpless immature teeth represents an intersting
pathohistological problem in dental science. The knowledge of the
histological structure of the subsequently formed tissue in the apex
is also necessary for determining the adeguate therapy and therefore
the study of this problem is of a definite clinic importance. The former
histological investigations of the human teeth showed varicus results.
The wide apical opening of the immature teeth is closed by an uns-
pecific cement-like tissue after a succesful treatmen according to a
group of authors. (Binnie and Rowe, 1971, Vciinovic, 1966 i 1972)
Heisthresay demonstrated that the apex could be subsequently for-
med by an irregular dentine tissue. The experimental research done in
the animal teeth proved that the apical part of the root is closed by
the tissue whose structure depends on a kind of appled endodontic
treatment: the subsequenti formation of the roots is done by the pro-
cess of irregular odontogenesis and by the irregular dentin tissue after
the vital amputation, while the apex is closed by an unspecific cal-
cified cement and immature bonelike tissue in the complete absence
of the pulp. (Vojinovic 1974, Dilewsky 1969)

The more detailed study of the histological structure of the ftis-
sue which after the endodontic treatment closes the apical opening is
presented in this report. Besides, both the origin and the way of for-
ming of this calcified tissue has been tried to be axplained b ymeans
of the comparative histological analysis in various period of chserva-
tion.

{(*) Faculty of stomatology and Faculty of medicine, University of Belgrade, Yu-
goslavia

— 289 —




MATERIAL AND METHOD

The experimental material in this study consisted of 18 roots of
permanent teeth in young dogs at the moment the apices were not
formed completely. The total extirpation of the vital pulp was done
under the general anesthesia {10 % thiatbarbitone sodium, 5 ml/kg
body weight intravenously), and under the aseptic condition. The ca-
nale of 16 roots were irrigated by saline solution, dried with a cotton
pallet without any medicaments and filled with the lodoform-Chlum-
sky paste (lodoform powder and Chlumsky solution: phenol 30 gr,
camphor 60g, absclute alchohol 10g.) at the same time. The canals
in two roots were exposed to bacteria from the mouth cavity within
the period of 10 days. After this period the canals were irrigated and
filied by the above mentioned paste.

RESULTS

Radiclogical analysis

Radiological analysis proved that the apical part of all the roots
closed within the observation period of 265 days by the calcified
tissue which, judging by the radiograph was less mineralized than
the regulary formed hard dental tissues. The subsequently formed
apex was separated in all the cases from the surrounding bone by
the irregular spacium. The closing of the apical opening was gradual
and the first signs of the mineralisation were visible in the radiographs
2-3 month after the experiment had been done. (fig 1.)

Histological analysis

Histological analysis of the reparation tissue in the apical ope-
ning was done within the observation period of 45-60 (6 roots) of 105
days (2 roots) and of 265 days (10 roots)

Observation period from 45 to 60 days

Histological analysis of the apical region in the observation pe-
riod from 45 to 60 days showed that the wide apical opening was
filled with thé new proliferous abundantly vascularised granulation
tissue, This tissue represented a continuation of the periodontium as
well as of the connective tissue of the near by bone cavities. (fig.2)
There were a great number of undifferentiated cells in it. while lim-
phocytes, plasmocytes, rare mastocytes and macrophages formed a
thick cellular protective barriere towards the filling paste (fig.3)

The more scarce the fibres elements of this granulation tissue
were the deeper they were located in the lumen of the canal.

There was a blood clot to be frequently seen over the granula-
tion tissue and much deeper in the lumen of the canal there was a
reticular net. (fig. 3)
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Fig. : 1 PRadiograph of experimental dog's
teeth before the vital extirpation. The deve-
lopment of the roots was not completed. B}
- The same teeth immidately after filling of
the canals. C) The same testh six month af-
ter the pulpectomy. D} The same teeth 265
after the plup ectormy. Apices are closed
with the reparative hard tissue in both teeth
despite bactera present in one of them (the
laft one) E) Control teeth requlary deve-
loped.

Fig- 2 The apical opening 60 days after vi-
tal extirpation of the pulp a) Granulation
tissue which filled the apical opening d)
Dentine. t} Reparation calcified tissue
(Formol 4 %, Ac. Formici 17 %, H&E 85x}
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%@Fig- : 3 The granulation tissue which filled
the apical opening 60 days after the yital ex-
tirpation. ¢) Cellular barriars t) Blood clot
n) Reticular net towards the filling paste
[formol 4 %, Ae. Formici 17 %, HZE 85 x)

There were dentine fragments of various sizes, shapes and lo-
cations inside the granulation tissue. Some of them were surrounded
by the cells similar to odontoblasis and some of them served as the
tissue bases for the apposition of the cement-like and immature bone-
like masses, which coated them completely. (fig 4) The fragments
of the cement-like tissue also surrounded by the cells were seen heside
the dentin-like fragments.

Observation period of 105 days

The apical opening in this period was partly closed only hy the
cement-like tissue. In some cases this tissue was formed next to
the walt of the canal as a separately formed product, but in some
other cases it represented the continuation of the normal cement.

In the central part of the calcified tissue there were some empty
spaces and some with the cells in them. The calcified tissue was
surrounded by the formative cells. Some cells were coated with the
mineralized mass secreted by themselves. (fig 5)
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Fig. : 4 Dentone fragments incorporated in
the cement - like tssue. d) Dentine, g)
Granulation tissue which filled theapical ope-
ning 60 days after the experimental pulpec-
tomy. f) dentin fragments. ¢) Cement - li-
ke tissue

(Formol 4 %, Ac. Formici 17 %, 175 x)

Fig. : 5 Apical opening after 105 days af-
ter thewital extirpation of the pulp. ) Re-
gulai dentine. b) bone tissue. p) periodon-
tium. ¢) Connective capsule. f) Reparation
calcified tissue.

(Formol 10 %, Ac. Formsiel 17 %, H&E 30 X}
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The apical part of the canal was in this period filled by the same
granulation tissue as in the former one, but with a greater number of
connective fibres and a bigger calcified trabecular substance (fig 6).
The formerly described protective barriere could he seen towards the
filling paste in this observation period.

A visible tendency of the complete closing of the apex and its
separation from the surrounding bone tissue by the connective cap-
sule could be clearly perceived in all the sections (fig b)

Observation period of 265 days

The histological analysis showed in this period of time that the
apical opening in all the cases was closed by the calcified tissue af
the extremly irregular structure. Sevaral types of the hard tissue could
be recognized in it. The greatest part of this calcified conglomerate
consisted of the irregular and immature bone and cementlike tissues.
Fragments of dentine were fitted into this irregular calcified mass.
Visible cavities occuered here and there filled with the tissue of an
indefinite structure (fig. 7)

The calcified conglomerate closing the apical opening was clearty
separated both from the regulary formed dentine and from the surro-
unding bone. It was separated from dentine by the surface on which
dentine tubules interrupted and by the connective capsule from the
surrounding bone. (fig. 7)

A thinner or a thicker layer of the uncalcified connective capsule
with blood vessels and cells was recognized in all the cases towards
the root canal (fig. 8). The blood clot was there over it and reticular
net towards the filing paste. The formely described layers of the
newly formed tissue (fig 9) which closed the apical opening after
the therapy were found out after 265 days in all the experimental
roots of the teeth both in those where the complete extirpation of
the pulp was done and in those which were treated as apical periodon-
titis.

DISCUSSION

Qur experimental investigations, described in this paper proved
that the further forming of the rcot does not continue by the process
of the regular odontogenesis in the pulpless teeth. The presence of
odontoblasts was not seen in any of the histological sections except
around small seperated dentine fragments inside the granulation tissue
which in the early observation period filled the apical opening. The
newly formed part of the apex was clearly separated in all the sec-
tions both from dentine andthesurrounding bone which means that
it formed itself as an independent calcified product. (fig.7)
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The structure of the reparation calcified tissue in the apical
opening was of the same character in all the roots no matter how

Fig. : 7 The apical opening 265 days after
the extirpation of the pulp. ) Regular den-
tines 1) The reparation caleified callous,
which completely closed the apicat apening.
i) Cavitles inside the cslcified tissue ¢)
Connective capsule. ) Sutrounding hone
tissue.

(Formo} 10 %, Ac. Nitrici 5%, H&E 30 X)

Fig. : 6 Apical opening 105 days after the
vital pulpectomy. t} The calcified tissue
of trabecular structure inside the granula-
tion tissue {g) ‘which filled the apisal opening.
d) Regular dentine. s) Surrounding bone tis-
sue,

(Formol 10 %, Ac. Formici 17 %, H&E 30x)

i
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they were treated: as apical periodontitis or by the method of vital
extirpation. The identical arrangement of each layer of the reparati-
on tissue in various teeth was also noticed (fig. 7,8,9) This proves
that the reparation process in the apical region of the immature teeth
has also its own and determined course in the absence of the radi-
cular pulp.

The conclusion can be brought that regarding to the presence
ana the arrangement of the blood vessels and cells, the innervation
and vascularisation of the newly formed callous . in the apical opening
are achieved through the labyrinth of the empty spaces inside the
calcified tissue. The calcified callous, which in the later observation
period closes the apical opening is formed, judging by the resulis of
our experiments, by means of the formative activity of the celis of
the granulation tissue which fills the apical part of the canal imme-
diately after the experiment was performed. (fig. 2,3) Since this gra-
nulation tissue always represenis an extension of periodentium it can
be assumed that it derived from the periodontium itseif. The young
cells with the potention for forming structurally different calcified tis-
sue {dentine, cementlike and bone-like) under the influence of the
moderate irritative factors.

The calcified tissue becomes gradually bigger in its volume at
the expense of the granuiation tissue which in the later observation
period remains only towards the filing paste. (fig. 8)

The appearance of dentin fragments in this reparation tissue
could be explained in this way: a part of them is formed as a product
of the mechanical manipulation in the canal of the root and the others
as a product of the formative activity of the odontoblast-iike cells.
Odontoblasts in the granulation tissue represent an interesting feno-
menon. They may be supposed to have developed from undifferen-
tiated celis which possessed a high potention of differentiation into
various kinds of formatively active cells. The probability that the re-
gular odontoblasts separated from the pulp tissue remained in the
apical part of the canal after the extirpation of the radicular pulp is
very smail.

The fenomenon that the apex obtained the form similar to  re-
guiar root can be explained by the presence of the connective capsule
which ‘was found arround each newly formed root and probably
conditioned its shape. (fig. 5,7)
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Fig. : 8 The apicai opening 265 days after
the vital extirpation of radicular pulp. r) Re-
gular dentine, t) Calcified reparation tissue
which filled the apical opening. u) Uncalei-
tied tissue laver towards the filling paste
(Formal 10 %, Ac. Nitrici 5 %, H&E 30x)

Fig. : @ The different layers of the tssue
which closed the apicel opening 265 days af-
ter the vital extirpation.

A) Alveolar bone tissue. B) Connective cap-
sule. C) Pericdomtium D) Cementum. E)
Dentine. F) Cavities inside the reparation
calcified tissue C) Cement . like reparltion
tissue which filled up the apical opening.
H) Unculcified layer towards the filling pas-
te. J} Blod clot. K) Reficular net

It could be conciuded according to the pathohistological analysis
of the reparative: process in the apical region presented in this paper,
that the endodontic treatment of the immature teeth should be direc-
ted in the first place towards the removal of all irritative factors out
of the tooth canal which could prevent the formation of the repara-
tion granulation tissue in the apical opening.
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The présence of the bilood clot above the granulation tissue (hg.
3) in the early observation period points to the fact that special care
should be dedicated to it, as being a protective barriere during the
therapy.

Our clinical expirience proved that the formation of blood clot
as well as its further protection from the irritative factors in the canal
of the root were the fundmental prerequisite of the closing of the
apical opening by the calcified tissue (Voinovig 1971)

Special attention should be paid to the choice of the filling paste
which kas a direct potential effect upon the formation of the calcified
calious. lodoform —Chlumsky paste as this experiments proved, has
somewhat stronger irritative effect than required which is confirmed
by the presence of thick layer of the protective cells towards the paste
itself. (fig 3) The recent experiments proved, has somewhat stronger
irritative effect than required which is confirmed by the presence of
thick layer of the protective cells towards the paste itself. (fig 3)
The recent experiments positively indicated that the paste with cal-
cium hydroxide ise more convenient in the treatment of the immature
teeth. {Vojinovic in press)

It can be concluded on the basis of what has been stated so far,
that the endodontic treatment of the immature pulpless teeth is to be
specific and adjusted to the reparation process in the periapical region.
This is the only way to reach the final aim in the endodontic therapy
of immature pulpless teeth, that is the closing of the wide apical
opening,

NORMAL OLGUNLUGUNA ERISMENMIS VE PULPASI ALINMIS
DISLERIN KANAL TEDAVILERINDEN SONRA APEKSLERININ
KAPANMASI VE TAMIR PROCESI

Dighekimlijinde normal algunluguna erismeden pulpasi alinmig
olan diglerde yapilan kanal tedavilerinden sonra apekslerinin kapanma
progesi histopatolojik bir sorun teskil eder. Kanal tedavisini miteakip
apekste tesekkill eden dokunun yapist hakkinda bilgi sahibi olmak, ay-
ni zamanda kullanilacak tedavi ydnteminin saptanmas! bakimindan da
Snemlidir. Bu nedenle bu sorun Uzerindeki aragtirmalarin kesin ofarak
klinik dnemleri de séz konusudur,

Materyet ve metod:

Bu aragtirma apeksleri heniiz kapanmamis olan 18 geng kdpegin
siirekli disleri izerinde yapimigtir, Genel anestezi ve aseptik kogullar
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alunda diglerin pulpatan gikanimistir. 16 tane kék kanall tuziu su eri-
yigi ite yikanip herhangi bir ilag kullandmadan  kurutulmus ve food-
form-Chlumsky macunu ile doldurulmustur, iki kokin kanallarina 10
glinliik bir siire iginde adiz ortamindan bakteri bulasmistir. Bu siire-
den sonra kanallar yikanmis ve yukarda sézii gecen macun ile doldurul-
mugtur.

Bulgular:

Radiografik incelemelere gére 265 giinlik bir gézlem siiresi igin-
de apeksler/kapanmig ve olusan apeks gevredeki kemik dokusundan
diizglin olmayan bosluklarla ayriimigtir. (Sekil 1)

Histolojik incelemeler:

45 - 60 giinlik gozlemler: Bu sire iginde genis apeks agikhd: kan
damarlarindan zengin prelifere olmus bir granulasyon dokusu ile dol-
mustur. Burada periodonsivum ve bad dokusu devamlilk gdstermek-
tedir {Sekil 2). Dedisiklige ugramamis hlcreler fazla sayida vardir.
Lenfosit, plasmosit ve az miktarda mastosit ve makrofajlar da dolgu
maddesine dogru kalin, koruyucu bir hiicresel tabaka olugiurmuslar-
dir. (Sekit 3)

Granulasyon dokusu igindeki fibrilli elementfer kanalda daha de-
rinde yer almiglardir.

Granulasyon dokusu Uzerinde ekseriya bir kan pihtisi goriilmek-
tedir ve kanal icersinde cok daha derinde yer almis olan retikiller bir
ag vardir. {(Sekil 3)

Granulasyon dokusu igersinde ayrica cesitli gekillerde ve biiyik-
likte dentin parcaciklari vardir. Bunlarin bazilari odontoblast’lara ben-
zer hiicrelerle cevrilmigtir ve bazilan olgunlagmarmis kemik veya se-
mente benzer kitlelerin birtkimi igin dokusal bir zemin gbrevi yapar-
lar. (Sekil 4)

15 giinlik g&zlemler:

Bu siire iginde apeksler semente benzer bir doku ile kismen ka-
panmis durumdadir. Bazt hallerde bu doku ayr olarak, bazi hallerde
de normal sementin bir devami imis gibi gozikmekiedir.

Kalsifiye dokunun orta kisminda bazi bogluklar varcir. Bazi du-
rumlarda bu bogluklarin igi hiicrelerle doludur. Kalsifiye doku sekil
lenmig hiicrelerle sarifmigtir. Bu hiicrelerden bazilan kendi ifraz ettik-
teri mineralize bir kitle ile kaphdir. (Sekil B)

Bu slre iginde kanalin kdk kesimi, dnceki siirede olduu gibi, ay-
nt tip granulasyon dokusu ile dolmugtur. Fakat icinde baf dokusu [if-
leri fazladir ve kalsifiye olmug trabekiler madde daha biyiGktie {Se-
kil 8) Onceden tanimianan koruyucu tabaka yine dofgu maddesine
dogru gorilebilir, '
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265 ginlik siire igindeki gozlemler:

Bu silire icinde kot vak'alarda apeks agikhigr asgi derecede diiz-
giin olmayan bir kalsifiye doku ile kapanmstir. Bu kalsifiye doku igin-
de gesitli sert dokular tanimianabilir. Bunlann biyuk cogunulju diiz-
giin olmayan olgunlagmamis kemik ve semente benzer dokulardir, A-
radaki bosiuklara dentin pargaciklan yerlegmigtir. Orada burada gori-
len bogluklar da yapisi kesin olmayan bir doku ile doludur (Sekil 7)

Bu kalsifiye olmus karmakarisik doku gerek diizglin olugan dentin
dokusundan ve gerekse gevredeki kemikten belirgin bir gekilde ayrt-
[akilir. _

Her vak'ada kok kanalina dofru iginde kan damailar: bulunan in-
ce veya kalin kalsifiye olmamig bir bag dolkusu kapsili vardir. (Se-
kil 8). unun iizerinde kan pihtisi ve dolgu maddesine dodru da reti-
kiler ag bulunur. Tedaviden sonra apeks agikhigin kapatabilmek igin,
daha tnceden de tanimlanan ve yeni olusan doku tabakalari, 265 gnu-
lik bir gbzlem siiresinden sonra gerek pulpalari tamamen alinmig dig-
lerde ve gerekse apikal periodontitis’li diglerin tedavilerinden sonra dai-
ma mevcutiur.

Sonug: .

Olgunlagsmamis diglerde yapilan kanal tedavilerinin kendine 6zel
bir anlami vardir ve tedavi plan:, periapikal bdlgede tamir progesine
uygun olarak diigiintlmelidir. Bu tip vak'alarda endodontik tedavinin

“amacina erigebilmesi icin tutulacak yegane yol budur.
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