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Abstract - Ultrasonic cavity pte|:iarations in etieloeloiilic stirgety
has become a popular pre)ceelure with sevetal aelvantage-s note-el:
Smalle-r cavilic-s, dee|)e-r anel eleaner prepatations, less r(-me)val
of siirre)uneling beetle ueeele-el Ibr iustrumeutation atid le-ss re-
moval of root apex elentin, (loncern has been taiseel thai line-s of
infiactie)n have appeareel in some instances whe-n the tilttasonic
instriime-nis have been tise-d. We wisheel to exatnine the restill of
cavity pte-paralions in root apexe-s using five eliflere-nt me-thoels:
high anel slow speeel hatidpieces, sonic iustt ttments, auel tiltia-
sonic instruinents at two power settings, me-elitmi atid high levels,
tespe-ctively. The resnits showe-el thai all llie- melhoels |jroeluceel
se)nu- infraclions; the- high |:)ower tilltasonics )3r()eluceel the most
infractions while the fewest numbeis were assoe iated wilh the
slow speeel hanel|3ie-ce and itltrase)nic instruments at the medium
powei' se-tting.
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Ftieloelotitic stirgery incluele-s root te'se-(tioti aud
rctrogtaele- cavil)' |:)re|Datation, fhe ttstial teeh-
tiiepte has been to te-sect the- root lip wilh eithe-r a
high or slow s]iee-el carbiele or eliatnonel bin\ in oi-
eler te) obtain a be-vele'el a|)ical sui face, le)lle)W(-el by
an ajiical cavity piepatatioti with either a small
re)uiiel or inve-t le-el cone bur ( I ) ,

Re-cently, sonic anel ttltrasotiic insltuments have
beeti inlroeluceel for the pur|)ose of ]5repat itig api-
cal cavili(-s (1-4), ,Several aelvanlages have be-e-ii
mentioned. For instanee-, bevele-d reseclie)ns are
not necessaty, smaller anel cleaner cavity pre|Data-
tions (an f)e- tnaele, anel one may exte-nel cavity
preparaUons se^vetal millimeters core)nally from
the apical otifice. The- latte-r may be- parlictilarly
advantage-otis if the <atials wete tiot ade-e|ttately
cU-ane-el |)t evie)ttsfy.

No disaelvantages have- been ck-arly iele-tilifieel in
tlie^ tise- of tilttasouic e'tie-tgy iu t ettopt e-pat ations.
The mechanism by which an a|)ical cavity is made
using ultrasonic instrttme-nis is piesutiiaf)ly
througli the acottstic power e-milleel by flu-se in-
struments (,5), It is not known if sitcb action is ele-l-
timenlal le) the integrity of the surrounding den-

lin. One may speculate-, howeve-r, abottt tlu- |)ossi-
l)le effect the energy may have on elentiti; is it
likely to iniliate fractnie lines ov wotsen present
root infiaclions? The' purpose- of this study was to
examine llie- effect of se)nie, ulttase)nic, high-
spee-el, anel slow-speed tool-end |)ie|3aiations on
the- elevelopment of t()e)t infi actiotis.

Material and method

Sixty roots of exttacteel teeth wete- ttse-el in ihis
expe-t itne^til, fhe apieal 2-,3 mm of c-ae h roe)t was
resc-cted using a eliamond stone in a high speeel
haneljDiece- wilh cotislant wate-r spt ay,

1 he tese-cfeel rools wete- grou])eel accoicling lo
sha]5e (tc)unel, ol)lotig, concave) anel meastite'd fbr
the-ir narrowest diameter (<3mm; 3,()-3,,')mni;
>3,5nitii), anel distributed itito six expetItuental
categories (Table- 1), Faeh eate-goi)' had a similar
elistribution of shape- anel elianu-ter samples, fhe
ex|ie-ritnenlal gre)tips (2 to (i) hael tiine- roots e-ae h
whife- the ec)tUte)l gtottp (1) cotisiste-el of 1,5 roots.
Prior to making apical cavily prepatations, the re-
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Retrograde cavity preparation

Tahle t. Experimenfal groups

Group 1
Group 2
Grotip 3
Group 4
Group 5
Group 6

Resected roof fips - no refropreparafions
High speed (#t round bur)
Slow speed (#1 round bur)
Sonic retrotip
Ultrasonic at medium seffing ot 5
Ulfrasonic at high seffing of tO

Total

t5 roots
9 roots
9 roots
9 roots
9 roots
9 roofs

60 roots

seeled rool tips were staineel with 2% metbylene
blue te) check for any existing fiactiire lines, using
a clinical microscope' at \6X magnificatiejn; none
were ptesent, Retropreparations were' made in
Gre)ii]3S 2 to 6; group I setved as ce)ntte)l anel re'-
ceived ne) prepatation other than root tip resee-
lion. In Clroitp 2 the cavities wete tiiade ttsitig a #1
rotinel bur iu a high si)eeel handpiece with a wate-r
coolant spray, while Citoii]3 3 was prepared with a
slow speed hatid|)iece, a #1 touud btir, but tiot wa-
ter coe)lant, Cite)iip 4 was ptepate-d with a sonie-
handpiece with a #25 reirotip (Micromega 1500'-)
with waler coolant, Ciron]3s 5 anel (i we-re ptepateel
with ulttase)tiic haiidpieces fitte-d with re-troti|>s'
and n,sed wilh a water coolatil: the differences be--
twe-e-n the two grou])s was in the ]3e)vver setlings:
Ciroit]:) 5 was set at a meelium level e)f 5 and Ciroti]D
6 al a high le'vel of 10, After cavity pieparatioiis ilie
rool tips wete again staineel anel examined closelv
by pbotogtaphing ihe- tesecteel surfaces at lOX
magnification wilh a videe) enhanced measnting
niicre)scope' anel pie)je-e ting the slieles e)n a screen.
Three examiners viewed the slides and looked for
presence or absence of fractnte lines. In the)se iii-
stance-s wlu-te there was lack eil te)tal agteemetit,
the slides were re-evalualeel. Only those toots in
which all three examiners agreed on Ihe presence
of fines we-te- counted as havitig infiae tions.

Results

A n infVactie)n is a ha t e l t i s sue f i a e l m e - iu w h i c h t h e

p a r t s h a v e n o t s e p a t a t e d (6). In o n r stiielv, t h e

inf tac l ie) t i s showee l as me-thyle-ne bhte- l i n e s

e x i e n e l i n g f t o m llu- eavitv' pre-i)aralie)tis le) t h e

ex le - rna l siirface-s of the- r o o t s (F ig 1) , N e m e ol t h e

15 r o o t s in ( I r o t t p 1, in w h i e h t av i t v p i e | ) a r a t i o n s

we're n o t maele-, showe-el l i t tes of inft actie)tis. Of tlie-
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I'lgnie I. Resec led rool siiitacc .iller apical ca\il\' prc-p,nation.
Note small and large- inlr,u"lioiis (arrows).

te-mainitig 45 roo ts in the o i l ie r five gteinps, 12
showed line-s in te rp t e-te-d as inf iac t ions . Table 2
shows t h e elisiribitiion of infiactie)iis ame)ng the
g t C)tt|3S,

In Grou]) 2, iti whieh the- cavitv ptepatalions
w(-te made with a high sj^eed hanelpiece, infiac-
tions eicciii re-el in ,3 of 9 roots, while- onlv one- in-
11 action e)cctnreel vvhe'ii a slow spe'ed haneij^ie-ee-
was useei (Ciroujj 3), The se^nic gte)up (4) had 2 in-
ftaclie)tis. In tlu- uhtasonic groups (,5 anel I)) otu-
infiactioti was fe)uiiel when the power setting was
at a tneelinm le'vel while- five infiactions occurred
at the^ highe-si se-ttiug,

fable- ,3 she)ws the- disiributiein of infiactions
f)ased on si/.e and shape of the tese-cleei te)ol sur-
faee, Te-etli with the tiattowe-st extetnal toeil snt-
face diamele-r , <,3 mm, showed a fiee]ueut inci-
dence of infVaclioti, (i of 15 (40%), Roe)ts with l)i-
concave- root motpholog^ elevelopeel infiactie>ns
apparenth ttnrelated te) roe)t eliamelet. The chi
square lest slie)we'ei that while thete is tie) signifi-
cant eliffere'tue iti the- elislt ibutioti of infl actieiiis
f)aseel on toot tnot |)liole)g'V' ( X'-=3,5; elf=2: p=0,17 )
anel root thickness, ( X-'=l,5: df=2: p=(),47), it does
sugge-st a tte-nd in occut retice- of fiactures iu roots
which are biconcave (7 of 15) and le,ss lliati 3 tum
in diatneter, (6 of 15), Further analvsis e)f the inci-
denee- of itifiae lions (12 of 45 test teeth) she)wee1 a
tisk of genetating infiactions that varies fiom a
high of 55 '^ , ( 5 of 9), for ultrase)tiic iettc)]itei>ara-
tie)tis at high settings, to a low of 11'>('', ( 1 of 9), fe)r
ulttasouic al tiieelitmt settings, and for ihose done
with a sle)w-speeel handpiece. The confidence in-
terval whic h I e-fle-e ts the possible tange- of values
for the It ue value e)f the percentage e)f teelh having
infiactions, indepenelent e)f the tnethe)ei useel, can.
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Table 2. Incidence of

Group 1
No apical cavity

0

infractions*

Group 2
High Speed

3

Group 3
Slow Speed

1

Group 4

Sonic

2

Group 5
Ulfrasonic
Medium

1

Group 6
Ultrasonic

High

5

Totals

12

' Each experimental group consisted of 9 roots; the confrol group (I) had 15 roots.

therelbre, be determined at the 95% level and
found to be 0,138 to 0,396, This means that based
e)n these data, the percentage e)f teeth having in-
fiactie)ns ce)ulcl be as high as 40% ancl unlikely tej
be less than 14%,

Discussion

Inne)vatie)ns in techniques and instrnments have
contributed to the progress made in recent years
in eudoclontics, and ende)de)ntic surgery has per-
haps l)enefltted most, Stu gical treatment of teeth
with eneloele)ntic pre)bleiiis has become increas-
ingly cotnme)ti sitice the 1972 publication on the
hislological, radiogtaphic anel clinical study e)f
endodoutic surgery by Rtiel et al, (7),

Recent advances in surgical lechnieiites have in-
(lueleel the intreieluctie)n of surgical microsce)pes
anel the use of tilttasonic instrnments for ai)ical
cavily preparations (8, 9), Wtichenich et al, (4)
she)weel thai ultiasouicalfy ]>repareel cavities can be
made thai have- smalle-r dianietets, are eleeper anel
more rete-ntive, anel are cleane-r than the)se- maele
with slow speed inverted ce)ne burs. Other ])e)ssible
iinpiove'inents were reporteel by Mehlhaif (-t al,
(10) who pointed ottt that the bony crypt size fbr
apical aecess could be elecreaseel and that less a]3i-
cal tooth strticture neede-el to be removed in mak-
ing apical cavity preparaticjus, Tlie e^uestiou about
possible prol)lenis in using ultrasonic devices on
re)e)t tips has been raiseel in three recent research
reports, f>ayU)n et al, (11) and Abedi et al, (12)
linkeel an increase in apieal fiactme lines to tlu-
tise of ultrasonic instruments, while Mardetosiati
& Cilickman (13) founel liei ccjrt elation,

hi the present stttely we compared fotir melhods
cji pteparing apical cavities in the elevelopment of

Tabie 3. Incidence of infracfion relafed fo combinations of shape and diameter

< 3 mm 3.0 - 3.5mm > 3.5 mm

Round
Oblong

Biconcave

Totals

2
2

2

6

3

3

1

2

3

dentin infractions, C îir observation was thai all
fbitr tnethods wete asse)ciateel with line-s of inftac-
lion, but tbat some factots appealed me)re ])te)mi-
nent than ejtiu-is.

As one we)nlel exjject, the me)t phe)logv' of the
ie)e)t was itnportatit, Me)re infractions e)ccurred in
the)se re)ots dassifieel as biconcave. This was triie
regardless e)f the size e)f the re)ot diameter. The
thin elentin walls associateel with the root ce)ncavi-
ties pre:)bably predisjjose Ihese ie)eils to fracture,

Dentin thickness, in and of itself, appeats to
play a role- iti the- de-ve-lo|)ment of infiactions; the
small diatneter roots (<3mm) devele:)peel tnore
lines, regatcUess of the m()tphe)le)gv, than ihe-
large-r diameter roots.

With respect to the methoels for ptepatitig the
a|:)ical cavities, tiltrase)nic elevices at high jjower
settings te-sitlteel in lities of infiae lions iti e)ver half
of die samples (5 /9) , while low ultt ase.)tiic pe)wer
settings anel sle)w speed haiidpieces generateel
cjnly one infraction each. Ultrasonic enet gy can be
a very powerftil fbtee e)n eletitin and other harel tis-
sues, I leal can be generateel - tbe:)ugh eoolant wa-
ter sptays are used - atid vibratioti is vety noiicea-
h\v. Bolh the heat ancl the vif)talie)n may contrif)-
ute te) the elevele)pmenl of infractions.

In the high s]Deeel hanelpiece gtoup, three- e)f
nine samples eleveloj^eel lines, Fleal and vibration
may be facte)rs, but to a lesser extent than with
high pe)wer uluase)ni< s,

fhe sonic itistt utiient was no! coinfeirtable to
nse anel created several ge)uges oti the stttte)imd-
ing ele-nlin. Infractions e)ccurteel in 2 ol 9 satuple-s,
])ossibly telaled to the inaelverlent gouging elite to
the elifficnlty in controlling ihe instrutneut. The
leasl number of infiaction lines resulteel from (he
use of sle)w speeel haiielj)ieces ancl tillrasonic iti-
strume-nts set at a meelitim power level. The gen-
tler mani):)ulalie)n of elenlin ap):)eateel te) prevent
infiactions.

The fact that there is a risk of generating inliac-
tion lines legardless of the method tiseel to pre-
paie apical cavities should tie)t be ignored.
Granted, e)ne cannol equate infiactions wilh stib-
seejtient roe)t fiactiues, but the' potential for later
fractures must be considered, I he risk for devel-
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oping infractions, at the 95% confidence level, in-
dicates a range of 0,138 to 0,396, meaning that
there exists a risk of about 14% of developing in-
fractions when using sle:)w- speed hanelpieces cjr
low-power ultiase)nics and up te) about 40% risk
when high peiwer ultrasonics are used. It remains
to be detetmined what the risk may be Ibr infiac-
tions to proceed to true fi acttires.

If apical cavity pi ejDarations are associated with
tisks of infractie)ns one may wish to considet altet-
native methods for accomplishing the ge)al of api-
cal root end fillings: the sealing of the rool canal
apex. The repe)tls by Riiel et al, (14) aud e)thets
(15) suggest that apical cavity preparations may be
avoided by the use of bonded composites covering
the tesected root surface. The compeisite seals
both the toot canal oiifice and surrounding denfi-
nal tubules. Only root resection is nece,ssary in
sucb a technique aud iu our study we fbiiud no in-
fiactie)ns associated with the resection step,

Reterences

1, INCU.F ] I , CrMMiMvS RR, FIUNK Al., Cli.icK DH, Rini.s.sn.ix R,
RADMAN WP. Endodonlic Sursferv, In: lnf>ie JI and Bakland
LK, editors, Endoetonties. 4lb ed. Balliniore: Williams and
Wilkins, 1994; 689-76:^.

2. Ki.i.i.KRi M, SOLOMON C. CII.M.IIN 11. A niodern approacb lo
surifjcal endodontics: ullrasonic apical pteijaration. X •̂
Slate Dent 1 1094: (•)():2,5-8.

Retrograde cavity preparation

'^. KoNc; e:D. .V sonic insiniiiieiu lor lc-trooracle preparation. |
Knclod 199:i: 19::^74-ri.

4, \\ rc:iu Nic.H Ci, Ml.Miows O, .\xii r()R.\iiiNi;|Ai) M. .\ c c)inp:iii-
son ol nllrasonie and bigb speed rool end preparation
tecbnic]ties iti litmian cadavers. | Endod 1994: 2():279-tS'2.

b. WAI.MSI.KV AD, LAIRD WTltl, AMI \yii.i iwis .\R, t~)isi)lacement
atiiplitude as a meastire of tbe acotisiic ont|)tit ol ttltra-
sotiic sealers, lleiit Mater 1986: 2:97-100.

(i, Stediiian's Medical Oictionarv, 2()tb ed, Balliniorc-: Wil-
liams and Wilkins, 199,"i: 871.

7. Ri II |, ANORRVSKN | ( ) , Mori l K |i:Nst.N |E. Endodonlic ,Siii-
j;er). (\)llection ot articles Inl | Oral Snrg 1972:1:148-60,
161-7:;, 19,V_'14, 215-28, 2,")8-71, 272-81. 297-:M(), M 1-28.

8. PKCCIRA Ci, ANIIRKANA ,S, t 'se ot dental operatina; niicto-
scope in endodontic siiigeiA. Oral ,Sin'g 199:V,7,'):7,^il-r)8.

9. RtDDii C']. Stttgical endodonlic reitealmc-nl. Calil Dc-nt
Assoc |. 1991: 19:61-67.

10, Mi.iii.iiAi'i, I^S, MARSIIAI.I. | ( i , B.\iMc;AKTNt.R |C, (Comparison
ol iilltasonic and bigb-speed root end preparations tising
niatcbed teetb (.Misiract). J Endod 199,^: 21:224,

1 I, LwtoN ('A, MARSIIAII | ( ; , MCIRC.W 1..\. E\ahtation otcracks
associateel w'wh nllrasonie rool end preparation (Ab-
stracl), I Endod 199,"i: 21:22,"i,

12. ,\HKni HR, VAN Mtt'.tit.ci BL, TORAIUMIAH M. EITecis ol iiltra-
,sonic root-etid cavity pre])aialion on ibe root a])ex (,V1>
stract), 1 Endod 199,5: 21:22,5.

\'^. MARtit-RosiAN ]C", Cii.icKMAN CN, Sti'iKluial cliaiiges in rool
following sonic and tiltrasotiic loot-c-nd preparalion (.Ab-
st l aeO. j Endod 1995: 21:225.

14. Rll) |, Ml NRsoAAkii EC, .\MiRr.\.sF\ [O, Riid W Rolrogracle
root tilling willi coni|iosile and a dentin-bonding agent.
Endod Dent riamiialol 1991: 7:12()-,'il.

15, ."XMHt s (',, MiNKscAARii E(.. tieiitiii bonding agenis and
cciiiiposile letrogr.ide rool filling. .Ann | Oeiil 199:^: (i::i5-8.

103




