
INTI( OUt~C'I ' lOR' 

;lrwrrliiig t o  ,Crltzor a i d  Rrritlrr (1965) the linl1) tissue is inevital)ly cwnl i isc~l  

by surgical rrtiioval of ii portioii of t h v  ptilp. OHiiig to 1msstirt: anti avttlsiott, 
cells iirc ('rushed, Iirinorrhage ormirs, a r i d  clciititic chips riiay be puslirltl 
into the reniaining I tic. iVyborg iiiirl Hii/liiig (1963) ant1 A I + h  ct (id. 
(1970), in liuniaii ex iinerits, have slio\zii tho[ llic 1)iilp C ~ I I  he twis\wl or 
displaced when cut by rotating Ii i i t i (1  iiistrtinimts. 

For s t d i e s  on the effect of different woiintl drcssiiigs on healing after 
surgical incision to be rneaniiigful, it is im~~or ta t i t  that the surgical tccliriique 
cai isrs as little trauma as possible. E'nrtlier, from the research I1y Ma.vtrrton 
(1.966) OII pu lp tomy in monlieys, wit l iot i t  a1)plicatioii of t i n  active \c-otintl 
dressing, tlic conclusion can lie rlrawi that an  extra-pulp1 hloorl clot slioiiltl 
he avoirlcd. Tlic aim of the present work was to devise a tnorlel for experinien- 
tal pit11 wtoriiy, arid to observe the tissue reaction aftcr opliysiologico lic~nosta 
~.itJioiit the inf1uenc:e of ;(it extra-pulp1 l h o d  clot. 

Ll.4TEKIAl. :AUD METHODS 

Twth. him litmian lower liicuspids which were to he extracted for ortho- 
dontic reasons were used. The twth  were, caries-free or showed only early 
fissure lesions. There wits no history of exposurc to mechanical traurno. 
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Picyi,fitoil nw(r>u/cs. Rftcr niCindibiilar ‘iiiestIicsici \\it11 1,8 in1 Ccirlio( ‘iiii  

Ucritd, rii1)l)er-dairi was al)plictl t o  the (~ylierirnetit‘il toot11. ‘1’11~ fivltl of 
operation u‘is (Iranetl mith 30 hydrogen Iicroxitle m( l  cil)solii tr .11( olio1 
,ind there‘iftcr ~ ~ i - l i e d  uitli 10 ?<, tinc tiire of lotlint.. A11 insiriiti~e~it- rin(l 

1 nc cortliiig t o  nwt Iio(1- 
d ioca ted  for entlotlontic procediirei. 

Cuttzrrg tcchnLquc.. T h e  oper,Avc \zorl\ “is perfornictl with t l imiorit l  

iirstriimeriti. After renioval of p r t  of the occlusal siirfxe enmiel, ‘I rouiul 
a i d  theii <I cyliiitlrical diamond instrurrient ucre i i w l  t o  cut hole through 
the dentine I i u t  without ptdor,iting the roof of tlic 1iiilp cliriinl)cr. l’lir tno  
Litter tliainoiicls Iiad either ‘1 3 rnin or <I 1 nlni dimieter tlepeiiilinp on tlie 
size of tlic tooth. The final cut izas 1 1 1 ~ ~ 1 ~ ~  \ \ i i h  ii ryliiidrical instriirxiciit nith 
srriootli sick- arid (limiontl only oii its I~i ic .  Its diameter just e\cee(lr(l t he  

radius of the h e .  l3y c i r d a t i n g  mi\ eriwtits the rotating instriimciit \\‘is 

gr,itliially Io\%ere(l into the tooth until the 1)iiIp tissue, siirrounde(1 h y  cleiilirie, 

h a d  hecn ienioved to ahoiit the lrbvel of i t i  largest cross wctioii (Fig, 1).  
During all steps of the Iiroccilnre, the tooili u‘is irrig‘tted mith phy4ologic 

d i n e  solutioii. High-ipeetl ecpipnient runiniig at a h i t  100,000 reiolution. 
per minute was u i e t l  for the initial cuttinp of enamel and  the renio\,il of 
pulp tissue. The cylindrird hole through clentinr w a s  cut M ill1 l o ~ ~ - + l i r i d  
equipment riiti intermittently to heeli the dentine moist. 

Hmw\tacL$. After tlie lmll) had been iwt, the moiiiid siirfdcv  is 

continnonsly irrigated Mitli physiologic s h i e  soliition until the 1,leeding 
ceased. This was termed iqhsiologico hemostasis. In  nioit r‘iie~ sillall hlood 
clot5 Mere seen at the orifices of rel‘itiiely large hlood vessel6 in the fl,it ( l i t  

iiirface of tlie pii11). 
Cnuzty seal. After ,111 fluid iri the ~‘y l i i i~ l r~ca l  ravity had hecn abwrhetl In 

means of paper points uithoiit the soft tis-ue Iwing toiiclietl a tliic of Trfliin 
(polp! etrafluorortliyleile), apiiroxiniately 0.2 nim thick, was placetl on the 
dentine shelf. The tli,irrieter of the disc corrrsl)ontlerl to that of the bore. 
The material, which has ‘1 low iiirfrlce energy, is resiitent to all chemical 
compoundi except molten alkaline and heated fluorine (Riimpp, 1958), 
and the vapour adsorption oii it is Init a sniall fraction of a monolayer (Murtz- 
nct, 1958 - cited from Glarrtz, 1969). Further, intraperitoneal (Cal~raii, 
1963) and compact hone implants (S‘‘)finghrrg, 1968) have heen 4 0 ~  11 to 
rduse minimal tissue irritation. 

Wax of low inelting-point w a s  then melted onto the disc and towards t h r  
dentine wall to fill about half the depth of the cavity. A layer of Pharmatcc * 
(gypsum-like cement) was applied over the %a\. Finally, the cavity r ia? 

filled Mith Liiic phosphate cement. 

1 in the o l i r r h r  norh \\crc strrili 
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Fig. 1. A radiograph showing the cavity in case 3 .  Because of thc angulation of t h i s  Y-raJs, 
the dentine shelf gives a three-dimensional appearance. 

Extraction. Before extraction, the teeth were anesthetized with 1.5 nil 
Carhocain @ Dental by iriandihular injection. After exlraction with forceps 
tlie tooth was inimediately immersed in distilled water, the apical third of the 
root cut off with a diamond disc, and the tooth placed in 10 yo neutral 
forrnalin. 

Ilistologic preparation. The teeth were decalcified in Veraene @, pH 7.4, 
at  60°C. Every third or fourth slide with 3 serial paraffin sections, 7-8 prn 
thick, was stained with haematoxylin and eosin and further slides were siairied 
according to Weigert - van Gieson. 

Composition qf the material. The material was grouped according to  
experimental variations. 

C a s e s  1 a n d  2 
Extraction immediately after physiologic hemostasis. The bleeding time was 
34 and 8 minutes respectively. 

C a s e s  3 a n d  4 
Extraction after 24* hours; physiologic hemostasis; bleeding time 25 and 
23 minutes respectively. 

C a s e s  5-8 
Extraction after 4 weeks; physiologic hemostasis; bleeding time 15, 15, 60, 
and 11 minutes respectively. 



The hi,stologic pictures (Figs. 1-10) i i w  dcscril)i~d in the text undcr Kesults.  

Fig. 2. Cast. 1 ; inirnediatc extraction: htx---cosin; x 6.5 
Fig. 3. Casc 1; htx--rosin; Y 445 

Fig. 4. Cast: 3 ;  extraction after 24 hours; 11tx rosin; x 20 
Fig. 5. Caw 3;  extraction after 4 weeks; htx - eosin; x 65 

Fig. 6. Case 5; htx-eosin; X 115 
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Fig. 7. Casr 6;  cxtraction after 4 weeks: htx - rosin; < 45 
Fig. 8. Case 7; extraction after 4 weeks; Wcigert - van Gicson; i 1l.i 

Fig. 9. Case 8; extraction aftcr 4 weeks; Qcigert van (;ieson; I 2% 
Fig. 10. Case 9; t.xtr;iction after 1 week; n o  hrmostasin; htr - ~ cosin; I 4.5 

C a \ e  9 
Extraction after 1 ~ e e k  ; 110 physiologic liemostasis ; Teflon “-tli-c q i l i l i ( v 1  

clirectly onto the bleeding pulp. 

RES U 1,TS 

The rrwilts are illustrated in Figs. 2-10. 

(hsrs  1 arid 2 
T h e  1)iilp had very little damage. Fig. 2 sl-ioa i a practically iitialteretl 
odontoblast layer right L ~ I )  to the surgically cut (ground) siirfa~e. In this, 
therc ii a clot at the orifice of ‘1 blood vesiel. Just hclow the siirfxe t h t .  

are contracted. Fig. 3 ihows detail of the smooth siirf‘ic c. 

(.’ust’s 3 and 4 
I he cut sur fxes  were smooth. Both teeth showed intr,i-puIpal hemorrhage 
extending from the siirfLire r l o M i i  to ‘1 depth of 2--3  iiim (Fig. 3 ) .  A large 

r ,  
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number of granulocytes and some lymphocytes 11 cre present around the 
hemorrhages. The uriderlyiiig pulp tissue was riorrnal. 

(.‘O,S(J,S 5 - 8 

The cut surfaccs were smooth in each case. The p u l p  exhibited niilcl in- 
flarnniatory changes such as dilated blood vessels and increased nurribers 
of histiocytes in the deeper parts. No signs of tissue destrnctioii were 
Scattered, fresh erythrocytes at about the level of newly aspirated odonto- 
Mast nuclei indicated extraction trauma. 

Fig. 5 shows an odontoblast layer up to a short distance from the wound 
surface. Fig. 6 is from the saine case arid shows dilated vessels and some 
lymphocytes in the centre of the pulp near the surface. Above the surface 
of tlie pulp there is a confined extra-piilpal hlood clot undergoing tleconilwsi- 
tion. Fig. 7 s h o w  the same type of changes seen in Fig. 5 and proliferation 
of connective tissue over the dentine shelf. Furthermore, the upper part of tlie 
pulp contains some calcifications. Centrally, there is a fold caused h y  the 
histologic preparation. Above the tangentially sectioned dentine wall in 
Fig. 8, which is from the third case in this group, horizontally-arranged 

connective tissue can he seen. Fresh erythtocytes are present 
irface. Finally, in Fig. 9 from the last 1 month case, an  area of 

densely picked collagen can be seen just below the surface. 

Caw 9 

The treatment had provoked pain which was felt at hedtiine for some days 
and tenderness ou chewing during the whole week. The j d p  was marketlly 

d with olivious signs of degenerative changes (Fig. 10) such as 
vacuolutioii in the odontohlast layer and loss of cellular detail in general. 

DISCUSSION 

Tha result of thc treatment in cases 1 and 2 suggests that the surgical pro- 
cedure had caused insignificant trauma. The hemorrhage in the 24-hour 
cases is corifiising. It can possibly be due to the pulp tissue having been 
so weakened by being cut that the trauma of the extraction caused vessel 
ruptures. 

Cases 5-8 illustrate that a pnlpotomized tooth that has not been treated 
with an active wound dressing need not undergo such pathologic changes 
as chronic pulpitis with abscesses, fibrous degeneration, and irregular 
ralcification that Masterton (1966) found after leaving an extra-pulpal 
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hlood clot l)ehincl, if the ~vountl surface is Itelit free from such a clot. The 
lyiiiphocytes just 1)elow tlie surface in Fig. G are probably associated with the 
t1cc:omI)osed extra-f)iilpal clot. The case uTith the Teflon @-disc applied directly 
oni o the bleeding piill) illustrates the unsuitability of this procedure. 

The pulp has aplmwitly a poteritial for formation of a fibrous barrier 
to\%lurds a foreign environment. One case showed a large aniount of dense 
iicwly-formed collageii and another case showed a srnaller amount of the 
smie material. 

C:oricluding the results, the present model for experimental pu lp tomy 
ciiu lw said to fulfil high requirenients for studies of pulp healing. 

Acknowledgements. I\ e wish to thank Mrs. Carin Sandelin, who prepared thc histologic 
matcrial, and AB Dentatus, Stockholm, who supplied the sl)r(~iall~-mnnufarturrtl diamond 
inrtriimcnts. 

SUMbIARY 

Tlir objectives of this study were to devise a n  experimental ino(Ie1 for in- 
vestigations of pulp healing after surgical incision, arid to study the tissue 
reaction after ))physiologic)) heniosta without the influence of a n  extra- 
pUlfKl1 hlootl c:lot. 

The technique iuvolved tlie cutting of a cylindrical hole from thc occlusal 
surface of thc experiniental teeth, which were all bicuspids to lie extracted 
for orthodontic reawns. By means of a cylindrical instruinerit with smooth 
sides and a diamond layer on its h e  the pulp was ground away to the level of 
its largest cross section. The residual pulp tissue in teetli extracted iinrnetliate- 
ly  after physiologic heniostasis appeared normal. In  particular, the odonto- 
1)last layer appeared undamaged. Teeth extracted after 4 weeks showed 
that the pulps did not undergo patliologic changes, when the wound surface 
w;is l.;ef)t free from an extra-pulpal Hood clot. 

RkSL M i  

PIT121'OTOMIE EXPl?H[MENTALE D 4 N S  DES P R ~ M O I . A I H E S  HUMAINES : TECIINIQCE 

DUDL. SECTIONNEMENT 

Ce travail a eu pour but 1'6laboration d'un modble expCrirnenta1 pour l'6tude 
de la cicatrisation pulpaire aprbs incision chirurgicale, et 1'6tude des rCac- 
tions tles tissus aprbs h6mostase ccpliysiologique)) en l'absence rle 1'influenc.e 
d'un caillot extra-pulpaire. 
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Ki;cI.;sIcii‘r AL-F SCIIUITT-TECIINIK 

Stiidiuriis war, cin vxIm-iiiieritrll( lotlell ziir 1Srfors;c.lliiiig 
ttes Heilprozrssrs der Piill)a 1iac.1i eiiierii cliirurgischni Eiiigriff Iic~rziislc~llcn 
untl (lie Rt:aklioii des Gewebes riacli ))l)liysiolo~ischer)) Hiimostnsis ohlit, den 
Einflnss cines cxtrapilpalen Koagrls xu i t  iitlieren. 

Die Tec:liriil< bestarid dariri, eine zyliritlrisclie Offiiuiig voii der ot*kliisalrn 
Fliche vo i i  Uikiis[)itlen ails, die aiis urtliodoiitisclicii Griiritlcri extraliiert 
wrdeii  sollten, %ti scliafferi. Mit einrni zylindrisch geformten Instrmiieiit 
tiiit glattcii Seitenfliichrii untl citiciii Diariiilritlager, tlas die I3asis 1)edecli te, 
wirde die P d p a  his ziini Niveaii ilires griissteii Qiierscliriittes wggescl-ilifferi. 
I h s  rrstliclie Pulpagewehe suh h i  tlen Zihncn, tlic unmittelhar iiacli tler 
physiologisclien Bliitstillung extrahierl wiirderi, norinal 311s. Besoiiders clus 
Odoritoblils~e~ilag~r erschien iirivcrlelzl. Ziiline, die iiucli 4 Woclicn gczogeii 
~ziirclen, zeigteri, (lass (lie Piilpa licine I’~itIiologisc1ieii Jreriindcrungcti auf- 
weist, w n i i  die Oberfliiche der Wuntlc 1-011 cineiii eitrapulpalrn Kougel 
freigehaltcn wird. 
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