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Scondicoine é fobricodo sob rigoroso controle
de quqlidode, exigido pelos orgonizoções de

soúde dos poíses do EuroPo e EUA'

Scondicoine é opresentodo em tubetes de cristol

com o diofroqmo iiliconizqdo, que proporciono
umo onestesiã indolor. O cristol é utilizodo,
umo vez oue o vidro opresento risco de
contominoçõo pelo chumbo e o plóstico nõo é

considerodo odequodo poro o envosomento de

medicomenlos inietóveis.

Scondicc¡ine é comerciolizodo em lotos locrodos

o vócuo. que elimino os riscos de contominoçõo
desde o'suo fobricoçõo olé o oberiuro no seu

consultório, independente dos piores condições

de ormozenogem.

Scondicoine é lsento de conservontes, o que

reduz riscos de evenÌuois processos olérgicos.
Suo estruturo omido nõo é obsorvido pelos

esieroses circulores, sendo ropidomente
metobolizodo.

Scondicoine é um onestésico o bose de

Mepivocoino, qu.e opresento toxidode relotivo

menor que o do Lidocoino e possui oçõo
onestésico oté quotro vezes moior'

Adicionolmente, o Mepivocoino possui

co roclerístico I igei romente voso-constritoro / que

orooorciono o seu uso isenfo ou com menor

ionLentroçõo de voso-constritores, dependendo
do necessidode do denlisto.
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Aoresentocõo:
-'seandiioine - 3olo Sen voso-constrilor

Arõo oneslésica de 30 minutos.

' Siondirqine - 2% Nor-qdrenolino o l:100.000
Acõo oneslésico de 2 horos.

- Sirndiraine'2% Especiol o l:200.000
Acõo onestésito de 4 horos.
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EDITORS EDITORIAL t ç.

C.ESTRELA, M.Sc., Ph.D.

Brazilian Endodontics has been marked by

recent technical advances based upon serious

research. This new concept is a result of the

enthusiastic participation of young researchers

and the experience accumulated by their
professors. New laboratories dedicated to
biologic and physical studies in Endodontics are

being created. This has lead the Endodontic
Teaching and Research Foundation to edit the

Brazilian Endodontic Journal. This is the first
journal in Brasil dedicated to Endodontics being

published in English, which permits Brazilian
studies to be read all over the world, thus
facilitating their diffusion and enhancing the

exchange with international study centers.

If this Journal was made possible due to hard
work, dedication and the encouragement of the

members and friends of the editorial committe,
a lot more has to be done to make it regular and

consistent. Welcome professor, researchers,

specialistis ancl collaborators from Brazil and

abroad to publish their experiences, in order to
disscuss Endodontics as a science, redefTning its

principles and pratice.
We are open for suggestions and criticism.

We are a group, under God o indivisible, with
minds open to teaching and research. Thank you

for reading the Brazilian Endodontic Journal.
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G.B.SYDNEY, M.Sc., Ph.D.

J.A.P. FTGUETREDO,
M.Sc., Ph.D.
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INFLUENCE OF ROOT CANAL PREPARATIOI{ ON ANAEROBIC
BACTERIA IN TEETH WITH ASYMPTOMATIC ,APICAL

PERIODONTITIS

Gilson Blitzkow SYDNEY, M.Sc., Ph.D
Universidade Federal do Parana, Curítiba, PR , Brasil

Carlos f,,STRELA, M.Sc., Ph.D., Chairman
Universidade Federal de Goias, Goiânía, GO, Brasil

Root canal preparation has been considered one
of the most important phases of root canal therapy.
The development of technique for the growth and
isolation ofanaerobic bacteria shows that they are much
more prevalent in root canals with apical periodontitis
than previously thought. Independent ofthe technique
used to prepare the infected root canal, elimination of
bacteria is achieved by the mechanical cleansing with
files and the use of an effective antimicrobial irrigant
and dressing. How much the canal should be enlarged
has not get been is not standardized. The authors studied
the influence of root canal preparation on anaerobic
bacteria in teeth with asymptomatic apical periodontitis
using bacterial samples and microbiological analysis,
taking as the master apical file, the third and fourth
instrument after the initial file that binds slightly at the
apical third. Preparing of the root canal using a non
antisseptic irrigant (saline solution) reduced the number
of anaerobic bacteria but did not eliminate them, When
l% sodium hypochlorite was used as an irrigant, the
qualitative reduction was more significant but did not
eliminate all of them. Peptostreptococcus pret¡oti and
C I o str i d i u m h i st o lyti i cum w er e the prevalent bacteria.
The concept ofenlarging the root canal three or four
sizes larger than the initial file is not enough to eliminate
bacteria from infected root canals.

Key Words: Anaerobic bacteria, root canal
preparation, apical periodontitis

effectiveness of sodium hypochlorits2,3,6'8'r3'ra're,20. l1t
germicidal activity is due to the formation of
hypochlorous acid when in contact with organic debris.
This acid exerts its effect by the oxidation of sulfhydryl
groups of bacterial enzyme systems, disrupting the
metabolism of the microorganismsr4r 6.

However, there are different opinions about the
ideal concentration of sodium hypoclorite. SHIH et al.re
irrigated previously prepared canals innoculated with
Streptococcus faecalis and Staphylococcus aureus,
with 0.5o/o and 5% sodium hypochlorite. The
bactericidal action of 5o/o sodium hypochlorite was
superior only during the early periods. After 7 days,
about 80% of the teeth presented positive cultures,
independent of the two concentration used.

The most desirable concentration would be one
that combines maximal antimicrobial effect with
minimal toúcity. SPANGBERG et al.2r found that 0.5%
sodium hypochlorite dissolves necrotic but not vital
tissue and has considerably,less toxicity for HeLa cells
than a 5% solution. THE et a1.25 evaluated tissue
response to various concentrations of sodium
hypochlorite in guinea pigs and no significant
differences were found in inflamatory response for the
concentration range of 0.9o/o to 8o/o. SIMOES et a1.20

verified a mild inflamatory response when lo/o sodium
hypochlorite was used in the connective tissue of mice.

In terms of active chloride level, package and
validity time, 7o/o sodium hypochlorite is the ideal
concentrationl I'17,

How much the canal should be enlarged is still
controversial. WALTON and TORABINEJAIì 28

reported that the root canal must be enlarged enough
to permit adequate dèbridment as well as manipulation
and control of obturating materials and instruments,
but not so much that the chances of making procedural
errors and needlessly weakening the root are increased.
However, it is difficult to standardize implementation
on clinical basis. There are no definable criteria for
determining how much the canal should be enlarged.
Each clinician has his own enlargement limit.
Irregularities in the shape ofthe canals are still obvious
and present in almost all ofthem. Much ofthe surface
area of the canal is never touched by the instruments
because of anatomic variations. The irregularities, la-
teral and accessory canals may be filled with necrotic
tissue and bacteria. A classicaltest for determining the
correct width of any canal preparation was the frnding
of clean white dentin shavings on the fìle's flutes.
Because oftheroot canal anatomy this does not indicate
a thorough removal of tissue, debris and bacteria.

INTRODUCTION
Root canal preparation has been considered to be

one ofthe most important phases ofroot canaltherapy.
In the treatment of nonvital teeth removal of necrotic
tissue with its colonies of bacteria from the main canal
is of utmost importance. By enlarging and giving it its
shape for obturation, most bacteria in the dentinal
tubules are physically removed as well26.

The development oftechniques for the growth and
isolation ofanaerobic bacteria shows thatthey are much
more prevalent in root canals than previously thought.

Many factors influence the growth and colonization
of bacteria in the root canal: the-availability ofnutrients,
low oxigen tension and bacterial interactions rs'22-2a.

. ^ Independent ofthe technique used to prepare the
lnfècted root canal, there is a general agreement that
the elimination ofbacteria is aclíeved by t-he mechanical
cleansing with files and the use óf an effective
antimicrobial irrigant and dressing r,e,16.

. The use of íhe bert possiblã inigant is of great
lmportance. Research has show the antimicrobial

BRAZILTAN ENDODONTIC JOI'RNAL - 7
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WALIOÑ?and MZRACHI et al.r2evaluating canal

debridment concluded that there was little relationship
between clean shavings and the quality of debridment.
GROSSMANT and WEINE2e introduced a rule based
on the initial size of the file that binds at the apical
portion of the canal. The master apical file is three or
iour sizes larger than the initial fïle depending on the
presence ofvital or necrotic tissue but this has not been

þroved to be really enough.' The aim ôf this-study was to analyze the
prevalence of anaerobic bacteria in the root canal of
infected teeth related to the degree of enlargement
and the irrigating solution.

MATERIAL AND METHODS
Thirty upper anterior teeth with asymptomatic

apical periodoñtitis and intact pulp_chamberwalls from
pätienis 18 to 40 years old were selected for-this study.
They all of them-showed periapical bone destruction
in the radiographic examination. Teeth with pathologic
gingival pockets were not included.

BACTERIAL SAMPLES
The teeth were cleaned with an ultrasonic unit and

isolated with a rubber dam. The tooth, the clamp and

the rubber dam were cleansed with}.4% iodate-alcohol
and 70o/o alcohol. Access preparation was performed
using a round bur in a high-speed handpiece and, befole
enteiing the pulp chamber, a new cleansing wirhT)o/o
alcohofwas ilone. lb complete the access a round bur
in a conventional handpiece was used.

A Hedströen # 15 file ( Maillefer) was then
introduced into the root canal, the working length was
determined and the instrument pressed against the ca-
nal wall, turned itself a quarter and removed taking on
its flutes canal fluid and dentin shavings. The instrument
had its handle removed by a sterile and adequate wire
cutter and transfered to a tube containing the transport
medium and labeled.

Preparation was performed using K-files
(N4aillefer) and the root canal diameter determined by
the instrument that bound slightly to the canal walls at
the correct working length. Enlargement was done

usins four files larger than this instrument.
i{icrobiologicãl samples were taken after the third

and fourth instrirment ai described tlefcre' A total of
90 samples were taken.

MICROBIOLOGICAL SAMPLES
The transport medium was thioglicolate for

anaerobies @ifco). The time between sample colleotion
and laboratòry analysis was 12 hours. As soon as the
samples arriväd they were anaerobically inoculated in
the GasPak system Íbr 48 hours at37"C. Gram stained

technique and aerotolerance tests were then performed.

Coloniès were sown on two Columbia Agar plates for
anaerobics, supplemented with sheep blood (5%),
vitamin K (l mfml) and Hemina (5 mglml) and ?gain
incubated. The- next step consisted of a new Gram
stained technique and Vtek Systems analysis for rapid,
computer-assisted identifrcation of anaerobic and
micrôaerophilic bacteria. The Vitek Systems uses an

anaerobic- identification card (ANI) and a specific
computer program. Thirty wells in the card a contain
28 bìochemicál substrates and one negative control.
The tests used in the ANI card are based on the
microbial degradation of specific substrates and

detected by a variety of indicator systems. Once the
bacterial suspension is inserted into the card port by a
transfer tube and sealed, it is incubated for lour hours
at35-37"C, The bacteria do not use the substrate, but
only test the enzyme they have. Positive and negative
weils are then determined by visually comparing the
wells to a positive color guide in the benchtop Vtek
Oflline viéwer. The results are entered into the Vtek
System utilizing a simple, fast entry program on the
dáta terminal. The patterns are analyzed automatically
and an identification report is printed. It is a qualitative
analysis, not quantitative for the anaerobic.

RESULTS
Table I shows the microorganism population

in the root canal of allteeth. A minimun ofth¡ee and a
maximum of frve different microorganisms were
identified in each tooth. Tables 2 and 3 show the
microorganisms identifìed after the use ofthe third and
fourth instrument.

'Table 1. Anaerobic bacteria identified in the initial sample.

GROUP 1 GROUP 2

l

I

Propionibacterium acnes
P ro p i on i b acte r i um gr anu lo sum
Prevotella bucae
Prevotella intermedia
P revol e I I a nrc I an i nogen i cus
P e pto stre pto co c cu s as acch aro lyt i cu s
Fusob acterium nucle atum
Lactobacillus
Peptococcus
Actinomyces viscosus
Clostridium ramasun
Clostri diutn hastiþrme
Bifidobacterium sp
B acteroides di stosoni s
B acteroi des capi llosus

AGPR
AGPR
AGNR
AGNR
AGNR
AGPC
AGNR
AGPR
AGPC
AGPR
AGPR
AGPR
AGPR
AGNR
AGNR

Eu b acterium h i sto lyti curn
P ro pi on i b ac te ri um acne s
Propi oni b acterium granu losum
Prevotella bucae
Prevotella intermedia
Prevote I I a me I an i nogen i cus
P e ptostre ptococcu s asacharo lyti cus
Fusob acterium nuc le atum
Lactobacillus
Peptococcus
Actinomyces viscosus

AGPR
AGPR
AGPR
AGNR
AGNR
AGNR
AGPC
AGNR
AGPR
AGPC
AGPR
AGPC
AGPR

Pe ptostre ptococcus prevo ti i
C I o str i d ium hysto li ti cum

AGNR : Anaerobic Gram-negative rods; AGPR : Anaerobic Gram-positive rods; AGPC : Anaerobic Gram-positive coccus
GROUP I : Saline solution ãs irrigant. GROUP 2 : 1% sodium hypochlotrite as irrigant

BRAZILTAN ENDODONTIC JOURNAL - 8
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Thble 2. Anaerobic bacteria identified in the second sample - 3rd. instrument.

GROUP T cnorjp f '

Prevotella buccae
Frevotella intermedia
Clostridium ramosum
C lostri diutn h astiþrme
Prcpionib acterium acnes
P rc pi o ni b acte ri um granu lo su nr
P e pto strc pto co ccu s a sch aro lyt i cu s
Bifidobacterium sp
Bacte roi des di stosoni s
Bacten¡i de s capi I losus

P e pto stre p to co c cu s p rev o t i
C lostri dium h i sto lyt i cunt

AGNR
AGNR
AGPR
AGPR
AGPR
AGNR
AGPC
AGPR
AGNR
AGNR

AGPC
AGPR

AGNR
Saline

= Anaerobic Gram-negative rods; AGPR : Anaerobic Grant-positive
solution as irrigant. GROUP 2 : l% sodium hipochlorite as itrigant.

rods; AGPC = Anaerobic Gram-positive coccus. GROUP I =

Täble 3. Anaerobic bacteria identified in the third sample - 4th instrument.

GROUP 1 GROUP 2
Clostridium rqntasun
Prevotella bucae
Pro pi on i b acte riunt granu lo sun
Pro pi on i b ac te riutn acne s
Bifidobacterium sp
Bac te ro i de s di stoson i cs
Bac teroi de s capi I lo sus

AGPR
AGNR
AGPR
AGPR
AGPR
AGNR
AGNR

P ro pi on i b act erium acne s
C lo stri diunt h i sto lyti cunt

AGPR
AGPR

AGNR: Anaerobic Gram-negative rods; AGPR : Anaerobic Gram-positive rods; A
sodiurn hipochlorite as i

GPC : Anaerobic Grant-positive coccus
rrigant.GROUP I : Saline solution as irrigant. GROUP 2 : 1%

DISCUSSION
Anaerobic bacteria were identified in all the teeth

selected with asymptomatic apical periodontitis.
Thioglicolate for anaerobics (Difco)may notbe the ideal
transport medium but showed efficiency. Certainly, some
bacteria were killed during the twelve hous bêtween
sample collection and laboratory analysis, but some
anaerobies that are very sensitive and difficult to culture
were identified such as Fusobqcterium nucleatum and
Eubacterium histolyicum. Aqualitativereduction,
about 50oá ofanaerobic bacteria inthe root canals, was
achieved when a nonantisseptic irrigant was used (saline
solution - group l), but bacteria weie present in all teeth.
This reduction was achieved after thè use of the fourth
instrument larger than the initial file. These findings are
in agreement with those by BYSTRON and
SUNDQVIST'. It is clear that we cannot get negative
cultures at the end of the first appoint-int urÏng a
nonantiseptic irrigant. On the other hand, when 1%
sodium hypoclorite was used as an irrigant solution
(group z),thequalitative reduction w¿N more significant
after the enlargement by the third instrument; hãweveq
no difference was observed between this and the fourth
instrument. Sodium hypochlorite isthe most popular
i.iqqrt and hasbeen evaúäted bymany studies.'CVEK
et al.4 reported that in half of thê initiãltv infected root
canals, bacteria could be recovered. BYSTRON and
SLINDQVIST'pointed to a low frequency (13%) after
the first appointinent, and OLGARTì t, 

3 4o/o fteqiency.
ll gut stu-dy, I specimens showed no bacterial gro"rttt
at the end of instrumentation, but this does not mean
thatdesinfection was r-npteí.. nuðiáu r- remain in
the dentinal tubules, betweèn the lumen ofthe canal and

the ligament and if no intracanal dressing is used, they
E9w and invade the lumen again in a few days. These
differences are probably related to the bacteriological
techniques used. The antimicrobial effect of 1%
sodium lJypochlorite is very clear when we compare the
results ofgroups I and 2. In the second and third samples,
the reduction of microorganisms seems to be well
defined. Table I shows that the root canal flora is mixed.
Bacillu-s and coccus, Gram-negative and Gram-positive
were identified as being part ofthis flora. Tables-2 and 3
show that Gram-negative bacteria are more sensitive to
instrumentation and to the antiseptic irrigant, and easily
elimin¿¡ted from the root canals. Gram-põsitive bacteriâ
are more resistant and prevalent after root canal
preparation. The cell wall of Gram-negative bacteria
consists of two layers: the outer membrane and the
peptidoglycan layer enclose a periplasmatic space,
forming the cell envelope. The Giamipositive bacìerial
cell wall consists of one thick layer. This explains why
Gram-positive bacteria are rnore resistant to root canál
preparation and intracanal dressing5'r8'2a. T h e
criteria adopted for determining how much the canal
should be enlarged is very critical. It is not enough to
elirninate bacteria from the root canal which emphazises
the need for an antimicrobial intracanal diessing,
completing the triad for root canal disinfection.

CONCLUSIONS
Root canal preparation using a non antisseptic

irrigant contributed in reducing the number of anaerobic
bacteria in infected root canals but did not eliminate it.
Anaerobic bacteria were present in all teeth ofthis group.

BRAZILI.AN ENDODONTIC JOT'RNAL - 9
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When l% sodium hypochlorite was used as an irrigqt
during root canal'instrumentatio-n, the qualitative
reduclon was more significant but did not eliminate all

of them. The conceptbf enlarging the root canal three

or four sizes larger lhan the initial fite is not enough to
eliminate bacteiia from infected root canals. In our
expenment P e pt o s tre p toc ac cu s. p re w ti and C I o str i di um

hiitotytium, 6oth Giam-positive anaerobic rods, were

ISSN l4l3 - 4799

orevalent after the use of the fourth instrument and the

use of an antimicrobial inigant. , ç ,
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The aim ofthis study was to analyze oral mucosal
tattoo induced by the submucous injection of two
different root canal sealers: N-Rickert, containing
silver and Rickert-SP, not containing silver. Forty
rabbits were used in this study, being sacrificed at
intervals of 30, 90, 150, 210 and 270 days and
submitted to clinical and histological analyses. The
results \r/ere as follows: during the first 30 days, none
of the sealers induced pigmentation. N-Rickert
induced pigmentation in all animals after 90 days of
observation, while Rickert-SP did not produce any
tattoo in all groups observed. On the other hand,
Rickert-SP sealer showed to be a lot more irritating
to the tissues than N-Rickert.

Key \üords: Sealers, tattoo, biocompatibility

INTRODUCTION
Some patients have been referred to the Oral

Diagnosis Service of São Lucas Hospital, PUCRS,
presenting black pigmented lesions with clinical
àspects similar to amalgarír tattoo. The radiograph
shòwed only the presence of root canal filling. These
teeth had not been submitted to apicoectomy with
retrofilling, nor filled with silver cones. The presence
of silver þowder in some endodontic sealers, the
potential of overfilling'in some cases, and the
þossibility of reaching the submucous tissues in
perforations, has led us to believe that exogenous
pigmentation could occur from these sealers.- In 1938, CAHNI'z described a case of a patient
with gingival pigmented lesion. A tooth with
endodóntic treatment and a root perforation could be
seen in the area. The author considered the possibility
of an irrigating solution containing lilver being the
cause of pigmentation. DAYAN et al.3 reported two
cases of þigmentation from AÍl-26 sealer. Although
this sealei ðontains silver in its chemical composition,
no relation with this fact was considered by the
authors. SAVOLDI et al.ta reported a clinical case of
a patient with black gingival pigmentation following
the overfilling of a laterál canal. The authors did not
mention the õhemical composition of the sealer, nor
the possible causes of the tattoo.

The aim of this study is to evaluate the presence
of pigmentation in rabbits induced by the submucous

injection oftwo sealers, one containing silver and the
other not, as well as the histological responses.

MATERIAL AND METHODS
In this study, 40 white New Zealand rabbit, were

randomly divided into 5 groups of 8 each (groups I,
II, III, IV and V). Following anesthesia, the sealers
were prepared according to the manufacturer's
instructions. The sealers used were N-fuckert (Veado
D'Ouro, SP, Brazil), which contains 300/o silver in its
powder, and fuckert-SP (Inodon, RS, Brazil), with
no silver in its chemical composition.

Once prepared, the sealer was tranfered to a syringe
(Terumo Medical Co.), and approximately 0.1 ml of
N-Rickert was injected into the submucous tissues of
the right superior gingivolabial sulcus. Rickert-SP was
injected the same way into the left side.

After 30 days, the animals ol group I were
anesthetized to permit visual inspection by two
observers, who registered the absence or presence
of tattoo, and the diarneter in mm. The animals were
then killed, the tissue to be examined removed and
taken for histological processing. The sections were
examined by three observers, taking into consideration
the presence or absence of granulation tissue,
neutrophils, eosinophils, lymphocytes and plasma
cells, macrophages and giant cells, perivascular
deposit of sealer, abscess and fibroplasia. Analysis of
variance and the Fischer test were used for statistical
analysis.

The same procedure was used for groups II, III,
IV and V, with the sacrifices at being intervals of 90,
750, 210, and 27 0 days, respectively.

RESULTS
Clinical Analysis
In Group I (30 days), no tattoo was visible in the

oral mucosa of any of the rabbits. In groups II, III,
IV and V, no discoloration could be seen in any ofthe
animals on the left side, where Rickert-SP sealer was
injected. N-Rickert induced discoloration in all
specimens after 90 days (Figure l). The size of the
tattoo was larger in groups IV and V, but this was not
statistically significant analysis of variance (p:0.01).
The sizes of the tattoos are shown in table I
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Thble 1. Size of the tattoo in oral mucosa with the injection of N-Rickert sealer (mm)

AN]MAL GROUP I] GROUP ]I] GROUP ]V GROUP V

l
2
3
4
5
6
7
I

0.1
0.1
0.1
0.2
0.2
0.2
0.2
0,2

0.3
0.3
0.3
0.2
0.2
0.2
0.1
0.1

0.1
0.4
0.1
0.2
0.2
0.2
0.2
0.2

0.1
0.4
0.2
0.2
0.2
0.2
0.2
0.3

Histological Analysis
There was no grannulation tissue with the use of

N-Rickert. Rickert-SP produced granulation tissue in
75o/o ingroup I,35o/oin group II, and 12 5% in groups
III, IV and V The presence olneutrophils was evident
in 12.5o/o of the specimens in groups I and II of N-
Rickert sealeq while Rickert-SP produced these cells
in87 5o/o of the cases in group l, 50o/o in group II and

Figure I - Gingival
latloo wilh the use of N-
Rickert sealer - Grotrp V
- 270 days

12 5o/o in groups III, IV and V. Eosinophils were
evident in a great extent with Rickert-SP sealer, in
groups I, II and III, with a percetage of 75,100 and
50oá, respectively (Figure 2). Groups IV and V
showed a these cells in 12 5% of the cases each. N-
Rickert produced a discrete presence of eosinophils
in 12.5o/o of the specimens in groups I and II only.

Figure 2 - Presence of eosinophil,s
with Rickert-SP sealer - 100X

)
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Abscess with N-Rickert sealer was present in 12.5%
in groups I and IL Rickert-SP had abscess formation in
62.5% of group 1,37.5yo in group lI,25o/o in group III
and 12.5o/o in group IV, Lymphocytes and plasma cells
were present with Rickert-SP in 87 .5Vo in group I,75yo
in group Il,50o/o in group III, and 12.5% in groups IV

ISSN 1413 _ 479e

and V. Wth N-Rickert sealer these cells were present in
onlyl2 5% in groups I. and¡IIr Fibroplasia ìould be
identified in both gloups of sealers. An overall analysis
of the response of the tissues to the sealers showedihe
Rickert-SP sealer to be more irritating than N-Rickert,
in all groups studied (Figure Ð.

Fígure 3 - N-Rickert sealer with
fibroplasia and no inflammatory cells
- 100x

. Pigmentation occurred in this study between the
30th and the 90th day of contact of ñ-Rickert with
the mucosa. This is in agreement with the study
described by ELEYusing silver amalgam, in which
the tattoo appeared after 60 days. The mechanism of
pigmentation from endodontic sealer must be similar
!9 the amalgam tattoo, which is, according to
HARRISON et a1.6, a process of corrosion of the
metallic compounds in contact with the tissue fluids.
.- Histological analysis showed signifrcant

differences in the responses to the sealers. ñ-Rickert
did not stimulate the presence of granulation tissue in
g1y-of the groups studied, confirming the findings of
HOLLAND et al.8 and BOMBANAT . Rickert-Sp
sgaler showed granulation tissue at variable degrees.
This sealer also presented the presence ofneutrophils,
eosinophils, and abscess at higher degrees thai N-
Rickert, thus showing it to be a very iriitating sealer.

According to SAMPAIOT3 the presence of delta-
hydrocortisone in N-Rickert may hàve contributed to
b.etter tissue repair. Several studiesT'rr.r2'15 point to
this corticosteroid as a moderator of thè initial
inflammatory response, thus inducing the repair.

Perivascular deposits of N-Rickert sealèr could
be seen after 150 days of the experiment, with a similar
pattern to that observed with dental amalgam. ELEY4
verified these deposits in the endothelium of blood
vessels after 90 days of experiment with dental
amalgarn.

The ideal sealer has not yet been found. Besides
having good biological chaiacteristics and physical
properties, the filling material should not cause

DISCUSSION
Oral pigmentation from endodontic sealers has

been given very little attention in dental literature.
Most publications are limited to describing a clinical
case, sometimes showing the histological response,
but not disscussing the possible causes fõr the
discoloration. DAYAN et al.3 and SAVOLDI et al.ra
mentioned the endodontic sealer as the probable
clus,e, but did not consider the chemical composition
of the material. in this study, the presence òf silver
was criticalto the development ofthe gingivaltattoo.
ORBAN and WENTZe considered this possibility
without proving it. The 30% silver in the N-Rickert
formula, must have contributed decisively to the
occurrence of the tattoo.

The sealers used in this study were chosen because
of the presence or absence of silver in the chemical
composition, N-Rickert sealer, proposed by
SAMPAIOT3, is very popular among endodontists in
Brazil, being basically the Rickert formula with a
corticosteroid. Rickert-SP is, according to the
manufactureç the Rickert formula without silver.

The use of polyethilene tubes for endodontic
biologic studies'hað been widely usedr'5,8,r0,r6. The
material is in contact with the tissues only at the
extremes ofthe tubes. This would prevent the sealers'
dissolution. In this study, the objebtive was to create
a condition similar to an overfilling with the sealer,
which is very common in clinical piactice.

.The specimens in this study were sacrificed at
pe_riods not shorter than 30 days. The initial
inflammatory resoonse was not the 

"pí.{ 
ofttrissiudv,

and has beeir reported by other autkrôrsr'r 
"

)
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gingival discoloration when in contact with the
periapical tissues.

CONCLUSIONS
l. N-Rickert sealer, when in contact with oral

soft tissues, tattooed all specimens after 90 days of
experiment. The largest tatoos were present between
210 and 270 days, although the differences were not

statistically significant. Rickert-SP sealer did not cause

any discoloration.
2. Both sealers caused variousl irfflåmmatory

reactions. Rickert-SP sealer was a lot more irritating
to the tissues than N-Rickert sealer.

3. Endothelial deposits of N-R ickert sealer could
be seen after 150 days of the experiment.

ISSN 1413 - 4799
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COMPARISON OF TWO K.FILES USED IN A LINEAR FILING ACTION
TO SHAPE SIMULATED ROOT CANAI{ 1f
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A total of 80 simulated canals of various angles
and positions of curvature were prepared by hand using
either Mani K-Files or Kerr K-Files. Following orifice
enlargement each file type was used to prepare 40 canals
employing a linear filing motion and an anticurvature
stepback technique. Pre- and post-operative images of
the canals were taken with a video camera and stored
and manipulated in a computer with image analysis
software. The presence of canal aberrations and the
amount of material removed as a result of preparation
were determined from composite images of
superimposed pre- and post-operative views. Overall,
canal preparation was signifìcantly quicker with Mani
K-Files and was associated with fewer instrument
failures. The incidence of abemati ons was balanced with
respect to instrument type. Canal shape had a significant
influence on preparation time, canal blockage, apical
extrusion, the width ofzips and the incidence and width
of danger zones. Under the conditions of this study,
Mani K-Files were more effective than Kerr K-Files.

Key Words: Canal preparation, shaping, files,
simulated canals

INTRODUCTION
Adequate preparation ofthe root canal system prior

to obturation with an appropriate filling material is an
important factor for success in root canal therapyrr'2r .

For gutta-percha, the optimum shape is a continuously
tapering and conical form with the smallest diameter
at the apical limit of instrumentationre. In curved canals
it is important that preparation does not straighten the
canal unduly sincethis can resultin an hour-glass shape,
with canal transportation and irregularities such as zips
and elbows, ledges and perlorations, . These aberrations
may compromise the long-term success of treatment
by making cleaning less efficient and obturation more
difficult.

A number of preparation techniques have been
described which aim to provide the optimum shape at
the end of preparationr'8'e'r r'r4'r5'r7'r8. Unfortunately,
evidence suggests that although modern techniques
have led to an improvement in the final canal shape the
ideal form is not achieved consistently23'47'24.

The failure of many techniques to produce the
correct shane has directed attention towards instrument
design in än attempt to reduce the risk of canal
trregularities. The ideal endodontic instrument should
be flexible to allow negotiation of curved canals and
be resistant to fracture-and cut efficiently. Following

standardisationrr canal preparation was accomplished
using carbon steel reamers. Subsequently, stainless steel
was introduced and a filing action advocated rather
than reaming. Unfortunately, steel is relatively infl exible
and this property is thought to contribute to the
development of canal irregularities during
preparation?'7. The risk of developing irregularities is
compounded as instrument diameter increases and as
the root canal becomes more cuÍved3'4'7'2221 .

Attempts have been made to increase the flexibility
and cutting efficiency ofendodontic frles by modifying
their design. For example, files with a triangular cross
section are associated with a superior cutting efficiency
and irnproved flexibility when compared to a square
shaper'+'to'zr . Machined instruments are also less
effective and less flexible than twisted instruments5 .

Despite these improvements the risk ofdeveloping canal
irregularities still remains2'3"1'7'r2 .

The aim ofthìs study was to compare two stainless
steel files used in a linear filing motion during the
preparation and shaping ofsimulated root canals in resin
blocks. The effect of file type and canal shape were
determined by assessing development of canal
irregularities and the amount and position of resin
removed from the canal wall during preparation.

MATERJAL AND METHODS

CONSTRUCTION OF SIMULATED
CANALS

A total of 80 simulated root canals in plastic blocks
were constructed using a previously described
technique6 . Annealed silver points (size 20) used as
templates to form the canals were precurved using a
canal former prior to embedding in clear resin. Four
canal shapes were fabricated, all with a radius of 16
rnm:

' 20 degree curve, 8 mm from the canal orifice
' 20 degree curve, 12 mm from the canal orifice
' 40 degree curve, 8 mm from the canal orifice
' 40 degree curve, 12 mm from the canal orifice

INSTRUMENTS
The stainless steel instruments selected for study

were Mani K-Files (Mani Inc, Tochigi-Ken, Japan) and
Kerr K-Files (Ken Corp, Romulus, MI, USA). Mani
K-Files are square in cross-section up to size 40 and
triangular in sizes 45 to 80, they have conical tips and
rounded transitional angles. Kerr K-Files are square in

-/
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cross-section and have a sharp tip. Figures I and2 are
soanning electron photomicrographs of aMani K-File
whilst Figs. 3 and 4 are identical views of a Ken K-
File. Differences betweenthe files in terms ofrake angle,

twists per millimetre and instrument tip configuration
are clear.

PREPARÄTION OF SIMULATED CANALS
Canals were prepared by one operator using either

Mani K-Files or Kerr K-Files. Ten canals of each shape

were prepared with each file type, making a total of 40
canali foi each file type and 80 canals in all. Each canal
was prepared short of the actual end point to a length
of 16 n'rm. During preparation, each resin block was
placed in a holder to aid handling and to ensure that
ihe process was carried out with purely tactile sensation,

howeveç the direction of the curve of each canal was
always known. Copious irrigation with water was used
throughout andwas introduced witha2T gauge needle
and a syringe. Irrigant was used between each
instrument to a total volume of 50 ml for each canal.
The preparations were identical for both file designs
and werè undertaken using a Stepdown technique with
anticurvature filing as follows:

l. Radicular access was established with
Hedstrom files and Gates Glidden burs (GG) up to the
beginning ofthe curve. All files and burs were directed
away from the inner side of the curve. Hedstrom files
were used initially until a GG bur No.l could be used.
The No.2 GGbur was then introduced halfthe distance
ofthe No. I followed by a No.3 GG bur halfthe distance
ofthe No.2. A size 10 file was used to recapitulate the
canal at the full working length between burs.

2. Theapical stop was prepared next. A precurved
file the same size as the apical diameter of the canal
was introduced and used in a linearfiling (in/out) action
while lateral force was applied against the canal walls.
The same instrument was used repeatedly until it
became loose at the full working length. This process
was continued with further instruments untilan apical
stop of size 30 was achieved. Filing was directed
towards the bulky aspect (safe zone) of the walls and
away from the inner aspects (danger zone) ofthe canal
curves. A ratio ofthree strokes on the bulky aspects to
one on the inner aspect was adopted. A smaller size
file was used to recapitulate and smooth the canal
between increases in instrument size.

3. The remainder of the canal was prepared with
a stepback technique. At fìrst a file one size larger than
the master apical file was introduced 1 mm short ofthe
working length and used in an anticurvature action.
The stepback procedure continued 2 mm short of the
working distance with a file 2 sizes larger than the MAF
and proceeded through to a size 60 instrument.
Recapitulation with theMAF was perlormed between
each step.

ASSESSMENT OF CANAL PREPARATION
Preparation time. The time taken to prepare each

canal was recorded in minutes and seconds. It included
only active instrumentation and not irrigation time or
the time taken to change fìles.

ISSN 1413 - 4799

Instrument fracture. Throughout the study a record
was kept ofthe numbers and sizes of instruments that
deformèd or fractured during use. I t '

Blockages. A record was kept of those canals
which became blocked.

Apical extntsion. During preparation any debris
extruding from the apical aspect ofthe canal was noted.

Caial aberrations. Commercial digitising image
equipment (Seescan, Cambridge, UK) was customised
arid used to produce images ofthe simulated canals for
comparison and evaluation. Two images of each canal
weré produced, the first prior to preparation, and the
second at the end of preparation. The equipment
allowed the two digitised images of each canal to be

superimposed so that changes could be assessed.

Compansons were madebetween the pre-operative and
post-operative images to determine the development
òf canal aberrations. Comparisons were also made
between the images when evaluating the amount of
resin lost during preparation.

A simple direct visual assessment was made ofthe
presence or absence ofthe following canal irregularities:

L Apical zip: inegular widening of the area at
the end-point of the canal where resin had been largely
removed from the outer aspect of the curve (Fig. 5)

2. Elbow: a narrow region of the canal associated
with and coronal to a zip (Fig. 5)

3. Danger zone: excessive removal of resin from
the inner aspect of the curve (Fig. 6)

4. Coronal narrow: a narrowing of the canal
associated with and coronal to a danger zone (Fig. 6)

5. Perþralion: a separate and distinct false canal
towards the end-point of the canal which was not
confluent with the original canal and which occurred
along the outer aspect of the curve (Fig. 7)

6. Ledge: a distinct irregularity along the outer
wall of the canal at or near the curve not substantial
enough to be considered a perforation (Fig. 8).

7. Shoulders: a distinct step around the:
circumference of the canal.

Amount of resin removed. The amount of resin
removed was determined both on the external ancl

internal aspects ofthe curve and carried out perpendi-
cular to the axis of the original canal. Measurements
were made at the widest part ofthe zip (when present)
and at the widest point of the danger zone (when
present).

fr ansp or tati on. the movement of the centre of the
post-operative canal away from the centre of the pre-
operative canal, was computed from the measurements
ofresin removed from the external and internal aspects
ofthe curve at the zips and danger zones.

RECORDING, STORAGE AND ANALYSN
OF DATA

Data was recorded directly onto coding sheets and
then keyed into and stored in a desktop computer.
Following errolgn{rangg checks, the data was anâlysed
using MINITAB for Windows (Minitab Inc., State
College, PA UIA), an interactive statistics package.
A two_-way analysis of variance (ANOVA) ,ivas uled
to evaluate the interaction of file iype and óanal shape
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on loss of resin and preparation times. A Chi-square
analysis was used to evaluate the effect of file type and
canal shape on the number of aberrations, blockages
and instrument fractures that occurred

RESUUTS
Preparation time
The time taken to complete the preparation of the

canals is shown in Table l. Each combination of
instrument and preset shape is represented by the means
of 10 replicate specimens. Two-way analysis of variance
indicated highly significant variation (P<0.001) in
preparation time between instruments and between
canal types. The interaction between instrument and
canal type was also highly significant, meaning that
differences in preparation time between instruments
were strongly dependent on which shape of canalwas
involved.

Overall, the average time taken to prepare all the
canals was shorter for the Mani K-File and longer for
the Kerr K-File. For each position of curve (8 mm or
12 mm) 40o canals took longer to prepare than 20o
canals. For each angle of curve (20o or 40") 8 mm canals
took longer to prepare than 12 mm canals.

INSTRUMENT FAILURE
In total, 16 instruments became permanently

distorted during the preparation of the 80 specimens.
Table2 summarises how instrument failuresvaried with
instrument type and canal shape. Overall, 5 Mani K-
Files and 1l Kerr K-files failed but this differences was
not statistically signifìcant. For both instruments most
failures occurred with size 30 instruments (8 out of
14) followed by sizes 25 (4) and20 (3) but there were
no significant differencesbetween the instrument sizes.

Overall, 5 instruments deformed in the 20o, 8 mm
canals, 6 in the 40o, 8 mm canals, 4 in the 20o,72 mm
canals and I in the 40o, 12 mm canals. There was no
significant difference in instrument failure between the
canal types.

CANAL BLOCKAGES
In total l5 specimens became blocked, 8 prepared

by Mani K-Files andT by Kerr K-Files; the diffeience
between files was not statistically significant.

The pattern of specimen blockage by canal shape
is outlined in Table 3. There was a signifìcant difference
between the canal shapes in terms of the incidence of
blockage (P<0.05) with most occurring in the 40o, I
mm canals.

CANAL ABERRATIONS
Apical zips and el:bows! Ot elall zips and elbows

were found in 46 (58%) canals with each instrument
creating 23 Table 5 highlights the incidence of zips
and elbows by canal shape, ignoring instrument type.
The differences between canal types was not statistically
significant.

Table 6 describes the distance between the widest
part of the zips and the end-point of preparation by
canal type and instrument. The difference between
instruments was statistically significant (P<0.001). The
differences between the canal shapes was also
significant (P<0.05); for each position of curve (8 or
12 mm) the distance was greater in the 40o canals whilst
for each degree ofcurvature (20" or 40") the distance
was greater in the 8 mm canals.

Table 7 provides details of the distance of the
elbows from the end-point of preparation. The
differences between instruments and cánaltypes were
significant (P<0.05 and P<0.001 respectivèly); the
distance of the elbows from the end-point was gieater
with the Mani K-Files whilst the effect of canãl type
followed the pattern seen with the zips.

Perforations. No perforations were found.
point of preparation. Overall, the differences

between instruments (P< Danger zones). Excessive
removal of resin from the inner aspect of curves
occurred in18 (23%) canals, both instruments created
9. Danger zones were always associated with narrow
regions placed more coronally and their incidence
clearly reflected the pattern noted with the danger
zones.

. Table 8 highlights the incidence of danger zones in
the various canal types. The majority of defects (14)
were seen in 49", 72 mm canals with the remainder (4)
occurring in the 40o, 8 mm canals; no defects werê
seen in 20o canals. The differences between the canal
types were statistically signifi cant (P<0.00 1 ).

T¡ble 9 provides details of the positions of the
d_anger z,ones in relation to the end-b.Ot¡ and canal
shapes (P<0.001) were significant. The positions of
the coronal narrow regions(Table l0) demonstrated a
similar pattern.

WIDTH MEASUREMENTS
Table I I describes the mean total widths of canals

at the zips for each canal shape. Analysis of variance
confirmed that significant difFerences in the width of
zips occurred between instruments (P<0.05) and canal
types (P<0 001). Overall, zips were wider in40o canals
compared to 20" canals and in canals where the curve
began 8 mm from the orifice compared to those where
the curve began 72 mm from the orifice.

Table 12 demonstrates the mean width of resin
removed from the outer aspect of the curve at the zips.
Overall, significant differences were found betwéen
instruments (P<0 0l) and canaltypes (P<0,001). Mani
K-files removed significantly more resin than Ken K-
Files. More resin was removed in 40o canals compared
to 20o canals and in canals where the curve belan I

ISSN l4l3 - 4799

APICAL EXTRUSION
Extrusion ofresin debris through the apical end of

the canal occurred in 20 specimlns, l0 in canals
p_repared by Mani K-Files and 10 in canals prepared by
KenK-Files. The difference between instruments was
not statistically significant.

The incidence of extrusion by canal shape is given
in Table 4. Extrusion occurred móst often thiougñ2Oo,
8 mm canals (9) followed by20' and 40o, 12 mm-canalÁ
(8). The difference between canaí shapes was
statistically signifìcant (P<0. 005 ).
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mm from the orifice compared to thosewhere the curve
.besan 12 mm from the orifice." Table 13 describes the mean total widths of the

danger zones. Overall, significant differences were

fouñd between instrumenti (P<0.01) and canal types

lP<0.01). Mani K-files removed significantly more

ìesin thín Kerr K-Files and more resin was removed

in 40o, 8 mm canals compared to 40o, l? * canals'

fá¡te t+ demonstrates the mean width of resin

removed from the inner aspect of the curve at the

danger zones. Overall, significant.differences were

fouñ¿ between instruments (P<0 0 1) and canal shapes
(P<0.05). Mani K-files removed significantly more

ìesin thín Kerr K-Files and more reiin was removed

in 40o, I mm canals compared to 40o, 12 mm canals'

TRANSPORTATION
Table 15 describes the amount of absolute

tr-rpãttution at the zips, that is, ignorirg.whether the

direciion oftransportatión was towards the inner or outer

asoecr of the curve. Two way analysis of variance

ðo'nfirmed that significant differences occurred between

instnrments (PcOõ t¡ ana canal shapgle-<0'00 I )..Overall'
transportation was greater with Mani-f-Files and less with

Ken'K-Files. Tra:isportation was greater-in 40o canals

and those which began I mm from the orifice.

Table 16 illustTates absolute transportation at the

danger zones. Mani K-files removed significantly more

lP<õ.05 ) resin than Kerr K-Files but the trend for more

ìesin to'be removed in the 40o, I mm canals was not

significant.

Table 1. Mean time (min) taken to prePare canals

Canal shape

Instrument
Mani K-File
Kerr K-File
All

20or 8 mm
I 0.3

10.9
10.6

40o,8 mm
I3.0
14.4
13.7

20o, l2 mm
7.3

I0.4
8.9

40o, 12 mm
10.8
10.6
10.7

AI
I 0.3

il.6
I 1.0

Table 2. Incidence of instrument failure by size

Instrument size
Ail
5

1l

30Sizc
3

-t

25Size
I
J

2{)we
0

5

s15Sizc
I
0

Instrument
Mani K-File
Kerr K-File

Thble 3. Incidence ofcanal blockages by canal shape

Canal .shape

l".''I2mml

20or 8 mm
3

40o,8 mm
I

40o, l2 mm
J

All
t5Ail

Table 4. Incidence of apical extrusion by canal shape

Canal shape

20o,8 mm
9

mm400 8

I
20o, 12 mm

I
40o, 12 mm

2

Ail
20Ail

Tabte 5. Incidence of zips and elbows by canal shape

Canal shape

20or 8 mm
9

40o,8 mm
10

20o, 12 mm
t1

40', 12 mm
16

All
46Ail
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Thble 6. Mean distance (rn,n) of zips from end-point of preparation
Canal shape | ç.

Instrument
Mani K-File
Ken K-File
Ail 0.47

20or 8 mm
0.54
0.3 s
0.74

40or 8 mm
1.48
0.42

0.39

20', 12 mm
0.47
0.26
0.47

40o, 12 mm
0.63
0.3 5
0.5 I

Ail
0.67
0.36

Thble 7. Mean distance (mm) of elbows from end-point of preparation

Canal shane
Instrument
Itlani K-File
Kerr K-File
All 1.29

20or 8 mm
1.45
0.99
2.05

40or 8 mm
2.67
t.79
t.t0

20", 12 mm
1.t9
0.95
1.44

40", 12 mm
1.48
1.40
t.46

Ail
t.54
t.39

Table 8. Incidence ofdanger zones and coronal narrow zones by canal shape

Canal shape

.4il
20or 8 mm

0

40or 8 mm
4

20",12 mm
0

40', 12 mm
l4

Ail
18

Table 9. Mean distance (mm) of danger zones from end-point of preparation

Canal shape
Instrument
i\íani K-File
Kerr K-File
All 6.43

40or 8 mm
7.01

J.85
4.37

40o, 12 mm
4.74
3.99
4.82

Ail
5.25
4.40

Table 10. Mean distance (mm) of coronal narrow regions from end-point of preparation

Canal shape
Instrument
.\,íani K-File
Kerr K-File
.1il 8.09

40o,8 mm
8.86
7.3 3

5.63

40o, 12 mm
5,87
5.40
6. 18

Ail
6.5 3

-t.8J

Table 11. Mean totalwidth (mm) of zips

Canal shape
Instrument
Mani K-Fite
Kerr K-File
Ail 0.47

20or 8 mm
0.49
0.42
0.60

40or 8 mm
0.61

0.59
0.41

2A'r12mm
0.40
0.42
0.52

40o, 12 mm
0.55
0.49
0.50

Ail
0.50
0.5 0

Table 12. Mean width (mm) of resin removed from the outer aspect of the original canal at the zip

Canal shape

Mani K-File
Kerr K-File
Att 0.15'

20or 8 mm
0.t8
0.09
0.26

40or 8 mm
0.27
0.25
0.t0

20",12mm
0. 10

0.10
0.20

40o, 12 mm
0.24
0.t7
0. 18

Ail
0.19
0.17

-/
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Table 13. Mean totøl width (mm) of danger zone

Canal shape
| ç.

Instrument
Mani K-File
Kerr K-File
All

40"r 8 mm
L07
1.08
1.08

40', 12 mm
0.97
0.79

0.88

All
0.99
0.86
0.93

Thble 14. Mean width (mm) of resin removed from the inner asPect ofthe curve at the danger zone

Canal shape

Instrument
Mani K-File
Kerr K-File
Ail 0.55

40or 8 mm
0.56
0.5 5
0.46

40', 12 mm
0.53
0.39
0.48

Ail
0.54
0.42

Table 15. Absolute mm of canals at zips

Canal shape

Instrument
Mani K-File
Kerr K-File
All 0.067

20or 8 mm
0.086
0.027
0.1 23

40o,8 mm
0.1 24
0.1 22

0.043

20o, 12 mm
0.049
0,035
0.096

40o, 12 mm
0.121
0.077
0.084

All
0.090
0.077

'fable 16. Absolute transportation (*m) ofcanals at danger zones

Canal shape

Instrument
Mani K-File
Kerr K-File
All 0.254

40or 8 mm
0.260
0.248
0.216

40o, 12 mm
0.24I
0.190
0.224

Ail
0.245
0.203

Fig.l - S gaph ofaMani Fig. 2 - Scanning electron photomicrograph of aMani
f-File (original magnifrcation x 120)x 20)
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Fig. 3 - Scanning electron photomicrograph of a Kerr
K-File (original magnification x 20)
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Scanning electron photomicrograph of a Kerr
(original magnification x 120)
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Fig. 5 - Composite photograph of a superimposed Fig. 6 - C.omposite photograph. of a superimposed

prã-op.tuiiu. (.trit. regionianä post-opeiative (black pre-operative and post-operative image of a simulated

ï.ú"ãj i..gâàf a similatéd caåat showing a àp @) canal showing a danger zone (d) and region of coronal

ani el6ow (ã) narrowing (n)
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Fig. 7 - Composite photograph of a

pre-operative and post-operative image
canal showing a perforation (p)

I

(\
superimposed
of a simulated

Fig. 8 - Composite photograph of a superimposed
pre-operative and post-operative image of a simulated
canal showing a ledge (l)
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DISCUSSION
The advantages of using simulated canals in clear

resin blocks to assess preparation procedures and
instruments have been identified previously2'3'4'7'r3. The
purpose of this study was not to produce a definitive
description of the action of the two file types but rather
to provide a clear comparison of the effectiveness of
the instruments under strictly controlled conditions
in vil.ro.In particular, the ability to test the instruments
using identical canal shapes removed a variable that
is difficult to control using real teeth. However, a

degree of caution should be exercised in the
interpretation ofthe results and their extrapolation to
the clinical situation.

During the study, each instrument was used in an
identical way. In acldition, the preparation procedure
was standardised and was the same for each file type.
There is no evidence to suggest that either file is better
used in a linear or rotational action and so because of
the square cross-sectional profiles ofthe instruments
and the sharp tip of the Kerr K-File a stepback
technique with filing was chosen, The orifice
enlargement prior to hand preparation would have
tended to improve access to the apical region and
recuced the likelihood of zips and elbows.

The comparison of preparation times represents
the effrciency of each instrument to enlarge the
simulated canals. Speed itself is not the main criterion
by which canal preparation should be judged,
however, when taken together with other parameters
it provides a useful indicator of instrument
performance and efficiency. This study has highlighted

a significant difference between the two files with,
overall, Kerr K-Files taking longer. This finding may
reflect the different designs ofthe instruments in terms
ofblade sharpness and tip configuration confounded
by lack of flexibility. Indeed, subjectively, the Mani
K-File appeared more flexible and user friendly.

A fractured or deformed instrument may prejudice
the outcome of root canal treatment. In this study
Kerr K-Files failed more often than Mani K-Files
supporting the impression that the latter were more
flexible. Of course, they may also be inherently
stronger as a result of the steel from which they are
made or because of their design, method of
manufacture and quality control. Most failures
occurred with size 30 instruments which was the size
of the apical stop and presumably the size which
suffered most stress.

More blockages occurred in 40" canals (11)
compared to 20" (4) presumably as the greater
curvature allowed less effective debridement because
instrument manipulation was more constrained and
irrigation procedures less effective resulting in more
resin compacting apically. This contrasted with the
results for apical extrusion where 20o canals (17) were
affected more than 40o canals (3). Clearly, the less
severely curved canals allowed greater debridement
through more effective irrigation and less constrained
instrument manipulation.

Most canal irregularities are thought to be caused
by inflexible files straightening within the canal.
Classically, this phenomenon produces an hour-glass

i
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preparation2a; the apical region is transported
producing a zip on the outer aspect ofthe curvè whilst
excess preparation on the inner aspect of a curve
causes a danger zone. Theoretically. aberrations would
be expected to increase as canal curvature increases
and as file flexibility decreases.

The results for zips and danger zones followed
the expected pattern as far as canal type was
concerned with 40" canals, particularly thosè where
the curve began 12 mmfrom the orifice, being affected
more often. However, differences betweenile types
in terms of the incidence of aberrations were not
apparent, It was expected that Mani K-Files with their
greater flexibility and rounded tips would perform
better than Kerr K-Files. Why the expected pattern
did not occur cannot be determined with cértainty
but it may be related to the use of simulated canais
rather than real canals and the fact that dentine is
harder than resin; the softer resin may have
predisposed to zip and danger zone formation io mask
potential differences between instruments. Overall, the
incidence ofzipswas high with overhalfthe specimens
affected. Previous reports have confirmed- that the
creation of zips is less apparent when files with

ISSN l4l3 - 4799

triangular cross-sectional shapes are useda because
they are inherently more flexjblçro and thus less liÈelv
to. straighten. Thé effect of tiptdêsig" ir ;iJ;;ili;;í,
with those instruments with rounded transitionai
angles being less aggressive and less prone to create
aberrations4'r6'20. The Kerr K-File has a sharo tin
lacking cutting flutes (Figs. 3 and 4) and has^beeü
shown previously to produce many zips when used in
a.linear filing motion2'a. As mentioned previously, the
high incidence of zips noted with Mani K-Filei was
not expected as the instrument appeared more flexible
and had a rounded tip (Figs. I and 2). On the other
hand, they have a square cross-sectionalprofile which
is inevitably less flexible than the triangular designs.

CONCLUSION
Under the conditions of this study, preparation

of simulated canals with Mani K-fiies was more
effrcient than Kerr K-Files and was associated with
fewer instrument failures. There was no difference
between instruments in terms of the incidence of
zips and danger zones. The Mani K-File removed
more resin from the canals at the zips and danger
zones.
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A COMPARISON OF THREE METHODS OF HAND AND AUTOMATED
INSTRUMENTATION USING THE CFS AND M4 FOR PßryPARATIONS

OF CURVED AND NARROW SIMULATED ROOT CANALS

Marwan ABOU-RASS, DDS, MDS, Ph.D.
Professor and Chairman, Department of Endodontics, USC
School of Dentistry, LosAngeles, U.S.A.
Mark ELLIS, DDS.
USC School of Dentistry, Los Angeles, U.S.A.

One hturdred andtwenty-five (125) plastic blocks with
simulated narrow and curved canals size ISO 15 with
curyature of 50o - 70o were divided into 5 equal groups.
Group I was prepared by hand instrumentation with ISO
15 - 30 Flex-O-Files. Group II was prepared cervically
with CFS Master File 15, 20 to the level ofcurvature about
5mm short of the apex, the working length was then
estabilished and the canal was prepared by hand
instrumentation with l5 - 30 Flex-O-Files. The final flare
rvas then made with the CFS to size Master File 25 - 30.
Group III was similar to Group II except for using the M4
handpiece for automation. Group IV was prepared to the
full rvorking length 0.5mm short ofthe foramen with CFS.
Group V was similar to Group IV except for using the M4
for automation. All 125 blocks were evaluated by a panel
of4 endodontists and rated for overall and specific quality.
Time scores were also analyzed. for all groups. The results
u'ere analysed for significance and the conclusions were
that automated instruments (CFS and M4) can be used to
start cervical preparation of narrow curved canals, size
ISO 15, less which should stop 3 - 5mm short of the apex
or the apical curvature level should be used. The apical
curvature area and the rest of canal is then prepared with
hand files to size ISO 15 - 30 to working length, followed
by final flaring and finishing the preparation with
automation to size 30.

This method r.vas found to be superior to hand
instrumentation or automated instrumentation alone, in terms
of time and quality of performance.

The CFS and the Master (FI) files demonsüaded superior
overall performance, cutting abilþ, efficiency (not single
urstrument fracture, speed of performance, better cleaning
because os its built in water flow, and overall quality than the
M4 Safety handpiece and the Safety Hedstrom files, which
were also considerable slower. ln cutting efficiency, the Safety
files performed poorly in narrow curved canals and fractured
easily.

Both automated sysehns, the CFS and M4 handpiece
should not be used to the total working length of curved narrow
canals, size 15 or less. Howeveq if these canals are enlarged
by hand instrumentation to size 25 - 30 then it is possible to
use automated file sizes 25 - 30 safely.

Key words: Instrumentation, automated instrumentation

INTRODUCTION
During the past, the endodontic specialty has

undergone a major philosophical and technological change
n viewing automated root canal preparation.

To simplify the root preparation, as well as reduce the

stress and operative time, many automated endodontic
handpieces have been developed. The era ofthe "Gates-
Glidden" and other orifice enlarging drills is firmly replaced
with more

aggressive and efficient instrumentation that can
potentially prepare the whole canal mechanically. The "fear
and anxiety" traditionally associated with mechanical
instrumentation has been tempered with improted
automated handpiece/file design, materials, and
manufacturing.

The rnajority of mechanized endodontic systems are
based on a straight rotary action, whic is contradictory to
hand instrumentation principles. In addition, selective
removal of safe, thick dentinal walls cannot be achieved
when an instrument is oircumferentially cutting all walls
at once. The inability to selectively file the desired dentin
can lead to stripping, Mechanical rotary has been
traditionally associated with ledging, zipping and
instrument fracture. For these reasons, we selected two
automated systems that are based on simulation ofthe basic,
traditional human hand reaming and filing motions: the
CFSra and the m4rs Safety Handpiece.

The CFS has been evaluated by many studies.
TRONSTAD and NIEMCZYKT3 used plastic blocks with
simulated straight and curved canals to compare many
automated systems and found the CFS fast and effective
in all canal preparations, especially in narrow and curved
canals and with no errors.

GOLDMAN et al.1 found that CFS maintained the
canal curvature better than hand instrumentation on
extracted molar roots. It also kept the canal clean and free
from blockage because of copious irrigation and the
cleaning action ofthe H-File (withdrawal motion). Goldman
found minimal 2ll8 ledges l/18 zip at the apical third;
significantly less than with hand instrumentation (HI).

HAIKAL et al. I investigaded with the SEM, the CFS's
ability to shape and clean canal walls from the smear layer
compared to the H.L and other sonic methods. The CFS
compared favorably with H.I. and was superior to sonic
instrumentation. However, it caused destruction of apical
constriction and changied canal curvature (straightening
the canal). (Table I).

CAMPOS et al.3 found the CFS to cause zip
formations and transporlation on many levels. In addition,
CFS caused more dentin removal from the furcal wall than
H.I.

HÜLSMAN et al. e, in comparing CFS with other
automated systems, concluded that CFS is effective when
used with small files (not larger than 15-20). If CFS is
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." used with larger fïles at the apical curvature zone, it will
cause deviation ofthe canal curvature leading to procedural

errors. Other related studies are listed in Table I.
It is apparent from the above review that the CFS has

received contradictory evaluations in terms of its
performance atthe narrow apical curvature level, especially

when it is used in canls size ISO 15 or less. As to the
performance of the CFS in the mid - and cervical level of
the canal, most studies indicate favorable results except

for Campos in 1990. Perhaps this is due to the technique

of excessive flaring that was used with size 40,45, 50 H
files or because of circumferential filing (against furcal
walls). This can be easily avoided if the CFS is forced

mesially into the bulky canal walls.
Table t clearly indicates the lack standardization in

using the CFS. This was quite evident in the sequence of
filling, type of files used, size of files used, size of last file
used, degree ofcanal curvature and type ofteeth or models

used. These differences in methodology may explain the

differences in results. Another reason for variability in the

results is the lack of universal definition of the criteria
used in evaluations. Several terms we encountered include:

apical discrepancy, zipped apex, zipped foramen
(GOLDMAN)7, transpositioning ofthe apex SEDELL '2,
cervical height of contour transposition, apical
transposition(CAMPOS)3 and straightening of the apical
part (HÛLSMAN)'q. Are these terms used universally and

in same manner by all studies? Perhaps not, especialy when

ISSN 1413 - 4799

different methodologies were used to evaluate these criteria;

from radiographic comparisons df prê - and post -

instrumentation to SEM evaluation.
The present authors did not locate any studies on the

m4 Safety Handpiece. Apparently, it is manufactured for
Kerr by an Austrian company. The authors found two
references in the literature where a similar handpiece with
endodontic contra angle, made by the same manufacture
(Dental Work; Buermoos, Salzburg, Austria) was evaluated

io'couNrl.l; BRAYToN, lt75rr and HÚLSMAN,
1993). In both studies, however, K - files were used. Here

again, hand instrumentation was found superior to
automated instrumentation in both studies.

Regardless of the methodology, the available
literature on CFS indicates a trend against using the

instrument in the narrow apical curvature zone, otherwise
the CFS has many advantages over many other
mechanical and automated systems. Furthermore, the

literature is void of any study that investigates alternative
methods of preparing the canal using the same automated
system. Almost all studies on mechanical or automated
instrumentation focused on comparing one device against
another or against hand instrumentation. The question
being investigated in this study deals with comparing two
different root canal preparation methods using the same

automated handpieces and files to pinpoint the advantages

and disadvantages of each and to determine the factors
leading to a specific result.
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Author

TRONSTAD &
NIEMCZYK ']

GOLDMAN et
al.7

HAIKEL &
ALLENIANN

SEDEI.L, T989
não tem
referência

CAMPOS &
DEL RIO 3

FUCHS et al. ó

Table I: CFS-Canal Prtparation Studies

Results

Favorable in namow and curved
canals. Twioe æ fæt æ other
methods.

Maintained canal curvature loss
of working length. Better than
minor apical discrepanoy l/l8HI.
No apioal blookage, ledge or zip.

l9135 maintained curue; l4135
CDJ; 0,35 ledge. CFS

good as HI in cleaning ability,
it is not safe apically.

þical discrepanoies; did
not maintain original oanal
or provide better shaping.

Transportation to the distal; dentin
removed from furcal wall; zipping
al all sections of the roots.

model; excellent autûmated
using the #08 CFS wßus l0 IC

Staightening of apical l/3.
2 mm loss ofworking legth. 9/15 at
25;7115 at 35. CFS is safe when
used in narrow curved canal with
sizes smaller than 25 ISO. Hi

Cont¡ul llfethod of
Study

Degree os
Cur'vature

Method of CFS
Usage

Final File
Size

Sample

35
40 Plastic Blocks

Speed of
Perfomance

Straight and
Curved

Pathlind K
Shape H
Set 8Il 8H-thru size
20H

20
l8 Curved Molar
Roots

18 HI Radiograph
Traoing

19-53

25
35 Premolar,
N{olar Curued

35 HI SEN,{ 20" - 600

K Pathfind 15, then FI
to size 25; in - out
motion

Radiographs 200 - 30" l5-20 S. pulling and
wiping motion

30 Premolars
30 Molars

30

12 Roots Seotion
oeruical; height of
contour; apical
level

12 Roots HI 200 - 30"

8K 8rr, lOK l0Ft
l5K 15H,20K,20H,
25H, 30H to WL, then
stepback flare at 40 and
50 H. K up and dom
pumping; H upward
sweepmg

No. 8K CFS, PeneFating
Ability compaed wilh l0I(270 Ex1. Teeth

Curvåture
3l 35 Circumferential filing

at 15, 25,35 ISO
l0

15 Curved
Canals

15 HIHT}LSMANN O
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PURPOSE
The purpose of this study was to investigate the

time and quultty ofpreparing simulated narrow curved

canals prèpared by CFS and M4 Safety Handpiece

and usiirg the three following methods:
. Total canal preparation hand instrumentation
. Total canal preparation with automated

instrumentation CFS an M4
. Cervical canal preparation with automation

CFS or M4 to size 20, followed by hand apical canal
preparation to size 30, then completion with
âutomation to size 30.

MATERIALS AND METHODS
The Canal Finder System (CfS) Airmatic 900

used in this study was developed by GUY LEVYI0.
The hand piece design is based on a longitudinal
movement that varies according to the resistance
encountered within the canal. The mounted file will
be either free to move forward to a maximum of
1.Omm if the file flutes meet no canal resistance or
0.3mm ifthere is minimal resistance encountered. The
file will stop completely if high resistance is met to
reduce the risk of perforation. Additionally, when the
file meets minimal resistance, the file tip will move in
a helicoid motions thus directing the frle into the canal
space. In effect, the file tip will move longitudinally
until friction causes a helicoid motionthus maintaining
its canal finding ability This ensures that if the curve
is not being negotiated, the file will not create its own
canal.

The CFS uses specially designed Hedstrom type
frles (master files) which have increased cutting
efficiency because of their 40 degre helical angle and
the flute depth is more pronounced for better
debridement. The file tip has been rounded and made
inactive to reduce and/or prevent procedural errors.
The first flute as a negative cutting angle for increased
safety. (LEVY; ABOU-RAS S)'0.

The M4 Safety handpiece (Kerr Corp, Orange,
CA) has a "watch-winding" motion (30 degree
oscillation) that lets the instrument glide along the
walls of the canal. The handpiece is designed with an
adaptable push button chuck for easy fit of almost
any hand endodontic instrument. The M4's 4:l gear
ratio can function at full speed without undue torquing
of the endodontic instrument.

The Safety lledstrom File (Kerr Co.p., Orange,
CA) has an exclusive anti-perforation feature which
flattens one side of the Hedstrom file for orientation
towards the "Danger Zone" of the canal curve. The
Safety Hedstroms' desing offers aggressive cutting
while maintaining anti-perforating, anti-ledging action
on the non-cutting

surface.

SIMULATED CANALS
One hundred twenty-frve transparent plastic

blocks with a standardized size 15 canal and severe
curvature (50 - 70 degress) were used. The blocks
were randomly divided into five froups of 25 each to
correspond to the five different preparation techniques
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studied. Each canal was stained with dried methylene
blue for better visualization, apical patency verified
with a #10 K-File, numbereU, tnT masked with tape
to prevent visibility ofthe instrumentation process. A
pre-instrumentation radiograph with a #15 K-File to
within 0.5mm of the apex was taken for each model
and the distances and angulations were standardized
(Figures 1-5). The five different instrumentation
methods were all performed using an anti-curvature
techniquer and are outlined as follows.

GROUPI: HAND INSTRUMENTATION (HI)
The canals were sequentially enlarged 4 file sizes

froma # I 5 to a #30. Stainless steel Flexofi les were used
in the hand instrumentation process with copious
amounts of anesthetic solution to irrigate and flush the
canal during the preparation using an anesthetic syringe
and a 30 gauge short needle. Recapitulation using a
#10 K-File was peformed between size increases and
each file was used for I canal only. A final post-
instrumentation radiograph with a #30 K-File in the
canal was taken (Figure 6). This group served as a
control. and will and will be abreviated as H.

GROUP II: THE AUTOMATED/HAND/
AUTOMATED WITH CFS

Preparation of the cervical and mid-root areas
using the CFS Master File #15 and#20 was performed
approximately 5.0mm short of the apex. After this,
the working length was established with #15 Flex-O-
File, then the apical third was sequentially prepared
by hand instrumentation with the Flex-O Files to a
size 30 within 0.5mm from the apex. The preparation
was finalized by reinstrumenting the entire canal using
the CFS (Master File) sizes 25 and 30 to working
length with copious tap water irrigation and anesthesia
flushing. Recapitulation was done using a #10 K-File
between file sizes. This method has been used by the
USC Advanced Endodontic Program since 1989. This
method will be abbreviated Au-H-Au CFS.

GROUP III: THE AUTOMATED/HAND/
AUTOMATED WITH M4

Preparation of the cervical and mid-root areas
using the M4lSafety Hedstroms size l5 and 20 was
performed approximately 5.Omm short of the apex.
The apical third was then sequencially prepared by
hand toa size 30 within 0.5mm from the apex. The
preparation was completed by reinstrumenting the
entire canal with the M4lSafety Hadstroms sizes 25
and 30 to working length with copious anesthesia
irrigation and flushing. Recapitulation was achieved
with a #10 K-File between file size changes. This
method will be abbreviated Au-H-Au M4.

GROUP IV: AUTOMATED INSTRUMEN-
TATION \ryITII CFS

The preparation consisted of using the CFS Files
(staninless steel) sequentially enlarging the size Master
Files 15 canal to a size 30 within 0.5mm from the
apex. Copious irrigation of tap water was employed
through the CFS and anesthetic (30 ga.).
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needle) flushing was done after each file.
Becapitulaiion with a #10 K-File was performed
betwèen file size increases and each file was used for
1 canal only. This method has been advocated
originally bythe manufacturer and is similar to the
method used in many studies (Table l). This group
will be abbreviated Au-CFS.

GROUP V: AUTOMATED INSTRUMEN-
TATION WITH THE M4/SAFETY HEDS-
TROM SYSTEM

The preparation consisted ofusing the M4lSafety
Hedstrom Files (stainless steel) sequentially enlarging
the size l5 canaito a size 30 within 0.5mm from the
apex. Copious irrigation and flushing with anesthesia

was used (30 ga. needle) and recapitulation using a
hand #10 K-File was done between file increases.

Each file was used for i canal only. This group will
be abbreviated Au-M4.

One operator performed all the preparations.in
the sroups ãnd po st-instrumentation radiographs with
a +¡l f-fite in the canal were taken (Figures 7-10).
The lenght of tíme required for each root canal
preparati"on and proceclurøl errors were recorded for
each block.

DATA COLLECTION
After numbering all ttre prepared plastic blocks,

a blind evaluation of blocks and radiographs was
performed by four faculty endodontists- The data was

iecorded or an evaluation form as follows: (ABOU
RAS S, JASTRAB2; O"CONNELL & BRAYTON")'

Apical preparation Design: Measured by the
presence ofâ defined apical stop and the apical third
2one free from any procedural errors.

Smoothness:-väluated by the lack of canal wall
roughness.

Preparation an Flow: valuated by lhg
continuous blending of all the canal walls to the apical
third level, and the lack of an abrupt change in
direction of the different sections of the canal.

Flare: valuated by the conical shape ofthe canal

from the cervical zone to the apical third level.

The incidence ofprocedural errors such as ledge
formation, blo ckage, p erforati on, in strument fracture,
zipping of the apical curvature, loss of working
ten-gttr, and forãmen transportation were also
documented by the evaluators.

OVERALL QUALITY
The specific criteria and overall quality were rated

by each endodontist as follows:
. Superior (no errors)
. Acceptable (l error)
. Average (2 errors)
. Poor (3 or more errors)

ISSN 1413 - 4799

RESULTS
Time required to complete the canal

instrumentation t ] '
The student T-test was used for analysis of all

results in this study. The time needed to prepare the
canal in each group was recorded and ranged-from
7.04 minutes-to i8.65 minutes (Table l). Hand
instrumentation was the most time consuming.

The automated CFS was the fastest method at

7.04 minutes. The M4/F{and combination technique
required 10.24 minutes while the Au-H-Au (CFS)
meìhod required 10.56 minutes (not statistically
significant). The automated M4 requir-ed 12'66 min.
wTth only ig of the 25 blocks successfully prepared.
The timé differences between hand instrumentation
and all od the automated techniques was statistically
significant as well as the CFS with all other techniques.

Thble 2. Average time required to complete the
canal instrumen tation.

Method # of Canals Average Time

H]
Au-H-Au (CFS)
AI-LI-Au M1)
Au-CFS
Au-M4

25
25
25
25
t9

18,65 Min.
10.56 lulin.
7.04lvlin.
I0.24 ÌuIin.
12.66 l',lin.

Number of Errors
Preparation debris through the apex or

accumulated debris at the apical third was observed
in all groups. Most of the errors regardless of the
technique, were loss of working length and apical
foramen transportation.

Hand InCtrumentation tended to produce the
fewest proceduralerrors which was mainly limited to
loss of working length and apical transportation.

The Au-H-Au with CFS produced errors
predominantly in the apical foramen transportation
category.

Tne CnS created errors in loss ofworking length,
ledging, and apical foramen transportation.-The Au-H-Au wit M4 produced significantly
fewer procedural errors (apical transportation) th_an

the M4 Only method which had six incidences offile
breakage. Four of the six separations were size 20
files, oñe was a size 15, and the other was size 25.
Once a file broke, this led to canal blockage and loss
afworking length. In addition to instrument fracture,
the same procedural errors seen in the other
instrumentation systems (i. e., loss ofworking length
and apical transportation) were also observed with
the M4 Only.

There was no statistical significance between HI,
AuÆI/Au whether or not CFS ou M4 was used.
However, there was a significant increase in
procedural eriors between automated instrumentation
only versus any method involving hand
instrumentation (Table2).
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Thble 3. Number of errors by group.

No.Eval.
I
2

3

4

Hand
27
23

16
JJ

24.75

Au-H-Au (CFS)
32
30
26
34

2-r.5

Au-H-Au (M4)
35
26
23
))

26.5

cFd ç'
43
36
56
47

45.5

M4
47
39
34
43

40.75Average

Specific Quality Scores
The Specific Quality Scores are based on the A-

score performance which is the highest evaluation
renderèd in each of the 4 examined categories. This
study shows that any technique involving hand
instrumentation, whether alone or in conjunction with

automation, was always better than automated
instrumentation only.

Thble 3 shows the percentage of superior A-
scores for all five groups on the specific criteria:
Apical Preparation Design, Smoothness of the
walls, Preparation and Flou and Flare.

Table 4. specific Quality Superior A-Scores

Criteria.

.4p. Prep.
Smooth,
Prep/Flow
Flare 48
Overall Quality Scores

Hand Au-H-Au (CFS) Au-H-Au (M4) CFS M4

34
54
47
48

/J
54
62
59

I5
24
18
16

l9
26
24
24

2I

29
32

Thble 4 shows the results of the statistical analusis
of the data on the 125 canals. The use of the CFS as

an aid to hand instrumentation produced the best
results on overall quality with the second fewest
procedural errors. Hand instrumentation was second
overall quality producing the least amount of

procedural errors. The FIIM4 method ranked third in
both overall quality and amount of procedural errors.
The CFS an M4 systems alone produced the greatest
number of procedural errors and the fewest amount
ofsuperior scores.

Thble 5. Overall Quality scores for each group.

Grade Hand
45.75
38.2s
13.50
2.50

Au-II-Au (CFS)
49.50
35.50
I2.75
2.25

Au-H-Au (M4)
28.75
44.2 5
24.00
3.00

CF'S
23.25
39.25
25.75
1t .75

M4
I 8.2s
23.75
38.25
I9.75

A
B
C
D

DISCUSSION
The challenges encountered during the preparation

of narrow, curved canals and the need to prevent
procedural errors have led to the development of many
endodontic preparation methods.

The stepback, stepdown, anticurvature, the
balanced force,methods although they vary is sequence
and details, their main goal is the preservation oforiginal
anatomy and improvement ofcanal preparation quality.

These methods have contributed greatly to
improvement of hand instrumentation methods.
Although it is time consuming, and occasionally
stressful, it remains the standard by which all new
preparation innovations are evaluated. In analynng
hand instrumentation, one finds some basic actions
which are:

..The Negotiation Action (size 08 or 10 file): to

it$|fj:,:n. patency, size, curvature and direction of

.The Shaping Action: to maintain patency, enlarge
and shape the canal

by applying lateral pressure upon file
withdrawal.

.The Cleaning Action: to remove devris coronally
during the file withdrawal motion.

Much of the superior quality and safety of hand
instrumentation methods is dependent on the clìnical
tactile sense and ability to comply with the requirements
of the three actions of hand instrumentation:
negotiation, shaping and cleaning..- For mechanical instrumentation to be safe and
effective it must therefore be designed to reproduce
the above actions. Furthermore, due to the lack oftactile
sensation, the automated file design becomes as critical
as the design of the automated handpiece. The file
design should be in synchronization and complete
harrãony with the hãndpiece motions otherwise
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Control Grou¡t Group I

Group III GrouP IV

Legend- the sintulatecl root canals preparecl wilh the manuol, Ü;'5, NÍ{ ond comhint:cl Íechnit\ue's

Groupl - Hand Instrumentation Group4 - CFS
Group2 - CFS + Manual Group5 - M4
Group3-M4+Manual

Group II

l. I "

'...:
+Ñ

: :...
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Group V
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Group II - Pre-oper

Group III - Pre-oper

Group IV- Pre-oper

l,egend- the pre and post- operative x-rays
Groupl- Hand Instrum.
Group2-CFS* Manual
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Group II - Post-oper

Group III - Post-oper

Group IV- Post-oper

Group3- M4 + Manual
Group4- CFS
Group5- M4
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GroP V - Post-oPer

30, the file movement became possible and safe. In this
group the preparations also lacked smoothness, floq
ánd fiare. When the tr¡+ Safety handpiece was combined
with hand instrumentation. No instrumente separation
occurred and the preparation results were greatly
improved. The M4ihand combination technique ranked
third in overall quality procedural errors.

This study showed that hand instrumentation does
not have to proceed automated instrumentation, and

that preparation of the curved naffow canal can be
significantly improved in terms of time and quality of
péformance if the narrow curved canal is prepared
cervically with the CFS automation and apically by hand
instrumentation.

Automated instrumentation alone is not
recommended in narrorv canals of size 15 or less total.
Automated instrumentation of the canal can be
perlormed if the apical canal curvature is enlarges first
by hand instrumentation to size 25 or 30. Automated
instruments should not be used in circumferential or
rotary fashion. The anticurvature filing is recommended
as it will guide the automated file to shape the safe,

bulky areas ofthe roots selectively and directionally as
needed. Clinically, this motion is usually mesial-bucco-
lingual in most canals.

Circumferential filing or rotary filing should be
avoided, especially in curved roots due to the dentin
thiclaiess ato the curvature sites. The clinician should
guide the automated handpiece forcefully where needed
and should not the canal curvature direct or dictate the
path of any endodontic instruments, either mechanically
or manually.

CONCLUSIONS
Based on the results of this study of standardized,

simulated, narroq curved canals in plastic blocks, the
following conclusions are made.

.It is efficient and safe to begin with cervical
preparation of the narrow curved canal with the CFS
to the level of curvature to size Master File 15,20.

.The curved apical curvature is best prepared by
hand instrumentation to the minimum size of Flex-O-
File 30 prior to the use of any automation.

.The use of CFS or M4 to the working length to
fully prepare the canal is not recommended.

GroupV-Pre-oper

procedural errors will occur.- 
The majority of research on mechanical or

automated instrumentation shows unfavorable results
when the mechanical action involves the apical
curvature, the danger zone or the foramen; or when
larse size frles are used. Hand instrumentation ofthese
rä, ...*t to be safer and more effective. Therefore,
it is logical to combine HI with automated
instrumeñtation, thus combining the safety ofHI in the
curvature of the apical zone with the speed and
effi ciency of automated instrumentation.

The results ofthis study confirmed once again that
hand instrumentation, although requiring more time,
produced the fewest errors than automated
instrumentation. When HI was combined with
automated instrumentation, the overall results were
superior to HI alone (10.5m vs. 18.6m; 49.5 vs. 45.75
overall quality scores; and 198 vs. 163 specifìc quality
scores). This is expected because of the documented
poor performance of automation in the apical curvature
zone.

Furthermore, the results indicate that once the
apical third curvature is enlarged to size 25 - 30 by
hand instrumentation, it is possible to use the CF with
similar size files safely.

Automated instrumentation with CFS alone
produced the best time scores of all groups (7.04
minutes). This group, howeveq received poor overall
and specific quality scores and had many procedural
errors such as loss of working length, ledge formation,
and apical transportation. This is agreement with the
results of CAMPOS3, HULSMANNe, FIAIKELs, and
SEDELLI2.

The M4 with safety Hedstrom files performed the
worst in overall quality and superior specific scores.
Furthermore, it was the only group where "safety file"
fractures occured. In 6 blocks, all in the apical third
and all were unretrievable. Four of the six were size
20, one was a size 15 and the last was a size 25. The
high incidence of "Safety Hedstrom File" breakage is
perhaps due to the contradiction in mechanics of the
file design and handpiece movement as the handpieces
rotate 30o from either side of the center. This motion is
still considered rotational and Hedstrom files should
not be rotated, especially in curved naffow canals.
However, when the canal was enlarged by HI to size

l
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The purpose of this "in vitro" study was to
evaluate the effect of a l0o/o carbamide peroxide
bleaching agent (Opalescence) on the enamel surface
ofhuman teeth regarding the morphology ofbleached
enamel to acid etching. Five freshly extracted third
molars were sectioned in quarters mesio-distally and

then lingo-buccally. All surfaces except the enamel
were sealed with nail varnish. From each tooth, one
quarter (group 1) was treated for 12 hours with a

bleaching agent and the other 72 hours with artificial
saliva during 20 days (240 hours of bleaching
treatment). Another quarter (group 2) was submitted
to the same protocol but after bleaching treatment it
remained in distilled water for 72 hours. The other
two quarters were used as controls and one stayed all
the time in artificial saliva (group 3) and the other
(group 4) all the time in distilled water. All samples
were then rinsed and acid etched for 15 seconds with
37% phosphoric acid. After the conditioning all the
treated enamel surfaces were sputter-coated and
examined under a scanning electron microscope for
differences in surlace morphology. When bleached
enamel was acid etched the intercrystalline spaces
were enlarged. Comparing saliva-treated enamel with
water-treated enamel it is possible to see that these
spaces are smaller when saliva is used, suggesting a
mineralizing action in saliva. The pattern of enamel
conditioning was the same as non bleachead enamel
reported in the literature.

Key Words: Acid etching, vital tooth bleaching

INTRODUCTION
When prescribing home bleaching, dentists must

warn their patients that eventually they will need to
change their resin restorations, since the product,
acting on these resins is able to bleach thema'6'ra, but
not as intensely as the tooth, causing differences. Some
authors trying to find out if bleaching products are
able to modifo resins, found that "in vitro" resins
trecome rougher 4,6,14,2r and stain in the oral
envrronment.

. Clinically, a resin composite, after short time in
the mouth, *íll be.orn" rough duó to tooth brushing2'
and other îactors. Ifteeth ríith resin restorations, ire
submitted to nightguard vital bleaching, besides the
roughness that iínaiurally found in the rñôuth an extra
lactor will be added. óentists, when prescribing
Jughtguard vital bleaching technique, know that wheñ
It ls necessary to change"the resin iestorations, they
lyst wlit uniil the end'of the treatment plus two ortnree additional weeks to achieve the bôst bonding

between the restorative material and dentaltissue. The
reason why this happens is still not clear, and new
investigations are necessary to find an explanation for
this phenomenon.

REVIEW OF THE LITERATURE
TITLEY et al.2a, in 1988, analyzed the aspect of

human premolar enamel submitted to bleaching
treatment with 35o/o hydrogen peroxide and acid
etching with 37o/o phosphoric acid. They found a
higher porosity level the more time the enamel was
left in contact with the bleaching agent, which was
even more porous when the tooth was etched before
the bleaching treatment.

In 1989, HAYWOOD and HEYMANN"
introduced the use of a new bleaching technique called
nightguard vital bleaching, using l0o/o carbamide
peroxide (Proxigel). This product has an acid pH (5.3),
and the authors wondered if this pH would be able to
etch the enamel surface. In 1990, they published the
results of a studyr2 in which they analyzed the texture
ofthe enamel and found that Proxigel did not produce
etching patterns on tooth enamel surfaces. In 1991,
the same authorsr3 tested three different l0%
carbamide peroxide gels (Proxigel, Gly-Oxide and
White & Bright) and I .5o/o hydrogen peroxide
(Peroxyl), with distinct pHs and different oxygen
liberation speeds. They found that the enamel had a
normal aspect, and concluded that even low pH
carbamide peroxide is not able to etch enamel.

TONG et a1.25 studied the loss of enamel, rvorking
with 30% hydrogen peroxide, they found that when
treating enamel only with bleaching agents, no loss
on enamel could be found; and when etching enamel
with3To/o phosphoric acid for 30 seconds there would
be a loss in the enamel thickness, and this loss would
not be increased when combining these techniques.

RUSE et al.re, working with bovine enamel,35Yo
hydrogen peroxide and 3 7o/o phosphoric acid,
examining the enamel composition when using only
the bleaching agent found that nitrogen levels was
increased, and when etching enamel, calcium and
phosphorus levels decreased and carbon and nitrogen
increased.

In 1988, TITLEY and TORNECK23'24 concluded
that when submitting tooth enamel to 35o/o hydrogen
peroxide gel for one hour there was a loss in bond
strength.

Two years later the same authors26 found that the
break up of the enamel-resin junction would occur in
the interface between the material and tooth tissue.

À.
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BRAZ ENDOD J I (I). 1996- --CVITKO et'aÏ.8 and STOWES et a1.22 studying
different bleaching agents found that teeth that had
been bleached had lower adhesion strength. In 1992,
ADIBFARz reported that the peroxide or a product
related to it could stay on the enamel surface after
bleaching treatment causing lower bond strength
between resin and tooth enamel. BAUGHAN et al.3

and MACHIDA et al.16, found that bond strength did
not change significantly, when using 10% carbamide
peroxide. CULLEN et al.7 worked with resins with
different particles and found that resins without
particles had lower bond strength,

In all these studies we can see that materials
(bleaching, etching agents) and methods of
investigation were diverse which may be the reason
for so many different results.

When working with acid etching, GWINNETTo
compared the etching morphologic aspect, and found
that there was no difference when using different
times. CARTENSENs recommended the use of l5
seconds ofacid etching because the pattern produced
in this time using 37% phosphoric acid was acceptable.
In SEM we can very clearly see the effect of etching
agents. The most common is pattern I, where the
center of the prism is eroded. In pattern II, it is the
opposite. And in pattern III, that is less common, we
find pattern I and II mixed.

MATERIAL AND METHODS
The samples used in this study were unerupted

third molars, extracted for orthodontic or prophylactic
reasons. After extraction the teeth were fixed and
selected with the use of a magnifying glass. Five teeth
were selected and cut with a diamond disc from buccal
to lingual and from medial to distal, with four sections
produced, from each tooth, the root was removed.
Each section of the same tooth was submitted to one
of the following treatments '. Group I - Bleaching
treatment + arfirtcial salivq + acid etching.In this
group one section of the tooth remained for 12 hours

in contact with the bleaching gel, and ,h¿Ìü'"ttt¿fu.iíåå
with distilledwater and finally remained in contact with
artificial saliva for the next 12 hours. The treatment
lasted 20 days, with a total of 24Ò lfuürs in contact
with the bleaching gel. Group 2 - Bleaching treatment
+ distilledwater + acid etching. The second section
of the tooth was treated in the same way as group 1,

the only difference was that instead of artificial saliva,
distilled water was used. Group 3 - Artificial saliva.
The third section remained contact with artificial saliva
for 24 hours, and after this period was brushed with
distilled water, and would be returned to saliva. This
was done for 20 days. Group I - Wafer The fourth
section was treated in the same way as the third, but
instead of using artificial saliva distilled water, was
used.

The formula of artificial saliva used is the one
presented in Bo Krasses book. The bleaching product
used was 70o/o carbamide peroxide gel, Opalescence
(Ultradent Products, Inc.).

Concluding the first part of the experiment, the
teeth were brushed with distilled water and remained
in sodium hypoclorite for 20 minutes, after wich they
were submitted to ultrasonic procedure for 5 minutes.
The sections were then stored in individual recipients
with distilled water for 4 hours. All sections were
equally etched with 37o/o phosphoric acid for l5
minutes and then washed and dried. The specimens
were coated and analyzed by SEM and the
photographs were taken with i,000, 5,000 and 10,000
magnification.

RESULTS
Comparing the sections of the same tooth that

were submitted to bleaching treatment, where one of
them was part-time in water and part-time in bleaching
gel and the other was part-time in artificial saliva and
part-tirne also in bleaching gel, we can observe that
the intercrystallin spaces became less evident on the
one that was part-time in saliva.
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Figure I - "Prísmless" enamel Treoted ntíth gel
and salíva and etched, Smaller intercryslallin

spaces than ínfigure 2.

Figure 2 - "Prismless" enamel. Treated with gel
andv'ater, ønd etched Larger íntercrystallín spales
tkan injigure 1.
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Fígure 3 - "Prismless" enameL Control
thãtremaíned ín salíva and wús etched Smaller
íntercrystallín spaces tkan ín ftgure 4.

Similarly, comparing the sections-(of1he same tooth)
that remained all thè time in artificial saliva and the

one that remained all the time in distilled water before

the etching procedure, it was possible to see that the
intercrvstãllin spaces were less evident in the section
that remained in artificial saliva [Fig.3 (saliva)(photo
34) and fìgure 4 (water)(photo 37)1. Comparing the

seótion thãt remained part+ime in contact with the

bleaching gel and part time in artificial saliva (frgure
l) and tñisection that remained all the time only in
artificial saliva (figure 3), the intercrystallin spaces

are larger in the frrst case when the bleaching agent

was used.

DISCUSSION
The scientific reason for recommending a time

between the end of bleaching treatment and a resin
restoration has not yet been found. In 1990, RUSEIe
found that after tooih bleaching with 35% hydrogen
peroxide there would be only an increase of the
nitrogen levels, and after an acid etching procedure

theriwould be a iow concentration of calcium and

phosphorus levels and an increased concentration of
'carbôn 

and nitrogen levels in the treated enamel.

ADIBFAR et al.z worked with bovine enamel,35o/o
hydrogen peroxide and37o/o phosphoric acid etching
fór oñe minute. The material was immersed in a

solution to detect remaining hydrogen peroxide, and

the results confirmed the prèsence of this material for
a period of 7 days aftei the end of the bleaching^

treatment, whictr could interfere in the quality of
adhesion.

The results of the present experiment with
bleaching gel and artificial saliva on human teeth
suggest Ihãt the bleaching process with carbamide
peiõxide acted in the intercrystallin spaces, since they

Figure 4 - "Prismless" enümel, Control lhat stayell
in"water ønd was etched- Larger intercrystallin
spoces than infigure 3.

were enlarged when compared with the control. With
this infonñation, it is suggested that the bleaching
agent acted on the organið component of the enamel.

lt.,s action would be by opening, through the action of'

urea which is why it would inðrease nitrogen levelsre.

The oxidant agent wouid act on the staining structure
changing or el-iminating it. It also seems that saliva is

able-to reduce, in part, the intercrystallin spaces

enlarged by the bleaching age R.esearch that
compãres étching patterns in bleached and non
bleaihed enamel and concludes that the patterns are

the same2a certainly are not observing the crystals and

the intercrystallin spaces.
Thê loss olbonding strength after bleaching

found clinically and well déscribed in many studiess'
22'23'24 canbe rélated to a morphological factor, shown
in this experiment and/or to the fact that some residue

of the bleaching agent can stay in the enamel tissue2.

CONCLUSIONS
With the methods and the products used in this

"in vilro" study we can conclude that:
I - Using 7'0o/o carbamide peroxide (Opalescence)

on the enamél surface of unerupted permanent teeth,
it is possible to produce in vitro larger intercrystalline
spaces on the enamel surface.' 

? - Comparing specimens treated with distilled
water and spêcimens treated with artificial saliva it is
possible to see that in the salive-treated ones the spaces

between the crystals in the prismatic or "p.rism1ess"
enamel are smáller, thus suggesting that saliva has a

remineralizing action.
3 - Thã conditioning pattern, using the

classification pattern, I, II, III, does is modified when

using bleaching gel.
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The calcified bridge after pulpotomy and the

aoplication of calcium hydroxide associated with
rÍit'tt, propylene glicol400, and gþcerin was studied'

i"-"iáä piémolais, diagnosed for extraction for
ãrthodontic reasoné, pulþotomy was performed and

ãui"iur hydroxide wai apþtied. The above- mentioned

*år. uttótiated in the tièatment of 3 pairs of teeth'

ihe teeth were extracted and radiographed after 60

days. The dental bridges formed were analyzed from
aoíotectmaterial andã dental pulp perspective, using

o's"anning electrom microscoþe. The calcified bridge
surfaces-showed agglutinafes of calcospherites,
.*itt"n.. of numeroúl circular and oval orifices and

a smaller number of dentinal tubules.
Key Words: Pulpotomy, calcium hydroxide,

Inflamed dental PulP

calcium hydroxide Pâ.ste5'0'z's'tt''t.
The óbjective òf this study is to evaluate, with

the aid of sðanning electron microscopy, the calcified
bridge gain after-pulpotomy in human teeth using

calciumiydroxide'assbciated with difFerent vehicles:

saline, própylene glycol 400 and glycerin.

MATERIAL AND METHODS
This study was performed on 9 clinically and.

radiographicaily intaci premolar.s that were extracted
for orthódontið reasons, in patients aged 11 to 15

vears. After anesthesia and isolation, coronal opening
was done with spherical diamond drills (# 1012-KGS),

under water spray.
The corónai pulp was removed ryith tþu.p

curettes ( #11 & 12, Maillefer, Switzerland), and.was
washed with saline, dried with sterile cotton pellets

and dressed with calcium hydroxide paste. For each
group of 3 teeth, calcium hydroxide was associated
íuith'on. of 3 vehicles: salin-e, propylene glycol 400,

J

f
.¡

INTRODUCTION
Pulpotomy is a traditional procedure that is

gaining iuppoti rapidly. Several studies have evaluated
ittis thãrapöutic oþtion in teeth with different clinical
conditions: inflamed dental pulp, accidental pulp-
opening, traumatic, maintaining_ the vitality of
immatuié teeth until full root development, normal
pulp with anatomical inaccessible root canale-rz . Other
iesèarch has analyzed the use of several materials for
on the protection of the pulpal remnant, showing the
biologically efficient proprieties of calcium
hydroxideT'8'ra.

Calcium hydroúde has two essentials proprieties,
resulting froni its enzymatic action on bacteria or
tissue eñzymes, as alkaiine phosphates, present in the
calcified áreasj. Howeveq 

-it 
is known that calcium

hydroxide is a substance whose Physico-chemical
¡iroprieties are inadequate. Therefore, calcium
hydroxide has been asso'ciated with other substances
atrd vehicles that can improve its proprieties and
corsequently, benefit cliniðal use'fr3. Many chemical
substances have been used as vehicles with calcium
hyd.roxide3,4,rr,r3. It is necessary to consider the
probable interference thatthese aisociations can have

91 lhe morpholoeic characteristics of the calcified
?li9e. Many reseärchers using the optic microscope
and,some using the scanning elãctron microscope have

lllly:t"¿ theihicknes uñd the morphology of the
calcified bridge after pulpotomy with ulé of the

RESULTS AND DISCUSSION
The radiographs of all extracted teeth showed

the presence of a ôomplete calcified bridge of variable
thickness. The bridgè view was curved, with the
surface concave to-the coronal side and convex to
the pulp side. This configuration is due to several
r"ut'ont, the presence of aÏïne layer in the.pulp tissue
close to the dèntinal walls as a result ofthe instruments

were cut buccal to lingual
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that were used and larger retraction of the central
part after sectioning and cauterization because of
the calcium hydroxide (Figure l).

Ãnalyzingthe calcified bridge using the scanning
electron microscope showed that the surfaces that
were turned to the coronal direction had a calcified
amorphous structure, and an absence orifïces of
(Figure 2a,2b). These results are different from those
found by GOLDBERG et a1.6, which showed crystals
of different shapes, sizes, and distribution. These
difference probably occur due to the removal of the
calcium hydroxide particles from the calcified bridge
surfaces with washing that was done in this study.

On the pulp view ofthe bridge, the surfaces were
generally formed by agglutinates of calcospherites
with an aspect similar to globular dentin, with a smaller
number of dentinal tubules, and a great number of
orifices, either oval or circulaq with a tliameter of l8
¡rm. This is in agreement with the description made
by ULMANSKY et al.16, which shows the presence
of small holes. These holes, represent blood vessels
that remain trapped during the calcification of the
bridgez'+o'ts (Figure 3a, 3b, 3c).

In the study of the union area between the calcified
bridge and the dentinal canal walls, the interface with
perfect union and areas with absence of adhesion
(Support) and with micro cavities dividing the calcified
tissue (Figure 4a, 4b,4c). GOLDBERG et al.(5)
described the mechanism of union between the bridge
and the circular dentine it happens from a fiber
network that calcified with time. In this study, even
though the period of observation was longer, these
network were present. We can say that they came
from: the presence of a blood clot, the presence of a
fine layer of the pulp tissue fixed to the root canal
wall or due to the irregula accommodation of the
calcium hydroxide paste over the pulp remaining in
the circular dentin.

It is important to note that these defects can allow
the communication of the coronal area with the root

rssN l4l3 - 4799

canal. According to many authors the presence of
these defects, considering that under certain clinical
circunstances can allow the per¡etrytion of bacteria
or its toxins, could affect the remaining vital pulp tissue
and the pulpotomy as the final endodontic therapy5'6'rs.
However, in this study we observed the presence of
orifices only in the pulp surface ofthe calcified bridge,
but these were not found in the coronal surface. BERK
and KRAKOW' and HOLLAND et al.8 report that
this porosity does not aflect the pulpotomy or other
traditional treatment. However, the presence of
extensive cracks in the bridge junction with the canal
wall, analyzed in this study, can allow the
communication ofthe coronal area with the root canal,
and compromised the remaining vital pulp. We must
also consider that in any dentinal exposition the pulp
tissue can be affected in the same way, with infiltration
of bacterias and toxins. Furthermore, the coronal
cavities have to be obliterated, and the sealing capacity
depends on the applied filling system.

In this study saline was used, which is classified
as a hydrosoluble vehicle, which allows a fast ionic
dissolution of calcium hydroxide permitting better
diffusion and consequently, better contact action of
the calcium and hydroxyl ions with the tissue.
Glycerin and propyiene glycol 400 are classified as
hydrosoluble and viscous. These substances are
soluble in water in any proportion. The ionic
dissolution of calcium hydroxide is slower becausê
of its high molecular weight and the need to remove
the water from the pulp tissues and the dentinal walls.
However, signifìcant variations in the thickness and
in the morphology of the calcified bridge were not
observed because of the physico-chemical
characteristics of the vehicle associated with calcium
hydroxide.

The results of this study confirm that the calcified
bridge is not homogeneous, but has small orifices ¿ind

cracks, and that the physico-chemical proprieties do
not interfere in the formation of the calci{ied bridge.

Fígure 1 - Radíographs of extractet
teeth showíng the presence of calcified
brídge
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Figure 3a, 3b, 3c - SEM showing agglutinates of
calcosferites

Fígure 2n, 2b - SEM showing surfuces that were turned to the coronøl dírectíon
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Figure 4ar 4br 4c - SEM showing union area between
the calcified bridge and the dentinal canal walls
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AI{TIMICROBIAL ACTIVITY OF DRUGS USED IN PULP THERAPY OF
DECIDUOUSTEETH t ç.
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The antimicrobial effectiveness of seven drugs used
in pulp therapy ofdeciduous teeth - Guedes-Pinto, zinc
oxide, calcium hydroxide and mixed pastes,
formocresol, 1/5 formocresol and2yo glutaradehyde -
was evaluated against S. aureus, S. epidermidis, S.

nrulens, S. sanguis, E. faecalis and E. coli,
microorganisms that can be detected in infected root
canals, and also against B. subtilis, a spore-forming
bacteria which possesses recognized resistance to many
chemical agents. The activity tests were carried out
according to the disk diffiision method on Brain-Heart
Infusion Agar supplemented with blood; the drugs were
placed on filter paper disks and then on culture medium.
Samples of the antimicrobial agents were assayed just
after their preparation and 7, 14, 28, 60 and 90 days
later; the agents were kept at37oC throughout. After
incubation at3ToC,the diameters ofthe inhibition zones
were measured. The antimicrobial effect decreased with
time depending on the drug used and on the bacterial
strain tested. The data indicate that the zinc oxide paste
had the strongest and 1/5 formocresol the weakest
antimicrobial activity. The differences were all
statistically significant except for 2o/o glutaraldehyde
and formocresol, which were similar to each other.

Key words: Antimicrobial activity, pulp therapy,
deciduous teeth.

INTRODUCTION
The maintenance of deciduous teeth in the dental

arch up to their exfoliation has been one of the main
targets of pediatric dentistry, because these teeth
represent the fundamental basis for correct occlusion
of the permanent dentition.

Nevertheless, it is known that the prevalence of
caries in deciduous teeth is significant, and that the
presence and activity of microorganisms in the pulp
chambers and root canals play a decisive role in the
development of pathological changes in tooth pulp, as
has already beeen demonstrated concerning the
permanent teethe'r8're. Therefore, the success of pulp
therapy is directly related to the antimicrobial potential
of the materials used during treatment.

The antimicrobial effectiveness of materials used
in pulp therapy of deciduous and permanent teeth have
been established in many studies; however, their residual
activity has not always been considered by researchers.
Thus, several investigations have been carried out to

study the antimicrobial activity of formocresol4'r s'2s'26,

providing information about its significant potential on
pure and mixed cultures of microorganisms . Thomas
et al.zt studied the antimicrobial action of varying
concentrations of formocresol in propylene glycol on
gram positive and gram negative microorganisms.
These studies indicated that this agent at as low as 10
to 20o/o possesses an irreversible effect against both
groups of microorganisms.

Likewise, the antimicrobial effect of several
glutaraldehyde solutions,(range, 0.045- 25o/o) was
analyzedbyHILL et al.rr in relation to microorganisms
commonly detected in carious deciduous teeth. They
report that the minimum effective concentration of
glutaraldehyde was 3 l25o/o; in the same opportunity,
the 0,7 5o/o formocresol was also effective.

Similar studies in relation to endodontic pastes and
filling cements have also been developed, speciallythose
carried out by GUEDES-PINTO et al.ro, and more
recently by ESTRELA et a1.64. In these experiments,
the authors have established the spectrum of action of
different materials on microorganisms that appear to
be common inhabitants of the oral cavity, and also in
relation to some facultative aerobic bacteria which,
when not controlled in the infected root canal system,
can complicate treatment sucess.

The purpose of this study was to evaluate the
imrnediate and residual antimicrobial activity of pastes
and liquids used during pulp therapy of deciduous teeth
on pure cultures of microorganisms, which can be
detected in infected root canals, and also against some
that usually show resistance to chemical agents. The
immediate effect was determined just following drugs
manipulation and the residual action wasdetermined
after 7,14,28,60 and 90 days.

MATERIAL AND METHOD
ENDODONTIC DRUGS
The following pastes were used Guedes-Pinto

paste (0.30 g of iodoformt ,0.25 g Rifocort2 and 0.1
ml camphorated paramonochlorophenol3 ), zinc oxide
paste (0.40 g zinc oxidea, 0.15 g iodoformu, plus
Guedes-Pinto paste ingredients), Calcium Hydroxide
paste (0.40 g of calcium hydroxides, 0.15 g iodoformu,
plus Guedes-Pinto paste ingredients) and mixed paste
(0.20 g of zinc oxided, 0.20 gcalcium hydroxide", 0.15
g iodoform", plus Guedes-Pinto paste ingredients). The
liquids used were: formocresol' , ll5 formocresol7 and

I
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2o/o glutaraldehyde8.
For paste preparation, the powders were mixed,

the otheringredients were then added, and immediately
incorporated on to sterile 5-mm filter paper disks.
Cotton pellets were impregnated with one drop ofthe
liquid agent. In the case of formocresol and 1/5
foimocresol, excess was removed by pressing the
cotton pellet on a filter papeq and then the cotton pellet
was left on a second paper disk for l0 minutes. The
cotton pellet saturated with glutaraldehyde was placed
directly onto the paper disk remaining there for 5

minutes.

INDICATOR MICROORGANISMS
In this analysis, pure cultures of Staphylococcus

eureus, Staphylococcus epidermidis, Streplococcus
mut ons, Strep t o c oc cu s sangui s, Enl e ro c oc cu s fae c a I i s,

Bacillus subtilis andEscherichia coli were used.. The
microorganisms were cultivated on Brain Heart
Infusion Agare (BHIÐ, and resuspended in reduced
saline to give a final suspension of about 3 x 108 cells
per ml, similar to that of tube #01 of the McFarland
scale.

ACTIVITY TESTES
For immediate evaluation, the materials were tested

just after their preparation, while for residual Evaluation
the drugs using the previously prepared disks, were
tested after their storage on Petri plates sealed with
aluminum foil, for a period of 7, 14, 28, 60 and 90 days
at37oC.

The protocol for the standard assay has been
described earlier2 was as follows. The activitytests were
carried out according to the disk diffiision method,
spreading 0.1 ml ofeach microbial standard suspensions
on the surface of BHIA, supplemented with 5%
defibrinated sheep blood, followed by the application
of the drugs impregnated paper disks on the culture
medium, After incubation at 370C, in aerobiosis or in
presence of 5-10o/o CO' depending on the oxygen
requirements of each miiroorganism, the diameters of
the inhibition zones were measured.

Microorganism viability and disk sterility controls

ISSN l4l3 - 4799

were done for each experiment. All assays were carried
out in duplicate under aseptic technique.

STATISTICAL ANAT,YSTS''
The data obtained were submitted to analysis of

variance followed by multiple comparisons with the
Duncan test (a:0.05). The results ofpastes and liquids
were analyzed studied in two separate groups.

RESULTS
The data related to immediate and residual effects

of the drugs tested are summarized in Table l. The
zinc oxide paste was the most effective against all
microorganisms assayed throughout the experimental
times, while the calcium hydroxide paste showed the
weakest activity. Collectively, the results obtained with
2o/o glutaraldehyde, formocresol and l/5 formocresol
were not expressive; significant action was only
detected just after impregnating the paper disks with
the liquid. The drawings of this results are added to
facilitate interpretation of the antimicrobial activity
observed ( Figure l).

The behavior ofmicroorganisms when exposed to
the assayed pastes is shown in Table 2.In general, all
microorganisms displayed some sensitivity to the pastes,

but ,S. mulans appeared to be more sensitive and E.

.foecalis more resistant than the others. The
microorganisms showed great resistance to the liquid
drugs, especially after "0" time (data not shown).

The controls showed that indicator microorganisms
were viable for each experiment and that the filter paper
disks were maintained sterile during the assay period.

rK-Dent, Quimidrol, Joinville, SC, Brasil.
2 Merrell Lepetit, Santo amaro, SP, Brasil.
3 S. S. White, Rio de Janeiro, RJ, Brasil.
1 S. S. White, Rio de Janeiro, RJ, Brasil.
s lodontosul, Porto Alegre, RS, Brasil.
6 Formocresolan, Inodon, Porto Alegre, RS, Brasil.
T Inodon, Por1.o Alegre, RS, Brasil.
I Glutaral, Inodon, Porto Alegre, RS, Brasil.
e Baltimore Biological Laboratories, Cockeysville,

Maryland, USA.

Thble 1. Mean diameter of inhibition zones in mm for pastes and liquids at all times(days)

TIMES

DRUGS 0 7 L4 28 60 90 TOTAL

PASTES Zinc oxide 17.9a

Guedes-Pinto 17.5a

Mixed 15.3b

Calcium hydroxide 15.3b

16. la
15.7a

l l.3b
9.3b

16.9a

17 .la
8.7b

8.lb

16. la
16.0a

8.2b

80b

15.9a

14.5a

7.9c

8.lc

15.2a

13.9a

8.9c

7ld

t6.4a

15 8b

10. lc
9,3d

LIQutus Glutaraldehyde

Formocresol

l/5 Formocresol

4.6a

3.2b

l.lc

0.0a

0.0a

0.0a

0.0a

0.4a

0.0a

0.0a

0.0a

0.0a

0.0a

0.0a

0.0a

0.0a

0.0a

0.0a

0.8a

0.6a

02b

Meansfollowed by different letter, in the same column, are statisticatty ttffirent (Duncan tesl a -- 0.05)

bi-^
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Thble 2. Mean diameter of inhibition zones (mm) for pastes on pure cultures of microorganisms

PASTES | ç"
Microorganisms Zinc Oxide

19.9 a

19.5 a

14.5 d

t7.6 b

16.3 c

ll.3 e

15.4 cd

Guedes-Pinto

18.6 a

18.4 a

15.0 c

16.5 b

15.l c

ll.7 d

15.3 c

S. mutans

S. epidermidis

E. coli

S. aureus

S. sanguis

B. subtilis

E. faecalis

Mixed

ll.8 b
12. I ab

12.8 a

10.8 c

9.2 d

10.2 c

3. -5e

Calcium Hydroxide

ll.7 a

10.8 b

12.5 a

8.4 d

9.6 c

9.9 bc

2.4 e

Itfeansþllowed bv ctifferent letters, in the setne cort.tntn, are statisticott"v cttîerent (Dunacan te,sÍ a : 0.05).

Figure 1 - Graph showing the average d¡arneter of
inhibition zones for pastes and liquids as a function
of time.
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DISCUSSION
In the model of study used, the antimicrobial agent

would diffi.lse into the ñredium in a circle around"the
qapgr. di¡k;, expressing .its anrimicrobial poi.ntiuì.
Actrvrty is dependent on drug diftsibility anã toxicity
on the surface ofthe culturJmedium anä aguinriihá
indicator microorsanism, respectiygly, Ãccãrding tó
D^r.FrgRE:, the rñedic.ti";ôtr ;ibiiíil is a tunction
of its chemical structure, the size of its'molecrles anJ
the speed of its release hom the matrix. Th;;, üË;

zones indicate more effective antimicrobial action or
greater diffirsibility of the medication, or both, whiie
n91ojel polnt to antimicrobial ineffectiveness or lack
ofdiffiision ofthe medication The urruy u."lir;iñl;
and reliable for testing the antimic.óUiul effect'oi
endodontic materials aid has been used by ;;;rJ
investigatorS r'2'6-8, ro. r6.

. The data shon in Tables I and2 are of particular
interest, since they show that it 

" 
J*g, were active
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asainst all the strains tested. Although no absolute

ããiielation could be made, it does seem that the panel

ói microorganisms reflects, at least in part, the
tructerioloeJcal conditions of carious lesions and

infected roõt canal systems where the presence of a

mixed culture is always significant3't3't8'22'23'

The zinc oxide and Guedes-Pinto pastes appeared

to be more effective, in comparison to mixed and

calcium hydroxide pastes; however the mixed and

calcium hydroxide pâstes also preserved their activity
after 90 days of the experiment. ESTRELA et al.6

observed no effect of three filling cements with
calcium hydroxide on Pseudomonas aeruginosa,
Escherichia coli and Enterococcus faecalis; these
results were related to the technical conditions used

during evaluation, which could impair the ionic
dissoclation of calcium hydroxide andlor the hydroxyl
ion diffi;sion on the surface of agar medium. However,
it seems that release and diffi.lsion of active principles
occurred inthe present study, because inhibition zongq,

in the (range,lS.S-l.l mm) were .observed with
calcium'hydioxide containing pastes, in relation to all
microorgánisms from 0 time until 90 days of the
experiment.- 

The small effect of the calcium hydroxide-
containing pastes observed in this study could.be
related tolhe fact that the pastes set in a coment-like
manner just after preparation. PROSSER et al.ìa

observed that mateiials that set are very complex and
ions are unable to be released from hard strutuctures.
TAMBURIC et a130 who reported that pastes with
calcium hydroxide that set release less calcium and
hydroxyl ions than those that do not set. Thus, over
observations are consistent with results reported by
several other investigators, DIFIORE et al.s pointed
out that the setting property could be a factor to
determine its release from the matrix, its diffirsion on
the surface of the medium and its action on
microorganisms; moreover, the antimicrobial action

ISSN 1413 - 4799

of calcium hydroxide is dependent its ionic
dissociation and action of hydroxyl ions on bacteria6
8'12. t ç )

BARTELS4, VERCO24 and SEOW'5 reported that
various concentrations of formocresol are effective
against several microorgallsms and, therefore, may
bõ suitable for clinical use 2r. In our study report, the
performance of liquid drugs was markedly lower than
that of pastes, and 2Yo glutaraldehyde, formocresol
and l/5 formocresol did not to have residual
efFectiveness.

Collectively, the antimicrobial potential seems to
decrease with time, since the sizes of inhibition zones
were somewhat smaller after 90 days in comparison
to those obtained on "0" day, but some variations
have also be found. These discrepancies could be
correlated to the amount of drugs used and/or to
inherent technical factors r'2.

The frndings reported and discussed in this
investigation may have significance in light of current
interest in maintaining the deciduous teeth up to
eruption of permanent teeth, which is important to
oral health.

CONCLUSIONS
Based on the experimental conditions used, the

pastes show a markedly higher antimicrobial effect
ihan the liquids. The zinc oxide paste appears to have

the best activity, followed by Guedes-Pinto, mixed
and calcium hydroxide pastes, 2o/o glutaraldehyde,
formocresol and l/5 formocresol. The antimicrobial
effectiveness decreases with time, being dependent
on the drug used and on the bacterial strain tested.
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TREATMENT OF TEETH WITH INCOMPLETE ROOT FORMATION
AND A HISTORY OF TRAUMA , ç .
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The authors describe 2 clinical cases ofincomplete
root formation associated with trauma, and discuss the
role of scheduled periodic changes of intracanal
medication in the process of dental apexification.

Key Words: Incomplete root formation, calcium
hydroxide, dental trauma.

INTRODUCTION
The preservation ofteeth with a history of trauma

using peiiodic clinical examination and x-rays is of
fundãmental importance because several pathological
alterations can be diagnosed during the period after
trauma.

BAKLAND3 reportsthe following sequelae from
pulp trauma which can occur: 1, repair, which is the
ideàl reaction to an injury; 2, calcification, which can

be considered both desirable and undesirable because
generally calcification is an attempt of the pulp to
iespond in a positive manner to an injury; 3, necrosis;
4, reabsorption. These last two are definitely considered
undesirable.

Physical trauma occurring with a fall, with or
without dental fracture, can cause pulpar hemorrhaging
resulting in disturbed nutrition ofthe cells, hyalinization
of the pulp tissue, mineralization and excessive
pigmentation of the teeth 2. The pulp can heal
completely or necrosis can occur depending on the
intensity of the hemorrhaging and the stage of root
development or the installation of infection '2.

Pulp necrosis occurs when the blood flow to the
pulp tissue is interrupted, with a subsequent lack of
oxygen. In the absence of bacteria, necrosis by
coagulation presents a gradual degeneration of the
tissues. If necrosis by coagulation has little effect on
the periodontal ligament and on the alveolar bone, the
tooth can remain completely asymptomatic.

According to ANDREASEN', the conservation of
the traumatized tooth ought to always be the objective
of the dentist. Besides seeking to maintain the tooth
functionally in the alveola, therapy ought to prevent
the development of pathologic alterations.

_ Our objective isto report two clinical cases in which
there were later manifestations of dental trauma in the
pulp of teeth with incomplete root formation.

CASE REPORT
Case I

^ A thirteen year old female was seen at the clinic
tor routine examination. She reported that she had had

a bicycle accident 5 years earlier but had not seen a
dentist at that time because there was no apparent
damage. A slight alteration in color to gray was
observed and vitality pulp tests were negative.
Percussion and palpation were normal.

Radiographic examination showed that the right
maxillary central incisor had incomplete root formation
with the parallel walls of the root canal showing that
root formation was interrupted at the time of trauma.

Thus, access surgery and disinfection was carried
out. In the treatment of a tooth with pulp necrosir,
great care ought to be taken to avoid post-operative
complications, principally "flare-up". Dakin's solution
and hydrogen peroxide were used for disinfection.

A paste of calcium hydroxide with iodoform and
propylenoglycolwasthen placed in the root canalusing
a lentulo. After 7 days, this calcium hydroxide paste
was changed monthly for four months and then every
3 months for a period of 9 months, after which
apexifrcation was confirmed clinically and
radiographically. Obturation was carried out with gutta-
percha cones and Grossman cement.

Case 2
A forty year old female was seen at the clirric

complaining of the presence of a fistula in the anterior
maxillary region. She reported that she had fallen from
a tree while playing when she was about 8 years of a,ge

and that she has then lost the left maxillary central
incisor. The absence of this tooth was seen clinically
and radiographically. Alteration of color of the right
maxillary central incisor was observed with the presence
of a fìstula. The vitality test, palpation and percussion
were all negative.

In order to identify the path of the fistula a gutta-
percha cone was placed and x-ray examination revealed
apical rarefaction and incomplete root formation in the
right maxillary central incisor.

Dakin's solution was used for disinfection
alternating with hydrogen peroxide. A calcium
hydroxide, iodoform and propylenoglycol paste was
placed in the interior of the canal using a lentulo and
left for 7 days. Monthly changes of this paste were
then carried out for four months, followed by trimestral
changes for a period of 9 months when apexification
was verified clinically and radiographically. As in case
l, obturation was carried out with gutta-percha cones
and Grossman cement.

t¡.&,
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FiSrye l. A, Initinl 4-rg¿of c1ts.e L !, X-ray-showing íncomplete rootformution with parellel walls.
C, Root canalfilledwíth calcium hyclroxíde paste.-D, X-riy 18 monihs afterfinal obturstion.

Fíg-ure 2. A,^Inítíal l-r.oy of cøse 2. B, Incomplete rootformatíon shown usíng guttn-percha cone. C,
X-røy 3 years afterJinal obturatíon

J
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DISCUSSION
ñ;ily tú.; is a greater number of individuals who

o.. fiðlút. of diffeient types of accidents which can

;;;;ú irreversible tráuma to dental structures and

i"îfràit support systenr, depending onthe intensity and

form of traumarr.^""'-fn¡u¡"t which trauma can cause to the dental pulp,

.urh uå int.rnal and external reabsorption, necrosis and

äuf.i¡tution, have been reported-by BAKLAND-3,

rftå*inÀ ttt. ímportance of pieservation using pe^riodic

äfini.Uän¿ *-táy 
"*ams 

to detect the presence ofthese

natholoeical alterations.
'-- End"odontic treatment ofteeth with incomplete root

fo.maiion seeks to obtain physiologic.al
complementation of the radicular apex (apexigenesis)

or adical closure by means of stimulation (apexification)

whiðh is the objective of this report.
Penetratin! disinfection ought to be carried out

with sreat careïn the treatment ofteeth with incomplete

root iormation with pulpar necrosis because the large

iu..n of the radicufar banal and the thinness of the

walls can cause the dental surgeon to fracture the root'
ln this case, filing ought to bãdone.with.only one file,

of the greatest caliber, associated wtth a cnemlcal

solutioñ to disinfect the radicular canal' The most

important factors for apexification are canal cleaning,

in ãther words removai of all necrotic tissue, and the

tãrnfotu.y hermetic sealing of the tooth to avoid
bacterial infi ltration.

Diverse materials have been proposed to induce

the apexification ofnonvital permanent teeth' MORSE

àt al.'o studied 5 treatmeni methods for teeth with
incomplete root formation and pulpar necrosis and

concluied thatthe success oftherapy with apical tissue

monthly and then every three months until a period of
twelve"months was cómpleted' Change of the paste

was initially carried out ajt shorter intervals due to the

raoid reabsorption detected radiographically' The

"à',ioa. 
of apexification observed in these two cases is

in unt..rn.ni with the literature, which reports that in

the ãbsence of infection apexification occurs within l2
to 18 monthsrs'8'r3.

The conservation ofthe traumatized dental element

ousht to be the obiective of our attention, thus the

neõessity of periodið exams over a long period so that

later patholoþic alterations can be diagnosed. With this

obieótive. tñe choice of adequate treatment is of
fuådamental importance so that the tooth can be

maintained in thé oral cavity carrying out its esthetic

and functional purPose.
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MECHANICAL STIRRING OF SMEAR LAYER REMOVAL:
INFLUENCE OF THE CHELATING AGENT (EDTA)T .

The purpose of this study was to evaluate under the
scanning electron microscope, the influence ofmechanical
stining of EDTA in the root canal interior on the smear
layer removal. After root ca.nal instrumentation, the
samples were divided in to tlree groups with l0 specimens
each. In group I EDTA remained still inside the root canal'
* si;";i ifwas stiried *i"s;#io K+yú fil; ;a a;
group 3, EDTA was stirred using #l spiral lentulo
(Maillefer) turning right with ahigh-speed of micromotor, ( Kavo). The best results were those obtained by means

, of mechanical stirring the EDTA solution when it was
, ' inside the root canals (group 3). The ANOVA test and the
r Student T test showe¿ itrát there were signifrcant

differences betweengroups I and 3 (p<0.01) and between
; , t groups 2 and3 (p<0 05).
i Key Words: Smear layer, irrigating solutions,

chelating agent, EDTA

on the quantity and temperature, contact time, depth of
penetration of the irrigation needle, type and gauge of the
needle, surface tension of the inigating solution and age
of the solutione. Liquid agitation in the root canal interior
seems to contribute to a better removal on the smea¡ layerl-

The purpose of this study was to evaluate, under the
scanning electron microscope, the influence of mechanical
stining of EDTA in the root canal interior on smear layer
removal.

MATERIAL AND METHOD
Thirty freshly extracted, single-rooted maxillary

anterior teeth were used. After preparation of the access
cavities a #10 K-type file was inserted into each canal
until it was visible at the apical foramen. One millimeter
was subtracted from this length in order to establish the
working length. All canals werethen sequentially enlarged
with K-type files to size 45 wtth l% sodium hypochlorite.
The patency was achieved using a#25 K-type file.

The canals were then filled with l7o/o EDTA. The
chelating agent was previously conditioned in empty
anesthetic cartridges and injected the root canal interior a
Carpule syringe and a Z5-gauge needle. The time of
permanence of EDTA in the root canal interior was lj
minutes.

The samples were divided in to three groups wrth l0
specimens each. In group I the EDTA remainedstill inside
the root canal. In group 2 EDTA was strned in the whole
working length with a#10 k-type file for two minutes and
then remained for 3 minutes. In group 3 EDTA was also
strned for the first 2 minutes, using a #1 spiral lentulo
(Maillefer, Ballaigues, Switzerland) tuming right with a
high speed micromotor( Kavo, Sarta Cata¡ura" Brazil)
The samples were then inigated with 5 ml lo/o sodiurn
hypochlorite.

To facilitate their fracture, two parallel longitudrnal
grooves which did not penetrate the root canals were made
on both extemal surfaces ofthe teeth. The coronal, middle
and apical thirds ofthe canals were prepared and scanned
un_dertle scaruring electron microscope(SEM; model Jeol
USM-U3). Representative areas of each third were
photographed.

The clea¡ring of the root canals walls was evaluated
bhndly bytwoinvestigators according to the rating systenl
deveioped by Rome et al.r2: 0 : no smear layeq?entin';,1
tr¡lr¡ies open, f,ree of elehris; i -- mod-era_te sn:ea; falrei;

INTRODUCTION
During endodontic therapy, a layer of material

composed of dentin, remnants of pulp tissue and
odontoblastic processes and sometimes bacteria is always
formed on the canal walls. This layer has been called the
smear layer. It has an amorphous, irregular and granular
appearance under the scanning electron microscoper3.

CAMERON6 and MADER et al. rr, described the
smea.r layer material in two parts: a superficial smear layer
and the smear material packed into dentinal tubules. The
extension of this material into dentinal tubules was
calculated as extending up to 40 micrometers. It was also
concluded that this tubuiarpacking phenomenon of smear
layer was due to the action of burs and endodontic
instruments5-ìr.

The advantages and disadvantages ofthe presence
of smear layer, and whether it should be removèd or not
from the instrumented root canals are still controversiai.
The presence of the smear layer acts as a physical banier
interfering in dentinal permeability, adhesiveness and in
the sealing ef[rciency of root canal obturation s-ro.

S everal chemicals substances have b een indicated for
the removal of smear layer; howeveq EDTA and sodium
hypochlorite a¡e the most commonþ used. The chelating
agent acts on the inorganic component while sodium
hypochlorite acts on tne organic component of thesmeal"
layed'ra.

Tne efücacy of the irrigating solution is dependent
not on\, on thc enernieal natn¡re of tl¡e solution, but alsq
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outlines of dentinal tubules visible or partially fillgd witþ
á.U¡r; and 2 = healy smear layer, outlines of dentinal

tubules obliterated. ihe data were analyzed using the
ANOVA test and Student T test.

RESUIjTS
Group l: The superficial smear layer was totally

removed from all cervical thirds. However, in the middle
third of four samples and in the apical third of five samples
the smear layer w¿N removed almost completely and some
openings of the dentinal tubules were patent u¡hile and
olhers were closed. A heavy smear layer was present in
the apical third of one sample (Figure l). Group Z:T}'e
superficial smear layer was totally removed from all
cervical thirds. However, in the middle third of three
samples and in the apical third of four samples the smear
layer was removed almost completely ard some openings
of the dentinal tubules were patent while others were
closed (Figure 2). Group 3: The superfrcial smear layer
was totally removed from all cervical thirds and middle
thirds. In the apical third of one sample the smear layer
was removed almost completely arìd some openings of
the dentinal tubules were patent while others were closed
(Figure 3-5). Table I shows the mean scores for each
group at various levels.

The ANOVA test and the Student T test showed that
there was no significant difference (p:0.05) between
groups 1 and 2. There were sigruficant differences between
groups I and 3 (p<0.01) and between groups 2 and3
(p<0.0s).

DISCUSSION AND CONCLUSION
The smea¡ layer was removed in all groups from the

ISSN l4l3 - 4799

cervical thirds independent of the mecha¡rical stining of
EDTA in the root canal. In the middle third" 40% of group
I samples and 30% ofgroup 2 samplçs showed amoderate
a.o,urt of smea¡ laye-r wiih somó denlin?rl tubules open
and others closed. In group 3, the smear layer was removed
from in the middle third in all samples.

In the apical third, 60% ofgroup 1 and4}Yo ofgroup
2 showed the presence of a smea¡ layer; in group 3, the
smear layer was found in only l0% of all samples.

The efficary of the removal of the smear layer is
decreased at the apical level. Similar results have been
reported by other researchers3-?. The best results in
removing the smear layer were those obtained by means
of mecha¡rical stirring of the EDTA when it was inside
the root canals (Group 3).

Due to the small size of the root canal air bubbles
frequently remain in its interior agent during it the filling
with the chelating agent. The presence of these bubbles
mainly in the middle third a¡rd in the apical third of the
root canal blocked the contact of the chelating agent wrth
the dentinal walls, making this way it difficult to remove
the smear layer.

Mechanical stirring with K-type file contributes to
the partial clearance ofthe air bubbles. Mechanical stirring
with the spiral lentulo at a faster speed to agitate the
chelating agent cleared the air bubbles better, allowing
the chelating agent to come in contact with the root canal
walls. The spiral lentulo creates sheanng stress in the root
canal interior which combined with the chemical action
of EDTA removes the smear layer from dentinal walls
more effrciently.

Thble 1. Mean scores for smear layer at different levels

GROUP Specimen Apical third Midle third Cervical third

0
0
0
0
0
0
0
0
0
0

I
I
0
0
I
0
0
0
I
0

2
I
I
0
I
I
0
0
I
0

I
2
3

4
5
6
7
8
9
l0

Group 1

0
0
0
0
0
0
0
0
0
0

0
I
0
0
t
0
I
0
0
0

I
I
0
I
0
0
I
0
0
0

I
2
3

4
5
6
7
8
9
l0

Group 2

0
0
I
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

I
2
J
4
5
6
7
8
9
l0

Group 3
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Figure 1. Group 1: Apical Third, typícal
smeør løyer appearønce. 1000x

Fígure 2. Gloup 2: Apícal Tþirq, some tubular
openings üre open ancl others øre closed

1000x

Figure 3. Group 3: Apical Third, superficiol
sntesr layer removed ønd patent dentínsl
tubule openings. 1000x

*

I

Figure 4,5: Cervícal and míddle thírd, smear layer complaely removed. 1000x

i,t 9

êdt
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RADIOGRAPHIC EVALUATION OF THE BEHAVIOR OF CHRONIC
PERIAPICAL LESIONS OF EI\DODONTICALLY TREATTq TEETH

Iara Maria Lohmann SOARES, D.D.S., M.Sc., Ph.D.,
Chairman
Universidade Federal de Santa Catarina, Iìlorianopolis, SC,
Brazil
RODRIGO BACK, D.D.S.
Universidade Federal de Santa Clatarina, [;lorianopolis, ,SC,
Brazil

Clinical and radiographic control after endodontic
treatment is fundamental in assessing success therapy.
The reduction of radiolucent area on radiographic
examination has been interpreted as synonymous with
repair in teeth with chronic periapical lesions. The
goal of this study was to analyze radiographically the
behavior of chronic periapical lesions of 102 anterior
and premolar teeth treated by students from the
undergraduate Dentistry Course ofUFSC over a two-
year period. Whether the behavior ofthe lesion might
have been influenced by its size, and whether the
absence of a restoration might explain the lack of
repair was also investigated. Of 102 treatments
performed, 86 showed significant reduction in the size
ofthe lesion or in its disappearance; 12 of the lesions
presented little reduction size, and 4 cases showed an
increase in dimension. Restoration had been made on
57 teeth, whereas on 45 no restoration had been made.
Analysis of data offered the following conclusions: a)
chronic lesions of endodontically treated teeth had
their sizes considerably reduced or disappeared in
84.31% of cases, with treatments being considered
sucessful; b) no relationship was found to exist
between lesion behavior and its size, c) the fact of the
tooth having been restored or not did not apparently
affect results.

Key words: Chronic periapical lesions,
endodontic treatment / periapical healing

INTRODUCTION
Over the years dentists have been concerned with

qualifying their endodontic procedures. This has been
useful not only to confirm the adequacy of the
techniques utilized but also to modif,i them in an effort
to obtain better results. Search for success has been
unabated.

Clinical and radiographic follow-up conducted
after endodontic treatment is fundamentally important
in evaluating therapeutic success. In spite of the
limitations presented by radiographic examination,
they have been the resource usually employed by
clinicians and endodontists to compare dimènsions
of periapical lesions before and after treatment.
Reduction or disappearance of radiolucent area -within given periods of time - has been interpreted
as an indication of periapicaltissue repairs.

Lack of consenus exists as to the period of time
an endodontically treated tooth should be followed-
up, varying from 6 months to 4 yearss'rt'-r2'r5. Jt is
accepted that a lesion not presenting a reduction in
size or maintaining its original dimension after one

year has elapsed, at radiographic examination, will
probably not present conditions to be repairedrs. It is
also suggested that follow-up should continue for a
minimum of 2to 3 years, starting at 6 monthsT. Other
authors recommend a longer follow-up such as 8 to
l0 years. The First International Convention of
Endodontics, held in Philadelphia in 1953, studied the
problem and recommended control for a I fo 2-year
period.

The rate of success obtained for endodontic
treatments registered by several authors and evaluated
through clinical and radiographic exarninations varies
between 53o/o and94 5o/o for observation periods from
6 months to 25 yearsr-3's'r0'rr'r3. The lack of studies
showing the outcolne of endodontic treatment
conducted by students from the undergraduate course
of Endodontics at the UFSC rnotivated the authors
to perform a radiographic evaluation of the behavior
of chronic periapicallesions of endodontically treated
teeth after a 2 year period. A study rvas also made
comparing lesion size and behavior, and whether the
examined teeth had undergone restorative procedures.

MATERIAL AND METHOD
A total of 228 patients were selected whose teeth

had received endodontic treatlnent and presented
chronic periapical lesions. Screening was made based
on the patient files maintained by the undergraduate
endodontic course cf the UFSC. Only those cases
wlrere treatment had been performed 2 years before
were selected. Letters and telephone calls were used
to invite patients to return to the University. From
those who presented themselves, a sarnple of 102 teeth
was assembled, comprising incisors, canines and
premolars from both arche. Postoperative periapical
radiographs were taken, standardized as much as
possible in relation to those already documented in
patient files.

Using a slide projector, pre- and postoperative
X-rays were exhibited at 5X magnification, being
analyzed by 3 examiners (l radiologist and 2
endodontists) and observations were recórded on a
standard card. In an effort to avoid discrepancies in
the analysis of radiographs examiners were request
to document: a) whether a significant reduction,
or disappearance ofthe lesion ocèurred; b) whether a
slight reduction occurred in lesion dimension; c)
whether an increase occurred in lesion size, or size
remained constant. These observations permitted the
classification of treatment results as successful,
doubtful or failure, respectively

BRAZILIAN ENDODONTIC JOURNAL - 56
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Based on this information, a relationship was
sought between lesion behavior and its dimensions.
Clinical examination showed whether or not the teeth
had been submitted to restorative procedures.

RESULTS
In 86 of the 102 teeth a significant reduction in

size or even the disappearance oflesion was observed
(Figures l-4). In 12 teeth the lesions showed little

ISSN 1413 - 4799

reduction in size, and 4 of the teeth presented an
increased dimension ofradiolucent area. Final results
were 84.3 10lo successful, 1l .760A doubtful and 3.92%
failure (Table l).

Ofthe examined teeth, 57 (55.88%) had been
restored, and 45 (44.11%) remained restoration free.
Chronic lesions presented radiographically different
sizes for the various teeth analyzed.

Fígure 1.
Preoperatíve
radíograph
showíng the
presence of
chroníc períapícal
lesíon.

Figure 3.
Preoperøtíve
radíograph
showíng the
presence of
chroníc períøpícal
lesíon.

Figure 2, Two-y eør postoperatíve follow- up
radíograph of the sume tooth øs ín Fígure l,

exhíbítíng pertapícøl healíng of lesíon; thís
cøse was rated as successful.

Fígure 4. Two-y ear p ostop erative follow-up
rarlíogrøph of the sflme tooth as in Fígure 3,

exhíbíting períapícal healíng ofthe lesion.
Thís case was rated øs successful.

Thble 1. Períøpícal lesíon behsvíor duríng the 2-yeør observstíon períod

LESION BEHAVIO NUMBER or rnnrH(%o)

SUCCESS
(Significant reduction in lesion dimension or its
disappearance) 86(84,31 %)
DOUBTFUL
(Slight reduction in size) l2(ll.76Yo)
F'AILURE
(Increased or maintained dimensi ons) 4 (3 r92o/o)

r¡-
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DISCUSSION
Reliability ofthe methods employed inthe current

study has already been proven in numerous other
studiesr'3-6. Radiographic interpretation conducted by
3 examiners permitted a larger margin of reliability of
data. A 2-year postoperative period seemed to be an
ideal one3'r0'r2, since several authors believe failures
usually to occur between l8 and 30 months 3'4'r0'rr.

Results obtained in this study are in agreement
withthosereported by other authors. BENDER AND
SELTZER3, in 1966, evaluating teeth presenting
periapical lesions, obtained a77o/o success rate after
2 years. BARBAKOW et al.r, in 1980, analyzing556
cases, found an 87.4Yo success rate. One year later,
the same authors, registered 8802 success in 192 cases.

BYSTROM et a1.5, in 1987, studying 79 teeth
submitted to endodontic treatment and presenting
periapical lesions during a2 to 5-year postoperative
period, observed total repair to exist in84.4o/o of cases.

The same percent was obtained by SHAHr2,in 1988,
in his analysis of 132 cases with periapical lesions
during a period of 2 years or longer. In 1991,
TRONSTADT3, reported success of endodontic
treatment to reach 90-95o/o with a 10-25% variation
for those lesion cases. ROTH and ROTGANSTo, in
1994, obtained an 870lo success rate for 107 teeth
examined over a 5-year postoperative period.

The success reached in the present study can be
attributed to various factors, including the use of an
adequate technique with rigorous compliance to
biological principles on which modern
endodonticswas founded.

Samples obtained from a student clinic are
rigorously standardized, minimizing the variables.
Treatments were all conducted in at least 3 sessions,
asepsis and antisepsis principles were the same, canal
preparation technique, auxiliary chemical substances,
filling technique and root canal sealers were all
standardized. Also, the medication advised in pertinent
cases was of standard quality. In the evaluation of
endodontic treatment performed by general clinicians
the number of variables is large, possibly affecting

ISSN l4l3 - 4799

the results obtained2. Also responsible for results
obtained in this study was the supervision by the
faculty. | ç '

Cases classified as doubtful or failure, which
numbered a little above 15010, could be explained by
the presence ofbacteria in the root canal system or
periapical lesion having survived treatment and being
able to continue the infectious process in periapical
tissuer3. A relationship between lesion behavior and
its dimensions could not be established in the observed
cases; there are indications that success of treatment
does not depend on size of the periapical lesionr0'rr,
During the2-year follow-up period, total radiographic
regression was observed to have occurred both for
small and large lesionsro'r2.

Of those teeth examined by the authors, only
55 88% had been restored, wich apparently had no
influence on results, in spite of the greater importance
attributed to coronal sealing. RAY et al.e, in 1993,
concluded the quality of coronal restoration was more
important than the quality of root canal filling as it
refers repair of periapical tissues. TROPE et al.ra, in
I 995, evalu ated in vitro the leakage of endotoxin in
endodontically treated teeth without coronal sealing.
They found the filled canal was not able to inhibit
leakage of endotoxin in approximately 30% of the
canals during 21 days.

There is no doubt that tooth restoration
following endodontic treatment should always be
performed in order to allow perfect functioning;
however the lack of restoration did not affect results
in this study.

CONCLUSIONS
1 - Chronic lesions of endodontically treated teeth

had their sizes considerably reduced, or disappeared,
in 84.3lo/o of cases. Their treatment was considered
successful.

2 - No relationship existed between lesion
behavior and its dimension.

3 - The fact that only 55.88% of examined teeth
had been restored did not apparently affect results.
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