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location of the apical foramen and its relationship 
with foraminal file size 

AbsTRAcT

Aim: This article analyzed the location of the apical fora-
men and its relationship with foraminal file size in maxillary 
central incisors. Methods: Eighty four human maxillary 
central incisors were used in this study. K-files of progres-
sively increasing diameters were inserted into the root ca-
nal until it got snugly fit and the tip was visible at the apical 
foramen. The files were removed and teeth were cross-
sectioned 10 mm from the root apex. The files were then 
reinserted, fixed with a cyanoacrylate-based adhesive, and 
sectioned at the same level as the root. The root apices 
were examined using a scanning electron microscope set at 

140x magnification, the images were captured digitally and 
the results were subjected to Chi-square test. Results: It 
was observed that 63 (75%) of the apical foramen emerged 
laterally to the root apex and 21 (25%) coincided with the 
apex. The results presented statistically significant differ-
ences (22.1=2ג; p=0.00). Conclusions: Lateral emergence 
of the apical foramen is more common than coincidence of 
the foramen with the apex in maxillary central incisors. This 
anatomical characteristic may have influence on determi-
nation of the foraminal file size.
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introduction
Correlation between the presence of microorgan-

isms in the cementum portion of root canal and the 
development of periapical lesions2,7,10,13,14 suggests the 
need for including instrumentation of this segment of 
the canal during endodontic therapy.16

Apical patency consists of the passive use of a 
small size file through the apical constriction without 
enlarging it3 and it is believed to promote cleaning of 
cemental canal.4,6,19

According to Souza16, Hülsmann and Schäfer,5 it 
seems unlikely that the cementum portion of the ca-
nal can be cleaned by this procedure alone as it has 
been suggested by some authors.4,6,19 It may be nec-
essary to employ larger instruments, with diameters 
more compatible with that of the cemental canal, in 
order to exert some pressure against its walls.16

Considering that lateral emergence of the apical 
foramen in relation to the root apex is a common oc-
currence,1,8,9,11,12,17,18 it is possible that the use of larger 
and less flexible instruments constitutes a challenge 
for the foraminal file.

The goal of this study was to analyze the lateral 
opening of the apical foramen and its relationship 
with the size of the foraminal file in maxillary central 
incisors.

Material and Methods
Eighty four human maxillary central incisors with 

complete roots were obtained from the tooth bank 
at the School of Dentistry of the Bahiana School of 
Medicine and Public Health. The criteria adopted 
for selection of the specimens were absence of 
complex external anatomy, accentuated curvature, 
incomplete root formation and apical resorption, 
observed by means of direct examination and peri-
apical radiographs. 

After access and preparation of the pulp chamber 
with a #3 carbide round bur (KG Sorensen, Cotia, 
Brazil) and Endo-Z bur (Maillefer, Ballaigues, Swit-
zerland), canals were irrigated with 1 ml 2.5% sodium 
hypochlorite and explored with a #15 K-file (FKG 
Dentaire, La-Chaux-de-Fonds, Switzerland), inserted 
until the tip was visible at the apical foramen. 

After that, K-files (FKG Dentaire, La-Chaux-de-
Fonds, Switzerland) of progressively larger diameters 
were inserted with gentle watch-winding motion until 

binding and the tip was visible at the apical foramen. 
Size was annotated and the file was removed.

Teeth were cross-sectioned 10 mm from the root 
apex with a double-face diamond disk (KG Sorensen, 
Cotia, Brazil) and the files were reintroduced up to 
the foramen and fixed with cyanoacrylate-based ad-
hesive. After the adhesive was set, the files were sec-
tioned at the same level as the root.

Roots were fixed in stubs and gold sputtered and 
a Scanning Electron Microscope (SEM) Philips XL-
30 (Philips, Eindhoven, Netherland) was used at 140x 
magnification. The images were digitally captured in 
order to determine the position of the foramen in re-
lation to the root apex and the results were subjected 
to Chi-square test at 5% significance for comparison 
of frequencies.

Results
It was observed that 63 (75%) apical foramen 

presented lateral emergence in relation to the root 
apex and 21 (25%) coincided with the apex (Figs 1 
and 2). The results presented statistically significant 
differences (22.1=2ג; p=0.00). Table 1 shows the di-
ameter and frequency of the files that bound at the 
cemental canal. 

File Number of canals X ± sD Median

25 5 37±7.74 35

30 21

35 21

40 17

45 10

50 7

55 2

60 1

Table 1. Distribution, frequency, medium and median values of the files 

that bound in the cemental canal.
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Figure 1. Apical foramen opening in relation to radicular apex.

Figure 2. Location of the apical foramen in relation to the root apex.  

A) Apical foramen emerging laterally. b) Apical foramen coinciding with 

the root apex.

Due to the lack of instruments that adequately fit 
the anatomy of the entire canal, instrumentation is 
normally carried out using files of sequentially larger 
diameters. Considering that mechanical action is an 
important factor to achieve cleanliness of dentin por-
tion of the root canal, instrumentation of the cemen-
tum portion should deserve the same considerations. 
In other words, the instrument should exert pressure 
against the cemental canal walls in order to effec-
tively achieve cleanliness.

Therefore, when instrumenting the cementum 
portion of the canal, using at least one file that binds 
against its walls is more effective than relying on a 
smaller instrument. Probably, sequential use of larg-
er diameter instruments would contribute towards 
greater predictability of the results.15,16

In order to achieve adequate contact between the 
endodontic files and the foramen opening, it is possible 
that instruments 3 to 4 sizes larger than the one that ini-
tially bound at the foramen should be employed.

In the present study, 63 (75%) of the apical fora-
men emerged laterally to the root apex, while only 21 
(25%) coincided with the apex (Figs 1 and 2). Analy-
sis of the data by the Chi-square test revealed statisti-
cally significant differences (22.1=2ג; p=0.00). 

It should be kept in mind that in order to penetrate 
foramen emerging laterally, endodontic files have to 
be pre-curved. In the present study, we encountered 
no difficulties when exploring and accessing the api-
cal foramen with a #15 K-file (FKG Dentaire). How-
ever, as the diameter of the instruments increased, to 
identify the instrument that better fit the apical fora-
men, it became progressively more difficult to pen-
etrate into the foramen. 

Once files with larger diameter are less flexible, 
these instruments may present more challenges for 
penetration into laterally-emerging foramen, a fre-
quent occurrence in the present study. As observed 
in Table 1, the mean size of the files that bound at 
the foramen was 37±7, which corresponds approxi-
mately to a #35 K-file. It may be challenging to in-
strument the cementum portion of some canals with 
instruments 3 to 4 sizes greater than a # 35 file. 

Knowing that in necrotic teeth this segment of 
canal is infected, especially when periapical lesions 
are present, instrumentation of this portion of the ca-
nal seems logical. Therefore, this step of treatment 
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Discussion
The endodontic literature has demonstrated the 

importance of infection control for therapy suc-
cess.10 Mechanical action of the instruments against 
the root canal walls has been shown as fundamental 
to reach this aim.
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is subjected to the rules of instrumentation, particu-
larly to the recommendation that mechanical action 
should be ensured by physical contact of the files 
with the canal walls.

Still, it is important to bear in mind that numbers 
in endodontics should be considered as references, 
and should not be viewed as absolute requirements. 
Regarding instrumentation of the dentinal canal, its 
anatomy and the characteristics of the instruments 
employed should guide the principles of root canal 
instrumentation. Likewise, these same factors should 
be considered when performing instrumentation of 
the cementum portion of the canal. In other words, 
this step of endodontic therapy should not follow rig-
id pre-established principles, but rather, each clinical 
situation should be individually examined.

It should be remembered that it was not the aim 
of this study to analyze other anatomical aspects, 
such as the diameter of the apical foramen or its 
distance to the root apex. Our goal was solely to 
identify the location of the foramen in relation to the 
root apex.

conclusion
We concluded that lateral emergence of the apical 

foramen is more common than foramen emergence 
at the root apex in maxillary central incisors and that 
this anatomical characteristic may interfere with fo-
raminal file size determination. Further studies should 
be carried out in order to analyze the location of the 
apical foramen and its relationship with foraminal file 
size in other groups of teeth.
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