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INTRODUCTION 

In 1898 Miller suggested that the best way of making the dentine less seri- 
sitive was by desiccation of the dentinal surface. In an experimental study it 
was found that air drying a cavity for 5 niinuies niade the dentine completely 
insensitive as long as the dentine was kept dry (Uriinnstr<jin, 1960). In this 
study the maximum observation period was 20 minutes. Histologically it 
was noticed that the odontoblast layer heliind the cavity had been sucked 
into the dentinal tubules. It was suggested that one reason for the elimination 
of sensitivity was the blocking of the outer apertures of the dentinal tuhules 
by solid material. Water evaporates but salts and organic substances remain 
at the apertures. Such plugs niight reduce a hydrodynamic transmission of 
pain stimuli. Another possibility is that the odontoblasts sucked into the 
tubules behaved as plugs at the pulpal ends of the tubules, or that a junction 
between odontoblast processes and nerve fibres, observed by Frank (1968), 
was interrupted when cells were aspirated into the tubules. Favouring the 
first explanation is the clinical observation that if the dentine is wetted after 
desiccation thc sensitivity returns. This also occurs if the dentine surface 
is carefully removed. 

Hunzilton and KranLer (1967) found that rehydration of desiccated dentine 
did not change the situation in the corresponding pulp. The odontobla 
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remain in the dentinal tubules after rehytlrat ion and undergo autolysis within 
a few days (Briinnstr6rn, 1968). 

In clinical experiments it has been shown that hypcrosrnotic solutions, such 
as CaCl,, may produce pain when applied to exposed dentine (Anderson & 
Ronnin,g, 1962). The rriairi effect of siicli solutions seems to be dehydration 
and an outward flow of the contents of the dentinal tubules (Anderson, 
Matthews & Gorretta, 1967; Linddn 22 Briinnstriim, 1967) thus mobilizing 
capillary forces and producing the same hydrodynamic transmission mecha- 
nism as for most other pain producing stimuli, as explained previously 
(Brunnstrom, 1963; Bcrggren & Brunnstrom, 1965; Brunnstrijm, 1966; 
Brunmstrijm, Lin,dPn 22 .dstrijm, 1967). 

l t  has been indicated that preparation with air cooling may prevent heat 
damage to the pulp (Schuchard & Futkins, 1961; 1965) but may result in 
a pronounced aspiration of odontolslasts (Langeland, 1957; Hamilton & 
Kramer, 1967). This also occurs when desiccation of the dentine is performed 
inirnediately after extraction of teeth (Marsland & Shovelton, 1957; BrMnn- 
strom, 1962). 

The present in vitro study was designed to find out if removal of the 
surface layer of the cavities followed hy rehydration of the dentine, after 
desiccation by drilling arid air-cooling, could increase the centrifugal liquid 
movement in the dentinal titbulcs upon the application of some dehydrating 
and pain producing agents. 

MATERIALS AND M E T H O D S  

The experiments were performed on 10 freshly extracted intact premolars 
from individuals 10-17 years of age. During the time elapsing from extrac- 
tion to experinleiit the teeth were stored in saline. All experiments were 
made within one hoiir after extraction. The apical half of the root was cut 
off and the p i l p  was connected with a polyvinyl tube to a graduated glass 
capillary tube, 0.25 mm in inner diameter and filled with saline, as described 
elsewhere (Rrannstr6m, Linde'n & ./Pstrijm, 1967; Hriinnstrijrn, L ind (h  22 
Johnson, 1968). 

A buccal arid a lingual cavity, 2 mrn in diameter and 1.5 nim in depth 
were prepared in each tooth at about 300.000 r.p.m., using only air for 
cooling. This procedure would give a pronoiinced aspiration of odontoblasts 
and also produce desiccation of the dentine surface in the cavities. Likely 
salts arid organic substance may remain in the tubule apertures after the 
evaporation of water during drilling and air cooling. l n  order to remove 
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surli plugs the superficial dentine layer in one cavity chosen by drawing 
lots was carefully removed using a fissure bur under water cooling. This was 
then followed liy rehydration of tlie cavity by the application of saline in 
the cavity for 15 minutes. During this procedure the aperture of the opposite 
control cavity in the tooth was kept sealed with wax in order to keep this 
cavity dry until it was tested. 

The tooth-glass capillary system was allowed to stabilize for 15 minutes 
before starting the test. A series of 3 tests were performed on the same 
cavity using 3 different agents. Between each test the cavity was rinsed 
thoroughly with saline, dried with cotton pellets and then filled with saline 
for 60 secoiids. 

As the first test a 43 molar solution of CaCl, was applied to the cavity for 
100 seconds. The secontl test on the same cavity was ether applied iri tlie 
same way and the third test was the ap1)licatiori of a 5-second air blast. 
The position of the meniscus in the glass capillary was registered hy a mag- 
nifying glass every 10 secoiids. After these 3 tests were completed on the 
first rehydrated cavity this was covered with wax arid the same tests were 
perfornied on the other cavity which had remained dry arid untreated 
(luring the previous eqierirrirnts. 

'railic I. 
.Wean d u e  f o r  test on 10 teeth, a .  caoi/y wi th  dentine surJace removed and rehydrated 

after original desiccation, h. untreated (desiccated) cavity 
~~ ~ ~ ~~~ ~ ~ ~~ 

Seconds CaCI, CaCI, Ether Ether Airblast 
a b 1 h a 

~ ~ - ~~~ ~~ 

10 0,15 0,03* 0,51 0,08* 0,31 
20 0.211 0,06*** 1,09 0,78 * 0,42 
30 0,38 (),on*** 1,65 1,07** 0,49 
40 0,52 0,l * * *  2,05 1,34* 0,59 
50 0,57 0,14*** 2,29 1,52* 0,64 
60 0,63 0,2 * 2,s 1,66* 0,63 
70 0,61 0,19*** 1,9 1,17** 0,53 
80 0,61 0,18*** 1 , s  1,01* 0,40 
90 0,62 o,in** 1,41 0,80* 0,41 

100 0,65 o,in*** 1,21 0,79* 0,42 
~ ~~~~ - ~ ~~ 

Airblast 
b 

0,15 
0,21 
0,26 
0,30 
032 
0,33 
0,28 
0,26 
0,26 
0,26 

* The mean valucs for the untreated (desiccated) cavities (b) differed significantly from the 
corresponding mean values for the cavities with dentine surface removed and rehydrated 
after orginal desiccation (a) 

* = 0,05 > p > 0,01; 

~ 0,001 > p 
* *  = 0,01 > p > 0,001; ***  - 
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HESULTS 

The results are sLimmarized in Table I with the mean values for all tests and 
are graphically illustrated in Fig. 1. The results showed that the p u l p 1  
movement of the licpicl in the glass c.apillary (which tubules beneath the 
cavity) was larger for the rehydrated cavit.y than for the untreated cavity. 
The meniscus started to move immediately upon the application of ether 
while a slight delay was observed with the application of CaCl, and a11 air 
blast. The movement stopped immediately when the cavity was rinsed with 
saline, then started to return toward its original position if ether had been 
the test agent. However, this return moverrient was observed only to a slight 
extent following an air hlast but not at all after the appliration of CaC1,. 
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DISCUSSION 

r ,  I he results seem to support the concept that tlie reduction in sriisitivity 
after dehydration of dentine may be due to a hlocking of the ca\-ity eritl of 
the dentinal tnhnles w-it11 salts atid organic substances rather than t o  blocking 
of the pu lp1  end ljy the aspiration of odontoblasts. The prcsent observa- 
tions also support the view presented by Anderson, Mutthelcs antl Sheltnn 
(1967) that variations in dentine sri1sitivit.y are partly due to changes in the 
dentine rather than in the pulp. It is reasonable to  helieve that the situation 
at the outer apertures of the tubules plays an important role in the sensitivity 
of the dentine. This has also l ~ e n  indicated in replica studies in which it 
was found that a 1iyl)ersensitive dentine surface liad tubule apertures niore 
easily affected by mechanical disturbances (Briinnstrijm, 1965). If the 
hydrodynamic transmission theory for pain stimuli is true it is conceivable 
that dry sulistances 1)liigging the outer apertures of the tubules may essentially 
reduce the possibility for different types of mechanical arid c*hetriical stimuli 
to produce a rapid capillary flow in the tubules. 

The possibility that aspiration of odontoblasts wonltl result in a hlocking 
of the connection hetween the nerve ending and otloritoblasts in the dentinal 
tubules antl thus result in reduction in sensitivity, is contratlic~ed in experi- 
tnents showing that the dentine may still he sensitive - even to dry absorbent 
paper - in areas in which the orlontohlasts have heen removed (Briintz.striim 
Ji. .‘fstriirn, 19643). 

The more extensive riiovenierit produced b y  ether compared with the 
other stimuli is in accordance with previous observations and due to the 
low therniodyiiamic water activity for this solution combined with its cooling 
effect (luring evaporation (LindPn~ & Briinri.strijtn, 1967). The distinct return 
movement after the interruption of the application of ether may to some 
extent be due to the cooling of the deritine during evaporation. The liquid 
in the tubules rontracts (luring the test period arid expansion a ill follow 
w~hen the temperature returns to the startirig points. Such a return movement 
can not be expected to any appreciable extent for pire dehydrating stimuli 
such as CaCl,. The hydrodynamic effect of dehydrating stiiniili and tem- 
perature changes have heeri illustrated and tliscussed in previous studies 
(Rriinn.strijnL, 1,indr:n & fstrijnr, 1967). 

S I M MA R Y 

Buccal and lingual cavities were Ix-epared in ten freshly eutrxtcd prctnolars 
with high bpeed, using air-cooling thui desiccating the cavitie5. By random 
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select ion one cavity on each tooth was choseri for removal of the surface 
layer of the cavity followed by rehydration. Half of the root was cut off and 
the tooth pulp was apically connected to a gratluatetl glass capillary filled 
with saline. Ether, calcium cliloricle solution, arid a n  airblast were apIilied 
t o  both cavities on each tooth. The niovenieiit of the liquid meniscus in 
the glass capillary, was recorded for each test. It was foiind that this move- 
ment was more 1)roiiouiiced when testing the rehydrated cavity. 

gents used in ttiis study may produce pain when 
applietl to exposed dentine but that the sensitivity is strongly reduced after 
desiccation. The results indicate that one reason for this reduction in sen- 
sitivity might lie due to blocking of the dentinal tubules at the floor of the 
cavity with salts and organic substances thus reducing the outward movement 
of the (contents of the dentiiial tubules. This outward rnove~rient might be 
the usual p i r i  pro(luciiig stirtiillus. 

It is known that the te 

RkSUMI? 

DkPIACEMENT DE LIQUIDE Pl<OVOQLJfi DANS 1.A DENTINE APHl?S DESSICCATIOIV 

ET RfiIIYDR.\TATION IN VITHO PAR DES .4GENTS PRODUISANT VNE DOULEUR 

Des cavil 6s versi1)ulaires et palatines ont 6tC prCpar6es clans dix pr6molaircs 
recernnient extraites en utilisant des instruments 5 graride vitesse avec 
refroidissernent par air, ce (pi clkterminait Line dessiccation des cavitks. Un 
prelPvement a11 hasarcl a permis de choisir pour cliaque dent une caviti. 
dans laqiielle l’ahlation dc la partie superficiellr a Ct6 suivie d’une rChydrata- 
tion. La moitik ck la racine a 616 amput6e et la pulpe deritaire a CtC inise 
en conimui~ication d u  c6tk apical avec un tube capillaire gradu6 en verre 
reni1)li tl’une solution saline. De l’Cther, une solution tle chlorure de calcium 
et nri jet tl’air ont Ptk appliqu6s aux deus  cavitCs (lam chaque dent. Le 
ddplacement du niCnisque dans le tube capillaire a CtC enregistrC pour 

i. Ce tl6placement s’est rCv6lk etre plus marque lors de l’essai 
dans la cavitC rChydrat6e. 

On sait clue les agents utilis6s dans cette etude pour les essais solit. sus- 

ceptihles de produirr ime douleur lorsqu’on les applique h la dentine, mais 
que la sensibilit6 est fortemerit rCtluite aim% tlessiccation. Les rCsultats de 
cette 6tude indicjuent qu’une des raisoris tle cette r6duction de la sensibiliti. 
peut rPsirler d a m  un blocage des canalicules dentinaires par des sels et rles 
substances organiques au niveau du  plancher de la cavit6, r6duisant ainsi 
le tl6placement vers l’extkrieur du contenu tles canalicdes tlentinaires. 
Ce &placement vers l’extkrieur serait Ixut-Btre le stimulus produisant. 
tiahitnellement la douleur. 
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ZUSAM VEKFASSUNC, 

PLi.SSICKEITSHEn'EGUNGEN I M  DEHYDKIEKTES UND KEIIYURIEKTES DENTIN 

IN VITRO 

Buccalc urid lingualr Kcivitiiten wiirclen an 10 ehen gezogerieri I'reniolaren 
niit dern Hochfret~iienzho~irer priipriert. Mii t,els Liiftliiihlung trorlinete 
man die Kavitiitcri aiis. Nach deni Zufallspririzip wiirtle eirier Kavitiit pro 
Zahii ausgewiihlt. An dieser Kavitlt wiirtle tlann tlas ~)eripliere Lager enfernt ; 
eine Rehytlratiori folgte. 1)ie Hiilfic cler Wurzrl wurtle ahgesc.h~iitten, und 
tiie Zahnpu1l)a apikal mit riner Sliala vrrschericn Kapillare verI~i11111er1, die 
niit einer Kochsalzl~siing gefiillt war. Ather, Knlziumclilor~-tll~is~iiig untl 

r rerweridete man Iiei 1)eitleri Karitiitcn an jetlerri Zalin. Die Re- 
wegririg des Fliissiglcritsriieriiskus i n  tler Kapillare wnrtle Lei jedeni Test 
registriert. Marl karri tlabei zii &in Ergelmis, (lass (lie Rrwegiing irrimer 
ilann, wenn rehytlrierte Kavitiitcn gctestct wurtlen, hesoiiders aiisgel)riigt war. 

ass die Testagerizieri, (lie h i  diesen Vrrsuclien ztir Anj+eridurig 
z hervorrufen, werin sie atis freigelegtes Deiitiri appliziert 

)er (lie Scnsillilitiit narh tlcr Austroekriurig stark herabgesetzt 
e cleuteri (larillif t i i r i ,  c l n s  (:in Griind fiir tliest: Reduktion tler 

Setisil)ilitiii iii cirier Rl~)cI&riing tler sic11 iluf tlern Grunt1 cler Icavitiiten 
1)cfiiidIiclien Dcntinlwri3e ch Salz uritl  orgmischc Suhstanzeri gesucht 
wrtleri liiiiiritc; aiif tliesr W I k < i i i r i t v  tlas Nacliaussen-Fliesse~~ des Inhalts 
tler DeiitiiilcanAr re~luzier~ \zertlen. Die angefiilirte Hewegung (das Nachaus- 
sen-F'liessen) liiiririlc tl iv I Irsac7hc fiir (lie Zalinschnierzeri seiii. 
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