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INTliODUCTION 

In general pathology and in surgery the significance of blood 
and the blood clot has been recognized (Lor in-Eps te in  1927, Friin- 
kel 1929, 1931, and 1932, Carrel 1930, and Allgower 1949). In  the 
healing of bone fractures the blood clot is considered a n  cx- 
treniely important factor ( W e i n m a n n  & Sicher 1955, and Acker- 
man 1'359). Therefore, it seeins strange that in endodontic treat- 
ment bleeding is more or less looked upon :is a complication to be 
feared. The writer, for one, has earlier (1958) inaintained that a 
root filling should never be carried out if there are signs of even 
:I slight bleeding in the canal. 

However, in an experimental study on the effect of EDTA (Ny- 
garrrd iisfby 1957) a case was observed, which suggested that  this 

I t  was decided to study how the periodontal tissue would react 
if the entire pulp was removed froiii the main canal and the 
apical part subsequently allowed to fill with blood. The aim was 
primarily to see if the results would have any significance in  
clinical endodontics. At the same time one might expect that  an  
experimental series planned in this way would reveal details of 
general interest with regard to  the organization of a blood clot. 
When the latter has connection with live tissue at  a siiiall well 
defined border only, it should offer possibilities for a histologic 
study of the dynamics of the organization processes. Finally, the 
purpose of the investigations was to lest the effect of EDTAC on 
the periapical tissues. 

concept needed re-evalu a t' 1011. 



:I ,! 

r l  1 Iic inwstigat ions were carried out  on anini:ils : ~ n d  1iuiti:in 
l,ciitg\: 
I .  I n  I1irc.e 1ic:iltliy dogs, 8, 8'/2, :ind 11 iiiontlis of  age, 8 teeth 
were c-stmctetl ~ i i ider  Neui1)ut:il :inestliesin. T h e  al'ices were cut 
o f f  w i t h  :t ilia tiionti disc, whereupon the teeth mere itniiiedi:rtely 
rel)lanted. , l i t e r  re-insertion of  the tooth, the pulp ch:rinher I\ 
01)etic~1 niid the pulp re ino~ed.  No iiiedic;ittients were eiiiployetl 
:ind no effort :IS 1ii:ide to work :1se1)ticnl Ig. Afte r  pulp re ino~al ,  
l l t c  ccr\ ic;tl 1):ti.t of the  c:in:il \\:IS p l t i g ~ e d  with :I guti:iperch:i 
]joint, coated with  :I paste 1ii:ide froiti  Iiloroperka N - 0  (coiiiposi- 
tion to  1~ desciibed l a t e r ) .  The csperinietits wc1.e perfortiietl on :I 
i n i n o r  p i r t  o f  :I tnatcri:il used in :I study oii rep1;int:ition o f  teeth 

After obserwtion periods of 42, 51, ti0, 7 0 ,  and 1019 days, the 
jau  \ were t:i l<cxii  out, fixed in 10 % neutral  forin:iliii, :ind tlecnlci- 
lied in 5 2  '% nitric acid. 'l'hey were then cut  in  proper j)ieces, 
which were erii1)edded in par:iffin and sectioned in series piir;ilIel 
to the froiit:rl, respectively sagittal plane. l 'he sections were sl:tined 
with 1ietti:itoayIin-eositi or with Goltlnrr's (1 938) modification of 
M t r s  s or1 ' s  c ( ) t i  t i  ec t ive tissue s t a i t i  i t i  g . 
2 .  I n  9 I i i i t i i a t i  beings, their age wry ing  from 21 to  42 years, 17  
tevtli were treated. The (1i:igtioses were either clinic:illy intact 
pdp, o p i  clironic pulpitis, partial  iiecrosis o f  the p~ i lp ,  or pulp 
n ec r o si Y wi t It :I 1 )e  r in pic :i I r :id ic )I tic e I I t :ire ;I . 

l'rior to :I description o f  the  treatment,  iiierition will he nixie  
o f  four o f  the etiiployed agents, viz., EDTAC,  a forin:ildeliyde 
solulioii, Iiloro!)erka N-0, :ind thc culture ~nediuni .  

( I,oc.  & ~ l ' c t r r h f ~ l l g  1961 ) .* ) 

l'he cheriiic:iI, EDTAC, represents a fur ther  clevelopment of  
the E1)'L'A solution previously suggested by the  writer for use 
in endodontic trc:itiiient (1057) ,  and :ilso used in soiiie c:ises 
iii the present work. Its  foriiiula is  a s  follows: 

ISI)TX (di-sodiuiit salt o f  ethylenediniiiine tetrn- 
acetic :icitl) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  143.00 g 
CE'i'A \'lA>N@ ((:etyl-trit~retliyl-~i t i i I r i o t i  i u I ti hro- 
tiiitle) . . . . .  . . . . . . . . .  . . . . . . . . . . . . . . . . .  0.84 g 
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NaOH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  q.s. 
Distilled water . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ad 1 litre. 
The pH of the ready made solution should be 7.4. -The pH 
of EDTA in aqueous solution varies considerably, and so 
does, consequently, the quantity of NaOH required. (Usu- 
ally 10-15 g solid NaOH is required per litre ready made 
solution). The quantity of EDTA is given as waterfree salt 
(mo1.v. 336.1). 

The solution is a chelatins agent which presumably effects a 
superficial deiiiineralization of the dentin, thus  facilitating 
the iiistruinental cleansing and widening of the root canal. 
The quarternary aiiiiiioniuiii compound, CETAVI,ON@, has 
been added to render the solution bactericidal and to lower its 
surface tension. 

b)  For the sterilization of the root canals in  the necrotic cases n 
4 % fornialdehyde solution was eiiiployed according to  the 
following forinula: 

40 % formalin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 cc 
Aqua dest. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90 cc 
N:iH,T’O,. 2 H20 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.4 
Na,HPO, . 2 H,O ............................ 0.828 Q 

c)  Kloroperlta N-0 is a powder iiianufactured according to  the 

Balsamuin canadense . . . . . . . . . . . . . . . . . . . . . . . . . .  19.6 % 
Resina colophonii . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11.8 5% 
Guttnpercha alba . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19.6 % 
Ziiici oxydurn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49-0 5% 

following formula: 

When the powder is iiiixed with chloroform, a paste is forin- 
ed, which sets as the chloroforin evaporates. The paste is in- 
tended for use in conjunction, preferably, with guttapercha 
points, and will adhere to these and to  the root canal walls 
even if the canal is filled with blood. The setting also takes 
place uninfluenced by the presence of blood or serous exu- 
date. Previour, investigations seeiii to  indicate that the harden- 
ed paste is tolerated by pulp and periodontal tissues as  a 
neutral foreign h d y  (Ngytrnrd i i s thy  1044, 1957). 

29 - A r t a  odont .  Scnnd. V o l .  19 



X X  

t l  ) All c:ises excel’t one were tested hacteriolo~ically.  T h e  101- 
I ow i i i  g c‘ LI 11 tire 111 edi u in  m i  s eiiiployed : 

1Ir:iin heart infusion (dehydrated) . . . .  I)IFCO l8..j fi 
. . . . . . . . . . . . . . . . . . . . . . . . . .  1 .o :: l ~ : l c ~ o - : l ~ : l r  9 .  

I A:ys t ci n e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ()  .,5 g 
Ye:1st exLr:tci . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  1.e ;  2 
Hytlrosulfitc iiiediuiii* J . . . . .  . . . . . . . . . . . . . .  .N.O 1111 

I V  :I I t’ 1’ . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  500.0 In1 

* ) Il! / t lrosi i l f i tr  mcdiuni: 
fh~ef estr:ict . . . . . . . . . . . . . . . . . . . . . . . . .  1)IFCO 1 5  fi 
I’c 1) I () 11 c 
N:rCI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  2.X)  g 
f3:lcIo-:igar . . . .  . . . . . . . . . . . . . . . . . . .  IIIFCO 0.3 fi 
Yeast cslr:ic.i . . . . . . . . . . . . . . . . . . . . . . . .  ,, 3.7,5 fi 
lkrc to-tle\trose . . . . . . . . . . . . . . . . . . . . . .  ,, 2.7.5 fi 
Sodiuinlivtpl.o.;iilt’itc (N:i2S20,  . 2 H,O 1 . . . . . . . . . .  0.5 g 
or N:i2S,0, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.4 2 
x re 1 11 4’1 c ne 1,111 c . . . . . . . . . . .  . . . . . . . . . . . . . .  0.001 1111 

- r  . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  [ . < I  1’ n 

(To  <NO 1111 of iiietliuiii :itlcl 1 1111 of :I 0.1 72 solution of 
iiieiliylcne bluc).  
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As it is iiiuch less radiopaclue than tlie latter, an  apparent dis- 
crepancy between the roentgenograms and the sections with re- 
gard to  tlie extent trf the root filling may he encountered. 

In  three cases a parlial pulp Pxtirpcrfion was performed in order 
to compare the results o f  the two different procedures. The treat- 
ment differed only in  that respect that in  the three cases en- 
deavor was made to leave the apical part of the pulp in sitn.  

In the necrotic cases the  debrideiiierit was carried out in  two 
sittings. Eetween the sittings the entire canal contained a suspen- 
sion of SulfathiazoleB in LucosilB, introduced with a Lentulo 
needle in  the first sitting after cleansing to the foramen. For 
niedication a 4 % formaldehyde solution was used on a paper 
point sealed in  the canal for some days. The filling of the canal 
w a s  carried out in  exactly the same way as was described for the 
vital cases, but - with the exception o f  one case - not until the 
bacteriologic tests perniitted the assumption that  the canal hiid 
been rendered sterile. The tests comprised : 

1 ) culturing of the deposited paper point originally impregnated 
with formaldehyde solution, whose bactericidal effect is ex- 
hausted after soine days, 

2 )  culturing of a paper point inserted to the foramen and left 
in sitri for some iiiinutes, 

3 )  culturing of scrapings froin the root canal walls in  the for- 
aminal par t  of the canal. 

The observation periods were arbitrarily chosen to vary from 
13 days to 3 %  years, and there were no  clinical syniptoiris in  any 
of the cases during the ohservation time. The speciinens for 
examination were obtained by surgical reinoval of the apices with 
their surrounding structures, according to  the writer's inethod 
(1039, 1944, and 1957) .  In  soine cases, where the surgical reiiioval 
for various reasons could not be performed, the teeth were ex- 
tracted for examination. The specimens were fixed in  10 % 
neutral formalin, decalcified in  5.2 % nitric acid and embedded 
either in  Parlodion or paraffin. After serial sectioning, the stain- 
ing was carried out with hematoxylin-eosin or with connective 
tissue staining according to Masson and modified by Goldner. 



Findings in the animal autopsy material 

I t  w:i\ cst:iblished that  :dl the root c:inols contained live tissuc. 
' 1 '11~~  cxtent o f  this tissue, a s  well :IS its structure, \:tried con\itler- 
d) ly  I'rorll case to cuse. 

,, I hc lengtli, tiie:isured from what w i s  consitlei~ed the act u:11 
loixitteii, ranged f r o m  300 tnicrons (Fig. 7 ! to 5 niillinieters 
(Figs. 5 :ind 6 ) .  As to the structure, one c:is(' showed pure g r m u -  
I:ition tissue (Fig.  31, while in others there seeinetl t o  he :I tcli- 
dency to  :I tr:itisfortn:ition into fihrous tissue (Figs.  2, 4, 7 ,  ant1 
8 ) .  Corn~iioii for : i l l  these cases \\:is the  presetice oT necrotic. tissue 
wiiiiiants i n  the root c:iii:il, obviously d u e  t o  :I f:rulty tlehrideiiient 
of Ihc  can:il :ifler the pulp ext i rp t ion .  The granu1:ition t is\ur 
con t:rincd ~ i~ i i i i e rous  cnpillaries from which sprouts were hranch- 
i t  i g o f' f ,  :I i i t l  c I () se t () the e 11 (1 o t h el i u 111, ti n d i f f e  rent i:i t ed per i va s- 
citlar cell\ were obser\etl (Fig.  4 C D ) .  Soiiie of the capillaries 
aceiiied to br open to the einpt j  sp ice  in  the cnn:il ;ind extra- 
1 asatcd crythiwcytes were obser\ etl (Figs.  2, 3,  and 5 HI) ) .  

I n  the rest ot the cases the root c:iiial contained in its apical 
part cillier fihrous connective tissue (Figs. 1 :rnd t i )  or one re- 
soiiibling l)ul1) tissue subitiitted t o  an inadequate fixation (Fig.  -5 !. 

'\I1 the root ends showcd signs of  resorption having lahen 
1)l:icc after t h e  replantation. The result of this y:iried consitlrr- 
:ihly in  t h e  different cases from jus t  n rounding off (Figs. 1, 2, 
1, 7 ,  :ind 8 )  to  ii  reinoval of nearly the entire root end, also hy 
rc~orpl ioi i  froin within the c:iii:il. The edge-like form:rtions crent- 
ctl hy these processes were etiibetltled in :I normal fihrous tissue 
(Figs. 3 and 6 ) .  He:iling and repair had occurred in the apical 
1)eriodoiitiuiii o f  those teeth which cont:tinecl organized tissuc 
(Figs. 1, 5,  mid 6 ) .  Their p r iodon ta l  iiieitibr:ines coiuprisetl 
thick, ttiore or less functionally oriented f i t r e  bundles, and no 
inf'l:inini:itory inanit'est:itioiis. 1)eposition of ceiiientuiii on thc 
rcsorbed root ends w a s  obseryed, and in  one case :I new apes,  not 
t o  I ) c  distinguislied froill :i nortila1 one, had heen formed (Fig.  .5). 
Cciireiituiii had :tlso been deposited 011 the  root canal walls (Figs. 
.J :ind 6 ) ,  and even bone was found in :I c:rnal (Fig. 0 , .  

111 lwo of' the cases where the ~)eri:ipicaI tissue sliowed norin:il 
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conditions, thew was a severe chronic iiiflaiiiinatioii 3-5 milli- 
meters froiii the apex with resorption processes in  the root sur- 
face (Figs. 1 arid 5).  In another casc a cyst extended along the 
root surrounded by :i zone of intense inflamination, and yet, 4 
inilliiiieters froin the apex iiorriial conditions prevailed (Fig. 8). 

Findings in the human biopsy material 

An over-:ill ex:imin:ition of the inaterial gave the impression 
that the sequence of the ensuing processes was independent of 
the state of the original content of the root canal, provided that  
the debridement had been successful, sterility of the root canal 
obtained, and a bleeding had been produced prior to the insertion 
of the root filling inaterial. 

Consequently, a division of the cases into groups according to 
the diagnoses was considered superfluous. On the other hand, 
even though the processes seeiiied to follow a certain pattern, 
there was 110 strict correlation between their progress and the 
duration of the observation time. Nevertheless, for practical 
reasons the inaterial was arranged in :iccordarice with the length 
o C  the observation periods. 

First of all ,  it was found that the injury suffered by the perio- 
dont:il tissues through the manipulation of the root canal files 
healed in  a short  tiine. After 13 days there was an inflaniiiiatioii 
in the periodontiuiii around :I blood clot (Fig. 9 AB),  but after 
35  days the periodontal inembrane aboye the apex showed coin- 
plete healing with the exception of one case (Fig. 23) ,  where a 
siiiall area just outside the foraiiien seemed somewhat fluid-filled 
niid infiltrated, mainly with plasma cells. Generally, the perio- 
dontal nienibrune remained for soiiie time abnoriiially wide, due 
to a slow regeneration of the alveolar bone. Such a regeneration 
was observed still taking place after 10 iiiontlis indicated by broad 
deposits of iinniature bone with osteoid zones (Fig. 1 7 ) .  The 
endothelialized cavity in  and above the foraiiien is similar to 
what  has  been described in  the vascularization of thrombi, where 
vascular endothelium has been observed enclosing large masses 
of thrombus to form lacunar channels, by which the circulation 
is  restored iiiore rapidly than by normal organization (Diblr 
1958). 
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1Zesoq)tion of  the root surf:ice :is ;I result  ol’ the re:tcti\r in. 
flaiiiiiiatioii in t h e  apicnl periodoiitiuiii w:is regd:irJy observed. 
:ind the re1):iir o f  th is  seeiiied to  proceed slowly. I n  soiiie c:tses. 
t h e r e  w:i\ little or no indication of a deposition of  ceiiientiiiii 

( Fig\. 16, 17,  :lilt1 21 ) -  ‘I’lie denuded root ends were lined I)] 
n o r i i i : t l  filxous tissue with the bundles running p:ir:illel t o  their 
4111.1 :Ices. 

A study of the content o f  the  root c:in:tl revealed that tlie clot, 
i.e., I h c  f’it)riii, \\:IS gr:idiially replaced by granulation tissue, n1iic.h 
in i t 4  t u r n  w a s  grndu:illy trniisforiiietl into fibrous conxicctiw 
tissile. Hy gr:idii:~Ily i t  is iiic:iiit that  both processes seeiiietl to 
start  :it t h e  for:iiiien and proceed into the canal. This  iiiipression 
tlcri\ed f‘roiii tlie cases where the  content did not cornprise solcl> 
f’il)i,oii\ connective lissue. There n.:is a great difference in the 
\tructiire o f  tlte tis\ue found in the root in  the different :ire:is. 
I t  \ \ a s  seen alreatiy ;ifter 35 days (Fig. 9 E )  t1i:it the  for:iiiiiii:il 
1):ii.t o f  tlie c:inal conlainetl collagen fibre bundles, e l e n  if :I sniall 
islaiid of fibrin i~eiii:iined surrounded hy gr:inul:ition lissuc. 
Far ther  do\\ n in the c:inal ; I  filjrin iiiass w a s  p:irtly surrountlctl 
by gixiiiilatioii tissue. ‘Hiis l’ihrin contuinetl free cells only i n  t l i v  
otlL(~r L o l i e .  

‘h o other c:ises gave : i n  even better il1ustr:ition o f  the t l i f -  
fr.r~.nccs in the str~uct~ii*e o f  the canal content (Figs.  I 0  AH(: :rnd 
I!) .IIsC). ’I’hc apical part coiiiprised :I well differenti:itetl connee- 
l ivc  tissue with fitwe t)undle\ running 1):1r:iIlel to tlie c:in:il w:i I ls .  
This part h:td ;I 1ioriii:iI supply o f  blood lessels :ind :in e \ c h n  

seal tering of Iyiiiphocytes and iiiacroph:rges. Next to this : i re t i  :I 

Sraiiu1:itioii tissue w a s  found ,  containing a \:)st nuinher o f  capil- 
l : i i . i c i \ ,  often dilated and with swollen nuclei of  the entlot1ieli:tl 
cc114, c:tl)iil:ir.y sprouts, neutrol)liilic leukocytes, Iyiiipliocytc\, 
1)I:tsiii;i cell\, ant1 ni:icrol)h:iges of  \:irying hike. Fihrobl:ists were  
:11so present in great nuiiihers, soiiie of  tlieiri wi th  :I siii:ill, spindle- 
foriiied, d:trlily st:iincd nucleus, o the r s  with :I large, lightly st:iin- 
c ~ l  iiiicleiis, in  which tlie nucleoli \\ere e:isilg discerned. (hllagcii 
1’il)rcs were tlelic:tte :tiid scarce. Close to the  capillary -c\alls, cells 
n e i ~  obser\etl which h:id tlie appe:irance of  iiiidifferciiti:itt.d. 
iiicscnchyiiial eleiiients (Fig.  10 (1). 

The next area found w i s  :I tleiisc fibrin iii:iss with no hlootl 
\cs \e l \  and infiltrated only by two types ot‘ cclls: iieiitrophilic 
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leukocytes and fibroblasts. I t  was soiiietiiiies difficult to cfifferen- 
tiate between the two types because the fibroblasts had small, 
d:irltly stained, spindle-shaped nuclei, and the nuclei of the leulto- 
cgtes had adapted theinselves to the spaces in  the fibrin, were 
dra\vn out, and had thus lost their usual form. However, by a 
close study of the sections, it was observed that  the leukocyte 
nuclei had retained their irregular contour and their rounded 
ends, while the fibroblasts had nuclei with pointed ends and : I  

regular periphery. 
A further developnient of the processes was found in  two other 

cases (Figs. 11 and 12) .  The formation of fibre bundles had pro- 
ceeded farther down into the canal and the organization of the 
fihrin seemed almost accoinplished. In one case only :i small area 
persisted in  the middle, while a fibrous tissue was found on 
both sides along the walls with blood vessels and fine collagen 
fibres (Fig. 1 1 ) .  One capillary was open to the seeiningly empty 
c:inal, and around the opening and in  the c:in:d erythrocytes 
were found, indicating :i recent bleeding. In  the other case (Fig. 
12)  rests of the fihrin seemed to persist in a cell-free iitirrow 
band stained red in heinatoxylin-eosin and dark  green in Masson, 
with a sharp border against a differently stained band, represent- 
ing the outer zone of the root filling material. Delicate collagen 
fihres and capillaries with erythrocytes were found close to the 
fibrin zone. 

In several cases the trnnsforination into fibrous connective 
tissue seemed completed (Figs. 13, 14, 16, 17, 18, and 23) .  Some- 
h i e s  it could be observed ending in  a capsule, in  which the fibre 
bundles were arranged parallel to the apical surface of  the root 
filling material (Figs. 13 13, 16, and 23 B).  In one case (Fig. 
18 AC) it seemed to end in a deposition of cellular cementum, 
which together with a darkly stained iiiass including dentin frag- 
iiicnts occluded the canal. In  another, it ended in  :I fibrous cap- 
sule, the fibre bundles of which were running across the canal 
above an  empty space (Fig. 21).  

The described processes in the canal were accoinpanietl hy 
ch:iiises in  the surface of the canal walls. The formation of gra- 
nulation tissue was always observed to result in a resorption of 
the surrounding walls (Figs. 9 E, 10 D, 11, 12, 17,  and 19) .  The 
resorption process was usually succeeded by a deposition of 
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crinetituiii :IS the transforin:itioii into fibrous tissue took pl:ire, 
c \en  if the tissue still showed signs of inf1amiii:ition (Figs. 10 
:ind 23) .  lJsu:iIly, the product of this  activity h:id the  appear:ince 
<) l' c el I u I  :I r c el11 e n t u 111, \v 11 ic t i  c oultl be of con side r ah1 e thick 11 e 4 4 

(Figs .  13, 18, mid 2 3 ) .  Only in one case (Fig. 14) an :iccllulur 
c c i n e ~ i t ~ n i  lined the cnrial walls, :rnd the  fibre bundles which run  
across t he  r:~nal, had been inserted into the delbosition. Cenientuin 
could ,  lionever, be tot:illy absent in  the curi:il, even if this roil- 

t;iiiictl n o r i n n l  fibrous tissue (Fig. 1 7 ) .  
'I'hc :~ccessory c:iii:ils encountered in the sections, contninetl 

I i1)roris tissue, e\en in :I root which cont:iined :I necrotic pulp before 
the tre;itnient (Fig.  21 1 .  They were twisted and i t  was, therefore, 
difficult to ex:tiiiinc their entire length and, espcci:iIly, to finti their 
orifice. Hinvcver, it w a s  possiible in two cases to observe that 
tiitbre w a s  vital tissue in the orifice, cell-infiltrated :I short t ime  
:iftcr the rcnioval of the tissue in l h e  main c:in:il (Fig. 10 F )  :ind 
I iwtl lty fine fibre bundles where the oltserv:ition period \\:I\ 

I':s:rniin:ttion of the cases where :I partial p u l p  e.rtirptrtion Iiad 
t w u  cntlcavored, revealed that t he  apical part  o f  the  canal con- 
t aiiietl ~ioriu:il \nscnlarizetl fibrous connective tissue. I n  the case 
\iilli  3.5 tl:iys observation tiiiie (Fig.  9 U )  sucli :I structure \\a\ 
found ;ihove :I fihrin clot coniplrtely devoid o f  cell cleiueiits, :ind 
h ~ l \ v c w i  wdls,  which tiad 1)een extensiLely resorltetl. At the  for- 
:tinen : i n  active deposition of cenientuni w a s  ol~served. T h e  t\\ o 
ollicr C:ISC\ (Figs.  1 3  C :ind 18 1)EFG) showed :i fine fibrou\ 
\lriictiire :ind 1,ro:rd deposits o f  cellular ceinentuin 011 resorplion 
l i n ~ s  in the dentin. Hard t i s s u e  of similar appearance occluded 
Ihc c:innl coronally to the sof t  tissue ant1 :ihove tl:lrlily stained 
1 I I: I sscs with den tin f ra giiien t s. 

' there lverc three c:ises in thi\ biopsy inaterial which sliom etl 
c.oiitlitions coinpletelg different from the  rest, :inti which, Ilirre- 
I i ~ r c ,  will he dealt with aep ra t e ly  (Figs. 1.5, 20, m d  2 2 ) .  In the 
i'ir4t case, I h e  c:iiiat w a s  ol)\erwtl to  contain a granulation ti\\iie 
Ivi 111 onlx traces o f  col1:igeii fihres. There w a s  an nbuiitl:ince of 
l)lood vcs4els filled with erythrocytes, nionocytes, and 1yiiil)tio- 
c y l r s  (Fig.  1-5 C ) .  In the loose ground substance Iyniplioc~ I(>\, 
~ ) I : I S I I I : I  cells, :inti in:icroph:igcs were found, :is well :IS fibroblasts, 
l h c s  cytop1:isiii of the  latter k i n g  clearly discernihle (Fig.  13 I) 1 .  

longer (Fig. 1 9  1) ) .  
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The picture was doiiiinated by rows of epithelial cells, which had 
actunlly formed a inembrane around the top of thc root filling 
inaterial (Fig. 15 R) .  

In the next case the roentgenograms showed no indication of :I 

regeneration in the apical periodontiuin (Fig. 20). The short 
spacc in  the root canal above the root filling contained R struc- 
iureless tissue infiltrated by lymphocytes and macrophages and 
completely devoid of blood Yessels and collagen fibres. 

The third case (Fig. 22) showed a root canal filled with necrotic 
pulp tissue containing some dentin fragments, and an  abscess 
outside the foramen. Fibre bundles had formed a broad capsule 
around the apex, with accuiiiulations of inflammatory cells in tlie 
spaces between the bundles. These were surrounded by :I thin 
continuous bone capsule traversed by blood vessels. 

The employed root filling inaterial was in soiiie cases found in 
contact with vital tissue in the canal, and it was observed that 
when the org:inization of the blood clot had been completetl, a 
fibrous capsule had been formed, in  which the bundles were run- 
ning p:trallel to, and in  contact with the surface of the root filling 
itlaterin1 (Figs. 13 IJ, 16, nnd 23) .  

Hardened Kloroperku N - 0  paste w a s  encountered in  tlie pre- 
existing tissue of an  accessory canal, and in  the apical periodon- 
tium. The small pieces were surrounded by fibrous tissue, which 
soinetimes contained g imt  cells in  contact with the inaterial (Fig. 
19 EG), but deposition of hone onto the material could also be 
observed (Fig. 19 FH) .  In one case the paste had obviously 
fastened to the root canal wall and to the root surface outside 
for:inien (Fig. 10 E).  

DISCUSSION 

The extension of periodontal tissue into the root canal has been 
reported by many investigators (Tollardo 1931, Honegger 1932, 
Biolcclti & (11. 1942, hT!lgnard Ostby  1944, Engel S950, Kulcidome 
1957, Hyclkusoki 1959, Ktrroinict 1960, Matsumigcl dt Kitamorrr 
1960). The phenonienon has  ~na in ly  been shown to tal<e place in  
cases where the canal had been filled with a resorbable niaterial 
after complete p ~ i l p  re~iioval. 
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The c1yn:iinics o f  such a proce\s have not hitherto been coinl)re- 
iwn\ively slutlied, neither h:is tlie role oI' :i blood clot in  the  root 
c: i i i : i l  in thesc c:ises 1)een c.onsitlcred. J t  is conceiwhle that the 
I'illing ~ ) r o c e d u r e  sotuetiuies iii:ty c:iuse ;I rupture  o f  t h e  ca1)il- 
l;iric\ in the granulation tissue j u s t  outside the foraiuen, with :I 
following seep:ige o f  blood into the apical par t  of  the  canal. 

I t 1  the ])resent investigation there can be no doubt tha t  :I blootl 
clot h:id 1)cen foriiietl i n  the :ipic:il periodontiuiii a n d  in  the 1 w ) t  

c:iiial after the lreatinent. I n  the  dogs' teeth, which were re- 
inserted into a blood-filled socket, the extent o f  the  clot tlependetl 
on  seep:igc :ind capillary traction of the blood inlo the canal, and 
coiisequenlly was i inpossil~le to  assess. T h e  c:rn:tls o f  the huni:in 
teeth, xvith the one exce1)tion \\-here no  bleeding w a s  producetl, 
n ere  l'illetl with blood. A blood clot must, therefore, su1)sequently 
h:iw occitpicd the entirc space left  open :tfter tlie trentiiient. 

'I'hc, I'ac.1 th:tt the Incerated perinpica1 tissues healed in :I \hart 
tiiric. is not hurprising, :IS this  process can be directly coitip:tretl 
with t h a t  taking pl:ice in  hone fr:icturrs. If :tnytliing should he 
i i o l ~ d  ;I$ reiii:ult:ible i n  this  connection, it w o d d  be tha t  thc 
j)eriotlont:il ineitibrane was restored. I n  no instance :I union he- 
tween the root and the :ilveolar hone TWIG ohserved, not even in 
tlie :iiiiiiiul inaterial, where the  entire continuity 1i:rd been sever- 
ctl. \\'hilt the s t ructure  o f  the  periodont:il iiiein1)r:ine was quicl<ly 
rc.;toiwl,  :ind the :ilveol;ir hone seemed to regenerate within :I 

re:i\onal)le tiriie, thc t1el)osition o f  cementui\i onto the denuded 
root surface failed to t ake  place in soiiie c:tses. h siinilar o1)srrvn- 
tion has 1)een i i t a d i >  in 1)rel ious investig:itions ( N y g m r d  i i s t t y  
1939 m t l  1944 1,  :tiid the present findings corrobor:ite what  earlier 
Ii:ir been in:iiiitained hy the  wri ter :  A denuded, r:igged root eiitl 

t l o r s  not i n  itself r r p r e w n t  :in irr i tating foreign l)ody, :ind does 

not e\er t  :I chronic irritation \\hich jiiipedcs :I he:rling in the 
:tpic:i 1 pei'iodoii t iu 111. 

Another 1iot:tble ohservalion w a s  tha t  tlie 1:icrratioii of the  
1)cAri:ipic:il gr:inul:ition tissue in the necrotic cases seemed to sti- 
iiiul:ite thc healing. l 'hi\ impression derives f rom only three 
c : t s ( ~ ~ ,  but lheg are frotii  the  saiiic individu:il :inti should,  Ihere- 
fore, he directly coiiip:ir:rble (Fig\ .  16, 20, :ind 21 ) .  This obserw- 
t ion S ( ~ ~ I I I S  to he in :iccord:iiice with others iii:itlt> within geiier:il 
\):lt1lOlOgy, ~ , f ~ r i R - f . : p S t ( ' i R  ( 1!)2$) alld 121tlnlil'~ (1<)2$), 1$):<1, and 
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1932) studied the "necr~h~)riiioiies" emanating froin injured tis- 
sue and considered them significant in the healing of bone frnc- 
Lures, and Carrel ( 1930) maintained that growth-activating p l y -  
peptides may be manufactured by leucytic ferments from cell 
debris and coagulated fibrin. dllgiiriier (1949), who succeeded in  
growing infected hullinn tissue in :t p1:isma coaguluiii with Sulfa- 
thiazole in uifro ,  reported striking results from treating torpid, 
iiifccled wounds by creating a blood clot which filled all the 
recesses. He purported that the components of the blood stimu- 
1:iletl the vitality of the granulation tissue. 

\Yhen the findings in the root canals are to be discussed, it 
must be kept in mind that only in the : m i n d  experiments, where 
the tissue continuity was definitely severed, can one be sure that 
n o  Tital tissue remained in the canal. In the human teeth this 
could not be ascertained, and there is always the possibility that 
soiiie pulp reninants had been left along the root canal walls, and 
th:it they had remained vital by retaining their connection with 
the 1)eriodont:rl meinbrnne, possibly through accessory canals. 
Reniaining vital strands of the pulp niay have participated in the 
organization of the hlood clot, while, on the other hand, necrotic 
pul1) tissue reinnants left in the canal seemed to impede this 
1) rocess. 

The extent of the organization process into the root canal seeiiis 
to  he limited, as  even in the cases where the process was not 
stopped by the root filling material, the tissue plug terminated at  
:I certain distance from the foramen, and left an  open space in the 
root canal. In the human specimens, a t  least, i t  must be presunied 
that this spare originally was filled with blood, and in the sec- 
tions, reiiinants of fibrin can be found along the root canal walls 
and nlso in the initidle of the canal. It is inconceivable that the 
open spaces in the canal are artifacts, and it is, therefore, more 
likely to ascribe the phenomenon to a desiccation of the fibrin 
clot :it a certain distance from the foranien. K o u m  & Rudas 
(1 !)C;O), carrying out experimental investigations on the dynamics 
of the granulation tissue, observed siinil:rr conditions in  their 
material. They found it reimrrkable that :I wound, which is not 
cpithelialized, produces a termination against the surface when 
the scab, on account of desiccation and the ensuing cruinbling, 
doe5 not form an  adequate protection. In  their material the newly 



formed gr:inul:ition tissue w a s  covered by :I thick layer of col- 
lagen with wssels, which obviously protected the underlying tis- 
siic against desiccation. Siiiii1:ir observations were 1n:ide in thc 
present iiigiteri:il, which also corroborate the mentioned author\ '  
stateiiient that  gr:inul:ition tissue is transforiiied into coll:igeii 
without the presence of cpitheliuln. Kovnc 152 Kzztltrs also observed 
t h t  the new c:ipillaries grow into the eiiipty s p i c e  in t he  \v:iy 
thal  their  growth pole is surrounded by :i stii:ill bleeding. 'l'lii\ 
iiie:iiis that wlicn t h e  c:ipill:iry sprouts  undergo a hollowing, hloo(1 
will l ie diwh:irge.tl froiii their  openings into the empty space. l 'he 
wiiie plicnonienon w a s  observed in the 1)resent ni:iterial, a n d  thi \  
i4  the eupI:in:ition why soiiietiiiics :I sponlaneous hleeding is C J I I -  

countered dui%ig root c:in:il trcatiiient. 
I n  the ciises where t h e  tcrininalion of the tissue p lug  in  the root 

cmi~il  consi\ted coiiipletely or partly of fihrin, this  m i s s  v :I\ 

infiltr:iled only hy two different cell elenienls, naiiiely nei1ti.o- 
I)hilic leukocytes and fibrol)l:i . The obserwtion that lhe  niicle- 
11s of t l i r  neutrol)hilic leukocytes adapts  itself to the spaces i n  lhc 
fihrin iiiass, t h u s  getting :I drawn out, al tilost 4f)intlle-foi.iiiccI 
\Ii:il)e, w:is already iii:ide by A s c . I z o / ' f  (1892 1, who fount1 these 
foriiis i n  the throinbus, but  not in  the "red hlood". I,trngc,Itrntl 
( 19-57) i i1:itle the same obsei-vation in tlentin:il tubules into which 

11 eii  1 iwpli i I c s had 1 ii i g r : ~  t e (1. 'l'h c> f i iidi n g o f  s1) i n dl e -sh :I ped f i I ) I'( )- 
t)l:ist nuclei i n  mound co:igula is also reported by l-~ZlgOzi~r~r (193fi J ,  

w h o  considered thi \  :I confirination of the prob:ible rel:itionship 
hetween hlootl cells a s  the source anti these eleiiienls :I\ lhe 1)ro- 
duct. I11 thc Ijresent iiinteri:il t h e  fibroblnsts in  the fibrin clot iiiny 
jus t  :IS wtall bc :ts\uined to h; iw  1iiigr:iterl from the :idjaccnt 
g i x n  ul:ition tissue, :IS described in  studies on the developiiien t o f  
connective tissue in t r : insprent  chambers  (Stetrrrzs 1940) .  111 

t h e w  studies i t  w;is observed tha t  fibrob1:ists f rom the surrouii(1- 
ing tissue inigr:ited into :in esl)eriiiient:illy created wound i n  ;I 

\ci-y short tiiiie, ;ind t1i:it they started Lo €(WIJI  col1:igeri when the 
ingrowing capillnries had re:iched ;I certain c1ist:ince from thciii. 

It is gener:iIly agreed that c:ipill:iries norin:illy :ire sui.roundetl 
hy loose connective tissue containing, alnoiig other eleinents, un-  
diffcrenti:itetl cells with mesenchyinal potenti:ilities. The questioii 
whether th i s  is  w l i d  also for  c:ti)illaries, which have been I'oriiied 
i n  ; i  granul:ition t issue,  i.e., extensions o f  pre-existing vessels, has 
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been discussed, a.o., by Werthemnnn (1928). He concluded that 
the newly formed capillaries were einbedded in a ”network of 
fibrocytes” and that this had the saine potentialities a s  a inesen- 
chymal, inultipotent, undifferentiated tissue. The observation in 
the present material of perivascular eleinents, resembling undif- 
ferentiated iiiesenchyiiial cells, close to the capillaries, tends to 
support this view. As these cells can differentiate into osteoblasts 
and cenientoblasts, the forinations of the different hard tissues 
in the root canals may thus be satisfactorily explained. 

I t  has been inaintaiiied (Kounc & Rudns 1960) that a bleeding 
is not necessary as the priniary wound covering, and that an  
organization can take place in a coagulated exudate. When the 
findings in the present inaterial is compared with those in earlier 
works by the writer (1939 and 1944), this does not seein to  be 
wl id  in the root canals. In  the cases where the canaI had been 
filled in such a way that there were open spaces in the apical 
part, and no bleeding had been produced prior to the root filling, 
the spaces have invariably been found to contain exudate, in- 
filtrated by vital and dead nentrophilic leukocytes and no organ- 
ized tissue, even after an  observation time of several years. On 
the other hand, it is seen in the present illaterial that  when a 
hleeding was created, the space in the canal contained a more or 
less organized tissue. In the case where there was no  bleeding 
prior to the root filling, the canal contained only an  accuinulation 
of cells and neither capillaries nor collagen. Consequently, the 
blood and the blood clot seein to be essential for the formation of 
fibrous connective tissue in an  empty root canal. 

Clinical aspects 

It is self-evident that no far-reaching clinical inferences can be 
inade from the limited inaterial presented, neither does the writer 
intend to suggest a new endodontic rationale on the basis of his 
findings. On the other hand, the establishment of the fact that  n 
blood clot in the root canal is organized to  a certain extent, and 
that the ultimate result of this proccss under certain conditions 
is a iioriiial fibrous tissue, inay be instruiiiental in changing the 
view on the therapeutic problems within clinical endodontics. In 
the following, the results froiii the experiments will be used to 
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considered not to be very active, they inust -- considering their 
origin ~- be attributed n certain motility. It is conceivable that 
sinall non-resorbable particles can be transported from the canal 
and the vicinity of the apex to  areas, where they will be super- 
imposed radiographically by the alveolar bone. This pertains to 
small particles, however, and the disappearance of a gross excess 
of guttapercha and Kloroperka, sometimes observed, is more dif- 
ficult to explain. If this occurrence, which by no means is the 
L I S L I ~  one, were due to :I breaking down of the continuous iiiass by 
cellular activity, it should be possible to find manifestations of 
such an  activity by histologic investigation of specimens from 
cases where the materials have been used. However, in  the 
writer's entire collection of histologic sections there have never 
been observed lacunae with resorbing cells in the surface of the 
two inatcrials in question. Neither has  a spontaneous reinoval of 
the same been found to take place, when n complete filling of the 
canal in its cross-section had been accomplished. The case pre- 
sented in  Fig. 24 is il1uslr:iting in this respect: at the level in the 
canal where there is a total closure, the riiaterials are adjoined 
by a normal fibrous tissue. It is inconceivable that it would have 
been so, if these inaterials were susceptible to a cellular resorp- 
tion. 

There is another, if somewhat speculntory, explanation of the 
occasional disappearance of the excess, naniely n crumbling of 
the matcrials sufficiently for them to he subjected to the formerly 
mentioned cell activity. It is a fact that the paste of Kloroperka 
becomes Yery brittle, when the chloroform has  evaporated, and 
the same is true for guttapcrcha, probably due to oxidizing pro- 
cesses. In  the niesot1erm:il tissue, especially where a foreign body 
has been iinplanted, there is a constant nioveinent of all inherent 
elements: fluids, fibrohlasts, wandering cells, as well a s  forma- 
tion of new capillaries, collagen and fibre bundles; in  short, an  
everchanging pattern. When the nioveinents of the apex of the 
tooth in function is tnlten into consideration as well, it might 
be possible to imngine that  :I crumbling of brittle implants can 
take place in the apical periodontiurn. 
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‘I’he 1):trti:tI p u l p  cx t i rp t ion ,  cxperiuientally investigated and 
i~ccoittittctitlet1 by t h e  writer (19391, is still in hi5 opinion the  
i t i c t h o t l  o f  choice, :inti the results o f  that  inethod in the preserit 
work confirti1 this st:itetiieiit. I n  order to ascert:iin clinic:tll;v th:it 
th(. apical 1):ti.t of the pull) :ictu:illy has heen left in s i t zr ,  i l  has 
hecn rccoitiiiiended hy the wriler to  carry out the treatitlent in 
t i v o  sitting\. Prior to the root filling in the second sitting, the c;rn:tl 
i \  probed with :I file to estahlish sensitivity :it the point where 
t h e  sevcr;ince of‘ the pulp had been ende:ivoretl. Now, with t h e  
liiiowledge th:it if the pulp accidentally should  be torn at t he  
foraitien, :I hlood clot will form in the apical p r t  of the canal,  the 
proceduri. is tent:itively clianged in the writer’s practice. In e a d y  
:tcc.essil)lc canals  the treatment is carried out in o n e  sitting, and 
c: iw is talccii not to p u s h  the root filling material heyond the  

II ~otiic.tiitics h:ip1)eiis thnt the root c:inal instruiuents are  push- 
cd loo f a r  1)eforc the  l‘irst control roeiitgenogr:itii is taken, thus  
1:twr:iting t h e  :tpic:tl par t  of  the pulp (see Fig. 25 1. I’reviously, 
there sceiiicti to be nothing else to do in these cases than  to rc;t~n 
o u t  tlir e n t i i ~  c:iii:tI and f i l l  it to  the  periodont:il inetnbr:tne. I t  
h:ts b e e n  shoxvii ,  howmer, hy the writer (1939 and  1944) that  the 
risk of ;ti1 o\wfil l ing i s  great under these circuir~st:rnces, :rnd also 
l1i:t t I h e  h c a l i i i ~  o f  the ;ipicul periodontium is slow in the pres- 
rnce of cvett an  inert foreign body. There should be :in :tltern:i- 
tive now to  this procedure, and this appe:irs f r o n i  the roentgeno- 
g i ~ i m s  i n  Fig. 25. Here, the file has jus t  heen wit1idr:im-n and :I 
p:irti:tl pulp cstirp:ilion then  carried out o n  the basis of thc 
re:tsoning that  the 1:iccr:ited pull) tissue would p:irticip:ite in thc 
org:aniz:ttion of  the blood clot. 

In thc 1re:tttnent of necrotic pulps, one o f  the greatest prohletiis 
is to  fill the c:iiial atlequ:itcly after debridement and sterilization. 
‘Jli:it this is of  decisive iinportance for the result has been shown 
1)eyond tlouht both experiment:tlly and  clinically. If a deep-going 
ope11 s p c e ,  he i t  ever s o  narrow, is left between the root filling 
in:iterinl ant1 the c:tn:tI wall ,  it will be filled with exudate and 
constitute :I perin:inent source of irritation, preventing n coinplete 
healing in the  apical 1)eriodoiitiuin. It is  also probable that niicro- 
orgwnisins, during :I transient hctereii i ia,  iiiay inigrate fro in  the 

s t ~ l ~ l ~ o ~ c ~ ( i  I ) o i l t t  sever:lnce. 
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capillaries of the granulation tissue just  outside foramen and 
into these spaces. 

The present study may contribute to a solution to the problem 
of an  adequate filling of the canal in  necrotic cases. As pointed 
out in the previous part of this chapter, a laceration of the granu- 
lation tissue outside foramen does rather seein to  have a bene- 
ficial effect on the healing process. Furthermore, the blood itself 
has inherent bactericidal properties and cells which develop into 
phngocytes. A discharge of blood into the root canal niay have 
two effects : destruction of remaining micro-organisms and pha- 
gocytosis of necrotic debris. A t  last conies the most important 
achieveiiient : the organization of the blood clot, and formation of 
fibrous tissue in the apical part of the canal after the root filling. 
It seeiiis as if this can occur even in  very narrow spaces. How- 
ever, it must be assumed that a wider space is more favorable, 
because i t  probably allows :I more rapid ingrowth of capillaries 
l)ronioting the formation of collagen. 

While the preceding reflections must be considered a n  outline 
for future research, there is  one specific treatment problein 
where, in  the writer’s opinion, the results of his investigations 
could be applied clinically already at  this stage. The traumatized 
front tooth with a necrotic p ~ i l p  in :in undexreloped root represents 
1)robably the greatest problem and challenge in  the field of endo- 
tlontics. The rationale, suggested in  these cases, appears from 
Fig. 26, which shows a case of a trauniatized front tooth with a 
necrotic pulp and a large radiolucent area above its undeveloped 
root end. After debridenient and sterilization a bleeding was 
created and the canal plugged in  the cervical part. There can be 
710 doubt that the radiolucency has disnppeared after :I year, :ind 
that the root end has :I different shape after another four 
inonths. It seeiiis :IS if a development of the apex is  taking place, 
:ind recalling the findings in the aninial material, i t  is conceiv- 
able that this is  what  actually happens. 

It can be discussed whether the root filling should not be 
p1:iced nearer the foramen. On the other hand, the conditions in  
these canals may be more favorable than those in  the experi- 
ments, and, therefore, a more extensive organization iiiay be 
expected. It has  been shown that the process is accompanied by 

30 - dcfn  odont .  Sctrnd. I.oZ. 19 



tieposition o f  hard  tissue on the root canal w:il l ,  and the itleal 
outcoiite is, of  course, beside the  developnient of  the  apex, :I rr- 
tluc*lion of t he  width of the  c:in:il. 

'I'hc 1)resmL investig:itions inay be said to  introduce :I biologic 
\ i n  o f  the  treutinent prohlenis: the utilization o f  t he  grolvth 
potenti:ilities of the  body. In thi \  connection it is natural  to  lnt'n- 
lion the possibility of einploying growth proiiioliiig substance\ in 
I h e  tre;itiiicnt. In general 1i:itholog:g uiany l)io-:iss:iys have heen 
c:irrietl out especially on local :ipplication o f  tissue estr:icts 

I Etirrmrtls K- (12. 1960) :ind vitnniin C, and the  latter seeiiis to  he 
i t i o \ l  siiif;iblc for  our  purpose. 'The organization of  the  l~ lood  clot 
i r i  the :ipical periodontiuin and in the root canal may be directly 
cotiii):tred u ith \vounci henling. It h a s  been est:iblished unequivo- 
cal Iy that  the failure of wounds to  heal norinally is due priiiiarily 
lo l t i e  f:iilure o f  the  hotly to 1)roduce coll:~gen, and in :inini:il 
t,\l)cv-iincnl\ il has been clearly shown that  there is :I direct reln- 
1ion\liip lict~veen :tscorliic acid intake and the 1ie:iling o f  woi in~I\ .  
Tl'of*ssnc~r c t  Gozrltl ( 1955 prop04ed  the hypothesis that  :isi~)rl)ic 
.icid iiiay not play ;I direct role in slovv coll:igen synthesi4 such : I \  

iioriiially occiir\, b u t  Ihal it may do so in  rapid colkigen \yntlic\i\ 
4iicli :I\ i \  encountered in wound he:iling, tind C o u l d  c t  (rl 
' 1 M O f  li:i\c 1)resented evidence to snbst:inti:ite the iden t h a t  
ii\corliic acid is essential for  the  in:iinten:ince o f  newly foriiietl 

Thi\ pertains priiiiarily to  the gener:il state 0 1  the body n i t h  
I c1g:ii~l to \ i tainin C, :inti indicates the i1iiport:incc o f  :in opti1n:tI 
level durint; :ind after endodontic treatment.  liesides, ho\ve\cr, 
il1ei.e i \  evidence th:il loc:il ;ipplicatioii o f  ascorbic acid h : i \  :I 

I)encfic*i:il effect on the  healing yroces\. S i r i f  f i r  ( 192!1) n:is p r o h h -  
Iy the l i n t  who cluimed to h:ive observed :in increase in  the wtr 
of liwliiig when \it:iiiiin C extracts were applied t o  the surf;icr o f  
wounds of  :iniiii:il\ on  noriiial or scorhutigenic diets. Gorrlrl ( 1 WiO 
iiiaiiit:iin\ tha t  he  has  "l)reseiited evidence for ;I direct specific 
cBf1ec.t for aworhic acid in coll:igen biosynthesis in i)ioo." He h:i\ 
~~rtiployet? quan 1it:il ive methods 1):ised on hytiroxyproliri~ syn- 
thesis :IS :I measure o f  coll:ig~n iorniation in  ;I coinpreheii\i\ e 
c~slieririien1:il study of the  effect of locnl application o f  \ i t m i i n  (:. 

I':iirwl p o l y  inyl 4ponge iinp1:ints \\ere inade subriitaneoiisly, :inti 

c~0ll:lgeIl and of  blood vessel \Tails. 



THE HOL13 OF THE BLOOD CLOT INT ENDODONTIC THEllAPY 343 

the administration of relatively siiiall doses of ascorbic acid into 
one of theiii resulted in  more collagen forination in  this than in 
the saline-injected control sponge in  the same animal. 

The results of these experiments might have a direct hearing 
on endodontic treatment in  the future. In further investigations 
along the lines suggested earlier, it might be advantageous also 
to consider the modern research on collagen formation, a s  well a s  
that on hard tissue forming cells: the osteoblast, the cemento- 
blast, and the odontoblast. It appears that these cells also are 
influenced by ascorbic acid deficiency, and Follis (1951) has 
characterized such deficiency by a failure of the cells to proiiiote 
the deposition of their respective fibrous protein : osteoid, ce- 
nientoid, and predentin. 

The present investigation was also intended to be a histologic 
bio-assay of the chelation agent EDTAC. In a previous study 
(Nygclard Osfby 1957) it has  been shown that a 15 % solution of 
EDTA at  a neutral pH has a demineralizing effect on the dentin. 
Furthermore, the preparation seemed to be innocuous to pulpal 
and periodontal tissues. The Cetyl-trinieth3.l-:iiiiiiioniuiii bromide 
was added to the solution on the presuiiiption that this would 
enhance its cleansing effect and render it bactericidal. Even if  
the addition clinically seemed neither to alter the deniineralizing 
effect nor to produce any untoward reactions in the soft tissues, 
it was felt that the new preparation should be subjected to a 

siniilar test as the first one. 
First it was ascertained by cheinical analysis that the yuarter- 

nary aninioniuni compound could he recovered from the solution 
after several years, which nieans that the two chemicals do not 
react with each other. 

Then the deniineralizing effect of the new preparation on the 
dentin of the root canal walls was investigated by means of 
iiiicroradiogral>hy. These investigations, which will be dealt with 
in a future publication, showed that  already after 5 iiiinutes there 
was a superficial demineralization of the root canal wall.+) More- 
over, it was established that  the preparation was self-liiiiiting, 

') In a recently published work the dentin dissolving capacity of EDTA was 
compared with that of 50% sulphuric acid. It was establishcd that the 
former is  significantly morc effective. ( R a m s f r o m  1SG1). 
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\vliicli corroborates the stateinent 11i:ide earlier by tllc riter 
( 1 9 3 7 )  x i l h  regard to ISD'I'A. 

I n  the discussion o f  the influence of EIYI'AC on the soft tissues. 
. wiiie s1)ecific aspects must he t:ilGen into consideration. Firs t  0 1  

: i l l ,  i t  ;ic.ts ;IS ;in :intico:igul:int, hecause i t  c h e h t e s  calciuln fro111 
lhc blood, t h u s  interfering with the clotting process (<;odd l!)fiO 1 .  

I f  i t  is injected subcut:ineously in :iniinnls, thc heniorrhage will 
be extensive : int i ,  consequently, the reactions s e v ~ r e  in  the SLW- 
i~ ) ii 11 t li n g ti s s ti e s. I 1  11 fort  u n :I te 1 y , t 11 is i 5 ii  o t :I 1 wa y s re  :11 i ze t i ,  :I 11 d 
c*rroncoii\ conclusions l i : i \ l a  bwii d r a ~  11 froin eaperinients o f  this 
Liiid (Prrftcrsori 1980) .  

\\'lien the  solution is applied in the root canal, it a c t s  priiii:iril~ 
O I I  the (leiit in. I-Iowever, it  is self-evident tha t  the calciuiii c1iel:tt- 
ed froni  the  1;rlter will not render the solution coinpletely in- 
active in thc short tiine before it collies in contact with the sofl 
lissue. Conscc~~iently,  the clotting of the  blood will be delayed :iiict 

calciitiii will be suhtr:tcled f r o i i i  the tissue fluid. Clinically, the 
rffcct is irisignific:int, :ind histologic:~lly, il is iiiipossiihle to  es- 
tablish aiiy 1ii:inifest differences between the cases in  which 
El)'l'A(: has heen used tluritig the  treattiient and those o f  t he  
\\-ritcr'\ e:irlicr iiivestigntioiis. 

'I'hc relati\ c coiupatihility of Ii2D'l'AC has :ilso been shown 1)) 
1 orricck ( 1 9 6 1  1 ,  who tested ten various drugs  coniiuonly used in 
cndotiontic trentinent. 111 these experimental investigations, car- 
ried o u t  subcul:riieously in  haiiisters, an a q ~ i e o u s  solution o f  IN)- 
t:issiuin ~)enicil l in G and EDTAC prod~iced the least tissue retic- 
lion of : i l l  the drugs tested. T h e  reaction outside the puncture\  
in thc ~iolyethyletie tube cont:rinirig ED'L'AC WIS simi1;ir to tliat 
found in lhc controls where pliysiologic saline \\-:IS used. 

r ,  

111 order to study the consequences o f  :I bleeding from the 
1ieri:t~)ic;il tissues :ind the  foriiiation of :I X)lootl clot in tlic root 
c:in:il, :I series o f  experiiiient:il investig:itions WIS carried out  on 
dogs and  1iuni;in heings. A 1)io-ass:iy o f  the cheluting :igent 
EIWAC, suggested by l h e  writer :IS :in adjuv:int in  endodontic 
tliertipy, xvas included. 
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In the aninials, intact teeth were extracted, the apex cut off, 
and after immediate replantation, the pulp was removed through 
the crown. In the human teeth, with diagnoses ranging from 
"clinically intact pulp" to "coinplete pulp necrosis", the content 
of the iliain canal was removed and prior to the insertion of the 
root filling niaterinl, a bleeding was produced by lacerating the 
periapical tissues through the foramen. In a11 the teeth, the canal 
was partly filled with guttaperclia points coated with a paste 
made of Kloroperka N-0 powder in chloroform, allowing a blood 
clot to be formed in the apical portion. 

After observation periods, ranging froin 13 days to 3lL years, 
the animal autopsy material and the hunian biopsy material were 
submitted to a histologic examination. The results froin the 
writer's earlier experimental invcstigations served as  controls. 

It was observed that the blood clot in the root canal was organ- 
ized probably by ginnulation tissue growing in froni the peri- 
apical area and not from the blood cells originally contained in 
thc clot. Even when it was not limited by the root filling, the 
organization did not proceed far into the canal, but terminated 
at  a distance from the foramen. The phenomenon is ascribed to 
:i desiccation and crumbling of the rest of the fibrin, like the 
scab in a wound. When the ingrowing tissue reached this level in 
the canal, the matrix for a further organization had deteriorated. 
The granulation tissue was gradually transforiiied into fibrous 
connective tissue, provided that the original content of the root 
cnn:il had been carefully renioved, and that the canal was sterile. 
Such a transformation even took place in cases where the diag- 
nosis had been pulp necrosis with infection and apical periodon- 
titis. The fibrous tissue formed could not be distinguished from 
that found after a partial pulp extirpation. In inany cases it had 
deposited cellular cenlentuiii on the root canal walls, which usu- 
:illy showed signs of resorption having occurred during the organ- 
ization of the clot. 

The writer does not intend to suggest a new endodontic 
rationale. Even though the inaterial may be too limited for hiin 
to do so, the findings seem to have a few clinical implications, 
which have made the writer tentatively modify soine of his rigid 
trcatinent principles. The n o s t  important modification pertains 
to the therapy in cases of pulp necrosis in teeth with a n  un- 

31  . 
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developed : i p s .  Instead of trying to  fill out coiiipletely the entire 
root cunal after tlebridcnient :ind sterilization, the iiiethotl t l c -  
\cribcd in this w o r k  is einployeti. The c1inic:il results 1i:ive l)et.Il 

rncouraging i n  the respect that a further sul)sequent devillop- 
iiieiit o f  l h c  :\[)ex seetiis to  have tukeii pl:rce, :IS judged froiii I h e  
t'olIo\v-iip i.ociitgenogr:iins. 

\Vill i  regard to  the agent EDTAC, the  findings g:ive no eyidence 
t1i:it its :ipplic:itiori in [lie root c:innl and in the apic:il periodon- 
I iuiii hud done :ing irreversible l iarin to the tissues or interfered 
with t h i\ 11 c; i  I i t i  g w c s s e  s to : iny  :I pprec iahl t, ex t e t i  1. 
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s’ckiit organis6, probablenient grace i des tissus de granulation 
se dbveloppant B partir de la region pkriapicale, et non gAce B 
des cellules sanguines contenues B l’origine dans le caillot. h I h e  
dans les cas oil elle n’ktait pas liniit6e par l’ohturation radiculaire, 
cette orgnnisation ne s’ktendait pas hien loin dans l e  canal, niais 
s’;irr6tait B une certaine distance du fornnien. Ce phknonikne est 
atlribue B une dessiccation et un  h i e t t e m e n t  du reste de I:r 
fihrine, coniiiie la cro i te  d’une plaie. Quand le tissu qui se 
dP\eloppe vers l’intkrieur atteint ce niveau dam le canal, I’or- 
%;inisation ne peut se poursuivre, la  Inatrice s’btant dkt6rior6e. 
Le tissu de granulation se transforme graduelleuient en tissu 
conjonctif fihreus, a condition clue le contenu originel de la  
r;icine ait 6tk soigneuseinent enlevk et que 1:r canal soit stirile. 
Cet te transforination s’est niknie produite dans des cas oil 
avait 4t6 posk le d iqnos t ic  de nCcrose p u l p i r e  :wee infection et 
tl’inflainiiiation pkriapicale. I,e tissu fibreux fornik ktait impos- 
sible A distinguer de celui qu’on trouve aprks une extirpation 
partielle de la pulpe. I>ans bien des cas, il s’ktait dkposk du ck- 
went cellulaire sur les parois du  canal radiculaire, qui pr4sen- 
taient en girnitral les signes d’une rksorption s’ktant produite 
penda n t I ’organisa t ion d u  c:i i l l  ot . 

L’auteur ne se propose pas d’indiquei- une nouvelle iiidthode 
cndodontique. Bien clue le niatkriel puisse dtre trop limitk, les 
resulkits seinhlent avoir quelques implications cliniques qui  ont 
poussi: I’auteur B modifier h titre d’essai quelques uns des ses 
fernies principes th6rapeutiques. La niodification la plus impor- 
tante concerne le traitenient des cas de nkcrose pulpaire de dents 
dont 1’:ipex n’a pas terinine son dfveloppement. Au lieu d’essayer 
tl’obturer complktenient la totalit6 du canal radiculaire aprks net- 
toyage et stitrilisation, l’auteur a utilis6 la iiikthode dkcrite dans 
1;r prksente ktude. Les r6sultats cliniques ont 6tk encourageants, 
en ce sells qu’un dCreloppenient ultkrieur de l’apex seiiible s’6tre 
produii,, B en juger par les radiographies de contrale. 

I.:n ce qui concerne l’agent EDTAC, les rksultats n’ont pas 
Iriontrd que son application dans le canal radiculaire et dans la 
region pkriapicale ait eu sur les tissus une action nuisihle irrP- 
yersible ou entravk le processus de cicatrisation de inanikre 
:ippr6ciable. 
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verschorften Bezirlc erreichte, so hiirte die weitere Organization 
auf. 

In denjenigen Fallen, wo der Knnnl steril und sein urspriing- 
licher Inhalt wllstiindig ausgeriiurnt war, wurde das Granu1:i- 
tionsgewebe allrnahlich in  ein fibrillares Bindegewebe unigewan- 
delt. Diese Uniwandlung trat auch in  den Fallen auf, wo die 
Pulpa nekrotisch und infiziert gewesen war und eine apiliale 
Periodontitis vorgelegen hatte. I h s  in1 Kana1 vorhandene Rinde- 
gewebe Iionnte nieht von jenein Gemebe unterschieden werden, 
dns nach einer partiellen l-’ulpaer;stirp3tion gefunden wird. In 
inehreren Fallen w:ir zelluliires Zeuient auf die Wurzelkanal- 
wiinde abgelagert, die ihrerseits gewiihnlicli deutliche Zeichen 
you Resorptionen als Folge der in1 I<anal nblaufenden Orgnnisa- 
tionsvorgange aufwiesen. 

Der Verfasser beabsichtigt auf Grund dieser Reobachtungen 
keineswegs neue Behandlungsniethoden vorzuschlagen. Indessen 
veranlnssen ihn die erhobenen Befunde, auch wenn es sich liier- 
bei nur  uni ein beschriinktes Untersuchungsiiiateria~ handelt, ge- 
wisse thernpeutisclie I’rinzipien versuchsweise zu modifizieren: 
die wichtigste Modifiliation betrifft die Behandlung w n  pulptoten 
Zahnen rnit nicht abgeschlosseneni Wurzelwachstuin. Anstelle 
der vollstandigen ~~urzel l ia i ia labf i i l lung (nach Ausraunien und 
Desinfelition des Knnals) wird die in  dieser Arbeit beschriebene 
Methode verwendet. Die lilinischen Resultate waren insofern er- 
inutigend, als das weitere Wurzelwaclistuni auf Grund der Kon- 
trollrontgenaufnahiiieii unbehindert vor sich zu gehen scheint. 

Hinsichtlich des I’riipurates EDTAC ergahen die Befunde kei- 
lien Hinweis, dass seine Appliliation ini Wurzelkanal die periapi- 
lialen Gewebe nae1ih:iltig schadigen liijnnte oder die Heilprozesse 
nierkbar beeinflusst hatte. 

IiESUhIEN 

PAPEL DEL C O ~ G U L O  SANGU~NEO EN LA TERAPIA ENDODONCICA 

Se realizaron una  serie de investigaciones experimentales en 
perros y en hunranos con el objeto de estudiar las consecuencias 
de la  hernorragia de 10s tejidos periapicales y la forr i iacih del 
co6gulo sanguiiieo en el conducto radicular. Se incluy6 en el 
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endodoncia. A h  cutindo el material puede ser muy liiiiitado para 
ello, los resultados pueden tener d g u n a s  consecuencias clinicas 
que han heclio que el autor niodifique con caricter provisorio 
algunos de sus rigidos yrincipios del tratamiento. La iiiodifica- 
cibn nibs importante corresponde a la terapia en 10s casos de 
necrosis pulpar en dientes con dpice incoiiipletariiente desarro- 
Ilado. 

En lugar de tratnr de obtener completamente la totalidad del 
conducto despuks del desbridainiento y la esterilizacih, se 
einplea el m6todo descripto en este trabajo. Los resultados clini- 
cos han sido estiinulantes en el sentido clue pnrece haber tenido 
lugar un posterior desarrollo del Apice segun lo prueban las radio- 
grnfias de control. 

Con respecto a1 agente EDTAC, las observaciones no 1nostr:iron 
que su aplicacidn en el conducto y en el periodonto apical cauxira 
iiingiin dafio irreversible a 10s tejidos o interfirieran 10s Iirocesos 
de cicatrizacibn en grado :ipreciuble. 
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