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bstract
he master apical preparation size in root canal therapy
s debatable despite considerable research. The present
tudy compared file sizes that bind at the apex before
nd during crown-down preparation and assessed the
elation between apical size and extent of intracanal
acterial load. There were 100 single-rooted teeth bio-
echanically prepared after inoculation with Entero-

occus faecalis. Canals were preflared, and apical size
as ascertained by the first file to bind (FAB) at the
orking length (WL). During crown-down preparation,

he first crown-down file to reach the apex during
nstrumentation was noted (CDF). Teeth were then
ivided into three master apical file size groups of CDF

1, CDF � 2, and CDF � 3. Positive controls were
noculated postinstrumentation, whereas negative con-
rols were instrumented without inoculation (n � 5). The
amples were then cultured for intracanal bacterial counts.
ifteen samples and four controls were analyzed under
EM. The data were analyzed using ANOVA, Student’s
-test, and �2 tests. The CDF was demonstrated to be an
verage of four file sizes larger than the FAB (p � 0.05).
here was a significant increase in the number of samples
ith negative cultures from CDF � 1 to CDF � 3. SEM
bservation revealed bacteria on dentinal walls and in
ubules even in most negative canal cultures. (J Endod
006;xx:xxx)
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ubules, Enterococcus faecalis, intracanal, master apical
ile, SEM, scanning electron microscopy
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he aim of root canal treatment is to eliminate bacteria from within the canal system
to create an environment favorable for healing. Current preparation techniques

long with disinfectants or medicaments may disrupt the intracanal microbial environ-
ent. However, numerous studies have shown that it is impossible to achieve a bacteria-

ree root canal consistently (1– 4). Hence, there is concern over the consequences of
he presence of the remaining microorganisms in the canal. It is generally believed that
he remaining bacteria can be either eradicated or prevented from recolonizing the
oot canal system through an interappointment medicament such as calcium hy-
roxide (2, 5). However, it has been demonstrated that calcium hydroxide con-
istently fails to sterilize root canals and may even allow regrowth in some cases (3,
, 6). The presence of cultivable microorganisms at the time of obturation has been
eported to impair healing after root canal therapy (7).

During canal preparation, apical size has been crucial in defining successful
ebridement of the root canal system. Recently, Khademi et al. (8) analyzed debris from
he apical third of root canals under SEM. It was concluded that the minimum instru-

entation size needed for penetration of irrigants to the apical third of the root canal
as a #30 file. This has confirmed earlier findings that larger sizes are needed for

rrigating closer to the apex (9 –12). Larger apical size preparations have also demon-
trated greater microbial reduction in the apical third (3, 13–18). However, no tech-
ique that completely cleans the apical canal space has been demonstrated (19 –21).

The master apical file (MAF) size has been related to the initial apical size in many
tudies. Historically, the “three sizes up from the first file to bind” rule was and is still
eing used in modified forms (22). More recent studies report that initial flaring before
etermining the apical size may give a more accurate measurement of the apex (19, 23).
an and Messer (24) reported that the apical diameter proved to be at least one file size
igger once preflaring was done. Contreras et al. (23) reported the apical size to be
wo file sizes bigger after preflaring with Gates-Glidden drills. In addition, Pecora
t al. (25) reported that the instrument used for preflaring played a major role in
etermining the anatomical diameter at the working length (WL). Hence, the anecdotal
ule of “three files up” may not be useful without a proven method to judge apical size
efore instrumentation, and three has yet to be confirmed as the magical number to
pical cleanliness. In principle, however, preparing each canal to a specific apical
iameter as per its initial apical size may better equip the clinician to provide a more
redictable canal preparation.

The objectives of this study were to evaluate methods of determining initial apical
ize and secondly to assess the MAF size according to the initial apical size and its effect
n intracanal bacterial load.

Materials and Methods
There were 100 single-rooted teeth decoronated at 14 mm from the apex. Working

engths were set at 1.0 mm from the foramen under the microscope. Samples were also
adiographed to ensure proper measurement. A turbidity determination chamber was
ade by inserting penrose tubing over the coronal end and mounting each sample in a

lass vial through a perforated lid. Cyanoacrylate resin was used to seal both ends, and
ail polish was applied around the radicular surface to prevent lateral leakage. Blood
eart infusion (BHI) broth was pipetted into the vials to submerge the apical 2 mm of
ach sample. An inoculum of Enterococcus faecalis was placed in contact with the

oronal surface of each sample daily until turbidity of the broth was observed, indicating
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acterial contamination of the root. The contaminated samples were
llowed to air-dry for 10 minutes before biomechanical preparation.

Coronal preflaring was performed on all canals using 02 K-files
10 to #30 and Gates Glidden drills #2 through #4 within the coronal
wo-thirds of the canal. At this point, sequentially larger K-files were
nserted to WL until the first file to bind at the WL (FAB), which was
ecorded. The apical one-third of each canal was then instrumented in
crown-down fashion using Profile .04 files and irrigating with 5.25%

odium hypochlorite. The first file to reach the WL was recorded as the
rown-down file (CDF). The samples were randomly separated into
hree groups of 30 samples each and control groups of 5 each. In group
DF � 1, the MAF was determined as one file size larger than the
etermined CDF, while in groups CDF � 2 and CDF � 3, the MAF
ize was 2 and 3 file sizes larger, respectively. The samples were
inally irrigated with 10 ml of sodium hypochlorite, and subsequently
ith sodium thiosulfate to neutralize the sodium hypochlorite. In the
ontrol group, negative controls were not inoculated with bacteria,
hereas positive controls were inoculated after cleaning and shaping

he canals.
After drying the canals using sterile paper points, each canal was

illed with phosphate-buffered solution (PBS) and agitated lightly with a
terile file smaller than MAF. PBS was extracted from the canal using
terile paper points and placed into a 1-ml vial of PBS. The vial was
ortexed to obtain a suspension of bacteria that was centrifuged, result-
ng in a bacterial pellet. Pellets were diluted in 100 �l of PBS and plated
n BHI agar. Bacterial counts were tabulated as colony forming units
CFUs) at 48 hours. Colonies were gram stained for confirmation of
. faecalis. Absence of bacterial colonies was considered to indicate a
egative culture.

Five samples from each study group and two from each control
ere prepared for SEM. Teeth were longitudinally grooved and carefully

plit. Samples were rinsed in PBS, soaked in glutaraldehyde for 1 hour,
nd postfixed in 1% OsO4 for 30 minutes. They were then dehydrated,
nd mounted on SEM discs, and spatter coated with palladium gold.

A Student t test for independent samples was performed for differ-
nces related to FAB and CDF. The CDF groups were compared using the
NOVA test for intracanal bacterial load. When differences between
roups were found, the Student’s t test for unequal variances was used
o determine the level of significance. The three CDF groups were also
ompared using the �2 test for the number of negative bacterial cultures
er group. Lastly, the MAF of every sample was compared for intra-
anal bacterial load using the ANOVA analysis. For all tests, values of
� 0.05 were considered statistically significant.

Results
The FAB method consistently showed smaller file sizes compared

ith the CDF method for all samples. The average file size using the FAB
ethod was approximately ISO 25, whereas that for the CDF method was

pproximately ISO 45. The CDF was at least one ISO file size larger
han the FAB (n � 2), with a maximum difference of six ISO file sizes
n � 1). The average FAB was significantly smaller than the average
DF, with a difference of approximately four ISO file sizes.

ABLE 1. Intracanal bacterial cultures from CDF groups

Bacterial load CDF � 1 CDF � 2 CDF � 3

Mean* (positive
cultures only)

59 � 122 30 � 65 23 � 37

Positive culture 21 (70%) 19 (63%) 14 (47%)
Negative culture 9 (30%)† 11 (37%) 16 (53%)†
Total 30 (100%) 30 (100%) 30 (100%)

Average CFU count per canal.
sSignificant difference, p � 0.05.

Mickel et al.
The bacterial counts were compared for MAFs ranging from ISO
ile sizes 50 to 60. The average bacterial counts showed no significant
ifference between ISO 50 and 55 and between ISO 55 and 60. Inter-
stingly, the average bacterial counts were significantly higher in the ISO
0 MAF samples than those found in the ISO 50 MAF group.

Analysis revealed no significant differences between CDF groups,
lthough the bacterial counts decreased between the CDF � 1 to CDF �
groups. Negative controls yielded no bacterial colonies, whereas pos-

tive controls yielded significantly higher bacterial counts. The groups
ere then compared for number of samples yielding no bacterial
olonies. Table 1 reports the number of negative versus positive
ulture samples in each group as well as the mean number of bac-
erial CFUs for all samples with positive cultures. The �2 test revealed
hat the number of samples yielding a negative culture were significantly
igher in the CDF � 3 group compared to the CDF � 1 group. However,
o significant differences were observed between the CDF � 1 and CDF

2 groups and between the CDF � 2 and CDF � 3 groups.
The SEM analysis revealed E. faecalis in all study samples ob-

erved. More bacterial colonies were observed in the CDF � 1 group
Fig. 1A), whereas scattered cocci were observed in the CDF � 3 group
Fig. 1B). Bacterial colonies were also observed within the dentinal
ubules in all study groups (Fig. 1C). The positive control SEM sample
evealed dense bacterial colonies, indicating formation of bio-films
Fig. 1D). No identifiable bacteria were observed in the negative control

igure 1. (A) Bacterial cells in a CDF � 1 sample. (B) Bacterial cells in a
DF � 2 sample. (C) E. faecalis cells seen within dentinal tubules. (D)
ositive control showing dense bacterial colonies. (E, F) Negative control.
ample (Fig. 1E, F).
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Discussion
In the current study, apex measurements were consistently larger

ith the CDF method compared to the FAB method. Compared to other
tudies using the FAB method, (19, 24, 25) the CDF method may provide
more accurate way of determining the apical size. Because the CDF file

s placed actively to the WL and the FAB file is placed passively to the WL,
t may be assumed that a one-file-size difference may not be a valid
ifference. However, only two samples showed a difference of one file
ize between the FAB and CDF methods, whereas most samples differed
y four file sizes. In all samples, apical sizing and apical enlargement
ere greater than file size #30. This may have improved chemical de-
ridement, resulting in effective bacterial reduction (8, 9). In contrast,
oldero et al. (26) reported no difference in intracanal bacterial re-
uction with chemomechanical preparation. However, minimal differ-
nces in apical instrumentation sizes between groups may have led to
nsignificant findings.

There were significantly higher bacterial counts in the teeth pre-
ared to file size #60 compared to #50 MAF. This contradicts studies
eporting reduction of bacterial count with increased apical enlargement
14). A comparison of the MAF sizes within CDF groups revealed that 16 of
he #60 MAF teeth and only 6 of the #50 MAF teeth were CDF � 1 samples.
ence, the difference in bacterial counts may be because of the unequal
istribution of MAF sizes across the CDF groups.

SEM analysis in the present study revealed E. faecalis in all study
amples observed. Of the 15 SEM samples, 7 samples were from canals
hat yielded negative cultures, and 8 were from canals that yielded
ositive cultures. Bacterial cells were observed over the canal surface or
ithin dentinal tubules. The inability of current cleaning and shaping

echniques to reach microorganisms present in lateral canals and den-
inal tubules, as witnessed by the SEM observations, needs to be taken
nto account. Although SEM samples demonstrated a decrease in the
umber of bacterial colonies between the CDF � 1 and CDF � 3
roups, and culturing revealed an increase in the number of samples
ith negative bacterial cultures between the CDF � 1 and CDF � 3
roups, complete debridement of the root canal may be questionable.

In the present study, CDF samples demonstrated at least a 60-fold
ecrease in CFUs compared to the positive control samples. All bacteria-
ositive CDF samples revealed �103 CFUs in the canals. In vivo cultur-

ng studies have demonstrated success in canals with �103 CFUs (4, 7).
eters and Wesselink (4) reported that seven canals with positive mi-
robial cultures were successful, of which six root canals contained

102 CFU/ml and one canal contained 2 � 103. Although promising,
icrobial reductions with the CDF method as seen here are preliminary

nd need to be assessed under clinical conditions.
Studies have advocated using larger files to clean the apex. Although

nstrumenting canals to larger sizes may not be prudent in every case, min-
mal apical preparations based on clinical opinions are far more detrimen-
al to the success of root canal therapy (27). An appropriate apical sizing

ethod can help the operator avoid unnecessary enlargement of the apex
hereas predictably reducing intracanal debris.
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