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PATN R1I:ACTION TO COLD STIMULUS 
I N  TEETH WITH EXPERIMENTAL FILLINGS 

Rucciil ca\itics prcparcd in onc tonth of cach nf 19 contralateral pairs were filled with gutta 
pcrcha. Aftcr a fi:w (lays a similar cavity was drilled in thr  other tooth of the pair and both 
wrw lined antl filled with amalgam. A clinical test with ice a few minutes aftcr ihe fillings had 
been placctl antl again after some days showed that the tooth that had contained a gutta 
percha filling was much more sensitive than the other. The former cavity was also more 
smsitive to an air blast and probing than the one recently drilled. Histological examination 
tlisclnscd local mild inflanimation heneath the cavity fillcd with gutta percha. I\ ith onr  cxccp- 
tion the teeth without gutta percha displaycd no such reaction. 

In i i  further 7 pairs both cavities werc fillctl with gutta percha for a fcw days, after which 
additional superficial dentine in one cavity was removed and hoth w i w  filled with amalgam 
antl submittctl ti)  tht. thermal sensitivity test with ice. There was no significant intra-pair 
iliffertmrr in sensiti,ity-. In both pulps of all these pairs there was evidtmcc of an inflarnrnatory 
reaction. 

The results sugpcst that the increase in sensitivity to cold stimulus when an ainalgam 
tl in the cavity may be due in somt' measure to inflammation of the pulp. 

' lhe c l i i i i c  '11 r%\l)wi(w(-e that a tooth can he sensitivc to cold for J. feu (lay5 
'ifter '111 ,irnalgarn filling liai bceri ~)lacetl is undoul~tetlly one 50i i r~r  of the 
1 ie\+ that the 1)iilp c m  he impaired b y  thermal shoch mcl slioiild therefore 
ljc I)rotec.teil l>\ ~)lacirig thick layer of insulating cement lwncath the 
ainalgaiii. On tlir otlicr hand the dentine is a5 effective iln iriiulator as dental 
temcnt ( P / i i I l z p >  c't al., 1956) antl there is 110 histologlc evidence that the 
pulp 5nffer. tlarnage from the brief temperature variations that normally 
occiir 111 the nioiitli. Points to be horrie in mind in thi5 context are that pain 
C"~II 11e elicitetl hy a cold stimulus hefore any change in temperature has 
reached the lndp (Hcnwl  & Munn ,  1956; _ V u y h ,  1963; Rirrniirtrhrrc & 

- 

Receibril for putilirdtion, Auyu5t 16, 1971. 
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Johnson, 1970), that the sensitivity to thermal stimuli can increase also in 
teeth with extremely shallow fillings, and that it can disappear within a 
couple of weeks. While the protection afforded by irregular dentine will not 
have developed (luring this time, the onset of sclerosis-like changes in the 
dentine cannot be excluded (Kato ck Fusuyama, 1971). 

It, has heen postulated that a liquid-filled space hetw-een the amalgam 
and the cavity wall would increase the sensitivity of the tooth to thermal 
stimuli (Rriinnstriim, 1963). Evidence for this is found in the fact that the 
sensitivity may be reduced by applying a film of varnish ahout 5 ~ 1 ,  thick 
(Duchi & Stigrrs, 1967), which possibly blocks the link between the space 
containing the liqiud and the contents of the dentinal tubules. 

That the amalgam filling can increase the sensitivity and discomfort is a 
current problem, not least in connection with the question of insnlation. 
This paper reports the first study of a series in which an examination  ill 
he made of the cause of the increase in sensitivity to cold after an amalgam 
filling has been placetl. 

MATEKIAI, AND M E T H O D  

The study was performed on 26 permanent contralateral pairs of teeth that 
were to he extracted on ortodontic indications. In 5 of them there was a 
small occlusal amalgam filling, while the other were clinically intact. One 
tooth of each of 19 pairs was chosen at random and a cavity was drilled in the 
cervical third of the buccal surface, the preparation being completed with a 
Meissinger no. 8 liar to give a cavity 2 mm in diameter and ahout ly2-2 m m  
deel). The preparation was carried out at a bur speed of less than 10,000 rev./ 
rnin and with water cooling, a technique that has been found in earlier studies 
not to give rise to notable changes in the pulp (Rriinnstrom, 1960). The cavity 
was flushed with a water spray, scrubbed with cotton pellets and dried by 
applying a gentle air stream, after which it was filled with gutta percha which 
had been heated to plastic consistency. This material was chosen because it is 
known to give rise to pulp lesions and local inflammation through leakage 
(James at al, 1954) ; moreover, it is easily removed from the cavity without 
risk of mechanical damage to the dentine. 

After 3-12 days a similar cavity was drilled in the other tooth of the pair. 
The gutta percha filling was removed from the first cavity, and both cavities 
were cleaned, dried with cotton wool and a 5-second air blast, and covered 
with a liner (Tubulitec@*) which was blown out into a film over the cavit.y 

*) Tubulitec, Forssbergs Dental AB, Stockholm Sweden. 
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walls; amalgam fillings were then placed. The object of insulating with the 
liner was to reduce the effect of any leakage. After 10-15 minutes the 
sensitivity of the teeth to cold stimulus was tested by applying a piece of ice 
to the filling for 5 seconds without touching the gingiva. The patient, who 
was not aware of the object of the test, was asked to state whether he coul(1 
detect any difference between the reactions in the two teeth. The test was 
repeated three times, the ice being applied alterriately to each filling. The 
same sensitivity test was repeated after 3-8 days. 

Earlier studies have suggested that some kind of change tnay occur in a 
dentine surface that has been exposed and left unprotected for a time (BrRn,n- 
.striim 1962, 1965). Moreover, it was noticed in one experiment that a greater 
hydrostatic pressure on the dentine was required in order to elicit iiain in 
cavities that had been filled with gutta percha. After the clentine surface in 
the same cavity had been freshenetl, pain was felt at  a lower pressure (Briinn- 
striirn et al., 1969). As it was considered possible that not, only pulp inflarn- 
niation but also changes in the surface of the dentine might have a bearing 
on the sensitivity to thermal stimuli a supplementary test was performed on 7 
pairs of teeth. 

In both teeth of each pair buccal cavities were drilled and filled with gutta 
p e r c h  at the first appointnient. After 3 -  12 days both fillings were removed 
and in one of the cavities chosen at random the dentine surface was freshened 
by means of a Meissinger bur with water cooling and without deepening the 
cavity appreciably. Both cavities were cleaned, dried, insulated, filled with 
amalgam and tested for sensibility as described above. 

After the last test, that is, 3-8 days after the anialgani fillings had heen 
placedI the teeth ware extracted. In 9 subjects where 2 pairs of teeth were 
available the second pair was not extracted until a further week had elapsed. 
All teeth were fixed in formaldehyde, decalcified and cut into serial sections 
through the middle of the cavity and the corresponding pulp. The sections 
of the pulp were examined without knowledge of which form of treatment 
had been applied. In a further 3 teeth cavities were drilled. One of the teeth 
was extracted inimetliately afterwards. The cavities in the other 2 were filled 
with gutta percha and 3 days later the dentine was freshened in one of them, 
and then both teeth were extracted for an examination of the appearance of 
the dentine surface. The bottom of the cavities were covered by a film of 
gold about 200 A thick deposited by vaporization in vacuo at torr. The 
surfaces were photographed in a Gambrigde Scanning electron microscope at 
an acceleration potential of 30 kV. 



K ESLI.1'S 

(,'Linical ob.vc:ruutior/s. For the 19 Iiairs of teeth whrv  one cavity liacl f'ir+t 
heen fillccl with gutta Iierclia some (lays liefore thr anialgmi fillings \\ ere 
])laced in buth cavities, aii iiitra-I)air corriliarisoii IV'WS iilatlc with res1iec.t t o  
the colt1 stimiilus, tlie results are presentrtl in Ta1:)le 1. 

A statistical analy of the results hy iricaiis of the sipti test slio\\cvL that 
the intrapair tliffereriw is significant at tlie 1 1ier ccwt level. 

1 tie difference in serisi1)ility was apprecial)lc~ i l l  most caases ant1 the ~ ~ i t i e n t  
showe(1 a tlefiriite reaction. This is I'articularly trues for I he tests uon(luc.te(l 
after 10-15 iiiiiiutes. Hefore the cavities wrre fillctl with amalgam it was 

noticed that the ileritine in the cavity I)reviously fillet1 with gutto 1)rrcha 
was much rriore sensitive to  prohing ant1 a11 air streaiii than the riewly !)re- 
1)aretl cavity. 

In the 7 pairs where gutta Iiercha fillings were left i n  1)oth cavities in  t h e  

pair for some (lays, after wliicli one of the cavities c,liosen at rantloiri was 
freshencd with a bur, a definitely more itiarlwtl liaiii was clicitcd 1)y t he 
seiisihility test in two of tlie uiifreslieiied contralatpral cavities. In thr  other 
eases the Imtient cletecte(1 110 clear difference iii thc intcrisity of pain i i i  the 
teeth of the pair. Hefore tlic ainalgarii fillirigs \+ere Iilacetl the ravitiw w r e  
all highly sensitive, especially to Ibrohing t m l  an air I)last. 

HistoEogicnE ob.sc~t.z~ntion.s. For the 19 p i r s  of' teeth i l l  wliich o i i ~  rar-ity 
had firs1 been fillcd with putt a percha, the distai1c.e t o  tlie pulp riieasiircil 
along tlie tleiitiiial tul)ules ranged from 0.4 to 2.5 i n n 1  (mean 1.3 i r i t i i ) .  For 
the 7 ])airs 1)rovirlCtl first with giitta percha filling;: the d u e s  were 0.0 ailtl  

2.4 iiini (mean 1.7 irirn). The iiitra-pair difference  as iniall. 
In the first group of 19 pairs the 1)iilii displayetl l o ( d  cliaiigeh iiiitlc~ 15 

cavities that hat1 first 1)een filled with gutta Iwrcha h i t  no reaction u i i i l ( ~  t h e  
res1)cctive contralateral cavities. In 2 pairs there was HII iiisigiiifi(.aiit rvnc't i on  

iiritler 1)otCi cavities ant1 in t b i o  other ['airs i io  reac.tioii at al l .  

r ,  

10 15 minutes 16 
3--8 (lays 14 

1 
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Fig. 1. Dentine and pulp beneath a cavity that had been filled with gutta percha for 3 days 
and then insulated and filled with amalgam. The tooth was rxtracted after a further 4 days. 

There are nuclei in thc tubdes, and leukocytes along the dentine wall. 

Fig. 2. The floor of the newly prepared cavity. The aptxrtures of the dentinal tubules are 
blocked with debris. Because of dehydration in onrim fissurcs have appeared in the inaterial 

on thr tuhule apertures x 2200. 
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Fig. 3. The floor of the cavity containing gutta percha for 3 days. There is a weak pattern of the 
apertures of the tuhules, some of which are patent (arrow). x 2200 

In  the g r o u ~ ~  of 7 pairs where both cavities had first heen filled with gutta 
percha, changes in tlic pulp were observed nnder all but one of the cavities; 
in this case tlicre had been an  error in sectioning and no evaluation was 
possible. 

The changes observed were restricted to a reduction in the number of 
odontoblasts, nuclei or fragments of nuclei in the dentinal tubules, an 
increased number of visible vessels in the odontoblasterna and the neigh- 
houririg area, and, under 20 cavities, leukocytes spread along the dentine 
wall boiinding the pulp (Fig. 1). Under 19 cavities which were only lined a i d  
filled with amalgam there were in one case a few leukocytes. 

The scanning photographs showed that the apertures of the dentinal 
tubules were blocked by debris in the new recently drilled cavity (Fig. 2). 
In  the cavity filled with gutta p e r c h  for 3 days there was a weak pattern of 
the tubule apertures, some of which were patent (Fig. 3) .  In the cavity that 
had been fresliened after the gutta percha filling had been in place for 3 days 
the dentine surface had the same appearance as that in the new cavity. 
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DISCtiSSION 

It should be rioted that the cavities were not particularly deep, and in most 
cases there was a fairly thick insulating layer of dentine between the amalgam 
and the pulp. The liner used was blown out into ;I film which, to judge from 
measurements performed in another connection (Johnson, unpubl.), was 
less than 5 p thick. Compared with the dentine this provides little thermal 
insulation. The pain reaction to ice placed on the amalgam is r i o t  necessarily 
due to a cold stimulus reaching the pulp (Nensel & hfunn, 1956, Naylor, 
1963). A layer of dentine one millimetre thick provides better thermal 
insulation than the same thickness of enamel and insulating cement (Phillips, 
1956; Cruig & Peyton, 1961). Under many cavities in the present niaterial 
the thickness of the dentine was about 2 mrn. It might be expected that the 
cold stimulus would be rapidly transmitted by the amalgam to the tubule 
liquid, which would then contract, producing a centrifugal flow which would 
displace or deform the nerve fibres in the corresponding area of the pulp 
(Rriinnstriim & Johnson, 1970). As shown in earlier experiments, the pulp 
can act as a niechanoreceptor fur such stimuli, which mobilize the capillary 
force in the tubules (Briinnstriirn 22 A,fstriirn, 1964). The same effect occiirs 
in the case of an air blast, and probably also when a probe scrapes the surface 
of the dentine where there is a liquid film over the apertures of the tubules. 
The cavities filled with gutta percha were also appreciably more sensitive to 
these types of stimuli than were corresponding freshly prepared ones. One 
possible reason for this is that in the cavities which had been filled with gutta 
percha some of the apertures of the tubules were patent whereas in the newly 
drilled cavity these were blocked with debris (Figs. 2, 3). That tlie removal of 
tlie superficial dentine in a cavity did not alter the sensitivity to cold stimulus 
would suggest that this reached the tubule contents and produced a distal 
flow irrespective of the conditions at the apertures. On the other hand, the 
conditions at the apertures are probably of greater significance as regards the 
transmission of other types of pain stimuli such as an air blast, probing and 
dehydrating chemical agents, and the application of hydrostatic pressure to 
the tubules (Briinnstr~m 1960, 1965; Briinnstrom rt al., 1969). 

From the results of the histblogical examination it would appear that one 
of the intentions of this study was realized, namely, to create an inflammatory 
reaction under one cavity of a pair but not under the other. Such a reaction 
may obviously change the sensitivity not only to cold after an amalgam 
filling has been placed but also to other types of stimuli producing the same 
effect in the dentine, namely a centrifugal flow. It  was noticed by Anderson 
et al. (1958) that cavities with gutta p e r c h  fillings were for a period more 



.sensitive to liylierosniotic solutions. It line also Iwen clenioiistratc(1 that the 
essential effect of such solntions a1)iilied t o  the clentine is t o  1irodiice a 
cwitrifiigal flow in i h e  tiihules (LindPri & Rriinnstrdm, 1967). 

Because of its poor atlalition giitta p e r c h  gives rise to conditions in  ;I 

sliallow cavity similar to those pri)duc-etl 1)y c\l)osure of cleiitinc~ through, 
for instarice, grinding, w a r  o r  tleralcification of t 1ir toot 11 n c  
increase in sensit irity to tlie above stiniuli may he due i n  some nieasiire to 
iniltl local inflanitnation in the corrrsponcling iirra of tlie p1111). 

As the extractions were perfornietl some days after placing ainalgarn fillings 
in the cavities that hat1 contained gntta lwrclia, it cannot be ruled out that 
during this time tlic inflarrimation hatl tliminislietl, ant1 in 2 c a ~ e s  hatl even 
disappeared. This may also explain why intra-liair difference was riot always 
as great on tlie second occasion of the test. 

The clinical cuperience of an  increase in sensitivity just after an orrialgarn 
filling has heeri placetl m a y  to soine extent have its explanation in an  in- 
flarnrriatory rcactioii in the 1)1111i to caries. Irritation from a space fornietl 
hetwwen  he filling antl the cavity wall on the contraction of the amalgam, 
antl filled Nit h saliva through the action of caliillary forces, i r i ~ i y  also leatl to 
inflaniniation ancl ini increase in sensitivity. 
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