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INTROC JCTION 

The increase in rotational speeds of dental cutting and grind- 
ing tools has  again brought the biological aspect of tooth prepa- 
ration to the fore. The probleni has been dealt with by the present 
writer in several previous publications (Lringeltrnd 1956, 1957, 
1958, 1959, 1960). In  these studies the literature covering this 
problem up to  the present has  been considered and discussed and 
readers taking p:irticular interest in this are referred to  the 
papers mentioned, which include comprehensive reference lists. 
In  the present study only recent literature dealing with the eva- 
luation of the relevant histologic criteria will be quoted. 

LITERATUIIE PER'TINENT To THE HISTOLOGIC ASPECT OF 
CAVITY PREPARATION 

The author in his earlier publications (Langeland 1956, 1957) 
discussed the criteria coiunionly used for histologic evaluation of 
reactions due to cavity preparation per se, i.e. the inirnediate 
reactions, and concluded: 
(1) that the presence of odontoblast nuclei and occasionally also 

erythrocytes in the pulpal ends of the cut dentinal tubules 
constitutes the only certain criterion of pulp injury when 
using histologic methods known today, 
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( 2 )  that the absence of odontohlnst nuclei and erythrocyles f r w i ~ i  

t he  dentin:tl tubules shows t1i:it the  uiethods of p r e p i x t i o n  
in question :ire non-irijuriou\, 

( 3 )  t h t  the presence of erythrocytes in tlie dentin:tl t i r b u l t ~ \  j s  

:I sure sign of :I 1ieiiiorrh:ige in niuo. 
1 1 1  his later articles referring to tlie use of ultra liiglt \pcvd. 

I~rtngeltrnt l  ( 1958, 1959, 1960 1 discussed the after-effects of C:I\ ity 
~ ~ r ~ ~ ~ ~ : i r : i l i o n   neth hods : i i id showed: 

i 1 that  no re:iction -cvoiiltl occur i n  cases where tlie cavity prc-  
pirat ion per sc did riot c:iu\e odoi1tobl:ist nuclei or ergtliro- 
cytcs to ntigr:ite into the dcntinal tubule\, 
that  :in inf1:imiiinlory rcaction \xould occur in  case\ \ \ l r c . i  c 
this iriigralion had initially t:tlicn pl:ice (12rrngelnnct 1958, 

d ~ ~ ) e n d m t  on the number of odontoblasts and/or ergthro- 
cytes which 1i:id initi:illp inigr:ited into the dentiii:il tubule\. 
He also contended th:it heinorrliages, oTten :issoci:itetl \ \ i t11 
ul1r:i high speed, rnust he considered :i iiiorc serious re;icl ion 
t I i : i n  rliigwtion of odonlohl:tsts done. 

( 2  

19.59. l!)(iO). The extent of the inflaminatory re‘\ ‘ L .t’ 1011 \\ :\\ 

‘The finding4 of dlrtrslrrntl d% Shonoltoir  ( 1957) were principally 
tl ic s: i i i ic  : t i  though these authors were of the opinion that ” \ :I -  

ciioles” were ti criterion of :I pulp reaction. Wi th  reg:irtf t o  i i i i -  

graletl odoiiloblasts, they found that  n preparation :it 3,000 I- . ] ) . I I I .  

\ v o u l t l  c:iiise such migration and  that  at  5,000 to  15,000 r.p.111. l l i c l  

iiiigixted oclontol.)lnsts were more nuinerous, :rnd in :itidition, : t l w  
present a t  the outside of the  area of tlie cut (1entin:il tubules. ‘I’hcy 
were less nuiiierous when the injury was iiiore sex ere bec:tuw of  
c~o:tgiiI:ition of the tissue. Like Ltrngelnnd (19.57, Fig. 18 1, t Ii(.y 
cirinonstr:iled that the phenomenon occurred :dso :IS :I resull of 
c-ayity prcpimtion in freslily extracted teeth (Mrrrsltrntl & S h o -  
nel tor i  1959). In a later publication ,lInrsl(intl ~!2 Slionrlton ( 1 !)GO ) 
considered that  the ultra h igh  speed technique caused fairly iiiild 
rta:iction\ if suitable precautions were talien. 

Smr~rrllom & Strrnle!l ( 1958) considered the re:tction :is i n i l t l  
when the  cell-rich zone benentli the zone of Weil  was relatixely 
intact and :IS severe ”when the  cell-rich zone was inissing m t l  not 
:tccording to tlie numbcr of infiltrating inflammatory cells, :is 

other in\estigntors have tlescrihetl”. They also considered edciti:i- 
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tous change.;, histologically evidenced by odontoblasts raised 
froin the predentin or separatcd from each other, as a criterion 
of a pulp reaction. M7ith regard to displaced cells in the cut den- 
tinal tubules, they offered the theoretical explanation that this 
phenomenon was caused by an  increase of the intrapulpal pres- 
sure which forced the cells into the dentinal tubules. 

In a subsequent paper (1960) Stanley & Swerdlom maintained 
that a handpiece pressure of 8 ounces was injurious and con- 
cluded generally, froin all their experiinental experience to date, 
that pressure was the dangerous fact or. 

Bernier & Knnpp (1958) introduced II new term, ”rebound 
response”, into the histologic vocabulary. In a definition they 
stated that ”the rebound response, heretofore undescribed, con- 
sisted of changes in the odontoblasts and subodontoblastic tissue 
at some distance from the cavity site and in no way related to 
the cut dentine. It was generally found across the pulp froin 
the cavity site. The rebound response was evidenced histologic- 
ally in  the dog by disorganization of odontoblasts, edema, in- 
flarnmation, and a change in the ground substance. In the 
humnn teeth, this response was represented priinarily by :ireas 
reseinbling degeneration.” Bernier & K n a p p  ( 1959) also intro- 
duced another term, namely ”varicosity”. About varicosity they 
said, ”The second unusual reaction noted in the experimental 
teeth, was the formation of larse air-filled spaces in the pulpal 
tissue. These were devoid of any lining cells, suggesting that  
the response was ininiediate (Fig. 7 ) .  As in the rebound response, 
there are  a t  least speculative reasons which would indicate that 
energy transmission and focalization could be responsible”. Also 
in this paper they stated that the rebound response ”is a change 
in the dental pulp never before described. The selection of this 
term to define the reaction in no way implies a factor of causa- 
tion. Of particular significance is its location on the wall of thp 
pulp chamber opposite, or at least a t  :I distance froin, the cavity 
preparation. While the biologic nature of the change is not yet 
clear, it appears to be a disturbance in the interstitial ground 
substance. No cellular infiltrate is noted, and vascular alterations 
are absent (Figs. 4, 5 ,  and 6)”. 

In  sections taken froni teeth treated with ultra high speed 
Shovelton (1$&8) observed ”collections of inf1ainin:itory cells, 
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which hat1 not been seen in any sections f ro in  the high sl iecd 
t~ange”. He also fouiid daiiiuge on the side of the pulp reinote 
f i ~ ) i i t  t he  cavity preparation. NrrrsZrind & S h o i w l f o n  1959) (’oii- 

c I LI (1 c d that  (1 i sp1 ace t i1  e 11 1 of the od on t obl a st 11 u cl ei i 11 t o  I 11 c (1 c 11- 

tinal tubules 1)eiie:ith cayilies ”can and does occur” :it the ti i i ic 
t t f  c:tvity prepar:ition. .I(xme.s, Schozir &. Spence  (19-59) :I\ i i i  ;in 
carlicr p p r  i . lnrn~s,  Schoirr & S p e n c c  1954 ) expl:iined the 1)hc- 
iioiiicnoii :IS :I result of the pressure in an unfilled p r t  o f  tlic 
cayity being lower than that of the underlying pulp .  

Nnicitsc.hcrX, Khnig & Jliihlcmcrnn (1  $159) in ;in cslierirrtcnL:il 
\i\rics coinprising 32 teeth observed tissue c1i:inges in the odonlo- 
b1:1.;1 layer 011 the other side of the pulp remote froni  the c:i\ i ly .  
I hese c1i:inges were e~ideiicetl  by the presence of  ”wcuolw” in 
thc otlontoh1:ist layer opposite cavities 1)repretl  :it 20,000 r . l ) . i i i . ,  

a r (1 s ul t m h i c h t h e a ti t h or s t er t ii ed ”rebound re s pon se ” . Howc vc r , 
they :ilso used the teriii in ( es  whew inf1~iiii1i~:itory cells could 
hv ohsclrved centr:illy in  the pull), in spite of the fact that  1Zc1 n;vr  
&? K W I ~ ~ J  h:rd stated tha t  ”no cel1ul:ir infi1tr:ite is  nolrd”. ‘I’hi~ 
wctions used hy Hnfr i f schnk  c f  r r l .  ~ v e r e  15 inicrons thicl,. Fur- 
ther, lhcy quoted the present author incorrectly :I\ follows: ”Rci 
S t e ig c r 11 i i  g tl cr Iliii tl r e h 11 n g szah 1 :i 11 f 5 0.0 0 0 ‘I’ou re11 nii t S 1) r : i  y 
( ”I)enl:rlair”) konnte I,rrn{plnnd (23) Veriinderungen 1)eol):icli- 
ten, tlic deIijenigen h i  20.000 l’ouren iiiit Spr:iy iihnliclt \inti". 
( ”lncre:rsing the r.p.iii. to  50,000 with spray (”Dental:iir”), Ltrngc-  
ltrirtl could observe changes s i i i i ih-  to  those occurring :it 20,000 
r.p.i i i .” 1 .  Furtherinore:  ”Er  :inerliennt als sirhere\ Kriteriiiin 
r i ne r Pulp  ;I sc h ii dig 11 ng tl 11 rch 13 oh r - u 11 d S ch 1 e i f arbeit en n 11 r die 
\’erl:igeruiig yon Odontoblnsten (Odontoblasten:~spiration, ”Dis- 
p1:icenient” in (lie I~entinkaniilchen (20 ,  25, 28, 211)”. (”He re- 
g:~ rd  s di sp I ace i w n  t of odon t old :\ s t s into the dent in :i 1 t 11 1)u lc \ :\ \ 

thc  only safe criterion of a pulp datn:ige”). 
.IlrrritiniiP D ’ c n l ~ r  (1 960) has likewise niisquotcd the p rc s (~ i t  

:iuthor : ”L,nngelrind behauptete, (lass einzig und :illein die An- 
wesenheil von Odon t ohla s t enlc ern en in d e n  D e n  t ink n n,? Ic hen :11\ 
Antwort tler Pulp:i auf die Priipr:ttion :inzusehen ist”. ( ”Lriny-  
I r r n d  ni:lintnined, that  the presence of odoritohlast nuclei in I l i e  
dentinal tubules is  the one and only response of the  p111~) to 
cavity preparation”) . Nnrirrnne W e d e r  could not state with ccr- 
tairity that she found :I rehound response es:ictly like that tle- 

I< % i111: I.%N til.:I.XS I) 

r .  
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scribed by Bernier &2 Knrrpp, but she observed a similarity \vhich 
she :issuined would corroborate their findings. In  soiiie of her 
sections from teeth prepared at  80,000 r.p.ni., she found accuiiiu- 
lations of inflammatory cells opposite to the cavity, and mostly 
situated over the bifurcation of the roots. I n  the consecutive sec- 
tions, this area of infiltration developed into an  einpty space. 

Seltzer & Bender ( 1!)59) in a n  experimental series concerning 
reactions to  full crown prepnrations, in some instances found 
odontoblast nuclei in the dentinal tubules. With inore severe 
damage the pulpo-dentinal membrane becaine disrupted by edema 
and the cells had degenerated. 

Some authors, Jrrrby (1!)58), dpl in ,  Ctrntwcll & Mrrnn!j ( 1959) 
believed that pulp rcactions would not occur provided an  increase 
in the p i l p  temperature could be avoided and on this basis re- 
connnended certain clinical inethods. On the other hand, Krcxnler 
(1960) and Mmglin (1960) tlemonstrnted heat dainage in  the 
cavity walls of teeth cut with air rotors. This corroborates the 
findings of the present author (Lnngelnnd 1959, ISSO), who 
showed the siniultaneous occurrence of burns in the cavity bol- 
toiii and odontoblast nuclei and erythrocytes in the pulpal ends 
of the burnt den tinal tubules. 

THE AUTHOR'S INVESTIGATIONS 

Statement of problems 

The current literature reveals that opinions differ considerably 
with regard to what histologic criteria are  valid in experiments 
of this kind and the conclusions drawn seem rather speculative 
and cannot always be considered conclusive. One of the reasons 
seems to be that the investigations are based on insufficient 
material. The purpose of this investigation is, therefore, to eva- 
luate in a inore comprehensive experimental series the criteria 
coininonly used and thus clarify the problem of deciding what 
criteria can be considered valid for experiments on pulp struc- 
tures. Such criteria will be of value in the process of testing new 
engines and advising nianufacturers as to iiiiproveniciits of the 
engines. 

It has been shown that, using air as  a coolant, no temperature 
rise takes place in the pulp during preparation with a Rordeii@ 
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air rotor. [n spite of this :I sinell of burnt tooth structure still 
oc(’iirs. It was therefore considered important to  record ch:inges 
in l h e  dentin \\-here the drilling iiistruinent contacted it. 

S e ~ e r n l  investigators have discussed the effect on pulp re:ic- 
tions of the shape of the h u r  used :ind the type of bur (steel, T.C. 
:ind dianiond ) (Swerdlo ic)  & Sttrnley, Jltrrslrrnd & Shovel ton) .  There- 
fore different sh:ipes :ind iiialies o f  cutting and grinding in\tru-  
riwnts were inclutled in the present investigation. In these exlwri-  
~ i i c n l c  the follo.vving equipnient TWS u\ed:  

1: I l l /  I I1 t,b 

( 1 J A I < : i ~ o @  handpiece with reduction gear 10 : 1 (Fig.  $)A ) .  

( 2  A Kit le i@ belt-driven engine r~inni i ig  : i t  5 ~ (i,OOO r.p.111. 
( 3  J A Hitter belt-driven engine with a Kuvo or Micro-?tleg:i(R 

speed increasing wristjoint giving about 40,000 r.p.111. :ind a 
Kavo :iutoiii:ttic spray directing ;in air/w:iter spr:iy 0 1 1  to 
the field of operation (Fig.  9 11, C )  . 

( 3 J A hlicro-Mega geared contra-angle 1i:indpiece 1-unniiig : i t  

r.p.111. up to :iboul 80,000 (Fig. 9 I ) ) .  
i h  ) A l)eiitaI:iir@, :in air turbine engine running :it 50,000 r.l) . i i i .  

(Fig.  9 E 1 .  
( f i )  I,I>X@, an experimental \:me inotor running :it :il)ou! 

135,000 r.p.in. (Fig. 9 F,  G ) .  
( i )  0rigin:il and modified Korden air rotors, (Fig. 9 H, I ,  1 0  

G - I , .  
( 8 )  A hlidwestm air turbine, (F ig .  10 r l - C ) .  
( ! I )  A n  A e r o  1 u r b e x B  air turbine, (Fig. 1 0  1)-F). 

I 1 0 )  A Isien Air@ air turbine running :it :thotit 250,000 r.p.iii, 

(F ig .  1 0  . I L L ) .  

Material and methods 

r .  1 I I C  teeth used for these experiments were mostly preiiioI:rr\ 
f r o m  1 0  to 16 ye:ir-oltl individiwls. A smaller group o f  teeth f i ~ ) n i  
o l d e r  intlividunls 111) to  6 3  years was included. In niosl ol‘ tl ic 
tectli, :I c:tYity w a s  prepared in the gingival part of the burcal 
~iurf:icc xvliicli \\-as usu:illy c1inic:illy intact. 111 soiiie teeth, c:rvitics 
mere p r e p r e d  on the 1ingu:il or occlusnl surfaces well. 111 o the r  
t w t l i  full cro.;c-n prep:iratio~is were n~:ide. Some of the Lccth IN.- 
Ioiigiiig t o  the older group h:id fillings or carious defects. ‘ 1 % ~  
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cavity preparations were performed in these areas. In  some cases 
local anesthesia was used before preparing the cavities. 

The preparations were performed : 
(a) without any special precautions 

(b)  under a constant jet of water 
( c )  under an  air/water spray 

(d)  under a steady stream of tempered or cold air. 

Sections talien from clinically intact teeth of the saine kind :is 
those used for this investigation, served as a "nornial" coiilrol 
inaterial (Lnngelund 1 9 5 7 ) .  As an additional control coinparisons 
were made between the area adjacent to the cavity tubules*) :ind 
the areas not directly influenced by the cavity preparation. 

In mother  group, after cavity preparation under water, a steel 
instrurnent, about the size of a No. 3 rosehead bur, was heated to 
redness and pressed against the bottom of the cavity. 

In experiments which aimed at  recording the reaction to cavity 
preparation or burning per  se, the teeth were extracted imine- 
dintely or after observation periods of minutes only. In  other 
cases, which aimed a t  recording the after-effect of preparation 
or heating, a zinc oxide-eugenol dressing was inserted into the 
cavity after washing with luliewarni water and drying with ste- 
rile cotton. Thc  zinc oxide was chemically pure (analytic re- 
agent). The dressing was left for varying observation periods 
before extraction. 

Immediately after the extraction, which was performed under 
local anesthesia, a hole was drilled through the gingival part of 
the root to facilitate the penetration of the neutral formalin in 
which the tooth was then placed. The histologic method used for 
this inaterial has  been described previously (Lungeland 1957 j .  
As usual the thickness of the sections was 4 to 5 microns. 

Nygaard Ostby and Langelnnd (unpublished study) carried out 
experiments on preparation with rotational speeds under 300 
r.p.m. With  the permission of N!jgcrard Ostby, this series, com- 
prising 80 teeth, is included i n  the present material. A further 

* )  In this paper the dentinal tubules cut and opened by cavity preparation 
will bc termed cavity tubules. 
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series concerning cavity preparation at  10,000 r.p.iii. under  re- 
frigeration anesthesia ( Nondolor ) (I,nngeltrnd 16)31) ), perforiiied 
t ( )g e t 11 e r with I ren c S I I  nd ritr 1 I -Htrgl tin d and I ng c b or9 Id tjf s t P tl S t B I -  
I m u ~ ,  will be iuentioned. 

Cri f r r i i r  for  trssessniunt o j  p i 1 1 p  retiction t o  ctroity prepiir(i1iori 

I t  seeiiied iniportant to consider the particular histologic al)- 
pe:ir:inces that forin :I hasis for conclusions n3:itle by other 
authors. I t  w a s  also necessary to evaluate conditions under \vhich 
tlicir esperituents were perforiued. 

In the present investigation the following data werc noted : 

2. ‘rooth 
3 .  I h i  ration of  experiment 
4. Cavity -~ pulp distance in i n 1 1 1  

-5. Engine irsed 
0. S1)i’:iy systeiii 
‘7. Filling i1iateri:il. 

Histologic findings were recorded ;IS follows: 

1.  Cavity formations (”v:icuoles”) in: 

1 .  Age 

( : I )  Odontoblast layer adjacent to cavity tubules 
( b )  Odontoblast layer outside area of cavity tubules 
( c ,  Centrally in  the pulp 

2. 0tlontohl:~sl nuclei in cavity tubules 
3 .  1:rythrocytes in cavity tuk~ules 
4. 1iyl)ereiiii:i 
<5. I’resence of inflamiiiatory cells 

(a )  I n  odontob1:rst Inyer 
( 1 ) )  Centrally in the pulp 

ti. Irritation isecondary) dentin 
7. J5urning of dentin in cavity bottoiii. 

Observations 

In Table 1 :t survey is presented of the experiments :inti the 
findings in 874 cases. It is condensed from tables in which all the 
details for each individual case are recorded. Table 1 shows that 
throughout the niaterial some findings were general, regardless 
of which engine had been used and of the length of the observa- 
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tion period, the age of the patient and the experimental tooth, 
but other findings were associated with a particular speed or 
spray system, and in these cases the length of the observation 
period influenced the findings. 

Findings generully observed 

It is seen froin Table 1 that cavity foriiiations occurred in 610 
out of 674 cases and tears in 111  cases. The cavity formations 
were found to the sanie extent in  untreated control teeth as 
in experimental teeth. They appeared in the entire odontoblast 
layer, where they were classified as sinall (Fig. 1 A, high magnifi- 
cation B) ,  niediuiii (Fig. 1 C) or large (Fig. 1 E, high magnifica- 
tion F ) ,  and also centrally in the pulp (Fig. 1 C, high niagnifica- 
lion D ) .  When they occurred in experimental teeth they were 
not confined to the area where the cavity tubules terminated in 
the pulp but were a s  frequent in the odontoblast layer elsewhere 
in the coronal pulp (Fig. 1) .  

Separation of the pulp tissue froin the predentin, referred to in 
Table 1 as ”Tear”, and folding of the thin sections were observed 
  no re often in the area subjacent to the cavity than elsewhere, but 
the occurrence was not influenced by the engine or cavity pre- 
paration method used. 

In a relatively large number of cases small concentrations of 
inflanirnatory cells were observed centrally in  the pulp over the 
bifurcation and distinctly separate froiii the area subjncent to  
the cavity tubules (Fig. 2 ) .  Similar concentrations of cclls were 
also observed in clinically intact teeth, even in embedded teeth. 
They were not related to any specific method of cavity prepara- 
tion or engine or observation period. 

On inspection of the teeth prior to or after extraction, a dis- 
colored fissure might be found occlusally, or a decalcification 
buccally or distally. In  the dentin usually no alterations could he 
observed after sectioning and neither odontoblast layer nor the 
tissue between this and the concentration of cells seemed influ- 
enced by any pathologic reaction. Some of the cells in  the con- 
centration were typical plasma cells, lymphocytes and niacro- 
phages (Fig. 2 B p, 1, in) whereas others were atypical cell forms 
usually occurring in the pulp tissue in inflamed areas (Fig. 2 C) .  

37 - A c f u  odonf. Scnnd. T’ol. 19 
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’I’hc use o f  :in air jet  during preparation or drying the c:i\ity 
will1 air  after the prep:iration regu1:irly caused odontoblnsl\ :ind 
occ.:isiori:illy ergthrocytrs to niigr:ite into the cilvity tubules (Fig.  
X A ;  I’lute 12 I), E ;  ‘I’nblc 1,  Kitter helt-dri\en + air spray, 1)cn- 
talair + air  spray, ISorden + air spray) .  This  n~igr:ition was not  
avoided cven i f  the  teinperature of the air  11 a s  reduced froiu 
- t 9 7 ’ C  to  + l” ( :  (Plate  12 F, G ;  ‘J’able 1, belt-driven + Non- 
dolor ) .  

Like in earlier investigations, i t  was found that the t1entin;il 
liit)ules in older individuals were narrower than in young one\. 
I n  the Iweseril inaterial the ages of  the patients varied froin 10 
to 63 yc:irs. I n  spite of this, no significant difference i n  the 
pattern o f  wnction could be observed between the v:irioiis age 
y-oups. ‘Thus, the pulp reacted in the same way to dry  c:i\ity 
prepiration in old :ind in young individu:ils. I t  inude 110 dill CAI’- 

enc‘e which teeth were used, o r  which tooth surf:ice or \\ hetlicr 
c:ivitie\ were 1)rep;ired in  carious or in  non-c:iriou\ nre:is ( P l a t e  
I 2  I), C l‘roiii 5 7  year old indiuic1u;tl ) .  

A peculiarity frequently observed was that the strongesl rc:ic- 
lion often oc~urred under the p r t  of  the cavity most reinotc l r o i i r  
t l ic  pulp, i.e., under the gingixil p r t  of the cavity, but, gener:illy, 
deep ciirities produced a stronger reaction than shallow ca\ itie.; 
:ind widcr c:ivitics I stronger re:iction than narrow ones. 

I t  TKIS also :I general observation that  neither odontob1:ists nor 
c~ryllirocytes migrnted into the c:ivity tubules when a m:iter jet 01’ 

: I I I  :iir/w:iter spray w a s  conlinuously directed to the field of ])re- 
pi r :I t io n Cl i i  r in g t 11 e who I e 01) era ti on. However, the re w e  re  e x c. c 1)- 
tions to this rule, nainelp, that the need of and the efficiency 
o l  the spr:iy WIS influenced hy the engine used and 1 9 7  l h v  rol:r- 
tion:il speeds. Thus, usuully no reaction, or only a slight iwtrtion, 
occurred when i n f ~   low^ speed was used (Fig. 9 A )  i n  slbitc o f  the  
f:rc-t that no spray :it :dl had been applied. At ro1:itional spw(ls o f  
.5,000, 10,000, 40,000 (Fig. 9 H, C ) ,  50,000 (Fig. 9 E), and 135,000 
r.1j.111. (Fig.  9 17, G )  n o  reactions occurred a s  long a s  tlir u : i t c \ r  
j ~ t  or air /witer  spray o f  the engine had been nsed m-Iiercyt\ :I 
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niarlied migration into the cavity tubules took place when the 
original Borden was used with its water jet at maximum (Plate 
12 EO. When, however, the nurse applied extra water froin the 
air/water spray of the dental unit, no reaction occurred (Fig. 
5 A, H ) .  

A ccrtain decrease in the intensity of the reaction m'. ''I$ seen as  
the result of the new spray of the Iiavo Borden (Fig. 9 H, I ) ,  
whereas this was not the case when the new S.S. White@ was 
used (Figs. 10 G-I and 5 D;  Plate 12 L, M ) .  

In  experiments where the extraction had taken place imme- 
diately after the preparation or after observation periods of a few 
minutes, hypereiiiia very seldom developed, except when ultra 
high speed turbines were used. In  such cases, however, hyper- 
eniia and circulatory disturbances could be seen after days' and 
weeks' observ:ition periods (Fig. 6 A, B; Fig. 8 11, E). 

The observation of migrated cells in  the cavity tubules also 
varied with the observation period. In teeth which had been 
extracted iniuiediately after, or up  to four weeks after the opera- 
tion, migrated cell s could be observed if the preparation method 
in question had caused them to migrate initially (Table 1 ,  0 
days). After four weelis, however, reinnants of the migratcrl cells 
were usually no longer observed in the cavity tubules, but 
irregularity of dentin and predentin forination was usually seen 
(Fig. 6 C-F; Plate 12 N, 0, Q, R ) .  At observation periods of 1 to 
30 days when odontoblasts or erythrocytes were still seen in the 
tubules (Fig. 5 C ) ,  leukocytes were regularly observed along the 
predentin where the cayity tubules teriiiinated in the pulp (Plate 
12 D, E, F,  G, K ) .  

Preparation and filling methods which did not cause niigratioii 
of cells initially, did regularly not cause any reaction in dentin, 
predentin or pulp (Fig. 3 A, B; Fig. 4 A, B) after long observa- 
tion periods. In  some of these cases, however, irritation dentin 
was found in a sinall restricted area. The predentin was bordered 
by an  odontoblast layer in which the number of cells m7as reduced 
(Fig. 3 C, I); Fig. 4 C, I)) .  

On the other hand, a significant difference in reaction could be 
seen after long observation periods in cases in which the prepara- 
tion method had initially caused migration (Table 1, 0 days). 
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Ikitlier hroud and wide layers of irritation dentin were foriiietl 
and they were bordered by :I layer of odontoblasts mostly reduced 
to  one row (Fig. 6 C ,  E; Plate 12 N, 0). Between the odontoblnst 
nuclei and the predentin a fibrous tissue appeared. I t  was foriiiecl 
:i t  the  place where norm:illy the odontoblast processes are seen, 
hut  this fibrous tissue was considerably broader than the cgto- 
1)I:isiii of the odontoblasts (Fig. 6 l), F). 

I n  cases in which the cavity bottom was heated after prepara- 
tion under :iir/water spray, large nuinbers of odontoblasts and  
often erythrocytes migrated into the burnt tubules ~‘l’ahle 1 ,  
heating of cavity bottom). At obserwtion periods varying froin 
one to 7 9  days the reactions were in quality the saiiie, in  quantity 
eken stronger than when 1)rep:iration had taken place under :in 
a ir  jet a t  50,000 r.p.111. (Plate  12 U ) ,  or when Korden had been 
used with :tir jet (Plate 12 E ) .  The odontoblast layer was reduced, 
arid inflaiiiiiiatory cells had gathered in the subjacent pulp tissue 
(Fig. 7 13; Plate 12 P) .  The odontoblast layer was consider:iblg 
reduced :inti the  predentin irregular (Fig. 7 C; Plate 12 I’, I t ) .  
The cells in the :idj:xent tissue were lyiiiphocytes and macro- 
phages (Pig. 7 I ) ) .  

At the p1:ice where the hot steel instrument had been pressed 
against the cavity bottoni, :I strong discoloration was observed. 
I i i  heiiintoxglin-eosin a iiinrked darkening was seen (Fig. 7 A;  
Plate 12 .J ) .  Stained according to Mmson, the saiiie area appeared 
bright red. ,4 sinii1:ir discoloration was observed in the cavity 
1)ottotn and 11i:irgins in ninny teeth in which the cavity pre- 
par:ition had been perforined with airotors (Plate  12 I, J, I , ) ,  
w1iere:is this staining reaction seldom occurred when the teeth 
had been prepared with ultra low speed without ua t e r  ( Plate 
1 2  A )  o r  with other engines having rotational speeds L I ~  t o  
1 X5,OOO r.p.iii. when their air/w:iter spray had been used ( I’lute 
12 H ) .  Exceptions to this rule occurred, but Table 1 shows 
Ihat whereas the staining reaction was termed slight in inosf 
cases of‘ the latter group, it was termed iiioderate or strong in the 
aiiwtor groups. This discoloration was also seen when zinc o\idr-  
eiig:cnol hnd heen in the cavity for varying ohserwtion period5 
nliether air (Fig. 8 U )  or water (Fig. 6 B, E)  had been u s e d  :is :I 

“c.ool:int”. 
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Observations of instruments in action 

As  previously reported, a smell oE burnt tooth substance was 
often observed during cavity preparation under wrying  condi- 
tions. It did not occur when cavities were prepared at  iiifra low 
speed (Fig. 9 A),  or when belt-driven engines of rot:itional speeds 
up to 80,000 r.p.ni. were used in  such a way tliat the spray, even 
when coining from the single outlet, was not prevented from reach- 
ing the area of preparation. A sinell of burnt tooth substance was 
also avoided when Dentalair and LDX were used. The outlets 
for the :iir/water spray of the latter came from three directions 
and seemed to reach the area of cavity preparation in all in- 
stances. However, a sinell of burnt tooth structure occurred now 
and then when using a new Kavo IJorden in  spite of the doublc 
spray which seemed to cover the full surface of a bur (Fig. 9 I ) .  
A similar reaction occurred when using the Midwest Air Drive 
even if  the water jet, delivering large amounts of water, was not 
deflected froin the bur running a t  about 250,000 r.p.in. (Fig. 
10 K ) .  Even when used at  full spray Aero Turbex and S.S. M'hite 
l1:1ving double water jets created a sinell of burnt dentin and 
Table 1 shows that  a t  the s a n e  tinie discoloration of the cavity 
hottoin occurred (Fig. 10 D-I; Fig. 6 C, E; Plate 12 J ,  L). The 
sanie observations were made when the Rien Air with a spray 
outlet far  away from the bur was used (Fig. 10 J-L; Plate 12 I ) .  

l h e  drilling instruments used 

No variation in the reactions of the pulp could be seen after 
cavity preparation with steel burs, tungsten carbide burs, fine 
and coarse diamonds. Even vibrations caused by instruments 
which were not balanced and t rue running caused no reactions 
which could be recorded in  the sections. However, they could 
cause damage in other ways. For instance, a diamond having a 

shaft with a too weak core might bend and injure the soft tissues 
of the mouth (Fig. 11 A). It might also, a s  the diamond denion- 
strated in  Fig. 11 A, be thrown out of the plastic chuck. If the 
shaft is too hard, the diamond will break, fall down in  the mouth 
and cause harm where it hits (Fig. 11 R).  
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1)ISCrSSION 

Interpretation of Table 1 

T h e  :itivaiil:ige of condensing all observations in one t:ihlc is 
that the general trends will be inore obvious than in t:ihle\ giving 
:i l l  tletails of each case. The disadvantage is, however, that stir:ill 

\:iri:itions - still iriiport;int for the evaluation -- will not :ippe:ir. 
\I’hen, f o r  instance, cavity - pulp distance influences the reaction 
t tic condensed table does riot reveal if this factor has influcticecl 
tl ic result iirore in one group than in another. l‘1ieoretic:tlly i t  
iiiight, therefore, be possible that most of the caxities in one series 
~ c r e  sh:illow whereas in  another they were deep, while tlie outer 
litnits mere the s;ime. In ;I coiirp:irison of the influence of two 
different engines, therefore, the cavity - pulp distance inight inflir- 
ciicc the  result more than  would the engines in question. Know- 
ing this froiii earlier experiments the author has  endeavorctl l o  

hnvc :I coiiip:ir:ible range of cn\ity depths in e;ich experiiiiental 
series. 

T h e  sui1ini:iry of Table 1 gives for each particu1:ir finding the 
ratio of c:ises affected to the tot:il number of cases in the group.  
EIo~vc~er, i t  is not sufficient to  judge by the number ot’ c:iscs 
sliowiiig the finding, hut  the extent of the finding must be detcr- 
iitined froiii the full table. For exainple, out of 130 teeth tre:itcd 
with Den tnlair, 7 +owed discoloration of the c:ivity hottolrr, and 
38 out  of 5 2  showed the saiiie when prepared with the original 
ISorden. ‘I’his difference in such a large series appears convinc- 
ing but, in view of the fact that  in the first group 4 o f  the i 
\bowed only slight discoloratiori and 3 a strong one, where:\\ i n  
t h e  second group the discoloration was iiioder:ite in 19 and strong 
in 12, tlie difference hecoiues even inore distinct. 

?‘he occurrence o f  otlontobla\t nuclei nnd erythiw$e\ in t h e  
ticntin:il tubules must  be assessed in the saiiie ~ w y .  Even in this 
i ~ s p e c t ,  however, Table 1 does riot differentiate directly. Only the  
range of obserl ation periods is given and  not :I detailed brea1,- 
tlotvn. Since i t  is linown that  migrated odontoblasts disinlegi.:ite 
after 3 -4 weeks, :I lower nuinher of cases with iiiigrated odonto- 
Masts does iiot necessarily indicate 1:rcli of reaction. One has to 
find oat  from the  table if the cavity preparation method in ([lies- 
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tion caused migration of odontoblasts in  immediate extraction 
cases (0  days). However, a further breakdown of the observation 
periods can be deduced. The cases showing migrated odontoblasts 
must have an observation period of less than 30 days, and those 
showing irritation dentin without migrated odontoblasts must 
hare  observation periods over 30 days. 

Thus, even the table presented here is suitable for statistical 
treutinent, but the summary of the table must be used only lo 
obtain an  over - all picture. 

Discussion of histologic criteria 

Many of the phenomena used as  criteria of pulp reaction :ip- 
pear also in sections taken from clinically intact teeth. Thereforc 
i t  seeiiis important to arrive at  distinct criteria for eualuation of 
pulp reactions. 

E n i p f g  sptrces nnd ccroifg format ions  

Einpty spaces in sections taken frorn experimental teeth have 
often been regarded and recorded as criteria of pulp reactions to 
the treatment in question. The unreliability of this criterion is 
established by the large variety of nanies - (vacuoles, reticular 
atrophy, blister, cystic cavities, varicosity and rebound response) 
---used to denote these empty spaces. When followed in con- 
secutire serial sections it is obvious that they formed cavities in 
thc specimens hcfore sectioning (Langelund 1957). 

It may be that  the very first reaction in the pulp is a n  accuniu- 
lation of tissue fluid along the pulpo-dentinal membrane, but 
since these fluids - using present histologic niethods - would 
be washed out one cannot in the sections determine i f  they have 
been there in  viuo. Introduction of a freezing technique for fixa- 
tion gave certain additional inforination, but because of loss of 
adaption to the cavity tubules in this technique, it cannot be used 
for determining reactions to  operative encroachiiients (Lange- 
land 1957) .  

The cases which give a basis for assuming that a fluid accuniu- 
lation is the possible first reaction to cavity preparation are some 
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of the cases froiii t h e  experinleiits in which Nondolor has  heen 
uwd  and in which :I fibrous material has been deiiionstratrd 
( 1,rrngPlnnd 1959 ). 

I I I  :ii.eas in which iiiJlaiiiiiiatory cells are deteriorating i t  is 
known that  t h e  enzyines released are able to tliswl\ e ground 
suhst:tncc and fibres. On this basis :i 1icpel:tction occ~ii .s  :ind 
\ii licre the liquids are  waslied out cavity foriii:ttions will rc\iiIt, 
but  tliry c:innot be distinguished froin artifacts :IS long a s  tltcy 
:ire ciiipty. From [he presence of iiif1:inim:itory cells in the rcgioii 
one ~ii:iy conclude, however, that  they a re  only partly artif:ict\. 

It hzis been shown by t he  present author, in this iin:iteri:tl : I \  i n  
:I I 1 1) rev i () 11 s con t r ol :I 11 (1 e x pe ri I 11 eiit a 1 1ii:i t er i a 1, th :I t I 11 e c' I I  1 I )I y 
\p:ices :ire not related to  any 1):irticulnr c:tvity prep:tr:ition 01' I i l -  
1 i 11 3 111 e th  od . 

'I'here is, howeyer, one f:ic.tor which is the same in  : i l l  thest. 
control :rntl  cxperimentnl teeth, n:unely the histologic inelliotl. 
1 Iic reagents to which the extr:icted tooth is exposed, influcncc 
t h r  ~ ) i i I p  tissue in such :i way Lhat c:ivitg foriii:itions f'reqiicnllj 
develop. The  fixative, 1 0  % forinalin, produces ;I certain degree o f  
shrinkage, the decalcifying agents soiiie swelling, and the alco- 
hols, froin 7 0  to  100 %, :I in:rrlied shrinkage. Since the odoiitol)la\t 
1)roct>\ses are fixed to the rigid dentin walls which do not shi.iulc 
to t h e  s:~iiie extent :IS the  pulp tissue, cavities :ire formed. Accord- 
ingly, i t  is the histologic method and not the cavity prepr:ition 
incthod which causes these einpty spaces, and ternis :IS " Y ; I ~ U O -  

1:ii.c 1)egener:ttioii der Odontoblastenschicht", "retiliuliire Atro- 
phie", "blisters", "cystic cavities", "varicosity" and "rebound 
response" are terins based upon the result of the histologic 
nicthod :ind, accordingly, wrious  n:inies for one and the saiite 

art ifact. 

r .  

A 4tudy 01  the illustrations o f  Bernier & Knnpp  indicates illat 
lhe phenomena they tlescril-,e as  signs of Ixtthologic reactions arc 
also seen in the author 's  material. However, 13ernier defines the 
terin varicosity - "formation of  large air-filled spaces" and this 
cantlot be right. A n  air-filling o f  t he  pulp tissue could not occur iii 
t h c  closed pulp chamher in uivo. It is  the obligation o f  Hrrnicr & 
Kri t rpp  to  deliionstrate how the air entered the pulp tissue. 'I'he 
Grosset Webster d i c t i o i i q ,  however, defines varicose = s\volleii. 
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Swelling of the pulp tissue could not take place within the closed 
pulp chamber, and the result of swellii~g would be compression 
of the tissue and give no possibility of formation of empty spaces. 
Thus, even the term ”varicosity” is misleading. 

‘I’he term ”rebound response” is no i ~ o r e  descriptive and no 
more evident than varicosity. 

Even though the findings of Bernier & Knupp are corroborated 
by Rateitschnli-, Ic‘tinig & Miihlemann and partly by Xlltiricmne 
W e d e r ,  it does not alter the fact that they are all  describing the 
saiiie artifact, and the teriiis mentioned should never be used 
because they bring confusion into the histologic evaluation of any 
preparation or filling method. 

Occurrence of ”tecirs” und ”blisters” 

”Tears” and well foriiied ”blisters” appear inore often in  treated 
cases under the cavity tubules than elsewhere, but the difference 
is not significant. They arc generally not confined to the cavity 
tubules but continue into the adjacent areas. One reason why 
they may appear inore often under the cavity tubules is related 
to tlie histologic method. When the sections are cut a t  4 microns 
they will easily fold even if stretched. The folds naturally often 
occur where the section is weakest, nainely in the region of the 
prepared cavity. 

In  experiments in which odontoblasts have migrated into the 
cavity tubules the odontoblast processes may be torn and this will 
allow fluid-filled tissue spaces to form in uiuo. When the effect 
of the histologic reagents is added to  this, ”tears” and ”blisters” 
will more easily be formed in the cavity region than elsewhere 
in the pulp. However, the cavity formations cannot have been a s  
large and extended in uivo as  they appear in the sections. 

One way of deciding whether the pulpo-dentinal membrane, 
separated from the predentin in the sections, has  been separatcd 
from the predentin in uiiio, is to  observe the formation of tlie 
predentin after days and months. If, after the extraction of the 
tooth, the cavity tubules can be followed without interruption 
through dentin and predentin the ”tear” is an artifact. If the tear 
had occurred a t  the time of operation an  irregular predentin and 
dentin formation would have resulted. 
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i i i \ l i t ( , i i w  on d r r i f l r i  /orniirlroii 

Crit(>ri:i of  reaction to  iii.jury, however, is the :ippe:ir:inw of 
ot ion t( )Mas t nuclei a n  ti cry t l i  rocy t es  in the (1 enl in :I 1 t I I I )LII (~ \ .  
.S lunZc! j  & Si iwrdlow ( 1 $)ti0 ) helieve that this phenoiiiciion o ( ~ i i r \  
1)cbc:iuw of  incre:ised pre4sure in :in inflamed area subj:icenl to 
tlic cavity tubules. That  such : i u  nssumption is dubious is wci i  
Irorii t lie fact that  migration occurs :is :in iiiiiiiedi:itc rewtion 
wl ir i i  there has been no Liine f o r  developinent of : i n  inl’1:iiiiiii:i- 
l i o n .  111 uddition, migration occurs : i s  :I result of cavity 1ire- 
1 i : i r : i t i o n  i n  extracted teeth (I,trngcZtrnd 1 9 3 7 ) .  A theoretic:tl w i i -  

\itlci.:iLioii also indicates that  their explanation cannot be c o r r c ~ l .  
I f  :in increase of [he pressure took place, the prcssur’  would 
s p r v : ~ l  equally strong in :ill directions since Ihe pulp tissue iii  

i ) / i i o  c:in be coinpared with :I fluid. Therefore, il’ their specu1:ition 
w ~ r c  right, one would find odontoblast nuclei in :ill thc pidp 
w\all\  ; i r i t l  not orily confined to the cavity tubules. The iiiigr:ition 
c:iii bc iiiore satisfactorily explained by :ilteration in  the osniolic 
1)res\ure occurring when cell tissue is damaged (I,trngclnnti 1 !K)7 ) . 
‘l’hi\ findirig is corroborated in Hrnnnstrurn’.~ experiliients ( l ! W  1 .  

Hotvever, in  the experiments of Br6nrzstr6in ( 1960) 1iiigr:ition o f  
odonto1jl:ists occurred both in test and  control cavities. T h e  t:ict 

that  i t  occurred uiider control cavities as well iiieans th:~t  llic 
rcx;irtion under t h e  test c:i\ ilies w i s  not due entirely to the f:ictors 
15 hicli the experiments were designed to test. 

I n t he pr e se 11 t 1 ii at e r  ia I :icc 11 111 u lat i o n of leukocyte s con si 5 e 11 t 1 y 
f c i 1 I owe (1 1 ii ig r :i t io n of od on to bl :I\ t s . Rr cxn ns t riiin ref uses to :I cc c 1) t 
t1i:il the  appearance of leukocytes is due to degener:ition of thcsc. 
o~lontoblasts : i d  prefers to consider unspecified changes in  u i i -  

sliecit‘ied structures : is  the  cause. Rrannstrbm ( 1960 1 like ~ A I I ! / ( > -  

~ f l n d  ( 19.57 found that  the qtrongest rcactioii was often observcd 
whcre the gingivnl cavity tubules ended in the  pulp. Rrrinnstrorii 
hclicwti h i t  this was due to lenltage along the cavity imirgin. A s  
long ;is he has  not demonstrated that  this takes place in  the whole 
:irc:i in which the peripheral cavity tubules teriiiinate in the pulp, 
hi4 stateinent is not valid. In the present 1nateri:rl the  stronger 
re:iction is restricted to  the  area in  which the  gingival cavity 
tubule3 terminate. I t  i s  therefore more probable that  the stronger 
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reaction derives froni a larger amount of degenerative products 
coining from the long gingival cavity tubules than from the 
shorter central ones, a s  long as the filling iiiaterial does not in- 
clude free harmful chemicals. Brirnnstronz’s speculations re- 
semble those of Sroerdlow & Stanley (1958) who coded the lesions 
as severe i f  the cell-rich zone beneath the zone of Weil ”was iiiis- 
sing and not according to the number of infiltrating inflanima- 
tory cells, as  other investigators have described”. Since the usuul 
reaction to  degeneration in connective tissue is cheiiiotaxis caus- 
ing uccuiiiulation of leukocytes, which is generally seen in the 
present material, it is the responsibility of Smerdloru & Stcrnley 
to denionstrate that their criterion of a reaction which is not 
accepted in general pathology is valid. 

Stanle!] & Smerdloir~ speculated upon the effect of the pressure 
applied to burs and thought that a pressure of 8 ounces was 
injurious. The lack of reaction in experiments with infra low 
speed (term introduced by Nggrrard iistb!] to designate speeds 
under 300 r.p.iii.1 in which such a pressure, or stronger, has  been 
regularly applied, indicates that  their opinion is not well founded. 

T I S S U E  CHANGES INCIDENT TO CAVITY PREPARATION 

Forniulion of irri tation dentin 

The dentin laid down in the region of the cavity tubules will in 
a11 cases where odontoblasts have migrated into the tubules show 
irregularity, because the influenced tubule terminates a t  the place 
i t  had reached at  the time of migration of the odontoblast, the 
process of which was included in that particular tubule. The 
degree of irregularity depends upon the number of migrated 
odontoblasts. In  cases of some days’ observation period only, tlic 
irregularity of the predentin occurs siiiiultaneously with appear- 
ance of 1nigr:tted odontoblnsts. After increasing observation peri- 
ods, when odontoblast nuclei are no longer seen in  the tubules, 
the irregularity of the dentin is iiiore obvious and the odontoblast 
layer is still reduced. Regeneration of the odontoblast layer by 
formation of pre-odontoblasts - young odontoblasts - mature 
odontoblasts as believed in by James  et al. has never been found 
in the author’s material. The final result in cases where odonto- 
blasts have degenerated has always been irregular dentin and 
predentin with reduction in number of the adjacent odontoblasts. 



This concerns ex1)eritnents in which no prrforrrtion to the  pulp 
has taken place. 

On the  other h:ind, the :itiiount of  pretlentin nnd tlentin 1: i ic l  
down is not dependent 011 the number of odoiitohl:istq, hut on tlic 
t l i \ t : i n c . c  ot‘ t l ic  reiiinining odontobl:ist\ froiii the ~ ~ ~ ~ I ~ ~ o - ~ l c ~ n t i n n I  
I I 1 (, I I I 1 )  I Y I  tit’ . 11 s ti a1 I y t lie od on 1 obl a s  1 s sit ii :I t etl n rare s t 1 o t h c 1 ) I . (>  - 
ticillin iiiigr:iIc first. ‘I’hus, [lie greater the number ol‘ tiiigixltvi 
ociorito1)l:ists the 1)ro:ider the irritation tientin. This  strc\sc~\ il l(* 
fiict tli:it ot1ontobl:ists do not I’orin dentin, but  they  i~egu1:ilc~ Ilic 
1orin:ilion o f  dentin in that  :i dentin:il tubule is foriiied :iroiintl 
cacli odontohl:ist process. \VIieti :in odontoblast degener:ites, I’or 
in s t :I n ce :if t c I-  111 i g r atic )n , the  t uln ti I e wli i (-11 h :I (1 p r e yiou s I y hec t i  

Ioi.itietl arountl its process will end :it the  place corresponding t o  
thc  liiiie o f  t h e  injury.  This is the reason why irrit:itioii tlcntiti 
coiit:iiii\ Jcwci. tubules than the dentin formed heforc the injiiry. 
‘ I ’ l ic  1ul)uIcs in the irrit:itioii dent in  :ire foriiied around the 1 ) i ~ -  

cc’\ses o f  the surviving otlonto1)l:ists. The tissue bct\wc~ii tliv 
t ul)iilc.s is irregular and varying froni  case to case. I%rt (11 i t  iij:iy 
1)c c:ilcif‘irtl to :I h igh  degree whereas  the tissue inhetween is :I 

tlcgenrixtive fibrous, usu:rllg cell-free tissue. The  irregulnrity 
iiiiplies lhat  i t  is no dependable harrier ngainst injury.  

I f  wgc1icr:itioii o f  otlontobhsts occurred one would ex!)cct :in 

increase in the iiuiiiber of tubules. This  W:IS never found i n  thr 
1 ) r c . w n l  tiiaterinl. Thus, the whole :wen of irritation dentin i i iu \I  

hr.  considered :I s c : ~  tissue. 

The significance of the spray systems 

I h  s cd LI 1) o t i  I h e  ir iiie :i sure  in e n t s of t em per :i t u re vn ria t i 011 s i 11 

the  pulp, .lplin ef ul. suggested t h e  use of air :IS ;I coolant duriiig 
c:ivity prep:ir:ition. Since i t  is  tleiuonstrated in all cases in tlic 
pi e\en t iiiatcri:il in  which air has  been used as a ”coolant” th:il 
iiiigr:itioii of odontoblasts occurs, i t  is obvious that  such :I ~ n t ~ t l i o d  
cannot he used. In  addition, it iiiiplies that  the prubleiii o f  :ivoi(l- 
ins reactions is not only :I question of temperature control, but :I \  

i i i u c l i  :I question of avoiding drying and desiccation o f  the  tissuc. 
It is uniniportant whether the air blast takes place during 01’ 

after covily preparation. When testing the effect on the pulp c)f 
mi engine or filling iiiaterial the use of a n  air  stream in  any forru 
unu\t be avoided, otherwise the reaction to  desiccation will he 
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recorded together with a possible reaction to the engine or filling 
inaterial. Similarly, when testing the effect of a filling inaterial 
one must inalie sure that neither the preparation method nor the 
cavity toilet produces any reaction. 

It inay generally be concluded that lack of increase of the 
temperature iiieasured i n  the pulp chamber is no evidence of 
innocuousness of a filling method as  Jtrrby (1958) believes. 

Temperature of the spray 

When the first Borden types were introduced their spray 
systems were connected directly to the cold water supply. This 
was critisized in the Pirst publication on ultra high speed (N!J-  
p a r d  iistby 1958) and pre-heating of the spray was subsequently 
introduced. If, however, the therniostat is set a t  40°C as, for 
instance, in the Siemens air turbine, the cooling effect of the 
spray will be considerably reduced. Brunnstrlim used a spray 
temperature of 3 7 ° C  and this may be one of the reasons why 
odontoblasts migrated into the cavity tubules of his control and 
test material. 

The temperature of the spray should be as  low as  possible 
without hurting the patient. Usually that implies a lempernture 
of about 23"--26"C nieasured a t  the place where it hits the bur. 
As Peyton (1955) has shown that  the cooling effect of an  air/ 
water spray is a s  efficient as a jet of water, an :iir/water spray 
is preferable because, delivering less water, it gives better visi- 
bility and the evacuation of water is easier. This is important 
because the ewcuation system of dental units has  not been de- 
veloped to meet the increased requirement of the new technique. 

The need for spray at various speeds 

Careful preparation at  infra low speed did not produce any 
pathologic reaction. At speeds from about 5,000 r.p.ni. up  to 
50,000 r.p.ni. a single spray of Kavo type or the spray system 
attached to  Dentalair was sufficient if the spray reached the bur  
all the time. At 80,000 r.p.ni. Kavo automatic spray covered the 
whole working surface of even a long bur on one side, but left 
the other side dry. 

In  addition, the single jet will always have the disadvantage that 
it may be prevented from reaching the working place by a cusp 
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or :I c;ivilg wall. P:irticul:trly :it increasing speeds, where the i i w d  
of s1)r;iy is greater, it is iinportnnt that  the spray collie\ fro111 :it 
least three sides a s  in  the LDX. 

‘J’lic incre:i\ing need of spray is  denioristrutetl in the 13oi .d(~ 
engines. Severe reactions occurred in the pulp when caxities \wrc 
pr(>p:ired with these engines with their iiiaxitiiuiii spray. r - \ f t cXiv  

intiwduction of the double sprug engines, the re:iclions :ire re- 
rl[rcctl ljut still present (l‘ahle 1, New Kavo L k ~ ~ i e n ) .  Even tlio~rgli 
tlie Aero ‘I’urbex delivers considerably more water, the reaction\ 
c:iu\cvl 1)y that engine :ire stronger t h m  the reactions c:iuscd I i j  

the i i ~ w  Kayo I h r d e n .  The new spray of the S.S. \Vhite I<ortlcii is 
110 iiiiproveiiieiit on the o l d  one. The :iinount of water tlelivrrctl 
i4 tlouhlctl, h i t  tlie re:ictioiis are in general the smnc a s  wilh thc 
oi.isiii:il onc, because of the in:idequate pl:iceincnt of thc secoiitl 
jet. Accordingly, the second jet is, ;IS a whole, :I dis:id\ antage. 

Biological evaluation of drilling instruments 

‘l’hv st:iteiiient tha t  any instrument used a t  any p r l i c u l a r  
sljeccl ( r . p . t i i . 1  should cause stronger reactions than  others is  not 
coi.i.olioi.:ilec1 by the findings in the present expcrinient:il i i i n -  

tcrkil.  When Zirrfeitschnk et  ul. iti:iinl:iin that  the present author 
fouiitl the  saiiie rcwtion to drilling at 20,000 r.p.iii. a s  :it 50,000 
1‘.1).iii. this is  a riiisuiiderstniidirig. First :inti forelnost, the pr.c\cnl 
;I t i t  h ( ) r 11 ;I s t i  e vcr published results Cr 01 n dr i 1 1 i ii g :it 2 0 , O O  0 r .I). I I I .  

I n  :tddition, if other rese:irchers’ results, e.g., Srmcrdlozn & S f r i n -  
l e y ’ s  at  20,000, should be coiiipared with mine :it 50,000 i t  is still 
wrong, because in  the  present material no reiiction w a s  reported 
froin the 50,000 r.p.iii. region when preparing with :I sufficient 
spray for the instrunlent used, whereas Swcrdlorn & Stnnle!/ re- 
ported :I pthologic  reaction. 

1 1  is alwuys difficult to  coinp:ire the results of one rescnrcltcr 
with those o f  another.  One factor, however, is iiii!)ort:int ant1  tl):il 
is t h r .  nuiiiber o f  experiiiientnl cases. If the nuiiiber is  siiiall, 
grner:il coiiclusions can seltloiii he tfr:iwn. This relates par1 icu- 
h r l y  to the  experimental series of J l a r i m n c  M’ct!t.r ( 1960) coiit- 

llrising 2 2  experiuiental and 4 control teeth :~nd  th:lt o f  Ntrlvif- 
sc-lirrli ct t r l .  ( 1959) coinprising no iiiore than 27 experiiiienL:iI :tiid 

5 control teeth. When these small serics are  divided into groiips 
thc conclusions dr:i\.vn :ire not significant. 
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Ml.larsland & Shooelton's observation that  steel burs produced a 
stronger reaction than T.C. burs, is not corroborated in the 
present material. In  this large series no correlation has been 
observed between the bur or diaiiiond used and the reaction in the 
pulp. This implies that steel burs, T.C. burs and coarse or fine 
grain diamonds did not influence the pulp reaction differently. 
When Smrrdlouj & Sfanleg maintained that a certain stone, No. 37 
diaiiiond stone, produced a stronger reaction at 20,000 r.p.111. than 
other instruments even when these were used at  higher speeds, 
the reaction should rather be related to the invert cone shape of 
the diamond, preventing the water to penetrate between the dia- 
mond and the tooth, than to the speed. Thus, the problein is again 
related to the spray system. 

Vibrations, caused by belts of belt-driven engines or by acentric 
handpieces, have not caused pulp reactions in the present 
material. However, vibration must be considered of importance 
for the comfort of the patient and for the maintenance of the 
handpieces, in p:wticular for the ball bearings. Therefore, drills 
and diamonds should be centric and balanced and the handpiece 
true running. 

Another factor which is of iniportance for the safety of the 
patient is the shaft of the bur. 

If this is too soft, being hardened on the surface only, i t  niay 
bend and if this happens while it is working there is a risk of 
cutting the soft tissue. If it is too hard it may break and fall 
straight down or be thrown away by centrifugal forces, if it coines 
out of center the inoinent before it breaks. For prevention of such 
:I risk when using friction grip instruments, a gadget which 
ensures placement and removal of the instruments without hend- 
ing, should be used (Fig. 11 11-F). 

The importance of the tissue changes due to cavity preparation and 
desiccation 

On the basis of the present experiments it is concluded that the 
linrinfulness of a preparation method can be evaluated on the 
basis of the occurrence of migrated odontoblasts and erythrocytes 
in the cavity tubules. Thus, the testing of engines can be made in  
experiments of iniiiiediate extraction and of short duration. 
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If :I preparation iiiethod causes iiiigration of moderate nuinhers 

If  ;I preparation iiiethod causes niigration of numerous odoiit o- 

blasts, the tissue daiii:ige i s  more extended, but  the method inay 
after all be considered a calculated risk if i t  is :idvantageous 
:ill conditions taken into consideration. 

of odoiitoblasts the method is considered clinically 1i:rrniless. 

1 1  :I 1)rep:ir:ition iiiethod causes iiiigration of numerous odonto- 
1)l;ists :ind soiiie erythrocytes, it is considered iiioi-e hnrnlful ;ind 
c I i 11 i c :I I 1y in :ic c e p ta  bl e . 

This does not iiiiply that pulpitis or necrosis would occur a \  :I 

result o f  the prep:ir:ition method :rlone if no harmful filling iii:t- 

tt3rial were inserted into the cavity. The result o f  the h:irinful 
prepirxtion iiiethod per  sc is :i scar tissue and :I certain aiiiouii  t 
o f  cliroiiical infl:iiniii:itory cells. If, however, :IS in cro~z’n 1)re- 
p r : i t i o n  :I large :iiuount of  dentinal tubules is opened, the rc~i (*-  
t ion n i l 1  he more severe. Possible pulp reactions dur to caries xvill 
I)c added to the reaction to  preparation. 

If the cavity or :ibutiiieiit is suhsequently thoroughly desiccated, 
Il ic .  iiiijiration w i l l  increase. 

I I  :it last :I chen1ic:illy irritating inaterial is brought in coiii:icl 
with the dentin treated this w:iy, the  tissue fluids thus reiiiovctl 
f r o i i i  the peripher:il ends of the dentinal tuhules will he rep1:icc~l 
I )> ,  for instance, acids or other irritating eleiiients of t h e  filliitg 
1iinteri:il in question. The cuiiiul:rtivc effect on the pulp of :i l l  the  
factors mentioned is responsible for  the pulpitis :Inti  iiecrosi4 
we find c1inic:illy. 

’rIii\ iiiiplies that  each of these steps should he considercd :inti 

lhc reaction to  each o f  theiii reduced as much as possiI) l~,  ‘I’his 
tiit’:ins h i t  ;I sufficient air/w:iter or water spr:ry should t)c ~isctl  
during cavity and crown 1)rep:ir:ition. If  the w:iter spray o f  t l ic  
engine in question is insufficient, :iddition:rl spr:iy should I)e 
I I set I .  

CVhen drying the cavity or abutment before filling, the . s i ~ r / / ~ c ~  
of the cavity or :ibutnient should he dried to  iiiect the rccluiri.- 
i i i ~nt s  of  t l i c  fillins in:iteri:il, but :I desiccation into the tuljulr\ 
sh o 11 I d bc :i void e (I. 

T h e  burnt cavity iiiargins will be o f  iiiiportmce for secont1:iry 



or recurrent caries. It is therefore iiiiperalive that the engines 
used have a sufficient spray reaching all c:ivity surfaces and 1li:rl 
Inargin triniiiiers :ire used for finishing. 

CONCLUSIONS 

I Valid criteria for testing the effect of engines on the pulp 
were : 
(1  1 After iniinedinte extraction: 

( a )  odontoblast nuclei in the cavity tubules, 
( b )  erythrocytes in the cavity tubules, 
(c)  discoloration of cavity bottoni and inai-gin. 
If none of these phenoniena were seen in experiments 
of iiiiinediate extraction, the method was considered 
h ariii le s s. 

( a )  odontoblast nuclei in the cmity tubules, 
(b)  erythrocytes in the cavity tubules, 
( c )  simultaneously leukocytes in the odontoblast 1 :yr  

where the cavity tubules terininate in  the pulp, 
((1) capillaries confined to this ztre:i, filled with blood, 

t i  criterion of hyperemin, 
( e )  leultocytes inside and outside the circulatory ues- 

sels of the area involved. 
If none of these phenonien:i were seen, the niethotl 
was considered ha  r 111 le s s . 

( 3 )  After niore than 30 days: 
( i t )  usually no niore odontoblast nucIei or erythrocytes 

in the dentinal tubules, 
(b) irregular irritation dentin adjacent to c:irity tu- 

bules, 
(c )  reduced number of odonto1)lasts adjacent to cavity 

tubules, 
((1) regular dentinal tubules running without inter- 

ruption froin dentin to pulp-dent inal  Ineinbr:ine, 
a criterion of no reaction, 

(e )  no reduction in number of odontoblasts uiitler 
cavity tubules compared to those under adjacent 
surrounding tubules, a criterion of no w n c f i o n .  

( 2 )  After 1--30 days: 
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t f ) Iyiiiphocyte\, plasiiia cells and ~nacrophagos con- 
fined to the area suhjacerit to the c:irity tu l~ule \  
but usu:illy not in the odontobl:isL layer, 

1 ;I clc o 1' in f 1 :I I 11 I 11 :i tory c e I1 s sit ii u 1 tan e o u s 1 y w i 111 
irritation dentin indicates that  there has 1)et.n :in 

acute inflnnimntory reaction which has hccn re- 
s( )I ved . 

g 

I1 T h e  following phenoinena are no criteria of pulp re:ictiotis : 
( A Concentration of infl;tintiiaLory cells centrally in [he 

pulp se1i:ir:ite from the :ire:) where t h e  cwi ty  tuhules 
termin:ite in lhe pulii. 

( 1 % )  Eiiipty spaces in the odontoblast layer. 
( C )  Etnpty spices centrally in the pulp. 

vncuoles, reticular atrophy, 1)listcrY :ire not y:ilitl. 

Accordingly, terms :IS reliountl response, v:irico\ity, 

I 1 1  1,:ick of temper:iturc increase in the pull) ch:iniber :I\  :I 

wsul t  of :I prepar:ition or ;i filling iiiethotl is no criterion ot 
Ii:trinlessness of the  riiethod in question. 

I\ '  Stn:ill cavity forrn:itions :iround the pulp-dent innl  i i i v i i i -  

h i n e  iii:iy be the first reaction of the pulp to injury,  hut 
the histologic niethotl used in  the studies published lill Lo- 
day gives no  possihility to ascertain whether these ca l  iLir\ 
were fornied in mino, or which fluids they possibly con- 
tained. This  ni:iy be ex:riuined in histocheiiiical in\esliga- 
tions, but the orient:ition to the  cavity tubules will l i t ,  :I 

diff ic ti Ity. 

( 1 ) Engines with r.p.tii. up  to 300 could be u3ed for  ljrc- 
p r a t i o n  in the dentin without slmiy. 

1' 1kisetl upon these criteria, it was found that: 

( 2  ) The engines tested (Ritter, Kavo, Micro-hIq:i Iwll-  
driven, Dent:il:iir, IA)X ) with r.p.iii. froi i i  5,000 to 
135,000 should lie u s e d  with an :iir/water spr:iy t o  l i e  
h arlnl e SY . 

( 3 ) The original 13orden :iirotors c:iusctl ( l egencu t  ion ol' 
odontoblas t s, heinorrh:iges :itid :in i nl la  i i i i i i : ~  tor! IT- 

act ion. 
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( 4 )  The new Iiavo Korden double spray engine caused less 
reaction than the original one, in that  hemorrhages 
usually did not occur. 

(5)  New S.S. White Rorden double spray enh’ ‘me  was no 
considerable iinprovemen t on the original one, because 
the water jets came froni the saiiie side of the bur. 

( 6 )  The Aero Turbex caused essentially the same reactions 
as the new S.S. White Borden. 

( 7 )  The Bien Air single jet engine had :in inadequate spray. 
( 8 )  The Midwest Air Drive caused reactions similar to 

those created by the new Kavo Borden, or perhaps a 
little less. 

\‘I The spray shoiiltl be sufficiently forceful and directed in 
such a way that  it always remains like a luhricant hetweeii 
tooth and drilling instrument. 

1’11 The reactions to hnrmful drilling niethods and to burns in 
the dentin were in principle similar, but the reactions to 
burns froin a red-hot steel instrument were stronger. 

V11I The effect on the pulp of steel burs, T.C. burs, fine :ind 
coarse grained diamonds was similar. 

I S  No specific influence on the pulp could be seen as  a result 
of the vibration deriving froin the drilling instruments used. 

SIJGGESTIONS FOR ItECOSSTRITCTIOS 01.‘ AIR-DRIVES DENTAL 

ENGINES 

The air turbines were received with enthusiasm by the profes- 
sion when they were introduced, but if they shall he lnore than 
:in additional equipment meant for special purposes and fully 
r ep lxe  the belt-driven engines, rather iiiiportnnt new construc- 
lions must be introduced. 

( 1 )  S p e d  - torciue 

I t  is up  to the dental surgeon to choose the preferable speed 
and torque for the operation in question. Certain claims are 
related to this particular probleiu: 
(A) The speed range of the engine should be froin the low- 

est u p  to about 250,000 r.p.m. during operation. 
( B )  At low speed the torque should be high. 
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( C )  At higher speeds the torque should decrease, but lor  
inost operations ~ not he so low thkit tactile sense is 
lost. 

( I ) )  Only hy perforation of artificial crowns :rnd enniiicl in 
tender teeth tactile sense is not wanted. This iinp1it.s :I 

\v( )I’ I< i n s s 1) ee tl :it :ibo ii t 2 5 ( ) , O  0 0 r .p. i n .  

( E )  One :tir engine is h;irdly sufficient to i‘ulfil :ill tlivst, 
c I a i l  11 s, t h e r c f o re :I i r 1 not or s :I 11 d 11 :I n d pi ece s in c1 II t I i n g‘ 
r.1j.m. froin 1 t o  230,000 s h o u l d  he connected in one 
unit. 

i F) ‘The enijines should stop iiiiiiiedi:itely when the  air pr13- 
siirc is released. 

( 2  ) ,S]”’“!/ 
The spray systems of iiiost of the engines :ire insufficient, 
: ind \hould he :rltered to coinply with the following cl:iiiiis: 

It sh o i i  Id 
( t i )  C O I I I ~  f ro in  a t  1e:ist three sides of the h i . ,  
( I )  have ;I sufficient force not to he deflected hy thc air 

t ii r bu 1 e nce around t h e bur, 
( c  ) :il\v:igs, a s  a lubric:int, penetr:ite hetween the toolh 4 t h -  

stance and the hur, no iu:rtter the shape or size of‘ the 
bur, 

( ( 1  ) prevent siiiell of hurnt  tooth structure, 
( P )  prefelahly he :in :iir/w:iter spruy, 
( f 1i:rve :I theriuostat controlled temperature :IS lo\\ :IS 

possible without hurting the patient ( 2 %  2 6 ° C ) .  
( 3 )  The exhaust air  should be let out of the mouth or 4pre:id lo  

:I\ oid the incon\ enience of :I forceful je t  of  air stre:iining 
froiii the  r e a r  side of the head of the turbine. 

( 4 )  ‘The intensity of t h e  sound should be reduced. 
( 3 )  ‘I’he handpieces should he :IS free of vibrations a s  

( 6 )  Tlic bur chuck should secure :I 1i1-111 and centric grip of‘ t l i c  
hUr. 

( i )  ‘ H i e  equipment for insertion :ind reinov:il of friction grip 
k)iirs should he constructed in such :I \v.:iy that  bur\ w c  in- 
serted without the risk of being bent, :ind reino\.ed \\ itlioul 
the risk of disturbing the chuck or ball he:irings. 
‘Hie engines should be tested biologically prior to coininvrvi:il 
introduction. 

( 1‘( 



In order to investigate the biologic aspects of soiiie modern 
dent:il engines, a series of experiments on cavity preparation W:IS 

carried out. The rotational speed of the engines ranged from 
:ibont 300 r.p.111. to 250,000 r.p.iki. For the preparation were em- 
ployed various rotating instruinents, such as  steel burs, tungsttcn 
carbide burs, and diamond points with different grain size. 

After observation periods varying from three minutes to 620 
days, during which the cavities were sealed with zinc oxide- 
eugenol, the teeth were extracted and submitted to a histologic 
examination. A s  :I basis for the ewluation of the findings the 
criteria worked out in the writer’s earlier investigations were used. 

According to this evaluation, sotiie of the new engines causcd 
pathologic pulp reactions which could he ascribed to :in inndc- 
( p a t e  spray system. 

Rased upon these investigations, the writer proposes sonic 
ch:inges in the construction of dental air-driven engines. 

K€?SLJhl I? 

CHANGEMENTS TISSULAIRES RESULTANT DE LA PREPARATION 
DES CAVITES 

ESTIMATION DE I ,A VALECH DE QUELQC‘ES TOURS DENTAIRES 

Dans le but d’dtudier les aspects biologiques de quelques tours 
dentaires modernes, il :i dtC proc6dC B une sdrie d’expkriences sur 
la  preparation des cavitks. La vitesse de rotation des tours allait 
d’environ 300 t/inin B 250.000 t/min. Divers instruiiients rotatiis 
ont Ctk utilisks pour la prdp:rration, fraises en acier, fraises en 
c:irbure de tungs the ,  et pointes de di:mant de diffCrents grains. 

A p r h  des pCriodes d’observation variant de trois minutes B 620 
jours, pendant lesquelles les cavitks Ctaient ohturees h la piite 
eughol-oxyde de zinc, les dents ont Ctb extraites et souniiscs :I 

un exaiiien histologique. Pour l ’hdua t ion  des rksultats, I’auteur 
s’est bash sur les critirres dtahlis dans ses recherches anterieures. 

Cette &valuation inontre clue les nouveaux tours orit ddtermink 
des reactions pulpaires pathologiques qu’on peut iiiettre sur le 
coiiipte d’un systkiiic de reiroidissement inadCquat. 
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l'ranscurridos periodos de ohservacibn clue rariaron desde tres 
niiiiutos hastn 620 dias, tiempo durmte  el c u d  las cavidades 
l'ucron selladas con 6xido de cinc-eugenol, se extrajeron 10s dien- 
tes y se soiiietieron a un exaiiien histol6gico. Como base para la 
er:duaci6n de las observaciones se utiliz6 el criterio desarrollado 
en  iiivestigaciones anteriores del uutor. 

De acuerdo con esta evaluacicin, algunos de 10s nuevos tornos 
produjeron reacciones pulpares patol6gicas que podian ser atri- 
huidas a un sisteiiia de refrigeracibn inadccuado. 

IPasndo en estas iiiveslignciones el autor propone a l p n o s  caiii- 
hios en la construcci6n de 10s tornos dentales "air-driven". 
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Plate 4. 
1''ig. .i. 

I\ kt I< .  I k i i t  alair with airiwater spray (Fig. 9 I:), Dentatus diarnontl 129 iiilo dentin, 
(ungslei i  calbitle (T. C.) bur KO. 1 in  dentin, cavity toilet arid filling as heforc. 
0l)servalioti period 215 days. Cavity - pulp distance 1.1 riini. 

.\. I 'iilj) liswc uiitlerlyiiig cavity tubules a n d  untreated I ubules. l 'ul~)(~-(lcii~ii i~il  
iiiciribrant: separated lroin prettentin. No inflammatory cells. 

1 3 .  I ligli iiiagniticatioii. 1)entinal tubules riiii without interruption through tleriliii 
; ( i 1 ( 1  prulcnliii. hletliirrti cxvity foriiiatioris aaiotig otloriltrblasls. 

(; S. I ) .  1)eiitalair with air/water spray, ])entatus tliamontl 129 into tlciiliii, 
'1'. (:. bur No. 1 iii dentin. Cavity toilet. :ui t l  filling as lielorc. 0Iist:rvaf iou period 
?!) . I  tl;rys. 

(;. Irrilalioir tleiitiii uiitter siiiall p a r t  cavity tubules. No irifl:i~rimalorq.itory cells. 

I). I ligli iiiagiiificatioii. Tubulcs in irritalioii dentin irrcgu1:ir autl retliicetl iii iiiiiii- 

lwr. I~ i id(dyi i ig  otloiilob1:lst layer retliicetl i t i  width. 



Fig. 4. 



Plate 5. 
1:ig. 5. 

& I(. original I<ortleii (it) with tnaxiriiuiii spray plus extra airlwater spray f r o i n  
unit, FIorico NJ round tliarnond bur throughout. l i gh t  I)rushiiig teclinique. 
Iininetliate extraction. (hvi ty  - -  pulp distalice 1.9 inin. 

.I. l’iilp tissue untlerlyirig c;ivity tubules and untreated t i h u l e s .  No tlifl’erence 
1)ct~vvccii tlic. two areas. 

1%. I ligh niagiiilication untler cavity tul~ules .  Separation of ~~ulpo-~Ient i i in1  nictii- 

briiiie I r o r n  predcntin. 

(;. 0rigiii:iI Jlortleri with ~naxiinuin spray. €Iorico rountl tli:~montl i i i l  o tlentin, 
T. (:. No. 2 / 0  i n  deiitin. Ilrushing iecliiiique. (hvity toilet and 

lilling as before. Ol)servation 1)eriocl 2 (lays. Cavity pulj) tlistarice 1.3 inin. 

( h v i t v  tulttrles, pretleiitin on right. I<loiigaled odontoblasl nucleus and erythro- 
cytes i i i  Luhules, erythrocytes :IS l’ar a s  0.5 nini from pulp. (P latc  12, l i j .  

I ) .  S. S. White ‘I0 I3ortleu with iicw type jets (1:ig. I O G ,  kl ,  I), ‘I7.(:. No. 2. Iininr- 
tliatc extraction. (:avity p u l p  distance 2.2 i i i r i i .  ( h v i t y  tubules including icw 
otloiitol)last nuclei ant1 iiiiiiicroiis erythrocytes.  (Plate  12, 11). 



Fig. 5. 
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Fig. 8. 
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Plate 10. 
Fig. 10. 

A,  13 & (:. ~ hlidwesl Air Drive. 

A. One outlet for  chip blower, the  other for jet of water. 

1%. Air Drive rotating at about 250,000 r.p.m. Kith spray in action. M’ater covering 
the drill from one side whereas the other side of bur is lefl dry. 

C. When spray pressure is reduced, air turbulence around the bur deflects spray 
from tiur. 

1). l a i r fax  (rc Aero ‘h rbex .  Two outlets for water j e ts .  

1-. j\ero ‘I’urbex running a1 about 250,000 r.p.m. with maximum spray hitting head 
of bur. 

1.’. A s  in 1: with retluced water jets deflected from bur. 

(;. New S.S. White IJorden. Two lower outlets for water jets. Three upper for part 
of exhaust air. 

11. S. S. White l3orden running a t  about 250,000 r. p. m. with maximum spray. I2ront 
jet hitting shaft of bur, rear jet uppcr part of working surface leaving par[ of 
bur uncovered. 

1. As in I1  with reduced water jets deflected from bur. 

. J .  Jlien Air @, air turbine with single outlet for air/wat.er spray protrtitling f r o m  
neck. 
J1et.al chuck for burs with conventional shafts. 

I<. I3icn Air running a t  about 250,000 r . p .  m. with maximum spray, from one side 
covcring the  bur. 

I.. A s  in I<. Spray hitting side of cusp, completely preventing it from reaching field 
of operation. 



Fig. 10. 



Plate 11. 
1:ig. 1 1 .  

A. l'lastic cliucli arid cliainoiitl be111 during drilling and tliro\vn out ol chuck. 

I s .  I)ianiontl broken during drilling. I t  was slightly bent llie nionient before breaking 
ant1 the heat1 \ w s  therefore tlirown off by centrifugal forcc. 

(:. Slightly l)ent di:imoiiil riuining :it. about 250,000 r. 1). 111. 

1). (1,eft): Same tliainontl as in  C: in air Lurbiiie placed in :I gadget lo r  precise ~ ~ r n i o v a l  
o f  1,urs. 

1 ) .  (I(igli1): Gadget for insertion of bur in to  chuck preventing [lie pobsi1)iIily ol 
tilting o r  1)cntling. 

J':. I,?ft par [  of gadget in  1) seen from the  side. In niitldlc, pin which presses b u r  out.  

F. 1iighL p a r t  of gatlgcl in 1) seen froni llic side. 





Plate 12. 
A .  Dentalair with air/water spray, Dentatus diamond 129 into dentin. Kavo 

reduction-geared hand piece, without spray, rotating a11 inverted cone bur 
No. 2 in dentin. Immediate extraction. Cavity ~ pulp distance 1.5 inin. Section 
stained according l o  Mtrssori (t I irhrome stain). Cavity walls stained as deeper 
parts of dentin. 

13. Ritter belt-driven engine aiitl Horico tliainoncl into dentin, n steel bur in tlentin 
under continuous air blast. Cavity prepared in carious region. Inimetliate estrzic- 
tion. (hv i ty  - pulp distance 0.8 nrm. Irritation dentin due to caries. Pretlentiii 
bordered by one chain of odontol)lasts, some of which have inigratetl into 
tubules. 

C. A s  in 13. Cavity tubules atljaceut to those in 13. Numerous otlontoblast nuclei 
in cavity tubules. 

1) .  1)eiitalair and Viking diamond 5x6 into dentin, T. C. bur in dentin under 
continuous air blast. Cavity filled with zinc oxide-cugenol. Observation period 
2 days. Gavity - pulp clistance 1.5 inin. Pulp tissue uritlerlying cavity tubules. 
Odontoblast nuclei in tubules, iiuiiicrous neutrophilic leukocytes in pulp tissue. 

E. New Iiavo Illorden with Hoiico tliainond into dentin, dleisiiiger T.C. bur 2 / 0  
in dentin under continuous air blasl. Cavity loilet and filliug as before. Obser- 
vation period 7 days. Cavity - -  pulp distance 1.5 inm. lk i i t in  antl pulp tissue 
underlying cavity. Odoiitoblast nuclei in cavity tubules, reduced odoiitoblnst 
layer, and neutrophilic leukocytes along prederitiii. 

1:. (:avit.y prepared with belt-driven engine at 10,000 r. 1). in. under a continuous 
blast of air, the temperature of which is reduced from + 3 7 O  to  +I"(:. (Non- 
dolor). Cavity filled with zinc oxide-eugenol 16 days. Cavity - pulp distance 1.6 
mm. Dentin antl pu lp  tissue underlying cavity. Darkly stained area in clentiii, 
due to  folding of thin section. Marked hyperemia, hemorrhage and accumnlatioii 
of numerous neutrophilic leukocytes and lymphocytes in otloiitol,last layer a n t 1  
centrally in the pulp. 

C;. High magnification of 1'. l<rylhrocytes in cavity tnhules evitleiice of hemor- 
rhage. Neutrophilic leukocytes along pretlentiii and in entire otlontoblast layer. 

€3. 1)entalair with air/water spray, l k n t a t u s  diamond 129 into dentin, Rleisinger 
round No. 2 in dentin. Cavity toilet and filling technique as in l'ig. 1. O1)sci- 
vation period 43 days. Cavity - pulp distance 1.5 mm. Section stained according 
to  Mirsson (trichrome stain). Cavity hottom stained as deeper parts or tlentin. 

I. K e n  Air with Denlatiis diamond 121) into dentin, wilh Meisinger T. C. inverted 
cone in dentin. I\Iaxinium sljray. Spray was prevented from reaching cavity by 
hitting the cnsp of the  tooth. Iinnictliate extraction. Cavity - pulp distance 
l . X  mm. Section slairietl according l o  Mnsson. Heavily stained cavily hottoin 
and margin. 
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