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ABSTRACT
Background: Mandibular molars are multi-rooted teeth with a complex and
strenuous root canal anatomy. Because there is relatively negligible literature
describing the pulp chamber floor anatomy, predicting the exact anatomical layout
and its variations is daunting. A thorough comprehension and knowledge of the
same is required for efficacious endodontic treatment consequence. The purpose of
this study was to characterise and ascertain the pulp chamber floor anatomy of
permanent mandibular first (ManFMs) and second (ManSMs) molars in an Indian
population.
Methods:On 2,134 extracted human mandibular first (ManFMs = 1,067) and second
molars (ManSMs = 1,067), a descriptive cross-sectional investigation was executed.
Cleaning and removal of hard and soft tissue debris were performed, followed by
flattening the anatomical crown until the pupal architecture was uncovered. A
stereomicroscope with a magnification of 4.5 magnification was used to investigate
the pulpal anatomy. Statistical analysis was carried out using chi square test, with
95% confidence intervals and a p value of 0.05 considered statistically significant.
Results: The majority of the ManFMs showed presence of three canal orifices in
57.73%, followed by four orifices 31.31%, five orifices 8.81%, and six orifices 2.15%.
For ManSMs, majorly three orifices were found in 39.83% specimens, followed by
two orifices in 37.39%, four orifices in 16.31%, and single root canal orifice was
observed in 6.47%. The mesio-buccal, mesio-lingual, disto-buccal, disto-lingual canal
orifices exhibited round and oval shapes in both ManFMs and ManSMs. The shape
was predominantly oval with a single distal canal orifice (84.25% ManFMs and
74.16% ManSMs). In ManSMs, among the single root canal orifice, 66.66% were
round in shape and 33.34% were C-shaped. In ManSMs with two root canal orifices,
mesially 79.44% exhibited oval and 20.56% round shape. Distally, 74.16% were oval
and 25.84% were round. The shapes of the access cavities for ManFMs were
rectangular in 46.67% and triangular in 53.33%. For the ManSMs, the access cavities
were triangular in 39.83%, rectangular in 16.31% and non-classified (others) in
43.86% of specimen. In both ManFMs and ManSMs, the pulp chamber floor
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morphology was predominately Y shaped (57.73% and 39.83%) according to the
Pawar and Singh classification© of pulp chamber floor anatomy.
Conclusion: Our study indicated that the orifices on the pulp chamber floor are
arranged in a typical manner, supporting the proposed categorization. Furthermore,
description of the anatomical patterns of the pulp chamber guides the clinicians in
chair-side treatment decisions.

Subjects Anatomy and Physiology, Dentistry
Keywords Canal orifices, Mandibular molars, Morphology, Pawar and Singh classification©, Pulp
chamber floor anatomy

INTRODUCTION
Before commencing an endodontic therapy, it is critical to be conscious of the internal
anatomy relationships. A thorough examination of two or more periapical radiographs is
essential. These angled radiographs are quite useful in determining root canal
configuration (Vertucci, 2005). In addition, clinicians should consider undertaking a 3D
radiographic examination by means of cone-beam computed tomography (CBCT)
promptly, especially in situations with endodontic retreatments (Abella et al., 2015; Patel
et al., 2019). Knowledge of canal shape and its variations, in addition to diagnostic and
treatment strategy, is a basic condition for endodontic efficiency (Estrela et al., 2014).
The serious risk of overburdening the rotational endodontic tools with torsional stress and
cycle fatigue, which may result in their intracanal separation, arises from performing
endodontic therapy without having a thorough understanding of tooth anatomy (di Nardo
et al., 2021; Zanza et al., 2021). Peters (2004) indicated that alterations in canal geometry
prior to shaping and cleaning initiatives had a greater effect on the alterations that occur
during preparation than the instrumentation techniques themselves, emphasising the
importance of canal anatomy. It has long been documented that a root with a tapering
canal and a single foreman is the quirk rather than the rule, dating back to the early work of
Hess (1925).

Multiple apical foramina, extra canals, fins, deltas, intercanal connections, loops,
‘C-shaped’ canals, and auxiliary canals have been discovered by researchers. As a result, the
practitioner must treat each tooth as if complicated anatomy occurs frequently enough to
be deemed normal. It is additionally desirable to examine these parameters along with an
assessment of the potential of implementing surgical endodontics, which is enabled with
3D diagnostic imaging, and thus to evaluate the appropriate canal characteristics in
advance (Yan et al., 2021; Reda et al., 2022). The dentist must be acquainted with the
various pathways root canals take to reach the apex. The pulp canal system is intricate,
with canals that branch, split, and re-join. Weine classified root canal systems into four
broad categories (Weine et al., 1969). Vertucci (1984) discovered a far more intricate canal
system and identified eight pulp space configurations. It is also critical that the dentist has a
holistic view of the root canal morphology of the tooth being treated.

The mandibular first molar (ManFM) and mandibular second molar (ManSM) are a
commonly treated teeth with numerous root canal types (Maggiore, Gallottini & Resi,
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1998). Variations in the morphology of the tooth pulp are influenced by genetic and
environmental factors, and dentists must be made aware of the prevalence of racially
determined forms (Zhang et al., 2011).

Many researchers have previously noted the anatomical intricacies of the pulp chamber,
but there was no credible data on whether the position of orifices inside a single root would
be indicative of the architecture of these canals (Ballester et al., 2021). To address such
clinical circumstances, Pawar and Singh and propounded a new categorization in 2020,
labelled the Pawar and Singh molar pulp chamber floor classification (Pawar & Singh,
2020). This classification entails describing the layout of the pulp chamber floor based on
the position and numbers of canal orifices present, resulting in a unique alphabetical letter.

Thus, the purpose of this study was to assess the form of the pulp chamber floor in
human permanent ManFMs and ManSMs molars from the an Indian population, thereby
assessing the existence of canals, the morphology of the canal orifices, and anatomy of the
pulp chamber floor.

MATERIALS AND METHODS
Ours was a descriptive cross-sectional study using an in-vitro research design. The
study was approved by the Institutional Ethics committee of Terna Dental College
(No. TDC/IRB-EC/161/2017; date of approval 09/11/2017), which waived the informed
consent. This investigation was conducted on freshly extracted permanent ManFMs and
ManSMs collected from various dental facilities. Since there did not exist a comprehensive
evaluation of the parameters before the investigation, a stratified random sampling
procedure was used to gather a total of 2,134 extracted teeth (1,067 ManFMs and 1,067
ManSMs). The Checklist for Reporting In-vitro Studies (CRIS) guidelines was used as the
standard of methodology in the conduction of this study (Krithikadatta, Datta &
Gopikrishna, 2014).

The inclusion criteria for selection were extracted permanent ManFMs and ManSMs
from patients of indigenous Indian ancestry of mixed races and ethnicities (Andamanse,
Austro-Asiatic, Dravidian, Indo-European, Tibeto-Burman), with fully grown and full
formed roots with apices and undamaged crowns. Those teeth fractured during extraction,
with previous endodontic therapy, with severely carious crowns with root caries and root
canal calcifications, were excluded from current investigation.

An ultra-sonic scaler was used to clean the hard and soft tissue debris on the collected
samples. These samples were immersed in 10% formalin for 5 days for disinfection
(Western & Dicksit, 2016) and then were stored in a phosphate buffered solution for not
more than 20 days and they were prepared for evaluation. Using a diamond disc with
continuous water spray, the flattening of the crowns was done till the pulpal anatomy was
visualized clearly. The pulpal anatomical structure was preserved according to the
objective of our study. The sample observations were initially photographed and then
recorded using stereomicroscope at 4.5× magnification. The selection of the samples
considering the inclusion and exclusion criteria, sectioning the samples, and evaluation
was done by the primary investigator (A.M.P.).
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Statistical analysis
Data sorting was done and further rearranged using Microsoft Excel (2017). The statistical
analysis was performed using Statistical Package for Social Sciences (SPSS) software
(v.21.0). Descriptive and frequency analysis of the number of canals orifices, the shape of
canal orifices according to the type of canal present, location of extra canal orifices (if
present), the shape of pulp chamber, and the classification of the pulp chamber anatomy of
ManFMs and ManSMs according to the Pawar and Singh classification (Pawar & Singh,
2020) (Fig. 1) was done. For assessing the distribution of the data the Kolmogorov-
Smirnov Goodness-of-Fit test was applied. To determine the significant difference within
each parameter of the study, a chi-square test of proportion was performed. A statistically
significant p value of <0.05 was considered reliable.

RESULTS
The current cross-sectional in-vitro descriptive study was conducted on extracted
permanent ManFMs and ManSMs. The different components of the pulp chamber floor
anatomy assessed in our study were the presence of the total number of canal orifices, the
shape of the canal orifices according to the type of canal present, location of extra canal
orifices (if present), the shape of the pulp chamber, and the classification of the pulp
chamber anatomy according to Pawar and Singh classification. The Kolmogorov-Smirnov
Goodness-of-Fit test was employed to determine data distribution normality. The p value
for all parameters were found to be statistically significant (p < 0.05), implying that the data
were not distributed normally. As a consequence, the Chi square test was applied to assess
the difference in proportion.

Number of canal orifices
In ManFMs, three root canal orifices were found in 57.81%, followed by four canal orifices
in 31.12% specimens, five canals in 8.81% specimens and six canals in 2.15% specimens.
In ManSMs, single root canal orifice was observed in 6.53% specimens, two root canal

Figure 1 Schematic presentation of the Pawar and Singh classification© for mandibular molars (A)
“H” type, (B) “Y” type, and (C) “I” type. Full-size DOI: 10.7717/peerj.14392/fig-1
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orifices were found in 37.39% specimens, three root canal orifices were found in 39.83%
mandibular specimens, four canal orifices in 16.31% specimens. For ManFMs, single or
two root canal orifices and for ManSMs, five and six root canal orifices were not observed
in any specimens. The findings were significant statistically with three root canal orifices
more commonly exhibited by both mandibular molars (Figs. 2 and 3) (Table 1).

Shape of the orifices with the type of canal
The shape of the root canal orifice was deemed either oval or round. The orifice was
marked as round if one of the diameter was ≈ to the other diameter. The orifice was
marked as oval if one of the diameter was �2 times the other diameter (Jou et al., 2004)
(Fig. 4). Any other diameter ratios were labelled as others. For ManFMs, shape of root
canal orifice of mesio-buccal and mesio-lingual root canal was round in 55.48% while
shape of root canal orifice was oval in 44.52% mandibular specimens. Shape of root canal
orifice of disto-buccal and disto-lingual root canal was round in 57.87% mandibular

Figure 2 Number of root canal orifices seen in mandibular first molars.
Full-size DOI: 10.7717/peerj.14392/fig-2

Figure 3 Number of root canal orifices seen in mandibular second molars.
Full-size DOI: 10.7717/peerj.14392/fig-3
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specimens while shape of root canal orifice was oval in 42.13%. Shape of root canal orifice
of single distal root canal was round in 11.69% mandibular specimens while shape of root
canal orifice was oval in 84.25% and the orifices were of non-classified shape (others) in
4.06% mandibular specimens. The difference was significant statistically (Table 2).

In ManSMs, among the 69 single root canal orifice, 66.66% were round in shape
whereas, and 33.34% exhibited a C–shaped orifice. In 399 specimen which exhibited two
root canal orifices (mesial and distal), 79.44% and 20.56% of the mesial roots exhibited oval
and round shape, respectively. In 599 specimen that exhibited two canal orifices mesially
(mesio-buccal and mesio-lingual), the shapes of the orifices were round in 69.61% and oval
in 30.39%. For the 824 single distal canal orifice, 74.16% of specimens exhibited oval and
25.84% specimens were found to have round shaped orifice. Of the 174 teeth that possessed
two root canal orifices distally (disto-buccal and disto-lingual), 56.89% and 43.11%
exhibited round and oval shapes, respectively (Table 3). The representative images of
different shapes of root canal orifices in presented in Fig. 5.

Table 1 Frequency of the number of canal orifices seen in mandibular first and second molars.

Number of canal orifices 1 2 3 4 5 6 df Chi square value p value

Mandibular first molars (n = 1,067)

Frequency – – 616 334 94 23 4 808.82 0.01*

Percentage – – 57.8 31.3 8.8 2.1

Mandibular second molars (n = 1,067)

Frequency 69 399 425 164 – – 4 338.29 0.01*

Percentage 6.4 37.4 39.8 16.4 – –

Notes:
Test applied: Chi-square test.
* p ≤ 0.05 statistically significant.

Figure 4 Schematic presentation of the evaluation of the root canal orifice for round and oval
shapes. Full-size DOI: 10.7717/peerj.14392/fig-4
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Location of extra canal orifices
Extra root canal orifices were seen in 13.12% of specimen. Location of extra root canal
orifice was seen mesially in 83.57% and distally in 16.43% of ManFMs. The difference was
significant statistically (p < 0.001). There were no extra canal orifices located with respect
to the ManSMs.

Shape of the pulp access cavity
Our study observed the shape of the access cavity for ManFMs and MandSMs. About
46.67% and 16.31% of the ManFMs and ManSMs respectively, showed a rectangular
shape. A triangular shaped access cavity was observed in 53.33% in ManFMs and 39.83%
in ManSMs. Non-classified shape (others) were seen in 43.86% of ManSMs. This

Table 2 Frequency of the shapes of canal orifices in Mandibular first molars.

Mandibular first molar (n = 1,067)

Mesial Distal

Orifice shape Mesio-buccal and Mesio-lingual Disto-buccal and Disto-lingual Distal

Round 55.4% 57.8% 11.7%

Oval 44.6% 42.2% 84.2%

Others – – 4.1%

df 2 2 3

Chi square value 12.82 292.91 727.08

p value 0.01* 0.01* 0.01*

Notes:
Test applied: Chi-square test.
* p ≤ 0.05 statistically significant.

Table 3 Frequency of the shapes of canal orifices in Mandibular second molars.

Mandibular second molar (n = 1,067)

Single orifice
(n = 69)

Mesial Distal

Orifice shape Single
(n = 399)

Mesio-buccal and
Mesio-lingual
(n = 599)

Single
(n = 824)

Disto-buccal and Disto-lingual
(n = 174)

Round 66.7% 20.6% 69.7% 25.9% 56.9%

Oval – 79.4% 30.3% 74.1% 43.1%

C-shaped 33.3% – - – –

Others – – – – –

df 2 2 2 2 2

Chi square
value

740.82 489.05 131.90 274.15 118.49

p value 0.01* 0.01* 0.01* 0.01* 0.01*

Notes:
Test applied: Chi-square test.
* p ≤ 0.05 statistically significant.
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difference was significant statistically for only second molars (Table 4). The representative
images of different shapes of pulp access cavities in presented in Fig. 6.

Implementation of Pawar and Singh classification
When the Pawar and Singh classification for pulp chamber floor anatomical features was
used, it was discovered that the form of the pulp chamber was “Y” in 57.73% and “H” in
32.27% ManFMs. For the ManSMs, the form of the pulp chamber was determined to be
“Y” in 39.83%, “H” in 16.31%, “I” in 37.39%, and “non-classified shape (others)” in 6.47%.
The results were statistically significant (Table 5). The application of the classification for
ManFMs and ManSMs is represented in Figs. 7 and 8, respectively.

DISCUSSION
The review of literature is suggestive that one of the leading causes of root canal therapy
failure is ‘missed canals’ (Tabassum & Khan, 2016;Mustafa et al., 2021). The anatomy and
morphology of the root canal system play a vital role in endodontic therapies (Pamukcu
Guven, 2020). The most common causes of endodontic treatment failure are missing
canals and improper instrumentation (Siqueira, 2001; Iqbal, 2016). Using Pawar and Singh

Figure 5 Shapes of the root canal orifices (A) round root canal orifices, (B) oval root canal orifices.
Full-size DOI: 10.7717/peerj.14392/fig-5

Table 4 Frequency of ManFMs and ManSMs according to the shape of the pulp access cavity.

Shape of the pulp access cavity Frequency (n = 1,067) Percentage (%) df Chi square value p value

Mandibular first molar Rectangle 498 46.7 2 4.72 0.095

Triangle 569 53.3

Others – –

Mandibular second molar Rectangle 174 16.4 3 141.78 0.001*

Triangle 425 39.8

Others 468 43.8

Notes:
Test applied: Chi-square test.
* p ≤ 0.05 statistically significant.
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Figure 6 Shape of the pulp access cavities. Full-size DOI: 10.7717/peerj.14392/fig-6

Table 5 Frequency of ManFMs and ManSMs according to the classification of orifice in pulp chamber (Pawar and Singh classification).

Classification of orifice in pulp chamber Frequency
(n = 1,067)

Percentage (%) df Chi square value p value

Mandibular first molar H shaped 451 42.2 2 125.51 0.001*

Y shaped 616 57.8

I shaped – –

Others – –

Mandibular second molar H shaped 174 16.3 4 338.29 0.001*

Y shaped 425 39.9

I shaped 399 37.4

Others 69 6.4

Notes:
Test applied: Chi-square test.
* p ≤ 0.05 statistically significant.

Figure 7 Shape of the root canal orifices anatomy according to Pawar and Singh classification
(A) “H” type, (B) “Y” type, and (C) “I” type. Full-size DOI: 10.7717/peerj.14392/fig-7
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classification (Pawar & Singh, 2020), this article briefly covers the pulp chamber floor
architecture of mandibular first and second molars. The shapes of various canal orifices
and their role in shaping the form of the pulp chamber floor were evaluated in our study.

The clinician cannot properly identify the number of root canals existing before to
initiating therapy. The average number of canals in different teeth is described generically.
While the average number of canals in a tooth is useful, it might vary across individuals
and between teeth. The existing data on the location of canal orifices has been provided in
an unorganised format. Typically, it has been proposed that access to the cavity be
achieved in an approximate place in the clinical crown, followed by a search for orifices in
the hopes of discovering them. Finding canal orifices in teeth that have been extensively
restored, broken down owing to significant caries, or have had incorrect previous access
cavities is particularly difficult, since normal anatomy is sometimes severely compromised
(Pawar & Singh, 2021).

The anatomy of the pulp chamber floor and walls can be used to determine what
morphology is present. In a study of 500 pulp chambers, Krasner and Rankow discovered
that the cemento-enamel junction was the most relevant anatomic marker for establishing
the location of pulp chambers and root canal orifices (Krasner & Rankow, 2004). They
proved the existence of distinct and consistent pulp chamber floor and wall architecture
and offered rules to aid clinicians in identifying canal morphology. These laws’ correlations
are very useful in detecting calcified canal orifices (McCabe & Dummer, 2012).

Empirical evidence on the root canal morphology of mandibular permanent and
primary molars have only evaluated the root canal configurations (de Pablo et al., 2010;
Ozcan et al., 2016;Martins et al., 2019); none have adequately evaluated the pulp chamber
floor architecture. The mandibular first and second molars are likely the most often
affected by caries and frequently need root canal treatment (Umanah, Osagbemiro &
Arigbede, 2012). The have two roots (mesial and distal) in their most common form; in rare
cases, may have three roots. A two-rooted molar’s canal pattern is normally three canals;
two canals orifices in the mesial root and one orifice in the distal root. Because of the

Figure 8 Shape of the root canal orifices anatomy according to Pawar and Singh classification
“Others” type. Full-size DOI: 10.7717/peerj.14392/fig-8
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presence of two canal orifices mesially, they often have a more intricate root canal system,
whereas the distal side has one large canal, however two canal orifices are probable.

If they are thought to have many canals, understanding the coronal pulp chamber floor
of these teeth is absolutely essential. Missing root canals are more likely if the practitioner
is unfamiliar with the chamber floor. Variation in mandibular molar teeth is caused by a
variety of reasons (Kokate, Pawar & Hegde, 2013). Tooth pulp morphology is frequently
quite complicated and varied. Few research studies on mandibular molar root canal
morphology anticipate that Vertucci’s type IV and type I are the most common
configurations in the mesial and distal root of the ManFMs and ManSMs (Gulabivala
et al., 2002; Madani et al., 2017; Pawar et al., 2017). Thus, depending on the presence of a
root canal system, the morphology of the pulp chamber floor would alter, including the
thickness of the thinnest area around the canals throughout endodontic treatments.
Accordingly, our study examined the changes that can occur in the pulp chamber floor of
molars, which can be determined during the first and most important phase of root canal
treatment coronal preparation (Madani et al., 2017).

In the current study, the mandibular first molar exhibited three root canal orifices in
57.73% mandibular specimens, four orifices in 31.31% specimens, five orifices in 8.81%
specimens and six canal orifices in 2.15% specimens. No single and two root canal orifices
were observed. In mandibular second molar, single root canal orifice was observed in
6.47% specimens, two orifices were found in 37.39% specimens, three orifices were found
in 39.83%mandibular specimens, and four canal orifices in 16.31% specimens. No five and
six root canal orifices were observed in any specimen of mandibular second molars. Thus,
before and during root canal treatment, clinicians should be aware of the complicated root
canal morphology of mandibular molars in the Indian population. So, with such intricate
root canal designs, analysing the form of the pulp chamber floor before to treatment would
result in a favourable outcome with a lower likelihood of failure (Pawar & Singh, 2022).

According to a CBCT investigation by Saberi et al. (2014), 49.5% of ManFMs mesial
roots exhibited type IV and 46.5% were type II, suggestive of two canal orifices seen in 96%.
The incidence of type IV was 93.9% and type II in 1.7% of the ManFMs investigated in a
study by Wang et al. (2010), suggesting of two canal orifices seen in 95.6% of the mesial
roots. According to Al-Nazhan (1999), type II (two canal orifices) was the most prevalent
type in mesial roots of ManFMs. In our study the occurrence of two mesial canal orifices in
ManFMs was almost 89.03%. In our research, we found three orifices mesially in 10.97% of
the specimens. The reported prevalence of three root canal orifices mesially of ManFMs
ranges from 0.2% to 37.5% (Vertucci, 1984; Shahi et al., 2008; Huang et al., 2010; Wang
et al., 2010; Azim, Deutsch & Solomon, 2015). The number of orifices seen in the studied
population for mandibular first molars were similar to those seen in Chinese (Gu et al.,
2010), Jordinain (Al-Qudah & Awawdeh, 2009), Brazillian (Marceliano-Alves et al., 2019),
Iranian (Madani et al., 2017), Spanish (Pérez-Heredia et al., 2017), Sudanese (Ahmed
et al., 2007), Burmese (Gulabivala et al., 2001), Ugandan (Rwenyonyi et al., 2007), and
Sri Lankan (Peiris et al., 2007). For the mandibular second molars the orifices seen in the
current study were in accordance with those exhibited by Korean (Kim, Kim & Kim, 2016),
Venezuelan (Gomez, Brea & Gomez-Sosa, 2021), Ugandan (Rwenyonyi et al., 2007),
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Iranian (Donyavi et al., 2019), Chinese (Zhang et al., 2011), Greek (Kantilieraki et al.,
2019), and Spanish (Pérez-Heredia et al., 2017). However the results were contrasting for
mandibular second molars with respect to Belgian and Chilean population (Torres et al.,
2015).

The shape of the root canal orifice of the mesio-buccal and mesio-lingual root canal
orifices in ManFMs was round in 55.48% of the specimens, while it was oval in 44.52% of
the specimens. Round form was detected in 69.91% of the mesial roots of ManSMs,
whereas oval shape was seen in 30.39%. When two orifices are displayed by ManFMs and
ManSMs, this finding emphasises a symmetric relationship in the forms of the root canal
orifices.

Our investigation emphasizes on the significance of recognizing the pulp chamber floor
morphology of mandibular molars, as well as the patterns that a dentist may confront
during endodontic treatment. We have focussed on the complex changes in root canal
networks that result in changes in the morphology of the pulp chamber floor. These
disparities in the shape of the floor are mostly influenced by the overall number of canals
housed, the variable shape of the canal orifices, and their integration, which culminates in a
distinct shape.

The focus of this study was to explore the architectural style of the coronal pulp
chamber floor to see whether there are any unique, reproducible characteristics or patterns
that can be defined. If these markers are present, the quest for orifices might become more
systematic and accurate. Furthermore, it is true that a well-designed access cavity is
anticipated for a satisfactory endodontic consequence (Pawar & Singh, 2021). Most root
canal treatment failures are caused by the inability to locate additional canals, debride
them, and fill them. A clinician’s understanding and knowledge of pulp space anatomy and
its frequent anatomic variation contributes in the attainment of an acceptable endodontic
outcome (Cantatore, Beryttie & Castellucci, 2006). A perforation in the pulp chamber floor,
inadequate de-roofing, iatrogenic pulp exposure during cavity preparation, dentinal
gouging, and missing canals during the endodontic treatment are all possible
complications. All of this is preventable if a broad understanding of the anatomy of the
pulp chamber floor is sustained.

The current descriptive study focused primarily on the number of root canal orifices
that are usually discovered during endodontic treatment of mandibular first and second
molars. The orifice morphologies of these teeth have also been investigated, enabling the
clinician to foresee the root canal’s shape and choose an instrumentation strategy
appropriately. The main advantage of the utilised classification may be that it would
facilitate communication between the specialist and the general practitioner and direct
them to alter the access cavity. Also a large sample size and simple photographic
examinations with varied magnification may be considered benefits.

There are still some obvious limitations to this study, though, which can be taken into
consideration for future investigation. The distribution of root canal orifices, which is
frequently seen in patients’ teeth from various age groups, is one of the drawbacks that
would need to be accounted for. The relationship between the number of orifices seen and
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the number of roots present, the number of root canals to full working length, and partial
calcification of the root canals in a single tooth might also be explored.

CONCLUSION
Since it is impossible to quantify how many root canals are in a tooth before treatment is
commenced, only comprehensive overview of the PCF anatomy may provide improved
precision regarding the overall number of root canals in a particular tooth. Our study has
included complete description of the distinguishing features of the ManFMs and ManSMs.
This knowledge may aid in clinically informed chair-side decision making, which may
serve as a foundation before delving into the complicated root canal morphology. More
thorough research investigations may be undertaken to compare the racial and ethnic
propensity of root canal system anatomical patterns. The establishment of the alphabetical
Pawar Singh Molar pulp chamber floor classification and its application to the
identification of the placement of root-canal orifices may be credited with the foundational
anatomical concepts that serve as the basis for endodontic practise. Practitioners can use
these patterns to hunt for unrecognised canal orifices if they can identify some of the canals
that form a distinctive alphabet in any tooth by their specific orifice location on the pulp
chamber floor.

ACKNOWLEDGEMENTS
This study is an attribute of the PhD dissertation being conducted at Terna Dental College
and Hospital in Navi Mumbai, which is associated with the Maharashtra University of
Health Sciences in Nashik.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The authors received no funding for this work.

Competing Interests
Ajinkya M. Pawar is an Academic Editor for PeerJ.

Author Contributions
� Ajinkya M. Pawar conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

� Shishir Singh conceived and designed the experiments, prepared figures and/or tables,
and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The Terna Dental College Institutional Ethics Committee granted ethical approval to
carry out the study (approval number: TDC/IRB-EC/161/2017).

Pawar and Singh (2022), PeerJ, DOI 10.7717/peerj.14392 13/17

http://dx.doi.org/10.7717/peerj.14392
https://peerj.com/


Data Availability
The following information was supplied regarding data availability:

The raw data is available in the Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.14392#supplemental-information.

REFERENCES
Abella F, Morales K, Garrido I, Pascual J, Duran-Sindreu F, Roig M. 2015. Endodontic

applications of cone beam computed tomography: case series and literature review. Giornale
Italiano di Endodonzia 29(2):38–50 DOI 10.1016/j.gien.2015.08.002.

Ahmed HA, Abu-bakr NH, Yahia NA, Ibrahim YE. 2007. Root and canal morphology of
permanent mandibular molars in a Sudanese population. International Endodontic Journal
40(10):766–771 DOI 10.1111/j.1365-2591.2007.1283.x.

Al-Nazhan S. 1999. Incidence of four canals in root-canal-treated mandibular first molars in a
Saudi Arabian sub-population. International Endodontic Journal 32(1):49–52
DOI 10.1046/j.1365-2591.1999.00188.x.

Al-Qudah AA, Awawdeh LA. 2009. Root and canal morphology of mandibular first and second
molar teeth in a Jordanian population. International Endodontic Journal 42(9):775–784
DOI 10.1111/j.1365-2591.2009.01578.x.

Azim AA, Deutsch AS, Solomon CS. 2015. Prevalence of middle mesial canals in mandibular
molars after guided troughing under high magnification: an in vivo investigation. Journal of
Endodontics 41(2):164–168 DOI 10.1016/j.joen.2014.09.013.

Ballester B, Giraud T, Ahmed HMA, Nabhan MS, Bukiet F, Guivarc’h M. 2021. Current
strategies for conservative endodontic access cavity preparation techniques—systematic review,
meta-analysis, and decision-making protocol. Clinical Oral Investigations 25(11):6027–6044
DOI 10.1007/s00784-021-04080-7.

Cantatore G, Beryttie E, Castellucci A. 2006. Missed anatomy: frequency and clinical impact.
Endodontic Topics 15(1):3–31 DOI 10.1111/j.1601-1546.2009.00240.x.

de Pablo ÓV, Estevez R, Péix Sánchez M, Heilborn C, Cohenca N. 2010. Root Anatomy and
canal configuration of the permanent mandibular first molar: a systematic review. Journal of
Endodontics 36(12):1919–1931 DOI 10.1016/j.joen.2010.08.055.

di Nardo D, Zanza A, Seracchiani M, Donfrancesco O, Gambarini G, Testarelli L. 2021. Angle
of insertion and torsional resistance of nickel-titanium rotary instruments. Materials
14(13):3744 DOI 10.3390/ma14133744.

Donyavi Z, Shokri A, Khoshbin E, Khalili M, Faradmal J. 2019. Assessment of root canal
morphology of maxillary and mandibular second molars in the Iranian population using CBCT.
Dental and Medical Problems 56(1):45–51 DOI 10.17219/dmp/101783.

Estrela C, Holland R, de Estrela CRA, Alencar AHG, Sousa-Neto MD, Pécora JD. 2014.
Characterization of successful root canal treatment. Brazilian Dental Journal 25(1):3–11
DOI 10.1590/0103-6440201302356.

Gomez F, Brea G, Gomez-Sosa JF. 2021. Root canal morphology and variations in mandibular
second molars: an in vivo cone-beam computed tomography analysis. BMC Oral Health
21(1):424 DOI 10.1186/s12903-021-01787-7.

Pawar and Singh (2022), PeerJ, DOI 10.7717/peerj.14392 14/17

http://dx.doi.org/10.7717/peerj.14392#supplemental-information
http://dx.doi.org/10.7717/peerj.14392#supplemental-information
http://dx.doi.org/10.7717/peerj.14392#supplemental-information
http://dx.doi.org/10.1016/j.gien.2015.08.002
http://dx.doi.org/10.1111/j.1365-2591.2007.1283.x
http://dx.doi.org/10.1046/j.1365-2591.1999.00188.x
http://dx.doi.org/10.1111/j.1365-2591.2009.01578.x
http://dx.doi.org/10.1016/j.joen.2014.09.013
http://dx.doi.org/10.1007/s00784-021-04080-7
http://dx.doi.org/10.1111/j.1601-1546.2009.00240.x
http://dx.doi.org/10.1016/j.joen.2010.08.055
http://dx.doi.org/10.3390/ma14133744
http://dx.doi.org/10.17219/dmp/101783
http://dx.doi.org/10.1590/0103-6440201302356
http://dx.doi.org/10.1186/s12903-021-01787-7
http://dx.doi.org/10.7717/peerj.14392
https://peerj.com/


Gu Y, Lu Q, Wang H, Ding Y, Wang P, Ni L. 2010. Root canal morphology of permanent
three-rooted mandibular first molars—part I: pulp floor and root canal system. Journal of
Endodontics 36(6):990–994 DOI 10.1016/j.joen.2010.02.030.

Gulabivala K, Aung TH, Alavi A, Ng Y-L. 2001. Root and canal morphology of Burmese
mandibular molars. International Endodontic Journal 34(5):359–370
DOI 10.1046/j.1365-2591.2001.00399.x.

Gulabivala K, Opasanon A, Ng Y-L, Alavi A. 2002. Root and canal morphology of Thai
mandibular molars. International Endodontic Journal 35(1):56–62
DOI 10.1046/j.1365-2591.2002.00452.x.

Hess W. 1925. The anatomy of the root-canals of the teeth of the permanent dentition: part I. New
York: William Wood & Co, 1–7.

Huang C-C, Chang Y-C, Chuang M-C, Lai T-M, Lai J-Y, Lee B-S, Lin C-P. 2010. Evaluation of
root and canal systems of mandibular first molars in Taiwanese individuals using cone-beam
computed tomography. Journal of the Formosan Medical Association 109(4):303–308
DOI 10.1016/S0929-6646(10)60056-3.

Iqbal A. 2016. The factors responsible for endodontic treatment failure in the permanent
dentitions of the patients reported to the college of dentistry, the University of Aljouf, Kingdom
of Saudi Arabia. Journal of Clinical and Diagnostic Research 10:ZC146–ZC148
DOI 10.7860/JCDR/2016/14272.7884.

Jou Y-T, Karabucak B, Levin J, Liu D. 2004. Endodontic working width: current concepts and
techniques. Dental Clinics of North America 48(1):323–335 DOI 10.1016/j.cden.2003.12.006.

Kantilieraki E, Delantoni A, Angelopoulos C, Beltes P. 2019. Evaluation of root and root canal
morphology of mandibular first and second molars in a greek population: a CBCT study.
European Endodontic Journal 4:62–68 DOI 10.14744/eej.2019.19480.

Kim SY, Kim BS, Kim Y. 2016.Mandibular second molar root canal morphology and variants in a
Korean subpopulation. International Endodontic Journal 49(2):136–144 DOI 10.1111/iej.12437.

Kokate SR, Pawar AM, Hegde VR. 2013. Contemporary approach in successful endodontic
intervention in ‘radix entomolaris’. World Journal of Dentistry 4(3):208–213
DOI 10.5005/jp-journals-10015-1233.

Krasner P, Rankow H. 2004. Anatomy of the pulp-chamber floor. Journal of Endodontics
30(1):5–16 DOI 10.1097/00004770-200401000-00002.

Krithikadatta J, Datta M, Gopikrishna V. 2014. CRIS Guidelines (Checklist for Reporting In-vitro
Studies): a concept note on the need for standardized guidelines for improving quality and
transparency in reporting in-vitro studies in experimental dental research. Journal of
Conservative Dentistry 17(4):301 DOI 10.4103/0972-0707.136338.

Madani ZS, Mehraban N, Moudi E, Bijani A. 2017. Root and canal morphology of mandibular
molars in a selected Iranian population using cone-beam computed tomography. Iranian
Endodontic Journal 12:143–148.

Maggiore C, Gallottini L, Resi JP. 1998. Mandibular first and second molar. The variability of
roots and root canal system. Minerva Stomatologica 47:409–416.

Marceliano-Alves MF, Lima CO, do Bastos LGPMN, Bruno AMV, Vidaurre F, Coutinho TM,
Fidel SR, Lopes RT. 2019. Mandibular mesial root canal morphology using micro-computed
tomography in a Brazilian population. Australian Endodontic Journal 45(1):51–56
DOI 10.1111/aej.12265.

Martins JNR, Marques D, Silva EJNL, Caramês J, Versiani MA. 2019. Prevalence studies on root
canal anatomy using cone-beam computed tomographic imaging: a systematic review. Journal of
Endodontics 45(4):372–386.e4 DOI 10.1016/j.joen.2018.12.016.

Pawar and Singh (2022), PeerJ, DOI 10.7717/peerj.14392 15/17

http://dx.doi.org/10.1016/j.joen.2010.02.030
http://dx.doi.org/10.1046/j.1365-2591.2001.00399.x
http://dx.doi.org/10.1046/j.1365-2591.2002.00452.x
http://dx.doi.org/10.1016/S0929-6646(10)60056-3
http://dx.doi.org/10.7860/JCDR/2016/14272.7884
http://dx.doi.org/10.1016/j.cden.2003.12.006
http://dx.doi.org/10.14744/eej.2019.19480
http://dx.doi.org/10.1111/iej.12437
http://dx.doi.org/10.5005/jp-journals-10015-1233
http://dx.doi.org/10.1097/00004770-200401000-00002
http://dx.doi.org/10.4103/0972-0707.136338
http://dx.doi.org/10.1111/aej.12265
http://dx.doi.org/10.1016/j.joen.2018.12.016
http://dx.doi.org/10.7717/peerj.14392
https://peerj.com/


McCabe PS, Dummer PMH. 2012. Pulp canal obliteration: an endodontic diagnosis and treatment
challenge. International Endodontic Journal 45(2):177–197
DOI 10.1111/j.1365-2591.2011.01963.x.

Mustafa M, Almuhaiza M, Alamri HM, Abdulwahed A, Alghomlas ZI, Alothman TA,
Alhajri FF. 2021. Evaluation of the causes of failure of root canal treatment among patients in
the City of Al-Kharj, Saudi Arabia. Nigerian Journal of Clinical Practice 24:621–628.

Ozcan G, Sekerci AE, Cantekin K, Aydinbelge M, Dogan S. 2016. Evaluation of root canal
morphology of human primary molars by using CBCT and comprehensive review of the
literature. Acta Odontologica Scandinavica 74(4):250–258
DOI 10.3109/00016357.2015.1104721.

Pamukcu Guven E. 2020. Root canal morphology and anatomy. In: Akarslan Z, Bourzgui F, eds.
Human Teeth—Key Skills and Clinical Illustration. London: IntechOpen.

Patel S, Brown J, Semper M, Abella F, Mannocci F. 2019. European society of endodontology
position statement: use of cone beam computed tomography in endodontics. International
Endodontic Journal 52(12):1675–1678 DOI 10.1111/iej.13187.

Pawar AM, Pawar M, Kfir A, Singh S, Salve P, Thakur B, Neelakantan P. 2017. Root canal
morphology and variations in mandibular second molar teeth of an Indian population: an in
vivo cone-beam computed tomography analysis. Clinical Oral Investigations 21(9):2801–2809
DOI 10.1007/s00784-017-2082-6.

Pawar A, Singh S. 2020. New classification for pulp chamber floor anatomy of human molars.
Journal of Conservative Dentistry 23(5):430 DOI 10.4103/JCD.JCD_477_20.

Pawar AM, Singh S. 2021. Significance of the coronal pulp chamber floor anatomy in the human
dentition: a narrative review. Dental Update 48(1):58–61 DOI 10.12968/denu.2021.48.1.58.

Pawar AM, Singh SH. 2022. Pulp chamber floor anatomy of the maxillary first and second molars
in an Indian population: a descriptive cross-sectional study using a new classification.
Endodontology 34:38–44.

Peiris R, Takahashi M, Sasaki K, Kanazawa E. 2007. Root and canal morphology of permanent
mandibular molars in a Sri Lankan population. Odontology 95(1):16–23
DOI 10.1007/s10266-007-0074-8.

Peters O. 2004. Current challenges and concepts in the preparation of root canal systems: a review.
Journal of Endodontics 30(8):559–567 DOI 10.1097/01.DON.0000129039.59003.9D.

Pérez-Heredia M, Ferrer-Luque CM, Bravo M, Castelo-Baz P, Ruíz-Piñón M, Baca P. 2017.
Cone-beam computed tomographic study of root anatomy and canal configuration of molars in
a Spanish population. Journal of Endodontics 43(9):1511–1516 DOI 10.1016/j.joen.2017.03.026.

Reda R, Zanza A, Bhandi S, de Biase A, Testarelli L, Miccoli G. 2022. Surgical-anatomical
evaluation of mandibular premolars by CBCT among the Italian population.Dental and Medical
Problems 59(2):209–216 DOI 10.17219/dmp/143546.

Rwenyonyi CM, Kutesa AM, Muwazi LM, Buwembo W. 2007. Root and canal morphology of
maxillary first and second permanent molar teeth in a Ugandan population. International
Endodontic Journal 40(9):679–683 DOI 10.1111/j.1365-2591.2007.01265.x.

Saberi EA, Farhad-Mollashahi N, Niknami M, Mousavi E, Rasuli H. 2014. Ex Vivo evaluation of
the root form and root canal morphology of the mandibular first molar using CBCT technology.
Zahedan Journal of Research in Medical Sciences 16:1–6.

Shahi S, Yavari HR, Rahimi S, Torkamani R. 2008. Root canal morphology of human mandibular
first permanent molars in an Iranian population. Journal of Dental Research, Dental Clinics,
Dental Prospects 2:20–23 DOI 10.5681/joddd.2008.004.

Pawar and Singh (2022), PeerJ, DOI 10.7717/peerj.14392 16/17

http://dx.doi.org/10.1111/j.1365-2591.2011.01963.x
http://dx.doi.org/10.3109/00016357.2015.1104721
http://dx.doi.org/10.1111/iej.13187
http://dx.doi.org/10.1007/s00784-017-2082-6
http://dx.doi.org/10.4103/JCD.JCD_477_20
http://dx.doi.org/10.12968/denu.2021.48.1.58
http://dx.doi.org/10.1007/s10266-007-0074-8
http://dx.doi.org/10.1097/01.DON.0000129039.59003.9D
http://dx.doi.org/10.1016/j.joen.2017.03.026
http://dx.doi.org/10.17219/dmp/143546
http://dx.doi.org/10.1111/j.1365-2591.2007.01265.x
http://dx.doi.org/10.5681/joddd.2008.004
http://dx.doi.org/10.7717/peerj.14392
https://peerj.com/


Siqueira JF Jr. 2001. Aetiology of root canal treatment failure: why well-treated teeth can fail.
International Endodontic Journal 34(1):1–10 DOI 10.1046/j.1365-2591.2001.00396.x.

Tabassum S, Khan FR. 2016. Failure of endodontic treatment: the usual suspects. European
Journal of Dentistry 10(01):144–147 DOI 10.4103/1305-7456.175682.

Torres A, Jacobs R, Lambrechts P, Brizuela C, Cabrera C, Concha G, Pedemonte ME. 2015.
Characterization of mandibular molar root and canal morphology using cone beam computed
tomography and its variability in Belgian and Chilean population samples. Imaging Science in
Dentistry 45(2):95–101 DOI 10.5624/isd.2015.45.2.95.

Umanah A, Osagbemiro B, Arigbede A. 2012. Pattern of demand for endodontic treatment by
adult patients in port-harcourt, South-South Nigeria. Journal of the West African College of
Surgeons 2:12–23.

Vertucci FJ. 1984. Root canal anatomy of the human permanent teeth. Oral Surgery, Oral
Medicine, Oral Pathology 58(5):589–599 DOI 10.1016/0030-4220(84)90085-9.

Vertucci FJ. 2005. Root canal morphology and its relationship to endodontic procedures.
Endodontic Topics 10(1):3–29 DOI 10.1111/j.1601-1546.2005.00129.x.

Wang Y, Zheng Q-H, Zhou X-D, Tang L, Wang Q, Zheng G-N, Huang D-M. 2010. Evaluation of
the root and canal morphology of mandibular first permanent molars in a western Chinese
population by cone-beam computed tomography. Journal of Endodontics 36(11):1786–1789
DOI 10.1016/j.joen.2010.08.016.

Weine FS, Healey HJ, Gerstein H, Evanson L. 1969. Canal configuration in the mesiobuccal root
of the maxillary first molar and its endodontic significance. Oral Surgery, Oral Medicine, Oral
Pathology 28(3):419–425 DOI 10.1016/0030-4220(69)90237-0.

Western JS, Dicksit DD. 2016. A systematic review of randomized controlled trials on sterilization
methods of extracted human teeth. Journal of conservative dentistry 19:343–346
DOI 10.4103/0972-0707.186457.

Yan Y, Li J, Zhu H, Liu J, Ren J, Zou L. 2021. CBCT evaluation of root canal morphology and
anatomical relationship of root of maxillary second premolar to maxillary sinus in a western
Chinese population. BMC Oral Health 21:358 DOI 10.1186/s12903-021-01714-w.

Zanza A, D’Angelo M, Reda R, Gambarini G, Testarelli L, di Nardo D. 2021. An update on
nickel-titanium rotary instruments in endodontics: mechanical characteristics, testing and
future perspective—an overview. Bioengineering 8(12):218
DOI 10.3390/bioengineering8120218.

Zhang R, Wang H, Tian Y-Y, Yu X, Hu T, Dummer PMH. 2011. Use of cone-beam computed
tomography to evaluate root and canal morphology of mandibular molars in Chinese
individuals. International Endodontic Journal 44:990–999
DOI 10.1111/j.1365-2591.2011.01904.x.

Pawar and Singh (2022), PeerJ, DOI 10.7717/peerj.14392 17/17

http://dx.doi.org/10.1046/j.1365-2591.2001.00396.x
http://dx.doi.org/10.4103/1305-7456.175682
http://dx.doi.org/10.5624/isd.2015.45.2.95
http://dx.doi.org/10.1016/0030-4220(84)90085-9
http://dx.doi.org/10.1111/j.1601-1546.2005.00129.x
http://dx.doi.org/10.1016/j.joen.2010.08.016
http://dx.doi.org/10.1016/0030-4220(69)90237-0
http://dx.doi.org/10.4103/0972-0707.186457
http://dx.doi.org/10.1186/s12903-021-01714-w
http://dx.doi.org/10.3390/bioengineering8120218
http://dx.doi.org/10.1111/j.1365-2591.2011.01904.x
http://dx.doi.org/10.7717/peerj.14392
https://peerj.com/

	The morphology of the pulp chamber floor of permanent mandibular first and second molars in an Indian subpopulation&#x2014;a descriptive cross-sectional study employing Pawar and Singh classification ...
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


