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Introduction

The main objective of  endodontic therapy is the complete de-
bridement of  necrotic and infectious tissue and disinfection of  
the root canal system [1], followed by a three-dimensional seal 
to prevent the re-entry of  microorganisms. Contemporary endo-
dontics must adhere to the following principles: a) use of  asep-
tic technique; b) cleaning the canal thoroughly mechanically and 
chemically; c) shaping the canals for ease of  obturation; d) proper 
obturation to attain a tight seal of  the root canals; e) proper resto-
ration of  the tooth to prevent coronal leakage of  microorganisms 

[2]. Sometimes, the use of  intracanal medicaments is also neces-
sary during endodontic therapy [3]. They are anti-inflammatory 
and antimicrobial agents that help reduce inflammation and in-
fection. It is vital to know the various intracanal medicaments 
available in the market today which will help the clinician in deci-
sion making while performing various endodontic treatments. A 
survey was done recently by our team, to analyze the knowledge 
and attitude of  dental practitioners regarding the use of  intraca-
nal medicaments [4]. Among all these procedures, cleaning and 
shaping are considered the most important step that determines 
the success of  the treatment [5]. Debridement of  the root canal 
is done by the removal of  organic tissues and enlargement of  the 
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canal to create a suitable shape that facilitates proper cleaning, ir-
rigation, and canal obturation [6]. Adequate cleaning and shaping 
of  the root canal system are obtained by the use of  intracanal in-
struments that mechanically debride the tissues as well as intraca-
nal irrigants that chemically disinfect them. The major advantage 
of  irrigants is their ability to flow in the nooks and crevices of  
the root canal system where instruments are unable to reach in 
order to disinfect these areas [7]. The clinician must have adequate 
knowledge with respect to the working, mechanism of  action, 
toxicity, etc of  these instruments and materials before attempting 
to use them [8]. A previous study has reported the formation of  a 
carcinogenic precipitate on the interaction of  chlorhexidine with 
sodium hypochlorite, neem, and tulsi [9]. With the advent of  the 
newer NiTi rotary instruments in the market, mechanical debride-
ments as well as adequate shaping of  the canals is possible which 
has drastically improved the efficiency of  the procedure [10, 11]. 
Additionally, the development of  newer formulations for intra-
canal irrigants has also added to the success of  the endodontic 
treatment. Contemporary endodontics urges clinicians to practice 
endodontic therapy that shapes optimally and cleans more. Over 
preparation of  the root canals to mechanically debride the canal 
walls must be avoided. Rather, the canals must be shaped optimal-
ly and more effort must be made to disinfect them using irrigants 
and irrigant activation techniques [12]. 

It is important to visualize and to have knowledge of  the internal 
anatomical relationships before undertaking endodontic therapy. 
The anatomy of  the root canal system is quite complex with vari-
ations from normal present many of  the times [13, 14]. The pres-
ence of  an untreated canal or incomplete disinfection of  the root 
canal system may be a reason for failure [15]. It may lead to com-
plications including postoperative pain, swelling, etc. postopera-
tive pain has also been assessed by other authors [16]. A canal may 
be left untreated because the clinician fails to recognize its pres-
ence or because of  calcification. Today, technology has enabled 
endodontists to negotiate even the most severely calcified canals 
[17], hence recognizing its presence has become more necessary. 
It is ethical to have a complete awareness of  the complex root 
canal spaces that we are expected to access, shape, clean, and fill.

Over the years, clinicians and researchers have formulated and 
composed numerous classifications for determining root canal 
configurations [18-20]. Although many have been accepted, very 
few are widely used by clinicians all over the world. Since previous 
literature was inconclusive, Frank J. Vertucci in 1984, decided to 
conduct a detailed investigation of  the anatomy of  the root canals 
of  extracted human permanent teeth. He conducted his study on 
2,400 extracted human teeth and studied their internal root canal 
anatomy using hematoxylin dye. He came up with a classification 
of  root canals of  human permanent teeth. He classified root ca-
nals into eight types [18]: 

Type I. A single canal extends from the pulp chamber to the apex. 
(1)

Type II. Two separate canals leave the pulp chamber and join 
short of  the apex to form one canal. (2-1)

Type III. One canal leaves the pulp chamber, divides into two 
within the root, and then merges to exit as one canal. (1-2-1) 

Type IV. Two separate and distinct canals extend from the pulp 

chamber to the apex. (2) 

Type V. One canal leaves the pulp chamber and divides short of  
the apex into two separate and distinct canals with separate apical 
foramina. (1-2)

Type VI. Two separate canals leave the pulp chamber, merge in 
the body of  the root, and redivide short of  the apex to exit as two 
distinct canals. (2-1-2)

Type VII. One canal leaves the pulp chamber, divides and then 
rejoins within the body of  the root, and finally redivides into two 
distinct canals short of  the apex. (1-2-1-2)

Type VIII. Three separate and distinct canals extend from the 
pulp chamber to the apex (3). 

Due to its simplicity, specificity, ease of  understanding, reliability, 
and reproducibility; Vertucci’s Classification has been one of  the 
most popular classifications and is used even today.

The second maxillary premolar is among the most commonly 
endodontically treated teeth. Its frequency is found to be 10.3% 
[21]. They are also among the most difficult teeth to be treated 
endodontically. This could be due to the variations present in the 
number of  roots, the number of  canals, direction and longitudinal 
depressions of  the roots, variations in pulp cavity configurations, 
and difficulty in visualizing the apical limit by radiograph [22]. 
Usually, the number of  canals in maxillary second premolars is 
one [23, 24]. However, there is enough evidence in the literature 
about the presence of  a second [25, 26] and the third canal [25]. 
Moreover, non-carious cervical lesions, especially cervical abra-
sions are common in maxillary premolars [27] and often lead to 
the involvement of  pulp. This increases the need for endodontic 
therapy in these teeth. Numerous molecular studies [28], clinical 
trials [29, 30], studies on material science [31, 32], in vitro stud-
ies [33, 34], surveys [35], etc. have been conducted by our team, 
previously, hence we decided to focus on retrospective studies. 
Most previous studies in this subject have used dyes to assess the 
root canal morphology. Since this study retrospectively assesses 
the prevalence of  various root canal morphologies, the post obtu-
ration radiographs were used instead. 

The knowledge and understanding of  the variations in the root 
canal configuration of  maxillary second premolars will make the 
clinician more alert while looking for these variations during the 
endodontic therapy. Hence the aim of  this study is to assess the 
post obturation radiographs for canal configuration in maxillary 
second premolar teeth. Additionally, the association between gen-
der and quadrant with the canal configuration according to Ver-
tucci's classification was also assessed.

Materials and Methods

The study was conducted in an institutional online setting one 
researcher, one guide, and one mentor was involved in this study. 
Approval was obtained from the institutional review board, 
with ethical approval number SDC/SIHEC/2020/DIASDA-
TA/0619-0320. Data was collected retrospectively. Patient re-
cords of  86000 patients that reported to the institution from June 
2019 to March 2020 were reviewed. Out of  which 746 patients 
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underwent root canal treatment in maxillary second premolars. 
The post obturation radiographs were assessed and classification 
of  root canal configuration was done for each tooth according to 
Vertucci’s classification. 

Excel sheet tabulations were constructed comprising age, gender, 
tooth number (quadrant), and Verucci’s classification for the data. 
Teeth with improper post obturation radiographs were excluded 
from the study. Data was imported to SPSS software (Version 
23.0). Descriptive statistics were applied to analyze the frequency 
and distribution of  the variations in canal configuration. Chi-
Square Test was used to analyze the association between gender, 
quadrant, and canal configuration according to Vertucci’s classi-
fication.

Results and Discussion

A total of  746 premolars were included in the study. The distribu-
tion of  the patients among different age groups were as follows; 
18-30 years (23.5%); 31-40 years (24.1%); 41- 50 years (30.2%) 
and >50 years group (22.3%) [Table 1]. The gender of  the pa-
tients was males (51.2%), and females (48.8%). 55.5% of  the teeth 
were of  the maxillary right second premolars while 44.5% were 
maxillary left second premolars.

Analysis of  canal configuration showed six types of  configura-
tions according to Vertucci’s classification. The distribution was 
as follows; Vertucci’s Type I (29.09%), Type II (29.49%), Type III 
(2.41%), Type IV (28.95%), Type V (8.04%) and Type VI (2.01%). 
Type VII and Type VIII were not seen [Figure 1]. The post ob-
turation radiographs of  the various canal configurations are de-
picted in Figure 2.

The association between gender and root canal configuration 

based on Vertucci classification was analyzed. A higher incidence 
of  Type II configuration was found amongst male patients and 
Type I configuration amongst female patients [Table 2, Figure 
3]. However, this association showed no significant difference 
(p>0.05).

A significant association was observed between the quadrant 
(tooth number) and the presence of  canal configuration accord-
ing to Vertucci's classification (p<0.05). A higher predilection of  
maxillary right second premolar to Type I, II, and IV configura-
tions was observed [Table 3, Figure 4].

Success of  endodontic treatment requires a correct diagnosis and 
careful clinical and radiographic inspection. Variations in mor-
phology of  the pulpal and root canal anatomy must always be 
considered before starting treatment. Knowledge of  these varia-
tions and their prevalence in local populations will keep the clini-
cian alert as to what to expect. This is more important for teeth 
that are endodontically difficult to treat like maxillary second pre-
molars. 

There have been various methods used to study the internal anat-
omy of  root canals. Decalcification and clearing techniques were 
used in the past [18, 36]. This technique renders the surrounding 
hard tissues transparent through demineralization after the place-
ment of  dyes into the root canal system. The ‘Sectioning’ tech-
nique involves the longitudinal and cross-sectioning of  the teeth 
with ultra-thin diamond microtomes, burs, etc [37, 38]. However, 
this technique is not widely used since it may alter the normal 
anatomy of  minute curvatures. Radiopaque contrast media has 
also been used in conjunction with digital radiography to study 
the root canal configuration [39]. Since all the previous techniques 
are used only preoperatively and are applicable to extracted teeth, 
but, in our study, we made the use of  post obturation radiographs 

Figure 1. This is figure 1 representing the frequency and distribution of  canal configurations according to Vertucci’s clas-
sification, observed in maxillary second premolar teeth. Maximum teeth showed Type I (Blue) - 217 (29.09%); Type II 

(Green)- 220 (29.49%); and Type IV (Purple) - 216 (28.95%).

Table 1. This is table 1, representing the frequency and distribution of  the age of  patients with endodontically treated max-
illary second premolars. A maximum number of  endodontic procedures were done in the age group of  41-50 years.

Age Groups Frequency Percent
18-30 yrs 175 23.5
31-40 yrs 180 24.1
41-50 yrs 225 30.2
>50yrs 166 22.3
Total 746 100
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Figure 2. This is figure 2 representing the various root canal configurations of  maxillary second premolar teeth as observed 
in the post obturation radiographs.

Table 2. This is table 2, representing the association between gender and prevalence of  variation according to Vertucci’s 
classification. A slight predilection of  Type 2 configuration among males and Type I configuration among females was 

seen. Association between gender and Vertucci classification showed no significant difference. Pearson Chi-square p-val-
ue=.765 (p>0.05).

Gender
Vertucci Classification

Total Chi Square 
Value P- Value

Type I Type II Type III Type IV Type V Type VI
Male 108 116 10 113 30 5 382

2.578 0.765Female 109 104 8 103 30 10 364
Total 217 220 18 216 60 15 746

Figure 3. This is figure 3 representing the association between gender and prevalence of  variations according to Vertucci’s 
classification. The X-axis represents gender; Y-axis represents the number of  root canal treatments done. Vertucci’s Type 
I (blue), Type II (green), Type IV (purple) configurations were more seen in male patients compared to female patients. 

Among male patients, Vertucci’s Type II configuration (15.55%) was most prevalent while among female patients, Vertucci’s 
Type I configuration (14.61%) was most prevalent. However, Chi-square test showed no statistical significant difference  

[Chi square p value =0.765, (p>0.05)].

Table 3. This is table 3, representing the association between tooth number and prevalence of  variations according to 
Vertucci’s classification. A higher predilection of  maxillary right second premolar to Type I, II, and IV configurations was 

observed. Results showed statistical significant difference, Pearson chi-square p-value = .000 (p<0.05).

Teeth Number
Vertucci Classification

Total Chi Square 
Value P-Value

Type I Type II Type III Type IV Type V Type VI
Maxillary Right Second 

Premolar (15) 100 126 5 133 35 15 414

29.121 0.000Maxillary Left Second 
Premolar (25) 117 94 13 83 25 0 332

Total 217 220 18 216 60 15 746
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to analyze the root canal anatomy as it gives a clear picture about 
the root canal configurations.

In this study, the frequency and distribution of  age, and gender 
were fairly even. This reduces bias and increases the credibility of  
the results. Out of  746 teeth that were included in the study, 217 
(29.09%) were of  Vertucci’s Type I configuration; 220 (29.49%) 
were of  type II; 18 (2.41%) were type III; 216(28.95%) were type 
IV; 60 (8.04%) were type V and 15 (2.01%) were type VI. Type 
VII and Type VIII configurations were not found in any teeth. 
This shows that 61% of  the teeth ended in a single foramen while 
39.% ended in two apical foramina. This is in accordance with 
a study by Udayakumar et al that showed 64.1% teeth had one 
root canal at the apex while 35.4% teeth had two root canals at 
the apex. Although in his study, the most common configuration 
found was type II (33.6%) followed by type IV (31.1%), type 1 
(29.2%), type V (2.1%), type III (1.3) and type VI (1.2%). Type 
VII was also observed at a frequency of  1%. They also found an 
additional configuration, Sert and Bayirli type XIX configuration 
(2-1-2-1) [40]. Another study by Saad Al-Nazhan et al in 2012 
showed contradictory results where more than 50% of  the sec-
ond maxillary premolars had two foramina [41]. Another study by 
Vertucci et al exhibited similar results to our study. They showed 
75% of  the maxillary second premolars ended at one apex while 
24% had two apical foramina. Also, type I and type II showed the 
highest prevalence, 48% and 22% respectively [13].

When gender was compared with the prevalence of  variation, no 
significant difference was observed. A higher prevalence of  type 
II configuration among males and type I configuration among 
females was observed. This is in correlation to a study by Sert and 
Bayirli that showed a higher predilection of  type I in females. In 
their study, females showed a lower predilection for type IV con-
figuration as compared to males which also supports our study 
[19].

When the inter-relation between the quadrant (tooth number) and 
prevalence of  variation was analyzed, a significant difference was 
found. Maxillary right second premolar showed a higher preva-
lence of  type I, II, and IV configurations as compared to its left 
counterpart. This may be due to the fact that a higher number 
of  maxillary right second premolars were endodontically treated 

in the Institution. Also, our study did not show the presence of  
type VII and Type VIII configurations which were contradicted 
by Vertucci et al, Sert and Bayirli et al, etc that stated that maxil-
lary second premolar was the only tooth that exhibited all eight 
configurations [13, 19].

The limitation of  this study is that the sample size is small to gen-
eralize the results to an entire population. The classification was 
based on the post obturation radiographs of  the root canal treat-
ed maxillary second premolars of  one single institution. Hence a 
larger population must be included in future research with the use 
of  advanced technology like CBCT or microscopy to analyze the 
canal configuration more accurately.

Conclusion

Within the limitations of  this study, it can be concluded that 
maxillary second premolars most commonly showed Vertucci’s 
Type I, II, and IV configurations. Type V and Type VI had the 
least occurrence. Type VII and Type VIII configurations were not 
observed. Males showed a slightly higher predilection for Type 
II configuration while females for Type I configuration. It is of  
utmost importance that the clinician should be aware of  all these 
variations in order to obtain a favorable outcome.

Clinical Significance

Success of  root canal therapy majorly depends on the proper un-
derstanding of  the root canal morphology. Maxillary second pre-
molars are one of  the most common but one of  the most difficult 
teeth to treat endodontically. This is due to the numerous varia-
tions of  the root canal anatomy that exist in this tooth. Failure 
to identify these variations will lead to unsuccessful endodontic 
treatment.
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Figure 4. This is figure 4 representing the association between tooth number and prevalence of  variations according to 
Vertucci’s classification. Tooth number represented on the X-axis; the number of  teeth per configuration represented on the 
Y-axis. Analysis amongst teeth, in maxillary right second premolar occurrence of  Type IV configuration- 17.83% (purple), 

in maxillary left second premolar occurrence of  Type I configuration- 15.66% (Blue) were prevalent. Chi-square test showed 
that the association was statistically significant [Chi square p value=0.000, (p<0.05)].
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