
ABSTRACT
The aim   of   the study  was to  assess the apical foramen position and morphology in maxillary incisors in the south 
Indian population. This was an in vitro, experimental study in which 100 human permanent maxillary anterior teeth 
extracted for periodontal reasons from various patients in Chennai, India were studied. The extracted teeth consisted of 
50 central incisors and 50 lateral incisors. All the specimens were observed under 3X magnification to assess the position 
and morphology of apical foramen.In the maxillary central incisors, the apical foramen was present in the range between 
0.00 to 0.20mm from the root apex in66%, 0.20 to 0.40mm in 12%, 0.40 to 0.60mm in 8%, 0.60 to 0.80mm from the root 
apex in 14% of the teeth. In the lateral incisors the apical foramen was present in the range between 0.00 to 0.20mm 
from the root apex in 60%, 0.20 to 0.40mm in 4%, 0.40 to 0.60mm in 20%, 0.60 to 0.80mm in 8%, 0.80 to 1.00mm from 
the root apex in 8% of the teeth. The shape of the apical foramen in maxillary central incisors was round (76%), oval 
(16%) and irregular (8%). In lateral incisors the apical foramen shape was round (78%), oval (14%), irregular (6%), and 
elliptical (2%). Chi-square test was performed to see the association between the distance of the apical foramen from 
the root apex  and variation in the shape of the apical foramen from the root in maxillary central and lateral incisors. 
The results obtained were statistically significant with the p-value of 0.00 for both.  In most cases in the maxillary 
incisor teeth the apical foramen coincided with the anatomic apex. The most common shape of the apical foramen was 
observed to be round shape. There is also a statistical significance present between the shape of the apical foramen and 
the distance of the apical foramen from the root apex  in both maxillary central and lateral incisors.
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INTRODUCTION

For a successful endodontic treatment to be carried out 
a thorough knowledge about the root canal anatomy 

and the apical region of the root is necessary. The apical 
region of the tooth comprises significant landmarks 
which marks the extent for root canal instrumentation 
and filling. Earlier studies regarding the root canal 
anatomy are most commonly reported fromAmerican, 
Ugandan, Turkish, Sudanese, Caucasian, Srilankan, and 
Chinese population (Grove, 1926). Starting from the 
Caucasians to the Africans and Asians, the patterns of 
root canal system follow a racial characteristic making 
endodontic management extremely challenging to 
the clinical practitioners (Zaatar et al., 1997) Various 
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methods to investigate the root canal anatomy have 
been identified.

The terminal portion of a tooth root exhibits four distinct 
landmarks; the apical constriction(AC), apical foramen 
(AF), roots apex (anatomic and radiographic), and cement 
junction (CDJ). AF is an important anatomical landmark 
which is the major apical opening of the root canal 
(Simon, 1994).The anatomic apex (AA) is the root end 
that is identified morphologically (Akers, 2010)Deviation 
of AF from the root apex is common, with a reported 
frequency of 17%–100% (Martos et al., 2009).

Review of literature showed that studies pertaining 
to root canal morphology of maxillary anterior teeth 
among Indian population is very limited. On the 
contrary, root canal anatomy of premolars and molars 
in Indian population has been extensively investigated. 
Further studies pertaining to root apical anatomy were 
even limited. Literature review reveals that the AF of 
maxillary and mandibular canines in Indian population 
exhibited variations in their locations and on average 
AC was 0.89 mm coronal to AA (Amardeep, Raghu and 
Natanasabapathy, 2014) (Dummer, McGinn and Rees, 
1984).

We have numerous highly cited publications on well 
designed clinical trials and lab studies (Govindaraju, 
Neelakantan and Gutmann, 2017; Azeem and Sureshbabu, 
2018; Jenarthanan and Subbarao, 2018; Manohar and 
Sharma, 2018; Nandakumar and Nasim, 2018; Teja, 
Ramesh and Priya, 2018; Janani and Sandhya, 2019; 
Khandelwal and Palanivelu, 2019; Malli Sureshbabu 
et al., 2019; Poorni, Srinivasan and Nivedhitha, 2019; 
Rajakeerthi and Ms, 2019; Rajendran et al., 2019; 
Ramarao and Sathyanarayanan, 2019; Siddique and 
Nivedhitha, 2019; Siddique et al., 2019; Siddique, 
Nivedhitha and Jacob, 2019). This has provided the right 
platforms for us to pursue the current study. The aim 
of the study was to assess apical foramen position and 
morphology in maxillary incisors among south Indian 
population.

MATERIAL AND METHODS

This was an in vitro, experimental study in which 100 
human permanent maxillary anterior teeth extracted for 
periodontal reasons from various patients in Chennai, 
India were studied. The extracted teeth consisted of 50 
central incisors and 50 lateral incisors. Teeth with deep 
caries, cracks, fracture, incompletely formed root apices 
and those with root canal fillings were excluded from the 
study. All teeth were cleaned free of attached calculus and 
soft tissue using ultrasonic scalers and curette and were 
then preserved in 10% formalin until use.The storage 
and handling of the teeth were performed as per the 
centers for disease control and prevention guidelines and 
regulation. All the specimens were numbered from 1 to 
50 for the central incisors and from 51 to 100 for the 
lateral incisors.  All the specimens were then subjected 
to manual observation with the naked eye followed by 
observation under a SLR camera (model: Nikon D3500) at 

3X magnification to assess the position and morphology 
of apical foramen. Photographs were taken of each 
specimen. A Vernier caliper was used to measure the 
distance of the AF from the AA. The values obtained were 
calculated. Descriptive statistical analysis was done.

Graph 1: Bar graph shows the distribution of distance 
of the apical foramen from the root apex in maxillary 
central incisors (X-axis represents  distance in mm , Y-axis 
represents the number of teeth). It was noted that the most 
common distance present in maxillary central incisors was 
between 0.00-0.20 mm( 66.66%). 

Graph 2: Bar graph shows the distribution of distance 
of the apical foramen from the root apex in maxillary 
lateral incisors (X-axis represents  distance in mm , Y-axis 
represents the number of teeth). It was noted that the most 
common distance present in maxillary lateral incisors was 
between 0.00-0.20 mm( 60.00%).

RESULTS AND DISCUSSION

In the maxillary central incisors, the apical foramen 
was present in the range between 0.00 to 0.20mm from 
the root apex in 66%, 0.20 to 0.40mm in 12%, 0.40 to 
0.60mm in 8%, 0.60 to 0.80mm from the root apex in 
14% of the teeth. In the lateral incisors the apical foramen 
was present in the range between 0.00 to 0.20mm from 
the root apex in 60%, 0.20 to 0.40mm in 4%, 0.40 to 
0.60mm in 20%, 0.60 to 0.80mm in 8%, 0.80 to 1.00mm 
from the root apex in 8% of the teeth. The shape of the 
apical foramen in maxillary central incisors was round 
(76%), oval (16%) and irregular (8%). In lateral incisors 
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the apical foramen shape was round (78%), oval (14%), 
irregular (6%), and elliptical (2%). (Graph 1,2,3,4, Figure 
1,2). Chi-square test was performed to see the association 
between the distance of the apical foramen from the root 
apex  and variation in the shape of the apical foramen 
from the root in maxillary central and lateral incisors. 
The results obtained was statistically significant with the 
p-value of 0.00 for both (Graph 5,6)

Graph 3: Bar graph shows variation in the shape of the 
apical foramen from the root in maxillary central incisors 
(X-axis represents shape variation, Y-axis represents the 
number of teeth). It was noted that the most common 
shape variation in maxillary central incisors was round 
( 76.00%).

Graph 4: Bar graph shows variation in the shape of the 
apical foramen from the root in maxillary lateral incisors 
(X-axis represents shape variation, Y-axis represents the 
number of teeth). It was noted that the most common 
shape variation in maxillary lateral incisors was round 
( 78.00%).

Graph 5: Bar graph shows the association between the 
distance of the apical foramen from the root apex  and 
variation in the shape of the apical foramen from the 
root in maxillary central incisors (X-axis distance in mm, 
Y-axis represents variation of shape of social foramen).  It 
was noted that the most common shape present between 
the distance of 0.00-0.20 was round, most common shape 
present between the distance of 0.20-0.40 was oval, most 
common shape present between the distance of 0.40-0.60 
was round and most common shape present between the 
distance of 0.60-0.80 was irregular and oval. Chi-square 
test was done and p-value was 0.00(p=<0.05) hence 
statistically significant proving that there is an association 
present between shape of the apical foramen and  distance 
of the apical foramen from the root apex in maxillary 
central incisors

The morphology of root canal anatomy constituting 
apical exit of the canal, apical deltas, lateral canals, 
intercanal anastomosis, and canal designs with their 
complexities itself, provide conducive environments for 
microbial colonization resulting in periapical infections.
Successful elimination of these microbes and debris 
from these complexities plays a major influence in 
the treatment outcome(Vertucci, 2005). It becomes the 
responsibility of the endodontist to disinfect the canal 
of these microbes. Hence, a proper knowledge of the 
root canal anatomy and apical root anatomy will only 
facilitate the clinicians to achieve this goal, thereby 
resulting in a drastic reduction in posttreatment failure 
rates. 

As mentioned by a study conducted by Ghasemi et al., 
the complexity of the root canal system is influenced 
by genetics, and this factor should always be considered 
before interpreting and comparing the results of various 
other morphological studies(Ghasemi et al., 2017). 
Numerous techniques have been used for assessing the 
presence of apical and lateral foramina in extracted 
teeth such as sectioning of teeth, infiltration of the 
root canal system with dyes, radiographic techniques, 
scanning electron microscopy, and dental computerized 
tomography(Chapman, 1969) (Kartal and Yanıkoğlu, 
1992; Gutierrez and Aguayo, 1995; Scarfe, Fana and 
Farman, 1995).
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Graph 6: Bar graph shows the association between the 
distance of the apical foramen from the root apex in 
maxillary lateral incisors and variation in the shape of the 
apical foramen from the root in maxillary lateral incisors 
(X-axis distance in mm, Y-axis represents variation of 
shape of social foramen). It was noted that the most 
common shape present between the distance of 0.00-0.20 
mm was round, most common shape present between 
the distance of 0.20-0.40 mm was round, most common 
shape present between the distance of 0.40-0.60 mm was 
round, most common shape present between the distance 
of 0.60-0.80 mm was irregular and oval, most common 
shape present between the distance of 0.80-1.00 mm 
was irregular and  most common shape present between 
the distance of 0.60-1.00 mm was elliptical. Chi-square 
test was done and p-value was 0.00(p=<0.05) hence 
statistically significant proving that there is an association 
present between shape of the apical foramen and  distance 
of the apical foramen from the root apex in maxillary 
lateral incisors

Figure 1: Maxillary central incisor apical foramen having 
(a) round shape, (b) oval shape, (c) irregular shape

Figure 2: Maxillary lateral incisor apical foramen having (a) round 
shape, (b) oval shape, (c) irregular shape, (d) elliptical shape

Other methods employed for assessing the root canal 
anatomy in extracted teeth include contrast medium-
enhanced radiographic techniques, modified canal 
staining and clearing technique and surgical operating 
microscopy (Altman et al., 1970; Fan et al., 2008; Weng 
et al., 2009)

In the present population studied, the position of AF in 
maxillary anterior teeth was determined with the aid 
of an SLR camera. SLR cameras emerge as a tool that 
offers many benefits such as, magnification and aids with 
proper documentation. The usage of documentation for 
medico-legal, insurance, patient communication, and 
lecturing purposes, as well as for communication with 
staff or colleagues, is also a major benefit. In the present 
study the position of the apical foramen coincided with 
the root apex in 66% of the cases in the maxillary central 
incisors. In case of the lateral incisors the apical foramen 
coincided with root apex in 60% of the cases.  

This was in accordance with a study conducted by Martos 
et al in the Brazilian population, where the location of 
the major foramen was in the center of the root apex in 
58.4% of specimens(Martos et al., 2010)The results of the 
study conducted by Teo et al.in a population in Singapore 
showed 54.3 percent with the foramen coincident with 
the root apex in maxillary anterior which was also 
consistent with the results obtained from this study. The 
deviation of the apical foramen from anatomical apex 
was 60.25% in the frontal teeth in a study conducted by 
Martic et al which was in contradiction with the result 
from this study. Studies have reported that only 1%–5% 
of maxillary central incisors had their AF at a distance 
of >1 mm from the apex of the root, whereas a higher 
frequency of AF deviation in posterior teeth has been 
observed which was consistent with our study as well 
(Martić et al., 1998)

The morphology of the apical foramen showed a 
predominance of the rounded shape followed by the 
oval shape in a study conducted by Martos et al. which 
was consistent with our study was well(Martos et al., 
2009) Conducting this study will help with improving 
and modifying the endodontic procedure according to 
the population. Being aware of the variations in the 
apical foramen shape helps us to determine the type 
of obturating material that can generally be used for a 
good apical seal.

CONCLUSION

From the results obtained the apical foramen was found 
to be in the range between 0.00 to 0.20mm from the 
root apex in most of the cases of the maxillary central 
incisors and maxillary lateral incisor. Most common 
apical foramen shape was found to be round in maxillary 
central incisor and maxillary lateral incisor. There is 
also a statistical significance present between the shape 
of the apical foramen and the distance of the apical 
foramen from the root apex  in both maxillary central 
and lateral incisors.
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